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Evolution from passive margin to foreland basin: the Atoka Formation of the Arkoma
Basin, south-central U.S.A.

DAVID W. HOUSEKNECHT
Department of Geology, University of Missouri, Columbia, Missouri 65211, U.S.A.

ABSTRACT

Atokan strata of the Arkoma basin record the transition from sedimentation on a passive, rifted margin
to sedimentation in a foreland basin developed by convergent tectonic activity along the Ouachita orogenic
belt. The basal Atoka Spiro sandstone was deposited along a tidally swept coastline on a tectonically stable
shelf that had prevailed since the late Cambrian. The remainder of the Atoka Formation was deposited
during the breakdown of that shelfal area by normal faults, apparently induced by obduction of the
Ouachita accretionary prism on to the southern margin of North American crust. The resulting wedge of
Atokan strata displays evidence of syndepositional fault movement that significantly influenced sediment
dispersal patterns, distribution of certain facies, and thickness patterns within the basin. Deposition on a
muddy slope dissected by tectonically localized slope channels characterized that part of the basin where
active fault movement was occurring. By the end of Atokan time, syndepositional faulting had ceased, and
flexural subsidence and deposition of coal-bearing molasse characterized the final phase of foreland basin

evolution.

INTRODUCTION

Strata of the Arkoma basin and Ouachita orogenic
belt reflect the opening and subsequent closing of a
Palaeozoicocean basin (Iapetus). Carboniferousstrata
of the region were deposited during the final phase of
ocean basin closing, and record the transition from
sedimentation on a passive, rifted margin to synoro-
genic sedimentation in a rapidly evolving foreland
basin. The objectives of this paper are to review the
Palaeozoic tectonic history of the southern margin of
North America culminating with the Ouachita oro-
genic event, to document geometric characteristics of
the foreland basin that formed as a consequence of
that orogenic event, and to present an overview of the
Pennsylvanian depositional history of the basin with
emphasis on the active influence exerted by tectonic
activity.

GEOLOGICAL SETTING

The Arkoma is one of a series of foreland basins
that formed along the North American side of the
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Ouachita orogenic belt during the Carboniferous. The
Ouachita Mountains, extending from central Arkan-
sas into south-eastern Oklahoma (Fig. 1), represent
the largest exposure of this orogenic belt that lies
mostly buried beneath Mesozoic and Cenozoic strata
of the Gulf coastal plain. The foreland region along
the entire length of the Ouachita orogenic belt
generally shared a common history of rifted margin
sedimentation during the early to middle Palaeozoic
followed by foreland basin development induced by
convergent tectonism during the late Palaeozoic
(Flawn et al., 1961 ; Graham, Dickinson & Ingersoll,
1975; Thomas, 1985). Only during the final phases of
Ouachita orogenesis was the foreland region seg-
mented into individual structural basins, one of which
is the Arkoma.

The Arkoma basin is an accurate synclinorium that
extends from east-central Arkansas to south-eastern
Oklahoma (Fig. 1). It lies immediately north of the
Ouachita orogenic belt, to which it is intimately
related. Although the southern margin of the basin is
historically defined as the northern edge of the
Quachita frontal thrust belt, it is now clear that
Atokan strata exposed in the frontal thrust belt were
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Fig. 1. Regional map showing geological setting of Arkoma basin.

deposited in continuity with Arkoma basin strata and
that older Arkoma basin strata extend southwards for
an unknown distance beneath the thrust belt.

Figure 2 schematically summarizes the Palaeozoic
stratigraphy of the Arkoma basin and Ouachita
Mountains. Upper Cambrian to basal Atokan strata
within the basin comprise shallow marine carbonates,
shales, and quartzose sandstones whose maximum
aggregate thickness along the southern part of the
basin is about 1-5 km. Because of their peripheral
importance to this paper, they are grouped as
‘undifferentiated, rifted-margin shelf strata’ in Fig. 2.
The overlying Atoka Formation comprises shales and
sandstones that display complex stratigraphic and
facies characteristics that are detailed in the following
text. Deposited during a mere 5 Myr interval of time,
the Atoka attains a maximum thickness of more than
5-5km along the southern margin of the basin.
Conformably overlying the Atoka are coal-bearing
formations of Desmoinesian age that attain a maxi-
mum aggregate thickness of about 2:5km. The
Ouachita stratigraphic section is readily divisible into
two parts. The lower part includes Ordovician to
lowermost Mississippian strata that probably attain a

maximum thickness of about 3-7 km. These strata are
predominantly deep marine shales with subordinate
beds of limestone, quartzose sandstone, and bedded
chert. Because of their peripheral importance to this
paper, they are grouped as ‘undifferentiated, rifted-
margin, deep basin strata’ in Fig. 2. Mississippian to
middle Atokan strata of the Ouachitas comprise shales
and sandstones (Stanley, Jackfork, Johns Valley, and
Atoka Formations of Fig. 2) whose aggregate thick-
ness exceeds 10km. These Carboniferous strata
constitute a flysch sequence whose deposition on
submarine fans and in associated deep water environ-
ments is well documented (e.g. Morris, 1974; Moiola
& Shanmugam, 1984).

