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TRATIGRARHX AND $TRI§CTURE Gr THE SOUTHERN FOOTHILLS
SECTION BETWEE(N—’I/HE ETIVLUK AND KILIGWA RIVERS

By -
U. 8, Geological Survey
Irvin L. Tailleor OPEN FILE REPCRT
This report i S preliminary and hag
not been edited or reviewed for

and - -
conformity with Geological survey
Bion H, Kent Standards Or nomenclature.
INTRCDUCTION

art of the Southern Foothills section, Arctic Foothills prov-
lies between the Etivliuk and Kiligwa Rivers was investigated

oy navy OL1l Unit party 6 during the 1950 field season. 4 belt about 16
miles wide and 60 miles long {approximately 800 square mtles) was
in considerable detail (see index mgp, pl. 1) The mgyped erea isin the
west-central part of the Arctic Foothills province, wholly within the
boundaries of Haval Petroleum Reserve Noa 4. Major drainage consists of
the middle reaches of the Etivliuk, Ipnavik, Kuna, and Kiligwa Rivers.

Principal objectives of the party, g}ing previous geologic studies
in the Okpikruak-Kiruktagiak Rivers areaz/ as on initial working base, were
stratigraphic and structural studies of the outcrops in the interstream
areas. In view of the former interest in possible Lisburne limestone plays,
the Lisburne Ridge west of the Etiviuk River and the northward nosing of the
Triassic complex between the Ipnavik and Kuna Rivers were designated as
areas for particular emphasis.

The party included six men: two geologists, two field assistants, a
cook, and a weasel mechanie, Three weasels were available for transporta-
tion, two of which were maintained i n operating condition for daily field
use,

As nany exposures as were pertinent or accessible were examined.
Vertical photographs wera used for plotting data and for areal control;
relative vertical control was established with altimeters. The effective
working radius from base camp was increased from 8 miles to 20 miles by
making frequent 2- or 3-day spike trips.

The party was flown to the initial field canp on Smith Lake on May 22,
but active field work was not begun until June 5 because of poor weather
and a’'delay in caching operations. Appreximately 20 percent of available
working time wes | ost owing to weather, moving camp, and mg work. However,

1/ Patton, W, W., J., and Tailleur, |, L, Stratigraphy and structure
of the Okpikruak and Kiruktagiak Rivers area, Alaskas U. S Geol. Survey
Navy Oil Unit Rept. Ng 34, 1950.



zeology reguired more time than wag anticipated so that 2

on the scheduled area remained when the field season was ter-
eptember 5. Near the close of the field season reconnaissance
two forks of the Kiligwa River and up to the front of the

on the East Fork of the Kiligwe River indicated exposures that
detailed study than was pe: sible In the remaining time. The
driven to the Driftwoed gecphysieal camp foe caching and the
own tO Umiat September 7.

ph W, Imlay visited the party for several days in early July

ower Cretaceous strata, W. P, Brosge and C. J. Gudim joined

August 29 for a reconnsissznece of the Paleozsolec exposures on
rs of the East Fork of the ¥iligwa River,

Previous geologic investigations include reconnaissance surveys along
the Etiviuk and Colville Rivers in 1925 and 1926 by F. S, smith?/ and W, R
Smith, a boat traverse of the Ipnavik River from a peint 4 miles south of
Ekakevik Mountein to the Colville by Kal Stefansso in 1947, and boat
traverses of the Etivluk and Xuns Rivers from the headwaters to the mouths,
by ¥. D, Mangue® and others in 1949. Except to verify perts of the inter~
stream areas, none of the outcrops on the Etivliuk or Kuwa Rivers wore re-
examined in 1950. Other areas of overlap were remapped,

The interstream areas of the Etivluk-Kiligwa Rivers lie entirely
within the Southern Foothills section of the Arctic Foothills province.
Three linear physiographic belts may be recognized within this area.

An east-trending tundra-covered region of monotonously low relief
lies north of Saith Mountain and north of the Liberator Ridge. The Colville
River forms the northern limit of this belt, which is & to 15 miles wide.
Quterops within this region are limited to a few low, linear, east-west
rubble traces of lenticular sandstone and some eutbanks of sandstone and
shale along the-larger streams, The subdued topography is an expression
of tre underlying incompetent shale of the Porok formaticn, The southern
margin of the lowland marks the northern intergtream limit of geologic recon-
naissance. To the east, another belt of similar subdued topography, 4 miles
wide, |ies between Smith Mountain and the Lisburne Ridge. A gravel pediment
of late Tertiary age covers the southeastern part of this area.

The most southerly physiographic belt, 7 to 18 miles wide, has pro-
nounced persistent ridges with a general N, 700 ¥. trend separated by
intervals of tundra cover. The belt is correlative with the complex infolded

2/ Smith, P, 8., Geology and mineral resources of northwestern Alaska:
U. S Geol. Survey Bull. 815, 1930,

3/ Stefansson, Kadl, Stratigraphy and struetire of the area of the
Ipravik River, Alaska: U S, Geol. Survey Wavy Oil Unit Hept. No 11, 1948.
4/ iangus, M D, Dettermar, R, L., lachenbruch, M. C, Jr., and

lachenbruch, A H, Stratigraphy and structure of the Etiviuk and Kuma
Rivers area, Alaskas U. S. Geol. Survey Nay Oil Unit Rept. Na 35, 1950.



In the interstrszam ares of the Etivluk-Kiligwa Rivers, a localized
area of rugged topography ares northward across the south-central part
of the infolded belt. Flat or gently dipping esearpments and large hubtes
are capped by thick eills of mafic igneous rock. . Talus cover on the slopes
IS extensive. Hount Bupto, a large overturned aaticline oOf massive llissic-
glppian chert and limestone, is the highesl topographic feature. Reslstant
Jisaisaipplan limestone and chert, sandstone of the Okoilruak formatlon,
and mefic igneous intrusives produce this belt of high relief.

To the south iS an east-west belt of subkdusd outcrops that extends
8 to 15 miles south to the north front of the Breoks Range., Although
geologic reconngigsence did not extend far inte this avea, indications are
that less resistant Lower Cretaceocus sandstone and shale crop out here.

The three physiographic units are similar in that they reflect the
topographic featurss of a geomorphie cyele of Pate maturity. However, local
areag of hich relief and rugged topography reflect an apparent youthful to
sarly mature stage and are due primarily to erosion ef gently folded, more
reglatant strata overlying complexly folded less resistant rocks.

-The major rivers are superimposed consequent streams, large flood-
plains have bsan formed along their meandering courses, Tributary drainage
i s generally subsequeat upon strustural trends tut numersus smaller stresms
cut across the regiomanl strike along zones of weakness,

Although reeks crop out in less than 50 percent of the area and only
the more reglstant rocks are exposed, field study has resulted in a fair
urdarstarding of the areal geology. [Hoast noteworthy is the extreme degree
tc which the strata have heen deformed. Considerably mere than 50 percent
foreghortening of beds older than the Torck formation IS spparent and hug
vroduced a complex pattern of overturned to isoclinal felds and high=-angle
revarse faults. The preservation of sn openly folded upper Paleozoic sc-
quence 1S probable cverthrust relationship {c the undsrliyling lesozoic comw
plex is also significant, Beecauss the structural history could be more
conpletely descridbed for this region than elsewhere, the derived- interpre-
tations mey well be extsnded or applied to other parts of the foothills
structurzl belt, This is particularly truws of the Okplkruak-Kiruktaglak
Rivers area where-a more complex structure was suspscted but could not be
demongtrated,

Much mapped detall was sacrificed in reducing the field map to the
published scale of 1:96,000 (pl. 1). The structure sections {pl. 2) at



13489000, also uave wewis necessarily SImp'Ifled Only the

zures are, therefore, represented. although numerous faults
y1ds have been inferred from obvious areal relationships ad~
wered intervals, there are undoubtedly others of equal sig-
imt are obscured by cover and lack of stratigraphic control.
| geologic mg and sections depict complex structure, it is
hat they are simplified versions of the actual conditions.

evaluation of geologic data has led to the conclusion that
eaks and periods of nondeposition occurred throughout the

" the sedimentary rocks of this area. Such conditions in

ces mey eliminate the apparent necessity for a proposed major
eatly decrease the stratigraphic throw on such a mgor fault.
S known at present in regard to the nature and extent of un-
, however, to warrant their use as alternate interpretations
- areal relationships.,

raphle studies were disappointing in that few complete, thick,

d sections were available for measurement. Abundant exposures
allow general knowledge of the various rocks but are not satisfactory for
detailed study of the stratigraphy.

