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EVOLUTION OF SEDIMENTARY BASINS—ANADARKO BASIN

Composition, Clay Mineralogy, and Diagenesis of the
Simpson Group (Middle Ordovician),

Grady County, Oklahoma

By Richard M. Pollastro

Abstract

Mineralogic and petrologic analyses were performed on
more than 110 core samples of the Middle Ordovician Simp-
son Group in the Sunray DX, Parker No. 1, Mazur well, Grady
County, Oklahoma. Core was recovered from present depths
in the Anadarko basin of about 15,900-17,200 ft and includes
(in descending order) all or parts of the Bromide, Tulip Creek,
McLish, Oil Creek, and Joins Formations of the Simpson
Group.

The whole-rock mineral composition of the samples is
mainly related to varying lithology and degree of carbonate
cementation. Most shale is clay rich and quartz poor,
averaging about 85 percent clay minerals, 7 percent quartz,
and 3 percent feldspar, by weight, as determined using X-ray
powder diffraction. The high clay/quartz ratios suggest that
much of the shale may have formed from either reworked,
altered volcanic ash or that silica was expelled from shale by
diagenetic processes during burial. Most sandstone is quartz-
arenite and some subfeldspathic arenite; quartz graywacke is
also present. Little late silica cement is found in adjacent
sandstones; however, early quartz overgrowth cement is
ubiquitous in most sandstones. Excess silica from the alteration
of glass to clay or expelled from shale during diagenesis and
then transported updip in solution may have been a source for
early silica cement in shallower sandstones.

Discrete illite and interstratified illite/smectite having low
(<15 percent) expandability (R=1) are the main clay minerals.
[ron-rich, authigenic chlorite cement is locally concentrated in
some sandstones. lllite and illite/smectite commonly make up
more than 90 relative weight percent of the clay minerals in
sandstone and more than 95 relative weight percent of those in
shale and carbonate rocks.

Manuscript approved for publication November 5, 1990.

Scanning electron microscopy reveals that much of the
illite is diagenetic and is present as tabular fibers in pores or as
pseudomorphic intergrowths after smectite. lllite is also
present as overgrowths evident as sericitic cement in thin
section examination. Most chlorite in sandstones is authigenic
and is present as pore-lining cement or as pseudomorphic
replacement after kaolinite. A clay-mineral assemblage con-
sisting of illite, ordered illite/smectite (R>1), and chlorite and
without smectite and kaolinite suggests that burial temper-
atures exceeded 150 °C. This interpretation is supported by
burial- and thermal-history reconstructions for the Mazur well.

Carbonate cements are abundant throughout the entire
Simpson sequence. Early iron-poor calcite cement is com-
monly replaced by iron-rich calcite, dolomite, or ankerite.
Rhombic dolomite in sandstone and in carbonate rocks
commonly has overgrowths of ferroan dolomite or ankerite.
Cementation and (or) replacement by ankerite is later than
calcite or iron-free dolomite and is generally less selective.
Dolomite and ankerite cements commonly replace detrital
clay and calcite. Spatial and textural relations suggest that the
conversion of smectite to illite contributed, in part, to the
formation of dolomite and ankerite cements.

Secondary porosity, formed mainly from the dissolution
of intergranular carbonate cements, is best developed in
sandstones from the Oil Creek and Tulip Creek Formations.
Maximum porosity measured from point-count analysis is 11
percent.

INTRODUCTION

An understanding of diagenesis is critical to any study
in sedimentary basin analysis or petroleum geology. In
particular, studies that relate effects of diagenesis to the
quality of petroleum reservoir rocks and the maturity of
potential source rocks are most critical (Scholle and
Schluger, 1979; McDonald and Surdam, 1984; Gautier,
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1986; Naeser and McCulloh, 1989; Surdam and others,
1989).

Although commonly incomplete, a physical and
chemical record of depositional and diagenetic conditions
can be interpreted from mineralogic and petrologic studies
of burjed sedimentary rocks. The initial mineralogy and
petrology of a potential reservoir rock have a strong
influence on its reaction to postdepositional conditions.
Therefore, a good understanding of the original detrital
components allows a much better perspective for studying
diagenesis. Numerous case history studies illustrate that
potential reservoir rocks that have been deeply buried
commonly have undergone several cementation and
dissolution events. For example, petrographic data reported
here and in Weber (1987) and Pitman and Burruss (1989)
classify a large number of sandstones from the Simpson
Group in the Mazur well as quartzarenite having a detrital
framework composition of more than 95 volume percent
quartz. Bulk compositions of these same sandstones,
however, show that they contain as much as 45 volume
percent authigenic constituents. Other studies refer to some
of the sandstones as diagenetic quartzarenites in which
detrital compositions have been modified extensively by
diagenesis (McBride, 1987).