Within the Arkoma basin, broad synclines sepa-
rated by narrow anticlines dominate the structure at
the surface (Fig. 3). The axes of these folds generally
parallel the overall arcuate trend of the basin and that
of the Ouachita frontal thrust belt. Listric thrust faults
are known to underlie much of the folded section and
ramp to the surface along the crests of many anticlines
(Fig. 3). Beneath thrust fault horizons, the structural
style is dominated by normal faults that offset
Precambrian basement and the entire sub-Atoka
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sedimentary section (Fig. 3). These faults, most of
which display southward dips, were active during
deposition of lower to middle Atokan strata as
indicated by significant thickening of those strata
across the faults.

TECTONIC HISTORY

During the past two decades, numerous tectonic
models have been proposed to explain the geological
history of the Ouachita orogenic belt and the associ-
ated foreland. In recent years, most tectonic interpret-
ations have converged on a scenario that involves
consumption of oceanic crust and lithosphere via
southward-dipping subduction and consequent colli-
sion between an Atlantic-type continental margin (the
southern margin of North America) and either an
island arc or continental plate (commonly called
Llanoria) (see Houseknecht & Matthews, 1985 and
Thomas, 1985 for citation of various models).

According to this scenario, a major episode of
rifting resulted in the opening of an ocean basin during
the latest Precambrian or earliest Palaeozoic (Fig. 4A)
(e.g. Thomas, 1977). As a consequence of this rift
opening, the southern margin of North America
evolved into an Atlantic-type margin that persisted
through the middle Palaeozoic (Fig. 4B). The prism
of sediment that accumulated along this passive
margin includes Cambrian to lowermost Mississipian
strata deposited in shelf and off-the-shelf environ-
ments. Shelf facies are predominately carbonates with
subordinate volumes of shale and quartzose sandstone.
Although their original southward extent is unknown,
they are present throughout the Arkoma basin and
the lower Palaeozoic portion is believed to extend
southwards beneath the highly deformed central uplift
of the Ouachitas (Lillie et al., 1983; Thomas, 1985).
Off-the-shelf facies, exposed only in allochthonous
positions within the central uplift of the Ouachitas,
are predominately dark coloured shales with subordi-
nate volumes of limestone, quartzose sandstone, and
bedded chert. Known collectively as ‘Ouachita facies’,
these strata are thought to represent slope, rise, and
abyssal sediments deposited in a starved basin.

During the Devonian or early Mississippian, the
ocean basin began to close, accommodated by south-
wards subduction beneath Llanoria (Fig. 4C). Al-
though it is impossible to determine precisely when
subduction began, it was clearly under way during the
Mississippian, as suggested by detritus indicative of
an orogenic provenance (Morris, 1974) and locally

abundant volcanic detritus in the Stanley Formation
of the Ouachitas (Fig. 2). Carboniferous volcanic
rocks that have been encountered in the subsurface
south of the Ouachitas, along the flanks of the Sabine
uplift (Fig. 1) (Nicholas & Waddell, 1982), probably
represent vestiges of a magmatic arc that developed
along the northern margin of Llanoria (Fig. 4C).
Within this convergent tectonic setting, the incipient
Ouachita orogenic belt began to form as an accretion-
ary prism associated with the subduction zone (Fig.
4C).

Throughout the Mississipian and into the earliest
Atokan (culminating with deposition of the basal
Atokan Spiro Sandstone, Fig. 2), the shelf along the
southern margin of North America remained a site of
relatively slow sedimentation in shallow marine
through non-marine environments (Fig. 4C). Carbon-
ates, shales and quartzose sandstones continued to be
deposited in much the same realm that had character-
ized the area since the late Cambrian. However, the
deep, remnant ocean basin (Dickinson, 1974) became
thesite of rapid deposition of flysch. Derived primarily
from the east, where collision orogenesis had already
resulted in uplift along the Ouachita trend (Thomas,
1985), sediment poured into the deep basin where it
wasdispersed longitudinally westwards and ultimately
deposited on submarine fans and in associated abyssal
environments. As a result, more than 5 km of flysch
was deposited during Mississipian and Morrowan
time (Stanley, Jackfork and Johns Valley Formations,
Fig. 2).

By early Atokan time, the remnant ocean basin had
been consumed by subduction and the northward
advancing subduction complex was being obducted
on to the rifted continental margin of North America
(Fig. 4D). Partly as a result of attenuated continental
crust being drawn into the subduction zone and partly
because of vertical loading by the overriding accre-
tionary prism (Dickinson, 1974, 1976), the southern
margin of the North American continental crust was
subjected to flexural bending. Apparently as a result
of this flexural bending, widespread normal faulting
occurred in the foreland. The normal faults generally
strike parallel to the Ouachita trend, are mostly
downthrown to the south, and offset both crystalline
basement and overlying Cambrian to basal Atokan
strata of the rifted margin prism. Subsurface and
seismic evidence suggests that most of these faults
broke previously undeformed continental crust, al-
though it is likely that some of them may represent
reactivation of faults formed during early Palaeozoic
rifting (Fig. 4). The shelf-slope-rise geometry that had
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Fig. 4. Hypothetical cross-sections depicting tectonic evolution of southern margin of North America during (A) late
Precambrian—earliest Palaeozoic, (B) late Cambrian—earliest Mississippian, (C) early Mississippian—earliest Atokan, (D)
early-middle Atokan, and (E) late Atokan-Desmoinesian. Key to patterns: crosses = continental crust (undifferentiated in A,

