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plexly interbedded with Wapanucka limestone)
6,200 ft; thrust fault and Atoka 6,651 ft; “Spiro” 7,057
ft; Johns Valley 7,409 ft; thrust fault (“Ti Valley”)
and “Spiro” 7,752 ft; Wapanucka 7,880 ft; Springer
7,984 ft; thrust fault and Atoka 8,259 ft; thrust
fault(?) 12,230 ft; thrust fault and Wapanucka 15,100
ft; Springer 15,550 ft; Cromwell 16,090 ft; Caney
16,930 ft; Caney repeat 17,065 ft; Woodford 17,469 ft;
Hunton 17,601 ft; Sylvan 17,630 ft; Viola 17,692 ft;
Bromide 17,818 ft; McLish 18,121 ft; Oil Creek upper
18,239 ft; Oil Creek basal 18,336 ft; Joins 18,504 ft;
Arbuckle 18,678 ft.

The “Ti Valley fault” was penetrated at a depth of
7,752 ft as indicated by the presence of Johns Valley
in the hanging wall of the fault and Wapanucka in
the footwall. Below the lowest Atoka, the sequence is
typical Arbuckle-facies strata; this suggests that the
fault at ~15,100 ft is a major bedding-plane thrust
(décollement?) that may be the Choctaw or Carbon
fault. A dipmeter survey indicates that the strata dip
on the average at an angle of ~55° from ~6,900 ft to
7,300 ft in the hanging wall of the “Ti Valley fault,”
and at an angle of ~60° at ~7,900 ft in the footwall
(dipmeter data closer to the fault were of poor quali-
ty). These values for the dip of the fault are similar to
the assumed approximate value based on parallelism
with strata at the surface. Based on the mapped loca-
tion of the fault and its depth in the well, the fault
dips at 67° S.

Analysis of logs from the Exxon No. 1 Retherford
also suggests that the hanging-wall glide planes for
the three thrust faults associated with the “Ti Val-
ley” are near the base of the “Spiro” sandstone, with-
in the Johns Valley Formation, and within the
Springer Formation. These relations are similar to
those observed at the surface elsewhere in the Hig-
gins Quadrangle: The Springer Formation forms the
hanging-wall glide plane for a fault (Choctaw?) in the
northern part of the quadrangle; basal “Spiro” in the
hanging wall is juxtaposed against Atoka along a
fault that parallels Cedar Creek; and several areas
underlain by Johns Valley Formation in the south-
ern parts of all three quadrangles are bounded by
thrust faults along their northern margins.

Footwall and hanging-wall strata are folded (local-
ly isoclinal and/or overturned) near the “Ti Valley
fault” and associated faults (Fig. 6). This feature is
significantly different from the fault to the west,
where Hendricks and others (1947) showed few folds
close to the fault. The feature may be an artifact of
the mapping (Hendricks and others did not show
facing directions on their map), or it may be real, the
difference in style occurring where the Pine Moun-
tain fault strikes NE (as mapped by Hendricks and
others, 1947) near the western edge of the Higgins
Quadrangle and then strikes N, paralleling Gaines
Creek (Suneson and Ferguson, unpublished map-
ping; Fig. 6).

In summary, the “Ti Valley fault” in the Higgins,
Damon, and Baker Mountain Quadrangles differs in
several respects from the fault to the southwest:

1) Johns Valley-like strata are not restricted to the

area south of the fault. This makes recognition of the
fault considerably more difficult, particularly as foot-
wall Atoka is commonly juxtaposed against hanging-
wall Atoka.

2) The northernmost exposures of lower Atoka or
Johns Valley olistostromes are as much as several
miles north of the northernmost exposures of Jack-
fork strata, suggesting that displacment is distrib-
uted along several faults rather than one (the “Ti
Valley fault”). Similarly, the Stanley Group is re-
stricted to the area south of the Windingstair fault.

3) The “Ti Valley fault” appears to dip at an angle
of ~60° and is generally bedding-parallel, but locally
crosscuts strata and terminates folds.

4) Folding is common in both the footwall and
hanging wall of the “Ti Valley fault.”

TALIHINA QUADRANGLE

Fellows (1964) studied the geology of the Ti Valley
fault in the Talihina 7.5’ Quadrangle. He showed
footwall strata to consist entirely of Atoka Forma-
tion, with the exception of a small area south and
west of Bengal, where the footwall of the Ti Valley
fault consists of Woodford chert overlain by Caney
shale (Fig. 7). The block containing the Woodford
chert and Caney shale is surrounded by faults and is
not related in any simple mappable way to the sur-
rounding Atoka Formation. (The Woodford—Caney
outcrop at Bengal was briefly described by Kramer
[1933], who mistakenly referred to the outcrop as
Arkansas Novaculite and indicated that Atoka
Formation was deposited directly on the novaculite.)
Fellows (1964, pl. I) also mapped Springer shale
along two thrust faults immediately north of the Ti
Valley fault. Hanging-wall strata in the Talihina
Quadrangle are mostly Johns Valley shale. Fellows’s
(1964) map indicates that the trace of the Ti Valley
fault is slightly oblique to the strike of both footwall
and hanging-wall strata. The average dip of footwall
strata is ~76°, and the dip of hanging-wall strata is
~68°, suggesting that the fault may have an overall
dip of ~70°S. Fellows (1964, pl. I, cross section D-D’)
showed the fault dipping 75°.

No wells have been drilled into the hanging wall of
the Ti Valley fault in the Talihina Quadrangle.

Fellows (1964) mapped one large anticline and one
small syncline in the hanging wall of the Ti Valley
fault; he mapped no folds in the footwall, but stated
that the fault was the northern margin of his mapped
area, and structures north of the fault appear to be
the result of aerial-photograph study only.

EASTERN OUACHITA MOUNTAINS
FRONTAL BELT, OKLAHOMA

To the east, the Ti Valley fault juxtaposes Atoka
Formation in the footwall against Atoka Formation
in the hanging wall (Hart, 1963). The exact strati-
graphic positions of the juxtaposed Atoka Formation
on either side of the fault are unknown. The Johns
Valley shale is restricted to the area south of a thrust
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Figure 7. Features in Talihina 7.5" Quadrangle. Geology from Fellows (1964).

fault south of the Ti Valley fault. Hart (1963, p. 53) rangle, Seely (1963) mapped Stanley Group north of
suggested that displacement on the fault decreases the Windingstair fault, suggesting that the zone of

from west to east across the eastern part of the Black- thrust faults in which Quachita- and Arbuckle-facies
jack Ridge, Le Flore SE, and Hodgens Quadrangles. strata are juxtaposed may be narrower than to the
This is consistent with my observation that displace- west (near the Damon Quadrangle).

ment is distributed among several thrust faults in Detailed mapping in the vicinity of the Ti Valley
the Higgins, Damon, and Baker Mountain Quad- fault in easternmost Oklahoma has not established
ranges, and that displacement along one fault—the its exact location or geologic relations. Miser (1954)

Ti Valley fault (Hendricks, 1959, p. 50)—decreases showed the Ti Valley fault juxtaposing Atoka against
eastward. However, southeast of the Hodgens Quad- Atoka in Le Flore County. In central Scott County,
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Arkansas, Reinemund and Danilchik (1957) mapped
the Ti Valley fault juxtaposing footwall Atoka
Formation against hanging-wall Johns Valley. The
fault undoubtedly continues eastward, but the geolo-
gy of the fault in Arkansas is beyond the scope of this
report.

SUMMARY

Several aspects of the geology of the Ti Valley fault
suggest that it may not be the fault with the largest
displacement in the frontal belt of the Ouachita
Mountains in Oklahoma, particularly in the central
and possibly in the eastern part. The two surface
criteria used by Hendricks (1959) to document dis-
placement on the fault (facies change, klippe) are
questionable. Exotic-bearing strata similar to the
Johns Valley Formation occur north of the fault in at
least two places, suggesting that sub-Atoka facies
changes might be gradational across the frontal belt.
Similarly, the surface appearance of thick Jackfork
Group strata generally occurs two or more thrusts
south of the Ti Valley fault, particularly in the newly
mapped central part of the frontal belt. In Oklahoma,
thick Stanley Group strata are generally restricted to
the hanging wall of the Windingstair fault, except in
the extreme western and eastern parts of the frontal
belt. These observations and the field evidence that
the faults are generally parallel to bedding suggest
that sub-Atoka facies and thickness changes are dis-
tributed over several thrust faults and not necessari-
ly a single fault—the Ti Valley. It is possible that the
faults are cutting up-section (but are parallel to
strike) at the present level of exposure and that a
significant thickness of Stanley Group strata, for ex-
ample, is present in the footwall of the Windingstair

fault in the subsurface. This would narrow the zone of
facies juxtaposition and increase the amount of dis-
placement on fewer faults. However, there is no field
evidence in the central frontal belt to support this
hypothesis. The existence of the klippe is con-
troversial (e.g., Misch and Oles, 1958), particularly
in light of the fact that Cline (1960) mentioned Johns
Valley-like strata northwest of the Ti Valley fault
immediately southwest of the klippe.

The stratigraphic throw across the Ti Valley fault
is clearly greater in the southwest corner of the fron-
tal belt, where Ordovician Womble shale is jux-
taposed against Pennsylvanian Atoka Formation,
than it is in the north-central part of the belt, where
the fault juxtaposes Atoka against Atoka. It is possi-
ble that the total displacement on the fault changes
along strike and that tectonic shortening is accom-
plished on many faults and folds in the north-central
part of the frontal belt, whereas folding is rare to the
southwest—although Hendricks (1959, p. 49) briefly
mentioned shortening by folding. Measurement of
the total displacement on the Ti Valley fault awaits
the release of detailed seismic data and the drilling of
more deep hydrocarbon wells.
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TECTONIC IMPLICATIONS OF EARLY PENNSYLVANIAN
PALEOCURRENTS FROM FLYSCH IN THE OUACHITA
MOUNTAINS FRONTAL BELT, SOUTHEAST OKLAHOMA

Charles A. Ferguson and Neil H. Suneson

ABSTRACT.—New paleocurrent data from the youngest part of the late Paleozoic
Ouachita flysch, Atoka Formation (Pennsylvanian), suggest that sediment was distrib-
uted by at least two, possibly three, spatially distinct and coeval, oppositely directed
axial fan systems. These fan systems are now separated into the three major high-angle
reverse fault blocks that constitute the Ouachita Mountains frontal belt.

The largest fan system was W-directed and was part of a long-lived system that
dominated the main part of the deep Ouachita basin. A smaller E-directed system (or
systems), overlying Morrowan shelf-facies rocks that had foundered abruptly in the early
Atokan, developed along the north edge of the Ouachita basin. Foundering, enhanced by
south-side-down growth faulting, was caused by flexural subsidence of the southern
passive margin of North America in response to tectonic loading of a northward-
converging landmass. Growth faulting, well documented during the Atokan in the
Arkoma basin, probably also occurred farther south, in what is now the frontal belt.
Terrace-like, margin-parallel troughs created by these listric growth-fault blocks chan-
neled Atokan flysch eastward from a western source, possibly the Arbuckle uplift, and
isolated the fan system(s) from a larger and deeper trough to the south. Degradation of
fault scarps bounding the north sides of the troughs produced widespread olistostromes
containing blocks of the older Paleozoic shelf.

During the Pennsylvanian Ouachita orogeny, the growth-fault blocks composed of
relatively rigid pre-Mississippian shelf-facies rocks (mostly limestone), were overridden
by shale-rich, plastic Carboniferous rocks along a N-stepping décollement. High-angle
reverse faults were formed by upward deflection of the décollement at preexisting
growth-fault scarps. These faults were later carried northward as the décollement con-
tinued to propagate. In this way, flysch originally deposited in isolated growth-fault
troughs could be contained within blocks bounded by major high-angle reverse faults of

the present day frontal belt.

PURPOSE

This paper presents recently acquired paleocur-
rent data from Early Pennsylvanian flysch (sand-
stone turbidites) in the western part of the Ouachita
Mountains frontal belt of southeast Oklahoma (west
of 95°7.5' W.). Previous workers (Briggs, 1962;
Briggs and Cline, 1967) determined that these sands
were distributed from east to west, with a minor
component of southerly paleoflow. New data show
that, although W-directed paleocurrents are abun-
dant, there is a significant, spatially distinct, popula-
tion of E-directed paleocurrents. These paleocur-
rents, unrecognized until recently (Ferguson and
Suneson, 1988), occur in the youngest part of the
Ouachita flysch, Atoka Formation (Taff and Adams,
1900), and are restricted to the north edge of the
orogenic belt.

Two groups of paleocurrent measurements are pre-
sented here. The largest group, mostly from Atoka
Formation, but also from older flysch, was collected
concurrently with detailed geologic mapping of three
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7.5' quadrangles in the frontal belt (east of 95°30’
W.). A smaller group was collected from nine widely
distributed exposures of Atoka Formation farther
west in the frontal belt.

