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Reservoir Development and Production from the Clifty-Sylamore Interval
(Devonian), Shallow Gas Province, Northwestern Arkansas

Walter L. Manger

University of Arkansas
Fayetteville, Arkansas

Phillip R. Shelby

Shelby Geological Consulting
Ozark, Arkansas

AssTRACT.~The shallow gas province of northwestern
Arkansas is confined essentially to Washington and
Madison Counties (generally bounded by T. 13 N. to T.
16 N. and R. 26 W. to R. 33 W.). The first commercial
well was the Threkeld No. 1, completed by Arkansas
Western Gas Company in June 1953. At its most active
stage in the late 1980s, the province consisted of 14
small fields and more than 170 wells. Cumulative pro-
duction through December 1994 has exceeded 10.17 bil-
lion cubic feet. Producing wells are typically less than
1,000 ft, and many are less than 600 ft. Production has
been recorded from the St. Peter (Middle Ordovician),
Clifty (Middle Devonian), Sylamore (Upper Devonian),
Boone Formation (Lower Mississippian), and Weding-
ton Sandstone (Upper Mississippian), but most wells
produce from a single horizon. Most fields are located
in proximity to either the Fayetteville or Drakes Creek
faults, major northeast-southwest-trending normal
faults, and associated with local anticlinal closures. All
wells produce dry methane, with trace amounts of other
gases, condensate, and water. Initial shut-in pressures
range from 90 to 140 psi, and pressure declines of 20—
30% are typical of the first year. Field rules allow 40- or
80-acre well spacing, depending on the field.

The Devonian succession of the southern Ozarks in
northern Arkansas consists of the Penters Chert, Clifty
Formation, and Chattanooga Shale, which are re-
garded as representing the Lower, Middle, and Upper
portions of the system, respectively. Each of the units is

bounded by a regional, erosional unconformity (type 1
sequence boundary), and each lacks persistency; the
complete sequence is generally not developed in any
one well or surface section. The bulk of the production
in the shallow gas province is encountered immediately
below the Chattanooga Shale (Upper Devonian) in
orthoquartzitic sandstones sealed by black shale. These
sandstones represent transgressive marine deposits re-
working erosional products derived from the underly-
ing units. They are typically referred to the Sylamore
Member. The Sylamore is thin and phosphatic and has
the highest persistency of any of the Devonian units ex-
cept the Chattanooga. In contrast, the Clifty is spo-
radic, and favorable porosity and permeability are asso-
ciated with high areas on the pre-Devonian erosional
surface. Low areas may develop green, nonproductive
shale below the Chattanooga. Unfortunately, the lack
of cores has limited understanding of the reservoir
interval.

Gas appears to have migrated from the Arkoma
basin into the shallow gas province along the major
northeast-trending normal faults. There is no produc-
tion between the shallow gas province and the bound-
ary faults of the northern Arkoma basin, a distance of
approximately 20 mi. Migrating gas would have had
the opportunity to invade any reservoir-quality litholo-
gies in a suitable structural setting in that region,
which represents a potential, but unproven, focus for
future exploration.

Manger, W. L.; and Shelby, P. R., 2000, Reservoir development and production from the Clifty-Sylamore interval (Devo-
nian), shallow gas province, northwestern Arkansas, in Johnson, K. S. (ed.), Marine clastics in the southern
Midcontinent, 1997 symposium: Oklahoma Geological Survey Circular 103, p. 203.

203



Oklahoma Geological Survey Circular 103, 2000

Interpreting Formation MicroScanner Log Images of Gulf of Mexico
Pliocene Deep-Water Clastics by Comparison with Pennsylvanian
Jackfork Group Deep-Water Clastics, West-Central Arkansas

Roger M. Slatt!

Colorado School of Mines
Golden, Colorado

Robert J. Davis

Schlumberger Indonesia
Jakarta, Indonesia

Charles G. Stone

Arkansas Geological Commission
Little Rock, Arkansas

Douglas W. Jordan

Arco Venezuela, Inc.
Caracas, Venezuela

ABSTRACT.—A comprehensive picture has emerged
recently of the variety of deep-water, clastic deposi-
tional elements present in the Jackfork Group of west-
central Arkansas. The details of our investigations
have been reported on industry field trips and dis-
cussed in several recent publications and presenta-
tions. We now add another applied dimension to this
picture by comparing small- to large-scale sedimentary
features observed in the outcrops with what we inter-
pret as identical features observed on Formation
MicroScanner (FMS) logs from Pliocene Gulf of Mexico
deep-water clastics.

