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Abstract
(Albian and Cenomanian)

The Nanushuk Group, of Early and Late Cretaceouspage, is a transi-
tional unit containing deltaic, interdeltaic, and shallow marine sand-
stone and shale sequences that crop out in the western and central
foothills belt and is widespread in the subsurface of the Arctic North
Slope. The Lower Cretaceous Torok Formation, conformably underlying
and laterally equivalent to the Nanushuk Group, is predominantly a
shale sequence of deeper water origin than the Nanushuk Group. Sand-
stones collected from scattered outcrops, from eight measured sections,
and from twenty wells drilled by the Navy and the U.S. Geological
Survey in the Nanushuk Group and Torok Formation were examined for
compositional differences. Results of the modal analyses show the
suite of sandstones to be be lithic and quartz-rich when plotted on a
0-F-L ternary diagram. Two depositional lobes (western and central)
can be distinguished by variations in the lithic component of the
sandstone modal analyses as well as paleontologic data.

Sandstones of the Nanushuk Group from scattered outcrops and from
the Barabara syncline, Corwin Bluff, Tupikchak Mountain, and Carbon
Creek sections in the western delta (the Corwin Delta) (Ahlbrandt and
others, 1979) show an increased proportion of sedimentary lithic
component, especially calcareous, argillaceous and carbonaceous grains,
and thus are sedimentary litharenites (Folk, 1968). In contrast,
sandstones of the Nanushuk Group from scattered outcrops, and from the
Tuktu Bluff, Kurupa anticline, Arc Mountain, and Marmot syncline sec-
tions in the central delta (the Umiat Delta) (Ahlbrandt and others,
1979) contain more numerous volcanic rock fragments and metamorphic
rock fragments (particularly quartzite and foliated quartz-mica).

These sandstones are predominantly phyllarenite, though some samples
may be categorized as sedimentary litharenite and volcanic litharenite
(Folk, 1968). Samples from the more northerly subsurface occurrences

of the Nanushuk Group and Torok Formation show modal plots which reflect
subtle variations corresponding to those of the surface plots, possibly
indicating a gradation, transition, or interfingering of lithic

types in the subsurface.

Sources for the Nanushuk Group sandstone probably are different
for the two deltas. The increased amounts of calcareous and argillaceous
material found in the Corwin Delta were derived predominantly from the
Lisburne Group of Mississippian and Pennsylvanian age, the Shublik
Formation of Middle and Late Triassic age, and the Siksikpuk Formation,
here of Farly(?) Permian age. Material found in the Umiat Delta probably
was shed from the Endicott Group, consisting of the Upper Devonian
Hunt Fork Shale and Kanayut Conglomerate, and the Lower Mississippian
Kayak Shale. The Endicott Group contributed increased proportions of
quartzose and metamorphic rock fragments (phyllite and slate) to the -
eastern suite of Nanushuk sediments.

Matrix materials caused by compaction of ductile grains, and
cementing minerals produced diagenetically and by weathering are
ubiquitous in samples from the Nanushuk Group. Petrographic evidence
for the development of secondary porosity exists, but is not common
in the sandstones. Many samples, especially those from the subsurface,
attain visible porosity values that are high enough to be of interest
from a reservoir standpoint.



Introduction

Surface and subsurface sandstones from the Lower and Upper Cre-
taceous Nanushuk Group and the Lower Cretaceous Torok Formation were
examined to determine the textural and mineralogical factors that
might indicate their source and affect reservoir characteristics. The
samples were collected from scattered outcrops (sample numbers 1075
through 5475), from measured sections in the western and central out-
crop belts, and from the subsurface (Bartsch-Winkler, 1979; 1981;
Bartsch-Winkler and Huffman, 1981; and Huffman, 1979) (Fig. 1). The
stratigraphic sections in the Nanushuk Group range in depositional
setting from fluvial to deltaic to shallow marine, and show variations
in texture, composition, and diagenetic alteration. Samples of the
Torok are believed by Bird and Andrews (1979) to be deeper water marine
equivalents of Nanushuk sandstones; i.e., the two units are lateral
equivalents of a single depositional system. Sampling was not syste-—
matic; rather, it concentrated on the coarser grained, thicker sand-
stones, which are of greater interest from a provenance and petroleum
reservoir standpoint; most surface samples examined were from the
fluvial or deltaic regimes; the thicker beds were frequently sampled
at several horizons. The surface samples were collected by James E.
Fox (South Dakota School of Mines) in July, 1975, from scattered out-
crops of the Nanushuk Group so their depositional settings are known.
The subsurface samples were obtained from cores stored at U.S. Geological
Survey warehouses in Fairbanks and Anchorage. Some of the thin sections
were made from the remains of "perm plugs" used to determine porosity
and air permeability (Robinson, 1956, 1958, 1959a,b,c, 1964; Collins,
1958a,b, 1959). These samples, taken from the wells drilled by the
U.S. Navy prior to 1975, include those from Kaolak-1, Topagoruk-1l,
Simpson, Meade-1, Oumalik-1, Titaluk-1l, Wolf Creek 1l and 3, Grand-
stand, Knifeblade-2A, Square Lake, and Gubik-2. More recent wells
were drilled by the U.S. Geological’ Survey, and samples analyzed
from these wells include those from East Simpson, Dalton, Inigok,
Seabee, Fish Creek, Tunalik, Peard, South Meade, and South Barrow
l and 6. The relative stratigraphic positions of the subsurface
samples are well known, but environments of deposition are not iden-
tified. Modal analyses were performed on a total of 199 thin sections,
and observations on the textural details were made on many more samples.
A preliminary petrographic study of the sandstones was reported in
Circular 794 (Bartsch-Winkler, 1979, p. 61-76; Huffman, 1979, p.
77-88), Circular (Bartsch-Winkler, 1981), and Circular 823-B
(Bartsch-Winkler and Huffman, 1981). Krynine (1947, 1948), Krynine
and Ferm (1952), Fox (1979, p. 42-53), and Fox and others (1979) did
petrographic studies on rocks from the Umiat test wells, and their
sandstone descriptions served as invaluable introductions to the
complexities and nuances of the sandstones of the Nanushuk Group and
Torok Formation examined in this study.

