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lowed by erosion, during which some rock was re-
moved. Erosion on the broad, gentle folds formed
during uplift thinned units across structural highs
and produced the variable and unpredictable
thicknesses of the formations. There is no indica-
tion that significant topography was developed on
these erosional surfaces in northern Arkansas.
Uplift was consistently greater to the west, as indi-
cated by the thinning and disappearance of units
in that direction. Subsequent transgression
brought offshore facies over near-shore ones,
producing the deepening-upward succession of
units separated by sharp, smooth contacts ob-
served in outcrop.
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CONODONT BIOSTRATIGRAPHY OF LOWER ORDOVICIAN ROCKS,
ARBUCKLE GROUP, SOUTHERN OKLAHOMA

R. 1. Dresbach and R. L. Ethington

University of Missouri-Columbia

INTRODUCTION

The Arbuckle Group of southern Oklahoma
displays the only complete exposure of the shal-
low-water carbonate rocks that characterize the
Lower Ordovician of interior North America. Tri-
lobites have been described from the lower
formations of this Ordovician sequence (Stitt,
1971,1977,1983), and sporadic occurrences of
other fossil invertebrates are known, but much of
the section is sparingly fossiliferous. As a conse-
quence, these magnificent exposures have not
contributed notably to continuing efforts toward
development of a comprehensive biostratigraphic
scheme for the Lower Ordovician of North
America.

In a project supported by a grant from the Na-
tional Science Foundation, we collected samples
at stratigraphic intervals averaging 25 ft apart
through the Arbuckle from the upper part of the
Signal Mountain Formation to the highest ex-
posed units of the West Spring Creek Formation
along Interstate Highway 35 and in adjacent ranch
fields on the south flank of the Arbuckle Anticline
near Ardmore, Oklahoma. Approximately 95% of
these samples were productive of conodonts in
abundances ranging from a few tens to >1,000 el-
ements per kilogram.

Preservation of the specimens is good to ex-
cellent; CAI values of slightly over 1 show that
these fossils have been exposed to paleotempera-
tures <100°C. The stratigraphic ranges of these
conodonts show that the Arbuckle can be divided
into a succession of biostratigraphic intervals;
work in progress on the equivalent section in the
Wichita Mountains in southwest Oklahoma indi-
cates that the same succession of conodonts is
represented there, and supports the conclusion
that this sequence of faunas can be used to corre-
late the Arbuckle rocks of the subsurface. In addi-
tion, this biostratigraphic continuum, based on
collections from an uninterrupted section, offers a
standard for analysis of the numerous geographi-
cally localized and stratigraphically limited out-
crops of Lower Ordovician strata in the Ozark
Mountains and Upper Mississippi Valley.

SIGNAL MOUNTAIN, BUTTERLY, AND
MCKENZIE HILL FORMATIONS

A low-diversity association of conodonts is
present in the upper Signal Mountain and through
the Butterly. The lineage of species of Cordylodus
Pander is a dominant component of all of the
productive samples in this interval. Depending on
which species is selected by international agree-
ment for definition of the base of the Ordovician
System, the Cambrian/Ordovician boundary will
be placed at the base of the range of C. proavusin
the upper Signal Mountain, or within the range of
C. intermedius high in the Butterly. The cono-
donts from the Butterly provide biostratigraphic
control for a unit that previously had produced
only a few invertebrate fossils. The conodont
population diversified during the time of deposi-
tion of the McKenzie Hill Formation, which
documents the first major evolutionary radiation
of these organisms. The distinctive assemblage of
conodonts that is present in all but lowest
McKenzie Hill has been reported widely from
North America and has been interpreted as rep-
resenting a unique zonal interval in the bio-
stratigraphy of the Lower Ordovician of this con-
tinent (Rossodus manitouensis Zone; Landing and
others, 1986).

COOL CREEK FORMATION

The Cool Creek Formation is the least-fossilif-
erous of the Ordovician formations within the
Arbuckle Group. Other than the brachiopod
Diaphelasma oklahomense Ulrich and Cooper and
the lithistid sponge Archaeoscyphia, the fossils
recorded from this unit are stromatolites of lim-
ited stratigraphic value.