Maximum measured thicknesses are: Lisburne limestone, 2,400 feet;
uppermost Paleozoic (?) and Triassic, 1,000 feet; Okpikruak formation,
2,000 feet; lowermost unit of Torok formation, 2,000 feet; middle unit
of Torok formation, 2,100 feet; upper unit of Torok formation, 3,000 feet.
Because |ocal unconformities are present throughout the i%esozoic section
and Cretaceous deposition was locally variable, the aggregate thickness
is likely to be greater than the true thickness at any given position.
The lithology of the rocks of this area isin genezz;g} comparable to that
described for the Okpliaruak-Kiruktagiak Rivers aread/, an indication of
fundamentally siwmilar depositional environment for the two.

For this report, only the stratigraphic nomenclature developed by
June 1950 is wed on the mg and structure sections. Further field work
Is needed before the revisions necessary because of recent faunal deter-
minations n® be incorporated in stratigraphic columns. Two rnev faunal
zones, comparable to the Siksikpuk group and upper zones of the Xingak
formation as descrij in the Naenushuk=Siksikpuk Rivers ar &/, have teen
reported from macro and microfossi a collections i n the Etivluk-Kiligws
Rivers area. The Siksikpuk group appears to be present in considerable
thickness, but Jurassic rocks are limited in occurrence and are probably
only the remnants |eft after pre-Torok erosion.

£/ Patton, W. W., Jr., and Tailleur, I. L., op. cit.

6/ Patton, W W, Jr., and Keller, A. S, Stratigraphy and structure
of the Nanushuk-Siksikpuk Rivers area: U S Geol, Survey tavy Oil Unit
Prelim. Rept. Na 30, 1950.

7/ Imlay, R. W., personal communication.

8/ Bergquist, H R, 'personal communication,



Packs ranging from Devonian to late Lower Cretaceous i n age were
identified i n the EtivlukoKiligwa Rivers srea. A 1,500-foot section of
#iddle Devonian Limestone and silicified limestone was briefly examined
on the headviaters of' the east fork of the Xiligwa River, These beds are
described by Brosge. Lithologic types that are correlative with or com-
parable to previously described sections are the Noatak formation (Devonian
or iississippian); the Alapah and Kiruktegiak members oOf the Lisburne lime-
stone (Mississippian); the Shublik formation (Triassic); the Okplkrusk
formation (Lower Cretaceous, Neocomian); and the Torok formation (Lower
Cretaceous, Aptian and Albian)iQ/Equivalents of two new lithologic units
described by Patton and Keller were recognized— the Siksikpuk group of
Pennsylvanian or Permian age and a section equivalent to the upper zones
of the Kingak formation (Upper Jurassic, Oxfordian).

Pre-Cretaceousg sedimentary rocks reflect deposition under somewhat
stable conditiong, wherens the Cretaceous rocks derive their heterogeneous
graywacke characteristics from deposition i n an actively sinking geosyn-
cline closely bordered by a rapidly rising foreland, Distinctive units
in the pre-Cretacecus rocks sre msrkedly persistent laterally over the
mapped area and, in gross featurss, over adjoining sreas of the Foothills
province. In contrast, there are few distdnctive units in the Cretaceous
graywackes, and those that do exist are not extensive, Initial stages of
the orogeny must have preceded deposition of the Okpikruak formation, but
Lower Cretaceous deposition was, in large part, penecontemporaneous with
deformation. Mafie igneous intrusives, generally sills, are widespread
I N pre«Okpikrusk Strata.

Devonian rock

Unngmed formation.--4 section of itiddle Devonian strata was measured
along the east fork of the Kiligwa River during a reconnaissance trip to
the front of the Brooks Range., The section consists chiefly of fine-grained
limestone with silicified zones and beds. An abundant fauna, for which
age determinations are reliable, was collected. As no equivalents of these
beds were recognized in the Southern Foothills section, a complete descrip-
tion i3 not given here, and the reader is referred to Brosge'sll/ report
for details.

Mississippian rocks
Noatak (?} formation

Several low ridges and rubble traces of sandstone of the Noatak for-
mation are too smal to show on the map, Two localities, 157929930" iy,
68035'30"-63036%00% N, and 157036'00" W, 68035'30" N, ecarried an abun-
dant though poorly preserved fauna. Two other exposures, one part way up
the slbope of Pimple Peak and the other one-half mile south of Pimple Peak,
were barren.

9/ Brosge, W. P,, and Reiser, H N, Report on selected sections of
the Listurne limestone: U S, Geol, Survey Navy 0il Unit Prelim, Rept, No 31,
1950.

~=s Patton, 1. W.;, Jr,, and Keller, A. S, op. cit,

11/ Brosge, W, P., and Reiser, H N, op, eit.



Bowgher3/ reports that the Chonetes and gastropod fauna has the
same forms as a collection made by Mi" » lachenbruch from definite pre-
Ligburne limestone which J, T. Dutre designates as pre-Lisburne %)Orma—
tion, Misslissippian, Bowsher suggests that the stratigraphic unit be
mapped as Noatak (?) formation and reports the following:

pentagonal crinoid ¢olumnal
radial plate of Dichoerinus ? Sp.
Camarotoechia Sp.

Chonetes sp. indet.

pelscypod indet.

proeductid indet.

Isicpteria ? Sp. indet.
Retispira ? sSp, indet.

Angyomphalus sp. irdet,

Nb thicknesses could be estimated, except that 10 feet would be a
minimum and considerably more is suspected. Some traces showed crenulation
of the beds.

The relationships of the Noatak formation to adjacent beds could not
bte ascertained, At the weatern locality, chert of Siksikpuk (?) age com-
pletely surrounds the rubble expange of Necatak, Separated from It only by
a narrow vend of tundra cover. Exposures at the south-central locality
are alined north-south in a north-trending (transverse) valley flat.
Nearest outcrops, a few hundred feet east, are chert questionably assigned
to the Kiruktagiak member of the Lisburne limestone. These exposures are
near the northward projection of an intensely disturbed zone in which re-
crystallized and altered limestone Of the Kiruktagiak member is in juxte-
position to the Okpikruak formstion, The traces near Pimple Peak occur
in a 4,000-foot covered intsrval between questionable Kiruktagiak chert
and Shublilk limestone i N one place and stratigraphically beneath a postu-
lated klippe of Lisburne limestone (Pimple Peak) in the other. These lie
on a projection of the north-south 1ine through the south-central exposures,
but east-west structural trends under Pimple Peak are not interrupted. A
minmum stratigraphic displacement of 2,000 feet is evident and a muh
larger displacement IS suggested. Although a pre-Pennsylvanian erosional
surface of high relief could account for the stratigraphic anomaly, evi-
dence elsewhere precludes much erosion., The authors believe that major
faulting is a more suitable explanation, particularly in view of the sur-
rounding complex structural belt.

The lithology of the rocks in all the exposures iS similar, The pre-
dominent type IS sandstone that is very fine grained, dark to medium
neutral in color with occasional greenish cast, argillaceous (%}, dense,
well-indurated, weathers pinkish gray to dark-reddish brown, and contains
a fen mica flakes. A minor amount of limestone, vary fine grained, dark,
with shaly partings, IS interbedded,

12/ Bowsher, A. L., Sr., personal communication.

13/ Dutro, J. T, and lachenbruch, M. C., Stratigraphy and structure
of the Nimiuktuk, Kugururok, and part of the Noatak Rivers area: U. S.
Geol. Survey Nay Oil Unit Prelim., Rept, No 35, 1950.




The ILisburne limestone is more extensively exposed in the Etiviuk-
Kiligwa Foothills section than i n any other area outside the Brooks Renge.
The Lisburne limestone crops ovt over roughly 50 square niles of the high
topography between the lpngvik and Kuwm Rivers. The Lisburne Ridge (see
fig. 1, Prelim. Rept. 3444/ ), essentially an overturned anticline with the
Alapah membe at the core, extends as a major topographic feature from the
Etivluk River nearly Lo the Ipnavik. The same ridge extends west across
the Ipnavik but with subdued expression. A series of strong ridges, a re-
flection of overturned isoclinally folded Kiruktagiak member chert, IS
present 2 miles south of the Lisburne Ridge. The trend is persistent over
the middle part of the Etivluk«Ipnavik interstream area and is discontin-
uously present across the Ipnavik River halfway to the Kuna River. Another
parallel trend of Lisburne limeatona emerges from the covered interval at
the northeast'side of Ekakevik Hountein and extends weatward along the
north edge of Ekakevik Mountain, across the Ipnavik to Pimple Peak ard into
the complex erea north of camp 7 on Cutaway Creek, This trend is marked
by uEper Alapah member (?) strata associated with mafie igneous sills that
pinch and swell along the strike. Still another persistent trend, south of
the Ekakevik trend, begins just east of the Kuma River, extends across the
forks of the Kiligwa River and into the Nuka River drainage. MNunerous
sSmilar trends of various zones of the Alapah mamba are apparent from in-
spection of plates 1 and 2, but are |less obvious becauge of their discon-
tinuity and emaller aige.