Methods of study

Sandstones were submitted for thin sectioning, staining, and impreg-
nation, to commercial laboratories under contractual agreement with the
U.S. Geological Survey. The thin sections were stained with sodium-
cobaltinitrite to aid in identification of potassium feldspar and with
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alizarin red to aid in identification of dolomite. Owing to the poor
quality of the thin sections in all the samples except those from the
post-1975 wells, especially in the impregnation and feldspar staining,
modal data on visible porosity and potassium feldspar content is con-
sidered tentative. For modal analyses, a minimum of 300 grains were
counted per thin section. Framework and matrix materials are categor-
ized according to the definitions of Dickinson (1970), except for the
chert grains (see the following discussion). Whole rock x-ray studies
were conducted on some of the samples by Paul D. Blackmon and Harry C.
Starkey, U.S. Geological Survey, Denver, to identify clay types and
confirm major mineral constituents. With the assistance of Eve Sprunt,
Stanford University, polished thin sections of selected samples were
examined under cathodoluminescent light in order to determine cement
relationships and possible grain overgrowths. Rock chips from the
surface and subsurface samples were examined usine the Cambridee 180
scanning electron microscope with an attached electron-dispersive
analvzer located at the U.S. Geological Survev. Menlo Park. California.
with the assitance of Robert L. Oscarson. Using the petrographic micro-
scope, textural parameters were determined by estimation of sorting
and type of grain contacts, measurement of grain size, and calculated
percentages of cement, matrix, framework grains, and visible porosity
from modal data. 1In the laboratory, porosity and air permeability
measurements were made by Ira Pasternak (U.S. Geological Survey) and

by contract laboratories on samples from the measured sections. Robin-
son and Collins reported results of measurements on samples from the
wells drilled by the Navy (Robinson, 1956, 1958, 1959a, b, c, 1964;
Collins, 1958a, b, 1959).

Mineralogy and grain types

OQuartzose grains (0) include monocrystalline quartz, polycrystal-
line quartz, chert, and quartzite. The monocrystalline grains (Om)
include undulose types as well as those with straight extinction angles.
Quartzite grains are those with elongated crystalline morphologies,
lacking any mica. Polycrystalline quartz (Op) grains may have a wide
range in crystalline dimensions, even in a single grain, and for this
reason, grains with individual crystals smaller than 0.03 mm, which
many workers would classify as chert (Dickinson, 1970) were not separated
from the polycrystalline quartz category in this study. Chert grains
include only fibrous types, which are rarely found in these rocks.

Feldspar (F) is not a significant component in the sandstones,
averaging less than 10 percent of a typical sample. Potassium feldspar
was stained yellow and thus was readily identifiable in most of the
thin sections. Where feldspars are present they are typically altered,
and identification of untwinned feldspars in some of the poorly stained
thin sections was made on the basis of their significant alteration.
Most feldspar grains are blocky and display albite and Carlsbad twin-
ning; perthitic and myrmekitic feldspar types are also present.

Lithic grains (L) are typically altered by compaction because of
their structural incompetence, and specific lithic types may be diffi-
cult to identify, not only because of their generally smaller grain size
but also their apparent susceptibility to alteration and dissolution. -



Metamorphic rock fragments (Lm) include quartzite and foliated quartz-
mica (schist and phyllite) grains (Dickinson, 1970). Quartzite grains
with only slightly elongate crystals are difficult to distinguish from
polyerystalline quartz grains which are included in the quartzose
grain category. Volcanic lithic grain types (Lv) include felsite,
microlitic volcanic and microgranular-hypabyssal grains (Dickinson,
1970). Felsite grains may be confused with polycrystalline quartz
grains if they are unaltered and untwinned, or with metamorphic grains
if they show slightly elongate crystals.