GEOLOGIC SETTING
QOuachita Basin, Arkoma Basin System

The Ouachita basin of southeast Oklahoma and
west-central Arkansas originated along the southern
edge of North America during the late Proterozoic to
Cambrian rifting event that led to the opening of the
Iapetus Ocean (Keller and Cebull, 1973; Walper,
1977). In the basin, Cambrian through Early Mis-
sissippian strata are starved-basin (Cline, 1970; Mor-
ris, 1974a), deep-ocean-facies rock (black shale,
chert, minor sandstone). Equivalent strata to the
north, along the early Paleozoic southern edge of the
North American continent, are shallow-water shelf
rocks (Arbuckle Group through Woodford Shale).
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The intervening continental-shelf break, which per-
sisted as a passive margin until the Early Pennsylva-
nian, is now an allochthonous feature somewhere in
the Ouachita frontal belt.

In Early Mississippian time, the deep basin had
evolved into an E-W-trending flysch trough bounded
to the south by a northward-converging landmass
christened Llanoria by E. T. Dumble and Sidney
Powers in 1920 (see discussion by Miser, 1921, p. 62).
The passive margin to the north, mantled by the
Morrowan—Atokan shallow-water-shelf Wapanucka
Formation (Grayson, 1979) foundered abruptly dur-
ing the early Atokan. Lithospheric loading of a tec-
tonically thickened package north of the Llanoria
landmass is thought to be the cause of flexural sub-
sidence that led to the foundering event (House-
knecht, 1986). The subsidence was enhanced by
short-lived (early to middle Atokan), margin-
parallel, south-side-down growth faulting of the pas-
sive margin (Koinm and Dickey, 1967; Buchanan
and Johnson, 1968). The resulting Arkoma foreland
basin filled rapidly with a north-thinning wedge of
mostly deep-water-facies Atokan flysch. Eventually
(by at least the Desmoinesian) the foreland evolved
into a north-directed fluvial molasse basin.

Ouachita Frontal Belt

The approximately 15-km-wide Ouachita Moun-
tains frontal belt consists of as much as 4.0 km of
complexly folded Pennsylvanian strata in steeply S-
dipping, imbricate high-angle reverse fault blocks.
Three major fault blocks, named after the northward
bounding fault, constitute the frontal belt between
95° and 95°30’ W. From north to south, these are the
Choctaw, Pine Mountain, and Ti Valley blocks. The
pre-Atokan stratigraphy of each block, summarized
in Figure 1, reflects southward facies changes of
time-equivalent strata from shallow-water shelf to
deep basin. For the pre-Pennsylvanian sequence, the
major facies change from shallow shelf to deep basin
occurs across the Ti Valley fault (Hendricks, 1959;

- Cline, 1960). This facies change migrated north dur-
ing the Morrowan; its allochthonous position, defined
by the southern limit of Wapanucka Formation, is
now somewhere between the Choctaw and Pine
Mountain faults. The basinward equivalent of the
Wapanucka Formation is the Johns Valley Shale
(Taff, 1902), a shale-rich flysch sequence with olisto-
stromes containing exotic shelf-facies blocks that
range in age from Cambrian to Pennsylvanian (Ul-
rich, 1927; Shideler, 1970). In the Pine Mountain
block, pre-Wapanucka shelf-facies rocks (Springer
shale and Caney shale) are overlain by Atoka Forma-
tion flysch with rare olistostromes near the base that
are lithostratigraphically correlated with the Johns
Valley Shale (Fig. 1). Farther south, in the Ti Valley
block, Morrowan Johns Valley Shale and Jackfork
Group olistostromes are widespread, and older strata
are deep-basin-facies rocks.

The only lithologic unit common to each fault block
is the Atoka Formation (Fig. 1), which consists of

FAULT BLOCKS
TIME

CHOCTAW PINE MOUNTAIN TIVALLEY

Krebs Group:
fluvial molasse, ? 2
sandstone and

shale

DESMOINESIAN

Atoka Formation:

ATOKAN

marine flysch, shale, and sandstone

PENNSYLVANIAN

Wapanucka Formation: Johns Valley Shale:

sheif-facies limestone, marine shale-rich flysch

sandstone, and minor shale with olistostromes

Jackfork Group:
marine sand-rich fiysch
with olistostromes

Springer shale:

MORROWAN

outer-shelf-facies calcareous shale and sandstone

Caney shale: Stanley Group:

outer-shelf-facies calcareous shale marine volcaniclastic

and pelagic limestone shale-rich flysch

MISSISSIPPIAN
CHESTERIAN

with tuff beds

Marine deep-basin-

Shelf-facies rocks: facies rocks:

Arkansas Novaculite

CAMBRIAN
through

Arbuckle Group —Woodford Shale

EARLY
MISSISSIPPIAN

and older strata

Figure 1. Generalized stratigraphic framework of the frontal
belt of the Ouachita Mountains. Shelf-facies Caney shale and
Springer shale are informal names.

dark-gray shales and fine-grained, feldspathic,
quartzose sandstones. Two general lithologic associa-
tions are recognized in the Atoka Formation. The
most common association is thick shale sequences
interbedded with thin- to medium-bedded, planar-
laminated and ripple-cross-laminated sandstone (*b”
and “c¢” divisions of the Bouma [1962] turbidite se-
quence). The second association is stacked sequences
of thick-bedded, massive sandstone (the Bouma “a”
division) with thin shale interbeds. These lithologies
are indicative of middle to outer reaches of a deep-sea
fan (Walker, 1978), the stacked sequences represent-
ing deposits of distributary channels. The Atoka
Formation is 3.7-5.0 km thick along the southern
edge of the Arkoma foreland basin. To the south, in
the Ouachita basin, its estimated thickness is as
much as 8.2 km (Morris, 1974a), but, because of
structural complications, poorly understood biostra-
tigraphy, and the lack of an exposed top, it is impossi-
ble to estimate its greatest thickness here.

PREVIOUS PALEOCURRENT STUDIES

Figure 2 is a typical paleogeographic map of the
late Paleozoic Ouachita basin (Houseknecht and
Kacena, 1983), showing that sediment, mostly de-
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Figure 2. Early Pennsylvanian paleogeography of the Ouachita region proposed by Houseknecht and Kacena (1983, fig. 9).
Tectonic features and lithologies indicated by symbols. Arrows indicate sediment transport direction.

rived from erosion of the Appalachian highlands, was
channeled westward through the Black Warrior and
Illinois basins, and eventually distributed from east
to west in a deep-sea axial fan system. This sediment-
dispersal pattern is supported primarily by a
paleocurrent study of the Ouachita flysch sequence
by Briggs and Cline (1967). Paleocurrent and
petrologic studies of the older flysch sequence of the
Stanley Group and Jackfork Group indicate addition-
al contributions of sediment, in part volcaniclastic,
from a southern orogenic source area (Briggs and
Cline, 1967; Graham and others, 1976; Mack and
others, 1981). Similar studies of the Atoka Formation
suggest that a secondary northern cratonic source
became important during the later stages of flysch
sedimentation (Briggs and Cline, 1967; Vedros and
Visher, 1978; Houseknecht, 1986).

Briggs and Cline’s (1967) paleocurrent map for the
Ouachita flysch sequence (Fig. 3) shows a dominance
of W-directed azimuths. Each one of these azimuths
represents the average of ~13 separate measure-
ments in an area of 1 miZ (Briggs and Cline, 1967, p.
992). From the appendix of Briggs (1962), it should be
noted—particularly in the frontal belt—that his
average azimuths were derived mostly from non-
directional indicators. The study of Briggs and Cline

(1967) is still the principal source of paleocurrent
data in the Ouachitas, and, although it is an excellent
work, it is important to note that it was only a recon-
naissance study. Large areas of the Ouachitas, in-
cluding parts of the frontal belt, are represented by
only one or two azimuths. Subsequent field studies in
the Quachita frontal belt have concluded that
paleocurrents are similar to those originally reported
for that area (Knight, 1985; Nooncaster, 1985), but
these conclusions are not supported with new data.
Invariably, the only previous report is the work of
Briggs and Cline (1967).

METHODS

Detailed geologic mapping of the frontal belt began
in October 1986. During the mapping, paleocurrent
azimuths were measured in all sandstones with well-
preserved primary sedimentary structures that could
be found. The most reliable indicators of paleoflow in
turbidite sandstones are sole markings, flute molds
in particular. Flute molds (commonly yet technical-
ly incorrectly termed flute “casts”) originate as asym-
metric erosional scours developed in a substrate of
cohesive, fine-grained sediment. The scoured de-
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Figure 3. Directional paleocurrents from the Ouachita flysch sequence reported by some previous workers (modified from Briggs

and Cline, 1967, fig. 4).

pressions are commonly filled with non-cohesive
sediment, typically sand transported by an eroding
current. After burial and lithification, the scours or
flutes are preserved as molds on the sole of the more-
resistant sandstone bed. About 90% of the paleocur-
rent directions reported here were measured from
flute molds. Other paleocurrent indicators, such as
climbing-ripple bedforms (the “¢” division of the
Bouma sequence), can be used, but they are difficult
to measure because they require rare three-
dimensional exposures. In (~10% of the measure-
ments reported here, the azimuths of nondirectional
sole marks (poorly developed flute molds, dragmarks,
etc.) were assigned a directional sense from the direc-
tion of ripple-bedform migration within the same
Bouma sequence.

Flow reversal in turbidity currents (Pickering and
Hiscott, 1985; Pantin and Leeder, 1987) can produce
ripple bedforms that climb in a direction opposite to
the original turbidity current. These reversal bed-
forms occur in sequences usually separated by shale
partings and are marked by a renewed vertical pro-
gression of the Bouma sequence. Reversal bedforms
occur in the study area, but paleocurrent measure-

ments from them are not reported in this paper (see,
for example, an exposure in a creek bed on the west
side of a county road in the NEV4ANEV4 sec. 35, T.5N.,
R. 20 E.).

Paleocurrent azimuths reported in this paper were
measured and rotated back to horizontal using the
strike of bedding as the rotational axis. This assumes
that structural tilting did not involve any significant
rotation around nonhorizontal axes, which is prob-
ably a good assumption, given the style of coaxial
deformation evident in the area of the detailed study
(east of 95°30' W.). However, reconnaissance
paleocurrent measurements farther west in the fron-
tal belt could be more susceptible to counterclockwise
rotation.

DATA
Paleocurrents East of 95°30' W.

A total of 379 directional paleocurrent azimuths
were measured from the Atoka Formation during
mapping of the Higgins, Damon, and Baker Moun-
tain 7.5’ Quadrangles, and southern parts of the Wil-
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burton and Panola 7.5’ Quadrangles. All of the azi-
muths are collectively plotted on rose diagrams,
which show a pronounced bimodal distribution clus-
tered about means of 260° and 65° (Fig. 4). The dis-
tribution of individual measurements and/or clusters
of measurements is shown in conjunction with a sim-
plified geologic map of the aforementioned quad-
rangles (Figs. 5,6). It should be noted here, that the
geology in Figure 5 is Ferguson’s interpretation of
unpublished mapping by Suneson and Ferguson.

ALL FAULT BLOCKS

50

n=379

CHOCTAW BLOCK

PINE MOUNTAIN BLOCK

TI VALLEY BLOCK

44

Figure 4. Rose diagrams of directional paleocurrents from the
Atoka Formation of the Quachita frontal belt between 95°7.5’
and 95°30’ W. Top diagram combines measurements from all
three structural blocks. Diagrams at different scales.

A large number of rose diagrams were constructed,
combining various populations of paleocurrents. The
populations were partitioned according to lithologic
unit, fault block, and combinations of fault blocks.
From consideration of these rose diagrams, three nat-
ural populations of paleocurrents are identified, each
genetically related to a major fault block (Ti Valley,
Pine Mountain, or Choctaw). The southern limit of
E-directed paleocurrents is the Ti Valley fault.

Choctaw Block

The maximum thickness of Atoka Formation in
the Choctaw block is ~3.5 km. Here the base is well
constrained by slivers of Wapanucka Formation
along the hanging wall of high-angle reverse faults.
Paleocurrents are more difficult to measure in this
block, partly because of the abundance of bedding-
parallel drainages, but also because sole markings in
the sandstones are not often well developed or have
been obscured by intense bioturbation. However, a
good number (85) were measured, and it is clear that
E-directed paleoflow dominated (Fig. 4). A small W-
directed population was obtained west of 95°15’ W.
representing individual beds intimately interleaved
with beds of the opposite sense (for an example, see
exposure in a major creek bed, SEV4 sec. 20, T.5 N, R.
19 E.). Farther east, the W-directed paleocurrents
become increasingly abundant in the Baker Moun-
tain Quadrangle, and E-directed paleocurrents are
very rare (Fig. 6).

