Petrographic study of 47 sandstone samples from North Slope Alaska, 1972

Niem, A.R., Enlows, H.E., and Amoco QOil Co.

GMC DATA REPORT 448

This GMC data report from the Amoco Heritage collection has been made available through
funding from the FY2018 USGS National Geological and Geophysical Data Preservation
Program, Grant Number G18AP00054. This project report is presented in its original format
and has not been reviewed for technical content or for conformity to the editorial standards of
DGGS. It should not be used or cited as reviewed data.

2019

State of Alaska

Department of Natural Resources

Division of Geological & Geophysical Surveys

GEOLOGIC MATERIALS CENTER

»
ul
&)

</

5
'S/
<

<
S




|IIIIII|I|I||||||||I|||||I|||||T||| IWIﬂII|I||||||||||I||I||IIIIIIIIII

REPORT ON
PETROGRAPHIC STUDY OF 47 SANDSTONE

SAMPLES FROM THE NORTH SLOPE




Report on.
Petrographic Study of 47 Sandstone Samples

from the North Slope of Alaska

25y

10

"Union Oil Company
December , 1972

Consultants:

Alan R. Niem

Principal investigator
Assistant Profegsor
Oregon State University
Corvallis, Oregon

Harold E. Enlows
Profegsor of Geology
Oregon State University
Corvallis, Oregon



I.

i

ITI,

TABLE OF CONTENTS

Conclusionsg

Petrographic sumary of comparison and
differences of the 9 suites of sandstones
and igneoug and metamorphic rocks

Petrographic Techniques

Detailed petrographie summary and
petrographic sample descriptions

A, Group I; lower Cretaceous sandstones
of the Waring Mountaing
(samples RRR-209, 214, DWA-299)
1. Petrograephic report on RRR-209
- " n on RRR-21l
3 LI " on DWA-299
B. Group II; lower Cretaceous rocks 70 to

170 miles east of Group I in the Waring
Mountains; (semples RRR-376A, 376B, 378,

379, 382h, 3828, 383, 36k, 393, 395, 397, .

Lo1, Lo2, LOk)
" 1. Petrographic report on RRR-376A

2. " %"  on RRR-376B
3. " " on RRR-378
L. " " - on RRR-379
5. " A o on RRR-3824
6. " " on RRR-382B
7. " n on RRR-383
8. " " on RRR-38);
9. n oou on RRR-393
10, n " on RRR-395
11, u " on RRR-397

Page
1

35

L6
L9
51

AT
61
6l
67
70
72
i
78
8l
87

90



IV,
B,

Ce.

D.

E.

F,

Group II (continued
12. Petrographic report on RRR-}01
13. " " on RRR-102

1L, " ¥ on RRR-LOL

Group IIT; upper Cretaceous samples of the

Waring Mountains; (samples RRR-266, 387, 389,

399, LO3)
1. Petrographic report on RRR-266

2. " L on RRR-387
.. " " on RRR-389
b # " on RRR-399
B L " on RRR-L03
RRR- 386

Group IV; igneous or sedimentary? of the
Waring Mountaing; associated with intrusive
and extrusive rocks;
(samples RRR-391 and 392)

1. Petrographic report on RRR-391

2. " " on RRR-392
Group V; Devonian sandstones of Schwatka
Mountains; (samples RRR-276, 359, 348)
1. Petrographic report on RRR-276

24 n " on RRR-359

3. " " on RRR-348

Group VI; Jurassic-Cretaceous sandstones

of northwestern Brooks Range; (samples RRR-323,

DWA-37h, RRR-333, 336; one sample from
Delong Mountaing RRR—310)

1. Petrographic report on RRR-323

2. " u on DWA-37hL

Page

93
96
99

102
107
109
111
113

115
/"7, /3

119
123
126

128
133
139

136

142

11,8

5.



Page

P h H F. Group VI (continued)

‘ 3. Petrographic report on RRR-333 - lSh
L. L " on RRR-336 /- 157
5. " " on RRR-310 159

G. Group VII; upper Cretaceous sandstones
near Sagwon northeastern Brooks Range;
(samples RRR-J12, 413, L1k, L16, 118,
k21, L2k, 426, L31; lower Cretaceous,

RRR-435, LLO) 163
1. Petrographic report on RRR-}12 172
2. " " on-RRR-L13 17h
B t U on RRR-}1h 177
b " " on RRR-416 180
Se "o .o on RRR-118 182
6. n | " on RRR-421 ;85
7. weo " on RRR-L2l 187
8, n | n on RRR-426 : - 190

. 9. " n on RRR-L31 193

10. " " on RRR-L435 196
11, v " on RRR-4LO 198

H. Group VIII; pre—Devoniéh,and Devonian
metamorphics of Schwatka Mountains;

(samples RRR-252 and 239) 201
1. Petrographic report on RRR-252 203
g, n " on RRR-239 ; 205

I. Group IX; Triassic Shublik from _
Schwatka Mountains (sample DWA-329) - 206

1. Petrographic report on DWA-329 : 208



S

Petrography of North Slope Samples

CONCLUSIONS

Mineralogy:

1. The mineralogy of the five sandstone suites (lower Cretaceous
of the Waring basin; upper Cretaceous of tﬁe Waring basin; Juraesic-
Cretaceous of northwestern Brooks Range and Delong Mountains; upper and -
lower Cretaéeoua of the Sagwon region; and Devonian of the Schwatka
Mountains) is distinctive and can be used to distinguish the various
suiteé for correlating and age dating future samples collected in the field
or from the subsurface. The major significant differences ares
a., The lower Cretaceous suites of the Waring basin and Jurassic-
Cretaceous samples of the northwestern Brooks Range and Delong
Mountains are characterized by abundant‘andesite and bagalt
volcanic rock fragments, mudstone fragments, a high plagioclase
feldspar content (oligoclase and andesine), green hornblende, chert,
colorless clinopyroxene, occasional granodiorite rock fragments, and
chlorite, celadonite and yellowish chlorophaeite replaced clasts.
There is a lack of metamorphic rock fragments;'biotite, or muscovite,
and the overall qusriz content is low.
b. The sandstones of thé upper Cretaceous of the Waring Mountains
southwest of the Brooks Range and the lower and upper Cretaceous of
the Sagwon area northeast of the Brooks Range are characterized by a
high quartz content, a low feldspar content, abundant muscovite,
biotite, mica schist, some quartzite and chert, and mudstone rock
fragments., There is a lack of volcanic and granodiorite rock
fragments, pyroxene, hornblende, or chlorite, celadonite, or

chlorophaeite replaced clasts.
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Source areass

a. The gource areasv(Brooks Range?) for the lower Cretaceous
gandstones of the Waring basin and the Jurassic-Cretaceous sandgtones of
the northwestern Brooks Range and Delong Mountains consisted of |
predominantly basalt and andesite flows, chert, and fine-grained
gedimentary focks (mudstone), minor low-grade schist, quartzite, and
acid igneouvs intrusives.

b. The source areas for the upper Cretaceous sandstiones of_the
Waring basin and upper and lower Cretaceous sandstones of the Sagwon area

- consigsted of predominantly low-grade meﬁémorphics (quartz muscovite and
biotite schist and some quartzite) and fine-grained sedimentary rocks
mainly mudstones and minor amounts of volcanic flows. The mudstone:
clasts may be penecontemporaneous rip-ups of the mud bottom.

c. Some active acidic volcanism occurred in late Cretaceous time
which deposited ash in the Sagwon region (reworked vitric tuff sample-
RRR-1426). R

d. A major change in type of source material for the sandstones in
the Waring basin Gcc;rred from early Cretaceous (volcanics) to late
Cretaceous'(loﬁmgrade metamorphics). Perhaps lava flows in the source
area were stripped away by erqsibn expogsing the underlying older
metamorphics.

e. fhe gource area for the Devonian sandstone samples (Neurokpuk,
Precambrian-Silurian?) consisted of chert (limestone chert nodules,
deep-water chert beds, or devitrified acidic volcanié glasg), low-grade
metamorphics, bagalt and andesite lavas and tuffs, and fine-grained

sedimentary rock (mainly mudstones).



Relief and Climate:

a. The abundance of chemically unstable minerals and rock fragments
(Low mineralogical maturity) and general coarseness of the lower
Cretaceous sandstones of the Waring basin and the Jurasgic-Cretaceous
rocks of the northwestern Brooks Range indicate that the detritug that
forms these sandstones was rapidly eroded and transporied from a rugged
gource terrain with steep relief (hills, mountains, high stream gradients,
and active tectonism) in a temperate(?) climate.

b, The finer grain size, abundance of chemically stable qguartz and
chert, and low content of unstable minerals and rock fragments (high
mineralogical maturity) in the upper and lower Cretaceous sandstones of
the Sagwon region and the upper Cretaceous of the Waring basin suggest
that the detritus that composes these sandstones wag derived from low or
gently rolling plains and hills with low gtream gradients. The climate
may have been warmer and more humid resulting in extensive chemical
destruction of the unstable minerals and rock fragménts to clays, thus

enriching the sediments in quartz and chert.

Depositional Environment and Transporting Mechanism:

a. The coarse grain size, poor gorting, angularity, and, in some
gamples, abundant original matriiAof the lower Cretaceous sandstones of
the Waring basin, the Juragsic-Cretaceous sandstones of the northwestern
Brooks Range, and Devonian sandétone of the Schwaﬁka Mountains sﬁggest
that these texturally immature sandstones were probably deposited in
rapidly subsiding basins (geosynclines?) under conditions of rapid burial
(high rates of sedimentation)., Probable environments to produce the
coarse-grained sandstones (arenites-lack matrix) are high energy deltaic

or river channels or littoral or neritic environment below wave base. The
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clay-rich finer grained sandstones (wackes) were deposited by weaker
currents (low flow regime) in low energy enviromments with no gorting,
vinnowing of clays, or abrasion of clasts such as in a deltaic overbank,
swamp, lagoonal, estuarine, tidal flat or protected bay, or offshore deep
marine below wave base (neritic, abyssel). Jurassic-Cretaceous sample
DWA-37L and Devonian gsample RRR-376 which are composed of well-rounded
sorted grains with no clay matrix may have been formed in an offshore
bar or beach environment.

b. The lack of clay matrix, fair sorting, fine grain size and
abundance of quartz in the arenite samples of the upper Cretaceous of
the Sagwon region suggest deposition in an offshore littoral or deltaic
enviromment (overbank, bay mouth bar, disﬁribu£ary channel). .The
occurrence of muscovite flakes, "soft" schist, mudstone clasts, and
abundant apgular anrtz graing mitigate against deposition in high
energy surf or eolian zones where there is constant abrasion over 1oﬁg
periods of time. The higher abundance of quartz in the Cretaceous
sandstones of the Sagwon region may also reflect the composition of the
source area and/or the fine grain size of the samples. Rock fragments
do nofoccur in the fine sizes because they are broken down into clays
before the small size is reached;' Thus, the abundance of quartz may be
only apparent.

c. The wackes or clay-rich sandstones of the upper Cretaceous of the
Sagwon region were deposited in low energy en&ironmeyts (1agoonal, back
bay, swamp, neritic) where fine clay could settle out and be rapidly
buried (no reworking by weak currents or winnowing). Plant fragment-rich
upper Cretaceous Sagwon sample RRR-[16 was deposited and rapidly buried
under reducing conditions (as in a swamp or lagoon) that protected organic

matter from oxidation and decay.
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Some volcanic ash fall material (RRR-126) mixed with terrigenous

.detritus settled in the sea, lagoon, or swamp (low energy environments).

Diagenetic Alteration:

a. The Cretaceous rocks of the Sagwon region, the upper Cretaceous
rocks of the Waring Mountains, and the Devonian samples of the Schwatka
Mountaing have undergone similar diagenetic histories. There has been
moderate to.extensive compaction (contorted muscovite, mudstone and
gchist clasts) and development of micro-stylolites between adjacent quartz
grains by pressure solution. Quartz overgrowths are rare. Some volcanic
rock fragments and feldspar are altered to carbonate, sericite, chlorite,
or greenish celadonite forming indistinct grain boundaries.

b. The lower Cretaceous of the Waring Mountains and the Jurassic-
Cretaceous of the northwestern Brooks Range and Delong Mountains have
undergone extensive alteration due to the abundance of chemically
unstable rock and mineral fragments that make up these sédimentary rocks.
Compaction effects are not as apparent as in the sandstone suites in the
group mentioned in (a) above. The groundmass in the volcanic rock
fragments, vesicular volecanic(?) glass, and pyroxene have diagenetically
altered to greenish celadonite, yellowish chlorophaeite, carbonate or
brownish clay. Some samples.have an authigenic matrix of the above
products from obliteration of volcanic rock fragment boundaries. Iron
minerals (magnetite and ilmenite) oxidized to hematite and leucoxene.
Preéipitation of pore filling carbonate cement occurs in Jurassic-
Cretaceous sandstones. Feldspar is commonly altered to sericite patches.

c. Extensive diagenetic alteration in Cretaceous samples RRR-391,

and 392 from the Waring Mountains has occurred. An observable clastic
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texture suggests a sedimentary origin rather than an igneous origin.

Clasgification:

a. Upper Cretaceous sample (RRR-)26) from the Sagwon area is a
rhyodacitic or dacitic shard-rich vitric tuff or tuffaceous wacke and
is gignificantly differeﬁt from the other quartz-rich upper Cretaceous
sandstones. The tuff, probably a widespread marker bed, could be used
for widespreéd correlation purposes and recognizing stratigraphic position
in the upper Cretaceous.

b. The L3 sandstone samples range from volcanic, lithic, feldgpathic
and quartz wackes to arenites., No arkoses occur. Arenites are most
abundante.

c. The lower and upper Cretaceous of the Sagwon region is composed
predominantly of fine-grained quartz-rich feldspathic and schist arenites
and wackes. |

d. The upper Cretaceous of the Waring Mountains is predominantly
quartz and feldspathic arenites.

e. The lower Cretaceous sandstones of the Waring basin are
predominantly volcanic and lithic (mixtures of volcanic, mudstone, and
plutonic) arenites and wackes and are distinet from (¢) and (d) above.

f. The Jurassic—Cretaceéus sandstones consist of feldspathic,

lithie, volcanic, and quartz arenites.

Texture:

a. The majority of sandstone samples are texturally immature to
mature. They contain either abundant original and authigenic matrix or
no matrix at all, are poorly to moderately sorted (lLess commonly well-

sorted), and contain angular to subangular framework graing.
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b. Lower and upper Cretaceous rocks of the Sagwon area characteris-
tically are very fine- to fine-grained. The grain size in sandstones from
other suites is much more variable and ranges from very fine sand to
granule. Four ssmples are conglomeratic sandstones.

c. The finer grained the sandstone (fine to very fine sand), the
more abundant the matrix and the more angular and elongate the framework
graing are.

d. The upper and lower Cretaceous rocks of the Sagwon area are
characteristically moderately to well-sorted; that is, better sorted

than the lower Cretaceous of the Waring Mountains,.

Porogity and Cement:

The most probable potentiallpetroleum reservoirs would occﬁr in
the lower and upper Cretaceous quartz-rich sandsténes of the Sagwon area
and upper Crgtaceous of the Waring Mountains where vigible porosity is the
highest (';il’i% to 10.5%).' Porogity is low (2.8% to 6.7%) in the "dirty"
(diagenetically altered) volecanic sandsﬁones of the lower Cretaceous of
the Waring Mountains, of the Devonian sandstones in the Schwatka Mountains
and in the Jurassic-Cretaceous samples of the northwestern Brooks Range,
and Delong Mountains. Most of thg porosity is intergranular variety and
has been reduced in most sandstones by either infilling by carbonate cement
gf‘less commonly by hematite and leucoxene cement or by the formation of
a diagenetic matrix of chlorite and greenish celadonite or jelloﬁ
chlorophaeite derived from the alteration of volcanic rock ffagments.

Quartz overgrowths are rare,

Miscellaneous:

1. RRR-386 is a porphyritic dacite or rhyodacite that intrudes lower

Cretaceous rocks of the Waring Mountains. The intrusion formed as a
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near surface plug or dome (flow?) under rapid cooling conditions. The

former glagsy groundmass has devitrified or altered to microcrystalline
mixture of quartz, feldspar, and chlorite.

2, Triassic Shublik sample DWA-329 is probably a hydrothermally
altered hematitic mudstone. The mudstone was permeated several times by
hydrothermal solutions that produced opague globules of metallic hematite
replacing siderite rhombs and veinlets of chalcedony, barite, and zeolites
replacing the clay matrix.

3. RRR-239 (pre—Devonian) and RRR-252 (Devonian) from the Schwatka
Moﬁntains are micaceous quartzite, These quartzite samplés may be the
type of metamorphic rocks that acted as a source of the low-grade quartz
mica schist and quartzite detritus deposited in the Waring basin during
late Cretaceous time and in the Sagwon region northeast of the Brooks
Range in early and 1ate Cretaceous. The pre-Devonian and Devonian
metamorphic micaceous quartzites were probably originally quartz

sandstone., Devonian quartzite sample RRR-252 ig highly sheared.
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North Slope Samples
Petrographic Study Summary

The 47 samples have been grouped into nine different categories on
the basis of geologic age, field location, and descriptiom. The nine groups
are:
Color Code on
Sketch Map (Fig. 1)
0 Group I Early Cretaceous; Waring Mountains (%hree samples,
RRR~209, 21k, DWA-299)
(6] ' Group-II Barly Cretaceous; 70 to 170 milea ecast of Group I;
Waring Mountaing, southwest of Brooks Range
383, 38)4, 393: 395; 3971 l!-Ol: )4029 bfoh)
0 _Group ITII Upper Crebaceous; Waring Mountains (five samples;
RRR-266, 387, 389, 399, L03)
0 Group IV  Igneous or sedimentary?; Waring Mountains;
aggociated with intrusive and extrusive rocks
(two samples; RRR-391, 392); intrusive RRR-386%
-@- Group V Devonian sandstones; Schwatka Mouwntains; south-
- western Brooks Range (three samples; RRR-276, 359,
3L8)
Group VI  Juragsic-Cretaceous; northwestern Brooks Range
(four samples; RRR-323, DWA-37h, RRR-333, 336)
4} one sample from Delong Mountains (RRR-310)
0 Group VII Upper Cretaceous; near Sagwon, northeastern
Brooké Range (11 samples; RRR-412, hlB, bk,
, 106, 118, h21, L2k, L26, L31)
49— ‘ Lower Cretaceoug; near Sagwon, northeastern
Brooks Range (two samples; RRR-435, LLO)
(4] Group VIII Mefamorphics; pre-Devonian and Devoniang
Schwatka Mountains (two samples HRR-239, 252)
“é* Group IX Triassic Shubliks Schwatka Mountains; Sample DWA-329
This general summary is to point out major or distinctive characteristic
similarities and differences between major groups of North Slope samples.
Detailed petrographic summaries of each group are included on separate
N sheets as well as detailed descriptions on each sample.
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Classification: Both RRR-239 (pre-Devonian) and RRR-252 (Devonian) from

the Schwatka Mountains are micaceous quartzites (or gneisses?). RRR-252
is 5 highly sheared micaceous quartzite (or gneiss?). Sample RRR-386 is
a porphyritic dacite or rhyodacite intrusive that intruded lower
Cretaceous rocks in an east;west trending basin south of the Brooks Range
(Waring Mountains).

There are l;3 sandstone samples. There is a considerable range from
volcanic to quartz wacke and arenite. Arkoses or arkosic arenites are
absent (see Gilbert classification diagram, figures 2 and 3, this report).
There are 17 wackes (¥10% matrix); three of which are feldspathic wackes,
2 arkosic wackes, L volcanic wackes, 2 lithic wackes, L subfeldspathic
lithic wackes, and only one quartz wacke. The arenites are the most
abundant samples in these sandstone suites. Of 26 arenites, there are
7 volcanic arenites, 5 lithic arenites, L subfeldspathic arenites, and
6 quartz arenites. There are no arkosic arenites or arkoses.

By individual suites: Group VII, the lower and upper Cretaceous of
the Sagwon area is split almost equally in number of arenites and wackes.
Most of the samples are predominantly feldspathic and lithic (schist)
arenites or wackes. There is only one quartz wacke, and one upper
Cretaceous sample (RRR-426) is a rhyodacitic or dacitic vitric tuff or
tuffaceous wacke.

Group III (thé upper Cretaceous of the Waring Mountains) is
predominantly quartz and feldspathic arenite with only one subfeldspathic
lithic wacke. The three Devoﬁian gsandstones are quartz and lithic
(mudstone) arenites and one subfeldspathic 1ithic-(pyroxene) wacke.

The lower Cretaceous sandstones of the Waring basin, Group I, II,

and IV(?), are predominantly lithic (volcanic, mudstone, plutonic) and
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volcanic arenmites and wackes with a few arkosic wackes and arenites or
subfeldspathic lithic wackes. Thus, ags a group, the lower Cretaceous rocks
of the Waring basin are distinct from the Devonian and upper Cretaceous
of the Waring Mountains and the lower and upper Cretaceous of the Sagwon
region which are mainly quartz and arkosic or feldspathic wackes and
arenites. The lithic sahdstones of the lower Cretaceous of the Waring
basin are composed of a variety of volcanic, plutonic, and sedimentary
rock fragments and pyroxene and hornblende. Only in Group IV is one
sil£y quartz wacke present. There are no true arkosic or feldspathic
sandstones,

Group VI, the five Jurassic-Cretaceous samples, consistsof feldspathic
lithic, volcanic, and quartz arenites. Group IX, Triassic Shublik sample

DWA-329, is probably a hydrothermally altered hematitic mudstone.

Texture: The great majority of these sandstone samples are texturally
immature to mature (Folk's classification). That is, they contain either
abundant clay matrix (some of which is authigenic in origin) or little or
no matrix, are poorly to moderately sorted (more rarely well;sorted), and
contain angular to subangular framework clasts,

Within this limited sampiing, the 12 lower and upper Cretaceous
samples of the Sagwon area (Group VII samples) are characteristically very
fine- to fine-grained sandstones whereas samples in the other groups
(except the Devonian) range from very fine sand to granule in size. The
three Devonian samples from the Schwatka Mountains ére medium- to coarse-
grained. In general, the finer grained the sandstone (e.g. fine sand size
and finer), the more abundant the matrix content; hence the wacke

classification and also the more angular and elongate the framework clasts
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are, Besides being finer grained than the upper and lower Cretaceous
rocks of the Waring basin, the upper and lower Cretaceous rocks of the
Sagwon area are better sorted than the lower Cretaceous rocks of the
Waring Moﬁntains. |

Overall, Yiﬁéﬁ}? pdrqsity_is highest in the upper and lower
Cretaceous rocks of the Sagwon région‘(average 7.7% for 12 sampies) and in
the upper Cretaceous rocks of the Waring Mountains (10.5% for 5 samples)
compared to the "dirty" (diagenetically altered) volcanic sandstones of

the lower Cretaceous rocks of the Waring Mountains (2.8% for 1l samples

in Group II; 3.0% for 3 samples in Group I; less than 3.0% in Group V

Devonian sandstones) and in the four Jurassic-Cretaceous samples (2.0% to
6.7%) of the northwestern Brooks Range. Thus, the most probable potential
petroleum reservoirs would be in the upper and lower Cretaceous Sagwon
rocks and the upper Cretaceous of the Waring Mountains which have the
greatest poroéities.

The Jurassic-Cretaceous samples of the northwestern Brooks Range and
Delong Mountains are characterized by an abundance of ﬁore filling
carbonate cement and less abundant hematite and leucoxene cement. Quartz
overgrowths are rare to non-existent in most of these North Slope samples.
Almost all.the groups have one orrmore gamples showiﬁg é preferred
orientation of the framework minerals or some laminations. The majority

of the samples contain framework minerals in grain support.