Clay minerals can also provide information on the
geologic framework and diagenetic history of sedimentary
rocks and basins. They are used as compositional, direc-
tional, and distance indicators relative to source terrains
(Carson and Arcaro, 1983) and as environmental indicators
of conditions during deposition and subsequent burial
(Weaver, 1979; Hower, 1981). In some cases, systematic
changes in clay minerals with progressive burial depth in a
sedimentary basin can be used to predict the thermal history
of the basin and, in many cases, provide information on the
thermal maturity of source beds (Hoffman and Hower,
1979; Weaver, 1979; Burtner and Warner, 1986; Pollastro
and Barker, 1986; Pollastro and Scholle, 1986; Schoon-
maker and others, 1986; Scotchman, 1987; Pollastro and
Schmoker, 1989).

This report describes the mineralogic and petrologic
composition and diagenesis of deeply buried rocks of the
Simpson Group sampled from core in the Anadarko basin,
Oklahoma. It presents data and interpretations to supple-
ment those reported previously by Pollastro (1989a).
Although samples of all rock types within the Simpson
Group were analyzed for mineral composition, this report
focuses on the petrography and diagenesis of sandstone and
shale, in particular the nature, occurrence, and origin of clay
minerals in these rocks.

Acknowledgments.—1 would like to thank Chris
Schenk and Paula Hansley for their critical reviews and
Judy Stoeser for editing of the manuscript. Their comments
and suggestions greatly improved the final publication.

H2 Evolution of Sedimentary Basins—Anadarko Basin

GEOLOGIC SETTING AND STRATIGRAPHY

The Anadarko basin of western Oklahoma, south-
western Kansas, and the northern part of the Texas Pan-
handle is one of the deepest Paleozoic basins in North
America (fig. 1). In its deepest part sedimentary rocks are
about 40,000 ft thick. The Anadarko basin contains
numerous hydrocarbon-bearing intervals in both clastic and
carbonate rocks. Thick, organic-rich shales of Devonian to
Early Mississippian and Pennsylvanian age are the primary
hydrocarbon source rocks for these reservoirs (Alder, 1971).

The Anadarko basin is markedly asymmetrical; its
steep limb and axis are adjacent to, and parallel with, the
northwest-trending Amarillo-Wichita uplift that borders the
basin to the south; relatively stable shelf areas are to the
north. The principal tectonic elements of the basin were
formed during the Wichita orogeny from the late Morrowan
through early Desmoinesian (Rascoe and Adler, 1983). Asa
result of concurrent growth and erosion of the Amarillo-
Wichita Mountains from the Early Pennsylvanian to the
Early Permian, pre-Pennsylvanian rocks were eroded and
the sediments deposited in the basin as a terrigenous clastic
wedge. The Arbuckle Mountains to the southeast were not
formed until the Late Pennsylvanian. The thermal history of
the Anadarko basin has been described in detail by
Schmoker (1986).

The Simpson Group consists of five formations, as
first proposed by Decker and Merritt (1931), and includes
all rocks from the top of the Arbuckle Group to the base of
the Viola Limestone (fig. 2). The five formations, in
ascending stratigraphic order, are the Joins, Oil Creek,
McLish, Tulip Creek, and Bromide. The Simpson Group is
made up of sandstones, shales, and carbonate rocks, most of
which were deposited in relatively shallow marine

102¢ 100° 98°
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Figure 1. Sedimentary rock thickness in the greater Anadarko
basin and location of Sunray DX, Parker No. 1, Mazur well,
Grady County, Oklahoma (sec. 1, T. 3 N, R. 5 W.). Thickness
contours are in feet. Heavy solid lines are faults.
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Figure 2. Stratigraphy of rocks of the Simpson Group and
cored intervals studied in the Mazur well. Modified from
Johnson and others (1984).

environments (Longman, 1976; Lewis, 1982). Regional
paleogeography and detailed lithofacies maps of the Simp-
son Group have been published by Schramm (1964).

METHODOLOGY

Approximately 110 samples of sandstone, shale, and
carbonate were obtained from core of the Sunray DX,
Parker No. 1, Mazur well, Grady County, Oklahoma (sec. 1,
T. 3 N, R. 5 W.) (fig. 1). The cored intervals were
recovered between present depths of about 15,900 and
17,200 ft and include parts or all of each of the five
formations of the Simpson Group (fig. 2).

Plugs, 1 in. in diameter, were taken from all rock
types represented in the core. Half of each plug was
prepared for X-ray powder diffraction (XRD) analysis; the
other half was used for thin section analysis and scanning
electron microscopy (SEM).

