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POROSITY DEVELOPMENT IN QUARTZ-RICH, OOLITIC LIMESTONES
OF THE UPPER ARBUCKLE GROUP—A RESPONSE TO UNLOADING

Deborah A. Ragland
Consulting Geologist, Ponca City

Felicia D. Matthews
Oklahoma State University

The Early Ordovician Arbuckle Group of
southern Oklahoma is composed of a thick se-
quence of carbonates that were deposited in shal-
low, epicontinental seas (Gatewood, 1978a,b;
Ragland and Donovan, 1986). Several concentra-
tions of quartz-sandy detritus, two of which are
significant markers in outcrop, are found in the
Cool Creek and Kindblade Formations. The
Thatcher Creek Sandstone Member at the base of
the Cool Creek Formation represents a significant
increase of quartz detritus into the Oklahoma
aulacogen. The Herringbone sand is a distinctive,
cross-bedded, quartz-rich carbonate unit occur-
ring ~3m above the base of the Kindblade Forma-
tion.

Several types of porosity modified by cementa-
tion and/or dissolution are found in the Arbuckle
carbonates in the subsurface (Gatewood, 1978b;
Shirley, 1989). Porosity is less prominent in the
surface exposures of the Slick Hills (northeast of
the Wichita Mountains in southwestern Okla-
homa), but includes interparticle, intraparticle,
and intercrystalline porosity. All types are modi-
fied by compaction, cementation, replacement,
dissolution, and fracturing (Cloyd and others,
1986; Donovan, 1987).

Much of the porosity in the quartz-sandy units
results from megascopic and microscopic frac-
turing. Although many of the fractures are perva-
sive and non-fabric-selective, three types of fabric-
controlled fractures occur (Ragland and Mat-
thews, 1989):

1) Fractures resulting in voids between differ-
ent minerals (Fig. 1). Quartz grains with syntaxial
overgrowths are separated from carbonate grains
and cements by fractures tracing the outermost
edges of the overgrowths. Typically, the width of
the pore is nearly uniform around the grain and
faithfully records the shape of the syntaxial over-
growth. Overgrowths are not separated from the
detrital quartz grains, which reflects the strength
of the bond between the grains and quartz ce-
ment. Where grains are devoid of overgrowths,
nearly circular cross-sectional voids surround

rounded quartz grains separating the grains from
micritic matrix and carbonate allochems.

2) Fractures resulting in voids between differ-
ent textures with the same mineralogy (Fig. 1).
Ooids in the sandstones have large nuclei relative
to the thickness of the cortices. Most nuclei are
composed of micrite, although an occasional grain
of quartz silt or fine sand was utilized as a nucleus.
The radial cortices pulled away from the dense
micritic nuclei, leaving circular or near-circular
cross-sectional voids. The voids occur at or near
the outer edges of the nuclei. The cortices appear
to have bonded tightly to the outermost rim of the
nuclei and, when fracturing occurred, pulled away
a few micrite crystals. Many nuclei appear to have
“dropped” when support was removed, suggest-
ing that the voids are completely encompassing.
Fracturing also occurred between adjacent radial

Figure 1. Fabric-controlled fracture porosity (A) sur-
rounds nucleus of an ooid. Enclosure is incomplete;
the nucleus appears to have “dropped” to the lower
right. Radial fractures (B) connect the inner ring with
other fabric-controlled fractures and interparticle
porosity. Syntaxial quartz overgrowth on a detrital
quartz grain in upper right is encompassed by fabric-
controlled porosity (C). Scale bar equals 250 p; ordi-
nary light.
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Figure 2. Stages in the development of fabric-controlled porosity in quartz-sandy, oolitic units of the Cool
Creek and Kindblade Formations. Each diagram represents ~4 mm?2. See text for discussion.

crystals in the cortices. The radially oriented frac-
tures connect the voids encasing the nuclei with
interparticle and intercrystalline porosity.

3) Fractures resulting in voids between crys-
tals. Porosity in calcite and dolomite cements oc-
curs along crystal boundaries. The fractures pro-
vide interconnecting conduits between other
inter- and intraparticle pore spaces.

Fabric-controlled fracture porosity appears to
be the result of pressure release following the re-
moval of overburden. The development of the
fractures may have followed the course of events
outlined below and illustrated in Figure 2:

1) Diagenesis of sediments began immediately
after deposition. Carbonate grains and isopachous
rims of calcite cement were slightly etched as
syntaxial quartz overgrowths were formed around
quartz detritus. Pore spaces were partially filled
with the overgrowths; some carbonate grains were
partially replaced by the silica. As burial contin-
ued, sparry calcite filled the remaining pores.

