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DEDICATION

This publication is dedicated to Dr. Thomas W. Amsden in recognition of his
many years of service to the Oklahoma Geological Survey, and especially for
his devoted study of the Late Ordovician-Devonian Hunton Group in Okla-
homa. He joined the Oklahoma Geological Survey in 1955, and worked almost
exclusively on the Hunton Group until his retirement in 1985. Tom has long
been recognized as a leading authority on Silurian-Devonian brachiopods, and
on all aspects of geology of the Hunton Group. His detailed study of the bio-
stratigraphy of the Hunton, based on outcrop and subsurface work, has estab-
lished a wealth of data and understanding upon which other workers are now
building. All the contributors to this volume have benefited greatly from Tom's
work, as attested by their numerous references to l-Asearlier publications. Anct
so it is with profound thanks and appreciation for his highly professional work
on the Hunton that his many colleagues and I dedicate this volume.

KenT_ethS. Johnson
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PREFACE

The Late Ordovician-Silurian-Devonian Hunton Group is a moderately thick
sequence of shallow-marine carbonates deposited on the south edge of the North
American craton. This rock unit is a major target for petroleum exploration and res-
ervoir development in the southern Midcontinent. The workshop is being held to
display cores, outcrop samples, and other reservoir-characterization studies of the
Hunton Group and equivalent strata throughout the region.

The field trip is organized to complement the workshop by allowing examina-
tion of excellent outcrops of the Hunton Group in the Arbuckle Molmtains.

The core workshop and the field trip cover such topics as: petroleum-reservoir
characterization; deposition, diagenesis, facies, sequence stratigraphy, paleokarst,
and petroleum production; and interpretation of Hunton Group geology based on
petrologic, petrographic, and innovative subsurface studies. To facilitate the ex-
change of information on these important topics, the Oklahoma Geological Survey
(OGS) and the BartlesviUe Project Office of the U.S. Department of Energy (BPO-
DOE) are co-sponsoring this workshop and field trip. The ultimate goal of this pro-
gram is to increase activity in the search for, and the production of, our oil and gas
resources.

Special thanks are expressed to the workshop presenters and field-trip leaders
who contributed to this volume. Each of them was successful in synthesizing years
of work and many data into the report. Stratigraphic nomenclature and age deter-
minafions used by the various authors in this volume do not necessarily agree with
those of the OGS.

Persons involved in the organization and planning of this workshop include:
Kenneth Johnson and Charles Mankin of the OGS; Tom Wesson, Michael Ray,
and Edith Allison of BPO-DOE. Other OGS personnel who contributed include:
MicheUe Summers and Tammie Creel, Registration Co-Chairs; and Connie Smith,
Publicity Chair. Field-trip planning was done by Zuhair AI-Shaieb (Oklahoma State
University), Richard D. Fritz (MASERA Corp.), and James E. Barrick (Texas Tech
University).

Kenneth S. Johnson
General Chairman
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Overview of Hunton Facies and Reservoirs
in the Anadarko Basin

Zuhair AI-Shaieb,
Geoff Beardall _,Pat Medlock 2, Kathy Lippert 3,

Felicia Matthews 4, and Frederica Manni s
Oklahoma State University

Stillwater, Oklahoma

ABSTRACT._The Late Ordovician-Devonian-age Hunton Group was deposited in an epicontinental sea dur-
ing a period of relatively slow subsidence. The Hunton Group consists of a series of shallow-water carbonates
that are separated by disconformities in much of the region. The general stratigraphic divisions are the Chim-
neyhill Subgroup (Keel, Cochrane, and Clarita Formations), Henryhouse Formation, Haragan Formation, Bois
d'Arc Formation, and Frisco Formation. The Henryhouse will be used to illustrate facies and reservoir charac-
teristics that are generally analogous to all pre-Frisco Hunton units. The Frisco is genetically different from earlier
Hunton rocks since it was deposited mainly as bryozoan/crinoid carbonate biohermal rocks on a post-epeirogenic
unconformity surface.

The Upper Siludan Henryhouse Formation is a major oil and gas reservoir in the Anadarko basin, ,and a de-
tailed examination of Henryhouse cores was conducted. Sedimentary structures, lithology, fossil content, and
fabric relationships were used as criteria to recognize various depositional facies bands that parallel the paleo-
shoreline. Supratidal (I), intertidal (lI), and subtidal (III) facies can be readily distinguished, and their spatial rela-
tionships consistently indicate shallowing upward sequences. Anhydrite occurs at the top of the sequence, sug-
gesting that hypersaline conditions developed in supratidal environments.

Three stages of dolomitization are documented in the Henryhouse Formation. Petrographic, cathodolumines-
cent, and isotopic techniques were used to investigate the genesis and textural relationships of the various dolo-
mite types. The following paragenetic sequence is discerned: (1) penecontemporaneous hypersaline dolomite
occurring as brownish, hypidiotopic, 60-80/2m rhombs concentrated in the supratidal and intertidal facies; (2)
marine and freshwater mixed dolomite occurring as white rims around pre-existing hypersaline dolomite and
as anhedral white rhombs in vugs and molds; and (3) deep-burial vug, mold, and fracture-filling baroque dolo-
mite.

The four types of porosity that developed are moldic, vuggy, intercrystalline, and fracture. Moldic and inter-
crystalline porosity are fabric selective, whereas vuggy and fracture porosity are nonfabric selective. Moldic and
vuggy porosity are secondary, whereas intercrystalline can be either primary porosity preserved by dolomiti-
zation or late secondary dissolution porosity. Volumetrically, moldic porosity is the most important. Fracture
porosity increases permeability in local areas, but is not an important widespread phenomenon. Dissolution is
an important modifier of existing rock fabric and can greatly enhance moldic, intercrystalline, and fracture
porosity. Since porosity is related directly to the depositional environment, it was best developed in shallow sub-
tidal to upper intertidal facies. The characteristic features of these facies that caused them to preferentially
develop porosity are burrowing and abundant pelmatozoan fossils.

Burrowing enhanced the porosity and permeability of the sediment, allowing dolomitizing fluids to more ef-
fectively operate, which preserved the enhanced porosity and permeability. Subsequent dissolving fluids then
were able to attack the nondolomitized fossils, creating moldic porosity. The supratidal facies (I) is often exten-
sively dolomitized, but failed to develop significant porosity without burrowing and fossils. Subtidal Henry-
house carbonate (facies III) was never highly dolomitized, due to both relative impermeability (never highly bur-
rowed) and increased distance from the source of dolomitizing fluids. Moldic porosity is rare in the subtidal
facies as fossils were never dissolved.

Porosity w 3s also enhanced by karstic processes during epeirogenic uplifts. However, unconformity surfaces
were not requ.red for porosity development.

1Present address: D. L. Smith and Associates, Jacksonville Beach, Florida.
2present address: MASERA Corp., Tulsa, Oklahoma.
3Present address: Southwestern Energy Production Co., Oklahoma City, Oklahoma.
4present address: Independent Geologist, Oslo, Norway.
SPresent address: Core Laboratories, Houston, Texas.

AI-Shaieb, Zuhair; Beardall, Geoff; Medlock, Pat; Lippert, Kathy; Matthews, Felicia; and Manni, Frederica, 1993, Overview of
Hunton facies and reservoirs in the Anadarko basin, in Johnson, K. S. (ed.), Hunton Group core workshop and field trip: Okla-
homa Geological Survey Special Publication 93-4, p. 3-39.
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4 • _ "qD.• b. • _- Zuhair AI-Shaieb and others

INTRODUCTION MISSISSIPPIAN - WOODFORD SHALE

The Hunton Group was named by J.A. Taft (1902)in his UPPER DEVONIAN '...'.'.: MISENER

work on the geology of the Atoka Quadrangle. In 1910,C. - [[ 111ll7ll 1717l I_A. Reeds defended his doctoral dissertation, "The Stratig- z MIDDLE DEVONIAN
raphy of the Hunton Formation." In this stratigraphic and _ SAWKILLIAN SALLIRAW FORMATION

paleontological study, Reeds proposed a fourfold arrange- >
lid

ment of the rock units and assigned them formation rank. _= DEERPARKIAN FRISCOFORMATION

Thesewere,a.ced ngorder,theCh m eyh.lUme- o .... !
stone, Henryhouse Shale, Haragan Shale, and Buts d'Arc HELDERBERGIAN,,_ __ _ ..... HARAG_AN FM..!Limestone.

PRIDOLIAN - O -HEIq--_O_flON- _1 -
Further stratigraphic and paleontologic work was done ca z

m LUDLOVIAN _
by Amsden (1957) and Shannon (1962). Shannon stated z a.

:_ WENLOCKIAN D CLARITA - ST. CLAIR FMS.that the Hunton Group was "an essentially conformable _. - PRICESFALLSMEMBER
succession of strata that represents a sequence, or body = _: - "- ---:..... _ - - ---- ----_-_
of rock bounded by time-transgressive interregional un- _ ua_r LLANDOVERIANc 1" COCHRANE - BLACKGUM FMS.

conformities." Subsurface investigations made by Shan- o 7/17{7Z7777/[[[77777A,B
non indicate that the physical relationships of formations
within the Hunton Group illustrate continuous sedimenta- HIRNANTIAN KEELFORMATION

L ,,,,

tion within the unit from Middle Silurian through Early _ _ RICHMONDIAN SYLVAN SHALE........ :lL_ I,, ,,,,,I, I ql, ,

Devonian.Shannon'ssubsurfacework strengthenedReeds' _ _ WELLINGFM.
four-unit stratigraphic divisions and provided recognition _ :_ VIOLA I VIOLA
of the units on wire-line logs (Menke, 1986). rr_ MAYSVILLIAN GROUP ISPRiNGS _/

Amsden extensively discussed the existence of uncon- " FM;,..,I
formities in the Hunton (Amsden, 1960, and subsequent
publications) and established the stratigraphic and paleon-
tological framework that is recognized today (Fig. 1). Figure 1. Stratigraphio nomenclature of the Hunton Group in

The Hunton Group overlies the Sylvan Shale. The basal Oklahoma. Shaded boxes indicate formationsthat contain
Chimneyhill Subgroup is a medium- to coarse-crystalline moderateto large amountsoffine silt-and clay-sizedterrig-
limestone that may be further subdivided into three for- enous detritus (Amsden, 1989).
mations: the Keel, Cochrane, and Clarita Formations. The
Henryhouse Formation unconformably overlies the Chim-
neyhill, and is separated from the overlying Haragan For- and Dewey (1973), and Hoffman and others (1974). During
mation by lithologic and paleontological differences (Ares- Precambrian and Early and Middle Cambrian time, in-trusive and extrusive igneous rocks were emplaced in the
den, 1957,1960,i975,1980). The Buts d'Arc Formation over- failed rift. These rocks consist of Cambrian-age granites,
lies the Haragan and commonly is separated from the Har- rhyolites, gabbros, anorthosites, and basalts that intruded
agan by the cherty beds in its base. The uppermost unit in and covered Precambrian granitic rocks. From Late Cam-
the Hunton Group is the Frisco Formation. The Frisco was brian through the Ordovician, carbonates dominated dep-
deposited on the unconformable surface that developed as osition in the aulacogen. Subsidence was relatively rapid
a result of Early Devonian epeirogenies (AmsdelL, 1975).

Investigations conducted by Beardall (1983), Medlock and a thick sequence (>6,000 ft along the depocenter) ofshallow-water carbonates accumulated (Johnson, 1989).
(1984), Manni (1985), and Menke (1986) addressed specific The depositional cycles recorded by these rocks reflect sea-
Hunton stratigraphic units and established depositionai
models for the reservoir facies. Morgan (1985) showed the level fluctuntions in a broad epicontinental sea.Middle Ordovician through earliest Mississippian (Kin-
importance of oolitic facies and certain aspects of reservoir derhookian) sediments consist of shallow-marine carbon-
development. Matthews (1992) illustrated the importance
of karstic processes on Hunton reservoir evolution. Other ates that are interbedded with sandstones and shales; they
important studies that addrLssed various aspects of Hun- are moderately thick in the southern Oklahoma aulacogen(Fig. 2). The Ordovician-age Simpson Group sandstones and
ton geology include Morgan (1922), Ballard (1930), Posey carbonates are overlain successively by the Viola Group
(1932), Decker (1935), Maxwell (1936), Anderson (1939), limestones and the Sylvan Shale.
Swesnik (1948), Tarr (1955), Oxley (1958), Maxwell (1959),
England (1965), Kunsman (1967), Harvey (1969), Isom The Late Ordovician-Devonian-age Hunton Group is a
(1973), Hollrah (1977), Borak (1978), and Throckmorton series of carbonates that was deposited in the epiconti-nental sea that covered the southern Midcontinent region.
and A1-Shaieb (1986). In contrast to some of the lower Paleozoic carbonates, the

Hunton represents a time of relative slow subsidence. As a
REGIONAL GEOLOGIC HISTORY result of local epeirogeny and sea-level fluctuation, several

AND STRUCTURAL SETTING disconformities developed within the Hunton Group. Two

The Anadarko basin is highly asymmetric, with a steep major epeirogenies interrupted deposition during the De-
faulted southern margin and a gently sloping northern vonian (Amsden, 1975). The Early Devonian (pre-Frisco)
shelf. The basin is bounded on the east by the Nemaha up- and pre-Woodford uplifts generated unconformities that
lift and the west by the Cimarron arch. affected the entire region. Erosion associated with this later

The Anadarko basin is a part of what was described as episode truncated the sequence and removed it from much
the southern Oklahoma aulacogen by Shatski (1946), Burke of the northeast Oklahoma platform. During this hiatus,
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Figure2. Subsidenceratesduring MiddleOrdovicianto Early Devonian (includingthe Chimneyhill Subgroupand the Henryhouse
Formation of the Hunton Group). Maximum Silurian sediment accumulation in the Midcontinent region occurred during the sub-
sidence stage of the southern Oklahoma aulacogen (after Sloss, 1988).

stream erosion superimposed a westerly flowing dendritic was buried to depths exceeding 20,000 ft near the basin
drainage pattern on the Hunton topography (Amsden, axis (Fig. 3). Woodford Shale source rocks adjacent to the
1975; Beardall, 1983). Karst development greatly enhanced Hunton matured and hydrocarbons migrated into the Hun-
porosity in the Hunton rocks (Matthews and AI-Shaieb, in ton porosity network. Most petroleum accumulated on
press). This erosional surface was subsequently buried anticlinal structures or in stratigraphic traps influenced by
during transgressive deposition of the Late Devonian- the distribution of porous facies. Even with extreme burial
Mississippian Misener sandstone and Wood ford Shale. and heating, the fluids in these reservoirs generally were

Mississippian sediments that succeeded the Woodford not overpressured. It is believed that the extensive poros-
Shale consist mainly of shallow-marine limestones and ity network within the Hunton allowed pressure dissipa-
cherty limestones, and relatively minor amounts of sand- tion or venting of pressure to the outcrop.
stones and shales. Shale and sandstone compose a large Following the Pennsylvanian orogeny, Hunton rocks in
part of the Mississippian (Chesterian) strata in the south- the Anadarko basin underwent gradual burial until the
ern part of the present Anadarko basin. Cretaceous Laramide orogeny (Fig. 3). Since Cretaceous

During the Pennsylvanian, major changesaffected the time, the entire Midcontinent region has been raised
region and the present basin configuration was developed, through epeirogenic uplift (Schmoker, 1986).
Prior to the Early Pennsylvanian Wichita orogeny, the en-
tire region subsided and was uplifted as a unit. With ini- DEPOSITIONAL FACIES
tiation of the Pennsyivanian orogenic episodes, the region AND ENVIRONMENTS
was subdivided into the tectonic provinces recognized to-
day. Introduction

The Anadarko basin subsided rapidly throughout the During Silurian time, the developing Anadarko basin
Pennsylvanian orogeny. As much as 18,000 ft of Pennsyl- (Fig. 3) subsided at an extremely slow rate (Adler, 1971;
vanian clastics and carbonates were deposited in the basin. Feinstein, 1981). Under these stable tectonic conditions, the
During this period of rapid subsidence, the Hunton Group Henryhouse Formation was deposited over much of Okla-
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Figure 3. Burial-history curve for the Reydon field area, Roger Mills County, Anadarko basin. Note the slow subsidence during
Huntondeposition, rapid subsidence and deep burialof the Huntonduringthe Pennsylvanianorogeny,continuedslow burial during
the Permian and Mesozoic, and uplift to the present depth due to the Laramide epeirogeny.
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I _ I ",, I IOhm1

r£,.;.... "r- _,--_ I_ tr_,m,_ _homa with no major unconformities disturbing deposition : (_ .A._fo I

(Shannon, 1962) (Fig. 4). In this shallow and low-energy I _' w_,. ,: I

sea, several facies belts developed subparallel to bathymet- !
ric contours (Fig. 5). Transitions between facies commonly I
were gradational and in some places quite subtle, but j ._.'_._w.._,.,,.- .._,, - ..... -" '.' i-i_.;1
where appropriate data are available, facies can be distin- I_--_- ,
guished and subdivided. Facies classification is based on '.----, ,-._ .....
observable vertical successions of facies or sequences of ag- _ -- _a

gradation. Transgression and regression seemingly caused __,_" - - ---- -_- i
extensive migration of facies, thereby producing similarity f , _ n •
of log signatures across large areas of the basin. Diagenetic t! I o
influence (compaction, dolomitization, and dissolution)
has somewhat obscured the original sedimentary struc- _.m, 1 -- .a
tures and fossil content of the Henryhouse Formation. De- e._.
spite this influence, sufficient evidence still remains to rec-
ognize three distinct depositional facies (Fig. 6). Core-slab, 0 I_,._
thin-section, and X-ray-diffraction data are used to charac- I ?--,,_'''"

terize each facies. Environmental interpretations of the fol- J--.conEFAU'V ,_ ',

I I
lowing facies were made by using the criteria shown in ._,.v.ou.E I

SUItGROP _ IFigure 7 (Flugel, 1982). F:I .

Fades I

This facies is found in the supratidal tidal flat, deposited !
very near, or above, mean high tide. Cryptal algal fabrics, Figure 4. Subcrop map of the
fenestral fabrics (Fig. 8), irregular laminations, lack of fos- Henryhouse Formationin west-
sils, and a lack of burrow mottling are the salient features ern Oklahoma. Lagoonal and
of this facies. Silica not!, tes, silt-sized quartz, intraclasts, oolitic subfacies are indicated
peloids, and low-am . _d_.tvlolites may all be present in by cross-hachured pattern.
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Subfacies a (Lagoonal)

_" /_ The lagoonal subfacies may have been deposited underrestricted conditions since fossils are rare, but burrowing is

/ __ present. The rock is a massive peloidal dolo-mudstone(Figs. 11,12). In the northwest and the southeast, the tex-

ture of the lagoonal subfacies deposits was severely altered

._* :':?': : by dolomitization. The lagoonal subfacies was formed in
quiet water, landward of the oolitic build up.

Subfacies b (Oolitic)

This sub facies contains abundant ooliths and, locally,
fossil fragments and peloids. Crossbedding and horizontal
laminations are common in the calcitic oolites (Fig. 13).
Dolomitization obliterates the textures in the dolomitic

X*.ST_Ue_.U,.m*QE.S.C_RR_.x,.s_r oolites (Fig. 14). The rock is a grainstone. The shoal prob-
FACIESI ably was developed in the lower intertidal/upper subtidal°'°m'HIIIIIIIIIlllenvironment.

PELLET.UOSm.E_ Morgan (1985) mapped the extent of the calcitic-oolite

I WACX_Sm.E_':_"'":'_ subfacies in Oklahoma County, where it thins and disap-FACIESII

. Q.A_.STO.E_OLmC_.:::::.. pears to the northwest. He interpreted this pinch-out as
_ ! OO-T._S.O,.. SXELETAL _ being due to a tidal channel, post-Henryhouse erosion, or

GRAINSTONE

u_. su_r_,, $m._r_. _ the absence of syndepositional facies.
PACKSTONE

OPEN MARINE MUDSTONE " --'-'-- -"
.....

Figure 5. Schematicdiagramshowinga generalizedmodelof
the depositionalenvironmentsand faciesof the Henryhouse _ CRYPTALALGALFABRIC
Formation. FENESTRAL FABRIC

IRREGULARLAMINATIONS
DOLOMUDSTONE
MASSIVE

what is typically a light-colored dolo-mudstone with no _,
porosity. A shallow, restricted shoreline environment is
indicated particularly by the lack of fossils and nonbur- _ ----=
rowed irregular laminations. _

•a Facies II n, BURROWMOTTLING
This facies is encountered in a shallow, restricted sub- I-- ,_aIa_, REPLACED SULFATES

tidal tGupper intertidal environment, depositedwithin or _ _ _._1_ DOLOWACKESTONE
just below normal high tide and normal low tide. Burrow _=,]r_ ABUNDANT PELMATAZOANS
mottling makes this facies visually distinct (Fig. 9). All _'_,,
samples of this facies are fully dolomitized with good to ,in",'mm-._.
excellent porosity and are predominantly dolo-wacke- _
stone. Fossil percent and type were usually estimated, due w _
to dissolution of the original grains. Molds and occasion- Q MASSIVE
ally remaining grains indicate that crinoids were the most _ WELL PRESERVED FOSSILS
common fossil. Intraclasts, silica and carbonate nodules, DIVERSEFAUNA

and silt-sized quartz are likely to be present; stylolites are _ NON-ORIENTED FOSSILS
rare and generally high amplitude. The highly burrowed r",,_ DOLOMITICMUD/WACKESTONE
appearance and accumulation of rather sorted crinoid
fragments suggests shallow, but more seaward, conditions
with increased water agitation in or adjacent to the zone of _
wave action.

A zone of oolitic grainstone was observed within the
Henryhouse Formation in central Oklahoma (Blaine and
Oklahoma Counties, T. 19 N., R. 10 W., and T. 13N., R. 4 Figure6. Typicalverticalfacies sequenceshowingsedimen-
W., respectively; Fig. 4). This facies can be further subdi- tarystructures, along withfaunal and mineralogic relationships
vided into two subfacies:an intertidal lagoonal (IIa) and observedincoresandthinsectionsfromthe HenryhouseFor-
an oolitic (lib) subfacies (Fig. 10). mation.
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Facies III reported three distinct types of dolomite, which are related

This facies is strictly found in an open-shelf subtidal to three different processes of dolomitization (Fig. 16).
environment and, when continually submerged, it is typi-
cally a medium-dark, silty, dolomitic mudstone. Fossils Hypersaline Dolomite
include brachiopods, with less-common trilobites, ostra- During deposition of the Henryhouse, supratidal condi-
cods, bryozoans, and echinoderms (Fig. 15). This facies tions existed in a restricted inner-platform shelf area. An-
often is featureless, but it may exhibit burrow mottling, hydrite in the Henryhouse suggests that evaporation from
nodular bedding, or storm-type deposits. The more-diverse the supratidal area was of sufficient intensity and duration
fauna and delicate, unsorted, well-preserved fossils indi- to permit formation of hypersaline brines (Fig. 17). Sea-
cate a lower-energy, shallow open-shelf environment be- ward of the supratidal area, normal-marine conditions
low normal wave base. were conducive to organisms that thoroughly burrowed

the sediments of the intertidal/shallow subtidal area. The

DOLOMITIZATION anhydrite (Fig. 18) indicates that dolomitizing brines
moved downward and seaward from the supratidal zone.

Introduction A consequence of the precipitation of CaSO 4 is an in-
Reservoir rocks of the Hunton Group, and specifically creased Mg2+/Ca2+ratio, which is of major significance for

of the Henryhouse Formation, are mostly dolomitized, the formation of dolomite. Fluids with high Mg2+/Ca 2+
Amsden (1975) interpreted dolomite of the Silurian Hun- ratios probably enhanced dolomitization of the intertidal/
ton rocks as having been of the penecontemporaneous re- shallow subtidal facies. General impermeability of the
placement type, formed in marine environments seaward deeper subtidal facies explains its incomplete dolomitiza-
of the tidal zone. However, Beardall and AI-Shaieb (1984) tion.

25M 25M M

Figure8. Supratidal facies (I). A--Dolo-mudstone with cryptalgalfabric. B--Fenestral fabric in peloidal wackestone.
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Figure9. Intertidal facies (11).AwBurrowed, bioturbated,and oil-staineddolo-wackestonewith excellent porosity.
BDAIgal laminae disturbed by burrowing.

Mixed-Water Dolomite oped, sufficient for formation of dolomite by mixing of ma-

During deposition of the Henryhouse, regressive, pro- rine water and fresh water. Concentration of dolomite as-
gradational deposition of carbonate sediment eventually sociated with tectonic and erosional features was reported
should have allowed meteoric water to migrate basinward by Isom (1973), who interpreted dolomitization as prob-
through the sediments. As the shoreline advanced across ably having been associated with the movement of high-
the wide shelf, a migrating, brackish-water zone of mixing magnesium waters along fractures and unconformities.
should have developed in the transition zone between Lenses of fresh water, developed under exposed terrains
fresh ground water and ocean-derived brines. Such waters of carbonate rock, c_uld have mixed with interstitial sea
could have been saturated with respect to dolomite (Hand- water, the source of Mg 2°. Mixing of fresh water and con-
shaw and others, 1971), and could have allowed precipi- hate sea water is considered the most likely mechanism for
tation of younger dolomite, either on existent crystals of paleotopographic dolomitization of the Henryhouse.
dolomite or as discrete rhombohedra in pores.

A mixed-water mechanism is supported by exceedingly Deep-Burial Dolomite
abundant white or clear overgrowths of dolomite and their The final stage of dolomitization in the Henryhouse is
near-uniform distribution across facies. Cathodolumines- recorded by white, cloudy, void-filling saddle dolomite
cent zonation (Fig. 19) of dolomite from the Henryhouse is (Fig. 20). The distorted crystal lattice and curved crystal
regionally similar, which suggests a common diagenetic faces of saddle dolomite are associated with curved cleav-
history (Choquette and Steinen, 1980). Mildly reducing con- age traces and sweeping extinction. Under cross-polarized
ditions, indicated by the brightly luminescent outermost light, saddle dolomite of the Henryhouse is generally black
rim of Henryhouse doioinite, are consistent with mixed- and white; some samples are pearly, but the rock invari-
water dolomitization, ably shows diagnostic sweeping extinction. A richly fer-

Deposition of the Hunton was preceded and followed by roan composition is indicated by very dull or dark catho-
a hiatus (Amsden, 1975). During periods of nondeposition, a doluminescence and by conventional staining with potas-
system of recharge and hydrodynamics may have devel- Mum ferricyanide.
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Saddle dolomite was recorded only in dolomitized
-J zones of the Henryhouse, where crystal lengths are gener-
_ LAGOONAL ally recorded in millimeters. These crystals predominantly

O-)_ fill secondary vugs and fractures, but rarely fill molds ofI" fossils. The tendency for saddle dolomite to be the domi-

_-J_WI_I nant or sole epigenetic carbonate mineral in dolostonesOOLITIC was reported by Choquette and Pray (1971). This phenom-enon is believed to be due to a local source of Mg 2+ and
" FC ° (Choquette and Pray, 1971). Saddle dolomite generally

appears to be a passively precipitated, void-filling cement.

____ Under cathodoluminescence, saddle dolomite exhibits

subtle zonation comprised of dull-red, bright-red, yellow

UPPER and nonluminescent laminae, attesting to the slight vari-

ance in chemical composition across each layer (Lynch and
I_ AI-Shaieb, 1991). Inclusions are commonly present, but not
I" in a patterned arrangement that would suggest replace-

f,j t_ ment of a precursor. The fracture-filling saddle dolomite is
_ a relatively deep-burial, late-diagenetic mineral. Radke

1,1,,¢d_ and Mathis (1980) postulate that it forms at temperatures
LOWER >80°C, and thus would imply a deep-burial origin or a hy-

drothermal origin at shallower depths.

Figure 10. Typical vertical sequence of the Henryhouse For-
, mation showing lagoonal (lla) and oolitic (lib) subfacies of

facies II.

Figure 11. Lagoonal subfacies (lla)
with characteristic peloids. (Eason
Van Curen well, 7,140 ft.)

Figure 12. Lagoonal subfacies (lla)
with characteristicechinoid fragment.
(Eason Van Curen well, 7,143 ft.)

_',,
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Figure 13. Oolitic subfacies (lib) with
isopa_.hous calcite cement filling in-
teroo_dal space. (Kirkpatrick Cronkite
well, 7,119 ft.)

.2 mm

Figure 14. Photomicrograph of dolo-
mitized oolite. Ooids appear cloudy
with clear rims. (Duncan Garrett well,
8,751 ft; Medlock, 1984.)

i

.2 mm

25M

_" ")5 M M,,I,. Figure 15. Subtidal facies (111).A--Dark gray, generally mas_
_ sive dolo-mudstone with scattered brachiopods. B--Clayey

dolo-wackestone with thin-shelled fossils, including brachio-
pods, bryozoans, and pelmatozoans.
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POROSITY evolved primarily as a consequence of dissolution of non-
dolomitized, cryptocrystalline calcite matrix, Important

Four types of porosity are recognized in ! lunton rocks, solution enlargernent of this porosity type is common.
They belong to both general porosity classes (fabric selec- Intercrystalline porosity is likely to develop between larger
tive and nonfabric selective) described by (Thoquette and rhombs in an idiotopic to hypidiotopic texture. Late calcite

Pray (lOWi). cement rnay occlude some intercrystalline pores.
Two fabric-selective porosity types are observed in the Porosity is best developed in the intertidal facies (facies

t ler_ryhouse: (!) mold it, and (2) intercrystalline. These 11),especially in the bioturbated and burrowed wackestone
types are responsible for rnost high-porosity zones in the (Fig. 21 ). Wackestone is dolornitized completely at some
cores. Moldic porosity is caused by dissolution of fossil localities. A positive relationship between dolomitization
grains, predorninantly crinoid and mollusk fragnmnts. Oc- and porosity is clearly seen (Fig. 22). Highest and lowest
casionally, partially dissolved faunal remnants are found values of porosity correspond to highest and lowest values
within the rnolds. Molds subsequently may be filled by of dolomitization. Further consideration reveals that this

late baroque dolomite or calcite, lntercrystalline pore space relationship is somewhat deceptive. When porosity is plot-

XENOTOPICDOLOMITE
MIXED WATER DOLOMITE _,

HYPERSALINE DOLOMITE THERMAL DOLOMITE

SUPRATIDAL

INTERTIDAL POROSITY

SUBTIDAL

Figure 16. Schematic diagram illustrating the three distinct types of dolomite found in the Henryhouse Formation. Hypersaline
dolomite formed penecontemporaneously inthe intertidal/supratidal environment. Zoned hypersaline/mixed-water dolomite rhombs
indicate an influx of fresh water due to epeirogeny. Thermal dolomite indicates deep burial or hot basinal-fluid migration.

Figure 17. A_Hypersaline dolomite characterized by poorly formed
rhombohedra, which appear cloudy and small in size. B_Anhydrite
associated with hypersaline dolomite.
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EvAPORATiON
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FACIES U

1:2REPLACEO SULFATE _ MOVEMENT OF
,q,..---" HYPERSALINE BRINES

ALGAL STRUCTURE

Figure 18. Schematic diagram illustrating movement of hypersaline brines and their role in dolo-
mitization of the Hunton carbonates durin0 regression.

ted only for zones with high values of dolomite (>90%), the replaced anhydrite nodules (Beardall, 1983). In rare cases,
dominating influence of depositional facies becomes ap- partially dissolved anhydrite is present and surrounded by
parent. If both facies I and facies II are completely dolo- replacive euhedral quartz.
mitized, only facies II will have significant porosity. Facies Solution-enlarged fractures, joints, and channels play a
II was never observed to be either completely dolomitized significant role in karst-related porosity in the Hunton
or porous (Beardall, 1983). rocks. Figure 25 shows small-scale solution-enlarged frac-

The characteristics of facies II that cause it to be prefer- ture porosity, where the interstices have been filled geo-

entially porous are burrowing and common pelmatozoan petally with laminated cave muds, glauconite, and dolo-
debris. Burrowing has enhanced permeability by redistrib- mite cement. Cavern or cave porosity is another form of
uting the finer particles, allowing subsequent dissolution karstic porosity that is evident in the Hunton rocks (Mat-
of nondolomitized matrix and grains by percolating low- thews and AI-Shaieb, in press).
pH solutions. The resultant patchy, irregular porosity dis- Supratidal and distal subtidal facies tend to have low
tribution is very evident in cores and thin sections, porosity. Rocks of the intertidal facies, and locally of the

In the absence of grains (fossils), moldic porosity does upper subtidal facies, have maximal probability of poros-
not develop. Both facies II and facies III are fossiliferous, ity adequate for commercial oil and gas reservoirs. Karstic
yet only the highly dolomitized facies II develops moldic processes generally enhance overall porosity in Hunton
porosity. Porosity in oolitic grainstones is predominantly rocks, but are not required for porosity development.
interooid (Fig. 23). This type of porosity also shows good
correlation with the degree of dolomitization. In nondolo- CONCLUSIONS
mitized oolitic rocks, porosity generally is poorly devel-
oped because of early cementation by sparry calcite. 1. The Hunton (Henryhouse) depositional model con-

The most important nonfabric selective porosity is dis- sists of three broad depositional facies: supratidal/tidal flat
solution porosity. Commonly, vugular pores are solution- (facies I), intertidal (facies I1), and subtidal (facies III).
enlarged molds where the original fossil outline has been 2. Three main species of dolomite are observed: (1)
destroyed. Coincidence of vugular porosity with fossilifer- brownish, cloudy, hypidiotopic dolomite that formed shortly
ous, moldic zones supports this interpretation. Dissolution after deposition from hypersaline brines; (2) white or lim-
of fragmented fossils within the less densely burrowed pid idiotopic dolomite that formed after the hypersaline
zones was the most important mechanisrn in development dolomite due to freshwater/marine-water mixing; and (3)
of moldic (Fig. 24) or vuggy karstic porosi_,. Several cores postcompactional mold-, vug-, and fracture-filling baroque
examined for this study exhibit outstanding specimens of or saddle dolomite.
dissolution vugs, rugs partially or completely cemented, 3. Dolomite type is related to facies: the lagoonal sub-
and vugs containing geopetal structures. Some large rugs facies (intertidal) developed more hypersaline dolomite,
apparently were created by the dissolution of incompletely the subtidal facies developed more freshwater/marine-
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0.1ram •
Figure 20. Saddle-type (baroque) dolomite, characterized by large size and undulose •
extinction. A_Plane-poiarized light. B--Cross-poiarized light.

Figure 19. Dolomiteof mixedfresh and marinewater. A_Euhedral discreteand limpid
rhombohedra formed around cloudy centers (arrows). B--Cathodoluminescence pho- _,

tomicrograph showing brightly luminescent zone around darker zone (arrow). r,,h
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Figure 21. Porosity in intertidal facies. A--Secondary porosity (labeled "P") developed in loosely
packed and burrowed zones. B_Moldic porosity (labeled "M") in dolo-wackestone. Rock is dolo-
mitized and shows molds of pelmatozoans.

water mixed dolomite, and intertidal oolitic/fossil pack- caused it to preferentially develop porosity are burrowing
stone subfacies was dolomitized as a mixture of hyper- and abundant echinoderms (pelmatozoans) and other fos-

saline and mixed processes, sils. Burrowing-enhanced porosity and permeability of the
4. Dolomitization was most complete in the intertidal =ediment allowed dolomitizing fluids to more effectively

facies (facies 11), due to burrowing-enhanced porosity and move through the carbonates. This dolomitization pre-
permeability that increased fluid conductivity and proxim- served porosity and permeability. Subsequent dissolving
ity to the source of dolomitizing fluids, fluids were then able to attack the nondolomitized fossils,

5. Four types of porosity developed in Hunton rocks: creating moldic porosity.
moldic, intercrystalline, vuggy/cavern, and fracture. Moldic 7. The supratidal facies (facies !), which often was dolo-
and vuggy porosity are secondary, whereas intercrystai- mitized without burrowing and fossils, seldom develops
line can be either primary porosity preserved by dolomit- significant porosity. Subtidal carbonate (facies Ill) was
ization or late-secondary dissolution porosity. Fracture never highly dolomitized, due to its relative impermeabil-
porosity enhances permeability in local areas, but is not as ity and its increased distance from the source of dolomitiz-
significant as the other types, ing fluids.

6. Porosity is directly related to depositional environ- 8. Karstic processes of brecciation and dissolution gen-
ment. Porosity was best developed in the intertidal facies erally enhance overall porosity in 1{unton rocks, but are
(facies II). The characteristic features of this facies that not necessary for porosity development.
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Figure 22. Schematic diagram illustrating, by percentage, the
apparent relationship between porosity and dolomitization in
the different facies of the Henryhouse.
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Figure23. A--Interooidal and intraooidalporosity in the oolitic-
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APPENDIX

CORE DESCRIPTIONS

The appendix consists of core descriptions, petrolog forms, and core photographs of Hunton
Group (Henryhouse Formation) carbonates from five wells drilled in the Anadarko basin.

Core: Amax Hickman No. 1-24 This core is medium bluish-gray dolo-wackestone

Location: sec. 24, T. 17 N., R. 18 W., Dewey County, OK with excellent moldic and vuggy porosity. The rock is
oil stained and bioturbated throughout. Other sedimen-

Cored Interval: 13,500 to 13,550 ft (depth below surface)
tary structures are faint algal laminations and sparse

Stratigraphic Interval: Henryhouse Formation (Hunton stylolites. In the lower portion, vugs may be filled with
Group) calcite. Measured porosity ranges from 7 to 17% in the

Core Description: The following description is given in ref- burrowed host rock. The environment is thought to be
erence to the core petrolog and photograph immedi- intertidal.
ately following this text.
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Core:Tenneco Jordan No. A-1 molds. Dolomite is sucrosic matrix-replacive rhombs,

Location: sec. 3, T. 21 N., R. 14 W., Major County, OK providing 5-18% porosity. The porosity is also due to
Cored Interval: 8,495 to 8,612 ft fractures, enlarged pores, interparticle pores, and

moldic pores. At 8,514 ft, a 7-cm vug-filling anhydrite
Stratigraphic Interval: Henryhouse Formation (Hunton nodule is exposed. Other smaller nodules contain chert,

Group) quartz, and dolomite. Stylolites are rare. The lower part
Core Description: The following description is given in ref- of the interval has fewer burrows. The color is lighter

erence to the core petrolog and photographs immedi- and grayer. This interval is believed to be art intertidal
ately following this text. facies.

The Tenneco Jordan No. A-1 core is a teaching core 8,579 to 8.612 ft
from the OSU Geology Department. The noticeable This segment of the core is a medium-gray, dolo-
"blotches" on the slabs in the photograph are caused by mudstone/wackestone to packstone. The dolo-mud-
drops of dilute hydrochloric acid used during students' stone/wackestone contains snme moldic porosity and
examinations of the core. horizontal and vertical burrows. Fossils include cri-

The core contains two major facies: noids, trilobites, brachiopods, bryozoans, and corals.
8,495 to 8,579 ft Molds of fossils are filled with sparite. Stylolites are

The upper interval encompasses a dark oil-stained common. Porosity ranges from 0 to 5%. This interval is
brown-gray, burrow/mottled, dolo-mudstone/wacke- thought to represent a subtidal environment with a sub-
stone. Fossil existence is indicated by crinoid-shaped tidal shoal.
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Core: Eason Van Curen No. 1 topic, and its percentage decreases toward contact with

Location: sec. 3, T. 15 N., R. 5 W., Kingfisher County, OK the underlying unit. Dolomitization has obliterated many

Cored Interval: 7,136 to 7,192 ft sedimentary structures, but faint burrows are present.
Rare fossils include pelmatozoans and brachiopods.

Stratigraphic Interval: Henryhouse Formation (Hunton Below the iagoonal facies is an oolitic facies (7,143-
Group) 7,159 ft), which is pure calcite. The rock is a grainstone

Core Description: The following description is given in ref- with abundant ooliths and rare fossil debris. Cross and
erence to the core petrolog and photographs immedi- horizontal stratification is present. Drusy spar occludes
ately following this text. most of the porosity.

In this core, an interval of 56 ft of the Henryhouse The lower part of the Hunton is a subtidal facies
is present. Three facies are described below: lagoonal, (7,159-7,192 ft). This facies is a dolo-mudstone at the
oolitic, and subtidal facies, top and a lime-mudstone at the bottom. Hummocky

A peloid dolo-mudstone (7,136-7,143 ft) represents bedding is present. Fossil fragments include crinoids,
the lagoonal facies. The dolomite is cloudy and xeno- brachiopods, bryozoans, trilobites, and corals.

i
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Core: Apexco Green No. 1 regular carbonate laminations, and massive fabrics are
Location: sec. 31, T. 10 N., R. 26 W., Beckham County, OK all common, lntraclasts are rare and fine, whereas Iow-

Cored Interval: 19,599 to 19,770 ft amplitude stylolites are abundant, especially in the lime-
mudstone. The lack of fossils and type of fabrics is in-

Stratigraphic lntervah Henryhouse Formation (Hunton dicative of a restricted tidal-flat depositional environ-
Group) meat (facies 1).

Core Description: The following description is given in ref- The lowermost 10 ft (19,760-19,770 ft) is represented
erence to the core petrologs and photographs immedi- by a small number of samples, making recognition of
ately following this text. facies criteria difficult. Two thin sections exhibit good

The cored interval consists largely of a single hcies, porosity, resulting from what are interpreted as molds
with a possible second facies at the base that may indi- and enlarged molds, along with a burrowed appear-
cate marine regression. The upper facies (19,599-19,770 ance. The increase in fossils and presence of burrows
ft) is a light- to dark-gray dolomite, dolomitic and lime seem to indicate a transition into a zone of higher en-
mudstone, and peloidal lime-wackestone. Fossils are ergy (facies lla).
rare or absent. Fenestral fabrics, algal laminations, it-
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Core:W.C. Pickens Cronkite No. 1 7.108 to 7,118 ft

Location: sec. 14, T. 15 N., R. 5 W., Kingfisher County, OK Underlying the lagoonal subfacies is a sharp contact
that separates a medium-gray and brownish-gray, limy

Cored Interval: 7,098 to 7,136 ft to dolomitic oolitic packstone. A few fossils, namely
Stratigraphic Unit: Henryhouse Formation (Hunton Group) pelmatozoans, trilobites, ostracods, and bryozoans, are
Core Description: The following description is given in ref- observed in this interval. These rocks, which show low-

erence to the core petrolog and photograph immedi- angle cross-bedding structures, were most likely depos-
ately following this text. ited in a proximal subtidal to a moderate-energy inter-
7.098 to 7.108 ft tidal environment.

This interval contains brownish-gray, occasionally 7,118 to 7,136 ft
silty dolo-mudstone/wackestone. Several fossil types This interval is also separated by sharp contact from
are present in the core, including pelmatozoans, bra- the preceding one. It consists of a medium-dark-gray,
chiopods, trilobites, and ostracods. Whereas burrows slightly silty, dolomitic mud/wackestone. Fossils in-
are abundant, there are very few stylolites or fractures, clude pelmatozoans, brachiopods, and rare bryozoans
This interval is believed to represent facies lla (lagoonal and trilobites. The rocks are very slightly burrowed.
subfacies). The environment is interpreted as low-energy subtidal.
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Reservoir Characteristics of an Upper Hunton
Gas-Producing Zone, Southwest Ringwood

Area of Major County, Oklahoma

Charles E. Mear
Independent Geologist

Austin, Texas

Keith A. Hutton
Cross Timbers Oil Co.

Fort Worth, Texas

ABSTRACT.--An upper Hunton reservoir in the southwest Ringwood area is composed
of two distinct porosity zones. The porosity zones are referred to as the Hunton "C" and
"D"; the Hunton "C" is the deeper of the two zones. The Hunton "C"porosity zone is com-
posed of fine- to medium-crystalline dolostone that contains silt, mica, illite, and micro-
porosity. Log analyses indicate that the zone should be water-productive, but it produces
gas with little or no water. These log calculations are affected by the low resistivity mea-
surements caused by the irreducible water present in the micropores and in the illite clay.
The upper porosity zone, Hunton "D," is a clean dolostone that contains vugular and inter-
crystalline porosity along with microporosity. Core, geophysical-log analyses, and pres-
sure-transient analyses indicate that both porosity zones average ~12% porosity and 0.10
millidarcy (md).

:................ _ ........... _. i

This paper presents a description of a Hunton-age gas- }- ......

producing reservoir, in which much of the production is _K_........ ! _,/? ' _ ]from tight microporosity that calculates to be water-bear- ",- _ OKLA.O"Ai
ing by geophysical-log analyses, o° _ \\ ! [

STRATIGRAPHY OF THE =_ .,,,0o. ...... _-_ - _ ..,,. i ]
UPPER HUNTON RESERVOIR o o o,_ o__._._'._. ..... ,,,_._

"%.1
X*Jb&.,The Southwest Ringwood area is located on the northem (_ ('/_,,o) _)shelf of the Anadarko basin (Fig. 1), in parts of Ts. 20-21 N., .,,_* _o_

R. 11W., Major County, Oklahoma (Fig. 2). During Silurian ,_,_ \ !_ __ ._/,, o_,,, [o
and Devonian time, the area was located on a shallow- o_._l _] /_ / ]_
marine shelf where carbonate deposition predominated. -'--'_ -___ ;, \ ,,o_"° /.__"co.c,o/ /_'¢% I _- \ °_sl. ( " ,L,_FOA"/ /.,v

Although the Hunton Group rocks have been divided " C%%_",,, ;d" ,/_ A"
into several formations in Oklahoma, no attempt was made _/,_,, ( _._:_oV TExas

to define formations during this study, due to a lack of pale- , _,_o_ -,,,(.... ]ontological data. Based on its position in the section, it is i ,/._"- o,,;-n_- ,_,"
' probable that the upper Hunton reservoir is Devonian in age. \ ""_"

In the area of interest, the Hunton Group consists of
240-300 ft of limestone and dolostone beds that probably Figure 1. Regional tectonic setting of Major County, Okla-
were deposited as calcite mud. Some of the calcite mud homa, in north-central part of map.

