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EVOLUTION OF SEDIMENTARY BASINS-POWDER RIVER BASIN

Petrology and Reservoir Paragenesis
in the Sussex “B” Sandstone of the
Upper Cretaceous Cody Shale,
House Creek and Porcupine Fields,
Powder River Basin, Wyoming

By Debra K. Higley

Abstract

Oil is produced in the House Creek and Porcupine fields
in the Powder River Basin from central-ridge and ridge-margin
facies of the Sussex “B” sandstone, Sussex Sandstone Member
of the Upper Cretaceous Cody Shale. Mudstone forms over-
lying and updip reservoir seals in these fields. Hydrocarbons
are also trapped by a thin, areally discontinuous chert pebble
sandstone that may represent an unconformity surface.

Macroscopic reservoir heterogeneity results from inter-
bedding of reservoir sandstones with inter-ridge and low-
energy ridge-margin sandstones. This interbedding forms sed-
imentologic permeability boundaries that isolate and
compartmentalize individual sand bodies. Ductile deforma-
tion of glauconite, which is concentrated in reservoir sand-
stone trough cross-bedding ripple laminae, results in minor
permeability boundaries to fluid flow.

Microscopic heterogeneity and porosity loss in the
Sussex “B” sandstone results primarily from highly variable
amounts and distributions of quartz and calcite cements.
Minus-cement porosity that averages 30.2 percent for non-
bioturbated sandstones suggests a compactional volume
decrease of 5-10 percent porosity prior to lithification.
Compactional processes in the Sussex “B” sandstone are
important only in bioturbated sandstone—these are found in
mainly inter-ridge and low-energy ridge-margin depositional
environments.

Oil-producing sandstones are commonly cemented by
quartz, which averages about 8 volume percent of the rock.
These sandstones contain only minor amounts of carbonate
cement. However, the volumetrically most important cement

Manuscript approved for publication May 3, 1991.

in non-productive Sussex “B” sandstone is calcite. Authigenic
kaolinite, illite-smectite, and chlorite influence reservoir
propetrties by occluding pore spaces and pore throats. Most
porosity in reservoir sandstones is primary; however, secon-
dary porosity is created by dissolution of plagioclase and other
unstable lithic grains and by dissolution of carbonate cements
that filled pore spaces and replaced lithic grains and over-
growths. Microporosity is present within chert grains and
clays.

INTRODUCTION

Using petrologic and sedimentologic studies, this
paper characterizes the influence of sedimentologic and
petrologic variations on reservoir heterogeneity in the Sus-
sex “B” sandstone in the House Creek and Porcupine fields,
Powder River Basin, Wyoming. Effects of authigenic min-
erals on reservoir properties are described in detail for
selected inter-ridge and ridge facies sandstones.

The House Creek and Porcupine fields are about 1 mi
(1.6 km) wide and have a combined length of more than
36 mi (58 km). The fields form a major ridge system that is
composed mainly of coalescing small- to medium-scale
subaqueous dunes. The House Creek and Porcupine fields,
and the ridge facies they outline, trend about N. 40° W,
approximately parallel to basin structure contours (fig. 1).

The Sussex “B” sandstone is as much as 45 ft (14 m)
thick, ranges in depth from about 7,000 to 9,000 ft
(2,100-2,700 m), and is one of as many as twelve separate
sandstone bodies that are located at different vertical and
lateral positions within the Sussex Sandstone Member of the
Upper Cretaceous Cody Shale (Anderman, 1976; Crews and
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Figure 1. Powder River Basin structure map. Contours drawn on the top of the Sussex Sandstone Member of the Upper
Cretaceous Cody Shale and its equivalents. Locations of the Salt Creek outcrop (large arrow) and House Creek and Porcupine

fields are shown. Datum is mean sea level.

others, 1976). Oil is stratigraphically trapped in the Sussex
“B” sandstone by overlying mudstone and ferroan calcite-
cemented sandstone and by a lateral change from permeable
sandstone to relatively impermeable mudstone. Approxi-
mately 21 million barrels of oil (MMBO) and 19 million
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cubic feet of gas (MMCFG) have been produced from the
House Creek field, and more than 3 MMBO and 5§ MMCFG
have been produced from all reservoirs within the Porcupine
field (as of December 1989). Porcupine field production
is from the Muddy Sandstone Member of the Lower
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Figure 2. Generalized stratigraphic section showing nomen-
clature and correlations of Upper Cretaceous and Tertiary
rocks in the Powder River Basin of Wyoming and Montana.
Unconformities indicated by vertical ruled pattern and (or)
jagged lines.

