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CHAPTER ONE
INTRODUCTION
Location

The area of study (Figure 1) is located in portions
of Blaine, Kingfisher, Logan, Canadian, Oklahoma,
Cleveland, Grady, and McClain Counties in Oklahoma. Out-
c;ops were examined in Pontotoc County, Oklahoma. The
subsurface locations are northeast of the Anadarko Basin,
west of the Nemaha Ridge, and northwest of the Arbuckle
Mountains (Figure 2). The outcrops examined are located in
the Lawrence uplift northeast of the Arbuckle Mountains
and east of the Nemaha Ridge. The formations investigated
are the Frisco Formation, Devonian System, Siegenian Stage
and the Henryhouse Formation, Silurian System, Pridolian-

Ludlovian Stages both formations are part of the Hunton

Group (Figure 3).
Objectives

The objectives of the investigation for both forma-
tions were: (1) to determine a depositional model, and

(2) to examine the diagenetic imprints.
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Methods of Investigation

The methods (Table I) used investigate the sedi-
mentology, petrology, petrography, and geochemistry of each
formation.

1. Core analysis, which involved examination of the
sedimentological features.

2. Petrographic examination of thin sectioms.

3. X-ray diffraction analysis to determine the
mineralogy of various facies.

4, Scanning-electron microscopy to observe evidence
of subtle diagenetic events and microporosity.

5. Cathodoluminesence to examine dolomite zonations
in the Henryhouse Formation and the paragenetic sequence of
the Frisco Formation.

6. Carbon and oxygen isotopic analysis to refine

characterization of the carbonate genesis.



TABLE ONE

SAMPLES AND DATA TAKEN

No. of No. of No. of
. Thin X-ray Isotope
Name Location Footage Sections Analysis Analysis
Frisco
Pontotoc 11-2N-6E 39' 20 4 -
Phillips Brooks
B#1 30-14N-6W 38' 7 16 -
Midwest McManus
#1 13-13N-6W 40' 9 12 4
Gulf Streeter#l - 20-13N-4W 89' 14 15 3
Jones & Pellow
Boyd#1 28-12N-2W 52' 9 14 -
Gulf Holtzschue
#1 8-12N-2W 34" 10 13 -
Gulf Wright
Heirs B#1 5-12N-2W 46' 5 12 -
Gulf Wright
Heirs#1 5-12N-2W 38' 5 7 -
Gulf Shroeder#l  3-12N-2W 41" 5 11 -
Apexco Curtis#2 27-11N-5W 70’ 14 22 4
Sinclair
Horlivy#1 19-11N-5W 51' 8 16 -
Jones & Pellow
Leeper A#1 24-9N-4W 18' 5 7 3
Gulf Shaddix#1  29-6N-3W 45' 10 15 -
Total 620' 120 157 14




TABLE ONE, (CONTINUED)

N%; of No. of No. of
in X-ra Isoto
Name Location Footage Sections Analy;,is Analysf’::
Henrvhouse
Cleary Kramp
Colob#l 24-19N-10W 37' 6 10 1
Shell Dill#l 15-19N=-10w 62' 13 18 1
Texaco Theo
Thompson#1 34=-17N-8W 37 9 12 1
Walter Duncan
Garett#2 22-17N=-8W 38' 8 12 1
Jones & Pellow
Farrell#l 14«15N=-6W 50' 10 13 1
Kirkpatrick
Cronkite#l 14=-15N=-5W 38' 10 10 1
Eason Van
Curen#l 3=15N=5W 56' 12 20 1
Gulf Streeter#l 20-13N-4W 105 8 10 1
Total 428' 76 105 8




CHAPTER TWO
PREVIOUS WORK
Stratigraphy

The Hunton Group was named after the Hunton townsite
by Taft in 1902. Reeds (1911) differeﬁtiated the Hunton.
In 1926 Reeds noted coquina-like limestone in the uppermost
portion of the Hunton and called it the Frisco Formation.
In an unpublished doctoral dissertation, Maxwell (1936)
revised Reed's terminology. Amsden (1957, 1960, 1961,
1975, 1980) has studied the Hunton Group extensively, and
has further divided the Hunton Group into distinct forma-
tions, members, and facies that are separated by numerous
unconformities.

Several problems of nomenclature  have arisen.
Differentiation of the Henryhouse and Haragan 1is not
practical on the basis of 1lithology; paleontological
evidence‘is necessary to differentiate the two formations.
Amsden (1975) described a subsurface biofacies consisting

of the large pentamerid brachiopods Kirkidum pingue

pingue and Kirkidium pingue latum. The Kirkidum biofacies

is correlative to the Henryhouse Formation (Amsden, 1975).

Previous workers have commonly mislabelled porous



limestone near the top of the Hunton as the Bois D'Arc
Formation. From biostratigraphic analyses (Amsden and
Rowland, 1971; Morgan et al. 1982) it has been concluded
that much of the production from the top of the Hunton is
from the Frisco Formation. The major lithologic difference
between the Frisco and Bois D'Arc is an increase in silici-
clastic content in the Bois D'Arc. The siliciclastic
increase may be seen as an increase in the gamma-ray log
response (Morgan et al. 1982) but, of course, core analysis
is the best method to ascertain which formation is present

in the subsurface.
Depositional Environment

Amsden (1960) concluded that the Frisco was deposited
in an outer sublittoral environment, in slightly agitated
waters. Morgan et al. (1982) wrote "that the wide range in
size of skeletal fragments suggests that grains were not
transported long distances."

The Henryhouse commonly has been described as
marlstone. Amsden (1975) observed no evidence diagnostic
of shallow water, and he believed that the Henryhouse was
deposited in quiet water in the outer mneritic or outer
sublittoral environments. Conversely, Beardall (1983) and
Al-Shaieb (1983) observed features suggetive of shallow‘
water and divided the Henryhouse into supratidal, inter-
tidal, and subtidal facies. Harvey (1968) believed that

dolomite in the Henryhouse was an indicator of shallow
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water conditions.
Petrography

Amsden (1961) concluded that the Frisco is composed
of three general 1lithofacies: coarse calcarenite or
coquina, calcilutite or fine grained calcarenite, and
pelmatozoan limestone; but no depositional environments
were interpreted from the lithofacies. Amsden (1961) noted
overgrowths on crinoids as the major cement. London (1973)
considered the Frisco as a coarsely crystalline crinoidal
limestone. Morgan et al. '(1981) discussed destruction and
generation of porosity. Swesnik (1948) observed six types
of porosity in the Frisco and the Henryhouse: vuggy, inter-
crystalline, oomoldic, interparticle, moldic, and fracture.
Discussions on petrography of the Henryhouse have empha-
sized dolomitization (Harvey, 1968; Hollrah, 1978; Isom,
1973). The most extensive work was completed by Amsden
(1975, 1980). Beardall (1983) discussed the petrography of

the dolomite and its relationship with facies.
Geochemistry

Amsden (1975, 1980) has conducted various mineralogi-
cal and acid insoluble analyses on all formations of the
Hunton Group. Morgan (1982, 1983) also conducted mineralo-
gical analyses on various formations in the Hunton.
Beardall (1983) examined the mineralogic and isotopic

composition of the Henryhouse.
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Amsden (1967) believed dolomitization of the Hunton
took place by generation of a dolomite front. The Silurian
dolomite exists in central, western and northeastern
Oklahomé and limestone in southern Oklahoma. Amsden
(1975) believed that dolomite formed by penecontemporaneous
replacement at or slightly below the water-sediment
contact. Harvey (1968) believed that dolomite was formed
by penecontemporaneous replacement, direct precipitation or
replacement by migrating connate water or ground water.
Morgan (1983) believed that dolomite in the Henryhouse
was not facies selective. Hollrah (1978), Isom (1973),
and Harvey (1968) all believed that two stages of dolomiti-
zation took place in the Hunton; penecontemporaneous
replacement and late-stage dolomitization. Beardall (1983)
stated that dolomitization was a two-stage event beginning
with penecontemporaneous, hypersaline dolomitization and
concluding with eogenetic mixed water dolomitization; he
used data from mineralogy, petrology, sedimentary struc-

tures, and isotopic analysis to support his conclusions.



CHAPTER THREE
GEOLOGIC HISTORY

Deposition of the Hunton Group was closely related to
development of the Southern Oklahoman aulacogen. The
Southern Oklahoman aulacogen underwent rifting, subsidence,
and deformation stages. The Hunton Grdup was deposited
during transisition from the subsident stage to the defor-
mational stage (Adler, 1971).

During Early Cambrian to Late Cambrian, the rifting
stage included wuplift and igneous activity. During the
subsidence stage, a passive continental margin formed.
Thicker stratigraphic sections are contained in the basins
than on the more stable shelf areas around the aulacogen.

Hunton deposition marked the end of the subsidence
stage (Adler, 1971). Slight deformation occurred during
deposition of the Hunton; an angular unconformity 1is
present between the Haragan (Devonian) and the -underlying
Silurian (Swesnik, 1948; Amsden, 1975). Many unconformities
are present in the Hunton (Amsden, 1975).

During the deformation stage mostly siliclastic
sediments were deposited. Cplift and erosion of the

Hunton Group took place along :he Vemaha Ridge area, in the

~o

[
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Wichita Mountains, and in northern Oklahoma. Th= structural

basins were compleateiy formed by this time.



