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Topical Report

" To present the results of ipetrogr’aphic studies of the Travis Peak

Formation in East Texas based on data from 10 cores, to use those
petrographic results to interpret the diagenetic history of Travis

- Peak sandstones, and to relate the diagenetic history to permeabll-

ity variations within the formation,

Prevxous work on the Travis Peak has established a regional geologic
framework and delineated major depositional systems for the forma-
tion across East Texas and North Louisiana. Recent cooperative
well activities with operators have yielded several Travis Peak
cores, and additional existing core has been loaned or donated to the
project. With these cores, it has been possible to begin work on the
physical properties of Travis Peak sandstones. This report
summarizes the results of petrographic studies of Travis Peak core,
including depositional characteristics and diagenetic modifications
of the sandstones, and it examines the lnterplay between d1agenes1s

‘and permeability.

Travis Peak sandstones are fine to very fine grained quartzarenites
and subarkoses that were derived from sedimentary, metamorphic,
and igneous rocks exposed in a large area of the southwestern
United States. The originally high depositional porosity in matrix-
free sandstones has been reduced by compaction and precipitation of
authigenic cements, particularly quartz, ankerite, illite, and
chlorite. In addition, reservoir bitumen occludes porosity in some
zones near the top of the Travis Peak. = Primary and secondary
porosity and permeability have a wide range of values at the top of
the formation, but both the range of values and the maximum values
decrease with depth below the top of the Travis Peak. Dissolution
of orthoclase and plagioclase has formed most of the secondary
porosity. Porosimeter-measured porosity is the best predictor of
permeability, and there is a significant inverse correlation between
total volume of cement and permeability.
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Technical
Approach

The petrographic studies utilized 187 thin sections from 10 Travis
Peak wells. Petrographic and scanning electron microscopes were
used for mineral identification and quantification, and electron
microprobe analysis determined feldspar compositions. Relative
abundances of clay minerals were determined by X-ray diffraction
techniques. Porosity and permeability were measured by routine
core analysis and by special techniques designed to simulate in situ
conditions. Geochemical studies included elemental analysis of
reservoir bitumen.
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INTRODUCTION

Since 1982, the Gas Research Iﬁstitute (GRI) has supported geological research
designed to develop knowledge necessary to effectively exploit low-permeability, gas-
bearing sandstones. As part of that program, the Bureau of Economic Geology has been |
conducting research on the Travis Peak (Hosston) Formation, which is a blanket-geometry,
low-permeability sandstone that extends across East Texas, North Louisiaha, and southern
Mississippi. This effort has been part of a much broader program designed to increase the
understanding and ultimate utilization of unconventional gas resources through integration
of multiple disciplines involved in tight gas resource development. At present, many tight
gas sandstones are not being efficiently evaluated, hydraulically fractured, or produced
from because of a lack of appropriate technology to stimulate near-term development of
the tight gas resource at c/ompetitive pricé‘s.

This report presents one aspect of the Bureau's study: determining the composition
of Travis Peak sandstones, their diagenetié history, and the causes of their low permea-
bility. Samples of the Travis Peak were available from 10 cores in the East Texas area
(fig. 1). Four of these cores are from cooperativer wells that were sampled by GRI in
conjunction with Travis Peak operators (Clayton W. Williams, Jr. Sam Hughes No. 1, ARCO
Oil and Gas Corﬁpany B. ‘F. Phi’llipsto. 1, Ashland Exploration, Inc. Soil Fertility of Texas
[S.F.O.T.] Unit No. 1, and Prairie Producing Company A. T. Mast et al. No. 1-A); the other
cores (Amoco Production Company Caldwell Gas Unit No. 2 and M. Kangerga "C" No. 1,
Stallworth Qil and Gas, Inc. Everett "B" Oil Unit No. 2 and Renfro Oil Unit No. 2, Sun Qil
Company Janie Davis No. 2, and Delta Drilling Company E. Williams "A" No; 1) were
contributions from operators.

Petrographic studies of the core have been conducted to determine the grain size and
mineral composition of Travis Peak sandstones and mudstonevs. Diagenetic modifications of

the originally deposited sediment were identified using a petrographic microscope, a
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!Figure 1. Location of wells from which Travis Peak cores were available.



scanning electron microscope (SEM), and an electron microprobe. Finally, the influence of

grain size, detrital mineral composition, and authigenic mineral composition on permea-
. \

bility was evaluated for the Travis Peak Formation in the eastern part of the East Texas

Basin.

DEPOSITIONAL HISTORY

The Travis Peak Formation in East Texas was deposited as a complex o_f high-
constructive delta lobes that rapidly prograded over a broad, shallow shelf more than
100 mi wide (Saucier and others, 1985). The Travis Peak deltas prograded onto a rélatively
competent substrate, so that the delta system spread laterally as well as vertically (fig. 2).
As the depocenters shifted back and forth across the stable, shaﬂow shelf, the initial delta
deposits were reworked by fluvial processes. Most of the marine sediment was reworked,
leaving a sand-rich accumulartion of delta-plain and alluvial deposits that is more than
2,000 ft thick in East Texas (fig. 2). | |

A delta-fringe system formed around the margins of the fluvial-deltaic clastic wedge,
and farther offshore, restricted-marine-shelf, shelf-margin, and open-marine systems
devéloped (Saucier and others, 1985). "The delta-fringe system includes a variety of
depositional environments (or "facies") associated with the transition from the continental
fluvial-deltaic system to the shallow-m‘arine-‘shelf system. The delta fringe contains
lithofacies deposited in lower-delta-plain, marsh, lagoon, estuary or bay, tidal-flat, and
distributary-bar environments (Finley, 1985). Although the fluvial-deltaic system is ‘the
most sand-rich system iﬁ the Travis Peak, most of the hydrocarbon production is from the

delta-fringe system (Saucier and others, 1985).



ME-NB-£2S
801 -84 “Ud oI
/%410 48 497 UIoW —
o ml__um_._m

MG-N6-2S
GBI-8)% “Yd uum
1 # HOBIO

v 13 SS3H Vav¥IAY

a-v

M8-NOI-GZS

2€1-8Y "Ud SSYIOHYAION
| # siabay
0" v

MOI-NI1-2€S
162-8Y “Ud SUA0HYION
13,8, YW
'L3d SdITIHd
o-v

M2l-NII-pIS
9GE-8) “Yd 0j0S 8
/% 10 {3 uMoJg
110 Io%w:_bous_

Ml -NLI-IES
862-8Y ‘Ud 0l053Q

IdX3 QOSNVHL
8-v

M9I-NEI-62S

SLIGO
(Pettet)
FORMATION

HOSSTON
(Travis Peak)
FORMATION

5,500

IdX3 TIVHSHYN
LV

Of€-y ung ajkoy
10€-8% “00 bjound

2 ¢ DAUSY
0 _ALLID
9-v
PEG-V "Ing Usldiog
092-g% *'00 pjound
2 # ¥o0)g

TIOZNN3d
G-V

122-V "ing ulmpoog
20t -g) ¢ 00 Djoung

[ S0
X3 TIVHSHYN

ARKANSAS
Natchitoches Ph..

Rusk Co. /
Panola Co.

LOUISIANA

TEXAS

-y "Ing 04sD)

8bH-8) 00 dsny
.| Apuog
13d mzm._.._.oo

6 ¢ U0SYOIq - UolIoH —
m<._.w .WZOJ

89-Y Ung Joug
26¢ -8y “0) bbaig

COTTON VALLEY GROUP

20 mi
32 km

B

Open-marine
system

L
§¢
w

Gross sandstone_intervals
based on the SP deflections

All logs are SP-Res.
unless otherwise noted

Shelf-margin
system system

Delta-fringe Marine-shelf
system

GR Log—

it

QA-2802

A-A', which extends from Greggb

h, Louisiana (from Saucier, 1985).

ion

IC Cross sect

h

igrap

ip-oriented strati

Paleo-d
County, Texas, to Grant Paris

Figure 2.



 GRAIN SIZE

The Travis Peak Formation in East Texas is composed tnai_nly of sandstones, muddy
sandstones, and sandy mudstones (fig. 3). In‘ the four GRI coopebrative wells, analysis of
frameWorkv grain size was accomplished by making grain-size point eounts of thin sections.
Fifty detrital grains per shde were measured along their long dimension, excludmg cement

overgrowths. Mean dxameter of sand- and sut-sxze grams was calculated for each sample

(tables 1 through 4); detrital and authigenic clays were not included in the calculation of

mean grain diameter.
 Sandstones

- Most of the individual satnples have average grain sizes in the fine (.125 to .250 mm)
to yery fine (.62 to .125 mm) sandstone range (tables | t‘hrough 4). The samoles from the
Cl-ayton Williams Sam Hughes No. 1 and Ashland S.F;O.T. No. 1 wells had overall average
gtain sizes of .109 and .117 mm; respectively.t The’ samples frorn the ARCO Phillips No. 1

and Prairie Mast No. 1-A wells were ‘somewhat coatser, averaging .136 and .138‘m:m

_overall.

| Samples ifbror}n existing core contributed b'y-Operators were not point counted for grain
size, but mean gram sxze was estimated from thin sections. In general the esnmated gram'
sizes also averaged in the very fine sandstone to fme sandstone range. Sandstones from the |
Amoco Kangerga f'C" No. 1 well were somewhat coarser than average; severalasam'pkles
were fine sandstones, and the average grain siz'e was .1.‘4'5 mm. Samples from the Sun Janie
Davis No. 2 core were relatively fine grained, with an‘ aVera’ge grain size of .085 mm. |

Detrital silt and clay are common in ‘many of the Travis Peak samples. Sa‘ndstOnes

wnth abundant detntal clay were either deposited in a low-energy env1ronment or had clay

mxxed into-an ongmally clean sandstone by burrowmg orgamsms. In most of the wells

there is a significant negative correlatlo_n between gram size and matrix content, that ;s,
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Figure 3. Triangular diagram of terms applied to mixtures of terrigenous sand, silt, and
mud (from Folk, 1974).



" Table 1. Grain-size distribution in Clayton Williams Sam Hughes No. | core.

o | Detrital - Authigenic Textural

Depth Mean (mm)  Sand (%) Silt (%) “clay (%) clay (%) class*

© 6,835.7 .057 28 58 14 0 Sandy siltstone
6,836.3 .068 48 T 18 0 Sandy mudstone
6,841.5 .075 57 .33 10 0 Silty sandstone
16,8425 .108 % 10 0 0 " Sandstone
6,843.7 104 9 | 5 0 0 Sandstone

1 6,851.0 06k 34 42 24 0 ~ Sandy mudstone
7,066.3 073 54 24 22 0 Muddy sandstone
7,049.4 .078 59 % 17 0 Muddy sandstone
7,061.8 | .087 88 ' 10 0 2 Silty sandstone
7,066.1 .087 58 32 10 0 Silty sandstone
17,0695 .107 76 122 12 0 Muddy sandstone
7,090.3 . .100 72 11 17. -0 Muddy sandstone.
7,093.2 31 922 2 0 6 Sandstone
7,093.5 S Y1 92 2 0 6 Sandstone -
7,095.3 - 127 95 1 0 4 Sandstone
7,097.7 L1348 97 0 0 3 Sandstone
7,099.5 169 98 0 0 2 Sandstone
7,100.2 L3 92 0 0 8 Sandstone
7,101.0 o .167 100 0 0 0 Sandstone
7,101.2 C158 96 0 0 4 Sandstone

*Textural class determined only by detrital grains.



Table 2. Grain-size distribution in ARCO Phillips No. 1 core.

Detrital Authigenic Textural
Depth Mean (mm) Sand (%) Silt (%) clay (%) clay (%) class*
8,189.6 .120 92 2 6 Sandstone
8,190.8 .123 90 0 0 10 Sandstone
8,194.7 .138 70 0 30 0 Clayey sandstone
8,199.6 118 94 2 0 4 Sandstone
8,211.4 . 140 92 2 0 6 Sandstone
8,213.5 148 9% 2 0 4 Sandstone
8,215.0 .204 100 0 0 0 Sandstone
8,216.5 .161 100 0 0 0 ~ Sandstone
8,227.6 116 - 90 4 0 6 Sandstone
8,240.6 114 76 6 6 12 Sandstone
8,243.3 .148 94 0 0 6 Sandstone
8,246.1 .169 92 0 0 8 Sandstone
8,246.8 184 100 0 0 0 Sandstone )
8,257.1 .084 58 28 14 0 Silty sandstone
8,368.8 .126 84 8 8 0 Muddy sandstone
8,372.9 .163 94 4 2 Sandstone
8,378.5 .087 70 18 12 0 Muddy sandstone
8,382.0 .116 9% 0 6 Sandstone
8,385.2 111 83 4 4 Sandstone
8,386.7 .133 100 0 0 Sandstone
8,387.5 144 86 0 14 0 Clayey sandstone

*Textural class determined only by detrital grains.



