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Red Fork Sandstone of Oklahoma: Depositional History,
Sequence Stratigraphy, and Reservoir Distribution

Richard D. Fritz!

Masera Corporation
Tulsa, Oklahoma

ABSTRACT.—The Middle Pennsylvanian Red Fork
Sandstone formed as a result of progradation across
eastern Kansas and most of Oklahoma. It is one of sev-
eral transgressive-regressive sequences (cyclothems)
developed within the Desmoinesian “Cherokee” Group.
Sea-level changes together with varying subsidence
were dominant factors controlling the general strati-
graphic (correlative) characteristics of the Red Fork
interval. Progradation was episodic with sand deposi-
tion in the more active part of the basin during lower
sea-level stands and valley-fill deposition in the more
stable areas during sea-level rises.

The Red Fork was correlated, subdivided, and
mapped using data from more than 27,000 wells. Maps
of Red Fork sand trends reveal a fluvial-deltaic
complex covering most of Oklahoma. The Red Fork con-
sists primarily of undifferentiated alluvial-valley and
alluvial-plain (fluvial) bodies in the northernmost part
of Oklahoma; fluvial-deltaic bodies in most of the re-
maining parts of shelf area; and off-shelf, submarine-

fan and slope-basinal-floor complexes within the
deeper part of the Anadarko basin. The basinal facies
can also be interpreted as lowstand deltaic deposits.

The Red Fork appears to represent a single, Vail-
type third-order sequence. It can be divided into
at least three parasequences, which, for the purpose
of this study, are called upper, middle, and lower.
Each parasequence represents a transgressive-
regressive episode commonly separated by thin re-
gional limestones or shale markers. Correlation
of these parasequences is relatively easy from the
lower shelf to the basin but more difficult on the upper
shelf.

The provenance for the Red Fork was most likely an
extensive drainage system to the north and northeast
of Oklahoma. This drainage system probably extended
as far as the Canadian Shield or even Greenland and
appears to be subparallel to the Midcontinent rift. A
secondary source for the Red Fork was the Wichita-
Amarillo Mountains in the south.

1 Current address: American Association of Petroleum Geologists, Tulsa, Oklahoma.

Fritz, R. D., 2001, Red Fork Sandstone of Oklahoma: depositional history, sequence stratigraphy, and reservoir distribu-
tion, in Johnson, K. S. (ed.), Pennsylvanian and Permian geology and petroleum in the southern Midcontinent, 1998
symposium: Oklahoma Geological Survey Circular 104, p. 226.
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Trace and Rare-Earth Elemental Variation in a Midcontinent
Carbonate Sequence—A Key to Understanding Reservoir Development

Peer Hoth

GeoForschungsZentrum
Potsdam, Germany

Timothy R. Carr

Kansas Geological Survey
Lawrence, Kansas

Michael Bau and Peter Dulski

GeoForschungsZentrum
Potsdam, Germany

ABSTRACT.—Subaerial exposure surfaces and associ-
ated features are common components of shallow-
marine Paleozoic sequences in the Midcontinent. Rec-
ognition of such surfaces is of economic importance
because the distribution of reservoir facies is closely as-
sociated with subaerial exposure. Problems in litho-
stratigraphic correlation at both the reservoir and re-
gional scales are caused by the absence of unambiguous
lithologic and petrographic evidence of subaerial expo-
sures in these sequences.

Selected Upper Pennsylvanian carbonate sequences
of the Kansas City Group (Bronson Subgroup) in south-
east Kansas and northwest Missouri have been inves-
tigated to understand the style of alteration associated
with subaerial exposure, to derive criteria to recognize
distinctive signatures in both the surface and subsur-
face, and to better understand the genesis of the car-
bonate sequences. Detailed field descriptions, petro-
graphic examination, spectral gamma-ray logs, and
analysis of trace elements and rare-earth elements
(REE) were the bases of our study. Geochemical in-
vestigations included Inductively Coupled Plasma
Mass Spectrometry (ICP-MS), using two methods for
sample decomposition (decomposition with 8 M HNO4
in open beakers and bulk decomposition with HF +
HCIO, in pressure vessels). The different methods
provide independent information about trace and
rare-earth element concentrations of carbonate and de-
trital phases (alumino-silicates and heavy minerals).
Investigated rocks include different types of oolitic
grainstones, skeletal packstones, wackestones, and
different shale types. Signs of subaerial exposure
such as root traces, root tubes filled with micritic inter-
nal sediment, rhizolite crusts, and in situ brecciation
were recognized through fieldwork and microscopic
analysis.