Mineralogy: Petrographic study shows the mineralogy~of the various suites
is distinctive and can be used to distinguish and recognize different
suites and by that recognition date future samples collected in the field

or drill hole.
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The lower Cretaceous suites (Groups I, II and IV) of the Waring

basin are mineralogically gimilar in terms of types of major minerals and
their abundance. They are characterized by low ©o moderate abundance of
strained and mosaic (polycrystalline) quartz (range:s trace to 37.7%;
average 13.0%); abundant rock fragments (average 20.8%) such as volcanic
rock fragments (hornblende andesite with porphyritic pilotaxitic and
intersertal texturesg), abundant dark brown and laminated carbonaceous
mudstone clasts (average L.2%), occurrence of green hornblende and
colorless clinopyroxene, abundant plagioclase feldspar (oligoclase and
andesinevAnlebBB to An32Ab68) and untwinned feldspar, occasional acidic
intrusive clasts (granodiorite), and abundant diagenetically altered
greenish fibrous chlorite, celadonite, or fibrous yellowi#h chlorophaeite
replaced clasts; some of which contain spherical amygdules infilled with
radiating chlorite or celadonite. Heavy minerals include predominantly
opaque iron oxides magnetite/ilmenite, hematite, leucoxene, and traces of
zircon. These samples rarely contain microcline, miérographic quartz,
quartz with tourmaline inclusions, mvscovite, biotite (except Group I),
metamorphic rock fragments (schist or quartzite), or siltstone clasts,
Group I (western Waring Mounteins) differs slightly in mineralogy
from Group II (70 to 170 miles east of Group I in the eastern Waring
Mountains) in that the Group I samples contain abundant carbonate cement
and carbonate replaced clasts and little or no celadonite clay matrix and
little hematite or leucoxene cement which is prevalent in Group II. Group
IV (igneous or sedimentary?; samples RRR-391, -392) from the Waring basin
although highly altered and/or fine-grained contains many of the same

mineral and rock fragments as the other lower Cretaceous samples and is

therefore thought to be also of lower Cretaceous age (see general comments

section for specifics).
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The mineralogy of the Jurassic-Cretaceous suite of the northwestern
Brooks Range and Delong Mountains is similar to that of the lower
Cretaceous rocks of the Waring basin in southwestern Brooks Range in that
both suites contain volcanic rock fragments (hormblende andesites),
plagioclase feldspar (oligoclase and andesine), untwinned feldspar,
abundant mudstone rock fragments, chert, plutonic rock fragmenté
(granodiorite), and very low percentage of quartzite or gchist. The
Jurassic-Cretaceous suvite tends to be a little higher in quartz content,
have less authigenic matrix, and more rounded grains and better sorted
than the early Cretaceous suite of the Waring basin suggesting slightly
more agitated enviromments for the Jurassic-Cretaceous and ﬁore winnowing
of clays., But both suites appear to have the same type of provenance in
the Brooks Range which apparently shed detritus north and south into the
Waring bagin and the area of the present Delong Mountains. Since these
Juragsic-Cretaceous rocks are similar in texture and mineralogy to that of
the lower Cretaceous, it is suggested that the bulk of the samples may be
lower Cretaceous in age. They do not resemble the muscovite and schist-
rich quartz sendstones of the upper Cretaceous of the Waring basin. They
are distinct from the lower Cretaceous of the Waring Mountains (Group II)
in that théy contain extensive ééfbonate cement.,

The upper Cretaceous of the Waring Mountains southwest of the Brooks
Range and the lower and upper Cretaceous of the Sagwon area northeast of
the Brooks Range are similar mineralogically and are distinctly different
in mineral content from the lower Cretaceous of the Waring Mountains and
the Juragsic-Cretaceous of northwestern Brooks Range and belong Mountains.

1. Quartz content is high (average L1.1%); it is the most abundant
mineral in the two suites (unlike the lower Cretaceous; average 12.2%).

The quartz content is also higher than the quartz content in the Jurassic-
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Cretaceous sulte (average 30.1%). The lower Cretaceous of the Sagwon
region has a lower quartz content (18.0%). The fine grain size may
account for the quartz richness in the upper Cretaceous of the Sagwon
region compared to generally coarser grain size in other suites (most
rock fragments and unstable mineralg breakdown and are destroyed at this -
fine grain size).

2. TFeldspar content is low (average 2.6%) unlike the higher content
in the lower Cretaceous of the Waring basin and more like that of the
Jurassic-Cretaceous rocks northwest of the Brooks Range.

3. Muscovite and biotite are relatively abundant (average 3.3%) in
these upper and lower Cretaceous samples compared with the trace
occurrence in the lower Cretaceous rocks of the Waring basin and the
Juraésic-Cretaceous rocks northwest of the Brooks Range. There is also
a lack of the authigenic chlorite and celadonite replaced clasts found in
the lower Cretaceous of the Waring Mountains and Jurassic-Cretaceous
rock suites northwest of the Brooks Range and Delong Mountains.

L. Significantly, there is a lack of green hornblende and/or
colorless’pyroxene in these upper Cretaceous rocks although the
Jurassic-Cretaceous and the lower Cretaceous of the Waring Mountains
contain them in significant amounts.

5. The abundance of rock fragments is relatively low (average 12.6%)
compared to the 23% rock fragments in the lower Cretaceous samples of the
Waring basgin and the Jurassﬁc—Cretaceous of tﬁe northwestern Brooks Range.
The low percentage may reflect the finer grain size of the samples. Rock
fragments do not normally occur in such fine sizes.

6. Quartz muscovite schist rock fragments (average 3.L4%) are one of

the most abundant types of rock fragments in the lower and upper
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Cretaceous of the Sagwon region (trace to 12.2%) and upper Cretaceous of
the Waring Mountains (trace to 13.2%; average L.8%). This contrasts with
the lower Cretaceous rocks of the Waring Mountains and the Jurassic-
Cretaceous northwest of the Brooks Range which contain no schiat fragments
to only traces of schist even though they contain an abundance of other
rock fragments (average 23.3%). Micaceous quartzite rock fragments only
occur in trace amounts in the lower and upper Cretaceous suites of the
Sagwon region but compose up to 16.3% of the upper Cretaceous gsamples of
the Waring basin (average 5.1%). |

‘ 7. Chert content is generally low compared to overall mineralqgical
abundance (trace to 11.5%) in Group VII of the Sagwon region and a trace
to 8.3% (average l.3%) in Group IIT of the Waring Mountains but is one of
the more abundant types of rock fragments,

8. The percentage of volcanic roék fragments is very low (mainly
non-exigtent fo 3.2%) compared with the lower Cretaceous of the Waring
ﬁountains (1.9% to 61.5%; average 25.&%)band the Jurassic-Cretaceous
northwest of the Brooks Range (trace to 12.7%). Most rock fragments are
of intermediate lava flow composition with pilotaxitic and intersertal
texture of feldspar microlites. The celadonite/chlorite amygduloidal

replaced ciasts and altered glass(?) of the lower Cretaceous of the

Waring Mountains and Jurassic-Cretaceous of the northwestern Brooks Range

are migsing from this suite.

Only sample RRR-1;26 (uéper Cretaceous of Sagwon region) which is a
dacitic or rhyodacitic tuff containsabundant sickle-shaped glass shards
(29.9%8). Many of them have altered to the zeolite analcime(?) and
heulandite and chert.

9. Sedimentary rock fragments in the upper Cretacéous rocks are

similar to those found in the Jurassic-Cretaceous and lower Cretaceous
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of the Waring Mountains. Mudstone and argillite (or slate) are one

of the most abundant types of rock fragments in most. upper Cretaceous

- gamples although this percentage abundance is low in comparison to total

mineralogy‘(trace to 7.0%).} Siltstone rock fragments are rare in the
lower and upper Cretaceous rocks of the Sagwon region. In contrast, however,
siltstone rock fragments are relatively abundant (0.5% to 7.L%; average
3.94) and mudstone is rare in the upper Cretaqeous of the Waring Mountaihé.
Carbonaceoug cellular plant matter is unusually abundant in sample
RRR-116, an upper Cretaceous sample of the Sagwon area.

10, Heavy minerals range from a trace to 6.4% (in Group VII) and
from a trace to less than 1.2%¢ (in Group III). They are predominantly
the opaque iron oxides (hematite and leucoxene followed by magnetite
and/or ilmenitq)with trace amounts, in some samples, of apatite, zircon,
green tourmaline, epidqte, and rutile needles.

11. Other minerals include glauconite(?) in sample RRR-435 (upper

Cretaceous Sagwon area) and carbonate replaced minerals in some samples.

Devonian samples (Group V) - the mineralogy of the Devonian sandstone

samples (RRR-3L46, 359, and 276) varies more from sample to sample than in

other suites. The mineralogy ig also distinct from the mineralogy of
other suites,

In the Devonian samples from thé Schwatka Mountains quartz content is
high (24.3% to 31.3%) in RRR-359 and 276 bpt low (5.6%) in RRR-348. Normal
or nonundulatory quartz is twice as abundant as mosaic quartz in RRR-359
and 276. On the other hand, mosaic or polycrystalline quartz is more
abundant (3.4%4) than the normal quartz (2.2%) ianRR-BhB. Feldspar
content is very low (traée to 0,1%) and muscovite aﬁd sericite replaced

clasts content is low (trace to 1.6%) except in RRR-348 in whith sericite
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replaced clasts are common (21.9%). Heavy minerals (trace to 7%) are
mainly the opaque iron oxide, leucoxene, with traces of hematite, green
tourmaline, and/or zircon in some samples. Pyrokene (colorless pyroxene
- pigeonite?) is very abundant (15.4%) in RRR-3L48; the other two samples
contain none.

Chert (with micro mosaic quartz veins) is extremely abundant (55.5%)
o in EAR-276, high (6.8%) in RRR-359, and low (3.2%) in RRR-348.
Mudstone (6.6% and 5.5%) occurs only in two‘samples; a trace of schist
and siltstone only in RRR-359, traces of altered volcanic lava rock
fragments, and authigenic celadonite/chlorite replaced clasts occur only
in RRR-348. Both RRR-359 and 348 contain large carbonate replaced clagts
(up to 20% in RRR-3L8) as well as containing carbonate ahd limonite cement,
RRR-276 contains hematite cement. A summary comparison of the mineralogy
of RRR-359 and 3L8 is made in the general comments section (page 22).

The metamorﬁhic rocks, RRR-252 (Devonian sheared micaceous quartzite)
and RRR-276 (pre-Devonian micaceous quartzite from fhe Schwatka Mountaing),
congist of predominantly interlocking crystals of strained mosaic or

polycrystalline quartz (81%) with scattered chlorite needles. A

" metamorphic foliation is defined by aligmment of trains of large muscovite

and, more rarely, chlorite flakes separated by crystalline quartz. Traces
of hematite, colorless zircon, green tourmaline, and epidote are
asgociated with the abundant polycrystalline or mosaic quartz. In
addition? the sheared sample RRR-252 containg large strained coarse sand
sized crystals ("porphyroclasts") of quartz, granobiastic micro quartsz
veing, and several sets of micro "ptygmatic" folds defined by micro-
granular quartz veins and magnetite which are cut across by the ﬁegascopic
fabric qf trains of muscovite flakes. Several zones of varying sizes of

granulated polycrystalline quartz define shear surfaces.
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Hydrothermally altered mudstone, the Triasgic Shublik sample DWA-329
from the Schwatka Mountains, congists of predominantly abundant coarse
sand size dark opaque metallic hematite globules and rhombs (46.8%) in a
greenish clay (celadonite, chlorité, or montmorillonite) matrix. A few
carbonate (siderite, less than 1.6%) rhombs (partly replaced by hematite) -
also occur. The matrix also conbtains a few gilt size mica flakes, green
tourmaline, and spherical grains of mosaic quartz (recrystallized radiolaria?)
as well as opaque contorted fibers of leucoxene and limonite surrounding
the edges of the metallic hematite globules. Micro-veinlets cutting
acréss hematite globules and matrix consist of mosaié quartz, bladed
zeolitea, and large crystals of barite,

Porphyritic dacite or rhyodacite intfusive gample RRR-386 from the
southern Brooks Range which intrudes early Cretaceous rocks in the Waring
Mountains consists of phenocrysts of quartz (13.0%) and plagioclase
feldspar (albite, acid andesine, oligoclase) in a groundmass (61.3%) of
interlocking microcrystalline mixture of strained quartz, feldspar
microlites, and chlorite apgregates. Heavy minerals (magnetite or ilmenite)
occur ag small cubes and octahedrons dispersed throughout the micro-
crystalline quartz groundmass; leucoxene occurs as irregular opaque
aggregates'in the groundmass. . Héﬁatite which occurs as black opaque
gstringers is associated with chlorite (7.L4%) that infills micro-fractures

and also replaces the boundaries of quartz and feldspar phenocrysts.

Provenance: . The mineralogy of the lower Cretaceous samples of the Waring
Mountains and the Jurassic-Cretaceous, northwest of the Brooks Range and
the Delong Mountains, suggests a provenance or sgource area in the Brooks
Range (assumed source direction) of mainly intermediate volcanic flows

(hornblende andesites), volcanic glass, and fine-grained sedimentary rock
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mainly mudstone and chert. Minor source contribution also was from acid
intrusive rocks (granodiorite or quartz diorite) and rare low-grade
metamorphic schist and quartzite as in the Schwatka Mountains Devonian and

pre-Devonian (RRR-252 and 239) samples. Thus, in the early Cretaceous a

- predominantly volcanic and fine-grained sedimentary provenance with minor

metamorphics and acid intrusives was being weathered and eroded-inAthe
Brooks Range (supposed source area, June 1etter of Rose), and the detritﬁs
wag being rapidly depogited in nearby bagsing gouthwest and northwest of
the Brooks Range (now Waring Mountains and Delong Mountains).

On the other hand, the predominant provenance for the lower Cretaceous

sandstones of the Sagwon area, northeast of the Brooks Range, was

predominantly low-grade metamorphics and fine-grained sedimentary rocks
providing an abundant source area for quarti, mugcovite, schist, quartzite,
mudstone, and chert with-only minor intermediate volcanics. This
provenance (presumably the northeastern Brooks Range) remained the dominant
gource area for the upper Crétaceous rocks of the Sagwon area shedding
metamorphic and sedimentary detritus into the basin northeast of the

Brooks Range. Some acidic active volcanism occurred as agh falls

(admixed with sediment) in the late Cretaceous as evidenced by the occurrence
of vitric £uffaceous sample RRR;héé. By late Cretaceocus time the low-grade
metamorphic and sedimentary provenance also became the predominant &ource

material for the sandstones forming in the Waring basin southwest of the

Brooks Range.

The pre-Devonian and Devonian micaceous quartzite samples collected
in the Schwatka Mountains (and presumably in the Baird Mountains) may be
the type of metamorphic source area that provided low-grade schist and
micaceous quartzite to the Waring basin. Thus, there appears to be a

major change in type of source material for sandstones in the Waring basin
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from volcanics in early Cretaceous4to metamorphics in late Cretaceous
(perhaps the lava flows were stripped away by erosion expoging the
underlying older metamorphica)., |

The Devonian sandstones (Group V) of the Schwatka Mountains also may
have been partly a source for quartz in the quartz-rich sandstones of the
upper Cretaceous of the Waring basin, but it is not conclusive as most of
the quartz in the upper Cretaceous is subangular to angular. The grains
appear to be too angular to have been recycled from older gsedimentary rocks,

The source terrain for the Devonian samples (Neurokpuk, Precambrian-
Silurian?) appears to have been chert-rich (either from gsedimentary chert
beds, that is, nodules from limestone, deep-water bedded cherts, or from
devitrification of acidic volcanic glass). Minor sources were fine-
grained sedimentary rock (mudstone), low-grade metamorphics, volcanic
flowa, and tuff sources. The early Cretaceous rhyodacitic - dacitic
porphyry could have been the type of source material for mosaic quartz
or chert clasts (devitrified acidic volecanic glass éfoundmass) found in
the upper Cretaceous rocks of the Waring basin (if these intrusioné do

not intrude the upper Cretaceous rocks). Thus, there were acidic

rhyodacitic intrusions in the Waring basin in early Cretaceous time and

low-grade to greenschist nmetamorphism during the pre-Devonian and Devonian.

Compositional Maturity - Relief and Climate:

Compositionally, the lower Cretaceous rocks of the Waring Moﬁntains
are immature (abundant rock fragments and unstable minerals with low
quartz content), the Jurassic-Cretaceous rocks northwest of the Brooks
Range and in the Delong Mountéins are immature to matufe, and the upper
and lower Cretaceous rocks of the Sagwon area, northeast of the Brooks

Range, and the upper Cretaceous of the Waring basin are mature (enriched
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in quértz and chert, low in rock fragﬁents and unstable minerais), The
Devonian sandstones are compositionally supermature (mostly quartz and
chert) to immature. Thus, the low mineralogical maturity and coarseness
of the lower Cretaceous of the Waring basin, some Devonian,‘and Juraséic-
Cretaceous suggest sedimentary detritus was derived from a rugged source’
terrain with steep relief (hills, mountains, high stream gradienté) in a
temperate climate where at times mechanical weathering dominated over
chemical weathering (as in winter) to produce abundant mechanically
released chemically unstable coarge-grained mineral and rock fragments,
Rapid erosion due to steep relief resulted in rapid removal and transport
of the unstable detritus to depositional basing before any extensive
chemical breakdown of the rock fragmentsvto clay could occur. The finer
grain size and higher compositional maturity of the upper and lower
Cretaceous of the Sagwon area northeast of the Brooks Range and the upper
Cretaceous of the Wariﬁg basin suggest the sediment'was derived from more
low-1ying source areas(low or gently roiling topography, low stream
gradients) in a warmer, more humid temperate to tropical (?) climate which
resulted in extensive chemical destruction of most of the unstable
mineralAand rock fragments and breakdown to clay; thus enriching the
sediment in fine-grained quartzAéhd chert. Slow erosion and removal due
to the effect of gentle topography enhanced the chemical breakdown effects
on the unstable detritus. One of the Devonidn samples from the Schwatka
Mountains appears to be derived from a source area with'steep relief and
a temperate climate. The other gample suggests derivation.from.a low or
gently rolling gource area in-a warmer, more humid climate. More samples

are needed to generalize.
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Depogitional Enviromment and Transporting Mechanism:

The general angularity, poor sgorting, and in some cases abundance of
original matrix of the early Cretaceous samples (Groups I, IV, and II) of
the Waring.basin suggest that these sandstones were probably deposited in
a rapidly subsiding basin (geosyncliné?) under rapid burial conditions (that
is, high rates of sedimentation) with little or no prolonged cur;ent
reworking as in a surf or eolian enviromment. The soft mudstone clasts
may be penecontemporanecous rip-ups of the mud bottom by current scour.
The soft mud clagts would not have survived deposition in an environment
’with prolonged agitation such as surf. The larger rock fragments tend to
round with minimal transport. The coarsest sandstones in both groups
(medium to granule size) generally have no clay matrix (arenites). Some
have oriented clasts suggesting they underwent some current winnowing of
fines and that they were deposited by high energy cﬁrrents (enough
competence to move granule size fragments). Probable environmentsto
produce detritus of this textural maturity are deltaic or fluvial (3)
channels, offshore marine (near sea cliffs), littoral gands, or deep-
water below wave base. The finer grained sandstones tend to contain more
clay matrix. The finer grain size and laminations suggest they were |
deposited ﬁy weaker currents (low flow regime) in a low energy environment
such as deltaic overbank, 1agbonal swamp, protected bay, estuarine, and
low energy tidal flat, or offshore deep marine (below wave base). The
Jurassic-Cretaceous samples from northwest of the Brooks Range and from
the Delong Mountains, the Devonian samples from the Schwatka Mountains,
and the upper Cretaceous of the Waring basin are similar texturally
(slightly better sorted and higher quartz content) to the early Cretaceous

of the Waring basin and were probably deposited in similar enviromments.
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p Although the sandstones of these groups are better sorted and contéin
higher percentages of quartz than the lower Cretaceocus of the Waring
basin suggesting more prolonged winnowing and reworking, only Jurassic-
Cretaceous sample DWA-3T7L and Devonian sample RRR~-276 which are texturally
supermature (some well-rounded quartz grains, well sorted, no matrix) may
have been depogited in an offshore bar or on a beach or strandline.

Only the lower and upper Cretaceous samples of the Sagwon region
northeast of the Brooks Range appear to be of a different depositional
origin. The general overall fine grain size, fair sorting, high abundance
of quartz and muscovite, and general lack of matrix in the arenites
suggest deposition in an offshore littoral enviromment or deltaic
environment (for example, barrier bar, bay mouth bar, or distributary
channel) in which there was more current feworking to produce winnowing
of the fines, better sorting, and abrasional removal of softer unstable
lithic rock fragments than in other suites. Deposition was still in a
relatively low energy environment to aliow buoyant muscovite flakes to
settle out with quartz. The occurrence of relatively soft schist and
mudstone clasts in the sandstones and the grains are too angular to have
been deposited in high energy and abragional surf or eolian zones. The
graing would have been rounded ih.these environments and the soft
sedimentary and metamorphic clasts would have been destroyed. Howevgr,
the high abundance of quartz in these Cretaceous deposgits compared to other
suites does suggest more abrasion occurred resulting in the destruction of
unstable softer mineral and rock fragments than in the other lithic-rich
suites and thus relatively an enrichment of the sediment in quartz and

chert in the upper Cretaceous rocks of the Sagwon area., The high abundance

of quartz in the Cretaceous of the Sagwon area may also reflect more
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abundant quartz in the source area than for the other suites and/or the
very fine- to fine-grained sand éize of the sample in which in general

there always a lack of rock fragments at this size (they are destroyed

into clays before breakdown to this fine size).

Some of the very fine-grained sandstones are original clayurich
(wackes) and were probably deposited in a lower energy environment (such
as lagoonal, back bay, or swamp) where fine clay could settle out. There
was little winnowing or reworking accompanied by rapid burial.

Sample RRR-416 (upper Cretaceous of Sagwon area) contains a concentra-
tion of carbonaceous plant matter in laminae suggesting rapid burial which
protected the plant matter from oxidation and decay. Upper Cretaceous
vitric tuff or tuffaceous sandstone samplé (RRR-}426) contains abundant
glass shards suspended in a detrital clay matrix (50%) suggesting an
occurrence of active volcanism in late Cretaceous time. Shards
normally are not recycied from older tuffs because they are readily
destroyed by abrasion and chemical weathering. Apparently the glass
shards settled from én ash fall into a low energy marine environment
(e.g. deep or shallow marine offshore below wave bagse, protected bay, or
lagoonai) and were admixed with terrestrial clay through weak current
action. If the tuffaceous sandéténe was derived from ash falls, then this
unit is probably of uniform thickness and is widespread. Thus, this unit
may be a distinctive marker bed in recognizing stratigraphic position in

the upper Cretaceous of this area,

Diagenetic History:

The lower and upper Cretaceous rocks of the Sagwon region and the
upper Cretaceous rocks of the Waring Mountains and Devonian samples of the

Schwatka Mountains have undergone similar diagenetic histories. There has
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been moderate to extensive compaction ag indicated by the crushed and

contorted appearance of muscovite flakes, schist and mudstone clasts,

~and carbonaceous plant fragments between quartz grains, and by some

interpenetration of adjacent quartz grains by pressure solution to
produce serrated boundaries (micro-stylolites). There is some
replacement of quartz boundaries by matrix. Minor or rare quartz 6ver;
growths in some samples were produced on some quartz grainsg by
precipitation of quartz from silica-enriched groundwater perhaps during

pregsure-golution of grains. Stylolites (as in limestones) produced by

- pregsure-solution are displayed in the ﬁpper Cretaceous tuff sample

(RRR-)26). Rock fragments (volcanic, some schist) and feldspar have been
partly altered to micaceous clay (sericite), greenish celadonite or'
chlorite, or opaque iroh oxide forming indistinct grain and matrix
boundaries. The celadonite.matrix in some wackes is authigenic in origin.
Because of the high quartz content and low percentage of
compogitionally unstable mineral and rock fragments'(particularly volcanics),
the diagenetic alteration is not ags severe as in the lower Cretaceous
rocks of the Waring basin or in the Jurassic-Cretaceous rocks northwest
of the Brooks'Range. The shards in the upper Cretaceous tuff gample have
altered to the zeolites heulandite and analcime (7). |
Oxidation of iron minerals (magnetite?) to hematite and/or
remobilization and precipitation of opaque iron oxides (hematite, leucoxene)
by groundwater to form partial pore filling cément have oécurred.
Groundwater enriched in 002 and Ca extensively ﬁrecipitated carbonate
ag pore filling cement (rarely as rhombs) with some replacement of quartz
grain boundaries by carbonate minerals.,
The Jurassic-Cretaceous sahples of northwestern Brooks Range and the

Delong Mountaing have undergone a similar diagenetic history except that
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compaction effects are not as obvious and there has been more extensive
diagenetic alteration of the groundmass in volcanic rock fragments, and
complete replacement of clasts of unknown original composition by chlorite,
leucoxene, brown clay, and less commonly carbonate or hematite. In sample
RRR~310 later fracturing after lithification produced fractures which weré
infilled with carbonate. In contrast to the upper Cretaceous samples of
the Waring Mountains and the lower and upper Cretaceous of the Sagwon area,
the volcanic rock fragment-rich lower Cretaceoﬁs rocks of the Waring
Mountains (Groups, I, II, and IV), lack carbonate cement and have under-
goﬁe more extensive alteration (particularly RRR-391 and 392).