The boundary between the Cool Creek and
McKenzie Hill Formations is marked by an abrupt
change in the conodont faunas. The diverse as-
semblage of the McKenzie Hill is replaced by a
low-diversity fauna dominated by species of
Oneotodus Lindstrom. This marked boundary in
the conodont succession has been recognized at
many localities across the North American craton;
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it offers a unique event in the development of
Early Ordovician conodont faunas that can be
used for accurate correlations over long distances.

The occurrence of Macerodus dianae Féhraeus
and Nowlan in the Cool Creek is of significance for
intercontinental correlation of Ordovician strata.
This species occurs in Newfoundland in associa-
tion with the graptolite Tetragraptus approxi-
matus, a species that has been used to correlate
rocks in North America with the lower part of the
Arenigian Series of the classic British Ordovician
succession. Thus, the presence within the Cool
Creek of M. dianae probably indicates Tremado-
cian/Arenigian boundary beds at this stratigraphic
level in the southern Midcontinent.

Four species—alff. Drepanoistodus inaequalis
sensuvan Wamel, Eucharodus parallelus (Branson
and Mehl), Glyptoconus quadraplicatus (Branson
and Mehl), and Ulrichodina abnormalis (Branson
and Mehl)—appear near the top of the Cool Creek
and range through the overlying Arbuckle strata to
near the base of the Middle Ordovician. These
species are present in and are commonly the
dominant components of the conodont faunas
of medial and upper Lower Ordovician strata
throughout North America.

KINDBLADE FORMATION

The Kindblade Formation contains a more di-
verse association of conodonts than the under-
lying Cool Creek. Many species are long-ranging,
some with their lowest occurrence in the Cool
Creek below, and do not offer biostratigraphic
resolution. Additional species appear through the
Kindblade section, and some of these have ranges
that allow them to be used to identify parts of the
formation. The lowest occurrence of the albid,
heavy-ribbed Oneotodus costatusis 100 ft above
the base of the formation; the bottom of its range
indicates a position low in the Kindblade. Acodus
deltatus is abundant through the middle third of
the Kindblade, and is joined in the upper half of its
range by Protoprioniodus russoi. These species are
supplanted up-section by a fauna that includes
Oneotodus carlae, Baltoniodus oepiki, a species of
Protopanderodus, and Protoprioniodus simplis-
simus. The presence of Diaphorodus delicatus,
Oepikodus communis, and Protoprioniodus
papiliosus in the top 60 ft of the Kindblade pro-
vides criteria for relating this part of the Arbuckle
to equivalent strata across North America. These
species, which are characteristic of the O. com-
munis Zone, are the dominant elements in many

R.I. Dresbach and R. L. Ethington

of the samples collected in the overlying West
Spring Creek Formation.

WEST SPRING CREEK FORMATION

Almost half of the taxa from the West Spring
Creek range through all but the upper 100 ft of the
formation. Many of these species are present in
the Kindblade, and several range down to the up-
per Cool Creek. Nevertheless, a variety of species
appear at successive levels within the West Spring
Creek and allow correlations with other sections
via the bases of their ranges. A marked change in
the faunas occurs near the top of the exposures of
the West Spring Creek along I-35 (the upper 45 ft
of the formation are not available there). Almost
all of the long-ranging species disappear at this
level, and a new conodont population is intro-
duced. These new taxa include hyaline forms that
dominate lower Middle Ordovician faunas of the
lower part of the Simpson Group. Their presence
in the upper West Spring Creek reaffirms the ear-
lier interpretation of Derby (1969) that the Lower
Ordovician/Middle Ordovician boundary is ~100
ft beneath the top of the Arbuckle Group in the
Arbuckle Mountains. Most of the samples taken in
the Middle Ordovician part of the Abuckle contain
specimens that show significant abrasion, indi-
cating quite turbulent water and probably very
shallow conditions at the time of deposition.
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REGIONAL ENVIRONMENTS OF DEPOSITION DURING
CAMBRIAN AND ORDOVICIAN TIME IN WESTERN ARKANSAS

Ernest E. Glick
U.S. Geological Survey, Denver

Charles G. Stone
Arkansas Geological Commission

James R. Howe
Consultant Geologist, Boulder

ABSTRACT.—During Late Cambrian through Ordovician time, the Ozark shelf of northwestern
Arkansaswas a subsiding, shallow-water carbonate platform bordered on the east by the graben
of a major rift and on the south by the deep-water, craton-edge, proto-Ouachita basin.