Depth (ft)

9,665.5
9,686.3
9,697.8
9,710.7
9,715.2
9,747.1
9,750.2
9,750.7
9,753.0
9,753.6
9,754.3
9,755.6
9,757.0
9,759.2
9,760.3
10,085.2
©10,093.1
10,095.9
10,109.1
10,111.0
10,112.4
10,113.0
10,121.0
10,127.7
10,131.0
10,135.0
10,141.8
10,143.9

Table 3. Grain-size distribution in Ashland S.F.O.T. No. 1 core.

Mean (mm)

.087
.055
.070
.089
.098
.130
.128
.186
.130
.153
126
127
134
.151
.123
.068
.103
.100
.110
164
.137
134
-094
14
125
131
-128
.072

Sand (%)

70
22
46
74

86
33
9

100
9
98
96
92
93
98
90
42
80
76
90

96
92
9%
70
90

100
9%
9%
50

Silt (%)

14
50
42

w N
N N O O N N N & © © & NN

[N
N N

18

42

*Textural class determined only by detrital grains.

Detrital
clay (%)

16

N
(-]

o O O O O O O 0o ™OC ON

22

Authigenic
clay (%)

o

Textural
class*

Muddy sandstone
Sandy mudstone
Sandy siltstone
Silty sandstone
Silty sandstone
Muddy sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandy mudstone
Clayey sandstone
Silty sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Muddy sandstone
Sandstone
Sandstone
Sandstone
Sandstone

Sandy siltstone



01

Depth (ft)

8,624
8,624.0
8,628.0
8,632.4
8,639.1
8,642.6
8,643.9

" 8,646.5

8,656.3
8,656.9
8,662.3
8,665.0
8,666.1
8,667.8
8,669.0
9,154.9

9,161.0

9,172.0
9,186.0

9,202.0

9,212.0
9,221.0
9,230.2
9,934.9
9,941.1
9,948.2
9,956.0
9,959.9
9,973.5
9,985.1
9,991.1

Table 4. Grain-size distribution in Prairie Mast No. 1-A core.

Mean (mm)

.071
.081
.063
.073
127
139
14
.103
.090
.080
14y
.077
.062
.143
147
.193
.158
<111
147
.205
.188
<244
.158
.104
114
.166
.193
-297
.163 -
.120
.126

Sand (%)

62.0
57.8
38.5
49.3
86.0
89.5
86.0
92.0
73.9
67.2
-90.8
68.0
35.7
90.7
93.6
92.7
96.6
76.1
93.7
98.5
98.1
98.1
93.8
68.6
84.2
98.0
96.5
99.0
82.9
90.6
85.6

Silt (%)

32.0
32.5
45.2
32.8
4.0
5.7
9.6
6.0
20.8
26.1
5.8
29.1
49.4
7.9
3.9
1.9
2.0
19.0
3.9
0
0
0
3.9
26.7
1.5
2.0
0
0
11.3
7.9
5.5

*Textural class determined only by detrital grains.

Detrital
clay (%)

2
9

.0
.7

15.3
17.4

—

O O = O O © © W O © © O © © O OO0 © &« OO0 o N O O

0

o

.
-

.
-

)
w

o

Authigenic
clay (%)
4.0

0
1.0
0.5
10.0
4.8
4.4
2.0
2.9
6.7
3.4
2.9
0.5
1.4
2.5
5.4
1.4
4.9
2.4
1.5
1.9
1.9
2.3
1.4
4.3
0
3.5
1.0
3.9
1.5
8.9

Textural
class*
Silty sandstone
Silty sandstone

Sandy siltstone

~ Sandy mudstone

Sandstone
Sandstone
Silty sandstone
Sandstone
Silty sandstone
Silty sandstone
Sandstone ‘
Silty sandstone
Sandy siltstone
Sandstone
Sandstone
Sandstone

Sandstone

-Silty sandstone

Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Silty sandstone
Silty sandstone:
Sandstone
Sandstone
Sandstone
Silty sandstone
Sandstone

Sandstone



the fine-grained sandstones tend to have more abundant detrital matrix. The clean
sandstones are well sorted and texturally mature, according to the definition of Folk

(1974).

Mudstones

True mudstones or claystones (fig. 3) have not been sampled in the Travis Peak cores.
Instead, the finest grained layers contain appreciable amounts of silt and sand, so they are
texturally classified as sandy mudstones or sandy siltstones (fig. 3). Point counts of four
fine-grained samples in the Prairie Mast No. 1-A core illustrate this. All four samples
were called mudstones when the cores were described macroscopically. However, thin
sections from these intervals revealed that the clay content varied from 30.5 to 79.5
percent, and detrital sand and silt comprised 20 to 69 percent of the detrital volume.
Grain-size distributions of these samples are probably typical of the fine-grained beds

within the Travisb Peak.

TRAVIS PEAK COMPOSITION

A total of 187 thin sections from 10 wells haye been point counted to defermine
mineralogic composition of the Travis Peak (tables 5 through 14); this includes 100 samples
from the four GRI cooperative wells (tables 5 through 8). Sandstone composition can be
divided into four major parts: (1) framework (i.e., detrital) grains, (2) matrix, (3) porosity,
and (4) cement (i.e., authigenic minerals). The relative abundance of each of these four

categories has an important influence on permeability.
Framework Grains
Framework grains are divided into essential and nonessential constituents. Essential

constituents are those used to classify sandstones: quartz, feldspar, and rock fragments.

11
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Table 5. Petrographic analyses of Clayton Williams Sam Hughes No. 1 core.

Framework grains Matrix
Clay Heavy Plant - Clay-sized
Depth (ft) Quartz Plagioclase  Orthoclase MRF* Chert clasts Mica minerals remains Other fines
6,835.7 56.0 4.5 0 0 0 0 0 0 0 0 15.0
6,836.3 52.2 2.0 0 0 0.5 0 0 0 0 16.4
6,841.5 50.7 6.0 0 0 0 0 0 0 0 0.5 7.0
6,842.5 51.7 2.9 0.5 0 0.5 3.9 0 0 1.0 0 0
6,843.7 50.5 1.9 0 0 0 2.9 0 0.5 0 0 0
6,851.0 66.0 ) 1.5 0 0 0.5 1.0 0 0 0 0 22.2
7,046.3 68.0 . 3.4 0 0 0 0 0 0 0.5 0 22.7
7,049.4 62.0 R 0 0.5 0.5 0 0.5 1.0 0.5 0 25.0
7,061.8 54.0 2.4 0 0 1.4 3.8 0 0 0 0 4.3
7,066.1 65.0 2.0 0 0.5 0.5 0 0 0 0 0 6.4
7,069.5 57.1 2.4 0.9 0 0.5 4.7 0 0 0 0 8.5
7,090.3 66.8 3.9 0 0 0 2.4 0 0 0 0 14.6
7,093.2 . 61.6 1.5 0 0 0 1.0 0 0 0 0 1.5
7,093.5 58.5 1.4 0 0 1.0 1.4 0 0 0.5 0 0
7,095.3 56.2 2.9 0 0 1.4 0.5 0 0 707.5 0 0
7,097.7 53.6 2. 0 0.5 0 2.4 0 0 0 0 0
7,099.5 63.2 3.4 0 0 0.5 0 0 0 0 0 0
7,100.2 56.0 2.0 0 1.4 0.5 0.5 0 0 0 0 0
7,101.0 63.8 1.5 0 0 0 0.5 0 0 0.5 0 0
7,101.2 68.5 1.0 0 0 0 0 0 0 0 0 0

*Metamorphic rock fragments
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Table 5. (continued)

Cements ) ) Porosity
Solid
i Authigenic organic Primary Secondary
Depth (ft) Quartz Dolomite Ankerite clay Feldspar Anhydrite matter porosity porosity
6,835.7 16.0 0 2.0 0 0 0 5.5 0 1.0
6,836.3  .19.4 1.0 4.5 0 0.5 0 3.5 0 0
6,841.5 33.8 0 1.0 1.0 0 0 0 0 0
6,842.5 27.8 0 2.9 4.4 0.5 0 0 2.0 2.0
6,843.7 15.6 0 3.8 1.9 0.9 0.5 0 8.7 13.0
6,851.0 4.4 0 3.0 0 0 0 1.5 0 0
7,046.3 3.9 0.5 0 0.5 0.5 0 0 (] 0
7,049.4 6.7 1.0 0 0.5 0 0 0 0 0
7,061.8 28.9 0 5.2 0 0 0 0 0 0
7,066.1 16.3 0 7.4 0 0.5 0 1.5 0 0
7,069.5 25.9 0 0.5 0 0 0 0 0 0
7,090.3 . 11.2 0 0 1.0 0 (i} 0 0 0
7,093.2 22.7 0 (i} 2.5 0.5 0 6.9 i.5 0.5
7,093.5 25.6 0 0 4.3 0 -0 5.8 i.0 0.5
7,095.3 24.8 0 0 7.1 0 0 0.5 2.4 2.9
7,097.7 22.3 ()} 0 7.1 0.5 0 0 6.6 8.7
©7,099.5 21.1 0 0 2.0 0.5 0 0 5.4 3.9
7,100.2 24.2 ()} 0 4.8 0 0 1.0 5.3 4.3
7,101.0 27.1 0 0.5 2.4 1.0 1.0 ()} i.4 0.5
7,101.2 20.0 0 4.0 3.5 0 0 0 1.0 2.0



LA

Depth (ft)

8,189.6
" 8,190.8

8,194.7
3,199.6
8,211.4 -
8,213.5
8,215.0
8,216.5
8,227.6

8,240.6

8,243.3
8,246.1
8,246.8
8,257.1
8,368.8
8,372.9
8,378.5
8,382.0
8,385.2
8,386.7
8,387.5

Table 6. Petrographic analyses of ARCO Phillips No. 1 core.

Framework grains Matrix
; _ Clay Heavy Plant Clay-sized
Quartz Plagioclase Orthoclase MRF* Chert clasts Mica minerals remains Other fines
65.2 0.5 [) 0.5 0 1.9 (i} (] 0 0 0
62.7 2.3 0 0 0 1.9 0 0.5 0 0 0
65.7 . 2.0 0 1.0 0 0 0 0.5 0 0.5 28.9
63.7 1.5 0 0 0 0 0 0 0 0 0
58.7 2.9 0 0 0 8.3 0.5 0 0.5 0.5! 0
64.3 2.3 0 1.4 0 0.9 0 0 0 0 0
73.5 3.0 0 0 0 0 0 0 0 1.52 0
72.9 1.5 0 0.5 0 0.5 0 0 0 0.5! 0
55.9 2.0 0 0 0.5 0 0 0.5 0 0.52 0
71.1 2.9 0 1.0 0 0.5 0.5 0o 0 0 2.5
61.4 2.9 0 0.5 (i} 2.4 0 0 0 0 0
68.5 3.3 (i} 0 0 1.4 0 0 0 0 0
67.1 0.5 0 1.0 (] 1.0 0.5 0 0 0 0
58.2 0.5 0 0 0 0 0 0 0 0 1.4
71.8 1.9 0 1.4 1.0 0 0 0.5 (] 1.0 13.8
70.4 0.5 0 0.5 0 0 0 0 0 0 0
73.3 4.5 0 0 0.5 0 0 0 0 0 5.4
59.0 2.9 0 0.5 0 /0.5 0 0.5 0 0. 0
67.6 2.8 0.5 0.5 0 5.2 0 0 0 0 5.2
62.4 1.9 (] 0 0 2.8 0 0 0 0 0
68.8 0 0 0 1.0 - 0.5 0 0 0 0.5 10.2

*Metamorphic rock fragments

lPyrite

2Fossil fragments
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Table 6. (continued)

Cements . Porosity
Solid ‘
o Authigenic organic Primary Secondary
Depth (ft) .= Quartz Dolomite Ankerite Fe-calcite clay Feldspar = Anhydrite matter porosity porosity
8,189.6 24.2 0 0 0 5.3 0 . 0 2.4 0 0
8,190.8 26.4 0 0.5 0 3.3 0.9 0 l."o 0 0
8,194.7 1.0 0 0 0 0.5 0o 0 0 0 0
8,199.6 22.1 1.0 2.5 0 4.4 0 0.5 4.4 0 0
8,211.4 22.8 0 1.9 0 2.9 0.5 0 0 0 0.5
8,213.5 19.7 0 1.9 0 5.6 0.5 0. 1.4 0.5 0.9
8,215.0 16.2 0 1.5 3.4 1.0 0 0 0 0 0
8,216.5 13.8 0 1.0 1.0 4.9 0 0 0.5 1.5 1.5
8,227.6 6.9 9.3 10.3 0.91 2.9 0 0 6.4 0 0
8,240.6 13.2 0 1.0 0 5.9 0 0 1.5 0 0
8,243.3 24.2 0 0.5 ) 0 6.3 0 0 0 0.5 1.4
8,246.1 13.9 0 0.5 0 . 4.2 0 0 0 5.6 2.8
8,246.8 o 17.4 0 1.0 0 1.0 0 1.0 9.2 0 0.5
8,257.1 12.4 0 T 0 0 6.5 0 0 10.9 0 0
3,368.8 0.5 0.5 0.5 0 5.3 0 0 0 1.9 0
8,372.9 21.2 0 3.4 1.0 2.5 ()} 0 0.5 0 0
8,378.5 4.0 0.5 5.0 0 7.4 0 0 0 0 0
8,382.0 22.4 (V] 0 0 5.4 0 0 6.8 0.5 1.5
8,385.2 13,1 0 . 0.5 0 4.7 0 0 0 0 0
8,386.7 20.2 0 0.5 0 3.3 0 0 8.9 0 0
8,387.5 14.1 (1] 0.5 0 - 1.0 0 0.52 1.5 0 1.5
lCalcite

Barite
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Depth (ft)

9,665.5
9,666.3
9,686.3
9,697.8
9,710.7
9,715.2
9,747.1
9,750.2
9,750.7
9,753.0

- 9,753.6

9,754.3
9,755.6
9,757.0
9,759.2
9,760.3
10,085.2

. 10,093.1

10,095.9
10,109.1
10,111.0
10,112.4
10,113.0
10,121.0
10,127.7
10,131.0
10,135.0
10,141.8
10,143.9

Table 7. Petrographic analyses of Ashland S.F.O.T. No. | core.