Compaction effects are not as éevere_or at least not ag obvious in
thin section. The groundmass of most of the volcanic rock fragments has
been altered to greenish celadonite, sometimes chlorite, and/or
chlorophaeite (yellowish mineral). The result is the obliteration of rock
fragment boundaries in which the fragments seemingly merge with the
authigenic brown clay or greenish celadénite matrix., Hornblende remains
relatively fresh. P&roxene is partly altered to clay. Probable
amygduloidal volcanic glass alters entirely to celadonite, chlorite, or
- chlorophaeite with gspherical amygdules infilled with radiating chlorite
or celadonite. Iron.minerals-(iiﬁenite) were oxidized to leucoxene and
less commonly to hematite. ILeucoxene and rarely carbonate were
precipitated as cement in pore spaces. Untwinned feldspar and plagioclase
feldspar altered to scatteréd patches of sericite (particularly along
cleavage planes) and rarely to carbonate. Very extensive diagenetic
alteration occurred to Cretaceous? samples RRR-391 and 392 (igneous or
sedimentary?, Rose). Yet clastic rock fragments still can be seen. Some
fracturing and infilling by quartz occurred after lithification is evident

in RRR"3920
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Devitrification and/or alteration of the acidic glass groundmass
occurred in RRR-386 (the porphyritic rhyodacite intrusive) to produce a
groundmass of microcrystalline quartz, feldspar, and chlorite. The edges
of the plagioclase phenocrysts were altered to chlorite and micro-fractures
produced in the solidified mass were later infilled with chlorite which in

part is oxidized to hématite,

General Comments:

In reply to specific questions or comments by Bob Rose in his letter
of July 27, 1972, concerning thin sections, the following general comments
are made,

I - "Samples RRR-201, 209,>and 21h and DWA-299 (Group I) are from
early Cretaceous rocks of the western Waring Mountains. They were
deposited in an east-west trending basin that received most of its
detritals from the Brooks Range (northward). The samples RRR-376A
and B, 378, 379, 3824 and B, 383, 38L, 393, 395, 397, LOL, 402, and
Lol (Group II) were also deposited in the basin at the same time but
east of the first group of samples 70-170 miles. The source area for
the above samples is thought to be similar for all."

Comment: Yes, the mineralogy of both groups are almost identilcal
suggesting similar source areas - predominantly intermediate volcanics
(hornblende andesite), fine-grained sedimentary for mudstone and chert
(or devitrified volcanic glass), acid intrusive (granodiorite or quartz
diorite), vein quartz and minor low-grade metamorphic quartzite or quartsz
muscovite schist. The only difference in mineralogy is that Group I
contains some biotite (0.L% to 7.2%) and muscovite as well as a trace of
micrographic quartz and quartz with tourmaline and zircon inclusgions.
Thus, in addition to the source terrain mentioned above for both suites,

there was a biotite and muscovite source (probably low-grade biotite and

muscovite schists and/or biotite-rich granitic intrusive rocks) that
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| contributed mica detritus in the western Waring basin but which was not

prevalent in the eastern Waring basin during early Cretaceous time.

IT s nSamples RRR-266, 387, 389, 399, and 403 (Group III) are all
quartz-rich clastic rocks which are thought to be upper Cretaceous
but depogited in the same east-west bagin south of the Brooks
Range. The source area appears to be a metamorphic terrane exposed
in the Baird and Schwatka Mountains of the Brooks Range.®

Conment: Yes, this upper Cretaceouvs quartz-rich suite contains
sbundant low-grade metamorphic rock fragments (mainly quartz muscovite
schist and some quartzite or gneiss) suggesting a metamorphic provenance
wags the main source area for the rock fragments, strained and mosaic
quartz, muscovite, and biotite in the samplea
IIT -- "Samples RRR-391 and 392 (GroupVIV) are from the same basgin but

are closely asgoclated with igneous intrusive and extrusive rocks,
It is hard to tell if the rocks collected were igneous or sedimentary
or combination of the two."

Corment: Sedimentary origin. This section study shows that these are
clastic sedimentary rocks not intrusive igneouvs. They contain a mixture
of recognizable volcanic and sedimentary rock fragments and mineral
constituents not possibly found in combination in any igneous rock.
However, due to extensive diagenetic alteration and abundant authigenic
matrix in RRR-391 and 392 and the extremely fine grain size of RRR-392
(siltstone wacke), the difficulty in distinguishing the origin in the
field is easily ﬁnderstandable. It was difficult even in thin section due
to the extensive alteration? RRR-391 (a2 medium-grained lithic wacke) is
compogitionally and texturally similar to the lower Cretaceous suite of the
Waring basin (volecanic rock fragments, chlorite/celadonite replaced.
vesicular clasts, abundant plagioclase feldspar, low quartz content, mudstone

fragmenty and pyroxene). RRR-391 is quartz-rich as are the upper

Cretaceous rocks of the Waring Mountains suite. However, the distinctive
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muscovite flakes of the upper Cretaceous suite ig missing and RRR1291

doesg contain hornblende found only in the lower Cretaceous suites of the

Waring Mountains. My preliminary guess is that both samples are probably

lower Cretaceous in age and the high quartz content of RRR-391 reflects

grain size effect on mineral distribution and abundance,

IV -- "Sample RRR-386 is an igneous intrusive that intruded the early
Cretaceous rocks of the eagt-west bagin south of the Brooks Range",

Comment: Sample RRR-386 is a porphyritic dacite or rhyodacite intrusive.

vV - "Samples RRR-276 and 359 are from a Devonisn sandstone
sequence cropping out in the northwestern part of the Schwatka
Mountains of the Brooks Range. Source terrane may be Neurokpuk
(Precambrian-—Silurian)° Samples RRR-239 and 252 are both
metamorphosed but 239 is thought to be pre-Devonian and 252
thought to be Devonian. Sample 252 may be the same formation as
RRR-276 and 359,"

Comment: Both RRR-276 and RRR-359 (Devonian sandstones) and metamorphic
micaceous quartzite RRR-252 may appear megascopically similar in the field
(well-indurated and quartz-rich) to have been included in the same
formation. However, considering their apparently different textures,
mineralogy, and origins suggested under the petrographic microscope, I
am hesitant to include them in the same formation. Under the microscope,
RRR-276 and 359 are obviouslytclaStic composed of weathered and eroded
angular fragments of predominantly quartz and chert and rare mudstone
fragments well cemented and outlined by carbonate or hematite/leucoxene.
The distinct grains are angular and poorly sorted. Pressure solution due
to compaction (deep burial or tectonic?) resulted in some interpenetration
of adjacent grains and produced adjacent serrated edges, that is, a
sedimentary quartzite effect. Unlike RRR-252, there is no well-defined

foliation or metamorphic fabric in the sandstones such as aligned trains

of large muscovite flakes along shear surfaces, elongate zones parallel to
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shear surfaces of granulated quartz, and micro-"ptygmatic" folds. No

e
W

large metamorphic flakes occur in RRR-276 and 359, nor is there carbonate
or hematite cement or éhert in RRR-252, Probably beforellow-grade
regional metamorphism and extensive shearing, sample RRR-252 was a pufe
quartz sandstone very much like RRR-276 (though more quartz and less
chert) but subsequently had been dynamically changed.

In summary, RRR-276 and 359 are quartz and chert-rich clastic
sedimentary.rocks that have undergone some diagenetic alteration due to
burial compaction but have not undergone the extensive regional low-grade
greenschist metamorphism and shearing that RRR-252 hasg undergone.
Therefore, these samples probably should not be considered from the same
formation (unless this sample RRR-252 is from a shear zone in that
formation). . -

VI -- "Sample RRR-348 is probably Devonian and should be compared
"~ with RRR-359 for similarity."

Comment: RRR-359 and 348 are similar in grain size, gorting and
angularity of framework minerals, but RRR-359 has no matrix whereés
RRR-348 contains abundant authigenic(?) clay matrix (14.5%) and has a
preferred oriéntation of mineral clasts.

Even though RRR-359 and 348 have the same grain size and sorting,
there are striking differencés in the mineralogy and rock fragments.
RRR-3L48 contains abundant clinopyroxene (20,3%), altered voleanic rock
and tuff fragments (2.6%), trace of plagioclase feldspar whereas RRR-359
does not contain any of these mineral and rock fragménts.

Traces of schist and siltstone rock fragments and green tourmaline

occur in RRR-359, but not in RRR-348. RRR-3L8 has abundant authigenic

micaceous clay matrix (indistinct grain boundaries to volcanic rock

fragments) whereas RRR-359 has no matrix. _
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Both RRR-359 and 318 contain quartz,-chert, muscovite or sericite,
and carbonate altered replaced clasts, leucoxene, and gimilar amounts of
mudgtone rock fragments, But the relative abundance of these minerals in
each section is strikingly different (particularly in the amount of quartsz
and chert, moséic to normal quartz). The abundance is reversed in the
two gamples.,

The quartz and chert-rich mineralogy of Devonian sample RRR~359 is more
similar to the mineralogy of the upper Cretaceous rocks of the Waring
Mountaing, whereas the sbundance of volcanic rock fragments, pyroxene, and
low quartz, and chert content of Devonian sample RRR-348 is more similar
to the mineralogy of the lower Cretaceous rocks in the Waring basin. My -
educated guess based on the strikingly different mineralogies'is that they
are not related. |

RRR-359 has undergone extensive carbonate replacement of clasts of
unknown original composition. Perhaps these clasts were once pyroxene
and volcanic fragments once similar to RRR-318. However, this is unlikely.
VIiI -- "Samples DWA-3T7L and RRR-323, 333, and 336 are all Jurassic-

Cretaceous graywacke-type rocks deposited Jjust north of the front

of the western Brooks Range. They had their source south from

the Range. RRR-310 is thought to be of the same age but is found

within the Delong Mountains of the western Brooks Range."

Comment: RRR-310 from the.Delong Mountains is coarser grained (granule
conglomerate) than the other Jurassic-Cretaceous sandstones; but like the
other coarge Jurassic-Cretaceous sandstones, it is poorly sorted, lacks
matrix, and the rounding of the rock fragments is hiéh. Being coarger
grained than most of the Jurassic-Cretaceous sandstones, the Delong Mia.
sample containsa larger variety and generally greater abundancé of rock
fragments than the other coarse-grained Jurassic-Cretaceous sandstones.

But the compositions of the clagts are the same kinds and occur in only
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glightly different abundances, that is, intermediate volcanic rock

fragments and slltstone clasts are more abundant than mudstone clasts in
the Delong sample. The Juragsic-Cretaceous samples and the Delong
Mountains sample contain a carbonate cement. Although the Jurassic-
Cretaceous suite appears to be graywacke in the field, microscope
examination reveals a very low content of matrix (less than L.2%); thus,
they are arenitegs. They also lack metamorphic clasts and mica, the
presence of which would have clagssified them as graywackes under an

older clagsification.

/

VIII -~ "The next group of thin sections comes from rocks in the
foothills of the eastern Brooks Range. Samples RRR-412, 413, Llh,
L8, Lh21, hal, 426, and L31 are from the upper Cretaceous southwest
through southeast of Sagwon. They were all sourced from the Brooks
Range. Samples RRR-435 and LlO are early Cretaceous and should be
gimilar to each other. They are probably sourced from the Brooks
Range and are probably strandline depogite as are the others from
the Sagwon area."
Comment: The variety and relative abundance of minerals, as well as
textures (size, sorting, rounding, and percentage of matrix), in the
upper Cretaceous samples and early Cretaceous samples (RRR-435 and L40)
from the Sagwon area are very similar. These similarities suggest that
this basin received sorted detritus from a predominantly low-grade
metamorphic (quartz mica schist and quartzite) and fine-grained sedimentary
(mudstone, chert, and vein quartz) provenance from early to late Cretaceous
times. There were active acidic volcanic erpptions near the basiﬁ during
the late Cretaceous as evidenced by rhyodacitic vitric tuff sample
RRR-426. A volcanic lava flow terrane (basalts and arndesites) as well as

some possible acid intrusives'(granodiorite or quartz diorite?)

contributed minor detritus.

™
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PETROGRAPHIC METHODS

Each of the L7 thin sections underwent the following analysis:
A detailed petrographic study was made of the textures and mineralogy
of the slide using 3.5X, 10X, and 50X lenses., Time required ranged
from one to three hours. Observations were recorded on petrographic
sheets (enclosed with this report) of each sample., Plagioclase
feldspar composition was determined by extinction angles in albite
twins by Michel-Levy's method and interference éngles° A minimum of
8 "determinations was made in each slide that contained significant
amounts of plagioclase. The mineralogy of untwinned feldspars:
(orthoclase or k-spar versus untwinned plagioclase feldspar) was
difficult to determine because the index of refraction of the mounting-
medium is pnot known. Staining for k-spar or orthoclase in uncovered
thin sections would solve this problem. Most minerals were determined
by their characteristic optical properties; color,"cyrstal form, relief,
interference figure, 2V, extinction angles, twinning, and cleavage.
Measurement of grain size, sorting, and rounding of grains in each
section was accomplished using a Bausch and Lomb projector. Each slide
image was»préjected on a white sheet of paper at a known magnification.
A grid of known magnification was placed éver'BOO gra;ns to measure the
minimum diameters (c-axis, that is, the size that would fall through a
sieve) and average sizes in order to determine the averagé grain size and
the range of sizes (as a measurement of sorting) in-each gsample. If the
range of grain sizes Varied over four Wentworth size classes, the material
was considered poorly sorted; over three classes - fair sorting, and

over two sizes - well-sorted. Rounding and shape was estimated using

!
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Power's scale on 100 randomly chosen grains. 'The measurement of grain
sizes.in thin section yields a ﬁinimum size because of the two-
dimensional bias and all the samples are actuaily coarser grained.

Point counting: a minimum of 600 points per section was used in
this analysis (rénge: 610 to 1000). A mechanical point counter with a
0.1 mm by O.1 mm grid was used. Before point counting, each section waé
examined and the best part of the rock slide was outlined with blue
washable fine lined marking pen. This was done to eliminate measuring
artificial porosity along the too thiniy ground edges of the section.
The quality of each section is reported at the top of each description
sheet. In general, they were good, but the amount of area eéch rock
slide covered on each section varies from glide to slide. Hence, on
some sections where only half of the slide was éovered with the rock
sample a 0.) mm by 0.65 mn grid was used in order tp measure more than
600 points. Point counting was done under crossed nicols and under
plain light. |

The dominant minerals (greater than 1%), visible porosity, and
amount of matrix and cement was point counted on each slide. The
data were‘summed,'and the numbéf‘of points for each factor was
calculated as a percentage of the total. Visible porosity point count
measurements are only an approiimate anafﬁelative measurements of true
porosity because real porosity is difficult ﬁo measure in thin section.
In addition, plucking and grinding probably increased the tfue porosity.
True porpsity would be best measured in the laboratory using a rock

sample rather than in thin section.
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The most accurate point counts and descriptions are of thé
unaltered coarse-grained samples with distinct gfain boundaries. The
fine-grained and altered sandstones were harder to point count
especially in determining amount of matrix versus framework grains. In
these slides the framework grains contained vague grain boundaries that
merge with the authigenic matrix.
After each sample was point counted, the proportions of matrix,
quartz and chert versus lithic fragﬁents veréus feldspars were plotted
on the triangular diagrams of Williams, Turner, and Gilbert (1953) and +he ssmples
were subsequently classified. Two summary diagrams of all the
sections are included in the report. i included some adjectives to
further classify the samples such as fiﬁe;grainedjnéarbonate cemeﬁted,
Initially the sections were grouped according to grain size,
occurrence -of abundant volcanic.rock fragments and’feldspar versus
abundant quartz and schist fragments. Rosé's letter of July 27 outlining
the field locations and some fiéld description of the samples resulted
in grouping the samples based on age and field location (Groups I - IX).
A mineralogical and textural summary of each group was prépared
using the'petrographic reports-(included in this report) on each sample
in the group. The mineralogy and textures of each group were compared

with other grbups of samples studied. Finally a shortened summary with

-conclusions of the most significant mineralogical and textural

characteristics and differences among the groups was prepared.
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Recognition of rock fragments and matrix:

1. Volcanic rock fragments are distinct clasts with abundant microlites

of plagioclase feldspar. Textures a, b, and ¢ below are best seen

in the thin sections of the lower Cretaceous rocks of the Waring

basin,

Qe

Various textures present include:

Porphyritic clasts - large plagioclase, hornblende, or

more rarely pyroxene phenocrysts in.a groundmass of feldspar
microlites or altered celadonite, brownish clay, or opaque
iron oxides.

Pilotaxitic - parallel or subparallel flow alignment of
plagioclase microlites in an altered greenish celadonite
chlorite, brownish clay, or opaque iron groundmass. This
texture is commonly found in volcanic flows of intermediate
composition, such as andesites.

Intersertal - random orientétion of feldspar microlites in
some cases with opaque iron oxides (magnetiteror leucoxene),
pyroxeﬁe fragments between microlites, or in a celadonite,

brownish clay, and chlorite groundmass. Most of the

' feldspars are andesine in composition. Those with hornblende

phenbcrysts suggest that most of the volcanic rock fragments
were derived from hornblende andesites although some basalt
may occur.,

Greenish fibrous qeladonite or chlorite replaced clasts with
amygdules filled with radial chlorite or celadonite needles -
probably‘altered volcanic glass. Some with many tube-like

amygdules may be altered pumice.
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N 2. Metamorphic rock fragments (best devéloped in the thin sections of
the upper Cretaceous rocks of the Sagwon area):
i ' a. Quartz mica schist - generally elongate clasts with parallel

alignment of bunches of muscovite or chlorite flakes (shows ~

aggregate polarization); some mosaic quartz between flakes.

i
i
i
]
E]
§

b. Quartzite (may be gneiss) - elongate clasts of mosaic
strained quartz; some with straight contacts; othér clasts
4 _ with sutured contacts; the polycrystalline quartz units are

generally elongate in the longest direction of the clasts

and contain parallel or sub-parallel muscovite or chlorite

flakes outlining foliation.

3. Acidic intrusive plutonic rock fragments (granodiorite or diorite?) -
these clasts aré best seen in the(coarse—grained lower Cretaceous
rocks of the Waring basin and consist of 1arge interlocking crystals

| : of quartz, albite twinned plagioclase feldspar (albite and

oligoclase), rare green hornblende, and untwinned sericite altered
feldspar (presumably orthoclase or potash feidspar). A few pleces

of micrographic quartz (a checked intergrown pattern of quartz and

feldspar) occur in some individual quartz grains (not associated with

intrusive rock fragment samples). These micrographic quartz
fragments probably were derived from graphic granite that contained

quartz with the intergrowth pattern.

Lh. Sedimentary rock fragménts:

i A i S B N U e W

a. Mudstone - elongate shape with irregular edges consisting of
wﬁg cryptocrystalline dark brownish clay is the most commonj;

rarely with silt size ahgular quartz or muscovite.
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b. Some brownish mudstone clasts are laminated with dark iron
oxides (most commonly leucoxene) or carbonaceous matter.
Some contain mésaic quartz-filled épherical cavities

(recrystallized radiolaria?) which the dark laminaéig¥2und -
may be deep water mudstone source.  Most abundant in the

. upper Cretaceous rocks of the Sagwon area and the Jurassic-
Cretaceous rocks.

c. Argillite or slate - dark cryptocrystalline brownish claéfs
that show aggregate polarization.

d. Siltstone - elongate clasts composed of predominantly silt
sized angular quartz, some feldspar, and muscovite flakes
in a fine-grained clay or opaque iron oxide matrix.

e. Fine-grained sandstone - rare, in coarser sandstones; same

description as siltstone except quarts is fine sand size,

5. Chert - commonly as equidimensional angular clasts cbmposed of clear
cryptocrystalline quartz; rare euhedral feldspar phenocrysts
occur'in gome chert clésts suggesting chert is of a volcanic
origin from devitrification of acidic volcanic glass. Some
chert clasts also coﬁtain fragments of mica of celadonite or

opaque iron oxides (leucoxene),




SUMMARY ~ Group I

Thin sections included in Group I: RRR-209, -21k, and DWA-299
Thin section sample RRR-201 was not included in the
thin sections received.

Age and field relatiomships (Rose): Early Cretaceous; Western Waring
Mountains, deposited in an east-west basin south of
the Brooks Range; source area to the north in the
Brooks Range.

TEXTURE:

These samples are texturally similar. They are texturally mature
mediun-grained sandstones, contain little or no matrix, range from poorly
sorted (RRR-209, DWA-299) to well-sorted (RRR-21)), and are composed
mostly of angular to subangular euhedral or prismatic feldspar and
equidimensional quartz. Some large volcanic fragments are well-rounded
due to their lower resistance to abrasion than smaller quartz or feldspar.
No preferred orientation was observed. In general, the porosity is low
(0.9% to 4.3%) and is intergranular or less commonly intragranular. The
low porosity is due to an abundance of carbonate cement infilling pores.
These sandstones probably would not make good petroleum reservoirs
(assuming these are repregentative and are fresh samples; in the subsurface
may be different.
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MINERALOGY:

These early Cretaceous samples are simiiar in mineralogy to the
early Cretaceous samples of Group II which were collected in the Waring
basin 70 to 170 miles to the east,

Ag in the Group II samples the quartz content (strained and
polycrystalline varieties) is low (0.9% to 33.7%; average: 18,0%). A
large variation of feldspars includes plagioclase feldspar (albite and
pericline twinned; oligoclase and andesine), some untwinned feldspar
(orthoclase?; range: trace to 53.8%; average: 19.6%), and a rare
occurrence of microcline in RRR-209 and DWA-299. Hornblende (6%) and
yellowish to colorless clinopyroxene (L%) also occur in some sections
(RRR-209 and DWA-299, respectively).

Heavy minerals include magnetite/ilmenite, hematite, leucoxene,
and, in RRR-21l;, apatite, zircon, and green tourmaline. The alteration
product, chlorophaeite (yellowish fibrous mineral) and greenigh chlorite/
celadonite also occur completely replacing clasts (up to 5.8% of the rock) .
Some clasts contain chlorite replaced amygdules,

The most abundant rock fragment type is volcanic flow fragments with
pilotaxitic and intersertal textures (range: 3.0% to 22.6%; average 13.8%)
gimilar to that described for Group IT. One unusual volcanie rock type
contains bladed microlites of zeolites(?) and mosaic quartz. Chert
ranges from a trace to 5.2% (average:2,0%), followed by a low content of
siltstone and/or mudstone (range: 1.4% to 5.6%; average: 2.4%), acid
plutonic clasts, granodiorite in RRR-209 (0.6%) and in DWA-299 (2,9%),
and a trace of quartzite and quartz mica schist. .

Distinctive characterigtics:

This suite differs from the Group II suite in that two of the three
samples contain some biotite (0.L4% to 7.2%) and muscovite (0.6%). A trace
of micrographic quartz and tourmaline and zircon inclusions in gome quarts
grains algso occur. The samples are cemented with and partially altered
to carbonate (range: 17.7% to 30.9%; average 24.8%) and contain little or
no celadonite matrix. No quartz overgrowths were observed.
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- PROVENANCE OR SOURCE AREA: -- The Brooks Range?

o
= 1
s

1.

2.

3.

Similar to that of the lower Cretaceous rocks of Group II

Major gource: Volcanic flows - intermediate (andesite),
perhaps basaltic to yleld pyroxene and some volcanic rock
fragments; some volcanic glass altered to clasts of
celadonite/chlorite.

Important source - acid intrusive - granodiorite; source for
quartz, biotite, muscovite, oligoclase, and untwinned
feldspar (orthoclase).

Fine-grained sedimentary rock = source for siltstone and
mudstone clagts (some may be penecontemporaneous rip-ups).

Very minor sourcé - low-grade metamorphics = source for

- quartzite or gneiss and quartz mica schist; could be source

for some strained quartz and biotite.

Chert - sedlmontary chert beds or dev1trifled acidic volcanic
glags ag some contain phenocrysts.