Ona much larger scale, Middle Cambrian open seas began advancing from both the east and
west onto the stable North American craton—at about the same time that the sea of the proto-
Ouachita basin began to advance northward along the subsiding floor of the Mississippi Valley
graben of eastern Arkansas, where thick lenses of arkose (mostly red) had been accumulating.
The eastern open sea and Ouachita restricted sea entered the graben from opposite directions
and, as a unit, continued transgressing westward across the Midcontinent. After that trans-
gression, deposition in the graben probably was nearly continuous through Ordovician time,
whereas deposition on the shelf of northwestern Arkansas was cyclic during the Late Cambrian
and Early Ordovician (minor transgressions/regressions). During the Middle and Late Ordovi-
cian, major regressions periodically interrupted deposition in the shelf area, allowing up-slope
truncation. Intermittently, fine- to medium-grained (locally coarse-grained) rounded-and-
frosted quartz sand from the north spread across the shelf to form sandstone units that divide the
predominantly carbonate sequence (locally cherty as a result of diagenetic changes, and locally
shaly) into regional stratigraphic units.

To the south in the Ouachita region, neither the earliest Cambrian deposits nor the under-
lying crust have been reached by drilling. Speculations concerning their character stem from
geophysical data and conceptual models. However, Late Cambrian and Ordovician sediments
deposited in this protobasin are now exposed in the allochthonous assemblage that makes up
the core of the Ouachita Mountains. These (and older Ouachita strata insinuated by concept)
accumulated along the passive southern edge of the North American craton, probably in a
Cambrian rift zone that was flanked on the outboard side by an orogenic landmass. In spite of
the lack of any known beds older than mid-Late Cambrian, sediments of the “Ouachita facies”
must have begun to accumulate as soon as rifting started, probably at least by the beginning of
Cambrian time.

The known rock types from the Ouachita protobasin, in decreasing order of abundance, are
shale, siltstone, sandstone, chert, limestone, and conglomerate (locally containing metamorphic
and igneous clasts). This sequence is made up of both (1) deep-water clastics from multiple
external sources, and (2) indigenous pelagic or mostly indigenous hemipelagic deposits. Thick
units—mainly medium- to coarse-grained sandstone, but including some olistostromal intervals
in the Early Ordovician Crystal Mountain Sandstone and the Middle Ordovician Blakely Sand-
stone—were derived from the shelf and submarine scarps to the north. Detritus that makes up
the siltstone of the Lower Ordovician Mazarn Shale and wacke of the Middle Ordovician upper
Womble Shale likely was derived from sources to the east and south. Masses of metagabbro
(Precambrian) and serpentinite (of unknown age) occur at three sites in the upper Womble,
offering a glimpse of the earlier history of this region.
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SUBSURFACE STRUCTURE MAP OF THE ARBUCKLE GROUP,
SOUTH-CENTRAL OKLAHOMA

Mitchell E. Henry
U.S. Geological Survey, Denver

The future role of the Cambrian-Ordovician
Arbuckle Group is one of the most important
questions in the development of hydrocarbon re-
sources in Oklahoma. The Arbuckle attains a
thickness of >7,000 ft in southern Oklahoma where
it occurs in outcrop and at depths of 20,000 ft or
more in the subsurface. Ithas been penetrated in
atleast 1,900 wells in the area; however, the aver-
age depth drilled into the Arbuckle is <380 ft. The
recent discovery of significant hydrocarbons at the
Cottonwood Creek field has renewed interest in
the Arbuckle. A structure contour map of the
Arbuckle Group was created for Bryan, Caddo,
Carter, Commanche, Cotton, Garvin, Grady, Jef-
ferson, Johnston, Love, Marshall, Murray, and
Stephens Counties (Fig. 1).

The database used for the map was created
from the commercially available Petroleum In-
formation Well History Control System?. This in-
formation was analyzed to determine the loca-

_ tions of probable faults: the data were then con-

toured, manually and by computer, to create Fig-
ure 1. The program, Interactive Surface Modeling
by Dynamic Graphics Inc.! was used for com-
puter processing of these data.