North American in B-E); straw hachures = ‘Llanorian’ crust;

black = oceanic crust; heavy dots = basal Palaeozoic strata;

horizontal hachures = upper Cambrian—basal Mississippian strata; white = Mississippian-basal Atokan strata; sand
stippling = lower-middle Atoka strata; vertical lines = upper Atokan-Desmoinesian strata; mottled = Ouachita subduction
complex; wavy lines = Ouachita foreland thrust belt; black trinagle = magmatic arc volcanoes. Figure modified from

Houseknecht & Matthews (1985).

prevailed along the passive continental margin since
the early Palaeozoic was broken down by the
tectonically induced normal faults and rates of both
subsidence and sedimentation increased markedly.
Fault movement was contemporaneous with deposi-
tion of lower to middle Atokan shales and sandstones,
resulting in abrupt thickness increases across faults
(Fig. 4D). These Atokan strata represent a critical
transition between passive margin sedimentation and

foreland basin sedimentation, and are the topic of
most of the following discussion.

By late Atokan time (Fig. 4E), foreland-style
thrusting became predominant as the subduction
complex pushed northwards against strata deposited
in settings illustrated by Fig. 4 (C, D). Resultant uplift
along the frontal thrust belt of the Ouachitas completed
the formation of a peripheral foreland basin (Dickin-
son, 1974) in which shallow marine, deltaic, and
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fluvial sedimentation prevailed. Upper Atokan and
Desmoinesian strata of the Arkoma basin constitute
a typical coal-bearing molasse. At that time, the gross
structural configuration of the Arkoma—Ouachita
system was essentially the same as at present, although
relatively minor folding and thrusting continued after
the Desmoinesian.

SYNDEPOSITIONAL NORMAL FAULTS

From a depositional edge along the northern margin
of the basin, Atokan strata thicken to a maximum of
more than 5-5km along the northern edge of the
Ouachita frontal thrust belt (Fig. 5). Most of this
increase in thickness is accommodated by abrupt
expansion of the lower to middle part of the Atoka
section across syndepositional normal faults, the
locations of which are shown in Fig. 5. Most of these
faults have been mapped during the course of this
research, although certain of the faults have been
mapped locally by previous workers (Koinm &
Dickey, 1967; Berry & Trumbly, 1968; Buchanan &
Johnson, 1968 ; Lumsden, Pittman & Buchanan, 1971 ;
Haley, 1982; Zachry, 1983). Several of the large
displacement faults have acquired informal names
that are widely used in the petroleum industry, and
those names are shown on Fig. 5. Three faults which
have not been reported in previous literature are
labelled X, Y and Z, although the presence of fault Z
is equivocal as discussed below.

Figure 6 is a north—south stratigraphic cross-section
whose datum (labelled A) is a widespread log-response
anomaly in the upper part of the Atoka Formation
and whose lower key bed is the basal Atoka Spiro
sandstone (labelled S). Constructed from wire-line
logs of 41 wells, cross-section A—A’ illustrates the
fault-controlled geometry of Atokan strata in a part of
the basin that is unaffected by thrust faults of large
displacement (Fig. 5). Southwards along the line of
section, the Atoka increases in thickness from 760 m
to more than 3700 m, with most of the increase
occurring in abrupt steps across a few faults with
displacements of several hundred to more than
1000 m. Some of the large displacement faults appear
to have a single plane of movement (e.g. Kinta fault)
whereas others splay into two (San Bois fault) or more
(Mulberry fault) discrete fault planes (Figs 5 and 6).
In addition to those with large displacements, numer-
ous syndepositional normal faults with smaller dis-
placements (generally less than a few hundred metres)

are common in certain parts of the basin (e.g. between
Kinta and San Bois faults in Fig. 6). All of the faults
shownin Fig. 6 are downthrown to the south. Although
this is true of the vast majority of syndepositional
faults in the basin, north-dipping normal faults (i.e.
downthrown to the north) are locally common (see
Fig. 3). Where present, the north-dipping faults are
locally paired with adjacent south-dipping faults to
form syndepositional horst and graben geometries.

The trace of the basal Atoka Spiro sandstone on
Fig. 6 further defines the geometry of individual
syndepositional fault blocks. On some downthrown
blocks, the Spiro displays apparent southward dip
(e.g. downthrown to the Kinta fault). However, on
most downthrown blocks, the Spiro displays apparent
northwards dip (bear in mind that the cross-section is
hung on a stratigraphic marker and does not depict
true structure), indicating that most of the sydeposi-
tional normal faults had a rotational sense of move-
ment. Whereas most faults in the Arkoma basin
display this geometry, both the direction and magni-
tude of apparent dip on the Spiro, as well as the
absolute magnitude of fault displacement, are variable
along the strike of individual faults.