Samples for XRD were washed and scrubbed to
remove surficial contaminants, dried, and then ground to
<35 mesh. Each sample was then split using a Jones splitter
into two portions for (1) whole-rock XRD and (2) carbonate
dissolution and clay-mineral analysis. Carbonate was
dissolved in IN HCI and the residue filtered and washed
immediately after effervescence stopped so as to minimize
solution of noncarbonate minerals (Pollastro, 1977). The
insoluble residue was dried overnight at 65 °C. The weight
percent of the residue and (or) carbonate was then deter-
mined. A small part of the residue was spot-checked for
undissolved carbonate using 6N HCI. For this study,
carbonate rocks are defined as those containing 50 percent,
by weight, or more carbonate minerals. Similarly, quartz
sandstones are defined by XRD analysis as those containing
50 percent or more quartz, and shale as those containing 50
percent or more clay minerals.

Qualitative and semiquantitative estimates of the
minerals in whole-rock samples were made using XRD
analysis of randomly oriented powders that were ground to
a maximum grain size of 44 um (<325 mesh) and packed
from the back side into aluminum specimen holders. A fine
random texture was imparted onto the surface to be
irradiated in order to further disrupt any preferred orien-
tation created while mounting the sample (see Schultz,
1978). Semiquantitative weight percent values for total clay
(phyllosilicates) and other minerals or mineral groups were
calculated by comparison with several prepared mixtures of
minerals having similar XRD characteristics using the
procedures outlined by Schultz (1964) and Hoffman (1976)
and modified by Pollastro (1985). The semiquantitative
relative weight percent values calculated for total carbonate
minerals by XRD were then compared with those deter-
mined using chemical dissolution.

Oriented clay aggregates of the <2-yim and <0.25-um
(equivalent spherical diameter) fractions were prepared
using a modified filter-membrane-peel technique (Pollastro,
1982) similar to that described by Drever (1973). Semiquan-
titative XRD analysis of the clay-sized fractions were made
using the method of Schultz (1964) as modified by Pollastro
(1985). Composition and ordering of interstratified illite/
smectite (I/S) clay was determined on oriented, ethylene
glycol-saturated specimens of both the <2-um and <0.25-
um fractions using the methods of Reynolds and Hower
(1970) and Reynolds (1980).

Thin sections were impregnated with blue epoxy to
aid in recognizing porosity. Each section was then stained
with potassium ferrocyanide and alizarin red for identi-
fication of carbonate phases (Dickson, 1966) and with
potassium cobaltnitrite to distinguish potassium feldspar
from plagioclase. Sandstone compositions were determined
for thin sections based on a minimum of 300 counts and
using the classification scheme of Pettijohn and others
(1973) with some modification.

SEM and energy-dispersive chemical analyses were
performed on samples of freshly fractured rock chips. Each
sample was mounted on aluminum stubs, air dusted, and
coated with about 100 angstroms of a gold-palladium
mixture.

RESULTS AND DISCUSSION

Whole-Rock Mineralogy

The whole-rock compositions, as determined using
XRD, for all samples are given in table 1. For simpli-
fication, the data are summarized in the ternary diagram
of figure 3. The three end members of figure 3—quartz,
total clay, and total carbonate—represent the three major
mineral groups in the rocks studied and, in this report,

Middle Ordovician Simpson Group, Oklahoma H3
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Figure 3. Ternary diagram showing mineral composition and
lithology for samples of the Simpson Group from the Mazur
well. Data in weight percent of bulk rock determined using
X-ray powder diffraction (XRD) analysis.

generally represent the pure end-member rock types quartz
sandstone, shale, and carbonate rocks, respectively. Miner-
alogic compositions of Simpson Group rocks from the
Mazur well are diverse and vary from almost pure end-
member to mixed compositions.

Shale, as defined here using mineralogy, is composed
predominantly (>50 percent by weight) of clay minerals
(phylosilicates). Table 2 lists the average and range in
composition for shale and sandstone of the Simpson Group
from the Mazur well. As shown in the data of table 2 and
illustrated in figure 3, the three main components of rocks in
the Mazur well are quartz, clay, and carbonate. Shale in the
well is unusually clay rich and quartz poor relative to data
reported elsewhere for shale. In particular, shales from the
Bromide, Tulip Creek, and upper part of the McLish, to a
present depth of 16,400 ft (interval 1 in table 2), have a
mean composition of 84 percent clay and 7 percent quartz,
by weight, as determined using XRD (table 1). Below this
depth (interval 2), however, the Simpson Group shales
contain more quartz and carbonate and have a mean
composition of 62 percent clay, 15 percent quartz, and 13
percent carbonate. In both intervals feldspar and pyrite
make up the remaining portion.