Framework grains Matrix
Clay Heavy Plant Clay-sized
Quartz = Plagioclase Orthoclase MRF* Chert clasts Mica minerals remains Other fines
68.8 1.5 0 0 o o 0 0 0 0.5! 1.7
57.1 0.5 1.0 0o 0 0 0 0 0 1.5¢ 4.9
55.0 - 1.5 0 0 0 0 0.5 0 0 0 33.5
64.0 - 2.0 0 0 0.5 0 0 1.0 0 0 15.3
62.2 3.8 1.4 0.5 0.5 0 0 0.5 4.8 1.0l 1.4
58.6 3.9 1.0 1.0 1.0 4.3 0 0 0 1.0l 0
76.1 1.5 1.9 0 1.0 0 0 0 0 1.0l 10.5
62.9 4.4 0 0 0.5 1.0 0 0 0 0.5l 0
63.4 2.0 0 1.0 0.5 0.5 0 0 0 . 1.0l 0
57.6 3.0 0 0.5 0.5 0 0 0 0o 0 0
62.6 4.7 0 1.4 0 0.5 0 0 (] 0 0
61.5 3.4 0 1.0 (] 0.5 0 0.5 0 1.02 0
62.1 5.7 0 0.5 0 0 0 0 0 0.92 0
60.1 1.5 2.0 0.5 0.5 0.5 0 0.5 0 0 0
65.5 1.5 0 0.5 0 0 0 0 0 0 0
69.6 3.0 0 1.0 0 1.0 0 0 0 0.53 0
63.2 -~ 1.0 1.0 0 0.5 2.0 0 0 0 0 17.9
69.3 . 2.0 0 0 0.5 1.5 0 -0 0 0.53 11.9
70.2 2.9 1.4 0.5 0 1.0 0 0.5 0 0 9.1
61.5 . 3. 1.9 0 0 3.4 0 0 0 ) 2.9
65.9 3.8 ‘ 0.5 0.5 0 (] 0 0 0 0 0
62.1 2.0 ()} 0 0 [} 0 0 0 0 0
67.0 4.3 1.0 0.5 0.5 0.5 0 0 0 0.52 1.0
72.8 1.5 1.0 0.5 0 0 0 0.5 0 0.54 13.1
64.5 2.5 1.0 1.0 0.5 0 0 0 0 0.5% 6.4
70.2 1.5 1.0 0.5 0.5 1.5 0 0 0.5 0.53 0
70.4 2.5 (] 0 0.5 0.5 0 0 0 0 0
67.6 1.0 1.5 3.4 1.0 1.0 0 0 0 0.53 0
66.3 0 ' 1.5 1.0 0 0.5 0 0 0 0 14.1

*Metamorphic rock fragments

lerite

Grains altered to clay

Hematite
%Opaque
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Table 7. (continued)

Cements Porosity
Solid
Authigenic organic

Depth (ft) Quartz Dolomite Ankerite clay Feldspar Anhydrite matter Fe-calcite Primary Secondary
9,665.5 2.9 2.9 [.0 0.5 0 0 5.4 0 0 4.9
9,666.3 0 16.1 19.0 0 0 0 0 0 0 0
9,686.3 0 7.0 2.5 0 0 0 0 0 0 0
9,697.8 13.3 1.0 1.0 2.0 0 0 0 0 0 0
9,710.7 13.4 1.9 2.9 5.3 0.5 0 0 0 0 0
9,715.2 21.9 0 3.8 3.8 0 0 0 0 0 0
9,747.1 5.7 1.0 0.5 1.0 0 0 0 0 0 0
9,750.2 21.0 2.4 4.4 2.4 0.5 0 0 0 0 0
9,750.7 21.0 0.5 1.0 2.0 0 0 2.9 0 0 4.4
9,753.0 18.7 8.9 6.9 1.0 0 0 0 0 0 3.0
9,753.6 17.5 2.4 7.1 1.8 0 0 0 0 0 1.9
9,754.3 1.7 7.8 5.9 2.4 0 0 0 0 0 4.4
9,755.6 10.4 3.3 5.2 6.2 0 0 0 0 0 5.7
9,757.0 16.3 1.4 1.4 8.7 0 0 0 0 0 - 6.7
9,759.2 22.7 0.5 2.0 3.4 0 0 0 0 1.5 2.5
9,760.3 16.2 2.0 2.5 2.9 0 0 0 0 0 1.5
10,085.2 6.5 1.0 6.5 0 0 0 0.5 0 0 0
10,093.1 8.9 0 1.5 3.0 0 0 0 0 0.5 0.5
10,095.9 8.7 0 0.5 2.9 0 0 0 0 0 2.4
10,109.1 8.2 3.8 5.8 5.8 0 0 0 0 0 3.4
10,111.0 16.8 1.0 1.0 3.8 0 0 0.5 0 0.5 5.8
10,112.4 20.7 1.0 1.5 2.0 0 0 0 0 2.0 8.4
10,113.0 10.5 1.0 1.4 3.7 0 0 0 0 0.5 5.7
10,121.0 1.9 3.9 3.4 0 0 0 1.0 0 0 0
10,127.7 10.8 0 0.5 6.4 0.5 0 0 0 2.5 3.0
10,131.0 22.4 0 0.5 0.5 0 0 0 0 0.5 0
10,135.0 16.7 0 1.0 4.9 0 0.5 0 0 1.0 2.0
10,141.8 23.0 0 0 1.0 0 0 0 0 0 0
10,143.9 0.5 2.4 13.7 0 0 0 0 0 0 0
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Table 8. Petrographic analyses of Prairie Mast No. 1-A core.

Framework grains Matrix
Clay Heavy Clay-sized

Depth (ft) Quartz Plagioclase Orthoclase MRF* Chert clasts Mica _minerals Pyrite Other fines
8,624.0 61.7 3.9 0.5 0 0 0 0 0 0 0 9.7
8,628.0 70.3 4.0 0.5 -0 0 0 0 0 0 0 15.3
8,632.4 65.2 . 2.9 1.4 0.5 0 0 0 0 0 0 17 .4
8,639.1 64.9 . 1.0 0 0.5 1.0 1.0 0 0.5 0 0 )
8,642.6 68.6 2.9 1.4 0 0 0o 0 0 0 0 0
8,643.9 59.7 2.9 0.5 0.5 0.5 0 0.5 0 0 0 0
8,646.5 64.5 3.0 0 1.0 0- 1.0 0 0 0 0 0
8,656.3 63.3 5.2 1.0 1.0 0.5 0 0 0 0 0 2.4
8,656.9 59.6 4.3 2.4 . 0.5 0.5 1.0 0.5 0 0.5 0 0
8,662.3 68.4 ‘ 1.5 1.9 -0 0.5 0 0 0 0 0 0
8,665.0 57.6 4.4 2.0 0.5 -0 3.4 0 0 0 0 0
8,666.1 52.9 7.7 1.9 1.0 1.0 4.8 0 0 1.4 0.52 14.4
8,667.8 57.4 2.9 1.9 0.5 1.0 1.0 0 0 0 0.5l 0
8,669.0 60.6 3.4 0.5 0 0 0 0 0 0 0 0
9,154.9 68.8 3.4 0.5 0 0 0.5 0.5 0.5 0 0 0
9,161.0 63.3 1.0 1.9 1.0 1.0 0.5 0.5 0 0 0 0
9,172.0 64.2 N 0 0.5 0 0.5 0 1.0 0 0 0
9,186.0 66.0 4.2 2.8 0 0.9 0 0 0 0 0 0
9,202.0 66.2 2.5 0.5 0 0.5 0 0 0 0 0 0
9,212.0 62.6 2.9 1.0 0 0.5 0.5 0 0 0 0 0
9,221.0 68.7 1.9 0.5 0.9 0.5 3.8 0 0 0.9 0.5 0
9,230.2 70.0 6.0 3.7 0 0 0 0 0 0 0 0
9,934.9 63.4 2.8 0 0 0 4.2 0.5 0.5 0.9 3.8l 3.3
9,941.1 64.9 2.4 0 0 0 0 0 0 0 1.91 0
9,948.2 71.6 2.5 0 0.5 0.5 0 0 0 0 0 0
9,956.0 70.0 0 0 0 1.5 0 0 0 0 0 0
9,959.9 76.4 1.0 0 0.5 0 0 0 0 0 -0 0
9,973.5 68.4 2.4 0 0.5 0.5 1.9 0 0 0.5 1.5! 1.9
9,985.1 68.3 1.5 0 0 0.5 0 0 0.5 0.5 0 0
9,991.1 63.5 1.5 0 0 0.5 0 0 0 7.9 0 0

*Metamorphic rock fragments
Grain altered to clay
2Coalified wood
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Table 8. (continued)

Cements ) ; ) : Porosity
' ‘ Solid
, : Authigenic . , organic :
Depth (ft)  Quartz Dolomite Ankerite clay Feldspar 'Anhydritg matter Primary Secondary
8,624.0 - 5.8 8.7 8.7 0 0 0 0 0 1.0
8,680 . - 2.0 3.5 1.0 1.0 0 0 0 o 2.5
8,632.4 2.4 3.4 2.9 0.5 0 0 2.4 0.5 0.5
8,639.1 18.5 0 2.0 10.2 0 0 0o 0 0
8,642.6 20.8 0 0.5 4.8 0 0.5 0 0.5 0
8,643.9 22.8 0.5 1.5 4 0.5 0 0 2.4 3.4
8,646.5 O 16.7 ‘0 X 2.0 0 0 0 1.0 R
8,656.3 1l.b 1.0 7.6 2.9 0 1.0 0 1.9 1.0
8,656.9 18.3 0 C 4.8 6.7 0 0 0 0.5 0.5
© 8,662.3 15.5 0 7.3 3.4 0 0.5 0 0 1.0
8,665.0 ~18.5 1.5 9.3 2.9 0 0 0 0 )
8,666.1 4.8 2.4 6.7 0.5 0 0" 0 0 0
' 8,667.8 23.9 0 : 7.2 . 0 0 0 1.0 _ L
3,669.0 19.7 0 10.8 2.5 0 0 0 1.5 _ 1.0
9,154.9 1.2 1.5 - 5.4 5.4 0 0.5 0 1.0 1.0
19,161.0 19.0 0 4.3 1.4 0.5 0 0 1.9 3.8
9,172.0 15.7 2.5 6.4 4.9 0 0 0 0 0
9,186.0 19.3. 0 ' 0 2.4 0 0 0 0.9 3.3
9,202.0 23.5 0 0.5 1.5 0 0 0 1.0 3.9
9,2120 4.1 0.5 2.9 1.9 0 3.7 0 0.5 L 3.9
9,221.0 13.7 0 0 1.9 0 0 0 0.9 5.2
9,230.2 . 15.2 0.5 0.5 2.3 0.5 0 0 0 1.
9,934.9 16.9 0 0.5 1.4 0.5 0 0 0 1.4
9,941.1 23.1 0 0 4.3 0.5 (i} 0 (i} 2.4
9,948.2 21.6 0 0 0 0 0 0 1.0 2.5
9,956.0 21.0 0 0 3.5 0 0 0 1.0 3.0
9,959.9 18.2 0 0 1.0 0 0 0 1.0 2.0
9,973.5 18.0 0 0 3.9 0 0 0 0 0.5
9,985.1 22.8 0 0 1.5 0 0 0 0.5 4.0
9,991.1 . 148 0 ) 8.9 0 0 0 0 3.0
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Table 9. Petrographic analyses of Amoco Caldwell Gas Unit No. 2 core.

