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Figure 10. Selected photographs of core from the Greg Drilling No. 1 Gilmore Puckett well. (A) Contact (arrow) of the
Devonian chert and Chattanooga black shale, at depth of 1,593 ft; several clasts (“c”) of the chert are present in the
shale. (B) Chert breccia in the Devonian, at a depth of 1,594 ft. (C) Minor amounts of oil stain in a tripolitic portion of
the Devonian, at a depth of 1,626 ft.

Figure 11. Microphotographs showing same view of
fractured chert with minor amounts of porosity in the
Greg Drilling No. 1 Gilmore Puckett; depth is 1,594 ft.
The material in the fracture consists of calcite (c),
microquartz or chert {(m), quartz grains/crystals (q),
and minor amounts of pyrite (opaque). (A) Plane-
polarized light; (B) cross-polarized light.
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thin sections is to be expected, because biogenic silica
(opal) is unstable to metastable, and with increasing dia-
genesis this mineral converts to more stable forms of
quartz.

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 are filled
with both calcite and internal sediment, which consists of very fine-
grained carbonate and chert debris. (B) Fracture that is filled with
very finely laminated internal sediment (arrow) at a depth of 3,505
ft; several chent clasts are present at the top of the fracture.

0° 10° 20° 30° 40° 50° 60°

Ouachita
Basin

Sediments <+— Ocean surface-water currents

Cherts %////% Areas of dynamic upwelling
C [4] Siliceous carbonates ~x» Convergent plate junction

Shales and mudstones < Inferred relative plate

movements

Orogenic highlands
and associated delta — — Transcurrent fault
and alluvial sediments

Figure 13. Late Devonian—Early Mississippian paleogeography, palectectonics, and local sedimentary facies around the 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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LATE DEVONIAN - MATURE KARST
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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 uncohformity,

and (4) deposition of the Chattanooga/Woodford Shale.
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KARSTIFICATION AND DIAGENESIS

In many ways the Devonian chert is a product of karsti-
fication and diagenesis. Much of the silica, dolomite, and
calcite were formed diagenetically. It is possible to subdi-
vide the diagenesis into early, intermediate, and late events
(Figs. 7,14). Early diagenesis, begun just after (and possibly
during) deposition, consisted of dolomitization, silicifica-
tion, and calcite cementation. Late diagenesis occurred af-
ter lithification, karstification, and some burial. Subaerial
conditions, as a result of the pre-Chattanooga/Woodford
unconformity, allowed karstification to occur.

Pre-Chattanooga/Woodford Unconformity
and Karstification

The updip limit of the Devonian probably represents an
erosional edge. Subaerial conditions, karstification, and
brecciation have been advocated for zones within the
Arkansas Novaculite and Caballos Formation (Folk and
McBride, 1976; Lowe, 1989), the downdip equivalents to
the Devonian chert.

Breccias have been identified at Devonian outcrops in
the Ozarks and also in core and samples. Some of these
breccias certainly represent subaerial exposure and karsti-
fication; however, later tectonic fractures also appear to be
present and appear to crosscut earlier fractures.

During development of the pre-Chattanooga/Wood-
ford unconformity, subaerial conditions, erosion, and
karstification affected the Devonian sediments (Fig. 14).
Meteoric waters, undersaturated with respect to silica,
would have quickly mobilized the metastable biogenic
silica. Silicification would have occurred once these waters
became saturated with respect to quartz.

During subaerial exposure, meteoric waters infilitrated
the Devonian sediment. A hydrogeologic profile formed
with vadose and phreatic zones (Fig. 14). Dissolution of
carbonates is favored in the vadose and upper phreatic
zones. It is also likely that any remaining biogenic silica
would either be converted to quartz or go into solution to
later be precipitated as quartz. It is likely that some of the
calcium carbonate (aragonite and calcite) was also dis-
solved during karstification. The clasts are predominately
chert, indicating that dissolution of calcium carbonate pro-
moted the loss of support and resulted in mechanical fail-
ure and brecciation of siliceous intervals. The matrix or
cement between clasts includes diagenetic silica, sand, and
carbonates. It is probable that the sand was introduced
during subaerial exposure. Some of the internal sediment
between clasts is laminated.

CONCLUSION

Many mature to senile karst breccias do not make good
reservoirs, due to the lack of porosity and general hetero-
geneity; however, good-quality reservoirs are present in
the Devonian of the Bonanza and Fort Chaffee fields in the
Arkoma basin. The Penters Chert of the Arkoma basin and
the Devonian chert of the Black Warrior basin are unusual
in that their composition is predominantly chert, chalce-
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dony, and dolomite. All of these lithologies are subject to
fracture development, which provides both porosity and
permeability pathways. Combined with intercrystalline
and vuggy porosity of the dolomite, the Devonian chert
can be excellent reservoirs and be good candidates for oil
and gas exploration.
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Sequence Stratigraphy of the Hunton Group
as Detined 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
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reservoirs in the Hunton.

INTRODUCTION

The Hunton Group represents a prolific oil- and gas-
producing horizon in both the Midcontinent and the Mid-
land basin. Equivalent strata in the Black Warrior basin
and other interior basins also show potential for produc-
tion. Most of the Hunton accumulations are structural/
stratigraphic traps, often produced by truncation of
porous carbonate across structural noses. Some of the
greatest potential for Hunton production is now found
in the deepest parts of the Anadarko basin; some of the
deepest gas fields in the world are located in the Hunton
Group at depths below 20,000 ft along the Oklahoma/
Texas border.

From 1982 to 1989, the Hunton Group was studied by
employees and consultants of Masera Corp. as part of a
commercial project. The project area included the Ana-
darko basin, central and southern Oklahoma, and the Ar-
koma basin (Fig. 1). More than 10,000 wells were correlated
and evaluated for reservoir potential. Regional and de-
tailed cross sections were built and used to construct de-
tailed maps that show thickness and net porosity of indi-
vidual zones within the Hunton. Although most of the re-
sults of this project are still proprietary, some of the basic
findings are discussed in this paper.

REGIONAL SETTING

The Silurian-Devonian was a time of widespread ma-
rine-carbonate deposition. Marine waters covered the
Trans-Continental arch and most of the Canadian shield.
In fact, the transgression responsible for this expansive sea
was fully as extensive as that of the Ordovician. Consider-
ing the great thickness of Cambrian—Ordovician carbon-
ates, the Silurian-Devonian strata were deposited as a rela-
tively thin veneer of limestones and dolomites, with locally
significant deposits of sandstone and shale.

In the Midcontinent, the latest Ordovician-Silurian—
Early Devonian is represented by the Hunton Group,
which was deposited primarily as subtidal/intertidal
facies in a ramp-type environment. Outside the Midcon-
tinent, extensive reefs are present in equivalent strata
along the cratonic edges in Nevada, Canada, Franklin
trough of Baffin Island, and Greenland. Off-shelf, dark
graptolitic shales are typical basinal sediments.

Silurian strata are more extensive than the Devonian
and are preserved in diatremes in northern Colorado and
southeastern Wyoming on the crest of the Trans-Continen-
tal arch (Fig. 2; Wilson, 1975). Silurian and lower Devonian
carbonates are also found in karstic deposits within under-
lying Ordovician strata in the Llano uplift.

Pritz, 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.
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Figure 1. Index map showing area of the Hunton Group study.

Figure 2. Map showing distribution and thickness (in feet) of Silurian strata in North America.



Sequence Stratigraphy of Hunton Group

STRATIGRAPHY

The Hunton Group is a readily recognizable distinctive
unit because it is stratigraphically sandwiched between the
Woodford Shale, above, and the Sylvan Shale, below (Fig.
3). The Hunton is composed of sequences of dolomite,
limestone, and calcareous shale. Based primarily on out-
crop surveys, the Hunton is divided into a number of for-
mations. The Chimneyhill Subgroup, at the base, is com-
prised of the Ordovician Keel Formation and the overlying
Silurian Cochrane and Clarita Formations (Amsden, 1961,
1975,1980). The Chimneyhill is overlain successively by
the Silurian Henryhouse and the Devonian Haragan and
Bois d’Arc Formations (Fig. 4). In central and southern
Oklahoma, the Bois d’Arc is overlain by the Frisco Forma-
tion, and in the Arkoma basin the uppermost Hunton is
composed of the Sallisaw Formation (Penters Chert). Some
workers do not include the Sallisaw Formation within the
Hunton Group.

The overlying Woodford Shale and equivalent strata
are part of an extensive sequence of hydrocarbon source
beds that provided oil and gas for many of the Paleozoic
petroleum reservoirs. The Woodford underlies most of
Oklahoma, ranging in thickness from a feather edge in
northern Oklahoma to >700 ft in southern Oklahoma. It
contains conodont fauna of Late Devonian to Early Missis-
sippian age.

The Woodford is easily distinguished on outcrop by its
dark-gray to black color and its cherty composition, and in
the subsurface it is an excellent “marker bed” because of its
distinctive “high” gamma-ray response (Fig. 3).

The underlying Sylvan Shale is typically a greenish-
gray to greenish-brown marine shale. On average the Syl-
van is <50 ft thick, although it attains a thickness of >300 ft
in the Arbuckle Mountains.

PETROGRAPHY

More than 100 cores from Texas, Oklahoma, and Arkan-
sas were described and evaluated during the course of this
study. Recognition of lithofacies in these cores is based on
texture, sedimentary structures, constituents, and geom-
etry.

Lithofacies are classified according to Dunham’s orga-
nization of inferred depositional textures (Fig. 5). Mud-
supported rocks are much more abundant than grain-sup-
ported rocks, although a gradation exists between the two
types. The Chimneyhill Subgroup and the Frisco tend to
have more grain-supported textures, whereas the Henry-
house to Bois d"Arc section is typically mud-supported.
The precursor to the Penters Chert was most likely mud-
supported, but it is difficult to determine the original fab-
ric due to the amount of alteration and brecciation.

Burrows and bioturbation are the most common types
of depositional structures. Ripple bedding and cross bed-
ding are typical of pelmatozoan and oolitic grainstones
and packstones. Algal laminations are common and are
often associated with fenestral fabric. Thin- to medium-
bedded strata are present on outcrop and in core.

The most common constituents are skeletal fragments
and lime mud (micrite). Peloids and ooids are common in
high-energy facies. Skeletal fragments consist mostly of
pelmatozoan material (dominantly crinoids). Certain por-
tions of the Hunton contain abundant brachiopods (such
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Figure 3. Type log of the Hunton Group in central Oklahoma
(excluding the Sallisaw Formation).

as the Henryhouse) and abundant bryozoans (such as the
Frisco). Other skeletal grains include algae, trilobites, cor-
als, mollusks, and ostracods.

Terrigenous constituents are typically clay, with some
quartz silt and sand. Penecontemporaneous constituents
include dolomite, anhydrite, and glauconite.

Selected Core Analyses

The following cores were selected to represent various
stratigraphic units and facies.

Gulf No. 1 Streeter

Most of the Hunton (Frisco 6,954-7,043 ft; Henryhouse
7,043-7,085, 7,105-7,268; and Cochrane 7,282-7,298 ft) is
represented in this core (Fig. 6). This well is in the West
Edmond field, in sec. 20, T. 13 N., R. 4 W.

