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Aurora 089 No. 1 OCS-Y-0943 Well,
Offshore Northeast Alaska:
Petrography-Petrology

Abstract

The Aurora well affords the most recently available geological information pertinent to the
Arctic National Wildliife Refuge (ANWR) to the south. The waell is located approximately four
miles north of Griffin Point (T.8N., R.37E., sec. 9), and approximately five miles north, forty-five
degrees east, of Tapkaurak Point (T.8N., R.36E., sec. 1), which is the site of the Chevron KIC
No. 1 Jago well. This report presents summary discussions of regional geclogical relationships,
and of the petrology and stratigraphy associated with the Aurora well.

Petrographic analyses were performed of twenty six thin-sections representing suites of
wall cuttings fragments from selected stratigraphic horizons over the depth interval 13,800-
18,190 feet. Emphasized wers two zones of well-developed sand/sandstone, the “Oruktalik
Sand” (14,680-14,860 feet), of predominantly litharenite/cherty aspect, and the somewhat
more quartzose “Tapkaurak Sand" (16,445-16,630 feet).

Results of this work provide information fundamental to increased understanding and further

elucidation of geological, patrophysical, and geophysical characteristics of this key wall, and
implications regarding regional relationships and resource potentials. .

1. Introduction

The Aurora 089 No. 1 OCS-Y-0943 well
is located offshore from the Arctic National
Wildlife Refuge 1002 area, approximately
20 miles east of Barter Island and 3.5 miles

orth-northeast of griffin Point (figures 1and -

2). The Aurora drilled 18,325 feet of clastic
section, making it one of the deepest wells
on the North Slope (plates 1 and 2). It
required almost a year onsite for drilling
during 1987 and 1988 because of various
unforseen hole problems (Banet, 1992a).

This report is based on previous scru-
tiny of the available well data including the
suite of geophysical and mudlogs, as well as
megascopic/stereo microscopic examina-
tion of cuttings. Salient aspects of this work
were discussed in Banet (1992a), portions of
which have been refined further and incor-
porated in the present report. The preseﬂt
report supersedes an earlier one (Mowatt,
Banetand Reeder, 1992) which was intended

principally as a vehicle for timely release of
our initial petrographic work on the
Tapkaurak and Oruktalik zones.

Thepetrographicanalyses reported here
are of cutting samples representing 10-foot
increments of selected depth intervals be-
tween 13,000 and 18,190 feet (below Kelly
bushing). Emphasis is on two predominantly
sandstone intervals: 14,680-14,860 feet, and
16,445-16,620 feet. These intervals include
the informally-named “Oruktalik” sand
(14,685-14,828 feet) and “Tapkaurak” sand
(16,446-16,620 feet) of Banet (1992a). The
thin-section descriptions are divided into
generalized summaries of the predominant
and subordinate cuttings fragment types.
The Arctic National Wildlife Refuge, 1002
areaisapproximately 20 miles east of Barter
Island and 3.5 miles north-northeast of Grif-
finPoint(figures 1 and 2). The Auroradrilled
18,325 feet of clastic section, making it one of
the deepest wells on the North Slope (plates
1and 2). It required almost a year onsite for
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drilling, during 1987 and 1988, because of
various unforseen hole problems (Banet,
1992a).

The present report is based on previous
scrutiny of the available well data; there are
additional comments on important specific
fragments, in terms of framework grain char-
acteristics, amounts and types of cements,
matrix constituents, visible porosity, degree
of apparent compaction, and aspects of res-
ervoir quality, present as well as potential.
Thisinformationis complementary to Banet
(1992a), which describes the megascopic

aspect of washed cuttings of selected inter- -

vals, and discusses log analyses.

2. Summary Overview of
Regional Geology

Data from this exploration well par-
tially fills an extensive gap between explo-
ration efforts in Alaska and in the Canadian
Beaufort Sea and on the Mackenzie Delta
where integrated geologic and seismic data
are available. Figure 3 shows some of the
major tectonic features of the North Slope.
The Barrow Arch is the most important of
these. Rather than being a single entity, it is
a mostly linear series of temporally, and
spatially, separated uplifts central to the
regional tectonics. The Mountain Front is
the surface expression of the structurally
competent allocthons involved in this por-
tion of the foreland fold and thrust belt in
the northern part of the Rocky Mountain
Cordillera. The Colville Trough and Beau-
fort Shelf are the depocenters of Brookian
sedimentation.

The Aurora well location is to the north
of—and external to—the northernmost
Bulge of the Rocky Mountain Cordillera’s
leading edge at the Niguanak area (the
surficial representation of the greatest distal
extent of deformation into the foreland).
The Bulgeis acompressional uplift, in which
stratigraphic units from all the major depo-

sitional megasequences in this region are
exposed. Figure 4 presents a summary de-
scription and comparison of these major
depositional megasequences in northeast
Alaska. The common folds and faulting re-
veal that thisarea has an extensive history of
multiphasic deformation. Also the severity
of induration indicates that most of the sedi-
ments exposed along the mountain front
have been deeply buried prior to uplift
(Tailleur and Weimer, editors, 1987; Bird
and Magoon, editors, 1987; Kelley and
Detterman, 1989; Banet, 1990).

The Aurora well is also located along
the trend of the Hinge Line (figures 2 and 3),
which is an extensional tectonic feature af-
fecting the subsurface geometry of the ma-
jor depositional megasequences, offshore.
Craig and others (1985) illustrate that pre-
Ellesmerian basement rocks are down-
dropped to the north along normal faults, -
typically forming grabens (figure 5). Along
the Barrow Arch, mostly separate and dis-
crete blocks of Ellesmerian and basement
rocks were regionally uplifted and eroded
at an- angular lower Cretaceous
unconformity (LCU). Locally, complete or
partial Ellesmerian sections are preserved
in some of these grabens.

During lower Cretaceous time, several
pulses of locally deposited Breakup Se-
quence sands were shed from the Barrow
Arch uplifts. The lithologies of these sands
reflect their distinct, separate and unique
provenances (table 1). Most of the sands are
quartzose, with varying amounts of subor-
dinate clasts, fragments, clays, and cements
characteristic of their sources and environ-
ments ofdeposition. Craigand others (1985),
and Hubbard and others (1987) posit that
extraordinarily thick sections of these
Breakup Sequence sands and finer-grained
clastic sediments were shed northward into
the grabens.

Regional subsidence, and the Brooks
Range uplift, resulted in the deposition of
thick, extensive progradations of petrologi-
cally immature sandsand finer-grained clas-
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tic sediments. Three distinct pulses of
Brookian sedimentation occurred from
middle Cretaceous through Pliocene time.
Subsequent deformation began in western
Alaska and generally proceeded to the east-
northeast (Molenaar, 1983; Craig and oth-
ers, 1987).

However, in the northeast the Bulge-
forming uplift shed north-northwest
prograding middle and upper Brookian
depositional sequences (upper Cretaceous-
Pliocene) which overstepped the Barrow
Arch and the Hinge Line. Seismic strati-
graphic analyses suggest that the middle
Brookian sediments may be on the order of
20,000 feet thick on the Beaufort shelf. The
Aurora location is also juxtaposed to the
Barter Island and Demarcation sub-basins
(Grantzand Mays, 1983), whicharebelieved
to contain thick sections of upper Brookian
sediments (Craig et al, 1985; Banet, 1990,
1992a,1992b; Dietrichand Lane, 1992; Scherr,
etal, 1991).

3. Stratigraphy

The Aurora well penetrated a sedimen-
tary section composed of both Brookianand
Breakup Sequence rocks (figure 4).

Breakup Sequence

The deepest section is termed Unit L. At
the Aurora well, it is made up of at least
1,000 feet of interbedded shales and thin-
bedded sandstones that correlate to the
Kingak Formation (upper Jurassic/lower
Cretaceous). A lower Cretaceous
unconformity (LCU of onshore nomencla-
ture) truncates the Kingak. The overlying
Unit 11 is the Tapkaurak Unit (17,325-16,646
feet). This is a coarsening and thickening
upward section of interbedded sandstones
and shale, which culminates in the very
thick-bedded Tapkaurak sand (16,646-
16,620 feet)- cf. figure 6. /

In cuttings, this sandstone is mostly

quartzose, fine- to coarse-grained, with
subangular to subrounded clasts. There are
abundant, clear to milky quartz grains with
minor amounts of chert, volcanic, and other
igneous rock fragments; biotitic micas from
drilling additives (?) are also present. '

Unit IIT is mostly shale (16,446~ 15,937
feet). The shale is mostly brown to dark-
gray with some carbonaceous laminations.
There are a few thin, light gray or brown
siltstone stringers. Logs indicate that Unit
Il is truncated by an unconformity. This is
the lower Tertiary unconformity (LTU),and
it is analogous to the lower Tertiary
unconformity at the Point Thomson area,
where middle Brookian sediments overlie
Breakup Sequence sediments and basement
rocks.

Middle Brookian Sequence

Unit IV is the basal part of the middle
Brookian sequence at Aurora. This is the
Oruktalik Unit. By analogy to the Point
Thomson area, it is considered to be Pale-
ocene in"age (Banet, 1992a). The Oruktalik
consists of an overall coarsening-upwards
sequence of interbedded shales and sand-
stones. The shales are mostly blocky, gray to
black, and silty. The sandstones are widely
spaced near the base of the section, becom-
ing amalgated into a single predominantly
(67% sand) sandstone unit between 14,828
and 14,685 feet (figure 7). The Oruktalik
sand consists of thin to thick beds that are
generally friable. The cuttings are comprised
of fine to coarse-grained, predominantly
black and white chert fragments. Upsection,
larger-grained, subangular fragments be-
come common, and the mudlog includes
reported conglomerate. Minor lithologies
include siltstone, white and clear quartz
clasts, and some coal. This section recorded
overpressure, a gas show , and some minor
staining.

Soft, friable, and interbed ded siltstones,
gummy clays, and shales with minor
amounts of thin-bedded and widely-spaced
sandstones comprise the remainder of the
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middle Brookian sequence sediments at
Aurora. Units V through XIII (13,725-2,385
feet) are differentiated on their log charac-
teristics and geochemistry (Banet, 1992a).
These lithologies represent shelf environ-
ments of deposition. Regional interpreta-
tions indicate that this sequence is Pale-
ocene to upper Eocene in age (Hubbard and
others, 1987; Banet, 1992a, 1992b).

Upper Brookian Sequence

Log analysis suggesis that an
unconformity at 2,385 feet separates the

middle from the upper Brookian sediments. - |

This unconformity is of middle- to upper
Miocene age (Hubbard and others, 1987).
However, comparisons to the Canadian
Beaufort suggest that multiple
unconformities may also be present at this
location (Dixon and others, 1985). Lithologi-
cally, Unit XIV is similar to the underlying
middle Brookian sediments, but it also in-
cludes some conglomerate, peat, and par-
tially coalified wood fragments. These con-
stituents are commonly found in the mostly
nonmarine Sagavanirktok Formation (Oli-
gocene-Pliocene) of onshore nomenclature.

Tuktoyaktuk Sequence

Regional geology suggests that the up-
per Brookian section is overlain by some of
the easterly-derived Tuktoyaktuk Sequence
sediments (Banet, 1990). Innorthern Alaska,
these are commonly referred toas the Gubik
Formation. Thereisanangular unconformity
between the upper Brookian Sagavanirktok
and the Gubik at exposures in the ANWR
area. Comparisons to the Tuktoyaktuk Se-
quence of the Canadian Beaufort suggest
that this area may have also undergone sev-
eral episodes of local uplift and erosion.

12

4. Petrographic Studies

This report presents the results of petro-
graphic analyses of selected materials from
the Aurora well. This well is of significant
interest for a number of reasons, which,
with further particulars of the well, are dis-
cussed elsewhere (Banet, 1992a, b, 1993a;
Mowatt and Banet, 1993).

The studies described were somewhat
limited, due to several factors. Information
on thewell was scheduled tobe made public
on August 26, 1991. On August 21,1991, the
Bureau of Land Management (BLM) madea
formal request to the Geological Materials
Center (GMC), State of Alaska, Eagle River,
for access to, and sampling of materials of
interest from this well, as soon as the mate-
rials had been transferred to the GMC re-
pository and, thus, entered the public do-
main. This was the first request received by
the GMC regarding the Aurora well materi-
als. In the interim, however, prior to public
release of these materials, representatives of
a major petroleum company also expressed
similar interests to the GMC.BLM agreed to
defer to this organization, which promptly
proceeded to examine, and sample, the drill
cuttings and core materials upon their being
made public.

Fourteen samples- all consisting of drill
cuttings fragments- were selected by this
company, from each of whicha standard
petrographic thin-section was prepared.
After the company analyses had been car-
ried out, these thin-sections were returned
to the GMC, and made available to BLM for
independent study. During the course of
our analyses, yet another major petroleum
company expressed strong interest, on two
separate occasions, in also examining these
thin-sections, and each time they were im-
mediately made available to this organiza-
tion. Additionally, an independent consult-
ing geologist from outside Alaska subse-
quently made a special trip here to examine
this suite. BLM also examined the entire
collection of materials from the Aurora well
presently on hand at the GMC, and selected



an additional suite of twelve samples, which
were analyzed petrographically as well.

The present report deals withouranaly-
sis of the entire suite of twenty six thin-
sections.

5. General Analytical Con-
siderations

Twenty-sixstandard petrographic thin-
sections were examined, using a Nikon pet-
rographic microscope in transmitted light,
supplemented by inclined reflected light
illumination. During preparation, one-half
of each thin-section had been chemically
treated with staining reagents to facilitate
the identification of calcite, ferroan calcite,
dolomite, and ferroan dolomite phases.

Each thin-section is comprised of alarge
number (many hundreds) of small (+/- 3.0
mm, and smaller) drill cuttings fragments.
As is well-known, there are distinct disad-
vantages- and some advantages- to work-
ing with such samples.