Sedimentary rock fragments (Ls) include polycrystalline quartz
(0p) (see previous discussion), calcite clasts (Lcc), and argillaceous-
carbonaceous fragments (Lac). The argillaceous-carbonaceous fragments
in the sandstones studied are here treated together because of their
close association in many grains and the difficulty of distinguishing
them. Commonly though, the argillaceous fragments are laminated and
may contain silt-size or smaller quartz grains, whereas the carbonaceous
fragments and organic debris are massive and nearly opaque or deep
orange along a very thin edge. Many of the sedimentary lithic fragments
contain calcareous material which might vary from very finely crystalline
to blocky sparry calcite. A few of the samples exhibit all stages of
crystal development., Although some of this alteration may have taken
place during diagenesis of the Nanushuk Group, much of it probably
occurred prior to Nanushuk deposition in the source terrane. The
resultant rounded, recycled clasts of recrystallized calcite(?) sur-
rounded by blebs or coatings of dark-brown to reddish-brown clay material
are characteristic, though not exclusively so, of the western area.
Commonly these sedimentary lithic types are found associated with each
other in various combinations in a single grain.

Most samples contain minor amounts of detrital muscovite, and a
few contain small amounts of pleochroic straw-yellow to dark-brown
detrital biotite in flakes which are nearly always bent and broken by
compaction. Minor amounts of detrital chlorite(?) were also observed.

Results of Compositional Analyses — Provenance and Source Rocks

Complete results of the 199 modal analyses are shown in table 1
and table 4. When the sandstones were grouped according to their loca-
tion on the map (table 4), compositional differences became apparent
between samples from west of 157° W longitude (western suite) and
samples from east of 157° W longitude (central suite). Samples from
the western suite include those from Corwin Bluff, Tupikchak Mountain,
Barabara Syncline and Carbon Creek measured sections and Tunalik,
Peard, Kaolak, Meade, South Meade, Oumalik, and South Barrow wells.
Samples from the Central suite include those from Kurupa Anticline,
Tuktu Bluff, Arc Mountain, Marmot Syncline measured sections, and
Simpson, East Simpson, Topagoruk, Dalton, Fish Creek, Inigok, Square
Lake, Wolf Creek, Seabee, Gubik, Grandstand, Titaluk, and Knifeblade
wells. Sandstones of the Nanushuk Group and Torok Formation are composed
of abundant quartz and lithic grains (fig. 2). An average surface
sample from the western suite contains 54 percent quartzose grains,
11 percent feldspar, and 35 percent lithic grains, whereas an average
surface sample from the eastern suite is composed of 58 percent quartzose
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Figure 2.

Averages of quartz-feldspar-lithic (Q-F-L) modal analyses
of sandstones of the Nanushuk Group from eight measured
sections and from the Nanushuk Group (N) and Torok Forma-
tions (T) in the subsurface. Averages of sandstone sam-
ples from the western outcrop belt are enriched in feld-
spar grains and depleted in lithie grains when compared
to samples from the central belt, Range in percentages
of quartzose grains is the same for both suites. Sub-
surface Torok sandstones have increased numbers of feld-
spar grains compared to Nanushuk Group samples.



grains, 3 percent feldspar grains, and 39 percent lithic grains.
Subsurface Torok sandstones have increased proportions of feldspar

grains compared to Nanushuk Group samples.

Proportions of detrital framework grains, particularly quartzose,
feldspar, and lithic grains, determine the provenance of Nanushuk
sandstones. Dickinson and Suczek (1979), using a series of modal
plots, classified the sandstones of the Nanushuk Group with those from
a "recycled orogen provenance” of uplifted, folded and faulted strata
composed of recycled detritus of sedimentary or metasedimentary origin.
They have further classified them as rocks derived from a foreland
uplift associated with foreland fold-thrust belts with varied provenance
characteristics, depending on the foreland setting.

The lithic grain compositions are the most useful modal tool in
differentiating source areas of sandstones from the Nanushuk Group,
as shown in Figure 3. Two groups of sandstones with differing relative
lithic grain compositions can be distinguished. 1In the western area,
sedimentary lithic fragments (especially carbonate and argillaceous-
carbonaceous lithic clasts) constitute a larger percentage of the
sandstones, and they are classified as sedimentary litharenites (Folk,
1968), whereas the sandstones from the central outcrop belt have an
increased proportion of metamorphic rock fragments and they are clas-
sified as phyllarenites (Folk, 1968). Sandstones from the subsurface
have compositions intermediate between the two surface suites. Sub-
surface sandstones of the Torok Formation are composed of a higher
proportion of sedimentary lithic grains than the subsurface sandstones
from the Nanushuk group.

Extensive carbonate outcrops of the Mississippian and Pennsylvanian
and locally Permian Lisburne Group, along with the Silurian and Devonian
and possibly Ordovician limestones making up the Baird Group (Tailleur
and others, 1973), are probably primary sources for the calcareous
clasts of the western province (the Corwin Delta of Ahlbrandt and
others, 1979) of sandstones of the Nanushuk Group. Outcrops of these
units occur in the Brooks Range to the south, the Tigara Uplift near
Cape Lisburne (Payne, 1955), and probably the offshore extension of
the uplift, the Herald Arch (Grantz and others, 1976; Mull, 1979).

