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STRATIGRAPHY AND $TRYCTURE OF THE SOUTHERN FOOTHILLS
SECTION BETWEEN-THE ETIVLUK AND KILIGWA RIVERS

By
U. S. Geological Survey
Irvin L, Tailleur OPEN FILE REPORT

This report is
prelimin
not been edit 2TY ond has

and eéd or reviewed for
conformity with Geological Survey
Bion H, Kent Standards or nomenclature,
INTRQDUCT ION

The part of the Southern Foothills section, Arctic Foothills prov-
ince, that lies between the Etivluk and Kiligwa Rivers was investigated
by Navy Oil Unit party 6 during the 1950 field season, A belt about 16
miles wide and 60 miles long (approximately 800 square mlles) was mapped

* in considerable detail (see index mep, pl. 1), The mapped erea is in the

west-central part of the Arctic Foothills province, wholly within the
boundaries of Naval Petroleum Reserve No. 4. Major drainage consists of
the middle reaches of the Etivluk, Ipnavik, Kuna, and Kiligwa Rivers.

Principal objectives of the party, usging previous geologlc studies
in the Okpikruak-Kiruktagiak Rivers areal? as an initial working base, were
stratigraphic and structural studies of the outecrops in the interstream
areas, In view of the former interest in possible Lisburne limestone plays,
the Lisburne Iidge west of the Etivluk River and the northward nosing of the
Triassic complex bstween 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 mechanic, Three weasels were available for transporta-
tion, two of which vere maintained in operating cordition for dally field
use. -

As many exposures as wera pertinent or accessible were examined,
Vertical photographs were used for plotting data and for areal controlj
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 camp 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 was lost owing to weather, moving camp, and map work, However,

1/ Patton, W, W,, Jr., and Tailleur, I. L., Stratigraphy and structure
of the Okpikruak and Kiruktagiak Rivers area, Alaska: U. S. Geol. Survey
Navy Oil Unit Rept. No, 34, 1950,

/
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the complex geology required more time than was anticlpated so that 2
weeks' work on the scheduled area ramained when the field season was ter-
minated on September 5. Near the close of the field season reconnalssance
trips up the two forks of the Kiligwa River and up to the front of the '
Brooks Range on the East Fork of the Ki'igwa River indicated exposures that
warrant more detailed study than was poysible in the remaining time., The
weasels were driven to the Driftwood ge«physical camp for caching and the
party was flown to Umiat September 7,

Dr. Ralph W, Imlay visited the pariy for seversl days in early July
to examine Lower Cretaceous strata, W, P, Bresge and C. J. Gudim joined
the party on August 29 for a reconnalss nce of the Paleozoic exposures on
the headwaters of the East Fork of the 'iligwa River,

Prevlious geologic investigations include reconnaissance surveys along
the Etivluk and Colville Rivers in 1925 and 1926 by P. S, smith?/ and W. R.
Smith, a boat traverse of the Ipnavik River from a point / miles south of
Ekakevik Mountain to the Colville by Karl Stefansso in 1947, and boat
traverses of the Etivluk and Kuna Rivers from the headwaters to the mouths,
by I, D, Mangus®/ and others in 1949. Except to verify psrts of the inter-
stream areas, nocne of the outecrops on the Etivluk or Kuna Rivers were re-
examined in 1950, Other sreas of overlap wers remapped.

TOPOGRAPHY

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 aree.

An east-tranding tundre-covered region of monotoncusly low relief
lies north of Smith Mountain and north of the Liberator Ridge. The Colville
River forms the northern limit of this belt, which is 8 to 15 miles wide,
Outcrops within this region are limited to a few low, linear, eastowest
rubble traces of lsnticular sandstone and some cutbanks of sandstone and
shale along the-larger streams, The subdued topography is an expression
of the underlying incompetent ghale of the Torok formation, The southern
margin of the lowland marks the northern interstresm limit of geologic recon=-
naigssance, To the east, another belt of similar subdusd topography, 4 miles
wicde, lies 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-
novnced persisient ridges with a general N. 70° W, trend ssparated by
intervals of tundra cover, The belt is correlative with the complex infolded

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

3/ Stefansson, Karl, Stratigraphy and structure of the aresa of the
Ipravik River, Alaska: U. S. Geol. Survey Navy Oil Unit Rept, No, 11, 1948.