CHAPTER FOUR
FRISCO FORMATION
Introduction

The Frisco (Devonian  System, Siegenian Stage) was
deposited upon an unconformity (Amsden, 1960) in rela-
tively stable, subtidal conditions which allowed crinoidal
mud mounds to develop. Mound deposits are common in many
Paleozoic carbonate environments. Similarities between
the Frisco and in other Paleozoic mounds are remarkable.

Carbonate mounds formed by the binding, baffling or
trapping of sediment (lime mud) by a variety of different
organisms. Textures and facies of Paleozoic mounds are
similar, but the organism responsible for accumulation of
sediments were of different types. Some fauna responsible
for mound deposits are sponges and algae 1in the Cambrian
and Ordovician, bryozoans in Ordovician, Silurian and Mis-
sissippian, tabular stromatoporoids in the Late Devonian,
and platy algae in the Pennsylvannian (Wilson, 1975).

Mechanical accumulation of sediment is necessary to
initiate mound growth (Wilson, 1975). Binding, baffling,
or trapping of sediment by organisms was needed for

continued growth. Subsequent generations of organisms grew

14
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upon the baffled sediment (Wilsonm, 1975).

A stabilization mechanism was needed for the mound to
withstand marine erosion. Encrusting organisms or root
structures increased the angle of repose, allowing the
mound to rise within the surrounding area. Stabilization
was needed for growth and preservation.

Boundstones or a wall of organisms protected the
mounds when they grew into active-wave depths. Corals or
thickets of crinoids created adequate protection for the
mound (Wilson, 1975).

The intermound area contained bioclastic debris that
had fallen from the mound slopes. The bioclastic beds
onlap the mound facies.

Wilson's generalized sequence (Figure 4) was not deve-
loped in all mounds. Carbonate mounds reported by
Landon and Bowsher (1941), Harbaugh (1957), and Carozzi and
Soderman (1962) do not have all the facies that are present
in Wilson's generalized mound sequence, but micritic rich
mounds and bioclastic intermound areas generally are

represented in the stratigraphic record.
Depositional Environment

The  Frisco Formation was deposited on an
unconformity (Amsden, 1960). In the study area the
presence of an unconformity is suggested by the Frisco
overlying the Henryhouse Formation (Silurian) or the Bois
D'Arc Formation (Devonian). The paleotopography was condu-

cive to development of crinoidal mounds (Figure 5-7).



Idealized Mound Sequence

Micritic batflestone core
Flanking packstone

Bloclastic plle

Figure 4. Wilson's Generalized Mound Sequence. (Wilson, 1975)




Mound Development in the Frisco

Figure 5.

Pre-Frisco Strata

Depositional Model of the Frisco, Stage 1,Crinoids
Established on High Paleotopographic Positions.



Mound Development in the Frisco

o
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Figure 6.

Pre-Frisco Strata
Mound Facies

Intermound Facies

Depositional Model of the Frisco, Stage 2, Develop-
ment of Mound and Intermound Facies.

81



Mound Development in the Frisco

Pre—Frls;:o Strata

22l Mound Facies

"7/[ Intermound Facies

5‘%\3 Capping Facies

Figure 7. Depositional Model of the Frisco, Stage 3, Mound
Growth Ceased and Capping Facies Developed.
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Mound Facies

The mound facies is best developed where the Frisco
overlies Bois D'Arc, but this facies is not limited by such
stratigraphic position.

The mound facies is a poorly sorted wackestone-
mudstone (Figure 8-12). The rock is dark and massive. The
lime mud was baffled by crinoids on the mound's slope.
The baffling reduced currents and sorting. Fewer and
better preserved fossils are present in the mound

facies than in other facies.

Intermound Facies

The most widespread facies in the Frisco Formation
is the intermound facies. In the study area, the
intermound facies has been observed overlying the Henry-
house Formation and within the Frisco Formation, but it has
not been recorded as overlying the Bois D'Arc Formation.
Paleotopographically low areas formed by pre-Frisco
erosion, probably were areas where the intermound facies
was deposited.

The intermound facies is light-colored, moderately

sorted packstone-grainstone (Figure 13-16). Current-formed

structures commonly are present. Currents winnowed the
sediment and removed mud. Apparently, crinoids were not
dense enough to baffle mud. Currents also sorted grains,

to some degree. Sorting in the intermound facies is



Figure 8. Mound Facies, Poorly
Sorted Wackestone
(Apexco Curtis .3
8546)

Figure 9. Mound Facies, Wacke-
stone with Intra-
particle Porosity
(Gulf Shaddix,
9246)



Figure 8. Mound Facies, Poorly
Sorted Wackestone
(Apexco Curtis 25
8546)

Figure 9. Mound Facies, Wacke-
stone with Intra-
particle Porosity
(Gulf Shaddix,
9246)



Figure 10. Mound Facies with Massive
: Bedding. (Outcrop on Bois
D'Arc Creek)
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Figure 11. . Photomicrograph of Mound Facies, Note Micrite
in Sparry Calcite-neomorphic indicator,
(Apexco Curtis 2, 8542, x 40 ppl)

Figure 12. Photomicrograph of Mound Facies from Outcrop,
Poorly Sorted Wackestone (Outcrop on Bois
D'Arc Creek, x 40 ppl)



Figure 14. Intermound Facies, Grain-
e stone with Oriented
Grains.(Phillips Brooks
B, 8748)

Figure 13.

Intermound Facies,
Notice Inclined
Grain Orientations
in the Upper Half
of the Core Piece .
(Phillips Brooks B,
8743)

vt
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Figure 15. Photomicrograph of a Grainstone in the Inter-
mound Facies; Black Grains are Pyrite.
(Gulf Schroeder, 6291, x 40 ppl)

Figure 16. Photomicrograph of a Moderately Sorted Grain-
stone in the Intermound Facies. (Gulf
Wright Heirs #1 B, 6341, x 40 ppl)
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moderate. Different sizes and kinds of faunal compoﬁents
make well-sorted sands an improbable occurance. Currents
also orient grains. Orientation generally is horizontal or
inclined, or inclined and imbricated. These orientations

result in planar or crossbedded textures.

Capping Facies

Actual recognition éf a capping facies must be based
partly on stratigraphic position, because of 1lithic
similarities between the capping and intermound facies.
Where well-sorted grainstone overlies a mound facies, the
term capping facies 1is applied (Wilson, 1975). 1In the
Frisco, light-colored, well-sorted packstone-grainstone has
been observed above the mound facies in numerous outcrops
and cores. The term "capping facies" can be applied,
although the rock's texture essentially is the same as

the intermound facies (Figure 17-18).

Crestal Boundstone and Organic Veneers

Crestal boundstones have not been observed in the
Frisco. A scattering of coral debris was observed in
several cores and outcrops, but their development does not
seem to be widespread. The mound may not have grown into
the active wave base or into the photic zone, which
explains the lack of crestal Dboundstones. Also, the
intense competition with crinoids may have prevented colo-
nization by corals.

Organic veneers also were not observed in the Frisco.
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Figure 17. Crossbedded Capping Facies. (Outcrop on
Bois Creek)
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Photomicrograph of the Capping Facies,
Bryozoan Grains are Crushed by the Crinoid
Fragments. (Apexco Curtis 2, x 40 ppl)
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Submarine cementation may have helped stabilize the mound.
Bryozoans may have provided stabilization by encrusting the
mound. Crinoids' root system or holdfasts also may have

stabilized mound.

Interfacies Relationship

Reworking of sediments by currents may have spread or
smeared facies. In several cores, abrupt change in
textures indicates intertonguing of facies. Several cores
also have mound facies above intermound facies, a fact
which suggest that mound facies are not limited to stratig-
raphic position.

Determination of extents of facies or the sizes of
mounds is difficult. Even closely spaced wells may not
give a good delineation of a facies' extent or the areas of
individual mounds. It is likely that there are a variety of
mound sizes dependent upon pre-Frisco topography.

Thickness of the mound facies generally is less than
that of associated facies. Mounds were limited in upward
growth by slow subsidence rates (Adler, 1971). When this
occurred, the mounds were inundated by the intermound

facies and the capping facies (Wilson, 1975).

Summary

The mound development in the Frisco is summarized in
Figure 5-7. Pre-Frisco erosion created a pattern of topo-

graphic  highs and lows. Due to the mnature of the
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topography crinoids flourished on the slopes and crests of
mounds . Crinoids baffled the sediment forming a muddy
mound facies. Intermound facies developed as sediment was
shed from the mounds in areas where baffling was not
occurring. The intermound facies eventually inundated
the mound facies creating a capping facies. Criteria for

determining facies are shown in Table II.
Crinoid Paleoecology

Crinoids are the most abundant grain in the Frisco.
Percentages of crinoids may vary along different facies.
Intermound and capping facies generally have more crinoid
fragments than mound facies.

In the Frisco current formed structures are observed
by orientation of crinoid fragments. Orientation of
ossicles are imbricate, ‘inclined, and horizontal. When
currents were not effective, orientation was random, and

in thin section, ossicles appear circular or oblate.