Small-scale features displayed on the FMS logs in-
clude slumps, erosional surfaces, thin sand-shale inter-
beds, mud-lined depressions/scours, isolated sandstone

1Current address: University of Oklahoma, Norman,
Oklahoma.

clasts in shaly debris-flow beds, remnant bedding in
various stages of disruption because of flowage, and
load structures. These features are similar in size and
character to those observed in outcrop. On a larger
scale, thin- and thick-bedded intervals and major, prob-
ably regionally correlative surfaces are recognized.

Based upon the outcrop criteria, recognition of these
features on FMS (and FMI) images from the Jackfork,
Gulf of Mexico, or other deep-water clastics can lead to
improved interpretation of depositional processes, fa-
cies and their three-dimensional geometry, relative
reservoir quality, and lateral and vertical continuity of
beds. This understanding can prove valuable in resolv-
ing reservoir management, development drilling, and
exploration issues.

Slatt, R. M.; Davis, R. J.; Stone, C. G.; and Jordan, D. W., 2000, Interpreting Formation MicroScanner log images of Gulf
of Mexico Pliocene deep-water clastics by comparison with Pennsylvanian Jackfork Group deep-water clastics, west-
central Arkansas, in Johnson, K. S. (ed.), Marine clastics in the southern Midcontinent, 1997 symposium: Oklahoma
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Outcrop Analogs of Turbidite Petroleum Reservoirs for Assessing
Volumetric, Development Drilling, and Simulation Scenarios

Roger M. Slatt!

Colorado School of Mines
Golden, Colorado

Paul Weimer

University of Colorado
Boulder, Colorado

Hisham A. Al-Siyabi and Eugene T. Williams

Colorado School of Mines
Golden, Colorado

ABSTRACT.—The Pennsylvanian upper Jackfork Forma-
tion has been mapped in detail in superbly exposed
quarries, dam exposures, and other outcrops in the
DeGray Lake—Hollywood area, central Arkansas, to
develop three-dimensional analog models of turbidite
reservoirs. If it is imagined that the floor of quarry or
dam exposures are fluid/water contacts and their upper
ground surfaces are unconformities, then it is possible
to map “fluid” contacts, and, when standing on these
contacts, to imagine yourself within a turbidite reser-
voir. On this basis, “volumetrics” can be calculated and
“development drilling” and “simulation” scenarios can
be assessed for the different observed geologic condi-
tions. Two examples are presented.

Hollywood Quarry sits near the crest of a faulted
anticline. A lower interval of shallowly dipping, thick,
amalgamated, lenticular sandstones is separated
from an upper interval of thin, laterally continuous,
interlayered sandstones and shales by a thick, laterally
continuous shale. Numerous faults dissect the quarry

1Current address: University of Oklahoma, Norman,
Oklahoma.

and compartmentalize strata over short distances.
“YVolumetrics” have been calculated at about 300,000
stock tank barrels of oil originally in place for this
“reservoir” using psuedo values for porosity, water
saturation, and bulk volume of oil. For “reservoir
simulation,” a two-layer geologic model is adequate.
Several “development drilling” scenarios are possible
owing to complex fault and stratigraphic compart-
mentalization.

At DeGray Lake Spillway, a 1,000-ft-thick, steeply
dipping, outcrop succession of thin- and thick-bedded
sandstone intervals separated by thick shales has been
correlated with numerous shallow core borings from
the DeGray Lake Dam area, about 1 mi away. “Volu-
metrics” for this “reservoir” have been calculated at
about 2 MMSTBOOIP using psuedo values for porosity,
water saturation, and bulk volume of oil. A number of
vertical, deviated, and horizontal “development drill-
ing” scenarios can be applied to this analog of a steeply
dipping, unconformity-capped turbidite reservoir.