Mear, C. E.; and Hutton, K. A., 1993, Reservoir characteristics of an upper Hunton gas-producing zone, southwest Ringwood area
of Major County, Oklahoma, in Johnson, K. S. (ed.), Hunton Group core workshop and field trip: Oklahoma Geological Survey
Special Publication 93-4, p. 41-44.
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was altered to fine- to medium-crystalline dolostone -- " -
shortly after deposition.

Following deposition of the Hunton, the northern shelf
area was uplifted, and the Hunton rocks were exposed to
erosion. Later, in Devonian time, -50 ft of Woodford Shale '
was deposited on the truncated Hunton. Following deep
burial in Mississippian through Permian time, the Wood- 7 9 3 8 t
ford generated oil and gas that migrated into the porous
upper Hunton.

RESERVOIR DESCRIPTION

The upper Hunton reservoir in the area of interest at-
tains a maximum net thickness of 66 ft, which is divided
into two zones of porosity contained in dolostones of dif-
ferent composition. In ascending order, these are called
informally the Hunton "C" and Hunton "D" in this discus- _>,"_
sion.

A core of the Hunton "C" porosity zone from the Cross
Timbers Oil Co. No. 4 Rankin well, SW_ASW_Asec. 17, T. 21
N., R. 11 W., reveals that the zone is light-brown, biotur-
bated, finely crystalline dolostone (Fig. 3). It contains as
much as 20% quartz as silt grains, 5-10% clay, and varying
amounts of calcite. As shown by SEM analysis (Fig. 4), the
clay is largely illite, although some muscovite is present.
Solid hydrocarbon is present as a coating in the inter-
crystalline pore space. Much of the porosity cannot be seen
at <50x magnification (it is microporosity).

Core analysis of the Hunton "C" porosity zone in the '
Rankin No. 4 well shows that the zone has an average po- ,;

rosity of 12% and an arithmetic mean permeability of 0.095
md. One foot of the core has 0.36 md, and half of the pay
zone has <0.10 md permeability.

Geophysical wireline logs of the Hunton "C" porosity
zone (Fig. 5) corroborate the core measurements. Gamma-
ray logs show that the zone is more radioactive than the
underlying dense dolomitic limestone.

Based on analyses of drill cuttings, the Hunton "D" po- !
rosity zone is described as light-brown, fine- to medium-
crystalline dolostone that contains intercrystalline and vug Figure3. Photographof core from the Hunton"C"zone, Cross
porosity. The zone contains little silt or clay and is less Timbers No. 4 Rankin,at a core depth of 7,938 ft (log depth of
radioactive than the Hunton "C" zone. The Hunton "D" 7,950 ft).
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Figure4. Scanningelectronmicroscope(SEM) imageof Hunton=C"zonedolostoneinthe CrossTimbersNo. 4 Rankin
(enlarged 2000x); core depth 7,940 ft (logdepth of 7,952 ft). Dolostoneconsistsmostlyof euhedral rhombswith
authigenic-illitefiberspartlyfillingintercrystallineporosity.

zone has -12% porosity, based on wireline analyses, and fractured in order to produce at commercial rates, care
an average permeability of <0.10 rod, based on pressure- must be taken to avoid fracturing into water-bearing
transient analyses, zones. Also, the fracture fluid should contain as little water

The Hunton "C" porosity zone has low resistivity as possible.
throughout the area of interest, and log calculations indi-
cate that the zone should be water-productive. The water DISCUSSION
detected by the geophysical logs is irreducible water
present in micropores and in the illite clay. Thus, the zone Core of the upper Hunton in the area of interest wasobtained in order to determine why the producing zone
produces water-free gas in the Southwest Ringwood area.

Production is from a simple stratigraphic trap, in which was calculated to be water-productive and which treat-
the reservoir is truncated in the updip northeast direction ment of the pay zone should be used. No study of diagen-
and grades laterally to dense, clean dolostone (Mear and esis of the dolostone was undertaken.
Hutton, 1992). The trap and source of the gas is the over- The upper Hunton dolostone reservoir discussed in this
lying Woodford Shale. paper is unusual in that it contains much silt and illite andsome muscovite. It is assumed that the silt and muscovite

Logs which measure rock mechanical properties were
run to determine the vertical extent of induced artificial were carried into the Hunton depositional area by wind
fractures in wells in the area, and they show that there is storms. Isopachous maps of the Hunton indicate that the
very little stress contrast between the Hunton and the porous Hunton "C" zone may be related to shoal areas
overlying Woodford Shale and Mississippian limestones, present during deposition of calcite mud, silt, and musco-
This indicates that a high-rate fracture stimulation of the rite. The calcite mud and muscovite subsequently were
Hunton reservoir will extend the fractures into the overly- altered to dolostone and illite, respectively, but no clues as

ing Mississippian limestones, which produce oil, gas, and to how this happened were c_tained during this study.
water in the area. When communication occurs between
zones, the water from the Mississippian highly degrades REFERENCE CITED

the productiveness of the Hunton. This degradation is Mear, C. E.; and Hutton, K.A., 1992, Petroleum geology of an
caused by the imbibition of water into the micropore sys- unconventional upper Hunton Group reservoir, Southwest
tern, along with illite-clay movement; these two actions Ringwood area, MajorCounty, Oklahoma: Oklahoma Geol-
block the pore throats. Since the zone must be artificially ogy Notes, v. 52,p. 164-172.
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Petrophysical Characteristics (Based on One Core)
of Lower Paleozoic Hunton Dolostones, Woods County,

Northern Anadarko Basin, Oklahoma
i

Gerald M. Friedman
Brooklyn College and Graduate School of the City University of New York

and Northeastern Science Foundation, Rensselaer Center of Applied Geology
Troy, New York

ABSTRACT.mPetrophysical analysis of core from a well in Woods County, Oklahoma,
near the interpreted paleoshoreline of the northern part of the Anadarko basin, revealed
the presence of three petrofacies. Petrofacies 1, which is a vuggy, porous and permeable,
medium-crystalline, hypidiotopic dolostone, includes most of the section in the studied
core. It is generally characterized by concave capillary-pressure curves, large and variable
median pore-throat sizes, moderate to high porosities, and low to moderate recovery effi-
ciency. Petrofacies 2 is composed of finely crystalline, dolomitized, skeletal pack,stones and
stromatolites; it yields a bimodal to gently sloping capillary-pressure curve and has small
median pore throats, variable porosities, and high recovery-efficiency values. Petrofacies
3 is a coarsely crystalline, dolomitized oolitic grainstone (Keele Oolite) having oomoldic
and vuggy porosity; it exhibits bimodal to gently sloping capillary-pressure curves. Its
small median pore throats, low porosities, and low recovery-efficiency values make this
petrofacies a poor reservoir. Petrofacies I and 2 are considered to be the best reservoirs
because they have both high porosities and generally moderate to high recovery-efficiency
values.

INTRODUCTION I
The purpose of this paper is: (1) to review some of our aA

research group's previous work on petrofacies in the
Hunton Group of the Anadarko basin; and (2) to report on _
a core which serves as an example of Hunton Group petro-

l.physics. This core has been studied previously (Amthor

and others, 1988; Kopaska-Merkel and Friedman, 1989), [\\_ _ O. _ OKLAHOMAbut this report updates some of the previous findings.. 'G-,_l*9/rO\
r-' .------- . ..\

GEOLOGIC SETTING I _'_ "_N \_

The Anadarko basin (Fig. 1) is an asymmetrical, west- / _ "'\_"
northwest-trending remnant of the southern Oklahoma
aulacogen (Hoffman and others,1974; Pruatt, 1975;Stern-
bach and Friedman, 1986). Within the Anadarko basin, the [ TEXAS _"_.._.._
Hunton Group is a sequence of limestones, dolostones, I
and lesser siliciclastics of Late Ordovician through Early [ 50 km

Devonian age (Amsden, 1960,1975,1980; Beardall, 1983; Figure 1. Location map showing Anadarko basin with major
Way, 1983; Medlock, 1984). The Hunton is as much as bounding down-to-the-north normal faults indicated by dashed
1,300 ft thick, lines, and 3- and 6-kin (about 2- and 4-mi) structural contours

The Hunton Group conformably overlies the Sylvan for top Hunton Group indicated by solid lines. Note location of
Shale(Upper Ordovician) (Fig.2), and throughout mostof Calvert Mid-American BloydNo. 2 well. Woods County, Okla-
the basin is overlain unconformably by either the Wood- homa, designated by the letter A, whose core was examined
ford Shale (Upper Devonian-Lower Mississippian) or 1o- in this study.

Friedman, G. M., 1993,Petrophysical characteristics(basedon onecore)of lower PaleozoicHuh'ton dolostones, Woods County,
northern Anadarko basin,Oklahoma, inJohnson,K.S.(ed.),Hunton Group coreworkshop and field trip: Oklahoma Geological
SurveySpecialPublication 93-4,p. 45-51.
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6207 Mg0:_O 1980). Because of its lithologic homogeneity and wide-

spread distribution within the study area, the Keel is anexcellent marker bed. The Keel is commonly dolomitized
at depths below 10,000 ft, where porosity is dominantly
intercrystalline (Sternbach and Friedman, 1984,1986). At
shallower depths, the Keel is only lightly dolomitized, and
as much as 2 or 3% microporosity is typical. The upper

..J part of the Chimneyhill Subgroup, not subdivided in sub-
surface sections, was deposited upon an unconformity

'Y" surface that formed after deposition of the Keel (Amsden,
6220 _" 1960; Manni, 1985). Above the basal Keel Formation, the

HJ Chimneyhill Subgroup consists of crinoidal wackestones,Z
packstones, and grainstones, which may be cherty and

I -- glauconitic, or argillaceous. In places, dolomitization (com-monly associated with unconformities within the se-
fJ quence) and formation of fossomoldic porosity in the up-

per Chimneyhill have produced excellent reservoir rock.
Elsewhere, nodular and pervasive chertification have

m destroyed nearly all porosity (Amsden, 1960,1975,1980;
Manni, 1985).

I
PETROFACIES OF HUNTON CORE

FROM NORTHERN (SHALLOW)
PART OF ANADARKO BASIN

6240 Petrology

SYLVAN I have selected for study a core from the Calvert Mid-
6244 American Bloyd No. 2 well, because in this well the Hun-

ton Group is encountered at shallow depth (~6,200 ft); the
well is located in NW_A sec. 21, T. 27 N., R. 15 W., Woods

LEGEND County, Oklahoma (Fig. 1).
This well is located near the interpreted paleoshore-

line in the northern part of the Anadarko basin. Supratidal
dolostones occur in this area together with algal stromato-

_ Llmutone • Ooldl lites. These supratidal dolostones are non-ferroan. The_ dolomite is a distinct supratidal facies found only in the

O Skeletal patti©los extreme north (north of the "Dolomite Front" described by
_ Do|ostone Amsden, 1975).

Figure 2 shows the core log for the well studied. Over-

[ i';'.'.'["'1Sand,ton. lying the Sylvan Shale is the Keel Formation, a dolomitizedoolitic grainstone (Fig. 3) with oomoldic and vuggy poros-
ity and with locally abundant skeletal fragments, mostly

Shnle those of echinoderms (petrofacies 3). The rock is a coarsely
crystalline, xenotopic dolostone in which both vertical and

Figure 2. Gore log of Calvert Mid-American Bloyd No. 2 well. horizontal stylolites are present. In thin sections the ooids
examined in this study. MWPG = mudstone, wackestone, are commonly only recognizedasghosts(Fig.3). In places,
packstone, and grainstone. Depth in feet. dissolution, as a result of subaerial emergence, created

solution-collapse breccia in which fractures are lined with
saddle dolomite and/or filled with clay minerals. In the
overlying sectionof the undifferentiated Chimneyhill Sub-

cally by the Misener sandstone (Middle Devonian-Upper group, dolomitized skeletal packstone and dolomitized
Devonian). The depositional extent of Hunton units was stromatolites compose the facies(Fig. 4) (petrofacies 2).
severely modified by erosion at intervals during deposi- This dolomite is finely crystalline; larger euhedral dele-
tion of the Hunton Group, especially during the Early mite crystalsmake this fabric bimodal. In places,stylolites
Devonian. Extensive erosion alsooccurred during theMid- form the boundary between stromatolites and skeletal
die Devonian, preceding deposition of the Misener sand- packstone, suggesting extensive subsurface dissolution.
stone and Woodford Shale. Porosity is mostly vuggy; locally, saddle dolomite lines the

The lower part of the Hunton, the Chirnneyhill Sub- rugs. Sporadic spherical aggregates of pyrite are present.
group, is commonly recognized in the subsurface,as is its This fabric is slightly mottled in places; mottles are filled
basal unit, the Keel Formation (Fig. 2). The Keel is a thin with euhedral dolomite crystals and contain small rugs.
(1-33 ft thick) ooid grainstone that conformably overlies The rest of the cored section above petrofacies 2 is corn-
the marine Sylvan Shale and retains its distinctive charac- posed of medium-crystalline, porous and permeable, hypi-
ter throughout the Anadarko basin (Amsden, 1960,1975, diotypic dolostone with vuggy porosity in which the dep-
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Figure 3. Photomicrograph of thin section of
coarselycrystalline,dolomitizedooliticgrainstone
(Keele Oolite) of petrofacies 3. Note ghostsof
ooids.Calvert Mid-AmericanBloydNo. 2 well,
6,237 ftdeep.

Figure4. Photomicrographofthinsectionoffinely
crystalline,dolomitizedskeletalpackstoneand
stromatolitesof petrofacies2. Notesporadiceu-
hedraldolomitecrystals. Calvert Mid-American
BloydNo. 2 well,6,231 ft deep. ?

Figure5. Photomicrographof thinsectionshow-
ingporous,permeable,medium-crystalline,hypi-
diotopicdolostoneof petrofacies1. The deposi-
tionaltextureinthisdolostonehas beenerased.
This dolostoneis quite vuggy,but no vugsare
presentinthisfieldof view.Noteconcentrationof

., _ organicmatter ordeadoil.CalvertMid-American
BloydNo. 2 well,6,224 ft deep.
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ositional textures have been obliterated (petrofacies 1) the number of throats of corresponding size. Thus, a graph
(Fig. 5). Petrofacies 4 and 5 of Kopaska-Merkei and Fried- of cumulative mercury-intrusion volume vs. capillary
man (1989) have not been recognized in this core. pressure is equivalent to cumulative mercury-intrusion

volume vs. pore-throat size. Mercury porosimetry is the

PETROPI-IYSICAL CHARACTERISTICS only analytical method that yields accurate and quantita-
OF PETROFACIES tive information about the size distribution of pore throats.

The model used in this paper is that of Wardlaw (Ward-
The technique of petrophysical analysis has been pre- law, 1976; Wardlaw and Taylor, 1976) for crystalline dolo-

sented elsewhere (Ghosh and Friedman, 1989; Kopaska- stones in which throats are assumed to be sheetlike and
Merkel and Friedman, 1989; Friedman and others, 1990) pores are either tetrahedra or are polyhedra that approach
and involves mercury porosimetry. This technique mea- the tetrahedral form during progressive dolomitiza_ion
sures the volume distribution of pore throats. Pore throats (Wardlaw, 1976, fig. 12). For further details, see Kopaska-
constitute only a small fraction of the total pore-system Merkel and Friedman (1989).
volume. However, most mercury-porosimetry studies give Three key parameters have been used in this study and
information on only the pore throats (Wardlaw, 1976), need to be defined: (1) porosity, (2) median throat size, and
because the method depends on the forcing of mercury (3) recovery efficiency.
into the small voids within the rock. The smallest voids Porosity: the term porosity is used in this paper for the
(throats) control access to the larger ones (pores) because porosity calculated from mercury-porosimetry data ([pore
higher pressures are needed to force mercury or other volume/bulk volume] x 100) on the assumption that 100%
nonwetting fluids into smaller spaces (for principles of of pores are filled at the maximum pressure attained in the
capillarity, see Purcell, 1949). The pore throats are the capillary-pressure analysis (20,000 psia or 138 MPa). This
bottlenecks in the pore system; their critical capillary pres- assumption has been used for Hunton Group carbonates
sures must be exceeded for mercury or other nonwetting (Amthor and others, 1988; Kopaska-Merkel and Friedman,
fluids to enter the pores they surround. For a sample with 1989).
a spatially homogeneous pore system, the total volume of Median throat size: the median or critical throat size,
mercury intruded at a given pressure is precisely related to related in the literature to threshold pressure (Ghosh and

ca
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Figure 6. Capillary-pressure curve of sample of petrofacies 1 (vuggy, porous and permeable, me-
dium-crystalline, hypidiotopic dolostone). Median polo-throat size is large; recovery is negligible.
Entry pressure is well defined and extremely low, -3 psia (0.20 MPA). Getty 1 keutmeyer U. well,
Blaine County, Oklahoma (south of Calvert Mid-AmericanBloyd No. 2 well), 8,838 ft deep (after
Kopaska-Merkel and Friedman, 1989)
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Friedman, 1989), is the capillary pressure at which maxi- _ 20
mum intrusion of mercury occurs. It is identified on capil- _ i -----------
lary-pressure curves as a near-horizontal line or break in _ 1

slope, lRecovery efficiency (RE):RE is the percentage of trapped _'=1 "
hydrocarbons which may be withdrawn from a reservoir I--
rock under a particular set of conditions. With respect to

experiments in mercury porosimetry, this definition is _ _ __.A__.
modified slightly. Recovery efficiency in mercury porosi- =_ _.--=,, _ • .,_-_•_ ,metry is the percentage or fraction of mercury intruded at O,
maximum pressure which is extruded during pressure 0 5 10 15 20 25

reduction to final minimum pressure (usually 14-15 psia POROSITY (%}
[0.09-0.1 MPa], or atmospheric pressure).

Figure7. Bivariateplot ofmedian pore-throatsizevs. porosity
Petrofacies I for petrofacies1,2, and3 inCalvertMid-AmericanBloydNo.

2 well;depthof samples, 6,216-6,240 ft. a, = petrofacies1This petrofacies (vuggy, porous and permeable, me-
dium-crystalline, hypidiotopic dolostone)(Fig. 5) includes (vuggy,porousand permeable,medium-crystalline,hypidio-
mostof the dolostonesin the studiedcore,and in factmost topicdolostone);• = Petrofacies2 (finelycrystalline,dolo-

mitizedskeletalpackstoneandstromatolites);l! = petrofacies
of the Hunton Group. It is generally characterizedby con- 3 (coarselycrystalline,dolomitizedooliticgrainstone[Keele
cavecumulative intrusion capillary-pressure curves(Fig. Oolite],oomoldicand vuggyporosity).
6), large and variable median pore-throat sizes,moderate
to high porosities,and generally low to moderaterecovery
efficiency (Figs. 7,8). The median throat size of this
petrofaciesis more variable than that of the other petro-
facies, probably asa result of variability in depositional 60
environment and diagenetic overprint.

Petrofacies 2 _ 40" e_____. • ee3This petrofacies (finely crystalline, dolomitized skeletal " 20
packstones and stromatolites) is characterized by bimodal

to gently sloping cumulative intrusion capillary-pressure ,,"_':-."_"A _''" " "curves, small median pore throats, variable porosities, and O -- "_ ":-- ' -I i

high recovery-efficency values (Figs. 7-9). O 5 10 15 20 25
POROSITY (%}

Petrofacies 3
Figure8. Bivariateplot of recoveryefficiency (RE) vs. pores-

This petrofacies (coarselycrystalline, dolomitized oolitic ity for petrofacies1,2, and 3, Calvert Mid-American Bloyd No.
grainstone [Keele Oolite], oomoldic and vuggy porosity) is 2 well; depth of samples, 6,216-6,240 ft. & = petrofacies 1
composed of samples that are petrophysically homogene- (vuggy, porous and permeable, medium-crystalline, hypidio-
ous.Thesesamples have bimodal to gently sloping cumu- topic dolostone);• = petrofacies 2 (finely crystalline, dolo-
lative intrusion capillary-pressure curves, small median mitizedskeletalpackstoneandstrolnatolites);II = petrofacies
pore throats, low porosities, and low recovery-efficiency 3 (coarselycrystalline,dolomitizedooliticgrainstone[Keele
values(Figs.7-10). This petrofaciesmakesa poor reservoir Oolite],oomoldicand vuggyporosity).
becauseof small median pore throats, low porosities, and
low recovery efficiency

Discussion tion, chertification, and calcite dissolution) have acted par- _
The best reservoir rocks analyzed in this study are those tially independently of depositional facies. The upper

of petrofacies 1 and 2, because they have both high pores- Chimneyhill in this well is dolomitized and is assigned
ities and generally moderate to high RE values. RE in to petrofacies 1, whereas this same interval in other wells
mercury porosimetry is analogous to primary recovery of is silicified and is assigned to petrofacies 4 of Kopaska-
petroleum from natural reservoirs because both processes Merkel and Friedman (1989).
involve only simple pressure reduction. Thus, rocks with
high RE values produce relatively high percentages of con- REFERENCES CITED
tained nonwetting fluids (such as oil) without recourse to
enhanced-recovery techniques. Amsden, T. W., 1960,Hunton stratigraphy, part6 of Stratigraphyand paleontology of the Hunton Group hathe Arbuckle Moun-

Some reservoir rocks are oil-wet. For these rocks, capil- tains region: Oklahoma Geological Survey Bulletin 84,311 p.
lary-pressure data cannot be interpreted as described in _1975, Hunton Group (Late Ordovician, Silurian, and
this paper. Early Devonima) in the Anadarko basin of Oklahoma: Okla-

The petrofacies, as here defined, form mappable sub- homa Geological Survey Bulletin 121,214 p.
surface units. Petrofacies distribution is markedly discor- _ 1980, Hunton Group (Late Ordovician, Silurian, and
dant to depositional lithofacies distribution and to stratig- Early Devonian) in the Arkoma basin of Oklahoma: Oklahoma
raphy, because diagenetic processes (including dolomitiza- Geological Survey Bulletin 129, 136p.

..
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Figure 9. Schematic capillary-pressure diagram showing five different shapes of cumulative intru-
sion capillary-pressure curves. Petrofacies 1 is generally characterized by concave capillary-pres-
sure curve, and petrofacies 2 and 3 by bimodal to gently sloping curves (after Kopaska-Merkel and
Friedman, 1989).

Amthor, J. E.; Kopaska-Merkel, D. C.; and Friedman, G. M., 1988, Texas": Carbonates and Evaporites, v. 4, p. 243-245.
Reservoir characterization, porosity, and recovery efficiency of Hoffman, P.; Dewey, J. F.; and Burke, K., 1974, Aulacogens and
deeply buried Paleozoic carbonates: examples from Okla- their genetic relation to geosynclines, with a Proterozoic ex-
homa, Texas and New Mexico: Carbonates and Evaporites, v. ample from Great Slave Lake, Canada, in Dott, R. H.; and
3, p. 33-52. Shaver, R. H. (eds.), Modern and ancient geosynclinal sedi-

Beardall, G. B., Jr., 1983, Depositional environment, diagenesis mentation: Society for Sedimentary Geology (SEPM) Special
and dolomitization of the Henryhouse Formation, in the west- Publication 12, p. 38-55.
ern Anadarko bash1 and northern shelf, Oklahoma: Oklahoma Manni, F. M., 1985, Depositional environment, diagenesis, and
State University unpublished M.S. thesis, 127 p. unconformity identification of the Chimneyhill Subgroup, in

Friedman, G. M.; Ghosh, S. K.; and Urschel, S., 1990, Petrophysi- the western Anadarko basin and northern shelf, Oklahoma:
cal characteristics related to depositional environments and Oklahoma State University unpublished M.S. thesis, 129 p.
diagenetic overprint: a case study of the San Andres Forma- Medlock, P. L., 1984, Depositional environment and diagenetic
tion, Maybee field, West Texas, in Bebout, D. G.; and Harris, P. history of the Frisco and Henryhouse Formations in central
M. (eds.), Geologic and engineering approaches in evaluation Oklahoma: Oklahoma State University unpublished M.S. the-
of the San Andres/Grayburg hydrocarbon reservoirs--Permian sis, 146 p.
basin: Bureau of Economic Geology, The University of Texas Pruatt, M. A., 1975, The southern Oklahoma aulacogen: a geo-
at Austin, p. 125-144. physical and geological investigation: University of Oklahoma

Ghosh, S. K.; and Friedman, G. M. 1989, Petrophysics of a dolo- unpublished M.S. thesis, 59 p.
stone reservoir: San Andres Formation (Permian), West Texas: Purcell, W. R., 1949, Capillary-pressures--their measurement
Carbonates and Evaporites, v. 4, p. 45-119. using mercury and the calculation of permeability therefrom:

Kopaska-Merkel, D. C.; and Friedman, G. M., 1989, Supplemen- Petroleum Transactions, American Institute of Mining, Metal-
tary data for "Petrofacies analysis of carbonate rocks: example lurgical, and Petroleum Engineers, v. 186, p. 39-48.
from the lower Paleozoic Hunton Group of Oklahoma and Sternbach, C. A.; and Friedman, G. M., 1984, Ferroan carbonates
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Figure 10. Capillary-pressurecurveof sampleofpetrofacies3 (coarselycrystalline,dolomitized
ooliticgrainstone[KeeleOolite],oomoldicandvuggyporosity).Recoveryis negligible;entrypres-
sureis under!ned.CalvertMid-AmericanBloydNo.2 well,6,239 ft deep(afterKopaska-Merkeland
Friedman,1989).

formed at depth require porosity well-log corrections;Hunton vealed by pore casts and capillarypressure:American Asso-
Group, deep Anadarko basin (Upper Ordovician to Lower ciation of PetroleumGeologists Bulletin, v. 60,p. 245-257.
Devonian of Oklahomaand Texas):SouthwestSection,Ameri- Wardlaw,N. C.;and Taylor,R. P.,1976,Mercury capillary pres-
can Associationof Petroleum Geologists Transactions,p. 167- sure curvesand the interpretationof pore structureand capil-
173. lary behavior in reservoir rocks:Canadian Petroleum Geolo-

_1986, Dolomites formed underconditions of deep burial: gists Bulletin,v. 24,p. 225-262.
Hunton Group carbonate rocks (Upper Ordovician to Lower Way, H. S. K., 1983,Structuralstudy of the Hunton lime of Wil-
Devonian) in the deep Anadarko basin of Oklahoma and zetta field, T12-13N, R5E,Lincoln County, Oklahoma, per-
Texas:Carbonatesand Evaporites, v. 1, p. 61-73. taining to the exploration for hydrocarbons:Oklahoma State

Wardlaw, N. C., 1976,Pore geometry of carbonate rocks as re- University unpublished M.S. thesis, 40 p.
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Outcrop and Subsurface Evidence for Karsted Reservoirs
in the Fusselman Formation (Silurian), Permian Basin, Texas

S. J. Mazzullo
Wichita State University

Wichita, Kansas

ABSTRACT.--Outcrops of Fusselman paleokarst in the Hueco Mountains (West Texas),
and analogous occurrences in the subsurface Permian basin, attest to the control of karsti-
fication on reservoir development. Many Fusselman hydrocarbon reservoirs are structural
and/or combination structural/stratigraphic traps associated with paleocaves. Other res-
ervoirs are related to the occurrence of porous carbonate strata in buried-hill (paleotopo-
graphic) traps beneath unconformities within and at the top of the Fusselman.

INTRODUCTION selman reservoirs. The approach of this paper is first to

Fusselman (Silurian, Alexandrian-Niagaran) hydrocar- examine karsted Fusselman carbonates in outcrops, and
bon reservoirs in the Permian basin of West Texas-New then to describe the sedimentologic, diagenetic, and map-

Mexico come in many "shapes and sizes." Insofar as most pable attributes of subsurface Fusselman strata in the Per-
Fusselman producing fields here were discovered by seis- mian basin that relate to the development of karsted reser-voirs.
mic methods, most are considered to be structural traps,
and, locally, combination structural/stratigraphic traps
developed along the regional Fusselman erosional trunca- LOCATION AND STRATIGRAPHY
tion (L. J. Mazzullo and others, 1989; L. J. Mazzullo, The Fusselman Formation crops out in several moun-
1990a,b). It was suspected as early as 1949, however, that tain ranges in West Texas and southeastern New Mexico,
many Fusselman reservoirs may have resulted from in- in areas that immediately surround the subsurface Per-
tense karstification during post-Fusselman subaerial expo- mian basin. Outcrops in the southern Hueco Mountains in
sure (Stormont, 1949; Gibson, 1965). Only in the last 15 Hudspeth County, Texas (Fig. 1), were specifically chosen
years has the significance of karstification to reservoir de- for study because the more-or-less complete and continu-
velopment and occurrence in the Fusselman been fully ous section of Fusselman strata here is well-exposed and
appreciated (Wright, 1979; Mear and Dufurrena, 1984; Gar- readily accessible. The section consists of -600 ft of dolo-
field and Longman, 1989; Geesaman and Scott, 1989; L.J. mites and dolomitic limestones that unconformably over-
Mazzullo and others, 1989; S. J. Mazzullo, 1989; Mear, 1989; lie carbonates of the Montoya Group (Upper Ordovician),
L. J. Mazzullo, 1990a,b; Canter and others, 1992; Mazzullo and, in turn, are overlain unconformably by Middle Devo-
and Mazzullo, 1992; Troschinetz, 1992a,b). Although the nian carbonates (Fig. 2) (McGlasson, 1968; Beard, 1983;
top of the Fusselman is known to be a major sequence- LeMone, 1992). Fusselman lithofacies here are of shallow-
bounding unconformity throughout most of the Permian marine origin, deposited on the periodically exposed
basin (Hills and Hoenig, 1979; Canter and others, 1992; Diablo platform (McGlasson, 1968). Several representative
LeMone, 1992), specific exploration for subunconformity Fusselman fields and adjoining areas in the north-central
paleokarst reservoirs has not yet been fully applied to Midland basin and on the central basin platform were also
potential Fusselman reservoirs here. This situation is likely examined (Fig. 1). The Fusselman varies in thickness from
due, at least in part, to the fact that comprehensive models 60 to 100 ft on the central basin platform, and it is -300 ft
of Fusselman paleokarst reservoirs in the Permian basin thick in the north-central Midland basin away from its ero-
are not as well-known as they are, for example, in Ellen- sionally truncated edge (Fig. 1). It unconformably overlies
burger (Ordovician) reservoirs (e.g., Kerans, 1988; S.J. a thin section of Sylvan Shale or the Montoya Group, and,
Mazzullo, 1990). in turn, is unconformably overlain by Niagaran to Cayu-

This paper describes sedimentologic and diagenetic evi- gan carbonates of the Wristen Formation (Fig. 2). Fussel-
dence that confirms regional karstification in the Fussel- man sedimentary facies in these areas also are mostly of
man, and it provides exploration models for karsted Fus- shallow-marine origin (Garfield and Longman, 1989;

Mazzullo, S. J.,1993,Outcrop and subsurface evidence for karsted reservoirs in the Fusselman Formation (Silurian), Permian basin,
Texas, in Johnson, K. S. (ed.), Hunton Group core workshop and field trip: Oklahoma Geological Survey Special Publication
93-4, p. 53-59.
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County; (4) Tex-Hamon, DawsonCounty; (5) FlyingW, Winkler County; (6) Brahaney Northwest,
Yoakum County; (7) Seminole,Gaines County.

Geesaman and Scott, 1989; L.J. Mazzullo and others, 1989; ciated bedded (layered, graded, cross-stratified) sediments
Mear, 1989; Canter and others, 1992). composed of sand- to pebble-size fragments of dolomite

Both on the outcrop and in the subsurface, the Fussel- host rock (Fig. 3C-E). The breccias and associated sedi-
man is regarded to be of Lower to Middle Silurian (Alex- ments are interpreted to have formed during cave collapse.
andrian to Niagaran) age (see LeMone, 1992, for review). It The vertical stratigraphy of this paleocave (Fig. 4) is, except
is therefore equivalent stratigraphically to the lower part of for the absence of the low-porosity/low-permeability
the Hunton Group of Oklahoma (Fig. 2). shaly and sandy cave-fill facies, essentially similar to that

described by Kerans (1988) in Ellenburger paleocaves in
FUSSELMAN PALEOKARST IN the Permian basin. Smaller paleocaves in the Fusselman

SOUTHERN HUECO MOUNTAINS are either horizontally or vertically disposed and generally
have irregular cross-sectional geometries; they also are

Features of paleokarst origin previously have been filled with collapse-breccias overlain by layered sediments.
noted in Fusselman outcrops in the Hueco Mountains Vertical and subvertical, dissolution-enlarged fractures
(King and others, 1945; Lucia, 1971; Beard, 1983; S. J. Maz- (joints and fissures) are intimately associated with paleo-
zullo, 1983) and in the nearby Franklin Mountains (Har- caves in the Fusselman. They are a few meters to tens of
bour, 1962; Lucia, 1971; McGlasson, 1971; LeMone, 1987). meters wide and high, and locally they extend laterally for
Both megascopic and microscopic features of paleokarst hundreds of meters. They also are filled with collapse brec-
occur throughout the entire Fusselman section in the cias and bedded sediments; hence they represent "breccia
Hueco Mountains, and they are described below, pipes." Galleries of small, filled paleocaves (so-called

Megascopic Karst Features "pocket breccias") occur locally along some of these frac-tures.
The most conspicuous karst features in the Fusselman

are paleocaves and dissolution-enlarged fractures. Filled Microscopic Karst Features
paleocaves vary greatly in size and orientation; the largest Microscopic features of precipitational origin are asso-
paleocave so far examined is 320 ft long by 80 fthigh, in the ciated with the filled paleocaves and dissolution-enlarged
lower part of the section (Fig. 3A). The roof of this paleo- fractures, and these features are typical of karsted carbon-
cave is fractured and disrupted by collapse brecciation ate rocks (Esteban and Klappa, 1983; Choquette and James,
(Fig. 3A,B), and the paleocave is filled completely by coarse 1988). The features include: (1) pisolitically coated clasts
dolomite-clast and local limestone-clast breccias and asso- (Fig. 3B,D); (2) dripstone (pendant) cements beneath grains
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(Fig. 5A); (3) flowstones (Fig. 3B); and (4) soilstone crusts were confirmed by other workers (Mear and Dufurrena,
(Fig. 3C). 1984; Garfield and Longman, 1989; Geesaman and Scott,

1989; L. J. Mazzullo and others, 1989,1990a,b; Mear, 1989;
Porosity in Outcrop Examples Canter and others, 1992; Mazzullo and Mazzullo, 1992),

Three types of porosity occur in cave-filling and frac- who also suggested that unconformities exist at the top of,
ture-filling deposits: (1) small vugs within some dolomite and within, the Fusselman in the Midland basin and on the
clasts, in the matrices of the collapse breccias, and in bed- central basin platform (Fig. 2). Hence, multiple paleocave
ded sediments (Fig. 5B); many of these rugs are partially systems related to these separate unconformities appar-
occluded by fine-crystalline (25 microns) dolomite cement; ently are present locally in the subsurface (Fig. 4). Filled
(2) interparticle pores in the matrices of collapse breccias paleocaves in the subsurface Fusselman that are analogous
composed of dolomite-cemented grainstones, and also in to those in the southern Hueco Mountains are evidenced
dolomite-cemented, bedded sediments (Fig. 5C); and (3) by the occurrence of porous, dolomite-clast, collapse brec-
fabric-selective, particle-moldic pores in collapse breccias and cias associated with dissolution enlarged fractures at the
bedded sediments (Fig. 5B). top of, and within, the Fusselman in producing fields and

surrounding regions in the study area (Fig. 1). There are

SUBSURFACE FUSSELMAN PALEOKARST examples in the Mid-Mar field (Garfield and Longman,
1989), in several fields in the north-central Midland basin

Various lines of evidence, which suggest that traps and (L. J. Mazzullo and others, 1989), and in the Flying-W field
porosity in many Fusselman reservoirs in the Permian basin (Mear, 1989).
are related directly to karstification, are described below. These studies, and those of Mear and Dufurrena (1984),

S. J. Mazzullo (1989), L. J. Mazzullo (1990a,b), and Maz-
Evidence of Paleocave-Associated Reservoirs zullo and Mazzullo (1992), suggested that cavernous,

Stormont (1949) and Gibson (1965) were among the first vuggy, interparticle and intercrystalline porosity in many
workers to suggest that cavernous and vuggy porosity at Fusselman fields, associated with collapse breccias and
and near the top of productive Fusselman sections (Fig. 4) dissolution-enlarged fractures, are all related to karstifi-
were related to karstification and the formation of (at least cation. Hence, the development of reservoir porosity in
partially unfilled) paleocaves of various sizes. Such exten- many Fusselman fields largely is the result of karstifica-
sire porosity typically is manifested by rapid bit drops tion, notwithstanding the presence of fractures (Mear,
during drilling and lost mud circulation. Their ideas later 1989) or field occurrence in structural traps.
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Fusselman Fields in Paleogeomorphic ied hills" or "karst towers") that locally overlie caves and
(Buried-Hill) Traps c0verns. Such surficial features commonly are recognized

Karsted unconformity horizons in the subsurface are in and around many Fusselman fields in the Permian basin
paleogeomorphic landscapes that characteristically are (Mazzullo and Mazzullo, 1992). In addition to reservoirs in
associated with surficial dissolution features (sinkholes, paleocaves, Fusselman production from buried-hill traps
dolines, dissolution valleys) and residual hills (a.k.a. "bur- also is known in the Permian basin.
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Figure 3. A_Sketch of large Fusselman paleocave in southern Hueco Mountains. Dots labeled 1 and 2 refer to Figure 3B,D. B--
Roof-collapse breccia ("B") overlying pisolitically-coated clasts ("P"), overlain by sediment ("S"); note flowstone encrustations (ar-
rows). Scale on left 5.0 cm. C--Soilstone crust (arrows) in surficial collapse breccia; scale is 5.0 cm. D--Carbonate-clast breccia
with pendant and isopachous pisolitic coats on clasts (small arrows). Note vuggy porosity in dolomite clasts (large arrows); scale
is 5.0 cm. E--Graded sediments with vuggy and grain-moldic porosity; scale is 5.0 cm.
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L. J. Mazzullo (1990a,b) and Mazzullo and Mazzullo REFERENCES CITED

(1992) have described reservoirs in buried-hill traps from Beard,T. C., 1983,Photogeologic map of the Spike "S" Ranchin
several fields in the north-central Midland basin, specifi- the southern Hueco Mountains, Hudspeth County, Texas, in
cally in Patrjci:_, Wells, Brahaney Northwest, Milagro, and Meader-Roberts, S. J. (ed.), Geology of theSierra Diablo and
Seminole fields (Fig. 1). For example, erosionally thin Southern Hueco Mountains, West Texas:Permian BasinSec-
Wristen carbonate sections overlying the Fusselman in tion SEPMPublication No. 83-22,p. 177-178.
Patricia and Milagro fields (Fig. 6A) correspond to paleo- Canter, K. L.; Wheeler, D. M.; and Geesaman, R. C., 1992, Se-
topographic highs held up by the Fusselman (Fig. 6B), quence stratigraphy and depositional facies of the Siluro-
which are interpreted as buried-hill traps (Fig. 6C). Poros-
ity in these fields is due to the presence of vugs, interpar-
ticle and intercrystalline pores and fractures, and it often is _',Q"_ ; • ."," .-7 _., • ' •
associated with terra rosa soils and soil pisolites. A _- l_ :t_i'i '" ' '.-

"CONCLUSIONS '_ i''" _ _'

Evidence of karstification of the Fusselman is found in

outcrops throughout West Texas and southeastern New
Mexico; it includes paleocaves, dissolution-enlarged frac- .' i,
tures, and features of vadose precipitational origin (e.g.,
flowstones, dripstones, soilstone crusts, pisolites). Simi-
larly, many Fusselman reservoirs in the Permian basin
likewise originated during periods of subaerial exposure
and karstification during, or immediately after, Fusselman
deposition. Reservoirs occur in unfilled and breccia-filled
paleocave systems and in buried hills in structural and J
combination structural/stratigraphic traps. The docu-
mented occurrence of such subtle traps breathes new life
into the exploration for additional Fusselman reservoirs in
this mature hydrocarbon province.

B '*
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Figure 4. Type log from Wells Fusselman field (Dawson
County,Texas)showingzonesofcavernousandvuggyporos-
ityand inferredstackedpaleocavezones.

Figure5 (right).A--Pendant calcitecementbeneathdolomite
clast ("D") in collapse-breccia; arrows pointto dolomitized
laminaeinthiscement.Scale is2.5 ram. B--Porous, dolomitic
grainstonematrixincollapsebreccia,withpisolites("P"), rock
fragments(smallarrows),vugspartiallyoccludedby dolomite
cement(fingers),andvugswithinpisoliticcoatsaroundgrains
(large arrow).Scale is 1.0 ram. C--Dolomitized grains(ar-
rows)ingrainstonematrixofcollapse-breccia.Cleardolomite
cementhasoccludedmostinterparticleporosityalthoughrem-
nantinterparticleandvuggyporesare present;cross-polars.
Scale is 0.25 ram.
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sent Fusselman production; production from shallower horizons is indicated by circled clots. Reprinted with permission of Permian
Basin Section, SEPM (Society for Sedimentary Geology).
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General Aspects of the Hunton Group
in the Western End of the Anadarko Basin

Robert Olson
Arrington CJM, Inc.

Canadian, Texas

ABSTRACT.--Recent wildcat drilling in the western Anadarko basin by Arrington CJM,
Inc. has added significant new information on the Hunton Group in Hutchinson and Rob-
erts Counties of the Texas Panhandle (Fig. 1). This drilling resulted in six dry holes and two
field discoveries, the Arrington Hunton field and the Arrington West Hunton field. These
two oil fields are the western-most Hunton oil production known to date in the Anadarko
basin. The Hunton Group in this area is very similar to the Hunton in the rest of the Ana-
darko basin. Three porosity zones are present in the Hunton in most wells. The lower two
porosity zones are stratigraphically controlled. The upper porosity zone is at the uncon-
formity on top of the Hunton.

The oil in the Hunton Group in the two newly discovered fields was derived from Or-
dovician source rocks. The time of oil generation was between Hunton deposition and the
Pennsylvanian Ouachita orogeny. The top seal of the Hunton reservoirs is Kinderhook
shale, not the Woodford Shale.