Geochemical investigation shows that detrital influx

during carbonate sedimentation of the Bronson Sub-
group generally increased toward the exposure sur-
faces. Zr, Rb, Th, and total REE content are the most
useful geochemical indicators of this trend. Shale nor-
malized REE-patterns of the limestones (normalized
against PAAS) have very characteristic features. Im-
portant differences between upper and lower parts of
the limestone members are shown by differences in
Ce and Y signatures of the shale-normalized REE-
patterns. Other than these distinctive signatures, typi-
cal trends of the Y/Ho ratios were detected through the
limestone sequences.

The lower part of the Benthany Falls Limestone
(mainly wackestones and skeletal packstones/grain-
stones) is characterized by negative Ce anomalies, posi-
tive Y anomalies and Y/Ho-ratios between 55 and 40.
Both of the REE-anomalies are typical for carbonates
and other minerals precipitated in equilibrium with
seawater. Magnitude of the Ce and Y anomalies gener-
ally decreases upward to the top of the limestone mem-
ber. Flat REE-patterns are typical for the oolitic-grain-
stone facies and for the in situ brecciated and mottled
wackestones of the upper part of the Benthany Falls
Limestone. Y/Ho ratios of these limestones are lower
than 35. Although a general correlation between the
decreasing size of the Ce and Y anomalies and the in-
crease of detrital phases is obvious, several exceptions
exist (e.g., laminar calcretes).

In addition to IGP-MS analysis, relative uranium
enrichment was detected by measurement of gamma
radiation using a hand-held spectral scintillometer in
outcrops, and by the analysis of existing spectral
gamma-ray well logs in the subsurface. In several se-
quences, distinctive change in uranium concentration
is observed at the contact of the vadose and marine-
phreatic zones. Based on detailed examination, the
uranium anomalies cut across primary sedimentary

Hoth, Peer; Carr, T. R.; Bau, Michael; and Dulski, Peter, 2001, Trace and rare-earth elemental variation in a Midcontinent
carbonate sequence—a key to understanding reservoir development, in Johnson, K. S. (ed.), Pennsylvanian and Per-
mian geology and petroleum in the southern Midcontinent, 1998 symposium: Oklahoma Geological Survey Circular

104, p. 227-228.
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structures, and are caused by selective inclusion of ura-
nium in micrite cements and associated clays concen-
trated at the contact between vadose and marine-
phreatic environments.

Porosity development and preservation in the Ben-
thany Falls Limestone oolitic-grainstone facies, a major
oil-producing interval in Kansas, appear related to the

Peer Hoth and others

position of the overlying exposure surface. Recognition
of previously undetected vadose-phreatic contacts can
provide insight into porosity trends in other units. The
study of trace and rare-earth elemental variations can
improve our understanding of genetic mechanisms in-
fluencing reservoir development in similar shallow-
marine Midcontinent reservoirs.
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Facies and Sequence Stratigraphy of the Upper Permian Yates Formation
on the Western Margin of the Central Basin Platform of the Permian Basin

Ron Johnson and Jim Mazzullo

Texas A&M University
College Station, Texas

ABsTrRACT.—This abstract examines the facies, stratig-
raphy, and reservoir properties of the Upper Permian
Yates Formation in North Ward Estes field, Ward and
Winkler Counties, Texas. The study is based upon the
descriptions and petrographic analyses of 11 Yates
cores and 38 well logs from North Ward—Estes field,
part of the “River of Sand” that stretches along the
western shelf margin of the central basin platform.

The Yates of North Ward-Estes field consists of
subarkosic sandstones and siltstones and dolomitic
mudstones and wackestones that were deposited in flu-
vial, deltaic, eolian, sabkha, and shallow-subtidal set-
tings during two successive cycles of relative sea-level
fall and rise. Six facies are distinguished in the forma-
tion:

1. Massive, well-sorted sandstones with occasional
planar laminae, root casts, and paleosols—inter-
preted as eolian sand-sheet deposits;

2. Laminated silty to very fine grained sandstones
with mud drapes, ripples, load structures, fluid es-
cape structures, and bioturbation traces—inter-
preted as desert braided-stream and fan-delta
deposits;

3. Graded beds of gravelly to fine sandstones with
dolomicrite clasts—interpreted as channel and dis-
tributary deposits of braided streams and deltas;

4. Poorly stratified reddish-brown fine sandstones
and siltstones with evaporite nodules, clay drapes,
and haloturbation structures—interpreted as
clastic-dominated sabkha deposits;

5. Massive dolomitic mudstones and wackestones
with cryptalgal laminae, stylolites, and collapse
breccias—interpreted as shelf-interior deposits;
and

6. Nodular-mosaic anhydrites and anhydrite-rich,
gray sandy siltstones— interpreted as evaporite-
dominated sabkha deposits.