The Frisco Formation (6,954-7,043 ft) is an oil-stained
limestone that ranges from mud /wackestone to grainstone
(Fig. 7). The fossil content includes pelmatozoans, bryozo-
ans, brachiopods, and trilobites (Fig. 8). Porosity is either
intraparticle or vuggy. The vugs are actually solution-
enlarged intraparticle pores. The environment of deposi-
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Depositional Texture recognizable Depositional texture
not recognizable
Original components not bound together Original components
during depositions were bound together
- during deposition... as
. Containsmud shown by intergrown
(particles of clay and fine silt size) ch'ks mud | skeletal matter, lami- | Crystalline carbonate
. andis gramn- | pation contrary to
Mud-supported su(;gg;]té g supported gravity, or sediment-
Lessthan | More than floored cavities that o .
10% grains | 10% grains areroofed over by | (Subdivide according
organic or question- to classifications
ably organic matter | designed to bear on
and are too large to physical texture or
be interstices. diagenesis.)
Mudstone | Wackstone | Packstone | Grainstone Boundstone

(DUNHAM,1962)

Figure 5. Dunham’s classification chart (Dunham, 1962).

tion was probably subtidal, and the range in texture prob-
ably corresponds to the range in strength of the currents.
Mud-mound complexes are suggested by the abundant
crinoid fragments.

The upper part of the Henryhouse (7,043-7,148 ft) is a
gray lime wackestone, with an oolitic grainstone at 7,052—
7,055 ft. The wackestone is slightly dolomitic in part of the
interval. Fossils in the Henryhouse are pelmatozoans, bra-
chiopods, trilobites, bryozoans, and ostracods. Effective
porosity is present in only the oolitic zone. A lagoonal fa-
cies (7,043-7,052 ft) with sparse fossils, suggestive of re-
stricted conditions, overlies the oolitic shoal and represents
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,
abundant mud, and stratigraphic position.

From 7,148 to 7,180 ft, the Henryhouse is a pelmato-
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
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 are
brachiopods, 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
diverse fauna and delicately preserved features. The dolo-
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
wackestone, which is part of the Chimneyhill Subgroup.
Low-energy subtidal conditions are indicated in this inter-
val by the diverse fauna and well-preserved delicate fea-
tures.

Sunray No. 1 Frans

This well is located in sec. 3, T. 15 N., R. 16 W.; Custer
County, Oklahoma. The total interval that was cored is
from 14,505 to 14,720 ft (Fig. 9). When comparing the cored
interval to the wireline log, the core needs to be adjusted
downward 5 ft to correspond to log depths. The Henry-

house Formation of the Hunton Group comprises the
Franz core. The Henryhouse consists of two facies that
show aggradation and progradation, with an intertidal
facies overlying a subtidal facies.

The upper facies (14,505-14,680 ft) is a medium-gray,
burrowed dolomudstone/wackestone (Fig. 10). Thin brec-
cias are present at 14,513-14,514 ft and 14,575 ft. Replacive-
calcite nodules and vugs are present along with less com-
mon vug-filling and nodular anhydrite (Fig. 11). Visible

Gulf Streeter No. 1
Sec. 20,’T13N) R4W

{wbFD

HUNTON

SYLVAN|

Figure 6. Well log of the Gulf No. 1 Streeter showing location
of cored interval.
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porosity is developed in burrowed zones; there are scat-
tered occurrences of disseminated dead oil. This facies is
interpreted to have been deposited in an intertidal envi-
ronment.

The lower facies (14,680~14,720 ft) is a medium- to dark-
gray, lime wackestone /mudstone. Fossil fragments are
common, as is lamination to very thin bedding. Chert oc-
curs as scattered nodules. The depositional environment is
interpreted to have been in a subtidal facies.

R. D. Fritz and P. L. Medlock

Sun Oil No. 11 Kilcrease

This well is located in sec. 36, T. 5 N., R. 7 E., Pontotoc
County, Oklahoma. The Hunton Group formations in the
core are Henryhouse, Clarita, Cochrane, and Keel, along
with the underlying Sylvan (Fig. 12). The core needs to be
moved down ~5 ft to correspond to the wireline log.

The upper part of the Henryhouse (3,902-3,916 ft) con-
sists of a greenish-gray to gray dolomitic lime mudstone/
wackestone (Figs. 13,14). Dolomite content is 40-50%.

Figure 7. Photographs of selected core from the Gulf No. 1 Streeter: (a) 6,980 ft—Crinoidal packstone with some oriented grains
and solution features (dark patches). Frisco Formation, moderate-energy, subtidal environment. (b) 7,053 ft—Oil-stained oolitic
grainstone. Henryhouse Formation, high-energy, subtidal/intertidal shoal. (c) 7,071 ft—Wackestone with hummocky bedding
formed by incipient stylotization. Low-energy, subtidal environment. (d) 7,160 fi—Crinoidal packstone with low-amplitude stylolites.
Henryhouse Formation, low- to moderate-energy, subtidal environment. (e) 7,185 ft—Wackestone with solution features (dark
areas). Low-energy, subtidal environment. (f) 7,249 ft—Dolomudstone. Bioturbated and slightly laminated. Cochrane Formation,

intertidal environment.
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Figure 8. Photomicrographs from analysis of core from the Guif 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.
(c) 7,055 ft—Grainstone with coated grains and interparticle porosity. Henryhouse Formation, high-energy, subtidal/intertidal shoal.
PPL. (d) 7,058 ft—Poorly sorted dolomitic wackestone/packstone. Low-energy, subtidal environment. PPL. (e) 7,150 ft—Crinoidal
packstone/grainstone, cemented by syntaxial overgrowths. Henryhouse Formation, moderate-energy, subtidal environment. PPL,
(f) 7,250 ft—Dolomudstone with possible burrow. Intertidal environment. PPL.
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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 thinner sections below, is a breccia. Breccia-
tion is due to karstification, with the cavities filled by detri-
tal carbonate (dolomite and limestone) and siliciclastics
(mudstone and sandstone—the Misener overlies the Hun-
ton in this well). Some voids are also filled with calcite. The
filled solution cavities are both vertically and horizontally
oriented. Sedimentary features in the nonbrecciated Clarita
include burrows, sparse bedding /laminae, and cross bed-
ding. Faunal content consists mainly of crinoids, brachio-
pods, and trilobites, with minor bryozoans. This unit is inter-
preted to have been deposited as part of a subtidal shoal.

R. D. Fritz and P. L. Medlock

The Cochrane (3,993-4,018 ft) is a glauconitic, lime
wackestone with mudstone. In this interval, breccias are
also present and probably formed during the karst episode
that affected the Clarita. Cavities in the Cochrane are also
filled by detrital carbonate and siliciclastics along with
calcite. Pelmatozoans and brachiopods are the dominant
fossil elements. The Cochrane probably was deposited in a
subtidal environment.

The Keel (4,018—4,025 ft) is an oolitic, lime grainstone

Figure 10. Photographs of selected core from the Sunray No.1
Frans: (a) 14,531 ft—Burrowed dolomudstone with calcite-
filled vugs; low porosity. Intertidal environment. (b) 14,645 ft—
Burrowed dolowackestone with well-developed porosity. Dead
oil (black) in some of the pores. Henryhouse Formation, inter-
tidal facies. (¢) 14,706 ft—Subtle lamination, dark chert (lower
right), and sparry caicite nodules in a lime wackestone/mud-
stone. Henryhouse Formation, subtidal facies. (d) 14,714 ft—
Faintly laminated, lime wackestone/mudstone, with randomly
oriented fossils; minimal burrowing. Subtidal environment.
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with some packstone; the upper part has also been affected
by brecciation. Horizontal bedding and cross bedding are
the main sedimentary structures. Crinoids are abundant in
the lower part of the Keel. Glauconite is present in lami-
nae-like streaks. This unit probably represents an upper-
subtidal shoal.

Figure 11. Photomicrographs from analysis of core from the
Sunray No. 1 Frans: (a) 14,505 ft—Good intercrystalline and
moldic porosity, partial dissolution of crinoid-arm plates in
burrowed dolowackestone. Henryhouse Formation, intertidal
facies. Plane-polarized light (PPL). (b) 14,531 ft—Dolomite
with dead oil in intercrystalline pore spaces; porosity is best
developed where coarser rhombs are located. Henryhouse
Formation, intertidal facies. PPL. (¢) 14,563 ft—Vug filled with
anhydrite (a) and calcite (c). Henryhouse Formation, upper
intertidal facies. PPL.

Sun Kilcrease No. 11
Sec. 36,T.5N.)R.7E.

G.R. Resistivity -

WOODFORD

M
I
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SYLVAN

Figure 12. Well log of the Sun No. 11 Kilcrease showing loca-
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
and above low tide; and subtidal, which occurred below
low tide. These environments can be further subdivided
into upper and lower parts (Fig. 17). Adjacent environ-
ments, such as the transitional area between intertidal and
subtidal facies, can form distinctive lithofacies and herein
are treated as separate facies. Within the subtidal environ-
ment there is a facies unique to the Frisco Formation, and
that is crinoidal mud mounds. The constituents, textures,
and structures of each facies are described below:
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Figure 13. Photographs of selected core from the Sun No. 11 Kilcrease: (a) 3,907 ft—Dolomitic mudstone/wackestone with fenes-
tral fabric and algal lamination. Henryhouse Formation, intertidal environment. (b) 3,994 ft—Collapse breccia to crackle breccia,
composed of wackestone and filled with glauconitic sediments. Cochrane Formation, subtidal environment. (c) 4,012 ft—Coarsely
crystalline calcite-filling cavity. The rock is glauconitic wackestone. Subtidal environment. (d) 4,022 ft—Oolitic grainstone. Keel
Formation, subtidal shoal.

Upper intertidal to supratidal —Algally laminated mud-
stones predominate in this environment. Fenestral fabrics
are common and there is a paucity of fossils and burrow-
ing. Anhydrite nodules and replaced evaporites, such as
silica nodules with relict anhydrite crystals, are present in
this facies (Chowns and Elkins, 1974; Beardall, 1983).

Upper subtidal to lower intertidal.—This facies is typi-

cally a crinoidal wackestone. Brachiopods are also present;

trilobites and bryozoans may be present, but are rare. Bur-

rowing is the most common sedimentary feature; it prob-

ably enhances permeability of this facies for later dolomit-

ization, which forms a reservoir-quality lithology.
Lagoons. Lagoons may form in this area and the sedi-
ments that are deposited typically-are peloidal mud/
wackestones.

Subtidal.—This facies can also be subdivided into upper
and lower (open-marine) systems, in response to wave and
current energy. Typical textures are wackestone to mud-
stones, with rare packstones, and they contain a diverse
fauna of crinoids, brachiopods, trilobites, bryozoans, and
ostracods. Delicate, thin-shelled fossils are well preserved
in the lower subtidal facies. Common sedimentary struc-
tures include burrows and hummocky to nodular beds.
Shoal. Oolitic and peloidal grainstones, along with
skeletal grainstones, comprise this facies. Cross bed-
ding is common; other sedimentary structures are thin
beds and ripple laminae. Where dolomitized, this fa-
cies is an excellent reservoir.

Crinoidal mud mounds. This depositional environ-
ment has been identified in, and is probably restricted
to, the Frisco Formation. It formed where crinoidal-
and bryozoan-rich bioherms acted as baffles to trap
lime mud, thus forming a mud-supported mound fa-
cies with associated grain-supported flanking and cap-
ping facies (Fig. 18; Medlock, 1984).