4/ iangus, M, D., Detterman, R, L,, lachenbruch, M. C., Jr., and
Lachenbruch, A, H., Stratigraphy and structure of the Etivluk and Kuna
Rivers area, Alaska: U. S. Geol. Survey Navy Oil Unit Rept. No. 35, 1950.
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beli of the Okpikrusk-Kiruktagiak Hivers erea. Limestons and massive

chert of Triasaic or lfisslssippian age and mafic ignecus gills are re-
gistant rocks in the semi-arid climatic condiiions of this Arciie province,
They ere commonly exposed in hogback ridges, cuestas, and low rubble ridges.
They are made up of resistant conglomerate faclaes of the upper part of “le
Torok formation that were deposited in localized baslns.

In the interstresam srea of the Etivluk-Kiligwa Rivers, a localized
arsa of rugged topography srcs northward acroszs the south-central part
of the infolded belt. Flat or gently dipping escarpments and large huties
are capped by thick eills of mafic igneous rock. Talus cover on the slopes
is extensive, lount Buptc, a large overturnad nanticline of massive [Hssic-
sippian chert and limestone, is the highesl topogrephic feature. Resistart
Misaiggippian limestone and chert, sandstone of the Okpllruak formation,
and mafic igneous intrusives produce this belt of high relief,

To the south is an eastewest bz2li of szubdusd outerops that extends
8 to 15 miles south to the north front of the Brooks Range. Althouzh
geolozic reconnaigsance did not extend Zar into this area, indicatlons are
that less resistant Lowar Cretaceous gandstone and shale crop out here.

The three physiographic units are similar in that they reflect the
topographic features of a geomorphie cycle of late maturity. However, loczal
areas of high relief ard rugged topography reflect an appareni yocuthful to
sarly mature stage and are due primarily to eroslon ef gently folded, more
reglstant strata overlying complexly folded less resistant rocks.

‘The msjor rivers sre superimposed consequent stresms, Iarge {lood-
olaine have bean formed along their meandering courses. Tributary drainsge
is generally subsequent upon structural trends but numercus emaller streans
cut acrosgs the regionnl strike along zoaes of weaknese,

GENERAL GEOILOGY

Lltbouzh roeks crop out in less than 50 percent of the area and only
the more reslstant rocks ere exposed, field study has resulted in a fair
undargbanding of the areal geology. lost noteworthy is the extreme degree
to which the strata have Leen deformed. Conslderably more than 50 percent
forzsheortening of bsds older than the Torok formation is spparent and hag
produced a complex pstitern of overturned to isoclinal folds and high-angle
revarse faults. The preservaticn of &n opanly folded upper Paleozoic se-
quence in probesble ¢verthrust relaticonship Uc the underliying llesozolc cone
plex is also significant. Because the structural history could be more
conpletely deacrided for this region than elsewhere, the derived interpre-
tations ney well be extended or applied to cther parts of the foothills
structural belt, This is particularly trus of the Okpikruak-Kiruktaglek
Rivers area where-a more complex structure was suspsctsd but could not be
demonstrated,

Much mapped detall was sacrificed ir reducing the field map to the
published scale of 1:96,000 (pl. 1). The structure sections (pl. 2) at
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a scale of 1:48,000, also have been necessarily simplified. Only the

major structures are, therefore, represented, Although numerous faults : !
and large folds have been inferred from obvious areal relationships ad-

Jacent to covered intervals, there are undoubtedly others of equal sig- ‘
nificance that are obscured by cover and lack of stratigraphic control,

Although the geologic map and sections depict complex structure, it is

emphasized that they are simplified versions of the actual conditions.

Recent evaluation of geologic data has led to the conclusion that
erosional breaks and periods of nondeposition occurred throughout the
formation of the sedimentary rocks of this area. Such conditions in
numerous places may eliminate the apparent necessity for a proposed major
fault, or greatly decrease the stratigraphic throw on such a major fault.
Teo 1little is known at present in regaerd to the nature and extent of un-

-conformities, however, to warrant their use as alternate interpretations

of anomalous areal relationships,

Stratigraphic studies were disappointing in that few complete, thick,
or undeformed sections were available for measurement. Abundant exposures
allow general knowledge of the vwarious rocks but are not satisfactory for
detailed study of the stratigraphy.