This strikingly persistent alinement of exposures must reflect maor
structural control, and also indieatea |ateral persistence of zones within
the Lisburne limestone. Smaller exposures of the formation are believed to
have been inserted in the overlying rocks as thin slice blocks by some un-
explained mechenism, probably faulting. The Lisburne limestone is present
i n appreciable thickness as far north as latitude é8°35' and crops out as
far north as 68941', This evidence does not prove, but does meke reason-
able, the assumption that the Lisbhurne limestone underlies the younger beds
to the north.

In spite of the large number of outcrops and a fair fauna, zonal de-
terminations and correlations within the Iisburne are difficult tO establish.
Evidently the sequence present in the Etivluk-Kiligwa Rivers area represents
a facies different from the typical section at Kanayut lake, because
Bowsherk3/ reports that few zones have fauna in common with the subdivisions
of the Iisburne recognized there. A comprehensive study of related sections
would have to be mede i n order to establish the succession of beds that crop
out. As far as could be demonatrated, lithologic or faunal equivalents of
the lower Or Wachsmuth marbe of the Lisburne limestone are not exposed in
the area. After more careful atudy of a numbe of fossils of doubtful age,
however, some zones may perhaps be assigned to the Wachsmuth,

- Tailleur, |I. L, and Kent, B. H, Preliminary report on the stratig-
raphy and structure of the upper Etivluk-Kuna Rivers area: U. S. Geol.
Survey Naw Oil Unit Prelim. Rept. 34, 1950,

15/ Bowsher, A. L, Sr., personal communication




Two distinct 1ithologic types or facies are apparent: a limestone
facies and a bituminous phosphatic chert-shale facies. The two facies
have been separately mepped;, tke limestone is the Alapah member and the
chert shale the Kiruktagiak member. In the sections studied to the east
in the Brooks Range, less of the Kiruktagiak member iS exposed, whereas
on the Rukpowruk River to the west the Kiruktagiak member comprises most
of the section. Several zonss of the chert-black shale facies that may
be distinguished faunally and stratigraphically have bsen recognized in
the Etivluk-Kiligwa Rivers area. This alternstion of lithologic types is
interpreted as an intertonguing of the two facies. Little evidence of
the direction of faeiss change was found in the mapped area.

Alapsh member.--Extensive talus obscures most of the larger exposures
of the Alapah member, so only gross lithologic characteriatics could be de-
termined. Most of the sections dezcribad below also appear in the columnar
sections {pl. 4).

The south flank of the Lisburne Ridge IS covered with a blocky talus
of mediumegrained, porous, dolomitic limeastone. Although only 25 to 30 feet
of massively bedded rocko are actually exposed, a thickness of 100 feet of
dolomitic strate Seems t o be a conservative estimate. |n hand specimen the
dolomitic limestone appears porous, some of it has a saccharoidal texture.
The rock weathers gray but is medium-neutral light-yellow red on fresh sur-
faces and emits a strong fetid odor when cracked. Many of the pore spaces
are lined with fine "erystals" of asphaltum, N oil cuts have yet been
mede Of samples from these beds;, porosity and permeability properties
(samples 50 ATr 29, 30, and 31, table 1) appear to be unfaverable.

The remainder of the underlying section ¢n the Lisburne Ridge, except
for a 20- to 30-foot zone of finer-grained dolomitic limestone similar to
the above that crops out below an interbedded chert-limestone zone at the
summit, appears to be a poor petroleum reservoir rock. ©Only small parts
are exposed and consist of interbedded, very fine grained limestone and
dense chert or silicified limestone., Color varies from dark to light
neutral. Some of the rock has a fetid odor on cracking. The bedding
varies from finely laminated "ribbon? appearance to coarse, irregularly
banded. The proportion of calcareous to siliceous beds varies from 75
parcent to 25 psrcent but over-all averages about 60 percent calearecus.
Differential westhering on exposed areas produces a rough banded surface
that has been termed *pagoda®™ weathering.

&s only the interbedded limestone and chert appear in float, the
lithology of the intervening bsds is not knewn., Outcrops near the base
of the north slope of the ridge are of black chert irregularly interbedded
with dark, sandy-weathering limestons and, locally, black shale that prob-
ably belongs to the Kiruktegisk membsr Of the Lisburne. The basal part
of the normally overlying siksikpuk group is also present. Faulting is
therefore indicated. The eatimated minmum thickness at the Lisburne
Ridge is 800 feet.

12/ Brosge, W. P, and Raiser, H N, oOp. cit,






At Mount Bupte, in the south-central part of the Ipnavik-Kuna Rivers
arsa, a mnimuimthickness of 2,400 feet of Lisburne limestone is suggested,
This prominent mountain is anticlinal with 6¢° 8, dips on: the south flank
and vertieally dipping, somewhat crumpled beds on the north flank. Re-
sistant beds cap the mountdin and a stream cuts the underlying beds from
the axis of the strueture through the south flank, However, talus effec-
tively covers most of the valley walls, so the rocks described below are
knomn principally from discontinuous exposures along the creek bed. Un-
doubtedly a more careful examination of these exposures would yield addi-
tional useful detail.

Two hydroclastic fossiliferous limestone zones 200-250 feet below the
base of the Kiruktagiak mambe of the Lisburne limestone at the top of the
section {pl. 4) carry a fauna correlative with zones & and 9 of the Alapah
member Of the Lisburne limestone in the Xanayut Lake area. The collected
fauna includes indeterminate corals andﬁnestellid bryozoans, crinoid
columnais and Stenoschigma 7 SP. indet .1 A chert zone occurs about 700
feet below the fossiliferous zones. Talus covers the intervening section
but shaly, buff-weathering limestone occurs in the float along sith the
hydroclastic and fine-grained limestone. About 70 feet of the chert zone
i s exposed along the creek. It is dark neutral in eoler and weathers black.
Massively bedded, It overlies a section of #pagoda®-weathering, interbedded
limestone and chert. Although the thick dolomitic limestone of the Lisburne
Ridge was not recognized, broadly lenticular beds as mut as 5 feet thick
of hydroclastic limestone snd medium erystelline limestone are present in
the upper part of ths "pagoda®-weathering unit. More typical development
of the interbedded limestone and chert cesecurs about 100 feet below the crest
of' the mountain. The last exposure is 15 feet of medium crystalline, light
yellow-red limestone, that appears to bs nonfossiliferous., The limb of the
anticline i s compuied to include 2,600 feet of strata, of which 2,000 feet
IS partially exposed, Nb evidence of the age of the lower beds was observed.
By tentatively correlating the lithology of the "pagoda® limestone and chert
here with the grossly similar lithology of the "pagoda" type on the Iisburne
Ridge, as is ghown on the columnar section {pl. 4), a considerable thickness
of the Alapah member of the Ligburns limestone is dbmonstrated.

Exposures of the Lisburne limestone on the possible thrust sheet are
limited to the intsrbsdded limestone and chert of the *pagoda’-weathering
type. A lower diabase sill, 100 to 150 feet thick, persistently intruded
the basal part of the sequence, An upper, irregular, and less persistent
8ill occurs near the top. The lower sill intrudes a shaly zone that mey
be near the base of the section. Although exposures of this zone usually
produee fine talus slopes, float fragments and isolated outcrops indicate
a well-indurated dark shale and siltstone sequence. Several horizons with
worm~trall markings were obgerved; thin bads of crinoidal limestone are also
present.

.Crinoidal beds from the "pagoda™-weathering limestone and chert contain
afairly abundaﬂ auna that hes some affinities to faunas collected el se-
where.  Bowshe » howsver, believes that they represent Upper Mississippian

17. 18/ Bowsher, A. L, Sr., personal comminication,



formg and are probsbly contained in strata equivalent_tq zone 5 of the
Alapah member, A partial faunal list is given below:

"Spirifert sp, indet. Cheonetes sp. indet.
Productina sp. indet. Echinoconchus (?) sp. indet.
Productug sps indet. indet. sponge spicules
Mourlonia spi indet, indet, pleurotomarid gastropod
Retigpira sp. indet. indet, straparollid gastropod

Glabroecinpulum (?) sp. indet, indst. trilobite pygidium,

n the north flank of the anticline south of carnp 6 a covered inter-

val separates the top of the bedded limestone and chert from the bottom of

a diabase sill and the Siksikpuk group above, The total thickness exposed

is noe than 1,200 feet. The lower 200 feet are argillaceous thin-bedded
siltatone and limestone intruded by the lowe sill. The upper 1,000 feet

are composed of interbedded limestone and chert of the "pagoda®-weathering
type. FoOssils collected fmm j upper part of the section have been corn-
pared to zone 5 of the Alapah: 2 Eumetria ? sp. indet,, Productella sp. indet,,

Loxonems ? sp, indet,, Mourlonia, Michelinia sp., indet,, Chonetes sp. indet.,
indeterminate sponges, and sponge spicules.