Additional to materials representing
stratigraphichorizons (rocks, ie.) penetrated
by the drill, each sample contains signifi-
cant- often predominant- proportions of
apparent “contaminant” materials added
during the thedrilling operations. The more-
readily recognized of these latter compo-
nents included micas (apparently princi-
pally vermiculite /hydrobiotite /biotite; with
lesser muscovite); woody (+/- bone?); and-
possibly-other organic materials. There may
be others as well. Perhaps (?) the “grani-
toid”, as well as the perthitic fragments,
similarly, represent introduced materials-
possibly in this case associated with the
micaceous materials. It should benoted that,
though found asdiscrete cuttings fragments
throughout the entire interval studied, nei-
ther “granitoid” nor perthitic grains have
been recognized as constituents of sedimeh-
tary rock fragments in any of the thin-sec-
tions we have examined thus far from the
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Aurora well.

The “metamorphosed” sandstones-
wackes, as a variation on this “anthropo-
genic materials” theme, may well notrepre-
sent indigenous stratigraphic materials of
this nature. “Artefacts” of the “metamor-
phic” effects of the drill bit on rock materi-
als, though somewhat difficult to recognize
as such in many instances, have been re-
ported, and documented in the technical
literature. The essentially ubiquitous pres-
ence of trace amounts of fragments with this
type of texturally disrupted appearance in
the thin-sections studied thus far in the

~ Aurora well tends to suggest that they may

well be representative of such “artefacts”.

The descriptions which follow include
generalized summary comments for each
thin-section examined. Additionally, as ap-
propriate, more detailed analyses of par-
ticular fragments are presented as well.
Numerous photomicrographs were made
during the courseof the work,and are on file
with the Branch of Lease rations, Divi-
sion of Mineral Resources, BLM, AlaskaState
Office, Anchorage.

Copies of portions of selected geophysi-
cal logs are included here as Figures 6 and
7, covering the depth intervals represented
by these samples. Depths, in metres, are
below the Kelly bushing, which was re-

“ported as32 metres above thesea floorat the

drill-site.

6. Sample Descriptions

Those cuttings fragmentsidentified with
a capital letter (i.e., “A”) have been either
subjected to detailed petrographic analysis,
or described in summary fashion, and re-
corded as photomicrographs.

Terminology-classification follows
Pettijohn, et al, 1987, in general fashion, as
adapted from modified schemes used within
the petroleum industry. Percentages repre-



sent visual estimates, using standard com-
parators.

Reference should be made to Plates 1
and 2 regarding stratigraphic and log infor-
mation relative to these samples. Plates 3, 4
and 5 present selected representative photo-
micrographs; materials featured in these
plates are highlighted in bold print within
the text descriptions.

7. Reservoir Quality

We define “reservoir quality” for the

purposes of the present report as: Those
characteristics /properties of rocks/sedi-
ments which determine their capacity to
contain, and to permit technologically fea-
sible recovery of, petroleum (oil, gas, con-
densates). Principal petrophysical factors of
significance in terms of petrographic analy-
sis are porosity, permeability (i.e., effective-
ness of porosity), mineralogy, and fabric; in
essence, the pore-rock properties as deter-
minable via the petrographic microscope.

Our comments as to “reservoir quality
potential” with regard to a particular speci-
men/rock have reference principally to po-
tential for development of appreciable sec-
ondary dissolution porosity (in the sense of
Schmidt and McDonald, 1979a,b). This con-
cept remains in an unresolved status of cer-
_ titude/confusion at the present time. Sum-
mary points of view include Surdam, et al.
(1984,1989, among other papers)fora “pro”,
as contrasted with, for example, Giles and
DeBoer (1990) as exemplifying a “con” posi-
tion. Mowattand Mowatt (1991) summarize
aspects of this, principally in terms of earlier
(through 1982) perspectives, in context of
Brookian sedimentary rocks elsewhere in
northern Alaska.

The not uncommon/essentially ubiqui-
tous occurrence of secondary dissolution
porosity has been reasonably well estabj
lished as a geological reality. Initial opti-
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mism (early 1980s) regarding its potential
for leading to development of “enhanced”
overall porosity /reservoir quality in rocks
has, however, been tempered somewhat by
aseeming paucity of demonstrable examples
of effects of this sort, other than in relatively
localized situations. This latter state of ap-
preciation has been supported by various
lines of experimental work and theoretical
reasoning as well, although this remains a
topic of intense interest, research, and con-
tinuing discussion/debate. The technical lit-
erature in recent years is replete with ex-
amples keyed to this theme.

The present authors’ approach remains
somewhat “agnostic” toall of this. Certainly
secondary dissolution porosity is a geologi-
cal fact; partand parcel/an essential accom-
panimentof the modification of many /most
sediments/sedimentary rocks, as they un-
dergo “diagenesis” subsequent to deposi-
tion. We prefer to consider each situation on
an individual basis regarding potential for
development of significant porosity, in any
particular combination of rock type-geo-
logic setting. Hence our appraisal of “poten-
tial” herein is predicated solely on consider-
ation of a given sediment/rock in terms of
its present complementof those characteris-
tics-mineralogyand fabric-which arejudged
most relevant to potential development of
secondary dissolution porosity per se.
Amount, extent, significance, degree of en-

“hanced porosity likelihood are not, in our

opinion, readily amenable-to “prediction”
in any rigorous sense, given limitations of
present knowledge.

A recent paper by Bloch (1991) nicely
illustrates the empirical approach currently
utilized to attempt to predict reservoir qual-
ity (porosity and permeability, i.e.). AsBloch
points out (p.1145):

Current efforts to predict porosity
and permeability in sandstones prior to
drilling are focused on empirical and
process-oriented models. Empirical pre-
dictions are based on the correlation
between porosity and permeability and
alimited number of parameters obtained



from calibration data sets or estimated
from appropriate geologic models......
Process-oriented approaches attempt-
-ing to model the effect of diagenesis on
reservoir quality are hampered by inad-
equate quantitative understanding of
the processes responsible for preserv-
ing primary porosity and generating
secondary porosity and permeability.
Untiladequate quantification of the sand-
stonediagenesisprocessesisachieved,
empirical models have adistinct advan-
tage over process-oriented models in

. providing reliable predictions of reser-
voir quality in many sandstone inter-
vals.

He goes on to present a well-reasoned
demonstration of this thesis in the remain-
der of his paper. Bloch also makes the
following cogent observations:

Thefocus of process-orientedtech-
niques is on modeling diagenetic pro-
cesses and their effects on the evolu-
tion of reservoir quality. Among those
techniqgues, chemical and mathemati-
cal models are useful in simulating di-
agenetic sequences (Bruton, 1985;
Meshri, 1989), butare notyet capable of
quantifying changes in porosity and
permeability (Surdam and Crossey,
1987; Schmoker and Gautier, 1988,
Meshri, 1989). (p.1145)

Despite its successes in many geo-
logical settings, the empirical approach
is not the ultimate answer to porosity
and permeability prediction. In some -
targets, importantdiagenetic processes
may not be accounted for by param-
eters comprisinga given calibrationdata
set and result in quantitatively inaccu-
rate predictions. However, despite its
limitations, the empiricaltechnique pres-
ently provides the onlyfeasible approach
to reservoir quality prediction. (p. 1158)

Lacking the requisite calibration data
sets, etc., our approach to “reservoir qual-
ity- present/ potential” needs remain rather
simplistic, hence the approach adopted
above. We are continuing our studies of
diagenetic relationships in the Aurora well,
with the view to obtaining a more compre-
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hensive appreciation of controls on reser-
voir properties within this well, and region-
ally.

8. Thin-Section Analysis

13,800-13,810'
Principal fragment types

Predominant: 1.Cherts, of varioustypes;
some contain appreciable pyrite, or carbon-
ate minerals (eg., photos “Y, G”). 2.
Litharenites; feature cherts, lithic grains,
plagioclase carbonate(s); constituent grains
range from very-coarse (at least) sand, and
finer. Photographs “A,B,C,R,5, U, V,W, Y,
Z" show some examples. 3. Argillaceous
rocks; siltstones-mudstones/shales, some
are organic-rich. Photos “W, G” show ex-
amples.

Subordinate: 4. Discrete quartz; some
exhibit quartz overgrowths. Photos “G, W”
show examples. 5. Plagioclase; twinned,
from litharenites (?). Photo “T” shows an
example. 6. Carbonate minerals; calcite,
dolomite. 7.Organicmaterial(s); black, red.
Somerecognizable plant material. 8. Wood /
bone(?); from drilling contamination (?). 9.
Carbonate rocks; dolomite, some contain-
ing plagioclase grains, some containing ap-
preciable pyrite. 10. “Metamorphosed”
rocks; medium - sand/silt-bearing
xargillaceous rocks. Photo “X” shows an
example. .

13,800-13,810'
Fragment A:

Feldspathic litharenite. Fine-medium
sand-sized; massive. Grains moderately
sorted, angular-subrounded. Texturally,
mineralogically, and diagenetically imma-
ture. Grains = 90%; matrix = 10%; cement
nil; visual porosity nil. Grains consist of
quartz(20%+/-),including monocrystalline
and polycrystalline varieties, with straight



and undulose extinction represented; feld-
spars (10%)- plagioclase, potassium (?) feld-
spar; lithic fragments (70%+/-)- cherts,
argillaceous arenites /wackes, argillaceous
rock fragments, calcite fragments, plagio-
clase, plagioclase with quartz (i.e., “grani-
toid” ?); trace amount of detrital opaque
mineral(s)- white;alsoone chert grainwhich
contains on the order of 50% pyrite; biotitic
micas (<5%). Matrix of argillaceous materi-
als. Grain contacts are irregular; there is a
slight degree of deformation of the matrix.
This rock has undergone moderate appar-
ent compaction. This rock has nil reservoir

quality as is. Poor-fair (?)potential for im- .

provement diagenetically, via dissolutiion
of labile grains (feldspars, cherts, carbon-
ates, ie.).

13,800-13,810'

Fragment C:

Feldspathic litharenite. Fine sand-sized,
massive. Grains moderately sorted,
subangular-subrounded. Texturally,
mineralogically, and diagenetically imma-
ture. Grains =85%+; matrix = 10%; cement
= +/-5%; visual porosity is nil. Grains con-
sist of quartz (+/-40%)- mostly monocrys-
talline, some polycrystalline, with both
straight and undulose extinction repre-
sented; feldspars (10%)- plagioclase, possi-
bly some potassium feldspar; lithic frag-
ments (+/- 50%)- cherts, argillaceous rock
fragments; white-grey opaques (3%); micas
and chlorite (5%).

Matrix of argillaceous materials; associ-
ated organic materials; also some pseudo-
matrix after argillaceous rock fragments.
Cement consists of quartz. Grain contacts
irregular; some deformation of argillaceous
rock fragments and micas. This rock has
undergone moderate apparent compaction.
This rock has nil reservoir quality as is, and
poor potential for improvement via diagen-
esis. /
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14,440-14,450'

Predominant: 1. Feldspathic-arkosic
litharenites /wackes; mediumsand sizeand
smaller; may contain appreciable plagio-
clase (oligoclase-andesine); some have do-
lomite +/- calcite lithic grains as well. Some
are pyrite-rich. Photomicrographs “A, B”
are representative; “C” show a unique frag-
ment; “D, E, F, Z” also feature examples.

Subordinate: 2. Argillaceous rocks: silt-
stones-mudstones/shales; many are or-
ganic-rich (eg. photomicrographs “E”);some
are pyrite-rich. 3. Organic matter; black. 4.
Discrete quartz. 5. Cherts * 6. “Metamor-
phosed” sandy /silty argillaceous rocks 7.
Discrete pyrite Photomicrographs “D,E,F,
Z" present general aspects of this thin-sec-
tion.

14,440-14,450'
Fragment A:

Feldspathic litharenite. Very fine-fine
sand-sized, massive, moderately/well-
sorted, subangular /subrounded grains; tex-
turally, mineralogically, diagenetically im-
mature. Grains=90%+/-; matrix=10%+/-;
cement=trace; visual porosity nil. Grains
consist of quartz (30+%), monocrystalline
principally, some polycrystalline, straight

- and undulose extinction represented; feld-

spars(30+%)-plagioclase, (?) potassiumfeld-
spar; lithic grains (30+%)- principally cherts,
argillaceous rocks, (?) metamorphic rocks.
Opaque materials (trace); white, black. Ce-
ment consists of traces of quartz. Grain
contacts range through concavo-convex; the
rock appears to have undergone a moderate
degree of compaction. This specimen isnot
a reservoir rock as is, but it might offer fair
potential for improvement elsewhere via
secondary dissolution of labile constituents
(plagioclase, cherts). The argillaceous ma-
trix/pseudomatrix, as well as the degree of
compaction are negative factors in this re-
gard. On balance, poor/fair (?) potential.



Fragment B:

Feldspathic litharenite. Very fine-fine
sand-sized; massive. Grains moderately
sorted, range angular-rounded. Texturally,
mineralogically, diagenetically immature.
Grains=85%+/-; matrix=10%+/-; ce-
ment=5%+/-; visual porosity nil. Grains
consist of quartz (30%+/-), mostly monoc-
rystalline, some polycrystalline, withstraight
as well as undulose extinction represented;
feldspars (10%+/-)- plagioclase, (?) potas-
sium feldspar; lithic fragments (60%+/-)-

cherts, argillaceousrocks, trace of carbonate

rock fragments (calcite), perhaps (?) trace
amounts of metamorphic and/or igneous
rock fragments. Opaque minerals (3-5%+/
-), principally associated with argillaceous
materials. Micas- biotitic (3%+/-). Matrix of
argillaceous materials, with associated or-
ganic matterand pyrite. Some pseudomatrix
developed from argillaceous lithic grains.
Cement consists of pyrite, often in associa-
tion with argillaceous materials, as well as
trace amounts of quartz. Grain contacts
range through concavo-convex; also some
apparently intergrown grain boundaries as
well. Some pseudomatrix developed. This
rock has undergone a moderate (+) degree
of apparent compaction. This rock is not a
reservoir rock, as is. Fair potential for im-
provement elsewhere might be considered,
via secondary dissolution of labile grains
(feldspars,cherts). However, theargillaceous
matrix and pseudomatrix, the degree of ap-
parent compaction, and the mica grains are
all negative factors in this regard. On bal-
ance, poor potential.

