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Carbonate Development and Potential Petroleum Productivity
in the Southern Fort Worth Basin, Texas

Deborah K. Sacrey
Auburn Energy
Houston, Texas

A. H. Wadsworth
Wadsworth and Associates
Houston, Texas

ABSTRACT.—The Fort Worth basin is a peripheral wedge-shaped foreland basin, with as much as
12,000 ft of sediments in the deepest part. The basin is geographically and tectonically defined as south of
the Muenster arch, west of the Ouachita thrust belt, north of the Llano uplift, and east of the Bend arch.

The northern counties of Montague, Jack, Wise, Denton, and Parker have long been prolific oil and
gas producers. Pennsylvanian clastics and Mississippian and Cambrian—Ordovician carbonates have been
the main productive targets. The stratigraphic column is basically the same over the whole basin, so why
have the counties of Erath, Hamilton, Bosque, Somervell, and Coryell been underdeveloped?

During the Cambrian-Ordovician and through the Mississippian, the shelf edge of the eastern and
southern North American continent was a stable carbonate bank. As much as 10,000 ft of sediments,
ranging from wackestones and carbonate muds to algal mounds and reef buildups, was deposited. The
advancing Ouachita thrust belt created foreland basins, such as the Black Warrior, Arkoma, Fort Worth,
Val Verde, and Marfa basins. This deformation caused tilted and horsted fault blocks of limestones and
dolomites to be juxtaposed against Mississippian and Pennsylvanian source shales.

A series of carbonate-bank buildups and tilted fault blocks has been mapped by the authors throughout
the lower part of the Fort Worth basin. These anomalous areas, in conjunction with the use of satellite
data, have helped identify potential hydrocarbon traps. The proximity to known productive areas and the
availability of low lease costs, reasonable royalties, and shallow drilling could cause the southern part of
the basin to become as prolific as the northern part.

Sacrey, D. K.; and Wadsworth, A. H., 2000, Carbonate development and potential petroleum productivity in the southern Fort Worth
basin, Texas, in Johnson, K. S. (ed.), Platform carbonates in the southern Midcontinent, 1996 symposium: Oklahoma Geological
Survey Circular 101, p. 355.
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Sequence Stratigraphy and Reservoir Development,
Marble Falls Limestone (Pennsylvanian), Central Texas

Walter L. Manger
University of Arkansas
Fayetteville, Arkansas

Patrick K. Sutherland
University of Oklahoma
Norman, Oklahoma

ABSTRACT.—The Marble Falls Limestone of central Texas is a Pennsylvanian carbonate interval pack-
aged between black shales of Mississippian (Barnett) and Pennsylvanian (Smithwick) age. Exposures are
limited to the Llano region, but the unit is extensively developed in the subsurface between the Llano
uplift and north Texas. The Marble Falls reflects a complicated history of sea-level rise and fall related to
compressional events associated with the development of the Fort Worth basin and the rising Ouachita
fold belt and Electra and Muenster arches.

The lower carbonate member of the Marble Falls was deposited on a broad, elongate platform occupy-
ing much of central Texas. It is of Morrowan age in its entirety, but it has no equivalents elsewhere in the
Llano region. The lower Marble Falls member changes facies to dark shale eastward toward the Ouachita
fold belt and into coarser clastics northward toward the Muenster arch. Preservation of the lower member
along the eastern Llano uplift is related to normal faulting that initiated the development of the Fort Worth
basin. Significant hydrocarbons have been produced from this interval, called Comyn in the subsurface,
from grain-dominated shelf facies below the Morrowan—Atokan unconformity.

The upper carbonate member of the Marble Falls rests unconformaply on the lower member and is
extensively developed throughout central Texas. It was deposited as a transgressive pulse that followed
further compression of the Fort Worth basin. Mud-dominated carbonates exposed in the Llano region are
equivalent to alluvial sediments and granite wash derived from the rising arches that bound the Fort
Worth basin to the north and the Ouachita fold belt on the east side of the basin. In the subsurface north of
the Llano exposures, carbonate mounds in the upper member provide reservoir-quality intervals that have
produced hydrocarbons in Lampasas and Hamilton Counties.