2) Deep burial resulted in pressure solution
and distortion of calcite-crystal boundaries.

3) After uplift and deformation, quartz-rich
oolites were exposed to near-surface and surface
dissolution. Vuggy porosity was formed.

4) Sparry dolomite filled vuggy porosity during
reburial.

5) Removal of overburden without concurrent
dissolution resulted in fracture porosity. Non-
fabric-selective fractures cross-cut mineralogies
and textures. Fabric-selective fractures formed
around nuclei, between cortical fibers, between
crystals, and around the outer edges of syntaxial

overgrowths. Fractures were enlarged through dis-
solution.
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PRELIMINARY REPORT ON THE PALEONTOLOGY AND
STRUCTURAL GEOLOGY OF NEWLY DISCOVERED
EXPOSURES OF COLLIER SHALE, BENTON UPLIFT,
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The Collier Shale is the oldest formation known
to crop out in the Ouachita Mountains of Arkansas
and Oklahoma. Prior to 1977, most workers as-
signed a Cambrian age to the Collier, based on its
stratigraphic position below strata which, in part,
contained Early Ordovician graptolites. Diagnostic
Early Ordovician conodonts representative of the
Rossodus manitouensis Zone were reported from
limestones in the upper Collier Shale in the type
area in Montgomery County, Arkansas, and in
McCurtain County, Oklahoma (Repetski and Eth-
ington, 1977).

During recent mapping and biostratigraphic
investigations in northern Garland and western
Saline Counties, Arkansas, several previously un-
recognized areas of Collier Shale were discovered
near Lena Landing on Lake Ouachita (Focht,
1981), near Jessieville (Hart and others, 1986), and
near Buckville on Lake Ouachita and south of
Paron (Stone and Ethington, this paper). These
exposures of Collier are complexly deformed and
occur in two or more thrust plates. The Collier
Shale determinations are strongly supported by
faunal evaluations made by Stitt and Hohensee
(trilobites) and Ethington (conodonts) from
specimens obtained from thin intervals of dark
limestones.

The largest, most studied of the new exposures
is near Jessieville, where ~30 km? of Collier occurs
(Hart and others, 1987). Several thin limestone
beds near the top of the Collier yield conodonts of
the Rossodus manitouensis Zone like those from
the type area. Near the base of the exposed Collier,
trilobites characteristic of the Elvinia and Taeni-
cephalus Zones (Franconian Stage) of the Upper
Cambrian were recovered from clasts and dis-
continuous beds of dark, pyritic limestone at 13
localities (Hohensee and Stitt, 1989). Abundant
species include Aphelotoxon lumaleasa, Cliffia
lataegenae, Comanchia amplooculata, Dellea

suada, Housia vacuna, Irvingella major, Kind-
bladia wichitaensis, Kymagnostus harti, Neoagnos-
tus? dilatus, Pulchricapitus fetosus, and Para-
bolinoides spp. Many of the same species of Upper
Cambrian trilobites have also been recovered
from limestone clasts in the Collier near Lena
Landing. Most of these trilobite species are abun-
dant in Upper Cambrian shallow-water lime-
stones in Missouri, Oklahoma, and Texas.

Most of the trilobites are very small (1-2 mm in
length), disarticulated, unsorted, and unabraded.
Many specimens representing early growth stages
are present alongside adult forms. The fossils ap-
pear to have accumulated near where they were
shed as molts, and the fauna has the high species
diversity and style of preservation characteristic of
shelf trilobites. Some features of the fauna suggest
deposition in a deep-water, outer-shelf setting,
rather than in a shallow-water location. The fossils
are found in lenses and thin beds of black to dark-
gray, pyritic, peloidal to micritic limestone, rather
than the light-colored limestone characteristic of
shallow-water Cambrian shelf carbonates. The
many immature forms present attest to the lack of
sorting in this environment, and suggest deposi-
tion in quiet, perhaps deep water. Agnostid trilo-
bites are very abundant, and Robison (1976)
pointed out that agnostid trilobites were most
abundant in outer-shelf areas that faced open
oceans. The absence of olenid trilobites argues
against a slope environment. We believe that these
Upper Cambrian trilobites lived in a deep-water,
outer-shelf setting.