Fragment C:

Feldspathic sublitharenite. Very fine
sand-sized; massive. Grains well /very well
sorted, subangular- rounded. Grains=
80%+ /-; matrix=3%; cement=15%+/-; visual
porosity nil. Grains consist of quartz (70%),
monocrystalline, lesser polycrystalline, both
straight and undulose extinction repre-
sented; feldspars (10%)- plagioclase; lithic
fragments (20%)- cherts, argillaceous rocks
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(?), perhaps also trace amounts of metamor-
phic and/or igneous rocks (?). Biotitic mi-
cas, chlorite (3%). Matrix of argillaceous
materials. Cement consists of quartz, as
well as subequal amounts of pyrite. Grain
contacts range through concavo-convex,
with indications of some intergrown grain
boundaries as well. This rock has under-
gone a moderate (+) degree of apparent
compaction. This rock has nil reservoir
quality as is. Poor potential for improve-
ment elsewhere, diagenetically, because of
low labile minerals content, degree of ce-
mentation, degree of apparent compaction,
argillaceous materials, and grainsize. How-
ever, prior to the quartz cementation, this
very fine/fine sand might have offered fair
or better reservoir quality.

14,680-14,690'
Principal fragment types:

Predominant- 1.Fine-medium-grained
litharenite. The dominant rock material in
this thin-section. “A” and “B”, described
below, are representative. Some fragments
are feldspar-bearing/feldspathic (plagio-
clase: oligoclase-andesine). “E” is an ex-
ample. 2. Siltstone-mudstone/shale. A ma-
jor constituent of the suite of cuttings frag-
ments in this thin-section. Some are bimo-
dal, with sand-sized grains (quartz, rock
fragments, some plagioclase) “floating” ina
silt-clay matrix.

Subordinate- 3. Discrete quartz. Trace.
4. Calcite/limestone. Trace. 5. Discrete pla-
gioclase (oligoclase/andesine). Trace. 6. Dis-
crete potassium feldspar; at least one
perthitic fragment was noted. “C” is an ex-
ample. Trace. 7. Pyrite-rich clastic sedimen-
tary rocks- some may, rather, be volcanic
rocks (?). Trace. 8. “Granitoid” rocks: pla-
gioclase (twinned)-quartz-muscovite. “D"”
is an example. Trace. 9. “Metamorphosed”
sandstone /micaceous sandstone; metamor-
phic rocks/fault-related /artefacts of drill-
ing (?). “F” isan example. Trace. 10. Organic
materials; many are black, a few are reddish.



A minor component.

Fragment A:

Litharenite. Fine sand-sized, massive
fabric, moderately /well-sorted, sub-angu-
lar/subrounded grains, texturally
submature, mineralogically and diageneti-
cally immature. Grains = 80%+/-; matrix =
nil; cement = 10%; visual porosity= 10%.
Grains consist of quartz (30%), monocrys-
talline principally, some polycrystalline,
most exhibit undulose extinction; feldspars

(10%)-plagioclase, +/-?; lithic grains (+/-:

60%)- principally sedimentary rocks, fea-
turing argillaceous rocks and cherts, with
trace amounts of carbonates (limestone,
dolomite), and trace proportions of meta-
morphic (?-chloritic) and igneous (felsic
volcanic?) rock fragments. Opaque materi-
als (+/- 3%)- organic (also some hydrocar-
bon staining ?), and pyrite in detrital lithic
grains. Cement principally carbonate (dolo-
mite, most likely), with subordinate quartz.
Suggestions of organic materials (hydrocar-
bons?) associated with inter-- and
intragranular porosity, and with fractures.
Visual porosity principally secondary in
character, featuring corroded grain edges
and interiors, as well as cemensignificant
microporosity as well. Some apparent frac-
ture porosity may well, rather, represent
artefacts of sampling/sample preparation.
Effectiveness of total porosity fair-good(?).
Grain contacts range through concavo-con-
vex, perhaps greater; the rock appears to
have undergone a moderate degree of com-
paction. This specimen represents fair res-
ervoir quality as is, with potential for im-
provement elsewhere via further develop-
mentof secondary dissolution porosity (car-
bonates, cherts, other lithic fragments, feld-
spars are possible candidates).
Plate 3-C depicts this fragment.

14,680-14,690'

Fragment B:
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Litharenite. Very fine-fine sand sized.
Massive fabric. Grains moderately-well
sorted, subangular-subrounded. Texturally
immature-submature. Mineralogically and
diagenetically immature. Grains = 80%+/-
; matrix = 5% (also some pseudomatrix);
cement = 5%; visual porosity = 3%+/-.

Grains consist of quartz (40%+/-); feld-
spars (10%+/-)- plagioclase, potassiumfeld-
spar (?); lithic fragments (50%)- featuring
cherts, argillaceous rocks, carbonate frag-
ments, metamorphicrocks(?), igneousrocks
(??); opaques (5%+/-)-organic matter, traces
of pyrite; trace amounts of glauconite (?),
chlorite.

Matrix of argillaceous materials, with
indications of associated organic materials
(hydrocarbons ?).

Cement principally consists of carbon-
atemineral(s?), mostlikely dolomite; subor-
dinate quartz cement. Visual porosity sec-
ondary in character, principally reflecting
dissolution of detrital grain edges and inte-
riors (lithic fragments, feldspars), as well as
partial dissolution of cements (carbonates).
Associated subordinate microporosity. Ef-
fectiveness of total porosity essentially nil.
Grain contacts range through concavo-con-
vex. The rock has undergone a moderate
degree of apparent compaction. This rock
possesses essentially nil reservoir quality as
is. It has a fair degree of potential for im-..
provement elsewhere, via secondary disso-
lution porosity development (carbonates,
cherts, lithic fragments, feldspars are pos-
sible candidates). However, the grain size,
degree of compaction, clay content, and
quartz cementation are negative factors in
the latter regard.

Plate 3-B depicts this fragment.

Fragment E:

Feldspathiclitharenite. Fine sand-sized;
vaguely layered. Grains moderately sorted,
subangular-subrounded. Texturally,
mineralogically, and diagenetically imma-



ture. Grains = 95%+; matrix = <5%; cement
= trace; visual porosity is nil.

Grains consist of quartz (30%+/-),
mostly monocrystalline, withstraightaswell
as undulose extinction represented; feld-
spars (10%+)- plagioclase (An5 or 35), po-
tassium feldspar (?);lithic fragments (50%+)-
cherts, carbonate fragments, argillaceous
rock fragments, metamorphic and/or igne-
ous rock fragments (?); trace amount of pos-
sibly detrital opaques- most likely organic
materials; trace amount of mica(s?) in par-
ticle sizes sufficiently large to warrant their

being distinguished from being considered -

under the term “detrital matrix”. Matrix of
argillaceous materials; also lesser
pseudomatrix. Cement consists of quartz;
there may be small/trace amounts of clay
minerals ocurring as cement as well; this is
optically indeterminate here. '

Visual porosity is nil. Grain contacts
range through concavo-convex; some lithic
fragments and micas have been deformed
sufficiently to be termed pseudomatrix. This
rockhas undergonemoderateapparentcom-
paction. This rock has nil reservoir quality
as is. Poor/fair(?) potential for improve-
ment elsewhere, via development of sec-
ondary dissolution porosity (carbonates,
cherts, feldspars are the most likely candi-
dates). However, the grain size, degree of
compaction, and the clays/micas matrix/
pseudomatrix are negative factors in the
latter regard.

14,710- 14,720'
Principal fragment types:

Predominant- 1. Cherts; a variety of
types. Major component of these cuttings
fragments. Some contain appreciable
amounts of carbonate minerals. “C" is an
example. 2. Litharenites. Various constitu-
ent grain sizes, conglomeratic to fine sand.
A major component. Many are feldspi;;-
bearing/feldspathic (plagioclase, +/- ?).
Chert grains are important constituents as
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well. Appreciable amounts of carbonate
minerals may be associated. “A” and “B”
are examples. 3. Organic materials. An
appreciable component. Mostly black,a few
are reddish.

Subordinate- 4.Siltstones-mudstones/
shales. Someare organic-rich. There arealso
quartzand carbonate-filled veins insome. A
minor component of these cuttings frag-
ments. 5. Discrete quartz. Some are well-
rounded. A minor component 6. Discrete
plagioclase. Trace. 7. Arenites with abun-
dant pyrite, as rims on fragments, grains;
within fragments. Trace. 8. Volcanic
(“felsic”) rocks. “D” is an example- featur-
ing: euhedral plagioclase phenocrysts,
twinned, albite/andesine composition,
slightly zoned;ina very-fine grained ground-
mass of quartz, +/- (?) of “cherty” aspect.
Trace component. 9. Medium (+?) grained
litharenite, comprised of sedimentary rock
fragments, and one igneous (basaltic) rock
fragment. The latter features: sub-euhedral
plagioclase phenocrysts, 0.1 mm (+) in size,
of optically indeterminate composition;chlo-
rite interstitial to the plagioclase. Moderate
degree of alteration- of plagioclase to
clinozoisite/and, possibly, also albitization
(?), and chlorite (representative of original
glassy to fine-grained matrix material) sug-
gests metamorphism (low-grade) of this
rock, prior toits’ being incorporated into the
litharenite. Only one fragment was recog-
nized in this thin-section, “E”. 10. Igneous
(volcanic ?) rock fragment. Plagioclase;
euhedral, twinned, fairly fresh, albite/
andesine. Itis problematic as to whether this
cuttings fragment “F” represents one lithol-
ogy- ie. a volcanic (?) rock, or, rather, the
fragmentis a sedimentary rock (litharenite),
withgrain(s?)ofigneous rocks incorporated
11. “Metamorphosed” sandstones-wackes.
Metamorphic rocks/fault-related /artefacts
of drilling (?). Trace component. 12. Car-
bonate materials- calcite, dolomite. Trace.



Fragment A:

‘Conglomeratic litharenite/conglomer-
ate.One constituentgrain (partial)is of gran-
ule -or possibly larger- size; the other detri-
tal grains comprising this specimen are in
the fine-medium sand size range. Vague
layering is manifest. The grains are poorly
sorted, subangular-subrounded; the speci-
menisimmaturetexturally, mineralogically,
and diagenetically.

Grains = 80%-+; matrix = <5%; cement =
8%+ /-; visual porosity is nil. Grains consist
of quartz (10%)- monocrystalline, polycrys-
talline, straight as well as undulose
extinctionlithic fragments (90%+/-)- silt-
stones/very fine sandstones, cherts, argilla-
ceous rock fragments; opaques (<3%)- py-
rite, organic materials. Matrix of argilla-
ceous materials. Some of the associated or-
ganic materials may represent hydrocar-
bons (?). Cements consist of carbonate min-
erals (70%—ferroan calcite, principally), as
well as “opaline” (?) silica/zeolites(?}—on
the order of 30% of the total cement— of a
paragenesis subsequent to at least some of
the carbonate cement. Visual porosity is nil.
Grain contacts range throughline to concavo-
convex. This rock shows the effects of mod-
erateapparent compaction. This rock hasnil
reservoir quality as is. Fair -or better- poten-
tial for improvement elsewhere, via devel-
opment of secondary dissolution porosity
(carbonates, cherts, “opaline silica” /zeo-
- lites(?) are principal candidates).

Fragment B:

Litharenite. Very fine- fine- medium
sand -size grains. Isotropic fabric. Grains
poorly-moderately sorted; subangular-
subrounded-rounded. Texturally,
mineralogically, diagenetically immature.
Grains =90%; matrix =<5%; cement =<5%;
trace of visual porosity. Grains consist of
quartz (40%)- monocrystalline, undulose
extinction; feldspars (10%)- plagioclase; lithic
fragments (50%+ /-)-cherts, argillaceous silt-
stones, sandstones; opaques (<5%)- pyrite,

organic materials. Matrix of argillaceous
materials; associated organic materials may
represent hydrocarbons (?) at least in part.
Cement consists of quartz. Visual porosity
trace (microporosity). Nil effectiveness.

Grain contacts range through concavo-
convex. This specimen has undergone mod-
erate apparent compaction. Nil reservoir
quality as is. Poor-fair(?) potential for im-
provement elsewhere, via development of
secondary dissolution porosity (feldspars,
cherts the principal candidates). However,
the degree of compaction, and matrix/
pseudomatrix militate against this some-
what.

Fragment C:

Chert. Fragmentincludesone finesand-
size quartz grain, as well as numerous
rhombs of carbonate (ferroan calcite), in a
crystalline silica matrix.

Visual porosity nil.

Nil reservoir quality as is. Cherts, par-
ticularly those containing appreciable car-
bonate mineral components, are candidates
for secondary dissolution porosity develop-
ment under appropriate conditions.

14,740-14,750'
Principal fragment types: .

Predominant- 1. Wood /bone (?) mate-
rial; contaminant from drilling operations.
The predominantcomponentof the cuttings
fragments in this thin-section. “B” is an ex-
ample. 2. Cherts, of various aspect; there is
a plethora of types in this thin-section. A
major component of the cuttings fragments
from this interval. Some are pyritic, or car-
bonate-bearing. 3. Argillaceous rocks: mud-
stones/shales-siltstones. Include organic-
rich, quartz-veined, siliceous (some spiculitic
?) varieties. A major component of the cut-
tings fragments in this thin-section.



Subordinate- 4. Litharenites: conglom-
eratic and finer-grained. Feature quartz,
cherts, lesser argillaceous rock fragments.
“A” is an example. Some (“G”, eg.) are feld-
spar-bearing (plagioclase). A minor compo-
nent of this thin-section. 5.Organic materi-
als. Black, some reddish. Minor component.
6. Volcanic rock fragments. “C” is an ex-
ample. Trace component. 7. Calcite/lime-
stone. Trace component. 8. “Metamor-
phosed” litharenites-siltstones. Metamor-
phic rocks /fault-related /artefacts of drill-
ing?