Cyclicity

The above facies occur in shallowing-upward cycles or
parasequences. A complete sequence is shown in Figure 19;
however, it is important to recognize that complete se-
quences are not commonly observed, due to progradation
and disconformity or unconformity. As previously dis-
cussed, the Hunton is composed of a series of prograda-
tional, aggradational sequences that built generally south-
ward on a ramp. The composition of each particular se-
quence is dependent on its position on the ramp. For ex-
ample, a sequence from the Henryhouse Formation on the
outer ramp (e.g., southern Oklahoma outcrops) is rela-
tively thin (<25 ft) and is typically composed of open-
marine calcareous shales and mudstones that shallow up-
ward into subtidal mudstones and wackestones (Fig. 20).
Farther up the ramp (e.g., Anadarko basin and shelf),
equivalent Henryhouse strata are represented by thicker
sequences (>50 ft) composed, from bottom to top, of the
following: (a) lower subtidal mudstones and wackestones,
(b) shallow subtidal wackestones, packstones, and grain-
stones, and (c) lower intertidal wackestones and pack-



Sequence Stratigraphy of Hunton Group > 171

Figure 14. Full-core photographs of the lower Henryhouse (3,947-3,955) and upper Chimneyhill (3,955-3,970) in the Sun No. 11
Kilcrease. Note sandstone-filled karst features, which are dark material from 3,956-3,961 ft.
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Figure 15. Photomicrographs from analysis of core from the Sun No. 11 Kilcrease: (a) 3,957 ft—Collapse breccia; cavity filled
with clastic material and packstone. Clarita Formation, subtidal shoal environment overprinted by karstification. Plane-
polarized light (PPL). (b) 4,024 ft—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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Figure 17. Depositional model for Chimneyhill through Bois d’Arc strata.

stones. On the upper ramp (e.g., northwest Oklahoma
shelf), the sequences are usually composed of intertidal to
supratidal deposits that are sometimes truncated by local
intra-Henryhouse unconformities. :

SEQUENCE STRATIGRAPHIC MODEL

One of the keys in developing an understanding of a
potential pay is to integrate all data from cores, outcrops,
samnples, logs, etc., into a comprehensive model that can be
used to evaluate reservoir characteristics for exploration
and exploitation purposes. It is particularly important to
understand facies vs. log response, even if it’s only qualita-
tively, to provide a framework for detailed correlation and
discovery.

Facies vs. Log Response

In the Chimneyhill through Bois d’Arc section, the most
consistent factor which controls log response is shaliness.
Fine clastics typically occur in the lower energy environ-
ments, such as the open marine and lower subtidal set-
tings. Fine clastics are also found in the upper intettidal to
supratidal environments, due to windblown deposition,
and they may be winnowed by currents into the low-
energy subtidal facies.

A typical sequence or parasequence has a low-energy,

high-energy, and low-energy configuration from base to
top. The effect is that the upper subtidal to lower intertidal
environments have the cleanest (lowest) gamma-ray re-
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-
tertidal to supratidal responses are in between, and can be
quite “shaly” in areas where there is a concentration of
windblown clastics (Fig. 21). Of course, there are many
variations and exceptions to those observations; this is es-
pecially true in areas of high porosity and high water satu-
rations, where the gamma-ray log will show “clean,” but
the resistivity will be low.

Unconformities

The pre-Woodford unconformity is the hiatus most
commonly associated with the Hunton Group. There are
also several intra-Hunton unconformities, such as those
found at the Silurian-Devonian contact and the base of the
Frisco. This later unconformity is the most important be-
cause it represents the period of maximum erosion and
truncation of the Hunton, even though the time gap is only
1-2 million years. The amount of erosion is substantiated
by the stratigraphic relationship of the Frisco to the under-
lying units (i.e., Frisco can be found resting unconformably
on Chimneyhill to Bois d’Arc strata; Fig. 22).
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Correlation

An extensive network of cross sections was built that
included strike and dip sections at a density of at least one
per township. The area covered by these cross sections in-
cludes the Anadarko basin in Texas and Oklahoma, the
Arkoma basin in Oklahoma and Arkansas, and central and
southern Oklahoma. Although Hunton outcrop nomencla-
ture has been used by others extensively on the surface,
with some accuracy, in the subsurface the use of these
names has been extensively misapplied and has led to
great confusion in external correlations of the Hunton
Group. For example, in central Oklahoma and the Ana-
darko basin, the uppermost porous unit of the Hunton is
often named, and correlated with the Bois d’Arc; in fact,
however, the Bois d’Arc has been truncated over most of
this area, and the uppermost porous unit is usually Henry-
house or Frisco.

WAVE BASE

Evaluation of these cross sections and integration of
core and outcrop data first revealed that there was not a
typical Hunton section for correlation purposes; in fact, at
least three type logs are required to understand the strati-
graphic relationships of the intra-Hunton sequences. Fig-
ure 22 shows the correlations and sequence relationships
from west to east among the type sections for the Ana-
darko basin, southern Oklahoma, and the Arkoma basin.

RESERVOIR CHARACTERIZATION

Porosity, and thus reservoir development, is facies de-
pendent in the Hunton, although there are several proc-
esses which influence porosity development. An evalua-
tion of the diagenetic history of the Hunton reveals that the
two most important processes are dolomitization and dis-
solution (Fig. 23).
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Figure 18. Depositional model for the Frisco Formation.
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Figure 21. Log showing typical response of SP, gamma-ray,
and resistivity curves to depositional environments.

Porosity Development

Significant porosity formation in the Hunton usually
occurs in oolitic, dolomitized grainstones (Keel and Henry-
house), and dolomitized, burrowed wacke/packstones
(Cochrane, Henryhouse, and Haragan/Bois d’Arc). These
units are typically subjected to at least three stages of dolo-
mitization and multiple stages of dissolution in the form of
karstification or connate fluids (Manni, 1985) The relation-
ship of dolomitization and facies is shown in Fig. 24.

Porosity development in the Frisco is different than in
most other parts of the Hunton; most porosity in the Hun-
ton is related to dolomitization, whereas the Frisco is rarely
dolomitized. It typically has inter- and intraparticle poros-
ity combined with moldic to vuggy porosity.

The Penters is unusual in that it has been subjected to
intense karstification, typically associated with porosity
occlusion; however, the high percentage of chert combined
with dolomite develops an extensive fracture system that
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can drain hydrocarbons from the intercrystalline porosity
in the dolomite.

Trap and Geometry

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
Hunton is where porous facies are truncated by either the
pre-Woodford unconformity and/or intra-Hunton uncon-
formities along a structural nose. This is particularly true
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
source rock are the Woodford Shale (Fig. 25).

Another common reservoir configuration in the Hunton
is trapping by permeability barriers caused by facies
changes or karst profiles along structural noses or faults
(Fig. 25).

In the Arkoma basin, fractured reservoirs and Hunton
fields are more commonly related to structural configura-
tion (e.g., Bonanza field).

CONCLUSIONS

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, integrated
with a comprehensive sequence-stratigraphy model, can
greatly enhance success for exploration programs or field
development.
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GENERALIZED DIAGENETIC SEQUENCE

OF HUNTON DOLOMITES
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Hypersaline
Mixad-water
Baroque

SILICA
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Equant/blocky
Lime mud
lithification

Mold/vug filling

EARLY

DIAGENETIC
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SUBAERIAL.
EXPOSURE/KARST

INTERNAL
SEDIMENTATION

DISSOLUTION
STYLOLITIZATION
FRACTURING

HYDROCARBON
MIGRATION

GENERALIZED DIAGENETIC SEQUENCE

OF HUNTON LIMESTONES

MINERAL.
PARAGENESIS
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Hme mud
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Syntaxial/
Blocky/equant
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Phreatic

DIAGENETIC
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SUBAERIAL EXPOSURE/
KARSTFICATION
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HYDROCARBON
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Figure 23. Generalized diagenetic sequence of Hunton dolomites (above) and Hunton limestones (below).
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Figure 24. Diagram showing the relationship of dolomitization to depositional facies.
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porous carbonate).
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Figure 26. Isopach map of Frisco limestone at West Edmond field (smaller squares are 1 mi2).
Cross section C—C’ shown in Figure 27.
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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).



PART 2

ST TS DT TS

Field Trip






il 1 2 | 2 |

Oklahoma Geological Survey Special Publication 93-4

il | B 1 2 ] 2

Hunton Group Field Trip
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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, such as the Fussel-
man Formation in the Midland basin, have also been pro-
lific producers.

Hunton strata are part of a large ramp on which were
deposited Ordovician through Devonian carbonates that
covered much of North America. In the Arbuckle Moun-
tain region, the Ordovician—Silurian section of the Hunton
can be divided, in ascending order, into the Chimneyhill
Subgroup (which consists of the Ordovician Keel Forma-
tion and the Silurian Cochrane and Clarita Formations)
and the overlying Henryhouse Formation. The Devonian
Hunton is composed of the Haragan, Bois d’Arc, and
Frisco Formations (Fig. 1).

The Paleozoic outcrops along I-35 (Appendix) in south-
ern Oklahoma have become classic exposures in a rela-
tively short time and have been the site of numerous field
trips. During construction of I-35 in the late 1960s, Dr. Rob-
ert O. Fay was commissioned by the U.S. Bureau of Public
Roads, through the Oklahoma Geological Survey, to “sal-
vage anything of scientific value and to study and map
new exposures of rock” (Fay, 1969,1989). Figure 2 is a strat-
igraphic section developed by Fay (1989) that shows the
stratigraphic position and thickness of all units exposed in
the I-35 road cut.

Outside of the Arbuckle Mountains, there are relatively
few good outcrops of the Hunton Group in Oklahoma.
There are a few interesting outcrops in northeastern Okla-
homa on the west flank of the Ozark uplift. In northern Ar-
kansas, however, there are excellent outcrops along the
Buffalo and White Rivers on the south flank of the Ozark
uplift. One of the primary problems, regarding Hunton
depositional facies, that must be understood when view-
ing outcrops in southern Oklahoma, is that the Hunton

Richard D. Fritz
MASERA Corp.
Tulsa, Oklahoma

James E. Barrick
Texas Tech University
Lubbock, Texas

James Puckette

Oklahoma State University

Stillwater, Oklahoma
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Figure 1. Stratigraphic subdivisions of uppermost Ordovician,
Silurian, and Devonian Systems recognized on outcrop in the
Arbuckle Mountains and Criner Hills of southern Oklahoma
(Barrick and others, 1990).

Al-Shaieb, Zuhair; Fritz, R. D.; Barrick, J. E.;; Medlock, 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.
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STRATIGRAPHIC SECTION EXPOSED ON I-35 THROUGH
THE ARBUCKLE ANTICLINE AND MAPPED AREA

MAP THICKNESS (ft)
QUATERNARY Alluvium and Terrace deposits Qat
UNCONFORMITY ~mermrmr
PERMIAN - . )
Pontotoc Group undifferentiated Po/lPp
PENNSYLVANIAN UNCONFORMITY
PENNSYLVANIAN Collings Ranch Conglomerate IPcr 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 g Bois d'Arc Limestone * 9 19
§ Haragan Formation * 25 16
13 Henryhouse Formation * 191 72
o
SILURIAN Glgg| Clarita Limestone * 12 16
8 28| Cochrane Limestone * 13 4+
SIES
T|ER ]
O Keel Limestone * 7
Sylvan Shale Os 305 275
Viola Group Ov 684 710
j Bromide Formation Obr 420 346
o Poolville Limestone Member * 120 80
(% Mountain Lake Member * 300 266
é Tulip Creek Formation Otc 395 297
ORDOVICIAN |E McLish Formation Om! 475 397
@ Oil Creek Formation Ooc 747
|| Joins Formation Oj 294
8 West Spring Creek Formation Ow 1515
% Kindblade Formation Ok 1410
2 Cool Creek Formation Occ 1300
<
5 McKenzie Hill Formation Omh 900
§ Butterly Dolomite Ob 297
- .
3
G Signal Mountain Formation €sm 415
4]
§% Royer Dolomite €ry 717
-_3_ Fort Sill Limestone €fs 155
CAMBRIAN <
o5
oo
-é‘-" Honey Creek Limestone €he 105
= @
F3z Reagan Sandstone €r 240
Colbert Rhyolite €c 4500 drilled 7500 estimated

+% Formation or member shown only on cross section

Figure 2.