In contrast to the Atoka section, overlying Des-
moinesian strata display no evidence of abrupt
thickening across normal faults. For example, the
interval between datum bed A and the Hartshorne
Sandstone (H) shows a gradual, though asymmetrical
increase in thickness to the south (Fig. 6), a character-
istic shared by all of the Desmoinesian strata that are
preserved over large areas of the basin. Such thickness
patterns are common to foreland basins and probably
result from flexural subsidence induced by foreland-
style thrust loading along margins of basins adjacent
to orogenic belts (Jordan, 1981).

Figure 7 is a NW-SE cross-section constructed
from wire-line logs of five wells. This section is located
in a part of the basin that has been subjected to thrust
faulting and is necessarily more schematic than Fig. 6
because of fewer data points. Nevertheless, it can be
used to illustrate important aspects of syndepositional
normal faulting and Atokan stratigraphy. Signifi-
cantly, cross-section B-B’ extends southward into a
deeper portion of the basin than cross-section A-A’.
Notice that the San Bois fault is present near the south
end of cross-section A—A’ and near the north end of
cross-section B-B’. As an example of variable fault
displacement along strike, there is over 3300 m of
section between bed A and the Spiro downthrown to
the San Bois fault in cross-section A-A’ (Fig. 6)
whereas the same interval downthrown to the San
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Bois fault in cross-section B-B’ (Fig. 7) is only about
2400 m thick.

Southwards along the line of section, the Atoka
thickens from less than 1200 m to more than 5500 m
(estimated by projecting the horizon of the Hartshorne
Sandstone), with syndepositional normal faults ac-
counting for most of the increase. Moreover, the well
at the south-eastern end of cross-section B-B’ did not
penetrate the basal Atoka Spiro sandstone, suggesting
that the estimate of 5500 m may be conservative.
Alternatively, an undetected thrust fault may be
present in the lower part of that well and bed E may
be a subthrust equivalent of bed D (their log responses
are similar); no other well has penetrated so deeply
into the Atoka Formation and so this problem cannot
be solved with available data. Nevertheless, the
thickness of the Atoka section in the two south-
easternmost wells approaches estimates of maximum

Atoka thickness within the Ouachita frontal thrust
belt, suggesting that the Atoka Formation in the
frontal Ouachitas is simply the distal equivalent of the
Atoka in the Arkoma basin and that both were
deposited within a single basin.

There are an insufficient number of Spiro penetra-
tions in this deep portion of the basin to analyse fault
block geometry as was done for cross-section A-A’
and so the Spiro is schematically shown to have no
apparentdip in Fig. 7. However, the extreme thickness
of the Atoka Formation and the presence of several
widespread key beds within the section provide an
opportunity to discuss the relative timing of fault
movement. It is apparent from the distribution of key
beds (Fig. 7) thatfault movement was not synchronous.
Expansion of the section below bed D is limited to
fault Y (and perhaps Z); expansion of the sections
immediately below bed C and immediately below bed
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B occurs across fault Y, fault X and the San Bois fault;
expansion of the section immediately below bed A is
limited to the San Bois fault. It appears that the
southernmost syndepositional faults became active
earliest and that active faulting migrated northwards
with time. This general pattern is present throughout
the basin.

One final aspect of syndepositional faulting merits
description. Even though thickness increases in excess
of 1000 m occur across many of these faults, there is
absolutely no evidence of erosion of the Spiro
sandstone or overlying strata on upthrown sides of the
faults. There is typically a 100-200 m thick, dark grey

shale immediately overlying the Spiro throughout the
basin, and that shale is apparently the stratal equiva-
lent of expanded sections downthrown to major faults.

To summarize, syndepositional normal faults fun-
damentally control the distribution and thickness of
Atokan strata throughout the basin. Neither the basal
Atoka Spiro sandstone nor the basal Demoinesian
Hartshorne Sandstone displays evidence of syndepo-
sitional fault movement, thereby constraining normal
faulting to an interval of time less than the duration
of the Atokan age (approximately 5 Myr). Active
normal faulting migrated northwards with time,
resulting in a step-like onlap sequence within the
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Atoka Formation. This northward migration of
faulting was undoubtedly caused by the northward
advance of the Ouachita orogenic front.

SPIRO SEDIMENTOLOGY

The basal Atoka Spiro sandstone represents the
final phase of sedimentation on the stable shelf that
had characterized the passive southern margin of
North America since the late Cambrian (Fig. 4). In
order to discuss the transition from passive margin to
foreland basin sedimentation in the Arkoma basin
properly, it is necessary to describe the nature of Spiro
facies and inferred depositional environments. This
summary is based on previously unpublished obser-
vations as well as the work of Lumsden et al. (1971).