Framework grains Matrix
. Clay Heavy Clay-sized

Depth (ft) Quartz Plagioclase Orthoclase MRF#* Chert clasts Mica minerals Pyrite Other fines
6,816.6 744 2.0 0 1.0 0 0 0 0.5 0 0.5l ]
6,825.2 77.3 1.0 0 0 0.5 0 0 0 0 0 0
6,831.5 69.4 5.3 0 1.0 0 0 0 0 0 0 0
6,837.6 67.8 3.5 0 1.0 0 0 0 0 0 0 0

6,848.4 67.2° 1.0 0 0.5 1.0 2.5 0 0 0 0 7.0
6,889.5 75.2 2.0 0 0.5 0 0.5 0 0 0 0 0

6,899.3 65.2 2.0 0 2.5 0 2.0 0 0 0 0 12.9

6,907.6 67.2 1.0 0 1.0 1.0 13.7 0 0 0 1.0l 2.0
7,240.0 70.0 2.0 0 0.5 1.0 1.0 0 0 0 0 0
7,255.5 67.5 4.3 0.5 0.5 1.4 0 0 0 0 0 0
7,260.3 64.0 3.4 0 0 1.0 0 0 0 0 0 0
7,263.3 64.7 3.4 0 0 0 0.5 0 0 0 0 0
7,276.4 68.4 2.9 0 1.0 1.5 0.5 0 0 0 0 0
7,295.5 65.0 - 3.5 0 1.0 0 0 0 0 0 0 0
7,315.9 68.7 . 2.0 0 0 1.0 0 0 0 0 0 0
7,317.4 68.3 1.5 0 0 0 0.5 0 0 0 0 0
7,325.2 68.0 3.4 0 0.5 1.5 1.0 0 0 0 0 0
7,339.7 64.9 3.8 0 0.5 0 0.5 0 0 0 1.0l 0
7,341.0 66.7 4.8 0 0 1.0 0.5 0 0 0 0 0

7,349.6 69.7 2.9 0 0 0 1.9 0 0 0 0 3.4
7,354.3 70.9 1.5 0 i.9 0 6.5 0 0 0 0 0

7,358.3 68.3 3.8 0.5 0.5 0.5 1.9 0 0 0 0 1.4

* Metamorphic rock fragments
1Grain altered to clay
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Table 9. (continued)

Cements Porosity
) Solid
. Authigenic organic

Depth (ft) Quartz Dolomite - Ankerite clay Feldspar Anhydrite matter Primary Secondary
6,816.6 1647 0 1.0 1.5 0.5 0 0 1.0 1.0
6,825.2 14.8 0 1.5 3.0 0 0 0 2.0 ()}
6,831.5 18.9 0 1.9 1.0 0.5 0 0 1.5 0.5
6,837.6 24.3 0 0.5 2.0 0 0 0 1.0 0
6,848.4 17.9 0 0 2.5 0.5 0 0 0 o 0
6,889.5 17.3 0 2.0 2.5 0 0 0 0 : 0
6,899.3 14.4 0 0 ) 0 0 0 0 i.0
6,907.6 11.3 0 0 1.5 0 0 0 0 0.5
7,240.0 . 18.7 1.02 3.9 0 0 0 0 1.0 1.0
7,255.5 14.8 0.5 1.9 1.0 0.5 0 0 1.4 5.7
7,260.3 22.7 0 ' 1.0 i.5 0 0.5 0 0.5 5.4
7,263.3 16.2 1.5 1.5 2.5 0 0 0 0 9.8
7,276.4 13.1 3.9 2.9 0.5 0 0 0 0 5.3
7,295.5 17.5 0.5 1.0 3.0 0 1.5 0 0 7.0
7,315.9 16.4 0 1.0 0.5 0.5 0 3.5 0.5 6.0
7,317.4 18.3, i.5 2.5 1.0 (] 0 0 2.5 4.0
7,325.2 12.1 0 1.0 6.3 0 0 0 2.4 3.9
7,339.7 Y 1.4 1.9 7.2 0.5 0 0 1.9 5.3
7,341.0 14.0 0.5 2.4 1.0 0 1.4 0 0.5 7.2
7,349.6 11.5 1.9 3.4 0.5 0 0 0 1.0 3.8
7,354.3 15.0 0.5 0.5 1.5 0 0 0 2.6 5.3
7,358.3 10.1 2.9 1.4 6.3 0.5 0.53 0 1.0 0.5

2Calcite nodule
Barite cement
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Table 10. Petrographic analyses of Amoco Kangerga "C" No. | core.

Framework grains Matrix

v " Clay . Heavy “Clay-sized
Depth (ft) Quartz - Plagioclase Orthoclase MRF * Chert clasts Mica minerals Pyrite Other fines
8,409.8 64.1 3.8 0 0 0 0.5 0 0 0 0.5! 0
8,417.3 71.1 1.0 0 0.5 0 0 0 0 0 0 0
8,419.0 76.4 1.4 0 1.0 0 0.5 0 0 0 0 0
8,4620.9 65.9 3.3 0 1.9 0 0.9 0 0 0 0.52 0
8,466.5 - 67.9 4.2 0 2.3 0 0 0.5 0 0 0 0
8,470.3 71.8 3.4 0 0.5 1.0 0 0 0 0 0.53 0
8,478.5 68.4 1.9 0 0.5 2.4 0 0 0.5 0 0 0
8,504.5 68.0 2.9 0 2.4 0.5 0.5 0 0 0 0 0
8,518.1 64.0 2.0 0 2.5 1.5 1.0 0.5 0 0 0 16.5
8,541.0 65.0 5.8 .0 0.5 1.0 0.5 0 0 0 0 0
8,574.4 58.6 3.4 0 1.5 0.5 0.5 0 0 0 0 25.1
8,596.0 - 66.3 0.5 0 1.0 0 0 0 0 0 0 0
8,599.0 77.1 1.5 ()} 1.0 1.0 0 0 0 0 0 0
8,602.0 73.1 L 0 0.5 1.9 0.5 0 0 0 ~0.53 0
8,604.1 68.6 1.0 (] 1.0 0.5 0 0 0 0 -0.52 0
8,618.4 68.1 2.9 0 1.9 1.0 0 0 0.5 0 0 0
8,627.2 - - 75.4 W 0 1.9 140 0 0 0 0 0.5
8,633.8 67.7 1.5 0 1.0 0.5 0 0 0 0 0.54 ()}
8,637.9 €9.4 , 1.4 0 2.3 3.2 i.4 0 0 0.5 "0 0
8,638.5 69.4 ' 3.3 0 1.9 1.4 3.3 0 0 0 0 0
8,644.6 68.7 3.3 0 1.4 0.9 0.9 0.5 0 0 0 0
8,650.0 68.6 2.4 0 1.0 i 0.5 0 0.5 0 0 0
8,656.6  70.1 0.5 0 0.5 2.0 0 0 0 0 0 10.0
8,660.2 71.3 3.0 0 1.0 (] 0 0 0.5 0 (] 3.5
8,662.6 71.6 1.0 0 2.0 1.5 0.5 0 0 0 0 0

* Metamorphic rock fragments
Hematite
Plutonic rock fragment
3parite cement
kyolcanic rock fragment
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Table 10. (continued)

Cements ' Porosity
‘ Solid
Authigenic organic
Depth (ft) Quartz Dolomite - Ankerite Fe-calcite clay Feldspar Anhydrite matter Primary Secondary
8,409.8 29.2 0 0 0 1.0 0 0 0 0 1.0
8,417.3 11.4 0 10.4 0 0 0 2.0 0 0 3.5
8,419.0 15.9 0 0 0 0 0.5 2.9 0 0.5 2.9
8,420.9 19.4 0 0.5 0 1.4 0 2.4 0 0.5 3.3
8,466.5 17.2 0.5 0 ()} 1.9 0.9 (i} (] 0.9 3.7
8,470.3 18.0 0 0 0 0 0 1.0 0 o 4.4
8,478.5 18.4 0 0.9 0 1.4 (] 0 0 0.9 4.7
8,504.5 16.0 0 ()} 0. 4.9 0 0 0 1.5 3.4
8,518.1 6.5 0 0 0 0.5 0 0 0 1.5 3.5
8,541.0 20.4 0 1.0 0 0.5 0 (i} 0 1.0 b4
8,574.4 10.3 0 0 0 0 0 ()} ()} 0 0
8,596.0 24.8 0 0 ()} 0.5 (] 0 0 0.5 6.4
8,599.0 14.1 0 0 (i} 1.5 0 “ 0 0 1.0 2.9
8,602.0 6.8 0 0 0 i.4 0 0 0 1.4 1.9
8,604.1 15.2 "0 0.5 0 b.4 0 ()} 0 2.5 5.9
8,618.4 12.6 0. 1.4 0 4.8 0 0 (0} 1.9 4.8
8,627.2 9.2 0 0 0 7.7 0 (0} 0 0 2.4
8,633.8 27.9 0 0 0 1.0 ()} ()} 0 0 0
8,637.9 20.4 0 0.5 0 0.9 0 0 0 (] ()}
8,638.5 17.2 (] (] o 2.9 0.5 0 0 0 0
8,644.6 20.4 0 0 0 3.3 0 0 0 0 0.5
8,650.0 22.7 0 0 0 1.9 0 (] 0 0 1.0
. 8,656.6 16.4 0 0 0 0.5 0 0 0 0 0
8,660.2 . 20.8 0 0 0 0 0 0 0 0 0
8,662.6 20.9 0 0 (] 1.0 0 1.0 0 0.5 0
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Depth (ft)

7,496.9
7,497.1
7,542.4
7,552.6
7,575.1
7,584.4
7,590.0

7,603.6

o *Metamorphic rock fragments

Table 11. Petrographic analyses of Sun Janie Davis No. 2 core.

Framework grains

Grain altered to clay

"~ Depth (ft)
7,496.9
7,497.1
7,542.4
7,552.6
7,575.1
7,584.4
7,590.0
7,603.6

E Clay Heavy ' ‘
Quartz Plagioclase Orthoclase MRF* Chert clasts Mica minerals Pyrite Other
65.4 3.4 0 0 0 1.0 0 0 o 0
61.8 3.9 0 0 0 0.5 0 0 0 0.5!
68.4 1.5 0 0 0 0.5 0 0.5 0 0.5t
73.3 0.5 0 0.5 0 ()} 0.5 0 (i} 0
61.1 1.5 0 0 0 0.5 0 0 0 0.5l
63.4 5.0 0 0.5 0 0 0 0 0 0
58.5 3.9 0 (] 0 0.5 0 (] 0 1.4l
64.4 2.4 0 0 0 1.4 0 0 0 2.4l
Cements Porosity
, — Solid
S i . . Authigemic__.._____ . ' . organic S B
Quartz Dolomite Ankerite clay Feldspar Anhydrite matter Primary Secondary
10.7 1.5 3.4 6.8 0 0 0 1.0 6.3
11.8 1.5 3.9 3.9 0 (. 6.4 2.0 3.9
13.1 0.5 0 5.8 ©0.5 0 5.3 1.0 2.4
3.5 0 0.5 3.0 0 0 11.9 0 0
15.3 0 0 1.5 0.5 0 6.9 2.0 10.8
12.9 2.5 4.5 6.9 0o 0 0 0.5 4.0
11.6 1.0 10.1 . 5.8 0 0 0 1.0 6.3
23.6 -0 0 3.8 0 0 0 1.0 1.0

Matrix
“Clay-sized
fines
0.5
0
0

6.4

S © © ©
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Table 2. Petrographic analyses of Stallworth Everett "B" No. 2 core.

Framework grains . ) . . Matrix

‘ v T ) T Clay ' Heavy ' “Clay-sized
Depth (ft) Quartz Plagioclase Orthoclase MRF* Chert clasts Mica minerals Pyrite Other . fines
8,155.7 58.8° 4.9 0 0 1.0 1.0 0 0o 0.5 0 7.4
8,175.7 635 - 2.5 0 0o 1.0 4.9 0 0 o 1.5l 1o
8,178.7 - 59.2 1.0 0 0 1.0 2.5 0 0 0.5 0 0
8,179.1 61.7 1.5 0 0 0 6.0 0 0 0 0 0.5
8,186.5  68.3 3.0 0 0.5 0 0 0.5 0 0 0 7.4
8,191.2 67.7 1.5 0 0 0 0.5 '8 0 0 0.52 29.9
8,227.8 68.5 2.0 0.5 0 0 0 0 0.5 0 o 0
8,230.5 170.0 1.0 i.0 0 0.5 0 0.5 0 0 osl o
8,231.5 65.0 2.5 -0 1.0 0 1.0 0 0 ] 0 0
8,240.0 67.5 1.0 0 0.5 0 0.5 0 0 0 1.0 0
8,261.1 66.3 - 0 0.5 0 0 1.0 0 0 2.0 3.42 0
8,265.5 68.2 o0 0 0.5 0 5.5 0 0 0.5 0.52 3.5
38,3169 7%.6 1.5 0 0 0.5 0 0 0 0 o 10.9
8,328.0 80.1 2.0 0 0 0 0 0 0 0 e 1.4
8,349.6 69.3 3.9 0 0.5 0 0 0 0.5 o 0 14.1
°8,355.9 80.0 2.0 0 0 0 0 0 0 0 0 4.0
8,366.9 69.7 2.0 0 0 0 1.0 0 0.5 0 0 0

* Metamorphic rock fragments .
Grain altered to clay
2Coalified wood
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Depth (ft)

8,155.7
8,175.7
8,178.7
3,179.1
8,186.5
8,191.2
8,227.8
8,230.5
8,231.5
8,240.0
8,261.1
8,265.5
8,316.9
8,328.0
8,349.6

8,355.9 _ .