Pine Mountain Block

The thickness of the Atoka Formation in the Pine
Mountain block might be as little as 1.5 km or as
much as 3.0 km. Most of the paleocurrents are W-
directed (Fig. 4), but there is a small E-directed pop-
ulation. The impression from field observation is that
the E-directed sandstones are intimately interleaved
with the more abundant W-directed sandstones.

Ti Valley Block

The greatest thickness of Atoka Formation in the
Ti Valley block is about 2.0-2.5 km. Paleocurrents
from this block (Fig. 4) are distributed evenly
throughout the Atoka and are dominantly W-
directed. There are a couple of areas where the domi-
nant paleocurrent trend deviates notably from the
mean of ~260° (Fig. 6). In the western Damon Quad-
rangle there is a prevailing shift towards NW-
directed currents, and in the east-central Baker
Mountain Quadrangle there is a zone where S- to
SW-directed currents prevail.

Paleocurrents from Morrowan flysch (Jackfork
Group and Johns Valley Shale) are restricted to the
southern parts of the Damon and Baker Mountain
Quadrangles (Fig. 6). A total of 15 measurements
from this sequence show a bimodal westerly and
southerly distribution of paleoflow (Fig. 7). The S-
directed currents are from the Johns Valley Shale,
and the W-directed currents are from Jackfork Group
sandstones.
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Figure 5. Simplified geology from the central Ouachita frontal belt, Latimer County, Oklahoma. Line B-B' refers to cross section in

Figure 10.

Paleocurrents from the Western Frontal Belt

A total of 76 paleocurrents (Fig. 6) were measured
from nine widely distributed localities in the western
part of the frontal belt (between 95°30' and 96° W.).
This reconnaissance study was undertaken to see if
the paleocurrent patterns recognized east of 95°30’
W. continued to the southwest. Six of the localities
are in the Choctaw block, and three in the Ti Valley
block. Paleocurrents in the Pine Mountain block,
more recondite because of the subdued topography
and poor exposure, were not measured. All of the
localities were chosen from the detailed geologic map
ofthe western Ouachita Mountains prepared by Hen-
dricks and others (1947). The localities represent

sequences 15—-600 m thick in the lower 125-1,000 m
of the Atoka Formation. Detailed descriptions of each
locality can be found in the appendix. A rose diagram
from each locality is plotted on a map of the south-
west frontal belt (Fig. 8).

Choctaw Block

Fifty-seven paleocurrents from six localities in the
Choctaw block were measured. The data show a
dominance of NE-directed paleoflow. Paleocurrents
in the Choctaw block tend to parallel the structural
grain of the frontal belt, becoming more N-directed to
the southwest (Fig. 8). This may reflect an increase in
counterclockwise rotation related to non-coaxial fold-
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Figure 6. Directional paleocurrent azimuths from the area shown in Figure 5. Most arrows are individual paleocurrent measure-
ments. Numbers indicate number of measurements for averaged values.

ing (Leonhardt, 1983) in this fault block. The impor-
tant thing to note here is that very large rotations
would not change the general easterly paleoflow in
this block.

Ti Valley Block

Nineteen paleocurrents were measured from three
localities of Atoka Formation in the Ti Valley block
(Fig. 8). These azimuths are very similar to those
observed to the east, and there is no apparent change
of orientation from east to west in this part of the
frontal belt.

DISCUSSION

Axial Sediment Distribution
in the Ouachita Trough

New paleocurrent data strongly support the in-
terpretation that margin-parallel axial fan systems
distributed Early Pennsylvanian flysch in the north-
ern part of the Ouachita basin (Briggs and Cline,
1967; Cline, 1970; Morris, 1974a; Graham and oth-
ers, 1976; Moiola and Chanmugam, 1984). In addi-
tion, the data indicate that two opposing coeval depo-
sitional systems were active in Atokan time.

Two Opposing Systems

The lower 2.0~2.5 km of Atoka Formation in the Ti
Valley block was clearly deposited by west-flowing
turbidity currents. In the Ti Valley block, Atoka
Formation overlies a thick sequence of older flysch
(Jackfork Group and Stanley Group) which was also
deposited by west-flowing currents (Briggs and
Cline, 1967; Briggs, 1974; Morris, 1974b). The sedi-
ment-dispersal system in this block was consistently
W-directed throughout the Carboniferous, and
apparently extended into the western part of the
Ouachita basin (Fig. 8).

Paleocurrents in the Choctaw block are almost ex-
clusively NE-directed in most of the frontal belt. This
unimodal distribution is interpreted as evidence for a
NE-directed axial fan system that was somehow iso-
lated from an apparently coeval, yet longer-lived,
W-directed axial system in the larger and presum-
ably deeper Quachita basin to the south. The predom-
inant E-directed paleoflow in flysch overlying the
Wapanucka Formation suggests that the foundered
Wapanucka shelf edge was the divide between two
sediment- dispersal systems. Outboard from the shelf
edge, which in allochthonous position coincides
roughly with the trace of the Pine Mountain fault,
E-directed paleocurrents are rare or absent.

95°07" 30"
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The Importance of Growth Faulting

Down-to-the-south, margin-parallel growth fault-
ing, documented during deposition of the lower Ato-
ka Formation in the Arkoma basin (Koinm and Dick-
ey, 1967; Houseknecht, 1986), probably also occurred
in what is now the northern part of the frontal belt
(Arbenz, 1984). Figure 9 includes a structural map
and cross section of major growth faults in the Arko-
ma basin. A revised version of Early Pennsylvanian
paleogeography (Fig. 10) suggests that sea-floor
topography along the north edge of the Ouachita
basin consisted of terrace-like, margin-parallel
ridges and valleys formed by growth-fault blocks
tilted toward the continent. The ridges would have
acted as divides isolating individual axial sediment-
dispersal systems in the intervening valleys. House-
knecht (1986) offered a similar interpretation for the
origin of elongate, margin-parallel sand bodies in the
Atoka Formation for the subsurface of the Arkoma
basin to the east.

The relatively steep, basin-facing fault scarps
would have been an ideal source for boulders of older
shelf-facies rocks that occur in olistostromes of the
Morrowan Johns Valley Shale and Jackfork Group.
In order to sample rocks as old as the Arbuckle

3

Figure 7. Rose diagram of directional paleocurrents from
sandstones of the Jackfork Group and Johns Valley Shale in
the southern Damon and Baker Mountain 7.5’ Quadrangles.

Group, these faults would have had to expose ~1.0
km of shelf strata below the Wapanucka Formation.
This thickness is from a summary by Suneson (this
volume) of the 5.7-km-deep Exxon No. 1 Retherford
well, which was spudded ~3 km south of the Ti Val-
ley fault in the southern part of the Higgins 7.5’
Quadrangle (Fig. 5).

Mixing of Paleocurrents

Mixing of E- and W-directed paleocurrents occurs
in two places in the area of detailed study (Fig. 6): the
eastern part of the Choctaw block, and throughout
the Pine Mountain block. The paleogeographic map
(Fig. 10) shows two opposing depositional systems
interfingering in these areas. In the eastern Choctaw
block, the distal part of an E-directed axial system
interfingers with W-directed turbidites that increase
in abundance to the east. This change occurs to the
south of the Red Oak sandstone, a SW-directed mar-
ginal fan in the subsurface of the Arkoma basin (Ve-
dros and Visher, 1978; Houseknecht, 1986). The
prevalence of S-directed paleocurrents farther south,
in the Ti Valley block of the central Baker Mountain
Quadrangle (Fig. 6), could be construed as evidence
for this marginal fan system.

The paleocurrent pattern in the Pine Mountain
block differs from that of the eastern Choctaw block
in that mixing occurs throughout the studied area
(Fig. 6). The dominance of W-directed paleoflow in
this depositional system suggests that it was isolated
from the Choctaw block, probably by a topographic
barrier such as the Wapanucka shelf edge (Fig. 11B).
E-directed turbidites in the Pine Mountain block are
interpreted to be distal equivalents of a system to the
west (Fig. 10). Alternatively, they could have spilled
over from the Choctaw system to the north.

It is difficult to say how turbidites in the Pine
Mountain block related to the large fan system in the
Ti Valley block farther south. However, the complete
absence of easterly paleoflow in the Ti Valley block,
suggests that there was a topographic barrier along
the southern edge of the Pine Mountain block, sim-
ilar to the one south of the Choctaw block.

A Western Source for Part
of the Atoka Formation

The unidirectional paleoflow of Atoka Formation
turbidites in the northern part of the frontal belt
suggests a sediment source area to the west of the
present OQuachita uplift during the Early Pennsylva-
nian. Coarse conglomerates have been described
from the Atoka Formation in the western frontal
belt, near the town of Atoka, and were interpreted by
Hendricks and others (1937) and Hendricks (1959) as
evidence for a nearby uplift. There is also good
stratigraphic evidence of Early Pennsylvanian uplift
of the northeastern Arbuckle Mountains. The Hun-
ton arch, in western Coal County, is unconformably
overlain by a W-thinning, transgressive wedge of
middle Atoka Formation (Grayson, 1981; Sutherland
and others, 1982; Sutherland and Manger, 1984b;
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Figure 8. Rose diagrams of directional paleocurrents from nine exposures of Atoka Formation in the western part of the frontal belt
(west of 95°30’ W.). Also shown is the detailed study area (shaded rectangular area) with rose diagrams from Figure 4.

Zachry and Sutherland, 1984). In addition, Archinal
(1979) described Atokan syndepositional faulting in
this area. New paleocurrent data indicate that sedi-
ment was transported from the Arbuckle region, but
these data alone cannot locate a specific source area
(or areas). Petrologic and geochemical analyses of
E-directed sandstones and associated shales in the
Choctaw block are required for provenance studies.

Structural Model for the Frontal Belt

A two-stage structural model for the formation of
the frontal belt is shown in Figure 11. The main
purpose of this model is to show how Atoka strata,
deposited by opposing axial-fan systems in growth-
fault-controlled troughs, could later be contained
within high-angle-reverse-fault blocks whose origins
are related to the original growth-fault topography.
The structural cross section (Fig. 11A) was con-
structed from surface information (Fig. 5), and
should be considered very hypothetical below 2 or
3 km.

Figure 11B is a cross section of the frontal belt as it
might have been in Atokan time. It shows relatively
resistant, approximately 1-km-high buttresses of
early Paleozoic shelf strata buried under the north
edge of the Ouachita basin.

Figure 11A depicts the present-day result of the
N-directed Ouachita orogeny (note that a great deal
of the original rock is now eroded away). In the model,
growth-fault buttresses act as ramps deflecting a ba-
sal décollement upward, forming high-angle reverse
faults. The high-angle reverse fault formed at each
buttress is the northern boundary of strata deposited
in the original growth-fault block (e.g., the Ti Valley
reverse fault forms at the buttress along the north
edge of the Ti Valley growth-fault block). As the
décollement propagated northward, it carried each
high-angle reverse fault block with it.

Certain features of the structural cross section
(Fig. 11A) should be explained. Although the model
implies that faults become younger toward the fore-
land, hindward younging is also possible (Suneson
and Ferguson, 1987). If forward motion of the décolle-
ment is stalled, hindward propagation of younger
high-angle reverse faults, such as the Windingstair
or Eightmile (Fig. 10A), can occur at overridden but-
tresses (note that the model shows these two faults
carried slightly northward by later motion of the
décollement). A second feature of the model involves
secondary folding of the high-angle reverse faults,
which has been proposed for the Ti Valley fault at
Black Knob Ridge in the western Ouachita Moun-
tains (Leonhardt, 1983; Nielson and Leonhardt,
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1983). Fault-propagation folding of the original high-
angle reverse faults occurred as the basal décolle-
ment overrode additional buttresses (Fig. 10A). An
apparent klippe of the Ti Valley fault mapped by
Hendricks and others (1947) in the western frontal
belt could be explained in this way (imagine a slight-
1y deeper erosion level of the Ti Valley fault in Figure
11A). There is also good evidence of secondary folding
of folds related to the Ti Valley fault in the area of
detailed study (Fig. 5).