The Smithwick black shale is the basinal equivalent of the Marble Falls Limestone. Deposition of this
shale drowned carbonate deposition as the Atokan transgression progressed across the Llano region and
Bend arch with continued downwarping of the Fort Worth basin. Reservoir-quality lithologies are devel-
oped in the Caddo Pool Member to the north and east of the Liano uplift.

Manger, W. L.; and Sutherland, P. K., 2000, Sequence stratigraphy and reservoir development, Marble Falls Limestone (Pennsylvanian),
central Texas, in Johnson, K. S. (ed.), Platform carbonates in the southern Midcontinent, 1996 symposium: Oklahoma Geological
Survey Circular 101, p. 356.
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Depositional Environments and Sequence-Stratigraphic Framework of the
Subsurface Council Grove Group (Permian) of the Hugoton Embayment, Kansas

Nicholas J. Pieracacos
Baylor University
Waco, Texas

ABSTRACT.—An integrated study of cores, well logs, thin sections, and conodont biostratigraphy has
been used to establish a sequence-stratigraphic framework for the subsurface Council Grove Group in the
Hugoton embayment of southwestern Kansas. Mixed carbonate—clastic deposits of the middle to upper
parts of the Council Grove Group consist of progradationally stacked sequences including facies depos-
ited within open-marine, high-energy-shoal, peritidal, and nonmarine environments.

From base to top, Council Grove Group sequences typically consist of lowstand calichified clastic
mud/siltstone abruptly overlain by a trangressive and highstand shallow-marine limestone. Highstand
deposits are in turn punctuated by a surface of abnormal subaerial exposure. Facies are systematically
stacked into parasequence sets. The inflection between progradational and retrogradational parasequence
sets, and non-Waltherian juxtaposition of terrestrial and marine facies, allowed delineation of sequence
boundaries.

Lowstand deposits consist of nonmarine clastic mudstone and siltstone with variable pedogenic devel-
opment. Red to variegated color, caliche, root traces, and subangular blocky-soil structure indicate paleosols
and subaerial exposure. Transgressive deposits abruptly overlie lowstand clastics and are separated from
the underlying paleosols by an abrupt flooding surface. A transgressive lag commonly overlies this flood-
ing surface and consists of clastic intraclasts from the underlying paleosol. Transgressive deposits consist
of thin, upward-deepening, shallow-subtidal, fossiliferous wacke/packstone to a maximum-flooding-sur-
face fusulinid wacke/packstone containing moderately abundant conodont faunas of the normal-marine
Idiognathodus—Streptognathodus plexus. Highstand deposits consist of thicker, upward-shoaling
parasequences terminated by subaerial exposure. Exposure surfaces are characterized by microkarsting,
brecciation, root mottling, and calichification.

Pieracacos, N. J., 2000, Depositional environments and sequence-stratigraphic framework of the subsurface Council Grove Group
(Permian) of the Hugoton embayment, Kansas, in Johnson, K. S. {ed.}, Platform carbonates in the southern Midcontinent, 1996
symposium: Oklahoma Geological Survey Circular 101, p. 3567.

357



Oklahoma Geological Survey Circular 101, 2000

Characteristics of Cyclical, Mixed Carbonate/Siliciclastic Reservoirs:
Early Permian Chase Group, Northern Oklahoma

James R. Chaplin
Oklahoma Geological Survey
Norman, Oklahoma

ABSTRACT.—The Early Permian Chase Group contains the reservoir system of the Hugoton field in
Kansas and adjacent Oklahoma. The Chase Group outcrop belt in northern Oklahoma is a depositional
sequence (340 ft) characterized by clastic-dominated units in recurring carbonate/clastic cycles. These
cyclical carbonates and clastics are correlatable to both transgressive and regressive surfaces, respec-
tively.