Sediment Production and Crinoids

Crinoids in the Frisco were important in supplying
sediment which was produced during their life and death.
A ten-armed criqoid has been estimated to have contained
600,000 skeletal elements (Clark, 1915). Tasch (1973,
p. 748) stated '"recent pentacrinoids have up to 25 million
ossicles," - an ample supply of sediment. Upon death the

coelum fibers, which hold the crinoids together,
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TABLE TWO

CRITERIA FOR FACIES IDENTIFICATION IN THE FRISCO

Mound Intermound Capping

Poorly Sorted r—

Well Sorted

Fossils Fragmented

Well Preserved Fossils

Current Formed Structures

Massive Bedding

Micrite Dominant

Sparry Calcite Dominant

Neomorphism Indicated

Mudstone/Wackestone

Grainstone/Packstone
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disintegrate allowing ossicles and calyx plates to be
moved by currents. Disintegration of coelum fibers takes
place under both aerobic and anaeorbic conditions (Cain,
1968).

Crinoids also produce sediment during their 1life.
Crinoid's arms can break or fall off. When an arm is lost,
regeneration of an arm takes place. A variety of
reasons for arm loss is known: 1. <crinoids may shed arms
during ontogeny (life cycle), 2. during predation, organ-
isms grasping the crinoid can cause arms to break off,
3. unstable conditions such as low oxygen concentra-
tions and elevated temperatures can cause arms to fall off,
4. large storms with extended wave bases may damage
crinoids and break off parts of the skeleton (Tasch, 1973).

Crinoids also 'act as sediment bafflers. Baffling
occurs when distribution of crinoids is dense (Wilson,1975;
Cain, 1968). Baffling by crinoids was important in
growth and stabilization of mounds in the Frisco. Baffling
prevented currents from winnowing mud away, allowing

accumulation of mud and continued colonization of crinoids.

Crinoid Ecology

Optimum conditions for profuse crinoidal growth were
necessary during Frisco deposition. Important parameters
for crinoidal growth are animal/substrate relationship,
salinity, water circulation, water depth, water tempera-

ture, and feeding mechanism.
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Substrate 1is an important limiting factor for most
sessile organisms, but modern day crinoids are not limited
by substrate.

"Eel grasses, algal organisms, rock and mud
substrates, shell and shell debris, sponges and

corals are among the attachment sites for modern

crinoids." (Tasch, 1973, p. 750)

A variety of substrates for crinoids is obvious, but Marr
(1963, p. 347) states, "that the greatest variability and
abundance occurs on muddy bottoms."

A range of tolerable salinities for crinoid survival
is 24 parts per thousand to 36 parts per thousand (H. L.
Clark, 1915). The normal salinity of sea water is approxi-
mately 35 parts per thousand; hence, restricted conditions
would be detrimental to crinoids' existence.

Well aerated and well circulated water is necessary
for crinoids to flourish (A. M. Clark, 1957). Stagnant
water would curtail oxygen severly limiting crinoidal
growth. Fewer numbers and species of crinoids exist in
deep water than in shallow water (Tasch, 1973). Currents
and waves in shallow water increase water circulation which
in turn enhances oxygen concentrations.

Crinoid's filter feeding system relies on suspended
food matter for nurishment i.e. phytophankton‘ and
zooplankton. Abundant suspended food matter and low sedi-
mentation rates are Dbeneficial to filter feeders,
especially crinoids (Sokolova, 1959). Particulate matter

which could not be consumed would clog crinoidal filtering

systems.
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Paleo-conditions for profuse crinoidal growth are
summarized below:
- muddy substrates
- normal salinities - 35 p.p.t.
- well-circulated conditions
- low turbidity/low sedimentation
The preceeding conditions probably were present during

Frisco deposition.

Crinoids as Sedimentary Particles

Two conflicting ideas exist when discussing crinoid
ossicles as sedimentary particles; upon decomposition gases
evolved are trapped alldwing the crinoid fragments to
become buoyant, or gases are not trapped and buoyancy does
not occur. If buoyancy occurred, there would be widespread
dispersion of columnals.

Experiments conducted on the crinoid Antedon
bifida show that the density in Antedon did not decrease.
In fact, the density increased intially, and followed by a
very slight decrease in density (Figure 19), (Cain, 1968).
No trapping of carbon dioxide was observed and Antedon did
not become buoyant.

Facies in the Frisco would not have developed if
crinoid fragments had been buoyant; because widespread
distribution of crinoid fragments would have occurred,

creating a sheet-like deposit.
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Petrology and Petrography

Numerous cements, sedimentary structures, and varieties
of textures were observed in the Frisco; these features are
supportive of the crinoidal mound model for the deposi-

tional environment of the Frisco Formation.

Matrix/Cement

The matrix seen 1in thin section varied from 100%
micrite to 100% sparite. Mud content suggests the baffling
by crinoids. Baffling by thickets of crinoids allowed mud
to accumulate even under high energy conditions (Wilson,
1975). |

z

Sparite can be attributed to persistdnt current
activity that winnowed mud and 1left moderately sorted
sands. Subsequent cementation of these sands by syntaxial
overgrowths around crinoids resulted in abundant sparite.
A relationship between spar and micrite is exhibited in

Figure 20. The line drawn separates the mound facies from

the intermound facies.

Sedimentary Features

Horizontal oriented grains can be observed in the
intermound and capping facies. Megascopic orientation is
present as subtle laminations. Crinoids, trilobites, bryo-
zoans, and brachiopods can be horizontally oriented (Figure

21). Horizontally oriented grains are more common than
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horizontal laminations. Sparry calcite generally is the
cement where horizontal features are observed.

Inclined grains or laminations are observed in the
intermound and capping facies (Figure 22). No micrite has
been reported in rocks with inclined orientations.

Massive bedding was observed in core and outcrop
(Figure 23). Massive bedding 1is common in the mound
facies, but it also appears in the other facies.

Fair to moderate sorting was found in the intermound
and capping facies (Figure 24). Poor sorting is character-
istic of the mound facies; because of the baffling, there
was little chance to sort sediment (Figure 25). Grain size
was dependent on the maturity of the crinoid and the type
of grain. Grain size from the arm plates vary when
compared to grains from the stem or calyx. Likewise,
immature crinoid grains will vary in size, especially

compared to a mature adult.

Frisco Fauna

The Frisco grains are almost entirely skeletal
fragments. Crinoid fragments are the most abundant grain
with percentages ranging from 10 to 70. The size wvaried
greatly; large fragments were 2 cm in diameter, and small
fragments were less than .1 mm. The mean size of crinoid
fragments was .4 mm. The ecological significance of cri-
noids is discussed in the '"Paleoecology of Crinoids"
section.

Bryozoans are an important faunal element in the



Figure 21. Horizontally Oriented Grains (Midwest McManus,
8109, x 40 ppl)

Figure 22. 1Inclined Grain Orientation (Midwest McManus,
8111, x 40 ppl)



Figure 23.

Massively Bedded Mo
Bois D'Arc Creek)

und Facies. (Outcrop

on

40



Figure 24. Well Sorted Grainstone. (Midwest McManus,
8111, x 20 ppl)

Figure 25. Poorly Sorted Wackestdne.(Outcrop on Bois D'Arc
Creek, x 20 ppl)
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Frisco. Crinoids and bryozoans have similar ecological
niches; both are filter feeders, feeding on phytoplankton
and zooplankton. Bryozoans were not restricted to specific
facies, but bryozoans in the mound facies were observed to
be less fragmented than in other facies (Figure 26-27).
Primary porosity can be preserved in bryozoan's zooecia.
Bryozoans may have encrusted and stabilized mounds. As
framework grains bryozoans (2-35%) were second to crinoids.
The size of bryozoans range from 5 cm. to less than .1 mm.

The distribution of brachiopods (0-22%) did not suggest
a specific facies. Articulated valves were not seen. Trilo-
bites (0-5%) and gastropods (0-3%) also appear in the
Frisco (Figure 28). Trilobites and gastropods also do not
appear to be facies indicators.

Both rugose and tabulate corals appear in several cores
and 1in outcrops (Figure 29). Paleo-conditions were not
favorable for profuse coral growth (0-5%). Strong competi-
tion from crinoids may have prevented corals from
colonizing.

Micritized grains and peloids appear in the inter-
mound facies. Peloids also Qere found in association with
ooliths. In one core, several ooliths appear in the
intermound facies. Shallow, agitated water is suggested by

the presence of oolites.
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Figure 26. Unfragmented Bryozoan in the Mound Facies.
(Gulf Shaddix, 9215, x 40 ppl)

Figure 27. Fragmented Bryozoans in the Intermound Facies,
(Phillips Brooks B, 8755, 40 x ppl)
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Figure 28. Diversity of Fauna, T=Trilobite Fragment,
By=Bryozoan Fragment, B=Brachiopod Fragment
(Midwest McManus, 8111, x 40 ppl)

Figure 29. Drusy Spar in Coral Fragment (Apexco Curtis
2, 8588, x 40 ppl)
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Diagenesis and Porosity
Cements

Cementation of the Frisco Formation was complex. The
zonation of Frisco's monomineralic cement (calcite) aided
in refining the paragenetic sequence. Two types of cement

exist in the Frisco: sparry calcite and micrite.