Correlation chart for the Arbuckie anticline showing thickness of formations on outcrop (Fay,

1989).
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Figure 4. Geologic map of the Hunton Group on the Lawrence uplift showing field-trip stops 8-10 (modified from Amsden, 1960).

was deposited on a ramp, and the facies change signifi-
cantly updip and downdip along the ramp. Therefore, the
facies that we see in cores from the Anadarko basin are
usually not represented in the outcrop. This is especially
true of the Henryhouse Formation, which contains excel-
lent reservoirs in the lower intertidal /upper subtidal facies
on the Anadarko shelf. In contrast, Henryhouse outcrops
in the Arbuckle uplift are dominantly thin, argillaceous,
lower subtidal facies that are not reservoir quality rocks.

The primary purposes of this brief field excursion are to:
(1) study the stratigraphy and post-depositional history of
the Hunton Group, (2) examine the cyclic nature of the
Hunton carbonates, and (3) examine the relationship of se-
quence stratigraphy to correlation and reservoir develop-
ment. The general geology of the Arbuckle Mountains and
the planned field-trip stops are shown in Figures 3 and 4.
The general itinerary of field-trip stops is given in Table 1,
and a detailed road log is given in Table 2.
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TABLE 1. — PROPOSED FIELD-TRIP ITINERARY TO EXAMINE
THE HUNTON GROUP IN THE ARBUCKLE MOUNTAINS

7:00 Check-out Leave for Arbuckle Mountains
9:00 Stopl  Scenic Turnout — North Flank of Arbuckle Mountains
Arbuckle uplift overview
945 Stop2  Sylvan Formation-Hunton Group Contact
Chimneyhill Subgroup
10:00 Stop3  Silurian-Devonian Contact in the Hunton Group
Henryhouse, Haragan, and Bois d’Arc Formations
10:30 Stop4  Woodford Shale
Source rock for the Midcontinent
1045 Stop5  Turner Falls Scenic Overlook (Optional)
Travertine deposition
11:00 Stop6  Hunton Group on U.S. Highway 77
Chimneyhill Subgroup, Henryhouse and Haragan Formations
1200 Lunch  Lake of the Arbuckles Overlook
1:00 Stop7 Hunton Anticline Quarry
Structure and lithology of the Bois d’Arc Formation
2:30 Stop8  Frisco-Bois d’Arc Contact on Bois d’Arc Creek
Facies and depositional environment of Frisco mud mounds
3:30 Stop9  Road Cut Near the South Fork of Jackfork Creek
Henryhouse facies

4:00 Stop10 Hunton Group in the Lawrence Quarry South of Ada
Chimneyhill Subgroup and Sylvan Shale

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

Cumulative
mileage  Interval
0.0* 0.0
20 2.0
3.0 1.0
319 289
38.6 6.7
47.5 8.9
53.5 6.0
55.9 24
56.3 0.4
58.4 21
60.6 22
61.5 0.9
62.1 0.6
62.7 0.6
64.4 1.7
65.5 11

Cumulative
mileage  Interval

Proceed west on Lindsey St. 65.9 04 Road cut through stromatolite-bearing
Intersection of Lindsey St. and Inter- ‘ Cool Creek Limestone.
state 35 (I-35). Proceed south on I-35. 66.2 0.3 Carter County line.
Bridge over the Canadian River. 66.9 0.7 Road cut in the Oil Creek Formation.
Paoli exit. Continue south on I-35. 67.4 0.5 Road cut in the Viola Formation.
Pauls Valley exit. Continue on I-35. 67.8 0.4 Stops 2, 3, and 4 — Sylvan Shale,
Wynnewood exit. Continue south on I-35. Hunton Group, and Woodford and
Rest Sycamore Formations. South-dipping

estarea. ) beds of the Sylvan through Sycamore
Junction of I-35 and State Highway 7 to Formations are exposed on the west
Davis and Sulphur. Continue south on I-35. side of the southbound lane of I-35.
Entering Murray County. . Stop 2is the Sylvan Shale-Hunton
Weigh station. Group contact and the Chimneyhill
Junction of I-35 and U.S. Highway 77 Subgroup.
(US-77). Proceed south on I-35. Stop 3 is the Silurian-Devonian contact

in the Hunton Group (Henryhouse,

Road cut through the Viola and Simpson Haragan, and Bois d’Arc Formations).

Groups.
. Stop 4 is the Hunton Group-Woodford
ggiéﬁ,‘:;g;;&l_lgh the Collings Ranch Shale contact (Woodford Shale and over-

Stom 1 — Seerd Asbuckle Unlift lying Sycamore Limestone).
P 1. >cemc tumout. Arbucide Up 690 12  Exit42atjunction of [-35 and State
’ Highway 53. Leave I-35.

Junction of I35 and US-77. Continue 69.1 0.1  Stop sign. Turn left, proceed under over-

soutl.l on I-35. pass, turn left, and continue north on 1-35.
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
mileage  Interval
70.5 14
70.9 04
71.5 0.6
72.3 0.8
73.7 14
75.7 2.0
75.9 02
76.6 0.7
77.7 1.1
78.1 04
81.4 3.3
83.5 2.1
86.5 3.0
87.6 1.1
90.5 29
91.2 0.7
91.9 0.7
922 0.3
924 02
92.7 03
93.1 04
101.3 8.2
106.6 53
108.2 1.6
108.5 0.3
108.8 0.3
115.2 6.4
121.7 6.5
123.7 20

Milepost 44. Road cut in the Sycamore
Limestone.

Road cut in the Viola Group limestone.
Road cut in the lower Simpson Group.
Road cut in the Arbuckle Group.
Junction of I-35 and US-77. Exit I-35
and turn left to go north on US-77.

Stop 5 — Turner Falls Overlook.
Travertine deposit in Honey Creek
Limestone and stromatolite-bearing
Cool Creek Formation.

Fault contact between Pennsylvanian
Collings Ranch Conglomerate and the
Ordovician Cool Creek Formation.
Entrance to Turner Falls Park on left.
Stop 6 — Hunton Group. Exposure on
west side of US-77 represents a nearly
complete section of strata from the
Upper Ordovician Sylvan Shale (south
end of road cut) to Upper Devonian
Woodford Shale (north end of road cut).
Woashita River crossing.

Intersection with State Highway 7 (OK-
7). Turn right and proceed east on OK-7.

East through the town of Davis to State
Highway 110 (OK-110) intersection.
Exit OK-7 and take OK-110 south
toward Dougherty.

Curve in road.
Intersection; continue left on OK-110.
Exit left (northeast) to Arbuckle Dam.

Lunch site; Lake of the Arbuckles over-
look.

Return to OK-110 and turn left.
Make a left turn on “gravel road.”
Rock Creek Bridge.

Turn right to go to the Hunton quarry.
CAUTION: rough road.

Stop 7— Hunton anticline: exposures of
the Woodford Shale, Bois d’Arc Lime-
stone, and the Haragan Formation.

Return to OK-7 and turn east (right).
Entering Sulphur, Oklahoma.
Artesian spring on right side of the road.

Intersection with U.S. Highway 177
(US-177). Turn left (north) on US-177.

Intersection with OK-7. Turn right and
continue east on OK-7.

Intersection with State Highway 1 (OK-
1). Turn left on OK-1 and proceed north.

Entering Pontotoc County; continue on
OK-1.

Roff, Oklahoma. Immediately north-

Cumulative

mileage  Interval
125.0 1.3
136.4 114
139.0 26
139.5 0.5
141.2 1.7
141.6 04
142.0 0.4
142.6 0.6
143.6 1.0
1441 0.5
144.2 0.1
144.3 0.1
144.5 0.2
144.6 0.1
1450 0.4
1453 0.3
146.0 0.7
146.5 0.5
147.5 1.0
148.0 0.5
1481 0.1
149.5 14
150.7 1.2

east of town is a glass-sand pit in the
Simpson Oil Creek Formation.
Intersection with County Highway 61.
Take County Highway 61 east.
Intersection with State Highway 99
(OK-99). Turn left and proceed north
on OK-99.

Stop 8 — Frisco-Bois d’Arc contact on
Bois d’Arc Creek and the mound facies
of the Frisco Formations. Faulted con-
tact between the Woodford Shale and
Frisco Formation. Proceed north on
OK-99.

Intersection with country road, turn
west (left).

Bend in road, Haragan outcrop on left.
Intersection. Turn right (north).

Proceeding north: Woodford Shale on
right side of the road.

Intersection. Turn west (left).
Intersection with locked gates. Turn

right and proceed north. Driving on
Bois d’Arc Limestone.

Stop 9 — Henryhouse exposed at road
cut near the South Fork of Jackfork
Creek.

South Fork of Jackfork Creek.

Crest of hill. Henryhouse is exposed in
ditches on both sides of the road.
North Fork of Jackfork Creek.

Road turns west and then northwest.
Road turns north.

Intersection. Turn left (west).
Intersection. Turn right and proceed
north.

Road turns west.

Road turns north.

Go under conveyer that carries rock

from Lawrence Quarry to Ideal Cement
plant in Ada.

Intersection of OK-1. Turn left and pro-
ceed southwest on OK-1.

Turn left into Lawrence Quarry entrance.

Entering Lawrence Quarry. CAUTION:
Watch out for large trucks.

Stop 10 — Exposed contact of the Chim-
neyhill Subgroup and the underlying
Sylvan Shale. Excellent exposures of the
Keel (including the Ideal Quarry Mem-
ber) and Cochrane Formations of the
Chimneyhill Subgroup.

End of trip. Return to Norman via OK-1
to Ada and then OK-19 to Stratford,
Pauls Valley, and I-35.
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STOP 1
SCENIC TURNOUT — NORTH FLANK OF THE ARBUCKLE MOUNTAINS

Near center sec. 31, T.185.,R. 2 E.
Murray County, Oklahoma
(Scenic turnout, south-bound lane on 1-35)

Arbuckle Uplift Overview

The Arbuckle Mountains have been of interest to geolo-
gists because of their excellent outcrops of Precambrian
and Cambrian igneous rocks and of Paleozoic carbonate
and clastic rocks. This area has been intensively studied for
years, and many publications are available that address
various aspects of its geological features. The following de-
scription for Stop 1 is condensed from Ham (1969).

The Arbuckle Mountains, a large inlier of folded and
faulted Paleozoic and Precambrian rocks, are covered on
the east, north, and west by gently westward-dipping
Pennsylvanian and Permian strata, and on the south by
gently southward-dipping Early Cretaceous sediments of
the Gulf Coastal Plain (Figs. 3,5).