In eastern Oklahoma, the Spiro is a fine to medium
grained sandstone composed of subequant to equant,
well rounded quartz that comprises well over 95%; of
the framework grains. Medium grained sand is
concentrated in channel deposits that are 1-3 km wide
and oriented NW-SE. Some of the channel facies
contain only quartz sand and display unidirectional
cross-bedding (Fig. 8A), and these are interpreted as
fluvially dominated channel deposits. Others contain
a mixture of quartz sand and carbonate grains (mostly
echinoderm fragments) (Fig. 8B) and display bidirec-
tional cross-bedding; these are interpreted as tidally
dominated channel deposits. Interchannel deposits
are composed of fine grained sand and shale organized
into ripple bedded and thoroughly bioturbated se-
quences that were probably deposited in shallow
subtidal through tidal flat environments (Fig. 8C, D).
Overall, these characteristics suggest that rivers
eroded sand from older, platform strata on the north
side of the basin and delivered that sand to a broad,
tidally swept, coastal environment. Full diameter
cores from the southernmost part of the basin display
similar sandstone facies as well as carbonate bank and
interbank facies, indicating sedimentation on a
marine shelf offshore from the tidal coastline.

Asmentioned previously, thelocation of the original
southern shelf edge is unknown. However, the
southernmost known occurrences of Spiro coastal and
shelfal facies are shown on Fig. 5. The open circle
labelled C represents the location of an autochthonous
(subthrust) cored interval and the one labelled C’
represents a palinspastically restored location of an
allochthonous (thrust) cored interval in the same well;
both display shoreline to shallow marine facies.
Farther east, the circled location on the line of cross-

section B-B' is the southernmost well that has
penetrated the Spiro in that part of the basin. These
occurrences indicate that stable shelfal conditions
prevailed throughout the Oklahoma portion of the
Arkoma basin, and probably considerably farther
south, during Spiro deposition. Even though less is
known about the Spiro in the Arkansas portion of the
basin, it appears that the same is true there (Zachry,
1983), although deltaic facies may be volumetrically
more important as a result of detrital influx from the
Ozark dome to the north (Fig. 1).

ATOKAN (POST-SPIRO)
SEDIMENTOLOGY

Provenance and sediment dispersal

Previous studies have demonstrated the value of
palaeocurrent analysis in reconstructing the deposi-
tional history of Atoka submarine fan facies that were
deposited in the deepest part of the sedimentary basin
and which are now exposed in the Ouachita frontal
thrust belt (e.g. Morris, 1974). Unfortunately, Atoka
outcrops north of the frontal thrust belt are limited to
the northern edge of the basin and to the thrusted
anticlines shown on Fig. 5. The former display
proximal facies that provide little information about
deposition farther south in the basin, and the latter
are so restricted in size and amount of section exposed
that they are of limited utility. Neither provides
sufficient palaeocurrent data to allow reconstruction
of sediment dispersal patterns within the basin proper.
However, the petrology of Atoka sandstones can be
used to interpret sediment dispersal patterns, at least
on a gross scale.

Palaeotectonic and palaeographic reconstructions
of the Arkoma basin and surrounding region (Graham
et al., 1975; Graham, Ingersoll & Dickinson, 1976;
Houseknecht & Kacena, 1983 ; Thomas, 1985) suggest
that the basin received sediment from three major
dispersal systems during Atokan sedimentation. Det-
ritus continued to be eroded from older platform strata
to the north of the basin (Ozark dome and beyond)
and sand derived from this continental provenance
was predominantly composed of mature quartz grains
like those deposited in the Spiro. Sediment was also
funnelled southwards through the Illinois basin into
the eastern Arkoma basin (Fig. 1), and sand associated
with that dispersal system was also composed predom-
inantly of quartz (Potter & Glass, 1958). The third
dispersal system derived sediment from the Ouachita
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Fig. 8. Core photographs of facies in the Spiro sandstone. (A) Cross-bedded, quartzose sandstone of inferred fluvially
dominated channel deposit (foreset dip is exaggerated by structural dip). (B) Cross-bedded, quartzose sandstone with abundant
echinoderm fragments of inferred tidally dominated channel deposit (foreset dip is exaggerated by structural dip). (C)
Thoroughly bioturbated interchannel facies. (D) Interbedded shale and bioturbated sandstone of interchannel facies. Ruler
scales in centimetres; scale of (C) is the same as (D).
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orogenic belt, which had already been uplifted and
exposed to erosion along the south-western margin of
the Black Warrior basin (Mack, Thomas & Horsey,
1983). Sand associated with that orogenic provenance
contains a significant volume of lithic fragments and
some feldspar, indicating derivation from metamor-
phic and volcanic source rocks (Mack et al., 1983).
Considerations of basin geometry (Figs 1, 4, 6 and 7)
suggest that sand derived from the continental
provenance to the north would have been transported
more-or-less southwards into the basin and that sand
derived from the other two areas would have entered
the eastern portion of the basin and could only have
reached other parts of the basin by westwards
longitudinal transport.

Figure 9 summarizes framework grain composition
of nearly 50 samples of Atoka (post-Spiro) sandstones
collected in various parts of the basin. Those samples
that plot within the field labelled Ozark petrofacies
were collected at two locations indicated by triangles
D and E in Fig. 5. Both the texture and composition
of these samples are like the underlying Spiro and are
consistent with derivation of sand from older platform
strata north of the basin. The term ‘Ozark petrofacies’
is used to imply derivation from the north and to
emphasize the widespread truncation of older Palaeo-
zoic sandstones around the flanks of the Ozark dome
as a likely source of this sand.