The Endicott Group, consisting of the Upper Devonian Hunt Fork Shale
and Kanayut Conglomerate and of the Lower Mississippian Kayak Shale
(Brosgé and Tailleur, 1971), has extensive outcrops in the central
and eastern Brooks Range in the Endicott Mountains, and may be the
source for the metamorphic lithic (phyllite and slate) and quartz-
ose grains which predominate in the centrally located Umiat Delta
(Ahlbrandt and others, 1979) of the Nanushuk Group.

Textural analysis

Primary factors thought by Fothergill (1955) and Fuchtbauer (1974)
to contribute to the type and amount of interstitial matter in clastic
rocks are (1) grain size, (2) thickness of beds, (3) amount of mixing
of sediment layers by syndepositional processes such as burrowing by
organisms, (4) proximity to shale beds, and (5) composition of framework
grains, Secondary processes primarily responsible for the loss of

10.
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Figure 3. Averages of volcanic-metamorphic-sedimentary lithic (Lv-
Lm-Ls) modal analyses of sandstones from the Nanushuk
Group from eight measured sections and from the Nanushuk
Group (N) and Torok Formation (T) in the subsurface.
Plots determine compositional differences which consti-
tute the central outcrop belt of phyllarenites having a
higher percentage of metamorphic rock fragments, and a
western outcrop belt of sedimentary litharenites, com-
posed of increased proportions of sedimentary lithic
grains. Samples from the subsurface have compositions
intermediate between the two suites. Subsurface sand-
stones of the Torok Formation are composed of a higher
proportion of sedimentary lithic grains than the sub-
surface sandstones of the Nanushuk Group. (Sandstone
classification after Folk, 1968.)
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porespaces in these sandstones are (1) weathering and (2) diagenetic
alteration. Combinations of these primary and secondary factors are
responsible for the reduction in porosity and permeability in sandstones
of the Nanushuk Group and Torok Formation. Cement and matrix material
are distinguished and tabulated according to the categories defined by
Dickinson (1970); the results of the textural observations are shown

in figure 11 and Table 4.

Matrix materials

A pseudomatrix (Dickinson, 1970), which probably results from the
destruction of softer clastic grains, is the principle matrix material
in the sandstones of the Nanushuk Group and Torok Formation which are
not well cemented. Significant quantities of this material, which is
composed of unsorted and randomly oriented silt and clay particles of
quartz, chlorite, sericite, and much unidentifiable material, are
found in the intergranular spaces in many of the sandstones. In many
cases, less competent, but still recognizable (lithic?) grains are
molded around adjacent grains (usually quartzose grains) which are
more competent (fig. 4).

Cementing materials

Authigenic cements and alteration products due to diagenesis and
weathering are common constituents in Nanushuk and Torok sandstones.
Cementing materials in the samples are calcite, silica, kaolinite, and
chlorite, and, rarely, feldspar, sericite, illite-montmorillonite, and
chalcedony. X-ray studies of the outcrop samples and samples from
the early (pre-1975) wells indicate that montmorillonite is present in
only trace amounts (table 2). No zeolite minerals were observed
petrographically or detected by x-ray analysis.

The most common and volumetrically most abundant cement is calcite,
which constitutes as much as 45 percent and averages almost 8 percent
in the thin sections from the Barabara syncline. All stages of cement-
ation and replacement by calcite are observed, from only minor occur-
rences in some sandstones to pervasive recrystallization in others.
Calcite cementation, which is more common in some sandstones in the
western outcrop belt, is probably related to weathering and diagenesis
of the sandstones. The amount of cementation can vary directly with
the detrital calcite-clast content and commonly is observed growing
out of these clasts (fig. 5). The calcite clasts, for the most part,
were derived from crystalline limestone sources. The clasts, after
Nanushuk deposition, became the focus of further calcareous cementation,
obliterating original Nanushuk sandstone porosity and permeability.

In some samples, ghosts of clastic calcite grains can be detected

by relict outlines of clay material (fig. 6). When observed under
cathodoluminescent light, the calcite grains luminesce red and orange,
and often show internal crystal-growth outlines, whereas the surrounding
calcite cement luminesces bright yellow, and is homogeneous, probably
indicating an earlier origin for the calcite in the grains. 1In the

most extreme examples, the sparry calcite cement completely replaces
other detrital grains in the sandstone as well as the detrital cal-

cite grains, except for a few remaining "floating" and deeply embayed



















































Summary

Matrix and cementing materials found in the interstices between
detrital grains in most of the sandstones of the Nanushuk Group reduce
their reservoir potential. The most promising sandstones in the Nanus-
huk Group are those in the northern and eastern subsurface sections,
since it is in samples from these sections that preliminary tests of
porosity and permeability show the highest values. Much of the porosity
may be secondary, and thus may improve the reservoir potential of these
sandstones. At least three factors may be responsible for the north-
eastward increase in porosity and permeability: (1) Complex and diverse
fluids capable of distributing dissolving agents may, at least in
part, be derived by compaction and fluid expulsion from interbedded
and down-dip shale beds, which are more abundant to the north. (2)

The detrital calcite grains which came from the Brooks Range to the
south and west and which are the source for much of the calcite cement,
may decrease in numbers northeastward. (3) The style of Nanushuk
deposition changes from low- to moderate—energy deltaic environments

in the south and west to higher energy barrier-coast-line environments
in the subsurface to the north, resulting in a probable increase in the
lateral extent and sorting coefficient of the sandstone bodies.