On the thrust sheet also, just north of Mount Bupte, a thin bend of
Siksikpuk group and remnants of Lower Cretaceous (?) sandstone overlie only
500 feet of the "pagoda limestone and chert. Phanerotinug and Straparollus
collected from a thin erineidal bed in argillaceous strata at the base of
this section, ellevedj be just above the thrust contabt, indicate prob-
able lower Alapah age. Less information i S available about the beds as-
sociated with diabase Sills in the linear trends. The lithology of these
rocks is gensrally comparable to the "pagodaf-weathering zones of gqther
sections. This eorrelation i s substantiated by several fossil collections
correlative to zone 5 of the Alapsh member.

Several outcrops of a mev facles of the Lisburne limestone are 1 to 3 miles
north of Ekakevik Mountain in the eastern part of the Etiviuk and Killgwa
Rivers section and near the southern margin of the mapped area just east
of the Kiligwa River. Characteristically this type is a coarse, quartzose
.sandstone composed of rounded white quartz grains and minor fresh feldspar
granules, locally encrusted with chlorite, Carbonate appears to range
from a trace to predominant. The outcrops are all isolated; therefore the
stratigraphic relationships can only be inferred.

An outcrop of limestona in the eastern part of the mapped area directly
underlies, perhaps bty fault contact, varicolored chert of some part ¢ the 22
Siksikpuk group, and contains a large suite of silicified fossils. Bowshe
reports that this zone has close affinities with zone 8 and the lower part
of zone 9 of the Alapah;membsr in the Kanayut Iake area. A similar silici-
fied fauna i s contained i n the limestone and intercalated arenaceous lime-
stone lenses 2; miles to the east. The sandstone i s exposed again 1 mile
to the south |n a rubble ridge several hundred yards long and 100 feet wide,
The sandstone is only slightly calcareous, has no interbedded carbonate rock,
and hes local facies of quartz-pebble conglomerate with pebbles three fourths
of an inch i n diameter.

19. 20. 21. 22/ Bowsher, A. L, Sr., personal communication.



Near the Kiligwa River, at approximately the same latitude, the same
feaunal zone occurs in medium- tO coerse-grained feldspathic quartzose sand-
stone. Abundant chlorite is present. The gandstone 1S szasciated with
shaly limestone and calcareous elay shale, These rocks, similar to others
in this zone, weather light gray and are medium~yellcw red on fresh sur-
faces. The sample with a permeability of 372 millidarcys was collected from
thils loeality. Other permeability results from this zore were not as promis-
ing (samples 5Q4Tr 100, 109, 186, 223; 504t 119, 121, and 319, table 1),

The fauna from this zone is ablmdagt nd wetll preserved by silicifi-
cation. A partial list is given belerm:.l/a

Several indet. corals
Platyerinites Sp. indet.
Stenogehigms Sp.
Orthotetee 7 sp. indet.

“Sp;l.rii‘er"" of the Fusells 7 type
Choristites 7 sp. A

Phricodothyrig sp. indet.

Overtonia Sp.

Iinoproductus ovstus (McChesney)
Gigantella ? sp.

Dictyoclostus =f, D. hindi (Muir-Wood)

Dietyoclostug sp.

Dictyoclostug inflatug

Eumstria sp,

Tetracamers ? Sp, indet.

rogidostroghi_q ? sp. indet.
efs R Wght

Fo reliable thickness estimates were possible. A minimum of 30 feet
of sandstone IS indicated. The sandstons-limestone sequence near the
Eiligwa River IS at least LOO feet thick.

Samples from isolated outcrops of a similar sandstone were recognized
in other areas of the Foothills province: 1 mile north of Fortress Mountain
in the Okpikruak-Kiruktegiak Rivers area; near the south edge of the in-
fold belt of the Oolamnegzavik-Etivluk Rivers area; and in the Utukok-Kokolik
Rivers area. This coarse facies must then bs pressent over much of the foot-
hills province but in a narrow band. ItS southward extent IS probably limited
bacause the sandatons Wes apparently absent from the !iount Bupto section and
has not bsen reported from ereas studied along the front of the Range. A
northward limitation i s suggested by the outcrop north of Ekakevik iountain
where the strata are essentially calcareous, in contrast to the carbonate-free
sandstone 1 mile to the south,

Kiruktegiak member,--Rocks having the lithology of the Kiruktagisk
member are widely distributed across the infold belt. None however, were
recognized in the possible thrust sheet. The greatest areal extent of the
Kiruktagiak membea outcrops is in the south Lisburne ridges that trend west
from the Etivluk River to the middle of the interstream area. Here, a thick
s_ecftion of chert has been isoclinally folded to produce several sharp, craggy
ridges.

23/ Bowsher, A L, Sr, personal communication,



Two units of distinct lithology are recognized and are believed to
represent two zones of the Kiruktagiak member, These two zones are shown
on the columnar section as lithologic equivalents of zones 5 and 9 of the
Alapah member. n Hount Bupto the upper zone overlies beds containing a
fauna of the zcne 9 of the Alapah mamba. The assignment of zone 5 of the
Kiruktagiek on the flanks of the north Lisburne Ridge is based on less firm
evidence: (1) resemblance of the 1ithology,h§7 to the lithology of the
zone 5 type locality on the Kiruktagiak RiverZi/; (2) gross similarities
of the Alapah mamber underlying the Kiruktagiak membe in both places;

(3) comparison to a black chert zone overlying "pageda®™-weathering limestone-
chert sequence in the Mount Bupto section.

At the Lisburne Ridge the lowest exposed beds are an 8-foot sequence
of black paper shale with two é=inch colloform phosphate layers, saccharoidal
to cindsr lmestone, shaly bituminous limestone, and black chert. The next
higher exposure is of dark, bituminous fine-grained limestone (sample 50 ATr
32, table 2) irregulerly interbedded with black chert,

A 100-foot covered interval follows, below a 10-foot exposure of inter-
bedded black clay to paper shale and black chert. A similar zone of shale
and chert probably underlies the covered interval. Evenly bedded black
chert at least 5 feet thick caps the exposed section and |lies no more than
100 feet below the first exposure of Permo-Carboniferous {?) beds. Thick-
ness i s satimated to be slightly over 200 beet. sSubdued exposures of this
zune along the Lisburne Ridge projection to the west is.expressed by low
ledges and rubble of shaly limestone, the so-called "musical limsﬁ?one.“
These beds contain Igicrhynchug sp. B and Bellerophen Sp, indet.

In the south Lisburne ridges the sequence contains at least 60 feet
of interbedded black shale, black oceasionally sooty chert, and black
bituminous limestone at the base. |n thia unit chert becomes more abundant
in a gradational upward change from shale to chert and contains a Gonistite
fauna. Above this unit is at least 200 feet of evenly bedded black chert.
Talus fragments weather light pay, striped or banded with darker tones.
Extended weathering bleaches the surface to a near white. Limonite stains
extend into the interior of the bleached rock nlong minute cracks. Above
the chert is black siliceous shale of undetermined thickness. The shale
contains scattered finely ecrystaliire calcareous and phosphatic concretions.
A few thin beds of black sooty chert are present and pyritic stringera are
scattered through the section. A strong fetid odor is emitted by the cal-
careous material when cracked (samples 50 aTr 55 and 98, table 2).

Still younger beds are exposed along the ridge trend to the west:
brittle shaly limestone and black shale with sooty chert underlie a 5= to
10-foot zone of carbonate rock that weathers to a finely banded light and
dark chocolate brown and i s usable as a marker of the uppermost beds.

The thickness of this unit is well over 200 feet. The section on the
south Lisburne ridges differs from those previously described by having a
massive zone of bedded chert in the middle of the sequence.

24/ Patton, W, W, Jr., and Tailleur, I. L, op. cit.
25/ dowsher, A. L, Sr., personal communication.



Table 2.

Summary of oilecut determinstions for samples collected in the
Etiviuk-Kiligwa Riwvers, Southern Foothills section, as reported
by the U S Geologlical Survey Fairbanks Iaboratory.