No good mineralogic data were found in the literature
for other shallow-buried Paleozoic shales in the Anadarko
basin for comparison. Therefore, the Mazur well shale data
are compared to the mineralogic data of Hosterman and
Whitlow (1983) for Devonian shales and bentonites of the
Appalachian basin and to data of Schultz ard others (1980)
for Upper Cretaceous shales and bentonites of the Northern
Great Plains (table 3). The data from Hosterman and
Whitlow (1983) are from drill core and cuttings of Devo-
nian shales, some of which have undergone significant
burial diagenesis as evidenced by illite crystallinity and
conodont color alteration indices. The data of Schultz and
others (1980) from the Pierre Shale mainly represent

H4 Evolution of Sedimentary Basins—Anadarko Basin

outcrop samples that have not been significantly modified
by burial diagenesis; some samples, however, have been
altered by local thermal events. Also, these Upper
Cretaceous shales were derived mainly from freshly altered
volcanic debris (Schultz and others, 1980). In contrast, a
shale mostly derived from reworked older detritus typically
contains more quartz and fewer clay minerals.

The high clay and low quartz values for shales of the
Simpson Group suggest that these shales were either
primarily derived from altered volcanic debris (mainly
glass), similar to the marine shale and bentonite of the Pierre
Shale, or that the composition of the shales was modified by
burial; that is, a significant amount of silica was removed
from the shales by diagenetic processes. Similar high
clay/quartz ratios are characteristic of bentonites, potassium
bentonites, or tonsteins (Schultz and others, 1980; Pollastro,
1981; Hosterman and Whitlow, 1983; Pollastro and Mar-
tinez, 1985; Pollastro and Pillmore, 1987). In addition,
pyrite is common in shales of the Simpson from this study
and may account for as much as 20 weight percent of the
whole-rock samples (table 1). Pyrite formation has been
related to rocks derived from volcanic material (Schultz and
others, 1980; Pollastro, 1981; Pollastro and Scholle, 1986).

No discrete volcanic ash layers were found in the
Mazur core. Although there is no direct evidence that
mineral assemblages of most or all of the shales of the
Simpson were mostly products of altered volcanic debris,
the Middle Ordovician of North America was a time of
extensive explosive volcanic activity (Samson and others,
1989; Weaver, 1989) that presumably was related to Taco-
nian orogenic activity. In eastern North America, at least 19
separate ash beds (a few centimeters to 4 m thick) have been
identified in Middle Ordovician carbonate rocks (Weaver,
1989). Weaver (1989) stated that no discrete ash beds
appear to have been preserved in the south-central region of
North America; however, Middle Ordovician shales and
limestones of Oklahoma and west Texas have a high I/S
content. Weaver (fig. 9-1), using a compilation of clay
mineral data for North American shales, showed that the
amount of smectitic and chloritic clay minerals significantly
increased during the Ordovician. He interpreted these
minerals as volcanic in origin.

The present mineralogy of the Simpson shales may
have been modified to some extent by burial diagenetic
processes; that is, silica was removed from the shales during
deep burial reactions. This interpretation, however, presents
a problem of balancing the silica budget in the adjacent
sandstones or other rock types analyzed because there is no
petrographic evidence for extensive late silica cementation
in adjacent sandstones. The silica budget has also been
addressed by Boles and Franks (1979), Houseknecht (1988),
and others. Silica expelled from shales during deep burial
diagenesis and transported updip in solution may have
provided a source for much earlier silica cement in
sandstones at shallower depths. The silica in shales could



Table 1. Mineralogical data from X-ray powder diffraction for samples from the Mazur well

[In relative weight percent. Samples designated by depth from surface in feet and inches; number before decimal point indicates feet and after
indicates inches. Asterisk (*) after sample designation indicates a shale sample. Bromide 1 and Bromide 2 are upper and lower units, respectively,
of Bromide Formation and’indicative of separate depositional cycles (Flores and Keighin, 1986). Sol carb, acid-soluble carbonate; Cal, calcite;
Dol/Ank, dolomite and (or) ankerite; Plag, plagioclase; K-spar, potassium feldspar, I/S, illite/smectite; Kaol, kaolinite; Chl, chlorite; P, pyrite; F,
fluorapatite; tr, trace; leaders (--), none detected; nd, not determined]