Sparry Calcite Sparry calcite is present as over-

growths or drusy spar. The type of sparry calcite is deter-
mined by the substrate that the cement nucleated upon.
Syntaxial overgrowths formed around single crystal crinoid
fragments. Drusy spar formed around multi-crystal frag-
ments (Figure 29). Drusy cements were observed in zooecia,
corallites, brachiopod valves and trilobite fragments.
Drusy cements also plugged wvugs. The amount of drusy spar
was minor in comparison to overgrowths around crinoid frag-
ments.

Complex overgrowth patterns around most crinoid
fragments were observed by cathodoluminescence. |

Initally, overgrowth patterns appeared random.

The c-axis in most crinoids was parallel to the vertical

morphological axis (Evamy and Sherman, 1965). Calcite
crystal growth favors the c-crystallographic axis. Frag-
ments oriented with the thin section parallel to the c-

axis/morphological axis (vertical section) show a Llarger
amount of overgrowth than crinoid fragments which have

their c-axis/morphological axis (basal section) perpendi-
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cular to the thin section (Figure 30). Vertical sections
may be serrated with multiple crystal terminations. The
number of terminations decreases away from the crinoid
fragment. If space is available the multiple terminations
will coalesce intp one (Figure 31). The multiple termina-
tions probably resulted from the perforated surface of
crinoids (Evamy and Sherman, 1965).

The abundant sparry calcite in the intermound and
capping facies did not appear to have formed by neomor-
phism (new form) of micrite. Bathurst (1975) established
criteria to distinguish cementation from neomorphism. Ove-
rwhelmingly, cementation criteria was met by the Frisco
Formation:

1. interparticle spar in weil-sorted sands (Figure 24)

2. two generations of cement (Figure 32)

3. mechanically deposited micrite is present but
unaltered

4. sharp contacts (Figure 33)
5. geopetal structures are present
6. intercrystalline boundries are plane interfacies
with a high percentage of enfacial (180°) angles
at triple points (Figure 33).
The sparry calcite in the mound facies may have formed
by more than one process. Cementation of grains is apparent
in Figures 11-12, but neomorphic textures are also

present. Bathurst (1975) developed criteria for recognizing

neomorphism; neomorphic textures present in the Frisco are:
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Figure 30. Difference in Overgrowth Pattern
of Basal (B) and Vertical (V)
Sections of Crinoids (Evamy
and Shearman, 1965)
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Figure 31. (a) Cathodoluminescent Microphotograph of
Multiple Terminations (t) Coalescing into
One (T). (Apexco Curtis 2, 8568, x 40)
(b) Plane Polarized Photograph of (a).



Figure 32.
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(a) Cathodoluminescent Photomicrograph of
Multiple Zonations in Crinoid Overgrowths.
(Gulf Holtzschue, 6359, x 40)

(b) Plane Polarized Photograph of 32.
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Figure 33. Photomicrograph of Sharp Contacts and

Enfacial Angle (E) (Midwest McManus,
8090, x 100 ppl)



y

r

v

v
‘el

.
.
o
’
.
(N
.
»
X
o ol



51

1. gradational contact between sparite and micrite,
2. crystal boundries range from curved to wavy,

3. floating relics of micrite in sparite (Figure 11),
and

4. few triple junctions with enfacial angles.

Some of the syntaxial overgrowths in the mound facies may
have had a dual origin as cement near the crinoid fragment
and as neomorphic replacement near micrite.

The cathodoluminescent quality of sparry calcite 1is
an indication of chemical variations within the cement and
the redox potential present during cementation. Zonations
of nonluminescence, bright luminescence, and dull lumines-
cence (Figure 34) are dependent on the amounts of Fe
(quencher) and Mn present in the calcite lattice (Grover
and Read, 1983). While chemical analysis was not
preformed on the Frisco Formation, several generalizations
can be applied to the zonation of cement: 1. non-lumines-
cent cement probably has low Mn++ and Fe++ values; oxida-
ting conditions during cementation prevented reduction of
Mn +++, Mn+;+, Fe+++, and introduction of those ions in the
calcite lattice, 2. the bright luminescent cement
probably resulted because of an increase in Mn++ in compa-
rison to Fet+, in the calcite lattice, 3. dull luminescent
cement represents an increase in Fe++ into the calcite
lattice (Grover and Read, 1983).

Figure 35 suggests that the cementation history of the
Frisco Formation was a complicated event. Changes in pore-

water chemistry were reflected in the luminescent quality



Figure 34.

(a) Cathodoluminescent Microphotograph
Showing Non-Luminescent, Bright
Luminescent, and Dull Luminescent
Sequence of Cementation in the Frisco.
(Apexco Curtis 2, 8553, x 40)

(b) Plane Polarized Photomicrograph of (a).
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Figure 35. (a) Cathodoluminescent Photomicrograph
Showing at Least Nine Different Zones
of Cement, Multiple Episodes of Non-,
Bright, and Dull Luminescent Cement
are Present. (Gulf Streeter, 7032, x 40)
(b) Plane Polarized Photomicrograph of (a).
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of the cement. The general sequence is a nonluminescent
cement, followed by a bright orange luminescent cement and
concluding with a dull luminescent cement. The preponde-
rance of the dull luminescent cement implies that most of
the sparry calcite in the Frisco Formation formed in a

reducing environment i.e. the subsurface.

Micrite Two types of micrite are present in the
Frisco: primary and'secondary. In several areas microspar
appears, but catagorization of micrite by size was not
performed. The presence of microspar represents aggrading
neomorphism.

Crinoids baffling in the mound facies allowed the accu-
mulation of primary micrite. Primary micrite in the inter-
mound and capping facies represents incompletely winnowed
sands. Xenotopic equigranular calcite is the composition
and morphology of primary micrite (Figure 36).

Secondary micrite was mnot present in the Frisco
Formation at the time of deposition. It represents disag-
gregation of overlying material by dissolution. Secondary
micrite generally is found in or near vugs or areas of
dissolution. Unlike primary micrite, secondary micrite is
not equigranualar, and it may contain other minerals

other than calcite (Figure 37-38).

Porosity

The reservoir-quality is directly related to the

distribution of porosity in the Frisco. Facies and the
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Figure 36. Photomicrograph of Primary
Shaddix, 9206, x 100 ppl)

Micrite (Gulf

Figure 37, Secondary Micrite in the Intermound Facies,

the Micrite is Not Equigranular or Pure
Calcite, (Gulf Streeter, 6986, x 40 ppl)



Figure 38.

Secondary Micrite (M) Filling a Vug, Note
Sparry Calcite (C) Filling the Uppermost
Port%on of the Core Piece. (Midwest McManus,
8101
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post-Frisco unconformity usually controlled the amount and
type of porosity. Two types of porosity exist in the

Frisco: fabric and non-fabric selective porosity.

Fabric Selective Porosity Three types of fabric

controlled porosity have been observed in the Frisco:
interparticle porosity, intraparticle porosity, and
enlarged intraparticle porosity. Interparticle and intra-
particle porosity are primary; enlarged intraparticle poro-
sity is secondary.

Interparticle porosity is present in the Frisco
(Figure 39) but in very small amounts. At the time of
deposition a large amount of interparticle porosity was
present in the intermound and capping facies, but it was
virtually destroyed by overgrowths around crinoid
fragments. In the mound facies interparticle porosity is
low.

Intraparticle porosity is contained in the zooecia of
bryozoans and to a lesser degree the 1lumen of crinoid
ossicles (Figure 40). Widespread intraparticle porosity is
unlikely in the intermound and capping facies due to the’
fragmentation of bryozoans. In the mound facies and near
the mound facies fragmentation was less, preserving intra-
particle porosity.

Enlargement of the intraparticle pores is the most
widespread effective porosity in the Frisco (Figure 41-42).
Solutions dissolved zooecia walls creating additional pores

and interconnection between pores. Solutions dissolved some
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Figure 39. Enlarged Interparticle Porosity in the Intermound
Facies. (Gulf Streeter., 7028, x 40 ppl)

ol P 4
Figure 40. Intraparticle Porosity Preserved in the

Zooecia of Bryozoans. (Gulf Streeter, 7036,
x 40 ppl)



Figure 41.

Figure 42.

Sans

Enlarged Intraparticle Porosity, The Zooecia

Walls Have Been Dissolved. (Gulf Streeter,
7018, x 40 ppl)

1“#' ’

e P ?‘I" . ~

Enlarged Intraparticle Porosity (Gulf
Streeter, 7032, x 40 ppl)
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fragments completely, creating wvuggy porosity. It is
probable that the solutions were related to the wuncon-

formity.

Non-Fabric Selective Porosity Vuggy porosity is the

most effective porosity in the Frisco (Figure 43-44).
Vertical to subvertical oriented vugs can be common. Vugs
are observed in all facies. Overlying material or sparry
calcite partially or totally filled some vugs (Figure 45-
46).

Many fractures are present in the Frisco, but the

majority of them are cemented with calcite (Figure 47).

Porosity Controls Some porosity was developed in

every facies, but the amount and the type of porosity was
largely determined by the facies. Some porosity was
enhanced during the post-Frisco unconformity.