Sample Na LIocation Formation_gr_ pmember Cut Residue
Uer'per Alapah, fine-grained very light
lnegtone light yellow

straw

Kiruktagiak (Iisburne Ridge) vyellow yellow
black chert end limestone

Kiruktagiak (south Iisburne yellow light

ridges) black shale yellow
Klruktagiak (south Iisburne black heavy dark-
ridges) bituminous limestone brown or

black asphaltic

material
Kiruiktagiek crackled chert black yellowish

brown
Kiruktagiak bitumincus very very light
limestone and bvlack shale light yellow

straw

Kirulktagiak crackled chert derk dark-brown
brown asphaltic

156%43°00% W, 7 shublik formation, Halobia very very pale

68°38100" N oil-shale zone, bituminous pale
limestone straw
157934930" W, Shublik formation, Halobia light
68°35'30" N oil-shale zone, bituminous straw
limestone
SN
157936%00" W, ~Okpikruak (?) formation, none very light
68°37100" ¥. clean sandstone, distinct yellow film

odor




Fogails collectad from the upper shaly zones of thig unit compare
to the fauna of the type section of the Kiruktaglek member, eqguivalent to
zone 5 of the Alapsh member, on the Kiruktagiak River: Cravenoceras ?,
Gonistites cf;, G, choctawensia Shumerd, Pgeudometacoceras ? sp. indet.,
Mooreocerag cf. M. ecrefiliratum {Girty), Sulcaretopora ?. FHowaver, the
evidence 1s not strong enough to exclude an upper, zone (?) determination
for the seguence in the south lisburne ridges.‘-é

Comparison of the section in the south Lisburne ridges with the upper
Kiruktagiak zone at Mount Bupto shows a fair corrslation, The Kiruktagiak
member at the north Lisburne Ridge overlying the "pesgode”-weathering line-
stone appears to be roughly correlative with the heavy chert near the mid-
dle of the section &t ilount Bupte. These correlations are tentative at
best and are not presented as conclusive.

Where well exposed, both zones have abundant hydrocarbons {samples
504Tr 33, 55, 98, 145, 159; and 504Kt 207, table 2). Crackled cherts
have a sooty appearance, bascauses of carbonaceous material deposited on the
surfaces. At one locality, a thin slice of the Kiruktagiak member lies
between Triazsic and Permo«Carboniferous (?) beds and has, apparently,
been folded inte an overturned anticline (see fig, 2, Prelim. Rept. 34).

The cherts of the Siksikpuk group hare been fractured and veins of
asphaltum introduced as- fracture fillings (just to left of upper bedding
trace of C-Pe? fig. 2, Prelim. Rept. 34). Several veins are rider than
5 inches; the meximum IS 14 inches. (Fragments from one of the veins are
shown in figure 3 in Prelim. Rept. 34.) The fractured chert and limestone
of the Klruktaglak et this locality have abundant gsphaltic material in
pore spaces and apparently contained considerable syngenetie bituminous
material (sample 50 4Tr 145, tsble 2), The eloass proximity of a possible
source, the Kiruktagiak sliee, to the asphaltum veins strongly suggests
that the petrolifercus fluid (?) was generated in the Kiruktagiak member
and introduced into nearby voids.

Twe samples of similar solid bitumen occurring as fracture fillings
in the Torok formation were analyzed and gm rrained to be the pyrobitumen
grahamite, The analyses are given below: ﬁ}

26/ Bowgher, A L, Sr., personal commnication,
27/ Analyses by Michael Fleischer, Branch of Geochemistry and Petrology.



Units of the Eiruktagisk member sere observed nesr the Brooks Ri nge
along the east fork of the Kiligwa. Black chert is abundant and is accom-
panied by normally associated black shale and limestone., Another section
with some dark chart but characterized by medium.nsutral calcareous clay
shale and gilty, flaggy-bedded limestone crops out near the type locality.
This sequence conteina a cephalopod that IS similar to a genus from Ru33|a
older than the Goniatite fauna collected from the typical Kiruktaglak.2
No detailed section msasurement wag attempted but the thicknesss was esti-
mated to be 150 to 200 feet.

Although evidence is insufficient to evaluate this rew occurrence of
the Kiruktagiak msmber, it i s presented for incorporation into the inter-
pretation of the relatiomship of the Kirukitaglek member to the Lisburns
limestone as a whole.

/

The strata in the belt of outcrops immediately north of the Range are
not as contorted as in the infold belt. Further field investigations of
the relationships of the Kiruktagiak member to the rest of the Iisburne
limestone and of other problems in this past of the Foothills province
would achieve mare conclusive results if studies were sxtended to include
this belt adjacent to the Range.

The persistent outcrops of various zones of the Iisburne limestone
near or in contact with younger strata without obvious fault relationship
has no ready explenation. If the suggested correlations are valid, beds
underlying the Siksikpuk group at the north edge of the infold are older
than those along the central part. Older horizons of the Lisburne lime-
stone are also i n contact with the overlying Siksikpuk group south of the
center of the infold belt. O the possible thrust sheet a pre=-Siksikpuk
regional dip to the north is indiecated. Careful analysis of data collected
from other outcrops would test this concept of a gentle warping prior to
deposition of the Siksikpuk group.

Identification of conodonts of Permo-Carboniferous (?) age-z—?/ from
beds formerly considered to belong to the Shublik formation (Triassic)
necessitates reclassification of the post-Lisburne pre-dkpikruak complex.
The microfaura IS the same as that collected from beds $entatively desig-
nated as Siksikpuk group by Patton and Keller in 1950.:?‘...?']‘l

I s lithologic studies are not completer the exact location of the
Sikslkpuk«Shublik contact cannot be ascertained. An unfossiliferous in-
terval of 230 feet of beds separates the lowest occurrence of Triassic
mecrofossils from the highest occurrence of Permo.Carbonifercus (?) micro-
fossils, but these unfosailiferous beds have a marked lithologic affinity
with the underlying strata. Therefore the Siksikpuk-Shublik contact in
the columnar section (pl. 3) is shown at the base of the Halgbia-bearing

28/ Bowsher, A. L., Sr., personal communication.
29/ Bergquist, H. R, personal communication.
Patton, W, W, Jr., and Keller, A. S, op. cit,
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gone of the Shublik fermation, which is also the top of the lithologic
zone that contains red- and green-weathering shales.

The Siksikpuk group probably unconformably overlies several zones of
the Alapah and Kiruvktagiak members of the Iisburne limestone in different
places. In the Etivluk-Kiligwe Rivers area the Siksikpuk group is repre-
sented by approximately 700 feet of oection.

The stratigraphic sequence of the Siksikpuk group wes pieced together
from several exposures. Horizons or zones assumed t0 be correlative may
not actually be so, but the gross zones are fairly well established and
have the stratigraphic positions indicated in the column {p1. 3). The
lower 200 feet consists of interbedded, dark-neutral medium-green chert
that weathers green and dark red, and dark calcareous clay shale that
generally weathers dark red in hackly fregments, The middle part, as it
ocours i n the "thrust" area between the Ipravik and XKuns Rivers, is com-
posed of,approximately 120 feet of dark-neutral, gray to black bedded chert
that weathers a black and dull orange. This weathering makes a distinctive
color pattern when viewed from a distance. The uppesr 250 feet of this sec-
tion IS interbedded dark clay shale ond dark chert. The lower part of the
upper unit commonly weathers red and green. Permo-Carboniferous (?) micro-
fossils were collected from the middle shale.

The section on the north flank of the Lisbturne Ridge is not more than
500 feet thick. The middle 120 feet of dark-weathering chert is missing.
This unit appears to be absent over the northern half of the mgoped area.
Its lateral persistence in the southern half of the area is demonstrated,
however, by Its occurrence on the west fork of the Kiligwa River where 1t
IS separated from the overlying Halobia zone of the Shublik formation by
several hundred feet of beds that are predominantly shale.

Triassic rocks

Triassic rocks comprise a large proportion of the cutecrops in the in-
folded belt but they have been so mut folded and faulted that no complete
sections are exposed. Also, recent erosion has generally stripped the up-
per, relatively weak shale beds of the formation from the bedded chert and
limestones of the middle part of the section, thus leaving good outcrops
of the resistant beds only. In order to estimate the thickness of the
Shublik in this area, a composite columnar section was prepared from data
obtained from several small measured sections, and the thickness of 220 feet
shown (pl, 3) in this section is only approximate. The lithology and fauna
of the Shublik formation are persistent over the 60-mile lateral extent of
the magpped area, and they appear to be persistent over wide areas of the
Arctic Foothills province.

As discussed in the section on Permo~Carboniferous (?) rocks, the
lower contact of the Shublik formation has been established somewhat
arbitrarily as the lowest occurrence of Triassic macrofessils. The char-
acter of the upper contact is not knomn. Where remnants of Jurassic rocks
are preserved, the relationships with the underlying Shublik formation are
obscured. A pre=Ckpikruak erosional bresk of considerable magnitude is



recognized. The uplift responsible for this break was not, apparently,
accompanied by strong folding, so the overlying Aucolla-bearing beds lie

conformably upon either the Shublik formaticn or Siksikpuk group.

The only unit of the Shublik that consistently crops out is a zone
containing abundant lLionotis subcircularis Gabb. It is composed of about
60 feet of limestone, cherty Limestone, and chert. The limestone and
cherty limestone are dense to fine-grained, locally light-yellow red, and
generally contain abundant Monotis subcircularis and related pelecypods.
Beds as much as 10 inches thick are common  Beds of the chert are thinner,
seldom over 4 inches thick. The three types are interbedded in variable
proportions and are usually separated by thin shale beds. The several
zones i n which limestone predominates usually stand in relief above the
adjacent beds.