Whole-rock mineralogy <2-] i S
Sample Sol
designation Formation carb Clay Quartz Cal  Dol/fAnk Plag K-spar Other Illite N Kaol Chl
15917.3* Bromidel..... 13 75 8 15 3 - 3 3-p 49 49 1 1
15923.3  Bromide 1..... 50 19 41 38 10 - - 2-P 31 66 -- 3
15928.9 Bromidel..... 19 32 47 15 5 -- -- 1-P 27 62 -- 10
15935.9*% Bromide 1..... 24 67 8 13 8 -- 2 2-P 33 62 3 3
159479  Bromide 1..... 54 18 26 36 15 - 3 2-P 41 52 -- 6
15954.2 Bromidel..... 63 28 14 40 16 1 - 1-P 40 56 -- 4
15954.6* Bromidel....... 4 80 9 1 9 - 4 4-P 39 54 4 4
15956.10 Bromide 1..... 24 14 56 23 5 - - 2-P 33 59 -- 8
15959.6  Bromide 1..... 48 13 28 44 4 7 3 1-P 32 63 -- 5
15966.1  Bromide 1..... 18 34 47 9 9 - - 1-P 51 44 -- 5
15966.4* Bromide 1....... 2 86 8 -- -- - 5 -- 46 48 3 3
15978.5 Bromide 1..... 39 31 32 14 21 - 1 1-P 42 53 -- 5
15986.9 Bromide1....... 9 5 85 1 9 - -- - 51 34 -- 15
15955.7 Bromidel..... 30 13 48 30 9 - - -- 28 41 -- 31
16004.0* Bromide 1....... - 84 11 -- - - 5 -- 45 45 -- 11
16016.2  Bromide 1..... 36 5 55 -- 38 -- - 2-P 47 44 -- 9
16030.5* Bromide 1....... - 89 7 -- -- -- 3 1-P 44 46 5 5
16032.2 Bromide 1..... 20 10 68 - 20 2 -- 1-P 28 37 -- 35
16038.6* Bromide 1....... -- 92 3 - - - 3 2-P 63 25 7 5
16042.0  Bromide 2....... 7 2 84 - 14 - - -- 10 12 -- 78
16053.4 Bromide 2..... 16 8 76 - 8 -- - -- 50 43 - 7
16067.10 Bromide 2....... 4 18 78 -- 4 -- - - 40 58 - 2
16083.7 Bromide2..... 17 35 43 -- 18 -- - - 43 50 4 3
16097/98* Bromide 2....... 6 83 10 - 3 - 3 1-P 31 57 7 5
16109* Bromide 2........ - 88 8 - - 1 3 -- 65 27 4 4
16112.3 Bromide2..... 71 14 11 12 61 - 2 -- 34 59 -- 6
16225.2  Tulip Creek......- 4 96 -- - - - - 36 3 -- 61
16225.4* Tulip Creek......-- 86 4 - - - 5 5-P 63 29 -- 7
16230.6  Tulip Creek......tr 15 85 -- tr -- tr -- 56 2 -- 42
16240.4  Tulip Creek......tr 14 84 -- tr - tr - 49 13 -- 39
16251.0  Tulip Creek....20 7 70 - 23 - tr - 46 10 - 44
16263.1 Tulip Creek......tr 13 87 -- -- - - - 41 30 - 29
16273.4  Tulip Creek......7 13 79 8 - - - -- 49 44 -- 7
16289.9  Tulip Creek.... 12 11 74 -- 15 - - -- 83 17 -- -
16297.5  Tulip Creek.... 18 20 60 16 2 -- 2 - 58 31 -- 11
16302.11 Tulip Creek....45 21 33 28 18 -- tr -- 61 37 -- 2
16316.9  Tulip Creek.... 85 6 9 2 82 1 - -- 78 21 - 1
16318.3* Taulip Creek.... 10 82 2 2 -- - 4 4-P.8-F 58 41 -- 1
16327.9  Tulip Creek....76 - 19 1 80 - - - 79 21 -- -
16328.4* Tulip Creek......—- 58 2 -- - -- - 12-P,28-F 56 44 - -
16328.11 Tulip Creek....55 10 34 -- 56 -- tr -- 80 20 -- -
16338.8  Tulip Creek.... 17 16 67 -- 17 - - -- 75 25 -- -
16354.2  Tulip Creek......9 14 74 -- 10 - 2 -- 52 30 - 18
16358.4* Tulip Creek......—- 80 16 -- - -- 3 1-P 84 2 -- 2
16363.10 Tulip Creek......4 4 91 -- 4 - - -- 35 35 -- 29
16364.5* Tulip Creek......-- 86 6 -- 1 - .- - 76 22 -- 2

have been removed by organic fluids generated during the Surdam, 1988). Houseknecht (1988) suggested that silica
maturation of kerogen because these acidic pore fluids for early quartz overgrowths may have been transported in
precede the migration of hydrocarbons (MacGowan and  solution from deeper sandstones of the Bromide and other