Maximum measured thicknesses are: Lisburne limestone, 2,400 feet;
uppermost Paleozolc (?) 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 local unconformities are present throughout the lesozoic 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 is in generg} comparable to that
described for the Okpikruak-Kiruktagiak Rivers ares2/, an indication of
fundamentally simllar depositional environment for the two,

For this report, only the stratigraphic nomenclsture developed by
June 1950 is used on the map and structure sections, Further fleld work
is needed before the revisions necessary because of recent faunal deter-
minations may be Incorporated in stratigraphic columns, Two new faunal
zones, comparable to the Siksikpuk group and upper zones of the Xingak
formation as deacrib§? in the Nanushuk-Siksikpuk Rivers are 6 , have been
reported from mecro-~ and microfossi 8/ collsctions in the Etivluk-Kiligwa
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 left after pre-Torok erosicn,

5/ 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 erea: U, S. Geol, Survey Navy Oil Unit
Prelim, Rept. No. 30, 1950.

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

8/ Bergquist, H. R., personal communication,
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Rocks ranging from Devonian to laie Lower Cretaceous in age were
ldentified in the Etivluk-Kiligwa Rivers area. & 1,500-foot section of
iliddle Devonian limestone and silicified limestone was brilefly examined
on the headwaters of the east fork of the Kiligwa River. These beds are
degcribed by Brosge. Lithologic types that are correlative with or come
paerable to previcusly described sections are the Noatak formation (Devonian
or ifississippian); the Alapah and Kiruktaegiak members of ths Lisburne lime-
stone (Mississippian); the Shublik formation (Triassic); the Okpikruak
formation (Lower Cretaceous, Neocomian); and the Torok formation (Lower
Cretaceous, Aptian end Alblan), [Equivalents of two new lithologic units
described by Patton and Kelleriﬂ/ were reccgnized--the Siksikpuk group of
Penngylvanian or Permian age and a section equivalent to the upper zones
of the Kingak formation (Upper Jurassic, Oxfordian),

Pre-Cretaceous sedimentary rocks reflect deposition under somewhat
stable conditiong, whereas the Cretaceous rocks derive their heterogeneous
graywacke characteristics from deposition in an actively sinking seosyn-
cline closely bordered by a rapidly rising foreland, Distinctive units
in the pre-Cretaceous rocks are markedly persistent laterally over the
mapped area and, in gross features, over adjoining areas of the Foothills
province, In contrast, there are few distinctive units in the Cretaceous
graywackes, and thoss 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. Mafic igneous intrusives, generally sills, are widespread
in pre-Okpikruak strata,

Devonisn rocks

Unngmed formation.--A section of Middle Devonian strata was measured
along the esst fork of the Kiligwa River during a recomnaissance 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 wvhich
age determinations are reliable, was collected. As no equivalents of these
beds were recognized in the Southern Foothills section, a complete descerip-
tion is not given here, and the reader is referred to Brosge'sll/ report
for detalls.

Mississippian rocks
Noatak (?) formation

Several low ridges and rubble traces of sandstone of the Noatak for-
mation ere too small to show on the map, Two localities, 157929730" W,,
68°35'30"-63°36'00" N., and 157036'00" W., 68935'30" N., carried an abun-
dant theugh poorly preserved fauna, Two other exposures, one part way up
the slope 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 Lisburne limestone: U. S. Geol, Survey Navy Oil Unit Prelim, Rept; No, 31,
1950,
10/ Patton, W, W., Jr., and Keller, A. S., op. cit,
11/ Brosge, W. P., and Reiser, H. N., op. cit.
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Bowsher:2/ reporis that the Chonetes and gastropcd fauna has the
same forms a&s a collection msds by M, C. Lechenbruch from definite pre-
Lisburne limestone which J. T. Dutr I designates ss pre-Lisburne forma-
tion, llississippian., Bowsher suggests that the stratigraphic¢ unit be
mapped as Noatak (?) formation and reports the following:

pentagonal crinoid columnal
radial plate of Dichocrinus ? sp.
Camarotgechia sp.

Chonetes sgp. indet,

pelecypod indet.,

productid indet.

lsiopteria ? sp. indet.

Retispira ? sp. indet,
Angyomphalug sp. indet.

No 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 Noatek formation to adjacent beds could not
be ascertained, At the western locality, chert of Siksikpuk (?) age come
pletely surrounds the rubble expange of Noatak, separated from it only by
& narrow band of tundra cover. Exposures at the south-central locality
are alined north-south in a north-trending (tranaverse) valley flat.
Nearest outcrops, a few hundred feet sast, are chert questionably assigned
to the Kiruktagiak member of the Lisburne limestone. These axposures are
near the northward projection of an intenaely disturbed zone in which re-
crystallized and altered limestone of the Kiruktaglak member is in juxta-
position to the Okpikruak formation, The traces near Pimple Peak occur
in a 4,000-foot covered interval between questionable Kiruktagisk chert
and Shublik limestone in ons place and stratigraphically benesath a postu-
lated klippe of Llsburne limestone (Pimple Peak) in the other, These lie
on a projection of the northesouth line through the south-central exposures,
but east-west structural trends under Pimple Peak are not interrupted, A
minimun stratigraphic displacement of 2,000 feet is evident and a much
larger displacement is suggested., Although a pre-Pennsylvanian erosional
surface of high relief could asccount for the stratigraphic anomaly, evi-
dence elsewhere precludes much erosion. The authors believe that major
faulting is a more guitable explanation, particularly in view of the sur-
rounding complex structural belt,