Two sequences and 12 stacked “upward-drying”
high-frequency cycles (HFCs) are recognized in the
Yates. Each sequence consists of a basal transgressive
systems tract (TST) overlain by an upper highstand
systems tract (HST) and is thought to record a single
cycle of relative sea-level rise and fall. Each HST
consists of stacked HFCs, which become thicker
and more clastic-rich upward, whereas each TST con-
sists of stacked HFCs, which become thinner and more
carbonate-rich upward.

The eolian sandstones of the Yates, with porosities of
up to 20% and permeabilities of several hundred milli-
darcies, are the major reservoirs in North Ward-Estes
field, and the gravelly channel sandstones form minor
reservoirs. The porosities in these two sandstones are
largely secondary in origin and are the product of the
dissolution of evaporite and carbonate cements and
labile grains during burial diagenesis. The seal for the
reservoirs is the contact between the Yates and updip.
and overlying evaporites of the Yates and Tansill For-
mations. The thickest and most extensive reservoirs
are in the upper of the two Yates sequences, which con-
tains abundant eolian sandstone beds.

Johnson, Ron; and Mazzullo, Jim, 2001, Facies and sequence stratigraphy of the Upper Permian Yates Formation on the
western margin of the central basin platform of the Permian basin, in Johnson, K. S. (ed.), Pennsylvanian and Permian
geology and petroleum in the southern Midcontinent, 1998 symposium: Oklahoma Geological Survey Circular 104,
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Depositional Facies of the Lower Permian Section, Northeastern
New Mexico: Preliminary Observations and Interpretations

Jennifer L. P. Kessler and Gerilyn S. Soreghan

University of Oklahoma
Norman, Oklahoma

ABSTRACT.—The Lower Permian section (Abo and Tubb
Formations) in northeastern-most New Mexico consists
of complexly interbedded mudstone, siltstone, sand-
stone, and conglomerate that was deposited southeast
of the Sierra Grande uplift and buried the Bravo dome
uplift. In this region, the study section lies directly on
Precambrian basement and is overlain by the Cimar-
ron Anhydrite. The depositional facies of the section are
poorly known but are important for constraining Early
Permian paleogeography and paleoclimate in this re-
gion. Preliminary observations from subsurface data
suggest that deposition occurred in a variety of conti-
nental to possibly marginal-marine (sabkha) environ-
ments.

This preliminary analysis is based on facies studies
of core from three wells (Amoco #1 Pittard, Amoco
State 1IN, and Amoco Heimann #2) that form an east-
west dip transect through the Bravo dome high in
northeastern New Mexico.

In these wells, we distinguish four distinct facies.
The first facies consists of alternating matrix- and
clast-supported conglomerate. It ranges in thickness
from 10 cm to 10 m and is typically sharply to erosively
based. The conglomerate commonly grades upward into
the second facies, a medium- to coarse-grained, planar-
to cross-bedded sandstone ranging up to 2 m thick.
Based on sedimentary fabrics, structures, and bedding
relationships, we interpret this two facies to record
deposition in ephemeral, fluvial (wadi-type) streams.
The third facies consists of red mudstone ranging up to
4 m thick and occurring as two subfacies: (1) gypsifer-
ous mudstone (with displacive evaporite nodules) asso-
ciated with root traces, and (2) rubbly mudstone dis-
playing apparent pedogenic features such as conchoidal
fractures and slickensided fracture surfaces. We inter-
pret both mudstones as paleosols—specifically, gypsi-
sols (subfacies 1) and vertisols (subfacies 2). Gypsisols

reflect formation in regions that receive less than 25 cm
mean annual precipitation, whereas vertisol formation
is promoted by semiarid conditions with seasonal pre-
cipitation (Mack, 1997). Further, gypsisols suggest the
influence of a marginal-marine (sabkha) environment.
The fourth facies is a locally bioturbated, massive to
parallel-laminated siltstone. The siltstone is commonly
associated with paleosols, suggesting a dominance of
continental depositional processes. The siltstone is very
well sorted and commonly massive, which may reflect
eolian transport processes. The local presence of planar
and ripple laminations, however, suggests the influ-
ence of water reworking. Local association with sharp-
based conglomeratic sandstone (of suspected fluvial
origin) also suggests probable fluvial reworking.