The map shows a strong W-NW trend of relief
on the Arbuckle surface. Well-data used for this
map, though not uniformly distributed, are dense
and deep enough to yield a fairly detailed inter-
pretation of the upper surface of the Arbuckle in
this area. Formal publication of this map at a scale
of 1:500,000 is planned through the Oklahoma
Geological Survey.
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Subsurface Structure Map of the Arbuckle Group

"dnoin spjonqiy ayi jo doy sy} jo dew Jnojuod ainonAg | ainbi

096

eaje dep

YNOHVYTXO

aden jpney Jo uoneso seunxorddy —
(PSUIeIqo 10U UM BIED ISYM SIUNOI
UeAlg pUe ‘U0ISUYO[ ‘QUdURUo) ‘Apein
‘oppe)) Jo sued ur panIwo SIUI[ INOIUOD)
193] (Q0°T [BAIAIUT ‘SUI] INOJUOD AMINIG ——
$S61 ‘TSN w0y
*doIoino dnoin) spjonqly Jo eary

NOLLVNVI1dXH




Oklahoma Geological Survey Circular 92, 1991

NONFUEL MINERAL RESOURCES IN LATE CAMBRIAN
AND ORDOVICIAN ROCKS OF OKLAHOMA

Kenneth S. Johnson
Oklahoma Geological Survey

ABSTRACT.—Principal nonfuel mineral resources in Late Cambrian and Ordovician rocks of
Oklahoma include limestone, dolomite, silica sand, and rock asphalt. Other resources include
shale, hematite, limonite, manganese, zinc, lead, chert, and quartz veins. The largest area of
outcrops of these mineral deposits is in the Arbuckle Mountains, although important outcrops
are present in the Wichita and Ouachita Mountains and the Criner Hills, and small exposures are
scattered in the Ozark uplift.

Enormous reserves of limestone, mainly in the Arbuckle and Viola Groups, are quarried in the
Arbuckle and Wichita Mountains for aggregate (crushed stone). Quarries producing millions of
tons of stone each year are the main source of aggregate for the Oklahoma City metropolitan
area, as well as the southern and western parts of the State. Abundant reserves of high-purity
dolomite are present in the Royer and Butterly Dolomites of the Arbuckle Group; they are mined
at three localities in the Arbuckle Mountains for fluxing stone, glass manufacture, refractories,
animal feeds, and conventional aggregate uses.

Large reserves of high-purity silica sand in the Simpson Group are mined hydraulically at
three places in the Arbuckle Mountains. Crude sand consisting of 98% silica is upgraded to 99.8%
silica, and the product is marketed for glass-making, foundry sands, ceramics, and the manu-
facture of sodium silicate. Additional small resources are present in the Ozarks region. Out-
cropping Simpson sandstones and Viola limestones locally are impregnated with petroleum and
constitute large reserves of natural rock asphalt. Deposits of rock asphalt in the Arbuckle
Mountains supported a major part of the local road-surfacing activities from 1891 to 1960, but all
natural rock-asphalt quarries are now inactive.

Cement is manufactured from Sylvan Shale and the Viola and basal Hunton (Keel oolite)
limestones south of Ada in the Arbuckle Mountains. In the Wichita Mountains, small deposits of
low-grade hematite in the Reagan Formation have been used as a paint pigment, whereas in the
Arbuckle Mountains a number of small deposits of limonite (derived by intense weathering of
iron-bearing parts of the Arbuckle Group) have been mined as a source of high-grade iron ore.
Arbuckle strata in the Arbuckle Mountains host small deposits of manganese oxide, as well as
low-grade vein deposits of zinc and lead. Chert and veins and crystals of colorless and milky
quartz are present at scattered locations in Cambrian and Ordovician strata of the Ouachita
Mountains, but these have not been developed commercially.