Cretaceous Thermopolis Shale, the Sussex “B” sandstone,
and the Tumer Sandy Member of the Upper Cretaceous
Carlile Shale (fig. 2) (Lawyer and others, 1981). The mean
reservoir porosity and permeability of pay sandstones in the
House Creek field are 13 percent and 15 millidarcies (md),
and the thickness of perforated sandstones ranges from 2 to
32 ft (0.6-10 m) (Sabel, 1985). Reservoir porosity in the
Porcupine field is 8-12 percent (Lawyer and others, 1981).

Facies assignments were determined from outcrop
and core studies and by correlation of stratigraphic data to
geophysical well logs. Sussex “B” core from 21 wells was
described (Higley, 1988); these cores are located at the U.S.
Geological Survey core library in Denver, Colorado. Cores
from 10 wells located in and near the House Creek and
Porcupine oil fields were sampled for petrographic analysis
(table 1). Thin sections of 54 samples, X-ray diffraction
analyses, and scanning electron microscope studies were
used to determine reservoir paragenesis, sandstone porosity,
and mineralogic constituents of the Sussex “B” sandstone in
the study area.

GEOLOGIC SETTING

The Powder River Basin is a Laramide-style struc-
tural basin with a steeply dipping western flank and a gently
dipping eastern flank. The Cody Shale, including the Sussex
Sandstone Member and its equivalents, underlies most of
the basin and outcrops along the western flank, west of the
Lance Formation and Fox Hills Sandstone outcrops shown
on figure 1. Sandstone body and basin geometry indicate
that the Sussex “B” sandstone was deposited as a narrow,
low-relief, marine ridge complex in a shallow, offshore
marine setting within the narrow Campanian seaway
(Asquith, 1970; Berg, 1975; Hobson and others, 1982). This
seaway extended from the Arctic to the Gulf of Mexico.

Sussex Sandstone Member deposition may represent
transgressive marine reworking by oceanic, storm, and tidal
currents of residual sand sheets that were deposited during
a previous progradation (Hobson and others, 1982). Berg
(1975), Brenner (1978), and Hobson and others (1982)
believe that the Sussex Sandstone Member was deposited
more than 100 mi (160 km) east of the Upper Cretaceous
Eagle Sandstone shoreline as marine topsets in a pro-
gradation of marine shelf, slope, and basin sediments.
Hobson and others (1982) further postulate that the sources
of the sandstone for the Sussex Sandstone Member were the
nearshore marine and deltaic sediments of the Eagle
Sandstone. Brenner (1978) used core and well-log studies to
hypothesize that Sussex Sandstone Member ridge facies
were reworked and shaped by storm and tidal currents.
Deposition in water as deep as 100-200 ft (30-60 m) is
inferred based on Haplophragmoides and Reophax fora-
miniferal tests (Berg, 1975) and on the presence of trace
fossils from oxygenated water (including Skolithos, Chon-
drites, Diplocraterion, and Arenicolites). Asquith (1970)
inferred water depths as shallow as 50 ft (15 m) for
sandstone deposition.

SANDSTONE DIAGENESIS

The Sussex “B” sandstone is a very fine to medium-
grained litharenite to feldspathic litharenite (Folk, 1970).
Reservoir sandstones are composed of moderately sorted to
fairly well sorted subangular to subrounded grains that
commonly exhibit well-developed quartz overgrowths.
Included in table 2 are average volume percentages of
minerals and rock fragments determined from point-count
data of 54 thin sections for all sedimentary facies of the
Sussex “B” sandstone in the area of the House Creek and
Porcupine fields. Porosity and mineralogic determinations
were derived from more than 300 point-count measure-
ments. Thin sections were stained for calcite, potassium
feldspar, plagioclase, and iron. Mineralogical compositions
were verified by X-ray diffraction and SEM analysis.

Petrology and Reservoir Paragenesis in Sussex “/B” Sandstone  G3



Table 1.