A 60-foot zone underlies the Monotis zone and is characterized by
dark paper shale or oil shale in beds as much as 5 inches thick. Thin-
bedded ripple-marked dark limestone is associated with the'paper shale.

It usually has a strong fetid odor (samples 50 4Tr 25 and 50 Akt 196,
table 2), and is highly fossiliferous; practically al | bedding surfaces
are covered with spread valves of Halebia sp. and others. Beds of dark
chart 2 to 4 inches thick also oecur with the shnle. The light and dark
stripes developed on weathering are diagnostic features of this chert,
Scattered *golf bell" and larger concretions of black bituminous limestone
are scattered through the upper shale. These bear a fauna of diminutive
pelecypods and cephalopods. lecgally, at least, the fossiliferous beds are
underlain by 20 to 25 feet of bedded dark chert that is barren of macro-
fossils. A thin zone of HMenotis-bsaring limestone and oil shale appears
to underlie this sequence and to mark the base of the Shublik formation,
which, as previously explained, is drawn just below the lowest occurrence
of Triassic fossils.

The upper 120 feet of the Shublik formation IS exposed at only one
locality. There this upper unit is composed of dark carbonaceous elay
shale, siltstone, thick-bedded dark chert that bleaches white on weather-
ing, and dark calcareous shale that weathers red and green. Interbeds of
black paper shale and minor amounts of chert are also present. Kkt another
locality, 30 feet of black carbonaceous shale containing sideritic concre-
tions directly overlies the Monotisebearing limestone zgns. This shale
carries a calcareous mlcrofauna typical of the Shublik.,~~" It is possible
that equivalent strata have been seen elsewhere, but have mistakenly been
identified as part of the Siksikpuk group. Vertebrate remains were foun
at two localities. Ichthyosaur teeth, probably of the genus lixocgaurus,
were contained in Honotig«bearing limestone. Vertebral fragments and out-
line$ of a chest cavity, about 8 feet long and 4 feet deep, occur on a
bedding surface in a section of thinly interbedded chert and siliceous
shale of doubtful Triassic age.

31/ Bergguist, H.‘R., personal communication.
32/ Hough, Jean, personal communication.



Isolated exposures of chert of questionsble age, not included in the
Shublik formation, occur throughout the area. Host of these are associated
geographically with the Qkpikruak formation., The unfosgilifercus nature
of this varicolored chert, together with the complex structure involved,
makes the stratigraphic position very difficult to determine. The chert IS
generally considered to overlie +he Shublik formation and underlie the
Okplilkruak formation and ney best be considered Jurassic in age. They have
not bsen included i n stratigraphic ecolumng because of insufficient data.

The following lithologic sequence i s recognized, described from top
to bottom:

(3) Conglomeratic sandstone, light-neutral-colored natriXx,
highly calcareous, poorly sorted, angular to subround inclusions of black
chert, pyrite nodules, and colorless to green chert fragments,

(2) Interbedded fine-grained neutral -colored sandstone and impure
greenish chert.

(1) Black-, red-, and green-westhering carbonaceous fissile clay
shale, containing an extensive microfauns:

504Kt 2283 Bathysiphon B (7)
Peloxina fragment

Glomospira B ? (8)

Gaudrvina n, ap. (abundant)
Trochamming cf. Trochammina M, (1)
Nodogaria fragment

reptile tooth

Bergq.uiatw » 1N discussing the above microfauna, compares them to
similar types found i n Patton's samples (504Pa 84, 214, 216, 239, 241, etc.)
which are designated faunal zone 4 and thought to be of Jurassic age.

This section occurs on the south flank of a smgll syncline where it
underlies conglomeratic sanrdstone and sandstones containing Aucella
crassicolis of Lower Cretaceous (Neocomian) age. N estimate of relative
thickness or definite stratigraphic relationships could be wade for this
sequence, and it was not, therefore, included in the stratigraphic columns.

A coquinoid limestone composed of Aucella bronni occurs also in ob-
scure stratigraphic relationship. Imlay, }'é( in discussing the above species
of Aucella, suggests that It Ls characteristic of' the Upper Jurassic
(Oxfordian stage). The isolated outcrops of this horizon are generally in
close association with the Shublik formation.

33/ Bergquist, H R, personal communication.
34/ Imlay, R. |, personal communication.



Several inferences msy be mede from the brief data above:

(1) Bepidly changing conditions of sedimentary environment are
evident from the diverse lithologies represented.

(2) Erosional unconformities of warying local extent and periods
of nondeposition appear to have been presern’ throughout Jurassic time.

Cretaceous rocks
Lower Cretaceous

The Lower Cretaceous rocks in the Etiviuk-Kiligwa Rivers area are
graywacke sandstones and shaes that are Neoeomiar to Albian in age. The
Nanushuk group (Albian and possibly younger) does not crop out within the
limits of the mepped area.

h the basis of gross lithology and faunal control, these sedimentary
rocks are divided into the Okpikruak formation and the Torok formation.
Although the contact between the two formations i s gradational and locally
represents a continuous sequence of deposition, the authors feel that the
two formations are sufficiently distinctive and that each has sufficient
lithologic homogeneity to warrant Separate mapping; ultimately, smaller
units of the Lowe Cretaceous rocks may prove to be mappable.

Okpilkrusk formation.-—Exposures of the Okpikruak formstion in the area
btetween the Etivluk and Ipnavik Rivers are confined to amdl infolds south-
west of the northern Lisburne ridges, and in narrowly elongated synolines
within the structural complex northeast of Ekakevik Hountain. In the south-
central area along the Ipnavik River, outcrops of the Okpikrual formation are
extensive. Exposures for the most part oeecur in broad fanlted synclines
closing to the west on the complex area and opening to the east to form the
perimeter of the structural basin of Ekakevik Hountsin, High fault-block
ridges of Okpikrask formation lie to the south of the southecentral struc-
tural complex. They extend west to the Kuna River and northward along the
Kuna River in faulted and infolded association with chert of Triassic and
Jurassic age. North of the south-central structural complex a broad valley
is eut i n shale of the Okpikruak formation, and north of this valley are
numerous exposures i n narrow elongate, overturned synclines flanked by chert
of Triassic or Jurassic age. Exposures of the Okpikruak formation are ex-
tensive, characteristically in broad faulted synclinoria, within the infold
complex east of the Kiligwa River. Cutbanks along the Ipnavik River show
that shale and very. fine sandstone of the Okpikruak formation have been
infolded and infaulted with the Jurassic and Triassic to a much greater
extent than i s apparent from outcrops i n the interstream areas. The covered
intervals between the chert-limestone ridges are underlain by the tncompe-
tent Okpikruak formation.

At the present time the authors are unable to determine any basis for
further subdivision of the Okpikruak formation. There are no recognizable
major lithologic breaks and fossils are scarce and not diagnostic of any



horizon. The fauna IS limited tO fucells crassicolis Keyserling. Aucella
crassicolis is naw belisved 1O be characteristic of Loewer Cretaceous
(Neocomian) age;l)_sj and is thus an age determinant for the Okpikruak forma-
tion, but the presence or absence of this diagnostic species does not war-
rant further subdivision of the formation. Samples:collected from appar-
ently favorable shales contain no diagnostic microfosails.

The most complete well-exposed sequence of the Okpikruak formation
isin the area on the south flank of a broad syncline southwest of camp 6.
This section consists of 2,000 feet of beds {pl. 3) which are in erosional
though eonformable contact with the underlying Siksikpuk group, and are
conformably overlain by a sharpstone conglomerate that is believed to mak
the base of the Torok formation.

The lower 1,000 feet consists mainly of fine~ to coarse-grained gray-
wacke sandstone, medum green to dark gray, interbedded with shale, silt-
stone, and elay. The siltstones are somewhat calcareous. Lenticular beds
of poorly sorted granule conglomerate, consisting of subround chert grains
and oil-ahale pebbles in a poorly indurated matrix, are present in the lower
part. Scattered carbonaceous material is abundant and silt-clay inclusions
are common in the coarser beds. Silty limestone that weathers dark-red
brown is common. Fossil fragments thought to be Aucella crassicolis are
disseminated throughout the cosrser clastic beds. Zones having a high ratio
of sandstone to shale alternate with zonss having a low sandstone-shale
ratio, In general, the sandstone beds predominate and are coarser and more
numerous toward the base of the section.

The same monotonous sequence of interbedded sandstone and shale oc-
cursin the overlying 1,000 feet but with shale generally predominant.
The Okpikruak formation thus becomes more shaly upward; it also seems to
btecomé more shaly from south to north,

Fossil plants were found in shale and siltstone of the Okpikruak for-
mation that underlies the southwest scarp of Ekakevik ifountain on the east
bank of the Ipnavik River. Aucella crassicolis was found 200 yards to the
south of this locality. #r. Roland Bromn of the U. S Geological Survey
reports that the plants are similar to eollections from the Corwin area
and from Oregon. These collections had been previously referred to the
Jurassic.