A more thorough discussion of Oklahoma’s nonfuel mineral resources is given by Johnson
elsewhere in this volume.
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CONODONT BIOSTRATIGRAPHY OF LOWER AND MIDDLE
ORDOVICIAN ROCKS IN THE BENTON UPLIFT,
WEST-CENTRAL ARKANSAS

Diane Krueger and R. L. Ethington

University of Missouri-Columbia

INTRODUCTION

The Lower and Middle Ordovician rocks of the
core of the Ouachita Mountains in west-central
Arkansas comprise a thick succession of three
black, graptolitic shale units that alternate with
two intervals of sandstone; the upper shale unit is
overlain by a succession that consists primarily of
cherts. These units were defined as the Collier
Shale, Crystal Mountain Sandstone, Mazarn Shale,
Blakely Sandstone, Womble Shale, and Bigfork
Chert (in ascending order) early in this century
through the work of Purdue, Miser, and Ulrich.
This sequence is a classic example of graptolite
facies, and the accepted ages of these units for the
past 75 years have been based on interpretation of
occurrences of graptolites in them. Occasional
reports of other fossils in these rocks have not
contributed significantly to biostratigraphic eval-
uation of the Ouachita sequence.

All of the units in the Benton uplift contain
limestones, samples of which have been proc-
essed for recovery of conodonts. Thin, micritic
ribbon limestones typically are only a few inches
thick and are transitional lithologically with the
enclosing shales. Such limestones usually give
voluminous silty residues when digested in acetic
acid and yield no more than a few tens of cono-
dont elements per kilogram of rock; preservation
of the specimens is moderate to poor. Most of the
conodonts recovered from the Collier and the
Mazarn were found in limestones of this type.
Grainstones up to 1 ft thick are present in the
Womble, in addition to ribbon limestones like
those in the older units. The grainstones produce
acid residues that contain an abundance of highly
spherical, vitreous quartz grains that commonly
show frosted surfaces as a result of quartz over-
growths. Recovery of hundreds of conodont ele-
ments per kilogram of rock from these grainstones
is common,; preservation of the specimens ranges
from moderate to excellent. In addition to cono-
donts, silicified invertebrates (trilobites, ostra-
codes, bryozoans) have been found in residues
from the Collier and Womble. In all cases, the co-

nodonts are dark gray to opaque black, indicating
exposure to paleotemperatures up to as high as
300°C.

Large collections of conodonts have been as-
sembled from the Womble in exposures east and
south of Lake Ouachita, and somewhat smaller
numbers have been obtained from the Collier and
Mazamn. In addition, these fossils have been found
in limestone interbeds and in clasts in debris flow
deposits in the Crystal Mountain and Blakely
sandstones. Study of the Bigfork Chert is less ad-
vanced, but collections to date show that lime-
stones near the base of that formation contain
well-preserved conodonts in moderate abun-
dance. The Ouachita conodonts include species
that have been used to establish a succession of
biostratigraphic zones in thick, continuous se-
quences of Ordovician rocks elsewhere in North
America. It is possible to place samples collected
from geographically isolated and stratigraphically
limited outcrops in the Benton uplift in proper
stratigraphic order by referring the conodonts re-
covered from them to this external standard,
thereby achieving a greater degree of biostrati-
graphic resolution than previously has been pos-
sible. Conodonts, where available, will greatly as-
sist in regional geologic analyses of the structurally
complicated Ouachita region.

COLLIER SHALE

The conodonts from the Collier reported by
Repetski and Ethington (1977), as well as most of
those recovered subsequently, are forms typical of
the Rossodus manitouensis Zone. This assem-
blage of species is widely distributed across North
America and has been found in the Lower Ordo-
vician of the Siberian platform, but is not known
from western Europe. Its presence in the Collier
demonstrates that the upper part of that forma-
tion is correlative with the McKenzie Hill Forma-
tion in Oklahoma and with the Gasconade
Formation in Missouri. The Collier locally exposes
strata as old as those of the Upper Cambrian
Elvinia Zone (Hart and others, 1987); proto-
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conodonts characteristic of the Upper Cambrian
have been found in these outcrops. Collier cono-
donts are sparse in the productive samples; pres-
ervation commonly is moderate to poor, and size
is very small.