Trace component. 9. Photomicrographs |-

“X” feature a fragment comprised of a chert
(?)/volcanic rock (?) grain, with carbonate
(some is ferroan calcite); grains of argilla-
ceous rocks; a grain of volcanic/igneous
rock, with highly altered plagioclase, asso-
ciated with carbonate +/-other phases. This
fragment is a silica-cemented (“cherty”)
litharenite; or, rather, a felsic tuff/breccia
(). 10. Photomicrographs “W, Y” are over-
views of this thin-section. “W” include parts /
all of fragments “A, X”. “Y” feature a frag-
mentof silty mudstone adjacent to fine sand-
size wacke, as well as other fragments.

Fragment A:

Conglomeratic litharenite. Fine-me-
dium sand size grains, with one pebble of
chert. Poorly sorted; sand size grains are
angular-subrounded, pebble is rounded/
well-rounded. Texturally submature;
mineralogically and diagenetically imma-
ture. Grains = 90%; matrix = trace/nil (al-
though the sand size grains may be consid-
ered as “matrix” to the pebble); cement =
10%; visual porosity = trace /nil.Grains con-
sist of quartz (20%+)- mono- and polycrys-
talline, with straight as well as undulose
extinction represented; lithic fragments
(70%+)- cherts (some with pyrite), argilla-
ceous rocks; others (5%+)- chlorite, micas,
glauconite (?). Matrix of argillaceous mate-
rials, as well as some pseudomatrix after
lithic fragments. Cement consists of carbon-
ateminerals-dolomite, with zones of ferroan
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dolomiteatthe margins;also discrete ferroan
calcite. Visual porosity nil. Grain contacts
range through concavo-convex; also feature
pseudomatrix developed from deformation
of lithic fragments. This specimen has un-
dergonemoderate apparentcompaction. Nil
reservoir quality as is. Moderate potential
for improvement elsewhere, via develop-
mentof secondary dissolution porosity (car-
bonates, cherts are principal candidates). If
hydrocarbons were to enter a rock such this
as prior to carbonate cementation, the rock
would have good reservoir characteristics.
Plate 3-D depicts this fragment.

Fragment C:

Felsic volcanic rock. Probably a con-
stituent of a coarser-grained sedimentary
rock type (conglomerate/breccia). Features -
phenocrysts of quartz, plagioclase (oligo-
clase- twinned, zoned, deformed, occurring
as glomeroporphyritic aggregates).

Groundmass of siliceous, +/- other op-
tically obscure materials- including some
plagioclase laths, opaques (pyrite, +/-?). A
relatively unaltered rock.

14,770-14,780'
Principal fragment types:

(this suite is very similar to that from the
overlying interval, 14,740-14750).

Predominant- 1. Wood /bone (?) mate-
rial, contaminant from drilling operations.
The predominant component of this thin-
section. 2. Cherts, of various aspect. In-
cludes pyritic, organic-rich, carbonate
mineral(s)-associated (some rhombicferroan
calcite) types. A major component of this
thin-section. 3. Argillaceous rocks: mud-
stones/shales. May be organic-rich, veined
with quartz (eg. “B”), spiculitic? (and/or
radiolarian?).

Subordinate: 4. Litharenites: conglom-



eratic to fine sand-sized constituent grains.
“A” is a feldspar-bearing (plagioclase; oli-
goclase-andesine) example. A minor com-
ponentof this thin-section. 5. Organic mate-
rials. Black, some reddish. Minor compo-
nent. 6. Volcanic (“felsic”)rocks. Trace com-
ponent. 7.Photomicrographs “W” show an
overview of this thin-section, including frag-
mmt lfA.ﬂ"

Fragment A:
Litharenite. Vague layering. Fine sand

size grains; well sorted; subangular-

subrounded. Texturally, mineralogically,
diagenetically immature. Grains = 90%;
matrix = 10%; cements nil; visual porosity =
trace. Grains consist of quartz (50%+/-)-
mono-and polycrystalline, with straightand
undulose extinction represented; feldspars
(10%)- plagioclase, potassium feldspars (?);
lithic fragments (40%)- cherts, argillaceous
rocks; chlorite (3%+/-); trace pyrite. Matrix
of argillaceous materials; also some argilla-
ceous lithic fragments have been deformed
into pseudomatrix. Visual porosity consists
of traces of microporosity and —possibly—
. fracture porosity. Pore linings of clay mate-
rials—apparently principally detrital. Po-
rosity effectiveness is nil. Grain contacts
range through concavo-convex, with some
deformation resulting in formation of
pseudomatrix. This rock has undergone
moderate apparent compaction. Nil reser-
voir quality asis. Clays, grain size, degree of
compaction militate against furtherimprove-
ment. However, development of secondary
dissolution porosity (fromcherts, feldspars,
+/-?) could be construed as reasonably fea-
sible. Perhaps, on balance, there is likely
poor-fair potential for significant improve-
ment.

14,800-14,810'

Principal fragment types:

/
Predominant- 1. Wood/bone (?) mate-
rial. Contaminant from drilling operations.

A major component of this thin-section. 2.
Cherts, of various aspect. Some spherule
(radiolarian ?)-bearing. A major component.
3. Argillaceous rocks: siltstones-mudstones /
shales. Some are organic-rich, veined. A
major component. 4. Litharenites: con-
glomeratic and finer-grained. “A” is an ex-
ample. A major component. 5. Organic
matter; most is black, some reddish. A mi-
nor component of this thin-section. 6. Vol-
canic rocks. “B” is an example; “C” may be,
also. Trace component. 7. Discrete plagio-
clase (albite-andesine). Trace component. 8.
Calcite/limestone. Trace component. 9.
Ferroan calcite. Trace component. 10. Dis-
crete quartz. Trace component. 11. “Prob-
lematic” fragment (“W”). Comprised of
grain showing micrographic/micro-pegma-
titic texture (?)- quartz, in a “host” of ortho-
clase (?) microperthite (?), with an attached
rhomb of ferroan calcite. 12. “Metamor-
phosed” litharenites-siltstones. Metamor-
phic/fault-related /artefacts of drilling?
Trace component. 13. Photomicrographs
“D” show general overviews of this suite.

Fragment A:

Litharenite. Massive fabric. Grains are
principally coarse-medium sand size;
poorly-moderately sorted, subangular-
subrounded. Texturally submature;
mineralogically, diagenetically immature.
Grains = 90%; matrix trace; cement = 10%;
visual porosity trace (artefact?). Grains con-
sist of quartz (30%)- mono-and polycrystal-
line, straightand undulose extinctionrepre-
sented; feldspars (10%)- plagioclase, potas-
sium feldspars (?); lithic fragments (50%+/
-)- cherts, argillaceous rocks, sandstones/
siltstones; opaques (5%)- organic matter,
lesser pyrite. Matrix of argillaceous materi-
als. Cement consists of dolomite; indica-
tions of associated organic materials (in-
cluding hydrocarbons?). Traces of visual
porosity, as microporosity; also fracture
porosity (artefact?). Effectivenessnil. Grain
contacts range through concavo-convex;
some argillaceous lithic fragments have
been deformed to pseudomatrix. This rock



has undergone a moderate degree of appar-
ent compaction. Nil reservoir quality as is.
Fair potential for improvement, via devel-
opment of secondary dissolution porosity
(carbonates, cherts, feldspars, are principal
candidates).

Fragment B:

Mafic/intermediate (?) volcanic rock.
This fragment is 0.9mm in its’ longest di-
mension in thin-section. It consists of scat-
tered microphenocrysts of plagioclase (oli-
goclase)- moderately deformed, twinned;
finer grained matrix of plagioclase crystals
of similar character, with associated inter-
stitial chlorite (after original pyroxene/
glass?, presumably). Cf. comments above
regarding fragment “C”, 14,740-14,750'.

14,800-14,810'
Fragment C:

Comprised of two grains, each on the
order of 0.3+mm. One, perhaps, represents
an altered olivine (?)- as evidenced by oliv-
ine-like partings, black opaque phases asso-
ciated, and reddish iddingsite-like material
along the partings. Or, rather, an unsual
“chert”(?). The other grain has the general
aspect of a very fine-grained volcanic rock
(?), or representative of “chilled marginal
zone/matrix” (?). Thereareplagioclaselaths,
barely discernible, in a quartz— +/-(?)
groundmass. In any event, a curiosity here,
as a lithic fragment.

14,830-14,840'
Principal fragment types: (cf. Plate 3-A)

Predominant- 1. Discrete quartz. Frag-
mentsare mostly angular-subangular;range
from 0.8 mm and smaller in size, as cuttings
fragments. A major component of this thin;
section. 2. Cherts, of various aspect. Some
are carbonate-bearing (including ferroan

calcite). A major component. 3. Argilla-
ceous rocks: siltstones-mudstones/shales.
May be organic-rich, pyritic. A major com-
ponent. 4. Litharenites: conglomeratic and
finer-grained. “B” and “C” are examples.
Some are pyritic (one is >50% pyrite); one
feldspar-bearing (plagioclase)example (“Y")
was noted. A major component of this thin-
section. Subordinate- 5. Carbonate rocks.
“A” is an example. A minor component. 6.
Organic material; mostly black. Minor com-
ponent. 7. Wood/bone (?) material; con-
taminant from drilling operations. Minor
component. 8. Volcanic rocks. “E” is an
example. Predominantly plagioclase,
twinned, albite-andesine; minor quartz,
opaque minerals. Trace component. 9. Dis-
crete plagioclase (+/-potassiumfeldspars?).
Twinned, albite-andesine; some strongly
zoned. Trace component. 10. Ferroan cal-
cite. Trace component. 11. Calcite/lime-
stone. Trace compoenent. 12. “Granitoid”
rock (?). “X” - quartz, plagioclase (albite-
andesine). 13. Photomicrographs “Z” show
overviews of this thin-section, including a
chert-bearing conglomeraticlitharenite. Also
other quartz, carbonate-bearing (ferroan
calcite), argillaceous rocks (pyrite-rich) frag-
ments.

Fragment A:

Arenaceous (very fine-fine sand size
quartzgrains)dolomite. Visual porosity trace
amount (artefact?)- fracture; effectiveness
nil.

Fragment B:

Litharenite. Vague layering. Framework
grains range frommedium sand (trace)- fine
(principally)- very fine sand size, with finer
materials as well; poorly-moderately sorted;
angular-subangular-subrounded. Textur-
ally, mineralogically, diagenetically imma-
ture. Grains = 90%+; matrix = 5%+; cement
is nil; visual porosity = traces (artefacts?).
Grains consist of quartz (50%+/-)- mono-
and polycrystalline, straight and undulose



extinction represented; feldspars (5%+/-)-
plagioclase, potassium feldspars (?); lithic
fragments (40%+/-)- cherts, argillaceous
rocks; opaques (5%+/-)- pyrite, also dark
organic materials; traceamounts of chlorite.
Matrix of argillaceous materials. Cement nil
(pyrite may, actually, be authigenic/diage-
netic, here). Visual porosity (fracture;
artefacts?) in trace amounts. Effectiveness
nil. Grain contacts range through
intergrown/interlocompaction, and the
clay /matrix are all negative factors in this
regard. Onbalance, probably poor potential
for improvement of reservoir quality.

~ Fragment C:

Litharenite. Massive fabric. Detrital
grains range frommedium sand (trace)-fine
sand size, with lesser amounts of very fine
sand, silt sizes. Sorting moderate-good.
Grains are subangular-subrounded. Textur-
ally submature; mineralogically, diageneti-
cally immature. Grains = 95%+; matrix =
trace; cements = 5%+/-; visual porosity =
trace (artefacts?). Grains consist of quartz
(40%)- mono- and polycrystalline, straight
and undulose extinction represented; feld-
spars (5%)-plagioclase, potassium feldspars
(?); lithic fragments (50%+)- cherts, argilla-
ceous rocks, subordinate carbonate frag-
ments (ferroan calcite, ferroan dolomite);
traces of glauconite (?), chlorite (?). Matrix
of argillaceous materials. Cements consist
principally of carbonate minerals— ferroan
calcite, ferroan dolomite (?); subordinate
amount of pyrite; questionable traces of
quartz- perhaps relict on detrital grains.
Visual porosity consists of fractures, which
may in fact be artefacts of sampling /sample
preparation. Effectiveness is nil. Grain con-
tacts range through intergrown/interlock-
ing; some lithic fragments have been de-
formed to pseudomatrix. The rock has un-
dergone a moderate (+) degree of apparent
compaction. Nil reservoir quality as is. Fair
potential for improvement elsewhere, via
development of secondary dissolution pg-
rosity (cherts, feldspars, carbonate minerals
are principal candidates). However, the
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degree of compaction, and the matrix/
pseudomatrix are negative factors in this
regard. On balance, a poor-fair potential for
improvement.

14,850-14,860"

Principal fragment types:

The cuttings in this thin-section are
rather similar in types, and relative abun-
dances, to those in the overlying interval
(14,830-14,840"). The thin-section here is,
again, dominated by discrete quartz frag-
ments- generally angular to subangular.
There are lesser amounts of cherts, and
argillaceous rocks- siltstones/mudstones/
shales. Also present, in subordinate
amounts, are organic materials (mostly
black), occasional discrete plagioclase, and
carbonates (calcite/limestone, dolomite). A
minor proportion of this cuttings suite con-
sists of litharenites; conglomeraticand finer-
grained.

Photomicrographs “A-D, X" depict general
characteristics of this thin-section.

15,000-15,010'
Principal fragment types:

Predominant: 1. Discrete quartz. Mostly
on the order of 0.6mm and smaller, as
cuttings fragments. Angular; undulose as
well as straight extinction represented;
monocrystalline, some polycrystalline.
Some carry vestiges of quartz cement/
overgrowths; others (few) have vestigial
rims / patches of argillaceous materials. Pho-
tomicrographs “T, W” provideexamples. 2.
Argillaceous rocks: siltstones-mudstones/
shales (some contain  sand-size grains).
Shown in photomicrographs “T, W”. Sub-
ordinate 3. Cherts. 4. Plagioclase (cf. pho-
tomicrographs “T, TT”. 5. Argillaceous
sandstones; some contain plagioclase, and
orcarbonate materials (cf. photomicrographs
“T, W"). 6. Pyrite-rich rock fragments; with
chert, carbonate, + /- plagioclase (cf. photo-
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micrographs “V,W”). 7. A few fragments of
igneous (?- volcanic) rock, consisting prin-
cipally of plagioclase (cf. photomicrographs
“T,U”"). 8.0rganic matter;black (cf. photo-
micrographs “W”). 9. Potassium feldspar
(?); trace amount.