The four facies described above reflect deposition in
continental (fluvial and possible eolian-influenced) en-
vironments to probable marginal-marine (sabkha) en-
vironments in a generally arid system. Within the
study interval, older strata are fluvial-dominated,
coarse-grained, poorly sorted, and immature (possibly
reflecting proximity to source), whereas younger strata
are finer, better-sorted, more mature, and influenced
by possible eolian deposition. Continental deposits pre-
dominate in the western wells and yield eastward to
increasingly gypsiferous, marginal-marine strata. Pres-
ence of gypsisols and vertisols suggest an arid to sea-
sonally wet paleoclimate.

Additional data collection is needed to refine facies
associations and paleoclimatic and paleogeographic
interpretations.

REFERENCE CITED

Mack, G. H., 1997, Paleosols for sedimentologists: Geologi-
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Overpressure and Hydrocarbon Generation in the Anadarko Basin,
Southwestern Oklahoma

Youngmin Lee and David Deming

University of Oklahoma
Norman, Oklahoma

ABsTRACT.—The Anadarko basin is the deepest sedi-
mentary basin on the North American craton; total
sediment thickness is greater than 11 km. Although it
has been tectonically quiescent for more than 100 mil-
lion years, the Anadarko is known to have extensive
areas of overpressuring. Static hypotheses explain the
existence of high fluid pressures in the Anadarko basin
by invoking pressure seals—rock units that are essen-
tially impermeable over geologic time. Dynamic hy-
potheses explain the existence of overpressures in the
Anadarko basin as a transient imbalance caused by a
geologic process (e.g., hydrocarbon generation) creating
overpressures faster than they may be dissipated from
low-permeability rocks.

We have constructed single-phase models of over-
pressuring in the Anadarko basin due to oil and gas
generation from kerogen. These models are constrained

by the geologic history, paleothermal indicators,
present-day estimates of the thermal gradient and heat
flow, and geochemical analyses of source rocks. Our
preliminary results indicate that recent gas generation
may be one of the most important causes of present-day
overpressuring in the Anadarko basin. Modeling indi-
cates that excess pressure due to gas generation from
kerogen dissipates completely within a relatively short
period of time (ca. 10 Ma). Also, our results show that
low average permeability (~1071° m? = 104 mD) and an
almost constant thermal gradient (>23°C/km) over geo-
logic time are required if present-day overpressures in
the Anadarko basin are to be explained through hydro-
carbon generation in the basin.

At the present time, we are refining models that
will incorporate geologic constraints of the Anadarko
basin.

Lee, Youngmin; and Deming, David, 2001, Overpressure and hydrocarbon generation in the Anadarko basin, southwest-
ern Oklahoma, in Johnson, K. S. (ed.), Pennsylvanian and Permian geology and petroleum in the southern Mid-
continent, 1998 symposium: Oklahoma Geological Survey Circular 104, p. 231.
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Depositional and Diagenetic Origins of Sandstone Reservoirs
in the Queen Formation, Permian Basin of Texas

Jim Mazzullo

Texas A&M University
College Station, Texas

ABSTRACT.—The Queen Formation is a sequence of in-
terbedded and interfingering carbonates, clastics, and
evaporites that was deposited on the back-reef shelves
of the Permian basin during the Late Permian (Guada-
lupian). The origins of the carbonates and evaporites in
the formation are fairly well understood, but consider-
able disagreement has existed about the origins of the
clastics, and, specifically, whether they represent depo-
sition during sea-level low stands or high stands.