29.
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TABLE !.,--Clay-mineral analyses by X-ray diffraction of the clay-fraction separates of samples from scattered outcrops and 4he Subsurface.
[Oriented mounts were made to aid {n ldenctftcstion of the clay minerals; glycolation, potassium-acetste intersalation,

and vartous haating techaniques were (ncorporated. Eatimated amounts of the minarals preaent in each sample were deter-

mined from tha x-ray diffraction traces and are listed below as parts tin ten; trace » leas than 5Z; less than | = 5-9

percent; (+) or (-) tndicatas that tha actusl amount is slightly highar or lower than the valua reported. Leadera (--)

indficste nona preaent. Paul D. Blackmon and Harry C. Starkay, anulystsg

Clay cypas
Sample No. Illite [llite-mica Illice Montmoril=- Chlorita- Chlorite Mica=- Kaolinite Serpentine
or mica montmorillontte, lonite montmorillonice, Chlorite,
aixed mixed mixed

Surfaca

4 5 - L ==
4+ 4t -—— -—— ——
I+ -—— 2+ ——— 2+ .-
5 -—— 1 bk 1 -—-
5 -— -—— 2 - 1+ -——
I+ Trace 2+ - 2+ —--
2+ 1 2+ -— 2+ --=
I+ -—— 1- 2+ --- 1+ -
1+ —— —— 1+ —— -—— 4+
I+ -— == 2+ -—- - -
2 --- 2 -—- -—= I+
1+ Trace 1+ 1 1~ -—-
1+ 1- 1- 1+ -——
1+ Trace -— 1 --- 3+
1+ -—- -—- -—— 1- == 5 -—-
2 ! -—— Trace 4+ -——
2+ -— -—— 1- 3+ -
1 1- -——- Trace 5+ -—-
1+ Trace Traca —-—- 4 -—
1+ 1+ Trace -——- I+ -——
1- 1- - -—- Trace - 5+ -
Subsurface