Middle Ordovician Simpson Group, Oklahoma H5



Table 1. Continued

Whole-rock mineralogy

<2-um clay mineralogy

Sample Sol

designation Formation carb Clay Quartz Cal Dol/Ank Plag  K-spar Other lllite IS Kaol Chl
16366.6* McLish........... — 87 2 1 1 2 5 2-P 77 22 - 2
16370.11 McLish......... 12 10 78 - 12 - - - 88 12 - -
16382.9  McLish......... 62 31 8 31 30 - - - 49 42 - 9
16386.0* McLish........... - 81 7 -- - - 5 1-P 71 29 - -
16396.7  McLish........... 5 6 89 -- 5 - - - 16 2 -- 82
16402.0* McLish........... - 86 5 2 -- 2 5 2-P 86 12 -- 2
16403.3  McLish......... 26 10 61 15 14 - - -- 59 13 - 29
16408.2  McLish......... 52 32 9 36 16 2 5 - 58 37 -- 4
16409.3* McLish........... - 86 6 - - 2 4 2-P 83 16 - 2
16418.11 McLish......... 17 13 68 5 12 -- 2 -- 59 28 -- 13
16428.9  McLish......... 10 13 60 11 5 1 10 - 65 25 -- 10
16433.0* McLish........... 3 55 30 -- 3 - 10 2-P 63 29 - 8
16441.2* McLish........... 2 72 14 1 2 - 7 2-P 61 38 - 2
16443.7  McLish......... 39 31 22 34 5 2 4 2-P 52 40 -- 7
16445.5*% McLish......... 14 50 29 12 3 - 2 1-P 69 28 - 3
16453.0 McLish.........21 23 32 25 5 7 8 - 54 36 -- 10
16458.3  McLish.........92 5 1 81 13 - - -- 63 33 -- 3
16464.10 McLish......... 49 11 36 23 30 - - -- 92 8 -- -
16472.8* McLish........... - 62 3 - -- 3 26 5-P 70 30 -- --
16478.0* McLish........... 4 73 9 2 2 2 9 3.P 60 37 - 3
16476.8  McLish......... 39 16 33 30 13 3 2 3.P 66 25 -- 9
16487.7 McLish......... 55 33 10 35 15 3 4 - 61 35 -- 4
16496,6  McLish......... 98 - 2 97 1 - - - 31 63 -- 6
16505.7 McLish......... 90 - 5 86 6 - 3 -- 50 48 - 3
16515.4  McLish......... 99 - 1 84 15 -- -- - 47 47 - 6
16525.2  McLish......... 95 6 2 70 22 - - - 29 69 - --
16534.9  McLish......... 70 19 11 39 28 . 3 -- 57 40 -- 3
16544.3  McLish......... 31 23 36 15 16 2 8 -- 54 38 -

16551.10 OQil Creek...... 55 34 6 46 9 1 2 2-P 48 51 -- 1
16553.5 Qil Creek...... 99 tr tr 95 4 - - - 24 69 -- 7
16554.0* Oil Creek ........ 5 77 9 2 5 - 5 2-P 80 20 -- -
16566.8  Oil Creek ...... 80 10 15 72 3 - - -- 69 31 - --
16578.5  Oil Creek...... 54 - 26 46 11 8 9 - nd nd nd nd
16579.9  OQil Creek...... 15 41 33 8 8 - 9 1-P 53 41 -- 3
16588.10 OQil Creek...... 34 14 49 31 6 - - -- 33 67 - -
16597.3  Qil Creek...... 36 12 46 25 17 - - - 70 30 -- -
16606.10 OQil Creek...... 52 12 33 - 55 - - -- 56 44 - -
16616.8  Oil Creek........ 9 11 70 - 11 - - - 87 12 - 2
16624.6  Oil Creek ........ tr 43 55 -- tr - 2 - 52 36 - 11
16626.8* Qil Creek........ - 70 7 - - - - 20-P 76 18 - 5
16635.11 OQil Creek ...... 18 18 61 - 21 - ~- -- 42 31 - 27
16637.0* OQil Creek...... 12 72 9 -- 10 -- 5 4-P 78 19 -- 4
16640.0* Qil Creek ........ tr 78 12 -- 2 -- 5 3.P 80 17 -- 3
16648.7  OQil Creek........ 2 7 90 3 - - - - 77 17 - 5
17056.5* Qil Creek ...... 13 55 24 11 3 2 2 3.p 59 36 -- 5
17057.4* Qil Creek........ 6 76 15 2 2 1 3 3-P 59 37 - 4
17058.10 OQil Creek...... 26 18 50 16 15 - - -- 39 53 -- 8
17067.3  Qil Creek ...... 79 19 7 70 2 - - 2-P 18 78 -- 4

formations; he proposed, however, that the silica was alteration of volcanic glass to clay, and both mineralogic

derived from pressure solution of quartz grains.