In the area along the east bank of the Kuna River and extending east
to the structural complex, the Okpikruak formation has slightly different
characteristics. The sane monotonous sequence of graywacke sandstone,
siltstone, and shale persists, but the graywacke sandstone is in general
finer-grained, better-sorted, axd somewha lighter i n color. Hassock bedding
is common, and while this type of bedding was not apparent in the measured
stratigraphic section, its presence in this and other areas is characteristic
of the Okpikruak formation; Aucella crassicolis occurs throughout the section.

Imlay, R W,., personal communication.



differs little except that grains are generally smaller and the propor-
tion of shale to sandstone is greater, as much as 20 percent shale in
ome places. Monotonously regular series of shale with scattered inter-
beds of very fine sandstone and zones of interbedded, very fine sandstone,
siltstone, and shale ere characteristie. Aucells eragsicolis IS anmm
but less frequent than i n exposurss to.the south. Apparently these beds
reflect deposition by |less vigorous currents and at a greater distance
from the source.

Isolated exposures of metamorphic quaertzite, probably the basal
Okpikruask formation, are limited to the southern infold belt where defor-
mation has been very intense. These quartzites have teen bleached and
somewhat recrystallized to a hard dense rock that weathers medium-yelow
red. Scattered carbonaceous fragments and impressions of Aucells have
been preserved, At one locality on the west fork of the Kiligwa River,
conglomeratic quartzitic beds are compesed of subround white quartz and
dark chert pebbles. Regional deformational stresses are believed to be
responsible for the low-grade, metamorphism of the Okpikruak formation in
the southern infold belt.

Graywacke sandstones triefly examined at the front of the Brooks Range
resemble those at the southern margin of the infold belt, except that the
propostion of shale is considerably |ess and the degree of induration is
greater. Coarser beds are also more common,

Facles changes noted between the southern edge of the area and the
northern infold exposures wesre probably mere gradual than is indicated by
the 8 to 15 miles row separating them. |If the openly folded Okpikruak for-
mation to the south is part of an overthrust sheet, as is believed, then
the observed facies changes have been telescoped by the overthrust movements,

Torok formation.--A thick section of coarse elastics and equivalent
shale of the Torok formation overlies the Okpikruak formation. A minimum
aggregate thickness of 6,800 feet has been computed for the coarse facies,
These strata exhibit the common characteristics of graywackes deposited
in a geosynclinal basin,

Although similar over-811, the Torok formation has been divided into
three units, The contacts established were used with some satisfaction in
field mapping. The lower unit is shown separately on the accompanying
geologic mgp (pl. 1), however, and the middle and upper units are not
differentiated.

The lower unit, comparable to the shale vnit of the Torok formation
in the Okpikruak-Xiruktagiak Rivers area, consists of at least 1,000 feet
of dark clay shale with scattered septarian calcareous concretions in a
prismatic calcite layer. This unit is conformable (?) with the underlying
Okpikruak formation and isS separated from that sequence of shale and very
fine graywacke sandstone only by a zone of sharpstone conglomerate which
i s thought to mak the base of the Torok formation.



The upper contact is indeterminate. At Ekalevik Nounbain, where
the dlstinet lithology was recognized, the uppermost shale gredes into
a zone of chert-pebble conglomerate and fins- tO coarse-grained graywacke
sandstone. (n the southeast side of Ekakevik Mountain the cosrse~grained
beds unconformably under_.ie the heavy conglomerates Of the upper unit and
differ by 20° of dip and 10° to 15° of strike, A few hundred feet of shale
overlying the' sardstone-conglomerate zons o the middle unit te unconform-
able with the heavy conglomerate above it o: the flamks of the large syn-
cline, but conformably underlissthe conglomerate at the exis of the structure,

Elsewhere shale of the lower unit was 2ot readily distinsulshed from
the shale of other units. locally this unit, together with the Okplikruak
formation, is absent below gtreta of the micidle unit. Although the lower
unit may not have been depogited in certain areas, it is more likely that
it has been removed by pre-middls unit erosion.

The middle unit of the Torok fermatior nmey be separated from the
other units by several charzcteristics, Th: most obvicus, as observed in
the field, is a difference in degree of defcrmation and angular discordance
with the overlying unit., These strata are zemmonly folded into asymmetric
structures ranging from one gueyter to thres guartsrs of a mile wide and
seldom over 3 miles Iong V@x‘tic&l to steeply overturned beds are common,
whereas beds dipping 60° to 75% are typical.

These structures and attitudes ers in contrast to the broad open folds
with 10° to 30° dips that have been developed in the upper urit conglomerates
(see fig, 4, Prelim. Rept. 34). |t should be emphesized, howsver, that the
apparent differense i n degres of deformaticn is undoubtedly due in part to
the more competent nature of the upper uni’ conglomerates and their greater
resistance to feolding and compressive strespes. Although differences in
relative competency are thus a factor i n ecnsidering the relative degree
of deformation, angular discordance is neveitheless apparent in the trunca-
tion of the beds of the lower unit by the =pper unit conglomerates,

In the places where typical lithology of the two units 5s recognizable,
the middle unit is distinguished from tha ower shale unit by the presence
of a thick zone of coarse clastics., The shale associated with and (or)
equivalent to the coarse beds i s characteristically silty and is variably
interbedded with siltstone, fine to medlum graywacke sandstongé
occaslonally, granule conglomsrate. The armonite Lemurgcerag=-/ is at
present eonsidered to mark the basal section of the niddle unit, but the
bagal section at Smith Mountain is the only locality within the area where
this ammonite waz found.

The zone of coarse clastics, medium to coarse sandstone, granule to
pebble conglomsrats, and rare lenticular mds of cobble conglomerate, 1S
extremely varlakle laterelly, &t Smith Mcuntain a 2,100-foot thickness
was computed for the zone, There sandstone, fine- to medium- grained, dark
to medium green i n color, end with poorly :orted, subangular particles, is
apparently the main constituent. The beds "tongue out" laterally into shale,

Imlay, R W,, personal communication.




An undeternined thicknssg of interbedded dark Silt ghale and Cins
sandstone overlies the coarse clsatie zone. The contact between the two
zonas | S indefinite as the lower facles grades into the upper by a more
or less alternating series of the two facies,

A thick zone ¢f cross-bedded, very £ine sandstone IS present in a
thick sequence of shels on the lower rsaches of the Eiligwa River, It is
tentetively correleted with tgg upper cross-bedded siltstone of the Torok
formation degeribad by sable. 2l It is suggested that this zone i s cor-
relative in part with the middle unit of the Torok formation as described
above.

At several logalities, sharpstone conglomerate 1S present near the
bage of the middle unit. Where best developed it includes blocks of
Lisburne limestone snd Shublik formation as mueh as 10 feet in dimension.
This conglomerate IS testoniec in origin.

The bsde of the, middle unit crop out close to Triassie rocks along
e northern mergin of the infold belt., At the northernmest exposure of
Trianssic, 2 miles northwsst Of Swayback llountein, s bassl calcareous granule
conglomerate 1S in disconformable contact with a Halebls zone of the
Shublik fermetion. The unique appearance of an associated diasbase gill
mey be interpreted zs due to pre-middie unit weathering, Nearby sources
of material are implied for the basel part of the uit.. Other highs could
have bzen devaloped to the north En the basin of deposition. Possibly,
zhen, the basal part of the middle unit was deposited on actively growing
structurss,

Remnants of the upper unit are recognized in the Ekekevik lountain
and Swaybsok Mountain synclines, A meximum remeining thickness of 1,000
feat was computed at Swayback Mourtein, Variable thicknessss were measured
at Lkakevik Iountzin: 3,000 feet on the northwest end.; 2,200 feet on the
northeast, snd 1,730 feet or?ths southern margin of the infold. Conglomer-
stes composed of subround pebbles and cobbles of guartzite, mafic igneous
rock, chert, and Lizburne limestone are predominant at Swaybaclk Mountain
end inall but the upper 400 to 500 feet at fkakevik Mountain., The two
sequences Oof conglomerate heve been correlated becauwse they are folded in
the seme degree, project inte ens another along the regional trend, and
ere composed of similar types of conglomerate. They differ slightly in
that the Ekakevik Hountain series hes a marked predominance of quartzite
pebbles as contrasted to the more typical chert, mafie igneous rock, mincr
quartzite, Ligburne limestons, and white querts that make up the series at
Swayback leuntain, The series at Ekakevik Mountain overlies the folded




Diabased®/ and closely =zelsted types sze the cniy igneous rocks
recognlzed, Most of thess ere 2ills and sill-like masses enclosed bty pre-
Cretaceocus girata. Reladtively thin sills 5 to 50 feet thick, and aver-
aging 15 to 20 feel, intrude the Shublik formation and the Sikslkpuk group.
Iocal coalesesnce of several eclosely speced Sills results in a thicker
mags of ignscus rock. Sills of gersrslly greater thickness occur in the
Iisburne limestons, The Lowe sill. on the "thrust™ sheet IS 150 feet thick.