Kaolsk -1 -— -—= -—- Trace -— Trace -

Kaolak 1+ -——— Trace -1 -——-

Kaolak 1 Traca Trace -1 -

Kaolak -1 Trsce Trace 1 -——

Kaolak 1-6739 -1 -—- Trece -—= -—= Trace -— Trsce -

Topagoruk 1-304p-=-=-- =~} —-—— Trace Trace Trace -

Topagoruk -1 —-—- Trace Traca Trace -

Topsgoruk 1 —-- ——- Trace Trace -———

Topagoruk 1-1790p=-== ~=- -1 Trace -— - Trace -—- Trace -

Topsgoruk 1=-5972-=== =~-u -1 -— -— -—— Trace .- Trace -—-

Topagoruk 1-6498---- 1+ -—— Trace -—- —— Trace —~— -— —

Simpson 454===<-em== - 1 Trace -—— -—— -1 —-— Trace -—

Stmpaon 829--- R 1 Trace -—- -—- -1 -—- Trace -—=

Stmapson 979-- -—— 1 ——— —— — -1 -— Trace —

Meade 1-2953-- -1 -—- Trace - —— Trace --- Trace .-

Meade 1-4133- - -1 -——- Trace -—- -— Trace -——- -1 -———

Oumalik !=97%p~=w=== -1 -—— Trace -—- Trace

Cumalik 1-1606p~ - =1 —-_— Trace -— -1

Oumaltk !-3260p~ - -1 Trace -— Trace -—— Trace

Oumalik 1-3752p=----- 1 —— —— Trace - Treca -—- Trace ——

Titaluk 1-53%8p---==- —-— 1+ —— -1 —— -1 -——

Tlesluk 1-2675p~ -— Trace -—— Trave

Titaluk 1-3004p~ ——— Trace --- -1

Titaluk 1-3306-~- s Trace - Trace

Titaluk 1-3431p--=--- Trace -—- -—— -1 --- -—- -—-

Wolf Creek 1-867--=~ 1 —— Trace - -1

Wolf Creek -——— Trace .- Trace

Wolf Creek 3-2050--- --- Trace Trace

Wolf Creek 3-2532-e= ~~- 1+ 1 -—

Wolf Creek 3-3109--- 1 -——- -1 - Trace

Wolf Creek 3-3509--- 1 —— -——- -—— -1 -— - -

Crandstand 364=-69--~ --- -1 Trace ——— Trace

Grandstsnd 862-82--- ~-w- -1 Trace --- Trace

Grandatsnd 2484-==-= —=- 1 -—- -—- -— Trsce ——— —-— —-——

Knifeblade 2A-172p~-- Trace .- — .- -—- Trece -— -1 —-—

Knifablade 2A-792p~- ~1 -— -——- -— 1 -1 -——- —-——- -—

Kaifeblade 2A-1557n- -1 -—— -— -—- -—- -1 -—- --- -

Square Lske 1685~~-=- 1+ -—— Trace — Trace Trace

Squere Lake 1854=---- 1 Trace -—- -— Traca Trace

Square Lake 1916--~-- 1 - —-—— —— Trace -—— Trace

Square Lake 30)6-==~ =] - ——— Trace -——— Trace

Square Lake 3480---- =~} -——— — Trace -——- Trace

Squsre Lake 3856=--~ -1 -—- -—— - ——— Trace - Trace -

Gubik 2=31]2~wvvcemn  —aw I+ Trace - -1 —-— .- -

Gubik 2-3529--- - 1+ ——— Trace - -1 -—- -

Gubik 1 - Trace —-— Trace

Gubik -1 - Trace -—- Trsce

Gubik 1+ - .- - ——— Trace -—- Trace -—
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Table 3. Modal grain size, percent visible porosity, effective porosity,
and air permeability measurements of many of the sandstones of
the Nanushuk Group and Torok Formation included in the petro—
graphic study (continued). [n, number of samples; =--, no
testing done; *, sample from Torok Formation. Averages take
into account only those samples tested.]

Sample Modal Visible Effective Air perm-

- Number grain porosity orosit eability
size (2) () (md)
(est.
Barabara syncline n=25

77ACh82 «25 2.0 . 12.6 1.45

77ACh85 «20 0.6 11.7 1.65

77ACh87-1 .25 0.6 11.4 1.31

77ACh87-u .15 1.0 11.0 0.27

77ACh89-1 .25 0.0 7.2 —

77ACh90-1 25 1.3 11.2 1.48

77ACh90~u «25 0.6 . 11.7 1.25

77ACh92 «25 2.3 11.3 1.25

77ACh93-1 .15 0.0 10.3 1.47

77ACh93-nm .20 0.0 10.7 0.68

77ACh93-u .15 0.0 . 10.5 0.47

77ACh97 .20 0.3 8.7 0.30

77ACh101-1 .20 2.0 12.0 1.13

77ACh101-m .25 1.3 10.4 1.04

77ACh104~1 .18 1.3 14.6 2.75

77ACh104-u .18 1.3 13.6 1.74

77AChl108-1 «20 0.0 8.9 0.38

77ACh108-m .30 0.0 8.1 0.19

77AChl108—u .20 1.0 12.0 0.99

77AChl16 «30 0.0 8.2 33,37

77ACh120-1 .23 0.7 12.8 1.51

77ACh123 .15 0.6 9.6 1.40

77AChl184 25 - 14,6 29.5 : 1,278.80

Range .15-.30 0.0-14.6 7.2-29.5 0.190-1,278.8

Average 22 1.27 11.4 53.42



Table 3.

(conhinued)

Modal grain size, percent visible porosity, effective porosity,
and air permeability measurements of many of the sandstones of
the Nanushuk Group and Torok Formation included in the petro-

graphic study.

[n, number of samples; =—=, no testing done;

*, sample from Torok Formation.
only those samples tested.]

Averages take into account

N
3

Sample Modal Visible Effective Air perm-
Number grain orosity orosit eability
size [€3) () (md)
(est.)
Tupikchak Mountain syncline n=16
77AJF23 .15 0.3 7.3 —
77AJF28 .30 0.0 8.6 1.17
77AJF30 .18 0.3 8.0 0.16
77AJF32~u «23 0.0 4,1 —
77AJF36—u .23 0.0 4,6 -
77AJF37-1 «25 0.0 6.2 —
77AJF37-u .30 0.0 7.3 —_—
77AJF39-u .30 0.7 5.6 —
77AJF42-1 .34 1.3 4,2 ———
77AJF42~u .30 0.0 6.1 —_—
77AJF44 .18 0.3 6.6 —
77AJF47-1 .18 0.0 5.2 —
77AJF47-u 45 1.0 5.3 —_—
77AJF52-u .25 0.0 6.4 —
77AJF52-1 .25 0.0 5.5 ——e
Range «15-.45 0.0-1.3 4.1-8.6 0.0-1.17
Average «26 .29 6.1 .67
Carbon Creek n=6
77AAhdcc .15 0.0 7.6 0.12
78AAhScc .23 4,3 12.6 0.43
78AAh6cc .23 8.0 14.5 1.20
78AAh8cc .50 0.0 4.5 0.15
78AAh9cc .30 6.0 13.6 2.20
78AAh12cc .60 0.0 4,3 0.07
Range «15-,60 0.0-8.0 4,3-14,5. 0.07-2.20
Average "o 34 3.1 9.5 0.70
Corwin Bluff n=13
77AAR31b .23 3.7 8.3 0.45
77AAR39 .30 1.3 10.3 0.35
77AAh40 .23 0.0 — —
77AAh42 46 0.3 7.2 -—
77AAh46 .18 - 0.0 1.4 —-—
77AAh48a .30 0.0 4,8 —
77AAKh1002a .30 3.3 10.1 3.9
77AAh101 .30 0.0 3.3 —_—
77AAK103 .23 0.0 3.9 —_—
77AAh104 «25 0.7 8.8 1.44
77AAh105 .18 1.0 5.4 —
77AAh106 .30 1.7 9.2 0.84
77AAR110 .18 0.3 3.4 —
Range .18-.46 0.0-3.7 1.4-10.3 0.35-3.9
' Average .26 0.9 6.3 1.40