GEOLOGIC SETTING Hunton. On the south flank of the western Anadarko ba-

The western end of the Anadarko basin is bounded on sin, the upper Morrow unconformity truncates the Hunton
unconformity. The two unconformities merge far up on

the south by the buried Amarillo uplift. The Amarillo up- the northern shelf.
lift was raised so high during Pennsylvanian time that
the entire sequence of pre-Permian Paleozoic strata was
eroded away; Precambrian granite subcrops below the HUNTON GROUP CHARACTERISTICS
Permian Brown Dolomite. To the north and west, the west- The main aim of this report is to present data on charac-
ern end of the basin gradually merges with the northern teristics of the Hunton Group in the western part of the
and western shelf. To the east, it plunges into the main Anadarko basin. A series of geophysical, drilling-time, and
Anadarko basin, lithologic logs are presented along a line of cross section

The Hunton Group (Late Ordovician-Devonian) sub- that is shown in Figure 1. The main focus is on the Arring-
crops along the northern flank of the Amarillo uplift. Sev- ton West Hunton field, where a number of wells have been
eral large fault blocks are eroded down to the Ellenburger drilled on the West Turkey Track lease.
Group, or to granite, but they have a fringe of subcropping In the Patterson No. 1-10 well, the Hunton is 156 ft thick
Hunton. The overlying rocks are granite wash (conglomer- (Fig. 2). The rocks consist of white to off-white limestone
ates and arkosic rocks) and thus there is no seal. The west- that is dolomitic in part. The upper porosity zone has been
em Hunton subcrop extends under the old Panhandle field removed by erosion and the lower two porosity zones
(acreage held by shallow production). The northern sub- have merged. The formation has an oil show in the top but
crop of the Hunton feathers out on the northern shelf. The the lower porosity zone appears to be water wet.
potential for production from the Misener is small, because A series of wells (Figs. 3-6) can be used to show a typi-
the Simpson sand is thin in the area and the Simpson sub- ca] cross section across the Arrington West Hunton field.
crop is significantly farther to the north. Reworked Simp- The Hunton averages -198 ft thick. The rocks are primarily
son sand, derived from the south, is a significant compo- white to tan, [imy dolomite. The northwest sector of the
nent of the Morrow cherts, field contains more off-white limestone and dolomitic

Two major unconformities are present in the western limestone than the rest of the field. All three porosity zones
part of the Anadarko basin; the upper one is at the base of are present across the field, although in the northeast
the upper Morrow, and the lower one is at the top of the quadrant of the field the upper porosity zone has been re-

Olson, Robert, 1993, General aspects of the Hunton Group in the western end of the Anadarko basin, in Johnson, K. S. (ed.), Hunton
Group core workshop and field trip: Oklahoma Geological Survey Special Publication 93-4, p. 61-76.
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moved by erosion. Across the field, the porosity ranges discovery well was on the west flank of the field. It had an
<20%. All three porosity zones are within tile oil-produc- initial potential of 50 bbl oil and 350 bbl water. The second
tion zone across the crest of the field. Figure 7 is a structure Hunton well encountered the Hunton 13 ft lower than the
map of the field, discovery well and had only 3 ftof pay; it was judged non-

The discovery sequence was as follows: The Hunton commercial. The third Hunton well encountered the Hun-
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ton 99 ft higher than the discovery well. The second Hun- had a 1-5% oil cut at 30 ft below the oil/water contact of
ton porosity zone was tested in this well and found oil pro- the field. This suggests the Hunton reservoir has been par-
ductive. The fourth Hunton well encountered the Hunton tially drained due to natural causes. However, part of the
73 ft higher than the discovery well. The third Hunton lost oil may be trapped in fractured Mississippi lime, and
porosity zone was tested and found oil productive (Fig. 4). part of the lost oil may be trapped in the captured oil seep
The pay zone has a low resistivity on geophysical logs. in the lower granite wash. Another indication of partial

The Hunton oil here was fingerprinted by Chevron Oil drainage is the almost total lack of casing-head gas associ-
Co. as part of their exploration program, and the data were ated with the Hunton oil production.
shared with Arrington CJM. The oil was derived from Or- In the Spring Creek No.l well, the Hunton is 188 ft thick
dovician source rocks. A thin sequence of Mississippi lime (Fig. 8). The rock consists of bone-white chert at the top,
over the structure indicates that the structure is older than grading down first into white cherty limestone and then
the Mississippi lime. into limestone with varicolored chert and some pink lime-

Chevron also fingerprinted a heavy oil from the lower stone. Shales above the Hunton are varicolored red, ma-
granite wash, a rock unit that probably is post-Cherokee in roon, purple, yellow, green, and gray. The shales below the
age. This oil is degraded, possibly an Ordovician-type oil. Hunton are varicolored light blue-green, khaki, olive,
I personally believe this is a captured oil seep from the gray-green, light gray, and red. All three porosity zones
ttunton reservoir whose seal was slightly damaged during are present, but they are of low quality and appear water
the Pennsylvanian Ouachita orogeny. A supporting indi- wet. The above-described colors indicate that the Hunton
cation of this is a completion test at the base of the third here has been exposed to weathering and oxidation.
porosity zone in the West Turkey Track No. 9 well that still In the Bunk Harvey No. 1 well, the Hunton is 202 ft
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Figure 3. Logs of Arrington CJM West Turkey Track No. 15 well, sec. 15, Block M-25, TCRR Survey, Hutchinson
County, Texas. Dual induction SFL, drilling-time, and lithologic logs. Datum is kelly bushing, elevation 2,933 ft.
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Figure4. Logs of ArringtonCJM WestTurkey Track No. 8 well, sec. 20, BlockM-25,TCRR Survey, Hutchinson
County, Texas. Dual induction SFL, drilling time, and lithologic logs. Datum is kelly bushing, elevation 2,952 ft.
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Figure 5. Logs of Arrington CJM West Turkey Track No. 10 well, sec. 4, Block H, H&GN Survey, Hutchinson
County, Texas. Dual induction SFL, drilling-time, and lithologic logs. Datum is kelly bushing, elevation 2,892 ft.
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Figure6. Logs ofArringtonCJM West TurkeyTrack No.11 well,sec.4, BlockH, H&GNSurvey, HutchinsonCounty,
Texas. Dual induction SFL, drilling-time, and lithologic logs. Datum is kelly bushing, elevation 2,894 ft.
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Figure 7. Structuremap on topof HuntonGroup inthe WestTurkeyTrack of the ArringtonWest Huntonfield, HutchinsonCounty,
Texas.

thick (Fig. 9). The rock consists of cream to tan limestone A Schlumberger formation micro-scanner log was run
with small amounts of dolomite and chert. All three poros- in the CarleeJane well (Fig. 12).This micro-scanner shows
ity zones are present. However, the oil show is slight and some of the detailed stratigraphic, sedimentologic, and
the porosity zones appear to be water wet; this was con- structural feature_ within the formation. The upper contact
firmed by a production test. of the Hunton is very sharp. Other observable features in-

In the Morrison No. 1 well, the Hunton is 280 ft thick clude small-scale laminated bedding, bioturbation, vugs,

(Fig. 10). This well is located farthest east and toward the fossil casts, cross bedding, and vertical fractures. Some of
axis of the basin, therefore the Hunton is deeper and the vugs and fossil casts show dog-tooth calcite lining. The
thicker. The rock consists of light-buff, tan, and light- lower contact of the Hunton is an interbedded transition
brown limestone with scattered chert. All of the porosity into the Sylvan shale.

zones are present in this well, and they are thicker than in
the wells farther west. The oil show is slight and was not CONCLUSION
considered worth a production test. The electric logs indi-
cate the formation is water wet. The Hunton Group in the western end of the Anadarko

In the Carlee Jane No. 202-1 well, the Hunton is 268 ft basin is similar to the Hunton throughout the Anadarko
thick (Fig. 11). The rock consists of cream to buff dolomite basin. The lower contact is a depositional transition from
with some dark- and light-gray chert. The upper porosity Sylvan Shale to Hunton carbonates. The three main poros-
zone is quite thick and the lower two porosity zones have ity zones extend throughout the area, but the porosity it-
merged into one. Porosity is relatively low, without any self is variable. The unconformity at the top of the Hunton
drilling break. A drill-stem test was conducted over the truncates the Hunton in other subsurface areas to the
Hunton, but only drilling mud was recovered in the test. north, west, and south.
The sample chamber containcd drilling mud with a slight In many parts of the Anadarko basin, the Woodford
show of oil. The electric logs indicate the formation is wa- Shale provides both the source and the seal for Hunton oil
ter wet (Fig. 11). production. An accepted oil-industry myth during the

The Carlee Jane and the Bunk Harvey wells contain a early exploration activity of Arrington CJM was: "No
zone between the Hunton and the Viola Groups that is not Woodford, no Hunton oil production."
typical Sylvan Shale (the Sylvan Shale normally separates Established production of oil from Hunton reservoirs,
the Hunton from the Viola). This anomalous Sylvan dolo- where the oil is derived from Ordovician source rocks and

mite, or Maquoketa, or lower Hunton presents a strati- the reservoirs are sealed by overlying Kinderhook shale,
graphic problem similar to the basal-Hunton problem eliminates the need for the existence of Woodford Shale for
south of Oklahoma City. Hunton oil production in the western Anadarko basin.
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Figure 11. Logs of Arrington CJM (originally EP OperatingCo.) Carlee Jane No. 202-1, sec. 202, Block 2, I&GN Survey,
Roberts County, Texas. Dual induction SFL, drilling-time, and lithologic logs. Datum is kelly bushing, elevation 3,041 ft.
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Figure 12. Formation micro-scanner log of Carlee Jane No. 202-1 well (see Fig. 11). Sixselected depth intervals are shown; depths are in feet.
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A Regional Look at Hunton Production
in the Anadarko Basin

Sherrill D. Howery
Consuhing Geologist

Oklahoma City, Oklahoma

ABSTRACT.--Porous dolomites in the Hunton Group contain the most prolific gas res-
ervoirs, on a per-well or per-acre basis, in the Anadarko basin of western Oklahoma. Aledo
field, in Dewey County, will ultimately yield -92 Bcfg (billion cubic feet of gas) in each
square mile of Hunton reservoir, making it the most prolific field in the basin. The Phillips
No. 1 Callie "B" well, located in the Aledo field, has cumulatively produced -77 Bcfg from
Hunton dolomite perforations, making it the largest gas well in the basin. Across the State
line, in Hemphill County, Texas, the Gulf No. 1 Helton well was completed for 2.75 Bcfgd
initial potential, calculated absolute open flow (IP CAOF), from Hunton dolomite perfora-
tions, making it the largest initial potential test in the basin.

A Hunton dolomite porosity fairway is present as a northeast-trending band across the
Anadarko basin; it extends from the Hunton's truncational limit in Garfield County, Okla-
homa, southwestward to the basin's southern fault limit in Wheeler County, Texas. This
fairway roughly encompasses any Hunton Group reservoir, regardless of formation, where
the principal lithology is dolomite. It is estimated that >80%of Hunton oil and gas produc-
tion within this fairway comes from the uppermost 100 ft of Hunton, regardless of the
specific formation that is present in the subcrop at its truncated top.

The Hunton dolomite porosity fairway, when superimposed on regional maps of either
the Hunton structure or thickness, shows only a slight association. The closest association,
however, is with a regional isopach map of the Woodford Shale, which unconformably
overlies the Hunton. This emphasizes the importance that diagenesis, rather than subcrop
formation or primary deposition, has on the presence of reservoir-porosity development.

PURPOSE development of what is now encompassed in the "Sooner

This paper presents regional lithological factors that Trend" field. Reference is made to the Anadarko basin
affect oil and gas accumulations in carbonates of the Hun- Hunton Group isopach map (Fig. 1), which shows thethickness and areal extent of the Hunton. The Sooner
ton Group of the Anadarko basin. Presented herein is a
summary of a much more comprehensive regional study Trend production occurred (and is still ongoing, to a lesser
involving data assemblage over a 20-year period. AI- extent) primarily in the extreme northeast corner of this
though anchored by subsurface control of more than 5,000 map area, in Garfield, Kingfisher, and Major Counties.

Here, in the Enid embayment, the Hunton has a distinct
drill holes, virtually every tool available to the exploration- production advantage over where it occurs in the rest ofist (i.e., seismic, surface geology, remote sensing, etc.) was
utilized in understanding Hunton oil and gas fields and the basin, due to a large regional trap formed by its trunca-
their relationship to regional lithologic trends, tional limit being in the structurally shallowest part in thebasin.

Continued drilling to the south of the Sooner Trend
OIL AND GAS PRODUCTION revealed a gradational change in reservoir lithology; a

Frank J. Adler (1971) estimated the known and future- change from porous dolomites to porous and/or fractured
potential Silurian/Devonian gas reserves of the Midconti- limestones. Continued drilling to the west and southwest
nent at 16,900 Bcfg, or 38% of the total reserves. The Hun- of the Sooner Trend revealed that porous dolomites are
ton Group, primarily the Hunton Group in the Anadarko present, but oil and gas traps are more structurally con-
basin, represents most of this potential. It is beyond the trolled and isolated. Thirty-five Hunton gas reservoirs,
scope of this paper to deal with actual production numbers peripheral to the original Sooner Trend drilling, were stud-
in the Anadarko basin, but a few highlights of Hunton ied for various geological signatures, in an attempt to de-
exploration and production will be emphasized, fine exploration techniques that could best be utilized

The most significant phase of Hunton drilling in the away from the regional entrapment area of the Enid em-
Anadarko basin occurred from 1958 to 1968, with early bayment. Some of the findings are listed below:

Howery, S. D., 1993, A regional look at Hunton production in the Anadarko basin, in Johnson, K. S. (ed.), Hunton Group core
workshop and field trip: Oklahoma Geological Survey Special Publication 93-4, p. 77-81.
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1) The largest gas well in the basin produces from Hun-
ton dolomite perforations (15,088-15,420 ft) in the Phillips TABLE 1. --- TOP 10 HUNTON RESERVOIRS
No. 1 Callie "B" well, sec. 32, T. 16 N., R. 18 W., Dewey IN THE ANADARKO BASIN

County, Oklahoma, which, from its completion in 3/18/69 EUR/640 acres
until 1/1/93, has produced 77,323,483 Mcfg (thousand Field County (Bcf)
cubic feet of gas).

2) The largest initial potential in the basin is from Hun- Aledo Dewey, OK 92

ton dolomite perforations (19,512-19,910 ft) in the Gulf No. Washita Creek Hemphill, TX 64
I Helton well, sec. 21, Block M-l, H&GNRR, Hemphill
County, Texas, where, on 9/19/69, it tested CAOF 2.75 Putnam Dewey, OK 42
Bcfgd. Gageby Creek Wheeler, TX 41

3) The average per-well ultimate recovery of gas for the Buffalo Wallow Hemphill, TX 37
Hunton Group, an average of 8.97 Bcf, is the highest of all
producing intervals in the basin (Clark, 1980). Mills Ranch/Mayfield Wheeler, TX/

4) The most prolific reservoir, per acre, in the basin is Beckham, OK 30
the Hunton dolomite at Aledo field, centering in T. 16 N., Arnett, N.E. Ellis, OK 25

R. 18 W., Dewey County, Oklahoma, where each square Cedardale, N.E. Major, OK 22 (equiv.)
mile (640 acres) of reservoir will yield ~92 Bcfg.

5) The top 10 Hunton reservoirs, based on estimated Pan Wheeler Wheeler, TX 20
ultimate recovery (EUR) of gas per 640 acres (not to be con- Mathers Ranch Hemphill, TX 18
fused with spacing units), are presented in Table 1. ........

HUNTON DOLOMITE POROSITY FAIRWAY
of this trend (the map scale does not permit specific field

The Woodford/Hunton (or source rock/reservoir rock) identification). This fairway is somewhat aligned along
couplet in the Anadarko basin averages ~600 ft thick, in its Hunton depositionai strike, but is clearly at an angle to
preserved section. Considering the fact that this interval structural strike. When superimposed on the regional
accumulated over a span of 65 ma (million years), this is an thickness of the Hunton Group (Fig. 1), the fairway has
extremely slow sedimentation rate (9.2 ft/ma). By com-
parison, the entire Pennsylvanian interval accumulated very little association.Figure 3, showing the thickness of the Woodford Shale,
over a span of 50 ma and averages ,-8,000 ft thick and thus depicts probably the strongest basis for the fairway's NE-
had a sedimentation rate of 160 ft/ma (17 times faster SW trend. Note the close association of the northwest limit
than Wood ford / Hunton). This slow Wood ford / Hunton
sedimentation rate, including as many as six unconfor- of the Hunton dolomite porosity fairway to the 25-ft iso-
mities, is highly conducive to repetitive calcite/dolomite pach of Woodford Shale. Because there are no significantunconformities within, or close above, this interval, this
diagenesis. Accordingly, long-distance correlations by sub- isopach line is believed to portray the ancestral deposi-
surface methods are extremely difficult, tional strike of strata immediately above the truncated

The author chose early in the study to avoid time-con- Hunton carbonates. The southeastward limit of the fair-

suming and questionable detailed stratigraphic correla- way would accordingly align with the Woodford shelf
tions, and instead to focus on geologic signatures that gas edge, where the Woodford abruptly increases in thickness
fields have in common. These signatures-in-common into the basin. The stages of Hunton dolomitization and
would subsequently be the basis for a technique of detailed diagenesis are beyond the scope of this paper; however,
exploration. Probably the most obvious common aspect of
the most prolific fields studied is their association within the presence and trenc_ of the Hunton dolomite porosity
a "fairwav" of dolomite porosity. This Hunton dolomite fairway are clearly depicted as being associated with an
porosity fairway is defined basically as a continuous NE- interval of time subsequent to Hunton deposition.
SW-trending band, nearly orthogonal to the basin axis, that
contains Hunton reservoir porosity, not specific to any for- REFERENCES CITED
marion, and where the dominant lithology is dolomite Adler, F.J.,1971,Future petroleum provinces of the Mid-Conti-
rather than limestone. It is estimated that >80% of known nent:AmericanAssociation of Petroleum Geologists Memoir

15,p. 985-1120.reservoirs within this fairway produce from the upper-
most 100 ft of Hunton strata, regardless of the formation Amsden, T.W., 1975,Hunton Group (Late Ordovician, Silurian,
that is found at the subcrop. Production lower in the Hun- and Early Devonian) in the Anadarko basin of Oklahoma:OklahomaGeological Survey Bulletin121,214 p.
ton is limited, and then is associated only with those traps Clark, R. H., 1980, The Anadarko basin--a regional petroleum
of highest structural relief, accumu|ation--a model for future exploration and develop-

In Figure 2, the Hunton dolomite porosity fairway is ment: ShaleShaker Digest X, p. 238-251.
superimposed on a map showing Hunton structure and Lindberg,F. A., 1983,Correlation of stratigraphicunits of North
Hunton producing fields. The fairway, from its trunca- America (COSUNA)project;Southwest/Southwest Mid-Con-
tional limit in Garfield County (upper right corner of map), tinent Region:American Association of Petroleum Geologists,
extends southwestward to the fault limit of the Hunton Tulsa.

Group in Gray County, Texas (centered above the title Petroleum Information Corp., 1982, The deep Anadarko basin:
block). With little exception, the aforementioned top 10 359 p.
fields, based on recovery, are located along the central axis 1992, OklahomaGas Monthly Report, December.
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Log-Derived SP Trends of the Hunton, with Possible
Ramifications to Henryhouse-Chimneyhill

Depositional Environments, Lincoln and
Logan Counties, Oklahoma

Kurt Rottmann
Beard Oil Co.

Oklahoma City, Oklahoma

INTRODUCTION correlations were compiled, calculated, and used to make

The study area covers ~288 mi2in north-central Okla- the stratigraphic cross sections, structure map, and various
homa. It is in Lincoln and Logan Counties, and includes T. isopach maps used in this paper and the Hunton core-
16-1.7 N., R. 2 E. through R. 2 W. Figure 1 shows the geo- workshop presentation.
graphical location of the study area.

PREVIOUS INVESTIGATIONS

METHOD OF STUDY The Hunton Group has been studied and described by
Data for this study were compiled primarily from elec- many scholars since the earliest part of the century. The

tric logs available from the Oklahoma City Geological Li- study area, either in whole or in part, has been included
brary. The SP curve on each log was selected as the pri- with several of these investigations. Amsden (1975) dealt
mary means of correlation for the following reasons: with the Hunton in considerable detail in the subsurface,

1) The SP curve is almost always included on any vari- not only in the Anadarko basin but also in the surrounding
ety of open-hole logs, and therefore it is generally common provinces, including the study area. Holhah (1978) studied
to all. the Hunton in greater detail in portions of Lincoln, Payne,

2) Basic assumptions, such as shaliness, porosity, and and Logan Counties, which also includes the study area.
permeability, can be interpreted from the SP curve. Figure 3 is the stratigraphic column used for the surface

3) Fluids within the Hunton do not affect the SP curve exposures of the Hunton in the Arbuckle Mountains and
as dramatically as they affect the resistivity curves. Criner Hills areas (Amsden, 1975).

4) Only a portion of the logs available include the
gamma-ray curves.

5) Within clastic sediments, the SP curve can be used to PURPOSE AND SCOPE
interpret basic facies or environments of deposition. Evaluation of the apparent correlation of cross section

The author employs a fence-diagram technique for use A-A', as seen on Figure 4 and whose position is shown on
in stratigraphic correlation. This method involves sub- the location map of Figure 5, is the primary purpose of this
dividing a large surface (e.g., a wall, large poster, or paper paper. Even though the author's analysis of this area is
sheet) into map divisions, such as sections or sections, incomplete at this time, certain correlations, trends, and
townships, and ranges. The logs to be used are then cop- interpretations are clear enough to warrant presentation at
led, annotated, and trimmed to include enough of the this workshop and the writing of this paper. It is the
zones above and below the formation in question to assure author's intent to stimulate discussions concerning the
not only complete inclusion of the formation, but also to evaluation and implications of cross section A-A' (Fig. 4).
determine any effects those zones above and below have When this study area is linked to the 12,672 mi 2regional
on the formation in question. A stratigraphic datum corn- study of the Woodford and Hunton in central and western
mon to all logs used is picked, and the logs are then se- Oklahoma that the author is currently pursuing for Beard
cured to the fence diagram with the stratigraphic datum Oil Co., then the questions raised here will be addressed
serving as the spot location on the grid. Figure 2 is a pho- more completely. Figure 6 is a location map showing the
tograph of the fence diagram used for this study, position of this western Oklahoma study, relative to the

Approximately 460 well logs were employed on the study area described in this paper. Figure 7 is a photo-
fence diagram, with the remainder of the available logs graph of a portion of the fence diagram used for the larger
then correlated to the fence diagram. The results of the western Oklahoma study.

Rottcnann, Kurt, 1993, Log-derived SP trends of the Hunton, with possible ramifications to Henryhouse-Chimneyhill depositional
environments, Lincoln and Logan Counties, Oklahoma, in Johnson, K. S. (ed.), Hunton Group core workshop and field trip:
Oklahoma Geological Survey Special Publication 93-4, p. 83-89.
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Figure 1. Locationof studyarea incentral Oklahoma,

HUNTON STRATIGRAPHY however, the author would simply like to compare the

Figure 8 is the electric log of the Universal Resources general shape of the SP curves, as seen in Figure 9. Even
No. 3-17 Heupel well located in the NW Richland field though the thickness of the Hunton varies considerably,
of sec. 17, T. 13 N., R. 6 W., Canadian County, Oklahoma. notice that the sigma shape (Y.)of the SP curve of the Heupel

Sample descriptions from the Hunton Group suggest that well is very similar, in overall character, to the sigma shape
the following formations, in descending order, are present (X) SP curves of the wells in cross section A-A' (Fig. 9).
within this well:

Frisco Formation 8,806-8,842 ft
Bois d'Arc-Haragan Formation (undiff.) 8,842-8,920 ft _i:

Henryhouse Formation 8,920-9,114 ft

Chimneyhill Subgroup (undiff.) 9,114-9,272 ft
(Note: TheChimneyhill will not be subdivided *_
into its component formations in this report.)

The formation tops listed above are those established by
the author and are based on sample descriptions and re-

gional correlations to the Gulf Oil Corp. No. 1 Streeter, sec.
20, T. 13 N., R. 4 W., Oklahoma County, and the Sinclair
Oil and Gas Co. No. 1 Frank Horlivy, Jr., sec. 19, T. 11 N., R.
5 W., Canadian County. Both of these wells have been
cored, with core descriptions and formation boundaries
having been described by Amsden (1975). There are many
significant re,.sons why the No. 3-17 Heupel has been se-
lected to represent the Hunton, all of which will be brought
out in future discussions. For the purpose of this paper, Figure2. Photographof fence diagramusedfor currentstudy.
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DISCUSSION OF FIGURE 4 strong, negative SP deflection at the top of the Hunton,

Figure 4 is an east-west stratigraphic cross section of the which is marked as zone 1-1'. Point 2-2' has a general
B. W. Blake No. 10. M. Morgan and the Ross O&G No. 1 curve similarity, and even seems to be at the same vertical
State Land Commission wells, whose positions are spotted stratigraphic point, as measured from the Sylvan datum.The lower third of the Hunton section within the two wells
on the location map (Fig. 5). The overall Hunton section in

also exhibits similar SP characteristics. To a geologist cor-the two wells has a strikingly similar SP shape. There is a
relating these two wells, it probably would be easy to as-
sume similar environments of deposition, as well as equiv-
alent correlations of the sequences zone 1-1', point 2-2',

ARBUCKLEMTS. and zone 3-3'. The general correlation as shown would beCRINER HILLS
(Surface) reasonable, especially if these two wells were part of a

larger, regional correlation.

Famennian DISCUSSION OF FIGURE 10WOODFORDSHALE

Fraenian Figure 10 is a series of three east-west stratigraphic
cross sections within the study area, and their positions are

Givetian shown on Figure 11. In general, these three cross sections
Eifelian reflect the overall correlation of the Hunton within the

study area,assuggestedfrom the densewell controlon the
Emsian fencediagram. The Woodford-Lower Mississippian/Penn-
Siegenian FRISCO sylvanian interfaceis not detailed on thesecrosssections.

HARAGAN-B'D'ARC There alsoappearsto be no erosion or modification of the
Hunton-Sylvan contact,and this contactappears region-

Pridolian- o. ally conformable.
HENRYHOUSE _ Cross sections B-B', C-C', and D-D' all seem to haveLudlovian rr

o similar correlations. Notice the sequences labeled zone (x
z on the eastern edge of all three cross sections. As you fol-
O

Wenlockian CLARITA " low the zone (xcorrelation westward, the base of zone (z

= drops stratigraphically within the Hunton section, until, at
COCHRANE the western edge of all three cross sections, zone (x is at orLlandoverian O

_ near the bottom of the Hunton. Notice now the sequence_o labeled zone 13on the eastern portion of cross section B-B',
KEEL C--C', and D-D'. As you follow this correlation westward,Ashgillian

SYLVAN SHALE zone j3thins, until it is merely a remnant at the western
edgeof the crosssections.The RossO&G No. 1 StateLand

Figure3. Geologiccolumnof Ordovician,Silurian,andDevo- Commissionwell from crosssectionA-A' (Fig.4) is on the
nianstrata in ArbuckleMountainsandCriner Hillsoutcrops westernedgeof crosssectionB-B'. The B.W. BlakeNo. 1
(modifiedfromAmsden,1975). O.M. Morgan well from cross section A-A' (Fig. 4) is a

ROSS O & G B.W. BLAKE A |

A # 1 STATELAND COMM. #10.M. MORGANNE SE SE W/2 SE NW •
36-17N-1W 32- 17N-2E

WOODFORDFM.

ZONE 1 ZONE 1',

POINT 2 POINT 2' [

ZONE 3 / ZONE3'i

DATUM

SYLVAN SH

Figure 4. Stratigraphiccrosssection A-A' (locationmap shown in Fig. 5).
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Figure 5. Location mapforcrosssectionA-A' (see Fig.4).

' t direct offset to the W. H. Martgan No. 10rner, which is onthe eastern edge of cross section B-B'. These correlations,

as suggested from cross sections B--B',C--C', and D-D', are

W=STEn.O_L,.O-* I_ _ in direct conflict with the apparent correlation of zone 1-1',
wooo,o.o A.o =TUe,*RE, point 2-2', and zone 3-3', as shown on cross section A-A'.U.TO.STUOV FOrtT.=
*hE* .............. oa=.U.TO_, of Figure 4.conewonxs.oP

DISCUSSION OF FIGURE 12

_,.._,4_, Figure 12 is a revised version of cross section A-A' thatis shown in Figure 4, incorporating all of the densely
_ spaced Hunton well control in between. Zone 0_in the Ross

well does not correlate stratigraphically to zone [3in the
Figure6. Location of studyarea for thisreportand largerarea Blakewell, nor doespoint 2correlateto point 2'. However,
of westernOklahomaWoodfordand Huntonstudy, the similarity of the SP curves in the two wells has not

changed.The apparent similarity of the SPshapeperhaps
represents a cyclical environment of deposition for the
rock-stratigraphic sequences in these two wells. If the se-
quences zone o_and zone _ on revised cross section A-A'
(Fig. 12) are composed of allochthonous materials, then
these sequences take on the appearance of more-typical,
clastic-type depositional environments, such as prograda-
tional fan or deltaic environments. At the time of this writ-

ing, the core and sample work have not been completed.
However, various scout tickets and sample logs have re-
ferred to portions of the Hunton within this area as being

! "detrital."

,/ CONCLUSIONS

,;_ The author has noticed, over the years, that upon re-
viewing Hunton prospects and observing correlations an-

/ notated on electric logs, many geologists tend to equate the
general sigma shape (_,) character of the SP as an indica-
tion of the presence of the various Hunton formations. The

Figure 7. Photograph of a portion of the western Oklahoma top, negative-deflected portion is often attributed to the
Woodfordand Huntonstudyarea. Frisco,Boisd'Arc, and/or Haragan Formations. The cen-
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Figure8. Examplelogof Woodforcf-Huntort-Sylvansectionin
centralOklahoma.

tra,po ,t,veport,o , e era,lyr ,erredtoasHenryhouse, and the bottom, negative-deflected portion is
thought to be Chimneyhill. The No. 3-17 Heupel well (Fig.
8) is an example where this overall tendency is true. How-
ever, the SP shape of wells in cross section A-A' (Fig. 12) _

also have this sigma shape (X) character, and indeed the
author has noticed attempts by others to force various for-
mation names to these curves on wells within the study ROSS O & G B.W. BLAKE
area. The revised cross section A-A' (Fig. 12) demonstrates # 1 STATELANDCOMM # 10 M MORGAN
a cyclical mode of deposition; it indicates that there are not NE SE SE W/2 SE NW
several formations present, but that the entire Hunton sec- ._6-17N- 1W 32- 17N- 2E
tion within the study area is probably only a portion of, or

a member of, a single formation. No attempt will be made _in this paper to speculate as to which formation is present
within the study area. HUNTON

The cyclical nature of deposition within the study area (UNDIFF) f

is strongly evident, based upon using a fence-diagram !approach to regional stratigraphic correlations. It is the | Lauthor's intent to connect the stratigraphic geometries in
this study with those geometries observed in the regional
study of the Woodford and Hunton of central and western Figure 9. Comparison of sigma shape (,Y_,)of SP curves for
Oklahoma, as shown on Figures 6 and 7. wells shown in Figures 4 and 8.
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Figure 1I. Location map for cross sections B-B', C-C', and D--D' (see Fig. I0). Cross section E-E' was discussed only
at Hunton Group core workshop.

ROSS O & G B.W. BLAKE A

# 1 STATE LAND COMM. # 10.M. MORGAN _1
A NE SE SE W/2 SE NW

_6-17N-1W 32-17N-2E
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7.0_E _ _ SEQUENCEMARKER

DATUM

SYLVAN SH,

Figure 12. Revised interpretation of cross section A-A' (see Figs. 4 and 5).
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Depositional and Diagenetic Character
of Hunton-Equivalent Rocks

in the Permian Basin of West Texas

"2 Stephen C. Ruppel
Bureau of Economic Geology

The University of Texas at Austin
Austin, Texas

ABSTRACT.--Hunton Group-equivalent rocks in the Permian Basin of West Texas and
New Mexico constitute an important hydrocarbon-bearing succession. Production from
nearly 650 reservoirs developed in these Silurian and Devonian carbonates and cherts
totals almost 2 billion bbl of oil.

The Fusselman Formation, which forms the lowest part of the section, comprises Late
Ordovician to Middle Silurian age rocks that were deposited on a stable, broad, low-
gradient, shallow-water platform. Variations in depositional facies are principally the re-
sult of paleotopography. Reservoirs are principally developed in basal ooid grainstones
and overlying pelmatozoan packstones, both of which are areally extensive. Multiple sea-
level-fall events resulted in punctuated early diagenesis that has contributed to reservoir
heterogeneity.

Middle Silurian drowning and downwarping of the Fusselman platform was followed
by deposition of Wristen Group carbonates that include outer ramp/slope to basin mud-
stones (Wink and Frame Formations) and complex platform-margin and inner-platform
suites of shallow-water carbonates (Fasken Formation). Reservoirs in these rocks are de-
veloped exclusively in platform margin, coral/stromatoporoid-buildup successions and
in cyclic, laterally variable, inner-platform facies of the Fasken Formation. Porosity in
inner-platform rocks is related to diagenesis associated with periodic, high-frequency st a-
level fall and to long-term exposure during the Middle Devonian.

Early Devonian sea-level rise resulted in filling of the Middle Silurian basin by trans-
gressive, slope/basin, spiculitic chert and progradational, highstand, skeletal carbonate
of the Thirtyone Formation. Thirtyone Formation reservoirs are developed in cherts
whose distribution is the result of cyclic sea-level rise and fall and gravity mass transport,
and in aggradational, platform-top, grain-rich carbonates that underwent leaching dur-
ing regional Middle Devonian uplift.

Hunton Group equivalents in the Permian basin resemble their Oklahoma counter-
parts, but differ in several significant ways. Comparative study of the two temporally
equivalent successions can greatly improve the understanding of the depositional and
diagenetic processes that have contributed to reservoir development in each.

INTRODUCTION Hunton Group-equivalent rocks in West Texas and
New Mexico consist of a thick succession of carbonate and

Carbonate and chert rocks of Silurian and Devonian age chert rocks, and a generally much thinner interval of over-
constitute a thick (<2,000 ft thick) hydrocarbon-bearing lying shales that are assigned to the Woodford Formation
succession in the Permian basin of West Texas and New (Jones, 1953; Wilson and Majewski, 1960; McGlasson,
Mexico (Fig. 1). Nearly 2 billion stock-tank barrels (STB) of 1967). Although the rocks that make up the Silurian and
oil have been produced from the approximately 650 reser- Devonian reservoir succession in West Texas and New
voirs developed in these rocks (Fig. 2), and current esti- Mexico are equivalent in age to the Hunton Group (Fig. 3),
mates suggest that another 2 billion bbl of mobile oil re- they exhibit important differences in lithology and reser-
main (Ruppel and Holtz, in press), voir development. This report describes these rocks and

Ruppel, S. C., 1993, Depositional and diagenetic character of Hunton-equivalent rocks in the Permian basin of West Texas,
in Johnson, K. S. (ed.), Hunton Group core workshop and field trip: Oklahoma Geological Survey Special Publication 93-4,
p. 91-106.

91
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Figure 1. Map of West Texas and New Mexicoshowingthe distributionof major hydrocarbon-producingreservoirsinHunton-
equivalentstrata.CrosssectionA-A' is shownin Figure4.
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presents models for their ]eposition, diagenesis, and reser- STRATIGRAPHY AND FACIES

voir development. Three cores are displayed to illustrate Only the Hunton Group-equivalent, hydrocarbon-bear-
the key features of each major reservoir unit: the Fussel- ing, carbonate and chert sections of Late Ordovician to
man Formation (Keel--Cochrane equivalent), the Fasken Early Devonian age are dealt with in this report; for a re-
Formation (Henryhouse equivalent), and the Thirtyone cent treatment of the Upper Devonian Woodford Forma-
Formation (Haragan-Frisco equivalent), tion, see Comer (1991). Pre-Woodford Silurian and Devo-

nian rocks in the Permian basin can be divided into three
Thlrlyone Fm. WrlstenGp (Fasken Fm.) major lithostratigraphic units: the basal Fusselman Forma-

Ched reservoirs Buildups & Platlorm
(146) Carbonate reservoirs tion, the overlying Wristen Group, made up of the Fasken,

(221) Frame, and Wink Formations, and the Thirtyone Forma-

tion (Figs. 3,4). Reservoir development in Hunton-equivalent
rocks in West Texas and New Mexico is restricted to the Fus-

selman Formation, Fasken Formation 0Nristen Group), and

i _ Thirtyone Formation. The Frame and Wink Formations

_\\\\',,_ (Wristen Group) are deeper water, shaly, mud-rich equiva-
* _\\\'-\'_ lents of Fasken platform carbonates and are not productive.

:_ _._:ji!!!_ii!i
_iii_:_:i! Fusselman Formation

ThidyoneFro. and Majewski, 1960;McGlasson, 1967;Harbour, 1972),recent
Fusselman Fin. 107 Ramp Carbonate studies (Barrick and others, 1993) have shown that the Fus-
Shallow-Water MMbbl reservoirs selrnan Formation comprises rocks of Late Ordovician and

Carbonate reservoirs (45)
(233) Early Silurian age, and it is equivalent to the Keel and Coch-

QAa33980 rarle Formations of the basal Hunton Group (Fig. 3).

Figure 2. CumulativeproductionfromHunton-equivalentres-
ervoirsinthe Permianbasinof WestTexas andNew Mexico.

System Series Stage S,L,Fall Oklahoma Texas IllinoisBasinS NS N

Fam-
mennian Woodford Woodford

Upper NewAlbany
Frasnian

z Givetian NorthVernon
<

Middle
O Eifelian Jeffersonville
_>
uJ

o Emsian Clear

Frisco
Lower Pragian

Thirtyone
Loch-
kovian Haragan

Pridoli Bailey
Henry-
house

Ludlow Moccasin
z Springs
<c
m

nr-
D WenIock Clarita St,Clair
..I
M

U3
Cochrane SextonCreek

Llandovery
A Fusselman

ORDVCN. Ashgill Hirnantian Keel Maquoketa
QAa389c

Figure 3. Correlationof Silurianand Devonianstrata inWest Texas withthe HuntonGroupof Oklahoma.Age dates are from
Harlandand others(1989).
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Figure4. Cross section showinggeneral stratigraphicrelationshipsof Silurianand Devonian rocks inWest Texas and New Mexico.
Line of section is shown in Figure 1.

Facies Fusselman (Fig. 6D). These voids were likely produced by

The Fusselman comprises a diverse succession of shal- secondary leaching and subsequent sediment infill and
low-water carbonate facies (Fig. 5); however, reservoirs are cementation.
principally developed in just two of these: a basal, thin
(<10 ft thick) ooid grainstone to packstone, and an upper, Depositional Environment
thicker interval of pelmatozoan grainstone and packstone. The Fusselman Formation documents deposition on an
The basal ooid grainstone is lithologically similar to the open-marine, shallow-water carbonate platform that prob-
Keel Formation of the Hunton Group, and recent biostrati- ably formed during Late Ordovician time. Underlying
graphic work suggests that the two are equivalent (Barrick Montoya Group deposits (Fig. 4) represent the earlier de-
and others, 1993). These rocks are typically well sorted, velopment of this platform, which extended across West
locally cross bedded, and commonly display well-pre- Texas and New Mexico during the Late Ordovician and
served primary interparticle porosity and good permeabil- Early Silurian. Basal Fusselman ooid grainstones represent
ity (Fig. 6A). Meniscus and pendant cements partially fill deposition in relatively high-energy tidal-flat to shallow-
pore space (Fig. 6B). These cements, combined with over- subtidal conditions. The extent of these deposits indicates
lying fenestral mudstone that locally contains shale-filled that the platform was broad and flat, and extended across
solution/erosion pits, document exposure and meteoric much of the southern Midcontinent. Vertical facies succes-
diagenesis at the top of the lower Fusselman. Locally, espe- sions suggest an overall deepening through Fusselman
cially near the eastern subcrop margin, the ooid facies deposition. Upper Fusselman pelmatozoan facies docu-
grades into mud-dominated rocks associated with paleo- ment more open-marine conditions across this broad plat-
topographic highs (Geesaman and Scott, 1989; Garfield form.
and Longrnan, 1989). Stratigraphic and diagenetic patterns in the Fusselman

The upper Fusselman reservoir unit contains well- indicate that deposition was punctuated by episodic rise
sorted and locally cross-bedded, grain-dominated pack- and fall of relative sea level. Johnson (1987) documented
stone composed predominantly of pelrnatozoans and sub- four major sea-level falls during the Llandovery (Fig. 3).
ordinate bryozoans, brachiopods, ostracodes, corals, and Comparison of these data with the biostratigraphically
mollusks (Fig. 6C). The basal part of this unit locally grades well-constrained Chimneyhill Subgroup in Oklahoma sug-
laterally into skeletal wackestone containing pelmato- gests that: (1) the lower ooid grainstone member of the
zoans, brachiopods, and ostracodes. These deposits are Fusselman (Keel equivalent) is separated from the upper
similar to correlative rocks in Oklahoma (Cochrane and pelmatozoan facies (Cochrane equivalent) by a long-dura-
Clarita Formations; Amsden and others, 1980), indicating tion hiatus (approximately 3-4 m.y.), and (2) the upper
the development of a continuous, broad, shallow platform Fusselman pelmatozoan facies experienced at least two
during the Early Silurian. Multiple successions of sedi- significant falls in relative sea level (Fig. 3; Amsden and
ment- and cement-filled geopetal voids exhibiting cross- Barrick, 1986). Both of these conclusions are supported by
cuffing relationships are locally common within the upper diagenetic features recognized in Fusselman core succes-
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Figure 5. Stratigraphy and facies ofthe FusselmanFormationinWest Texas.

sions. The multiple generations of geopetally filled vugs in due to leaching of mud in packstones. These pores and
the pelmatozoan facies are likely a record of these late generations of cross-cutting vugs (Fig. 6D) may have de-
Llandoverian sea-level falls, veloped at repeated sea-level-fall events during Fusselman

deposition, or may be related to post-Fusselman longer-
Reservoir Deve]oprae_t duration hiatuses. Major karsting associated with the

Fusselman reservoirs,are associated with three main development of cavernous porosity in the Fusselman (e.g.,
types of porosity development: primary intergranular, sec- Mazzullo and Mazzullo, 1992) is the result of meteoric dia-
ondary intercrystalline to v_ggy, and cavernous. Primary genesis, probably associated with one or more of these
intergranular porosity is restricted to basal Fusselman ooid longer-duration, post-Fusselman exposure events. The top
facies. Other pore types are primarily associated with the of the Fusselman commonly displays a variety of dissolu-
upper Fusselman pelmatozoan facies. Secondary in.ter- tion features where the unit is overlain by post-Silurian
granular porosity is developed in the upper Fusselman rocks. Top seals for Fusselman reservoirs are formed by
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Figure 6. Typical Fusselman facies in West Texas. A--Basal Fusselman ooid grainstone, similar to the Keel Formation. Slab is
6 cm wide. Standard of Texas, Simms No. 2, Midland County, Texas. B--Cathode-luminescence photomicrograph of A showing
interparticle pore development and fringing cement. Field of view is 2 x 3 mm. C--Photomicrograph of upper Fusselman pel-
matozoan packstone facies. Sinclair, Emma Cowden "C" No. 31, Andrews County, Texas. Field of view is 3.5 x 7 mm. D--Slab
photograph of upper Fusselman pelmatozoan packstonefacies showingabundant geopetally filled vugs. Many of these vugs are
filled with sediment and cement, but some are open and contain hydrocarbons. Seaboard Meiners No. 1, Upton County, Texas.
Depth: 12,690 ft. Slab is 8 cm wide.
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deep-water Wristen Group (Silurian) mudstones and Depositional Setting

shales, or by the Upper Devonian Woodford Formation. The Wristen Group documents drowning of the Early
Reservoirs are located over late Paleozoic structures or Silurian platform in West Texas and New Mexico during
along the truncated Silurian subcrop margin, the Middle Silurian. Fasken Formation rocks record re-

newed platform growth in the northern part of the region,
Fasken Formation whereas equivalent, nonproductive Frame and Wink For-

The Fasken Formation, which represents the carbonate- mations accumulated in basin and slope settings to the
platform facies part of the Wristen Group (Fig. 4; Ruppel south. Vertical and lateral variations in Fasken facies pat-
and Holtz, in press), ranges from <200 to 1,400 ft in West terns are a function of the combined effects of high-&e-
Texas. Throughout most of the region, the Fasken is over- quency sea-level rise and fall and paleotopography.

lain by the Upper Devonian Woodford Formation, except Reservoir Development
where the latter has been removed by late Paleozoic ero-
sion. Although dating of the Fasken is imprecise, it is prob- Reservoir porosity in Fasken buildups is typically de-
ably a shallow-water equivalent of the Henryhouse of veloped as intergranular pores in capping grain-domi-
the Hunton Group (Fig. 3). Lithologically similar platform nated facies (skeletal and ooid grainstones), and in leached,
equivalents of the deeper-water Henryhouse have appar- dolomitized intervals at the top of the succession. These
ently been removed by erosion in Oklahoma. reservoirs, which are mostly located within ~20 mi of the

platform margin, have accounted for only a relatively
Facies small percentage of total Fasken production (Ruppel and

Holtz, in press).
The Fasken Formation comprises a highly diverse as- Most Fasken reservoirs are developed in inner-platform

semblage of carbonate-platform and platform-margin successions where porosity has been created (meteoric
lithofacies. The unit can be subdivided into two general leaching) or preserved (by dolomitization) at cycle tops.
facies complexes: (1) platform-margin skeletal wacke- These reservoir zones are usually fabric selective. Locally,
stones to grainstones and boundstones; and (2) inner- there is also cavernous porosity development associated
platform mudstones, pellet and skeletal wackestones, with karsting and dissolution at the top of the Fasken sec-
and grainstones. A typical platform-margin succession is tion. Although many Fasken karst successions have beenillustrated in Figure 7. The base of the successio.n com-

subsequently filled by collapse, sediment infill, and cemen-
prises dark-colored skeletal wackestones that contain ration, some karst-related porosity remains (Entzminger
Foorly sorted skeletal debris, including stromatoporoids, and Loucks, 1992; Troschinetz, 1992a,b).
corals, and pelmatozoans. These rocks pass upward into a
section of wackestones that contains more abundant and

larger fragments of stromatoporoids and corals (including Thirtyone Formation
Halysites). Stromatoporoids comprise both broken hemi- The Thirtyone Formation is as much as -1,000 ft thick
spherical forms that display all orientations, and thin, lami- in the Permian basin. The unit thins to the north due to
nate stromatoporoids in growth position (Fig. 8A). Over- Middle Devonian erosion and is truncated at about the
lying these rocks are pelmatozoan/stromatoporoid pack- position of the Silurian platform margin (Fig. 4). Most fau-
stones (Fig. 8B). Pelmatozoan debris is well sorted, but nal data suggest that the Thirtyone Formation is Early
stromatoporoids are variable in size throughout the unit. Devonian (Lockhovian to Pragian) in age (Wilson and
These rocks are succeeded by a thin interval of relatively Majewski, 1960; Barrick and others, 1993; Ruppel and
well-sorted coral/bryozoan mudstone that exhibits con- Holtz, in press). Equivalent Hunton Group rocks in Okla-
siderable interparticle porosity (Fig. 8C). The Fasken is homa include the Haragan, Bois d'Arc, and Frisco Forma-
capped in this section by coral framestone composed of tions of the upper Hunton Group (Fig. 3; Amsden, 1980).
small stick corals, bryozoans, and relatively uncommon
stromatoporoids. These deposits contain geopetal cavities Facies
filled with sediment and, less commonly, cement (Fig. 8D). Thirtyone strata contain both chert and carbonate facies.
Elsewhere, such buildups are locally capped by ooid grain- Chert facies are most abundant downsection and in the
stone. Fasken platform-margin buildups in Texas and New southern part of the area; carbonat Cacies are more abun-
Mexico are similar to well-described outcropping Silurian dant upsection and to the north (Fig. 4).
bAtildups in the Illinois basin, in terms of both facies patterns Cherty Thirtyone lithofacies are particularly well devel-
and fauna (Lowenstam, 1950; Ingels, 1963; Wilson, 1975). oped in the depocenter of the Thirtyone Formation. The

Inner-platform Fasken deposits exhibit a broad spec- stratigraphic section in this area (Fig. 9) displays a spec-
trum of facies successions, most of which are highly cyclic, trum of lithofacies that encompasses most of the range
Low-accommodation successions are characterized by cy- seen in the Thirtyone across the basin. Generally, this sec-
clic tidal-flat sections, in which porosity is associated with tion comprises an upward-shallowing succession that is
dolostone at cycle tops. Like shallow-water platform rocks chert-rich at the base and carbonate-rich at the top. Four
in the Permian, porosity evolution in these rocks is the result facies, listed in order of generally decreasing water depth
of early diagenesis associated with exposure during sea- and chert/limestone ratio, can be recognized: (1) basal,
level-fall events. Cyclicity is also apparent in more-open- dark-colored, chert/carbonate laminite; (2) light-colored,
marine, subtidally dominated, inner-platform successions, thick-bedded, laminated to massive chert; (3) burrowed/
These subtidal cycles are typically capped by grain-dora- laminated chert; and (4) skeletal packstone.
inated facies or buildups. Porosity in these rocks is usually Dark-colored, abiotic, chert/carbonate laminites form
associated with leaching of grain-dominated facies, the basal Thirtyone deposits in the deepest parts of the



98 _11_ _11,.41_ _11,. s.c. Ruppel

basin where they typically overlie mudstones and shales of cally nonporous, chert/carbonate laminites reaches thick-
the Silurian Frame Formation (Fig. 4). These lowermost nesses of nearly 300 ft in the central area of the Thirtyone

Thirtyone deposits typically display centimeter-thick inter- depocenter, and thins toward the margins.
beds of structureless or finely laminated chert and carbon- Thick-bedded, laminated to massive chert, in striking
ate mudstone (Fig. 10A). The succession of characteristi- contrast to the dark-colored chert and mudstone interval
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Figure 7. Stratigraphy and facies of the Fasken Formation (Wristen Group) near the Middle Silurian platform margin.
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Figure 8. Representative facies in the Fasken Formation. A--Stromatoporoid/coral packstone/wackestone containing abundant,
poorly sorted, skeletal debris deposited along distal buildup flanks. Note large transported, hemispherical stromatoporoid and
smaller, thin, in-situ, laminate stromatoporoids. Depth: 12,632 ft. B--Pelmatozoan/stromatoporoid packstone. Moderately
well-sorted pelmatozoan debris forms the matrix for largeclasts of hemisphericalstromatoporoids in this deposit, which formed on
the proximal flanks of Wristen buildups. Depth: 12,629 ft. CmCoral/bryozoan rudstone containing stick corals and ramose bryo-
zoans that were deposited as a coarse, high-energy lag on buildups. Locally, these rocks exhibit well-developed primary, inter-
granular porosity. Depth: 12,620 ft. D--Coral boundstone composed primarily of stick corals and less-common stromatoporoids.
Buildup deposits commonly exhibit numerous sediment-filled geopetals, but generally they are nonporous. Depth: 12,597 ft. All
photographs from Standard Oil of Texas, Fasken 5 No. 1, Andrews County, Texas. Slabs are 8 cm wide.