8,366.9

Table 12. {continued)

Cements Porosity
Solid
Authigenic organic :
Quartz Dolomite Ankerite clay Feldspar  Anhydrite matter Primary Secondary
20.1 1.5 4.4 0 0 0 0 0 0.5
2.2 1.0 0.5 2.0 0 0 1.0 0 0
16.4 0.5 0 0.5 0 0 18.4 0 0
11.4 3.5 0.5 0 0.5 0 14.4 0 0
18.3 0 0.5 0 0 0 1.0 0 0
0 0 0 0 0 0 0 0 0
19.7 0.5 0 8.4 0 0 0 0 0
9.9 0.5 1.0 3.4 0 0 1.8 0 0
15.3 1.0 2.0 3.9 0.5 0 7.9 0 0
15.3 0 1.0 8.9 0 0 4.4 0 0
13.2 2.9 5.9 4.9 0 0 0 0 0
16.4 0 1.0 3.5 0 0 0.5 0 0
10.4 0 0 0 0 0 2.0 0 0
6.5 0 0 0 0 0 0 0 0
7.8 0.5 2.0 0 0 0 0.5 0 1.0
5.0 1.0 3.0 5.0 . 0 0. 0 0 0
15.4 1.0 0.5 5.0 0 0 2.0 0 3.0



x4

Depﬁ (fv)

8,181.2
8,189.9
8,225.5
8,229.0
8,230.8
8,232.7

¥ Metamorphic rock fragments

Depth (ft)

8,181.2
8,189.9
8,225.5
8,229.0
8,230.8
8,232.7

Table 13. Petrographic analyses of Stallworth Renfro No. 2 core.

Framework grains Matrix
) : Clay Heavy Clay-sized -
Quartz Plagioclase Orthoclase MRF#* Chert clasts Mica minerals Pyrite Other fines
62.9 2.0 0 0 0 3.9 0 0.5 0 0 0
72.8 4.5 0 0 0 0 0 0 0 0 14.4
66.5 - 2.9 0 1.0 0 0 0.5 0 0 0 9.7
69.3 3.9 0 1.0 0.5 0 0 0.5 0 0 1.z
64.0 1.5 0 0.5 1.0 4.9 0 0 0 0 1.8
56.4 2.0 0 0 0 1.5 0 0 0 0 0
Cements Porosity
Solid
' Authigenic organic
Quartz - Dolomite Ankerite clay Feldspar  Anhydrite ‘matter Primary . Secondary
13.2 0 0 1.5 0.5 0 15.6 0 0
0.5 6.4 1.5 0 0o 0 0 0 0
18.4 0 0 0 1.0 0 0 0 0
10.7 0 0 0 0 0 2.4 0 0
13.3 0 . 0.5 ] 0 0 0.5 1.5 0.5
16.8 ] 0 0 19.3 0 0

3.0

1.0



8¢

Depth (ft)

8,171.0
8,185.5
8,188.3
8,188.5
8,190.1
8,193.8
8,199.6
8,204.3
8,215.1

Table 14. Petrographic analyses of Delta Williams "A" No. | core.

*Metamorphic rock fragments .
Grain altered to clay

Depth (£t)

8,171.0
8,185.5
8,188.3
8,188.5
8,190.1
8,193.8
8,199.6
8,204.3
8,215.1

Framework grains Matrix
Clay Heavy Clay-sized
Quartz Plagioclase Orthoclase MRF#* Chert clasts Mica minerals Pyrite Other fines
61.5 2.0 0 0.5 0 0 0 0 0 0 4.0
61.6 4.3 0 0.9 0 3.3 0 0 0 0 0
61.0 0.5 0 2.0 - 1.0 0 0 0 0 0 0
65.2 1.5 0 0.5 0 1.5 0 0 0 0 8.8
44.3 1.5 0 0.5 0.5 0 0 0 0 0 1.5
58.7 1.0 0 0.5 1.0 0 0 0 0 0.5l 0
67.0 © 2.0 0 0.5 0 3.5 0 0 0 0 4.5
62.7 1.5 0 0.5 0 1.0 0 0.5 0 0 9.5
61.5 1.5 0 1.0 0.5 2.0 0 0 0 0 5.5
Cements Porosity
. Solid
Authigenic organic

Quartz Dolomite Ankerite clay Feldspar  Anhydrite matter Primary Secondary

2.5 8.0 19.5 0 0 0 2.0 0 -0

16.1 ' 0 1.9 0.9 0 0 0.5 1.9 8.5

16.5 0 1.5 1.5 0 0 16.0 0 0

14.7 0 1.0 2.0 0.5 0 0 0.5 3.9

1.0 34.3 16.4 0 0 0 0 0 0
17.9 0 1.5 0.5 0 0 18.4 0 0

16.5 1.0 2.0 2.5 0 0 0 0.5 0
19.9 0 0.5 1.5 0 0 2.0 0 0.5

19.0 0 2.5 2.5 0 0 4.0 0 0



Any other detrital grains; including redeposited rip-up clay_ clasts,"are nonessential to

sandstone classification.

Essentlal Constltuents » |

Quartz is’ the most abundant detrital mmeral in all Trav1s Peak samples (pl. 1A). 1t
comprlses up to 80 pe'rcent of thesandsto*ne v‘olume and averages 65 4 percent. Of the "
»essentlal constltuents, detntal quartz constltutes 82 to 99 percent. Most detrital quartz
grams are smgle crystals with straxght or slxghtly undulose extinction, although poly-
v crystallme quartz grams are present. ' | |

Detrital feldspar (1nclud1ng plagloclase, orthoclase, and mlcroclme) forms 0 to 10
vpercent of the;total rock volume (tables} 5 vthrough l#), and 0 to l5 percent of the essential

constituents. Plagioclase is more abundant than orthoclase in all wells, and microcline is

ex‘tr’emely‘rare. The average volume of fe‘ldsparvin the tour‘GRl cooperative wells:is 2'to 3 :

" percent - (tables 5 through 8), the Ashland S.F.O0.T. No. 1 and Prairie Mast No. 1- A cores |
average 3.5 percent, whereas the Clayton Wllllams Sam Hughes No. 1 and ARCO Phllllps_ }
;No. 1 cores conta;m.srgmflcantly less feldspar (an average of 2.3 percent). Much of the
» plagioclase is‘untvrinned, ‘bind'ic;ating"i_t ha»d a »metamorphic origin (Folk, 1974). P’lagioclase
gr'ains vary f.rom vfresh to sericitized and va:c‘uolized.v Partial dissolution of plagioclase "
o alon'g' cle-avage planes,results",in delicate skeletal grains and secondary porosity (pl. YIB)° ‘
Many grams have alblte twmmng, but other graxns have a patchy, 1nd15tmct type of
vtwmmng called "chessboard" that may be caused by albmzatlon and healmg of partlally
_dxssolved plagloclase (Gold, 1984). PIagxoclase gralns in the Travis Peak samples have been
bextensxvely albmzed (see Feldspar sectlon, p- 42) o

Orthoclase and mlcroclme are rare in all cores (average = .05 percent in Clayton
erhams Sam Hughes No. 1 and ARCO Phllllps No. 1), except in the Ashland S.F.O. T No. 1
and Prairie Mast No. 1-A cores, where they average O 8 percent of the rock volume. The

srgmflcantly greater volume of total feldspar in the Ashland S. F O.T. No. 1 and Praxrre
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Mast No. 1-A samples is accounted for by the greater volume of orthoclase; there is no
significant difference in plagioclase content in the Ashland and Prairie cores compared to
the Clayton Williams and ARCO cores. The presence of more potassium feldspar in the
Ashland S.F.O.T. No. !l and Prairie Mast No. l-A cores suggests that orthoclase may
originally have been more abundant in the other cores as well, but was removed by
dissolution during burial. It is not known why significéntly more orthoclase remains in
those two wells; perhaps their greater depth below the top of the Travis Peak or their more
downdip location in comparison to the other cores is part of the explanation.
Alternatively, more orthoclase may originally have been deposited in the area of these two
wells. Possible differences in source areas tapped by different fluvial axes may have
resulted in local variations in sandstone composition in different local depocenters.

Rock fragments are primarily chert and metamorphic rock fragments in the Travis
Peak. Each is generally present in volumes of 0 to | percent. Many of the samples also
contain a trace of very fine grained siliceous rock fragments. Their origin is not known,‘
but they appear to be either metamorphosed fine siltstone or metamorphosed chert whose
grain size increased during metamorphism. The presence of these three types of rock
fragments indicates that the source area for the Travis Peak included both sedimentary and
metamorphic rocks.

Clay ‘clasts are common (tables 5 through 14), but they were derived locally when
partially consolidated mud layers were ripped up and redeposited with sand. Because of
their local origin, clay clasts were not included in the rock fragment category when the

sandstones were classified.

Provenance
The essential constituents provide information about the provenance of Travis Peak
sandstones. These sandstones are quartzarenites and subarkoses (fig. 4), and the average

composition (quartz, feldspar, rock fragments) for all the samples is Qg4,7 Fy,g R1.3. The
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FRAGMENTS
QA 4823

Figﬁfé 4. Classification of Travis Peak sandstones (from Folk, 1974).
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high percentage of quartz 1nd1cates these samples are mmeraloglcally mature; unstable :

grains exther were not abundant in the source area, or they were removed during
transportation, deposition, and burial, or both. Work by Saucier (1985) indicates that the
Travis Peak was derived from a large area of the southwestern United States that included
sedimentary, metamorphic, and igneous rocks. The high percentage of quartz in the Travis
Peak is probably caused at least in part by the presence of abundant sedimentary rr”ocks in
the source areas. Metamorphic rocks contributed slate and phyllite fragments, metachert,
and much of the plagioclase. Granitic Precarnbrian basement exposed in‘ Oklahoma and

Colorado during the Early _CretaceﬁOUs also contributed feldspar and quartz, as well as

plutonic rock fragments. However, plutonic rock fragments are rare in the Travis Peak

sandstones because igneous rocks were a minor part of the source terrain and because the
transport distance was sufficiently long that most rock fragments were broken into mineral

grains, particularly quartz and feldspar.

Nonessential Constituents
Other framework grains (nonessential constituents) not used to classify the sand-
stones are present in the Travis Peak ‘in varying amounts. Tourmaline and zircon, which

are both extremely stable, are the only heavy minerals observed i in thin section. They can

survive long transport dxstances and can be recycled from older sedlmentary rocks. The

lack of other heavy mmerals may be attnbuted to two factors. First, heavy mlnerals other
than zircon and tourmaline were probably rare in the sedlmentary part of the source area.
Second, other heavy minerals, such as hornblende and garnet are less stable during
transport and burial than are zircon and tourmaline, so any of these minerals that were
derived from the source area did not: survive.

Muscovite is ‘present in .volum:es of less than 0.5 pereent, and it occurs primarily in

the finer grained samples. Coalified wood is a common constituent in some samples

(tables 5 through 14); the wood was derived locally and redeposited with the sand.
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’InVertebrate fossils were - also derived locally and inc0rporated‘ into sandstones that overlie

fossiliferous hmestones near the top of the Travis Peak Formatxon.. Fragments of ovsters,
ostracods, and ech1no1ds are evndence of a normal-marme deposmonal env1ronment for the

limestone (D Bebout, personal commumcatlon, 1985)
Matrix

Detrital clay matrix was deposited with some of the Travis Peak sandstones. Where

'detrital‘ grain"s of Sand4éized clay clasts could. be recognized, they were counted separately '

from clay matrix (tables 5 through 14) However, where clay clasts were deformed by

compaction and are no longer recognizable as dlstmct grams, they were counted as matrix

‘(clay-51z»ed flnes)f X—ray dlffractxon analy31s of detrital clay matnx in the less than

5= u m-size fracnon has been performed on samples from the Clayton Williams Sam Hughes
No. 1, ARCO Ph1111ps No. 1, Ashland S F .0.T. No. 1, and Prairie Mast No. 1- A cores. lllite

and chlorite are the most abundant detrttal clay mmerals (David K. Dav1es and Assocxates,

'19843, l984b l985a, 1985b) Detrltal kaolinite occurs: in only two samples from the ARCO

Phtlhps No. 1 well, and mlxed-layer illite-smectite w1th approxtmately 5 percent smecnte

layers occurs in the Ashland S F. O T. No. 1 core and in trace amounts in the Prame Mast L

No. 1-A core.

A few b'zones near the top'of t’he”fl'ravis Peak are sandyblimesto‘nes in which the matrix
is fine-graine.d carbonate mud. Some -'mud’vr‘emain‘s ‘calcite, but much of it has been
dolomitized or ankeritized.