The Arbuckle Mountains consist of 11,000 ft of fossil-
iferous Late Cambrian through Devonian strata that con-
stitute the greatest area of exposure of this sequence in all
the Midcontinent region. Reference to the Arbuckle uplift
outcrops as the Arbuckle “Mountains” is misleading be-
cause ~80% of the area consists of gently rolling plains.
Only in the western area—that of the Arbuckle anticline—
is the topographic relief sufficient to evoke comment.

The geology is characterized mostly by outcrops of car-
bonate rocks. Immediately to the east begins the 200-
mi-long exposure of the Ouachita Mountains, principally
a flysch sequence that is quite unlike the Arbuckles in
stratigraphic and structural development; and 100 mi to
the west are the Wichita Mountains, unlike either the Ar-
buckles or Ouachitas and characterized chiefly by exten-
sive outcrops of Cambrian (not Precambrian) igneous
rocks. The primary emphasis of Arbuckle Mountains geol-
ogy lies in its early Paleozoic carbonates and late Paleozoic
clastics, deposited partly upon a craton of Precambrian
granites and partly in an adjoining geosynclinal basin, the
whole welded by Pennsylvanian orogeny and epeirogeny
into a single tectonic/geologic unit.

Rocks of Pennsylvanian age crop out around most of
the Arbuckle Mountains, and are preserved within them in
the Mill Creek syncline, Wapanucka syncline, and Franks
graben. Dornick Hills (Wapanucka and Atoka) strata
within and adjoining the Arbuckle Mountains generally
are non-conglomeratic, but the Desmoinesian and younger
Pennsylvanian rocks are conglomerate-bearing and record
the beginning and close of mountain building in the Ar-
buckle region.

The four principal conglomerate sequences within,
and contiguous with, the Arbuckle Mountains are the
“Franks,” Deese, Collings Ranch, and Vanoss conglomer-
ates. All but the Vanoss, the youngest, are preserved in

synclinal grabens and are moderately to strongly folded
and faulted.

Clearly, the Deese and “Franks” contain erosional prod-
ucts derived from the first great period of uplift in the
Arbuckle Mountains, which began as broad domal folding
of the Hunton anticline in early Desmoinesian (early
Deese) time. It also is clear that these conglomerates were
closely folded, locally overturned, and faulted by later
Pennsylvanian orogeny. This later deformation, to which
the name Arbuckle orogeny has long been applied, pro-
duced the structurally complex Arbuckle anticline and the
major folds of the Ardmore basin; it was certainly the most
intense deformation to affect the Arbuckle Mountain re-
gion (Fig. 6). The folding can be dated from the evidence
seen in the Ardmore basin as post-Hoxbar, from the Mill
Creek syncline and Lake Classen area as post-Deese (and
possibly post-Hoxbar), and from the Franks graben as
post-Francis (middle Missourian).

From a comparison with widely distributed marine
rocks north of the mountains, the date of the Arbuckle
orogeny can be correlated with the unconformity at the
base of the Ada Formation, in the middle part of the Vir-
gilian Series. Conglomerates of the Ada Formation consist
dominantly of limestone pebbles from the Arbuckle Group
and have been derived almost exclusively by erosion of the
Arbuckle anticline. Rocks of the Ada Conglomerate are
very similar to those of the Collings Ranch Conglomerate
at its type locality in the Arbuckle Mountains, where it is
unconformable upon vertically dipping beds of the Ar-
buckle anticline. This suggests that the Collings Ranch and
Ada Conglomerates are equivalents and that the strongest
pulse of Arbuckle orogeny was mid-Virgilian.

The Collings Ranch and Vanoss Conglomerates rest
with pronounced angular unconformity on older rocks
that were steeply folded during culmination of the Ar-
buckle orogeny. These conglomerates, resulting from this
uplift and deposited peripheral to the Arbuckle Moun-
tains, are exposed now only around the Arbuckle anticline
and northward into the Sulphur area. Most of these coarse
clastic sediments were derived from the Arbuckle and
Tishomingo anticlines.

A late phase of Arbuckle orogeny, chiefly faulting and
uplift without strong folding, came in the last stage of dep-
osition of the Collings Ranch strata. At this time the con-
glomerate was folded and faulted into a graben. Some of
the faults bordering the graben extend northwestward to
the edge of the mountains, where they pass underneath the
Vanoss Conglomerate, thereby showing the Vanoss to be
younger than the Collings Ranch.
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STOP 2
SYLVAN FORMATION-HUNTON GROUP CONTACT

SElssec. 25, T.2S.,R. 1E.
Carter County, Oklahoma
(Marker No. 4 — 3 ft above base of Cochrane Formation)

Chimneyhill Subgroup

The Hunton Group on the south flank of the Arbuckle
anticline is found in two major exposures. The first (north-
ernmost) consists of the Clarita and Cochrane Formations
of the Chimneyhill Subgroup. The second is composed of
the Henryhouse and Haragan—Bois d’Arc Formations. An
important unconformity separates the Silurian from the
Devonian at this locality. The Hunton is overlain by a thick
section of Woodford Shale, which is overlain by the Syc-
amore Limestone. Both the Woodford and Sycamore are
heavily fractured at this locality.

The Chimneyhill overlies at least 300 ft of the Ordovi-
cian Sylvan Shale at this locality. The Sylvan is typically
greenish gray and is mostly covered at this site. The rela-
tively soft Sylvan generally forms valleys in its outcrops,
and samples of somewhat-weathered Sylvan can be ob-
served in the creek bed immediately below the prominent
carbonates of the overlying Chimneyhill Subgroup.

Stratigraphy and Lithofacies

The Chimneyhill, which typically forms a resistant
ridge at the base of the Hunton on outcrop, is rather thin
(<25 ft) on the south flank of the Arbuckle uplift. In the
Anadarko basin to the north the Chimneyhill is often in
excess of 100 ft thick.

There is no evidence of the Ordovician-age Keel oolite
at this locality; rather, the base of the Hunton is repre-
sented by the Cochrane Formation, which is composed of
a light-gray to tan, fine- to medium-grained, fossiliferous
mudstone/wackestone with a few intervals of fossiliferous
packstone/grainstone. Manni (1985) proposed that the
Cochrane was deposited on a “ridge and swale” topogra-
phy developed on a carbonate ramp with an extremely
gentle slope. Glauconite indicates a quiet environment
(swale), very slow deposition, and locally oxidizing and
reducing conditions. Since glauconite is present mostly in
the Cochrane, the iron was available during Cochrane dep-
osition and not during Clarita time (the Clarita has little or
no glauconite). The Cochrane is approximately 12-15 ft
thick at this location. In the subsurface of the Anadarko
basin, it can be very porous and is an extensive aquifer
system with porous intervals >50 ft thick. Unfortunately,
due to the extensive porosity and permeability network,
few traps are formed, except along truncation boundaries
or on anticlinal structures.

The Clarita is a light-gray to light-tan, fine-grained to
coarse-grained, glauconitic pelmatazoan packstone /grain-
stone. The most distinctive features of the Clarita are the
abundant crinoid fragments and pinkish color. The Clarita
is typically a poor-quality reservoir in the Anadarko basin,
although there is some petroleum production related to
fractures in both the Anadarko and Arkoma basins.
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STOP 3
SILURIAN-DEVONIAN CONTACT IN THE HUNTON GROUP

SE% sec. 25, T.28S.,R. 1E.
Carter County, Oklahoma
(Marker No. 3 — 98 ft below top of Bois d’Arc Formation)

Henryhouse, Haragan, and Bois d’Arc Formations

The Henryhouse-Haragan-Bois d’Arc section is nearly
225 ft thick at this locality (Fig. 7). Approximately 120 ft of
Henryhouse is exposed, with the lower Henryhouse cov-
ered down to the top of the Chimneyhill Subgroup.

Stratigraphy and Lithofacies

The Henryhouse is represented by marly, open-marine
to shallow-subtidal limestones and shales (Fig. 8). The
Henryhouse section is typically a gray to tan, fine-grained,
thin-bedded fossiliferous wackestone to packstone (and
sometimes grainstone) that is interbedded with calcitic tan
to gray shale. The lower 70 ft of the Henryhouse is covered,
butbased on other outcrops in the area it is suspected to be
dominantly shale and mudstones. :

The Haragan-Bois d’Arc section is similar, except that
the top 10 ft of the 35 ft of strata exposed is a resistant, tan
to bluish-gray, cherty, fossiliferous wackestone to grain-
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.

Biostratigraphy
The Upper Silurian Henryhouse Formation is similar in
lithofacies and biofacies to the overlying Lower Devonian
Haragan Formation, and the boundary between these
units is based largely on differences in the shelly faunas.
At this outcrop, ~65 ft of the marlstones of the upper Henry-
house and lower Haragan Formations are well exposed,
and, upon examination, the problem in precisely locating
the contact can be fully appreciated. The most distinctive
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 Silurian (late Pridolian) conodont, Oulo-
dus elegans detorta, occurs as much as 30.3 ft
below the top of the Hunton. This species
ranges to the top of the Silurian at the Devo-
nian stratotype at Klonk, in the former Czech-

oslovakia. The first definitive Devonian species, Icriodus
postwoschmidti, appears 28.5 ft below top of the Hunton.
Icriodus postwoschmidti and two other species of the Har-
agan conodont fauna, L. eolatericrescens and Pedavis biex-
oramus, characterize the Early Devonian (early Lochko-
vian) eurekaensis Zone. The eurekaensis zone, known from
the Cordilleran region of North America, is the second
conodont zone above the base of the Devonian.

The same change in conodont faunas occurs across the
Henryhouse-Haragan boundary elsewhere in the central
Arbuckle Mountains, as well as in sections on the Law-
rence uplift (Barrick and Klapper, 1992). The maximum
interval of time that can be missing at the boundary in-
cludes that represented by the basal Devonian woschmidti
Zone, and possibly an equally small part of the latest Silu-
rian. Given the relatively brief interval of time missing at
the Henryhouse-Haragan boundary, the dramatic change
in the benthic fauna, including brachiopods, ostracodes,
and trilobites, is even more remarkable (Amsden, 1988).

Cyclicity and Log-Facies Relationships

The Henryhouse and Haragan-Bois d’Arc section con-
sists of several packages of carbonate sequences. Each se-
quence contains several shallowing-upward cycles, or
parasequences, that are typically composed of mudstones
and wackestones at the base to packstones and grainstones
at the top. The beds also become thicker at the top of each
cycle and are thinner and finer grained toward the base.
These parasequences range from 7 to 25 ft thick in the
Henryhouse and Haragan—Bois d’Arc.

At this stop, individual parasequences can be recognized

Figure 7. Henryhouse—Haragan/Bois d’Arc outcrop on the south flank of the
Arbuckle anticline looking toward the west from the west lane of I-35 (Stop 3;
outcrop is ~200 ft long).
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by their weathering profile. The coarser-grained (shallow,
high-energy) carbonates are more resistant and form ridges
on the land surface. The finer-grained (deeper, low-energy)
rocks form the soil-covered areas between the ridges.