CONCLUSIONS

Early Pennsylvanian flysch sediment was distrib-
uted by two, or possibly three, contemporaneous,
margin-parallel axial fan systems in the frontal belt

Early Pennsylvanian Paleogeography

0 50 KM
I

of the Ouachita Mountains. Each system is contained
within one of three major high-angle-reverse-fault
blocks that make up the frontal belt: Choctaw, Pine
Mountain, and Ti Valley, from north to south. The
two northern systems were partitioned into terrace-
like troughs formed by south-side-down, listric nor-
mal faulting of a passive margin along the northern
edge of the Ouachita basin. The northernmost block
(Choctaw) hosted an E-directed system that overlies
shelf-facies Wapanucka Formation, and appears to
die out to the east (near 95° W.). In the southernmost
block (Ti Valley), a W-directed axial system is the
upper part of an older system that dominated the
deep Ouachita basin during the Carboniferous.
Turbidites in the Pine Mountain block, overlying
slope-facies rocks and mostly W-directed, were possi-
bly part of the large fan to the south, but the possibil-
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Figure 10. Early Pennsylvanian paleogeography of the Ouachita region, showing two opposing axial fan systems and their
relationships to growth-fault troughs along the north edge of the Ouachita basin. The three southernmost faults are, from south to
north, the northern boundaries of growth-fault blocks depicted in Figure 11: Ti Valley block, Pine Mountain block, Choctaw block.
The other faults are those previously recognized in the subsurface of the Arkoma basin (see Fig. 9). Line B—B" represents cross

sections in Figure 11.
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Potato Hills. Other symbols explained in Figure 5.

ity of a discrete E-directed system farther to the west
cannot be excluded.

New paleocurrent data indicate that a source for
flysch sediment in the northernmost frontal belt
(Choctaw block) lay somewhere to the west of the
present Ouachita orogenic belt. The most probable
source terrain was an Arbuckle highland. This in-
terpretation is supported by biostratigraphic and
structural relationships established along the north-
east flank of the Arbuckle uplift.

A structural model, based primarily on in-
terpretations of new paleocurrent data, suggests a

= Eightmile Mountain fault. WS = Windingstair fault. PH =

relationship between high-angle-reverse-fault
blocks of the frontal belt and growth-fault blocks that
formed along the north edge of the Ouachita basin in
the Pennsylvanian.
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APPENDIX

LOCATIONS OF PALEOCURRENT
MEASUREMENTS IN THE
SOUTHWEST FRONTAL BELT

Paleocurrent measurements in the area of detailed
study are precisely located on mylar overlays that
accompany the detailed geologic maps of the area.
These maps are available in open-file form at the
Oklahoma Geological Survey.

Paleocurrent rose diagrams from nine exposures of
Atoka Formation in the southwest Ouachita Moun-
tains frontal belt (west of the detailed study area) are
presented in the main part of this paper (Fig. 8). The
location of each exposure and an estimate of the
stratigraphic position (relative to the Wapanucka
Formation or Johns Valley Shale) are provided here.
The exposures are listed from east to west, first from
the Choctaw block and then from the Ti Valley block.
Most of the paleocurrents were measured from di-
rectional flute molds, but some nondirectional sole
markings were assigned a directional sense from rip-
ple bedforms in the same bed. These azimuths are
designated with an “r” in this appendix.

1) Complexly folded, thin- to medium-bedded sand-
stones exposed in first road cut east of a distinctive
ridge of Hartshorne Sandstone (Desmoinesian) along
State Highway 1, ~2 mi east of Hartshorne in the
Hartshorne SE 7.5’ Quadrangle, Pittsburg County
(SWYsNEV4 sec. 19, T. 4 N,, R. 17 E.). Five paleocur-
rents were measured from a 30-m-thick interval
along the north side of the road. This is just south of
the Choctaw fault and is probably <600 m above the
Wapanucka Formation. Azimuths: 50,50,64,90,108.

2) S-dipping sequence of thin- to medium-bedded
sandstones exposed along gravel road in the Harts-
horne SE 7.5’ Quadrangle, Pittsburg County (SEV4
sec. 35, T. 4 N., R. 16 E.). Six measurements from a
30-m-interval near the base of the hill in the borrow
ditch on the east side of the road. This sequence starts
~125 m above the Wapanucka Formation. Azimuths:
40,40,45,45,47r,5Tr.

3) S-dipping sequence in large road cut along west
side of a frontage road for the Indian Nation Turn-
pike in the Pittsburg 7.5’ Quadrangle, Pittsburg
County (NEVANWVINEYaSWVs sec. 32, T.3 N, R. 15
E.). Ten measurements from a 150-m-thick sequence
of mostly medium-bedded sandstones at the south
end of the road cut. Probably 600—1,000 m above the
Wapanucka Formation. Azimuths: 80r,82,86r,89,
89r,103r,105r,115,175r,186.

4) S-dipping sequence exposed on the south side of a
drill pad cut on top of Pine Mountain in the Pittsburg
7.5’ Quadrangle, Pittsburg County (SEV4SEVaNWY4
sec. 7,T.2 N, R. 14 E.). Eight measurements from a
15-m-thick sequence of medium-bedded sandstones,
350-600 m above the Wapanucka Formation. Azi-
muths: 44r,44r,47r,50r,50r,54,65r,71r.

5) S-dipping sequence exposed in major canyon in
the south-central part of sec. 22, T. 2 N, R. 13 E. in
the Kiowa 7.5' Quadrangle, Atoka County. Ten
measurements from a 200-m-thick sequence of
medium-bedded sandstones that starts at the 900-ft-
contour level in the canyon, ~400 m above the Wapa-
nucka Formation. Azimuths going upstream from
the 900-ft contour: 28r,15,35,30,7,37,27,15,9,22. Five
more azimuths from a correlative sequence along the
ridge northeast of the canyon: 22,28,32,31,20.

6) A predominantly S-dipping but complexly folded
sequence in the major northwest-flowing canyon in
sec. 7, T. 1 N,, R. 13 E., Limestone Gap 7.5’ Quad-
rangle, Atoka County. It is difficult to estimate the
thickness of the measured interval, because of the
folding, which appears to conform to the course of the
canyon. It could be as thin as 300 m, but it could be
>700m. The interval starts ~450 m above the Wapa-
nucka Formation. Thirteen measurements are from
medium- to thick-bedded sandstones, starting at the
840-ft-contour level and going upstream: 40,357,
7r,330,22r,32,24,220,260,25r,15,290.

7) A sequence exposed in the core of a nearly iso-
clinal E-W-trending syncline in the Counts 7.5'
Quadrangle, Pittsburg County (SW¥%: sec. 26, T. 3 N.,
R. 16 E.). Five measurements from a 600-m-thick
sequence of medium-bedded sandstones exposed in a
major south-flowing canyon. The lower end of the
sequence is ~350 m above the Johns Valley Shale.
Azimuths from north to south: 272,274,284,249,252.

8) A S-dipping sequence (N%2 sec. 16, T. 2N, R. 15
E.) from the north limb of the same syncline de-
scribed for location 7. Five measurements are from a
120-m-thick sequence of medium-bedded sandstone
~150 m above the Johns Valley Shale. Azimuths:
250,245,251r,232r,256. The first two of these
measurements are from a distinct meander bend in a
major north-flowing stream. The other three are from
the west road cut of the Indian Nation Turnpike,
~0.5 km east and along strike from the meander
bend. Two more measurements (azimuths 232,258)
are from the east side of the next road cut to the south,
which is probably 450 m above the Johns Valley
Shale.

9) This is from a S-dipping overturned syncline
exposed in Chickasaw Creek in the Limestone Gap
7.5’ Quadrangle, Atoka County (N sec. 2 and NVz
sec.3,T.1S,,R.13E.; and SW¥ssec. 35, T.1N.,R. 13
E.). Seven measurements are from a 400-m-thick se-
quence of medium- to thick-bedded sandstones that
starts ~200 m above the Johns Valley Shale. Azi-
muths: 204,263,228,252,246,220,283.
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ARKOMA BASIN OVERVIEW

W. David Wylie

INTRODUCTION

This overview has been adapted primarily from
Branan (1966); in my opinion, his paper provides the
best overview of geology and petroleum development
for the Arkoma basin novice, although more-recent
drilling activity and published regional studies have
better defined these trends.

The Arkoma basin is situated in southeastern
Oklahoma and west-central Arkansas. It is es-
sentially a dry-gas province (Fig. 1) where more than
25 zones, ranging in age from Middle Pennsylvanian
(Krebs Group) to Early Ordovician or Late Cambrian
(Arbuckle Group), are commercially productive. Pro-
duction comes from depths of 1,500-15,000 ft. In-
place reserves range from several hundred million
cubic feet of gas to 60 billion cubic feet of gas per well.

The arcuate basin measures ~250 mi in an east—
west direction; it was compressed during the Ouachi-
ta orogeny to its present width of 2050 mi. The basin
sediments are thickest along its southern margin,
near the Quachita Mountains system, where as much
as 30,000 ft of sedimentary rocks may exist as a result
of rapid deposition during basin subsidence and repe-
tition of strata by thrust faulting. The cross section of
Wylie and others (this volume) shows the major
structures and stratigraphic units in the Arkoma
basin along the transect of the field trip.

GEOLOGICAL HISTORY

Prior to the post-Hunton orogeny, the present sites
of the Arkoma basin and Ouachita Mountains were
part of the eastern flank of the Oklahoma embay-
ment (the Oklahoma basin, as described by Johnson
in this volume). During much of the Late Cambrian
and Early Ordovician, an extensive transgression
resulted in the deposition of shallow marine carbon-
ates and minor sandstone units of the Arbuckle
Group throughout the Midcontinent.

Following the emergence of the craton during the
Early Ordovician and a corresponding influx of fine-
grained clastics from the north, thick sandstone units
of the Simpson Group (Middle Ordovician) were de-
posited throughout the Arkoma region. Holden
(1965, p. 137) reported a northeastern source for the
Simpson sand and a shoreface depositional environ-
ment “bordering the emergent shelf of northern
Oklahoma, Kansas and western Missouri . . . around
and over a subsiding shelf north of the Ouachita
geosyncline.” Isopach work by Holden in the same
report indicates that the Simpson Group increases in
thickness “southward and ranges from 250 ft in east-
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central Oklahoma to more than 1,500 feet in White
County, Arkansas” (Holden, 1965, p. 134-135, fig. 1).
Suhm (1979) outlined the paleogeographic environ-
ments of the Simpson units in Arkansas and dis-
cussed their hydrocarbon potential in stratigraphic
and fracture-induced traps.

Following deposition of the Simpson Group,
marine carbonate and shale characterized sed-
imentation in the Arkoma region. Rock units in-
cluded in this sequence include the Viola (carbonate),
Sylvan (shale), and Hunton (carbonate). An ex-
cellent, detailed study of the Hunton Group in east-
ern Oklahoma has been completed by Amsden
(1980).

Tectonic uplift associated with the post-Hunton
orogeny or Acadian disturbance transformed the
Arkoma region from a marine platform or shelfinto a
large positive arch during Late Devonian time,
resulting in varying degrees of erosion of the Hunton
Group. The Hunton was completely removed
throughout much of Pittsburg, Latimer, and Le Flore
Counties in eastern Oklahoma, as documented in
papers by England (1961) and Amsden (1980).

Following the episode of post-Hunton erosion, a
shallow Late Devonian—Early Mississippian sea
with euxinic conditions inundated most of the Mid-
continent and Arkoma region. Black, pyritic Wood-
ford shale succeeded a paleotopographically con-
trolled basal Misener (Sylamore) sandstone.
Throughout the remainder of the Mississippian,
warm, shallow seas occupied the Arkoma region, and
carbonate sedimentation prevailed. At that same
time, deep-water flysch sands and shales of the Stan-
ley Shale were being deposited south of the Arkoma
in the Ouachita geosyncline (Wickham, 1978).

Sedimentation was once again interrupted by gen-
tle, widespread emergence and erosion in the Mid-
continent and Arkoma region prior to deposition of
the Pennsylvanian System. Rascoe and Adler (1983)
have summarized the events and association be-
tween the pre-Morrowan cratonic epeirogeny, which
was centered around the Transcontinental arch, and
the subsequent Pennsylvanian sedimentation pat-
terns. Shallow marine, deltaic, and non-marine de-
positional environments coexisted during the Mor-
rowan in the Arkoma region. Zachry (1979) has
documented several south-flowing braided-stream
systems in the middle Bloyd sandstone (Morrowan) of
northwest Arkansas. This interpretation was de-
rived from detailed outcrop studies of sedimentary
structures and paleocurrent measurements of tabu-
lar cross-strata.
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Rascoe and Adler (1983, p. 980) reported that sig-
nificant tectonic activity recurred during the Wichita
orogeny “as a result of collision between North Amer-
ica and South America plates from late Morrowan
through Atokan, and into early Desmoinesian time.”
They went on to report that the Arkoma basin actual-
ly “originated in Atokan time as the southern margin
of the North American craton” and was downwarped
“progressively from south to north by the overriding
South American plate . . . The strong subsidence of
the Arkoma basin in middle Pennsylvanian time was
accompanied by down-to-the-basin faulting in South-
eastern Oklahoma” (Rascoe and Adler, 1983, p. 982).