Porosity

The amount of porosity in Travis Peak sandstones is quite yari'ab-le; ranging from 0 to

22 percent"rneasuredi'in thin’ .section‘(tablesS through 14). ~ Thin-section porosity was

divided into primary and secondary types; secondary porosity results from dissolution of

frarr‘neW’ork grains or cements.' Average primary porosity recoghi‘zed in thin section is 0.65
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percent (standard deviation = 1.2 percent), whereas secondary porosity averages. 1.9
percent (standard deviation = 2.4 percent). The low volume of primary po'robsibty suggests
that most original depos‘itional poroeity in the sandstones was destroyed by compaction and
cementation, and that much of the rem‘aining porosity of the Travis Peak results from
mineral dissolution. |

Porosity was also}measured in a porosimeter, which determines effectiye pore volume

using the principle of Boyle's Gas Law. The correlation of thin-section porosity with

porosimeter porosity is .28 for allfsamples. ‘Much of the difference between values of

porosity that can be observed in thin section and porosimeter-measured porosity is the

presence of abundant microporosity between authigenic day crystals and in clay matrix. A

smaller source of error is secondary éporosity within leached feldspar grains. In matrix-free
sandstones, the correlatien betweer; poi‘osimeter andthin-’secﬁon porosity is .42, which is
significant at the .'001 level. | |

There is a significant trend of}:decreasing porosimeter pdrosity with depth below the
top of the Travis Peak (fig. 5); both the mean porosity at any g&en depth and the range of
observed poresities decrease. Pfifn:-iry and secondary perosity me-asured in thin sectioﬁ also
decrease with depth below the top of the Travis Peak. ‘The mean value of primary porosity
exhibits little change with depth 1_(Iig. 6), but the range of pri‘mary porosity values
decreases. Thus, several samples neaf the top of the Travisv Peak have high values of
primary porosity, but the values are uniformly low d;eep'er'in the formation (flg 6). In
~ constrast, secondary porosity decreeses significantly wifh depth in the Travis Peak beth» in
Amean value end in the renge of poroeities present (fig.- 7)

| In clean, well-sorted s_andstones, the depositienal. porosity was probably quite high,
perhaps as much as 45 percent (Jonas and McBride, 1977). Porosity was probably reduced

to 35 percent during the first few feet of burial (Jonas and McBride, 1977), after which

. compaction and grain reorientation associated with deeper burial reduced the porosity to

an average of about 27 percent. Few ductile grains are present in the Travis Peak
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sandstones, so that compaction by deformation of ductile grains was probably minor except
in intervals with abundant clay clasts. The pre-cement porosity, which is calculated by
adding the total volume of cement to the volume of p'rimary porosity, is a measure of the
amount of primary porosity that remained after compac’tion and before cementation. The
average pre-cement porosity in matrix-free sandstones is 26.7 percent (standard deviation
= 5.2 percent). The average volume of total authigenic cements, including reservoir
bitumen, in matrix-free sandstones is 25.8 percent (standard deviation = 5.3 percent). In
most samples, therefore, the primary porosity that remained after compaction was almost
completely occluded by authigenic: minerals. Some samples of matrix-free sandstones
contain as much as 40 percent cement. It is unlikely that 35 to 40 percent primary porosity
could have remained after burial compaction; to contain 35 to 40 percent cement, these

samples must have undergone some dissolution of framework grains.
Cements/Authigenic Minerals

Authigenic minerals constitute between 0 and 52 percent of the sandstone volume in
the Travis Peak samples. The volume of rock made of authigenic cement is normally
distributed with an a\)erage of 23.0 percent and standard deviation of 7.8 percent. The
most important control on the total volume of cement in the sandstones is the amount of
detrital rﬁat‘rix; the correlation coefficient between matrix and total cement is -0.64.
Large amounts of detrital matrix must have lowered the permeability of the sediment, such
that a smaller volume of mineralizing fluids passed through matrix-rich sandstones
compared to clean sandstones. Furthermore, abundant detrital rﬁatrix probably reduced
the availibility of nucleation sites on detrital grains, and in particular inhibited the
precipitation of quartz cement. There is not a significant correlation of total cement with
absolute depth or depth below the top of the Travis Peak.

There are several authigenic phases in the Travis Peak sandstones; authigenic quartz,

illite, chlorite, ankerite, and dolomite are the most abundant (tables 5 through 14). Less
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common authigenic minerals include calcite and iron-rich calcite, feldspar overgrowths,
 pyrite, barite, and anhydrite. In addition, solid hydrocarbons oceur in all cores except the -
- Amoco Kangerga "_C"’No. 1. The solid hydrocarbon. material, also known as reservoir

bitumen, was considered a cement.

Authigenic Quartz

Authigenic quartz is the most abundant cement in the Trav»is Peak with-an average ‘

volume of 15.5 percent (standard devratlon = 6 7 percent). In samples w1th no detrrtal clay -

matrlx, the average volume of quartz cement 1s 18.4 percent (standard devxatron
= 4. 3 percent)‘ In zones with abundant quartz cemenlt, the overgrowths completely‘ occlude
, pnmary porosrty and form an 1nterlockmg mesh of quartz crystals (pls. IA and IVA)."

,v'zones wrth less authxgemc quartz the overgrowths do not grow together, thus some prrmary . }
porosxty remains between crystal faces {pls. IC D and IVA). Euhedral crystals charac-; -
-terlzev the _zonesof vclean }sa}n_dstone :and_» less ..abundant quartz cement (pls. IC and »IV_B).
Rare intervals of hrgh 'pbermeability‘ in the Travis Peak correspond to: th_ese“zgnes"ofvfclean

~ sandstone with relativelyi_lowvo‘lumes of quartz cement. For example, permeable zones in ’

~ the Clayton Williams Sam Hughes No. 1 well (6,843 ft; pl. IC) and the ARCO Phillips No. 1

well (8, 216 and 8, 2#6 ft, pl. IVA) have average unstressed permeablhty of 30 md whxch is

several orders of magnitude greater than the average permeabrhty in the Travrs Peak

| The reiatlon between the volume of quartz cement in matrix-free sandstones andv
permeabrhty 1s not as strarghtforward as: mxght be expected In the ARCO Phrlhps No. 1-’

: ‘core there is a sxgmflcant inverse relatron between quartz cement and log stressed
_permeability (correlatlon coefficient = -.73) The Clayton erhams Sam Hughes No. 1 coref
has a relatrvely high correlatlon coeﬁlcrent (-.51) between quartz cement and logi'
»unstressed permeabrhty, but because the sample size is small, 1t is not statlstlcally.

srgmfrcant. However, in the Ashland S F.O.T. No. 1 and the Prame Mast No. 1- A cores no

srgmflcant' trend of quartz ‘cement versus permeablhty ex_rsts. Furthermore, when data SR
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from all ten wells are considei‘ed, there is no signiﬁc.a.nt- correlation of quartz cement and
permeability either in all samples‘,or in fnatrix-freeé samples. The signiﬁﬁcant_inverﬁe
correlation of quarfz cement with pefmeability in?matrix-free Samples in the ARC‘O
Phillips No. | probably éccuvrs because this well céntéiné zones With relatively high
pérmeability and a i‘elatively low volume of quartz cemént. Mat.rix-free samples from ithe
Ashland S.F.O.T. No. !l and Prairié Mast No. 1 coreé, on the other hvand',} have varying

-~

amounts of quartz cement, but their permeability is uniformly low. The fact that matrix-

free samples with low quartz volumes have low permeability implies that other cements

are abundant in those samples and control permeability.

Authigenic Clay Minerals

Authigenic clays that have been identified in thejT-ravis Peak sandstones are illite,
chlorite, kaolinité, and mixed-la,y'er‘;illite-smectite. Authigenic clays averége 2.6 percent
of the sandstone volume, although much of that volume is actually micmp.orosi.ty. In thin
sections, microporosity cannot be distinguished from clay flakes, bgt by SEM it can be seéh

that abundant porosity occurs between individual clay flakes (pl. IVC, D). Illite and

chlorite are by far the most abundant authigenic clays. In matrix-free sandstones their

combined average‘ volume is 3.0 per{ce‘n‘t (standard}devgia-tion = 2.3v percent). Kaolinite was
observed in thin séctioﬁ only in the Amoco Kangerga ;'Cf' No. 1 core, where it commohly
appeared to be ‘engulfed in quartz overgrowths. Raré kaolinite bboks we‘tv'e identified by
SEM in one sample from 8,246 ft i:n the ARCO Philbli:p‘s No. 1 core. Mixed-layer illite-
smectite with approximately:5 percént srhe_ctite layers was identified by X;ray di:ffréctioﬁ
in clean sandstones in the Ashland S.F.O.T. No. 1 core (David I< bDa,vies- and Associates,
1985a). A trace of mixed-layer illite-smectite oécurréd in one Sandstone Sar"nple from the
Prairie Mast No. 1-A core (David K.zDavies and Associétés, l985b).

Ilhte occurs- as thin rims of tangennally oriented crystals that ‘coat detrital grains

(pl. VA). Where the rims are. suﬁlaently thick, they prevented nucleation of quartz
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oVergrowths. Small quartz crystals nucleated on grains’ thh breaks in the 1lhte rims

(pl VA). Where 1lllte rims were thm, quartz cement prec1p1tated over them, and the 1lllte,

- rim now vforms a dlstmct boundary ‘between detntal- graln and overgrowth Ilite also, -

occurs as dellcate fibers and compact ﬂakes inside pnmary and secondary pores (pl IVC) '

In partlcular, secondary pores ‘associated wrth dissolved feldspar grains commonly contam

llllte flbers (pl VB). | | |
Chlorlte occurs as 1nd1v1dual flakes and rosettes inside prlmary and secondary pores '

(pls. IT1A and lVD) lee 1lllte, abundant mlCFOPOI’OSlty occurs between chlorlte crystals. -

| Both 1lllte and chlortte in the Trav1s Peak are iron r1ch (Davnd K. Davies and Assocxates,

1984a, l984b l985a, 1985b) The total authlgeruc clay content in all matrlx-free sandstones

does not have a mgmﬂcant correlation with either stressed or unstressed permeablllty.

~ Authigenic Carbonate Cements

Dolomlte (pl 11B), ankente (pls. IIC and VC), calc1te, and 1ron—r1ch calc1te cements "

all occur in the Travxs Peak samples, but only dolomlte and ankerlte are common (tables 5

e through l#) Calcite and 1ron-r1ch calcxte were observed only in the ARCO Phllhps No. 1

core in sandstones above or below llmestone beds. FOSSIIS and carbonate mud in the

- adjacent hmestones »probably prov1ded the ‘source of caco3 ’for'the calclte'cement.

Dolomlte cement is more common, with an average volume of 1.1 percent in the Travis

‘ Peak samples (standard devxatlon = 3.2 percent) Most samples contain a trace to one
- percent dolomlte, but a few samples are heaVlly dolomttlzed (up to 34 percent) (tables 5

through» 14). Dolomlte rhombs commonly have ankerlte rims (pl. IIB). Dolomite is most

abundant in the delta- frmge facxes at the top of the Travis Peak. In the delta-frmge facxes

V-lof the Ashland S.F.O.T. No.l well dolomlte and ankerite rhombs occur preferentxally

: along rlpple faces (pl. IID) where they replace detrltal gralns, partlcularly clay clasts. In

other samples dolomlte rhombs commonly occur w1thm detntal matrlx or zones of‘
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abundant clay clasts. Samples frorﬁ the deeper, fluvial séctions of the Travis Peak contain
little or no dolomite (tables 7 and 8). | |

Similarly, ankerite is also most abundant near the top of the Tréﬁs Peak (fig. 8). At
any given depth there is a 'ran;ge of ankerite \;olurh‘es (average éﬁkerite volurﬁe
= 2.2 percent, Staﬁdard deviation = 3.3 percent), but the maximum amount of ankerite

present decreases with depth below the top of the Travis Peak. Therefore, ankerite is most

abundant in the marine-associated delta-fringe faciesfv, and its abundance decreases with

depth into the fluvial section. Where ankerite is present in large volumes the pebrmeability

is uniformly low, but at small volumes of ankerite, pérmeability has a wide range (fig. 9).

Ankerite content in large volumes is probably an important control on permeability, but in.

low volumes other factors control pérmeability.
Petrographic relationships show that ankerite cement precipitated after quartz

overgrowths (pl. IIC). In places, ankerite replaced frarﬁéwork grains and earlier cements.