The lithology of the rocks in all the exposures is similar. The pre-
dominant 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 darkereddish brown, and contains
a few mica flakes. A minor amount of limestone, very 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 Navy 0il Unit Prelim. Rept. No. 35, 1950.
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Lisburne limegtone

The Lisburne limestone is more extensively exposed in the Etivluk-
Kiligwa Foothills section than in any other area outside the Brooks Renge.
The Lisburne limestone crops ovt over roughly 50 square miles of the high
topography between the Ipngvik and Kuna Rivers. The Lisburne Ridge (see
fig. 1, Prelim. Rept. 3 ), essentially an overturned anticline with the
Alapah member at the core, extends as & major topographic feature from the
Etivluk River nearly to the Ipnavik. The same ridge extends west across
the Ipnavik but with subdued expression. 4 series of strong ridges; a re-
flection of overturned isoclinally folded Kiruktagiak member chert, is
. pregent 2 miles south of the Lisburne Ridge. The trend 1s 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 limestone emerges from the covered interval at
the northeast side of Ekakevik WMountain and extends westward aslong the
north edge of EFkakevik Mountain, across the Ipnavik to Pimple Peak and into
the complex area north of camp 7 on Cutaway Creek, This trend 1s marked
by upper Alapah member (?) strata associated with mafic igneous sills that
pinch and swell along the strike., Still another persistent trend, south of
the Ekakevik trend, begins just east of the Kuna River, extends across the
forks of the Kiligwa River and into the Nuka River drainage. Numerous
similar trends of various zones of the Alapah member are apparent from in-
spection of plates 1 and 2, but are less obviocus becauge of thelr discon-
tinuity and smaller size.

This strikingly persistent alinement of exposures must reflect major
structural control, and also indicates lateral persistence of zones within
the Lisburne limestone. Smaller exposures of the formation are bellieved to
have been inserted in the overlying rocks as thin slice blocks by some un-
explained mechenism, probably faulting, The Lisburne limestone is present
in apprecisble thickness as far north as latitude 68°35' and crops out as
far north as 689,1', This evidence does not prove, but does make reason-
able, the assumption that the Lishurne 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 Lisburne are difficult to establish,
Evidently the sequence present in the Etivluk-Kiligwa Rivers area represents
a facles different from the typical section at Kanayut lake, because
Bowsherl3/ reports that few zones have fauna in common with the subdivisions
of the Lisburne recognized there., A comprehensive study of related sections
would have to be made in order to establish the succession of beds that crop
out, A4s far as could be demonstrated, lithologic or faunal equivalents of
the lower or Wachsmuth member of the Lisburne limestone are not exposed in -
the area, After more careful study of a number of fossils of doubtful age,
however, some zones may perhaps be assigned to the Wachsmuth,

14/ 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 Navy Oil Unit Prelim, Rept. 34, 1950.

15/ Bowsher, A, L., Sr., personal communication
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Two distinct lithologic types or facies are apperent: a limestone
facies and a bituminous phosphatic cherteshale facies. The two facles
have been separately mapped; the limestone 1s the Alapsh member and the
chert shale the Kiruktagiak member. In the sections studied to the east
in the Brooks Range, less of the Kiruktaglak member is exposed, whereas
on the Kukpowruk River to the weat the Kiruktagiak member comprises most
of the section, Several zones 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
interpretedl®/ as an intertonguing of the two facies. Little evidence of
the direction of facles change was found in the mapped area.