An unconformity exists along the north-central
margin of the basin between the basal Atokan Spiro
sand and the underlying Morrowan Wapanucka
limestone. Spiro sandstone trends represent deposi-
tion in the broad delta complex with distributary
channels, tidal channels, and shallow-water, in-
terfingering marine sandstone bars and carbonates.
The Spiro is a favorable exploration target, because
production has been established in both stratigraphic
and structural traps.

Regional studies also indicate that the Spiro was
deposited “prior to the major basin downwarping and
subsequent thickening of the Atoka section” (Bra-
nan, 1966, p. 1627). Consequently, the Spiro is an
important reference datum for measuring middle
Atokan growth faulting, regional mapping of the to-
tal thickness of Atokan sediments, and constructing
a post-Atokan and post-Ouachita structural setting
of the basin. This latter point is enhanced by the fact
that the Spiro is underlain by an excellent seismic
reflector, the Wapanucka limestone.

Most of the Atokan clastics in the eastern part of
the basin appear to have been deposited in deltaic
fashion. Haines (1981) described six distinct middle
Atokan deltaic sequences from the subsurface of
north-central Arkansas. “They are all variable in
lateral extent, thickness and depocenter location, but
all have a north—east source and broad distribution
along the shelf” (Haines, 1981, p. 42).

Middle Atokan sandstone units are also developed
in the eastern Oklahoma portion of the basin. These
units are generally developed parallel to the basin
axis on the downthrown side of the major middle
Atokan growth faults and may be deep-water-
channel, fan, or turbidite deposits correlative with
the Arkansas deltaic sequences (Rascoe and Adler,
1983, p. 988). Subsurface mapping by the present
author indicates that some of these units may have
also received some sediments from several point
sources along the E-W-trending growth faults.

Recent studies of Atokan turbidite outcrops south
of Wilburton (Ferguson and Suneson, this volume)
indicate mixed paleocurrent directions on successive
thrust sheets within the Ouachita frontal belt.

An accurate measurement of the maximum thick-
ness of the Atokan has been greatly complicated or
masked by the folding and/or thrust faulting of the
interval adjacent to the Ouachita Mountains system.
Estimates ranging from 10,000 ft (Rascoe and Adler,

1983, p. 988) to >20,000 ft of Atokan rocks (Branan,
1966, p. 1619) have been reported.

Significant structural deformation and/or uplift
associated with the Ouachita orogeny began in late
Atokan time and continued more dramatically into
the Permian. The paleogeography and paleogeology
of the Midcontinent at the close of the Atokan have
been diagrammatically depicted by Rascoe and Adler
(1983, p. 990, fig. 6). Rapid subsidence and growth
faulting concluded at the end of the Atokan, and the
Arkoma basin took on a semi-continental setting
with vast swampy lowland areas transected by sever-
al east—west fluvial systems during the Des-
moinesian. These systems are represented by the
thick channel sandstones and coal measures that are
found in the Krebs Group.

Uplift of the Ouachita Mountains during the Per-
mian transformed much of the basin area into a posi-
tive land area subject to erosion, and the Ouachita
fold belt became the principal source of clastics in the
southern Midcontinent.

Branan (1966, p. 1623) reported that the Arkoma
basin was later tilted westward, “presumably by the
later Appalachian movement,” and also during “late
Permian time and during the Cretaceous Laramide
orogeny which had minor influence.” These final
tectonic adjustments concluded significant geologi-
cal activity in the Arkoma basin and left the area
physiographically similar to its present state.

HISTORY OF PETROLEUM DEVELOPMENT

Bartlett (1966, p. 126) reported that the first
known test well in the Arkoma basin was drilled to
1,400 ft in 1887 by Choctaw Oil & Gas Co. near
downtown Fort Smith, Arkansas. Bartlett also re-
ported that several more drilling attempts were un-
successful, and it was not until 1902 that commercial
quantities of natural gas were discovered in the basin
at Mansfield, Arkansas, 25 mi south of Fort Smith.
The Choctaw Qil & Gas Co. #2 Duncan tested a
well-expressed anticline and was completed at 1,125
ft, flowing 960 MCFG/D from an upper Atoka sand-
stone (Bartlett, 1966, p. 126).

Branan (1966, p. 1619) noted that “the surface ex-
ploration for coal seams” (Krebs Group) provided sur-
face-structure maps of anticlines and encouraged
early wildcatters to drill for oil and gas.

Discoveries in eastern Oklahoma began with the
Poteau-Gilmore Field on such a structure in Le Flore
County (Fig. 1). The 1910 discovery was the Le Flore
Gas and Electric Co. #1 Hill. It was drilled to 1,687 ft
and completed in the Hartshorne sandstone (basal
Krebs Group) for 4,500 MCFG/D (Bartlett, 1966, p.
126).

Shallow drilling at 2,500-5,500 ft on well-defined
surface structures for Hartshorne and Atoka gas
zones continued until 1950. Bartlett (1966, p. 126)
stated that “in 1950 only 37 wells were drilled in the
entire basin. By 1960, this had risen to 85 and in
1964, 115 wells were drilled in eastern Oklahoma, 63
in northwestern Arkansas.”
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Deeper drilling at 10,000-13,500 ft in the basin
was encouraged during the 1960s when Midwest Oil
Corp. and Frankfort Oil Corp. discovered and de-
lineated the Red Oak-Norris Field in portions of T.
6-7N.,R. 20-23 E., Latimer County, Oklahoma (Fig.
1). Here the middle Atoka Red Oak and basal Atoka
Spiro sandstones are productive and were penetrated
at depths of 7,000-9,000 ft and 11,000-13,200 ft, re-
spectively. This area previously had been developed
since 1912 along the surface-expressed Brazil anti-
cline for shallow Hartshorne gas (Six, 1966).

Delineation of the deeper production revealed a
number of subsurface thrust faults which caused rep-
etition of the Red Oak interval (Six, 1966, p. 1648).

Deeper drilling was also encouraged by the prac-
tice of air/gas drilling (Branan, 1966, p. 1630). This
technique reduced drilling costs greatly by eliminat-
ing excessive mud expenditures and increasing
penetration rates. It also provided a continuous drill-
stem test by allowing productive zones to flare while
drilling.

Amoco Production Co. is currently completing a
42-well infill drilling program in the Red Oak-Norris
Field (Oil and Gas Journal, 1988, p. 30). The 96-well
field has produced more than 550 BCFG since its
discovery in 1959, as Red Oak and Spiro combined
reserve potential ranges from 30-60 BCFG per 640-
acre spacing unit. Amoco also reduced drilling time
and costs for the 12,000-ft wells by drilling with air to
8,000 ft, then mudding up with an oil-base mud to
control Red Oak gas flow while drilling onto the
Spiro. These two steps allowed initial rapid penetra-
tion rate and eliminated the necessity of running
intermediate casing to control the Red Qak—a sav-
ings of $600,000 (Oil and Gas Journal, 1988, p. 30).

Deep drilling also meant success in the Wilburton
area during the 1960s. Here, shallow production had
been established along the Adamson and Wilburton
anticlines. However, in 1960 Ambassador Oil Corp.
completed the #1 Williams (sec. 23, T.5N.,R. 18 E.)
for CAOF 8,300 MCFG/D, SIBHP 4629#, as a Spiro
discovery. The well had a total depth of 9,704 ft
(Berry and Trumbly, 1968, p. 93). Following this dis-
covery the field was extended to 65 gas wells by 1968.

AsatRed Oak-Norris, delineation of the Wilburton
Field revealed a complex subsurface of folding and
imbricate thrust faulting of the middle and lower
Atoka strata. Most significant are the Carbon and
Choctaw thrust faults, which are exposed at the sur-
face (Wylie and others, this volume).

The Red Oak and Spiro are also the primary pro-
ducing zones at Wilburton. In portions of the field,
they are dually completed for reserves which range
from 5 to 40 BCFG per well per zone or individually in
repeated thrust sections. While the folding and
thrusting cause correlation problems, reserve poten-
tial is greatly enhanced by the repetition of objectives
and development of secondary porosity and per-
meability through micro-fracturing.

The Wilburton Field has undergone infill drilling
by various operators in recent years. Here too, the
activity is encouraged by increased deliverability
and reserve potential from better Red Oak and Spiro
structural or stratigraphic positions, as well as better
sales contracts.

Exploration excitement has also been generated
this past year in the Wilburton Field (Fig. 1). Arco Oil
and Gas hasreleased details of an Arbuckle discovery
at the #2 Yourman (sec. 15, T. 5 N., R. 18 E.). The
15,391-ft deeper pool discovery established a poten-
tial test of 9,309 MCFG/D, 20/64" ck, FTP 3140#,
from the Arbuckle interval, 14,259-14,500 ft (Petro-
leum Information, 1988). Nearest Arbuckle produc-
tion lies 30 mi to the northeast at Red Oak-Norris,
where Amoco flowed 5,451 MCFG/D from 13,302—
13,3101t atits #2 Roy Reed “C” unit (sec. 4, T.6 N., R.
23 E.) discovery (Petroleum Information, 1988).
Since these news releases, Arkoma explorationists
have been eagerly reviewing seismic and well data in
search of more Arbuckle structural features and
porosity development.

The drilling boom of the late 1970s and early 1980s
broadened exploration in both the shallow and deep-
er portions of the basin. A number of shallow Spiro
and Hunton discoveries were made along the north-
ern margin of the basin (McCaslin, 1982). This area
had previously been thought to be beyond the natu-
ral-gas migration or trapping limits of the basin.

In contrast to this shallow activity, production
trends at Wilburton were extended south of the his-
torical structural boundary of the basin, the Choctaw
fault. The Pittsburg Field complex (T. 2-3 N., R.
13-15 E.) produced discoveries in the Cromwell,
2,200 MCFG/D (1979); Woodford—Hunton, 986
MCFG/D (1981); and Spiro-Wapanucka (1982)
(Richardson, 1987).

As at Wilburton and Red Oak-Norris, reserve po-
tential exists in complexly folded and thrust-faulted
strata, particularly repeated Spiro-Wapanucka
sheets, at depths to 13,000 ft.

In the future, the Arkoma basin should continue to
provide success for the explorationist. The northern
margin of the basin is relatively unevaluated, parti-
cularly in the Hunton, Viola, Simpson, and Arbuckle
strata. Many structures that are currently producing
from Morrowan, Atokan, and Desmoinesian zones
have not been sufficiently drilled deeper to evaluate
the lower Paleozoic section. Finally, large expanses
of the basin in east-central Arkansas have not been
drilled. Density of wildcat wells averages less than 1
well per township (36 mi?) east of the Jerusalem Field
in Conway County, Arkansas. However, ex-
plorationists will have to continuously risk the re-
wards of repeated-zone or multiple-zone potential
against the secrets of the basin’s structural and
stratigraphic complexities.
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STOP 1
SECOR COAL IN POLLYANNA NO. 5 STRIP MINE,
WEST OF MUSKOGEE

LeRoy A. Hemish

LOCATION

The Pollyanna No. 5 Mine is operated by P&K
Company, Ltd., in sec. 34, T. 15 N,, R. 17 E., Mus-
kogee County, Oklahoma (Fig. 1). It is ~5.5 mi west
of the junction of U.S. Highway 69 with U.S. High-
ways 62 and 64 and State Highway 16 in Muskogee.

DESCRIPTION

The first stop on the field trip features an operating
strip pit where the Secor coal is being mined. A max-
imum of 50 ft of overburden is being removed. Strata
of the lower part of the Boggy Formation, overlain by

~4 ft of Quaternary deposits, are exposed in the high-
wall of the mine (Fig. 2). A thin coal seam, ~2 in.
thick, can be observed in the highwall ~24 ft above
the Secor coal. This thin coal is the Secor rider. It is
overlain by a persistent, 2-in.-thick, impure,
fossiliferous, marine limestone, which in turn is over-
lain by a thick section of grayish-black, noncal-
careous, brittle shale containing rare fossils and iron-
stone concretions. The interval between the Secor
and Secor rider coal beds is composed mostly of silty
shale interlaminated with very fine-grained sand-
stone. This interval is particularly well known for its
assemblage of abundant, well-preserved plant fos-
sils. The abundance of the fossils and the genera
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Figure 1. Location of Stop 1 at the Pollyanna No. 5 Mine, 5.5 mi west of Muskogee, in Muskogee County. Base from Southwest

Muskogee 7.5’ Quadrangle.
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Figure 2. Stratigraphic section exposed in highwall at the Pollyanna No. 5 Mine (OGS measured section MM-2-88-H,

L. A. Hemish
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present indicate a tropical, swamp-forest environ-
ment. Carbonized compressions of Calamites, Lepi-
dodendron, Stigmaria, Sigillaria, Annularia, Pecop-
teris, Alethopteris, and Neuropteris have been col-
lected from this interval in strip mines around Por-
ter, Oklahoma, ~10 mi north of the Pollyanna No. 5
Mine. Similar assemblages can be collected from the
strata above the Secor coal at this mine.