Feldspar
Albite overgrowths on plagioclase grains are present in most samples, but in volumes
less than 0.5 percent. Albite 6vérgrowths comm‘only occur on partially dissolved

plagioclase grains that now appear ‘fo be in the‘procesé of being redeposited (pl. VD). The

diagenetic history of these grainsg was probably as follows: (1) partial dissolution,

(2) albitization of the remaining detrital plagioclase, and (3) precipitation of euhedral over-

growths on sites within tbhe‘léached;grairi. This process was described by Gold (1984) for
plagioclase in Miocene sandstones of the Louisiana Gulf Coast. Thre' small crystals that
grdw within-the levac‘:hed grains are ‘noi in ‘exact\oPItic'alf covntinuity with each other, thus in
thin section the extinction pattern shows patchy zones or "chessboard" twinning (Gold,
1984). | -
‘ Feldspars from six Travis Péak samples have been analyzed by an electron micro-

probe to determine the major element composition. Plagioclase composition ranges from
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Anp.1 to Anyg, but 65 percent of the analyses were less than An and 87 percent were less
than Ans. ("An" is the average anorthite content of the plagioclase in mole percent.)
Feldspars with chessboard twinning consistently have compositions less than Anj.
Feldspars that retain more calcium (greater than Anjq) represent a variety of grain types,
including grains with distinct albite twinning, untwinned grains, and extensively dissolved
grains. However, other examples of each of these grain types have compositions of less
than Anj. Therefore, only grains with chessboard twinning are consistently associated with
albite composition of less than An2.

The microprobe analyses indicate that plagioclase in the Travis Peak has been
extensively albitized. The original detrital composition of the plagioclase is not known, but
it was probably more calcic than it is now, possibly in the range Anjg to Ansg. The
presence of plagioclase with Anpg in the Travis Peak indicates the source area contained
feldspars at least as calcic as oligoclase. Medium-grade metamorphic rocks and igneous
diorites and granodiorites in the source area could have contributed both oligoclase (An|g
to An3g) and andesine (An3g to Ansg). It seems probable that the Travis Peak feldspars
were albitized after burial, and the albite iis therefore not detrital. Many of the Travis
Peak plagioclase grains are extensively leached and would not have survived transport in
such a condition, indicating they have been dissolved since burial. Similarly, the
precipitation of internal overgrowths within partil’:ﬂly leached grains must have occurred
since burial and dissolution of the feldspars. Therefore, it seems likely that albitization
has occurred since burial. However, it is possible that some fraction of the albite in the
Travis Peak was inherited from older, albitized sandstones or from low-grade metamorphic
rocks in the source area.

The geochemical conditions in the Travis Peak favor the formation of albite from
more calcic plagioclase. Fluids in the Travis Peak are sodium-calcium-chloride brine
(Kreitler and others, 1983), and the high amount of sodium should cause albitization of

feldspars at the temperatures measured in these wells. Bottom-hole temperature in the
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Clayton Williams Sam Hughes No. | well is 204°F, uncorrected, at 7,200 ft, and 220°F,
uncorrected, in the Ashland S.F.O.T. No. 1 well at 10,400 ft.

In addition to dissolution and albitization of plagioclase, dissolution of orthoclase

apparently took place during burial diagenesis. Partially dissolved orthoclase was observed

in the Ashland S.F.O.T. No. 1 and Prairie Mast No. 1-A cores. Orthoclase is» relatively
common in the upper sections of the Prairie Mast Nq. 1-A core, but it is absent in the
deepést section of cére from 9,900 ft (table _8). No orthoclase was observed in any cores
from more than 1,300 ft below the top of the Travis Peak (fig. 10). Absolute depth of the
core does not seem to be as important'in determining orthoclase content as is the
stratigraphié position within' the Tr;awis Peak. Samplés from the Ashland S.F.O.T. No. 1
core from 10,100 ft contain orthoclaée, but these samples are within the delta-fringe facies
and are only about 700 ft below the top of the formation.

Orthoclase conteﬁt is low at the top of the ]ETraVis Peak (fig. 10), so selective
orthoclase dissolution may also have occurred there. ‘Thus, dissoluﬂon of orthoclase may
explain the particularly high values of secondary porosify at the top of the‘ formation

(fig. 7).

Other Aﬁthigenic Minefals

Pyrite, barite, and anhydrite are the other authigenic mineralv phases that were
observed in the Travis Peak. Minor anhydrite cement was identiﬁed‘ih thin sections from
six of the ten wells; most samples contain either no anhydrite or less than ov_ne percent, but
one sample from thé Prairie Mast No. 1-A core (9,212 ft) has 9 percent anhydrite cement
(tables 5 through- 14). Anhydrite. replaceé both framework grains and cements (pl. ITIA);
petrographic evidence indicates it precipitated after quartz overgrowths. | |

Barite is even less abundant than anhydrite, with a maximum volume of 0.5 percent in
a few wells. In most thin sections no barite cement vi/as cbuﬁted. Bladéd barite ‘crystals

-occur in secondary pores, indicating they were a relatively late-stage cement.
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Pyrite is present in small amounts in most cores, but it is particularly abundant in the

Ashland 5.F.O.T. No. | (table 7), Prairie Mast No. 1-A (table 8), and Stallworth Everett "B"

‘No. 2 cores (table 12). Much of the pyrite is associated with coalified wood fragments.
Pyrite nodules in the Prairie Mast No. 1-A core (pl. iIIB) extensively replace framework

grains and quartz cement.

Solid Hydrocarbons

Solid hydrocarbon accumulatiéns that line porest in some sandstones (pl. IIIC) were
observed in all cores except the Amoco Kangerga "C" No. | (tables 5 through 14). This
material is interpreted to be reservoir bitumen, whicih was defined by Rogers and others
(1974) as "black, solid graphitic, or‘asphaltic pa_rticle; or coatings within the porosity of
oil- and gas-bearing reservoirs." The reservoir bitumen occurs primarily within the delta-
fringe facies and is most abundant in the upper 300 ft of the Travis Peak }Formation
(fig. 11, tables 5 through 14). Wells with thick delté-fringe facies, such as the Ashland
S.F.Q.T. No. | and Prairie Mast No. 1-A, contain only minor amounts of reservoir bitumen
in the deepest part of the delta-fringe facies', 600 to 700 ft below the top of the Travis
Peak (tables 7 and 8). |

The reservoir bitumen fills primary pores and commonly coats quartz overgrowths
(pl. 1ID), indicating it entered the pores during bﬁriagl diagenesis. The emplacerhent of
~ bitumen appears to héve been a late diagenetic event jthat occurred after iboth quartz and
ankerite precipitation. The volume of reservoir bitu"men, is as high as 19 percent in a
sample ffom 8,232 ft in the Stallwofth Renfro No. ‘2 Well (table 10). The average volume is
1.5 pefréent (standard deviation = 3.6 percent), but the distribution is not normal because
most samples do not contain any reservoir bitumen. Among samples that contain reservoir
bitumen, the average volume is 5.6 percent (standard deviatioﬁ = 5.5 percent). Where
reservoi-r‘bitumen’ is abundant, it drésﬁcally reduces porosity. For example, in the ARCO

Phillips No. | core, a sample from 8,246.1 ft has thin-section porosity of 8.4 percent and no
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bitumen. In contrast, a sample from 8,246.8 ft contains 9.2 percent reservoir bitumen and
no thin-section porosity.

Samples that contain large amounts of reservo_it" bitumen, for example greater thén
10 percent, probably underwent some dissblution of framework grains and cements before
or during the emplacement of reservoir bitumen in ,thé sandstones. It is unlikely that the
Stallwor.th Renfro No. 2 sample from 8,232 {t retained E’19 percent open porosity late in the
diagenetic sequence when thve‘ reservoir bitumen was emplaced; this sandstone also contains
21 percent of other authigenic cements. A total of 40 percent by volume of miner-al
cements and reservoir bitumeﬁ is not a realistic figuré jﬁfor pre-cement porosity. Therefore,
there must have been dissolution of framework grainsior cements or both to create pore
space for such a large volume of réservoir bitumen late in the diagenetic histofy. This
conclusion is supported by the relatively low volume of detrital quartz in this sampie, only
56.4 percent compared to an average for all wells of‘ 65.4 percent. The dissolution may
have been caused or enhanced by the emplacement of ;organic acids associated with these
organic molecules within the sandstones (Surdam and other;, 1984).

Within the delta—fringe}facies, permeability dif:ferences apparently controlled the

distribution of reservoir bitumen. Intervals of well-sorted, rippled and crossbedded

sandstones now contain the most reservoir bitumen. Burrowed and other poorly sorted
sandstones contain little or no reservoir bitumen. Therefore, many zones that originally
’hvad relatively high porosity and permeability may now be tight because of reservoir
* bitumen.

Elemental analysis was performed on four sémples of the solid, black reservoir
bitumen from sandstones in the Delta Williams "A" No. 1 (8,190 ft), Sun Janie Davis No. 2
(7,493 ft), Stallworth Renfro No. 2 (8,232 ft), and Stallworth Everett No. 2 (8,318 ft) cores.
The hydrogen/carbor (H/C) ratio of the reservoir bitutmen varies from 0.79 to 0.90. An
H/C ratio greater than 0.58 suggests that this reservoir bitumen formed by deasphalting of

pooled oil after so}lutionv of large amounts of gas (C) to Cg) into the oil (Rogers and others,
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1974). When gas went into solution in the accumulated oil, it lowered the solubility of
heavy molecules such as aromatics and asphaltenes, causing them to precipitate (Tissot and
Welte, 1978). After precipitation, the reservoir bitumen may have continued to evolve to
lower H/C ratios by polymerization and cross-linking, resulting in a more insoluble, carbon-
rich material than the originally precipitated asphaltenes. Sulfur, common in reservoir
bitumens, apparently promotes cross-linking (Rogers and others, 1974).

The gas that caused deasphalting was either generated from the pooled oil by thermal
alteration, or it was injected from outside by a second migration of gas into the reservoir.
Gas may have been generated in deeper, downdip pai’ts of the stratigraphic section and
then migrated updip, causing deasphalting in oil reservoirs located along the gas migration:
path.

Additional geochemical analyses may permit differentiation between the processes of
gas generatien by thermal alteration and by secondary gas migration. Evaluating the
maturation level of kerogen in shales adjacent to the bitumen—Bearing sandstones will

establish if rocks at that depth have undergone sufficient maturation to cause thermal

alteration and gas generation. If the maturation level of the adjacent shales is not high, it

would suggest that the gas came from a second phase of hydrocarbon migration from
deeper in- the basin. In addition, comparison of the carbon isotopes in reservoir biturﬁen
with carbon isotopes in oil from the Travis Peak may distinguish between deasphalting and
thermal alteration. Deasphalﬁng results in similar carbon isotopes in the reservoir bitumen
and the original oil, but thermal alteration results in isotopically heavy carbon in the
residue and isotopically light carbon in the methane that is generated.

The presence of reservoir bitumens in what were originally the more porous and .
permeable sandstones is explained by the mechanism of dea5pha1ting by gas solution. The
oil from which the asphaltenes precipitated migrated into the good reservoir facies, but it
did not migrate into the less permeable, poorly sorted sandstones. Thus, the presence of

reservoir bitumen may provide a clear picture of where oil occurs within a reservoir.

\
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PERMEABILITY

Permeability of the Travis Peak sandstones was measured in two ways. All samples
were measured at surface pressure conditions (200 psi); these measurements are referred fo
as unstressed permeability. M-ost samples from the four GRI cooperative wells wére also
measured under in situ conditions of overburden pressujre; these measurements are referred
to as stressed permeability. The correlation between permeability and porosimeter
porosity is high, so porosimeter porosity is a goo;i predictor of permeability. The
correlation coefﬁciént of porosimeter porosity versusilog unstressed permeability is 0.64;

correlation with log stressed permeability is 0.70. i

The correlations between permeability and various individual cements (quartz, .

ankerite, total-authigenic‘ clay, and reservoir bitumeh) are not statistically significant.
How_ev‘erk, the correlation of total cement in matrix-free sé’ndstones with log unstressed
permeability (fig. 12) is significant at the .00! level. Therefore, from thin-section data the
best predictér of permeability in :clean sandstones is ;che total volume of authigenic
cement, including reservoi‘r bitumen. Individual cemehts, even quartz, are less useful as
predictors of pe-rm‘eability, because even if one cem‘enit has low volume in a given sample,
other cements may be abundant and act as the ‘control on permeability.

Permeabi.lity decreases with dépth below the top of the Travis Peak (fig.13). With
the exception of one sample from the Prairie Mast No. l-A core at 9,959 ft, only samples
within about 200 ft of the top of the Travis Peak have stressed permeabilities greater than
0.1 md. Samples within 200 ft oi the top of the Travis Péak have a wide range of stressed
pérmeabilities, f‘rom less than» 0001 md to more than 90 md. Deeper in the ‘formation
permeability decreases, and most sarﬁples range from léss than .0001 md to .1 md (tig. 13).
Therefore, the diagenetic i)rocesses that caused extensive cementation and‘ resulting low
permeability throughout most of the Travis Peak Forﬁ‘mation may not have operated as

completely on the sediments deposited near the top of the Travis Peak. These deposits
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retain some primary porosity, and, therefore, higher permeability 'than the rest of the

_formation; In addition',- processes that caused dissolution of f»rame»WOrk' grains and

generation of secondary porosity may have been more active on deposits near the top of
the Tr.avis Peak Additional geoc’hemical work on the authigenic ceme.nts, including

determmanon of thelr 1sotop1c composrtlon, w1ll prov1de more 1nformanon about the

‘ temperature and f1u1d condltlons under Wthh the cements prec1p1tated. This additional
-Inf‘ormatlon should make it possible to deterrmne‘ why some aspects of the diagenesis near

the top of the Travis Peak differed from vdlagenesi‘s in the rest of the formation.