Alapah member.-«Extensive talus obscures most of the larger exposures
of the Alapah member, so only gross lithologic characteristics could be de-
termined. Most of the sections dezcribesd below also appear in the columnar
sections (pl. 4). . '

The south flank of the Lisburne Ridge 1s covered with a blocky talus
of mediumegrained, porcus, dolomitic limestone. Although only 25 to 30 feet
of massively bedded rocks ars actually sxposed, a thickness of 100 feet of
dolomitic strate seems to be a conservative estimate, In hand specimen the
dolomitic limestone appears porous; some of it has a saccharoidal texture.
The rock weathers grey but is mediumeneutral lighteyellow red on fresh sur-
faces and emits a strong fetid odor when cracked. Many of the pore spaces
are lined with fine "crystals" of asphaltum. No oll 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 unfavorable.,

The remainder of the underlying sectlon ¢n the Lisburne Ridge, except
for a 20- to 30-foot zone of fineregrainsd dolomitic limegtone similar to
the above that crops out below an interbedded chert-limestone zone at the
sumuit, appears to be a poor petroleum reservoir rock, Only small parts
are exposed and consiat of interbedded, very.fine grained limestone and
dense chert or silicifiesd 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 ealcareous to siliceous beds varies from 75
porcent to 25 percent but over-all averages about 60 percent calcareous.
Differential weethering on exposed areas produces a rough banded surface
that has been termed “pegoda" weathering.

As only the interbedded limestone and chert appear in float, the
lithology of the intervening beds is not known, Outcrops near the base
of the north slope of the ridge are of black chert irregulerly interbedded
with dark, saendy-weathering limestons and, locally, black shale that prob-
ably belongs to the Kiruktaglek member of the Lisburne. The basal part
of the normally overlying Siksikpuk group is also present, Faulting is
therefore indicated. The estimated minimum thickness at the Lisburne
Ridge is 800 feet. ;

16/ Brosge, W. P., and Reiser, H. N., op. cit,
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Tabls 1., Porosity and permeability® of samples firom
the Etivluk-Kiligwa Rivers area, 1950
Sample _ Porosity Permeabllity
Number Location Stratigraphic position (percent) (millidarcys)

50ATr 186  157929'00" W. Noatak formation (Devonian or 8.85 Impermeable
68°36'00" N, Mississippian

50ATr 100 156952030" W, zone 9 Alapsh 1.83 Impermeable
68C36'00" N. (arenaceous limestone)

50ATr 100 156952'30" W. zone 9 Alapah (calcareous 1.75 Iess than 1
68036'00" N, quartz sandstone)

50ATr 100 156052730" W, zone 9 Alapsh (limestone) 1.33 Impermeable

; 68°36700" N,

50ATr 109 156954°00" W. zone 9 Alapah (quartz granule 12.2 15
58036'00" N, cong,)

50AKt 119 156959'00" W, zone 9 Alapah (ccarse quartz 4 .85 Less than 1
68036'00" N. sandstone)

50AKt 121  156°59'00" W, zone 9 Alapeh (calcareous, 0.94 Impermeable

- 68936'00" N, fine quartz sandstone)

50ATr 223  157°05'30" W, zone 9 Alapah (coarse quartz 2.7 Impermeable
638°4,0'00" N, sandstone)

50AKt 319 158916'30" W, zone 9 Alapah (calcareous Lkl Impermeable
68°38°00" N, quartz sandstone)

50AKt 319 158°16'30" W, zone 9 Alapah (feldspathic 13.8 372

: 689338700" N, quartz sandstone)

504Tr 29 156° 41°00" W, upper Alapah (upper erystalline 5.32 Impermeable
68° 38'00" N, dolomitic limestone)

504Tr 30 156° 41'00" W. upper Alapah (middle crystal- 5,00 Impermeable
68° 38'00" N, 1line dolomitic limestona)

50ATr 31 156941°00" W, upper Alapah (lower crystal- 4.95 Impermeable

‘ 68°33100" N, 1ine dolomitic limestone)

504Kt 69 156°3730" W. Upper Alapah (finely crystal- 441 Impermeable
68°37¢30" N, 1line limestons)

50AKt 259  157°34'00™ W, Alapah (fine-grained lime- 1.27 Impermeable
68°37'30" N, stone)

50AKt 82  156°52'00" W, Kiruktagiak member (finely crys- 1.48 Impermeable
68°37930" N, talline, bituminous limestone)

50AKt 99  156°56'30" W, Kiruktagiak member (sandy- 0.96 Impermeable
68°40'00"™ N. weathering, dark limestonse)

50AKt 107 157°01"'10" W. Kiruktagiak member (shaly lime- 2,14 Unsuitable
68°41'00" N, stone)

50AKt 189  157°30'30" W, Okpikrusk(?) formation (moder-  1.59 Impermeable

68036?30" N. ately clean, fine-grained
sandstone)