MAZARN SHALE

Atleast half of the samples collected from the
Mazarn have been barren of conodonts. Many of
the productive samples have yielded only a few
elements per kilograin of dissolved rock, but these
few specimens are sufficiently distinctive to dem-
onstrate that they came from the Mazarn. Fortu-
nately, some samples have provided abundant,
moderately diverse, and reasonably well-pre-
served collections. These collections contain rep-
resentatives of the warm-water species that have
been attributed to the North American Midconti-
nent Province, as well as others that are charac-
teristic of the cold-water North Atlantic Province.
Some samples are dominated by one of these as-
semblages to the near exclusion of the other, but
other samples contain representatives of the two
faunas in about equal numbers. We conclude that
the cold-water conodonts represent an indige-
nous population that inhabited the deep waters in
which the Quachita facies were deposited, and
that the warm-water forms were carried into the
basin in slurries of lime mud derived from a shal-
low shelf where those species lived. Two conodont
zones have been recognized in the Mazarn, an
older one characterized by Acodus deltatus
Lindstrom, and a younger one with Oepikodus
evae Lindstrom. The O. evae Zone is present in
highest Lower Ordovician elsewhere in North
America, so that the top of the Mazarn may be as
young as early Whiterockian. Additional collec-
tions are being assembled in an effort to establish
the stratigraphic level of the lower and upper
boundaries of the Mazam.

BLAKELY SANDSTONE

Conodonts have been found in limestone beds
and in clasts in debris flow deposits in outcrops of
Blakely west of Crystal Springs, Arkansas, and
along the eastern shores of Lake Ouachita. These
outcrops are interpreted to represent the middle
to upper part of the formation. The conodonts
include species such as Histiodella holodentata
Ethington and Clark and “Cordylodus” horridus
Barnes and Poplawski, forms that elsewhere in
North America are characteristic of the middle
Whiterockian Fauna 4 of Ethington and Clark
(1971). The Blakely thus seems to represent the
pre-Chazyan part of the Whiterockian Series; it has
equivalents in the Joins and Oil Creek Formations
(lower Simpson Group) of southern Oklahoma.

D. Krueger and R. L. Ethington

WOMBLE SHALE

Conodonts are more abundant and diverse in
the Womble than in the older units of the
Ouachita facies; over three-fourths of the proc-
essed samples have been productive, and the
specimens are more robust and better preserved
than their older counterparts from the Benton
uplift. Three distinct associations have been
identified. The oldest of these is an assemblage of
species that Bergstrom (1971 and subsequently)
has considered to be characteristic of the Pygodus
serra Zone. This zone has been subdivided into
subzones based on the ranges of species of Eo-
placognathus, some of which have been found in
our studies. They offer the possibility of eventually
applying a high-resolution biostratigraphy to the
interpretation of outcrops of the lower Womble.
This zone is present in the road cuts near Walnut
Creek west of Crystal Springs, and has been rec-
ognized along the shore in the eastern part of Lake
Ouachita and near Jessieville. Outcrops of the
Womble that yield this association of conodonts
can be correlated with the McLish-Tulip Creek
interval in Oklahoma and with lower Chazyan
rocks elsewhere in North America.

The Zone of Pygodus anserinus is present in the
massive limestone ledges of the quarry at Moun-
tain Pine, Arkansas, but has not been found as
widely distributed as that of P. serra. This part of
the Womble is of late Chazyan age; the nearest
correlative unit is the lower part of the Mountain
Lake member of the Bromide Formation in Okla-
homa.

Upper Womble contains an assemblage with
typical species of the Midcontinent Province in-
cluding Phragmodus undatus, Plectodina spp.,
Ansella robusta, Dapsilodus nevadensis, and
Curtognathus sp. Also present in this interval are
North Atlantic forms such as Prioniodus gerdae,
Periodon aculeatus, and species of Eoplaco-
gnathus and Amorphognathus. The latter genera
have been used by Bergstrém for a high resolution
biostratigraphy in the southern Appalachians, and
allow correlations of Ouachita formations with
other stratigraphic units in the Appalachian-
Ouachita orogen. Unfortunately the large platform
elements commonly have suffered severely during
the deformation of the Ouachita rocks so that re-
covery of complete, easily identified material re-
quires processing large samples. The youngest
conodont zone so far recognized in the Womble is
that of Prioniodus gerdae which has been found
along the Caddo River west of Norman, Arkansas.
Collections that may indicate even younger
Womble have been made west of Caddo Gap and
near Crystal Springs. Each of these collections was
made in outcrops believed to be close to the
boundary with the overlying Bigfork Chert. Efforts
are underway to recover conodonts by hydro-
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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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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
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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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