16,410-16,420'

Principal fragment types:

Predominant 1. Argillaceous rocks: silt-
stones(some contain sand size grains)-mud-

stones/shales. Some are organic-rich/ py-

rite-rich; some containcarbonate clasts;some
feature rounded “floating” sand grains.
Photomicrographs “A” are representative.
Subordinate 2. Discrete plagioclase (con-
taminant ?). 3. “Granitoid” rocks; plagio-
clase+/-quartz+/-muscovite+ /- potassium
feldspar (orthoclase). Contaminant ? 4. Or-
ganic materials; black. 5. Sandstones/
wackes (fine sand size and smaller). Some
contain carbonate clastsand/or plagioclase.
Photomicrographs “A, B” feature examples.
6. Discrete quartz. Much is polycrystalline.
Perhaps a contaminant, along with the
“granitoid” rocks (?). 7. Micas; muscovite,
+/-"hydrobiotite”. Contaminant ? 8. Wood /
bone material (contimnant). 9. Cherts; some
are pyrite-rich. Photomicrographs “A” show
examples of the more abundant of these

fragment types.

Fragment B:

Litharenite. Very finesand-sized grains.
Massive fabric. Grains moderately sorted;
subangular-subrounded. Texturally,
mineralogically, diagenetically immature.
Grains=90%; matrix=5%+ /-; cement=5%+/
-;visual porosity nil. Grains consist of quartz
(70%)- most are monocrystalline, some are
polycrystalline, both straight as well as
undulose extinction are represented; feld-
spars (5%)- plagioclase, potassium feldspar
(??); lithic grains (25%})- cherts, argillacaon}s
rocks, carbonate grains. Trace amount of
black opaques. Matrix of argillaceous mate-
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rial; also some pseudomatrix/micas. Ce-
ment consists of quartz; trace of clays (?).
Grain contacts range through concavo-con-
vex. This specimen has undergonea moder-
ate degree of apparent compaction.

Nil reservoir quality as is. Poor poten-
tial forimprovementelsewhere, dueto grain
size, argillaceous materials /micas, quartz
cementation, relative paucity of potentially
labile minerals, degree of compaction.

16,445-16,450'

Principal fragment types:

Predominant- 1. Discrete quartz. An-
gular-subangular, to well-rounded, range
0.9 mm and smaller in size, as cuttings frag-
ments. Some show quartz cement/
overgrowths. Photomicrographs “C-G” il-
lustrate these features. A major component
of this thin-section. 2. Argillaceous rocks:
siltstones-mudstones /shales. May be or-
ganic-rich. Shown in photomicrographs “C,
D, G”. A major component. 3. Litharenites-
quartz arenites. Fragments “A” and “B” are
representative. Photomicrographs “C, E, F”
also show these. A major component of this
thin-section. Subordinate- 4. Discrete feld-
spars. Plagioclase- twinned, oligoclase-
andesine. Microcline microperthite. Ortho-
clase (?). Orthoclase (?) microperthite. Col-
lectively, represent a minor component of
this thin-section. 5. Cherts. May be pyritic-
one fragment consists of >50% pyrite
“framboids”. A trace component. 6. Car-
bonate materials: dolomite rhombs; calcite/
limestone; ferroancalcite. Tracecomponents.
7. Wood/bone (?) material. Contaminant
from drilling operations. Trace component.
8. Mica (s?): of “bleached” aspect- perhaps
vermiculitic; some muscovite. Indigenous
to the strata, or, rather, contaminants from
drilling operations? Trace components. 9.
Organic materials; black. Trace component.
10. “Metamorphosed” wackes-siltstones.
Metamorphic/fault-related /artefacts of
drilling? Trace component.



Fragment A:

Quartzarenite. Massive fabric. Medium
sand size grains, well-very well sorted,
subrounded-rounded-well rounded(?). Tex-
turally mature-supermature (?).
Mineralogically, diagenetically immature/
submature. Grains = 90%; matrix nil; ce-
ment = 10%; visual porosity nil. Grains
consistof quartz (100%+/-)-mostare monoc-
rystalline, with straight extinction; some are
polycrystalline, with undulose as well as
straight extinction represented. Cement
consists of carbonate mineral(s)- dolomite,

somesiderite, mostlikely-(90%),and quartz - |

(10%). The carbonate cement occurs in the
unstained portion of the thin-section, unfor-
tunately. Some of this material shows dis-
cernible zoning, from darker central por-
tions of patches of intergranular cements to
lighter toned margins- ie. perhaps from less
tomore ferroan, paragenetically, with depo-
sition from pore margins inward. Remnant
visual porosity is nil. Grain contacts range
through intergrown/interlocking. The rock
has undergone a moderate (+) degree of
apparent compaction. Nil reservoir quality
as is. Fair potential for improvement else-
where, via dissolution of carbonate miner-
als. Quartz cementation, degree of apparent

compaction, patchy distribution of carbon-

ate cement are negative factors in this re-
gard. Onbalance, poor /fair (?) potential for
improvement. Pre-cementation, of good res-
ervoir quality.

Fragment B:

Litharenite /sublitharenite. Vague lay-
ering. Detrital grains range from trace
amounts of very coarse (?) sand to predomi-
nant proportions of fine-very fine sand size
materials. Sorting is poor-moderate, the
grainsareangular-subangular-subrounded-
rounded. Texturally, mineralogically, diage-
netically immature. Grains=90%; matrix =
8%+ /-;cement = trace; visual porosity is nil.
Grains consist of quartz (70%)- mono- and
polycrystalline, straight and undulose ex-
tinction are represented; lithic fragments
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(30%)- chert, siliceous arenite, perhaps (?)
trace amounts of volcanic rocks; trace of
glauconite. Matrix of argillaceous materi-
als; indications of organic materials associ-
ated (hydrocarbons?). Cement consists of
traces of quartz. Visual porosity nil (some
fractures, which likely are artefacts). Grain
contacts range through concavo-convex/
intergrown. Thisrock has undergone a mod-
erate (+) degree of apparent compaction.
Nil reservoir quality as is. Poor-fair poten-
tial for improvement elsewhere, via devel-
opment of secondary dissolution porosity
(cherts, glauconiteare principal candidates).
Clays, grain size, degree of compaction,
quartz cementation are negative factors in
this regard. On balance, poor potential for
improvement. '

16,470-16,480"
Principal fragment types: (cf. Plate 4-A)

Predominant- 1. Discrete quartz. An-
gular to well-rounded, 1.0 mm and smaller
in size, as cuttings fragments. Some show
quartz cement/overgrowths. Photomicro-
graphs “E, G, H, L” illustrate these. A major
component of this thin-section. 2. Argilla-

ceous rocks: siltstones-mudstones/shales..

A variety of types; some organic-rich. Pho-
tomicrographs “E, F, H, L” show examples.
A major component. 3. Arenites-wackes.
Several varieties. Very coarse sand sized,
and finer. Some contain glauconite. “A-D,
G, I” are examples of these lithologies. Pho-
tomicrographs “F, ], K, Q” also show others.

- A major component. 4. Discrete plagio-

clase; twinned. Tracecomponent. 5.Cherts.
Someare pyritic. Trace component. 6. “Meta-
morphosed” arenite-wacke. Metamorphic /
fault-related /artefacts of drilling? Trace
component.

Fragment A:

Sublitharenite. Massive fabric. Detrital
grains include trace amount of coarse sand,
and predominant proportions of medium



sand size materials. Moderately-well sorted,
the grains are subrounded-rounded. Tex-
turally mature, mineralogically and diage-
netically immature. Grains = 85%; matrix
nil; cement = 10%; visual porosity = 5%
(much/allactually artefact?). Grains consist
of quartz (80%)- mono-and polycrystalline,
most exhibit undulose extinction; feldspars
(trace)- plagioclase (and/or as cement ??);
lithic fragments (20%)- argillaceous rocks,
cherts, possibly some glauconite(?), perhaps
traceamounts of volcanicrocks (7). Cements
consist of quartz(75%), dolomite (25%), trace
of plagioclase (??). Visual porosity ambigu-
ous as to “artefact/non-artefact” character.
Consists of apparent (?) secondary dissolu-
tion- edges and internal portions- of lithic
fragments, and also of fractures. If (??) non-
artefact, theresultant porosity could befairly
effective. Grain contacts range through
concavo-convex/intergrown. The rock has
undergone a moderate (+) degree of appar-
entcompaction. Poor reservoir quality asis.
Poor potential for improvement elsewhere,
via dissolution of dolomite, and/or lithic
fragments. Quartz cementation, degree of
apparent compaction, and paucity of poten-
tially labile grains are all negative factors.
Prior to deep burial-compaction-quartz ce-
mentation, however, this rock likely had
fair- or better- reservoir quality.

Fragment B:

Quartzarenite, Massive fabric. Medium
sand (trace) and fine sand size grains, very
well sorted, subangular-subrounded. Tex-
turally submature/mature, mineralogically
and diagenetically immature. = Grains =
85%; matrix nil; cement = 15%; visual poros-
ity = trace (artefact?).

Grains consist of quartz (98%+/-)- most
are monocrystalline, some are polycrystal-
line, undulose extinction is ubiquitous; lithic
fragments (trace)- argillaceous rocks; traces
of black organic matter. Cements consist of
quartz (30%), and carbonates (70%)- dol[}-
mite, and siderite. The latter occurs as a
“beadwork” along detrital grain margins, in
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places, and shows no evidence of reaction to
thestainingreagents applied. Visual poros-
ity consists of fractures, likely artefact in
character (?). Effectiveness nil. Grain con-
tacts range through intergrown. The rock
has undergone a moderate (+) degree of
apparent compaction. Nil reservoir quality
as is. Fair potential for improvement else-
where, via development of secondary disso-
lution porosity. In particular, the carbonate
cements- especially the"beadwork”- repre-
sent prime candidates for this. Negative
factors include the quartz cementation and
the degree of apparent compaction.

Fragment C:

Litharenite. Vague layering. Detrital
framework grains principally of fine sand
size, moderately sorted, angular- -
subangular-subrounded. Texturally,
mineralogically, diagenetically immature.
Grains = 90%,; matrix = 10%; cement = trace;
visual porosity = trace (artefact?). Grains
consist of quartz (50%)~ most are monocrys-
talline, ‘'some are polycrystalline, with
straight as well as undulose extinction rep-
resented; feldspars (trace)- plagioclase, po-
tassium feldspars (?); lithic fragments (45%)-
cherts, argillaceous rocks, subordinate vol-
canic rocks; traces of organic materials;
micas/chlorite (5%). Matrix of argillaceous
materials, with indications of associated
organic materials (including hydrocar-
bons?). Cements consist of quartz and car-
bonates (dolomite?). Visual porosity con-
sists of apparent secondary dissolution at
certain grain edges, as well as of fractures;
both may well represent artefacts of sam-
pling/sample preparation (?). Grain con-
tacts range through concavo-convex, with
slightly deformed layer silicate minerals
(micas/ chlorites, ie.). The rock has under-
gone moderate apparent compaction. Nil
reservoir quality as is. Fair potential for
improvement elsewhere, via development
of secondary dissolution porosity (cherts,
lithic fragments, feldspars, are candidates).
Negative factors include clays /micas/chlo-
rites, and the degree of apparent compac-
tion. '



Fragment D:

‘Sublithic wacke/arenite. Massive fab-
ric. Framework grains very fine sand size,
principally, withappreciable proportions of
finer grained materials as well. Poorly-very
poorly sorted, ranging from very angular
through  subangular. Texturally,
mineralogically, diagenetically immature.
Grains = 85%; matrix = 15%; cement nil;
visual porosity nil. Grains consist of quartz
(80%+/-)- most are monocrystalline, some
are polycrystalline, straight as well as
undulose extinction are represented; feld-
spars (5%)- plagioclase, potassium feldspars
(?); lithic fragments (15%)- cherts, argilla-
ceous rocks, trace of carbonate fragments;
black organic matter (3%); glauconite (trace).
Matrix of argillaceous materials; associated
organic materials. Grain contacts range
through concavo-convex; somewhat “cush-
ioned” by the matrix. The rock has under-
gone a moderate degree of apparent com-
paction. Nil reservoir quality as is. Poor
potential for improvement- relative paucity
of dissolution candidate materials, grainsize,
argillaceous matrix are all negative factors.

Fragment G:

Quartzarenite. Massive fabric. Frame-
work grains consist of predominant me-
diumsand and subordinate coarsesand size
materials, moderately-well sorted,
subangular-subrounded. Texturally mature,
mineralogically and diagenetically imma-
ture. Grains = 85%; matrix nil; cement =
15%; visual porosity = 5% (at least part of
which may well be artefact). Grains consist
of quartz (90%)- mono-and polycrystalline,
mostexhibit undulose extinction; lithic frag-
ments (10%)- one grain, now partially
leached, of argillaceous(?) /volcanic(?) char-
acter. Cements consist of quartz (10%), and
carbonate (90%). The latter, unfortunately,
do not occur in the stained portion of the
thin-section, hence their mineralogic com-
position is ambiguous-likely calcite, possj-
bly dolomite, some siderite. Visual porosity
consists of partial secondary dissolution (of
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anargillaceous?/volcanic? lithic fragment),
as well as fractures (which may well repre-
sentartefacts of sampling/sample prepara-
tion). Grain contacts range through
intergrown/sutured. This rock has under-
gone moderate (++) apparent compaction.
Nil reservoir quality as is. Fair potential for
improvement elsewhere, via development
of secondary dissolution porosity (carbon-
ates, lithic fragments are candidates). De-
gree of apparentcompaction, quartz cemen-
tation are negative factors in this regard. On
balance, poor-fair potential for improve-
ment. :
Plates 4-A, B depict this fragment.