*As reported by Fairbanks laboratory, Navy Oil Unit,
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At Mount Bupto, in the south-central part of the Ipnavlik-Kuna Rivers
arsa, a minimum thickness of 2,400 feet of Lisburne limestone 1s suggested.
This prominent mountain is anticlinal with 60° S, dips on the south {lank
and vertically dipping, somewhat crumpled beds on the north flank. Re-
sistant beds cap the mountain and a stream cuts the underlying beds from
the axis of the structure through the south flank. However, talus effec-
tively covers most of the valley walls, sc the rocks described below are
known principally from discontinucus exposures along the creek bed, Un-
doubtedly a more careful examination of these exposures would yield addi-
tional ugeful detail,

Two hydroclastic fossiliferous limestone zones 200-250 feet below the
base of the Kiruktagiak member 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 Kanayut lake area, The collected
fauna includes indeterminate corals and feneatellid bryozoans, crinoid
columnals and Stenoachisma ? sp. indet.lZ/ A chert zone occurs about 700
feet below the fossiliferous zones, Talus covers the intervening section
but shaly, buffeweathering limestone occurs in the float along with the -
hydroclastic and fine-grained limestone. About 70 feet of the chert zone
is exposed along the creek. It is dark neutral in color and weathers black.
Messively bedded, it overlies a sectlon of "pagoda®-weathering, interbedded
limestone and chert. Although the thick dolomitic limestone of the Lisburns
Ridge was not recognized, broadly lenticular beds as much as 5 feet thick
of hydroclastic limestone snd medium crystelline limestons are present in
the upper part of ths "pagoda"=weathering uanit, More typical development
of the interbedded limestons and chert occurs about 100 feet below the crast
of the mountain, The last exposure is 15 feet of medium crystalline, light
yellow-red limestone, that appears to be nonfogsiliferous. The 1limb of the
anticline is computed to include 2,600 feet of strata, of which 2,000 feet
is partially expoged. No evidence of the ege 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 Lisburne
Ridge, as -is ghown on the columnar section (pl. 4), a congsiderable thickness
of the Alapah member of the Lisburne limestone is demonstrated.

Exposures of the Lisburne limestone on the possible thrust sheet are /
limited to the interbedded 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 8ill intrudes a shaly zone that may
be near the base of the section, Although exposures of this zone usually
produce fine talus slopes, float fragments and 1solated outcrops indicate
a well-indurated dark shale and siltstone sequence. Several horizons with
worm-trail markings were obgerved; thin beds of crinoidal limestone are also
present. '

.Crinoidal beds from the "pagoda"-wmeathering limestone and chert contain
a fairly abundaia auna that has some affinities to faunas collected else-
where, Bowsher==/, however, bslieves that they represent Upper Mississippian

12. 15} Bowsher, A. L., Sr., personal communication,
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forms and ars probably contained in strate equivalent_tq zone 5 of the
Alapeh member. A pertial faunsl list is given below::

"Spirifer" sp., indet, Chenetes sp. indet.

Productina sp. indet, Echinoconchus (?) sp. indet,
Productug sp, indst, : indet, sponge spicules
¥ourlonia sp: indet, indet. pleurotomarid gastropod
Retigpira sp. indet. indet. straparollid gastropod

~ Glabrocingulum (2) sp. indet, indet, trilobite pygidium.

On the north flank of the anticline south of camp 6 a covered inter-
val separates the top of the bsdded limestone and chert from the bottom of

‘a dlabass sill and the Siksikpuk group above. The total thickness exposed

is more than 1,200 fest, The lower 200 feet are argillaceous thin-bedded
giltstone and limestone intruded by the lower sill, The upper 1,000 feet

are composed of interbedded limestone and chert of the "pagoda"-weathering
type. Fossils collected from 589 upper part of the gection have been com-
pered to zone 5 of the Alapsh: .20/ Eumetria ? sp. indet., Productella sp. indet,,
Loxonema ? sp, indet,, Mourlonig, Michelinig sp. indet., Chonetes sp. indet,,
indeterminate sponges, end sponge spiculss.

On the thrust sheet also, juat north of Mount Bupto, a thin band of
Siksikpuk group and remnants of Lower Cretaceous (?) sandstone overlie only
500 feet of the "pagoda" limestone and chert, Phanerotinug and Straparollusg
collected from a thin crinoidal bed in srgillaceous sirata at the base of
this section, believed_i? be just above the thrust contadt, indicate prob-
able lower Alapah age. Isss information 1s available about the beds as-
soclated with diabase sills in the linear trends, The lithology of these
rocks is generally comparable to the "pagoda"-weathering zones of qther
sections. This correlation is substantiated by seversl fossil collections
correlative to zone 5 of the Alapah member.