Mosaic quartz - vein quartz; some micro quartz veins in chert
and mudstone fragments = source area for vein quartz; some
mogaic quartz may be quaritzite.
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 COMPOSITIONAL MATURITY

Relief and Climate:

The three samples of this suite are compositionally immature, that
is, they contain abundant unstable lithic and mineral] clasts (mainly
feldspars). This immaturity suggests that the nearby(?) source area
was rugged with hills, cliffs, mountains, and steep stream gradients in
a temperate or arctic(?) climate so that various rock sources could be
physically broken up into fragments and small pieces and rapidly removed
from gource area and transported before chemical weathering broke down
unstable rock and mineral clasts into clays.

DEPOSITIONAL ENVIRONMENT AND TRANSPORTING MECHANISM:

Lack of matrix, medium grain size, angular minerals, and poor gorting
in general suggest a rapid mixture of heterogeneous source with winnowing
only of clays. The general angularity of the grains suggests little or
no reworking of mineral clasts and rapid burial after reaching depositional
environment (i.e. rapidly subsiding basin with high rates of sedimentation -
geosyncline). The larger and softer volcanic and plutonic grains are in
some cases well-rounded with minimal transport, The medium grain size
suggests high energy current transport. Probable environment to produce
detritus of this textural maturity are fluvial, deltaic channels, offshore
marine - littoral, or deep-water neritic(?) below wave base,
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DIAGENETIC HISTORY:

Exact order of history is not discernible in thin section.

1.

2.

3..

6.

Te

Compaction minor - little pressure solution of quartz or
contortion of micas.

Carbonate replaced parts of quartz, mosaic quartz, and
groundmass in volcanic clastg.

Feldsparg altered to scattered patches of sericite and carbonate.

Alteration of groundmass in volcanic rock fragments and other
unidentifiable completely altered clasts to yellow fibrous
chlorophaeite, chlorite, and celadonite.

Corrosion of pyroxene fragments.

Oxidation of some magnetite/ilmenite to leucoxene/hematite
aggregates, )

Precipitation of some carbonate cement in pores and in fractures
acrogs graing = lithification. Sample RRR-21l; has undergone
extensive carbonate alteration. '

CLASSIFICATION (Gilbert, 1954):

The three samples of this suite are either lithic or subfeldspathic
lithic arenites (mostly volcanic, RRR-209, DWA-299) or arkosic arenite
(abundant plagioclase feldspar, RRR-21l). See summary triangular diagran.
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PETROGRAPHIC REPORT
UNION OIL COMPANY
North Slope Samples
Sample No.  RRR-209 Analyst: A, R. Niem
Rock Name: medium-grained lithic arenite (mostly volcanic)
Number of points counted: 615 Date: August 2, 1972
Slide Quality: good, except thin edges
TE XTURE
Framework:
Porosity: L.3%; Type: intergranular and granular
Median grain size: medium sand
Sorting: fair
Shape and rounding: quartz and rock frageents are equidimensional
in general and angular; a few volcanic rock fragments
well-rounded due to their relative softness,
Textural Maturity (Folk): mature: 1. little or no matrix
2, fair sorting
3. but most grainms angular
Preferred orientation: none

MINERALOGY

Framework minerals:

Quartz: 19.6%; Types: trace of micrographic quartz; angular equidimensiona

quartz mogtly with undulatory extinction; some
quartz with rutile needle inclusions; mosaic
quartz = coarse- and fine-grained strained quartz
with sutured contacts (microstylolites); some
composed of long bladed crystals of strained
quartz (probably vein quartz); rare well-rounded
' grain
Feldspar: b5.6%; Types: plagloclase feldspar as euhedral angular
A prismg; altered to sericite and albite twinned;
oligoclase and andesine composition;
~ untwinned feldspar (orthoclase?) -
prismatic, euhedral angular; altered to carbonate
and sericite '
microcline as partly rounded equidimensional
clast with microcline twinning '
Micas: 65,8%; Type: chlorite, celadonite
Amphiboles: 6.8%; Type: hornblende '
Heavy minerals: trace; Type: magnetite/Almenite as small partly
rounded clast
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Sample No. RRR-209 continuved . . .

Py ' Rock fragments:

Chert: 5.2%; cryptocrystalline quartz; chalcedony or chlorite
in a series of radiating fibrous arrays '
(spherulites) in one clast (altered volcanic
glass?). Some chlorite replaced clastg with
amygdules. :

Volcanic: 22.6%; Types: aphanitic and coarse-grained intermediate

© volcanic flow lithics consisting of pilotaxitic
aligmment of plagioclase erystals (Carlsbad
twinning) with celadonite green groundmass and
gome with magnetite/leucoxene in the interstices;

other clasts have a random orientation of
plagioclase microlites (intersertal); some clasts
are densely packed with microlites of feldspars;
in others a few euhedral microlites in a crypto-
crystalline groundmass of celadonite green clay
- or dark opaque clay or iron oxide;

one volcanic clast with tiny hornblende
microlites;

a fourth type of volcanic fragment consists
of bladed microlites of irregular zeolites(?)
intermixed with mosaic quartz (looks like bladed
vein quartz except that magnetite or celadonite

~is scattered in the matrix).

Quartzite: trace

Siltstone/mudstones 5.6%

Plutonic: 0.6% as one clast composed of coarse sand sized
crystalline intergrowth of plagioclase (oligoclase)
feldspar (albite twinned) and quartz (the quartz
contains inclusions of light green tourmaline
prisms)

' Compoéitional Maturity (Folk): immature: many unstable volcanic fragments

Diagenetic alteration: 1. Scattered patches of sericite replaced parts
: of plagioclase feldspars;
2, Scattered patches of carbonate replaced
.mineral clasts and occurs in matrix
3. Scattered irregular patches of fibrous greenish
chlorite/celadonite replaced volcanic clasts
and occurs in matrix,

Matrix: (< .03 mm) Trace of authigenic matrix
Type: not all the boundaries of the volcanic rock fragments are
distinct due to alteration to greenish clay celadonite which
in a sense is acting as an authigenic matrix

Cement: 17.7%; none as overgrowths :
Types: carbonate as irregular aggregates filling pores or
replacing grains between framework clasts;
3 ' hematite/leucoxene as irregular opaque coatings on some of
the volcanic rock fragments, feldspars, and quartz grains



L8
Sample No, RRR-209 continued . . .

SUMMARY
INFERENCES AND CONCLUSTIONS

Provenance:

Rock types: 1. Predominantly intermediate volcanic source congisting of
andegitic flows and acidic volcanic glass = source for
hornblende, plagioclase feldspar (andesine),
devitrified spherulitic chert and chalcedony clasts
and for the abundant lithics. Some volcanic clasts have
bladed micro quartz veins that could be the source for
the bladed vein quartz clasts that are abundant. Some
basalt(?) source.

2., Minor source = metamorphic rock for trace of quartzite or
gneiss and for the strained quartz and polycrystalline
or mosaic quartsz

3+ Minor source = fine-grained sedimentary rock = siltstone
and nudstone or shale; micro vein quartz cuts the fine-
grained mudstone or shale clasts, could be vein quartz
source for the large clasts of mosaic quartsz

ke Chert = sedimentary nodules in limestone or deep-sea bedded
chert; some are devitrified acidic volcanic glass as the
chert contains plagioclase microlites; miero vein guartz
in chert = could be the source for mosaic quartz clasts

Relief: Steep relief such as hills, cliffs, and mountainous (not lowlands);
rapid erogion, deposition, and burial before chemical
decomposgition could occur.

Climate: temperate (with winters) or arctic(%) climate for mechanical
weathering to prevail over chemical weathering at times to
produce many unstable rock fragments.

Depositional Enviromment and Transport Mechanism:

Current transport winnowed out the fines and produced some sorting.
Fairly high energy to transport such medium-grained clasts (river or 1ittoral
currents). Rapid deposition and burial before any reworking could occur
(such as in fluvial, marine offshore, subsiding geosynclinal trough). Little
abragional rounding (not surf zone). Some soft large volcanmic clasts round
easily with minimal transport. |

Diagenetic history:

1. Plagioclase feldspar altered to sericite. .

2. Compaction and squeezing grains together. Pressure solution of quartz
minor.,

3. Devitrification of volcanic glass to spherulites of chlorite,

chalcedony, and chert, '

he Alteration of groundmass of many volcanic rock fragments to celadonite

and chlorite. Alteration of rock fragment boundaries.

S. Chlorite and carbonate completely replaced unknown minerals.

6. Precipitation of carbonate and hematite/leucoxene as partial pore
filling cement = lithification.
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PETROGRAPHIC REPORT
UNION OXL COMPANY
North Slope Samples
Sample No,  RRR-21l ' , Analyst: A. R. Niem
Rock Name: carbonate altered arkosic arenite
Number of points counted: 620 Date: July 2L, 1972
Slide Quality: poor, only partial gection, center plucked and empty
TEXTURE
Eremevori
Porosity: 0.8%; Type: some irregular cavities in carbonate matrix
Median grain gsize: medium sand
Sorting: well-sorted
Shape and rounding: euhedral feldspars; angular
Textural Maturity (Folk): mature: 1. no matrix
2. good gorting
3. but euhedral grains
Preferred orientation: none

MINERALOGY

Framework minerals:

Quartz: .0,9%

Feldspar: 53.8%; Types: euhedral plagioclase feldspar, albite
twinning, some Carlsbad twinning, some pericline
twinning, some feldspars untwinned.

Micas: 7.2%; Types: biotite as large pleochroic reddish brown
prismatic clasts with well developed cleavages;
some contain slivers of quartz

Heavy minerals: 1.6%; Types: hematite; ilmenite/magnetite; zircon;

: - apatite; tourmaline

Rock fragments:

Volecanic: 3.0%; Types: clasts with euhedral feldspar laths in
pilotaxitic texture (andegsites?), basalt
Siltstone: 1.L%

Compositional Maturity (Folk): immature: many unstable plagioclase
: _ feldspar and mica minerals as well
ag rock fragments
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Sample No. RRR-21) continuved . . .

Diagenetic alteration:
alteration of edges and some centers of euhedral plagioclase feldspars
to carbonate. Scattered sericite dispersed through much of the feldspar
laths, Biotite edges altered to clay. Some whole fragments altered to
celadonite.

Cement: 30.9%; no cement as overgrowths
Types: carbonate cements feldspar framework grains together;
some minor celadonite acting as cement interspersed with

calcite; minor iron oxide cement.

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: 1. Biotite = acid plutonic or metamorphic; such large flakes
probably acid igneous; some biotite containg
quartz blebs and feldspar = granodiorite or schist
2. Evhedral plagioclase feldspar (andesine?) = intermediate
igneous rocks, andesite tuff or flows or intrusives
3. Few volcanic clasts = intermediate andesite and basalt
h. Siltstone clast = a fine-grained sedimentary source

Relief: High = rapid erosion before much chemical weathering

Climates mechanical weathering over chemical weathering = protection
from chemical destruction of unstable micas and feldspars

Depositional Environment and Transport Mechanism:

Winnowing of fines, some current sorting, rapid deposition and burial
without extensive reworking (low rounding) such as fluvial or neritic gands.
Relatively low energy depositional enviromment as compared with surf to
allow biotite to settle out. '

Diagenetic history: exact order of these events not discernible from thin
: section

Plagioclase feldspar edges and parts of centers altered to carbonate
(carbonatization). Most of feldspar cloudy with scattered sericite/clay
probably formed before carbonate. Minor oxidation of iron minerals,
Formation of celadonite (replaces some volcanic rock fragments)., Precipitation
of carbonate cement. Much of the carbonate cement may be replacement of
volcanic lithics. Alteration of biotite to iron oxide or montmorillonite?
clay. -
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PETROGRAPHIC REPORT
UNION OIL COMPANY
North Slope Samples
Sample No. DWA-299 Analyst: A, R. Niem
Rock Name: medium-grained volcanic‘arenite Date: July 31, 1972
Number of points counted: 63&
Slide Quality: good
TEXTURE
Framework:
Porosity: 0.9%; intergrain
Median grain size: medium sand
Sorting: poor

Shape and rounding: angular quartz and feldspar; some large volcanic
fragments well-rounded

Textural Maturity (Folk): mature - 1. no matrix
2. sorting poor
3. angular to subangular clasts
MINERAIOGY . ’

Framework minerals:

Quartz: 33.7%; Types: large feldspar intergrowth in mosaic quartz;
angular quartz, mostly strained variety,
some gtraight extinction, many corroded edges by
carbonate, gome quartz with contorted iron oxide
inclusions; tourmaline and muscovite inclusions;
mosaic quartz, strained and sutured contacts
some with tourmaline and zircon inclusionss
fragment micrographic quartz
Feldspar: trace; Types: microcline; plagioclase feldspar; untwinned
feldapar (orthoclase) altered to sericite
Micas: 9.7%; Types:. celadonite, chlorite; muscovite (0.6%);
biotite (0.L%)
Pyroxene: L.1%; augite? ,
Heavy minerals: 3.6%; Types: leucoxene; ilmenite/magnetite
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Sample No., DWA-299 continued o, .

Rock fragments:

Chert: O0.L4% , .
Volcanics 16.0%; Types: 1. gome volcanic fragments with slender
corroded feldspar laths in matrix of yellowish
clay (chlorophaeite) and chlorite;
2. large dark clast with long slender
Carlsbad twinned laths of plagioclase in an
“opaque (leucoxene and/or magnetite?) matrix
3. basalt rock fragments, slender .crystals
of plagioclase feldspar, magnetite, and augite?
pyroxene between feldspars (intersertal texture);
Li. spheritic devitrified glass to celadonite/
chlorite
Schist: 0.9%
Quartzite: 0.9%
Mudstone: 0.4%
Intrusive (granodiorite?): 2.9%

Compogitional Maturity (Folk): immature: many unstable lithic fragments
(plutonic, sedimentary, voleanic, and metamorphic)
ag well as unstable mineral grains

Diagenetic alteration:
1. Carbonate replacing some quartsz
2. Yellow-brown clay replaces groundmass in volcanic rock fragments;
also occurs as irregular fibrous aggregates replacing (along with
carbonate) other clasts or in matrix

Cement: 25.8%; none as overgrowths
Types: carbonate cements framework grains together; yellow
chlorophaeite clay as irregular fibrous (sometimes with cleavage)

aggregates

SUMMARY
" INFERENCES AND CONCLUSIONS

Provenance:

Rock types: Source is a heterogeneous mixture of predominantly basalt
and other volcanic flows and lesser amounts of low-grade
metamorphics (schist and quartzite) and acid intrusives
(granodiorite?) and very minor sedimentary.

1. Basalt flow = pyrozene and plagioclase laths intergrown (texture)

2. Acid plutonic (granodiorite?) = quartz intergrown with plagioclase
feldspar (oligoclase); probable source for biotite, muscovite,
microcline, quartz, and micrographic quartsz

3. Quartz muscovite chlorite schist and quartzite = low-grade
metamorphic (micro-vein of quartz seen in one quartzite fragment)

g”% L. Mosaic quartz = quartz vein associated with low-grade metamorphic

De Mudstone = fine-grained sedimentary rock or penecontemporaneous

rip-up
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Sample No. DWA-299  continued ., .

Provenance: .

Rock types: continued . . .

6. Imenite/magnetite = basalt flow or acid intrusive

7. Fibrous intergrowths of quartz and minor plagioclase = intrusive?
like micrographic quartz clast

8. Untwinned feldspar (orthoclase?) partly altered = acid intrusive

Relief: steep relief to allow rapid removal of unstable detritue;

predominantly mechanical weathering over chemical weathering;

various rock sources could be mechanically broken up into small
pieces; these rock pieces rapidly removed from source area and
transported before chemical weathering destroyed fragments into clay.

‘Depogitional Enviromment and Transport Mechanigms:

Medium grain size and poor sorting suggest a rapid mixture of heterogeneous
gources with winnowing only of clays; little reworking and rapid burial
after reaching depogitional environment as the quartz grains are very

angular,

The larger and softer volcanic and plutonic graing in some cases

were well-rounded with minimal transport. Probable environment = fluvial,
offshore littoral, deltaic, or deep-water.

Diagenetic higtory: Exact order of history not discernible.

1. Compaction minor, no pressure solution or contortion of micas.

2,
3e

L.

Feldspars altered to scattered particles of sericite and carbonate.
Carbonate replaced parts of quartz, mosaic quartz, and groundmass
of volcanic clasts.

Alteration of groundmass in volcanic lithic clasts to yellowish
mineral chlorophaeite, chlorite, and carbonate.

Complete alteration of unidentifiable minerals to yellow fibrous
clay mineral (chlorophaeite),

Oxidation of gome magnetite/ilmenite to leucoxene/hematite aggregates,
Precipitation of carbonate cement in pores and in fractures across
graing. o

Corrosion of pyroxene augite fragments.
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SUMMARY - Group IT

Thin sections included in Group IT: RRR-376A, 376B, 378, 379, 382A, 382B,
3839 38)45 393, 3953 397’ )-lO]-s )402, Lloh (lLl Samples)

Age and Field Relationships (Rose): Iarly Cretaceous; Waring Mountains,
deposited in an eagt-west basin 70 to 170 miles east of Group I
gource area to the north in the Brooks Range

MINERALOGY:

In general, all the samples are similar mineralogically although the
abundance of various mineralogical components and/or rock fragments vary
from one section to the next. Some of the more rare mineralogic components
do not occur in some sections. The mineralogy, arranged in order of
abundance, is as followss

Quartz: 1. Angular, strained or undulatory extinction quartz most
' common (range: trace to 23.3%; average: 7.9%)
2. Mosaic or polycrystalline quartz (mostly composed of
sutured or microstylolitic and strained quartz)
(range: trace to 6.2%; average: 4.0%)

Feldspar: 1, (most abundant) Plagioclase - angular prismatic shape -
(albite twinned); some ?ericline twinning; compogition:
oligoclase to andesine (Any,Abga 40 An,. Abgas
rarer albite Abg,An ) (tra%g t§822.5%)32A 60

2, Microcline - rafé - trace in RRR-LOL, 38k, 395

3. Untwinned feldspar, partly altered to gericite; probably
orthoclage or k-gpar; some could be untwinned plagioclase;
need to stain or know the index of refraction of the
mounting medium, -

Micas: 1. Biotite or muscovite is rare or absent - trace of biotite
in RRR-)02
2. Chlorite, celadonite (fibrous green clay mineral;

. range: trace to 17.2%; average: 10.6%), and/or
chlorophaeite (fibrous yellow clay mineral replaces -
volcanic(?) clasts as alteration product; range: none to
7.9%; average: 6.8%); common in all sections.

Amphiboles l.vHornblende - pleochroic green prisms;'also oceurs in
some plutonic clasts or as phenocrysts in volcanic rock
clasts; ranges none to 12.9%; average when present: l.7%

Pyroxene: 1. Clinopyroxene - colorless to light yellow; also oceurs
in phenocrysts in a few volcanic rock fragments;
range: O to 6.6%; average when present: 3.6%




Rock fragments:

Chert: 1.

85

Angular clasts of cryptocrystalline quartz, some clasts
with micro quartz veins; Range: O to 23.4%; average
when present: li.7%

Volcanic rock fragments:l ‘Range: 1.9% to 61.5%; average:s 25.L%
A, (most abumdant rock type) Andesite and basalt lava rock
fragments, textural types:

1.

3.

Porphyritic - hornblende, plagioclase feldaspar, or
pyroxene in groundmass of celadonite, opaque iron
oxides (1eucoxone), or brownish clay and with or
without feldspar microlites; probably hornblende
andesite; plagioclase compositions are acid andesine;
some may be bhasalts in composition.

Pilotaxitic, parallel aligned microlites of plagioclase
feldspar usuwally with a celadonite, brownigh clay, or
opague iron oxide groundmass; this texture is commonly
found in volcanic rocks of intermediate composition
(andesgite) .

Intersertal - randomly oriented plagioclase feldspar
mierolites gometimes intergrown with opaque iron oxides,
more rarely pyroxenes; commonly containg groundmass of
greenish celadonite or brownish to opaque clays and iron
oxides.,

B, Celadonite/chlorite or more rarely in some sections chlorophaeite
replaced clasts of probably altered vesicular volcanic glass;
Range: O to 8.6%; average: 6.5%

1.

Sedimentary rock

p

2,

3.

Amygduloidal - celadonite clasts with spherical cavities
or amygdules contain radiating fibrous chlorite or
celadonite - may have originally been.long or short
tubed pumice.

fragments Ranges O to 15.5%; average: 6.0%

Most abundant type is mudstone

a. brownish or black (opaque) clay with or without
occagional silt-sized angular quartz, mica, or
opaque iron oxide,

b. Brownish clay with dark black opaque carbonaceous?
or iron oxide (leucoxene) laminations; some with
spherical micro-vugs filled with mosaic quartz
(distort laminae), may be recrystallized radiolaria
= deep-sea nuds

Siltstone - minor - angular clasts with abundant silt-

sized angular quartz and/or muscovite or feldspar in a

dark brown or opaque clay matrix.

Sandstone - rare - fine sand-sized clasts

Igneous intrusive or acidic plutonic clasts
Range: O to 10.9%; Average, when present: 5.2%

1.

Granodiorite or quartz diorite composed of interlocking
crystals of quartz, albite twinned plagioclase feldspar
(commonly oligoclase, sometimes albite), and, more
rarely, green hornblende and untwinned feldspar
(probably orthoclase, k-spar). .
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Heavy minerals: 1. Magnetite/ilmenite (trace to few percent)
2. Hematite (trace to few percent)
3. Leucoxene (trace to few percent)
L. Colorless zircon (trace) '
5. Colorless garnet in a quartzite clast in RRR-)02

Metamorphic rock fragments (rare)
l. quartz mica schist - trace only in RRR-395, 402
2. Quartzite - trace only in HRRR-402, LOl; one with garnet

Matrixs Percent of matrix ranges from 0% to 34.9%; averages 17%.
Predominantly a greenish celadonite matrix of probable diagenetic origin,.
This is suggested because the groundmass in many of the volcanic rock
fragments has been altered to celadonite; and in many of these clasts there
are no distinct grain boundaries. Commonly the groundmass celadonite in the
volcanic clasts merges with the celadonite matrix. In some sections this
relationship is not clear. In most sections the framework minerals are in
grain support; but in a few fine-grained sections, there is partial matrix
support for some framework clasts, also suggesting a diagenetic origin for
the matrix. In some sections (RRR-376B, 378, 379, 382B, 393, L02) the matrix
may be, in part, original and consists of a dark to brownish cryptocrystalline
clay that outlines rock and mineral clast boundaries but does not appear to _
have been formed from these unaltered clasts. Volcaniclastic rocks are very ‘
sugceptible to the formation of diagenetic matrix resulting in destruction of
porogity - commonly poor reservoir rocks.

Cement - Percentage of cement ranges from a trace to 26.3%, average when
present = 3.5%., Few or no quartz overgrowths were observed, The amount of
cement in this suite of lower Cretaceous rocks is quite low. It is
characteristically of two iron oxide types, leucoxene or hematite, with
leucoxene being the dominant variety. The cement consists of occasional
opaque aggregates or filaments of iron oxides scattered throughout the
sections cementing a few clasts together. Only in one section, RRR-3764,

a hematite cemented granule conglomerate, is the percentage of cement high
(26.3%). Carbonate cement is lacking in this suite and occurs only as an
occagional pore filling.

This suite of lower Cretaceous rocks is characterized and can b
distinguished from other rock suites by: ;

1. Abundance of volcanic rock fragments (some sections are composed
almost entirely of volcanic rock fragments; others contain equal
mixtures of mudstone, chert, and volcanic rock fragments and
minor plutonic rock fragments).

2. Lack or only trace of muscovite, biotite, schist, or quartzite,

3. Lack or only trace of carbonate cement. .

L. Abundance of celadonite/chlorite or chlorophaeite replaced
clasts (some amygduloidal) producing a greenish hue.

5. Abundance of plagioclase feldspar particularly in the medium-
grained sandstones (where unstable volcanic rock fragments are
broken down mineralogically to fine grain size, feldspar becomes
the most abundant mineral),

6. Low amount of quartz.

7. Occurrence of green hornblende and colorless clinopyroxene.,

8. Abundant authigenic celadonite matrix; some brown clay.
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COMPOSITIONAL MATURITY

This suite of Cretaceous rocks ig compogitionally immature (Folk's
classification) because they contain abundant unstable rock fragments
(mainly volcanic, some plutonic, and sedimentary) and unstable minerals
(plagioclase and untwinned feldspar, hornblende, and pyroxene).