Initial porosities in the intermound and capping
facies may have been as high as 407%. Preservation of this
porosity 1is rare because of rapid cementation. In the
intermound and capping facies intraparticle porosity was
low due to the fragmentation of grains; enlargement of the
intraparticle porosity generally was insignificant. When
lime mud is present in the intermound facies cementation
by sparry calcite was not as rapid or complete. Fluids
were then permitted to percolate through possibly yielding
vuggy porosity. The large amounts of lime mud in the

mound facies created little interparticle porosity. Intra-



Figure 43.

Vuggy Porosity (V) (Apexco Curtis 2,:8555)
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Figure 44.

Vuggy Porosity (V) (Apexco Curtis 2, 8575,
x 40 ppl)
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Figure 45.
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the Post-Hunton Unconformity. (Gulf
Heirs, 6308)
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Figure 46. sang Filling A Vug; Misener Fnm. (Sandstone)

Overlies the Frisco in this Core.(Gulf
Wright Heirs, 6308)
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Figure 47, Fracture Filled wit
Streeter, 6986, x 40 ppl)

h Sparry Calcite.(Gulf
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particle porosity is prevalent, but the interconnection of
pore spaces generally are insignificant. Movement of
fluids through the mound facies does not appear to be
extensive; as a result, porosity was not greatly enhanced.
Though, vuggy and enlarged intraparticle porosity occasio-
nally are present.

The unconformity may or may not have enhanced
porosity. During the unconformity some porosity was
destroyed as downward percolation of overlying material is
common in areas affected by the unconformity (Figure 45-
46). Although, it is probable that the majority of vugs and
the enlarged intraparticle pores were produced during the
post-Frisco unconformity.

Porosity in the Frisco varies greatly. The best
porosity (primary and secondary) was observed in poorly
winnowed intermound rocks that were deposited in close
proximity to a mound. The lime mud reduced the amount and
rapidity of sparry calcite cementation. Fragmentation of
bryozoans would have been less in short distances from the
mound. The chance for enhancement of porosity greatly

increased with larger amounts of primary porosity.

Paragenetic Sequence

A generalized paragenetic sequence was constructed by
using petrographic techniques facilitated with cathodo-
luminescence (Figure 48). Variations in the sequence occur,
but they were not widespread. Partial cementation

appears to have occurred before any other diagenetic



Generalized Paragenesis in the Frisco

Deposition -

Cementation |

Dissolution
Compaction
Fracturing
Pyrite

Stylolites

Time — 3,

Figure 48,

Paragenesis of the Frisco
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event. After inital cementation, a dissoluéion stage was
dominant in the Frisco (Figure 49-50). Compactional
occurred after a second generation of cementation (Figure
51-52). The timing of fractures is difficult to determine;
clear cross-cutting relationships are rare, but most frac-
tures appeared to have formed after compaction (Figure 53-
54). Continued cementation 1is seen as bright and dull
luminescent cements filling fractures and truncating across
compacted grains (Figure 53-54). Late dissolution was
indicated in several thin sections as corrosion of bright
and dull cements (Figure 55). Pyrite appears late and
usually is seen 1in association with stylolites or as a
replacement and displacement of grains (Figure 56-57).
Stylolitization was a late compaction event. Stylolites
were observed to cut across all fabrics of the rock
suggesting late formation (Figure 58). The timing of neo-
morphism 1is difficult to establish; it may have been a

continuing event in the Frisco.
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Figure 49, (a) Corrosion of Dull Luminescening Cement (D)
Indicating Dissolution. (Gulf Streeter, 7032,
40 x Cathodoluminescence)

(b) Plane Polarized Photomicrograph of (a).
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Figure 50. (a) Dissolution Followed by Re-Cementation,
Multiple Zoned Cements (mz) Truncated on
Dull Luminescent Cement (d). (Jones and
Pellow Boyd, 6509, x 40)

(b) Plane Polarized Photomicrograph of (a),
Black Material is Hydrocarbons.
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Figure 51. (a) Cathodoluminescent Photomicrograph of
Cementation Occuring Before Compaction,
Note Decrease in Terminations Away From
Cringid Fragment. (Gulf Holtzschue, 6359,
x 40
(b) Plane Polarized Photomicrograph of (a).
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Figure 52.
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(a) Cathodoluminescent Photomicrograph Showing
Compaction Occurring After Some Cementation.
(Shaddix, 9223, x 40)

(b) Plane Polarized Photomicrograph of (a).



Figure 53.

(a) Fractures Occurring After Non-Luminescent
Cement. (Phillips Brooks B, 8727, x 40
Cathodoluminescence)

(b) Plane Polarized Photomicrograph of (a).
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Figure 54.

74

(a) Cathodoluminescent Photomicrograph Showing
Fractures Occurring After Two Zones of Cement.
(Jones and Pellow Boyd, 6509, x 40)

(b) Plane Polarized Photomicrograph of (a).



Figure 55.
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(a) Cathodoluminescent Photomicrograph Showing

Two Stages of Dissolution. (Gulf Streeter,
7032, x 40)

(b) Plane Polarized Photomicrograph of (a).



Figure 56.

Pyrite in Stylolite
(Phillips Brooks B,
8751)
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Figure 57.

(a) Pyrite Re
8074, 40 x
(b) Plane Pol

placing Calcite (Midwest McManus,
Cathodoluminescence)

arized Photomicrograph of (a).
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Figure 58.

(a) Stylolite Cross-Cutting Fractures and
Cement. (Apexco Curtis 2, 8525, 40 x
Cathodoluminescence)

(b) Plane Polarized Photomicrograph of (b).
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CHAPTER FIVE
HENRYHOUSE FORMATION
Introduction

An oolitic facies is an important and uﬁique feature
of the Henryhouse Formation in Central Oklahoma. 0il and
gas are produced from the oolite; the name, Sooner Trend,
has been used to consolidate the numerous field names in
the area. The oolitic facies is unique in that it has
limited regional extent, dual mineralogy, and a complicated
diagnetic imprint. The oolite appears in a sand belt
trending T13N-R4W to T19N-R10W, that parallels the axis of
the Anadarko Basin (Figure 59). An oolitic facies has not
been reported in any other region of the Henryhouse.

The mineralogic composition of the oolite is dolomite
in the northwest and calcite in the southeast. No oolites
were found with a mixture of dolomite and calcite. The
mineralogy of the oolitic facies and associated facies was
affected by diagenetic processes.

The oolitic zones are not continuous. Morgan (1983)
mapped the extent of the calcitic oolite facies; it thins
and disappears in the northwest direction (Figure 60). The
pinchout may be due to a tidal channel (Morgan, 1983).

Other explanations are post-Henryhouse erosion or the
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after Mogan, 1983 d

Isopach Map of the
Calcitic OQolite.

Figure 60. Extent of the

(Morgan, 1983)
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facies were not syndepositional.
Depositional Model

Studies of recent ooliths indicate that they form in
agitated water (Leeder, 1982; Flugel, 1982; Bathurst,
1975). A slope break is necessary to concentrate currents
that agitate the ooliths (Ball, 1967). A regional slope
break in the paleoslope probably is the explanation for the
limited extent of the oolitic facies in the Henryhouse
Formation. Depositional model of the Henryhouse in western
Oklahoma suggests that the Henryhouse was deposited as a
broad shallow ramp without a significant slope break (Bear-
dall, 1983).

Several progradational sequences have been reported in
the Henryhouse Formation (Beardall, 1983; Morgan, 1983).
The oolitic facies 1is 1located near the top of one
progradational sequence. Below the oolite is a subtidal
facies and above the oolite is a lagoonal facies (Figure
61). These facies were deposited as a broad carbonate ramp

(Figure 62).

Lagoonal Facies

The lagoonal facies may have been deposited in
restricted conditions. Fossils are rare, but burrowing is
present. The rock 1is a massive peloidal dolo-mudstone
(Figure 63-65). 1In the northwest and the southeast, the

texture of the lagoonal was severely altered by dolomitiza-



Vertical Sequence

of the Henryhouse

jlagoonal facies

oolitic facies

upper subtidal facies

lower subtidal facies

Figure 61. Typical Vertical Sequence of the
. Henryhouse Where Oolites are
Present.
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Depositional Model of the Henryhouse
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Figure 63. Lagoonal Facies, Mudstone with
Bioturbation and Scattering of

Fossil Fragments. (Eason Van Curen,
7140)
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Figure 64. Photomicrograph of Lagoonal Facies,
Abundant Peloids Are Characteristic
of This Facies. (Eason Van Curen,
7140, 40 x ppl)

Figure 65. Photomicrograph of Lagoonal Facies,
Echinoid Fragments Are Present.
(Eason Van Curen, 7143, 40 x ppl)
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tion. The lagoonal facies formed in quiet water, landward

of the oolitic buildup.

Qolitic Facies

The oolitic facies contains abundant ooliths;
occasionally, fossil fragments and peloids were observed.
Crossbedding and horizontal laminations are common in the
calcitic oolites (Figure 66-67). Dolomitization obliter-
ates the textures in the dolomitic oolites (Figure 68-69).
The rock is a grainstone. The shoal probably was deposited

in the lower intertidal-upper subtidal environment.