Several outcrops of a new facles of the Lisburne limestone are 1 to 3 miles
north of Ekskevik Mountain in the eastern part of the Etivluk and Killgwa
Rivers ssction and near the southern margin of the mapped areca 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, Curbonate appears to range
from a trace to predominant, The outcrops are all isolated; therefore the
stratigraphic reletionships can only be inferred,

. &n outcrop of limestone in the eastern part of the mapped area directly
underlies, perhaps by fault contact, varicolored chert of some part of the 2
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:member in the Kanayut lake area. A similar silici-
fied fauna is contained in the limestone and intercalated arenaceous lime-
stone lenses 2; miles to the east. The sandstone is exposed again 1 mile

to the south in a rubble ridge several hundred yards long and 100 feet wide,
The sandstone is only slightly calcareous, has no interbedded carbonate rock,
and has local facies of quartzepebble conglomerate with pebbles three fourths
of an inch in diameter,

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

.
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Near the Kiligwa River, at approximstely the same latitude, the same
faunal zone occursg in medium- to coerse-grainsd fsldspathic guartzose sand-
gtone, Abundant chlorits is preseat, The sandstone is sssociated with
shaly limestone and calcareous clay shale., These rocks, similar to others
in this zone, weather light gray and ave medium-yellow red on fresh sur-
faces, The sample with a permesbility of 372 millidarcys was collected from
this locality., Other permeability results from this zone wsre not as promis-
ing (samples 50ATr 100, 109, 186, 223; 50AKt 119, 121, and 319, table 1),

The fauna from thls zone is abundagt and well preserved by silicifi-
cation, A partial 1list is given below:

Several indet, corals
Platycerinites sp. indet,
Stenogchisma sp.
Orthotetes 7 sp. indet,
§girifeg“ of the Fugella ? type
Chorigtites 7 sp. A
hricggothxrig 8p, indet.
Qvertonia sp.
Iinoproductug ovatus (MeChesney)
Gigantells ? sp.
Dictyoclostus cf. D. hindi (Muir-Wood)
Dictyoclostus sp.
.Dictyocloatug inflatus
Eumetrig sp.
Tetracamera ? sp. indet,
Tropidostrophig ? sp. indet,
straparollus cf. 3. gavegei Knight

No reliable thickness estimates were possible, A minimum of 30 feet
of sandstone is indicated, The sandstone-~limestone sequence near the
Kiligwa River is at least 100 feet thick.

Samples from isolated outcrops of a similar samdstcne were recognized
in other areas of the Foothills province: 1 mile north of Fortress MNountain
in the Okpikruak-Kiruktegiak Rivers area; near the south edge of the in-
fold belt of the Oolamnagavik-Etivluk Rivers area; and in the Utukok-Kokolik
Rivers area, This coarse facles must then be present over much of the footl-
hills province but in a narrow band, Its southward extent is probably limited
becauge the sandstons was appesrently absent from the !ount Bupto section and
has not been reported from ereas studied along the frent of the Range., A
northward limitation is suggested by the outcrop north of Ekakevik Hountain
nhere the strate are essentislly calcareous, in contrast to the carbonate-free
sandstone 1 mile to the south.

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

23/ Bowsher, A, L., Sr,, personal communication,
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Two units of distinct lithology are recognlzed end are believed to
represent two zones of the Kiruktagiak mewmber, These two zones are shown
on the columnar ssection as lithologic equivalente of zones 5 and 9 of the
Alapah member, On i‘ount Bupto the uppsr zone overlies beds containing a
fauna of the zone 9 of the Alapah member. The assignment of zone 5 of the
Kiruktagiak on the flanks of the north Lisburne Ridge is based on less firm
evidence: (1) resemblance of the lithology hsr to the lithology of the
zone 5 type localiiy on the Kiruktagiak River-ﬁ?; (2) gross similarities
of’ the Alapah member underlying the Kiruktegiak member in both places;

(3) comparison to a black chert zone overlying "pagoda" -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 6-inch colloform phosphate layers, saccharoidal
to cinder limestone, shaly bituminous limestone, and black chert. The next
- higher exposure is of dark, bituminous fine-grained limestore (sample 50 ATr
32, table 2) irregulerly interbedded with black chert.