Names and locations of wells sampled for petrographic analysis, Sussex “B”

sandstone, Sussex Sandstone Member of the Upper Cretaceous Cody Shale

[HC, House Creek field; P, Porcupine field; *, estimated depth to top of Sussex “B” sandstone. Leaders (--)
indicate that well is not within House Creek or Porcupine fields]

Location Depth to top of
Well name Field name (Section, township, range) Sussex "B" (in feet)

Core Welllog
14-9 Federal P 9, T.42N,R. 71 W. 7,781 7,778
1 Campbell P 21, T.42N,R. 71 W. 7,700 7,708
1 Government Miles "A" HC 9, T.44N,R. 73 W. 8,189 8,190
1 Mandell Federal HC 22, T.44N,R. 73 W. 8,166 8,174
1-23 House Creek Federal HC 23, T.44N,R. 73 W. 8,238 8,240
1 Empire-Federal "C" HC 29, T.45N,R. T3 W. 8,006 8,004
32-1 Marguiss "B" HC 32, T.45N,R. I3 W. 7,980 7,998
2 House Creek Federal HC 13, T.45N,R. 74 W. 8,175 8,175
1 Red Unit - 26, T,48 N, R. 79 W. 9,028* 9,028
1-11 Ucross State - 11, T.52N,R. 81 W. 8,233* 8,245

Table 2. Selected thin-section point-count data for depositional facies of the Sussex “B” sandstone, Sussex Sandstone Member
of the Upper Cretaceous Cody Shale, Powder River Basin, Wyoming

[Data represent average volume percentages for number of thin sections listed. N, number of thin sections studied; qtz, quartz; poly-x qtz, polycrystalline
quartz; ms, mudstone; sid, siderite; chl, chlorite; cmt, cement; cly clay; frag, fragments; -cmt por, minus-cement porosity]

Facies N __Framework grains _ Mainly detrital matrix Cements, clays, porosity
Qtz Poly-x Feld- Rock Glauc- _Matrix_ _Drapes  Pyr- Chl Qtz Chert Feld- Carb- Kaol- Poro- -Cmt
gtz spar frag onte Ms Cly Ms Sid ite rims cmt cmt spar onate inite sity por
All facies......... 54 31.1 29 63 132 5.1 30 59 1.8 09 06 0.9 7.7 2.1 1.5 106 0.8 54 296
Chert pebble
sandstone ......... 3 268 08 35 363 30 0.0 2.1 0.0 00 02 0.0 19 0.0 02 209 0.0 16 248
Central-ridge
sandstone ....... 17 322 29 57 141 47 0.7 39 21 29 03 08 85 21 13 9.5 04 77 307
High-energy
ridge margin....8 30.0 2.7 71 110 55 28 38 12 0.1 13 13 8.5 22 1.6 143 0.5 6.1 358
Low-energy
ridge margin....3 26.8 3.1 85 118 6.7 1.4 7.6 1.2 0.8 1.0 1.1 113 1.9 38 97 09 24 321
Wavy-bedded
inter-ridge ........ 6 315 2.1 69 102 6.9 32 5.1 0.0 00 04 1.8 79 22 22 119 1.6 59 339
Inter-ridge
sandstone ....... 10 30.7 2.8 74 111 55 33 72 32 02 07 0.7 83 22 1.5 8.5 13 54 287
Inter-ridge
siltstone............. 7 333 23 53 99 34 103 133 33 02 0.6 0.6 4.5 26 0.7 6.8 0.6 21 186

Quartz grains in the Sussex “B” sandstone are almost
entirely monocrystalline. Chert averages 5.8 percent by
volume for the 54 samples and is included with mudstone
clasts and minor amounts of sedimentary and volcanic rock
fragments as part of the rock fragment category (table 2).
Feldspar consists almost entirely of plagioclase (primarily
albite); potassium feldspar is rare. The detrital matrix
category contains mudstone and clay matrix categories
(table 2). Clay matrix represents undifferentiated clays of
mixed authigenic and detrital origin. Authigenic clay matrix
may have formed by precipitation of clays into primary and
secondary pore spaces and (or) by minor replacement of
glauconite and lithic grains by illitic clay. X-ray diffraction
analysis indicates that separates of clay from the Sussex “B”
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sandstone are composed of illite, ordered and random-layer
illite-smectite, iron-rich chlorite or chamosite, glauconite,
and kaolinite. The minus-cement porosity category (table 2)
combines intergranular primary porosity and secondary
porosity (in addition to authigenic cements and clays) as an
estimate of the amount of porosity at the time of lithifica-
tion.