Table 3.

(Con‘H nued)

Modal grain size, percent visible porosity, effective porosity,
and air permeability measurements of many of the sandstones of
the Nanushuk Group and Torok Formation included in the petro-
graphic study (continued). [n, number of samples; ---, no
testing done; *, sample from Torok Formation. Averages take
into account only those samples tested.]

Sample Modal Visible Effective Air perm-
Number grain porosity orosit eabilit
- size (%) () (md) -
(est.)
Kurupa anticline n=23

78ACh20 .23 0.0 6.0 34.0
78ACh21 <30 3.3 11.7 0.26
78ACh23 .60 6.3 11.2 7.2
78ACh24 50 2,0 6.8 39.0
78ACh25 .18 0.0 —_— —-—
78ACh30 .18 3.3 11.1 0.21

© 78ACh31 .23 10.0 — m—
78ACh32 .23 6.7 11.7 1.1
78ACh33 .30 6.0 13.8 2.4
78ACh43 .23 0.0 —— —
78ACh47 .30 0.0 — —
78ACh49 .18 0.0 9.4 0.33
78ACh59 .40 3.0 — ————
78ACh64 .23 0.3 5.1 0.05
78ACh70 .23 1.3 15.2 4,7
78ACh74 .30 0.0 4,9 0.47
78ACh76 .60 5.7 17.7 62.0
78ACh79 .30 0.7 9.8 0.97
78ACh80 .23 0.3 7.3 0.18
78ACh103 .50 0.3 6.6 0.15
78ACh108 .60 0.0 6.6 0.12
78AChl113 .23 0.0 — —
78AChll6 .23 0.0 5.5 0.13
.Range +18-.60 0.0-10.0 4,9-17.7 .05-62.0
Average .32 2.14 - 9.4 6.66
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Table 3. Modal grain size, percent visible porosity, effective porosity,
leontinued) and air permeability measurements of many of the sandstones of
the Nanushuk Group and Torok Formation included in the petro-
graphic study (continued). [n, number of samples; ---, no test-
ing done; *, sample from Torok Formation. Averages take into
account only those samples tested.]

Sample Modal Visible Effective Air perm-
Number grain porosity porosity eability

size (%) (")) (md)

(esto )

Tuktu Bluff n=19
77AAh12 .18 0.0 6.5 —
77AAh13-u- .15 0.0 7.5 —_—
77AAh16 .23 0.3 7.8 —_—
77AAh17 «30 0.0 6.1 —
77AAh20-1 .18 0.0 5.3 —
77AAh21 .60 0.7 5.5 ——
77AAh23 23 3.7 ——— —
77AAh25 «30 1.7 11.0 0.79
77AAh30 .18 0.0 3.8 —
77AAh35-1 .15 0.3 4.8 113.0¢hairline fracture.
77AAh37-m 23 0.6 6.2 0.25
77AAh38~1 .45 1.7 4,2 0.15
77AAh38-u .40 3.8 7.7 0.41
77AAh39-1 .15 0.3 3.4 0.07
77AAR39-u .70 1.6 7.9 6.2
77AAh43-u .60 1.3 6.9 0.26
77AAh45-1 .23 0.7 8.1 0.33
77AAh49-u .18 0.0 14.6 320.0
77AAh49-1 «55 16.0 11.2 6.6
Range .15-.70 0.0~16.0 3.4-14.6 0.07-320.0
Average .32 1.7 7.1 40,7
Arc Mountain syncline n=16

78AAh6 15 0.0 4,2 0.06
78AAhl6 .20 0.0 3.4 0.06
78AAh17 .18 0.0 5.2 0.59
78AAh18 1.20 2.3 5.7 1.0
78AAh19 <40 1.3 6.6 0.28
78AAh20 .40 1.3 7.1 0.38
78AAh22 .15 0.3 — —
78AAh25 «25 0.3 5.2 0.22
78AAh26 .30 0.0 4.3 0.12
78AAN27 .60 5.3 8.4 3.90
78AARh30 .30 0.0 — -—
78AAh31 .60 3.0 5.1 0.17
78AARh32 .30 4,0 7.4 0.31
78AAh41-1 .40 1.7 2.7 0.12
78AAh41-m .60 2.7 6.0 0.26
78AAh4 1-u .60 0.0 3.7 0.07
Range .15-1.20 0.0-5.3 2.7-8.4 0.06-3.90
Average 0.42 1.4 5.4 0.54




Table 3. Modal grain size, percent visible porosity, effective porosity,

(continued) and air permeability measurements of many of the sandstones of
the Nanushuk Group and Torok Formation included in the petro-
graphic study (continued). [n, number of samples; --—, no
testing done; *, sample from Torok Formation. Averages take
into account only those samples tested.]