Early quartz cement is pervasive in most sandstones
of the Simpson of this study. Increased volcanic activity
during the Middle Ordovician favored early quartz cemen-
tation because silica is released during the relatively rapid

Hé Evolution of Sedimentary Basins—Anadarko Basin

and diagenetic evidence from the shale samples in the
Mazur core favored some increased volcanic activity during
Simpson deposition. This interpretation differs from that
reported earlier by Pollastro (1989a). It is likely that both
volcanic source material and diagenetic reactions involving



Table 1. Continued

Whole-rock mineralogy

<2-um clay mineralogy

Sample Sol
designation  Formation carb Clay Quartz  Cal Dol/Ank  Plag  K-spar Other lilite 15 Kaol Chl
17076.8  Oil Creek...... 79 18 52 15 10 2 - 3-P 49 42 -- 9
17083.1* Oil Creek...... 25 52 15 8 17 2 2 4-P 50 49 -- 2
17086.3 Oil Creek ...... 73 17 11 53 17 -- - - 39 53 -- 9
17099.2  Oil Creek...... 54 10 32 44 11 - 3 -- 46 51 - 4
17106.7  Oil Creek ...... 82 4 13 71 14 -- -- -- 48 50 -~ 3
17115.0  Oil Creek ...... 67 28 7 32 27 - 4 2-P 64 34 -- 2
17115.8 Oil Creek...... 37 38 18 6 30 - 3 2-P 73 26 -- 1
17116.2  Oil Creek ...... 49 5 42 27 24 2 -- - 65 35 - --
17130.3 Oil Creek ...... 10 5 83 1 11 -- - - 69 31 -- -
17136.3 Oil Creek ........ 7 8 82 -- 10 - - - nd nd nd nd
17147.1 Oil Creek ...... 20 4 75 - 21 - -- -- 84 16 - -
17159.11 OQOil Creek ........ tr 5 93 2 - -- - - 73 27 -- -
17172.7 Oil Creek ........ tr 8 82 . - - - -- 77 23 -- -
17182.10 Joins........... 20 8 72 -- 20 -- - - 88 12 - --
17184.6* Joins........... 14 55 23 6 9 - 4 3-P 68 31 - 1
17184.9 Joins ........... 22 5 71 23 1 - -- -- nd nd nd nd
17190.10 Joins........... 76 22 5 4 67 - 2 - 48 50 -- 2
17217.5 Joins........... 44 41 10 25 17 1 3 3-P 52 46 -- 2

Table 2. Range and mean whole-rock mineralogic
composition for 36 samples of shale and 50 samples of
sandstone from the Mazur well

[Determined using X-ray powder diffraction in weight percent of
whole rock. Shale interval 1 refers to Bromide, Tulip Creek, and
upper part of McLish Formations to core depth of 16,400 ft, interval
2 includes Simpson Group shales between 16,400 and 17,400 fi]

Shale
Interval 1 Interval 2 Sandstone
Range  Mean Range Mean Range  Mean
Quartz ........ 2-11 7 333 15 50-96 66
Clay.......... 58-92 84 41-78 62 2-35 14
Carbonate.... 0-21 3 042 13 0-48 18
Feldspar...... 0-7 4 0-27 6 0-15 2
Pyrite......... 0-14 3 1-20 4 0-3 <1

transportation of silica may have produced the present
mineralogy of shales of the Simpson Group from the Mazur
well.
The whole-rock XRD mineralogical compositions of

50 sandstone samples from the Simpson Group in the Mazur
well are also summarized in table 1. Sandstones average 66
percent quartz, by weight; some sandstones from the Oil
Creek and Tulip Creek Formations contain as much as 96
percent quartz. All sandstone samples, other than a few
almost pure ones, contain appreciable clay and carbonate
minerals, averaging 14 and 18 weight percent, respectively.
Feldspar content is about 2 weight percent and pyrite less
than 1 percent. The whole-rock XRD data are in close
agreement with thin section point counts of this report (see
following section) and with data for the McLish Formation
reported by Weber (1987).

Sandstone Petrology

Composition and Porosity

Point-count analysis for 32 sandstone samples is
summarized in table 4; framework compositions are plotted
on the quartz—feldspar—rock fragments ternary diagram of
figure 4. Most sandstones are quartzarenite; some subfeld-
spathic arenites are in the Tulip Creek and Mclish Forma-
tions and one sandstone from the Tulip Creek Formation is
a sublithic arenite. Sandstones are composed mainly of
detrital monocrystalline quartz grains (fig. 54) and gen-
erally less than 5 percent feldspar, most of which is
potassium feldspar (fig. 5B). Three sandstones, two from
the Oil Creek and one from the Bromide, are graywackes
(fig. 50).

Lithic framework grains are principally shale clasts
that are sometimes partly dissolved (fig. 5D). Carbonate
clasts and shell fragments are present in a few samples;
chert is extremely rare. Petrographic analysis indicates that
most sandstones are mineralogically mature to supermature.