PROVENANCE OR SOURCE AREA - probably Brooks Range (Rose)

1. Mainly volcanic: a. Mainly volcanic flows - most of which are
‘ intermediate in composition (hornblende andesites)
gource for volcanic rock fragments (pilotaxitic
and many porphyritic varieties), andesine
plagioclase, hornblende, clinopyroxene; some
clagts with intersertal texture - may be
andesitic or bagaltic in composition (can't tell)
b. Minor altered volcanic glass - tuffs?; source for
chlorite, celadonite, or chlorophaeite replaced
clasts particularly the amygduloidal varieties
(pumice?)
2. Minor source - fine-grained sedimentary rock - mainly mudstone;
may be also penecontemporaneous current rip-ups of mud bottom;
however, those with micro quartz veins are obviously derived from
lithified mudstone; some possible recrystallized radiolaria in
laminated clasts (deep-water mudstone - geosynclinal)
Minor siltstone provenance - source for siltstone
clasts

3. Minor source, acid igneous plutonic or intrusive rock - granodiorite
or quartz diorite
a. Source for plutonic clasts also for hornblende, quartz,
oligoclase, and albite twinned plagioclase feldspar, and
untwinned feldspar (orthoclase)

Lh. Rare source - metamorphic - source for rare occurrence of biotite,
muscovite schist and quartzite (some garnet grade)

5. Chert: 1. Sedimentary. source; may be clasts from deep-water
recrystallized radiolarian chert beds or chert nodules
weathered out of limestone beds. ’ ,

2. Volcanic source; devitrified acidic volcanic glass
may alter to cryptocrystalline quartz (impossible to
distinguish from sedimentary derived chert). A few
chert clasts, however, contain euhedral phenocrysts -
of plagioclase feldspar suggesting an origin from
devitrification of acidic volcanic glass groundmass,

6. Polycrystalline or mosaic quartz - may be vein quartz origin because
much is clear; gome chert and sedimentary mudstone
clagts contain micro quartz veins filled with mosaic
quartz, thus the mosaic quartz provenance is probably

- a fine-grained sedimentary one with quartz veins. Some
may be, however, recrystallized quartzite, e.g. gtrained
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PROVENANCE

6. continued . . . :
and sutured or microstylolitic quartz, but much of
this mosaic quartz clast does not have preferentially
elongate quartz as do the few quartzite clagsts (these
quartzite clasts also contain some oriented muscovite
- foliation). |

Relief and Climate:

The compositional immaturity of this suite (great abundance of
unstable mineral and rock fragments) suggests that the source areas
consisted of rugged topography (e.g. hills, mountains, sea cliffs?) with
steep stream gradients in a climate where mechanical weathering processes
dominated over chemical weathering (at least at times, such as during
winter in temperate climates or possibly strictly arctic(?) climate).

The dominance of mechanical weathering would produce abundant angular
lithic clasts and physically break apart unstable minerals which in an
otherwise chemically dominated climate (e.g. tropical) would be altered to
clays. The steep topography in the source area and along the path of
transport resulted in rapid removal and transport of the chemically
unstable detritus to the depositional area before any significant
destruction to clays by chemical weathering could occur.
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TEXTURAL CHARACTERISTICS

The early Cretaceous suite ig characterized by little to abundant
matrix (range: 0% to 34.9%; average 14.6%), poor sorting, and angular
mineral clasts. They are texturally immature to mature following Folk's
clagsification. In general, the finer grained sandstones contain more
matrix (are wackes) than the coarse-grained sandstones and conglomerates
which are arenites as the finer grained sandstones appear to have undergone
more extensive diagenetic alteration in formation of diagenetic matrix or
originally contained more clay matrix as a result of being depogited in
lower energy enviromments. The coarser sandstones contain more spherical,
equidimensional, prismatic clasts then the finer sandstones (most commonly
angular elongate clasts) and sometimes contain some subrounded to well-
rounded volcanic rock fragments (being softer and larger, they round
earlier than the more abrasion resistant quartz, feldspar, and other
mineral detritus). Grain sizes: two samples are very fine-grained
gandstones, two are fine-grained sandstones, four are medium-grained
sandstones, two coarse-grained sandstones, two are very coarse sandstones,
and two are granule conglomerates.

The porosity is mainly intergranular (pore space associated with
matrix or between framework clasts) or less commonly granular (pore spaces
derived from dissolved framework clasts) and is generally too low
(0.L4% to 5.7%; average: 2.8%) for this suite of rocks to be a good
potential reservoir. The porosity is low due to extensive diagenetic
alteration of the volcanic clasts clogging pores and to much less extent
due to minor cementation (iron oxides). Some porosity may have bheen
artificially produced in preparation of the thin sections.

DEPOSITIONAL ENVIRONMENT AND TRANSPORTING MECHANISM

The general poor sorting and angularity, and, in some cases, original
matrix (texturally immature quality) of the lower Cretaceous samples suggest
that they were rapidly transported, deposited, and buried with little or
no reworking by currents such as in a surf or eolian environment. The
angularity and poor sorting suggest that these rocks were probably deposited
in a rapidly subsiding basin (geosyncline?) with high rates of sedimentation
(= rapid burial). The textural characteristics of the coarse sandstones
(medium sand to granule size) which, in general, have little or no original -
matrix suggest that they underwent some wimmowing and that they were .
deposited by high energy currents (some oriented clasts in RRR-376A and
38L) such as that found in a deltaic channel, fluvial, or offshore marine
environment (near sea cliffs below wave base) whereas the finer sandstones
tend to contain a little more original clay and being finer grained and
sometimes laminated (RRR-379 and L0l) suggest they were deposited by
weaker currents (low flow regime) in low energy enviromments such as
overbank, lagoonal, swamp, protected bay, or offshore deep marine (below
wave base),
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DIAGENETIC HISTORY

The exact sequence of events is not discernible in thin section.

1. Minor compaction - grains and soft gsedimentary clasts do not
appear to be crushed except in one case.

2. Alteration of plagioclase and untwinned feldspar to scattered
patches of sericite (particularly along cleavage planes) and
more rarely to carbonate. ‘

3. Diagenetic alteration of groundmass of many volcanic fragments
mainly to greenish celadonite, sometimes chlorite and/or
chlorophaeite (yellow mineral). Obliteration of rock fragment
boundaries. Hornblende remains relatively fresh. Probable
vegicular volcanic glass alters entirely to celadonite, chlorite,
or chlorophaeite with spherical amygdules (vesicles) infilled
with radiating chlorite or celadonite.

L. Formation of authigenic celadonite matrix from alteration of
voleanic clasts infilling pore space, reduction of porosity.
Rare carbonate infills some pores.

S. Oxidation of iron mineral (magnetite/ilmenite) to leucoxene
and less commonly to hematite, precipitation in pore spaces
as cement (not very abundant).

CLASSIFICATION (Gilbert, 195L):

Lithic arenites include samples: RRR-376A, 376B, 383, 38k, and
Lok (volcanic) and 397

Arkosic wackes include sampless RRR-395 and 401

Lithic wackes include samples: RRR-378, 379, 3824, 382B (volcanic)
and 393

In general, most of the coarse-grained sandstones are arenites
(<10% matrix) and are composed predominantly of volcanmic lithic fragments
although some are composed of almost equal amounts of fine-grained
sedimentary, volcanic, and plutonic rock fragments. The arkosic wackes
are composed of predominantly plagioclase feldspar and lesser or equal -
amounts of quartz. Many of the wackes (>10% matrix) may be wackes due to.
diagenesis rather than original matrix and the original sediment wag an .
arenite (< 10% matrix). '
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PETROGRAFHIC REPORT
UNION OII, COMPANY
North Slope Samples.

Sample No.  RRR-376A Analyst: A. R. Niem
Rock Name: hematite cemented volcanic granule conglomeraté
Number of points counted: 653 Date: August 15, 1972
Slide Quality: fair, only part of section is covered
TEXTURE
Fremework:
Porosity: 2.7%; Type: granular, spaces in the clasts
Median grain size: granules
Sorting: poor

Shape and rounding: subangular to ahgular; rectangular shaped
clasts; some spherical grains

Textural Maturity (Folk): Mature: 1. No matrix
2. Poor sorting
3. Subangular fragments

Preferred orientation: long axes of rock fragments parallel to
long direction of thin section

MINERALOGY

Framework minerals:

Quartz: 5.1%; Types: 1l. Large elongate gubangular mosaic or
polycrystalline quartz clasts; the
" quartz in the clasts contain sutured or
microstylolitic contacts and has strained
extinction (l.L%)
2, trace of angular coarse sand size stralned
quartz (0,7%)
Feldspar: trace; Type: a few plagioclase laths associated with
© volecanic rock fragments.

Rock fragments:

Chert: 7.7%; elongate to triangular shaped fragments of crypto-
crystalline quartz; a variety of kinds and sizes:
a) some with patches and micro veinlets of mosaic
€ quartz (1.2%)
@ : b) many have hematite filled fractures cutting them
, ¢) some are fibrous chalcedony varieties;
d) some with specks of magnetite altered to hematite
and thin micaceous clay filaments oriented parallel
to long direction of chert clasts
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Sample No., RRR-376A continued ., . .

Rock fragments: continued . . .

Volcanic: U1.9%; 1. Porphyritic lava flow clasts; large euhedral
Carlsbad twinned plagioclase and reddish brown
crystals of unknown composition in a groundmass
composed of cryptocrystalline quartsz (zeolites?)
and celadonite; a few clasts contain euhedral
feldspars in opaque clayey groundmass;

2, Many clasts contain irregular hematite-filled
fractures; in some clasts feldsgpar laths
badly altered to celadonite or zeolites? (one
green clast consists of green celadonite

' replaced microlites of feldspar).
8.5%; Celadonite replaced rock fragments; probably
originally volcanic, before alteration;

some are elongate celadonite replaced clasts;

looks like replacement of vesicular volcanic

glass (spherical celadonite-filled amygdules

and shards?).

Mudstone: 7.5%; Mudstone or shale clasts with angular silt-sized
quartz and mainly opaque clay matrix; some
contain contorted laminations; some clagts are
cut by micro-veins of mosaic quartz

Compositional Maturity (Folk): Immature: many lithic fragments

Diagenetic Alteration: 1. Volcanic and other rock fragments altered to
celadonite or brownish clay mineral.
2. Some feldspar in volcanic clasts replaced by
celadonite and clear zeolites?.
3. Partial replacement of some grains by hematite.
L. Large rock clasts completely altered to brownish
clay.

Matrix: ( <.03 mm) none

Cement: 26.3%; nowe as quartz overgrowths

Type: hematite cement, abundant dark opaque material between clasts;
also fills veinlets and fractures in the clasts; the abundance
of dark hematite gives the dark reddish hue to the rock; the .
greenish hue is due to the abundance of celadonite replaced
rock fragments. Veinlets of mosaic quartz cut clasts and
hematite cement (quartz veinlets are post-hematite cement),
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Sample No. RRR-376A  continued . . .

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock Types: 1. Volcanic lava flows and volcanic glass shards, basic
and/or intermediate compogition; can't tell which.

2. Chert = sedimentary source from nodules in limestone
erogion of deep-water novaculite beds or devitrified
acidic volcanic glassg.

3. Mosaic quartz = probably vein quartz associated with
sedimentary and volcanic source rocks (it is also
contained within sedimentary and volcanic clasts).

L. Mudstone or shale = some may be penecontemporaneous
rip-ups of mud bottom (too soft to be transported far)
or derived from erosion of fine-grained sedimentary
rock; quartz veinlets in some sedimentary clasts suggest
erosion from lithified sedimentary rocks.

Relief and Climate: mechanical weathering predominated over chemical
weathering at times as in such climates as arctic(?) or
temperate (seasonal variation - winters); steep topography -
hills, mountaing, high stream gradients; steep relief = rapid
erosion and removal of unstable rock fragments before chemical
decomposgition.

Depositional Environment and Transport Mechanisms

High energy current transport accounts for coarse.grain size, orientation
of clasts, and winnowing of fines, such current transport as in streams
(fluvial) or offshore littoral marine currents; poor sorting and general
subangularity suggest rapid deposition and burial before any extensive
reworking and abrasion (not likely surf) as in deltaic or river channel,
or near sea cliffs or mouth of large river entering sea. Deposited in an
area of high subsidence and sedimentation rates (as in geosynclinal sequence).

Diagenetic History:

1. Diagenetic alteration of volcanic clasts and rock clasts of unknown
original composition to celadonite, brownish clay and iron oxides;
and alteration of some feldspar to celadonite and/or zeolites(?).

2. Oxidation and precipitation of abundant hematite cement by
groundwater in the interstices and pores between rock clastg =
lithification accompanied by compaction and fracturing of clasts;
precipitation of iron oxides in fractures in rock fragments.

3. Later compaction and more fracturing and precipitation of vein
quartz in rock clasts and hematite cement. ’

Porosity too low (pores infilled with hematite cement) to be a
potential reservoir.
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Sample No. RRR-376B Analyst: AA. R; Niem
Rock Name: Very coarse-grained volcanic arenite
Number of points counted: 613 Date: August: 12, 1972
Slide Quality:v good, except one side gouged out
TEXTURE
Framework{
Porogity: 1.6%; Type: dintergrain
Median grain size: very coarse sand, Range: medium sand to granule
Sorting: fair

Shape and rounding: rounded to subrounded; equidimensional and
spherical rock fragments

Textural Maturity (Folk): Mature to supermature
1. Little matrix (authigenic)
2. Well-sorted to fairly gorted
3. Rounding high
Preferred orientation: none
MINERATOGY

Framework minerals:

Quartz: 2.7%; 1. Angular quartz (0.5%)
2. Vein quartz associated with some chert as micro-
veins and in large plutonic lithic fragment;
straight contacts (0.L%)
3. Mosaic quartz, straight contacts and sutured
varieties with strained extinctions (1.8%)
Feldspar: L.7%; Types: Plagioclase albite twinned = abundant;
. Untwinned feldspar (orthoclage?) = trace;
Andesine crystals in volcanic fragments;
Oligoclase crystals in plutonic fragments
(range: AnlEAbBS to Ab32An68).

Micas: 1.7%; Types: chlorite filling amygdules in volcanic rock
fragments, as alteration product
2. Chlorophaeite as alteration of groundmass
in volcanic rock fragments
o Amphiboles: 0.9%; Hornblende as euhedral crystals, some as
fﬂ% phenocrysts in volcanic rock fragments; others
as individual crystals
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Sample No.  RRR-376B continued . o o

Pyroxene: 1.U4%; Colorless to yellow clinopyroxene (augite?);
large semirounded grains, some as phenocrysts in
volcanic rock fragments

Heavy minerals: 0.8%; Rectangular masses of leucoxene; some
metallic ilmenite altered to leucoxene

Rock fragments:

Chert: 5,5%; Mainly cryptocrystalline quartz with some contorted
filamente of iron oxide passing through clast; some with
feldspar phenocrysts; some with authigenic replacement
of chert by yellowish-orange chlorophaeite; some
rounded chert clasts contain spherulites of chalcedony
with extinction crosses form pattern.

Volcanic: 61.5%; very fine- and coarse-grained clagts,

Types: 1. Clasts with pilotaexitic (or trachytic) texture =
feldspar microlites aligned in subparallel manner
with accessary magnetite (now leucoxene) in groundmass
of yellowish chlorophaeite (alteration mineral) s

2. Some porphyritic lava clasts with phenocrysts of
feldspar or clinopyroxene.

3. Some volcanic clasts with intersertal texture, random
orientation of feldspar laths and/or hornblende with
gecondary minerals chlorite, chlorophaeite, or dark clay.

Lhe Intergranular texture or intergrowth of feldspar
laths and clinopyroxene (augite?).

5. Some volcanic clasts with gpherical amygdules filled
with radiating needles of chlorite.

Sedimentary: L.L%; mostly siltstone as large semi-round fragments
composed of abundant angular silt-sized quartz
graing in a clay matrix.

Rare mudstone, dark black opaque siliceoug?
clast with silt-sized quartz and abundant
orange-brown clays (some with dark fibrous
laminae); one mudstone clast congigting of
angular clay fragments cemented with vein
quartz (straight contacts) and clay

Plutonic: UL.7%; Acidic plutonic or intrusive rock fragments;
crystalline intergrowth of coarse crystals of
strained quartz, plagioclase feldspar (oligoclase),
untwinned feldspar (orthoclase?) or hornblende
and plagioclase. '

Compositional Maturity (Folk): Immatures many rock fragments; some well-
rounded clasts

Diagenetic Alteration: 1. Feldspar altered to scattered patches of sericite,
: chlorite, and chlorophaeite.
2., Chlorophaeite and chlorite replacing groundmass
of volcaniec rock fragments,
3. Grayish clay masses replaced up to 3/L of rock
fragments.
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Sample No.  RRR-376B  continued . o .

Matrix: ( ¢.03 mm) 9.2%; in part authigenic chlorophaeite (some indistinct
volcanic rock boundaries)
Type: dark opaque clay that outlines grain boundaries as thin line;
probably primary

Cement: trace; none as overgrowths
Types some leucoxene cement

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: 1. Mainly volcanic; hornblende and/or pyroxene andesite
. lava flow = source for pilotaxitic fragments, hornblende,
intersertal volcanic rock fragments, andesine, and
‘plagioclase feldspar; clinopyroxene phenocrysts in
volcanic rocl fraguents may have some basaltic rock
composition for source rock.

2. Chert; some have phenoerysts and micro quartz veing,
may be devitrified or altered acidic volcaniec glags;,
chert terrain source of mosaic quarts (as vein quartz);

3. Chlorite/chlorophaeite altered voleanic glass = glassy
lava rock fragments;

lie Minor source = acid intrusive rock, granodiorite and
quartz diorite source for quartz and plagioclase; a
few with hornblende; also gource for plagioclase
feldspar and untwinned feldspar (orthoclase);

5. Minor source = fine-grained sedimentary source
siltstone, mudstone (may be penecontemporaneous rip-
ups of mud bottom), shale; chert - nodules in limestone
or gsedimentary chert beds.

Relief and Climate: Steep relief (hills, mountaing) and mechanical
weathering prevalent over chemical at times (e.g. temperate
climate) resulted in rapid erosion and transport of rock
fragments before complete chemical destruction.

Depositional Environment and Transport Mechanisgms

Texturally mature to supermature implies that there was some winnowing
of fines, reworking and some sorting of clasts and rounding of rock
fragments, not necegsarily a surf zone or beach environment; could be also
fluvial or nearshore shallow marine environment as rock fragments will
round very rapidly with minimum of transport in any high energy
environment compared to quartz.

Diagenetic History:

1. Compaction minor.

2. Reduction of porosity by formation of diagenetic minerals, chlorite,
chlorophaeite, and clays in pores.

3. Oxidation and hydration of ilmenite/magnetite in rock fragments
and individual clasts to leucoxene.

L. Authigenic growth of chlorophaeite and some chlorite in the
groundmags of volcanic rock fragments.
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: PETROGRAPHIC REPORT
ED UNION OTI, COMPANY
A4 North Slope Samples
Sample No. RRR-378 Analyst: A. R. Niem
Rock Name: fine-grained arkosic-volcanic wacke
Number of points counted: 626 Date: August 2, 1972
Slide Quality: good, thin on one side but most of section covered
TEXTURE
Framework:
Porosity: 5.7%; Type: intergranular
Median grain size: fine sand
Sorting: fair to good
Shape and rounding: angular clasts are prisms, elongate in shape
Textural Maturity (Folk): Immature to mature:
1. Abundant matrix
2. Fair to good sorting
3. Angular grains
Preferred orientation: none

MINERALOGY

Framework minerals:

Quartz: 3.9%; Types: angular elongate fragments mostly with
' strained extinction (3.3%)
mosaic quartz and/or zeolites(?); clasts
containing amygdules filled with greenish
celadonite (0.6%)

Feldspar: 26.8%; Types: mostly untwinned feldspar occurring as
angular prisms; some cavities in feldspars
filled with greenish celadonite; also albite
twinned _

' plagioclase occurs as angular euhedral
prisms altered to patches -of sericite

Amphiboles: 1.2%; green hornblende prisms

Pyroxene: 5.5%; colorless to pale yellow clinopyroxene prisms

Heavy minerals: 2.0%; Types: 1. magnetite/ilmenite as square opaque’

and spherical grains;

2. glauconite(?) occurs as dark green
rounded spherical and elongate pellets; some
contain quartz and other minerals in their
interiors

3. leucoxene occurs as alteration
product on some clasts and as part of matrix
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_ Sample No. RRR-378 continued . . «

Carbonate: 6.7%; single crystals of carbonate éompletely replace
- feldspar prismatic clasts or occurs ag pore
fillings ‘ :

Rock fragments:

Chert: 0.7%; cryptocrystalline quartz, some with scattered crystals

of opaque iron oxides

Volcanic: 5.7%; altered volcanic lava flow fragments consisting

of a few feldsgpar microlites in greenish

celadonite groundmagss; one rock fragment with

hornblende phenocryst; posgibly sickle-shaped
: shards altered to clay;

Altered volcanic? clasts: 17.2% greenish fibrous celadonite and/or
chlorite replaces roundish to elongate clasts,
many containing amygdules filled with
radiating celadonite or chlorite = devitrified
volcanic glass (pumice?); some celadonite
replaced clasts contain plagioclase laths
= yolcanic

Mudstone: 1.5%; brownish mudstone or shale clast, rounded; larger

in size than quartz and feldspar clasts; consists
of dominantly brownish clays and opaque iron
oxides with some silt-sized angular quartz; one
mudstone clagt with micro quartz vein

Compositional Maturity (Folk): Immature: abundant unstable feldspar and
pyroxene and volcanic rock
fragments

Diagenetic Alteration:

1. Individual carbonate crystals completely replace feldspar prisms
2. Untwinned feldspar and plagioclase altered to patches of sericite
and/or carbonate 4
3. Amygduloidal celadonite and/or chlorite replaced volcanic glass(?)
clasts (pumice?)
~ Rare carbonate replacement of celadonite replaced clast
Carbonate crystals infill pores
On one edge of section, the matrix has been oxidized to limonite/
hematite (weathering)

O\U‘U.:‘

Matrix: (< .03 mm) 22.3%; Original and some authigenic

Types: clay matrix = celadonite and brownish to opaque cryptocrystalline
aggregates surrounding and between framework clasts
some part of the celadonite matrix may have formed by the
breakdown of rock fragments although there are few volcanic
rock clasts without definite boundaries and totally there are
few rock fragments in the sample.
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Sample No., RRR-378 continued . o »

Cwé ’ SUMMARY
e INFERENCES AND CONCLUSIONS

Provenance:

Rock types: 1. Major source = volcanic source as evidenced by the
occurrence of s
a) volcanic flow fragments, also could be source for
plagioclase feldspar, pyroxene, and hornblende
b) celadonite/chlorite replaced volcanic glass(?)
containing chlorite infilled amygdules (vesicles)
or bubble walls; probably originally pumice clast
= pumiceous tuff source or may be primary agh fall
material intermixed with terrestrial detritus
2. Minor source = fine-grained sedimentary rock; mudstone,
shale, one clast with micro quartz vein; some may be
penecontemporaneous current rip-ups derived from the
mud bottom, '
3. Source of quartz and untwinned feldspar = igneous or
metamorphic; too angular to be recycled sedimentary
source.

Relief and Climates Mechanical weathering dominates over chemical at
times (as during winter in a temperate climate) to produce rock
fragments and abundant chemically unstable feldspar and pyroxene
of a fine grain size; but chemical weathering prevailed at
times to produce some clay (matrix) from unstable minerals.
Rapid erosion over terrain of moderate to subdued relief
resulted in fine grain size and abundant original clay and
unstable mineral grains.

Depositional Environment and Trangport Mechanisms

Depogition in a relatively low energy enviromment in which clay settled
with fine-grained detritus (although some clay was diagenetically formed).
Little or no reworking by currents as suggested by the general angularity
of the framework grains and abundance of matrix although some sorting
occurred in transport. Fine grain size suggests transport was by low energy

currents. Angularity of clasts suggest non-eolian. Environment of
deposition = lagoonal overbank, swamp, or offshore marine sands below wave
base, i.e. deep-water neritic not surf. Occurrence of possible glauconite
pellets suggests deposition in marine environment although more likely
these pellets are really celadonite derived from alteration of acidic
volcanic glass as there are many other such celadonite replaced fragments
in the section.