Slatt, R. M.; Weimer, Paul; Al-Siyabi, H. A.; and Williams, E. T.., 2000, Outcrop analogs of turbidite petroleum reservoirs
for assessing volumetric, development drilling, and simulation scenarios, in J ohnson, K. S. (ed.), Marine clastics in the
southern Midcontinent, 1997 symposium: Oklahoma Geological Survey Circular 103, p. 205.
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Comparative Sedimentology of the Dutcher and Cromwell
(Pennsylvanian) Sandstones of the Northeastern Oklahoma Platform

Dorothy L. Swindler and J. Glenn Cole

Independent Geologists
Tulsa, Oklahoma

ABSTRACT.—The Dutcher and Cromwell sandstones are
poorly understood, although they have produced much
oil and gas in eastern Oklahoma. The term Dutcher is
used for sandstones of the Atoka Formation in the sub-
surface of the northeastern Oklahoma platform (north
and northwest of the Arkoma basin and as far west as
the Seminole-Cushing uplift). Northward from the
Arkoma basin, the Atoka Formation rests on progres-
sively older Morrowan and then Mississippian rocks.
The Morrow Group thins northward and westward
depositionally and by erosional truncation. Where the
Wapanucka limestone is absent, it is difficult to know
with certainty whether the shale that separates the
Dutcher from the Union Valley is Morrowan, Atokan,
or both. Based on log.character alone, it is difficult, and
in places not possible, to distinguish between Dutcher
sandstone (Atokan) and sandy Morrowan beds.

The Cromwell sandstone is the main oil-producing
sandstone in the Cromwell field (northeastern Semi-
nole County). The Cromwell sandstone in a core from
the Cromwell field consists of interbedded sandstone,
fossiliferous sandstone, and sandy grainstone. Almost
half of the core contains roughly equal amounts of
quartz-sand and carbonate grains. Eastward, the ratio
of sandstone to limestone decreases, and the interval
becomes dominantly limestone. We consider the Crom-
well sandstone to be a sandstone facies of the Union
Valley Formation.

The Dutcher interval is interpreted to have been

deposited in a storm-dominated, muddy-shelf environ-
ment. The best porosity and permeability was found in
sandstones that contained a small amount of detrital
clay in the form of mud-rip-up clasts, chamosite, or
rock fragments. The detrital clay was apparently the
source of authigenic clay that inhibited pervasive silica
cementation. Sandstones with no clay tended to be ce-
mented with quartz overgrowths. Of the Dutcher cores
studied, the best reservoir quality was in a sandstone
consisting of stacked storm deposits, reworked in part
by waves. Authigenic clay was replaced by carbonate
that was later dissolved. Disseminated traces of authi-
genic sphalerite and one concentration (8% by point
count) suggest that the location of this well on the
Depew uplift adjacent to the Keokuk fault zone contrib-
uted to the exceptional reservoir quality.

The Cromwell sandstone was deposited on an open-
marine shelf at the transition between siliciclastic-
dominated and carbonate-dominated environments.
Sandstone, fossiliferous sandstone, and sandy grain-
stone are interbedded, and transitions between litholo-
gies are, for the most part, gradational. Vertical grada-
tions in lithology are also expected to be found laterally.
The best porosity was in sandstone and fossiliferous
sandstone in which bryozoan fragments are the domi-
nant carbonate-grain type. Porosity in the sandy grain-
stone formed mostly by dissolution of bryozoans. Poros-
ity in the fine-grained sandstone without bryozoans is
occluded by quartz overgrowths.

Swindler, D. L.; and Cole, J. G., 2000, Comparative sedimentology of the Dutcher and Cromwell (Pennsylvanian) sand-
stones of the northeastern Oklahoma platform, in Johnson, K. S. (ed.), Marine clastics in the southern Midcontinent,
1997 symposium: Oklahoma Geological Survey Circular 103, p. 206.
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Effects of Depth on Gas Well Recovery in Marine Sandstones
in the Anadarko Basin

Thomas J. Woods

Ziff Energy Group
Houston, Texas

Paul W. Smith

Dwights Energydata
Oklahoma City, Oklahoma

ABsTRACT.—A decade ago, industry perceptions were
that expenses, risks, and deeper sediment quality
would only support expanding industry activity into
deeper sediments if gas prices grew very rapidly, ap-
proaching $4—$5 per thousand cubic feet (Mcf). Since
the mid-1980s, however, gas prices have averaged less
than $1.75 per Mcf and have not remained above $2.00
per Mcf for much more than a year. Nevertheless, in-
dustry activity has begun to move into deeper sedi-
ments at an accelerating rate in the 1990s.