A measured section produced vertically by detailed log-
ging, with facies logged in the left-hand column and rela-
tive sea level and energy on the right, produces a graphic

SOUTH
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representation of the outcrop which is similar to a gamma-
ray /spontaneous-potential electrical log and responds to
the same basic parameters, primarily shaliness (Fig. 9).
These measured sections, or “pseudo-E-logs,” are typically
logged at 1”=40"(2.5” scale) or 1"=100" (1” scale). This type
of log can be correlated to electric logs with some degree of
success.
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Figure 8. Measured section showing the weathering profile of the Henryhouse and Haragan parasequences on the
south flank of the Arbuckle anticline (Stop 3).
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STOP 4
WOODFORD SHALE

SE% sec. 25, T. 2 S., R. 1 E.
Carter County, Oklahoma
(Marker No. 2 — 9 ft below top of Woodford Shale)

Source Rock for the Midcontinent

The Woodford Shale is latest Devonian to earliest Mis-
sissippian in age. The boundary has been determined by
conodont analysis and is indicated by orange markers on
the outcrop (Fig. 10).

At this locality, the Woodford is ~290 ft thick (Fay,
1989), and it consists of dark-gray to black, thin-bedded,
cherty, phosphatic shale. The upper 102 ft of this highly
organic shale is exposed in this outcrop, whereas the mid-
dle 137 ft is covered (Fay, 1989).

The Woodford is cyclic and may be divided into three
different units. Within the upper part of the Woodford, the
phosphate zone is ~10 ft below the Woodford-Sycamore
contact. This zone is ~12 ft thick and is underlain by a non-
phosphatic siliceous and fissile shale. This interval is char-

acterized by alternating beds of siliceous and fissile mate-
rial that are generally 14 in. thick. Toward the base of this
exposure, these interbeds are thinner (1-2 in. thick) and
eventually grade into a fissile shale. Sulfur scale is common
on this exposure in the interbedded interval.

The Woodford is a thick, black, highly organic shale,
and is one of the primary hydrocarbon source rocks in the
U.S. It has been estimated by Comer and Hinch (1987) that
70% of the oil discovered in southern and central Okla-.
homa was derived from the Woodford Shale. In addition
to being an important source rock, the Woodford (though
it is commonly cherty and highly fractured) makes a good
seal for Hunton petroleum reservoirs. The Woodford is
also cyclic, as is evidenced by at least three shallowing up-
ward sequences.

Figure 10. Woodford Shale outcrop on the south flank of the Arbuckle anticline looking toward (a) the west and
(b) the north on |-35 (Stop 4; outcrop in photograph is ~300 ft long).
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STOP 5

TURNER FALLS OVERLOOK
{OPTIONAL)

E¥ssec. 36, T.18.,R. 1E.
Murray County,; Oklahoma

Travertine Deposition

All streams flowing across limestone beds of the
Arbuckle Mountains dissolve calcium carbonate, carrying
much of it away in solution. At Turner Falls, on Honey
Creek, an edifice of calcium carbonate has been deposited
from the stream waters. The deposit consists of spongy-
textured travertine. The thickness of the travertine gradu-
ally increased with the passage of water over it, until the
falls reached a maximum height of 150 ft. Then, probably
during middle Pleistocene time, increased rainfall caused
Honey Creek to cut a chasm into the depositional platform
it had just built, and the waterfall was reduced to half its
former height. This beautiful waterfall is now in a stage
where it is maintaining a steady state, receiving about as
much calcium carbonate in the form of stream-floor depos-
its as is mechanically abraded during floods. Blue-green
algae assist in precipitating the calcium carbonate.

Unlike a typical waterfall, which results from exhuma-
tion of a preexisting resistant rock layer by stream erosion,
Turner Falls is a subsequent creation of Honey Creek. The
creek itself provided the materials to construct the preci-
pice over which it falls.

Behind the falls, as a scenic background and topo-
graphically the highest point in the area, are the East Tim-
bered Hills, composed of Precambrian Carlton Rhyolite.
Between the rhyolite and the overlook are complexly
folded and faulted Late Cambrian and Early Ordovician
rocks on the north limb of the Arbuckle anticline. A fault
trace parallels the valley of Honey Creek, separating lime-
stones of the Cool Creek Formation at the overlook from
those of the McKenzie Hill Formation. Above the cliff and
barely behind it is a small lateral valley, occupied by a few
deciduous trees, which marks the trace of the Washita Val-
ley fault. Beyond the fault is the Pennsylvanian Collings
Ranch Conglomerate (Ham, 1969).
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STOP 6
HUNTON GROUP ON U.S. HIGHWAY 77

NWlsec. 30, T.18.,R. 2E.
Murray County, Oklahoma

Chimneyhill Subgroup,
Henryhouse and Haragan Formations

This outcrop is located on the west side of U.S. High-
way 77, just south of the I-35 interchange, and it presents a
nearly complete exposure of strata from the Sylvan Shale
through Silurian and Early Devonian strata, up to the
lower part of the Woodford Shale (Fig. 11). This section is
located at the north end of the Arbuckle anticline, with the
oldest units located at the south end of the outcrop. This
stop was described in detail by Amsden (in Ham, 1973),
and the current description includes a portion of that ma-
terial.

The upper Sylvan Shale, Chimneyhill Subgroup, and
the Henryhouse and lower Haragan Formations are com-
pletely exposed; however, the upper Haragan and the
Woodford are rather poorly exposed. Approximately 200
ft of Hunton strata are present, with only the Bois d’Arc
and Frisco Formations (of Early Devonian age) absent. The
Frisco, which is a well-defined organo-detrital limestone of
middle Early Devonian age (Deerparkain~Seigenian), has
been removed by post-Hunton/pre-Woodford erosion
and is absent in this part of the Arbuckle Mountains. The
Bois d’Arc Formation is absent due to local merging with
the shaly mudstone to wackestone facies of the Haragan
Formation.

Stratigraphy and Lithofacies

The Chimneyhill Subgroup includes, from oldest to
youngest, the Keel, Cochrane, and Clarita Formations; it
consists of organo-detrital limestones that can be distin-
guished from the underlying Sylvan Shale and overlying
Henryhouse Formation because these units are relatively
low in insoluble clay and silt-size detritus (Amsden, 1967).
They constitute an incomplete sequence ranging in age
from the Late Ordovician (late Ashigillian) to early Late
Silurian (Wenlockian), with the individual formations sep-
arated by periods of erosion and, at least, local truncation.
Nevertheless, the Chimneyhill Subgroup has proved to be
a useful stratigraphic division in the subsurface, where
data are often inadequate to distinguish the individual for-
mations.

The oldest Hunton formation is the Ordovician Keel
limestone, which is a distinctive, fossiliferous oolite that is
cemented partially by spar and partially by micrite. The
unit is 4 ft thick and has well-defined upper and lower
contacts. The Keel is separated from the overlying Coch-
rane by a time interval spanning a considerable part of the
Early Silurian (early and middle Llandoverian), during
which time there was a least local erosion and truncation of
the Keel (Amsden, 1960,1963). The contact between the
Keel and Cochrane is very irregular at this outcrop, and the
unconformity is readily observed.

The overlying Cochrane Formation is ~6 ft thick and
comprises organo-detrital limestones with substantial

glauconite. Brachiopods from this formation indicate a late
Early Silurian (late Llandoverian) age, and point to a corre-
lation with the Blackgum Formation of eastern Oklahoma
and the Sexton Creek Formation of southeastern Illinois.
The Clarita Formation is ~14 ft thick and is completely
exposed. This formation is divided into a lower Prices Falls
Member, which is a thin but persistent shale or marl bed
that can be recognized over most of the outcrop area, and
an upper Fitzhugh Member, which consists primarily of
fossiliferous mudstones and wackestones in the lower 10
ft, whereas the upper few feet is quite shaly and resembles
the overlying Henryhouse Formation. Nonetheless, the
Clarita-Henryhouse contact is lithologically well defined
at this exposure, with the base of the Henryhouse being
marked by a sharp increase in insoluble detritus (the basal
Henryhouse beds average ~47% HCl insolubles; Amsden,
1978). There is also a change in the concentration of micro-
fossils; the uppermost Clarita strata carry a rich fauna of
arenaceous Foraminifera, whereas in the basal Henryhouse
beds these fossils are much less numerous. Throughout
most of the Arbuckle Mountains, the Clarita—Henryhouse
boundary is a reasonably well-defined, mappable contact.
The Henryhouse Formation is ~100 ft thick and is
mostly marlstone with a few thin calcareous shale beds in
the lower part. The marlstone is composed typically of
finely divided carbonate mixed with clay and silt-size in-
soluble detritus. The carbonate is mostly calcite with only
scattered dolomite crystals. Fossils are scattered through-
out the matrix in varying concentrations, but the matrix
probably has a mud-supported fabric
The Henryhouse bears a large, well-preserved inver-
tebrate fauna. Amsden (1951), Strimple (1963), Lundin
(1965), Sutherland (1965), and Campbell (1967) assigned
the Henryhouse to the Upper Silurian, although its exact
position within this series generally has not been specified.
The present outcrop is of special interest because it is one
of the three localities from which Decker (1935) reported
graptolites, and Decker assigned them an early Ludlovian
age. The graptolite beds present a distinctive Henryhouse
facies that is unusually high in detrital quartz and mica.
The lower 18 ft of the Henryhouse is high in terrigenous
detritus and includes four thin, graptolite-bearing shales.
The Henryhouse-Haragan contact here, as elsewhere in
the Arbuckle Mountains, is poorly defined lithologically.
However, this contact is biostratigraphically well defined
and can be mapped on this basis throughout the outcrop
area. On average, the Haragan has a slightly lower in-
soluble-detritus content; however, the difference is too
small to serve as a useful distinction at the outcrop, in hand
specimen, or in thin section. Despite this obscure litho-
stratigraphic break, the Haragan—Bois d’Arc fauna (Hel-
derbergian) is separated from the underlying Silurian
strata by an unconformity of some magnitude. In fact, over
a large area in the southeastern part of the Arbuckle Moun-
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
Silurian age, or locally on the Ordovician.

The Haragan Formation is ~60 ft thick. However, the
upper part is poorly exposed and there is some evidence of
structural disturbance in the lower part of the Woodford
Shale. The exposed beds have a characteristic marlstone
texture, similar to that described previously for the Henry-
house. The Henryhouse—-Haragan contact is poorly de-
fined lithologically (see previous discussion) and must be
determined by means of fossils.

The Bois d’Arc Formation is not represented at this lo-
cality, although it is fairly well developed in nearby out-
crops. The Haragan and Bois d’Arc represent facies of one
another, and there is a complete gradation from the typical
Haragan marlstone into the low-detrital packstones/grain-
stones (commonly with chert) of the Bois d’Arc. A minor
faunal difference exists between the two lithofacies, but
this is thought to be because of environmental changes
rather than a time difference (Amsden, 1958a).

Biostratigraphy

The Hunton Group exposed here constitutes one of the
most complete sections of uppermost Ordovician through
Lower Devonian strata in the south-central United States.
The oolitic Keel Formation, at the base of the Hunton, con-
tains the latest Ordovician Noixodontus conodont fauna,
which occurs in association with Hirnantian (late Ash-
gillian) brachiopods at other Keel sections and in the Mis-
sissippi Valley (Amsden and Barrick, 1986). The overlying
Cochrane Formation is the least-well dated of the Hunton
units. At this section, and many others in the central
Arbuckle Mountains, the conodont faunas are sparse and
nondiagnostic; but on the Lawrence uplift, and in the sub-
surface of Oklahoma, the Cochrane has yielded a celloni
Zone fauna, making at least the upper part of the unit late
Llandoverian (Early Silurian) in age (Barrick and others,
1990). In the subsurface, Amsden (1988) has obtained
slightly older, but still late Llandoverian, brachiopods.
From this limited information, it appears that a major hia-
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Figure 12. Stratigraphic cross section from the Arbuckle Moun-
tains (right) to the Oklahoma City uplift (middle) to the Sooner
trend (left) (Fritz and Medlock, 1992).

tus, encompassing early and middle Llandoverian time,
separates the Cochrane from the Keel.