OZARK vmqmo;o_mm%

F L

Fig. 9. QFL (quartz, feldspar, lithics) diagram showing
framework grain composition of Ozark and Arkoma petro-
facies. All lithic fragments are of metamorphic origin;
feldspar is mostly albite. Composition is based on counting
300 points per sample.

Samples within the field labelled Arkoma petro-
facies were collected from outcrops along all of the
thrusted anticlines shown in Fig. 5 and from numerous
wells in Oklahoma located south of the Milton and
Backbone anticlines and north of the Ouachita frontal
thrust belt. On a QFL diagram, these sandstones
contain 75-909, quartz, and the quartz grains are very
fine to fine grained, subelongate to subequant, and
poorly to moderately rounded. Moreover, these sand-
stones contain 5-259% metamorphic lithic fragments
(mostly slate and phyllite) and up to 8), feldspar
(mostlyalbite). Allof these characteristics significantly
differ from those of the Ozark petrofacies and suggest
derivation from an orogenic provenance, although the
relatively quartzose samples within the Arkoma
petrofacies may reflect a mixing of detritus from the
orogenic source with either Ozark petrofacies or sand
distributed through the Illinois basin. The framework
grain composition of these sandstones is virtually
identical to that of Atoka sandstones exposed in the
Ouachita frontal thrust belt (Graham et al., 1976; and
unpublished data), suggesting a common provenance.
The term ‘Arkoma petrofacies’ is used to emphasize
the volumetric predominance of this sandstone com-
position within the basin.

In light of the foregoing discussion, it appears that
most of the sand in the Atoka Formation was derived
from the uplifted Ouachita orogenic belt to the east
(SW of the Black Warrior basin), entered the eastern
portion of the basin, and was transported longitudi-
nally westwards to sites of deposition. Rapid subsid-
ence associated with syndepositional normal faults
undoubtedly promoted longitudinal dispersion of
sediment. It is probably no coincidence that the Ozark
petrofacies appears to be limited to that part of the
basin north of the Mulberry fault and that the Arkoma
petrofacies is pervasively distributed south of that
fault (Fig. 5). Both its length and its position as the
northernmost fault with significant displacement
suggest that it may have exerted a major influence on
the distribution of the two petrofacies.

Facies and environments of deposition

Synthesis of results from continuing research and
previously published information allows reconstruc-
tion of the depositional system that prevailed during
deposition of the Atoka Formation (for the sake of
convenience, this discussion excludes the Spiro sand-
stone from the Atoka Formation). Figure 10 is a
depositional model that illustrates relationships ob-
served among Atoka facies and explains the influence
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BASIN | PLAIN

Fig. 10. Reconstruction of depositional system in which Atoka strata were deposited. Dash—dot lines represent the seafloor
traces of syndepositional normal faults. The nature of the lateral relationship between deltaic facies and axial fan facies in the
eastern portion of the basin is neither well documented nor well understood (as denoted by question marks), and should be

considered schematic.

that syndepositional normal faulting exerted on
sediment dispersal and the distribution of Atoka
facies. The model is constrained by the fact that all
facies illustrated are composed of Arkoma petrofacies
and therefore must have been deposited within a
system dominated by longitudinal sediment dispersal.
It emphasizes sedimentation in that part of the basin
where syndepositional faults were most active and
where shallow to deep marine facies transitions occur
over relatively short distances. It does not emphasize
either fluvial-deltaic sedimentation along the northern
margin of the basin (Zachry, 1983) or submarine fan
sedimentation in the deepest part of the basin (Morris,
1974).

Shoreline facies

The northern limit of marine sedimentation in the
Oklahoma portion of the basin is indicated by the

presence of tidal flat shoreline facies (Fig. 10), whose
southernmost extent occurs in the subsurface just
south of the Milton and Backbone anticlines (Fig. 5).
Marine shales grade upward via increasing number
and thickness of sandstone beds into sand-dominated
tidal flat facies, and the entire sequence displays a
rich and diverse, shallow marine trace fossil assem-
blage (Chamberlain, 1978). The tidal flat facies
comprise fining upward sequences like the one shown
in Fig. 11(A), in which sand-flat, mixed-flat, and mud-
flat subfacies are recognized. Sand-flat subfacies are
composed of nearly 1009 sand and display ripple-
scale cross-bedding, swash bedding, and locally
abundant U-shaped burrows (Fig. 11). Within the
sand-flat subfacies, broadly channel-shaped beds
displaying epsilon cross-bedding and siderite pebble
lags probably represent deposition in meandering
tidal channels. These sand-flat subfacies grade upward
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Fig: wseison a tidal flat facies. (A) Outcrop view of fining upward sequence, showing upper part of sand-flat (bottom), mixed-
flat (centre, at man’s feet), and mud-flat (top, at man’s head and hand) subfacies. (B) Core photograph of ripple-scale cross-
bedding and swash bedding from sand-flat subfacies. (C) Ripple cross-bedded sand-flat subfacies displaying U-shaped
burrows. (D) Ripple cross-bedded sandstone with shale interbeds from lower part of mixed-flat subfacies. Width of each core
is 10 cm in (B), (C) and (D).
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into mixed-flat subfacies that are composed of in-
terbedded sandstone and shale (Fig. 11). The sand-
stone layers display ripple-scale cross-bedding, flaser
bedding, and mud-draped, asymmetric ripples. With
increasing mud content, the mixed-flat subfacies grade
upward rather abruptly into mud-flat subfacies (Fig.
11A), which are composed mostly of silty mudstone.
Individual, fining upward sequences are typically 5—
8 m thick but vertical repetition of tidal flat sequences
results in sand-rich, shoreline deposits that are locally
more than 100 m thick.