Sample Modal Visible Effective Air perm—
Number grain porosity porosity eability

size [€3) €)) (md)

(est.)

Marmot syncline n=24

78AChl4 23 0.0 3.1 0.31
78AChl6 .77 3.3 3.8 0.10
78ACh18 .13 0.3 4.7 0.08
78ACh20 .60 0.3 2.5 0.11
78ACh24 1.20 8.3 2.3 0.06
78ACh25 .60 0.7 5.0 0.17
78ACh26 48 1.7 3.7 0.12
78ACh28 .23 3.0 4.1 0.06
78ACh29 .40 0.7 —-— —
78ACh30 .60 0.0 3.2 0.13
78ACh31 1.20 2.0 4.4 0.10
78ACh32 .30 0.0 ——— —
78ACh34 .12 1.0 3.1 0.05
78ACh35 «60 0.3 2,9 0.08
78ACh37 .60 2.7 5.5 0.19
78ACh38 «65 1.3 7.6 13.0
78ACh43 .60 0.0 4.8 0.15
78ACh44 «60 0.0 5.0 0.65
78ACh45 .40 0.3 6.5 0.20
78ACh46 «20 1.0 4.7 0.25
78ACh52 1.20 3.0 6.9 0.56
78ACh53 .38 1.3 5.6 0.10
78ACh54 23 - 0.0 3.4 0.06
78ACh56 .20 - 0.0 5.5 0.17
Range .12-1.20 0.0-8.3 2.3-7.6 0.05-13.0
Average 0.52° 1.3 ° 4.5 0.80
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Table 3. Modal grain size, percent visible porosity, eff

ective porosity,

and air permeability measurements of many of the sandstones of

(cortinued) the Nanushuk Group and Torok Formation included in the petro-
graphic study (continued). [n, number of samples; ===, no
testing done; *, sample from Torok Formation. Averages take
into account only those samples tested.]
Sample Modal Visible Effective Air perm-
Number grain orosit orosit eability
size €3) ® (md)
(est.)
Subsurface Samples n-3
Western: n=9
Kaolak 1(937) .23 6.3 11.55 imperm.
Kaolak 1(2453 .23 2.0 11.90 imperm.
Kaolak 1(3187) .18 1.0 10.04 imperm.
Kaolak 1(4078) .15 5.3 11.28 imperm.
Meade 1(2953) .23 7.7 19.2 13.48

*Meade 1(4133) .23 3.7 9.35 impern,
Oumalik 1(979-984) .23 3.3 15.2 34.0
Oumalik 1(1606) .26 1.7 10.9 8.8

*Oumalik 1(3260) .18 2.0 9.2 less than 4
Range .15-.26 1.0-7.7 9.2-19.2
Average .21 3.7 12.1
Central: n=22
Knifeblade 2A(172) .30 9.3 16.0 41.0
Knifeblade 2A(792) «40 3.3 14.2 1.3
Knifeblade 2A(552) .15 4,7 11.6 less than 1
Titaluk 1(539) .15 4,7 12.0 imperm.
Titaluk 1(2675 .15 7.3 12.5 17.0
Titaluk 1(3004) .27 1.7 8.3 imperm.
Titaluk 1(3306) .23 2.7 9.0 imperm.
Titaluk 1(3431) .17 1.7 10.5 imperm.
Wolf Creek 1(867) .30 0.0 5.3 imperm.
Wolf Creek 3(1553) «30 10.3 18.9 305.0
Wolf Creek 3(2050) .17 2.0 10.6 less than 1
Wolf Creek 3(2532) .20 0.0 4,7 imperm.
Sq. Lake (1916) .17 5.3 17.5 ——

. 8q. Lake (3036) .23 6.3 13.3 17.6
Sq. Lake (3480) 14 8.7 12.7 imperm.
Grandstand (364-69) .46 2.3 10.6 ——
Grandstand (862-82) .17 2.3 11.2 less than 1

"~ Gubik 2(3529) «17 3.7 13.5 2.3
Gubik 2(3822) .18 . 8.0 14.1 22.0
Simpson (829) .13 '12.3 28.8 ———
Topagoruk 1(603) .15 13.0 27.2 316.2
Topagoruk 1(1204) .23 11.4 26.0 - 200.4
Range «13-.46 0.0-13.0 4,7-28.8
Average .22 5.5 14.0
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