100 .91_ 4_._11_._I_ S.C. Ruppel

it typically overlies, is light colored, highly porous, and lated dolomite rhombs. Thick-bedded, laminated chert,
nearly massive in some locations. Dark-colored, organic- which has been referred to as "tripolitic chert" by many
rich laminations are common, especially at the tops of beds, workers, constitutes the most important reservoir facies in
which are as much as 3 ft thick (Fig. 10B). Fluid-escape the Thirtyone Formation. At many localities these deposits
structures and vague, wispy laminations are locally com- contain abundant sponge spicules, which are well sorted
men. Carbonate in these rocks takes the form of small, ir- and preserved both as open and quartz- or chalcedony-

regular patches of calcite, some of which can be identified cemented molds (Fig. 10C). Successions of thick-bedded,
as scattered, corroded fragments of skeletal debris, and iso- laminated chert reach thicknesses of as much as 150 ft.
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Burrowed/laminated chert includes both fine-lami- thick-bedded, laminated chert facies. Burrowed chert is
nated (2-3-mm laminations) chert and burrowed chert increasingly abundant upsection, where it is commonly
(Fig. 10D). These two facies are interbedded at several interbedded with carbonate packstone.
scales. Laminated chert is more common in the lower Carbonate packstone (Fig. 10E) dominates the upper
parts of the Thirtyone, where it is interbedded with the part of the Thirtyone throughout all but the extreme south-

Figure 10. Representativef=_ciesfrom theThirtyoneFormation.A--Chert/carbonate laminitefacies illustratingalternatinglayers
of carbonateandsiliceousmudstone,representinghemipelagicdepositionina quiet-water,below-wave-basesetting.Depth:8,850
ft. B--Thick-bedded, lamin_Jtedchert faciescomposedof cycleshavingnearlymassive,light-coloredchertbases andthin, lami-
natedtops.Somebedsshowchaotic,disruptedlaminations,probablycausedbydewateringorsoft-sedimentdeformation.Lami-
nationsareorganic-richandmaycontainminoramountsofcarbonateorsiliceousmudstone.Depth:8,800 ft. PhotographsA and
B fromArcoBlock31 UnitNo. K-4, Crane County,Texas. C--Photomicrographuhowinggrain-supported,spiculiticchertof the
thick-bedded,laminatedchert facies,ThirtyoneFormation.Porosity(31%) is developedas obvious,large (50-100 #m) spicule
moldsandsmaller(<5/Jm) intercrystallinepores.Permeabilityis27 md.Fieldof viewis 1x 2 mm. Depth:8,155 ft. Unocal,Dollar-
hide46-5-D, AndrewsCounty,Texas.D--Burrowedchertfacies.Darkpatchesarecarbonatemud.stonethatisthe resultof burrow-
ingand/orsoft-sedimentdeformation.ArcoBlock31 UnitNo. K..4,CraneCounty,Texas. EmCoarse-grainedskeletalpackstone
ofthe ThirtyoneFormationinthe northernpartof itsdistribution.Thesedepositscontainlarge,well-preservedbryozoans,pelmato-
zoans,andbrachiopodsthatare commonlypoorlysorted,suggestinglargelyin-situdeposition.Depth:10,508ft. ArcoUniversity
9B No. 4, AndrewsCounty,Texas.All coreslabsare 8 cm wide.
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ern parts of its distribution, where the upper part of the Carbonate reservoirs in the Thirtyone Formation are
section has been removed by erosion. These deposits are developed in grain-dominated successions that have un-
primarily composed of fine-grained, well-sorted, grain- dergone meteoric diagenesis associated with exposure
supported, skeletal packstones that contain abundant pel- events. Most of this diagenesis is associated with leaching
matozoans and locally common bryozoans and ostracodes, and dolomitization at the top of the Thirtyone section.
Typically, these deposits are burrowed, although some are These reservoirs are, for the most part, restricted to the
laminated and locally display normal grading. Grain size updip margins of the Thirtyone subcrop overlying the Si-
and sorting increases northward, lurian platform margin. Porosity is developed as inter-

Thirtyone facies exhibit cyclic-stacking patterns of at particle and intercrystalline pores in leached and dolo-
least two scales. The lower part of the section in the mitized packstones. In contrast to the Fusselman and
Thirtyone depocenter is characterized by cyclic alterna- Fasken shallow-water successions, there is no evidence of
tions between chert/carbonate laminites and laminated, penecontemporaneous sea-level fall and exposure result-
thick-bedded, calcareous chert (Fig. 9). Upsection, analo- ing in porosity evolution in the Thirtyone.
gous cycles are composed of burrowed/laminated chert
and thick-bedded chert. Yet farther upsection, cycles are DEPOSITIONAL HISTORY
composed of burrowed/laminated chert and skeletal
wackestone/packstone. Higher-frequency cycles are ap- Regional facies relationships suggest the following
parent within this scale of cyclicity. In the chert/laminate depositional model for West Texas and New Mexico dur-
facies, high-frequency cyclidty is reflected by the thin, cen- ing the Late Ordovician to Early Devonian. Fusselman
timeter-scale alternations of chert and carbonate mudstone Formation carbonate deposits accumulated on an exten-

(Fig. 9). Laminated, thick-bedded, calcareous chert units sive shallow-water carbonate platform that originated
are composed of thin, 10-50-cm-thick cycles characterized during the Late Ordovician (Fig. 11A). The similarity of
by grain-dominated bases and laminated, mud-dominated depositional facies across the region during this time indi-
tops. These rocks also display porosity trends that suggest cates that conditions were relatively uniform over great
a lower-order (longer-duration) cyclicity may also be pres- distances. Equivalent rocks in Oklahoma, for example, are

lithologically similar (Amsden, 1980; Amsden and Barrick,
ent (Fig. 9). 1986). Depositional histories of Fusselman and worldwide

Depositional Setting stratigraphic equivalents demonstrate that the accumula-
tion of these rocks was punctuated by rise-and-fall cycles

Thirtyone chert-dominated successions represent depo- of absolute sea level of -2 m.y. duration (McKerrow, 1979;
sition in a deep-water, slope-to-basin setting. This is indi- Johnson, 1987). In the Fusselman, these eustatic events are
cated by the restricted faunal complement, the scarcity of reflected in unconformities and associated diagenetic alter-
platform-derived carbonate, sedimentary structures, and ation related to episodes of exposure.
regional stratal geometries. Upward-fining successions The Fusselman shallow-water platform was drowned
and water-escape structures suggest rapid deposition of by sea-level rise, probably associated with tectonic down-
grain-dominated (spiculitic) sediments by mass gravity- warping of the southern parts of the region during the
transport processes, such as those associated with subma- Wenlockian (Fig. 11B). Regional stratigraphic relationships
rine-fan complexes. Much of the carbonate in the Thirty- indicate that this event was widespread along the southern
one accumulated similarly by downslope transport of margin of the North American craton (Becker and Droste,
platform-derived sediment. Vertical and updip increases 1978; Droste and Shaver, 1987; Amsden and Barrick, 1988).
in allochem grain size, and more-normal-marine faunal Drowning of the Fusselman platform was followed by
elements, document progradation and infilling of basin/ establishment of deep-water-ramp/outer-platform deposi-
slope topography. More poorly sorted skeletal carbonate tion in southern West Texas (Wink and Frame Formations)
facies at the top of the Thirtyone in the basin and updip and by continued shallow-water deposition to the north
represent shallow-water, fully aggraded carbonate-plat- (Fasken Formation) (Fig. 11C). Deeper-water deposits
form deposition, and document complete infilling of depo- document a classic drowning succession, with outer-ramp
sitional relief, nodular wackestones and mudstones (Wink Formation)

being overlain by more distal, deeper-water, carbonate
Reservoir Development mudstones and shales (Frame Formation). The increasing

Thirtyone reservoirs are developed in both chert and abundance of skeletai debris, in many cases in the form of
carbonate successions, although the former constitute by carbonate turbidites, upward and northward in the Frame
far the greatest hydrocarbon resource (Fig. 2). Chert-res- attests to the aggradation of the Fasken platform to the
ervoir development is a function of both diagenesis and north, and downslope transport of platform material
original depositional facies. Reservoir distribution reflects southward into the basin.
original basin geometry; reservoirs are essentially confined The Middle to Late Silurian was punctuated on the
to a relatively narrow axis through the basin depocenter. Wristen platform by episodic rise and fall of relative sea
Porosity in this trend is commonly spicule-moldic (Fig. 10C) level, similar to that which affected Fusselman deposition.
or microcrystalline (Ruppel and Hovorka, 1990; Sailer and This cyclicity is reflected in both repetitive, upward-shal-
others, 1990a, b; Ruppel and Holtz, in press). Both pore lowing facies-stacking patterns, recording sea-level rise,
types appear to be a response to differential silica diagen- and selectively leached cycle tops, associated with sea-
esis soon after deposition, but porosity development is level fall.
commonly greatest in higher-energy, grain-dominated During the Late Silurian or Early Devonian, a major rise
chert facies, in relative sea level took place in West Texas and New
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Figure 11. Depositional history of Late Ordovician-Devonian carbonate and chert deposition in West Texas and New Mexico.
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Mexico. Relative rise is evidenced by the distinctly deeper- northern part of the West Texas (Wilson and Majewski,
water character of basal Thirtyone Formation deposits, 1960; J. E. Barrick, personal communication, 1992). Leach-
compared with immediately underlying Wristen Group ing of uppermost Thirtyone Formation rocks at several
rocks. Evidence for global sea-level rise at this time is localities indicates that significant diagenetic alteration
equivocal (cf., Vail and others, 1977; McKerrow, 1979). took place during the Middle Devonian uplift. Much of the
Deepening at the Silurian-Devonian boundary in West Wristen platform-carbonate succession (Fasken Forma-
Texas may in part be related to a second pulse of foreland tion) and the Fusselman underwent additional, overprint-
deformation associated with the continued convergence of ing meteoric diagenesis at this time as well.
the North American and South American/African plates West Texas and New Mexico, along with most of the
(Walper, 1977). North American craton, was inundated in the Late Devo-

Early Devonian sedimentation (Fig. 11D) was marked nian (Frasnian) by an anoxic, shallow-water sea in which
initially by pelagic-mud accumulation throughout the substantial thicknesses of organic muds and silts accumu-
Thirtyone depocenter. The distribution of these early, lated. In the Permian basin area (Fig. 11F), as much as 650
mud-dominated siliceous deposits, which represent trans- ft of Woodford Formation shales now overlie the Silurian
gressive deposits formed during sea-level rise, was con- and Devonian carbonate section (Ellison, 1950; Comer,
trolled by basin geometry inherited from Silurian (Wris- 1991). The Woodford was locally truncated during Penn-
ten) deposition. Along the proximal, northern extent of the sylvanian-Permian regional tectonism of the area associ-
deep-water axis of the basin, accumulation of siliceous ated with collision and the assembly of Pangea.
muds rapidly gave way to submarine-fan deposition of
grain-rich, spiculitic sands (Fig. 11D). During accumula- SUMMARY AND CONCLUSIONS

tion of these high-energy chert deposits, mud-dominated Collectively, Silurian and Devonian carbonate strata in
sediments continued to accumulate on the lower-energy the Permian basin exhibit a high degree of facies complex-
flanks of the northern axis and farther south in the deeper, ity that reflects a varied depositional and diagenetic his-
more distal parts of the basin. With decreasing rates of sea- tory. There are, however, distinctive patterns in the devel-
level rise, carbonate production on the shelf resulted in rapid opment of these Hunton-equivalent facies that reflect ma-
aggradation and subsequent basinward progradation, jor stages of basin evolution during the deposition of this

Coincident with highstand progradation of the carbon- succession. Because Upper Ordovician-Lower Silurian
ate platform, high-energy, grain-dominated cherts began Fusselman rocks were deposited on a stable carbonate
to be deposited in submarine fans in front of the advancing platform of regional extent, facies display widespread con-
carbonate wedge (Fig. 11E). Initially, geometries and tex- tinuity. In contrast, Middle-Upper Silurian Wristen Group
tures of siliceous sediments were related to submarine- rocks, which accumulated during platform drowning, and
fan depositional processes, with high-energy, grain-dotal- Upper Devonian Thirtyone rocks, which were deposited
hated sediments concentrated along fan/channel axes, and during basin filling, display considerably greater facies
the more mud-dominated deposits accumulating in inter- diversity. As a result, reservoir development in Fusselman
channel areas. With continued progradation of the carbon- rocks is more significantly a response to diagenesis,
ate platform, fan deposition was interrupted by episodic whereas Wristen (Fasken Formation) and Thirtyone reser-
influx of carbonate debris derived from the north. Contin- voirs reflect both diagenetic and depositional controls.
ued platform progradation produced progressive shallow- Common to all of these deposits is th_ unmistakable
ing of the basin and terminated chert accumulation.

As was the case during the Silurian, Devonian Thirty- imprint of episodic rise and fall of relative sea level. In theFusselman and the Fasken, diagenesis and porosity devel-
one deposition was markedly cyclic. Submarine-fan chert opment are associated with both moderate- and long-dura-
deposits exhibit cyclic-facies stacking patterns that may be tion exposure events. Shallow-water Thirtyone carbonate
due to shifting axes of deposition. These cycles are associ- rocks owe their reservoir development to the same long-
ated with different energy regimes that are reflected in term exposure event. In Fasken rocks, sea-level rise and fall
changes in mud content. Cyclic porosity development in exerted a strong control over facies geometries as well as
these rocks (Fig. 9) appears to reflect similar variations in diagenesis. Despite their much different depositional set-
current energy and resultant facies. Although these cycles ting and lithological character, Thirtyone chert deposits
may have been the result of normal submarine-fan deposi- also display evidence suggestive of sea-level control of
tion, it is likely that the ultimate cause of these depositional facies development. Diagenesis in these rocks, however,
cycles may have been high-frequency rise and fall of sea probably is largely decoupled from sea-level fluctuations.
level. An understanding of the controls and processes respon-

Truncation of the Thirtyone Formation, as well as that sible for development of reservoir facies is crucial for efficient
of underlying Wristen Group and Fusselman Formation exploration and exploitation of remaining hydrocarbon re-
strata, probably occurred during the Middle Devonian. sources in the Upper Ordovician-Lower Devonian strata of
Regional studies suggest that uplift and truncation of the Permian basin. Models developed for the West Texas
much of the craton of the southwestern United States took succession may aid in understanding the evolution of the
place at this time (Ham and Wilson, 1967). Work by John- Hunton Group and may also suggest new approaches to ex-
son and others (1985) also indicates a global sea-level low- ploiting the remaining resource in these rocks.
stand during the late Pragian. Much of the carbonate-
platform equivalents of the Thirtyone Formation Were re-
moved by erosion at that time, although several erosional ACKNOWLEDGMENTS
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in the Forest City Basin Area of Kansas and Nebraska
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ABSTRACT.--The Hunton Group carbonates in Kansas and Nebraska range in age from
Middle Silurian to Late Devonian. Devonian dolomite is productive on anticlines within
the Forest City basin. On the flanks of both the Nemaha uplift and the Sedgwick basin,
production is from combined stratigraphic/structural traps with seals of either Chatta-
nooga Shale or basal Pennsylvanian conglomerate that overlie the eroded Hunton. In most
Hunton reservoirs, porosity has been enhanced by vugs and vertical fractures. Oil gravity
ranges from 29 to 36° API, and nearly all fields have a strong water drive.

INTRODUCTION STRATIGRAPHY

The Hunton Group, as used in the western Midconti- Figure 2 is a north-south structural cross section across
nent, is a sequence of carbonate rocks bounded above and eastern Nebraska and Kansas. The depositional center for
below by shale. In the southern Midcontinent, the overly- much of the Silurian and Devonian was the North Kansas
ing shale is the Woodford (Upper Devonian) and the un- basin, as emphasized by the thickness of the major units
derlying shale is the Sylvan (Upper Ordovician). In the (Fig. 3). The Hunton Group is represented by carbonate of
central Midcontinent, the overlying shale has been termed both Silurian and Devonian ages.
Chattanooga (Upper Devonian) and the underlying shale Silurian rocks were deposited widely across North
is the Maquoke_ (Upper Ordovician). Thus the lithologic America. Regional uplift prior to Devonian deposition al-
sequence is similar across the area. However, the age of the lowed removal of most of these carbonates across the cen-
subdivisions of the intervening carbonate varies, tral Midcontinent, except where preserved within areas

In Oklahoma (Amsden and Barrick, 1988), the Hunton such as the North Kansas basin (Fig. 3D). Deposition, how-
carbonate ranges in age from Late Ordovician, through ever, was nearly continuous into the Early Devonian in the
Silurian, and into the Early Devonian, with minor time southern Midcontinent. It wasn't until the Middle Devo-
hiatus (Fig. 1). Middle Devonian rocks are absent. The nian that the seas advanced westward and southward into
Woodford Shale of Late Devonian age unconformably the central Midcontinent, depositing carbonates with thin
overlaps the Lower Devonian, and in some areas contains shale lenses (Fig. 3B). During the Late Devonian, shale
a basal sandy zone (the Misener sand), deposition was widespread; dark-gray shale of the south-

In Kansas and Nebraska, the equivalent Hunton car- ern Midcontinent merged northward into green-gray
bonate package consists of Middle Silurian dolomite shale, and finally into a carbonate facies (Fig. 3A). Much of
unconformably overlain by Middle Devonian dolomite the Midcontinent was emergent late in Devonian time,
and limestone. In Kansas, the Upper Devonian consists of prior to the major transgression of Early Mississippian
a shale facies (Chattanooga) that grades northward to- seas.
wards Nebraska into carbonate (Lime Creek) overlain by Thickness of the various units was strongly affected by
shale (Sheffield/Maple Mill). uplift and erosion during Pennsylvanian time, particularly

Carlson, M. P.; and Newell, K. D., 1993, Stratigraphy and petroleum potential of the Hunton group (Silurian-Devonian) in the
Forest City basin area, in Johnson, K.S. (ed.), Hun._onGroup core workshop and field trip: Oklahoma Geological Survey Special
Publication 93-4, p. 107-115.
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SERIES STAGES OKLAHOMA FOREST CITY BASIN TERMINOLOGY

Upper Famennian Woodford Chattanooga/Sheffield
Devonian Frasnian Lime Creek

/////////////////////////////

Middle Givetian IIIIIIIIIIIIIIIIIIIIIIIIIIIII Cedar Valley
Devonian /////////////////////////////

Eifelian ///////////////////////////// Wapsipinicon
/////////////////////////////

Emsian Sallisaw //////////////////////////// HUNTON

Lower Siegenian Frisco ////////////////////////////
Devonian Gedinnian Haragan-Bois d'Arc ////////////////////////////

Pridolian Henryhouse IIIIIIIIIIIIIIIIIIIIIIIIIIII
Upper Silurian Ludovian ////////////////////////////

Wenlockian Clarita Grower

Lower Silurian Llandoverian Cochrane Hopkinton-Scotch Grv.

Upper Keel
Ordovician Ashgillian Sylvan Maquoketa

Figure 1.General correlationchartshowingterminologyandage oftheHuntonGroupinOklahoma,Kansas,and
Nebraska.

over the trend of the Nemaha uplift (Fig. 3). All of the many of the structural traps, and the various unconform-
lower and middle Paleozoic rocks were removed over pot- ities that intersect the Hunton surface. Other potential
tions of this structural high. The Forest City basin is the source rocks are the Maquoketa Shale, underlying the
eastern half of the depositional basin (North Kansas basin) Hunton, and the overlying Chattanooga Shale. Data ob-
which was present during the middle Paleozoic. The thick- tained by Lambert (1992) indicate that the Chattanooga is
ness map of the Silurian (Fig. 3D) depicts the thickening sufficiently rich in organic matter to be an effective source
into the North Kansas basin, and locates the erosional zero rock. However, analysis of temperature data and vitrinite
edges (zero thickness) created prior to Devonian deposi- reflectance indicate that this shale is only marginally ma-
rion. The zero edges over the Nemaha uplift were created ture. The possibility does exist that regional thermal events
in Pennsylvanian time when this feature separated the or local thermal anomalies could have created temporary
North Kansas basin into the Salina basin to the west and "oil windows" for shales younger than the Simpson.
the Forest City basin. A similar history and resulting pat- The Hunton carbonate has produced oil in three areas:
terns are obvious on the Devonian thickness maps. Figure (1) over small anticlines within the Forest City basin, (2)
3C illustrates the current relationship of tectonic features in stratigraphic traps under the Pennsylvanian unconformity,
the Forest City basin area. on or near the Nemaha uplift, and (3) in stratigraphic traps

underlying the Chattanooga unconformity on the north
flank of the Sedgwick basin (Fig. 3C). Scattered small fieldsOCCURRENCE AND CHARACTER OF have also been found in the Misener sandstone at the base

PETROLEUM IN THE HUNTON GROUP of the Chattanooga Shale. Table I summarizes the produc-
Characteristics of Crude Oil tion data for fields producing from the Hunton in Kansas

Studies of the geochemistry of the crude oils in the For- and Nebraska.
est City basin have focused on Ordovician source rocks
(Decorah Formation and Simpson Group). This focus is Production in the Forest City Basin
due in part to the requirements for crude-oil generation-- The post-Mississippian Ouachita orogeny created the
organic content and relationship to an "oil window." New- Salina and Forest City basins (Fig. 3C) by uplift along the
ell and others (1987b) determined that crude oils in the older Nemaha structural zone; this bisected the Paleozoic depo-
Paleozoic of the Forest City basin area have nearly identical center, the North Kansas basin. Although similar rocks are
chemical signatures, as revealed by gas chromatography, present on both sides of the Nemaha uplift, no Hunton pro-
They also point out that these oils are very similar to bitu- duction has been found in the Salina basin to the west. The
men extracted from shale in the Middle Ordovician Simp- Forest City basin fields are located on small anticlines that
son Group. Chemical characteristics of Ordovician oils were created by mid-Pennsylvanian reactivation of basement
(Hatch and others, 1985) include a relatively high abun- features during the Ouachita orogeny (Carlson, 1989a).
dance of n-alkanes with carbon numbers less than 20, a The Hunton discovery at the Falls City field (Richardson

strong predominance of odd-numbered n-alkanes between County, Nebraska) in 1939 was the initial Paleozoic produc-
Ct0and C20,and relatively small amounts of branched and tion in the Forest City basin (Carlson, 1989b). The series of
cyclic alkanes. Hunton fields in the basin occur on northwest-trending anti-

Possible pathways for migration of Ordovician oil into clines with 100-150 ft of closure. The very strong water drive
the Hunton are the fault and fracture zones associated with caused many of th,_early wells to flow. There is no defined
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TABLE 1. m CHARACTERISTICS OF SELECTED OIL FIELDS PRODUCING FROM THE HUNTO_ IN KANSAS AND NEBRASKA

A
FIELDS WITH SOLELY OR MOSTLY "HUNTON" OIL PRODUCTION •

FIELDNAME DISCOVERY INITIAL API AREA PRODUCING 1991 CUM. OTHER DEPTH A
DATE l PRODUCTION GRAVITY (acres) WELLS PRODUCTION PRODUCTION 2 PAYS (ft) •

(bo_) (1_I) (b_s.) (b_.) •
Nemaba upl_ •
Aim Vista (1977) 5 29 40 0 0 NA Penn. (gas) 1,928 •
Ytege 1959 36 33 1.600 40 55,911 3,247,263 Penn.cg 1.682

Fomtc_ b,_ ._
Bamda 1941 680 29 1,500 13 12,408 3,202,634 -- 2,450
Bosch 1973 25 40 280 7 9,228 414,677 -- 2,748 "

Bushong 1950 257 29 40 0 0 20,640 _ 2,952 ta

Dawson 1941 55 24 680 4 1,700 515,400 Viola,Simlnon 2_200
Falls City 1939 700 30 1,080 10 14,002 5,659_09 -- 2'250
Kizler North 1972 48 23 200 0 0 34,364 -- 2,964
Leach 1963 26 32 240 6 5,142 516383 Viola 2,713 m.
Liveagood 1944 S5 26 120 15 2,245 203,369 Viola,Simpma 2.580 ._
Sabetha 1950 319 25 280 7 4,412 213,689 Viola 2,898 ._
Shubet_ 1940 300 23 400 4 2,081 186,125 -- 2,430

Str=hm 1948 54 22 80 2 3,437 382,112 Viola 2,879
t_

m-*ScOlder
Buzzi 1958 148 42 100 0 0 443.718 -- 3,436
Doyle Creek 1958 65 NA 80 0 0 46,907 _ 2,891
Gingrass 1957 96 40 40 I 2,752 236,411 Bergess 3,226
Goes_! 1958 12 33 120 3 7,596 1,081.723 -- 3,407
Goes_l Southeut 1980 40 NA 40 1 965 34,.567 -- 3,351
C,3esw.l-Branch 1981 30 39 40 1 2345 101,420 -- 3,344
Gra_r 1934 870 41 1,200 30 15,285 16,705,760 Mssp,Miseaer, 3,274

Stmpu
GmberEast 1961 25 38 40 0 0 1,232 -- 3,404
Haley 1967 156 31 40 1 1,151 117,492 ILC. 3,426
Harmac 1955 33 40 120 3 3,010 935'327 -- 3.521
HarmacEast 1956 10 NA 40 0 0 NA Mssp 3,522
Hollow-Nikkel 1931 520 NA 1,890 63 64,680 28,153,957 l..-ILC., Mup, 3,507

Misener, Simpson,
Albuckle

Krehbiel 1973 14 40 40 1 954 45'300 -- 3,350
Lalouette 1957 60 NA 40 1 106 36,720 -- 2,231
MarionTownsite 1985 10 NA 40 0 0 791 _ 2,512
Speding 1934 1,624 NA 200 5 2,839 1,192,665 Mssp,Simpum 3,279
StrcudNoah 1982 46 NA 40 1 922 25,863 Simpson 3,734

Unser 1955 122 NA 870 29 295232 8,351,036 Mup, MJumer 2,809
Wenger 1947 50 37 40 1 966 1,079,413 _ 2,770
WhitewaterNorthwest 1970 25 36 200 5 3,433 152,149 Mmp 2,675

Winsinser 1968 100 42 700 14 16_37 1,049,562 MJsp,Maquoketa 3,354
WinsingerWest 1975 15 41 120 3 1,784 115.338 Ms_p 2,959



FIELDS IN KANSAS WITH MINOR "HUNTON" OIL PRODUCTION

FIELD NAME DISCOVERY INITIAL API AREA PRODUCING 1991 CUM. OTHER DEPTH
DATE t PRODUCTION GRAVITY (acres) WEL[_ PRODUCTION PRODUCTION 2 PAYS (ft)

Coolxl) (1991) (bl_.) (bbh.)

Ferestc_
Davis Ranch 1949 NA 29 400 10 59,313 8,392,173 ICC., Viola 2,929

Wilmington 1959 NA 23 320 8 17,954 480364 Viola, Simpson 2,860

Sedgwtdtbasin
Bentley (1982) 15 39 80 0 0 23,362 ICC. 3,842
Butwick 1949 NA NA 130 4 2,943 133,694. Mssp, Misener, 3,166

saw,on
Bumon 1931 NA 42 9,450 315 400.501 74,616,047 L-ICC., Mssp, 3.583

st_no_ Arbuc_
Covert-Sellen 1920 NA 38 1,170 39 24,481 2,077,508 ICC., Viola 2,397
Cross 1929 NA NA 0 0 175,426 K.C. 3,574

Elbing 1918 NA 35 1,820 89 92,216 11,497,460 K.C., Mssp, 2,428
Viola

Faixplsy 1957 91 NA 120 3 826 592,010 Mssp,Viola 2,458 _n

Fairview (1979) 95 NA 200 5 2,887 1,041,656 ICC., Burgess, 3,353
Mssp, Viola,

Shnpson
Hmence 1920 NA 32 280 7 11_ 593,966 Mise_er, Viola 2,300 ,%"

Friendship 1941 NA NA 200 5 7,098 251,348 ICC., Mssp, NA "_
Vioh

Goodrich 1928 NA 39 1,080 27 14,636 6,562.585 L-ICC., Mssp 3,335 _"
Cacenwich 1929 NA NA 840 21 33,572 14,193,322 Mssp, Viola, 3,210

Haistead West 1960 108 26 440 11 11,311 1,315,694 ICC., Mssp, 3,160
Simpson

Peabody 1919 NA NA 1,450 29 35,272 2,180,786 L-ICC., Mssp, 2,560 o.,
Viola Z

Powerline 1984 NA NA 40 1 1,660 15,833 Mssp, Simpson 3,205 ¢_o"

Valley Center 1928 NA NA 1,400 35 92'289 24,375,189 K.C., Mssp, 3,360
Mi_mer, Viola,

Simp_

A
FOOTNOTES •
1Date in parentheses indicates date of Hunton pay discovery A
2Reconis on production are kept only after January 1, 1944 •

A
r
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oil/water contact within the Hunton, and water production probably of Lime Creek age (Fig. 1). The reservoirs are
is high in proportion to oil production, vuggy limestone and dolomite, quite often with vertical

The occurrence of oil in the Hunton (Devonian) rocks of fractures, and pay thicknesses of up to 36 ft. Oil is pro-
the Forest City basin was described by Carlson (1988). The duced from depths of 2,240-2,870 ft; it has a strong water
productive interval has been the uppermost carbonates, drive, but no associated gas.
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Figure 3. Mapscoveringpartsof Kansas,Nebraska,Iowa,andMissouri.A--Distributionandthicknessof UpperDevonianrocks.
B--Distributionandthicknessof MiddleDevonianrocks.C--Major tectonicfeaturesandgeneral locationof oilfieldsproducing
from the Hunton.D--Distributionandthicknessof Silurianrocks.
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Production Related to the Nemaha Uplift vuggy dolomite with heavy oil stain.

Several oil fields are located on the crest and along the Skelly No. 3 Davisson, SE_ANW_ANE% sec. 20, T. 1 N., R
flanks of the Nemaha uplift. Production is from strati- 16 E., Richardson County, Nebraska, core diameter 2.5 in.
graphic traps in various subdivisions of the Hunton. These Lower left: depth 2,280 ft; fine-crystalline, laminated dolo-
reservoirs were created by uplift, erosion, and then burial mite with heavy oil stain.
under the basal Pennsylvanian unconformity. Skelly No. 2 Steinbrink, W½E_NEI,4NW_/_ sec. 36, T. 3

In the Yaege field in Riley County, Kansas, both the N., R 16 E., Richardson County, Nebraska, core diameter 3
truncated Hunton and overlying Pennsylvanian conglom- in. Lower right: depth 2,447 ft, gray, dense dolomite with
erate produce oil of -33 ° API gravity with a strong water near-vertical fractures and staining on fracture faces.
drive (Goebel, 1960). The Hunton reservoir is a dense to
finely crystalline dolomite with vugular porosity and an SUMMARY
estimated average porosity of 18%. The oil production from the Hunton carbonates in the

Both the Fairplay (Marion County, Kansas) and Ging- Forest City basin area of Kansas and Nebraska occurs in
rass (Harvey County, Kansas) fields produce from a Hun- Devonian-age rocks. Only where truncation has occurred,
ton reservoir overlain by Chattanooga Shale. The fields are either beneath the pre-Chattanooga or pre-Pennsylvanian
structural traps related to the Nemaha uplift (Stubbs and unconformities, has production been discovered in the
Wright, 1960; Johnson, 1960). The Hunton reservoir in the remnants of Silurian-age rocks. Even in the traps which are
Fairplay field is a fine- to medium-crystalline dolomite; primarily structural, there is often a stratigraphic compo-
one log analysis showing an average porosity of 8%. In the nent created by a facies change from dolomite to limestone.
Gingrass field the Hunton contains an updip facies change The dolomite reservoir rock of the Hunton varies from
from dolomite to limestone. In both fields, there is a strong light-gray and dense to tan and sucrosic crystalline--the
water drive and water production continually increases as variations resulting from both original fabric and recrystal-
the reservoir is depleted, lization. Porosity is significantly increased by the presence

of pinpoint to thumb-sized vugs. In many fields, the reser-
Production on the Northern Flank voir yield has been greatly enhanced by fracturing, primar-

of the Sedgwick Basin fly vertical. The Hunton fields are characterized by strong

Hunton production has been found on the north flank water drive, leading to high water-to-oil ratios.
of the Sedgwick basin in truncated Silurian and Devonian Exploration should lead to additional discoveries in
carbonates (Newell and others, 1987a). A west-east trend structural traps within the Forest City basin in both Kansas
of stratigraphic traps was created in Late Devonian time and Nebraska. Few wells have explored the potential of
due to erosion and removal of the Hunton in the "McPher- the Silurian dolomite. The north flank of the Sedgwick

son Valley," followed by deposition of the Chattanooga basin has been extensively drilled, and the potential exists
Shale (Lee, 1956). for an extension of the "McPherson valley" stratigraphic

The Unger field in Marion County, Kansas, is character- relationships into the Forest City basin. The subcrop of
istic of this producing trend: the Hunton is 0--50 ft thick both Silurian and Devonian rocks under the pre-Pennsyl-
(Brown, 1960); and the underlying seal is formed by the vanian unconformity should be bacther explored along the
Maquoketa Shale, whereas the upper seal is the Chatta- Nemaha uplift in both Kansas and Nebraska.
nooga Shale. The lithology varies from dense, fractured
dolomite, with primary porosity averaging -12% to finely REFERENCES CITED
crystalline vuggy dolomite with primary porosity averag- Amsden, T.W.; and Barrick,I. E.,1988, LateOrdovician through
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sec. 25, T. 5 S., R. 12 E., Nemaha County, Kansas, core di- can Association of Petroleum Geologists Bulletin, v. 73,p. 340.
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limestone. Middle right: depth 2,266 ft; fine-crystalline, Middle Ordovician carbon isotope shift [abstract]:American





Forest City Basin, Kansas and Nebraska _I _ _1_ _I _ 41_ _ _ ;5
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Misener Sandstone: Distribution and Relationship
to Late/Post-Hunton Unconformities,

Northern Shelf, Anadarko Basin

Michael D. Kuykendall and Richard D. Fritz
MASERA Corp.

Tulsa, Oklahoma

INTRODUCTION system, and (3) the craton-shelf in the areas north of the
The Misener sandstone of the Midcontinent has been previously noted regimes (Fig. 1).

the focus of many investigations since its stratigraphic The area of detailed study is situated along and west
ambiguity and economic importance were first realized in of the Nemaha uplift (Fig. 1) where strata generally dip
the early 1900s. Since that time, geologic study of the for- south-southwest, unless affected by local structures or by
marion has ranged from purely stratigraphic, paleonto- faulting and folding related to the strike-slip movement of
logic, mineralogic, and diagenetic, to paleogeomorphic the Nemaha systen. The Nemaha uplift has been an active
end depositional, with varied interpretations of environ- structural feature since the early Paleozoic, although most
ment (Table 1). of the movement occurred in Pennsylvanian time with the

MASERA Corp. conducted a detailed petrostratigraphic Wichita and Arbuckle orogenies. The Nemaha uplift ap-
,_tudy of the Misener in north-central Oklahoma (Fig. 1). pears also to have been active during the Devonian, as is
The study included examination of numerous cores, evident by the fact that the Frisco Formation of the Hunton
samples, and outcrops in eastern Oklahoma and northern Group was depo3ited on a structural paleohigh around
Arkansas, and correlation of petrographic and diagenetic what is now the Oklahoma City field.
analyses to well-log signatures for facies recognition and Regional and local structure appears to indirectly effect
sequence-stratigraphy analysis. A depositional model of deposition of the Misener by controlling the paleodrainage
the Misener was constructed and utilized in regional/local system developed on the pre-Woodford/Misener su face
correlation and mapping. (Fig. 3).

Understanding the Misener's relationship to post-Hunton
Group (including the pre-Frisco Formation unconformity) STRATIGRAPHY
and pre-Woodford/Misener sequence unconformities, and The Misener, in relation to eustatic sea-level fluctua-
resultant paleogeomorphology, is a critical key in determin- tions, may represent the initial part of a transgressive/re-
ing the depositional environment, overall geological setting, gressive megacycle that began in middle Givetian (Middle
stratigraphy, petrography, source, and distribution/geom- Devonian) (Fig. 4) (Johnson and others, 1985; Mankin,
etry of the Misener reservoirs. 1987). The previous megacycle, from Lochkovian-Pragian

(Early Devonian) to middle Givetian, was characterized by
an overall rise in sea level. The beginning of this cycle cor-GENERAL GEOLOGIC SETTING
responds to the initiation of the Frisco deposition in Okla-

I AND STRUCTURE homa and to the earliest phase of the transgression over
The Misener sandstone is Middle to Late Devonian in the unconformity (or over the top of shallowing-upward

age and closely associated with the Hunton Group carbon- marine beds). The unconformity at the top of the Frisco
ates along the northern shelf of the Anadarko basin. It is represents the end of the oldest transgressive/regressive
associated also with one of the most prominent uncon- cycle in the Early Devonian-Middle Devonian megacycle
formities and transgressive sequences developed in the (I of Johnson and others, 1985; Fig. 4). The significance of
Midcontinent (Fig. 2). these relationships are: (1) the Misener and Woodford are

In terms of overall setting for the Misener, Oklahoma parts of the same megacycle, and (2) the Frisco is part of a
during the Devonian was characterized by three major megacycle that is separate from older units of the Hunton.
tectono-sedimentologic sequences: (1) the aulacogen of In the study area, the Misener is commonly underlain
southern Oklahoma, which was in a subsidence stage (as by the Sylvan Shale or Viola Group, and, to a lesser extent,
opposed to an earlier rifting and a later deformation stage), by the Hunton Group and Simpson Group; it is overlain
(2) a continental marginal basin in the area of the Ouachita everywhere by the Woodford Shale (Figs. 2,5). Although

Kuykendall, M. D.; and Fritz, R. D., 1993, Misener sandstone: distribution and relationship to late/post-Hunton unconformities,
northern shell Anadarko basin, inJohnson, K.S. (ed.), Hunton Group core workshop and field trip: Oklahoma Geological Sur-
vey Special Publication 93-4, p. 117-134.
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TABLE 1. -- SELECTED PREVIOUS MISENER INVESTIGATIONS SHOWING AUTHOR AND DATE,

AREA, SCOPE OF INVESTIGATION, AND INTERPRETATION OF DEPOSITiONAL ENVIRONMENT

Author(s)/Date Area Scope of Investigation Interpretation

Penrose(1891) NorthernArkansas Outcrop/Reconnaissance ?
Hopkins(1893) " " ?
Williams(1900) " " ?
Taft (1905) " " ?
Ulrich(1911) " " ?
Audn&Clark(1921) " " ?
White& Green(1924) Nod leastOklahoma Outcrop/Stratigraphlc Eolian
White (1926) " " "
Croneis(1930) NorthernArkansas " ?
Cram(1930) Cherokee& AdairCo.,Okla. " Madne
McKnight(1935) NorthernArkansas " ?
Rau&Ackley(1939) KeokukPool,SeminoleCo.,Okla. FieldStudy Marine
Borden& Brandt(1941) E. TuskegeePool,CreekCo.,Okla. " Near-shoreMarine
Imbt(1941) ZenithPool,StaffordCo.,Kansas " "
Swanson& Landis(1962) NorthernArkansas Outcrop/Strattgraphic Transgressive
I-:reeman& Schumacher(1969) " Outcrop/Biostratigraphic Marine
Krumme(1969) Oklahoma Geomorphologic Alluvial(Channel)
Amsden& Klapper(1972) North-centralOklahoma Depositional/Stratigraphic Near-shoremadne
Kochick(1978) Payne& LincolnCo.,Oklahoma Depositional/Exploration Alluvial/shallow-marine
Baurenfiend(1980) Lincoln& CreekCo.,Oklahoma DepositionallPetroiogic Tidal-fiat/fluvial
Homer&Craig(1984) North-centralArkansas Outcrop/PhosphateOrigin Transgressive
Walker(1984) Garfield& GrantCo.,Oklahoma Depositional/Diagenetic Estudneltidal-channel
Mansfield& Breckon(1985) " Depositional/Petrologic Shallow-marine(tide/wave)
Cameron(1986) " Depositional/Diagenettc Marine
Bockhorst(1987) " Mapping/Depositional Alluvial
Francis& Mansfield(1987) " Depositional/Petrologic Shallow-marine
Pogue(1987) " " Marine(strandline)
Busanus(1988) " Depositional/PaleogeomorphicMarine
Francis(1988) " Depositional/Petrologic Shallow-marine&storm
Pittenger(1988) N.E. Oklahoma& N.W. Arkansas Outcrop/Provenance Near-shoremarine
MASERA(1990) North-centralOklahoma Petro-stratigraphic/explorationShallow..madnelestuary
Cunningham& Newell(1991) ZenithField,StaffordCo., Kansas Fieldstudy/sequencestrat. Low-stand/transgressive?

II III III I II lille i I

the general stratigraphy of the Misener is relatively simple, DEPOSITIONAL ENVIRONMENT
the internal stratigraphic relationships tend to be complex. AND PETROGRAPHY
In several fields, reservoir heterogeneity, including lateral
changes in lithofacies, is reflected in the relative produc- The Misener, as discussed, is part of two major trans-
tion. gressive/regressive episodes that occurred during the De-

The Misener, which appears to be genetically related to vonian. Deposition occurred in a shallow-marine environ-
the Woodford Shale, corresponds to the "lower Woodford ment that ranged from tidal ridge to estuarine, to tidal flat.
cycle," which overlies and interfingers with Woodford-like Many Misener cores show an overall shallowing-upward
"Misener shales" (Fig. 6). Local correlations within the sequence and a change from a terrigenous to a carbonate
Misener correspond to minor sequence boundaries, which regime--from phosphatic sands upward to sandy dolo-
allow a generalized subdivision that includes (in ascend- mites. This sequence, compared with the regional configu-
ing order): (a) sandstone and phosphatic sandstone, (b) ration of the Woodford Shale, suggests that the Woodford
shale, (c) mixed sandstone and dolomite, (d) dolomite, and developed in two cycles, with the Misener section geneti-
(e) shale (Fig. 5). There are several intra-Misener strati- cally equivalent to the lower Woodford transgressive/re-
graphic deviations from this typical Misener lithologic se- gressive cycle.
quence described above. Most common is the position of The composition of the Misener is rather simple, but
the "Misener shale," which most often is located between unusual. Changes in the proportions of various constitu-
the sandstone and dolomite, but can be found throughout ents have resulted in noticeable lithologic heterogeneity,
the Misener section (most commonly at the top). In some which is very significant in the interpretation of deposi-
areas the "Misener shale" is confused with the overlying tional environments. In addition, this variability has been
Woodford shale, a dominant factor in diagenesis and the development of

Correlation of the Misener from well to well is usually reservoirs. Although quartz and dolomite are the major
difficult outside of local field areas, due to a lack of conti- constituents, the depositionai setting of the Misener was

nuity of the various lithofacies (which is a result of the dep- closely related to the Woodford shale, as indicated by strat-
ositional progradation and intra-Woodford/Misener un- igraphic relationships and composition (shales, phosphatic
conformities) or of difficulty in recognition of subcropping components, glauconite, and pyrite).
formations of similar lithology. The Amcana Anderson No. 1-2 (NEI/4NW_ANW_A sec.
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Figure 1. Majorgeologicalfeaturesofthe Midcontinentregionandlocationof thedetailedpetrostratigraphicstudyofthe Misener
sandstone(MASERA, 1990).