Eastward in Arkansas, tidally dominated shoreline
facies are exposed along all the anticlines shown in
Fig. 5. These also display fining upward sequences
that can be attributed to tidal flat sedimentation, but
differ in that individual sequences range from 50 to
100 m in thickness and trace fossils are sparse. In
every other detail, these facies are identical to those
present in Oklahoma. Two factors are probably
responsible for the presence of these overthickened
sequences. First, they accumulated in that part of the
basin most affected by syndepositional normal faulting
and second, they were deposited closer to the location
of major sediment input. Both the high rate of
subsidence and the voluminous sediment influx would
contribute to deposition of abnormally thick shoreline
facies that contain sparse trace fauna.

Deltaic facies are also present in the Arkansas
portion of the basin, although they are not as common
as overthickened tidal flat facies. Marine shales grade
upwards rather abruptly into sand-rich delta front
subfacies, which display an abundance of ripple-scale
cross-bedding and mud drapes. Locally such subfacies
are interbedded with trough cross-bed sets that are
typically about 50 cm thick. The latter probably
represent deposition on distributary mouth bars by
fluvial currents during high stage whereas the former
represent tidal reworking of bar sediment during low
stage. Delta front subfacies are typically overlain by
distributary channel deposits, which display a predom-
inance of trough cross-bedding and horizontal bed-
ding. In those few outcrops where palacocurrent data
can be collected from distributrary channel subfacies,
westwards palaeoflow is indicated. Atoka delta front
and distributory channel deposits are virtually identi-
cal in both facies characteristics and indicated flow
direction to Desmoinesian deltaic deposits of the
basin described by Houseknecht ez al. (1983). How-
ever, the limited distribution of Atoka deltaic facies
relative to overthickened tidal flat facies suggests that
tidal processes effectively reworked shoreline sedi-
ment and essentially destroyed many facies character-

istics that are normally associated with deltaic
sedimentation.

Slope facies

In the southern portion of the basin where the
section thickens significantly across syndepositional
faults, the Atoka comprises dark grey shale, which is
unfossiliferous except for macerated and obviously
transported plant debris, and numerous localized
sandstones. Despite significant syndepositional dis-
placement along many normal faults, numerous
widespread key beds display continuity across the
faults and there is absolutely no evidence of erosional
truncation of strata upthrown to the faults (Figs 6 and
7). These relationships imply that the rate of mud
deposition kept pace with the rate of subsidence and
that the seafloor above the faults displayed little or no
relief. However, it is equally apparent that these
predominately pelitic facies grade southwards from
shoreline facies discussed above into deep marine
facies that are now exposed in the Ouachita frontal
thrust belt. This combination of relationships suggests
that deposition occurred on a gently dipping, muddy
slope lacking a bathymetrically distinct shelf-slope-
rise geometry (Fig. 10).

The localized sandstones that occur within these
thick shales are difficult to analyse because they do
not crop out anywhere around the basin and they are
known primarily from wire-line log characteristics.
Most of the sandstones that occur in this setting are
lenticular (1-5 km wide; 10-50 m thick) and elongate
(several kilometres to tens of kilometres long). More-
over, they are localized parallel and just downthrown
to syndepositional normal faults. Fortunately, one
such sandstone (the Red Oak) was extensively cored
during its development as a major gas reservoir, and
the preserved cores reveal much about deposition of
sand on the muddy slope. The Red Oak, which is
localized just below bed B and just downthrown to the
San Bois fault in Fig. 7, is a multistoried sand body
that has previously been interpreted as a submarine
fan deposit (Vendros & Visher, 1978). In core, the
base of each sandstone (story) is erosive, either into
shale or a somewhat older sandstone bed. The
sandstone is extremely uniform in grain size (very fine
to fine sand) and sorting (moderately well to well
sorted) and displays a limited range of sedimentary
structures, with most cores appearing massive (Fig.
12). Other common structures include diffuse flat
lamination and a diverse spectrum of dewatering
structures, including dish structures, convolute lami-
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Fig. 12. Core photographs of sedimentary structures in the Red Oak sandstone. (A) Diffuse flat lamination overlain by massive
sandstone. (B) Dish structures. (C) Convolute lamination. (D) Diffuse vertical lamination. Ruler scaled in centimetres in (B)
and (D); (A) and (C) are the same scale.
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nation, diffuse vertical lamination, swirled lamina-
tion, and dewatering pipes (Fig. 12) (Middleton &
Hampton, 1976). Along the lateral margins of the
lenticular sand bodies, silty sandstone displaying
parallel lamination occurs, and identical facies are
locally included as intraclasts within the sand body
proper. There are no thin, widespread sandstone beds
associated with these sand bodies, nor are there partial
or complete Bouma sequences or any sort of graded
beds present (over 350 m of core was described).