Transgressive parts (highstand phase) consist of a thinner (3-60 ft), more carbonate-rich marine/mar-
ginal-marine facies dominantly composed of shallowing-upward units of coated-grain, fossiliferous
wackestones, packstones, and grainstones. Regressive parts (lowstand phase) of the cycles are character-
ized by a thicker (40-125 ft), more clastic-rich marginal-marine/continental facies consisting of reddish-
brown, greenish-gray, and maroon mudstones/shales locally capped by exposure surfaces and weakly
developed paleosols. The bulk of each major depositional cycle represents a single transgressive—regres-
sive cycle. However, minor limited transgressions resulted in periodic renewed carbonate deposition lo-
cally within spme siliciclastic-rich intervals. Each depositional cycle contains a vertical alternation of
laterally continuous, successively shallower reservoir-prone marginal-marine/marine carbonates and
siliciclastics capped by seal-prone marginal-marine/continental red beds and paleosols.

The overall cyclicity of these deposits suggests climate-influenced changes in sea-level oscillations. In
this geographic setting, the Chase Group is interpreted to represent nearshore to offshore deposition on a
gently dipping, low-relief surface (ramp-type depositional setting) rather than on an epeiric platform that
terminated abruptly at a raised shelf margin that dropped rapidly into a relatively deep basinal setting.

The development of criteria to recognize transgressive—regressive surfaces in mixed carbonate/silici-
clastic cycles, both at the surface and in the subsurface, may assist in correlating individual depositional
sequences. In addition, the application of these criteria will aid in understanding the sequence-strati-
graphic mechanisms that control reservoir distribution, quality, and development in shallow-marine/mar-
ginal-marine Midcontinent reservoirs.

Chaplin, J. R., 2000, Characteristics of cyclical, mixed carbonate/siliciclastic reservoirs: Early Permian Chase Group, northern Okla-
homa, in Johnson, K. S. (ed.), Platform carbonates in the southern Midcontinent, 1996 symposium: Oklahoma Geological Survey
Circular 101, p. 358.
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Sonic Velocity in Carbonates—A Product of Original Composition
and Post-Depositional Porosity Evolution

Flavio S. Anselmetti and Gregor P. Eberli
University of Miami
Miami, Florida

ABSTRACT.—Pure carbonate rocks, unlike siliciclastic sediments, show no direct correlation between
acoustic properties (P- and S-wave velocity) and age or burial depth of the sediment, so that velocity
inversions with increasing depth are common. Sonic velocity in carbonates rather is controlled by the
combined effect of depositional lithology and several post-depositional processes, such as cementation or
dissolution, that create carbonate-specific rock fabrics. Our study correlates these diagenetic fabrics to the
sonic velocity of the rocks.

Measurements of ultrasonic velocities -on unconsolidated carbonate muds under different stages of
experimental compaction show that compaction, which is a function of burial depth, increases velocity
where the sediment has not undergone intense diagenetic alteration after deposition. The susceptibility of
carbonates to diagenetic changes, which occur much more quickly than compaction, causes a special
velocity distribution in carbonates and complicates downbhole velocity estimations.

The importance of these diagenetic alterations to ultrasonic velocity in carbonates is documented by a
data set of 200 samples from different areas and ages that were measured under variable confining and
pore-fluid pressures. Despite the almost monomineralic composition of the carbonates, ¥, ranges from
1,500 to 6,500 m/s, and ¥, ranges from 600 to 3,500 m/s. This range is caused mainly by variations in the
amount and type of porosity. In general, the measured velocities show a positive correlation with density
and an inverse correlation with porosity, but departures from the general trends of correlation can be as
high as 1,500 m/s. These deviations can be explained by the occurrence of different pore types that form
during specific diagenetic phases. Thus we are able to link sonic velocity to the diagenetic stage of the
rock. Our data set further suggests that commonly used correlations like “Gardner’s Law” (¥, — density)
or the “time-average equation” (¥, — porosity) should be significantly modified toward higher velocities
before being applied to carbonates.

Anselmetti, F. S.; and Eberli, G. P,, 2000, Sonic velocity in carbonates—a product of original composition and post-depositional porosity
evolution, in Johnson, K. S. (ed.), Platform carbonates in the southern Midcontinent, 1996 symposium: Oklahoma Geological Survey
Circular 101, p. 359.
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