However, this was not the final resting place for
these fossils. The lower Paleozoic strata of the
Ouachitas are believed by most geologists to have
been deposited in deep water on the continental
slope or in a deep ocean basin. Most of the Collier
consists of gray to black, diagenetically and
sometimes metamorphically altered shale that is
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inferred to have a hemipelagic origin. Several dis-
tinctive types of gravity-flow deposits can be dis-
tinguished in the trilobite-bearing beds in the
Collier, including channel-form debris-flow de-
posits, sheet-form debris-flow deposits, carbonate
turbidity-flow deposits, and grainstone gravity-
flow deposits. The first three types of deposits
contain clasts that were lithified before they were
eroded and transported, but the grainstone grav-
ity-flow deposits represent redeposition of previ-
ously unconsolidated materials.

We believe that the limestone clasts containing
Late Cambrian trilobites from the Elvinia and
Taenicephalus Zones were eroded from their
original depositional site on the outer shelf and
redeposited in deeper water on the adjacent con-
tinental slope or basinal plain as channel and
sheet-form deposits and in carbonate turbidites.
These clast beds are interbedded with trilobite-
bearing, bioclastic limestones that are interpreted
as gravity-flow deposits of previously unconsoli-
dated materials. All of these beds were emplaced
at approximately the same timk, and thus the
deposition of the Collier began in the Late Cam-
brian and, based on the conodont evidence, con-
tinued into the Early Ordovician.

Additional Early Ordovician conodonts from
the Rossodus manitouensis Zone have been re-
covered from previously unrecognized exposures
of the Collier near Buckville and south of Paron. A
few conodonts from the Upper Gambrian (Fran-
conian) Proconodontus tenuiserratus Zone occur
with Elvinia Zone trilobites at one of the Jessieville
trilobite localities.

The eastern Benton uplift is a large structural
culmination with folds and thrust nappes com-
prising mostly pre-middle Mississippian strata.
A complex structural history is indicated by the
rocks exposed in this part of the uplift, with several
phases of deformation overprinting one another.
The two dominant phases are (1) major N-
directed thrust faults and nappes; and (2) later,
S-verging chevron folds and some thrust faults.
This later phase caused refolding of the earlier
structures, and generated low-rank metamor-
phism and quartz veins.

At the Jessieville and Lena Landing localities,
the Collier Shale occurs mostly along the crest of a
broadly arched, doubly plunging, thrust-faulted
anticlinorium that trends NE and verges SE (Hart
and others, 1987). It appears that these Collier
outcrops were originally part of a large, N-directed
thrust, and that the anticlinorium is mostly a later,
superposed feature. At the Paron locality, the Col-
lier Shale represents a small part of the overriding
strata of the Alum Fork thrust-fault system. The
Alum Fork thrust is one of a series of very large, N-
directed thrust faults that have telescoped deeper
basinal sequences many miles compared to the
strata that occur immediately to the west. The

227

Collier Shale at the Paron locality represents
more-distal basinal deposits than those exposed at
Jessieville, Lena Landing, or Buckville.

Several important interpretations are based on
the present studies: (1) the Collier Shale accumu-
lated in a deep-water marine environment, and
contains some limestones deposited as sediment
gravity flows from the nearby outer shelf; (2) the
diverse fauna of Elvinia Zone trilobites recovered
from the Collier can be correlated with the middle
and upper parts of the Elvinia Zone in Oklahoma,
Texas, Missouri, and elsewhere in North America;
(3) the occurrence in the Collier Shale of Late
Cambrian trilobites of North American affinities
establishes that the Benton uplift of the eastern
Ouachita Mountains of Arkansas is not an exotic
terrane; (4) paleontologic evidence indicates that
deposition of the Collier was slow, and that it be-
gan in the Late Cambrian and continued into
the Early Ordovician; (5) mostly via northward
thrusting and intense compression, a series of
complexly deformed allochthonous plates, some
containing Collier Shale, were thrust northward
out of the basin flanking the North American
continent and stacked one on another in the
eastern Benton uplift; (6) the shelf edge that ex-
isted during deposition of the Collier Shale now
outcropping near Jessieville was probably origi-
nally located some tens of miles south along the
southern flank of the Benton uplift; (7) additional
exposures of Collier Shale await discovery in the
eastern Benton uplift.
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