Most sandstones contain little or no porosity. All
porosity observed in thin section is secondary (dissolution)
porosity and is best developed in the Tulip Creek and Oil
Creek Formations. Sandstones of these formations contain
as much as 11 percent porosity, mainly secondary and
intergranular, as determined from point-count analysis
(figs. 5B and 6A). Minus-cement porosity determined from
point-count analysis is commonly high (figs. 68 and C) and
in some cases exceeds 40 percent. Some intragranular
(moldic) porosity is also present (fig. 5D). Secondary
intergranular porosity is mainly from the dissolution of
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Table 3. Comparison of average mineralogic composition of Simpson Group shale from the Mazur well and

typical shale and bentonite
[Values in weight percent of bulk rock}

Devonian

Simpson Group Cretaceous shale2 Cretaceous Devonian potassium

shale' Marine Nonmarine bentonite? shale? bentonite®
Quartz......coeenrvirneeennnns 11 22 25 2 23 10
Clay minerals.............. 74 68 61 83 66 83
Carbonate minerals......... 7 2 7 3 8 1
Feldspar......ccoccevvuennnn... 4 5 7 4 Minor 2
Other..cc.coiievinraniinnnnens. 3 3 Minor Minor 3 4

IDetermined using X-ray powder diffraction.

2Data from Schultz and others (1980) for 366 samples of "ordinary shale" of the Pierre Shale and equivalent rocks, Northem

Great Plains.

3Data from Schultz and others (1980) for 119 samples of marine bentonite of the Pierre Shale and equivalent rocks, Northern

Great Plains.

4Data from Hosterman and Whitlow (1983) for about 1800 samples of Devonian shale from drill core and cuttings (0-14,500 ft),

Appalachian basin.

>Data from Hosterman and Whitlow (1983) for 9 samples of ash beds of Devonian shale from drill core and cuttings (675-7,500

ft), Appalachian basin.

carbonate cements, as evidenced by irregular and etched
quartz framework grains and small remnants of earlier
intergranular carbonate cement (figs. 5B and 6A4). The shape
and oversize of intergranular areas containing carbonate
cement and the high percentage of carbonate in some of the
sandstones (figs. 54, 94, B) suggest that labile grains such
as plagioclase or rock fragments once occupied some of
these spaces. Thus, these sandstones may not have been as
quartz rich as they are today.

QUARTZ EXPLANATION

= Bromide Formation

® Tulip Creek Formation
O Qil Creek Formation

. 4 Joins Formation
Quartzarenite

95 x McLish Formation

Sublithic arenite
Subfeldspathic arenite

FELDSPAR 8 ROCK FRAGMENTS
v

x(to 80)

Figure 4. Partial ternary diagram showing composition of

sandstones of the Simpson Group from the Mazur well
determined using point-count analysis (minimum 300 counts).
Sandstone classification scheme modified from Pettijohn and
others (1973).
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Diagenesis

The paragenetic sequence interpreted for sandstones
of the Simpson Group in the Mazur well is shown in figure
7. It should be noted, however, that the extent of diagenesis
varies from one sandstone to another. Many of the dia-
genetic stages interpreted here are similar to those reported
by Weber (1987), Pitman and Burruss (1989), and Pollastro
(1989a). Although the relative timing of each event is
shown in figure 7, the diagenesis in these sandstones can be
grouped into three stages: early, intermediate, and late.

Early diagenesis is characterized by the formation of
framboidal pyrite (fig. 8A), dissolution of labile grains
(probably plagioclase and rock fragments, fig. 5D), and
cementation by iron-poor calcite (fig. 6B) or syntaxial
quartz overgrowths (figs. 6C, D, 8B). Criteria for the
dissolution of labile grains include oversize pores now
filled with calcite and some floating grains (figs. 5A and
6B). Although cementation by calcite and quartz is believed
to have occurred relatively early in the burial history, grain
contacts average about three per grain. This criteria and the
presence of longitudinal- and interpenetrative-grain contacts
(figs. 5A and 6C) suggest that at least 3,300 ft of burial
occurred before cementation (Taylor, 1950; Pettijohn,
1975).

Intermediate events include the dissolution and (or)
replacement of clay as matrix or rock fragments, conversion
of smectite to illite, overgrowths on potassium feldspar
grains, replacement or conversion of iron-poor calcite to
iron-rich calcite, dissolution of calcite cements, and for-
mation of dolomite cement. Iron-rich calcite commonly
replaces or encompasses earlier iron-poor calcite, as
evidenced from stained thin sections (fig. 9A). Iron-rich
carbonate cements formed after quartz overgrowths (fig.
9B). Dissolution of intergranular calcite cements commonly
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