Subtidal Facies

The subtidal facies occurs below and was deposited
seaward of the oolitic facies. It can be divided into
upper and lower units. The subtidal facies is dolomitic
neér the contact with the oolitic facies in both the north-
west and southeast. Down section the dolomite percentage
decreases until the rock is completely limestone. The
upper subtidal facies is a packstone-wackestone; fossil
fragments generally are pelmatozoans and brachiopods
(Figure 70-71). The lower subtidal facies generally is a
mudstone with a large diversity of fauna: pelmatozoans,
brachiopods, trilobites, ostracodes and bryozoans (Figure
72-73). Fossils in both upper and lower subtidal facies
tend to be well preserved. Both upper and lower subtidal

facies were massive or hummocky-nodular bedded which is a
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Figure 66. Calcitic Oolite Containing Herring

Bone Crossbedding.(Eason Van Curen,
7146-47)

Figure 67. Photomicrograph of

Calcitic Oolitic.Facies,
Note Isopachous Cement, (Kirkpatrick
Cronkite, 7119, 40 x ppl)



90

Figure 70. Upper Subtidal Facies, Wackestone,
Note Preservation of Thin Valve of

a Brachiopod. (Kirkpatrick Cronkite,
7121)

Figure 71. Photomicrograph of Upper Subtidal Facies.
(Jones and Pellow Farrel, 7797, 40 x ppl)
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RN

Figure 72. Lower Subtidal
Facies, Mud-
stone (Eason

Van Curan,
7190)

Figure 73.

Photomicrograph of Lower Subtidal Facies
with Unfragmented Brachiopod Valve, Note
Predominance of Limpid Dolomite Rhombs,
(Texaco Thompsen, 8903, 40 x ppl)
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result of incipient stylolitization (Figure 74). The sub-

tidal facies represents a deepening of water.

Summary

The Henryhouse Formation was deposited on a shallow
carbonate ramp. An oolitic sand belt is preserved in the
Henryhouse; associated facies are a burrowed peloidal mud-
stone representing the lagoonal facies, a horizontal lami-
nated and crossbedded grainstone indicitive of the oolitic
facies, and a massive to hummocky bedded packstone-wacke-
stone-mudstone representive of the subtidal facies (Figure

62).
Dolomitization of the Henryhouse

Introduction

The present day oceans are saturated with respect to
dolomite but precipitation has not been observed. Precipi-
tation of ordered dolomite is difficult wunder surfacial
conditions. Most sedimentary dolomite forms as a
replacement of calcium carbonate and not as a primary
precipitate. Cation hydration, slow kinetics and ionic
pairing (ion complexing) all hinder the dolomitization
process.

Rapid dolomitization results in aphanitic, poorly-
ordered, impurity-rich, cloudy rhombs (Land and Folk,
1975). Slow crystallization rates and low salinities

result in clear, limpid, well-ordered rhombs but low super-
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(Gulf Streeter 7143, 40 x ppl)
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saturation favors overgrowths around existing crystals not
nucleation of new crystals (Curtis, 1978).

Numerous theories have been postulated concerning
dolomitization processes. These may be classified into
three categories. These are evaporatic, freshwater/marine
water mixing, and deep burial models.

Hypersaline dolomitization is reported in arid areas.
High evaporation results in the precipitation of gypsum and
anhydrite. As calcium is removed from the system, the Mg++
/Ca++ ratio increases to a ratio of 10:1 causing dolomiti-
zation of calcium carbonate sediments (Folk and Land,
1975). Hypersaline dolomite generally appears cloudy and
anhedral.

Freshwater/marine water mixing dolomitization has been
reported to occur when a freshwater lens moves into an area
of hypersaline brines or seawater creating brackish waters
with favorable Mg++/Ca++ ratios (Figure 75).

"Much dolomite is formed by dilution of sea

or sabkha waters by freshwater causing a tremendous

drop in salinity but only a slight change in high Mg/Ca

ratio". (Folk and Land, 1975, p. 62).

A mixture of 307 seawater with 70% freshwater lowers
the salinity that inhibits ordered growth, but it allows
Mg ++ /Cat++ ratios to remain in the dolomite field
(Badiozomani, 1973). Freshwater/marine water mixing allows
longer periods of time for slow crystal growth.
Freshwater/marine water mixing dolomite characteristically
is limpid, well-ordered, and euhedral:

Deep burial (mesogenetic) dolomitization has been
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advocated to explain dolomitization of large expanses of
rock that were not affected by either hypersaline solutions
or freshwater/marine water mixing. Several factors
controlling dolomitization may be enhanced in the meso-
genetic setting:

1. Increased temperature with increased depth
increases dolomitization reaction rates.

2. The high hydration of Mg++ is removed with
increasing temperature.

3. Increased reaction time for the dolomitization
regime.

4. Effects of sandstone diagenesis may produce
fluids conducive to dolomitization (Mg++
released from clay alteration) (Mattes and Mount-
joy, 1980).
A variety of dolomite types has been reported for mesoge-
netic dolomite; one common form is baroque dolomite with
curved faces.
Three episodes of dolomitization appear to have
occurred in the Henryhouse Formation: hypersaline,

freshwater/marine water mixing, and deep burial. The

different types of dolomite are distinct.

Hypersaline Dolomitization

The scarcity of fauna in the lagoonal facies suggests
restricted conditions and hypersalinity. When salinity
increased gypsum and anhydrite were precipitated increasing
Mg++/Ca++ ratios. There are no evaporites preserved in the
study area, but seasonal evaporites may have been present.

Partially, or completely silicified anhydrite nodules are a
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suggestion of hypersaline conditions which existed in the
Henryhouse Formation in western Oklahoma (Beardall, 1983).
A Henryhouse core containing anhydrite is along the
strike of the oolite facies (Figure 59).

While evaporites are not present in the study area,
evidence of hypersaline conditions were observed in the
Henryhouse Formation:

- paucity of fossils

- euhedral quartz

- cloudy, anhedral rhombs

- enrichment in 13Co/oo

- oolites.

In the northwest and southeast lagoonal facies,
fossils are scarce. This suggests a harsh and hypersaline
condition.

In several cores euhedral quartz is present (Figure
76). Euhedral quartz has been reported in association with
calcitized sulfates (Friedman, 1980).

Cloudy, anhedral, dolomite rhombs suggest hyper-
salinity (Figure 77-78) (Folk and Land, 1975). The "dirty"
appearance was a result of incorporation of impurities in
the dolomite lattice during rapid dolomitization. Rapid
dolomitization also accounts for the anhedral form of hyper
saline dolomite.

Heavy 13

C%/oo values have been reported for Holocene
hypersaline dolomite (Mattes and Mountjoy, 1980).

Although, extreme 1%fvoovalues (Appendix I) have not been
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Figure 76. (a) Photomicrograph of Euhedral to Subhedral
Quartz Surrounding Dolomitized Ooliths. (Shell
Dill, 8531, 40 x GN)

(b) Plane Polarized Light of (a) (Shell Dill,
8531, 40 x CN)
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Figure 77. Photomicrograph of Cloudy Anhedral Dolomite
in the Lagoonal Facies--Representative of

Hypersaline Dolomite.(Duncan Garrett,
8739, 100 x ppl)

Figure 78. Photomicrograph of Cloudy Anhedral Dolomite-
- Representive of Hypersaline Dolomite, Clear

Euhedral Dolomite--Representive of Marine/

Freshwater Mixed Dolomite, Photomicrograph

from Oolitic Facies, (Duncan Garrett, 8743,
100 x ppl)
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reported in the Henryhouse, there appears to have been an
enrichment of 1'3(30/00incomparison to other dolomites (Figure
79). Isotopic analyses from the oolitic facies reflect more
than one dolomitization process (freshwater/marine water
mixing and hypersaline dolomitization). Isotopic values
from the lagoonal facies were not examined, but they
probably would have been heavier than the oolite due to the
more extensive hypersaline dolomitization in this facies.

Ooliths are also indicators of hypersalinity (Friedman,
1980). Ooliths form in warm waters with elevated salinities.
The oolitic shoal in the Henryhouse was emergent at times,
possibly allowing the restricted conditions to occur in the
lagoonal facies.

While each criteria is equivocal the combination of
all suggest hypersaline dolomitization. Migration of dense
hypersaline fluids dolomitized the 1lagoonal facies and
partially dolomitizing the oolitic and subtidal facies

(Figure 80).

Freshwater/Marine Water Mixing Dolomitization

It appears some of dolomite in the Henryhouse may have
formed from freshwater mixing with seawater or hypersaline
brines (Figure 81). Dilution of the brines or seawater
with freshwater would have lowered the salinity with a
slight decrease in the Mg++/Ca++ ratio (Figure 75). Some
of the characteristics of Henryhouse dolomite suggesting a

mixing model are:
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Figure 79. Bar Graph Comparing Henryhouse Carbon 13
Isotopic Values to Other Dolomites, Note
Similarity of Henryhouse Dolomite to Reflux
Dolomite.(other data from Mattes and Mount-
joy, 1980)
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- limpid, euhedral dolomite

- zoning

- light 1& ° /o0

Limpid, clear dolomite rhombs are indicitive of a
mixing environment (Folk and Land, 1975). Lower salinity
conditions during dolomitization resulted in few impurities
in the dolomite lattice. Longer periods of time in
freshwater/marine water mixing dolomitization model
resulted in clear, euhedral rhombs (Figure 82).