2, T. 14 N., R. 3 W., Oklahoma County) serves as an ex- The underlying Hunton limestone is a mudstone to
ample of the lithologic and stratigraphic interrelationships wackestone containing abundant crinoid fragments, and
among the Woodford, Misener, and Hunton (Fig. 7). The it corresponds stratigraphically to a portion of the lower
cored interval contains the Woodford Shale, Misener sand- Chimneyhill Subgroup of the Hunton Group.
stone, and Hunton limestone. The Woodford Shale is black Petrographically, the Misener is composed primarily of
and organic-rich, and has a gradational contact with the detrital quartz grains, ranging from 45 to 80% of the rock.
Misener sandstone. Collophane and apatite grains average 3%. Scattered fos-

The Misener is divided into an upper unit (6,069.5- sils (2-3%), mainly crinoids, are commonly recrystallized.
6,080.0 ft) and a lower unit (6,080.0-6,089.5 ft). The upper Carbonate clasts, composed primarily of calcite, are com-
unit is a black, fine-grained, poorly sorted sandstone (quartz- mon (2%) in the upper unit (Fig. 9A).
wacke) containing abundant clay matrix. White calcite and lllitic clay is the dominant detrital matrix and consti-
dolomite grains and pebbles occur throughout. Inclined tutes as much as 46% of the rock in portions of the upper
shale interbeds (Fig. 8A) are present, as well as relict bed- unit; chlorite is present in lesser amounts. Calcite, dolo-
ding and flowage features, mite, and silica are present as cements (Fig. 9B). Late-stage

The lower unit consists of sandstone with interbeds of calcite cement and baroque dolomite occur in the lower
shale and dolomitic zones. The sandstone ranges from unit. Dolomite, as very small subhedral rhombs, occurs
fine- to medium-grained and poorly to moderately sorted mainly in the illitic matrix. Silica cement occurs as chert
sands with a clay-matrix content that increases upward, and quartz overgrowths and generally is restricted to the
The dolomitic zones contain shale laminae, chert nodules, lower unit. Silica replacement of anhydrite, dolomite, and
and quartz grains. Flowage features correspond to zones detrital matrix is common in the doiomitic zones.
containing diagenetic chlorite. Burrowing and bioturba- Porosity (6-12%) is both primary and secondary (due to
tion are common in the sandstone beds (Fig. 8B). The con- dissolution of clayey detrital matrix) in origin and consists
tact between the Misener and Hunton is sharp and.marked of intergranular and oversized/moldic pores, respectively.
with a zone (clast) of chert (Fig. 8C). The Misener interval Based on presence of fossils, phosphate, carbonate
above this contact contains abundant chert nodules and zones, bioturbation, detrital-clay content, flowage, and in-
fossil fragments, clined shale interbeds, the Misener interval represents
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Figure3. Majortectonicfeaturesof the Midcontinentand generalizedpre-WooClord/Misenerpaleodrainagepattern(arrowsfrom
north to south).

shallow-marine (tidal-fiat) deposition in an embayment/ sists of enla_ed intergranular and/or oversized pores.
estuary. Figure 10 shows whole-core photographs of the Permeabilities can be quite high (up to several darcies) in
cored interval and Figure 11 is a petrologic log of the cored the more porous sandstone reservoir lithofacies, with
interval, initial production rates exceeding 2,000 BOPD and 1

In the area along the northern shelf of the Anadarko MMcfgpd.
basin, the Misener contains sandstones, shales, and dolo- Wells at _e edge of some of the Misener fields in the
mites. Thick sandstones (as much as 100 ft thick) are corn- study area contain thin Misener sandstones that are rela-
posed of two or more sandstone sequences separated by tively dolomific and pyritic. The Kremlin area (T. 24 N., R.
scour surfaces, and/or "Woodford-like" shales. The corn- 6 W.) shows the best development of upper dolomitic/
position of the sandstones is primarily quartz, with traces shaly Misener and lower sandy/porous Misener.
of K-feldspar, plagioclase feldspar, and chert. Small, but
petrographically significant, amounts of phosphate, glau-
conite, coUaphane, apatite, detrital matrix, and fossil frag- UNCONFORMITY RELATIONSHIPS
ments also occur. Illite is the most common clay mineral, One of the most important aspects to consider in deter-
and both siliceous and carbonate cements are present. The mining the Misener's erratic distribution and ultimate res-
upper part of the Misener tends to be dolomitic, and in ervoir geometry is its relationship to Middle Devonian un-
places is a sandy dolomite. This relationship indicates that conformities and resultant paleogeomorphology.
the Misener formed in a mixed terrigenous/carbonate re- Two major unconformities are indicated in the Late
gime, and it also suggests that the upper Misener, which Devonian. The post-Frisco (pre-Woodford/Misener) un-
was deposited when terrigenous input was sharply lira- conformity is commonly thought to be the most signifi-
ited, may represent a shallowing-upward sequence. Sedi- cant, because it is considered the cause of most Hunton
mentary features in the Misener include: cross-bedding erosional features and because of the obvious change in
and massive bedding, ripple laminae, scour surfaces, bio- lithologies from shallow-marine carbonates to deeper ma-
turbation and burrowing, and sharp basal contacts, rine anoxic shales. However, findings from MASERA

Porosity (0 to >20%; average 10-15%) in the Misener is Corp. Hunton study of the Anadarko basin indicate that
both primary and secondary in origin and generally con- the dominant unconformity is the pre-Frisco/post-Bois
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d'Arc unconformity (MASERA, 1990). It is probable that of the pre-Frisco Hunton section is defined by an angular
the strong drainage pattern on the Hunton surface, as well unconformity which is best developed basinward of the
as that on the Sylvan, Viola, and Simpson subcrops, oc- Hunton hingeline. Over most of the area it is impossible to
curred during the pre-Frisco unconformity and was then differentiate between the two unconformities; however,
rejuvenated by the pre-Woodford erosion. In areas where no tbe relationship of the Frisco to the older Hunton units in-
Frisco is found (i.e., northern shelf of the Anadarko basin), dicates that it was deposited on a marked angular uncon-

the pre-Frisco and pre-Woodford/Misener unconformity formity and that it overlies many of the pre-Frisco units--
surfaces are merged into one unconformity; however, it is from the Chimneyhill to the Bois d'Arc. Thus, this relation-
believed that little Misener was deposited until after the ship strongly suggests that most of the Hunton was eroded

post-Frisco unconformity, prior to Frisco deposition. Additional evidence for the
Although seldom discussed in the literature, the pre- magnitude of the pre-Frisco unconformity is that relative

Frisco unconformity, based on regional stratigraphy, ap- sea level apparently was lowest in the Devonian prior to

p_ars to represent a period of significant erosion. The top Frisco deposition (Fig. 4).
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Figure 4. Qualitative eustatic sea-level curve for the Devonian transgressive/regressive cycles and their relationship to Devonian
conodont zones and to Oklahoma stratigraphic units (after Johnson and others, 1985, and Mankin, 1987).
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Figure 5. Type log (dual-induction) of a typical Misener section showing Misener lithofacies and bounding strata.
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After deposition of the Frisco, another low-stand devel- ern Oklahoma, at least in part, was contemporaneous with
oped and the Hunton was eroded to near its present-day Misener deposition in north-central Oklahoma.
subcrop configuration. Although the actual duration of the
low-stand is unclear, it may have been a relatively short
time, based on the absence of dolomite and karst features DISTRIBUTION AND SOURCi2
in the Frisco. The subsequent "Woodford transgression" The Misener occurs primarily in north-central and
actually consisted of two transgressive/regressive cycles; northeastern Oklahoma and south-central Kansas (Fig. 12).
the first of which is represented by the Misener ("lower Examination of several well-exposed outcrops in north-
Woodford cycle"), and the second is represented by the central Arkansas and eastern Oklahoma, along the margin
Woodford. Intra-Woodford and intra-Misener unconform- of the Ozark dome, clearly show the stratigraphic relation-
ities, or disconformities, are indicated by both petrography ships associated with the pre-Woodford/Misener uncon-
and correlations. Based on conodonts, Amsden and Klap- fortuity. The Misener (Sylamore) sandstone on outcrop is
per (1972) concluded that Woodford deposition in south- relatively thin and extensive, and generally is composed of
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Figure 8. Core photographsof the Misenersandstonefromthe AmcanaAndersonNo. 1-2 core:(A) quartzwackewithcarbonate
clastsand low-anglecrossbedding(6,070 ft); (B) sandstonewithabundantmatrix,flowagefeatures, andbioturbation(6,080 ft);
(C) sharpcontactbetweenMisenerand Hunton,markedby a chertzone (6,088.6 ft).

0.50ram

Figure 9. Thin-sectionphotomicrographs(crossed-nicolslight)of the Misenersandstonefromthe AmcanaAndersonNo. 1-2 core:
(A) sandstone with abundant clay matrix,small dolomite rhombs, and a carbonate clast (6,074.5ft); (B) poikilotopic calcite occur-
ring as a pore-filling and replacement cement.

a fine- to medium-grained, light-gray to brown, quartzose of the isolated bodies of Misener may be interconnected,
sandstone with dolomite and traces of glauconite, phos- even though in some areas that type of cenfiguration is not
phate, chert, and pyrite. Features associated with probable presently substantiated by current well control. East of the
karstic profiles occur where the Misener (Sylamore) sand- Nemaha uplift, Misener distribution appears to be more
stone is in contact, or associated, with portions of the De- interconnected, as compared to its distribution west of the
vonian Penters Chert in the Arkoma basin, and as karstic- Nemaha. This relationship perhaps is due in part to the
fill in fissures/cavities within the Hunton across Arkansas greater density of well control to the east, but may also re-
and Oklahoma. flect differences in distinct Misener facies, related to depo-

Distribution of the Misener is quite erratic across north- sitional controls such as paleodrainage patterns, paleo-
ern Oklahoma. In the study area it is generally present topography, eustatic sea-level fluctuations, and specific
as pods to irregularly shaped bodies in areas commonly source areas.
corresponding, but not limited, to the Sylvan subcrop. The The Misqner sand probably was derived from erosion
Misener also occurs as local sheet sands and as isolated of Simpson Group sandstones and/or equivalents. Be-
pods related to Hunton paleokarst. It is thought that some cause of tt:e alluvial/fluvial-formed surface on which the
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Figure10 Whole-corephotographsof the cored interval(6,053-6,091 ft, core; 6,042-6,080 ft, wireline)from the AmcanaAnderson
No. 1-2. Photos here show the interval 6,069.9-6,090.3 ft.

Misener was deposited, it seems logical to assume that the subcrops to the north and in Kansas, were eroded and re-
Misener sand was derived from Simpson subcrops to the deposited during the "lower Woodford cycle."
north. However, due to the marine nature of the Misener Also, there is evidence that local paleostructures may
sand, and due to the lack of Misener sand along the "Syl- have controlled the Misener source, distribution, and even
van subcrop valley" north of the Kremlin area, it is pos- the depositional environment, as in portions of the Cush-
sible that the sand was derived from eastern Oklahoma ing field, in parts of Lincoln and Creek Counties, Okla-
and the Ozark dome area, where there is an abundance of homa (Fig. 13). At the time of Misener deposition, the area
both Simpson and Misener (Sylamore) sand (Fig. 12). This of the Cushing field was undergoing uplift and erosion.
hypothesis is supported by the poorly developed Viola- Erosion cut down into the Ordovician during this uplift,
Simpson subcrop paleohigh that allowed sand movement exposing Simpson sands along the axis of the Cushing
from east to west by marine currents. An alternative expla- ridge. Bauernfeind (1980) showed that the Misener dis-
nation is that fluvial sands, derived from adjacent Simpson tribution, petrology, and underlying paleogeography in-
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Figure 11. Petrologic log of the Amcana Anderson No. 1-2 core showing the lithologic, mineralogic, and sedimentary
characteristics of the Woodford, Misener, and Hunton.
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Figure12. Approximatedistributionof the Misenersandstoneand itsrelationshipto Simpsonand pre-Simpsonsubcrop(MASERA,
1990).

dicates Misener-age stream/river channels drained the outcrop pattern, and lithologies of the exposed formations
southern flanks of the Cushing ridge (Fig. 13). Southeast, and component units. To a large extent, the structure of the
along and near the updip limit of the Hunton subcrop, the area controlled the drainage and outcrop patterns, as well
Misener contains dolomite and glauconite, in contrast to as the overall topographic relief, whereas the lithologies
clean, well-sorted sands indicative of the channel-like de- influence local topographic expression and preferential
posits to the north. The Misener distribution, to the south drainage patterns. Regional tilting of pre-Woodford strata
in this area, also tends to lose its channel-like geometry, to the southwest, and subsequent truncation and erosion
This, along with the petrographic evidence, suggests re- by streams, resulted in a parallel/subparallel outcrop pat-
working of Misener sands in a marine-influenced environ- tern of the Simpson, Viola, Sylvan, and Hunton (Fig. 14).
ment, probably a tidal-flat and/or tidal-channel setting. An examination of the overall trend of the pre-Woodford
Thus, local Misener distribution resulted from the presence subcrop patterns shows a distinct northwest to southeast
of two distinct, but interrelated, depositional environ- trend, except where the "Sylvan valley" crosses the Nemaha
ments, and apparently one local source. Similar examples uplift and turns south to follow the uplift for more than 20
of a local Misener source exist in proximity to eroded Or- mi before resuming its southeastward trend (Fig. 14).
dovician paleostructures along the Nemaha uplift (i.e., The irregular pattern of each pre-Woodford subcrop
Lucien and Polo field areas, western Noble County, Okla- boundary/contact is due primarily to etching and erosion
homa), by subaerial drainage systems during the pre-Frisco un-

conformity, which was later enhanced by pre-Woodford
erosion. Local V-shaped patterns represent the intersection

PALEOGEOGRAPHY of stream valleys with the inclined formation contacts.
Since the distribution and source of the Misener is These V-shaped subcrop patterns typically point in the di-

closely associated with pre-Woodford paleotopography, a rection of dip; the lower the angle of dip, the larger the V-
close examination of the pre-Woodford subcrop patterns is shaped outcrop pattern. In areas of gentle dip or near-hori-
important, zontal strata, such as along the Hunton subcrop, stream

The main controls on pre-Woodford paleotopography erosion and incision have resulted in a dendritic subcrop
were structure (folding, faulting, fracture patterns, etc.), pattern. Areas with broader and/or nonparallel subcrop
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Figure 13. Paleogeology of the Misenershowing its distribution and relationshipto the Hunton subcrop, and inferred
local source along the southem flank of the Cushing structure, Creek County, Oklahoma (after Baurenfiend, 1980).

patterns may represent regional structural features not flected by the thickness pattern of the Woodford. Paleo-
necessarily associated with stream valleys. However, for structure has also inversely influenced Misener distribu-
exploration purposes, the proximity to local V-shaped sub- tion in many areas, as in the West Kremlin field where the
crop patterns should be thoroughly evaluated for Misener paleodrainage system apparently breached an underlying
distribution, paleoanticline and the resulting paleovalley was filled with

Thickness patterns of the Woodford/Misener sequence Misener sediments.
enables inferences to be made about paleodrainage pat- In general, the Hunton paleotopography consisted of
terns, position of cuesta slopes, and, in some local cases, low-lying, somewhat resistive limestone hills and cuestas
recognition of paleosinkholes related to Hunton karsti- drained by low-gradient streams, which were influenced
fication or paleostructures. The Hunter field and West by a mature karstic terrain, resulting in a dendritic drain-
Kremlin field, in portions of T. 24 N., Rs. 4-6 W., Garfield age pattern as shown by subcrop patterns (Fig. 14). Aver-
County, are good examp!os of distinctly different struc- age thickness of the Hunton increases at about 5-15 ft/mi
tural influences on the control of pre-Woodford/Misener southward from its truncated edge. In the area where iso-
paleodrainage (Fig. 14). A distinct change in the direction pach values are 100-150 ft, however, there is a marked
of paleodrainage around the Hunter paleostructure is re- break in paleoslope. Southward of the break in paleoslope
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Figure 14. Pre-Woodford/Misener subcrop map in portionsof Grant, Garfield, Kingfisher, Kay, and Noble Counties, Oklahoma,
showing the inferred paleodrainage pattern (dashed lines) and major faults (bold lines) associated with the Nemaha uplift
(MASERA, 1990).
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width is not restricted to the Sylvan subcrop); (B, below) development of Misener
1 sandstone and shale northeast along the Hunton cuesta (SE Nash field), and inter-

fingering of the =Misenershale" and Misener sandstone inseveral other Misener fields
within the dolomitic Sylvan subcrop to the northeast (MASERA, 1990).
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(the hingeline), the Hunton thickens at ratesof 20-50 ft/mi, amination of the internal geometry of the sands indicates
generally increasing in thickness from 150 ft to 350 ft in deposition in several episodes, which was probably the
distances of <6 mi. From this hingeline, the thickness in- result of several minor changes in sealevel. Becauseof the
creasesbasinward gradually at about 15-20 ft/mi, with relative lack of sand and the sporadic nature of deposition,
local variations to the margin of the deep basin (about carbonate environments apparently existed concurrently
-15,000 ft ), where Hunton rocks are thicker than 1,500 ft. with the clastic environment and developed best in areas

The Sylvan surface primarily constituted a low-lying, where there was little clastic input, or during times Nhen
nonresistive (shale) area or "valley" which was situated clastic influx was low.
between the Hunton, to the southwest and west, and the Reliable determination of Misener distribution and res-

Viola and Simpson, to the northeast and east (Fig. 15). ervoir geometry can only be made by understanding the
Slightly dolomitic, and more resistant, zones within the depositional environment and interrelated critical control-
Sylvan may hava. influenced local paleotopography and ling factors, such as stratigraphy, petrography, source, and
distribution of Misener sediments. A Sylvan Shale isopach paleogeomorphologic relationships resulting from the pre-
map may be used as a paleotopographic indicator. Major Frisco and pre-Woodford/Misener unconformities. Future
paleodrainage systems are recognized where Sylvan iso- exploration of the Misener may ultimately depend on inte-
pach values tend to be thin (or absent), indicating erosion gration of geologic parameters with geophysical data and
by streams or truncation related to local or regional struc- tools such as 3-D seismic.
tural features. Linear/elongated trends of thin and/or absent
Sylvan generally correspond with thick Wood ford, and in ACKNOWLEDGMENTS
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Stratigraphy of the Cason Shale, the Brassfield, St. Clair,
and Lafferty Limestones, and the Penters Chert

(Upper Ordovician-Lower Devonian)
in the Arkansas Ozarks

William W. Craig
University of New Orleans

New Orleans, Louisiana

ABSTRACT.--Equivalents to Oklahoma Hunton Group strata are present in the Upper
Ordovician to Middle Silurian Cason Shale and the Middle to Upper Silurian St. Clair and
Lafferty Limestones of Arkansas. The Arkansas units agree closely, both in lithology and
fauna, with their Oklahoma correlatives, indicating a parallel depositional/erosional his-
tory. Strata of the Arkansas Cason Shale include units equivalent tt, the Ideal Quarry Mem-
ber of the Keel Formation through the Prices Falls Member of the Clarita Formation. The St.
Clair and Lafferty Limestones in Arkansas are correlative to the Fitzhugh Member of the
Clarita Formation, and probably to the lowermost part of the Henryhouse Formation.
Equivalents to the middle and upper Henryhouse, and the Haragan, Bois d'Arc, and Frisco
Formations of the Oklahoma Hunton Group are not present in the Arkansas section. The
stratigraphic interval of the Oklahoma Sallisaw Formation, generally included in the
Hunton Group by subsurface workers, is occupied i_ Arkansas by the Penters Chert, a
close lithic equivalent to the Sallisaw.

These Arkansas rocks and their Hunton equivalents record accumulation on a shallow-
water carbonate shelf that was relatively isolated from terrigenous sources and repeatedly
was exposed to subaerial weathering and erosion. The resultant unconformities are well
documented, both physically and paleontologically.

GEOLOGIC SETTING ral exposures of lower Paleozoic strata along the valley
walls.

Hunton Group equivalents in northern Arkansas crop The total thickness of Hunton-correlative rocks in Ar-
out discontinuously in a narrow east-west belt across the kansas is slightly more than 65 m, but nowhere is this max-
north-central part of the State. The major regions of out- imum preserved at a single locality. Hunton equivalents
crop, from east to west, are the Batesville district in Inde- are present in the Upper Ordovician to Middle Silurian
pendence, lzard, and eastern Stone Counties, the Allison- Cason Shale and the overlying Middle to Upper Silurian
Blanchard Spring area in central Stone County, and the St. Clair and Lafferty Limestones. The depositional history
Gilbert area in Searcy County (Fig. 1). Th_ sediments rep- of these Upper Ordovician through Silurian-age strata is
resented by these rocks accumulated on a widespread, nearly parallel to that of Oklahoma surface exposures of
shallow-water carbonate shelf relatively isolated from ter- coeval Hunton Group rock reported by Amsden (1962).
rigenous sources. Geologically, the region is on the south- The uppermost Silurian and lowermost Devonian portions
western flank of the Ozark dome. Regional dip of <1° to of the Oklahoma Hunton Group appear to be absent in Ar-
the south is interrupted by minor folds and down-to-the- kansas.
south normal faults with displacements of a few meters to Because geologists working in the subsurface have tra-
a few tens of meters. Physiographically, the outcrop belt ditionally included in the Hunton all strata between the
lies along the southern margin of the Springfield Plateau, Sylvan and Woodford/Chattanooga Shales, a brief discus-
a rolling upland capped by cherty limestone of the Missis- sion of the Penters Chert, which lies within the upper part
sippian Boone Formation. Dissection of the plateau surface of this interval, is provided in tb.is summary. Comparison
by the White and Buffalo Rivers and their tributaries has of the stratigraphic succession in Arkansas with correlative
provided valleys 120-150 m deep, affording excellent natu- units in Oklahoma is shown in Figure 2.

Craig, W. W., 1993, Stratigraphy of the Cason Shale, the Brassfield, St. Clair, and Lafferty Limestones, and the Penters Chert (Upper
Ordovician-Lower Devonian) in the Arkansas Ozarks, in Johnson, K. S. (ed.), Hunton Group core workshop and field trip:
Oklahoma Geological Survey Special Publication 93-4, p. 135-147.

135



STRATIGRAPHY '%%"%. ARKANSAS OKLAHOMA

Early geologists applied the name Cason Shale to a thin _
(<6 m thick) sequence of phosphatic sandstone and shale, m

in places oncolite bearing, that occurs between the Upper _ I I/I/I/I///S

Ordovician Fernvale Limestone and the Middle Silurian St.
Clair Limestone (Fig. 2). The oncolites, which characterize
the so-called "button" shale of various authors, w_ :e iden-
tiffed as Girvenella richmondensis by Ulrich (in Miser, 1922).

I I I I I I I I, ' Hemyhom_Accordingly,theCason was assigneda LateOrdovician
age. During the 1960s, several reports (Wise and Caplan,
1967; Amsden, 1968; Craig, 1969) showed the Cason inter-

val to be lithologically more heterogeneous than earlier ! __

workers suspected. Geologists who have examined the
interval in recent years agree, in general, that it contains

the following succession of lithic types: (1) basal phos- _phatic, glauconitic sandstone and shale; (2) crinozoan pack-
stone/grainstone, grading up into an intraclastic/oolitic "Bra_fleld" Cochrane

grainstone and fenestral lime mudstone; (3)reddish skel- _ ,_
etal pack.stone/grainstone, dominated by crinozoan frag- ,_ _
ments, and (4) an uppermost oncolite-bearing silty shale,

with moderately common phosphate grains. Thelower _O_!___

phosphate beds (unit 1) and "button" shale (unit 4) are the
most persistent lithic types of this interval in the BatesviUe _ '
district, and it is with them that the concept of the Cason is " "
most closely associated.

Earlier workers in northern Arkansas had observed the F_m,-'_ W,m,_

carbonates that make up units 2 and 3 (see especially Mi-
ser, 1922,1941), but in none of the exposures available to Figure 2. Correlationof Oklahoma HuntonGroup rockswith
them was it clear that these units occurred between the equivalentformationsinnorth-centralArkansas.
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Figure3. Photomicrographofphosphaticconglomeraticsand- Figure4. Sameview as Figure3; polarizedlight.Dark grains
stone of Cason (unit 1), Love Hollow quarry; unpolarized are phosphate.Baris 0.28 mm.
light.Roundgrainsare crinozoanparts.Largegraintruncated
by bottom of photographis fine-grained limestone. Bar is
0.28 mm.

two detrital units of the Cason. Unit 3 is the Lower Silurian Residues, derived by boiling the shale in water, contain
Brassfield Limestone, long known in northern Arkansas an abundance of phosphatic and glauconitic grains of the
but mistakenly assigned by early geologists to a strati- same types observed in sandstone thin sections. The most
graphic position between the Cason and St. Clair. The com- striking features of these grains are their high degree of
plicated erosional/depositional history of the Cason has polish and rounding. There is little doubt that they under-
resulted in a random distribution of its individual units, went abrasion prior to deposition. It also seems likely that
This distribution, combined with a heavy manganese and replacement took place prior to transport; otherwise the
iron mineralization that obscures the relationship between grains would not possess the high luster they now have.
lithic types of this interval, has made difficult a resolution The most likely source for these grains is the underlying
of the geology of the Cason. I have detailed elsewhere Fernvale Limestone, and, indeed, thin sections of the upper
(Craig, 1969;1975a,b;1984) the history of the unraveling of Femvale reveal phosphatized grains. Furthermore, heavy-
Cason stratigraphy. Interested readers are referred to these liquid separations of acetic-acid residues from the Fernvale
sources, contain phosphate grains jimilar to those in the overlying

Cason, except for their lack of polish and rounding.
Lower Phosphatic Sandstone (Unit 1) Occurring stratigraphically above the phosphate beds,
and Oolitic Limestone (Unit 2} and apparently conformable with them, is a carbonate unit

The conglomeratic sandstone and shale (unit 1) that (unit 2) that has, in its base, ,-30 cm of crinozoan grainstone
comprise the basal unit of the Cason are best developed in with oolitic coatings (Fig. 5). This crinozoan rock grades
the western part of the Batesville district (Fig. 1). The upward into an oolitic grainstone (Figs. 6,7) overlain by an
thickness of these beds ranges from 0 to 3 m, the variation intraclastic/oolitic grainstone and fenestral lime mudstone
appearing to result from deposition on an irregular ero- (Fig. 8). One of the most remarkable features of the oolitic
sional surface of the Fernvale Limestone. Characteristic rock is the size of its ooids, some of which are 6 mm in di-

grains of the conglomeratic sandstone are quartz, phos- ameter. This limestone is known from only two places in
phate, and glauconite, which vary considerably in their the Batesville district, Love Hollow quarry and St. Clair
relative abundance (Figs. 3,4). Phosphate can make up as Spring (see Craig and others, 1984, for locations). In the
much as 70% of total grains, and glauconite as much as early- and mid-1960s, -1.5 m of oolitic packstone/grain-
20% (Lemastus, 1979, p. 57). Thin sections reveal that the stone were present at the quarry between unit 1, below,
phosphate is a replacement of calcium carbonate grains, and the Brassfield Limestone (unit 3), above. Quarrying
Particularly abundant among the replaced grains are cri- since that time has resulted in the disappearance of both it
nozoan parts; but clams, snails, trilobites, brachiopods, and and the Brassfield, leaving a Cason section of "button"
fragments of fine-grained limestone also are common. Frag- shale (unit 4) resting directly on the phosphatic sand and
ments of phosphatic brachiopods constitute as much as 8% of shale of unit 1. The only presently known locality to view
the grains. The rock is very poorly sorted, with gra'.msrang- the Cason oolitic rock in the Batesville district is St. Clair
ing from silt size (generally quartz) to medium-pebble size Spring, just north of Batesville. Here the phosphate beds of
(limestone clasts). Glauconite occurs mostly as very fine to unit 1 are missing, and ~2.7 m of unit 2, exhibiting all of its
fine sand, probably of fecal origin, but it also is present as a textural variations, occur between the Fernvale and Brass-
replacement of calcium carbonate and as cement, field Limestones.
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River, Searcy County (Craig, 1984,1988). Here nodules at
the top of the unit are composed of silicified fossil hash
with ooid stringers.

Brassfield Limestone (Unit 3)

The Brassfield presently is known from only one local-
ity in the Batesville district, the above-cited St. Clair Spring
site, where 5.8 m of the formation occurs between the
oolitic rock of Cason unit 2 and the St. Clair Limestone.

In the early- and mid-1960s, the Brassfield was present in
the Love Hollow quarry section, resting in some places on
the oolitic limestone and in others on the phosphatic
sandstone and shale of unit 1. It was everywhere overlain
by the "button" shale (unit 4). A number of visits to the
quarry during this period provided convincing evidence
that the Brassfield was preserved at this locality as an un-
conformity-bounded erosional remnant between the over-
lying "button" shale and the lower Cason units. This evi-

Figure5. Negativeprintof thinsectionshowingbaseof Cason dence is thoroughly discussed and illustrated in a number
oolitic limestone (unit 2), Love Hollow quarry. Coarse- to of previousarticles(Craig, 1969,1975a,1984;Craig and oth-
very coarse-grained crinozoan grainstonewith superficial ors, 1984).For a somewhat different interpretation of the
ooliticcoatings.Gradesup intoan ooliticgrainstone(Fig. 6). Cason interval at Love Hollow quarry, the reader is re-
Baris 2 mm. ferred to Arnsden(1968,1986).It is probable that other rem-

nants of the Brassfield are present along the bluffs of the
White River in thevicinity of Love Hollow quarry. Reports
(Miser, 1941)of a manganesecarbonate,<1 m thick, within
the CasonShaleof this generalregion probably are records
of theBrassfieldbetween thephosphatebedsand the "but-
ton" shale.

The bestand thickest exposuresof the Brassfieldare in
the vicinity of Gilbert, Searcy County (Fig. 1), where it
ranges in thickness from 0 to nearly 12 m. These occur-
renceshavebeenmapped by McKnight (1935),Maher and
Lantz (1953), and Glick and Frezon (1965). In the absence
of the "button" shale in these western exposures, the
Brassfieldis overlain unconformably by the St. Clair Lime-
stone (Fig. 10).

Figures6. NegativeprintofacetatepeelshowingCasonoolitic
limestone(unit3), LoveHollowquarry. Bar is2 mm.

To the west of the Batesville district, the phosphate
content of unit I decreases markedly. In the Allison area
(Craig and others, 1984) the rock is a green, silty shale and
clayey siltstone with thin phosphatic sandstone layers and
disseminated phosphate grains. Wise and Caplan (1967,
1979) describe the oolitic grainstone from above the shale
of unit 1 in the Blanchard Spring Recreation Area, a short
distance from Allison. Farther west, in Searcy and Newton
Counties (Fig. 1), the unit generally has a sandy, phos-
phatic base that grades up into green, silty dolomitic shale
resembling the Sylvan Shale of Oklahoma (Fig. 9). Macro-
fossils are absent, but rare conodonts indicate a fauna simi-
lar to the oolitic limestone of unit 2 (Craig, 1986). Stringers
of phosphatic and siliceous ooids in this shale are judged
to be equivalent to the oolitic packstone/grainstone of the
Batesville district. A notable exposure in the Gilbert area,
showing the dolomitic shale of the Cason, is just down- Figure 7. Negative printof acetate pool,Cason oolitiolime-
stream from the U.S. Highway 65bridge over the Buffalo stone(unit 3), St. ClairSpring.Baris 2 ram.
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Figure9. BooneFormation(LowerMississippian)overlyingCasondolo-
miticshaleof Gilbertarea, inroadcut alongArkansas333 connecting
Gilbert to U.S. 65. Arrowpointsto remnantof St. Clair,preservedbe-
tweenthetwoformationsto thewest(rightpartof outcrop)butremoved

Figure8. Negativeprintof acetate peelshowingCa- byerosionto theeast.Dolomiticshaleof the Casonherecorrelateswith
son intraclastic-ooliticgrainstoneand fenestral lime the phosphatebeds(unit1) inthe Batesvilledistrict.
mudstone (unit 2), St. Clair Spring. Note peloidal
material at bottom of intersticesand fenestral lime
mudstoneat top of photograph.Baris 2 mm.

The Brassfield is dominantly a bioclastic limestone of
variable texture. Its chief constituents are fragmented
crinozoans, but it also contains abundant debris of other
common Paleozoic fossil groups. The limestone has an
important constituent of lime mud, as discontinuous string-
ers or layers, as mud resting on the floors of interstices, and
as irregular patches that resulted from burrowing. These
patches, which are dark red from the admixture of detrital
mud, give the Brassfield a characteristic mottled aspect. A
detailed, illustrated account of the Brassfield in northern

i Arkansas is given by Craig (1984).

"Button'" Shale (Unit 4)

The major occurrence of the oncolite-bearing "button"
shale of the Cason is in the Batesville district, where it

ranges in thickness from 0 to ~6 m. West of the district, it is
known from only one locality within the Blanchard Spring
Recreation Area (Lemastus, 1979). The most notable expo-
sure of the unit is its type section at the old Cason (manga-
nese) mine, where it is the only unit of the Cason present,
and in the adjacent Midwest Lime Co. quarry (see Craig
and others, 1984, for locations). About 4.5 m of the shale,
which contains abundant oncolites flattened in the plane of
bedding, is exposed in the mine face and floor. The unit
thins rapidly eastward into the quarry. In the western face
of the quarry, the "button" shale is in distinct erosional
contact with the Fernvale, its material filling fracture and

irregularities in the upper portion of limestone (Fig. 11). Figure 10. Photomicrographshowingwelded contactof St.
The shale, which is only -60 cm thick here, grades upward Clair on Brassfield, west bank of Bear Creek along Crane
into the base of the St.Clair Limestone (Fig. 12). Abundant Bottom,0.5 mi southeast of Gilbert, Arkansas. Notetruncation
spherical oncolites occur in the basal St. Clair. of Brassfield fossils. Scale (0.28 mm) on photograph.
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Figure 11. Cason "button" shale (unit4) filling in fractures in top of Fern-
vale Limestone, west wall of Midwest Lime Co. quarry, 0.5 mi north of
Batesville, Arkansas. Also pictured is O. A. Wise, Arkansas Geological
Commission (retired).

North along the quarry face the "button" shale and
overlying St. Clair climb onto an expanded Fernvale sec-
tion, the St. Clair eventually onlapping the shale to come to
rest directly on the Fernvale (Fig. 13). This relationship
shows that the "button" shale is a basal detrital phase of Figure 12. View of Cason "button" shale grading up into base
the St. Clair transgression. Some topography apparently of St. Clair Limestone, west wall of Midwest Lime Co. quarry.
existed, at least locally, on the Fernvale erosional surface. Approximate contact shown by arrow in lower part of photo.Note"buttons" (oncolites) near base of St. Clair. Camera lens
Deposition of detrital material, which was in short supply, cap (50 mm) in upper right for scale.
was restricted to topographic lows. This depositional pat-
tern explains the inconsistent occurrence of the "button"
shale at the base of the St.Clair throughout north-central
Arkansas. An indication of the topography present at the abundance that they appear in the phosphate beds of unit
Midwest Lime Co. quarry is seen in the variation in the 1. However, the presence of phosphate in the "button"
thickness of the Fernvale, which is ~23 m in the northern shale provides a certain similarity between it and the basal
face of the quarry, but only 4.5-6 m thick in the western Cason sandstone and shale that no doubt has helped ob-
face. The topography here probably developed on the scure the distinction between the two units. The lower
upthrown side of a fault system directly to the south. The phosphatic beds of the Cason in the Batesville district dif-
fault was active during this time as evidenced by an angu- fer from the "button" shale in that they are distinctly inter-
larity between the Fernvale and St. Clair. bedded hard sandstone and shale, in which all fossil debris

The shale at the Cason mine is difficult to decipher pet- is phosphatic. They do not contain oncolites or calcareous

rographically, because of heavy manganese and iron min- shells, nor are they characteristically calcareous or dolo-
eralization. It is red to red-and-green mottled, silty to finely mitic.
sandy calcareous clay shale. Dolomite rhombs occur scat- A clean exposure of the "button" shale occurs at the
tered throughout. In addition to algal buttons, other fossils Love Hollow quarry. The unit at the quarry averages ~1 m
include fragmented ostracodes, crinozoans, trilobites, and thick and has a scoured contact with the rocks below (Figs.
calcareous and phosphatic brachiopods. Calcareous ce- 14-16). The contact is sharp and distinct where the Brass-
ment increases upward toward the St. Clair, with the up- field is the underlying unit; it is more subtle where the
per meter being calcareous enough to dissolve in acetic Ordovician phosphate beds are the underlying unit. The
acid. Acid residues produce Ammodiscus- and Psammos- basal 15 cm of the "button" shale at the quarry is dark-red,
phaera-type agglutinated foraminifers. Conodonts charac- quartz-sandy siltstone with pebbles of phosphate and
teristic of the basal St. Clair are also present and corrobo- chert and fragmented crinozoan parts. This basal conglom-
rate the brachiopod-based conclusion of H. S. Williams eratic unit grades up into 0.6 m of red to gray-green pyritic
(1900), who, at the time he named the formation, con- calcareous silty shale, with scattered dolomite rhombs and
cluded that the Cason at the mine contains the beginning abundant flattened oncolite "buttons." Also present are
of the St. Clair fauna, sparse, fragmented ostracodes, brachiopods, trilobites,

Phosphate pebbles occur in the shale, but not in the crinozoans, and abundant agglutinated foraminifers.
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Figure 13. Onlap of Cason "button" shale (thin dark band at base of
Ssc) by St. Clair Limestone (Ssc) onto Ordovician Fernvale Limestone "* *" _
(Of), west wall of Midwest Lime Co. quarry. North (right) along wall the
St. Clair is truncated by the Penters Chert (Dp, on dark unit), which lies
directly on the Fernvale.

St. Clair and Lafferty Limestones

The St. Clair Limestone is the most widespread and
continuous of the Hunton-equivalent units in Arkansas. Figure 14. Oolitic limestone (unit 2) of lower Cason Shale,
The limestone is best developed in the Batesville district, Cason "button" shale (unit 4), and St. Clair Limestone, Love
where it ranges in thickness from 0 to N30m. It is thickest Hollowquarry. Hammerrests on light-coloredoolitic limestone.
in the eastern part of the district, but occurs at only iso- To the right of hammer, the dark-colored "button" shale ischanneled into the limestone. Lower arrows point to contact.
lated localities. Its distribution is apparently controlled by Gradational contact between "button" shale and St. Clair oc-
preservation in structural downwarps that were protected curs at about the level of the upper arrow.
from post-St. Clair erosion. In the western part of the dis-
trict, the unit is more continuous, but it averages only ~4.5
m thick.

The St. Clair is discontinuous in the Allison-Blanchard The overlying main body of crinozoan-rich St. Clair is
Spring area. The best exposure of the formation is along dominated by wackestone and packstone in upper and
the north bank of South Sylamore Creek, just downstream lower layers, and by grainstone and poorly washed grain-
from Gaylor Crossing (see Craig and others, 1984, for loca- stone in middle layers. The wackestone and packstone
tion). To the west, in Searcy County, the St. Clair ranges contain abundant whole skeletons of brachiopods, ostra-
from 0 to 10.6 m thick, codes, cephalopods, and well-preserved pygidia and

The spectrum of St. Clair textures parallels that of the cephala of trilobites (Fig. 18). Holloway (1980,1981) has
Brassfield. Both are dominantly bioclastic limestones reported on the St. Clair trilobites and Amsden (1968) has
characterized by fragmented crinozoans and with abun- described the brachiopods. The middle grainstone is domi-
dant lime-mud matrix. The St. Clair is somewhat coarser nated by crinozoan calcarenite and calcirudite containing
grained than the Brassfield and lacks the Brassfield's dis- fragmented skeletal material of other fossil groups (Fig.
tinctive dark-red mottling. 19). This superposition is well displayed at the now-aban-

Vertical trends, not identified in the Brassfield, are pres- doned Batesville Stone quarry and the type section near St.
ent in the St. Clair. These trends are significant in the inter- Clair Spring (Craig and others, 1984). It is less well devel-
pretation of the depositional history of the formation, par- oped in the thinner (3.6 m) section at Love Hollow quarry.
ticularly when considered in conjunction with the con- In the western part of its outcrop, in the Gilbert area, the
formably overlying Lafferty Limestone. In the Batesville St. Clair contains a greater percentage of lime mud. Grain-
district, the St. Clair is a pinkish- to light-gray, coarse- stone, although present in some layers, is not as character-
grained crinozoan packstone/grainstone. Some layers, es- istic of the unit as in the Batesville district, and layers of
pecially at the base and top of the unit, are poorly washed skeletal wackestone are common throughout the lime-
and contain a matrix of gray-green lime mud. In all sec- stone.
tions where the base of the St. Clair is exposed, the lower The Lafferty Limestone was named by Miser (1922) for
0.6-1.5 m is a pyritic, gray-green or red ostracode wacke- an exposure at Tom Tate Spring (see Craig and others,
stone that contains detrital clay, angular to subrounded 1984, for location), in the western part of the Batesville
quartz silt, conodonts, abundant agglutinated foramini- district. Miser gave the name Lafferty to ~30 m of slabby,
fers, large well-formed dolomite rhombs (Fig. 17), and earthy, gray-green to red lime mudstone and sparsely fos-
minor amounts of fragmented crinozoans, corals, brachio- siliferous skeletal wackestone overlying the St. Clair. Miser
pods and trilobites, recognized the Lafferty only in the immediate vicinity of
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Figure 15. Negative print of thin sectionshowingCason=but-
ton"shale(unit4) on BrassfieldLimestone(unit3), LoveHol-
lowquarry.Note irregularityof contact.Arrowshowsposition
of enlargementillustratedin Figure16. Baris 1 mm.

its type locality. Beneath the type Lafferty, the upper 3.8 m
of St. Clair Limestone, as understood by Miser, is a slightly
dolomitic, pyritic, gray-green ostracode wackestone with
scattered pink crinozoan fragments and other calcareous
skeletal material, subrounded-quartz sand, clay, and ag-
glutinated foraminifers. This rock type, which occurs
above the coarse-grained crinozoan rock of the StoClair at Figure16. Photomicrographshowingenlargementofcontact
most localities, was included in the St. Clair by Miser. illustratedin Figure15. Notetruncationof crinozoanpartsin
There is little to distinguish it from the 25.9 m of domi- Brassfield.Grainsin=button"shaleare quartzandphosphateinclay matrix.Bar is 0.2 mm.
nantly red limestone that Miser called Lafferty. Miser's
Lafferty differs from the lime mudstone he included in the
St. Clair only in that the Lafferty is red from the inclusion
of detrital clay and contains less micr!te and fewer fossils and the lime mudstone occurring within the St. Clair, espe-
in its upper portion. In 1950, Straczek and Kinney re- cially the basal ostracode wackestone. At its type section
mapped the Batesville district and included in the Lafferty the Lafferty is 29.7 m thick, which includes the 25.9 m that
all of the gray-green lime mudstone and ostracode wacke- Miser named Lafferty and 3.8 m of ostracode biomicrite he
stone above the coarse-grained crinozoan limestone of the originally included in the St. Clair Limestone. The forma-
St. Clair. Geologists working in northern Arkansas since tion is considerably thinner in other parts of the Batesville
that time have followed this redefinition, district. Along the bluffs of the White River, in the western

The lithic description given above for the Lafferty fits part of the district, the Lafferty averages 6 m thick. In the
the unit across northern Arkansas. Its contact with the St. eastern part of the district its average thickness is 1.5 m.

Clair is placed above the highest appearance of abundant The unusual preservation of the limestone at its type local-
coarse-grained bioclastic allochems. The change from St. ity is probably structurally controlled.
Clair to Lafferty results from a decrease in the percentage Geologists mapping in the Gilbert area (McKnight,
of allochems and an increase in micrite and detrital grains. 1935; Maher and Lantz, 1953), although recognizing the
The basal beds of the Lafferty contain pinkish crinozoan distinction between the St. Clair and Lafferty lithologies,
skeletal material as laminae and scattered grains. There is have dealt with the two units as a single, undifferentiated
a gradual increase in detrital mud and decrease in carbon- formation. The presence, in the St. Clair, of micrite beds
ate, including fossil debris, upward in the unit. These that are lithologically similar to those in the Lafferty, and
trends are best seen in thicker sections, where the basal the absence of the Lafferty over most of the area, have no

ostracode wackestone grades upward through a lime mud- doubt contributed much to this way of handling the two
stone into a rock that approaches a calcareous claystone, units. It is probable that the Lafferty lithology was once
With the addition of clay, the unit becomes characteristi- present above the St. Clair throughout the Gilbert area, just
cally slabby bedded, as it is in outcrop areas to the east, but has been removed

The Lafferty everywhere rests conformably on the St. by pre-Boone erosion. Present evidence from some of the
Clair, as evidenced by the transitional passage between the thicker sections in the region (Maher and Lantz, 1953;
two units, and is overlain unconformably by younger Craig, 1984) indicates that the Lafferty lithology becomes
units. There is a remarkable similarity between the Lafferty dominant about 10.5-12 m above the base of the St. Cl_r.
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Figure 17. Negativeprintof thinsectionshowingbasalostra-
codewackestoneof St. Clair. White areas are pyrite.Bar is Figure 18. Negative print of acetate peel showing poorlywashed grainstoneof St. Clair Limestone,BatesvilleStone
1 mm. quarry. Noteunfragmentedtrilobitesandsparrycalcite(dark

grains)inprotectedareas. Baris 2 mm.

Penters Chert

Miser (1922) named the Penters Chert for exposures in
the vicinity of Penters Bluff, which borders the White River
in the western part of the Batesville district. Based on its
stratigraphic position, he assigned the unit to the Lower
Devonian. Kinney (1946) reported, from the base of the
Penters, a small brachiopod fauna that he interpreted as
Early or Middle Devonian in age. The presence in the
Penters of fragmented Pa elements of the conodont genus
Latericriodus Miiller suggests that the formation is no
younger than Early Devonian. The upper part of the unit is
well exposed along the railroad right-of-way just south of
Penters Bluff. Most of Miser's understanding of the lithic
character of the Penters came from these exposures, which
are structureless beds of dense light- to bluish-gray chert
with some unsilicified patches of gray fine-grained lime-
stones. The only other places the Penters is preserved
within the district is near Cushman, in the central part of
the district, and just north of Batesville. During the time of
Miser's work, the latter occurrence was mostly covered by
float from the overlying Boone Formation. The excellent
exposures at the Batesville Stonequarry and the Midwest Figure19. Negativeprintot acetatepool showingcrinozoan
Lime Co. quarry presently afford the bestavailableview of grainstoneof middleSt. Clair Limestone.BatesvilloStone
the entire formation (Fig. 20). quarry.Note absenceof limemud. Baris 2 mm.