Fragment I:

Litharenite. Massive fabric. Framework
grains principally medium sand size, mod-
erately-well sorted, subangular-
subrounded. Texturally submature,
mineralogically and diagenetically imma-
ture. Grains =90%-+; matrix = trace; cement
=5%+; visual porosity nil. Grains consist of
quartz (50%)- mono- and polycrystalline,
most exhibit undulose extinction; feldspars
(5%)- plagioclase, potassium feldspar (?);
lithic fragments (45%)- cherts, argillaceous
rocks. Matrix of argillaceous materials;
associated black organic materials (some-
what granular in aspect, = dead 0il?). Ce-
mentconsistsof quartz. Graincontactsrange
through intergrown, with some lithic frag-
ments deformed to pseudomatrix. This rock
has undergone a moderate (++) degree of
apparentcompaction. Nil reservoir quality
as is. Poor-fair potential for improvement
elsewhere, via development of second
dissolution porosity (cherts, lithic fragments
are candidates). Thedegreeof apparentcom-
paction, pressure solution/intergrowths/
quartz cementation, and pseudomatrix de-
velopment are negative factors. On balance,
poor potential for improvement.

16,500-16,510'

Principal fragmenttypes: The principal
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differences between the cuttings fragments
suite from this interval and that from the
overlying interval (16,470-16,480") arearela-
tive decrease in the proportion of discrete
quartz fragments, and a relative increase in
arenite fragments (made up principally of
quartz grains) in the 16,500-16,510' materi-
als. These two fragment types are each ma-
jor components of this suite. There is also
somewhat more discrete micaceous mate-
rial in this thin-section (contaminants from
drilling?). Otherwise, the constituent frag-
ments in the two suites are not dissimilar.
“A” is representative of the quartz arenite-
sublitharenite fragments noted. Photomi-
crographs “B-1, Q" show other examples/
varieties- some containing glauconite grains.
Photomicrographs “J, K” show general as-
pects of the suite- quartz, arenites, argilla-
ceous rocks, cherts, plagioclase, orthoclase
microperthite, pyrite-bearing fragments,
wood, micas. Photomicrographs “E” show
an arenite featuring carbonate and quartz
cements, as well as glauconite (?). “C” fea-
tures glauconite grains- a not uncommon
constituent in other fragments in this thin-
section. This lithology is a major component
of the cuttings fragments in this thin-sec-
. tion. Plate 5-A depicts this fragment.. “D” is
another example, showing a somewhat de-
formed ("”squashed”) glauconite grain, with
associated (micro) porosity. Photomicro-
graphs “H” show an arenite-wacke, with
some 30% pyrite “cement”. Photomicro-
graphs “F” show a siltstone with coarser
grains, including glauconite. Photomicro-
graphs “G” include views of discrete pla-
gioclase, and discrete orthoclase
microperthite with enclosed twinned pla-
gioclase “guests”.

Fragment A:

Quartzarenite/sublitharenite. Massive
fabric. Framework grains are principally
coarse-very coarse sand size, well sorted,
and rounded-well rounded. Texturally ma-
ture, mineralogically and diagenetically
submature-immature.
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Grains = 85%; matrix nil; cement = 10%;
visual porosity = 5%. Grains consist of
quartz (90%)- principally monocrystalline,
some are polycrystalline, most exhibit
undulose extinction; lithic fragments (10%)-
one rounded grain, a very fine sandstone/
wacke; one grain/flake of chlorite(?). Ce-
ments consist of quartz (90%), and
carbonate(s). The latter do not occur in the
stained portion of the thin-section, hence
their mineralogy is somewhat ambiguous-
most likely dolomite, and siderite. Visual
porosity is secondary in character, repre-
senting partial internal dissolution ofalithic

' frgament. Effectiveness is nil. Grain con-

tacts range through intergrown. This rock
has undergone moderate (+) apparent com-
paction. Nil reservoir quality as is. Poor
potential for improvement, due to degree of
apparent compaction, quartz cementation,
and paucity of potentially reactive dissolu-
tion candidate materials. Prior to compac-
tion/cementation, the well rounded, coarse-
very coarse sand size grains would have
afforded excellent reservoir quality.

16,530-16,540'

Principal fragment types: (this suite is
quite similar to that from the overlying in-
terval, 16,500-16,510").

Predominant: 1. Arenites-litharenites.
“A-C,M" are examples. Photomicrographs
“L, Q-5” include others. Glauconite often
present. A major component of this thin-
section. 2. Argillaceous rocks: siltstones-
mudstones /shales. Some are organic-rich.
Photomicrographs “F, L, Q-5” include ex-
amples. A major component. 3. Discrete
quartz. Mostly angular-subangular as cut-
tings fragments, similar in general aspect to
the quartz grains comprising the arenites in
this suite. Photomicrographs “F, L, Q-S”
include examples. A major component.

Subordinate: 4. Discrete feldspar. Pla-
gioclase, twinned, oligoclase-andesine; also
(?) potassium feldspars. Minor component
of this thin-section. 5. “Granitoid” rocks.



Associations of quartz-feldspars (pla@o-

clase, orthoclase, +/- microperthites)-mica
(muscovite). Photomicrographs “E, G, H”
areexamples; “L” show another. Minorcom-
ponent. 6. “Metamorphosed” arenites-
wackes. Metamorphic/fault-related /
artefacts of drilling? Photomicrographs “D,
I, J, K” are examples; “L” include others.
Trace component. 7. Wood/bone(?) mate-
rial. Contaminant from drilling operations.
Trace component. 8. Organic materials.
Black. Trace component. 9. Metamorphic
rock. Consists of a grain of plagioclase (cordi-
erite ?), and a grain(s?) of a pale yellowish
mineral (an amphibole ? —on basis of ap-
parentbirefringenceand cleavage). Onefrag-
ment noted, shown in photomicrographs
“Q”. Indigenous (?), or a “contaminant”
associated with micaceous and /or “grani-
toid” materials?

Fragment A:

Sublitharenite. Massive fabric. Frame-
work grains principally of medium sand
size, with subordinate coarse sand size ma-
terials. Well sorted, subrounded-rounded.
Texturally mature/supermature, minera-
logically and diagenetically immature/
submature. Grains = 80%; matrix nil; ce-
ment = 20%; visual porosity = trace. Grains
consistof quartz (80%+/-)-mono-and poly-
crystalline, most exhibit undulose extinc-
tion; feldspar (5%)- one plagioclase grain;
lithic fragments (10%)- cherts (?)/volcanic
rocks (??). Cements consistof quartz (50%),
and carbonate(s)- likely dolomite, possibly
siderite. Some of the latter occurs as
“beadwork” among framework grains. Vi-
sual porosity principally secondary in char-
acter, representing partial dissolution of
cherts and other lithic fragments. Fractures
are also present, most likely artefacts of
sampling/sample preparation. Effectiveness
of visual porosity nil. Grain contacts range
through intergrown/sutured. This rock has
undergone a moderate (++) degree of ap-
parentcompaction. Nil reservoir quality as
is. Poor-fair potential forimprovement else-
where, via dissolution of carbonates and /or

cherts/lithic fragments. Degree of apparent
compaction, grain intergrowth/quartz ce-
mentation are negative factors. The spatial
arrangement of the carbonate cements- as
intergranular “beadwork”—is, however, a
positive factor. On balance, a poor-fair po-
tential for improvement.
Plates 5-B, C depict this fragment.

Fragment B:

. Quartzarenite. Massive fabric. Frame-
work grains principally medium sand size,

- well sorted, subangular-subrounded-

rounded (?). Texturally submature/mature
(?), mineralogically and diagenetically im-
mature. Grains = 80%; matrix nil; cement =
20%; visual porosity = trace. Grains consist
of quartz (90%)- mono- as well as poly-
crystalline, most exhibit undulose extinc-
tion; feldspars (5%)- one grain of plagio-
clase; lithic frgaments (5%)- one chert grain.
Cements consist of quartz (10%), and
carbonate(s)- probably dolomite, perhaps
some siderite. Visual porosity secondary in
character, representing partial dissolution
of chert. Effectiveness nil. Grain contacts
range through intergrown. This rock has
undergone a moderate (++) degree of ap-
parent compaction. The carbonate cementa-
tion preceded some of this compaction,
shielding some of the quartz grains from
pressure solutioning/attendant quartz ce-
mentation. Nil reservoir quality as is. Fair-
good potential for improvement elsewhere,
via development of secondary dissolution
porosity (carbonates, cherts are candidates).

16,550-16,560"

Principal fragment types (this thin-sec-
tion suite is very similar to that from 16,530-
16,540")

Predominant: 1. Arenites. Grains prin-
cipally quartz- medium sand size and finer;
minor glauconite, plagioclase, cherts; trace
tourmalines. Cements are quartz, carbon-
ates (siderite, dolomite). Some fragments
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border on being very fine sandy wackes/
argillaceous arenites. Photomicrographs “A,
R, S, T, X" show examples. 2. Argillaceous
rocks; siltstones-mudstones /shales. Some
are organic and/or pyrite-rich; some con-
tain appreciable carbonate (fine). Some frag-
ments contain appreciable amounts of very
fine-fine sand size quartz and other detrital
grains. Photomicrographs “R, S, T, X" show
examples. 3. Discrete quartz. On the order of
1.0mm and smaller, as cuttings fragments.
Some are rounded /well-rounded, with oc-
casional vestiges of quartz cement/
overgrowths. These quartz fragments are
similar in general aspect ot the constituent
grains of the arenite fragments also found in
this thin-section (cf. above). Photomicrographs
“A, 5, T, X, Z" show representative examples.
Subordinate 4. Wood/bone (contaminant).
5. Plagioclase. Contaminant and /or from
the plagioclase arenites found in this thin-
section (?); cf. photomicrographs “A”. 6.
“Granitoid” rocks. Plagioclase-micas; pla-
gioclase-quartz; quartz-plagioclase-potas-
sium feldspar (cf. photomicrographs “Z”).
Drilling contaminants (?); no grains with
these mineral assemblages were observed
in the arenite fragments in this thin-section.
7. Micas: muscovite/”hydrobiotites” (?)/
vermiculites (?). Contaminants (?); cf. pho-
tomicrographs “Z”. 8.Plagioclase-amphib-
ole,amphibole. Contaminants (?). 9. Cherts.
10. Organic materials; black, ill-defined. 11.
“Metamorphosed” (bit/sample preparation
?) fragments of argillaceous/wacke aspect.

Fragment A:

Quartzarenite. Fine-medium sand size
grains. Massive fabric. Grains well sorted;
subrounded-rounded. Texturally mature;
mineralogically, diagenetically submature.
Grains=85%; matrix nil; cement=10%+/-;
visual porosity=5%+/-(most/all artefact ?).
Grains consist of quartz (90+%)- most is
monocrystalline, some is polycrystalline,
with principally undulose extinction repre-
sented, and subordinate straight exh'nctiox};
feldspars (<5%)- plagioclase, oligoclase-
andesine; lithic grains (5%)- cherts, glauco-
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nite. Matrix nil. Cements consist of quartz
(predominant), and a weakly- developed
“beadwork” of siderite in much lesser rela-
tive amount. Visual porosity of various ap-
parentcharacter (ie. fracture, secondary dis-
solution, microporosity). Theapparent frac-
ture porosity is predominant, but, likely
represents artefacts of sample preparation.
The other types of apparent porosity ob-
served may representactual geologic poros-
ity, but are collectively ineffective in this
specimen. Grain contacts range through
concavo-convex, with indications of some
intergrown grain boundaries as well. This
specimen has undergone a moderate (+)
degree of apparent compaction. Nil reser-
voir quality as is. Poor-fair (?) potential for
improvementelsewhere, via secondary dis-
solution of labile grains (viz. siderite- par-
ticularly given the beadwork character of
its’ occurrence, plagioclase, cherts, glauco-
nite). Quartz cementation, degree of appar-
ent compaction, sparseness of labiles are
negative factors in this regard. With more
extensive “early” carbonate cementation,
and/or “early” migration of hydrocarbons
into this material (pre-quartz cementation
and compaction, ie.), this rock would have
had much better prospects as regards reser-
voir quality.

16,560-16,570'
Principal fragment types:

This suite resembles that from the over-
lying interval, except that there is a some-
whatgreater proportion of argillaceous rock
(siltstones-mudstones /shales) fragmentsin
this thin- section. Predominant- 1. Argilla-
ceous rocks: siltstone-mudstone/shale. May
beorganic-rich,and /or carbonate-rich. “A”
is an example. Photomicrographs “B, E, F”
show others. A major component of this
thin-section. 2. Arenites-wackes. “C” is a
fossilferous fine sand-sized example, with
appreciableargillaceous matrix. Photomicro-
graphs “B, D, E, F” show other types. “G” is a
typical arenite. Photomicrographs “B and
D” show several variants of this general



type as well. “I” is a similar arenite, with
glauconite grains. Arenite grain sizes in-
clude very coarse sand, and smaller. A ma-
jor component of this thin-section. Subordi-
nate- 3. Discrete quartz. Angular to well-
rounded, as cuttings fragments. Some ex-
hibit quartz overgrowths. Minor compo-
nent of this thin-section. 4. Wood/ bone (?)
material. Contaminant from drilling opera-
tions. Minor component. 5. Discrete feld-
spar. Plagioclase, twinned, oligoclase-
andesine; +/-potasssiumfeldspars(?). Trace
component. 6. “Granitoid” rocks. Consist of
intergrown feldspars-plagioclase, and or-

thoclase microperthites with twinned pla-

gioclase- and quartz (some as rounded
“blebs”). Photomicrographs “E, F, and H”
show examples. Trace component. 7. Or-
ganic materials. Mostly black. Trace compo-
nent. 8. Photomicrographs “Q” show a
fragment featuring medium-fine sand-sized
grains (quartz, mostly), “floating” (?) in a
“matrix” (?)- now recrystallized (?)/sur-
rounded by a “cement” (?) of carbonate. A
grain of glauconite is also in evidence. 9.
Photomicrographs “R” depict a fragment
comprised of coarse, and smaller, sand-sized
grains (quartz, cherts, feldspars, glauco-
nite) in an optically indeterminate “matrix”
(?)/"cement” (?) of argillaceous and /or car-
bonate material.