Diagenetic History:

1. Compaction; some feldspar prisms penetrate and compress the
celadonite replaced clasts.

2. Authigenic alteration of volcanic glass with vesicles to
celadonite and sometimes to chlorite; infilling of vesicles with
radial spherulites of celadonite/chlorite.

3¢ Precipitation of carbonate crystals in pores from Ca and carbonate-
rich groundwater solutions and replacement of some feldspar by

"large crystals of carbonate (probably calcite).

h. Alteration of twinned and untwinned feldspar to patches of sericite
and/or carbonate.
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PETROGRAPHIC REPORT
UNION OIL COMPANY
North Slope Samples
Sample No. RRR-379 Analyst: A. R. Niem
Rock Name: Very fine-grained arkosic wacke Date: Auvgust 22, 1972
Number of points counted: 650
Slide Quality: okay, too thin on one side; artificial crack across section
TEXTURE
Framework:
Porosity: 3.8%; Type: intergranular
Median grain size: very fine-grained gand
Sortings good to fair
Shape and rounding: angular; laths and elongate minerals
Textural Maturity (Folk): TImmature: 1. Abundant matrix; authigenic
' in part
2. Fair gorting
3. Very angular clasts and

minerals

Preferred orientation: fine laminations parallel to long direction
’ of slide ,

MINERALOGY

Framework minerals:

Quartz: 9.2%; Types: angular elongate gtrained and unstrained
- grains (8.4%) and mogaic quartz (0.8%)
Feldspar: 38.7%; Types: clay altered feldspar
: plagioclase as laths and prisms; albite
twinned; some completely replaced by micaceous
clay
untwinned feldspar (orthoclase?) and
' sericite _
Micas: UL.6%; Types: chlorite and celadonite replaced elongate
mineral clasts
Pyroxenes 1.2%; Type: colorless, angular, high relief
Heavy minerals: 5.6%; Types: ilmenite/magnetite (2.3%) as
irregular rectangular grains with edges altered
to hematite or leucoxene (3.3%)
zircon, colorlesa (trace)
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Sample No. RRR-379 continved . . o

Rock fragments:

Chert: 0.9% as angular equidimensional cryptocrystalline clagts

Volcanic: 0.7% parallel alignment of microlites of plagioclase
feldspar; grain boundaries destroyed by diagenesis
suggests a volcanic origin

Compogitional Maturity (Folk): Tmmature: abundant feldspar laths and some
volecanic rock fragments

Diagenetic alteration: 1. Some untwinned feldspar altered to sericite
patches.
2. Some plagioclase completely altered to clay

Matrix: (< .03 mm) 3L.9%; in part original; in part authigenic
Typeg: Mixture of greenish and brownish clay (celadonite) matrix with
some opaque iron oxides (Leucoxene) that may be acting as a
cement

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: 1. Volcanic flows = source for altered volcanic rock
fragments, plagioclase feldspar, and pyroxene
2. Quartz = acidic igneous rocks or metamorphics; too
angular to be recycled from sedimentary rocks
3, Rare chert = sedimentary chert beds, chert nodules
in limestone, or devitrified volcanic glass

Relief and Climate: moderate relief; at times, extensive chemical
weathering of rock sources produced original clay (original
matrix) and breakdown of rock fragments and minerals into very
fine sizea. The occurrence of a few volcanic rock fragments
and abundant unstable feldspar suggests some moderate relief
in a temperate climate with moderate erosion and burial rates.

Depositional Environment and Trangport Mechanisms:

Fine grain size, angularity, and possibly some original matrix
suggest deposition in very low energy environment with little or no
reworking by currents such as overbank deposits in delta (lagoonal, swamp)
or floodplain deposits or offshore marine - perhaps below wave base in
deep-water. Fine grain size and laminations suggest deposition by low
energy current (i.e. low flow regime)

Diagenetic History: 1. Extensive alteration of some plagioclase feldspar
to clay and some untwinned feldspar altered to
patches of sericite.

2. Formation of authigenic clay matrix by breakdown
of volcanic rock fragments and other unstable
minerals.
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PETROGRAPHIC REPORT
UNION OIL COMPANY
North Slope Samples
Sample No. RRR;382A Analyst: A. R. Niem
Rock Name: very fine-grained arkosic wacke Dagte: August 2l, 1972
Number of points counted: 61l
Slide Quality: fair; only thin partial section
TEXTURE
Framework:
Porosity: L.5%; Type: granular
Median grain size: very fine sand
Sorting: good
Shape and rounding: angular, equidimensional to lath-like
Textural Maturity (Folk): Immature: 1. Abundant matrix
2. Sorting good to fair

3. Very angular grains

Preferred orientation: none

MINERALOGY

Framework minerals:

Quartz: 3.5%; Types: angular, clear, normal or non-undulatory
_ extinction types most abundant

Feldspar: 39.7%; Types: plagioclase (andesine) albite twinned,

prismatic, elongate angular laths
untwinned feldspar (orthoclase or
untwinned plagioclase); altered to patches
‘ of sericite

Amphiboles: 2.4%; fresh, unaltered pleochroic greenish prisms of
hornblende

Pyroxene: 1.6%; colorless clinopyroxene

Heavy minerals: 9.6%; leucoxene; trace of colorless euhedral zircon

Rock fragments:

Volcanic: 1.9%; altered volcanic rock fragmentg; aggregates of
, microlites of plagioclase feldspar in green
celadonite groundmass; rock boundaries hard

to discern from matrix; one rock fragment

contains hornblende and plagioclase phenocrysts
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Sample No., RRR-382A continued . . .

Rock fragments: continued . . .

Celadonite replaced clasts: 8.6%; mostly greenish;. some yellowish
chlorophaeite replaced clasts; altered clay (and
carbonate?) replaced clagts of unknown composition

Mudstone: O0.3%; trace of mudstone clasts

Compositional Maturity (Folk): TImmature: abundant unstable feldspar

Diagenetic Alteration:

1. Clay matrix alteration of some feldspar boundaries produced
serrated edges. '
2. Feldspar altered to abundant patches of sericite and celadonite.
3. Groundmass of volcanic rock fragments altered to greenish
celadonite; also entire clasts altered to celadonite or chlorophaeite.

Matrix: (< .03 mm) 27.5%; in part original(?) but some authigenic from
, breakdown of wvolcanic rock fragments
Types: brownish-yellow clay as aggregates between clasts and replaced
clasts also; some greenish celadonite

Cement: +trace; none ag overgrowths
Type: 1leucoxene outlines some framework grain boundaries as opaque

iron oxides and also occurg as irregular opaque patches between
clasts

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: 1. Mainly intermediate volcanic lava flows (probably
hornblende andesites and some basalts); source for
andegine plagioclase feldspar, hornblende, minor
pyroxene and altered volcanic rock fragments which
have hornblende and plagioclase phenocrysts.

2, Mudstone = fine-grained sedimentary source.
3. Quartz and untwinned feldspar (orthoclase or untwinned
plagioclage = igneous and metamorphic source

Relief and Climate: Moderate relief, rapid erosion to preserve unstable
feldspar and hornblende; however, extensive weathering in
temperate climate did produce original clays (part of matrix)
and breakdown of minerals and rock fragments into very fine
grain size, '

Depositional Environment and Transport Mechanism:

Fine grain size, angularity, and clay matrix suggest deposition in
low energy enviromment by weak currents with little or no reworking and
fairly rapid burial; such an environment as floodplain, swamp, lagoonal,

offshore littoral away from surf zone, neritic, or abyssal deeps below
wave base,
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Sample No. RRR-382A continued . . .

Diagenetic History:

1.

2.

Authigenic breakdown of groundmags of volcanic rock fragments to
green celadonite; destruction of rock boundaries and formation of
some authigenic matrizx.

Other unidentifiable mineral clasts completely altered to clay

and some carbonate(?).

Feldspar, moderate to extensive alteration to patches of sericite,
particularly along cleavage and twin planes. Some matrix replaced
feldspar grain boundaries to produce serrated edges.

Hornblende, fresh and relatively unaltered; resisted diagenetic
chemical attack.



o PETROGRAPHIC REPORT
Qi; UNION OIL COMPANY
North Slope Samples

Sample No. RRR-382B Analyst: A, R. Niem

Rock Name: coarse-grained volcanic wacke Date: August 1, 1972

Number of points counted: 612

Slide Quality: okay; partial section; plucking of hornblende to create
artificial porosity

TEXTURE
Frameworlk:
Porosity: 1.7%; Type: intergrain and plucking of hornblende (artificial)
Median grain size: coarse
Sortings: poor
Shape and rounding: most rock fragments angular and spherical;
feldspar prismatic euhedral and angular; a few
anomalous very well-rounded lithic fragments
Textural Maturity (Folk): Immature: 1. Abundant clay matrix
2. Poor sorting
3. Angular grains
Preferred orientation: none

MINERALOGY

Framework minerals:

Quartz: trace e

Feldspar: 27.2%; Types: plagioclase (22.5%) (oligoclase - andesine)
albite and some pericline twinning; some zoned
plagioclase; untwinned feldspars (li.7%)
(potash feldspar?) with incipient alteration
in spots to sericite

Micas: 6.8%; Types: biotite (trace); celadonite replaced clasts

Amphiboles: 9.3%; hornblende crystals, also occurs as phenocrysts
in volcanic clasts

Heavy minerals: trace magnetite with edges altered to hematite

Rock fragments:

Chert: 0,19
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Sample No. RRR-382B continued . « »

Rock fragments: continued . . &

Volcanics: 38.0%; Types: intermediate composition (hornblende
andesite) occurs as large clasts containing
phenocrysts of untwinned feldspar and hornblende
in groundmass of plagioclase microlites and
green celadonite; some volcanic (basalt?)
fragments with plagioclase phenocrysts in
celadonite or isotropic brown clay groundmass;
rare quartz or zeolite filled amygduloidal
volcanic clasts

Compositional Maturity (Folk); Immature: almost entirely composed of
- unstable volcanic fragments, hornblende,
and feldspar

Diagenetic alteration: 1. Plagioclase feldspar altered to scattered
: ' particles of sericite and celadoniteo
2. Celadonite and minor carbonate partly replaces
feldspars (mainly along twin planes).
3. Celadonite extensively replaced glass and other
minerals in groundmass and phenocrysts of volcanic
- rock fragments.

Matrix: (< .03 mm) 16.5%; original matrix

Types: opaque to dark green clay (concentration of celadonite)
outlines many of the lithic and mineral clasts (grain boundaries
are distinct, not likely diagenetically altered matrix).

Cement: none as overgrowths
Type: +trace - leucoxene in dark clay matrix acting as a cement?

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: almost entirely volcanic source
1. Intermediate hornblende andesite and basalt(?) flows
= volcanic fragments, hornblende, feldspar, andesine,
magnetite; .
2. Minor source (trace of biotite, untwinned potash
feldspar(?), quartz) = acid plutonic or low-grade
metamorphic

Relief and Climate: Steep: mountainous, cliffs, hills result in
rapid removal, transport, and burial of lithic fragments before
much chemical weathering; mechanical weathering in a cool
temperate climate predominated over chemical breakdown
producing abundant chemically unstable lithic and mineral
grains,
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Sample No. RRR-382B continued . . .

Depositional Environment and Trangsport Mechanism:

Current transpvort of coarse-grained lithics and rapid .deposition and
burial before much sorting or winnowing of fines could occur. ILittle or
no reworking suggested by abundance of clay, poor sorting, angularity of
grains, and euhedral shapes of crystals of feldspar and hornblende. Such
a gediment is produced in deltaic and fluvial channels and/or deep-water
turbidite environments, ”

Diagenetic History:

1. Compaction minor; no evidence of extreme compaction such as
pressure solution.

2. Light and dark green celadonite replaced groundmass (glass?) of
many volcanic rock fragments; replacement along twin planes of
plagioclase, replacement of untwinned feldspar and rarely
hornblende crystals; may form some matrix.

3. Minor carbonate replacement of feldspar and oxidation of some
iron minerals to leucoxene and/or hematite.
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PETROGRAPHIC REPORT
UNION OIL COMPANY
North Slope Samples

Sample No. RRR-383 Analyst: A. R. Niem
Rock Name: very coarse-grained volcanic arenite
Number of points counted: 637 Date: August 15, 1972
Slide Quality: good; one edge thin or missing
TEXTURE
Framework:
Porogity: 3.1%; Type:s granular
Median grain size: very coarse sand
Sortings poor
Shape and rounding: Some soft sedimentary and volcanic rock
fragments are well-rounded and spherical in shape;
mostly quartz, feldspar, and other rock fragments
that are euhedral, angular to subangular and prismatic.
Textural Maturity (Folk): Mature: 1. No matrix
: 2. Poor sorting
3., Most grains angular
Preferred orientation: none

MINERALOGY

Framework mineralss

Quartz: 10.1%; Types: 1. Mosaic quartz with straight contacts
‘ and non-undulatory or normal extinction; may
be oriented vein quartz or quartzite (some
with chlorite flakes) (4.6%);
2. Angular clear quartz (5.5%)
Feldspar: 5.4%; Types: 1. Plagioclase, albite twinned, euvhedral
: ~and prismatic altered to sericite and a clay
with high relief;
2. Trace of microcline in a plutonic clast
3. Some untwinned feldspar, orthoclase?
or perthite
Micas: 65.1%; Types: chlorite/celadonite/chlorophaeite
Anphiboles: 1.2% hornblende
Pyroxene: 8.1%; augite? as large yellowish clasts altered partly
to clay; some occur in abundance with microlites
of feldspar or with hornblende in volcanic
rock fragments
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Sample No. RRR-383 continued . . .

Heavy minerals: 1.2%; magnetite
Clay replacing feldspara: 2.1%

Rock fragmentss

Chert: 2.8%; cryptocrystalline quartz; some contain phenocrysts
of feldspar = devitrified volcanic glass
Volcanics 31.1%; 1. Feldspar microlites of many sizes in different
volcanic clasta; ’

2. Some with pilotaxitic texture of laths of
plagioclase with groundmass of greenish celadonite
or dark brounish opaque clay and iron oxides;

3. Porphyritic texture; euhedral plagioclase
phenocrysts floating in groundmass of feldspar
microlites or celadonite;

L. Intersertal texture; randomly oriented microlites
of plagioclase and magnetite with celadonite/
chlorite/clay groundmass;

5. Fibrous green yellowish celadonite or
chlorophaeite replaced clasts (5.1%); may have
been volcanic glass;

6. Amygduloidal clasts filled with fibrous
radiating celadonite;

T. Hornblende intergrown with pyroxene in one clast

Siltstone and mudstone: 12.2%; dark black or brownish laminated
and magsive shale or mudstone fragments; some
are well-rounded; some clasts contain gpherical
mosaic quartz floating in clay matrix; may
be recrystallized radiolaria

Plutonic:  10.9%; acid intrusive (granodiorite or quartz diorite)
rock clasts; interlocking crystalline quartz
and plagioclase (albite and pericline twinned)
and occasional hornblende; micro crystals of
apatite, mica, magnetite, rutile needles, and
zircon in feldspar crystals; some untwinned
feldspar (potash?) intergrown with quartz in
granular interlocking crystalline texture;
feldspar occurs ag euvhedral grains; quartz as
anhedral grains; some chlorite alteration
minerals intergrown between quartz and feldspar
in the plutonic clasts,.

Compositional Maturity (Folk): Immature: many rock fragments and unstable
: minerals

Diagenetic Alteration:

1. Much of plagioclase feldspar in the plutonic clasts is altered to
scattered patches of sericite and dark brownish clay.

2. Groundmass in volcanic clasts altered to brownish to opaque clay
or celadonite. Some entire clasts replaced by celadonite.



80
Sample No. RRR-383 continued . . .

Matrix: (.03 mm) 9.5%; probably authigenic

Type: minor amounts of greenish celadonite and minor.chlorite between
framework clasts, outlining their boundaries; some opaque clay
and iron oxides (leucoxene) outline clast boundaries

Cement: tréce; less than 1% as overgrowths on a few quartz grains
Type: celadonite acts as cement(?)

SUMMARY
INFERENCES AND CONCLUSTONS

Provenance:

Rock types: 1. Mostly volcanic flows probably intermediate (andesite)
suggested by occurrence of pilotaxitic texture and
hornblende in some; oligoclase to andesine plagioclase;
some may be basalt volcanic rock fragments;

2. Abundant fine-grained sedimentary rock; mostly
laminated mudstone and shale; some with radiolaria
suggest deep-water shales; trace of siltstone; may
be penecontemporaneous rip-ups of mud bottom;

3. Chert may be sedimentary; chert nodules out of
limestone bed or deep-water cherts; some are
definitely devitrified volcanic acidic glass (chert
with euhedral feldspar phenocrysts)

k. Abundant acidic intrusive (granodiorite or quartz
diorite) = quartz, plagioclase (oligoclase to albite),
hornblende, and trace of microcline and orthoclase.

Relief and Climate: Mechanical weathering dominated over chemical
weathering to produce abundant lithics (e.g. temperate with
winter season or arctic(?)); steep topography in source area
(hills, cliffs) resulted in rapid removal of unstable lithics
before chemical decompogition could occur; steep stream
gradient transported unstable material rapidly.

Deposgitional Environment and Transport Mechanism:

Coarse grain size suggests deposition by high energy current (too
coarse to be eolian); poor sorting, general angularity of most clasts suggests
rapid deposition and burial with little or no reworking (not surf) as in
rapidly subsiding geosyncline with high rates of sedimentation; could be
fluvial channel, deltaic channel, or offshore 1littoral or near sea cliffs,

Diagenetic History: | .

l. Alteration of groundmass of volcanic clasts to celadonite,
greenish micaceous clay, chlorite, or brownish to opaque clay.
%olcanic clasts altered to celadonite or cryptocrystalline quartz

chert),

2, Authigenic formation of celadonite clay matrix; filled and reduced

pore spaces. Some framework grain boundaries indistinct due to
alteration. |
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PETROGRAPHIC REPORT
UNION OJI, COMPANY
North Slope Samples

~ Sample No.  RRR-38L Analyét: A. R, Niem

Rock Name: coarse-grained volcanic arenite Date: August 17, 1972
Number of points counted: 723
Slide Quality: good, covers entire section
TEXTURE
Frameworks
Porosity: 1.6%; low-unlikely reservoir; Type: granular
Median grain size: coarse sand; Range: medium to very coarse sand
Sorting: fair
Shape and rounding: spherical, subrounded to rounded rock fragments,
but minerals (quartz and feldspar) are angular
to subangular
Textural Maturity (Folk): Mature: 1. ILittle matrix
' 2, Fair sorting
3. Rounded to subrounded to

~ angular clasts

Preferred orientation: slight suggestion of elongate axes of grains
parallel to long direction of thin section

MINERALOGY

Framework minerals:

Quartz: 13.1%; Types: mosaic quartz with sutured edges and
strained extinction (6.2%) -
quartz mostly with strained or undulatory
extinction, probably vein quartz (6.9%); one
large oriented polycrystalline or mosaic
quartz may be quartzite; some micrographic
quartz varieties in plutonic fragments
Feldspar: 12,7%; Types: 1. Plagioclase, prismatic, euhedral,
albite twinned, some pericline twinning,
ogcillatory zoning
2. Untwinned feldspars (orthoclase?) in
plutonic fragments and euhedral grains, partly
altered to sericite
3. Trace of microcline in one plutonic
fragment
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Sample No. RRR-38L, continued . . o

Amphiboles: 1.9%; hornblende as pleochroic green prismatic grains
Pyroxene: 3.8%; clinopyroxene yellowish to colorless; some
asgociated with quartz in plutonic fragments and
in volcanic clasts
Heavy minerals: 1.9%; hematite; trace of magnetite/ilmenite
Celadonite replaced clasts: 3.8%  chlorophaeite/celadonite/chlorite
replaced clasts, hornblende, pyroxene, and
groundmass of volcanic rock fragments

Rock fragments:

Chert: 2.,0%; equidimensional cryptocrystalline quartz; some with
euhedral plagioclase phenocrysts = devitrified acidic
volcanic glass

Volecanic: LO.6%; 1. Some with pilotaxitic texture; mostly

plagioclase microlites; some with intergrown
microlites of plagioclase and hornblende in
an iron oxide groundmass.

2. Many with intersertal and pilotaxitic
texture (most abundant type of clast).

3, Some amygduloidal volcanic clasts; amygdules
filled radially with celadonite or chlorite

. Clasts of porphyritic plagioclase feldspar
in an iron oxide and clay or microcrystalline

. quartz groundmass

Siltstones trace; aligned chlorite flakes and abundant angular

gilt-sized quartz
Mudstone: 6.6%; abundant mudstone or shale, silt-sized
angular quartz or euhedral prismg of plagioclase
in fine brown clay matrix with contorted dark
iron oxide or carbonaceous stringers; some
dark carbonaceous varieties; some contain
micro quartz veins

Plutonic: 8.4%; acid plutonic fragments = clasts of crystalline
intergrowth of quartz, plagioclase, and
feldspar with trace of microcline, orthoclase(?)

Compositional Maturity (Folk): Immature: abundant rock fragments

Diagenetic alterations
Plagioclase altered to brownish-orange clay? and scattered patches of
gericite.

Matrix: (<.03 mm) 3.0%; authigenic; not all rock fragments have distinct
boundaries; some matrix may be original
Type: celadonite (greenish clay matrix) occurs outlining framework
grains and infilling pockets between framework grains

Cement: minor amount as quartz overgrowths

Type: 1. Main cement = trace of thin irregular filaments of leucoxene:
and other opaque iron oxides between clasts and occurs in
fractures in clasts

2. Trace of minor cement = carbonate occurs in small patches
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Sample No. RRR-38L continued . . .

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: 1. Mainly voleanic flows = source for porphyritic,
: amygduloidal, and intersertal fragments.

2. Mainly hornblende andesite and pyroxene basalts, or
dacites, and other intermediate volcanic flow rocks
= gource for pilotaxitic texture, for andesine oligoclase,
plagioclage feldspar, and hornblende; basalt source for
intersertal textured clasts?

3. Acid plutonic intrusives = source for granodiorite or
quartz diorite fragments; source for coarse hornblende,
quartz, oligoclage feldspar, trace of microcline and
pyroxene?

li. Fine-grained sedimentary rocks = mainly mudstone and
gshale, some siltstone; may be rip-up of mud bottom
although many clasts with micro quartz veinlets suggest
erogion from a lithified source.

5. Mosaic quartz = probably vein quartz, clear and milky
varieties may be associated with sedimentary rock source .
area as micro quartz veins that occur in mudstone clasts;
no obvious metamorphic varieties,

6. Chert = sedimentary chert bed or in limestone nodules
or devitrified acidic volcanic glass (especially those
containing euhedral feldspar phenocrysts)

Relief and Climate: Abundant unstable lithic and mineral grains suggest
mechanical weathering dominated over chemical (in a cool temperate
climate). Rapid erosion over steep topography (hills.and
mountains in source area) and rapid transport to site of deposition

before much chemical decomposition. Source area near depositional
basin (?).

Depositional Enviromment and Transport Mechanism:

High energy current transport of coarse debris, winnowing of fine clay;
some sorting and rounding of soft volcanic clasts but rapid deposition and
burial before any major reworking by currents (e.g. surf) as in fluvial
channels, deltaic channels, offshore littoral near sea cliffs as suggested
by mostly angular and poorly sorted large mineral grains. Deposition in
rapidly subsiding basin (geosyncline) with high rates of sedimentation.

Diagenetic History:

1. Minor compaction.
2. Alteration of some clasts to celadonite, chlorite, and chlorophaeite.
3. Groundmass of many volcanic rock fragments altered to opaque
leucoxene, brownish clay or celadonite, chlorophaeite., Infilling
of amygdules in rock fragments with celadonite.
L. Scattered alteration of plagioclase to sericite patches.
o 5. TFormation of authigenic matrix of celadonite, trace of carbonate,

/ and opaque iron oxides (leucoxene) cement destroys porosity -
unlikely regervoir. '
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PETROGRAPHIC REPORT
UNION OIL COMPANY

North Slope Samples
Sample No, RRR-393 Analyst: ‘A. R. Niem
Rock Name: medium-grained lithic (voleanic) wacke
Number of points counted: 784 Date: August 1, 1972
Slide Quality: good; hornblende plucked in places
TEXTURE

Framework?