Basedon hisobservationsalong the bluffs of theWhite
River, Miser reported the unit as 6-7.5 m of bedded chert
with only a smallamount of limestone.North of Batesville
the unit is ~8.5 m thick, but only the upper 2 m are perva- almostpure limestone.Dominant fossilsare tentaculitids,
sively silicified. The lower 6-6.5 m are gray, fine-grained brachiopods,trilobites, and ostracodes(Fig.22). Shellsare
quartz-silty limestoneand dolomitic limestone,with some disarticulated and fragmented, indicating post-mortem
chert nodules and zones of partial silicification (Fig. 21). transportation. Dolomite, as well-formed finely crystalline
Cursory examination of a few thin sections from the unit rhombs (Fig. 23), comprises as much as 12% of the rock,
shows that the relative percentages of its lithic constituents and angular quartz silt comprises as much as 5%. Glauco-
vary considerably at different levels, but, except for a gen- nite is particularly common in the lower few centimeters of
eral upward increase in chert and detrital clay, no trends the unit, occurring in patches and stringers that might rep-
are noted. In places the unit is abundantly fossiliferous and resent feces trails of infauna. Fine grains of pyrite occur
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throughout the unit in patches and stringers, as well as in
disseminated grains.

The Penters exhibits an irregular contact with the un-
derlying Lafferty at the Batesville Stone quarry and in the
west wall of the Midwest Lime Co. quarry. In the northern
and eastern walls of the Midwest Lime Co. quarry, the
Penters rests directly on the Fernvale because of pre-
Pentecs erosion of the St. Clair-Lafferty. The base of the
Penters is marked by a 5-cm-thick glauconitic, dolomitic
sandy shale. A thin chert breccia (2.5 cm thick) occurs at
the top of unit and apparently represents residuum on the
post-Penters erosional surface. Miser reported 1.8-2 m of
chert breccia in the upper part of the Penters along the
White River. The breccia, which is not sharply separated
from bedded chert below, contains large blocks and even,
unbroken beds tilted at angles as high as 40°. Miser inter-
preted this breccia to result from subsidence of the Penters
into sinks formed in the underlying St. Clair during sub-
aerial exposure. Inasmuch as the overlying Chattanooga
and Boone are not affected, this karst development must
have occurred prior to their deposition.

INTERPRETATION

Comparison to Hunton Group of Oklahoma

The stratigraphy and paleontology of the Hunton
Group in Oklahoma have been studied extensively by T.
W. Amsden, of the Oklahoma Geological Survey, and re-
ported in a series of publications too numerous to mention _. _........
here. Citations to the most important of these reports are in _,_l," _ ..
Amsden (1968,1986), two articles that also include impor-
tant observations on Hunton equivalents in Arkansas. Figure 20. PentersChert at Batesville Stone quarry.Arrow (on
With minor exceptions, Amsden's synthesis of Upper Or- right) on contact between Penters and underlying Lafferty
dovician and Silurian stratigraphy of north Arkansas and Limestone.
its comparison to that of Oklahoma agreeswith interpreta-
tions presented here (Fig. 2).

The lithic successionof the Cason oolitic limestone at St. the occurrence of the graptolite species Dicellograptus
Clair Spring in the Batesville district (Lemastus, 1979; complanatus(Decker, 1935).Working with what appears to
Craig and others, 1984)--basal oolitic/skeletal grainstone; be a correlative unit in Missouri, the Noix Limestone,
oolitic grainstone; intraclastic/oolitic grainstone and fenes- McCracken and Barnes (1982)concluded that its conodont
tral lime mudstone; and upper oolitic grainstone--bears a fauna, similar to that produced by the Keel and Cason oo-
remarkable resemblance to the best-developed sections of lite (as well as the greenish-gray shale in the Gilbert area)
the Keel Formation illustrated by Amsden (1986,p. 15-16). is no younger than Richmondian (Late, but not latest, Or-
The basal oolitic/skeletal grainstone of the St.Clair Spring dovician). On the other hand, recent paleontologic studies
sequence is equivalent to the Ideal Quarry Member of the by Amsden (1986), Barrick (1986),and McAuley and Elias
Keel. The Oklahoma equivalent of the phosphate beds, (1990) agree that the greater thickness of the Keel and
which conformably underlie the oolite in the Batesville Cason oolite is latest Ordovician (post-Richmondian) in
district, is problematic. If it is true, as suggested earlier, age. In the construction of Figure 2, I have accepted the
that the ooid-bearing, greenish-gray dolomitic shale in the McCracken and Barnes (1982) analysis for convenience.
stratigraphic position of the Cason in the Gilbert area is The major point made by Figure 2 is the physical relation-
coeval with the Batesville phosphate beds; and if it is fur- ship of the oolite to the underlying shale in Oklahoma and
ther true that this shale is an eastward extension of the Arkansas, regardless of what age these units might ulti-
Oklahoma Sylvan Shale, which it resembles so closely; mately prove to be.
then it is probable that the basal Cason rocks in Arkansas Amsden (1968,p. 6) was the first to report that the cor-
have their Oklahoma correlatives in the Sylvan. Amsden rect stratigraphic position of the Brassfield Limestone of
(1986, p. 6) finds no evidence of an unconformity separat- the Batesville district is within the Cason Shale interval,
ing the Keel and Sylvan and hints (p. 9) that the two units and not between the Cason and St.Clair. The Brassfield is
could be lateral equivalents. This relationship would sug- clearly correlative with the Cochrane Limestone; the two
gest that the Sylvan-Keel couplet and the phosphate beds- formations are similar in iithology and fauna (Amsden,
oolite couplet of the lower Cason are approximately the 1968, p. 6; Barrick, 1986, p. 67). Like the Cochrane, the
same age. It is not clear just what age. Brassfield has unconformable relationships with subjacent

The Sylvan traditionally has been considered as Late and superjacent units (see Amsden, 1986, p. 6, 17; 1968, p.
Ordovician (Maysvillian-Richmondian) in age, based on 15, for Cochrane relationships). Both conodonts (Barrick,
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The St. Clair-Lafferty sequence in the Batesville district
is, for the most part, equivalent to the Fitzhugh Member of
the Clarita Formation, and possibly a few meters of the
lower part of the Henryhouse Formation. Within the se-
quence there is no evidence of an unconformity compa-
rable to that which exists between the Fitzhugh and Henry-
house (Amsden, 1968, p. 16). Lithologically, the inter-
bedded lime wackestone and skeletal packstone/grain-
stone of the St. Clair-Lafferty agree well with the Fitzhugh.
A similarity between these Oklahoma and Arkansas rocks
is an upward increase in detrital mud, a feature exhibited
strikingly by the Lafferty. It is puzzling that, unlike the Laf-
ferty (the upper marlstone of which is essentially devoid of
fossils), both microfauna and macrofauna are fairly com-
mon in the muddy Fitzhugh. The faunas of the two lime-
stones place them in the Wenlockian Stage (Middle Silu-
rian) (Barrick and Klapper, 1976; Amsden, 1968), with the
possibility that the St. Clair-Lafferty may range as high as
Ludlovian (Late, but not latest, Silurian).

The Upper Silurian-Lower Devonian stratigraphic suc-

Figure 21. Photomicrographof silicifiedlimestonein Penters cessionin north-central Arkansas appearsto have nothing
Chert,BatesvilleStonequarry.Lightgrainsare dolomitein a correlativewith the greaterpart of the outcroppingHenry-
darkmatrixof finelydividedsilica(chert). Baris 0.2 mm. houseFormation and the Haragan, Boisd'Arc, and Frisco

Formations of Oklahoma. If strata correlative with these
Oklahoma units were ever present in the current outcrop
areas of Arkansas, it has been removed by pre-Penters
and/or pre-Booneerosion. Figure 2 showsthe Penters to
be approximately the sameage asthe Sallisaw Formation,
although thereis no conclusivepaleontologicevidence to
support this. This matching follows the most recentcom-
prehensive attempt at the regional correlation of these
strata (Haley and Stone, 1986). The silty, siliceous dolo-
mitic limestoneof the Pentersagreescloselywith the lithic
characterof the Sallisaw,asdescribedby Amsden (1961).
Both the Pentersand Sallisaw are lithologically distinct
from underlying units, which for the most part are repeti-
tions of compositionsand textures similar to the St. Clair
and Lafferty of Arkansasand the Clarita of Oklahoma.

Figure22. Photomicrographof fossiliferousPgntersChert,
BatesvilleStonequarry.Note transverseandlongitudinalsec-
tionsof tentaculitids.Bar is 0.2 ram.

1986; Martinez, 1986; Craig, 1986) and brachiopods (Ams-
den, 1968,1986) date the Brassfield as Early, but probably
not earliest, Silurian.

The "button" shale is a basal detrital phase of the St.
Clair Limestone, and it rests unconformably on all under-
lying units down to, and including, the Fernvale. Its con-
tact with the overlying St. Clair is gradational. The equiva-
lent in the Oklahoma section, the Prices Falls Member of
the Clarita Formation, has similar stratigraphic relation-
ships. Conodonts date the "button" shale (Craig, 1986) and
Prices Falls (Barrick and Klapper, 1976) as late Llando-
verian to early Wenlockian (late Early to early Middle Silu- Figure 23. Photomicrograph of dolomitic limestone in Penters
rian) in age. Chert,BatesvilleStonequarry.Bar 182 mm.
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Depositional History Cason, and thus it has a discontinuous distribution. In the

The Cason oolitic grainstone and its associated carbon- Blanchard Spring and Gilbert areas, where the lower
ate facies represent development of shoal-water condi- Cason has a much smaller percentage of sand and granule-
tions, in places possibly intertidal, following a transgres- size grains, no detrital phase collected at the base of the St.
sion recorded by the underlying lag concentrate of the Clair.
Cason phosphate beds. As Amsden (1986 p. 9) suggests, The "button" shale is the basal unit of a transgressive/
the irregular distribution of the oolitic rock probably re- regressive cycle of sedimentation that includes the overly-
suits both from the localized development of oolitic shoals ing St. Clair and Lafferty Limestones. The shale represents
in these Late Ordovician seas and from removal during terrigenous sediment that accumulated in a nearshore en-
post-oolite erosion. The extent of the area of oolite forma- vironment containing spherical algal growths, aggluti-
tion is not clear from its poor preservation in the surface nated foraminifers, and ostracodes. Seaward, lime mud
exposures of Arkansas, but Amsden (1986, p. 43) reports was collecting in a lagoonal environment that abounded
disjunct occurrences of the Keel in Oklahoma over an area with agglutinated foraminifers and ostracodes. This la-
of -45,000 km 2. Amsden (1986, p. 47) suggests that this goonal environment produced the ostracode wackestone
shoaling might have resulted from a eustatic lowering of present at the base of most St. Clair sections. The lagoonal
sea level, caused by the well-documented Late Ordovi- environment was restricted from the open ocean by a cri-
cian-Early Silurian glaciation in North Africa. nozoan sand bar, now represented by the coarse-grained

Present evidence suggests that the Brassfield Limestone St. Clair. On the lagoon side of this bar, marine inverte-
is a transgressive unit that records a subtidal complex of brate life abounded on a substrate composed of intermixed
wave-exposed shoal and wave-protected quiet subenvi- lime mud and skeletal debris. Currents in this area were
ronments, all generally shallow water abounding in life. strong enough to oxygenate the water and remove ,some of
In the Gilbert area, which is the major region of Brassfield the finer material, but not strong enough to shift the sub-
preservation, the limestone rests with irregular contact on strate. Thus, finer particles tended to collect beneath shells
the Cason. The upper layers of the Cason in this area are that were concave downward, or in the protected hol-
dolomitic mudstones that possess few grains that could low of shells that were concave upward. The fossiliferous,
contribute to a detrital lag deposit, such as that which oc- poorly washed crinozoan grainstone in the lower part of
curs in the base of the overlying St. Clair Limestone. the St. Clair was deposited in this environment. Above

Prior to deposition of the overlying Cason "button this, the St. Clair is composed almost entirely of crinozoan
shale" and St. Clair Limestone, the region underwent debris with only minor lime-mud matrix. This lithology is
broad epeirogenic uplift that exposed the surface to sub- interpreted as representing the ocean-facing, high-energy
aerial erosion. In the Batesville district, where the "button portion of the bar. The poorly washed upper layers of the
shale" is the basal unit of the succeeding transgression, the St. Clair represent recurrence, during the regressive phase,
unconformity on top of the Brassfield is apparent. In the of the conditions on the lagoon side of the bar. The ostra-
Gilbert area, lack of a basal detrital phase has created a code biomicrite of the Lafferty marks the regression of the
subtle contact, with St. Clair directly on Brassfield. Trunca- lagoonal environment.
tion of Brassfield fossils at "welded" unconformities (Fig. The vertical succession of lithic types illustrating the
10) seems to be an expression of a planar erosional surface depositional environments now represented by the "but-

ton" shale, St. Clair, and Lafferty is best seen in the Bates-developed in the absence of much terrestrial vegetation.
The irregular distribution of the Brassfield probably repre- ville district. The thick buildup of coarse-grained St. Clair
sents preservation of the unit in structural lows, and com- in the eastern part of the district indicates close proximity
plete removal of it on the highs created by the gentle epeir- to the major buildup of crinozoan sand that formed the
ogenic movement, protective barrier. The western part of the district was far-

The St. Clair Limestone, with the Cason "button" shale ther removed from the barrier, as demonstrated by the thin
as a basal detrital phase, transgressed over an erosional interval of coarse-grained crinozoan rock followed by a rel-
surface developed on the Brassfield and older units. In the atively thick Lafferty section.
Batesville district, particularly the eastern part, some relief In the Gilbert area, most of the accumulation of the St.
existed on the surface, as evidenced in the previously dis- Clair seems to have taken place on the lagoon side of the
cussed relationship exhibited at the Midwest Lime Co. barrier. Occasional incursions of the barrier and lagoonal
quarry. Irregular topography does not seem to be charac- facies are represented by layers of crinozoan grainstone
teristic of the surface over most of northern Arkansas. At and skeletal wackestone, respectively, that are interbedded

the Midwest Lime Co. quarry, topographic relief is prob- with the main body of poorly washed skeletal grainstone.
ably related to the Batesville graben directly to the south.
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Penters Formation Paleokarst in the Arkoma Basin
and the Black Warrior Basin

Patrick L. Medlock and Richard D. Fritz
MASERA Corp.

Tulsa, Oklahoma

ABSTRACT.aThe Penters Chert is the uppermost formation in the Hunton Group of the
Arkoma basin, and it is equivalent to an unnamed Devonian chert in the Black Warrior ba-
sin. These units are part of a regional Early- and Middle-Devonian chert accumulation. In I
the Arkoma basin, the Penters is a significant gas producer; in the Black Warrior basin, spo-
radic production occurs from the Devonian chert.

Cores, outcrops, and cuttings were analyzed to determine the depositional nature,
stratigraphy, and diagenetic history of the Devonian cherts. Although diagenesis has
greatly affected the chert, and in some areas has obliterated primary textures, petrographic
examination indicates an abundance of normal-marine fossils (including sponge spicules).
Subsurface mapping of the Devonian indicates a bank-like geometry. In both basins the
chert was deposited in a shelf environment, with the thicker accumulations indicating
shelf-edge deposition.

After deposition of the Devonian cherts, the pre-Woodford unconformity was formed.
During this time the Hunton was subaerially exposed, and, in the Arkoma and Black War-
rior basins, dissolution and remobilization of the biogenic silica led to karstification of the
Devonian units. The karstic conditions are indicated by collapse breccias, internal sedi-
ments, and fractures, all of which are common in cores and outcrops.

INTRODUCTION the depositional environment for the novaculites and
cherts in general have been debated for years. A biogenic

The Devonian chert of the Arkoma and Black Warrior source for the silica has been accepted by most workers;

basins is part of a regional chert accumulation across the other theories for the silica source advocate alteration of
southern North American Continent. In the Arkoma basin volcanic ash and volcanism, promoting growth of siliceous
these strata are called the Penters Chert in the subsurface organisms and the production of siliceous sediments; how-
and the Sallisaw Formation on outcrop (Fig. 1). In the Black ever, the evidence of volcanism in the Ouachitas is scarce
Warrior basin the Devonian chert is an unnamed forma- (limited to several tuff beds in the Mississippian). General
tion. The Arkansas Novaculite and the Caballos Formation agreement on the depositional environment of the novacu-
are siliceous equivalents found in the Ouachita and Mara- lites has not been reached, with Folk and McBride (1976),
thon region, respectively. Other shelfward equivalents of McBride and Folk (1977), Sholes (1978), Thomas (1988),
the novaculites are the Thirty-one Formation of the Per- McBride (1989), interpreting the novaculites to represent
mian basin, Camden Chert of Tennessee, and Clear Creek deep-water depositional environments. Conversely, a shal-
Chert of Illinois. The Devonian chert of the Black Warrior low-water depositional model has been proposed by Lowe
and Arkoma basins has a greater affinity towards its shelf (1975,1989), Folk and McBride (1976), and McBride and
equivalents to the west, east, and north than to Ouachita Folk (1977).
equivalents to the south. By analogy to the underlying succession of shallow-

From 1985 to 1992, a series of regional studies were con- water marine limestones of the Arkoma and Black Warrior
ducted by MASERA Corp. to evaluate the oil and gas po- basins, the Devonian Chert is also interpreted to be a nor-
tential of Devonian cherts in the Arkoma and Black War- mal-marine deposit. A normal-marine fauna typically is
rior basins (Figs. 2,3). One of the primary purposes of this present in the Devonian chert, and it includes sponges, pel-
project was to evaluate the source and diagenesis of the matozoans, brachiopods, and bryozoans. Thomas (1988)
cherts, and their relationship to porosity and frachlre de- suggested that there may be an intermediate shaly facies
velopment. Whereas there has been little published on the separating shelf-like Devonian chert in the Black Warrior
shelf equivalents, a large amount of data exists on the Ar- basin from the more basinward chert/novaculite facies to
kansas and Caballos novaculites. The source of. silica a,_d the southwest.

Medlock, P. L.; and Fritz, R. D., 1993, Penters Formation paleokarst in the Arkoma basin and the BlackWarrior basin, in Johnson,
K. S. (ed.), Hunton Group core workshop and field trip: Oklahoma Geological Survey Special Publication 93-4, p. 149-159.
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STRATIGRAPHIC DISTRIBUTION AND Ouachita structural trend, in a manner similar to the Pen-
GEOMETRY OF THE DEVONIAN CHERT ters in the Arkoma basin (Fig. 3). This trend begins approx-

imately in northern Greene County, Alabama, and contin-
The Devonian chert (Penters Formation) is thin or ab- ues to the northwest into central Mississippi. The north-

sent in the western Arkoma basin (Oklahoma portion); western limit is not well constrained, due to the lack of
however, it thickens to >250 ft in central Arkansas, where subsurface information. To the southwest in the Black
the thick chert parallels the Ouachita structural front (Fig. Warrior basin, the Devonian chert thins toward the basin;
2). Subcrop limits in eastern Oklahoma and northern Ar- to the northeast, it thins and is missing (possibly pre-
kansas are erosional, but there is the possibility of nondep- Chattanooga/Woodford erosion has removed the Devo-
osition. Southern limits are inferred in western Arkansas, nian from this area).
but in central Arkansas there is no indication of a southern Some of the variation in thickness of the Devonian chert

subcrop limit, is related to pre-Chattanooga/Woodford erosion and the
Portions of the Devonian, especially in the Black War- development of karst conditions. Typically, near the north-

rior basin, exhibit some stratification of chert and carbon- eastern subcrop limit in the Black Warrior basin, the per-
ate. In the northeastern portion of the Black Warrior basin, cent of silica is 100%, indicating that the uppermost car-
the Devonian can be subdivided into an upper unit com- bonate unit has been removed, presumably by erosion.
posed of limestone with minor amounts of chert, and a
lower unit composed mostly of silica (Fig. 4). However,
where the Devonian is thickest in the Black Warrior basin CORRELATION

and throughout the Arkoma basin, the chert and carbonate The Devonian chert has a distinctive log profile and
occur at several stratigraphic intervals (Fig. 5). It is com- generally is quite easy to correlate in the subsurface (Fig.
mon for all the carbonates present in the Devonian to con- 6). The log response is directly tied to the lithologic charac-
tain varying amounts of silica, ranging from highly sili- teristics of the Devonian chert, which, in turn, are related to
ceous to slightly siliceous, diagenesis (in particular to karstification and silicification).

In the Black Warrior basin, the subsurface geometry of Large amounts of replacive chert and detrital infiU can give
the Devonian chert resembles a marine bank. A thick inter- a distinctive "dirty carbonate" gamma-ray response,
val of the Devonian parallels the northwest-southeast which contrasts sharply with the underlying carbonates. In
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Figure 4. Dip cross section A-A' through the Devonian chert of the Black Warrior basin showing an upper limestone section and
a lower chert section where the Devonian is thin (on right). Where the Devonian is thick there are several intervals of chert and
carbonate.

the Arkoma basin, the Penters Chert can be further sub- chert, indicating formation during early diagenesis. Inter-
divided into several zones, based on shale markers, mediate- and later-stage dolomites are also present, and

generally they act as cements for the breccias. Figure 7 rep-
PETROGRAPHY resents the typical sequence of diagenesis for the Devonian

chert; however, variations do occur.

The Devonian is composed of carbonate and chert, with Although chert is the major constituent of the silicified
some intervals represented by a chert breccia that consists breccia, chalcedony occurs as clast coatings, as infillings or
of angular to subrounded fragments and blocks of chert in linings of intraparticle porosity, and as sporadic patches
a fine-grained matrix of clay-, silt-, and sand-sized carbon- within chert fragments. Some fractures are open in the
ate and chert (microcrystalline. quartz), extensively fractured breccia, whereas others are filled

Commonly, fossil fragments have been completely silic- with chalcedony or dolomite.
ified or dolomitized, and are difficult to recognize. In the

more limy portions of the Devonian, fossil fragments are Selected Core Descriptions
readily recognizable and appear to represent a normal-
marine fauna that consists of pelmatozoans, brachiopods, Huber No. 1 Fargo

mollusks, and sponge spicules. Radiolarian fragments This well is located in sec. 4, T. 10 N., R. 24 E., in Se-
were identified, but are rare. An important aspect of the quoyah County, Oklahoma. Penters Chert and Frisco
matrix is that it has been extensively d olomitized. Dolo- Limestone were cored from 3,092 to 3,121 ftmlog (3,090-

mite commonly occurs as euhedral rhombs encased in 3,119 ft--core).
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Figure 5. Strikecross-sectionB-B' throughthe Devonianchertof the BlackWarriorBasinshowingthatwherethe Devonianisthick
itconsistsof several intervalsof chertandcarbonate.

The Penters Chert (3,092-3,104 ft) is a collapse-breccia dance. The chert appears to have replaced pre-existing
complex, which is stylolitized and contains steeply in- limestone. The majority of the dolomite and sand grains
clined stratification (Fig. 8). Major constituents are chert, appear to have been formed, or introduced, during karsti-
dolomite, and sand grains. Chert replaced the precursor fication and after silicification of the precusor rock. The
wackestone or packstone during karstification, but only rock is heavily fractured, with fractures tending to remain
after a minor dolomitization episode, as is evident by small open in the chert portion of the rock. Chalcedony and
rhombs encased in chert. Larger (and occasionally zoned) megaquartz that line and fill pores are late-stage events.
dolomite occurs, along with sand grains, between chert
clasts. A second dolomitization episode probably occurred Greg Drilling No. 1 GJ]raore Puckett
during and after collapse. Inclined strata formed due to This well is located in sec. 18, T. 9 S., R. 9 E., Itawamba

collapse and infill of sediments. Two stages of fracturing County, Mississippi. Tuscumbia/Ft. Payne, Chattanoo-
are indicated by cross-cutting relationships; one occurring ga(?), and Devonian strata were cored at 1,586-1,596, and
before collapse, the other after collapse. Second-stage frac- 1,625-1,645 ft.
tures are more likely to remain open. A late stage of silici- At 1,594 ft, there is an undulatory contact between the
fication is seen as pore-lining megaquartz and chalcedony. Devonian chert and a black shale which is interpreted to be

the Chattanooga Shale (Fig. 10A). The contact appears to
Western Coal and Mining Co. No. 3 be erosional, with the black shale having small clasts of

This well is located in sec. 31, T. 7 N., R. 31 W., in Sebas- chert incorporated in it. The chert is present in two cored
tian County, Arkansas. Penters Chert was cored at 7,748- intervals (Fig. 1GB,C;1,594-1,596 and 1,625-1,645 ft).
7,751 ft. The upper interval of chert (1,594-1,596 ft) is gray and

At this site, the Penters Chert is a collapse breccia with somewhat dense (non-tripolitic). Brecciation is present in
steeply dipping strata (Fig. 9). Constituents include chert, this interval and is chaotic breccia to fracture breccia. Most
dolomite, and sand grains, in order of decreasing abun- of the fractures and the intergranular spaces have been
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Figure6. Composite well log of the HuntOil Co. Federal Land Bank of Wichita (sec. 28, T. 12 N., R. 25 E., Sequoyah County,
Oklahoma) showing the typical log response of the Penters Chert.

filled with carbonate cement; however, minor amounts of geopetals are located in fractures and consist of internal
fracture porosity have been preserved (Fig. 11). sediment that is overlain by calcite cement.

The lower interval of this core consists of chert and Fractures, small clasts of chert, and internal sediments

tripolitic chert. Like the upper interval, the chert here is are interpreted to have formed during karstification; how-
also brecciated, with most of the breccia resembling a frac- ever, most of the fracture porosity has been destroyed by
ture breccia. Some oil stain is present in this interval, cementation and sedimentation. There is some micro-

porosity associated with the more tripolitic portions of the
Pruet and Hughes No. 1 Vaughan Devonian. Locally, stylolites segregate zones of micro-

This well is located in sec. 10, T. 13 S., R. 19 W., Monroe porosity.
County, Mississippi. Devonian strata were cored at 3,500-
3,519 ft. DEPOSITIONAL ENVIRONMENT

The interval from 3,500 to 3,519 ft is Devonian rock,
based on log correlations. This interval is composed of Depositional Model
chert and tripolitic chert, with minor amounts of dolomite The presence of sponges, pelmatozoans, brachiopods,
and calcite. Dolomite generally is present as fine euhedral mollusks, bryozoans, and radiolarians indicate that the
rhombs within the chert. Calcite typically is present ce- Devonian chert was deposited under normal marine con-
menting fractures, ditions. The abundance of silica and siliceous organisms

Brecciation is common throughout this interval of the indicates that the Devonian chert may have been deposited
Devonian (Fig. 12A). Because of brecciation the original in an area where currents supplied silica-rich waters.
texture is hard to discern; fossil fragments and other pri- Although the water depth for deposition of Devonian
mary features are not recognizable. Secondary features, sediments is difficult to estimate, the geometry and con-
such as fractures, internal sediments, and geopetals, are stituents of the Devonian chert indicate a high-stand to
much more common. Internal sediments typically are shelf-margin systems tract. The fauna that is present pre-
present in some of the fractures (Fig. 12B). Where present, cludes deposition in a peritidal/tidal-flat depositional en-
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Figure7. Typical diageneticsequenceof the Devonianchert in
the BlackWarrior and Arkoma basins.

vironment. The absence of coated grains indicates that
the formation probably was deposited below active wave
base; calcareous algae and coral are not present, possibly
indicating deposition below the photic zone. Fragmenta-
tion of the calcareous fossil fragments may have been ac-
complished by bioerosion and/or intermittent storm events.
It is also unlikely that the fauna present, and the subsurface
geometry of the Devonian, would represent an abyssal or
basinal deep-water environment of deposition. It is prob-
able that the Devonian was deposited in a shelf environ-
ment, under normal marine conditions, with water depths
near or below the photic zone. The thicker areas of the De-
vonian chert, which parallel the Ouachitas, may indicate

proximity to the shelf edge. '..f
Silica Source

Important to the depositional model for the Devonian Figure9. PentersChert, showing fractures and dissolution
chert, or any other chert formation, is the source of the featuresassociatedwithkarstdevelopment.WesternCoaland
silica.This controversial subjecthas been debated for the MiningCo. No. 3 well;depthis 7,749 ft.
novaculites in the Ouachita orogen.Several sourcesthat
have been hypothesized include: crystallization of sili-
ceous oozes, alteration of volcanic ash, volcanic ash to in- cause silicification of the sediment; however, it is necessary
crease the amount of silica available for siliceous organ- for the sediments to be siliceous. Subaerial exposure and
isrr_s,silicification of a iimestone precursor, and silica from karstification during development of the pre-Chattanooga
a biogenic source (McBride, 1989). The probability of a unconformity would have allowed the siliceous sediments
volcanic source for silica is not very likely, in that ash beds to be flushed by meteoric waters, facilitating the transfor-
have not been identified in the Devonian section; although, mation from biogenic silica to chert.
several tuff beds are present in the Mississippian of the The primary source of silica in the Devonian chert in
Ouachita Mountains. the Black Warrior and Arkoma basins is most likely bio-

Silicification of a limestone precursor, by a mixture of genic. Siliceous fossils, specifically sponge spicules and
marine and meteoric waters, has been proposed by Knauth rare radiolarians, have been identified petrographically.
(1979). In the mixing zone, water that is saturated with The occurrence of radiolarians is much less common than
silica and undersaturated with calcium carbonate may sponge spicules. The absence of siliceous fossils in some
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Figure 10. Selected photographsofcore fromtheGrogDrillingNo. 1GilmorePuckettwell. (A) Contact(arrow)of the
DevonianchertandChattanoogablackshale,at depthof 1,593 ft; severalclasts(%")of the chertare presentinthe
shale.(B) Chert brecciainthe Devonian,ata depthof 1,594 ft. (C) Minoramountsof oilstainina tripoliticportionof
the Devonian,at a depthof 1,626 ft.
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Figure 11. Microphotographsshowing sameviewof
fractured chert with minor amounts of porosity in the
Greg Drilling No. 1Gilmore Puckett;depth is 1,594ft.
The material in the fracture consists of calcite (c), -_
microquartzorchert (m), quartz grains/crystals(q),
and minoramounts of pyrite (opaque). (A) Plane-
polarizedlight;(B) cross-polarizedlight.
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thin sections is to be expected, because biogenic silica
;*,F (opal) is unstable to metastable, and with increasing dia-

'*_ " _ " genesis this mineral converts to more stable forms of
quartz.

._:_;i:, _;,/ The question arises as to why there is an apparent pro-
liferation of siliceous organisms in the Devonian? Greater
concentrations of silica in sea water may have occurred in
several different settings, including areas of upwelling,
areas where surface currents diverge (equatorial regions),

:'__ and along the west coasts of continents (Calvert, 1974).
Lowe (1975) proposes that upwelling occurred along the
Paleozoic southern margin of North America; i.e., the
Ouachita basin and shelf area to the north (Fig. 13). Sili-
ceous organisms flourished with the advent of silica-rich
waters, resulting in an increase in siliceous sediments.

Figure 12 (left). Photographs of core from the Pruet and Hughes
No. 1 Vaughan. (A) Chert breccia, where brecciation appears to
crosscut stylolite (arrow) at a depth of 3,503 ft; fractures arefilled
with both calcite and internal sediment,which consists of very fine-
grained carbonate and chert debris. (B) Fracture that is filled with

1 INCH very finely laminated internal sediment (arrow) at a depth of 3,505
_ ,_ _ ft; several chert clastsare present at the top of the fracture.
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Figure 13. Late Devonian-Early Mississippianpaleogeography,paleotectonics,andlocal sedimentaryfacies aroundthe western
Atlantic Ocean (Lowe, 1975). Letters refer to current geographical locations. In North America: MC-Mexico City; A-Austin,
Texas; B-Birmingham, Alabama; NY-New York City. In Laurasia: L-London. In Africa: D-Dakar. In South America: B-Bogota,
Columbia.
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Figure 14. Devonian chert depositional sequence showing (1) deposition, (2 and 3) early karstification during development of the pre-Chattanooga/Woodford unconformity,
and (4) deposition of the Chattanooga/Woodford Shale.
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KARSTIFICATION AND DIAGENESIS dony, and dolomite. All of these lithologies are subject to

In many ways the Devonian chert is a product of karsti- fracture development, which provides both porosity and
fication and diagenesis. Much of the silica, dolomite, and permeability pathways. Combined with intercrystalline
calcite were formed diagenetically. It is possible to subdi- and vuggy porosity of the dolomite, the Devonian chert
vide the diagenesis into early, intermediate, and l_te events can be excellent reservoirs and be good candidates for oil
(Figs. 7,14). Early diagenesis, begun just after (and possibly and gas exploration.
during) deposition, consisted of dolomitization, silicifica-
tion, and calcite cementation. Late diagenesis occurred af- ACKNOWLEDGMENTS
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Sequence Stratigraphy of the Hunton Group
as Defined by Core, Outcrop, and Log Data

Richard D. Fritz and Patrick L. Medlock
MASERA Corp.

Tulsa, Oklahoma

ABSTRACT.--The uppermost Ordovician to lower Devonian Hunton Group of the
Anadarko and Arkoma basins was deposited on a carbonate ramp in a shallow epicon-
tinental sea. Environmental facies that can be recognized in cores and outcrops are
supratidal, intertidal, and subtidal; each facies can be further subdivided into upper and
lower parts. These facies occur in shallowing-upward cycles that are aggradational and
progradational. Calibration of cores to electric logs allows qualitative facies identification
on a large scale and permits mapping of these facies.

With the exception of the Frisco Formation, all Hunton reservoirs occur in predomi-
nantly dolomitized rock. Dolomite is, in part, facies related; the supratidal and intertidal
facies are the most dolomitized, and the subtidal facies have less dolomite. Early, hyper-
saline dolomitization was followed by mixed-water dolomitization. Leaching of calcite
fossils after hypersaline dolomitization, and preceding mixed-water dolomitization,
formed excellent reservoir rock in the lower intertidal to upper subtidal facies.

The pre-Woodford and intra-Hunton (especially the pre-Frisco) unconformities re-
moved and/or truncated much of the Hunton Group in Oklahoma. Updip pinchouts re-
lated to the unconformities, along with some structural overprints, have formed excellent
reservoirs in the Hunton.

INTRODUCTION REGIONAL SETTING

The Hunton Group represents a prolific oil- and gas- The Silurian-Devonian was a time of widespread ma-
producing horizon in both the Midcontinent and the Mid- rine-carbonate deposition. Marine waters covered the
land basin. Equivalent strata in the Black Warrior basin Trans-Continental arch and most of the Canadian shield.
and other interior basins also show potential for produc- In fact, the transgression responsible for this expansive sea
tion. Most of the Hunton accumulations are structural/ was fully as extensive as that of the Ordovician. Consider-
stratigraphic traps, often produced by truncation of ing the great thickness of Cambrian-Ordovician carbon-
porous carbonate across structural noses. Some of the ares, the Silurian-Devonian strata were deposited as a rela-
greatest potential for Hunton production is now found tively thin veneer of limestones and dolomites, with locally
in the deepest parts of the Anadarko basin; some of the significant deposits of sandstone and shale.
deepest gas fields in the world are located in the Hunton In the Midcontinent, the latest Ordovician-Silurian-
Group at depths below 20,000 ft along the Oklahoma/ Early Devonian is represented by the Hunton Group,
Texas border, which was deposited primarily as subtidal/intertidal

From 1982 to 1989, the Hunton Group was studied by facies in a ramp-type environment. Outside the Midcon-
employees and consultants of Masera Corp. as part of a tinent, extensive reefs are present in equivalent strata
commercial project. The project area included the Ana- along the cratonic edges in Nevada, Canada, Franklin
darko basin, central and southern Oklahoma, and the Ar- trough of Baffin Island, and Greenland. Off-shelf, dark
koma basin (Fig. 1). More than 10,000 wells were correlated graptolitic shales are typical basinal sediments.
and evaluated for reservoir potential. Regional and de- Silurian strata are more extensive than the Devonian
tailed cross sections were built and us_.d to construct de- and are preserved in diatremes in northern Colorado and
tailed maps that show thickness and net porosity of indi- southeastern Wyoming on the crest of the Trans-Continen-
vidual zones within the Hunton. Although most of the re- tal arch (Fig. 2; Wilson, 1975). Silurian and lower Devonian
sults of this project are still proprietary, some of th_ basic carbonates are also found in karstic deposits within under-
findings are discussed in this paper, lying Ordovician strata in the Llano uplift.

Fritz, R. D.; and Medlock, P. L., 1993, Sequence stratigraphy of the Hunton Group as defined by core, outcrop, and log data,
in Johnson, K.S. (ed.), Hunton Group core workshop and field trip: Oklahoma Geological Survey Special Publication 93-4, p.
161-180.
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STRATIGRAPHIC
STRATIGRAPHY SYSTEM UNITS AT TYPE LOG

OUTCROP
The Hunton Group is a readily recognizable distinctive F ,_,_ ..... " r--

unit because it is stratigraphically sandwiched between the GR_ -'-- -------'- _,,>Woodford Shale, above, and the Sylvan Shale, below (Fig.

..... 7/_//_-7_t!i, _ _

3). The Hunton is composed of sequencesof dolomite, "-'"_-w WOODFORD_ _ _----:_.'_
limestone, and calcareous shale. Based primarily on out- _ SHALE _ ' _-._----_._.._

the Hunton is divided into a number of for- _ -'-"-"""'_" _crop surveys,
mations. The Chimneyhill Subgroup, at the base, is corn- FRISCO

prised of the Ordovician Keel Formation and the overlying ,- _Silurian Cochrane and Clarita Formations (Amsden, 1961, _ !l _i
1975,1980). The Chimneyhill is overlain successively by o _i !'/ /ll!_

"_ BOIS D ARC- [ ', I 1-._-'_1:i S_ _="the Silurian Henryhouse and the Devonian Haragan and RARAGAN _ ,. , , _...t.. _.,

Bois d'Arc Formations (Fig. 4). In central and southern __,!._C _..........Oklahoma, the Bois d'Arc is overlain by the Frisco Forma- _'

tion, and in the Arkoma basin the uppermost Hunton is c i l _

composed of the Sallisaw Formation (Penters Chert). Some (: _!i" _

workers do not include the Sallisaw Formation within the z

Hunton Group.
The overlying Woodford Shale and equivalent strata _ _._, i.

are part of an extensive sequence of hydrocarbon source HENRYHOUSE

beds that provided oil and gas for many of the Paleozoic a: i

petroleum reservoirs. The Woodford underlies most of _li _!ii ' _

Oklahoma, ranging in thickness from a feather edge in
northern Oklahoma to >700 ft in southern Oklahoma. It 'Y
contains conodont fauna of Late Devonian to Early Missis-
sippian age. _

The Woodford is easily distinguished on outcrop by its . .' _z.,,,,/
L' ,l.l i idark-gray to black color and its cherty composition, and in _ I CLARITA J ; • 1 I. 1" I

the subsurface it is an excellent "marker bed" because of its m _ I ( . Ii! ill I!1

distinctive"high" gamma-ray response (Fig. 3). _ "__ _ ...... _:_ ' _ '
The underlying Sylvan Shale is typically a greenish- _o _ _ ....... _ _---------'_:z COCHRANE _ , I _1 I I 1.J ), , I I I I I

__ __ \. ! I I I I .......

gray to greenish-brown marine shale. On average the Syl- , _o KEEL _.._._ _ _-

van is <50 ft thick, although it attains a thickness of >300 ft ,_ ,,m, . ,----
in the Arbuckle Mountains. _z nO'D SYLVANSHALE

PETROGRAPHY Figure 3. Type log of the Hunton Group in central Oklahoma
More than 100cores from Texas,Oklahoma, and Arkan- (excluding the Sallisaw Formation).

saswere described and evaluated during the courseof this
study. Recognition of lithofacies in these cores isbased on

texture, sedimentary structures, constituents, and geom- as the Henryhouse) and abundant bryozoans (such asthe
etry. Frisco). Other skeletal grains include algae, trilobites, cor-

Lithofacies are classified according to Dunham's orga- als, mollusks, and ostracods.
nization of inferred depositional textures (Fig. 5). Mud- Terrigenous constituents are typically clay, with some
supported rocks are much more abundant than grain-sup- quartz silt and sand. Penecontemporaneous constituents
ported rocks, although a gradation existsbetween the two include dolomite, anhydrite, and glauconite.
types. The Chimneyhill Subgroup and the Frisco tend to

have more grain-supported textures, whereas the Henry- Selected Core Analyses
house to Bois d'Arc section is typically mud-supported.
The precursor to the Penters Chert was most likely mud- The following cores were selected to represent various
supported, but it is difficult to determine the original fab- stratigraphic units and facies.
ric due to the amount of alteration and brecciation.

Burrows and bioturbation are the most common types Gulf No. 1 Streeter
of depositional structures. Ripple bedding and cross bed- Most of the Hunton (Frisco 6,954-7,043 ft; Henryhouse
ding are typical of pelmatozoan and oolitic grainstones 7,043-7,085, 7,105-7,268; and Cochrane 7,282-7,298 ft) is
and packstones. Algal laminations are common and are represented in this core (Fig. 6). This well is in the West
often associated with fenestral fabric. Thin- to medium- Edmond field, in sec. 20, T. 13 N., R. 4 W.

bedded strata are present on outcrop and in core. The Frisco Formation (6,954-7,043 ft) is an oil-stained
The most common constituents are skeletal fragments limestone that ranges from mud/wackestone to grainstone

and lime mud (micrite). Peloids and ooids are common in (Fig. 7). The fossil content includes pelmatozoans, bryozo-
high-energy facies. Skeletal fragments consist mostly of ans, brachiopods, and trilobites (Fig. 8). Porosity is either
pelmatozoan material (dominantly crinoids). Certain por- intraparticle or vuggy. The vugs are actually solution-
tions of the Hunton contain abundant brachiopods (such enlarged intraparticle pores. The environment of deposi-
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Depositionai Texture recognizable Depositional texture
not recognizable

Original components not bound together Original components
during depositions were bound together

during deposition.., as
Contains mud shown by intergrown

(particles of clay and finesilt size) Lacks mud skeletal matter, lami- Crystalline carbonate
...... and is grain- nation contrary to

Mud-supported ! Grain- supported gravity, or sediment-supported
Less than More than floored cavities that

10%grains 10%grains are roofed over by (Subdivide according
organic or question- to classifications
ably organic matter designed to bear on
and are too largeto physical textureor

be interstices, diagenesis.)

Mudstone Wackstone Packstone Grainstone Boundstone
....

(OUNHAM, lie2

Figure 5. Dunham'sclassificationchart (Dunham,1962).

tion was probably subtidal, and the range in texture prob- house Formation of the Hunton Group comprises the
ably corresponds to the range in strength of the currents. Franz core. The Henryhouse consists of two facies that
Mud-mound complexes are suggested by the abundant show aggradation and progradation, with an intertidal
crinoid fragments, facies overlying a subtidal facies.

The upper part of the Henryhouse (7,043-7,148 ft) is a The upper facies (14,505-14,680 ft) is a medium-gray,
gray lime wackestone, with an oolitic grainstone at 7,052- burrowed dolomudstone/wackestone (Fig. 10). Thin brec-
7,055 ft. The wackestone is slightly dolomitic in part of the cias are present at 14,513-14,514 ftand 14,575 ft. Replacive-
interval. Fossils in the Henryhouse are pelmatozoans, bra- calcite nodules and vugs are present along with less com-
chiopods, trilobites, bryozoans, and ostracods. Effective mon rug-filling and nodular anhydrite (Fig. 11). Visible
porosity is present in only the oolitic zone. A lagoonal fa-
cies (7,043-7,052 ft) with sparse fossils, suggestive of re- GulfStreeterNo.1
stricted conditions, overlies the oolitic shoal and represents Sec.20jTI3N_R4W
progradation. The oolite is a high-energy deposit and
probably formed as a shoal. Underlying the oolitic grain- °
stone is a subtidal deposit (7,055-7,148 ft), based on the di- _> -

verse and delicately preserved fauna, very poor sorting, ,9abundant mud, and stratigraphic position. !
From 7,148 to 7,180 ft, the Henryhouse is a pelmato- o

zoan-rich packstone with some micrite and ooids. This in-terval probably represents an upper-subtidal environment.
The interval from 7,180 to 7,268 ft (approximate base of r"

the Henryhouse) is generally a gray wackestone/mud-
stone and packstone, basically limestone (except for a do-

lomitic bed at 7,245-7,254 ft). Fossils in the limestone arebrachiopods, pelmatozoans, trilobites, bryozoans, and os-
tracods. This interval is interpreted to have formed in a
subtidal setting well below wave base, as indicated by the i
diverse fauna and delicately preserved features. The dolo- z --O

mitic unit (7,245-7,254 ft) is interpreted as intertidal facies
because of small vertical burrows intersecting thin lamina- .,.
tions.

The lower cored interval (7,282-7,298 ft) is a gray lime I
wackestone, which is part of the Chimneyhill Subgroup.
Low-energy subtidal conditions are indicated in this inter- i
val by the diverse fauna and well-preserved delicate fea-
tures. _ x,,

_ [.

Sunray No. 1 Frans "_< "_
This well is located in sec. 3, T. 15 N., R. 16 W., Custer >' J

County, Oklahoma. The total interval that was cored is _'I
from 14,505 to 14,720 ft (Fig. 9). When comparing the cored
interval to the wireline log, the core needs to be adjusted Figure 6. Well log of the Gull No. 1 Stroetor showing location
downward 5 ft to correspond to log depths. The Henry- of cored interval.
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porosity is developed in burrowed zones; there are scat- Sun Oil No. I1 Kilcrease

tered occurrences of disseminated dead oil. This facies is This well is located in sec. 36, T. 5 N., R. 7 E., Pontotoc
interpreted to have been deposited in an intertidal envi- County, Oklahoma. The Hunton Group formations in the
ronment, core are Henryhouse, Clarita, Cochrane, and Keel, along

The lower facies (14,680-14,720 ft) is a medium- to dark- with the underlying Sylvan (Fig. 12). The core needs to be
gray, lime wackestone/mudstone. Fossil fragments are moved down ~5 ft to correspond to the wireline log.
common, as is lamination to very thin bedding. Chert oc- The upper part of the Henryhouse (3,902-3,916 ft) con-
curs as scattered nodules. The depositional environment is sists of a greenish-gray to gray dolomitic lime mudstone/
interpreted to have been in a subtidal facies, wackestone (Figs. 13,14). Dolomite content is 40-50%.