Fragment A:

Sandy-silty calcareous mudstone. Sand-
silt size detrital grains “floating” in a matrix
of argillaceous and carbonate materials.
Poorly sorted, these grains range from an-
gular subangular-subrounded. Texturally,
mineralogically, and diagenetically imma-
ture. Grains =20%; matrix = 50%+; cement =
30%+ /-; visual porosity = trace (artefacts?).
Grains consist of quartz (100%+/-)- mono-
as well as polycrystalline, with both straight
and undulose extinction represented. Ma-
trix of argillaceous materials, with associ-
ated organic materials (including hydrocar-
bons?). Cement somewhat ill-defined gs
such; calcite. Visual porosity secondary in
character (?), including microporosity. May
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well be artefact. Effectiveness nil. This rock
has undergone a moderate degree of appar-
entcompaction. Nil reservoir quality as is.
Poor potential for improvement.

Fragment G:

Quartzarenite. Massive fabric. Frame-
work grains principally medium-coarsesand
size, well-very well sorted, rounded-well
rounded. Texturally mature /supermature,
mineralogically and diagenetically imma-
ture. Grains consist of quartz (100%+/-)-
mono- as well as polycrystalline, most ex-
hibit undulose extinction. Cements consist
of quartz (60%),and carbonate(s). Thelatter,
unfortunately, do not occur in the stained
portion of the thin-section, hence some am-
biguity as to their mineralogy- llikely dolo-
mite, possibly siderite. Graincontactsrange
through intergrown. This rock has under- -
gone moderate (+) apparent compaction.
Nil reservoir quality as is. Poor-fair (?) po-
tential for improvement elsewhere, via de-
velopment of secondary dissolution poros-
ity (carbonates). The degreeof apparentcom-
pactionand the quartz cementationarenega-
tive factors. However, prior to this compac-
tion/cementation, this cleanmedium-coarse
sand /sandstone would have possessed
excellentreservoir properties.

Plates 4-C, D depict this fragment.

16,600-16,610"

Principal fragment types (this suite is
quite similar to that observed in the thin-
section representing the depth interval
16,620-16,630', below).

Predominant 1. Argillaceous rocks; silt-
stones-mudstones /shales. Some are organic
and/or pyrite-rich. Some contain scattered
grains (quartz, for the most part) as large as
medium sand size. Some contain appre-
ciable carbonate material. Photomicro-
graphs“X, Y” arerepresentative. 2. Arenites.
Coarse sand (at least) size and finer grains;
principally quartz, with some glauconite,



plagioclase as well (especially in the finer-
grained specimens). Quartz is the principal
cement, with subordinate carbonates (dolo-
mite, siderite)and pyrite. Photomicrographs
”A, X" contain examples. 3. Discrete quartz.
Likely from attrition of arenites (cf. above).
Some are very well rounded; vestiges of
quartzcement/overgrowths arenotuncom-
mon. Photomicrographs “X, Y” provide ex-
amples. Subordinate 4. Micas/
"hydromicas”.Contaminants (?). 5. Wood/
bone. Contaminants (cf. photomicrographs
“X"). 6.0rganic materials; black (cf. photo-
micrographs “X”). 7.Cherts. 8. Feldspars:
both potassium feldspar (some of which is
microperthitic), and (separate) plagioclase;
some contain quartz blebs. Contaminants
(7). 9. “Metamorphosed” arenite/wacke
fragments. Artefacts of drilling/sample
preparation (?); cf. photomicrographs “X”.
Photomicrographs “Z” also provide ex-
amples of the principal types of fragments
observed in this thin-section.

Fragment A:

Quartzarenite. Medium-coarsesandsize
grains. Massive fabric. Grains moderately-
well sorted; subrounded-rounded-well (?)
rounded. Texturally, mineralogically, diage-
netically mature. Grains= 85%+/-; matrix
nil; cement=15%+ /-; trace of visual porosity
(artefact ?). Grains consist of quartz (95+%)-
almost exclusively monocrystalline, trace
amount of plycrystalline grains, essentially
all grains exhibit undulose extinction; lithic
grains (<<5%)- cherts, argillaceous rocks.
Matrix nil/trace (argillaceous material).
Cement essentially all quartz, with very
minor pyrite as well. Visual porosity trace/
nil (artefact ?). Graincontacts range through
intergrown (although the extensive/perva-
sive degree of quartz cementation makes
grainboundaries somewhatindistinct, hence
ambiguous as to character). This specimen
has undergone a moderate (+) degree of
apparent compaction. Nil reservoir quality
as is. Poor potential for improvement else-
where, due to thoroughness of quartz ce-
mentation, and paucity of labilegrains. Prior

to quartz cementation, however, this mate-
rial would have had good-very good reser-
voir quality.

16,620-16,630'-

(Thin-section # 1) Principal fragment
types: Predominant- 1. Argillaceous rocks:
siltstone-mudstone/shale. May be organic,
and /or pyrite-rich. Photomicrographs “G-
I” include examples. A major component of
this thin-section. 2. Arenites. A few contain
very coarse-coarse-medium sand-sized

- grains; most are finer-grained. “A, B” are

examples. Photomicrographs “C, F(which
includes one plagioclase grain), G-1” in-
clude other examples. Glauconite was not
noted. A few fragments show extremely
“tight” quartz cementation developed (cf.
photomicrographs “G”). Arenite fragments -
comprise a major component of this thin-
section. 3. Discrete quartz. Angular to well-
rounded. Photomicrographs “G,H" include
examples. A major/minor component of
this thin-section. Subordinate- 4. Organic
materials. Black. Minor component. 5.
Cherts. Some are pyritic. Trace component.
6. Discrete feldspars. Plagioclase, twinned,
oligoclase-andesine. One grain of
microperthitic /micropegmatitic (?) material.
Trace component. 7. Carbonates: dolomite,
ferroan calcite. Trace component. 8. Wood /
bone (?) material. Contaminant from drill-
ing operations. Minor component. 9. Mica-
ceous quartzite. Photomicrographs “D”
show this. Trace component.

Fragment A:

Quartzarenite and quartz wacke; two
lithologies represented in this cuttings frag-
ment. Eachwill be discussed independently,
below: Quartzarenite. Massive fabric. Prin-
cipally medium sand size grains, well-very
well sorted, subrounded-rounded. Textur-
ally, mineralogically, and diagenetically
mature. Grains = 90%; matrix nil; cement =
10%; visual porosity =trace (artefact?).
Grains consist of quartz (90%)- mono- as



well as polycrystalline, most exhibit
undulose extinction; lithic fragments (10%)-
one rounded grain of very fine sandstone/
siltstone aspect. Cement comprised of
quartz. Grain contacts range through
intergrown /sutured. This rock has under-
gone moderate (+) apparent compaction.
Nil reservoir quality as is. Nil potential for
improvement, diagenetically. Quartz
wacke. Medium(?)-fine sand size defrital
grains, in a matrix of argillaceous materials.
Poorly sorted, the sand size grains range
from subangular-subrounded-rounded.
Texturally immature, mineralogically and
diagenetically submature: Grains = 55%;
matrix=45%; cementnil; visual porosity nil.
Grains consist of quartz (100%-+/-)- mono-
as well as polycrystalline, most exhibit
undulose extinction.

Matrix of argillaceous materials, with
appreciable associated black organic mate-
rials (including hydrocarbons?). This rock
has undergone a moderate degree of appar-
ent compaction. Nil reservoir quality as is.
Nil potential for improvement, diageneti-
cally. This portion of this cutting fragment
shows the pre-quartz cement aspect of the
originalsand-size grains. Theoriginal grains
were approximately the same size, shape
and composition in both the quartzarenite
and the quartz wacke here.

Fragment B:

Quartzarenite /sublitharenite. Massive
fabric. Principally medium sand size frame-
work grains, well sorted, subrounded-
rounded. Texturally mature, mineralog-
ically and diagenetically immature. Grains
= 85%: matrix nil; cement = 15%; visual
porosity = trace (artefact?). Grains consistof
quartz (90%)- mono- as well as polycrystal-
line, most exhibit undulose extinction; lithic
fragments (10%)- cherts, argillaceous rocks.
Cements consistof quartz (90%), and ferroan
calcite (10%). Some of the latter may repre-
sent replacement (of feldspar/lithic frag-
ment/?). Some crystals which may be dolo-
mite are also associated. Visual porosity

principally secondary in character, with as-
sociated microporosity, representing par-
tial dissolution of lithic fragments (or, rather,
artefact of sampling/sample moderate de-
gree of apparent compaction. Nil reservoir
quality as is. Nil potential for improvement,
diagenetically. This portion of this cuttings
fragment shows the pre-quartz cement as-
pect of the original sand size grains. The
original grains wereapproximately the same
size, shape, and composition in both the
quartzarenite and the quartz wacke,
here.preparation?). Grain contacts range
throughintergrown/sutured (quartz), with
some lithic fragments deformed to
pseudomatrix. This rock has undergone a
moderate (++) degree of apparent compac-
tion. Nil reservoir quality as is. Poor-fair (?)
potential for improvement elsewhere, via
development of secondary dissolution po-
rosity (carbonates, cherts, other lithic frag-
ments are candidates). The degree of appar-
entcompaction, and quartz cementationare
negative factors.

(Thin-section # 2):

Principal fragment types: virtually iden-
tical to the suite in thin-section # 1 from this
same interval. Photomicrographs “V” fea-
ture an “overview” typical of this suite:
discrete quartz, as well as fragments of
arenites featuring quartz cement over
rounded detrital grains; also organic mate-
rials, argillaceous rocks (siltstone- mud-
stone/shale), some of which are organic-
rich. Photomicrographs “W” show similar
materials, and also feature an organic-rich
siltstone with a very-coarse sand-size, an-
gular “floating” quartz grain, Photomicro-
graphs “X” show another overview of this
suite: medium sand, and very-fine sand-
sized arenites, some with carbonate (dolo-
mite ?) cements; discrete quartz; siltstones;
organic materials. Photomicrographs “Y
and Z” feature higher magnification views
of the medium sand-sized arenite fragment
shown in photomicrographs “X”, illustrat-
ing the apparent bimodal texture, and the
dolomite (?) cement. Similarities are readily



apparent between this fragment and other
typical arenites in both thin-sections from
this interval. Photomicrographs “T” in-
clude an arenite fragment (possibly  from
an “up-hole” source ?), with two grains of
glauconite (rare-unique in the thin-sections
fromthisinterval). These photomicrographs
also show fragments of argillaceous rocks,
quartz, other arenites.

16,710-16,720'

Principal fragment types:

Predominant 1. Cherts. Various types,
some rich in pyrite. It seems worthy of note
here that notable amounts of chert grains
are not observed as constituents of the other
lithologies seen in this thin-section. Photo-
micrographs “X, Y” provide examples. 2.
Discrete quartz; range through well-
rounded; some with vestigial quartz ce-
ment/overgrowths. Most exhibit undulose,
some straightextinction. Photomicrographs
“X, Y” include examples. 3. Argillaceous
rocks; siltstones-mudstones/shales. Some
includescattered grains (quartz, principally)
 of medium sand size and smaller; some are

organic- and /or pyrite- rich. Photomicro-
graphs “X, Y” include examples.

Subordinate 4. Arenites; coarse sand
sizeand smaller grains; principally quartz;
range through well rounded. Quartz, trace
carbonate (dolomite, siderite) and pyrite
cements (cf. photomicrographs “Y”). 5.
Pyrite; some associated with traces of “host
rocks”-ie., chert, argillaceousrocks, arenites
(cf. photomicrographs “X, Y”). 6.0Organic
materials; most are black, some are red. 7.
Dolostone. 8. “Metamorphosed” wackes
(artefacts ?). 9. Plagioclase; oligoclase-
andesine. Some contain rounded quartz
blebs. Contaminants ?

17,020-17,030'

Principal fragment types:

Predominant: 1. Argillaceous rocks:silt-
stones/mudstones-shales. With patches/
lenses /pebbles(?) of fine sand size wacke/
arenite (cf. “A”); also with scattered me-
dium sand and finer grains of quartz, potas-
sium feldspar (trace), +/- (?). Some frag-
ments are organic and/or pyrite-rich. The
predominant fragment type in this thin-
section. Many seem to contain very fine
calcite (??) associated — the rocks take up a
pervasive pink stain, as is also the case with
someotherargillaceous rocks atother strati-
graphic horizons in this well. Rather than
reflecting the presence of stained calcite,
perhaps this pink “wash” effect in fact is
related to interaction between the dye re-
agents applied to the thin-sections and ei-
ther clays and/or organic materials (?)—cf.
17,540-17-550' thin-section, for example.
Photomicrographs “X, A” presentexamples
of these fragments.

2. Discretesandstones. “A”,asdiscussed
above in association with its” “host” argilla-
ceous rock, is a litharenite /sublitharenite? /
wacke??, of the same general lithologic
aspectas these fragments. Photomicrographs
“X, Y” show examples. Subordinate 3. Or-
ganic materials; most are black, some are
red. 4. Discrete quartz (from uphole ?). 5.
Cherts; some with pyrite.. .

Fragment A:

Litharenite/lithic wacke (?). Is a sand-
stone patch/lens in an argillaceous rock
fragment (cf. photomicrograph “X”). Very
fine-fine sand size grains. Weakly layered
fabric. Grains poorly-moderately sorted;
angular-subrounded. Texturally, minera-
logically, diageneticallyimmature. Grains=
85+%; matrix= 10%; cement= nil; visual po-
rosity <3%(in part, atleast, artefact?). Grains
consist of quartz (85%)- monocrystalline,
undulose as well as straight extinction are
represented; feldspars (trace)-plagioclase;



lithic grains (15%)- carbonate rocks (dolo-

mite, calcite), +/-argillaceous rocks;opaques
(3%)-black; other grains (5%) include glau-
conite grains, and large mica (muscovite, +/
-? flakes. Matrix of argillaceous (incl.
micas) materials. Visual porosity second-
ary, via apparent dissolution of glauconite
(artefact ?), and of microporosity. Effective-
ness is nil. Grain contacts range through
concavo-convex; “cushioned” somewhatby
matrix, which is moderately “squashed”.
This rock has undergone a moderate degree
ofapparentcompaction. Nil reservoir qual-
ity as is. Poor potential for improvement

- elsewhere, via secondary dissolution -of -

labiles, due to grain size, matrix, degree of
compaction, and relative paucity of labiles.