Zonation suggests two or more periods of dolomiti-
zation. Zoning consists of dark cloudy centers and limpid
rims (Figure 83). The "dirty" centers formed during hyper-
saline conditions; the clear rims formed from fresh-
water/marine water mixing. The luminescent quality of the
rhombs is similar to =zoning in plane polarized light
(Figure 84).

18o°/oo indicate recrystallization at a

Depleted values in
high temperature or crystallization in the presence of
isotopically-light water‘(freshwater) (Land, 1980). Oxygen
isotopic values (Appendix I) are depleted in the Henryhouse

(Figure 85). Freshwater/marine water mixing probably was

responsible for this depletion.

Deep Burial Dolomitization

Baroque dolomite is observed as late dolomitization
stage in the Henryhouse. The "lateness" is suggested by:

- crosscutting relationship in fractures
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Figure 82. Photomicrograph Showing the Predominance of
Limpid Euhedral Dolomite Subtidal Facies,
Zoning is Not Prevalent, (Eason Van Curen,
7190, 10 x ppl)

Figure 83. Photomicrograph Exhibiting Zoned Dolomite in
the Oolitic Facies, Centers of Individual
Rhombs are Cloudy, Rims are Clear.(Texaco
Thompsen, 8867, 40 x ppl)
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Figure 84. (a) Cathodoluminescent Photomicrograph Showing
Zoning in Dolomite, Oolitic Facies, (Texaco
Thompsen, 8868, 40 x)

(b) Plane Polarized Light of (a).(Texaco Thompsen,
8868, 40 x)



107

-+ Henryhouse dolomite

—t— Mixed water dolomite

Reflux dolomite
—ft——— General early dlagenetic dolomite

10

[ ]
-h
Q
]

(]
O
m—

Figure 85. Bar Graph Showing Depletion of Oxygen 18
with Respect to Other Dolomites{additional
data from Mattes and Mountjoy, 1980)
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- filling secondary pore spaces (vugs and molds), and

- replacement of large grains.

Areas in the Henryhouse that contain healed fractures
of baroque dolomite are post-lithification and usually
post-stylolitization (Figure 86). Vugs and molds can also
be filled with this dolomite. The pores genérally are
created after the second stage of dolomitization
(freshwater/marine water mixing). Some large grains that
resisted earlier dolomitization were successfully

dolomitized by baroque dolomite (Figure 87).

Porosity Distribution and Its Relationship

to Dolomite

The distribution of the dolomite and porosity is
facies controlled. The following discussion examines the

dolomite and its affect on porosity.

Dolomitization of the Lagoonal Facies

In the northwest portion of the study area the
lagoonal facies (above the dolomitic oolite) was completely
dolomitized, while dolomitization was incomplete in the
southeast 1lagoonal facies (above the calcitic oolite)
(Figure 88). The dolomite is dark and xenotopic. Zoned
dolomite, limpid, euhedral dolomite, and baroque dolomite
are rare in both areas but relatively more abundant in the
northwest portion. In the lagoonal facies, the majority of
the dolomite appears to have formed by hypersaline

solutions.
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Figure 86. Photomicrograph of Baroque Dolomite Healing
Fracture.(Duncan Garrett, 8749, 40 x (N)

Figure 87. Photomicrograph of Baroque Dolomite Replacing

Fossil Fragment.(Texaco Thompsen, 8876,
LLO X (N) i
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No porosity appears in the southeast lagoonal facies,
but  to the northwest some sucrosic porosity (2-5%)

developed.

Dolomitization of the Oolitic Facies

The oolitic facies was dolomitized in the northwestern
part of the study area. The dolomite rhombs in the center
of the ooliths are cloudy and anhedral (Figures 69 and 89),
whereas, the rims of the ooliths contain clear, limpid
dolomite as individual rhombs or overgrowths on pre-
existing cloudy rhombs (Figures 69 and 89). Dolomite in
the interoolitic pore space 1is idiotopic. The two
different types of dolomite indicate two different dolomi-
tization episodes. Hypersaline dolomitization is indicated
by cloudy, anhedral rhombs, whereas freshwater/marine water
mixing dolomitization 1is suggested by 1limpid, euhedral
rhombs. Baroque dolomite also occurs in this facies.

The dolomitized oolites developed sucrosic, intra-
crystalline porosity 1in addition to the original inter-
oolitic porosity (Figures 90-91). Dolomitization destroyed
some interparticle pore space, but porosity in the dolomi-
tized oolites 1is more abundant than in the calcitic
oolites. The porosity in the calcitic oolites is inter-
oolitic, but calcite cementation destroyed the primary
porosity. Dissolution of cement and occasionally grains
generated the porosity that has been reported in the

calcitic oolites (Figure 92).
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Figure 89. Photomicrograph Showing Cloudy, Hypersaline
Dolomite in the Center of the Ooliths and
Clear, Mixed-Water Dolomite Around the
Rims of the Ooliths, (Duncan Garett, 8751,

40 x ppl)

Photomicrograph Showing Inter-and Intra-
oolitic Porosity. (Texaco Thompsen, 8863,

100 x ppl)

Figure 90.
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Photomicrograph Showing Inter- and Intra-
oolitic Porosity.(Texaco Thompsen, 8868,
40 x ppl)

Figure 92. Photomicrograph Showing Interoolitic
Porosity in Southeastern Oolitic Facies,
(Gulf Streeter, 7053, 40 x)
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Dolomitization of the Subtidal Facies

The subtidal facies was dolomitized near the oolitic
contact with dolomite percentage decreasing downward
(Figure 93). The dolomite rhombs in both the northwest and
the southeast subtidal facies generally are 1limpid and
euhedral; =zoned rhombs appeared, only in the northwest.
Baroque dolomite is commonly seen replacing fossil grains.
Dolomitization did not develop any porosity in the subtidal

facies.
Summary

The contrast between the dolomitized oolite to the
northwest and the undolomitized calcitic oolite to the
southeast 1is rather interesting. Perhaps the 1lack of
permeability in the lagoonal facies, the early cementation
of the calc-oolitic facies, and the type of dolomite formed
suggest that the southeast oolitic facies "escaped" dolo-
mitization.

Porosity has not been observed in the southeast
lagoonal facies. The impermeability of this facies
did not allow migration of dense hypersaline solutions into
underlying sediments. As a result, decreasing dolomite
percentages were observed near the oolitic contact (Figure
88). No decreases in dolomite percentages were observed in
the northwest lagoonal facies. In this facies porosity is
present. Dense hypersaline solutions were able to migrate

through the northwest lagoonal facies, and dolomitized the
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lagoonal, oolitic and part of the subtidal facies.

In absence of hypersaline dolomitizing fluids
cementation occurred in the calcite oolite. Cementation
prevented freshwater/marine water mixing solutions from
entering this facies. Meniscus cement observed in several
thin sections suggests emergence and early vadose cementa-
tion (Figure 95). The presence of a thin isopachous cement
suggests marine phreatic cementation also an early cementa-
tion event. Both cements were followed by equant sparite
that occluded porosity in the calcitic oolite. The porosity
now present in this.facies is secondary and related to
dissolution of calcite.

The distribution of dolomite type was an important
"clue" in the '"non-dolomitization" processes. In the
southeast lagoonal facies the majority of dolomite appears
to have formed by hypersaline fluids (Figure 64); in the
southeast subtidal facies the dolomite appears to have
formed by freshwater/marine water mixing (Figure 82). In
contrast, the northwest lagoonal, oolitic and subtidal
facies zoned dolomite suggest two dolomitization processes
(Figure 94).

It can be stated simply that the oolitic facies in the
southeast was 'missed" by the dolomitization processes
(Figure 96). The impermeability of the lagoonal facies
prevented hypersaline dolomitization. Early cementation of
the oolitic facies also resulted in impermeability and

prevented freshwater/marine water mixing dolomitization.
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Figure 94, Photomicrograph Showing Zoned Dolomite in
Northwest Subtidal Facies. (Texaco
Thompsen, 8895, 100 x ppl)

Figure 95. Photomicrograph Showing Meniscus Cement in
Calcitic Oolitic Facies .(Gulf Streeter,
7053, 100 x ppl)
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CHAPTER SIX

CONCLUSIONS

The conclusions derived from this study are:
Frisco Formation--

1. A crinoidal mound model has been proposed for the
Frisco.

2. Facies in the Frisco are: a micritic-mound
facies, a bioclastic intermound facies and a bioclastic
capping facies.

3. The paleotopography and the paleoecology of
crinoids were responsible for mound growth.

4. Porosity 1in the Frisco is related to facies,
post-Frisco unconformity, and diagenetic effects.

5. Though all facies may develop porosity, a poorly
winnowed intermound facies is the most likely facies to

develop abundant porosity.

6. Effective porosity types are intraparticle
porosity, enlarged intraparticle porosity and vuggy
porosity.

Henryhouse Formation--
7. A carbonate ramp model is proposed for the

deposition of Henryhouse Formation. The development of
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oolites suggest a slope break in the Henryhouse paleo-
topography.

8. Three facies were identified: peloidal lagoonal
facies, oolitic shoal facies, and packstone-wackestone-
mudstone subtidal facies.