Figure7. Photographsof selectedcorefromtheGulfNo. 1Streeter:(a) 6,980 ft---Crinoidalpackstonewithsome orientedgrains
andsolutionfeatures (darkpatches).FriscoFormation,moderate-energy,subtidalenvironment.(b) 7,053 ft--Oil-stained oolitic
grainstone.HenryhouseFormation,high-energy,subtidal/intertidalshoal. (c) 7,071 ft--Wackestone with hummockybedding
formedby incipientstylotization.Low-energy,subtidalenvironment.(d) 7,160 ft--Crinoidalpackstonewithlow-amplitudestylolites.
HenryhouseFormation,low- to moderate-energy,subtidalenvironment.(e) 7,185 ft--Wackestone withsolutionfeatures (dark
areas).Low-energy,subtidalenvironment.(f) 7,249 ft--Dolomudstone.Bioturbatedandslightlylaminated.CochraneFormation,
intertidalenvironment.
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Figure 8. Photomicrographs from analysis of core from the Gulf No. 1 Streeter: (a) 7,018 ft--Enlarged intraparticle pores in a
grainstone. Moderate- to high-energy, subtidal environment. Plane-polarized light (PPL). (b) 7,032 ft--Grainstone with oriented
grains, hydrocarbons in pores, and prominent syntaxial overgrowths. Frisco Formation,high-energy, subtidal environment. PPL.
(¢) 7,055 ft---Grainstonewith coated grains and interparticleporosity.Henryhouse Formation,high-energy, subtidaVintertidalshoal.
PPL. (el)7,058 ft--Poorly sorted doiomitic wackestone/packstone.Low-energy, subtidalenvironment. PPL. (e) 7,150 ft--Crinoidal
packstone/grainstone,cemented by syntaxial overgrowths. Henryhouse Formation,moderate-energy,subtidal environment. PPL.
(f) 7,250 ff--Dolomudstone with possible burrow. Intertidal environment. PPL.
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Sunray DX Frans No. 1 The Cochrane (3,993-4,018 ft) is a glauconitic, lime

Sec.3,T15N_R16W wackestone with mudstone. In this interval, breccias are
also present and prc_ably formed during the karst episode
that affected the Clarita. Cavities in the Cochrane are also

/ "'_ _----_ filled by detrital carbonate and siliciclastics along with
o calcite. Pelmatozoans and brachiopods are the dominant

ou" ! fossil elements. The Cochrane probably was deposited in a
subtidal environment.

_ / ..... The Keel (4,018-4,025 ft) is an oolitic, lime grainstone

I,/1o/,

Figure 9. Well log of Sunray No. 1 Frans showing location of
cored interval.

Characteristic features are algal laminae, fenestral (birds-
eye) fabric, and abundant pyrite (Figs. 14,15). Deposition
was probably in an intertidal setting.

The lower part of the Henryhouse (3,916-3,955 ft) con-
sists primarily of bioturbated, light- to medium-gray, lime
mudstone/wackestone that is dolomitic in part. Dominant
macrofeatures are nodular bedding due to compaction and
incipient stylolitization, deformed horizontal laminae, and
bioturbation. The fauna includes fragments of pelmato-
zoans, brachiopods, and trilobites. These features indicate
a subtidal depositional environment.

The Clarita, from 3,955-3,993 ft, is a pink, crinoidal, lime
packstone/grainstone. The uppermost part (3,955-3,961
ft), as well as thirner sections below, is a breccia. Breccia-
tion is due to karstification, with the cavities filled by detri-
tal carbonate (dolomite and limestone) and siliciclastics Figure 10. Photographsof selectedcore from the Sunray No.1
(mudstone and sandstone--the Misener overlies the Hun- Frans: (a) 14,531 ft--Burrowed dolomudstone with calcite-filled vugs; low porosity. Intertidalenvironment. (b) 14,645ft--
ton in this well). Some voids are also filled with calcite.The Burroweddolowackestonewith well-developedporosity. Dead
filled solution cavities are both vertically and horizontally oil (black) in some of the pores. Henryhouse Formation, inter-
oriented. Sedimentary features in the nonbrecciated Clarita tidal facies. (¢) 14,706 if--Subtle lamination, dark chert (lower
include burrows, sparse bedding/laminae, and crossbed- right), and sparry calcite nodules in a lime wackestone/mud-
ding. Faunal content consists mainly of crinoids, brachio- stone. Henryhouse Formation, subtidal facies. (d) 14,714 ft--
pods, and trilobites, with minor bryozoans. This unit is inter- Faintly laminated, lime wackestone/mudstone, with randomly
preted to have been deposited as part of a subtidal shoal, oriented fossils; minimal burrowing. Subtidal environment.
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with some packstone; the upper part has also been affected Sun KilcreaseNo. 11
by brecciation. Horizontal bedding and cross bedding are Sec. 36,T.5N.,R.7E.
the main sedimentary structures. Crinoids are abundant in
the lower part of the Keel. Glauconite is present in lami- G.n. R.=as.v.y

nae-likesubtidalstreaks.shoal.This unit probably represents an upper- o"°a:'° -===::::== "t

0i
Z
<
..,1

Figure12. Well logof the Sun No. 11 Kilcreaseshowingloca-
tion of cored interval.

DEPOSITIONAL ENVIRONMENT

Based on core and outcrop descriptions, the Hunton
was deposited on a broad ramp in a shallow epicontinen-
tal sea (Fig. 16). Overall slope was generally toward the
south, with the deepest water in the region of the Okla-
homa aulacogen; the off-shelf basin was probably located
south and southeast of the aulacogen.

Carbonate ramps have been described by Roehl (1967)
and Laporte (1968) for ancient carbonate environments.
Unfortunately, few, if any, modern analogues exist, al-
though some areas such as the Persian Gulf have similar
geometry. It is thought that the local slopes associated with
the shoaling areas on the ramp were generally steeper than
the very gentle slope of the sea floor.

Depositional Model

Based on the petrographic examination and evaluation
of outcrops, cores, and samples, several distinct environ-
ments and related lithofacies can be identified. The basic

depositional environments are supratidal, which occurred
above high tide; intertidal, which occurred below high tide

Figure 11. Photomicrographs from analysis of core from the and above low tide; and subtidal, which occurred below
Sunray No. 1 Frans: (a) 14,505 if--Good intercrystalline and low tide. These environments can be further subdivided
moldic porosity, partial dissolution of crinoid-arm plates in
burrowed dolowackestone. Henryhouse Formation, intertidal into upper and lower parts (Fig. 17). Adjacent environ-
facies. Plane-polarizedlight (PPL). (b) 14,531 if--Dolomite ments, suchasthe transitional areabetween intertidal and
with dead oil in intercrystallinepore spaces;porosity is best subtidal facies,canform distinctive lithofaciesand herein
developed where coarser rhombs are located. Henryhouse are treated as separate facies.Within the subtidal environ-
Formation,intertidalfacies. PPL.(¢) 14,563 if--Vug filledwith ment thereis a faciesunique to the Frisco Formation, and
anhydrite (a) and calcite (c). Henryhouse Formation, upper that is crinoidal mud mounds. The constituents, textures,
intertidal facies. PPL. and structures of eachfaciesare described below:
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Figure 13. Photographs of selected core from the Sun No. 11Kilcrease: (a) 3,907 ft---Dolomiticmudstone/wackestonewithfenes-
tralfabricandalgal lamination.HenryhouseFormation,intertidalenvironment.(b) 3,994 ft--Collapse brecciato cracklebreccia,
composedofwackestoneand filledwithglauconiticsediments.CochraneFormation,subtidalenvironment.(c) 4,012 ft--Coarsely
crystallinecalcite-fillingcavity.The rockis glauconiticwackestone.Subtidalenvironment.(d) 4,022 ft--Oolitic grainstone.Keel
Formation,subtidalshoal.

Upper intertidal to supratidal.--Algally laminated mud- Crinoidal mud mounds. This depositional environ-
stones predominate in this environment. Fenestral fabrics ment has been identified in, and is probably restricted
are common and there is a paucity of fossils and burrow- to, the Frisco Formation. It formed where crinoidal-
ing. Anhydrite nodules and replaced evaporites, such as and bryozoan-rich bioherms acted as baffles to trap
silica nodules with relict anhydrite crystals, are present in lime mud, thus forming a mud-supported mound fa-
this facies (Chowns and Elkins, 1974; Beardall, 1983). cies with associated grain-supported flanking and cap-

Upper subtidal to lower intertidal.--This facies is typi- ping facies (Fig. 18; Medlock, 1984).

cally a crinoidal wackestone. Brachiopods are also present; Cyclicity
trilobites and bryozoans may be present, but are rare. Bur-
rowing is the most common sedimentary feature; it prob- The above facies occur in shallowing-upward cycles or
ably enhances permeability of this facies for later dolomit- parasequences. A complete sequence is shown in Figure 19;
ization, which forms a reservoir-quality lithology, however, it is important to recognize that complete se-

Lagoons. Lagoons may form in this area and the sedi- quences are not commonly observed, due to progradation
ments that are deposited typically are peloidal mud/ and disconformity or unconformity. As previously dis-cussed, the Hunton is composed of a series of prograda-
wackestones, tional, aggradational sequences that built generally south-

Subtidal._This facies can also be subdivided into upper ward on a ramp. The composition of each particular se-
and lower (open-marine) systems, in response to wave and quence is dependent on its position on the ramp. For ex-
current energy. Typical textures are wackestone to mud- ample, a sequence from the Henryhouse Formation on the
stones, with rare packstones, and they contain a diverse outer ramp (e.g., southern Oklahoma outcrops) is rela-
fauna of crinoids, brachiopods, trilobites, bryozoans, and tively thin (<25 ft) and is typically composed of open-
ostracods. Delicate, thin-shelled fossils are well preserved marine calcareous shales and mudstones that shallow up-
in the lower subtidal facies. Common sedimentary struc- ward into subtidal mudstones and wackestones (Fig. 20).
tures include burrows and hummocky to nodular beds. Farther up the ramp (e.g., Anadarko basin and shelf),

Shoal. Oolitic and peloidal grainstones, along with equivalent Henryhouse strata are represented by thicker
skeletal grainstones, comprise this facies. Cross bed- sequences (>50 ft) composed, from bottom to top, of the
ding is common; other sedimentary structures are thin following: (a) lower subtidal mudstones and wackestones,
beds and ripple laminae. Where dolomitized, this fa- (b) shallow subtidal wackestones, packstones, and grain-
cies is an excellent reservoir, stones, and (c) lower intertidal wackestones and pack-
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Figure 14. Full-corephotographsof the lowerHenryhouse(3,947-3,955) andupperChimneyhill(3,955-3,970) inthe SunNo. 11
Kilcrease.Notesandstone-filledkarstfeatures,whichare darkmaterialfrom 3,956--3,961 ft.



Figure 15. Photomicrographs from analysis of core from the Sun No. 11 Kilcrease: (a) 3,957 if--Collapse breccia; cavity filled
with clastic material and packstone. Clarita Formation, subtidal shoal environment overprinted by karstification. Plane-
polarized light (PPL). (b) 4,024 if--Inter- and intra-ooid porosity (p) in a grainstone. Keel Formation, subtidal shoal. PPL.
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Figure 16. Depositional setting during Hunton time in the Midcontinent.
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Figure17. Depositionalmodelfor ChimneyhillthroughBoisd'Arcstrata.

stones. On the upper ramp (e.g., northwest Oklahoma high-energy, and low-energy configuration from base to
shelf), the sequences are usually composed of intertidal to top. The effect is that the upper subtidal to lower intertidal
supratidal deposits that are sometimes truncated by local environments have the cleanest (lowest) gamma-ray re-
intra-Henryhouse unconformities, sponse and the highest resistivity; the open marine to

lower subtidal settings have the poorest (highest) gamma-
ray response and the lowest resistivity; and the upper in-

SEQUENCE STRATIGRAPHIC MODEL tertidal to supratidal responses are in between, and can be

One of the keys in developing an understanding of a quite "shaly" in areas where there is a concentration of
potential pay is to integrate all data from cores, outcrops, windblown clastics (Fig. 21). Of course, there are many
samples, logs, etc., into a comprehensive model that can be variations and exceptions to those observations; this is es-
used to evaluate reservoir characteristics for exploration pecially true in areas of high porosity and high water satu-
and exploitation purposes. It is particularly important to rations, where the gamma-ray log will show "clean," but
understand facies vs. log response, even if it's only qualita- the resistivity will be low.
tively, to provide a framework for detailed correlation and
discovery. Unconformities

The pre-Woodford unconformity is the hiatus most
Facies vs. Log Response commonly associated with the Hunton Group. There are

Il_the Chimneyhill through Bois d'Arc section, the most also several intra-Hunton unconformities, such as those
consistent factor which controls log response is shaliness, found at the Silurian-Devonian contact and the base of the
Fine clastics typically occur in the lower energy environ- Frisco. This later unconformity is the most important be-
ments, such as the open marine and lower subtidal set- cause it represents the period of maximum erosion and
tings. Fine clastics are also found in the upper intei'tidal to truncation of the Hunton, even though the time gap is only
supratidal environments, due to windblown deposition, 1-2 million years. The amount of erosion is substantiated
and they may be winnowed by currents into the low- by the stratigraphic relationship of the Frisco to the under-
energy subtidal facies, lying units (i.e., Frisco can be found resting unconformably

A typical sequence or parasequence has a low-energy, on Chimneyhill to Bois d'Arc strata; Fig. 22).
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Correlation Evaluation of these cross sections and integration of
An extensive network of cross sections was built that core and outcrop data first revealed that there was not a

included strike and dip sections at a density of at least one typical Hunton section for correlation purposes; in fact, at
per township. The area covered by these cross sections in- least three type logs are required to understand the strati-
cludes the Anadarko basin in Texas and Oklahoma, the graphic relationships of the intra-Hunton sequences. Fig-
Arkoma basin in Oklahoma and Arkansas, and central and ure 22 shows the correlations and sequence relationships

southern Oklahoma. Although Hunton outcrop nomencla- from west to east among the type sections for the Ana-
ture has been used by others extensively on the surface, darko basin, southern Oklahoma, and the Arkoma basin.
with some accuracy, in the subsurface the use of these
names has been extensively misapplied and has led to RESERVOIR CHARACTERIZATION

great confusion in external correlations of the Hunton Porosity, and thus reservoir development, is facies de-
Group. For example, in central Oklahoma and the Ana- pendent in the Hunton, although there are several proc-
darko basin, the uppermost porous unit of the Hunton is esses which influence porosity development. An evalua-
often named, and correlated with the Bois d'Arc; in fact, tion of the diagenetic history of the Hunton reveals that the
however, the Bois d'Arc has been truncated over most of two most important processes are dolomitization and dis-
this area, and the uppermost porous unit is usually Henry- solution (Fig. 23).
house or Frisco.
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Figure 19. Idealized sequence showing relationship of litho-
Figure 18, Depositional model for the Frisco Formation. facies to depositional environments.
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Figure 20. Depositional model showing details of progradation and aggradation.
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.... can drain hydrocarbons from the intercrystalline porosity
TY'PELOG _ _ in the dolomite.

FC,EsIvs.I LOGR 'SPONS
GAMMARAY RESISTIVITY _ _ = Trap and GeometrySP _ o..__. :_ Most of the Hunton fields would be classified as struc-

-, = -, = tural/stratigraphic traps, with emphasis on stratigraphic.
-- _ The most common type of reservoir configuration in the

S; _ I _] Hunton is where porous facies are truncated by either the
[ pre-Woodford unconformity and/or intra-Hunton uncon-

ii _I _--_ _ fortuities along a structural nose. This is particularly true

_-- L,,/ [ of most of the Henryhouse section in the Anadarko basin,
which develops reservoirs wherein the traps are formed by

] truncation (by unconformity) and both the seal and the
I source rock are the Woodford Shale (Fig. 25).

Another common reservoir configuration in the Hunton
I is trapping by permeability barriers caused by facies

[ ! changes or karst profiles along structural noses or faults

I (Fig. 25).In the Arkoma basin, fractured reservoirs and Hunton

,_.._ ] fields are more commonly related to structural configura-

._ tion (e.g., Bonanza field).

CONCLUSIONS

I The Hunton Group is a shallow-marine carbonate com-
posed of limestones, dolomites, and calcareous shales that

[ prograded and aggraded onto a ramp. These carbonates
are cyclic and can be divided into sequences within forma-
tional boundaries that are recognizable in outcrops, cores,
and logs. These sequences commonly are separated by dis-
conformities or unconformities and can be correlated re-

__ gionally. Furthermore, reservoir development in the Hun-
ton Group is facies dependent and reservoir-producing
lithofacies can be correlated and mapped (Figs. 26,27).

,/,,,._'--_" [ Use of core, outcrop, and log relationships, integratedI with a comprehensive sequence-stratigraphy model, can
greatly enhance success for exploration programs or field
development.
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mitization and multiple stages of dissolution in the form of Anadarko basin and northern shelf, Oklahoma: Oklahoma
karstification or connate fluids (Manni, 1985) The relation- StateUniversity unpublished M.S. thesis, 128p.
ship of dolomitization and facies is shown in Fig. 24. Chowns, T.M.;and Elkins,J.E.,1974,Theorigin of quartz geodesand cauliflower cherts through the silicification of anhydrite

Porosity development in the Frisco is different than in nodules: Journalof Sedimentary Petrology, v. 44, p. 885-903.
most other parts of the Hunton; most porosity in the Hun- Dunham,R.J.,1962,Classificationof carbonate rocks according to
ton is related to dolomitization, whereas the Frisco is rarely depositional texture, in Ham, W. E.(ed.), Classification of car-
dolomitized. It typically has inter- and intrapartic!e poros- bonate rocks:American Association of Petroleum Geologists
ity combined with moldic to vuggy porosity. Memoir 1, p. 108-121.

The Penters is unusual in that it has been subjected to Laporte, L.F., 1968, Recent carbonate environments and their
intense karstification, typically associated with porosity paleoecologic implications, in Evolution and environment:
occlusion; however, the high percentage of chert combined YaleUniversity Press, New Haven, p. 231-258.
with dolomite develops an extensive fracture system that Medlock, P. L., 1984, Depositional environment and diagenetic



176 4 Ib _11_ _11_ _11_ R.D. Fritz and P. L. Medlock

history of the Frisco and Henryhouse Formations in central Roehl, P. O., 1967, Stony Mountain (Ordovician) and lnterlake
Oklahoma: Oklahoma State University unpublished M.S. the- (Silurian) facies analogs of recent low-energy marine and sub-
sis, 146 p. aerial carbonates, Bahamas: American Association of Potro-

Manni, F. M., 1985, Depositional environment, diagenesis and leum Geologists Bulletin, v. 51, p. 1979-2032.
unconformity identification of the Chimneyhill Subgroup in Wilson, J. L., 1975, Carbonate facies in geologic history: Springer-
the western Anadarko basin and northern shelf, Oklahoma: Verlag, New York.
Oklahoma State University unpublished M.S. thesis.
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Figure 22. Cross section showing the correlation of type logs for the Anadarko basin, Arbuckle Mountains (southern Okla-
homa), and Arkoma basin.
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Figure 23, Generalized diagenetic sequence of Hunton dolomites (above) and Hunton limestones (below).
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Figure24. Diagramshowingthe relationshipof dolomitizationto depositionalfacies.
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Figure 27. North-south stratigraphic cross section C-C' showing the relationship of the Frisco reservoir and underlying oolitic
Henryhouse reservoir in the West Edmond field (see Fig. 26 for location).
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Hunton Group Field Trip
to the Arbuckle Mountains, Oklahoma

Field- Trip Leaders:

Zuhair AI-Shaieb Richard D. Fritz James E. Barrick
Oklahoma State University MASERA Corp. Texas Tech University

Stillwater, Oklahoma Tulsa, Oklahoma Lubbock, Texas

Patrick L. Medlock James Puckette
MASERA Corp. Oklahoma State University

Tulsa, Oklahoma Stillwater, Oklahoma

INTRODUCTION

The Ordovician-Silurian-Devonian Hunton Group has
long been a stratigraphic unit of interest in Oklahoma, due --
to the prolific production of oil and gas associated with its
multiple reservoirs. Equivalent zones,suchas the Fussel- _ Farnennlano. W0oolord Shale
man Formation in the Midland basin, have also been pro- o.
lific producers. _ Frasntan

Hunton strata are part of a large ramp on which were

deposited Ordovician through Devonian carbonatesthat _ ® Givetlan
covered much of North America. In the Arbuckle Moun- O
tain region, the Ordovician-Silurian sectionof the Hunton _ _ Eifellan
can be divided, in ascending order, into the Chimneyhill D

Subgroup (which consists of the Ordovician Keel Forma- _ Emsian
tion and the Silurian Cochrane and Clarita Formations) o_ Pragian Frisco Formation T
and the overlying Henryhouse Formation. The Devonian _jHunton is composed of the Haragan, Bois d'Arc, and Lochkovian
Frisco Formations (Fig. 1).

The Paleozoic outcrops along 1-35 (Appendix) in south-
ern Oklahoma have become classicexposures in a rela- Pridolian- Henryhouse

tively short time and have beenthe siteof numerous field _ Ludlovian Formation :3¢_o
trips. During construction of 1-35 in the late 1960s, Dr. Rob- _ (.9ert O. Fay was commissioned by the U.S. Bureau of Public _
Roads, through the Oklahoma Geological Survey, to "sal- _" _ _ _.:D
vage anything of scientific value and to study and map _ Wenlockian Clarita FitzhughMbr. _

new exposuresof rock" (Fay, 1969,1989).Figure2 isa strat- _ Formation Prices Falls Mbr.
igraphic section developed by Fay (1989) that shows the _ _ _ |
stratigraphic position and thicknessof all units exposedin _ Coohrane Formation _

l

the 1-35road cut. o_ Llandoverian ,_///////////////////////z
Outside of the Arbuckle Mountains, there are relatively -J _///'_//_/_////_/_,,_

==

few good outcrops of the Hunton Group in Oklahoma. KeelFormation E
There are a few interesting outcropsin northeasternOkla- _ = Ashgillian
homa on the west flank of the Ozark uplift. In northern At- SylvanShale

kansas, however, there are excellent outcrops along the
Buffalo and White Rivers on the south flank of the Ozark Figure1. Stratigraphicsubdivisionsof uppermostOrdovician,
uplift. One of the primary problems, regarding Hunton Silurian,and DevonianSystemsrecognizedonoutcropinthe
depositional facies,that must be understood when view- ArbuckleMountainsand Criner Hillsof southernOklahoma
ing outcrops in southern Oklahoma, is that the Hunton (Barrickand others,1990).

AI-Shaieb, Zuhair; Fritz, R. D.; Barrick, J. E.; Mediocre, P. L.;and Puckette, James, 1993, Hunton Group field trip to the Arbuckle
Mountains, Oklahoma, in Johnson, K. S. (ed.), Hunton Group core workshop and field trip: Oklahoma Geological Survey Spe-
cial Publication 93-4, p. 183-212.

183
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STRATIGRAPHIC SECTION EXPOSED ON 1-35 THROUGH
THE ARBUCKLE ANTICLINE AND MAPPED AREA

..... MAP THICKNESS (11)
SYSTEM GROUP, FORMATION AND MEMBER SYMBOL SOUTH FLANK NORTH FLANK

QUATERNARY Alluviumand Terrace deposits Qat
--_ .... UNCONFORMITY-,.-,"_-_ wv_ .....

PERMIAN - PontotocGroup undifferentiated Po/I)p
P-_ENN..SYLVANIAN_ UNCONFORMITY___. -- -

PENNSYLVANIAN CollingsRanch Conglomerate ]Pcr 3000 estimated
,, _ UNCONFORMITY

Goddard Shale Mg 2500

Delaware Creek Shale Md 425
MISSISSIPPIAN (formerly"Caney" Shale)

Sycamore Limestone Ms 358 221

Woodford Shale MDw 290 274

DEVONIAN _'I Bois d'Arc Limestone . 9 19
Haragan Formation 'A' 25 16

- _ ,,,

o..., Henryhouse Formation 'A" 191 72
O

SILURIAN _ =-"-I Clarita Limestone * 12 16

_) _ u Cochrane Limestone * 13 4 +

.......
•'r- ._u) Keel Limestone "A' 7

Sylvan Shale Os 305 275

Viola Group Ov 684 710

Bromide Formation Obr 420 346

,'_ Poolville LimestoneMember * 120 80
o

Mountain Lake Member * 300 266

o" Tulip Creek Formation Otc 395 297
O.

ORDOVICIAN E McLish Formation Oml 475 397

u) Oil Creek Formation Ooc 747

Joins Formation Oj 294
O.

L9 West Spring Creek Formation Ow 1515
=)
--_ Kindblade Formation Ok 1410
tO

Cool Creek Formation Occ 1300

McKenzie Hill Formation Omh 900
¢z ButterlyDolomite Ob 297

,.,..

Q.
"1

f.:3 Signal Mountain Formation "Csm 415
o=__ Royer Dolomite -Cry 717

= Fort Sill Limestone £fs 155

CAMBRIAN
==

.o _, Honey Creek Limestone _;hc 105

z Reagan Sandstone Cr 240

Colbert Rhyolite E;c J 4500 ddlled 7500 estimated
Formationor membershownonlyoncrosssection

Figure 2. Correlation chart for the Arbuckle anticline showing thickness of formations on outcrop (Fay, 1989).
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Figure4. Geologicmap of the HuntonGrouponthe Lawrenceupliftshowingfield-tripstops8-10 (modifiedfrom Amsden,1960).

was deposited on a ramp, and the facies change signifi- The primary purposes of this brief field excursion are to:
cantly updip and downdip along the ramp. Therefore, the (1) study the stratigraphy and post-depositional history of
facies that we see in cores from the Anadarko basin are the Hunton Group, (2) examine the cyclic nature of the
usually not represented in the outcrop. This is especially Hunton carbonates, and (3) examine the relationship of se-
true of the Henryhouse Formation, which contains excel- quence stratigraphy to correlation and reservoir develop-
lent reservoirs in the lower intertidal/upper subtidal facies ment. The general geology of the Arbuckle Mountains and
on the Anadarko shelf. In contrast, Henryhouse outcrops the planned field-trip stops are shown in Figures 3 and 4.
in the Arbuckle uplift are dominantly thin, argillaceous, The general itinerary of field-trip stops is given in Table 1,
lower subtidal facies that are not reservoir quality rocks, and a detailed road log is given in Table 2.
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i

TABLE I.- PROPOSEDFIELD-TRIPITINERARYTO EXAMINE
THE HUNTON GROUP IN THE ARBUCKLE MOUNTAINS

7:00 Check-out Leave for Arbuckle Mountains

9:00 Stop I Scenic Turnout -- North Flank of Arbuckle Mountains
Arbuckle uplift overview

9:45 Stop 2 Sylvan Formation-Hunton Group Contact
Chimneyhill Subgroup

10:00 Stop 3 Silurian-Devonian Contact in the Hunton Group
Henryhouse, Haragan, and Bois d'Arc Formations

10:30 Stop 4 Woodford Shale
Source rock for the Midcontinent

10:45 Stop 5 Turner Falls Scenic Overlook (Optional)
Travertine deposition

11:00 Stop 6 Hunton Group on U.S. Highway 77
Chimneyhill Subgroup, Henryhouse and Haragan Formations

12:00 Lunch Lake of the Arbuckles Overlook

1:00 St_p 7 Hunton Anticline Quarry
Structure and lithology of the Bois d'Arc Formation

2:30 Stop 8 Frisco--Bois d'Arc Contact on Bois d'Arc Creek
Facies and depositional environment of Frisco mud mounds

3:30 Stop 9 Road Cut Near the South Fork of Jackfork Creek
Henryhouse facies

4:00 Stop 10 Hunton Group in the Lawrence Quarry South of Ada
Chimneyhill Subgroup and Sylvan Shale

iiii i i

i iiiiii

TABLE 2.- ROAD LOG FOR THE HUNTON GROUP FIELD TRIP TO THE ARBUCKLE MOUNTAINS

Cumulative Cumulative

mileage Interval mileage Interval

0.0" 0.0 Proceed west on Lindsey St. 65.9 0.4 Road cut through stromatolite-bearing

2.0 2.0 Intersection of Lindsey St. and Inter- Cool Creek Limestone.
state 35 (I-35). Proceed south on 1-35. 66.2 0.3 Carter County line.

3.0 1.0 Bridge over the Canadian River. 66.9 0.7 Road cut in the Oil Creek Formation.
31.9 28.9 Paoli exit. Continue south on 1-35. 67.4 0.5 Road cut in the Viola Formation.

38.6 6.7 Pauls Valley exit. Continue on 1-35. 67.8 0.4 Stops 2, 3, and 4 _ Sylvan Shale,

47.5 8.9 Wyz_newood exit. Continue south on 1-35. Hunton Group, and Woodford and
Sycamore Formations. South-dipping

53.5 6.0 Rest area. beds of the Sylvan through Sycamore
55.9 2.4 Junction of 1-35 and State Highway 7 to Formations are exposed on the west

Davis and Sulphur. Continue south on 1-35. side of the southbound lane of 1-35.

56.3 0.4 Entering Murray County. Stop 2 is the Sylvan Shale-Hunton

58.4 2.1 Weigh station. Group contact and the Chimneyhill

60.6 2.2 Junction of 1-35 and U.S. Highway 77 Subgroup.
(US-77). Proceed south on 1-35. Stop 3 is the Silurian-Devonian contact

61.5 0.9 Road cut through the Viola and Simpson in the Hunton Group (Her'a'yhouse,
Haragan, and Bois d'Arc Formations).

Groups.
Stop 4 is the Hunton Group-Woodford

62.1 0.6 Road cut through the Collings Ranch Shale conta_t (Woodford Shale and over-
Conglomerate. lying Sycamore Limestone).

62.7 0.6 Stop 1 _ Scenic turnout. Arbuckle Uplift 69.0 1.2 Exit 42 at junction of 1-35 and State
Overview. Highway 53. Leave 1-35.

64.4 1.7 Junction of 1-35 and US-77. Continue
69.1 0.1 Stop sign. Turn left, proceed under over-south on 1-35.

pass, turn left, and continue north on 1-35.
65.5 1.1 Scenic turnout.

*Mileage begins at the intersection of Asp and Lindsey Streets on the campus of The University of Oklahoma, in Norman.
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TABLE 2. -- Continued

Cumulative Cumulative

mileage Interval mileage Interval

70.5 1.4 Milepost 44. Road cut in the Sycamore east of town is a glass-sand pit in the
Limestone. Simpson Oil Creek Formation.

70.9 0.4 Road cut in the Viola Group limestone. 125.0 1.3 Intersection with County Highway 61.

71.5 0.6 Road cut in the lower Simpson Group. Take County Highway 61 east.

72.3 0.8 Road cut in the Arbuckle Group. 136.4 11.4 Intersection with State Highway 99
(OK-99). Turn left and proceed north

73.7 1.4 Junction of 1-35 and US-77. Exit 1-35 on OK-99.
and turn left to go north on US-77.

139.0 2.6 Stop 8 _ Frisco-Bois d'Arc contact on
75.7 2.0 Stop 5 m Turner Falls Overlook. Bois d'Arc Creek and the mound facies

Travertine deposit in Honey Creek of the Frisco Formations. Faulted con-
Limestone and stromatolite-bearing tact between the Woodford Shale and
Cool Creek Formation. Frisco Formation. Proceed north on

75.9 0.2 Fault contact between Pennsylvanian OK-99.

Collings Ranch Conglomerate and the 139.5 0.5 Intersection with country road, turn
Ordovician Cool Creek Formation. west (left).

76.6 0.7 Entrance to Turner Falls Park on left. 141.2 1.7 Bend in road, Haragan outcrop on left.

77.7 1.1 Stop 6 -- Hunton Group. Exposure on 141.6 0.4 Intersection. Turn right (north).
west side of US-77 represents a nearly
complete section of strata from the 142.0 0.4 Proceeding north: Woodford Shale on
Upper Ordovician Sylvan Shale (south right side of the road.
end of road cut) to Upper Devonian 142.6 0.6 Intersection. Turn west (left).

Woodford Shale (north end of road cut). 143.6 1.0 Intersection with locked gates. Turn
78.1 0.4 Washita River crossing, right and proceed north. Driving on

81.4 3.3 Intersection with State Highway 7 (OK- Bois d'Arc Limestone.
7). Turn right and proceed east on OK-7. 144.1 0.5 Stop 9 m Henryhouse exposed at road

83.5 2.1 East through the town of Davis to State cut near the South Fork of Jackfork
Highway 110 (OK-110) intersection. Creek.
Exit OK-7 and take OK-110 south 144.2 0.1 South Fork of Jackfork Creek.

toward Dougherty. 144.3 0.1 Crest of hill. Henryhouse is exposed in
86.5 3.0 Curve in road. ditches on both sides of the road.

87.6 1.1 Intersection; continue left on OK-110. 144.5 0.2 North Fork of Jackfork Creek.

90.5 2.9 Exit left (northeast) to Arbuckle Dam. 144.6 0.1 Road turns west and then northwest.

91.2 0.7 Lunch site; Lake of the Arbuckles over- 145.0 0.4 Road turns north.

look. 145.3 0.3 Intersection. Turn left (west).

91.9 0.7 Return to OK-110 and turn left. 146.0 0.7 Intersection. Turn right and proceed
92.2 0.3 Make a left turn on "gravel road." north.

92.4 0.2 Rock Creek Bridge. 146.5 0.5 Road turns west.

92.7 0.3 Turn right to go to the Hunton quarry. 147.5 1.0 Road turns north.

CAUTION: rough road. 148.0 0.5 Go under conveyer that carries rock
93.1 0.4 Stop 7 _ Hunton anticline: exposures of from Lawrence Quarry to Ideal Cement

the Woodford Shale, Bois d'Arc Lime- plant in Ada.

stone, and the Haragan Formation. 148.1 0.1 Intersection of OK-1. Turn left and pro-
101.3 8.2 Return to OK-7 and turn east (right). ceed southwest on OK-1.

106.6 5.3 Entering Sulphur, Oklahoma. 149.5 1.4 Turn left into Lawrence Quarry entrance.

108.2 1.6 Artesian spring on right side of the road. Entering Lawrence Quarry. CAUTION:

108.5 0.3 Intersection with U.S. Highway 177 Watch out for large trucks.
(US-177). Turn left (north) on US-177. 150.7 1.2 Stop 10 m Exposed contact of the Chim-

108.8 0.3 Intersection with OK-7. Turn right and neyhill Subgroup and the underlying
continue east on OK-7. Sylvan Shale. Excellent exposures of the

Keel (including the Ideal Quarry Mem-
115.2 6.4 Intersection with State Highway 1 (OK- ber) and Cochrane Formations of the

1). Turn left on OK-1 and proceed north. Chimneyhill Subgroup.

121.7 6.5 Entering Pontotoc County; continue on End of trip. Return to Norman via OK-1
OK-1. to Ada and then OK-19 to Stratford,

123.7 2.0 Roff, Oklahoma. Immediately north- Pauls Valley, and 1-35.
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STOP 1
SCENIC TURNOUT m NORTH FLANK OF THE ARBUCKLE MOUNTAINS

Near center sec. 31, T. 1 S., R. 2 E.
Murray County, Oklahoma

(Scenic turnout, south-bound lane on 1.35)

Arbuckle Uplift Overview synclinal grabens and are moderately to strongly folded

The Arbuckle Mountains have been of interest to geolo- and faulted.
gists because of their excellent outcrops of Precambrian Clearly, the Deese and "Franks" contain erosional prod-
and Cambrian igneous rocks and of Paleozoic carbonate ucts derived from the first great period of uplift in the
and clastic rocks. This area has been intensively studied for Ar. uckle Mountains, which began as broad domal folding
years, and many publications are available that address of the Hunton anticline in early Desmoinesian (early
various aspects of its geological features. The following de- Deese) time. It also is clear that these conglomerates were
scription for Stop 1 is condensed from Ham (1969). closely folded, locally overturned, and faulted by later

The Arbuckle Mountains, a large inlier of folded and Pennsylvanian orogeny. This later deformation, to which
faulted Paleozoic and Precambrian rocks, are covered on the name Arbuckle orogeny has long been applied, pro-
the east, north, and west by gently westward-dipping duced the structurally complex Arbuckle anticline and the
Pennsylvanian and Permian strata, and on the south by major folds of the Ardmore basin; it was certainly the most
gently southward-dipping Early Cretaceous sediments of intense deformation to affect the Arbuckle Mountain re-
the Gulf Coastal Plain (Figs. 3,5). gion (Fig. 6). The folding can be dated from the evidence

The Arbuckle Mountains consist of ] 1,000 ft of fossil- seen in the Ardmore basin as post-Hoxbar, from the Mill
iferous Late Cambrian through Devonian strata that con- Creek syncline and Lake Classen area as post-Deese (and
stitute the greatest area of exposure of this sequence in all possibly post-Hoxbar), and from the Franks graben as
the Midcontinent region. Reference to the Arbuckle uplift post-Francis (middle Missourian).
outcrops as the Arbuckle "Mountains" is misleading be- From a comparison with widely distributed marine
cause -80% of the area consists of gently rolling plains, rocks north of the mountains, the date of the Arbuckle
Only in the western area--that of the Arbuckle anticline-- orogeny can be correlated with the unconformity at the
is the topographic relief sufficient to evoke comment, base of the Ada Formation, in the middle part of the Vir-

The geology is characterized mostly by outcrops of car- gilian Series. Conglomerates of the Ada Formation consist
bonate rocks. Immediately to the east begins the 200- dominantly of limestone pebbles from the Arbuckle Group
mi-long exposure of the Ouachita Mountains, principally and have been derived almost exclusively by erosion of the
a flysch sequence that is quite unlike the Arbuckles in Arbuckle anticline. Rocks of the Ada Conglomerate are
stratigraphic and structural development; and 100 mi to very similar to those of the Collings Ranch Conglomerate
the west are the Wichita Mountains, unlike either the Ar- at its type locality in the Arbuckle Mountains, where it is
buckles or Ouachitas and characterized chiefly by exten- unconformable upon vertically dipping beds of the Ar-
sire outcrops of Cambrian (not Precambrian) igneous buckle anticline. This suggests that the Collings Kanch and
rocks. The primary emphasis of Arbuckle Mountains geol- Ada Conglomerates are equivalents and that the strongest
ogy lies in its early Paleozoic carbonates and late Paleozoic pulse of Arbuckle orogeny was mid-Virgilian.
clastics, deposited partly upon a craton of Precambrian The Collings Ranch and Vanoss Conglomerates rest
granites and partly in an adjoining geosynclinal basin, the with pronounced angular unconformity on older rocks
whole welded by Pennsylvanian orogeny and epeirogeny that were steeply folded during culmination of the Ar-
into a single tectonic/geologic unit. buckle orogeny. These conglomerates, resulting from this

Rocks of Pennsylvanian age crop out around most of uplift and deposited peripheral to the Arbuckle Moun-
the Arbuckle Mountains, and are preserved within them in tains, are exposed now only around the Arbuckle anticline
the Mill Creek syncline, Wapanucka syncline, and Franks and northward into the Sulphur area. Most of these coarse
graben. Dornick Hills (Wapanucka and Atoka) strata clastic sediments were derived from the Arbuckle and
within and adjoining the Arbuckle Mountains generally Tishomingo anticlines.
are non-conglomeratic, but the Desmoinesian and younger A late phase of Arbuckle orogeny, chiefly faulting and
Pennsylvanian rocks are conglomerate-bearing and record uplift without strong folding, came in the last stage of dep-
the beginning and close of mountain building in the At- osition of the Collings Ranch strata. At this time the con-
buckle region, glomerate was folded and faulted into a graben. Some of

The four principal conglomerate sequences within, the faults bordering the graben extend northwestward to
and contiguous with, the Arbuckle Mountains are the the edge of the mountains, where they pass underneath the
"Franks," Deese, Collings Ranch, and Vanoss conglomer- Vanoss Conglomerate, thereby showing the Vanoss to be
ates. All but the Vanoss, the youngest, are preserved in younger than the Collings Ranch.
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STOP 2

SYLVAN FORMATION-HUNTON GROUP CONTACT

SE ¼ sec. 25, T. 2 S., R. 1 E.
Carter County, Oklahoma

(Marker No. 4 -- 3 ft above base of Cochrane Formation)

Chimneyhill Subgroup There is no evidence of the Ordovician-age Keel oolite
at this locality; rather, the base of the Hunton is repre-

The Hunton Group on the south flank of the Arbuckle sented by the Cochrane Formation, which is composed of
anticline is found in two major exposures. The first (north- a light-gray to tan, fine- to medium-grained, fossiliferous
emmost) consists of the Clarita and Cochrane Formations mudstone/wackestone with a few intervals of fossiliferous

of the Chimneyhill Subgroup. The second is composed of packstone/grainstone. Manni (1985) proposed that the
the Henryhouse and Haragan-Bois d'Arc Formations. An Cochrane was deposited on a "ridge and swale" topogra-
important unconformity separates the Silurian from the phy developed on a carbonate ramp with an extremely
Devonian at this locality. The Hunton is overlain by a thick gentle slope. Glauconite indicates a quiet environment
section of Woodford Shale, which is overlain by the Syc- (swale), very slow deposition, and locally oxidizing and
amore Limestone. Both the Woodford and Sycamore are reducing conditions. Since glauconite is present mostly in
heavily fractured at this locality, the Cochrane, the iron was available during Cochrane dep-

The Chimneyhill overlies at least 300 ft of the Ordovi- osition and not during Clarita time (the Clarita has little or
cian Sylvan Shale at this locality. The Sylvan is typically no glauconite). The Cochrane is approximately 12-15 ft
greenish gray and is mostly covered at this site. The rela- thick at this location. In the subsurface of the Anadarko
tively soft Sylvan generally forms valleys in its outcrops, basin, it can be very porous and is an extensive aquifer
and samples of somewhat-weathered Sylvan can be ob- system with porous intervals >50 ft thick. Unfortunately,
served in the creek bed immediately below the prominent due to the extensive porosity and permeability network,
carbonates of the overlying Chinmeyhill Subgroup. few traps are formed, except along truncation boundaries

or on anticlinal structures.

Stratigraphy and Lithofacies The Clarita is a light-gray to light-tan, fine-grained to
coarse-grained, glauconitic pelmatazoan packstone/grain-

The Chimneyhill, which typically forms a resistant stone. The most distinctive features of the Clarita are the
ridge at the base of the Hunton on outcrop, is rather thin abundant crinoid fragments and pinkish color. The Clarita
(<25 ft) on the south flank of the Arbuckle uplift. In the is typically a poor-quality reservoir in the Anadarko basin,
Anadarko basin to the north the Chimneyhill is often in although there is some petroleum production related to
excess of 100 ft thick, fractures in both the Anadarko and Arkoma basins.
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STOP 3

SILURIAN-DEVONIAN CONTACT IN THE HUNTON GROUP

SE ¼ sec. 25, I".2 S., R. 1 E.
Carter County, Oklahoma

(Marker No. 3 -- 98 It below top of Bois d'Arc Formatio,7)

Henryhouse, Haragan, and Bois d'Arc Formations oslovakia. The first definitive Devonian species, Icriodus

The Henryhouse-Haragan-Bois d'Arc section is nearly postwoschmidti, appears 28.5 ft below top of the Hunton.
225 ft thick at this locality (Fig. 7). Approximately 120 ftof Icriodus postwoschmidti and two other species of the Har-
Henryhouse is exposed, with the lower Henryhouse coy- agan conodont fauna, I. eolatericrescens and Pedavis biex-
ered down to the top of the Chimneyhill Subgroup. oramus, characterize the Early Devonian (early Lochko-

vian) eurekaensis Zone. The eurekaensis zone, known from

Stratigraphy and Lithofacies the Cordilleran region of North America, is the second
conodont zone above the base of the Devonian.

The Henryhouse is represented by marly, open-marine The same change in conodont faunas occurs across the
to shallow-subtidal limestones and shales (Fig. 8). The Henryhoase-Haragan boundary elsewhere in the central
Henryhouse section is typica!ly a gray to tan, fine-grained, Arbuckle Mountains, as well as Jn sections on the Law-

thin-bedded fossiliferous wackestone to packstone (and rence uplift (Barrick and Klapper, 1992). The maximum
sometimes grainstone) that is interbedded with calcitic tan interval of time that can be missing at the boundary in-
to gray shale. The lower 70 ft of the Henryhouse is covered, cludes that represented by the basal Devonian woschmidti
but based on other outcrops in the area it is suspected to be Zone, and possibly an equally small part of the latest Silu-
dominantly shale and mudstones, rian. Given the relatively brief interval of time missing at

The Haragan-Bois d'Arc section is similar, except that the Henryhouse-Haragan boundary, the dramatic change
the top 10 ft of the 35 ft of strata exposed is a resistant, tan in the benthic fauna, including brachiopods, ostracodes,
to bluish-gray, cherty, fossiliferous wackestone to grain- and trilobites, is even more remarkable (Amsden, 1988).
stone. These uppermost beds are thicker than those of the
Henryhouse and have less shale interbeds, although there
are some distinctive lemon-yellow shale partings. Cyclicity and Log-Facies Relationships

The Henryhouse and Haragan-Bois d'Arc section con-
Biostratigraphy sists of several packages of carbonate sequences. Each se-

The Upper Silurian Henryhouse Formation is similar in quence contains several shallowing-upward cycles, or
lithofacies and biofacies to the overlying Lower Devonian parasequences, that are typically composed of mudstones
Haragan Formation, and the boundary between these and wackestones at the base to packstones and grainstones
units is based largely on differences in the shelly faunas, at the top. The beds also become thicker at the top of each
At this outcrop, -65 ft of the marlstones of the upper Henry- cycle and are thinner and finer grained toward the base.
house and lower Haragan Formations are well exposed, These parasequences range from 7 to 25 ft thick in the
and, upon examination, the problem in precisely locating Henryhouse and Haragan-Bois d'Arc.
the contact can be fully appreciated. The most distinctive At this stop, individual parasequences can be recognized
lithologic feature of the lowermost Haragan
in the central Arbuckles, is a unit of skeletal
wackestones and packstones that generally
forms a low ridge in the poorly exposed marl-
stone sections; it is 21-28 ft below the top of
the exposed Hunton. Based on brachiopods,
the Henryhouse-Haragan contact is -29.5 ft
below the top of the Hunton. A specimen of
the Haragan species Meristella atoka was
recovered 28.5-29 ft below the top, and the
Henryhouse form "Lissatrypa" henryhousensis
was collected 30.8-31.2 ft below the top.