This abstract presents data from a decade-long se-
ries of core, log, and petrographic studies of the Queen
Formation in oil fields on the central basin platform
and northwest shelf. The results of these studies show
that the clastics of the formation were largely deposited
in continental and coastal environments that were es-
tablished on the back-reef shelves during periods of
lowered sea level. Five clastic facies are recognized in
the Queen Formation. They are:

1. Braided-stream facies—characterized by shoe-
string bodies of massive, cross-laminated, gravelly
channel and channel-bar sandstones;

2. Desert, fluvial-sand-flat facies—characterized by
shoestring bodies of massive- and cross-bedded
channel sandstones encased in sheets of rippled
and laminated silty sandstones and siltstones;

3. Fan-delta facies—characterized by lenticular (lo-
bate) bodies of rippled, laminated, bioturbated, and
slumped sandstones, siltstones, and mudstones;

4. Eolian sand-sheet facies—characterized by sheets
of massive and laminated well-sorted fine sand-
stones; and

5. Clastic-dominated sabkha facies—characterized by
sheet bodies of poorly laminated and haloturbated
silty sandstones and siltstones with thin beds and
displacive nodules of halite and anhydrite.

The results of these studies also determined the
depositional and diagenetic origins of the sandstone
reservoirs in the Queen. Generally, the most productive
reservoirs are the well-sorted sandstones of the eolian
sand-sheet facies, which have average porosities in
excess of 15% and permeabilities of hundreds to thou-
sands of millidarcies, and, to a lesser extent, the
moderately sorted channel sandstones of the braided-
stream and fluvial-sand-flat facies, which have porosi-
ties in excess of 8% and permeabilities on the order of
tens to hundreds of millidarcies. The pores in these
reservoir facies are generally secondary in origin and
appear to be largely formed by the dissolution of early
evaporite or carbonate cements and labile detrital
grains.

Mazzullo, Jim, 2001, Depositional and diagenetic origins of sandstone reservoirs in the Queen Formation, Permian basin
of Texas, in Johnson, K. 8. (ed.), Pennsylvanian and Permian geology and petroleum in the southern Midcontinent,
1998 symposium: Oklahoma Geological Survey Circular 104, p. 232.
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Tectonic Overview of the U.S. Southern Midcontinent
during the Pennsylvanian and Permian

Thomas L. Thompson and James R. Howe

Consulting Geologists
Boulder, Colorado

ABSTRACT.—Ye and others (1996) provide new insight
to Pennsylvanian—Permian tectonics of the U.S. south-
ern Midcontinent with their recognition that defor-
mation associated with the greater Ancestral Rocky
Mountains (including the Wichita-Arbuckle trend) rea-
sonably reflects flat-plate subduction of Paleozoic
oceanic crust beneath southwestern North America,
thereby transmitting stress far inland beneath the con-
tinent. This mechanism readily explains the synchro-
nism and similarity of late Paleozoic deformation be-
tween the Rocky Mountain and the southern Midcon-
tinent geographic regions. In this view, the Ancestral
Rocky Mountains are a direct analog of the later Rocky
Mountain Laramide orogeny, for which the prevailing
tectonic model is one of low-angle subduction of the oce-
anic crust of the Farallon Plate. Emplacement of the
Marathon, Ouachita, and Appalachian Mountains ter-
ranes along the southeast margin of late Paleozoic
North America most likely did not strongly deform the
continental interior because subduction was away from
North America when Gondwana (combined Africa and
South America) collided with North America during
the assembly of Pangaea.

Late Paleozoic transpression across rifted and sub-
sided Precambrian basement blocks in southern Okla-
homa accounts for dominant structural styles along the
Wichita-Arbuckle trend. The various structures and
their mechanical linkages find common explanation in
context of east-northeast—-west-southwest compression
and reactivation of west-northwest—trending basement
faults. This fault reactivation and associated basin in-

version resulted in structural relief of at least 6 mi (10
km) and accumulation of a 3-mi (5-km) thickness of
synorogenic sediment, dominant oblique-slip faulting,
extensive thrusting, and left-slip faulting. Dip-slip
shortening of the preorogenic rocks amounts to about 9
mi (15 km), whereas net left-slip displacement exceeds
18 mi (30 km).

Dynamic interplay among basement blocks under
transpression inverted igneous-filled grabens and
formed several types of mechanically linked structures
in the overlying sedimentary sequences. First, north-
westerly trending, left-reverse, oblique-slip faults vary
in attitude, depending on the attitude of basement-
block interfaces, with greater structural relief and im-
bricate faulting at confining bends in the basement
block pattern (e.g., the Wichita uplift-Cyril basin pair
and the Criner Hills—Ardmore deep pair). Second,
northeasterly trending basement fractures apparently
provided antithetic adjustment to the dominant north-
west-trending en echelon folds and faults. Third, flower
structures formed at several scales, including the com-
plex Cumberland anticline and faulting above the
Criner, Tishomingo, and Wichita-Marietta basement
blocks.
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