9. Dolomitization occurred by hypersaline replace-
ment and freshwater/marine water mixing; deep burial dolo-
mitization occurred in minor amounts.

10. The type of dolomite is related to facies; the
lagoonal facies developed more hypersaline dolomite, the
subtidal facies developed more freshwater/marine water
mixed dolomite, when the oolitic facies is dolomitized it
forms as a mixture of hypersaline dolomite and freshwater
mixed dolomite.

11. Nondolomitization of the oolitic zone 1in the
southeast was a result of low permeability in the lagoonal
facies and early cementation of the oolitic facies.

12. Porosity 1is facies related. The dolomitic
oolites developed interoolitic porosity and intraoolitic
porosity; the calcitic oolites developed only interoolitic

porosity.
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Stable Oxygen and Carbon Isotopes
of the Henryhouse

APPENDIX I

Sample Mineralogy 13cx 185
Cleary Kramp Cobb#1 Dolomite +3.4 -6.8
Shell Dill#1 Dolomite +4.2 -5.9
Texaco Theo

Thompson#1 Dolomite +2.2 -6.0
Duncan Garett#2 Dolomite +3.1 -6.1
Kirkpatrick Cronkite#1 Calcite +4.9 -4.3
Eason Van Curen#1 Calcite +3.4 -4.6
Jones and Pellow

Farrel#1 Calcite +2.2 -5.7
Gulf Streeter#1 Calcite +3.6 -5.0

*PDB Scale
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APPENDIX II

STABLE OXYGEN AND CARBON ISOTOPES
OF THE FRISCO

13

1

Type and Sample Mineralogy 13C* 180*
Micrite

Jones and Pellow Leeper 3-1 Calcite +1.0 -5.8

Gulf Streeter #1 Calcite -0.1 -3.9

Apexco Curtis #2 Calcite +1.8 -4.0

Midwest McManus #1 Calcite +1.5 4.5
Sparry Calcite

Jones and Pellow Leeper 3-1 Calcite -0.1 -4.9

Gulf Streeter #1 Calcite +0.5 -6.4

Apexco Curtis #2 Calcite +4.0 -7.7

Midwest McManus #1 Calcite +2.6 -3.7
Crinoids

Jones and Pellow Leeper 3-1 Calcite +2.0 -3.0

Gulf Streeter #1 Calcite +1.9 -3.2

Apexco Curtis #2 (8544) Calcite +2.4 -2.8

Apexco Curtis #2 (8553) Calcite +2.0 -3.1

Midwest McManus #1 Calcite +2.6 -3.7
Brachiopod

Midwest McManus Calcite +2.6 -3.5

*PDB Scale
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Name: Apexco Curtis
Location: Sec. 27 T11N R5W

There is 70 ft. of the Frisco (8522-8592) present in
the Curtis core. The overlying contact is not present; the
underlying contact is assigned to the Bois D'Arc.

The Frisco is grey to black depending on the amount of
mud present. The chief constuient of the Frisco 1is
skeletal grains. Pelmatozoahs are the most abundant grain
(30-59%). Other important grains are: bryozoans (1-22%),
brachiopods (2-5%), trilobites (1%) and coral (0-3%).
Horizontal and inclined oriented grains are seen in the

cappin facies; massive Dbeddin redominates the mound
pping g P

facies.

Abundant dissolution features are seen as: calcite
filled, micrite filled and open vugs. The open vugs
enhance the porosity. Intraparticle and enlarged

intraparticle porosity are present in zooecia.

Micrite and sparite are cements in the Curtis core.
The dominant cement is dependent on the facies.

There appears to be at least two phases of dissolution
in the Curtis dore; an initial dissolution phase after
early cementation and a second phase after more extensive
cementation. Compaction occurred after most of the
cementation had been completed.

The 1lowest portion (8592-8553) of the Curtis was
deposited near the mound facies, some areas contain some

oriented grains but poor sorting and massive bedding are
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present. The rock is a packstone. The mixing of
sedimentary features indicates close proximity to a mound.
Eventually the mound facies predominates (8538-8553). The
rock is a wacke/mudstone. The mound facies is overlain by
a capping facies (8538-8522) with oriented grains and

sparry calcite cement. The rock here is a grainstone.
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Name: Gulf Shaddix
Location: Sec. 29 T6N R3W

Forty-five feet of Frisco is present in the Shaddix
(9205-9245) core. Upper and lower contacts are not
contained in this core.

The Shaddix 1is a light brown fossiliferous lime
wacke/packstone. Skeletal fragments include abundant
crinoids (10-58%), bryozoans (1-27%), brachiopods (1-5%),
trilobites (0-5%) and coral (0-5%). The core is massively
bedded. Sorting 1is poor in this core. Micrite 1is the
major cement, though, minor overgrowths of sparry calcite
occur.

The porosity developed is intraparticle, enlarged
intraparticle, and vuggy. Some hydrocarbons were observed.

The abundant micrite, poor sorting, massiveness and
the lack of current structures leads to a mound facies for

the area of deposition.
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Name: Jones and Pellow Boyd
Location: Sec. 28 T12N R2W

There 1is 47 ft. of the Frisco present in the Boyd
core. There 1is an abrupt contact with the overlying
Woodford shale; the underlying contact is not present.

Skeletal grains make up the bulk of this core. Grains
which are present are: pelmatozoans (33-62%), bryozoans
(1-20%), brachiopods (3-10%), trilobites (1-5%), corals (0-
1%) and gastropods (0-1%). The grains are oriented
horizontally or inclined. The rock is a pack/grainstone.

The major cement is sparry calcite formed as over-
growths around crinoids. Micrite is present in several
thin sections but in very minor amounts. Some of the
micrite 1is secondary as a result of disaggregation of
overlying material by solutions. Minor glauconite is
present as a plugger of intraparticle pore spaces.

Solutions undersaturated with calcium carbonate are
responsible for the majority of the porosity in the Boyd
core. Vugs are filled with sparry calcite and secondary
micrite or they can be open. Some intraparticle porosity
is present, but it is rare and not effective.

Low mud content and grain orientations are indicitive

of an intermound environment.
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Name: Midwest McManus
Location: Sec. 13 T13N R6W

The McManus core contains 39 ft. of Frisco (8072-
8111). The wupper contact is not present while the lower
contact is sharp with the Henryhouse. The Bois
D'Arc/Haragan sequence was removed by pre-Frisco erosion.

Skeletal fragments are the major grain present. The
skeletal constituents are: crinoids (22-44%), bryozoans,
(22-44%), brachiopods (0-8%), trilobites (0-6%), and corals
(0-5%. The major sedimentary structures are horizontal and
inclined grain orientations. The rock is pack/grainstone.
The major cement is sparite.

Porosity in the McManus is negilible and restricted to
intraparticle and minor wvuggy porosity. Dissolution
features are abundant, but vugs are filled with sparite or
secondary micrite.

The environment of deposition was in the intermound
area. This interpretation is based on: winnowed grains,

oriented grains and fragmented grains.
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Name: Duncan Garrett
Location: Sec. 22 T17N-R8W

Thirty-five feet of the Henryhouse is contained in
this core. The overlying contact is sharp with the
Woodford shale; the underlying contact is not present in
this core. Three facies are present in this core:
lagoonal, oolitic, and subtidal.

Dolomitization has obliterated most of the textures of
the lagoonal facies (8738-8742). Poorly preserved peloids
are present in the mudstone. Rare pelmatozoans and
brachiopods are also present. The dolomite is mostly xeno-
topic and cloudy, but zoned dolomite is also present.

The oolitic facies (8742-8752) has been completely
dolomitized which also destroyed most of the textures in
this facies. The rock is a grainstone with abundant dolo-
ooliths; fossil fragments are rare. The center of the
ooliths contains cloudy xenotopic dolomite while the rims
contain limpid idiotopic dolomite. Porosity in this facies
is inter- and intraoolitic.

A subtidal facies (8752-8773) lies below the oolitic
facies. The subtidal facies is a dolo-mud/wackestone with
crinoid, brachiopod, and trilobite fragments. Dolomite

percentage decreases downward in this facies.
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Name: Eason Van Curen
Location: Sec. 3 T15N-R5W

There is 56 ft. of the Henryhouse present in the Eason
core. The overlying and underlying units are not present
in this core. Three facies are present in the Eason core.

A peloid dolo-mudstone (7136-7143) represents the
lagoonal facies. Dolomite percentage decreases toward the
contact with the underlying unit; the dolomite is cloudy
and xenotopic. Dolomitization obliterated many sedimentary
structures, but faint burrows are present. Rare fossils
included pelmatozoans and brachiopods.

Below the lagoonal facies is an oolitic facies (7143-
7159). The oolitic facies is pure calcite. The rock is a
grainstone with abundant ooliths and rare fossil debris.
Cross and horizontal stratification is present. Drusy spar
occludes most of the porosity.

Below the oolitic facies is a subtidal facies (7159~
7192). This facies is a dolo-mudstone at the top of the
facies and a lime-mudstone at the bottom. Hummocky bedding
is present. Fossil fragments include crinoids,

brachiopods, bryozoans, trilobites and corals.
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HUNTON GROUP PETROLOG
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