Reservoir Paragenesis
Reservoir paragenesis of the Sussex “B” sandstone in

the House Creek and Porcupine fields is shown on figure 3.
The inferred principal diagenetic events are:

































show low relief (less than 1 m), and deep channels are
absent. Foraminiferal tests and bone fragments are occa-
sionally preserved. Also, this unit is petrologically different
from other facies of the Sussex: the chert pebble sandstone
consists of 32.4 percent by volume chert pebbles (rock
fragment category), whereas chert grains average 4.2 per-
cent in the other facies. Chert grains in this unit exhibit
coatings of oxidized iron (fig. 7F); this is unlike grains in
the other units. Grain-to-grain contacts within this facies are
point and long-straight contacts. Quartz grains incorporated
from underlying central-ridge facies sandstones commonly
“float” in a matrix of carbonate cement (fig. 7F). Because of
high depositional energy conditions, the sandstone does not
contain burrows or tracks.

Porosity in the chert pebble sandstone is commonly
secondary, resulting mainly from dissolution of lithic grains
and fossil fragments (fig. 7F). Cementation is the major
process of porosity reduction. Compactional loss of porosity
results primarily from rearrangement and closer packing of
lithic grains. The 24.8 percent average minus-cement
porosity represents about a 5-10 percent loss of porosity
from the initial depositional porosity. Initial porosity was
probably less in this facies than in other facies because of
bimodal sorting.

In core and thin sections, this chert pebble sandstone
is completely cemented by calcite and ferroan calcite.
Average calcite cement comprises 20.9 volume percent.
This sandstone would have excellent porosity and perme-
ability and would be a reservoir facies if the calcite cement
were removed. Paragenesis is commonly “frozen” because
of early calcite cementation. Kaolinite and illite-smectite
(which precipitated in other sandstone facies after calcite
dissolution) are rare in the chert pebble sandstone facies.

CONCLUSIONS

The Sussex “B” sandstone is composed generally of a
coarsening-upward sequence of inter-ridge to central-ridge
sandstones; the best developed reservoir sandstones are
located at the top of each sequence. Sandstones are very fine
to medium-grained litharenites to feldspathic litharenites.
Porosity relationships are complex and consist of primary
porosity, secondary porosity, and microporosity. Porosity is
commonly greatest within the high depositional energy
central-ridge and ridge-margin facies: these are the reservoir
sandstones of the House Creek and Porcupine fields.
Reservoir properties are controlled by: (1) types and
amounts of cements, (2) enhancement of porosity through
dissolution of carbonate cements, (3) sedimentologic factors
that influence fluid flow and the degree of sediment
compaction, and (4) amounts of pore-filling and grain-
coating clays. Fluid flow during oil production is slowed by
the numerous permeability boundaries created by interbed-
ding of inter-ridge with ridge facies sandstones and by
numerous mudstone drapes.
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“Publications of the U.S. Geological Survey, 1971-1981” may be
purchased by mail and over the counter in paperback book form (two
volumes, publications listing and index) and as a set of microfiche.

Supplements for 1982, 1983, 1984, 1985, 1986, and for subse-
quent years since the last permanent catalog may be purchased by mail
and over the counter in paperback book form.

State catalogs, “List of U.S. Geological Survey Geologic and Wa-
ter-Supply Reports and Maps For (State),” may be purchased by mail and
over the counter in paperback booklet form only.

“Price and Availability List of U.S. Geological Survey Publica-
tions,” issued annually, is available free of charge in paperback booklet
form only.

Selected copies of a monthly catalog “New Publications of the
U.S. Geological Survey” is available free of charge by mail or may be
obtained over the counter in paperback booklet form only. Those wishing
a free subscription to the monthly catalog “New Publications of the U.S.
Geological Survey” should write to the U.S. Geological Survey, 582 Na-
tional Center, Reston, VA 22092,

Note.—Prices of Government publications listed in older catalogs,
announcements, and publications may be incorrect. Therefore, the prices
charged may differ from the prices in catalogs, announcements, and pub-
lications.