Porosity: L.2%; Type: intergranular in matrix and granvlar; porosity
result of diagenetic alteration (solution of
grains) and probable thin section plucking
(artificial)

Median grain size: medium sand; Range: very fine to medium sand

Sorting: fair

Shape and rounding: Angular and euhedral prisms of feldspar and
hornblende; angular sgpherical to pyramid-shaped volcanic clasts

Textural Maturity (Folk): Immature: 1. Abundant clay
2. Fair sorting
3. Very angular euhedral grains

Preferred orientation: none

MINERALOGY

Framework minerals:

Quartz: 18.2%; Types: angular quartz (1L.0%) equidimensionalj
mostly strained variety; mostly straight contacts
with other grains; few sutured

mosaic quartz - strained and sutured
contacts (L.2%)

Feldspar: 9.3%; Types: plagioclagse feldspar (albite or andesine);
perthite - intergrowth of plagioclase and k-spar
or quartz; few untwinned feldspar (potash?)

' with abundant sericite inclusions (0.2%?)

Amphiboless 11.1%; Type: hornblende

Heavy minerals: 1.1%; leucoxene = opaque material diffused in

. _ clayey matrix :

Unidentified mineral: 1.5%; hornblende?, pyroxene?, olivine?, or

matrix o
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Sample No. RRR-393 continued . . »

Rock fragments:

Cherts 0.3%

Volcanic: 1L.6%; Types: Some intermediate volcanic clasts with
pilotaxitic texture (aligned microlites of
feldspar); also randomly oriented

Euhedral feldspar laths (Carlsbad twinned)
in celadonite clayey matrix (intersertal texture)
11.9% Chlorite and celadonite replaces elongate
(altered volcanic?) clasts
Siltstone/mudstone: L. L%
Plutonic: 0.2% granodiorite or quartz diorite

Compositional Maturity (Folk): Immature: many unstable grains as hornblende
and feldspars as well as volcanic rock
fragments

Diagenetic alteration: extensive alteration

1. Many plagioclase and untwinned feldspars contain scattered patches
of sericite.

2. Groundmass of volcanic clasts altered to celadonite and opaque
dark clay; many fragments hard to recognize. ’

3. Amygdules in volcanic(?) glass(?) devitrified to fibrous celadonite
and/or chlorite clastg; ghosta of amygdules left.

. Many hornblende grains extensively altered to dark opaque clay.

Matrix: (< .03 mm) 21.6%; original and authigenic: a few ghost outlines
of clasts = evidence for authigenic; most
lithic grain boundaries, however, are altered
to diagenetic green celadonite instead of
original dark matrix clay suggests most clay
matrix is or primary origin

Types: some irregular patches of dark opaque clay replaces groundmass
of some volcanic clasts; between framework grains of others

Cement: 1.1%; none as overgrowths
Types: very minor carbonate and greenish celadonite

SUMMARY
INFERENCES AND CONCLUSTONS

Provenance:

Rock types: 1. Mostly hornblende andesite lava flows = intermediate

: flow rocks as source for volcanic clasts, hornblende,
andesine(?), and plagioclase feldspar; some basaltic
flows. '

2. Fine-grained sedimentary source = siltstone, mudstone
and clay matrix,

3. Trace of acid plutonic rock = granodiorite (minor
source) - large gquartz and plagioclase feldspar; but
may be gource for mosaic quartz, quartz, and some
untwinned potash? feldspar.



o)

86
Sample No. RER-393 continued . « o

Provenance: continued o o o«

Relief and Climate: Steep -~ hilly and mountainous terrain in source
area to allow rapid removal by erosion, probably water, of
unstable volcanic lithics and unstable minerals (feldspar
and hornblende) before chemical weathering reduced them to
clay. Probably cool temperate climate for mechanical
weathering to break rock into fragments and warm at times
to form clay (in matrixz); tropical climate would have destroyed
this unstable mineralogy and produced clay only.

Depositional Enviromment and Transport Mechanism:

Rapid transport and burial (current as in fluvial and marine littoral -
geosynclinal; too coarse-grained and angular to be of wind origin). Little
or no reworking of clastic debris resulted in retention of fine clay
matrix (some is authigenic), little abrasional rounding of framework clasts
and minimal sorting. Could be deltaic channel, fluvial channel or
deep-water turbidite environment (if abundance of clays is mostly original).
Siltstone and mudstone clasts and clay matrix may be current rip-ups of
sea or river bottom muds and silta.

Diagenetic History:

1. Some compaction; some twinning of feldspars is bent, hornblendes

fractured, quartz infills fractures.

2. Feldspars altered to scattered patches of sericite, less

commonly to carbonate,

3. Groundmass of volcanic clasts altered to chlorite and celadonite
resulting in formation of abundant micro feldspar laths in an
altered green matrix. :

L. Amygduloidal glass (pumice?) altered to yellowish clay, chlorite,
and celadonite, and infilling of amygdules with spherulitic
celadonite or micro-mosaic quartz or zeolites.

5. Dark clay replaced some volcanic rock fragment groundmass.
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PETROGRAPHIC REPORT
UNION OIL COMPANY
North Slope Samples

~ Sample No.  RRR-395 Analyst: A. R, Niem

Rock Name: medium-grained arkosic wacke Dates August 26, 1972
Number of points counted: 610

Slide Quality: good, one edge thin

TEXTURE
Framework:
Porosity: 5.0%; Type: granular
Median grain size: fine to medium sand
Sortings fair
Shape and rounding: angular, prisms and equidimensional grains
Textural Maturity (Folk): Immature to mature: 1. Matrix (authigenic)
2. Sorting fair
3. Angular clasts
Preferred orientation: none
MINERALOGY

Framework minerals:

Quartz: 20.3%; Types: Polycrystalline or mosaic quartz (l.6%),
angular equidimensional fragments; most strained
and microstylolitic or sutured contacts; some
may be quartzite

Normal quartz (1;.7%), angular, equidimensional;
gome guartz grains contain abundant inclusions

' (pyroxene, zircons?)

Feldspar: 21.9%; Types: plagioclase feldspar (oligoclase-andesine),

: albite twinned and Carlsbad twinned; euhedral;
angular, some subrounded; trace of microperthite
and microcline; trace of untwinned feldspar
(potash feldspar?)

Micas: 0.L%; Type: biotite as large elongate flakes

Amphiboles: L.9%; hornblende, unaltered prisms, pleochroic green

Pyroxene: L.7%; Clinopyroxene, colorless, small euhedral 6-sided
crystals and large irregular equidimensional
grains,
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Sample No. RRR-395 continued . . .

Heavy minerals: 3.2% magnetite/ilmenite as squarish to
: rectangular masses (generally smaller than
other mineral fragments) and octahedral
euhedral crystals; in part altered to leucoxene;
graing are randomly scattered throughout thin
section,

Rock fragments:

Chert: 1.3%; cryptocrystalline quartz; micro quartz veins in
chert clasts; some fibrous chalcedony varieties
Volcanic: 11.4%; 1. Pilotaxitic texture = feldspar microlites
aligned;
2. Intersertal texture = random orientation of
feldspar microlites in groundmass of brownish
‘ clay or green celadonite;
L.9%; Mostly chlorophaeite (yellow) replaced clasts

and celadonite/chlorite (green) replaced clasts
Schist: 0.4%; Trace of elongate quartz-mica (biotite) schist

fragment; composed of aligned (foliated) mica
and minor angular quartz.

Sedimentary: 1.9%; Mudstone (argillite) occurs as elongate

: fragments with contorted opaque fibers;
Trace of siltstone, mostly silt-sized quartz
: in clay matrix.

Plutonic: L.9%; Acidic plutonic (quartz diorite or
granodiorite) rock fragments; interlocking
crystalline texture of coarse-grained quartz,
plagioclase feldspar (and/or hornblende) form
a clast., '

Compositional Maturity (Folk): Immature: abundant rock and unstable
mineral fragments

Diagenetic Alteration:

1. Plagioclase feldspars altered to patches of sericite, to
- chlorophaeite or celadonite.
2. Groundmass of volcanic rock fragments altered to celadonite or
chlorophaeite; clasts altered completely.
3. Some quartz grain boundaries are irregular due to partial
replacement by clays.

Matrix: (<.03 mm) 14.0%; in part diagenetic
Types: yellowish chlorophaeite or greenish celadonite matrix surrounds
framework grains and in some cases merges with volcanic rock
fragments (no boundaries) suggesting some diagenetic alteration.
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Sample No. RRR-395 continued . .

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: 1. Mostly volcanic lava flows of intermediate
composition (e.g. andesite) and some basalts?; source
for pilotaxitic fragments, plagioclase (andesine),
hornblende, and pyroxene.

2. Altered volcanic glass? = source for celadonite/
chlorophaeite replaced clasts.

3. Minor source = acid intrusive (granodiorite or quartz
diorite) = source for plutonic clasts, plagioclase
(oligoclase), hornblende, untwinned feldspar (orthoclase),
quartz, and biotite,

Li. Fine-grained sedimentary clasts, mostly mudstone,
argillite; some siltstone; some mudstone may be
penecontemporaneous rip-ups. :

5. Minor low-grade metamorphic source; quartz mica schist
= gource for mosaic quartz (may be quartzite), schist
fragment, quartz, and biotite,

6. Chert = sedimentary chert beds or devitrified acidic
volcanic glass.

7. Mosaic quartz could be vein quartz; some micro veins
of quartz cut chert grains = chert source area or
some may be quartzite.

Relief and Climate: Steep relief (hills, mountains, sea cliffs);

’ rapid erosion; mechanical weathering dominant at times (cool
temperate climate) so that many unstable rock and mineral
fragments produced and broken down to medium sizes.

Depositional Environment and Transport Mechanism:

Since provenances were varied (igneous, metamorphic and sedimentary),
there must have been extensive mixing of various rock types during transport
although volcanic is dominant. Fine to medium grain size suggests low to
moderate energy transport. Fair sorting, angularity, and preservation of
unstable "soft" mudstone and schist rock fragments suggest rapid deposition
and burial in depositional environment with little or no reworking (e.g.
fluvial, delta, offshore littoral). In such environments there are high
rates of sedimentation and subsidence hence burial as in’ a geosyncline.

Diagenetic History:

1. Feldspar altered to patches of sericite.

2., Groundmass of volcanic clasts altered to celadonite and chlorite
or chlorophaeite; obliteration of some rock fragment boundaries
and formation of authigenic matrix.
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PETROGRAPHIC REPORT

UNION OIL COMPANY

North Slope Samples

Sample No.  RRR-397 Analyst: A. R. Niem

Rock Name: medium-grained lithic arenite Dates August 1, 1972

Number of points counted: 620
Slide Quality: good
TEXTURE

Framework:
Porosity: 0.6%; low, unlikely reservoir

Median grain size: medium sand; Range: very fine to coarse sand

Sorting: poor

Shape and rounding: feldspars = prismatic; quartz = angular and
sutured contacts; volcanic fragments = equidimensional,
angular edges

Textural Maturity (Folk):
Immature to mature: 1. Fines winnowed
2, Poorly sorted
3. Angular grains (except some large
soft volcanics which round easily)

Preferred orientation: appears to be two finer-grained layers
' parallel to long direction of slide

MINERALOGY

Framework minerals:

Quartz: ©28.3%; Types: Quartz (23.3%) some with many inclusions
of long slender crystals of chlorite or hornblende

and zirconj

Mosaic quartz (5.0%) with strained and
sutured or microstylolitic contacts; some
altered to carbonate and iron oxides

Feldspar: 1L.6%; Types: Plagioclase (andesine-oligoclase) euhedral
with inclusions of zircon, albite twinned, some

pericline twinning, and oscillatory zoning
(typical of volcanic plagioclase).
Micas: 1.6%; Types: muscovite, chlorite, yellowish clay
Amphiboles: 12,9%; hornblende

Pyroxene: UL.5%; augite(?)
Heavy minerals: 1.9%; Types: leucoxene; antigorite(?)
Others: 1ight yellow micaceous clay, chlorophaeite (7.9%),

completely replaces whole anhedral minerals = replaces
bubble shard or amygdule in one case
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Sample No. RRR-397 continued « o

Rock fragments:

Chert: 2.0%

Volcanic: 16.1%; Types: intermediate volcanics; pilotaxitic and
poikolitic intergrowth of feldspar laths and
and opaque iron oxides; some with micro-
amygdules; some with olivine or pyroxene
phenocrysts and feldspar in clay groundmass
= olivine basalt?

Siltstone: 3.8%

Plutonic: 1.2%; in one clast microcline intergrown with quartz
=granodiorite; hornblende intergrown with
quartz = granodiorite

Compositional Maturity (Folk):
Immature: many volcanic lithics and unstable hornblende

Diagenetic alteration: 1. Anhedral crystals of carbonate replace sections
of volcanic fragments.
2. Volcanic flow fragments partly replaced by
chlorite. : ,
3. Small anhedral hornblende may be replacement
product in some volcanic fragments.

Matrix: not significant amount

Cement: L.0%; none as quartz overgrowths
Types: some chlorite, leucoxene, and carbonate act as a minor cement

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: 1. Volcanic flow (if olivine or pyroxene) = basalt;
some pilotaxitic texture = probably intermediate flow;
andegites - hornblende.

2. Acid intrusive (granodiorite) = quartz, microcline,
oligoclase, orthoclase, hornblende; particularly for
the quartz with inclusions :

3. Fine-grained sedimentary = large siltstone clasts

Relief and Climate: very steep relief (hills, mountains); predominantly
mechanical weathering (as in temperate climate) producing
abundant angular rock and mineral fragments which were rapidly
removed down steep relief (mountainous and hilly country) by
erosional processes before much chemical weathering.

Depositional Environment and Transport Mechanism:

High energy transport mechanism removed medium-grained material and
mixed various sources together; fine clays winnowed out but deposition and
burial rapid (as sorting and rounding very low; no reworking (not surf);
poor sorting and angularity indicate probable enviramments = fluvial, deltaic

gtreams, offshore littoral in rapidly subsiding area with high rates of
sedimentation,
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Sample No. RRR-397 continued . . .

Diagenetic History:

1.
2.

3.

Compaction produced tightly packed lithic sandstone - destroyed
porosity.

Minor pressure solubtion of quartz produced some sutured or
microstylolitic contacts.

Alteration of unknown minerals or glass (bubble seen in one) to
chlorite and yellowish fibrous micaceous clay (chlorophaeite).
Partial alteration of feldspar to sericite, carbonate (some
entirely replaced), and chlorite.

Alteration of volcanic lithic groundmass to chlorite, other
clays and matrix of magnetite to leucoxene.

Oxidation of magnetite/ilmenite to leucoxene.

Alteration and compaction processes destroyed porosity - unlikely
reservoir,
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UNION OIl, COMPANY
North Slope Samples

Sample No.  RRR-}01 Analyst: A, R; Niem
Rock Name: altered fine-grained arkosic wacke
Number of points counted: 690 Date: July 29, 1972
Slide Quality: good . |
TEXTURE
Framework:

Porosity: trace; Type: intergrain

‘Median grain size: fine sand; Range: very fine to fine sand

Sorting: good (excluding matrix)

Shape and rounding: angular quartz and feldspar; mainly
equidimensional clasts; some elongate in shape.

Textural Maturity (Folk): immature to submature: 1. Abundant matrix
2. Good gorting
3. Low rounding

Preferred Orientations yes, light and dark laminations parallel
to long direction of section

MINERALOGY

Framework minerals:

Quartz: .21.L%; Types: angular pieces (20.0%) with irregular edges
. ' corroded by matrix; minor amounts of strained
mosaic quartz (1.4%); some radiating chalcedony
: varieties;

Feldspar: 18.8%; Types: mostly plagioclase and untwinned prisms;
most of which are altered to sericite; trace
of microcline

Micas: trace; Types: 1. Celadonite = alteration product as
stringers throughout matrix;

' 2. Chlorite occurs as occasional patches

Pyroxene: 1.8% colorless .

Heavy minerals: 7.2%; Types: opaque iron oxides, mainly leucoxene;
trace of magnetite/ilmenite partly altered to
leucoxene; colorless zircon - euhedral and
irregular shape
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Sample No.  RRR-101  continued . . .

Rock fragments:

Chert: 1.L% clear cryptocrystalline quartz
Volcanic: 8.6%; many intermediate and/or basic volcanic (perhaps
‘ basalt fragment containing feldspar laths) and
some pilotaxitic texture (andesites?)
Mudstone: 2.7%; semi-rounded dark to opaque clay-rich clagts

Composgitional Maturity (Folk): Immature: many volcanic rock fragments and{
compositionally unstable feldspars -

Diagenetic alteration: many altered volcanic rock fragments faintly
recognizable by abundance of bundles of feldspar
microlites; most fragments are extensively altered to
greenish celadonite, chlorite, and other clay minerals;
plagioclase feldspar altered to sericite or more rarely
to carbonate.

Matrix: (<.03 mm) 32.6%; authigenic
Types: many volcanic rock fragments and feldepar boundaries are
indistinct and merge with clayey matrix consisting of either
micaceous clay, cryptocrystalline quartz or zeolites, celadonite,
and/or splotches of leucoxene; grains almost not in grain support.
 suggests an authigenic matrix.

Cement: 6.0%; no cement as overgrowths

Types: isolated crystals of carbonate scattered in matrix; celadonite
clay may be acting in part as cement; two veinlets cut acrosgs thin
section; one of mostly carbonate replacing quartz, the other of
quartz with minor carbonate crystals.

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: 1. Volcanic flows, intermediate or andesite (as suggested
by pilotaxitic texture) and/or basaltic - could be
source of feldspar also.

2., Mudstone = sedimentary lithic fragment; or
penecontemporaneous rip-up.
3. Microcline = acid igneous or metamorphic

Relief and Climate: steep to moderate, rapid removal of broken up
rock fragments; temperate climate (winters) mechanical weathering
processes important for reducing source rock to rock fragments
and feldspars before chemical weathering could reduce all the
particles and unstable feldspars to clays. They were rapidly
removed by erosional processes due to steep relief.

s
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Sample No. RRR-401  continued . . .

Depositional Enviromnment and Transport Mechanism:

Low energy current transport (low flow regime) suggested by laminae
(unlesgs cross-bedded), Concentration of dark iron minerals differentiates
dark laminae from light laminae. Rapid deposition with little reworking as
suggested by low rounding in quartz and feldspar and presence of soft
unstable volcanic rock fragments, not high energy surf or eolian
enviromment. If some of the matrix is original, it would suggest deposition
in a low energy environment guch as a turbidite or fluvial or deltaic
overbank, estuarine, or lagoonal.

Diagenetic History:

1. Alteration of volcanic rock fragments groundmass to celadonite,
chlorite, and other colorless clay minerals.

2. Oxidation and hydration of ilmenite/magnetite to leucoxene.

3. Partial alteration of feldgpar to sericite.

L. Infilling of microfractures with quartz which then was replaced
by carbonate and infilling of few pores with carbonate cement
by groundwater after lithification. '

Porogity is too low due to diagenetic alteration and cementation for
this rock to be a good potential reservoir,
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PETROGRAPHIC REPORT
~UNTON OIL COMPANY
North Slope Samples

Sample No.  RRR-}02 Analyst: A. R. Niem
Rock Name: medium-grained subfeldspathic lithic arenite
Number of points counted: 605 Date: August 16, 1972
Slide Qualitys fair; rock section covers only % of slide
TEXTURE
Framework:
Porosity: 2.1%; Types granular
Median grain size: medium sand
Sorting: poor
Shape and rounding: angular to subaﬁgular elongate clasts
Textural Maturity (Folk): Mature: 1. Minor matrix (authigenic and
original)
2., Poor sorting '
3. Angular to subangular grains

Preferred orientation: elongate grains approximately parallel to
long direction of thin section.

MINERALOGY

Framework minerals:

Quartz: 18.1%; Types: 1. Polycrystalline or mosaic quartz in variety
of gizes, congist of elongate subangular
~ strained and sutured polycrystalline quartz
(11.5%);
2., Angular clear quartz, many with non-
undulatory or normal extinction (6.6%)
Feldspar: 3.L%; Types: plagioclase; acid andesine- (An OAb7O),
' . albite twinned, prismatic euhedral grains
Micas: +trace; Types: Dbiotite flakes; muscovite
Amphiboles: 0.9%; Hornblende occurs ag individual green
pleochroic prismatic crystals or as rounded
clasts composed of many hornblende crystals
Pyroxene: 6.,6%; Clinopyroxene as large colorless anhedral crystals
Heavy minerals: L.7%; Trace of magnetite; leucoxene (iron oxide)
replaced clasts
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Sample No. RRR-1j02 continved o« o «

Rock fragments:

Chert: 23.4%; Chert forms largest clasts; composed of cryptocrystalline
quartz; some clasts with fractures of dark opaque
clay, one very large clast has spherical vugs
(recrystallized radiolaria?) filled with either
green celadonite, mosaic quartz, or carbonate;
miero-veinlets of vein quartz with straight contacts
and normal extinction cut through many chert clasts.

Volcanic: 10.9%; 1. Pilotaxitic texture = microlites of .feldspar
in a celadonite groundmass

2. Intersertal texture = random oriemtation of
feldspars in green celadonite or opaque irom oxide
mavrix

5.4%; TFibrous green celadonite/chlorite/chlorophaeite
replaced clasts; some have radiating spherical
cavities filled with celadonite,

Schist: 0.8%; quartz mica schigt clast

Quartzite: 0.8%; mainly clagts of strained and sutured or

microgtylolitic polycrystalline or mosaic quartz

containing some oriented (foliated) muscovite
and occasional garnet

Mudstone and siltstone: 16.3%;

1. Mostly mudstone or shale or argillite (slate), some
with aggregate polarization; occurs as dark brown
and some laminated elongate clasts (L.8%) with
clay and dark iron oxide stringers; some clasts
are cut by micro-mogaic quartz veins;

2., Trace of siltstone, mostly abundant silt-sized
angular quartz, feldspar, and muscovite in clay
matrix,.

Compositional Maturity (Folk): Immature: abundant rock fragments and
unstable minerals

Diagenetic Alteration: 1. Groundmass in volcanic rock fragments altered to
' celadonite; entire mineral or rock clasts altered
to greenish celadonite;
2. Authigenic matrix; celadonite infills pores,
3. Plagioclase feldspar altered to patches of sericite.

Matrix: (<.03 mm) 9.5%

Types: Authigenic = celadonite (greenish fibrous clay) and
chlorophaeite between framework clagts (may be acting as a
cement); boundaries of volcanic clasts not .distinct, merges
with celadonite matrix.

Original = dark black opaque carbonaceous clay or iron
oxides occur as filaments and contorted laminae; outlines
distinct grain boundaries

Cement: trace; none as overgrowths
Type: 1leucoxene as thin yellow-orange filaments around framework clasts
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Sample No. RRR-402 continued . . «

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: 1. Mainly chert = sedimentary chert beds in deep-water
: eugeosynclinal; may contain recrystallized radlolaria
suggesting deep-water chert;

2. Fine-grained sedimentary rocks, mostly carbonaceous
mudstone (organic-rich?), shale, argillite; some
laminated, many not rip-up because micro quartz veins
cut through each clast suggesting they were lithified;
some may be bottom rip-ups; some siltstone source.

3. Mosaic quartz = many micro quartz veins consisting of
mosaic quartz cut individuwal rock fragments (chert,
mudstone, volcanics); probably source for much mosaic
quartz; some may be metamorphic quartzite;

k. Trace of some low-grade metamorphic = quartz mica schist,
metamorphic quartzite; quartzite up to garnet grade

- metamorphic; source for quartz;

5. (Third most abundant) intermediate volcanic andesite
flows = gource for andesine plagioclagse and pilotaxitic
volcanic rock fragments; also source for hornblende and
clinopyroxene phenocrysts; may be some bagalt.

6. Trace of biotite and muscovite = low-grade metamorphic
or acid plutonic source. :

Relief and Climate: 1In source area, steep relief (mountains, sea
sea cliffs?, hills) and mechanical weathering predominant
at times over chemical weathering; cool temperate or arctic(?)
climate = results in rapid removal and transport of unstable
rock and mineral detritus before extensive chemical decomposition.

Depositional Environment and Transport Mechanism:

Coarse grain size, poor gorting, and angularity suggest high energy
current transport (not eolian) and rapid deposition and burial in rapidly
subsiding basin (e.g. geosyncline with high rates of sedimentation). No
major reworking by currents (such as surf) is suggested because of
angularity and poor sorting although clays may have been winnowed.

Probable enviromment = fluvial channel, deltaic channels, offshore littoral
or nearshore littoral near a rugged coastline (sea c¢liffs).