17,350-17,360'
Principal fragment types:

Predominant: 1. Cherts; various types.
Somearepyrite-rich. Photograph “Z" shows
examples. 2. Quartz; discrete grains, well-
rounded to subangular, as cuttings frag-
ments. Exhibit undulose-straightextinction.
Photo “Z” shows examples. Subordinate 3.
Argillaceous rocks; siltstones-shales /mud-
stones. May be organic- or pyrite-rich. Ex-
amples can be seen in photograph “Z”. 4.
Dolomite; as fragments /thombs. 5. Organic
material(s); most are black. 6. Potassium
feldspar and quartz (as “blebs”); contami-
nant (?). 7. “Micro”-nodules/oolites (?);
possibly phosphatic (?); similar in general
appearance to those found commonly in
Kemik horizons elsewhere in northern
Alaska. Examples appear in photomicro-
graphs “G, H, I, X".

17,540-17,550'

Principal fragment types:

Predominant: 1. Cherts, various types;
1.3mm and smaller, as cuttings fragments.
Photomicrographs “A, B” show examples.
2.Organic matter- mostare black, some red;

some nicely cellular plant material. Indig-
enous to horizon, or contaminant (?). Ex-
amples are shown in photomicrographs “A,
B”. 3. Argillaceous rocks: siltstones, mud-
stones/shales. Some are organic-rich; some
contain “floating” grains of quartz (fine
sand-size and smaller). Photomicrographs
“A” contain examples. Subordinate 4. Dis-
crete quartz (cf. photomicrographs “A”). 5.
Plagioclase (contaminant ?). 6. Dolomite
rhombs/fragments. 7. Limestone/calcite.
8. Quartz arenite (from uphole ?). Cf. photo-
micrographs “B”.

17,920-17,930"

Principal fragment types:

Predominant: 1. Argillaceous rocks;silt-
stones-shales /mudstones. Some with “float-
ing” grains (quartz, mainly) of fine sand-
size and smaller. Examples appear in photo-
graphs “A, B”. 2. Quartz; discrete grains.
Photographs “A, B” feature examples. 3.
Cherts; various types, some rich in pyrite.
Photographs “A, B” include examples.

Subordinate: 4. Organic material(s);
most are black, some show cellular struc-
ture. 5.Plagioclase; with/without quartz.
Contaminant (?). 6. Dolomite; fragments,
rhombs. 7.“Metamorphosed” argillaceous
rocks; artefacts (?) from drilling/sample
preparation. 8. Wood /bone (?); contami-
nant.

18,180-18,190'
Principal fragment types (cf. Plate 5-D):

Predominant: 1. Argillaceous rocks; silt-
stones-shales /mudstones. May be organic-
and/or pyrite-rich. Some feature scattered
“floating” grains (quartz, mainly) of me-
dium sand size and smaller. Some grade to
“wackes”. Photographs “A, B” contain ex-
amples. 2. Quartz; discrete grains. Most are
subangular-subrounded as cuttings frag-
ments, one is well-rounded (fromuphole ?).



Both straight and undulose extinction may
be observed. Photographs “A, B” contain
examples. 3.Cherts; various types. May be
pyrite-rich. Photographs “A, B” contain ex-
amples. Subordinate 4. Organic material(s);
mainly black. 5. Sandstones; wackes/
litharenites. 6. Plagioclase (contaminant ?).
7. Micas/”hydromicas” (contaminants ?).
8. Glauconite; one discrete fragment.

Fragment “X”

Lithic wacke. Features very fine-fine
sand-sized grains; weakly layered. Grains
poorly sorted, subangular-subrounded. Tex-
turally, mineralogically, and diagenetically
immature.

Grains = 80%+/~; matrix = 15-20%; ce-
ment nil; visualporosity nil. :

Grains consist of quartz (50%+/-)-
mostly monocrystalline, some polycrystal-
line, with straight as well as undulose ex-
tinction represented; lithic fragments
(50%+ /-)- principally carbonate (dolomite,
+/-) material, and argillaceous rock frag-
ments; trace amount of black opaque/or-
ganic material(s) and micas.

Matrix of argillaceous materials; some
pseudomatrix as well.

Grain contacts range through concavo-
convex; “cushioned” somewhat by moder-
ately “squashed” matrix/micas. This rock
has undergone moderate apparent compac-
tion. This rock has nil reservoir quality as is,
and poor potential for improvement via di-
agenesis.

9. Summary

Data from the Aurora well represents a
significant contribution to the publicly avail-
able stratigraphy and regional geology of
the ArcticNational Wildlife Refuge (ANWR)
1002 area, and the U. S./Canadian Beaufort
Sea. This exploration endeavor drilled and
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logged almost 18,325 feet (KB was reported
as 106 feet above the sea floor) of clastic
section, making it one of the deepest North
Slope wells. With depth, the drilling en-
countered the unconsolidated, easterly-de-
rived Tuktoyaktuk depositional sequence
sediments, the southerly-derived upperand
middle Brookian sequence sediments, and
thelocally-derived Breakup sequence sands
and shales.

The informally named Oruktalik sand
is the major sand of the middle Brookian
sequence. In both cuttings and thin-section
descriptions it is predominantly a chert
litharenite, resembling many other Brookian
sands in the region. Traces of glauconite
wereobserved. Stratigraphically and petro-
graphically it is somewhat similar to the
Flaxman sands, found to the westof the 1002
area. The Oruktalik interval indicates a gas
anomaly on the borehole logs (cf. the neu-
tron/NPHI log), and a gas kick was also
noted during the drilling through: this inter-
val. The inter/intra-granular porosity ob-
served in the cuttings fragments studied
was notnotably great, with the exception of
some material from the upper portion of the
interval, but additional porosity might well
exist on a larger scale in the rocks in situ, as
fractures.

The Tapkaurak sand is the principal
sand of the Breakup sequence in this well. [t
shares similarities to both the Kuparuk River
sands and the Kemik sands, found to the
west, and southwest, respectively. Petro-
graphically, the Tapkaurak sand is a ma-
ture, quartzose sandstone, like the Kemik
and Kuparuk River sands. It is in part glau-
conite-bearing. It also contains some clasts
perhaps associated with derivation from
local basement uplifts- in this respect being
somewhat akin to the Point Thomson sand
in terms of manifesting features due to
unique and local provenance.

These two zones of well-developed
sand /sandstonehavebeendiscussed ingen-
eral fashion, and informally named, else-
where (Banet, 1992a, b). Observations re-



garding these zones, in terms of the present
petrographic studies, are summarized be-
low.

“ORUKTALIK SAND”

The uppermost of these two zones. It is
encompassed by the cuttings samples rep-
resenting thedepthintervals between 14,680
and 14,860 feet (below the kelly bushing). It
may be observed on our figure 7, as well.
This zone has been informally designated
the “Oruktalik sand” (Banet, 1992). Based
on the observed nature of the cuttings frag-

ments, Some summary comments may be. |

offered:

14,680-14,690'

Major: fine-medium sand-sized
litharenites argillaceous rocks; siltstone-
mudstone/shale

Minor: organic materials (?)

Trace: discrete quartz plagioclase po-
tassium feldspars (including perthite) grani-
toid rocks limestone

14,710-14,720'

Major: cherts conglomeratic-fine sand-
sized litharenites Minor: argillaceous rocks;
siltstone-mudstone/shale discrete quartz
organic materials (?)

Trace: plagioclase volcanic rocks
(“felsic”)

14,740-14,750'

Major: cherts argillaceous rocks; silt-
stone-mudstone/shale Minor: conglomer-
atic, and finer-grained, litharenites organic
materials (?) Trace: volcanic rocks lime-
stone

14,770-14,780"

Major: cherts argillaceous rocks; silt-
stone-mudstone/shale Minor: conglomer-
atic, and finer-grained, litharenites Traa;:
organic materials (?) volcanic rocks
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14,800-14,810'

Major: cherts argillaceous rocks; silt-
stone-mudstone/shale conglomeratic, and
finer-grained, litharenites Trace: organic
materials (?) volcanic rocks discrete quartz
plagioclase ferroan calcite calcite /limestone

14,830-14,840'

Major: discrete quartz cherts argilla-
ceous rocks; siltstone-mudstone /shale con-
glomeratic, and finer-grained, litharenites
Minor: organic materials (?) Trace: volcanic
rocks plagioclase ferroan calcite calcite/
limestone granitoid rocks

14,850-14,860'

Major: discrete quartz cherts argilla-
ceous rocks; siltstone-mudstone/shale.
Minor: conglomeratic, and finer-grained,
litharenites organic materials (?) Trace: pla-
gioclase volcanic rocks calcite /limestone

“TAPKAURAK SAND”

This-is the lower of these two sandy
zones, encompassed by the cuttings samples
representing the depth interval between
16,445and 16,630feet. It may beobserved on
our figure 6, as well. This zone has been
informally termed the “Tapkaurak sand”
(Banet, 1992). Based on the observed nature
of the cuttings fragments, the following sum-
mary comments are offered:

16,445-16,450'

Major: discrete quartz argillaceous
rocks; siltstone-mudstone/shale litha-
renites-quartz arenites (coarse sand- sized
and finer) Minor: feldspars; plagioclase,
perthite Trace: cherts carbonate minerals
organic materials (?)

16,470-16,480'

Major: discrete quartz argillaceous
rocks; siltstone-mudstone/shale arenites-
wackes (very-coarse sand-sized, and finer)
Trace: plagioclase cherts



16,500-16,510

Maijor: arenites-sublitharenites (very
coarse sand-sized and finer) discrete quartz
argillaceous rocks; siltstone-mudstone/
shale Trace: plagioclase cherts

16,530-16,540'

Major:arenites-litharenites (coarsesand-
sized, and finer) argillaceous rocks; siltstone-
mudstone/shalediscrete quartz Trace: feld-
spars; plagioclase, +/-? granitoid rocks or-
ganic materials (?)

16,560-16,570'

Major: argillaceous rocks; siltstone-
mudstone/shale arenites-wackes (very-
coarse sand-sized, and finer) Minor: dis-
crete quartz Trace: feldspars; plagioclase,
+/-? granitoid rocks organic materials (?)

16,620-16,630'

Major: argillaceous rocks; siltstone-
mudstone/shalearenites (very-coarsesand-
sized, and-mostly- finer) discrete quartz

Minor: organic materials (?) Trace: cherts
feldspars; plagioclase, perthite carbonates;
dolomite, ferroan calcite

10. Conclusions

The foregoing descriptions of cuttings
samples illustrate, and afford insights as to
the petrologic / petrophysical characteristics
of the stratigraphic horizons representing
the two most well-developed deep zones of
sand/sandstone occurrences recognized
from wireline log responses in the Aurora
well,and of adjacent stratabelow and above
these zones. Relationships among
mineralogies, lithologies, diagenesis,
petrophysical and log characteristics remain
to be elucidated, and geological implica-
tions- in particular as regards sedimentol-
ogy, stratigraphy, and regional relatioh-
ships-await further clarification as well. Itis
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anticipated that such study of the Aurora
well, in the context of the petrologic charac-
teristics presented here, will provide infor-
mation useful in furthering knowledge rel-
evant to mineral resources- in particular, of
course, petroleum- in the northern Alaska
region, onshore as well as offshore.
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PLATE 3.
Transmitted light photomicrographs of representative materials from the Oruktalik

interval. The greater width of each photograph is indicated in parentheses at the end of each
summary description. Refer to text for more complete descriptions.

A. 14,830-14,840 feet. Overview of typical suite of cuttings fragments, featuring discrete
quartz, and argillaceous litharenites. Plane polarized light. (2.9mm)

B. 14,680-14,690 feet. Cuttings fragment “B". Very fine-fine sand size litharenite. Note
visual porosity in blue. Plane polarized light. (0.7mm)

C. 14,680-14,690 feet. Cuttings fragment “A”. Fine sand size litharenite. Note visual
porosity in blue. Plane polarized light. (0.35mm)

- D. 14,740-14,750 feet. Cuttings fragment “A”. Fine-medium sand size matrix of a
conglomeratic litharenite. Note traces of visual porosity in blue. Plane polarized light.
(0.35mm)
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PLATE 4.

Transmitted light photomicrographs of representative materials from the Tapkaurak
interval. The greater width of each photograph is indicated in parentheses at the end of each
summary description. Refer to text for more complete descriptions.

A. 16,470-16,480 feet. Overview of typical suite of cuttings fragments, featuring
quartzarenite fragment “G”, as well as discrete quartz. Plane polarized light. (2.9mm)

B. 16,470-16 480 feet. Cuttings fragment “G”. Coarse-medium sand size quartz-arenite.
Note silica and carbonate (brownish) cements. Plane polarized light. (1.4mm)

C. 16,560-16,570 feet. Cuttings fragment “G”. Coarse-medium sand size quartzarenite.
Note silica and carbonate (brownish) cements, and their apparent spatial relationships.
Plane polarized light. (1.4mm})

D. 16,560-16,570 feet. Same view as above, cuttings fragment “G”. Crossed polarizing
filters. (1.4mm)












PLATE 5.

Transmitted light photomicrographs of representative materials from the Tapkaurak
(A, B, C) and underlying (D) intervals. The greater width of each photograph is indicated in
parentheses at the end of each summary description. Refer to text for more complete
descriptions.

A.16,500-16,510 feet. Cuttings fragment “C”, featuring two glauconite grains (green) in
a quartzarenite. Note also silica and carbonate (brownish) cements. Plane polarized light.
(0.7mm)

B. 16,530-16,540 feet. Cuttings fragment “A”. Medium sand size sublitharenite. Note
silica and carbonate (brownish) cements, and their spatial relationships. Greenish-brown
grain is glauconite. Plane polarized light. (0.7mm)

C. 16,530-16,540 feet. Cuttings fragment “A”. Same view as above, with crossed polar-
izing filters. (0.7mm)

D.18,180-18,190 feet. Overview of typical suite of cuttings fragments, featuring fragment
“X” - a lithic wacke, as well as other argillaceous rock and discrete quartz fragments. Plane
polarized light. (2.9mm)
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