The dizbese is probably identical Lo the mefic igneous rock desgecribed
in the OkpikruskeXiruktagisk Rivere arendd/, The texture depends mainly
on the thickness of the intrusive body. ©n chilled contacts, from 2 to
12 inches wide, the rock is dense kut grades through fine to medium grain
in the thinner sills. lMeximwm grain Size was observed in the thick lowsr
841l where mineral graine are one half inch long or mers, The composition
varies little. Apparent assimilation of host rock has loeally produced a
alight change in sppearancs,

Little metamorphic effect of the intrusives was noted and none ex-
tended mare than 2 or 3 feet from the contact. (n contacts With the |arger
masses chert is loecally bleached and limestone reerystallized, A few epl-

genetic sulfides were fouad;in the country rock ral zones of _
witherite (%) (B2C03), barite (BaS0;). and gyps CaS0, 2Hp0} oecur in .
the limestone«chert of the infold belt, 4

Several outcrops of igneous rock appear to be surfees flows., Micro- 7
scopic studies of samples from thess outcrops have not been mede

The intrusives were nowhere proved to cut the Okpikruak formation or
younger beds. In a few places, Cretaceous outcrops are very closely asso-
ciated with outcrops of the igneous rock but no alteration was evident.

#afic igneous fragments and pebbles in the Okplkruak formation mega-
scopiecally resemble the disbase., The authors feel that, in view of the
numercus faults and stratigraphic displacement, conclusive proof of intrusion
i n Cretaceous socks mugt come from an exposed igneous contact, preferably

one with contact alteration. Intrusive activity ¢annot be definitely dated
closer than between post~Jurassic and pre-Torok time.

Although tho sSills were probably injected into the strata along zones
of weakness, generally parsllel to the bedding, they have bsen subsequently
folded and faulted with nearly the same intensity as the enclosing rock.
The intrusion must, then, pre-date the major part of the deformation, But
concentration or occurrence of the diabase IS often closely associated

- Stefansson, Karl, op. cit.
39/ Patton, W. W., Jr,, and T {lleur, I. L, op. eit.
40/ Milton, Chales Branch of Geochemistry and Petrology.



The area mgoped has been intensely deformed, Structural patterns
and some details are shown on the geologic mgp and structure sections
(pls. 1 and 2).

Regional compressicnal forces resulted in failure of large units by
faulting; however, these forces produced overturned isoclinal folds in
gardle units. Faults of considerable displacement zre associated with
the tight folds (see fig. 5, Prelim. Rept. 34). Combined folding and
faulting of this type my account for the cceurrence oil thin slice blocks
of older rogks nithin younger. The mgor fault zones are laterally per-
sistent and i n ome places are associated with large overturned folds.

In the infold bolt, the Okpikruak formation has been contorted only
slightly less than the underlying strata, bub the competent strata of the
Torok formation kave baen involved in considerably lzss intense deformation.

Complicated folding of the incompetent shele sequences of the Torok
formation (see fig. 6, Prelim, Rept, 34) prebebiy iS an expression of
drag folding between mere competent zones rather thean relief of compres-
sional stresses. Effect of waning compression i s shown by the gentle fold-
ing of the upper member of the Torok fermation,

An ancmelous strustural situation in the south-central Ipnavik-Kuna
Rivers area has been referred to frequently gbove, Along the headwaters
of Cutaway Creek, an obwvious thrust-fault relationship exists between
gently folded strata of the Lisburne limestone and associated diabase
sills (in topographic highs) and the infold complex (forming the lowlands)
(see fig. 7, Prelim. Rept. 34). Thisfault cannot b= traced to the north
and east, however, because it IS obscured by a svam of high-angle reverse
faulte that cut mope steeply dipping Missiszippian strata and diabase sills.

The fault trace eastward must pass just nerth of Ekakevik Mountain
where the basal conglomerate of the upper unit of the Torok formation is
faulted against a diasbagse mass The fault plane dips 30° S Noreovsr,
the openly folded beds on the wedt side of the Ipnavik-Kune Rivers area
are broken by a series of reverse faults that destroy the postulated western
projection of the thrust plate. Opposed to the interpretation of a lowe
angle thrust fault in the area i n question i s the present. reagonable posi-
tion of Ekakevik Nountain in relation to Swayback Isuntein, AsS Ekakevik
Mountain strata are closely associated with the beds on the possible thrust
sheet, its restored location, before faulting, would be several miles to
the south. However, other evidence supports the thrust-fault concept:

(1) the Lishurne limestone at Mount Bupte has no diabese, as contrasted to
the persistent sills occurring i n correlative (?) strata on the "thrustt
shest; (2) possible correlation of the beds on the "thrust™ sheet nith

" pagoda’-weathering beds and diabase sills that occur at the Range front;



The thrust pl&te hag been folded since its development in about the
sane degree eg Sweybsck Mountain, It was broken later by numerous high-
angle reverse fsults, The strong suggestion of a flat thrust 10 to 20
miles north of the Range front lsnds support to the interpretation that
the infold belt ia part of a low-angle thrust present at depth. itany
similarities exist botween the Etiviuk-Kiligwme section and the Albertan
Foothills province where the presence of these subsurface low-angle thrusts
has bean established. Numerous complex structures that seem to have no
reagonable explanation from the data available might be successfully inter-
preted as structural adjustments on a thrust sheet.

The structural hlstory of the basin from which the strata were folded
is complex. Down-warping and shortening of the basin was initiated during
or shortly befere deposition of the Okpikrusk formation and must have con-
tinued intermittently threughout deposition of the Tornk formation. A&ctive
upfolds, from which previously deposited strata were eroded, appear to have
been present near the local axis of deposition. The aceumulatsd effect of
fleformation has prod-aced complicated structure in the older strata. There-
rose, structures in the younger rocks exposed at the surface may only
broadly reflect the conformation of older beds a2t depth.

PETROLEUN POSSBILITIES

1 N favorable source or reserveir beds ave present in the Ckpikruslk
or Torak formaticona.

2. Possible gource beds occur in the Kiruktagisk membe of the Iisburns
limestone and also i n the Skeblik formation.

3. Possible resexvoir beds occur in the upper Alapah memba of the
Lisburne limestone in the quartzose sandgbone facies which has, locally,
high permeability and porosity, and in the dolomitized limestone that is
exposed on the lisburne Ridgs.

4. The presence of at least 2400 feet of Lisburne limestone in the
infold belt of the Southern Foothills section and an additional 1,500 feet
of Devonian limesgione at the Brooks Range front indicates a thick section
of beds, susceptible to development of secondary permeability, that mey
underlie the Northern Foothills section.

5. Surface structures in the infold belt mould not warrant explora-
tion because of probable complexity of structure at depth.

6. The probable anticlinorium area to the north of the mapped area
would have the most favorable sites for testing the potentialities of the
Paleozoic section.



1, Rocks Of Dsvonian (?), Mississipplan, Permo-Carbonifercus (2),
Triassic, Jurassic, and Iower Uretaceous sge are exposed in the area.

2. Thicknesses for the stratigraphic units are as follows: Noatak
formation (Missiseipplan or Devenian), indeterminate; Alspah memba and
older {?) rocks of the Lisburne limesione (Mississippian), 2,400 feet;
Kiruktagiak membsr of the Lisburne (Miszsissippian), 400 feet or more
Permo-Carboniferous (?), approximately 700 feest; Shublik formation (Triassic),
approximately 230 feet; Jurassic, indeterminate; Okpikruak formation {Lower
Cretaceous), 2,C00 feet; Torok formation (Lower Cretaceous), a total of
more than 5,000 feet.

3 Several local uneonformities are recognized: a disconformity at
the baze of the Okplkrusk formation; an unconformity at the base of the
middle unit of the Torok formation; and an angular unconformity at the
bage of the upper member of the Torok formation. The unconformity at the
base of the middle unit of the Torok formation Mey represent erosion on
an actively growing high in the depositional basin.

4. An area of structural complexity with isoclinally overturned folds
and high-angle rewerse faults is typical of all strata except the Torok
formation. The younger beds are less intensely folded because deformation
began at some time previous to initial Torok deposition and was decreasing
at the end of Torok deposition. A low-angle thrust fault brings essen-
tial! ~flat-lying Lisburne limestone and overlying strata over Triassic
and other beds in the south-central complex.

5 Small amounts of petroleum have been derived from beds that underlie
the Okpikrusk formation, principally the Kiruktsgiak member of the Lisburne
lirestone, A quartzose sandstone facles and dolomitlzed zones in the Alapah
membe of the Lisburne limestone, in addition to 3,900 feet of rocks thst
mey have secondary permeability, indicate reservoir possibilitiesin the
Paleczoles,.
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