Currently, the average depth of an onshore gas well
is approaching 6,500 ft, its greatest value ever. Despite
declining drilling activity, the number of gas wells
deeper than 15,000 ft is also approaching a record level.
The changes that have occurred reflect a combination
of new technology that has reduced the expenses and
risks associated with deeper drilling as well as the ba-
sic “quality” of deeper sediments, none of which were
expected a decade ago.

In the marine sandstones of the Anadarko basin,

results above 15,000 ft, where more than 90% of indus-
try activity has occurred to date, suggest that the pros-
pects of finding significant recoveries is quite limited,
particularly below 10,000 ft. However, a more detailed
review of industry results suggests the opposite sce-
nario, particularly below 14,000 ft. Thus, the probabil-
ity of finding large targets in the Anadarko basin grows
with depth. It should be noted that similar observa-
tions are seen in Arkoma basin sandstones as well.

This paper will review the trends in gas recovery for
Anadarko basin sandstones with depth by formation
and age. Physical reservoir volumes will be discussed,
along with the effects of overpressuring on the observa-
tions. Recent changes in the expenses and risks associ-
ated with drilling activity in Oklahoma will also be
discussed. Overall, the results of our analysis suggest
significant prospects for new gas reserves should exist
in the deeper sediments of the Anadarko basin, and the
expenses and risks associated with bringing those re-
serves into production are quite low.

Woods, T. J.; and Smith, P. W., 2000, Effects of depth on gas well recovery in marine sandstones in the Anadarko basin,
in Johnson, K. S. (ed.), Marine clastics in the southern Midcontinent, 1997 symposium: Oklahoma Geological Survey
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Clastics as Seismic Markers—Images and Imaginings
from the Mountain Front, Southwest Oklahoma: 1979-1996

Roger A. Young, David Thomas, and Zhi-Ming Liu

University of Oklahoma
Norman, Oklahoma

ABSTRACT.—The COCORP seismic-reflection lines
in southwest Oklahoma were acquired in 1979
and have formed a historical reference for subse-
quent reflection studies of the deep Anadarko
basin and the adjacent Wichita Mountains frontal
zone. The standard for discussion of crustal structure
in this area has remained the interpretation of
these lines by J. A. Brewer and others (1983, COCORP
profiling across the southern Oklahoma aulaco-
gen: overthrusting of the Wichita Mountains and
compression within the Anadarko basin: Geology,
v. 11, p. 109-114). Oil-industry seismic lines in the
late 1980s improved the resolution of shallow and
mid-crustal images enormously, so that, armed with
these images, one can discern the much lower-resolu-

tion appearance of the same features on the earlier
sections.

This paper examines the seismic expression of some
of the most prominent seismic markers in the clastics
of the lower Pennsylvanian. Coincident COCORP and
Seismic Exchange, Inc., lines show a remarkable con-
trast in the character of the same seismic reflections.
Improvements in acquisition design and processing are
responsible, in part, for the great improvement in im-
aging, but the flexibility and dynamic range afforded by
workstation visualization can be at least as important.
Lessons learned from comparison of the old and the
new encourage optimistic imaginings for future 3-D
acquisition and prestack processing of data from the
same areas.

Young, R. E;; Thomas, D.; and Liu, Z-M, 2000, Clastics as seismic markers—images and imaginings from the mountain
front, southwest Oklahoma: 1979-1996, in Johnson, K. S. (ed.), Marine clastics in the southern Midcontinent, 1997
symposium: Oklahoma Geological Survey Circular 103, p. 208.
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LMU: An Expandable, Alpha-Numeric, Trichotomous, Informal,
Rock-Stratigraphic-Classification System Based on Marker-Defined,
Stratigraphic Reference Surfaces

R. E. Young

Consulting Geologist
Edmond, Oklahoma

Abstract.—A marker-defined, stratigraphic refer-
ence surface is any recognizable, laterally traceable,
soil- or rock-stratigraphic boundary, which was also a
former surface of deposition, or transportation, or ero-
sion; or an in situ remnant of a former surface of depo-
sition, or transportation, or erosion.