The Clarita Formation, including the Prices Falls and
Fitzhugh Members, represents a condensed, but complete
record of the Wenlockian (early Late Silurian), based on
the succession of conodont faunas described by Barrick
and Klapper (1976). The Prices Falls Member bears a cono-
dont fauna, which Dr. Gilbert Klapper of the University of
Iowa assigns to the late Llandoverian (Amsden, 1967, p.
944). The Fitzhugh Member carries an early Late Silurian
(Wenlockian) brachiopod fauna similar to the one in the St.
Clair Limestone of Arkansas (Amsden, 1968). Only a mi-
nor hiatus, involving at the most a portion of the amorpho-
gnathoides Zone, separates the Clarita from the Cochrane.

At this outcrop, the contact of the Henryhouse with the
Clarita is a knife-sharp lithologic change, within a single
bed, from slightly argillaceous to more-argillaceous lime-
stone. The basal Ludlovian (middle Late Silurian) crassa
Zone conodont fauna spans this contact and no hiatus can
be demonstrated at this outcrop. In sections on the Law-
rence uplift and in the Oklahoma subsurface, however, the
upper part of the Clarita has been truncated by pre-Henry-
house erosion.

The marlstones of the Henryhouse Formation at this
exposure provide an apparently uninterrupted representa-
tion of Ludlovian through Pridolian time. The basal 23 ft of
the Henryhouse contains unusually large quantities of ter-
rigenous detritus in the central Arbuckles and is rarely
exposed. A complete sequence of Ludlovian conodont fau-
nas occurs in the basal unit, spanning the crassa, ploeckensis,
and siluricus Zones. Ludlovian graptolites occur in at least
four levels. The upper Ludlovian snajdri Zone fauna ap-
pears in the more-resistant, less-argillaceous carbonates at
24.5 ft. In sections on the Lawrence uplift, the basal, ex-
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tremely argillaceous and silty unit is absent, and carbon-
ates bearing the snajdri fauna rest directly on the truncated
top of the Clarita. A siluricus Zone fauna was recovered
from the lower Henryhouse in Kingfisher County (Barrick
and others, 1990), but little else is known about the age of
the base of the Henryhouse in the subsurface.

Approximately 56 ft above the base of the Henryhouse,
conodonts of the eosteinhornensis Zone, which spans the
Pridolian (late Late Silurian), appear. The upper part of the
Henryhouse bears this characteristic conodont fauna
throughout the outcrop area (Barrick and Klapper, 1992).
The Henryhouse-Haragan contact lies 89 ft above the base
of the Henryhouse, in the poorly exposed alternating shale
and limestone section near the top of the exposure. The
contact can be approximated by locating the beds bearing
the distinctive crinoid Scyphocrinites near the base of the
Haragan. Although this section has been less-well sam-
pled, the sequence of conodonts and shelly faunas (Barrick
and Klapper, 1992) appears to be identical with that de-
scribed for the contact in the earlier field-trip stop.

The Haragan bears a large, well-preserved invertebrate
fauna, dominated by brachiopods (Amsden, 1958a) and
containing many ostracodes (Lundin, 1965), trilobites, cor-
als, and bryozoans. It is assigned an Early Devonian (Hel-
derbergian, Gedinnian) age.

Correlation and Sequence Stratigraphy

, Both the Henryhouse and Haragan-Bois d’Arc Forma-
tions are cyclic ramp carbonates. Each cycle is a shallow-
ing-upward sequence that can be recognized on outcrops,
cores, and logs by the gradual thickening of beds at the
top of each cycle and by the increase in shaliness toward
the bottom of each cycle. Each cycle or parasequence is
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bounded by a disconformity, or in some cases by an un-
conformity. The Silurian-Devonian contact is represented
by a regional unconformity that disrupts the cycles in the
Henryhouse and Haragan Formations.

A cross section from the Arbuckle Mountains to the
Oklahoma City uplift shows the relationships of the indi-
vidual parasequences within the Hunton (Fig. 12). Note
that each parasequence thickens northward up the ramp.

TD=13,982

Reservoir Development

Northward, into the subsurface of the Anadarko basin,
the Henryhouse Formation is thicker and is represented by
shallow subtidal to lower intertidal facies. These facies
develop excellent porosity and represent some of the best
reservoirs in Oklahoma. The Bois d’Arc also forms excel-
lent reservoirs in the area between the eastern Anadarko
basin and southern Oklahoma.
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STOP 7
HUNTON ANTICLINE QUARRY

NWY%SE% sec. 31, T. 18S., R. 3E.
Murray County, Oklahoma

Structure and Lithology
of the Bois d’Arc Formation

This small quarry was opened during the construction
of the Lake Arbuckle dam. It contains exposures of the
Woodford Shale and the Haragan—Bois d”Arc Formations.
A similar section, described and collected by T. W. Ams-
den, is located ~2.5 mi north of Dougherty, and ~1 mi
northwest of Stop 7 (Amsden, 1958a,b).

Stratigraphy and Lithofacies

The most striking feature of this outcrop is the faulted
anticline (Fig. 13). This is an incomplete section which be-
gins (at the base) in the Haragan; the lower part of the Har-

agan is covered, and below this cover is the Sylvan Shale.
No Chimneyhill strata were observed in this area, and they
may be absent; however, there is considerable faulting,
and it is possible that the Haragan is faulted against the
Sylvan.

The Haragan is a yellow to gray, fossiliferous, silty
mudstone that is distinctly different from the overlying
Cravatt Member (basal member of the Bois d’Arc Forma-
tion). The Cravatt Member is yellow to bluish-gray, fossil-
iferous mudstone to wackestone, with prominent nodules
of vitreous to tripolitic chert.

Overlying the Bois d’Arc at this locality is the Woodford
Shale. The Woodford is best exposed on the northern flank
of this fold.

Figure 13. Haragan/Bois d’Arc outcrop at the Hunton anticline quarry (Stop 7; outcrop width is ~600 ft).
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STOP 8
FRISCO-BOIS D’ARC CONTACT ON BOIS D’ARC CREEK

NE%sec. 11, T.2N., R. 6 E.
Pontotoc County, Oklahoma
(Exposures in Bois d’Arc Creek at State Highway 99 bridge)

Facies and Depositional Environment
of Frisco Mud Mounds

A nearly complete section from the upper part of the
Henryhouse Formation, up through the Haragan and Bois
d’Arc Formations, and into the Frisco Formation, is ex-
posed along Bois d’Arc Creek; however, only the Frisco
and Bois d’Arc Formations will be examined at this stop.

The exposure of the Frisco Formation found at Bois
d’Arc Creek is especially important; it is the best outcrop
example of the contact between the Frisco and the Bois
d’Arc, and it shows the character of the Frisco mound
facies. In fact, the Frisco mound facies has essentially been

exhumed at this locality by removal of the overlying
Woodford Shale (Fig. 14). .

Stratigraphy and Lithofacies

The Frisco consists of a series of biohermal mounds that
formed on the eroded surface of the pre-Frisco strata. At
this exposure, distinctive facies serve to identify mound
and intermound rocks. The core of the mound is typically
represented by massive, muddy lime beds, with randomly
occurring, rather well-preserved crinoid and bryozoan
fragments, along with brachiopods, trilobites, and corals
(Fig. 15). This muddy facies apparently developed well

Figure 14. Frisco Formation outcrop along Bois d’Arc Creek (Stop 8) showing the morphoiogy of the mud mound from

(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: ggés _D'A'?rc CREEK
the mound was built up to wave base, the mud was win- PON.Té}bczga"RbGKE :
nowed and a grain-supported facies developed. As the
mound aggraded into stronger currents and wave action,
dunes and sand waves developed on the crest or the rela-

tively gentle flanks. Finally, as the mound approached sea INCREASE CONSTITUENTS

level, growth stopped until rejuvenation by relative sea- 0 50%
level rise produced by subsidence and/or eustatic changes BRYOZOANS  X----oX
in sea level. The intermound facies is light-colored, moder- ECHINODERMS ©---0
ately sorted, bioclastic packstone/grainstone with abun-
dant crinoid fragments. Currents sorted the grains and Rtz
winnowed out the mud in this facies. Intermound beds
often onlap the mound facies (Fig. 16a). A “capping facies”
that is lithologically very similar to intermound rocks is FR-18 N s, ?

observed above the mound facies. 10 \\ e P

These facies can be readily observed along Bois d’Arc A F
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Creek. The grainstone facies, for example, can be examined 17 !
in outcrops on the west side of the highway, immediately :"
across from the parking area. The core mudstone and /
flanking wackestone/packstone facies can be examined FA-1s 169 !
farther west along the creek bed (Fig. 16b). An examination ]
of the Frisco facies to the west along the creek reveals that 15 L ¢
the Frisco is not one large mound but is a complex of coa- !
lescing mounds that are typically 10-20 ft thick. Farther . .
west along the creek, the contact between the Frisco and \
Bois d’Arc can be recognized by the change in color and 1
weathering profile; i.e., the Frisco is dark, massive, and ||
rounded in appearance, whereas the Bois d’Arc is medium FR-13 \

{

1

{

!

13+

to light gray and bedded. 12 \\
Large, well-preserved crinoid fragments are present |
along the unconformable contact between the Frisco and FR-12 114 / | }L &
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, L% B
the unconformity is angular in nature, and there is some FR-11 \
suggestion that the paleotopography of the Bois d”Arc sur- -] \
face may have been a controlling factor in the placement i
and development of the Frisco mud mounds; i.e., after ero- 1o o i
sion and marine transgression of the Bois d’Arc, the subsea /
palechighs may have been points of initial development of

the mound facies.
FR-9

Biostratigraphy

At this locality the Henryhouse is truncated by the Har-
agan Formation, as described by Amsden (1988, and ear-
lier papers), and a couple of meters of the top of Henry-
house, present at nearby sections, may be missing here, N
based on study of the conodont biofacies (Barrick and .y
Klapper, 1992). The upper Henryhouse contains the Late
Silurian, Pridolian, eosteinhornensis conodont fauna.

The extremely thin Haragan (4 ft thick) is overlain by
the cherty Cravett Member of the Bois d’Arc Formation. FR6 24
Although Early Devonian conodonts occur in both units,
the first zonal-diagnostic species does not appear until
nearly 13 ft above the base of the Cravett. Here, Icriodus FR-S T
postwoschmidti occurs in thin, skeletal packstone layers at
the transition from the Cravett into the skeletal grainstones A 0
of the Fittstown Member of the Bois d’Arc, and ranges

through at least the lower 13 ft of the Fittstown. Icriodus Figure 15. Measured section showing composition and con-
postwoschmidti occurs near the base of the Haragan at the stituents in a Frisco mud-mound sequence (after Harrison,
sections in the central Arbuckles; thus, the Cravett Member 1987).
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facies.

of the Bois d’Arc and the lower part of Fittstown Member
can be assigned to the same conodont zone as the Hara-
gan, the early Lochkovian eurekaensis Zone (Barrick and
Klapper, 1992). .