Both the Secor rider and Secor coal beds were sam-
pled by the writer in the Pollyanna No. 5 Mine in
January 1988. Analysis of the coal samples was done
by the Oklahoma Geological Survey Inorganic
Chemistry Laboratory. Table 1 shows analytical data
for the Secor rider and Secor coals. The Secor rider
has a higher ash content (11.2%), and a higher sulfur
content (3.9%) than the Secor coal, which has an ash
content of only 2.0%, and a sulfur content of only
0.5%. The Secor rider coal is not of minable thickness
in Muskogee County, so the Secor coal is the only bed
mined at this site. Because of its superior quality
(note the heat value of 14,530 Btu/lb), the Secor coal
is a much sought-after product.

The first cut of the Pollyanna No. 5 Mine was
opened in January 1987 in the SW'4 sec. 34, T. 15N,
R. 17 E., Muskogee County. Strata dip S. 40° E. at
~4°, but the dip is not uniform and generally
steepens near the south end of the cut. The cut ex-
tends from the outcrop boundary of the Secor coal on
the north in a southerly direction to a point where the

TABLE 1.—COAL ANALYSES

Secor
Secor rider
Proximate
Ash 2.0 11.2
Volatile matter 36.4 40.2
Fixed carbon 58.6 457
Sulfur
Total 0.5 3.9
Pyritic 0.07 3.20
Sulfate <0.01 0.01
Organic 0.5 0.7
Gross calorific value (Btu/Ib) 14530 13026
Chlorine 0.28 0.13

Analyses on as-received basis.
Values other than calorific value in wt.%.
Determinations by K. Catto, J. Crawford, P. Hanley, S. Weber.

thickness of the overburden exceeds 50 ft; excavation
ceases at that point for economic reasons.

Most of the overburden is removed with bulldozers,
but a dragline is also brought into use at the deep end
of the cut. The overburden is “shot” prior to removal
to break the consolidated rock and to facilitate han-
dling. Figure 3 shows some of the equipment used in
the mine.

7 o K

Figure 3. View of the Pollyanna No. 5 Mine, showing part of the strip-mine operation as it appeared in January 1988. At left is a

,\& - Ny

bulldozer pushing aside the unconsolidated surface material; at right is a shot-hole rig drilling blast holes in consolidated
overburden; and in the center is a dragline removing rock overburden that has been blasted.
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Production from the mine has averaged ~6,500
ton/month. The mine is in operation six 10-hr days
each week, and generally provides employment for
15 men. At the time the writer visited the mine early
in 1988, the coal was being shipped from the mine in
trucks. The coal was used for generating electric pow-
er when the mine originally opened, but has since
gone for other purposes. It is often blended with an
inferior coal to enhance the overall quality.

The first step in physically opening a new mine is
the removal and stockpiling of topsoil from the per-

mitted area. In the P&K operation, reclamation of
mined-out areas keeps pace with the mining. Over-
burden material from each new cut is used to fill the
preceding cut after the coal has been removed. After
the mined-out area has been restored as nearly as
possible to its original contour, the topsoil is redis-
tributed, fertilizer is spread, and the area is revege-
tated. Grasses commonly used for reclamation in-
clude fescue and bermuda. Anticipated completion of
the mining operation at this site is early in 1989.
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STOP 2
BARTLESVILLE-BLUEJACKET SANDSTONE AT EUFAULA DAM

Glenn S. Visher

LOCATION

This stop includes three sites in the vicinity of
Eufaula Dam on the Canadian River (Fig. 1). The
three sites are in secs. 25 and 35, T.10 N.,,R. 18 E., in
McIntosh and Haskell Counties. Eufaula Dam is
crossed by State Highway 71 ~5 mi north of the town
of Enterprise.

DESCRIPTION

Site 2A is 0.4 mi northwest of the dam where the
top of a hill has been quarried. The stratigraphic
interval is >125 ft thick, and is developed on the
margin of the principal southeast distributary of the
Bartlesville—Bluejacket delta. Depositional facies in-
clude pro-delta carbonaceous siltstone and fine-
grained sandstone laminae and thin bedding units.
Channel-margin and basal units represented by
shale-clast conglomerates are illustrated in Figure 2.
In other areas of the exposure the channel transition
is gradational, with thinly laminated siltstones and
carbonaceous shales (Fig. 3). The principal section is
a thin-bedded to macro-bedded channel-sandstone
interval with high lateral heterogeneity (Fig. 4).
Bedding units appear to be lenticular, suggesting
that this section is nearly perpendicular to the chan-
nel axis.

73

This exposure represents a complex history of
channel fill. Subsurface log responses to the north-
west, and another channel outcrop, more than 20 mi
southeast, reflect the extent of channel extension and
progradation of the delta platform. This interval was
deposited below sea level, and represents channeling
to a depth >125 ft into the delta platform. Fluid-flow
units within producing reservoirs would be lenticu-
lar and highly variable in shape, with a geometry of a
few tens of feet wide and a few hundred feet long.

Site 2B, at the north abutment of the dam, appears
to be a more nearly longitudinal section within the
distributary channel. It may also represent a section
nearer to the channel axis. Bedding units are more
continuous, and contain fewer major shale—siltstone
breaks.

Site 2C, 0.2 mi southwest of the dam, comprises
depositional units adjacent to the major distributary
seen in Sites 2A and 2B. The basal unit shows a
fining-upward interval, and probably represents a
crevasse splay deposit. The ripple-laminated, flaser-
bedded, middle interval is typical of bay-fill se-
quences. The uppermost unit may be a complex
tidal-flat-levee depositional sequence. Mapping of
the geometry of these facies would be essential to
paleogeographic interpretation of the delta platform
in this area.
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~5 mi north of Enterprise, McIntosh and Haskell Counties.

Figure 1. Location of Stop 2 (Sites 2A—C) at Eufaula Dam

Base from Porum 7.5’ Quadrangle.
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Figure 2. Shale-clast conglomerate along the margin and Figure 3. Thin-bedded siltstones and carbonaceous shales in
base of some channels of Bartlesville—Bluejacket distributary some channels of distributary at Site 2A.
at Site 2A.

Figure 4. Major exposure at Site 2A comprises thin- to thick-bedded channel sandstones that have a high degree of lateral
variability.
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STOP 3
STIGLER STONE COMPANY QUARRY AT ENTERPRISE

Glenn S. Visher

LOCATION stone. Outcrop geometry suggests that this sequence
is part of a distributary-mouth bar. Sedimentary fea-
tures reflect parallel-bedded, current-laminated and
-lineated, fine-grained sandstone (Fig. 2). Internal
structures indicate shallow-water, upper-flow-
regime sedimentary structures (Fig. 3). Ripple
lamination suggests antidune flow conditions (Fig.

The Stigler Stone Co. operates a quarry 2 mi north-
east of the town of Enterprise, in sec. 24, T.9N,,R. 18
E., of Haskell County (Fig. 1). This stop is on the
north side of State Highway 9.

4), consistent with a shallow channel cutting into the
DESCRIPTION distributary-mouth bar. A few of the bedding sur-
This exposure represents the upper portion of faces contain concentrations of carbonaceous frag-
channel fill in the Bartlesville-Bluejacket Sand- ments and shale clasts (Fig. 5). Such a complex sug-
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Figure 1. Location of Stop 3 at the Enterprise quarry of Stigler Stone Co., 2 mi northeast of Enterprise, Haskell County. Base from
Quinton North and Enterprise 7.5’ Quadrangles.
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Figure 2. Fine-grained sandstone in quarry is parallel-bedded, current-laminated, and current-lineated.

gests confined channel development after deposition
of shallow-water sandstone.

This depositional history indicates rapid sedimen-
tation, and then a longer period of maturation and
superposition of depositional environments. The long
history of deposition yields a complex reservoir pat-
tern. Paleogeographic reconstruction of individual
reservoir units requires an understanding of this his-
tory and the reconstruction of detailed time-
stratigraphic correlations. Simplistic interpretation
of depositional sequences from well logs cannot al-
ways be utilized to interpret depositional environ-
ments, nor to predict reservoir production.

West of this stone quarry is another quarry, pres-
ently filled with water, where a 125-ft-thick dis-
tributary channel of the Bartlesville-Bluejacket
Sandstone was formerly exposed. Figure 6 shows core
representing this interval, which reflects the SE-
trending distributary that prograded 40 mi into the
basin near Wister, Oklahoma.

Figure 3. Sandstones show shallow-water, upper-flow-regime
sedimentary structures.
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Figure 4. Ripple laminations in sandstone suggest antidune flow conditions, consistent
with a shallow channel cutting into a distributary-mouth bar.

- P O L Y wd 3 -
Figure 5. Some bedding planes contain shale clasts and fragments of carbonaceous
matter.

P T N SR

Figure 6 (on p. 80—82). Two-inch-diameter core through a thick distributary channel in the Bartlesville—Bluejacket Sandstone just
west of the Stigler Stone Co. quarry. Three photos represent depth ranges of 1542 ft, 43-69 ft, and 70-98 ft, respectively.
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Stigler Stone Co. Quarry
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STOP 4
LAKE CARLTON AND LAKE WAYNE WALLACE,
ROBBERS CAVE STATE PARK

Glenn S. Visher and LeRoy A. Hemish

LOCATION

Bartlesville-Bluejacket Sandstone is exposed in
cliff on the west side of Lake Carlton and in a road
and cutbank for a gas well near the dam of Lake
Wayne Wallace. These sites are in secs. 13 and 24, T.
6 N.,R. 18 E., Latimer County (Fig. 1). The measured
section (Fig. 2) begins just southwest of Lake Wayne

Wallace Dam and continues to the west and north
along a road to an area cleared for the gas well near
the top of the hill.

DESCRIPTION

Excellent exposures of the Bartlesville-Bluejacket
Sandstone can be seen in the cliff along the west side

/1‘2 M1 TO

OKLA. 31

OIS

Figure 1. Location of Stop 4 sites at Lake Carlton and Lake Wayne Wallace, Robbers Cave State Park. Sites are ~5 mi
north of Wilburton, Latimer County. Base from Wilburton 7.5’ Quadrangle.
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THICK-
LITHOLOGY N(EﬁS)S DESCRIPTION

SYSTEM
SERIES
GROUP

FORMATION
MEMBER

Sandstone, yellowish-gray, very fine-grained, dense, noncalcareous, mottled,
bioturbated; contains sparse, well-preserved burrows; includes some layers
of light-gray shale up to 1 ft thick. Offshore subaqueous bar.

Shale, dark-yellowish-brown and moderate-reddish-brown, silty, very soft and
weathered. Near-shore lagoon.

Shale, light-brown with moderate-reddish-brown mottling, weathered; contains
weathered clay-ironstone concretions. Transgressive shale.

Shale, dusky-brown, very carbonaceous. Reworked coastal marsh.

Shale, light-brownish-gray with yellowish-gray and grayish-red bands, car-
bonaceous in part; contains stringers of moderate-reddish-orange clay-
ironstone that contain fossil plant material and weather to fragments littering
the outcrop. Reworked coastal marsh.

Coal, black, very soft and smutty (Secor coal). Marsh.

Underclay, grading to shale; yellowish-gray to pale-yellowish-brown, soft; con-
tains abundant fossil plant material, carbonaceous in part.

Sandstone, yellowish-gray to grayish-orange to dark-yellowish-orange, very
fine-grained, micaceous, noncalcareous; upper contact sharp but irregular;
on upper surface, casts of Stigmaria, Calamites, Lepidodendron, and other
plant fossils abundant; thin-bedded, slightly carbonaceous, moderately friable
and silty from 35—42 ft.; ripple-marked on some exposed bedding surfaces.
Bay-fill sandstone, capped by levee.

30.5 Covered interval (assumed to be shale). Open bay.

Boggy
Bartlesville—Bluejacket Sandstone

KREBS

DESMOINESIAN

45 Sandstone, dark-reddish-brown, fine- to medium-grained, noncalcareous, fer-
) ruginous, thin- to medium-bedded. Subaqueous levee.

4.0 Covered interval (assumed to be shale).

25 Sandstone, moderate-yellowish-brown, fine-grained, noncalcareous, thin-bed-
ded; ripple marks abundant.

15 Shale, very pale-orange, noncalcareous, silty, interbedded with thin stringers
of micaceous siltstone and very fine-grained sandstone.

PENNSYLVANIAN

19.5 Sandstone, moderate-yellowish-brown, fine-grained, noncalcareous, thin-bed-
ded; ripple marks abundant, shaly below 110 ft. Submarine bar.

Shale, grayish-orange, silty, noncalcareous; interbedded with thin stringers of
very fine-grained micaceous sandstone; unit is bioturbated.