Diagenetic History:

1. Some compaction; quartz fragments penetrate mudstone rock fragments;
some mudstone rock fragments contorted around res: stant graing -
reduced porosity.

2. Alteration of groundmass of volcanic clasts to celadonite; some
whole mineral clasts (volcanic glass?) and pyroxene altered to
celadonite or chlorophaeite.

3. Authigenic clay precipitated (celadonite) as matrix infills pores
= low porosity; unlikely reservoir. '
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PETROGRAPHIC REPORT

UNION OIL COMPANY

North Slope Samples
Sample No,  RRR-LOL Analyst: A. R. Niem
Rock Name: Volcanic-lithic granule conglomerate
Number of points counteds 618 Date: August 1L, 1972
Slide Qualitys poor; plucked and pitted = artificial porosity
TE XTURE

Framework:

Porogity: 2.8%; Type: artificial due to plucking, irregular
grinding and pulling rock section apart

Median grain size:s granules
Sorting: poor

Shape and rounding: subangular to rounded; triangular to
rectangular grains

Textural Maturity (Folk): Mature: 1. Little matrix
, 2. Poor sorting
3., Graing subrounded to rounded
Preferred orientation: none

MINERALOGY

Framework minerals:

Quartz: 2.4%; Types: a) subangular to subrounded equidimensionalj
clear; mostly contains normal extinction
b) mosaic quartz = minor, occurs as pore
filling between framework grains
Feldspar: 1.2%; Types: Occurs as slender microlites of prismatic
shape mostly in volcanic and plutonic clasts
albite or Carlsbad twinned plagioclase
feldspar (oligoclase to albite Abg,An,)
untwinned feldspar (orthoclaseg§ aﬁtered
to sericite; contains.a cleavage
Micas: trace; chlorite/celadonite in matrix and alteration
product of groundmass in volcanic clasts
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Sample No. RRR-LOL continued . . .

Rock fragments:

Chert: 9.3%; cryptocrystalline quartz, some with phenocrysts of
euhedral plagioclase suggesting devitrified acidic
volcanic plasg origing most chert containg micro
quartz veinsg and patches of mosaic quartz

Volcanic: 5kL.)%; (the feldspar microlites are a variety of sizes
from silt to coarse sand due to different degrees
of crystallization before eruption) }

a) Some clasts contain pilotaxitic texture; long
glender feldgpar laths in subparallel orientation;

b) Porphyritic (oligoclase-andesine) lava flow
clasgsts consist of euvhedral plagioclase laths with
a groundmags of microlites of plagioclase and iron
oxides (magnetite?), some have a groundmass of
celadonite or opague clays; '

c) Clasts with intersertal texture consist of
plagioclase microlites (Carlsbad twinned) in random
orientation in a celadonite altered groundmass

Quartzite: 2.7%

Mudstones 15.5%; rounded grains of mudstone or shale; mostly dark
black, brownish or opaque clay size mairix with
gome silt size graing of angular quartz or mica

Plutonic: 6.3%; large rounded clasts with a granular texture of

interlocking untwinned (potash?) feldspar,

plagioclase, and quartz crystals = acidic intrusive,
granodiorite; some contain anhedral crystals
altered to chlorite and chlorophaeite and

opaque leucoxene~limonite

Compositional Maturity (Folk): Immature: abundant rock fragments

Diagenetic alteration: 1. Groundmass of volcanic fragments altered to
celadonite/chlorite
2. Feldspar altered to patches of sericite
3. Some clay replaced clasts

Matrix: (< .03 mm) L.0%; mostly original (most grains have distinct
~ boundaries) and partly authigenic
Type: TFine-grained clay intermixed with celadonite with some silt-sized
angular quartz

Cement: 1.2%; none as quartz overgrowths
Type: hematite/leucoxene cement as fine filaments and aggregates
outline some grain boundaries ’
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Provenance:

Rock types: 1.

5
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—_  Sample No. RRR-JOL4 continued . . .

SUMMARY
INFERENCES AND CONCLUSIONS

Mainly volcanic clasts and chert; pilotaxitic texture
in some clasts suggests intermediate volcanic source
such as andesite flows; some porphyritic volcanic

clasts contain plagioclase oligoclase suggesting some
clasts may be from dacitic flows or others may be
from basaltic flows. .
Chert from sedimentary chert beds or chert nodules in
limestone; those chert clasts with plagioclase
phenocrysts suggest they are derived from devitrification
of volcanic glass.

Fine-grained sedimentary rock; mostly mudstone or
shale (penecontemporaneous rip-ups of the mud bottom)
and some giltstone.

Minor gsource - acid plutonic (intrusive) = granodiorite
(albite plagioclase (k-spar) and quartz) or quarts
diorite; also source for quartiz.

Minor - possible metamorphic source as suggested by
one gquartzite fragment.

Relief and Climate: Steep relief in source area. Rapid mechanical
breakdown over chemical disintegration (temperate climate)
produced many rock fragments which were carried away by rapid
erosion (as in streams with steep gradients) before significant
chemical destruction,.

Depositional Environment and Transport Mechanisms

Coarse grain size, occurrence of relatively soft sedimentary clasts,
poor sorting, occurrence of matrix (if some original and not all authigenic)
suggest rapid deposition and burial, e.g. high energy current such as river
(fluvial), high snergy delta channel, or offshore littoral. High degree
of rounding of softer lithic volcanic and sedimentary clasts may have been
produced during minimal transport. Rounded chert may be recycled.

Diagenetic History:

1. Alteration of groundmass of volcanic rock fragments to green
celadonite, chlorite, and opaque clays.

2. Alteration of feldspar to sericite.

3. Oxidatlon and precipitation of iron oxides (leucoxene and
hematite) around framework grains destroys porosity.

. Precipitation of some mosaic quartz filling pores.
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SUMMARY - Group IIT
Thin sections included in Group III: RRR-266, 387, 389, 399, and LO3

Age and field relationships (Rogé): Upper Cretaceous; Waring Mountains,
deposited in an east-west basin south of the
Brooks Range; source area is a metamorphic
terrain exposed to the north in the Baird
and Schwatka Mountains of the Brooks Range

TEXTURE AND CLASSIFICATION:

Two samples are fine-grained sandstones (RRR-266, 387), two are
medium-grained sandstones (RRR-389, 399), and one is a coarse-grained
sandstone (RRR-403). 1In general, these upper Cretaceous rocks are arenites
(three quartz arenites, one subfeldspathic lithic arenite, and one
subfeldspathic lithic wacke). That is, they lack matrix (< 5.9%) and are
cemented with hematite, leucoxene, carbonate, and very minor quartz
overgrowths. Only sample RRR-387 is a wacke and contains abundant
celadonite (greenish clay) matrix (16.3%) which is probably diagenetic
in origin (indistinct grain boundaries of schist and argillite fragments
merge with celadonite matrix). Thus, in general, these samples are
submature to mature in Folk's textural classification, with the exception
of RRR-387 which is immature.

In general, the samples are poorly to moderately sorted except
RRR-266 which is well-sorted. The mineral and rock clasts in all samples
are angular to subangular. The mica and quartzite fragments are elongate
in shape and the quartz clasts elongate to equidimensional.

Unlike the lower Cretaceous rocks of similar grain sizes from the
Waring basin, these upper Cretaceous rocks are more texturally mature;
that is, they contain less matrix. They are also, from this limited
sampling, finer grained. They are texturally similar in that they are
poorly sorted and contain abundant angular grains. There is a preferred
orientation of mica and schist fragments in samples RRR-399 and 403 and
a lamination due to grain size differences in RRR-387.

The porosity of this upper Cretaceous suite is quite high (range: 2.5%
to 28.8%; average: 10.5%) compared to the lower Cretaceous "dirty" volcanic
sandstones of the Waring basin which have undergone more apparent diagenetic
alteration. The porosity is mostly intergranular; some porosity may have
been artificially created in preparation of the thin section. If the
porosity is naturally this high (should have some permeability tests run
on samples), these rocks are potential petroleum reservoirs. At least,
they have a much better potential than the lower Cretaceous rocks of the
Waring basin. Precipitation of hematite and rare carbonate cement and
compaction (as evidenced by contorted mica and schist fragments) has
reduced porosity somewhat.
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 MINERALOGY:

The upper Cretaceous sandstones are characterized by a.distinct
mineralogy from the lower Cretaceous sandstones of the Waring basin and
this mineralogy can be used to recognize these sandstones.

1.

These sandstones are quartz-rich clastics (LO% to 52.5%;
average: 18.8%). The lower Cretaceous sandstones, on the other
hand, have a much lower quartz content (range: 0.9% to 33.7%;
average 18.0%). Most of the quartz is a strained or undulatory
quartz variety. Some normal or non-undulatory quartz occurs,
and rare quartz clasts contaln rutile needle inclusions. Some
quartz grains have serrated or microstylolitic boundaries due to
pressure solution interpenetration with other quartz grains.
Polycrystalline or mosaic quartz (range: 1.2% to 32.0%; average:
11.5%) is composed of interlocking crystals of strained quartz
that have sutured or serrated boundaries. Unlike the lower
Cretaceous rocks of the Waring basin, plagioclase feldspar and
untwinned feldspars are rare in these upper Cretaceous rocks.
Similarly muscovite is abundant in these rocks (< 1% to 13.7%;
average: 6.7%) although it is absent in the lower Cretaceous
rocks. There are also traces of biotite and chlorite. Also no
hornblende or pyroxene occurs in this upper Cretaceous suvite.
Heavy minerals (trace to<1.2%) include leucoxene, hematite,
green tourmaline, rutile needles, and zircon.

Rock fragmentg:

1.

2,

Chert content is low. The amount of chert ranges from a trace to

8.3%; averages l.3%.

Unlike the lower Cretaceous rocks of the Waring basin, there are
abundant low-grade metamorphic rock fragments (green schist facies?)
in these rocks.

a, Quartz mica schist fragments
Range: trace to 13.2%; average: L.8%

b, -Quartzite - some micacéous quartzite
Range: O to 16.3%; average: 5.1%

The lower Cretaceous rocks of the Waring basin contain abundant
volcanic rock fragments; the upper Cretaceous rocks contain none.

The fine-grained sedimentary rock fragments in the upper
Cretaceous rocks are mostly siltstone (range: 0.5% to 7.L4%;
average: 3.9%) and rare mudstone; whereas in the lower Cretaceous
rocks, there is a greater abundance (up to 15.5%) and variety of
fine-grained sedimentary rock fragments; and most of these are
dark mudstones.
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Cement and matrixs gee texture section

PROVENANCE OR SOURCE AREA:

Major = low-grade metamorphic - quartz muscovite schist,
guartz chlorite schist,
quartzite and/or gneiss

The quartz mica schist and particularly the micaceous quartzite clasts
in the upper Cretaceous rocks could have been derived from metamorphic
rocks (micaceous quartzites) like RRR-239 (pre-Devonian) or RRR-252
(Devonian?) in the Schwatka Mountains as the clasts are identical in
mineralogy and texture to these metamorphic rocks. Rosé suggests they
could also have been derived from the metamorphic terrane in the Baird
Mountains of the Brooks Range.

The abundant muscovite flakes, rare biotite, and chlorite probably
also were derived from low-grade metamorphic rocks as is the abundant
strained or undulatory quartz although it is possible some is from acid
plutonic sources. The quartz is too angular to have been recycled from
sedimentary rocks. The mogaic quartz may have been derived from vein
quartz or quartzite sources. The chert fragments may have a sedimentary
origin (e.g. from erosion of chert nodules in a limestone bed or deep-
water recrystallized radiolarian chert bed) or may have a volcanic origin
(devitrified volcanic glass).

A minor source is fine-grained sedimentary, mainly siltstone or
slate (argillite).

Thus, in the lower Cretaceous the main provenance consisted of
intermediate volcanic flows (e.g. hornblende andesites and basalts), some
fine-grained sedimentary terrane (mainly mudstone types), acid intrusives
(granodiorite), and very minor low-grade metamorphics (trace). By upper
Cretaceous time, the provenance wag predominantly a low-grade metamorphic
gource of quartz muscovite schist and gneiss and/or quartzites supplying
a great abundance of quartz, muscovite, and metamorphic rock fragments.
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COMPOSITIONAL MATURITY:

Relief and Climates

This suite of upper Cretaceous rocks is supermature to mature in
composition by Folk's classification; that is, there ig a great abundance
of stable clasts (quartz and chert) and smaller amounts of unstable clasts
such as muscovite and schist fragments.

The abundance of quartz and chert, small amount of unstable minerals
(muscovite) and metamorphic rock fragments, and fine grain size suggest
that the clastic material was derived from a terrane of moderate relief,
low hills, relatively shallow stream gradients in a warm humid temperate
climate. In such an enviromment, most rock fragments will be broken down
to mineral components, and unstable minerals will be altered by chemical
weathering processes to clay and winnowed away, leaving a residuum
enriched in quartz and chert. Mechanical weathering processes dominate
at times (in winter) to produce unstable metamorphic and sedimentary rock
clasts and muscovite. This material from nearby sources?, on a moderate
relief, was carried away from the site of weathering by erosional processes
(streams) before complete chemical breakdown. Thus, compared with the
volcanic lithic-rich lower Cretaceous sandstones, the upper Cretaceous
sandstones appear to have been derived from source areas with less rugged
topography and a more temperate (warmer and more humid) climate. The
increase in quartz content may also reflect derivation from a more
quartz-rich terrane in upper Cretaceous time rather than a difference in
climate or topography.
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DEPOSITIONAL ENVIRONMENT AND TRANSPORTING MECHANTISM:

Deposition in a low to moderate energy environment is indicated by the
general mature texture and by the abundance of musgcovite flakes in this suite.
The fine clays were, in general, winnowed out by current action; but
depogition was fairly rapid with little or no reworking (abrasion) as the
grains are quite angular and sorting is, in general, fair to poor and
there is an abundance of "soft" mica and schist clasts. A possible
environment is fluvial, offshore marine (Llittoral sand barg or neritic
below wave base), or deltaic channel and overbank. The orientation of
mica and schist fragments in RRR-399 and RRR-}03 suggest compaction and/or
water current transport (currents had competence to move fine to coarse
sand size detritus).

DTAGENETIC HISTORY:

1. Moderate to extensive compaction indicated by crushed and
contorted large muscovite flakes between quartz grains and some
interpenetration of quartz by pressure solution to produce
serrated or microstylolitic boundaries between adjacent quartz
grains.,

2. Minor gquartz overgrowths were produced on some quartz grains by
precipitation of quartz by silica enriched groundwater (may have
occurred during pressure solution interpenetration).

3. Oxidation of iron minerals (magnetite?) to hematite and/or
remobilization and precipitation of iron oxides (hematite, leucoxene)
by groundwater to form partial pore filling cement thereby
reducing porosity. :

k. CO?'and ca™ enriched groundwater precipitated carbonate (probably
calcite) in pores only in RRR-266, Some solution of quartz grain
edges and replacement by carbonate minerals.

5. In RRR-387 and LO3 partial alteration of micas and schisgt
boundaries to celadonite and/or chlorite produced indistinct rock
fragment boundaries and formed diagenetic celadonite and/or
chlorite matrix.
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PETROGRAFPHIC REPORT
UNION OIL COMPANY
North Slope Samples.

Sample No. RRR-266 Analyst: A. R. Niem
Rock Name: fine-grained micaceous quartz arenite
Number of points counted: 1237 Date: June 21, 1972

Slide Quality: thin edges, appear to be plucked and pulled apart creating
much artificial porusity

TEXTURE
Framework:

Porosity: 28.8%; Type: intergranular, veins, also irregular areas
too large to be maturally formed

Median grain size: fine sand; Range: very fine to medium sand
Sorting: well-sorted except for a rare large clast
Shape and rounding: angular, some interpenetration of quartz grains
Textural Maturity (Folk): Moderate: little matrix (winnowed)
but sorting fair to good and
grains are angular,
Preferred orientation: none

MINERALOGY

Framework minerals:

Quartz: L9.L4%; Types: 1. Mosaic or polycrystalline quartz - most
with sutured or microstylolitic boundaries;
some with straight boundaries (1.2%)

‘2., Strained quartz - some with opaque needle

inclusions (U48.2%)

Micas: 8.0%; Types: muscovite, individual flakes and shreds
dispersed throughout section

Heavy minerals: 1.2%; Types: 1. Hematite - between grains and
: as pore filling

2. Zircon and.tourmaline (trace)

Rock fragments:

Chert: trace
Schist: 0.6%; quartz mica schist
Sedimentary rock fragments: 0.,5%

Compositional Maturity (Folk): mature to supermature: mostly quartz but also
contain abundant mica and rare schist fragments
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Sample No. RRR-266 continued . . .

Matrix: (<.03 mm) 5.9%; probably original (all grain boundaries distinct
not diagenetically formed matrix)
Type: colorless, thin microcrystalline clay aggregates between
framework clasts - may act as cement

Cement: 5.2%; some quartz overgrowths (less than 1%)

Types: Minor hematite as irregular reddish masses filling void spaces
between framework mineral grains
Some clay matrix may be acting as a cement
Main cement = carbonate (iron stained) infilling pores.

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: schist and much mica = low-grade metamorphic gource; also
source for quartaz
composite (mosaic) quartz = vein quartz or quartzite
mudstone = sedimentary rock

Relief and Climate: low to moderate relief = slow removal of weathered
detritus allowing chemical destruction of most unstable minerals
except quartz and micas, Warm humid temperate climate =
breakdown of unstable minerals and rock fragments; only quartz
and micas remain; schist broken down into smaller mica flakes.

Depositional Environment and Transport Mechanisms:

Low energy depositional enviromnment is suggested by the angularity and
fine grain size of quartz and by the abundance of muscovite flakes (which
remain in suspension for long periods of time), but some winnowing removed
most of the clays and there was abrasional breakdown of most rock fragments
suchibchist. Probably current deposited such as offshore, marine, lagoonal,
neritic, floodplain (not wind or surf deposited) as suggested by the high
angularity of the grains. '

Diagenetic History:

1. Compaction crushing and contortion of large mica flakes and some
interpenetration by pressure solution of quartz producing serrated
or microstylolitic boundaries - results in reduction of some porosity.
2. Oxidation of iron minerals to hematite; remobilization and
' precipitation of iron oxides by groundwater to form cement;
reduction of some porosity.
3. Some recrystallization of clay minerals to form cement between grainsg.
4. Minor overgrowth by silica precipitation on quartz. Then carbonate-
rich groundwater precipitation in pores. Some solution of quartz
clast boundaries by replacement by carbonate.

Good reservoir rock with high porosity. However, porosity may be
artificial due to plucking of grains in the thin section.




109

" PETROGRAPHIC REPORT
& _ | UNION OIL COMPANY
: North Slope Samples
Sample No.  RRR-387 Analyst: A, R; Niem
Rock Name: fine-grained quartz-rich subfeldspathic lithic wacke
Number of points counted: 6L8 : Date: July 17, 1972
Slide Quality: poor; only partially covered; much grinding of edges
TEXTURE
Framework:.

Porosity: L.0%; Type: intergranular

Median grain size: fine sand; Range: very fine to coarse sand

Sorting: vpoorly sorted

Shape and rounding: quartz - angular, elongate to equidimensional,
some large grains are sub-rounded

Textural Matuvrity (Folk): Immature: 1. Abundant matrix
2. Poorly sorted
3¢ Angular grains

Preferred orientation: none; possibly a coarse layer in center
parallel to long direction of section with two finer
layers on either side

MINERALOGY

Framework minerals:

Quartz: L0.0%; Types: angular strained quartz most common (33.9%)
: gsome quartz with normal or non-undulatory extinction
- polycrystalline or mosaic quartz (6.1%) with
straight contacts; some chlorite or mica
, replaced parts of mosaic quartsz
Micas: 1.5%; Types: muscovite and chlorite (commonly celadonite
replaced) occur as aggregates and fibers
Heavy minerals: 1.0%; Types: leucoxene, green tourmaline; scattered
rutile or carborundum needles
Others: trace of celadonite/glauconite(?) as dark green irregular
pellets; some may be alteration of other minerals
17.2%; fibrous grains of celadonite/chlorite

Rock fragments:

Chert: 0.7%

Schist: 13.2%9

Quartzite: 3.3%
Siltstone/mudstone: 2.1%

W3
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Sample No. RRR-387 continued . . .

Compositional Maturity (Folk): submature to matures some lithic fragments
and unstable micas

Diagenetic alteration: alteration of micas, schist, and argillite to
green celadonite clay matrix forming indistinct grain
boundaries

Matrix: (<.03 mm) 16.3%; mostly authigenic

Typeg: green celadonite filling the interstices between grains; other
micaceous clays associated with schist and argillite fragments and
replace much of them; many schist and argillite grains do not have
recognizable boundaries suggesting matrix formed by diagenetic alteration
of framework grains.

Cement: trace; none as quartz overgrowths
Type: minor, some opaque leucoxene and iron oxides.

SUMMARY
INFERENCES AND CONCLUSIONS

Provenance:

Rock types: argillite/slate = sedimentary or penecontemporaneous mud
bottom rip-ups ' .
2. chlorite, quartz mica schist, quartzite, and muscovite
= low-grade metamorphic; muscovite may be aeid plutonic
3. mosaic quartz = vein quartz or quartzite (metamorphic)

Relief and Climate: moderate to low relief; relatively rapid erosion
and trangport before complete chemical weathering of unstable
mica and metamorphic rock fragments The very fine grain size
and abundance of gquartz suggest chemical destruction of many
unstable minerals and rock fragments (e.g. warm, humid climate).
However, mechanical weathering processes dominated over chemical
weathering processes at times (e.g. winter).

Depositional Environment and Transport Mechanisms

Rapid deposition in low energy environment (such as turbidite sands
introduced in deep-sea deposit or fluvial channel) with little or no reworking
as suggested by the abundance of matrix (if in part original), poor sorting,
and angularity of grains = little or no abrasion. Some mudstone/argillite
fragments may be current rip-ups of the mud (sea?) floor. ‘

Diagenetic History:

1. Compaction - contortion of argillite, schist, and muscovite
fragments - reduced porosity.

2. Extensive alteration of muscovite, some schist and argillite to
celadonite and other micaceous clays in matrix as well as opaque
leucoxene = further reduction of porosity.
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PETROGRAPHIC REPORT
UNION OIL, COMPANY
North Slope Samples
Sample No.  RRR-389 Analyst: A. R. Niem
Rock Name: pebbly medium-grained quartz arenite
Number of points counted: 1215 Date: June 21, 1972
Slide Quality: good, edges too thin, plucking creates artificial porosity
TEXTURE
Framework:
Porosity: 12.L%; Type: intragranular associated with hematite matrix
Median grain size: medium sand; Range: fine to coarse sand
Sorting: fair to poor (bimodal?)
Shape and rounding: subangular quartz
Textural Maturity (Folk): Moderately mature: 1. Lacks matrix
2. Some sorting
3. Very angular grains,
little rounding
Preferred orientation: none

MINERALOGY

Framework minerals:

Quartz: 52,5%; Types: mostly strained quartz (undulatory extinction),
‘ some quartz with normal or non-undulatory
extinction; some interpenetration of quartz
boundaries; rare quartz grains with rutile needle
inclusions (39.L4%)
mosaic quartz with sutured boundaries (13.1%)

Micas: < 1%; Types: chlorite and muscovite occur as elongate flakes
commonly contorted by compaction _ '

Heavy minerals: trace; Types: hematite, leucoxene, trace of zircon

Clay: 1less than 1%

Rock fragments:

Chert: 8.3%
Micaceous quartzite: 3.7%
Siltstone: 7.4%

Compositional Maturity (Folk): supermature
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Sample No.  RRR-389 continued . . .

Diagenetic alteration:
1. Compaction = crushed and distorted muscovite grains; reduction of
porosity.
2. Some interpenetration of grains.
3. Oxidation of iron minerals (magnetite?, ilmenite) to hematite and
leucoxene and groundwater precipitation of hematite cement coating
grains = reduction of porosity.

Matrix: (<.03 mm) less than 1%; original matrix
Types: dark argillaceous clay coating, with hematite in pores between
grains (outlines grain boundaries); framework minerals have distinct
boundaries; no minerals in slide show alteration to this clay matrix
= thus suggests original clay matrix.

Cement: 1h.7%; less than 1% as quartz overgrowths
Types: 1. Hematite - coats and outlines grains as a film
2. Leucoxene - irregular shreds and fibers outline grains
3. Minor silica or quartz cement - occurs betw<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>