Detailed sampling for conodonts across
the boundary at this section constrains the
magnitude of the hiatus between the Henry-
house and Haragan, but the faunas are not
sufficiently distinct to precisely locate the
boundary (Barrick and Klapper, 1992). The
latest Silm'ian (late Pridolian) conodont, Oulo-
dus elegans detorta, occurs as much as 30.3 ft
below the top of the Hunton. This species Figure7. Henryhouse--Haragan/Boisd'Arcoutcropon the southflankof the
ranges to the top of the Silurian at the Devo- Arbuckleanticlinelookingtowardthewest fromthe west laneof 1-35(Stop3;
nian stratotypeat Klonk, in the former Czech- outcropis -200 ft long).



194 _II_4 I_ 4 I_ _11_ Zuhair AI-Shaieb and others

by their weathering profile. The coarser-grained (shallow, representation of the outcrop which is similar to a gamma-
high-energy) carbonates are more resistant and form ridges ray/spontaneous-potential electrical log and responds to
on the land surface. The finer-grained (deeper, low-energy) the same basic parameters, primarily shaliness (Fig. 9).
rocks form the soil-covered areas between the ridges. These measured sections, or "pseudo-E-logs," are typically

A measured section produced vertically by detailed log- logged at 1"=40' (2.5" scale) or 1' = 100' (1" scale). This type
ging, with facies logged in the left-hand column and rela- of log can be correlated to elcctric logs with some degree of
tive sea level and energy on the right, produces a graphic success.

SOUTH NORTH
i i II,I - "L

LOWER DEVONIAN i_ SILURIAN
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Figure8. Measuredsectionshowingthe weatheringprofileof the HenryhouseandHaraganparasequencesonthe
southflankof the Arbuckleanticline(Stop3).
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STOP 4
WOODFORD SHALE

SE ¼ sec. 25, T. 2 S., R. 1 E.
Carter County, Oklahoma

(Marker No. 2 -- 9 It below top of Wood[ord Shale)

Source Rock for the btidcontinent acterized by alternating beds of siliceous and fissile mate-
The Woodford Shale is latest Devonian to earliest Mis- rial that are generally 1-4 in. thick. Toward the base of this

sissippian in age. The boundary has been determined by exposure, these interbeds are thinner (1-2 in. thick) and
conodont analysis and is indicated by orange markers on eventually grade into a fissile shale. Sulfur scale is common
the outcrop (Fig. 10). on this exposure in the interbedded interval.

At this locality, the Woodford is -290 ft thick (Fay, The Woodford is a thick, black, highly organic shale,
1989), and it consists of dark-gray to black, thin-bedded, and is one of the primary hydrocarbon source rocks in the
cherty, phosphatic shale. The upper 102 ft of this highly U.S. It has been estimated by Comer and Hinch (1987) that
organic shale is exposed in this outcrop, whereas the mid- 70% of the oil discovered in southern and central Okla-
die 137 ft is covered (Fay, 1989). homa was derived from the Woodford Shale. In addition

The Woodford is cyclic and may be divided into three to being an important source rock, the Woodford (though
different units. Within the upper part of the Woodford, the it is commonly cherty and highly fractured) makes a good
phosphate zone is -10 ft below the Woodford-Sycamore seal for Hunton petroleum reservoirs. The Woodford is
contact. This zone is -12 ft thick and is underlain by a non- also cyclic, as is evidenced by at least three shallowing up-
phosphatic siliceous and fissile shale. This interval is char- ward sequences.

Figure10. WoodfordShale outcropon the southflank of the Arbuckleanticlinelookingtoward (a) the westand
(b) the northon 1-35(Stop4; outcropin photographis-300 ft long).



Hunton Group Field Trip 41_ _. _ _ _ ._ 197

STOP 5
TURNER FALLS OVERLOOK

{OPTIONAL}

E ½ sec. 36, T. 1 S., R. 1 E.
Murray County, Ok/ahoma

Travertine Deposition Unlike a typical waterfall, which results from exhuma-
tion of a preexisting resistant rock layer by stream erosion,

All streams flowing across limestone beds of the Turner Falls is a subsequent creation of Honey Creek. The
Arbuckle Mountains dissolve calcium carbonate, carrying creek itself provided the materials to construct the preci-
much of it away in solution. At Turner Falls, on Honey pice over which it falls.
Creek, an edifice of calcium carbonate has been deposited Behind the falls, as a scenic background and topo-
from the stream waters. The deposit consists of spongy- graphically the highest point in the area, are the East Tim-
textured travertine. The thickness of the travertine gradu- bered Hills, composed of Precambrian Carlton Rhyolite.
ally increased with the passage of water over it, until the Between the rhyolite and the overlook are complexly
falls reached a maximum height of 150 ft. Then, probably folded and faulted Late Cambrian and Early Ordovician
during middle Pleistocene time, increased rainfall caused rocks on the north limb of the Arbuckle anticline. A fault

Honey Creek to cut a chasm into the depositional platform trace parallels the valley of Honey Creek, separating lime-
it had just built, and the waterfall was reduced to half its stones of the Cool Creek Formation at the overlook from
former height. This beautiful waterfall is now in a stage those of the McKenzie Hill Formation. Above the cliff and
where it is maintaining a steady state, receiving about as barely behind it is a small lateral valley, occupied by a few
much calcium carbonate in the form of stream-floor depos- deciduous trees, which marks the trace of the Washita Val-
its as is mechanically abraded during floods. Blue-green ley fault. Beyond the fault is the Pennsylvanian Collings
algae assist in precipitating the calcium carbonate. Ranch Conglomerate (Ham, 1969).
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STOP 6

HUNTON GROUP ON U.S. HIGHWAY 77

NW¼ sec. 30, T. 1 S., R. 2 E.
Murray County, Oklahoma

Chimneyhill Subgroup, glauconite. Brachiopods from this formation indicate a late
Henryhouse and Haragan Formations Early Silurian (late Llandoverian) age, and point to a corre-

lation with the Blackgum Formation of eastern Oklahoma
This outcrop is located on the west side of U.S. High- and the Sexton Creek Formation of southeastern Illinois.

way 77, just south of the 1-35 interchange, and it presents a The Clarita Formatioll is ~14 ft thick and is completely
nearly complete exposure of strata from the Sylvan Shale exposed. This formation is divided into a lower Prices Falls
through Silurian and Early Devonian strata, up to the Member, which is a thin but persistent shale or marl bed
lower part of the Woodford Shale (Fig. 11). This section is that can be recognized over most of the outcrop area, and
located at the north end of the Arbuckle anticline, with the an upper Fitzhugh Member, which consists primarily of
oldest units located at the south end of the outcrop. This fossiliferous mudstones and wackestones in the lower 10
stop was described in detail by Amsden (in Ham, 1973), ft, whereas the upper few feet is quite shaly and resembles
and the current description includes a portion of that ma- the overlying Henryhouse Formation. Nonetheless, the
terial. Clarita-Henryhouse contact is lithologically well defined

The upper Sylvan Shale, Chimneyhill Subgroup, and at this exposure, with the base of the Henryhouse being
the Henryhouse and lower Haragan Formations are com- marked by a sharp increase in insoluble detritus (the basal
pletely exposed; however, the upper Haragan and the Henryhouse beds average -47% HCI insolubles; Amsden,
Woodford are rather poorly exposed. Approximately 200 1978). There is also a change in the concentration of micro-
ft of Hunton strata are present, with only the Bois d'Arc fossils; the uppermost Clarita strata carry a rich fauna of
a__dFrisco Formations (of Early Devonian age) absent. The arenaceous Foraminifera, whereas in the basal Henryhouse
Frisco, which is a well-defined organo-detrital limestone of beds these fossils are much less numerous. Throughout
middle Early Devonian age (Deerparkain-Seigenian), has most of the Arbuckle Mountains, the Clarita-Henryhouse
been removed by post-Hunton/pre-Woodford erosion boundary is a reasonably well-defined, mappable contact.
and is absent in this part of the Arbuckle Mountains. The The Henryhouse Formation is ~100 ft thick and is
Bois d'Arc Formation is absent due to local merging with mostly marlstone with a few thin calcareous shale beds in
the shaly mudstone to wackestone facies of the Haragan the lower part. The marlstone is composed typically of
Formation. finely divided carbonate mixed with clay and silt-size in-

soluble detritus. The carbonate is mostly calcite with only
Stratigraphy and Lithofacies scattered dolomite crystals. Fossils are scattered through-

The Chimneyhill Subgroup includes, from oldest to out the matrix in varying concentrations, but the matrix
youngest, the Keel, Cochrane, and Clarita Formations; it probably has a mud-supported fabric
consists of organo-detrital limestones that can be distin- The Henryhouse bears a large, well-preserved inver-
guished from the underlying Sylvan Shale and overlying tebrate fauna. Amsden (1951), Strimple (1963), Lundin
Henryhouse Formation because these units are relatively (1965), Sutherland (1965), and Campbell (1967) assigned
low in insoluble clay and silt-size detritus (Amsden, 1967). the Henryhouse to the Upper Silurian, although its exact
They constitute an incomplete sequence ranging in age position within this series generally has not been specified.
from the Late Ordovician (late Ashigillian) to early Late The present outcrop is of special interest because it is one
Silurian (Wenlockian), with the individual formations sep- of the three localities from which Decker (1935) reported
arated by periods of erosion and, at least, local truncation, graptolites, and Decker assigned them an early Ludlovian
Nevertheless, the Chimneyhill Subgroup has proved to be age. The graptolite beds present a distinctive Henryhouse
a useful stratigraphic division in the subsurface, where facies that is unusually high in detrital quartz and mica.
data are often inadequate to distinguish the individual for- The lower 18 ft of the Henryhouse is high in terrigenous
mations, detritus and includes four thin, graptolite-bearing shales.

The oldest Hunton formation is the Ordovician Keel The Henryhouse-Haragan contact here, as elsewhere in
limestone, which is a distinctive, fossiliferous oolite that is the Arbuckle Mountains, is poorly defined lithologically.
cemented partially by spar and partially by micrite. The However, this contact is biostratigraphically well defined
unit is 4 ft thick and has well-defined upper and lower and can be mapped on this basis throughout the outcrop
contacts. The Keel is separated from the overlying Coch- area. On average, the Haragan has a slightly lower in-
rane by a time interval spanning a considerable part of the soluble-detritus content; however, the difference is too
Early Silurian (early and middle Llandoverian), during small to serve as a useful distinction at the outcrop, in hand
which time there was a least local erosion and truncation of specimen, or in thin section. Despite this obscure litho-
the Keel (Amsden, 1960,1963). The contact between the stratigraphic break, the Haragan-Bois d'Arc fauna (Hel-
Keel and Cochrane is very irregular at this outcrop, and the derbergian) is separated from the underlying Silurian
unconformity is readily observed, strata by an unconformity of some magnitude. In fact, over

The overlying Cochrane Formation is -6 ft thick and a large area in the southeastern part of the Arbuckle Moun-
comprises organo-detrital limestones with substantial tains, Haragan-Bois d'Arc strata bearing numerous Early
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Figure 11. Chimneyhill Subgroup-Henryhouse-Haragan section on the north flank of the Hunton anticline; (a) looking west from
Highway 77 (Stop 6; outcrop width is -200 ft) and (b) measured section (from Amsden, 1978).

Devonian fossils rest on the Cochrane Formation of Early Biostratigraphy

Silurian age, or locally on the Ordovician. The Hunton Group exposed here constitutes one of the
The Haragan Formation is ~60 ft thick. However, the most complete sections of uppermost Ordovician through

upper part is poorly exposed and there is some evidence of Lower Devonian strata in the south-central United States.
structural disturbance in the lower part of the Woodford The oolitic Keel Forma_on, at the base of the Hunton, con-
Shale. The exposed beds have a characteristic marlstone tains the latest Ordovician Noixodontus conodont fauna,

texture, similar to that described previously for the Henry- which occurs in association with Hirnantian (late Ash-
house. The Henryhouse-Haragan contact is poorly de- gillian) brachiopods at other Keel sections and in the Mis-
fined lithologically (see previous discussion) and must be sissippi Valley (Amsden and Barrick, 1986). The overlying
determined by means of fossils. Cochrane Formation is the least-well dated of the Hunton

The Bois d'Arc Formation is not represented at this Io- units. At this section, and many others in the central
cality, although it is fairly well developed in nearby out- Arbuckle Mountains, the conodont faunas are sparse and
crops. The Haragan and Bois d'Arc represent facies of one nondiagnostic; but on the Lawrence uplift, and in the sub-
another, and there is a complete gradation from the typical surface of Oklahoma, the Cochrane has yielded a celloni
Haragan marlstone into the low-detrital packstones/grain- Zone fauna, making at least the upper part of the unit late
stones (commonly with chert) of the Bois d'Arc. A minor Llandoverian (Early Silurian) in age (Barrick and others,
faunal difference exists between the two lithofacies, but 1990). In the subsurface, Amsden (1988) has obtained
this is thought to be because of environmental changes slightly older, but still late Llandoverian, brachiopods.
rather than a time difference (Amsden, 1958a). From this limited information, it appears that a major hia-
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tus, encompassing early and middle Llandoverian time, tremely argillaceous and silty unit is absent, and carbon-
separates the Cochrane from the Keel. ates bearing the snajdri fauna rest directly on the truncated

The Clarita Formation, including the Prices Falls and top of the Clarita. A siluricus Zone fauna was recovered
Fitzhugh Members, represents a condensed, but complete from the lower Henryhouse in Kingfisher County (Barrick
record of the Wenlockian (early Late Silurian), based on and others, 1990), but little else is known about the age of
the succession of conodont faunas described by Barrick the base of the Henryhouse in the subsurface.
and Klapper (1976). The Prices Falls Member bears a cono- Approximately 56 ft above the base of the Henryhouse,
dont fauna, which Dr. Gilbert Klapper of the University of conodonts of the eosteinhornensis Zone, which spans the
Iowa assigns to the late Llandoverian (Amsden, 1967, p. Pridolian (late Late Silurian), appear. The upper part of the
944). The Fitzhugh Member carries an early Late Silurian Henryhouse bears this characteristic conodont fauna
0Nenlockian) brachiopod fauna similar to the one in the St. throughout the outcrop area (Barrick and Klapper, 1992).
Clair Limestone of Arkansas (Amsden, 1968). Only a mi- The Henryhouse-Haragan contact lies 89 ft above the base
nor hiatus, involving at the most a portion of the amorpho- of the Henryhouse, in the poorly exposed alternating shale
gnathoides Zone, separates the Clarita from the Cochrane. and limestone section near the top of the exposure. The

At this outcrop, the contact of the Henryhouse with the contact can be approximated by locating the beds bearing
Clarita is a knife-sharp lithologic change, within a single the distinctive crinoid Scyphocrinites near the base of the
bed, from slightly argillaceous to more-argillaceous lime- Haragan. Although this section has been less-well sam-
stone. The basal Ludlovian (middle Late Silurian) crassa pied, the sequence of conodonts and shelly faunas (Barrick
Zone conodont fauna spans this contact and no hiatus can and Klapper, 1992) appears to be identical with that de-
be demonstrated at this outcrop. In sections on the Law- scribed for the contact in the earlier field-trip stop.
rence uplift and in the Oklahoma subsurface, however, the The Haragan bears a large, well-preserved invertebrate
upper part of the Clarita has been truncated by pre-Henry- fauna, dominated by brachiopods (Amsden, 1958a) and
house erosion, containing many ostracodes (Lundin, 1965), trilobites, cor-

The marlstones of the Henryhouse Formation at this als, and bryozoans. It is assigned an Early Devonian (Hel-
exposure provide an apparent ly uninterrupted representa- derbergian, Gedinnian) age.
tion of Ludlovian through Pr].dolian time. The basal 23 ft of
the Henryhouse contains unusually large quantities of ter- Correlation anc'_Sequence Stratigraphy
rigenous detritus in the central Arbuckles and is rarely
exposed. A complete sequence of Ludlovian conodont fau- . Both the Henryhouse and Haragan-Bois d'Arc Forma-
nas occurs in the basal unit, spanning the crassa, ptoeckensis, tions are cyclic ramp carbonates. Each cycle is a shallow-
and siluricus Zones. Ludlovian graptolites occur in at least ing-upward sequence that can be recognized on outcrops,
four levels. The upper Ludlovian snajdri Zone fauna ap- cores, and logs by the gradual thickening of beds at the
pears in the more-resistant, less-argillaceous carbonates at top of each cycle and by the increase in shaliness toward
24.5 ft. In sections on the Lawrence uplift, the basal, ex- the bottom of each cycle. Each cycle or parasequence is



Hunton Group Field Trip ,4 I_ ,4 I_ ,4 I_ ,4 I_ 20][

TRIGG RESERVE OIL LAUD MUSTANG COMPOSITE SECTION
Meyerl No 1 Leech No. t Good No. 1 Peyn4lNo. 1-22 ARBUCKLE MOUNTAINS

6 11N7W 8gN 7W 13-8N 7W 22-0N-SW
SW NE 12'00'N & 1200"E NE

K8"1.387 K8-1.408 Kd= 1,239 .K6-1.197

..wooOfORO _ _ --_ --"===
--'=== _ WOOOFORO

ZONE

_ONE ,,...
b
!12
o
z

ca I

c1

;..r-..-

"ZONE

TO- !1.34.4

ZONE A

S T0-13.146

TD-13.g82
T0-13.019

bounded by a disconformity, or in some cases by an un- Reservoir Development

conformity. The Silurian-Devonian contact is represented Northward, into the subsurface of the Anadarko basin,

by a regional unconformity that disrupts the cycles in the the Henryhouse Formation is thicker and is represented by
Henryhouse and Haragan Formations. shallow subtidal to lower intertidal facies. These facies

A cross section from the Arbuckle Mountains to the develop excellent porosity and represent some of the best
Oklahoma City uplift shows the relationships of the indi- reservoirs in Oklahoma. The Bois d'Arc also forms excel-
vidual parasequences within the Hunton (Fig. 12). Note lent reservoirs in the area between the eastern Anadarko
that each parasequence thickens northward up the ramp. basin and southern Oklahoma.
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STOP 7

HUNTON ANTICLINE QUARRY

NW¼ SE ¼ sec. 31, T. 1 S., R. 3 E.
Murray County, Oklahoma

Structure and Lithology agan is covered, and below this cover is the Sylvan Shale.
td the Bois d'Arc Formation No Chimneyhill strata were observed in this area, and they

may be absent; however, there is considerable faulting,
This small quarry was opened during the construction and it is possible that the Haragan is faulted against the

of the Lake Arbuckle dam. It contains exposures of the Sylvan.
Woodford Shale and the Haragan-Bois d'Arc Formations. The Haragan is a yellow to gray, fossiliferous, silty
A similar section, described and collected by T. W. Ares- mudstone that is distinctly different from the overlying
den, is located -2.5 mi north of Dougherty, and -1 mi Cravatt Member (basal member of the Bois d'Arc Forma-
northwest of Stop 7 (Amsden, 1958a,b). tion). The Cravatt Member is yellow to bluish-gray, fossil-

iferous mudstone to wackestone, with prominent nodules
Stratigraphy and Lithofacies of vitreous to tripolitic chert.

The most striking feature of this outcrop is the faulted Overlying the Bois d'Arc at this locality is the Woodford
anticline (Fig. 13). This is an incomplete section which be- Shale. The Woodford is best exposed on the northern flank
gins (at the base) in the Haragan; the lower part of the Har- of this fold.

Figure 13. Hamgan/Boisd'Arcoutcropat the Huntonanticlinequarry(Stop7; outcropwidthis -600 ft).
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STOP 8

FRISCO-BOIS D'ARC CONTACT ON BOIS D'ARC CREEK

NE ¼ sec. 11, T. 2 N., R. 6 E.
Pontotoc County, Oklahoma

(Exposures in Bois d'Arc Creek at State Highway 99 bridge)

Facies and Depositional Environment exhumed at this locality by removal of the overlying
of Frisco Mud Mounds Woodford Shale (Fig. 14).

A nearly complete section from the upper part of the
Henryhouse Formation, up through the Haragan and Bois Stratigraphy and Lithofacies
d'Arc Formations, and into the Frisco Formation, is ex- The Frisco consists of a series of biohermal mounds that
posed along Bois d'Arc Creek; however, only the Frisco formed on the eroded surface of the pre-Frisco strata. At
and Bois d'Arc Formations wiil be examined at this stop. this exposure, distinctive facies serve to identify mound

The exposure of the Frisco Formation found at Bois and intermound rocks. The core of the mound is typically
d'Arc Creek is especially important; it is the best outcrop represented by massive, muddy lime beds, with randomly
example of the contact between the Frisco and the Bois occurring, rather well-preserved crinoid and bryozoan
d'Arc, and it shows the character of the Frisco mound fragments, along with brachiopods, trilobites, and corals
facies. In fact, the Frisco mound facies has essentially been (Fig. 15). This muddy facies apparently developed well

Figure14. Frisco Formation outcrop along Boisd'ArcCreek (Stop8! showingthe morphologyof themud moundfrom
(a) a side view (looking east) and (b) a side view.
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FORMATION: FRISCO LIMESTONE

under wave base, where the crinoids and bryozoans act as
a "diffuse baffle" that allowed settling of lime muds. As LOCATION: BOIS D'ARC CREEKSEC. 11, T.2N., R.6E.
the mound was built up to wave base, the mud was win- PONTOTOC CO., OK
nowed and a grain-supported facies developed. As the _aW fit

mound aggraded into stronger currents and wave action, "J _ MATRIX

dunes and sand waves developed on the crest or the rela- _ m_ INCREASE CONSTITUENTS
tively gentle flanks. Finally, as the mound approached sea _ :i _ 0 s, b%
level, growth stopped until rejuvenation by relative sea- _
level rise produced by subsidence and/or eustatic changes BRYOZOANS 11.... oX
in sea level. The intermound facies is light-colored, moder- ECHINODERMSO.---O
ately sorted, bioclastic packstone/grainstone with abun-
dant crinoid fragments. Currents sorted the grains and ,,.,,
winnowed out the mud in this facies. Intermound beds

often onlap the mound facies (Fig. 16a). A "capping facies" S"UFACt_Ie" ,_
that is lithologically very similar to intermound rocks is ,,.Ii _ .... 9
observed above the mound facies. I. \ ....... ,'

These facies can be readily observed along Bois d'Arc "_11 """_"_'--'-,
Creek. The grainstone facies, for example, can be examined 17 0 e ""-.

] ' .in outcrops on the west side of the highway, immediately I :
across from the parking area. The core mudstone and i _ ..
flanking wackestone/packstone facies can be examined F,..s I. j _ !

farther west along the creek bed (Fig. 16b). An examination i _ "
of the Frisco facies to the west along the creek reveals that Is 0 \ •
the Frisco is not one large mound but is a complex of coa- I _,t
lescing mounds that are typically 10-20 ft thick. Farther I_.
west along the creek, the contact between the Frisco and ,,.,4 1, i

I
t

Bois d'Arc can be recognized by the change in color and I I_

weathering profile; i.e., the Frisco is dark, massive, and I_- Iii _!
rounded in appearance, whereas the Bois d'Arc is medium F,..3 _ V
to light gray and bedded. 12- I i"

Large, well-preserved crinoid fragments are present Ii I_

, }"along the unconformable contact between the Frisco and r,.,_ 1_ I
Bois d'Arc Formations. Although close examination re- ! "'-.

'''.%

veals some weathering profiles and possible karst, the con- /
tact appears to be, for the most part, unaltered. Regionally, IO /I" '
the unconformity is angular in nature, and there is some F,.,_
suggestion that the paleotopography of the Bois d'Arc sur- _- _ ...
face may have been a controlling factor in the placement _ ."

and development of the Frisco mud mounds; i.e., after ero- '_" . .""
sion and marine transgression of the Bois d'Arc, the subsea '""_e a. i

have been points of initial development of _ _'_ .'"""paleohighs
the mound maYfacies. '" -- _ "_"" \

IFR-t) •

o__e

t

Biostra t_graph_ _-
."

At this locality the Henryhouse is truncated by the Har-
agan Formation, as described by Amsden (1988, and ear- _-_ s. ,"

lier papers), and a couple of meters of the top of Henry- : I
house, present at nearby sections, may be missing here, , :

based on study of the conodont biofacies (Barrick and _ ;
Klapper, 1992). The upper Henryhouse contains the Late '"" ' /

Silurian, Pridolian, eosteinhornensis conodont fauna. _ I
/The extremely thin Haragan (4 ft thick) is overlain by

the cherty Cravett Member of the Bois d'Arc Formation. _._ _. • /I
Although Early Devonian conodonts occur in both units, 0' /

the first zonal-diagnostic species does not appear until _nearly 13 ft above the base of tLe Cravett. Here, Icriodus _,.s , ,I 0 /

postwoschmidti occurs in thin, skeletal packstone layers at 0 : I
the transition from the Cravett into the skeletal grainstones _ o. ._
of the Fittstown Member of the Bois d'Arc, and ranges
through at least the lower 13 ft of the Fittstown. Icriodus FiGaro 15. Moas_rod se:tion showin 0 compositio_ and con-
postwoschmidti occurs near the base of the Haragan at the stituonts in a Frisco m_cl-mound soquo_co (aftor Harrison.
sections in the central Arbuckles; thus, the Cravett Member 1087).
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Figure16. Friscolimestonefacies:(a)contactbetweenmoundcoreandoverlyingcappingfacies,and(b) grainytextureof flanking
facies.

of the Bois d'Arc and the lower part of Fittstown Member beyond confident identification. Klapper (in Amsden,
can be assigned to the same conodont zone as the Hara- 1985, p. 2) indicated that Icr/odus c/aud/ae may be present in
gan, the early Lochkovian eurekaensis Zone (Barrick and the Frisco. This species occurs in Pragian (Early Devonian)
Klapper, 1992). strata elsewhere, and a minor hiatus involving at least a

In the coarse skeletal grainstones in the upper part of single conodont zone appears to be present at the base of
the Fittstown Member along Bois d'Arc Creek, representa- the Frisco (Barrick and others, 1990).
fives of the conodont genus Ancyrodelloides appear (Barrick
and Klapper, 1992). This taxon is restricted to the delta Reservoir Development
Zone, the Lochkovian zone that immediately overlies the The Frisco is unusual in that itspetroletun reservoirs are
eurekaensis Zone. This shows that the upper part of the in limestone, whereas most of the Hunton reservoirs are in
Fittstown Member of the Bois dArc is slightly younger dolomite. Apparently the depositional setting and/or the
than the Haragan Formation. geochemistry were not conducive to dolomitization during

The overlying Frisco Formation yields abundant cono- Friscotime. The Frisco does have excellent moldic, intra-,and
donts, but the high-energy environment in which the skel- inter-particle porosity; it can be a prolific producing horizon,
etal grainstones accumulated have broken most specimens as is evidenced by production at the West Edmond field.
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STOP 9

ROAD CUT NEAR THE SOUTH FORK OF JACKFORK CREEK

NE¼NE_tSE¼ sec. 32, T. 3 N., R. 6 £.
Pontotoc County, Oklahoma

Hemyhouse Facies

This outcrop consists of ~8 ft of the Henryhouse iForma-
tion. The Henryhouse is primarily light-gray, fossiliferous,
silty carbonate. This exposure is located near the top of the
Henryhouse, close to the boundary with the overlying
Haragan-Bois d'Arc (Fi_,. 17). The Haragan is thin in this
area (6 ft thick; Amsden, 1960) and is ]ithologically similar
to the Henryhouse. The faunal differences between the i
Henryhouse and Haragan are very distinct, and biostra-
tigraphy is used to locate the boundary with precision
(Amsden, 1957). The resistant beds at the top of the hill are
Bois d'Arc limestone.

Figure 17. Henryhouse Formation outcrop along the road cut
near the South Forkof JackforkCreek(Stop9; outcropwid6_
is -40 ft).
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STOP 10

HUNTON GROUP IN THE LAWRENCE QUARRY SOUTH OF ADA

sec. 36, T. 3 N., R. 5 E.
Pontotoc County, Oklahoma

Chimneyhill Subgroup and Sylvan Shale the upper part. In some places the silicification is more in-
tense, and this results in nodules and lenses of oolitic chert.

This stop contains excellent exposures of the contact
between the Chimneyhill Subgroup and the underlying The cross-bedded, oolitic nature of the Keel suggests it
Sylvan Shale (Fig. 18). These rocks are exposed along the was deposited as a carbonate shoal in an upper subtidal to
east wall of the quarry where they dip gently (-6 °) to the lower intertidal setting. The high energy of this environ-
east-southeast, ment encouraged oolite precipitation, but was not condu-

cive to faunal proliferation.
The type locality for the Cochrane Formation is nearby,

Stratigraphy and Lithofacies in sec. 5, T. 2 N., R. 6 E., Pontotoc County (Amsden, 1960).
The Chimneyhill strata represented at this stop are the The Cochrane is ~18 ft thick at the type locality, but is

Keel Formation (including the Ideal Quarry Member of somewhat thinner in the quarry wall where it has been
Amsden, 1957) and the Cochrane Formation. In outcrop, truncated by erosion.
the more-resistant Cochrane and Keel cap the wall of the
excavation. The Keel appears lighter colored and more
massive than the overlying darker and rubbly-appearing
Cochrane. Petrographic analysis reveals the Ideal Quarry,
Keel, and Cochrane units have distinct lithologies that re-
flect their differing depositional environments.

The Ideal Quarry Member is closely related to the Keel
and has generally been considered a distinct lithology in
the basal part of the Keel (Reeds, 1911; Maxwell, 1936;
Amsden, 1957,1960). The Ideal Quarry is typically a 1-5-ft-
thick, fossil-rich (well over 50% fossils; Amsden, 1960)
limestone. The fossil material consists mostly of brachio-
pods, gastropods, and pelmatozoans. The matrix com-
monly is clay- to silt-size carbonate, and less commonly is
sparry calcite. Ooids are rare at the base and increase in
number toward the boundary with the overlying Keel. A
significant feature of the Ideal Quarry Member is the coat-
ing of the fossils and grains by concentric layers of calcar-
eous material. This coating has produced irregular to "

_aspherical grains that resemble oolites. These grains are •
apparently oncolites formed by algae.

The carbonate mud, fossil content, and algal coatings
suggest the Ideal Quarry Member was deposited in an
upper subtidal setting. The abundance of fossils suggests
the environment was quiescent enough to support a rich
fauna, yet shallow enough (within the photic zone) to sup-
port significant algal growth.

The type locality for the Keel Formation is also at the
site of the Lawrence quarry (Amsden, 1960). Here it is ap-
proximately 5-7 ft thick and is a light-colored, oolitic lime-
stone. The contact between the Ideal Quarry Member and
the upper part of the Keel Formation is gradational and
often difficult to determine in outcrop. However, the Keel
is oolite rich and relatively fossil poor, whereas the Ideal
Quarry is an oncolitic, bioclastic limestone. The symmetry
of the Keel oolites suggests they were deposited in a wave-
agitated shoaling environment, where mechanical and
chemical action induced sphericity. Most ooids are I mm
in diameter, but some pisolites exceed 3 mm. The most

common matrix is sparry calcite, but microcrystalline cal- Figure 18. Ghirnneyhill Subgroup outcrop in the Lawrence
cite is also a significant cement. Cross-bedded and graded Quarry (Stop 10) showin G(a) Keel and (3ochrano Formatiocu_
ooids are evident in the Keel, suggesting wave or current overlying the Sylvan Shale. and (b) close-up of contact be-
action. Silicification is common in the Keel, especially in tweon the Keel and Cochrane (hammer 1 tt below contact).
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The Cochrane is distinctly different from the underlying SUMMARY OF FIELD TRIP

Keel. The Cochrane is a richly fossiliferous, glauconitic Although most of the key Hunton outcrops were exam-
limestone. Amsden (1957) reported that it is composed of ined during this trip, only outer-ramp rocks were ob-
50--60%fossils. The matrix is composed primarily of micro- served. Therefore, it would not be correct to assume that
crystalline and sparry calcite cement, with lesser amounts this is a typical Hunton section, especially inasmuch as
of micrite. Glauconite is almost universally present in the little of the reservoir-rock facies was observed. On the con-

Cochrane as rounded, millimeter-size grains. Chert is com- trary, northward into the Anadarko basin the Hunton, ,;s-
mon in the quarry exposures and forms a nodular zone at pecially the Chimneyhill-Henryhouse section, changes
the Cochrane/Keel contact. An unconformity separates the dramatically to mid- and inner-ramp deposits that are
Cochrane and the Keel Formations. Amsden (1960) sug- porous and develop excellent reservoirs.
gests this unconformity does not represent a large time Nevertheless, data from detailed outcrop evaluations,
span, but it does involve localized uplift and sufficient tempered with realization of their position on the HuntG.
erosion to remove the Keel and Ideal Quarry strata, and carbonate model, integrated with core and log data, can
permit the Cochrane to rest directly on the Sylvan. The provide valuable information on stratigraphy, lithofacies,
Cochrane is normally overlain by the Clarita Formation, and biofacies. This information can then be correlated into

but the Clarita is absent at this exposure, the overall sequence-stratigraphy model to develop an
The glauconitic and bioclastic nature of the Cochrane sug- understanding of Hunton reservoir development and po-

gest that it was deposited in a shallow-marine setting where tential exploration opportunities.
water chemistry favored the precipitation of glauconite.

The brecciated Cochrane and Keel rocks in the quarry
wall suggest the Hunton was subaerially exposed and sub-
jected to dissolution processes. The exact timing of the
paleokarst genesis is not certain, but it may have formed
during the pre-Frisco or pre-Woodford epeirogenies.
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APPENDIX -- Road Log Along Interstate 35

(from Fay, 1989)

South North Marker Lane*
miles miles Station no. no. W--C-E-77

0 7.3 2312 + 83' C Bridge--On Goddard Formation
2316 W Goddard Formation-Delaware Creek (Caney) Shale contact

0.15 7.15 2320+75' W Delaware Creek (C.aney) Shale outcrop on west side (Fig. l)
2323 + 20' C 44 Mile Post

0.2 7.1 2323+25' W Delaware Creek (Caney) Shale-Sycamore Limestone contact
(Fig. 2)

2323 + 80' (_) W Marker No. l.--Sycamore Limestone, 13 ft below top
0.3 7.0 2329 + 52' W Sycamore Limestone-Woodford Shale contact (Figs. 3-5)

2329 + 70' (_) W Marker No. 2.mWoodford Shale, 9 ft below top
0.4 6.9 2333 + 83' W Woodford Shale-Hunton Group contact (Fig. 6)

2333 + 98' (_) W Marker No. 3.mBois d'Arc Limestone, 1 ft below top
0.5 6.8 2337 + 80' W Hunton Group--Sylvan Shale contact

2337 +80' (_) W Marker No. 4.---Cochrane Limestone of Chimneyhill Sub-
group of Hunton Group, 3 ft above b_e

0.6 6.7 2342 + 70' W Sylvan Shale-Viola Group contact
2342 + 91' (_) W Marker No. 5.mViola Group, 15 ft below top

0.65 6.65 2345 + 23' W Oil seep in Viola Group, east side of west lane (Fig. 7)
0.8 6.5 2352 + 10' W Viola Group-Pooleville Limestone contact

2353+ 15' (_) W Marker No. 6.--Pooleville Limestone Member of Bro-
mide Formation, Simpson Group, 1 ft below top

0.9 6.4 2359 + 30' C Center of bridge over rural road
1.2 6.1 2370 + 25' E Basal McLish sandstone-Oil Creek limestone contact

2376 C 45 Mile Post

2378+59' (_) E Marker No. 7.--Oil Creek Formation, 49 ft above base
(Fig. 8)

1.34 5.96 2379 + 25' E Oil Creek Formation-Joins Formation contact

1.45 5.85 2383+35' E Joins Formation-Arbuckle Group West Spring Creek Formation
contact

2383 +90' E Algal bed in West Spring Creek Formation, beginning of West
Spring Creek road cut on east side of east lane

2384+ 15' (_) E Marker No. 8.--West Spring Creek Formation of Ar-
buckle Group, 67 ft below top

2387+37' (_) E Marker No. 9._West Spring Creek Formation, C-D-P
Zone, or Ceratopea-Diparelasma-Pomatotrema Zone, 284 ft
below top

1.5 5.8 2387+48' E Sandstone bed below C-D-P Zone-4op of red bed sequence in
West Spring Creek Formation (Figs. 9-10)

1.65 5.65 2395 + 06' E Graptolite bed, Didymograptusprotobifidus, in bluish-gray limy shale
a few inches thick (marker for dating West Spring Creek Formation
as Early Ordovician in United States) (Fig. 11)

1.8 5.5 2401 + 15' E Base of red beds in West Spring Creek Formation
1.85 5.45 2404+40' E West Spring Creek Formation-Kindblade Formation contact,

tan dolomitic siltstone on gray limestone (Fig. 12)
2404+42' (_ E Marker No. 10.mKindblade Formation, 2 ft below top

2.2 5.1 2423+15' (_) Marker No. ll.mAxis of anticline in lower Kindblade
Formation, 100 ft above base (Fig. 13)

2.25 5.05 2425 + 30' E Fault contact between Kindblade Formation and Cool Creek Forma-
tion

2428 + 80' C 46 Mile Post

2.45 4.85 2435 + 80' W Lower Cool Creek Formation outcrop
2437 + 05' (_ W Marker No. 12.--Cool Creek Formation, about 700 ft below

top
2.6 4.7 2444 + 80' W Cool Creek Formation-McKenzie Hill Formation contact

*W = West Lane, generally west side; C = Center of Median between four lanes; E = East Lane, generally east side; 77 =
U.S. Highway 77.
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South North Marker Lane*
miles miles Station no. no. W-C-E-77

2.9 4.4 2459 +40' W McKenzie flill _ormation-Butterly Dolomite contact
3.0 4.3 2466 + 90' W Butterly Dolomite-Signal Mountain Formation contact
3.2 4.1 2474+30' _ W Marker No. 20.RSig,aal Mountain Formation-Royer Dolo-

mite, just above contact
2481 + 60' C 47 Mile Post
2483 + 15' (_) W Marker No. 21.--Royer Dolomite, 150 ft above base

3.45 3.85 2485 + 80' W Royer Dolomite-Fort Sill Limestone contact, on slope south of ditch
3.48 3.82 2488 + 50' W Chapman Ranch thrust fault--covered and cannot be seen--Fort Sill

Limestone on Royer Dolomite; approximate position is at fence line
3.7 3.6 2505 C Bridge, above Highway 77, Cattle Pens Interchange

2534 +40' C 48 Mile Post

4.3 3.0 2534 + 80' W Royer Dolomite-Fort Sill Limestone contact---highly distorted beds
2535 + 20' _ W Marker No. 22.JFort Sill Limestone, 9 fi below top (Fig. 14)
2541 _) E Marker No. 23.RRoyer Dolomite, 2 ft above base

4.4 2.9 2542 + 20' W Fault--Fort Sill Limestone-Royer Dolomite
4.7 2.6 2560 + 20' W Royer Dolomite starts to dip north
4.9 2.4 2564 + 80' W Fault--Royer Dolomite-Signal Mountain Formation

2566 + 80' _ W Marker No. 24.--Signal Mountain Formation
4.95 2.35 2569 + 20' W Fault--Signal Mountain Formation-Butterly Dolomite--part of

W&shita Valley fault system
2570 _ E Marker No. 25.--Butterly Dolomite

5.07 2.23 2575 + 30' W Fault--Buttedy Dolomite--Cool Creek Formation

5.15 2.15 2579 + 50' W Cool Creek Formation-Kindblade Formation contact; Cool Creek is a
massive oolitic zone

2581 _ W Marker No. 26.--Lower Kindblade Formation
2587 + 20' C 49 Mile Post

5.35 1.95 2590 + 60' W Kindblade Formation, dipping steeply northward (normal)
5.4 1.9 2592 + 50' W Kindblade Formation--Displacement of drill holes shows evidence of

recent movements; see fold on east side of west lane
2596 + 50' _) E Marker No. 27.JKindblade Formation, 25 ft below top, on east

turnout, west side of north end

5.5 1.8 2598 +55' _ W Marker No. 28.--Kindblade Formation, 52 ft below top, on
west turnout, west side of south end--qectonic breccia in Kind-

blade (Fig. 20)
5.55 1.75 2599 + 30' W Kindblade Formation-West Spring Creek Formation contact, on west

turnout, west side of south end, just north of Marker No. 28
about 75 ft

5.6 1.7 2603 + 80' W Fault--West Spring Creek Formation-Collings Ranch Conglomerate,
on west turnout, west side of north part, north of road to
geologic sign

2604 + 50' _ W Marker No. 29.--Collings Ranch Conglomerate, 70 ft north of
fault, on west turnout, west side of north part

5.7 1.6 2610 _ E Marker No. 30.--Collings Ranch Conglomerate, synclinal axis
(back cover, bottom)

2628 + 75' (_ W Marker No. 16.--Collings Ranch Conglomerate, 25 fi south of
fault

6.1 1.2 2629 W Fault--CoUings Ranch Conglomerate-Bromide Formation; Collings
Ranch dips 11° S--Bromide overturned, dipping south about 61°--
Collings Ranch flat on top of Bromide (back cover, top)

2629 + 22' (_ W Marker No. 19.--Mountain Lake Member of Bromide Forma-

tion, fault contact, 126 ft below Viola Group
2630+ 14' (_ W Marker No. 17.--Pooleville Limestone Member of Bromide

Formation, 36 ft below Viola Group, faulted
6.15 1.15 2630 + 50' W Bromide Formation Pooleville Limestone Member-Viola Group con-

tact--vertical dip with Collings Ranch Conglomerate resting un-
6.2 1.1 2633 + 50' W conformably above synclinal axis in Viola Group

2633 + 70' (_ W Marker No. 18._Viola Group, 175 ft above base
6.25 1.05 2637 + 20' W Viola Group--Bromide Formation Pooleville Limestone Member con-

tact
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South North Marker Lane*
miles miles Station no. no. W-C-F_77

2638 +50' _ E Marker No. 31.mBromide Formation Pooleville Limestone
Member, 15 ft below top

6.3 1.0 2639 W Bromide Formation Pooleville Limestone Member-Mountain Lake
Member contact

2639 + 80' @ E Marker No. 32.--Mountain Lake Member of Bromide Forma-
tion, 6 ft below top

2640 C 50 Mile Post
6.4 0.9 2643 W Mountain Lake Member of Bromide Formation, lower sandstone beds

2643 + 50' (_ E Marker No. 33.--Mountain Lake Member of Bromide Forma-
tion, lower sandstone, 53 ft above base (Fig. 19)

6.45 0.85 2644 + 50' E Fault zone, in valley, basal McLish sandstone to east, against Bromide
and Tulip Creek Formations to west (Fig. 18)

2649 + 68' (_ E Marker No. 34.mMcLish Formation, 2 ft below top
6.5 0.8 2649 + 70' E McLish Formation-Tulip Creek Formation contact (front cover, top)
6.6 0.7 2653 E Tulip Creek Formation--Bromide Formation contact in valley
5.7 0.6 2657 + 10' E Bromide Formation Mountain Lake Member Pooleville Limestone

! Member contact

6.75 0.55 2658 + 60' E Bromide Formation Pooleville Limestone Member-Viola Group con-
tact (front cover, bottom)

2658 + 62' (_) E Marker No. 35.mViola Group, overturned, 2 ft above base
6.8 0.5 2664 + 60' W Viola Group--fault zone splinters, ending in sharp anticline
6.9 0.4 2668 + 30' W Viola Group--Sylvan Shale contact, covered; go west to U.S. Highway

(_) 77 77 to see contact, where Marker No. 13 is in the Viola,
24 ft below top

6.95 0.35 2672 W Sylvan Shale-Hunton Group contact, covered; go west to U.S. High-
77 way 77 to see contact, where Marker No. 14 is in the Keel Lime-

stone of the Chimneyhili Subgroup of the Hunton Group, 2 ft
above the base (Fig. 17)

7.0 0.3 2675 C Bridge over Highway 77-D; Haragan Limestone on west side of
bridge; Woodford Shale on east side of bridge, north side
77-D

7.05 0.25 2677 + 80' W Hunton Group Haragan Limestone-Woodford Shale contact
7.15 0.15 2679 + 50' E Woodford Shale-Sycamore Limestone contact (Fig. 16)

2681 + 55' (_ E Marker No. 36.---Sycamore Limestone, 71 ft above base; on
(_ 77 Highway 77 to west is Marker No. 15, about 110 ft

above the base of the Sycamore Limestone
7.25 0.05 2685 W Sycamore Limestone-Delaware Creek (Caney) Shale contact
7.3 0.00 2692 + 80' C 51 Mile Post--West end of bridge across Honey Creek

2703 + 33' C BridgemU.S. Highway 77 overpass above U.S. 1-35

i
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Generalized geologic map of the Arbuckle Mountains showing field-trip stops 1-10. Modified from work by Ham published in Oklahoma Geological Survey Guidebook 17 (1969).
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