These reference surfaces may be (1) primary—bed-
ding planes in core or outcrop; (2) secondary— inter-
preted “marker-beds” on mechanical logs; or (3) ab-
stract—onlapped, offlapped, eroded, or faulted-out
“mental images” of reference surfaces.

This informal, trichotomous classification of strata,
based on reference surfaces, begins with a division into
three categories as follows: L for Lower, M for Middle,
and U for Upper. To preserve in the informal name the
unique vertical position of each stratal unit as well as
the original intent of the stratigrapher, two steps are
required as follows: (1) the number 1 is added to the

right of L, M, or U each time a stratal unit is trichoto-
mously classified; and (2) the informal, alpha-numeric
name of each stratal unit includes all of the letters and
numbers in the previous name.

For example, after three trichotomous classification
steps the individual stratal unit spoken of as “the third
upper, of the second lower, of the first middle, of the
Cunningham Formation” would be annotated from
larger to smaller as follows: CmF, M-1, L.-2, U-3. This
same stratal unit would be diagrammed as shown in
Figure 1.

CmF¢ CmF, M-1
N

CmF, M-1, L-2, U-3
\-—— CmF, M-1,L-2 E

Figure 1. Example of trichotomous classification steps.

Young, R. E., 2000, LMU: an expandable, alpha-numeric, trichotomous, informal, rock-stratigraphic—classification sys-
tem based on marker-defined, stratigraphic reference surfaces, in Johnson, K. S. (ed.), Marine clastics in the southern
Midcontinent, 1997 symposium: Oklahoma Geological Survey Circular 103, p. 209.
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Origin and Distribution of Porosity in a Carbonate-Cemented Reservoir,
Hale Formation (Morrowan), Arkoma Basin, Arkansas

Doy Zachry
University of Arkansas
Fayetteville, Arkansas

AsstrRACT.—The distribution of porous and permeable
strata in reservoirs of the Hale Formation is controlled
by the proximity of those units to carbonate mud-
mound complexes.

Morrowan units including the upper part of the Hale
Formation crop out in the Boston Mountains of north-
west Arkansas. Southward, the units are displaced by
normal fault systems into the subsurface of the Arko-
ma basin where they contain significant reservoirs of
natural gas. Productive intervals occur less than 15 mi
from the outcrop belt.

The Hale Formation in the outcrop belt is divided
into a lower Cane Hill Member and an upper Prairie
Grove Member. The Prairie Grove is mainly composed
of calcareous quartzarenite. The carbonate content
ranges from 0% to 45% and occurs as skeletal grains
and as calcite cement. Terrigenous grains are well
sorted, and large-scale cross-stratification is common.
A secondary compunent in the Prairie Grove Member is
limestone consisting of skeletal grains and carbonate
mud. Intervals of limestone are normally characterized
by small biocherms that range from 2 to 15 ft in thick-
ness but form laterally continuous complexes bounded

above and below by quartzarenite units.

Adjacent to the biocherms, the sandstones contain
abundant skeletal grains, and porosity is occluded by
calcite cement. Partially dissolved skeletal grains are
abundant and may have contributed to the cement and
loss of porosity. Distally positioned quartzarenite units
contain little calcite and only small quantities of quartz
cement. Porosity ranges to 22% determined petro-
graphically, and reservoir quality is high.

The Prairie Grove Member accumulated on a high-
energy shelf prior to the formation of the Arkoma ba-
sin. Competent tidal currents generated large bed
forms and prominent cross-stratification. Carbonate
mud, stabilized by bryozoans, calcareous algae, and
other organisms, formed low mounds that coalesced
laterally into banks. Skeletal grains were derived and
moved laterally away from the banks by tidal currents,
extending the distribution of carbonate material over
an area substantially greater than the mounds them-
selves. Porosity in these intervals was occluded by the
partial dissolution of skeletal grains and precipitation
of calcite cement. More distally positioned sand bodies
lack skeletal grains, and porosity was preserved.

Zachry, D., 2000, Origin and distribution of porosity in a carbonate-cemented reservoir, Hale Formation (Morrowan),
Arkoma basin, Arkansas, in Johnson, K. 8. (ed.), Marine clastics in the southern Midcontinent, 1997 symposium: Okla-
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