2.0

Sandstone, moderate-yellowish-brown, very fine- to fine-grained, noncalcare-

ous, ripple-marked, micaceous, thin-bedded; contains black macerated plant
46.5 fragments on stratification surfaces; includes medium-gray shale pebbles in
places; shaly 144—164 ft.; massive in lower 2 ft.; base of unit covered. Pro-delta
distributary-mouth bar.

Figure 2. Pennsylvanian strata exposed along gas-well road, Site 4B. Measured section prepared by Hemish; environmental
interpretations (bold) by Visher.
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of Lake Carlton (Site 4A). An exposure along a road
(Site 4B; Fig. 2) show a pro-delta sequence (Fig. 3),
overlain by a lagoonal-bay shale, a coarsening-
upward levee system, a transgressive coastal-marsh
deposit, and a coarsening-upward marine coastal se-
quence.

In deeper water, as indicated by the thickness of
the pro-delta sequence, subageous gravity transport
was the principal transport process; fine-grained

sandstone units of Tertiary age may be commercially
productive in such a setting, but in highly altered
Paleozoic rock units this is rarely possible. This out-
crop must be near the shelf edge of the Bartlesville—
Bluejacket interval, and in this position growth
faulting is often present. Little evidence of syn-
sedimentary listric faulting has been observed in out-
crop or wells in this area.

g A - &, g ¥ BTN A

Figure 3. Thin-bedded, shaly sandstone in the lower part of the Bartlesville—Bluejacket Sandstone exposed along ro
Depositional environment is interpreted as a pro-delta distributary-mouth bar.

5 ~mee TN

ad at Site 4B.
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STOP 5
ASYMMETRICAL FOLDS IN THE ATOKA FORMATION

Charles A. Ferguson

LOCATION

This stop is in and adjacent to a road cut along
State Highway 2 in sec. 27, T. 4 N,, R. 19 E. (Fig. 1).

The site is ~12 mi south of Wilburton, and is 1.9 mi
south of the Spanish War Veterans Colony, or 0.9 mi
north of the intersection with State Highway 1. Pull
off the highway on a short dirt road that turns

1000 !

Figure 1. Location of Stop 5 along State Highway 2 in Latimer County. Base from the Damon 7.5’ Quadrangle.

87



88

southwest of the highway (note the large yellow real-
estate sign here). The exposure to be examined is in
the borrow ditch on the south side of the road, behind
the first road reflector east of the turnoff.

DESCRIPTION

Strata at this stop are medium-bedded turbidite
sandstones and shale of the lower Atoka Formation.
Structurally, this is the northern fold of an asym-
metric syncline-anticline pair on the north limb of a
major overturned anticline. Figure 2 is a cross-
sectional sketch of the exposure showing its relation-
ship to local structure. North-facing strata on this
limb are vertical to slightly overturned, and south-
facing strata dip south at 50-60°. This style of folding

C. A. Ferguson

is typical of the area, and reflects the overall north-
ward vergence of structures in the Quachita Moun-
tains frontal belt.

The major anticline, of which the structure ex-
amined here is only a part, is one of many folds in the
northern part of the Ti Valley fault block, the south-
ernmost of three major blocks that constitute the
frontal belt. Each block consists almost entirely of
Atoka Formation flysch. Older strata (Morrowan)
are different in each block, and reflect southerly
changes from shelf facies to deep-basin facies. In the
Ti Valley block, Atoka Formation overlies a shale-
rich flysch unit with olistostromes called the Johns
Valley Shale (Stop 6). To the north, the Atoka For-
mation overlies shallow-water-facies limestone
and sandstones called the Wapanucka Formation
(Stop 7).

B ) p FEET
AT A —1,000
VY%
— Sea level
AL 1,000
SOUTH NORTH
A A FEET
A — 880
_ L 860
Turnoff
Tﬂm/ 77/ / W/\\’\\\\\\\ﬁ/( Road level /rrﬁ
840
(! f Sy LSS ////;n';\\\\\\\\\ \ \ \ \ \\\\
_ll\\ /////// 5/////“ “\\\\\\\\ \ \ \ \ \\‘_320
\ '~ 1 5 177, |\
AMNT= s 0 R O
\N__~~ 77/ 20l Vi \ \ \ \ \ ) 780
V.E.=0

Figure 2. Structural cross sections, Stop 5 (see Fig. 1 for location of cross sections). A-A’ is an enlarged and detailed segment of
B-B’. In each cross section the horizontal and vertical scales are equal. Arrows in A-A’ indicate facing direction (top of beds).
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STOP 6
ATOKA, JOHNS VALLEY, AND JACKFORK STRATA,
HAIRPIN CURVE LOCALITY

Neil H. Suneson

LOCATION

This well-known and much-studied locality is in
the vicinity of Hairpin Curve along State Highways 1
and 2, in secs. 2 and 3, T. 3 N, R. 19 E., Latimer
County (Fig. 1). The stop is ~3 mi (by road) south of
the convergence of State Highways 2 and 3, and ~15
mi south of Wilburton.

DESCRIPTION

The Hairpin Curve locality is perhaps the most
famous and frequently visited geologicroad cut in the
frontal belt of the Ouachita Mountains. It has been
described in at least seven published guidebooks of
the mountains (Tulsa Geological Society, 1947; Cline
and others, 1959; Cline, 1968; Hare, 1973; Briggs and
others, 1975; Decker and Black, 1976; Chamberlain,
1978); the site undoubtedly has been visited by many
university and industry field trips. In addition to the
guidebooks, several studies have focused on specific
features of the strata exposed at this locality: Shidel-
er (1968, p. 129; 1970) studied the origin of the boul-
der assemblage in the Johns Valley Formation;
Chamberlain (1970, p. 17f; 1971) studied the trace-
fossil assemblage in the sandstones, and Nooncaster
(1985) studied the petrography of the sandstones.
The strata exposed were measured by Hendricks and
Averitt in 1939 (Tulsa Geological Society, 1947, p.
32-34) and Cline and Laudon in 1958 (Cline and
others, 1959, p. 35-37,40—41). Despite the intense
scrutiny the strata at Hairpin Curve have received,
there is no general agreement about the geology of
the area—in fact, the interpretation published here
is the fifth to be published.

The aforementioned studies of the Hairpin Curve
strata can be summarized as follows: Most authors
agree that the Atoka/Johns Valley contact is exposed
here and is depositional, although the exact position
of the contact is debatable, and it is probably grada-
tional. There is a siliceous (spicular) shale zone ~160
ft above the top of the Johns Valley that Hendricks
claimed was useful in mapping the base of the Atoka
(throughout this discussion, I will not repeatedly re-
fer to sources of information, except where new refer-
ences are cited). Cline correlated this spiculite zone
with the upper Wapanucka and suggested that the
base of the Atoka Formation here may be Morrowan.
Similarly, Ferguson and I have observed a very
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sparse fauna from the base of the Atoka at the sharp
bend in the road ~1.8 mi to the north, vaguely remi-
niscent of the fauna that is so profuse in the “Spiro”
sandstone. The “Spiro” is complexly interbedded
with the Morrowan Wapanucka limestone just south
of the Choctaw fault. Based on the trace-fossil
assemblage in the Atoka and underlying Johns Val-
ley, Chamberlain suggested that the sandstones ex-
posed here represent proximal turbidites, fluidized
flows, and debris flows deposited in a deep basin or
lower-slope environment. Paleocurrent measure-
ments (Ferguson and Suneson, this volume) indicate
an east-to-west current direction for the Atoka turbi-
dites. Nooncaster reported that the Atoka sandstones
at this locality contained about 80-90% quartz, 2—4%
metamorphic rock fragments, 2-5% feldspar, and 2—
15% matrix.

Historically, the Johns Valley Formation at the
Hairpin Curve has been separated into two units:
Hendricks called these the upper boulder bed and
lower boulder bed (predominantly Caney shale) of
the Johns Valley, and Cline called them the upper
Johns Valley and lower Johns Valley (Caney facies).
This outcrop, among others, undoubtedly served as
the focal point for the long-lasting Caney/Johns Val-
ley controversy. The argument (which has been re-
solved by recent work in Arkansas) was based on
interpretations of the depositional environment of
the Caney part of the Johns Valley and can be
summarized as follows: Cline (and others) felt that
the Mississippian Caney shale was stratigraphically
autochthonous, that it had been deposited on Jack-
fork strata south of the Ti Valley fault, that the
Jackfork was therefore Mississippian, and that the
exotic-boulder-bearing Morrowan Johns Valley was
deposited on it. Hendricks (e.g., Hendricks and oth-
ers, 1947) believed that the Caney part of the Johns
Valley is stratigraphically allochthonous, that Mis-
sissippian (as well as older) strata are enclosed in a
Pennsylvanian matrix, and that the Jackfork is
Pennsylvanian. Later, Gordon and Stone (1977)
showed that the Jackfork and Johns Valley are Mor-
rowan,

Perhaps the best description of the “upper” Johns
Valley at Hairpin Curve is that of Cline and others
(1959), because the outcrops were fresh due to road
widening:

“The shales containing the limestone erratics
are of special interest. The most conspicuous
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Figure 1. Location of Stop 6 at Hairpin Curve along State Highways 1 and 2, Latimer County. Base

from Damon 7.5’ Quadrangle.

boulder bed, described above as zone 4 (about
143’ below the base of the Atoka), has been
interpreted by some as a friction carpet at the
base of an advancing thrust sheet. This
boulder-bearing clay-shale rests in a channel
which cuts out at least 11V feet of zone 3. There
is a noticeable decrease in the size of the errat-
ics upward in this deposit, the overall effect
being not unlike that of graded bedding, but it
is of course on a somewhat larger scale than the
usual examples. The erratics in the lower part
of the channel fill include well rounded boul-
ders with diameters in excess of a foot, slightly
rounded blocks of similar dimensions, the
whole being embedded in a clay-shale matrix.

Upward the boulders give way to cobbles and
they in turn give way to pebbles which are
widely separated in the shale and give a plum
pudding effect. Throughout this deposit there
are rounded masses of hard, brown, quartzitic
sandstone. We interpret this particular boulder
bed as the product of a single turbidity flow or
submarine slide. The flow initially attained a
high velocity during which phase it was able to
transport boulders and scour previously depos-
ited muds and sands. As the peak of the flow
was reached and the velocity trailed off, peb-
bles began to drop out and were deposited with
the muds of the flow and the muds obtained
from the reworked bottom. The rolled sand-
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EXPLANATION

Atoka Formation

Johns Valley Shale

Jackfork Sandstone
Siliceous Shale Member

Jackfork Sandstone with Siliceous
Shale Bed

Maroon Shale Member

Jackfork Sandstone with Siliceous
Shale Bed

Figure 2. Geologic map of Hairpin Curve locality according to Hendricks and others (1947). Note that except for that
part of the Atoka Formation overlying the Johns Valley just north of the curve, all the strata appear to face southeast.

stone masses represent lenses of sand torn from
the bottom and rolled along the flow. The con-
volute bedding and the flute casts on the un-
dersurfaces of some of the sandstones support
the general view that turbidity currents were
operative during this time.”

Shideler recognized boulders and cobbles from the
following formations in the Johns Valley on the north
side of Hairpin Curve (i.e., “upper” Johns Valley):
Boone, Bromide, Chimneyhill, Fite, Fort Sill, Henry-
house, Kindblade, McLish, Qil Creek, Pinetop, Syca-
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more, Viola, and West Spring Creek. Nooncaster re-
ported that the “upper” Johns Valley sandstones con-
tain ~95% quartz, 1% metamorphic rock fragments,
2% feldspar, and 2% matrix.

To the south, the “lower” Johns Valley or “Caney
facies” of the Johns Valley is exposed in now deeply
weathered road cuts. Hendricks measured 100 ft of
lower Johns Valley containing a 550- X 30-ft coher-
ent Caney shale block. Cline measured 117 ft of lower
Johns Valley, in which 27 ft were “typical Mis-
sissippian Caney shale.” In general, stratification in

the Caney is parallel to that in the Johns Valley, but
the Caney is typically harder, more fissile, and black-
er than the Johns Valley. In many places in the
frontal Quachitas, the Caney contains limestone
boulders that are better described as “concretions,”
with stratification parallel to that of the enclosing
shale, than erratics or exotics, in which the limestone
boulders are clearly foreign to the enclosing shale.
On the south side of Hairpin Curve (“lower Johns
Valley”), Shideler found boulders and cobbles of the
following units: Bigfork, Bois d’Arc, Fernvale, Fite,

2w Z~-H

EXPLANATION

Atoka/Upper Jackfork Formations

Upper Jackfork Formation

Lowest upper Jackfork Formation, Contains
Boulder-Bearing Shale Member at Base

Middle and Lower Jackfork Formation

Figure 3. Geologic map of Hairpin Curve locality according to Misch and Oles (1958). Note that no thrust faults are

mapped near the curve.
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Joins, Sycamore, Tyner, Viola, Wapanucka, and
West Spring Creek. v

In contrast to the attention that has been paid to
the Atoka and Johns Valley Formations, the Jack-
fork at this locality is virtually unstudied, perhaps
because it is even more poorly exposed than the Johns
Valley, is less interesting than the Johns Valley, and
is nearly a mile down the road beyond the big turn-

out. Most authors agree that the sandstones that
immediately underlie the Johns Valley are part of
the Game Refuge Formation, the uppermost forma-
tion in the Jackfork Group. Underlying the Game
Refuge is the Wesley Formation, a unit that many
authors called the Wesley siliceous shale member of
the Jackfork Formation.