SUMMARY _AND-DIAGEVNETIC HISTORY

Petrographic relations of the authigenic cements in the Travis Peak sandstones can

be used to determine the ord-er in which the cements precipitated.‘ The earliest cements to

'form were clays that coated detrxtal graxns wrth tangentially orlented crystals, prlmarlly

illite. The clay coats_-are probably authlgemc",b although some-of the-coats could_have

formed by infiltration of clays into the sandstones after deposition‘ as vadose water

percolated down to.the, water table (WilSonand ‘P‘_ittma‘n,'l97l7). :

" Extensive duartz ‘overgrowt'hs,‘ the -ne.xt cement to precipitate,‘ co'v'ere'd' thin clay
coats and sharply reduced prlmary por051ty. The amount of quartz cement in the Travis .
Peak sandstones 1nd1cates that large volumes of water must have moved through these

deposits at some time in thezr:‘bunal history to account for the volumes of smca that were

‘ deposited as cements. Possible sources of water include (1) meteoric water that recharged

in a highland area and'flowed through the sandstones ’during shallow lburlal (2) fluids

derived from basm compactxon, or (3) flu1ds that moved by thermally drwen free

convection and were recycled through the sandstones durlng deeper burlal Some of the

silica in the quartz overgrowths could have been derwed from pressure solutlon of detrltal

quartz grains.’ However, the amount of p‘ressure solution and- stylohtesobserved in »thm
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sections was minor, so this source probably was sufficient to provide only a relatively small

volume of the observed quartz cement. Furthermore, it is likely that much of the pressure

solution occurred after quartz cementation because stylolites cut both detrital grains and-

overgrowths. Finally, the relatively high amount of pre-cement porosity suggests that
quartz cementation began early in the burial history,g probably at depths too shallow for
pressure solution to have begun. Isotopic analysis ofg quartz overgrowths, which will be
conducted on a variety of Travis Peak samples, should provide information on the type of
fluid that precipitated the cement and when in the buri?l history the cement formed.

Ankerite was the next major authigenic mineral to precipitate after quartz. It

probably formed as a late-stage cement during deep bu?ial of the sandstones. The iron and

magnesium in the ankerite may have been derived frofn mixed-layer illite-smectite during
illitization of iron- and magnesium-bearing smectite} layers. Much of the ankerite is
associated with dolomite; commoniy, carbonate rhom?bs are dolomitic in the center and
contain ankerite around the crystal rﬁargins. Perhaps carbonate precipitation began before
i.ron was available, therefore dolomite formed. As thei‘ subsurface fluids evolved to a more
iron-rich composition, ankerite precipitation became pr?valent. Some of the dolomite may
have been an early cement that pre;ipitated during shaillow burial, with magnesium derived
from seawater. Early dolomite may also have serveﬁ as a nucleus around which later
ankerite precipitated.

Dissolution. of feldspars and precipitation of authigenic chlorite and illite (both types
of clay are iron rich, according to David K. Davies and Assocxates, 1984a, 1984b, 1985a,
1985b) were also relatwely late d1agenet1c reactions that occurred at approximately the
same time as ankerite precipitation. Production of ;COZ by decarboxylatxon reactions
during organic maturation may have driven the feldspér dissolution reaction. The volume
of organic matter in Travis Peak shéles is probably la:j‘ge’ in comparison to the amount of

feldspar in Travis Peak sandstones; thus CO» product}ion from organic reactions is most

likely sufficient to account for all thé,secondary porosiﬁy in the Travis Peak. Precipitation
: : | ,
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of iron-rich illite and chlorite was probably related to the other late-sfage reactions, with
their iron and magnesium derived from the smectite to illite transformation that supplied
iron and magnesium for ankerite. In addition, the si-li;a in the authigenic clays may have
been supplied by dissolution of both plagioclase and orthoclase feldspars. The authigenic
clays commonly occur within secondary pores .associated with leached feldspars. Dissolu-
tion of orthoclase is also the most likely source of potassium in the authigenic illite. Thﬁs,
the reactions for organic maturation, feldspar dissolution, and ankerite, illite, and chlorite
precipitation are interrelated and all probably occurred at approximately the same time.

Migration of liquid oil into the Travis Peak sandstones followed ankerite précipita-
tion. At a later time gas entered the accumulated oil and caused precipitation of reservoir
bitumens, which occluded much of the remaining porosity in some zonés near the top of the
Travis Peak. The concentration of reservoir bitumen near the top of the formation was
probably caused by one of the following possibilities: (1) The lower, sand-rich part of the
T‘ravis Peak lacks traps and seals, so oil that entered the lower part of the formation
continued to migrate upward through the sandstones until it was trappgd near the top of
the Travis Peak. Thicker shale beds of the upper Travis Peak or the overlying Sligo
Formation may have acted to seal hydrocarbons in the uppér Travis Peak. (2) The lower
part of the Travis Peak has a smaller range of permeabilities than the upper Travis Peak,
and most samples have less than .l md permeability. Because of the low permeability,
liquid oil may not have migrated into or through the lower Travis Peak sandstones from the
source rocks. The most probable source beds for the Travis Peak hydrocarbons are either
Travis Peak marine shales that weré deposited downdip from the fluvial-deltaic sandstonés
(fig. 2) or Jurassic shales. Hydrocarbons generated in these parts of the stratigraphic
section may have moved updip directly into the sandstones in the upper Travis Peak.

Some of the late diagenetic reactions continued after the rgservoir bitumen was
emplaced. There are some secondary pores that lack reservoir bitumen in samples that are

otherwise completely filled with bitumen. It is likely that additional feldspar dissolution

57



occurred in these samples after the emplacement of the reservoir bitumen. Late feldspar
dissolution indicates that gas generétion continued evejn after the initial formation of gas
that caused the precipitation of the asphaltenes froﬁm the liqﬁid oil. Gas generation,
feldspar dissolution, and albitization'may be c’ontinuingjtoday.

Future work on Travis Peak sandstones will be dvesigned to answer several questions
that have been raised by the initial petrographic studiés. Additional organic geochemical
studies should‘help determine the origin of the reservoiir bitumen and the relative timing of
emplacement of the biturhen compared to precipitation of éuthigenic minerals. Evaluation
by vitrinite reflectance and pyrolysiis of thermal mathity of shales interbedded with the
bitumen-bearing sandstones should provide informatiorii necessary to determine if the gas
that caused precipitation of the reservoir bitumen w%ts derived from Travis Peak qil or
from a secondary migration of hydrocarbons into the fo;'mation.

Geochemical work on the various authigenic ce;ments will include identification of
the oxygen isotopic composition of quartz cement 'éo determine the ‘temperature and
composition of the fluid that precipitated the abﬁndant quartz overgrowths. This
information will help determine the timing of cementat;ion and the source of the fluids that
carried silica into the formation. Analysis of the carl%on and oxygen isotopic composition
of the carbonate cements should contribute informatioﬁ on the relative timing of the late-
stage cements compared to the migration of hydrocarbons into the formation. Microprobe
analysis of the composition of the carbonate cements 1may also provide information about
the chemical conditions in the Travis Peak during burial? diagenesis.

The goal of all these geochemical studies is to pirovide additional information about
the processes that were operating in the Travis Peak du?ring burial and which resulted in the
drastic reduction of permeability in these sandstones. Tjihe’initial petrographic studies have
identified significant geographic and stratigraphic variétions in cementation, porosity, and
permeability in Travis Peak sandstones. An understandi:ng of the processes that caused the

cementation should provide insight into the causes Qf these regional variations in the
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) physmal propertles of the Travis Peak sandstones. All studles will prowde further insight

into the evolutlon of the low-permeablllty reservoir- framework and into the orlgm and

emplacement of the gas resource.‘ Thls msxght lS necessary for effectxve reservoxr

exploitation and for development of new concepts of exploranon and field delmeatlon.
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Plate L.

A. Photomicrograph of quartzarenite from
a depth of 9,959.9 ft in the Prairie #1-A
Mast core. Primary pores have been almost

completely occluded by interlocking quartz

. cement. Long dimension of photo = 2.6 mm;

crossed-polarized light.

B. Secondary porosity (P) within plagio-
clase feldspar from a depth of 10,112.4 ft in
the Ashland #1 S.F.O.T. core. Long dimen-
sion of photo = 0.26 ‘mm; plane-polarized

light.

C. Photomicrdg‘raph of primary (PP) and
seéondary (SP) pores and euhedral quartz
overgrowths (Q) from a depth of 6,843.7 ft in
the Ciayton Williams #1 Sam Hughes core.
Long dimension of photo = 0.26 mm; plane-

polarized light.

D. Photomicrograph of elongate primary
pores (P) between quartz overgrowths. Ank-
erite cement is dark material at the left.
Depth is 9,161.0 ft in the Prairie #1-A Mast
core. Long dimension of photo = 0.65 mm;

plane-polarized light.
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Plate II.

A. Photomiecrograph ‘of abundant chlorite
cement (C) within a secondary pore from a
depth of 8,639.1 ft in the Prairie #1-A Mast
core. Long dimension of photo = 0.26 mm;

plane-polarized light.

B. Dolomite cement (D) with increasing
iron content toward the crysfal edges, where
the composition is ankerite (A). Depth is
9,753.6 ft in the Ashland #1 S.F.O.T. core.
Long dimension of photo = 0.26 mm; plane-

polarized light.

C. Ankerite cement (A) precipitated after
quartz overgrowths (Q) at a depth of
8,669.0 ft in the Prairie #1-A Mast core.
Long dimension of photo = 0.26 mm; plane-

polarized light.

D. Dolomite and ankerité cement (C) con-
centrated along a ripple face at a depth of
9,753.0 ft in the Ashland #1 S.F.O.T. core.
Long dimension of photo = 2.6 mm; plane-

polarized light.
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Plate III.

A. Anhydrite cement (AN) occluded poros-

ity and replaced framework grains and
cements at a depth of f9,154;9 ft in the
Prairie #1-A Mast core. Long dimension of

photo = 0.65 mm; crossed-polarized light.

B.  Pyrite (black) replaced both detrital

grains and quartz cement at a depth of
9,991.1 ft in the Prairie #1-A Mast core.
Long dimension of photo = 2.6 mm; plane-

polarized light.

C. Reservoir bitumen (dark areas) in pri-

mary porosity at a depth of 8,386.7 ft in the

~ARCO #1 B. F. Phillips core. The reservoir

bitumen was ‘emplaéed-after precipitation of

quarti overgrowths. = Long dimension of

phdto = 0.89 mm; plane-polarized light.

- D. . Reservoir bitufnen (dark areas) entered

pores after the precipitation of quartz over-

* growths (Q). Depth is 8,386.7 ft in the ARCO

. #1 B. F. Phillips core. "Long dimension of

photo = 0.35 mm; pléﬁe‘—polarized light.
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Plate IV.

A. SEM photograph of abundant quartz

overgrowths (Q). Primary pores are elongate

slits (arrow) between quartz overgrowths.

Depth is 9,226.7 ft in the Prairie #1-A Mast

core. Bar length is’ 100pm; magnifieation is

200x.

B. SEM_photog'raph of euhedral quartz

overgrowths (Q) in a sample that retains 12

percent porosity. Depth is 8,246.1 ft in the

ARCO #1 B. F. Phillips core. Bar length is

100 um; magnification is ,2(7)01(.‘

C. | SEM photographs of pore-lining illite 1))

- and chloi'ife (C). Abundant microporosityr

occursl between clay crystals. Depth is
9,753.6 ft in the Ashland #1 S.F.O.T. core.

"Bar lerig'th is 10 um; magnification is 3500x.

D 'SEM photograph of authigenic chlorite
(C) in a secondary pore. vDept.hn is  8,246.1 ft

~in th'e»ARCO‘ # 1 B. F.'Philliés core. Bar

length is 10 pm; magnification is 1500x.
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Plate V.

A. SEM photograph of an illite rim (I)

- around a detrital grain, which prevented pré4

cipitation of quartz overgrowths except -

where there were breaks in the illite. Depth
is 8,246.1 ft in the ARCO #1 B. F. Phillips

core. Bar length is 100 uym; magnification is

~ 500x.

B.  SEM photograph of illite fibers (I) with-

in_secondary porosity in a leached ’plagioclasé

 (P). Depth is 8,178.7 ft in the Stallworth

#2-B Everett core. Bar length is 10 um;

magnification is 2000x.

C SEM photograph of an ankerite rhomb

‘at a depth of 9,753.6 ft in the Ashland #1

S.F.O.T. core. Bar length is 10 um;'magnifi-'

cation is 1500x.

D. SEM photograph of a leached plagio-

'cla'Sé grain with internal albite overgrowths :
"(A) from a depth of 8,246.1 ft in the ARCQ :
#1 B. F. Phyill‘ips,core.. Bar length is 100 um;

_ magnif icatiorj is 500x.