All of the characteristics enumerated above suggest
deposition by channellized sediment gravity flows
below storm wave base, with grain flow being the
most likely specific process (Middleton & Hampton,
1976). It is proposed that deposition occurred in slope
channels that were localized by rapid subsidence rates
just downthrown to syndepositional normal faults
(Fig. 10). Apparently the rotational sense of movement
on certain faults (Fig. 6) resulted in at least a slight
depression on the seafloor, which was sufficient to
localize sediment gravity flows that entered the slope
environment. The flows were erosive into unconsoli-
dated slope muds, thereby channelizing the slope
along the seafloor trace of syndepositional faults (Fig.
10). It appears that levee facies were locally deposited
along the margins of the slope channels (parallel
bedded silty sandstones), but there is no evidence of
deposition by unconfined sediment gravity flows as
would be expected on submarine fan lobes.

Atoka sandstones like the Red Oak have long been
attributed to deposition in ‘deep water’ because of the
predominance of sedimentary structures indicative of
sediment gravity flow mechanisms. As a result, many
previous workers have inferred that the syndeposi-
tional normal faults acted as fundamental bathymetric
features within the depositional basin, with shelfal
conditions prevailing upthrown and ‘deep water’
conditions prevailing downthrown to a major fault
(e.g. Vedros & Visher, 1978). This inference does not
seem compatible with the continuity of correlative
beds across many syndepositional faults (Fig. 7) and
needs to be re-evaluated in the light of voluminous
recent work demonstrating that the only requisite for
accumulation and preservation of facies deposited by
sediment gravity flow mechanisms is water depths
below storm wave base (e.g. Walker, 1979). Within a
tidally dominated basin like the Arkoma, it is feasible
for such deposits to accumulate in water depths that
would not normally be considered ‘deep’. In support
of this interpretation, the tidal flat facies illustrated in
Fig. 11 (B-D) occur in a sandstone that is only 200 m
up section from the Red Oak sandstone illustrated in

Fig. 12, and both sandstones occur at the same location
in the basin. Assuming that neither uplift of the basin
nor a significant drop in sea-level occurred after
deposition of the slope channel facies and before
deposition of the tidal flat facies (neither of which is
likely), 200 m is a reasonable estimate for the depth of
water in which the Red Oak slope channel sand was
deposited.

Submarine fan facies

As mentioned previously, numerous workers have
published details of submarine fan facies that were
deposited on the deep basin floor and are now exposed
inthe Ouachita frontal thrust belt. These are illustrated
schematically and labelled ‘axial fan system’ in Fig.
10. However, there are also smaller submarine fan
sequences that were apparently deposited at the toe of
the slope as distal facies equivalents of slope channels
discussed above, and these are labelled ‘marginal fan’
in Fig. 10. In outcrops along the frontal thrust belt,
these facies can be distinguished from those associated
with the axial fan system in three ways. First, the
marginal fans are composed of ‘cleaner’ sandstone
than the axial fans. Petrographic analysis reveals that
the framework grain composition of sandstones in the
two facies are identical, but samples of the axial fan
system contain significantly more matrix and are more
poorly sorted than samples of the marginal fan system.
Second, deposits associated with the axial fan system
invariably display westward directed palaeocurrent
indicators whereas marginal fan facies display south-
wards to south-westwards indicators. Thirdly, the
marginal fan deposits display internal facies architec-
ture that suggests progradation from north to south.
For example, channellized proximal lobe facies grade
both westwards and eastwards along the strike of the
frontal thrust belt into more distal lobe facies
characterized by beds deposited by unconfined sedi-
ment gravity flows. The dimensions of such lateral
facies sequences are typically 15-25 km, suggesting
the original size of the marginal fans. As indicated in
Fig. 10, there is abundant evidence for interfingering
of marginal and axial fan facies, suggesting that the
two systems evolved simultaneously but were fed by
different sediment dispersal systems.

SUMMARY

The Arkoma foreland basin developed in response
to convergent tectonism associated with the Ouachita
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orogenic event. During Atokan time, the tectonically
stable shelf that had characterized the passive margin
of southern North America was broken down by
normal faults induced by obduction of the Ouachita
accretionary prism on to the continental crust. The
lower and middle portion of the Atoka Formation
comprises a wedge of strata that displays thickness,
petrofacies, and depositional facies patterns that were
significantly influenced by syndepositional movement
along these normal faults. By the end of Atokan time,
fault movement had ceased and the basin was
characterized by flexural subsidence induced by
foreland-style thrust loading and shallow marine
through non-marine sedimentation in a fully formed
foreland basin.
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