At the Hairpin Curve locality, the Game Refuge

Zw— Zr-H

EXPLANATION

Jackfork Group

Undifferentiated

Atoka Formation

Johns Valley Formation

Game Refuge Formation

Prairie Hollow Shale Member

Lower Wildhorse Mountain Formation

Figure 4. Geologic map of Hairpin Curve locality according to Fellows (1964). Note the complex pattern of thrusts and

cross faults and variably facing fault blocks.
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sandstone consists of interbedded sandstone, silt-
stone, and shale (the siltstone and shale are largely
covered and only inferred.) The sandstones range
from a few inches to possibly as much as 70 ft thick,
but average about 2-5 ft thick. Bouma sequences are
well developed in the thinner sandstones; the thicker
sandstones tend to be unstratified and massive. The
sandstones are similar to Atoka sandstones, except
that locally they are distinctly bimodal, (1-2-mm

grains in a fine-grained matrix), contain fossil frag-
ments (brachiopods, crinoids), and are interbedded
with granule conglomerates. The Wesley shale con-
sists of brownish fissile mudstone with rare 1-in. to
1-ft sandstone beds exhibiting a typical T(b)cd
Bouma sequence.

Although the stratigraphy of the units exposed at
Hairpin Curve isrelatively well understood, the geol-
ogy is not. Figures 2-6 are five geologic maps of the
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EXPLANATION

Atoka Shale

Caney Shale

Wesley Shale

Johns Valley Shale

Game Refuge Sandstone

Figure 5. Geologic map of Hairpin Curve locality according to Bowsher and Johnson (1968).
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Atoka Formation

Jackfork Group

- ———- JohnsValley Formation

Figure 6. Geologic map of Hairpin Curve locality according to Suneson and Ferguson’s mapping (Suneson’s
interpretation). Note that the map pattern is that of an overturned (to the north) anticline with a thrust-faulted southeast

limb.

Hairpin Curve locality. The major features of each of
the maps are as follows: Hendricks and others (1947)
bound nearly every unit with the thrust fault (except
for the Atoka—Johns Valley contacts in the north and
southeast) and show a large thrust slice of Atoka
Formation over Jackfork to the southeast (Fig. 2).
Misch and Oles (1958) redefined the stratigraphy,
preferring to call the Johns Valley a “boulder-
bearing shale at the base of the upper Jackfork™ (Fig.
3); they mapped what appears to be the northwest
flank of an anticlinorium with progressively older
strata exposed to the southeast. Fellows (1964)

mapped a complicated pattern of thrusts, cross faults,
and overturned beds, although his map pattern was
essentially that of a thrust-faulted anticline with
Atoka exposed to the northwest and southeast (Fig.
4). Bowsher and Johnson (1968) mapped a relatively
simple anticline with a single thrust fault in the core;
however, they mapped the Jackfork below the Caney
in the lower part of the Johns Valley (Fig. 5). Suneson
and Ferguson (unpub.) mapped a relatively simple
overturned (to the northwest) anticline with a thrust
fault in the core juxtaposing Johns Valley against
Jackfork (Fig. 6; Suneson’s interpretation).
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STOP 7
WAPANUCKA FORMATION: A MORROWAN-ATOKAN
SHALLOW-WATER LIMESTONE AND SANDSTONE

Charles A. Ferguson

LOCATION

Figure 1 shows the location of Stop 7, at a water gap
at Hartshorne Lake Dam. Stop 7 is 1.8 mi south of
U.S. Highway 270 on 7th Street in Hartshorne, sec.
13, T. 4 N, R. 16 E,, Pittsburg County. Pull off at a
large turnout that overlooks Hartshorne Lake and
Dam.

DESCRIPTION

The Wapanucka Formation is the youngest
shallow-water shelf-facies sequence in the Ouachita—
Arkoma basin. It overlies at least 1 km of Paleozoic
shelf-facies rock (mostly limestone), including strata
down to the Cambrian. In the Arkoma basin, the
Wapanucka is overlain by 5 km of deep-water flysch
of the Atoka Formation. The Wapanucka shelf foun-
dered during the early Atokan, apparently due to
flexural subsidence related to tectonic loading of an
obducting landmass to the south.

Grayson (1979) described the Wapanucka Forma-
tion in detail throughout the frontal belt. He recog-
nized four informal members: the Chickachoc chert
member, a lower limestone member, a middle shale
member, and an upper sandstone-limestone mem-
ber. The Chickachoc chert is an outer-shelf-facies
time equivalent of the lower limestone member.

The Wapanucka Formation and part of the un-
derlying Carboniferous sequence are exposed at the
bases of fault blocks in the northern Ouachita Moun-
tains frontal belt (the exposure at this stop is in the
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northernmost of these fault blocks). As a conse-
quence, basinward facies changes of the Wapanucka
are found in fault blocks progressively to the south
(Fig. 2). The most recognizable basinward changes
are a dramatic increase in thickness of the middle
shale member, and a transition from spicular lime-
stone to spiculite in the lower two members.

A 130-m-thick section of the Wapanucka was mea-
sured in the water gap at Stop 7 (Fig. 3). The Wapa-
nucka overlies a Morrowan calcareous-shale interval
informally named the Springer shale. The Springer,
not exposed here, contains a pelagic fauna (ammon-
ites) suggestive of an outer-shelf environment.

The best exposures of the lower member are along
the stream bed, but it can also be examined along the
road cut. Downstream from the bridge are three
small outcrops of medium-bedded, bioclastic micrites
and grainstones (total thickness 17.5 m). From here,
there is a 60-m covered interval up to good exposures
of spicular limestone, still of the lower member, just
south of the bridge. Follow the east bank of the
stream up to the base of the dam to examine the upper
part of the lower member (25 m). The rest should be
examined along the road cut west of the stream. Start
with the middle shale member (11 m) that is mostly
covered in a recessive interval; it consists of olive-
gray shale similar to that in the overlying Atoka
Formation. The upper member (13 m) consists of
thickening-upward sequences of fine- to medium-
grained, tabular-bedded sandstones and rare bioclas-
tic grainstones.
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Figure 1. Location of Stop 7, in a water gap just north of Hartshorne Lake, Pittsburg County. Base from Hartshorne 7.5’ Quadrangle.



Stop 7: Wapanucka Formation

= NORTH
o x
= |w
Elm
s
% ]|
1= _
4 27151z "IN 71 43 /I\I/l\/]\/
......... 42 N/N/JINN
| | os s
°\D , TSI -
24 N\ sofl==I~—~I4 Upper sandstone— FYFI==SI==1
3 e C Sso 175 D S e e
23 L ——_——1 o—
e e
oA ===y N limestone member
21~ IN 7]\ 7| Chaetetes ~ ] | [lc
20 pJ[o oo oJe]c 36— — — — —
1o 0z e Ak 35q5||=—.__|._‘—l_|= B o7
< TR A B 7 \ 33 FITTtA)
{53 E2EY Y 2RY 1 = — e =
x 14 = =3 F—-———3
o HINEED g \® {—-————"] Middle shale member
12081 o To o7 —_——
; 2 N7 ~17 i\ Z A ——_ —_ 26 c
10/ N7 \})s —_— —_— I/IT'/
< 29 FI=T~—~1~¢ 25 BrlDD
a (-5, F<~—~—] gg AT~ [~
< ~ - 25 [ | [ e Y rams wans v2
= B gg ———————— 20 F~—~[~—~H
[ 5o \wwra s ow 0 Sa— B !th . -
[ N7y 2| e —
5 loo]e oleolo NPV A —
Py - c 20 [/~N[7 N[/~ ) Bl I~ [~
1 e s AN 7T~ 71~] Lower limestone member
I O Ve s s i s [ 19
N E=coe 2
|<3; =TT
| T
1 ;6 e B SO
e p
SEROg 7 ~]/|C 10
8 :I‘/V,\ /N[N
- = N AN 717 - 22 eraswwan
7 N[N/
L
50 feet c B | —— 8
s
25 °l 553 Chickachoc Chert Member R
g =A 1T v
2 i T
o]
X A R 2
o} 6 T L| T
5

Micritic limestone

Spiculiferous limestone

Oolitic calcarenite

SN
=l

Siltstone

"Flaser-bedded" spiculite

@ Bioclastic calcarenite Sandstone
@ Cross-bedded limestone Shale

[T 2 T2] ,

[T 2 ] Cherty limestone Covered
[T s 1]

Lithologic correlation

Biologic correlation

% Heavily

—

s o o s

Limestone-pebble conglomerate
Conodont occurrences

bioturbated

4
Cross-bedded sandstone \3
2

7T T=—7T

/AN TN /T

7 N[ 7 NI~z

99
SOUTH
/g‘; \/Ilﬁltlf\\
H~~T~~7, |0

[72]

1]

<

S

N

'—

<

o]

[a]

o

<

o]

o

10

o=

8

7T3ST I =I73JC

5 e

3

N e~
R

Figure 2. Basinward facies changes in Wapanucka Formation adjacent to Indian Nations Turnpike south of McAlester (reproduced
from Grayson, 1979). These measured sections represent an area ~12 mi west—southwest of Stop 7. The sections were measured
within ~3 mi of each other; however, the original distance was much greater (tens of miles) between each section, as they are from
separate fauft blocks that were imbricated during the Ouachita orogeny. Conodont zones are (A) /diognathoides convexus, (B)
Neognathodus kanumai—Idiognathoides ouachitensis, (C) Diplognathodus orphanus, (D) Streptognathodus elegantulus. The
Morrowan—Atokan boundary is the boundary between zones C and D.




100 C. A. Ferguson

Total thickness
in meters

130

Unit 13. Thin- to medium-bedded, parallel-laminated sandstones; red and soft
at base becoming silicified upward with dark-gray cherty cement. The
sandstones are invaded by tube-like (1-2 cm), punky growths that weather
out. (7.0 m)

Unit 12. Thickening-upward, planar-laminated, tabular-bedded, fine- to medium-
grained quartzose sandstone (red when weathered); distinctive black stringers
throughout the sandstones; lower beds are thin- to medium-bedded, upper
ones are thick-bedded; becoming more bioclastic and calcareous upward; top
bed is a cross-stratified, bioclastic grainstone. (5.9 m)

120

Unit 11. Mostly covered, but probably all shale. Dark-olive-gray shales are ex-

110 posed in borrow ditch. (11.0 m)

Unit 10. Thickening-upward medium- to thick-bedded, bioclastic micrites with
punky, spicular nodules and layers. (6.5 m)

00—l

Unit 9. Thickening-upward sequence, beginning with thin- to very thin-bedded,
T calcareous fossil-hash sandstones in irregular, wedge-shaped beds with rarely
preserved cross-laminations. Toward the top the sandstones become medium-
bedded and increasingly calcareous, and punky, spicular nodules appear.
(5.9 m)

Unit 8. Covered. (3.0 m)

O T=T=T=3
~ [~~~ ]~
iT"I"T"I”T = Unit 7. Medium-bedded, matrix-supported, bioclastic micrite with irregularly
T | ~_T' shaped nodules and layers of punky, spicular material that weathers black.
[~ [~ [~ (9.8 m)
[~ [~ [~ T
80 ~ [~ [~ | ~—

Unit 6. Covered. (61 m)

S>>
AN

AR TN Unit 5. Massive, matrix-supported, bioclastic micrite, overlain by thin-bedded,
. punky, spicular sandstone with black stringers. (2.3 m)
I I ]
Unit 4. Covered. (2.4 m)
] 1 1 I
:rJ_ T"I—'TJ—T*— Unit 3. Medium- to thick-bedded, massive, matrix-supported, bioclastic micrites.
10 — T T Top 1 mis a parallei-laminated, bioclastic, clast-supported grainstone. (4.7 m)
F T~ — 1 — |
Unit 2. Covered (4.5 m)
| I 1 1 Unit 1. Medium-bedded bioclastic grainstones with dark-gray micrite matrix.
,"",J__"‘“,l_"‘__‘,""; Unit becomes coarser-grained, more clast-supported and faintly cross-
0 o e e W stratified upward. (3.5 m)

Figure 3. Stratigraphic section of the Wapanucka Formation in the water gap north of Hartshorne Lake, Stop 7.
Lithologic symbols as in Figure 2.
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