In the coarse skeletal grainstones in the upper part of
the Fittstown Member along Bois d’Arc Creek, representa-
tives of the conodont genus Ancyrodelloides appear (Barrick
and Klapper, 1992). This taxon is restricted to the delta
Zone, the Lochkovian zone that immediately overlies the
eurekaensis Zone. This shows that the upper part of the
Fittstown Member of the Bois dArc is slightly younger
than the Haragan Formation.

The overlying Frisco Formation yields abundant cono-
donts, but the high-energy environment in which the skel-
etal grainstones accumulated have broken most specimens
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Figure 16. Frisco limestone facies: (a) contact between mound core and overlying capping facies, and (b) grainy texture of flanking

beyond confident identification. Klapper (in Amsden,
1985, p. 2) indicated that Icriodus claudiae may be present in
the Frisco. This species occurs in Pragian (Early Devonian)
strata elsewhere, and a minor hiatus involving at least a
single conodont zone appears to be present at the base of
the Frisco (Barrick and others, 1990).

Reservoir Development

The Frisco is unusual in that its petroleum reservoirs are
in limestone, whereas most of the Hunton reservoirs are in
dolomite. Apparently the depositional setting and /or the
geochemistry were not conducive to dolomitization during
Frisco time. The Frisco does have excellent moldic, intra-, and
inter-particle porosity; it can be a prolific producing horizon,
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

NEYNEYSEYa sec. 32, T.3N., R. 6 E.
Pontotoc County, Oklahoma

Henryhouse Facies

This outcrop consists of ~8 ft of the Henryhouse Forma-
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 (Fig. 17). The Haragan is thin in this
area (6 ft thick; Amsden, 1960) and is lithologically similar
to the Henryhouse. The faunal differences between the
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 Fork of Jackfork Creek (Stop 9; outcrop width
is ~40 ft).
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STOP 10
HUNTON GROUP IN THE LAWRENCE QUARRY SOUTH OF ADA

sec.36, T.3N,R. 5E.
Pontotoc County, Oklahoma

Chimneyhill Subgroup and Sylvan Shale

This stop contains excellent exposures of the contact
between the Chimneyhill Subgroup and the underlying
Sylvan Shale (Fig. 18). These rocks are exposed along the
east wall of the quarry where they dip gently (~6°) to the
east-southeast.

Stratigraphy and Lithofacies

The Chimneyhill strata represented at this stop are the
Keel Formation (including the Ideal Quarry Member of
Amsden, 1957) and the Cochrane Formation. In outcrop,
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
spherical 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 Lawrerice 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 1 mm
in diameter, but some pisolites exceed 3 mm. The most
common matrix is sparry calcite, but microcrystalline cal-
cite is also a significant cement. Cross-bedded and graded
ooids are evident in the Keel, suggesting wave or current
action. Silicification is common in the Keel, especially in

the upper part. In some places the silicification is more in-
tense, and this results in nodules and lenses of oolitic chert.

The cross-bedded, oolitic nature of the Keel suggests it
was deposited as a carbonate shoal in an upper subtidal to
lower intertidal setting. The high energy of this environ-
ment encouraged oolite precipitation, but was not condu-
cive to faunal proliferation.

The type locality for the Cochrane Formation is nearby,
insec. 5, T.2N,, R. 6 E., Pontotoc County (Amsden, 1960).
The Cochrane is ~18 ft thick at the type locality, but is
somewhat thinner in the quarry wall where it has been
truncated by erosion.

Figure 18. Chimneyhill Subgroup outcrop in the Lawrence
Quarry (Stop 10) showing (a) Keel and Cochrane Formations
overlying the Sylvan Shale, and (b) close-up of contact be-
tween the Keel and Cochrane (hammer 1 ft below contact).
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The Cochrane is distinctly different from the underlying
Keel. The Cochrane is a richly fossiliferous, glauconitic
limestone. Amsden (1957) reported that it is composed of
50-60% fossils. The matrix is composed primarily of micro-
crystalline and sparry calcite cement, with lesser amounts
of micrite. Glauconite is almost universally present in the
Cochrane as rounded, millimeter-size grains. Chert is com-
mon in the quarry exposures and forms a nodular zone at
the Cochrane/Keel contact. An unconformity separates the
Cochrane and the Keel Formations. Amsden (1960) sug-
gests this unconformity does not represent a large time
span, but it does involve localized uplift and sufficient
erosion to remove the Keel and Ideal Quarry strata, and
permit the Cochrane to rest directly on the Sylvan. The
Cochrane is normally overlain by the Clarita Formation,
but the Clarita is absent at this exposure. ‘

The glauconitic and bioclastic nature of the Cochrane sug-
gest that it was deposited in a shallow-marine setting where
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.

SUMMARY OF FIELD TRIP

Although most of the key Hunton outcrops were exam-
ined during this trip, only outer-ramp rocks were ob-
served. Therefore, it would not be correct to assume that
this is a typical Hunton section, especially inasmuch as
little of the reservoir-rock facies was observed. On the con-
trary, northward into the Anadarko basin the Hunton, es-
pecially the Chimneyhill-Henryhouse section, changes
dramatically to mid- and inner-ramp deposits that are
porous and develop excellent reservoirs.

Nevertheless, data from detailed outcrop evaluations,
tempered with realization of their position on the Hunton
carbonate model, integrated with core and log data, can
provide valuable information on stratigraphy, lithofacies,
and biofacies. This information can then be correlated into
the overall sequence-stratigraphy model to develop an
understanding of Hunton reservoir development and po-
tential exploration opportunities.
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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 (Caney) Shale outcrop on west side (Fig. 1)
2323 4-20' C 44 Mile Post
0.2 7.1 2323 +25' w Delaware Creek (Caney) Shale-Sycamore Limestone contact
(Fig. 2)
2323+ 80’ O w Marker No. 1.—Sycamore Limestone, 13 ft below top
0.3 7.0 2329 +52' w Sycamore Limestone-Woodford Shale contact (Figs. 3-5)
2329+70' ® Ww Marker No. 2.—Woodford 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.—Bois d’Arc Limestone, 1 ft below top
0.5 6.8 2337+ 80’ W Hunton Group-Sylvan Shale contact
2337 480’ @ W Marker No. 4.—Cochrane Limestone of Chimneyhill Sub-
group of Hunton Group, 3 ft above base
0.6 6.7 2342+70' ' w Sylvan Shale—Viola Group contact
2342+91' G W Marker No. 5.—Viola Group, 15 ft below top
0.65 6.65 2345423’ A Qil 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~Qil Creek limestone contact
2376 C 45 Mile Post
2378 +59' Q) E Marker No. 7.—O0il Creek Formation, 49 ft above base
(Fig. 8) .
1.34 596 2379+ 25’ E 0il Creek Formation-Joins Formation contact
145 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-
buckie Group, 67 ft below top
2387437 ® 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—top of red bed sequence in
West Spring Creck Formation (Figs. 9-10)
1.65 5.65 2395+ 06 Graptolite bed, Didymograptus protobifidus, in bluish-gray limy shale
a few inches thick (marker for dating West Spring Creck 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
1.85 545 2404 + 40’ E West Spring Creek Formation—Kindblade Formation contact,
tan dolomitic siltstone on gray limestone (Fig. 12)
2404 +42' @ E Marker No. 10.—Kindblade Formation, 2 ft below top
2.2 5.1 2423 +15' @ Marker No. 11.—Axis of anticline in lower Kindblade
Formation, 100 ft above base (Fig. 13)
225 5.05 2425430’ E Fault contact between Kindblade Formation and Cool Creek Forma-
tion
2428 + 80’ C 46 Mile Post
245 4.85 2435+ 80’ w Lower Cogl 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 Creck 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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2459 + 40’
2466 + 90’
2474+ 30’

2481+ 60’
2483+ 15’
2485+ 80’
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McKenzie Hill Formation—Butterly Dolomite contact
Butterly Dolomite-Signal Mountain Formation contact

Marker No. 20.—Signal Mountain Formation—Royer Dolo-

mite, just above contact
47 Mile Post

Marker No. 21.—Royer Dolomite, 150 ft above base
Royer Dolomite—Fort Siil Limestone contact, on slope south of ditch
Chapman Ranch thrust fault—covered and cannot be seen—Fort Sill

Limestone on Royer Dolomite; approximate position is at fence line
Bridge, above Highway 77, Cattle Pens Interchange
48 Mile Post

Royer Dolomite—Fort Sill Limestone contact—highly distorted beds

Marker No. 22.—Fort Sill Limestone, 9 ft below top (Fig. 14)

Marker No. 23.—Royer Dolomite, 2 ft above base
Fault—Fort Sill Limestone-Royer Dolomite
Royer Dolomite starts to dip north
Fault—Royer Dolomite-Signal Mountain Formation

Marker No. 24.—Signal Mountain Formation
Fault—Signal Mountain Formation-Butterly Dolomite—part of
Washita Valley fault system

Marker No. 25.—Butterly Dolomite

Fault—Butterly Dolomite~Cool Creek Formation

Cool Creek Formation—Kindblade Formation contact; Cool Creek is a

massive oolitic zone
Marker No. 26.—Lower Kindblade Formation
49 Mile Post

Kindblade Formation, dipping steeply northward (normal)

Kindblade Formation—Displacement of drill holes shows evidence of
recent movements; see fold on east side of west lane

Marker No. 27.—Kindblade Formation, 25 ft below top, on east
turnout, west side of north end

Marker No. 28.—Kindblade Formation, 52 ft below top, on
west turnout, west side of south end—tectonic breccia in Kind-
blade (Fig. 20)

Kindblade Formation-West Spring Creek Formation contact, on west
turnout, west side of south end, just north of Marker No. 28
about 75 ft

Fault—West Spring Creek Formation-Collings Ranch Conglomerate,
on west turnout, west side of north part, north of road to
geologic sign

Marker No. 29.—Collings Ranch Conglomerate, 70 ft north of
fault, on west turnout, west side of north part

Marker No. 30.—Collings Ranch Conglomerate, synclinal axis
(back cover, bottom)

Marker No. 16.—Collings Ranch Conglomerate, 25 ft south of
fault

Fault—Collings 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)

Marker No. 19.—Mountain Lake Member of Bromide Forma-
tion, fault contact, 126 ft below Viola Group

Marker No. 17.—Pooleville Limestone Member of Bromide
Formation, 36 ft below Viola Group, faulted

Bromide Formation Pooleville Limestone Member—Viola Group con-
tact—vertical dip with Collings Ranch Conglomerate resting un-
conformably above synclinal axis in Viola Group

Marker No. 18.—Viola Group, 175 ft above base

Viola Group-Bromide Formation Pooleville Limestone Member con-

tact
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South North Marker Lane*
miles miles  Station no. no. W-C-E-77
2638 + 50’ Q) E Marker No. 31.—Bromide 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’ k) E Marker No. 33.—Mountain Lake Member of Bromide Forma-
tion, lower sandstone, 53 ft above base (Fig. 19)
645 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’ 69 E Marker No. 34.—McLish 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
6.7 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' 63 E Marker No. 35.—Viola 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
71 77 to see contact, where Marker No. 13 is in the Viola,
24 ft below top
695 035 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 Chimneyhill 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
71-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
1.3 0.00 2692 480’ C 51 Mile Post—West end of bridge across Honey Creek
2703 + 33’ C

Bridge—U.S. Highway 77 overpass above U.S. 1-35
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