A 100-foot covered interval follows, below a 1l0-foot exposure of inter-
bedded black clay to paper shale and black. chert. A similar zone of shale
and chert probably underlies the covereéed interval, Evenly bedded black
chert at least 5 feet thick ceps the exposed section and lies no more than
100 feet balow the first exposure of Permo-Carboniferous (?) beds. Thick-
ness is estimated to be slightly over 200 feet. Subdued exposures of this
zone along the Lisburne Ridge projection to the west is expressed by low
ledges and rubble of shaly limestone, the so-called "musical limig}one."
These beds contain Ieiorhynchus sp., B and Bellerophon sp. indet,

In the south Lisburne ridges the sequence contains at least 60 feet
of interbedded black shale, black occasionally sooty chert, and black
bituminous limestone at the base. In this unit chert becomes more abundant
in a gradational upward change from shale to chert and contains a Goniatite
fauna, Above this unit is at least 200 feet of evenly bedded black chert.
Talus fragments weather light gray, 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 along minute cracks. Above
the chert is black siliceous shale of undetermined thickness. The shale
centaing scattered finely crystalline calcareous and phosphatic concretions,
A few thin beds of black sooty chert are present and pyritic stringers 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 is 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/ Bowsher, A, L., Sr., personal communication.
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Table 2, Summery of ollecut determinations for samples collected in the
EtivlukeKiligma Rivers, Southern Foothills section, as reported
by the U, S. Geological Survey Fairbanks lLeboratory.

Sample No, Location Formation or member Cut Residue
504Kt 203 1579357307 W. Upper Alapah, fine-grained  very . light
68036'00" N. limestone light yellow
. gtraw
50ATr 32 156°41'00" W. Kiruktsgiak (Iisburne Ridge) yellow yellow
- 68938'00" N. black chert and lirestons
50ATr 55 156°45'00" W, Kiruktagiak (south Iishurne yellow lignt
68937930" N, ridges)black shale yellow
50ATr 8 156352’00" W, Kiruktagiak (south Lisburne black heavy dark-
68737°00" N. ridges) bituminous limestone brown or
black asphaltic
material
504Tr 145 157°31°30" W. Kiruktegiak crackled chert black yellowish
68034°30" N, - brown
50ATr 159  157°33°00" W, Kiruktegiak bituminocus very very light
68930°00" N. 1limestone and black shale light  yellow
' straw
504Kt 207  157938'00" W, Kiruktagiak crackled chert dark dark-brown
68°36'30" N, * brown asphaltic
50ATr 25  156943'00" W, ¢ Shublik formation, Halobia  very  very pale
68°38100" N. oileshale zone, bituminous pele
linestone astraw
504Kt 196  157934'30" W. Shublik formation, Halobia light yellow
68°35'30" N, oileshale zone, bituminous gtraw
limestone
U—fu\
50AKt 221 15793600 W. ~Okpikruak (?) formetion, none very light
68°371'00" N. clean sandstone, distinct yellow f£ilm

odor
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Fogglls collecied from the upper shaly zones of this unit compare
to the fauna of the type section of the Kirukteglsk member, equivalent %o
zone 5 of the Alapsh member, on the Kiruktaglak River: Cravenoceras ?,
Gonlatites cf; G, choctawensis Shumard, Pseuoometgcocaras ? sp. indet.,
Mooreocerag cf. M. crefiliratum Uiirty), Sulcaretopora ?. Howaver, the
evidence is not strong emough to exclude an upger zona (7) determination
for the seguence in the south ILigburne ridges.__/

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

Where well exposed, both zones have abundant hydrocarbons (samples
S50ATr 33, 55, 98, 145, 159; and 50AKt 207, table 2). Crackled cherts
have a sooty appearance, becauss of carbonaceous material deposited on the
surfaces. At one locality, a thin slice of the Kiruktegiak member lies
between Trisssic and Permo-Cerboniferous (?) beds and bzs, apparently,
been folded into an overturned anticline (see fig. 2, Frelim. Rept. 34).

The cherts of the Silksikpuk group have been fractured and veins of
asphaltum introduced as.fracture fillings (just to lef't of upper bedding
trace of C-Pe?; fig. 2, Prelim, Rept, 34). Several veins are wider than
5 inches; the maximum 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 Kiruktaglak &t this locality have abundant asphaltic material in
pore spaces and apperently containad considerable syngenetic bituminous
meterial (sample 50 ATr 145, tsble 2), The closs proximity of a possible
source, the Kiruktaglak slice, to the asphaltum veins strongly suggests
that the petroliferous fluid (?) was generated in the Kiruktagisk member
and introduced into nearbty voids.

Twc samples of similar solid bitumen occurring as fracture fillings

in the Torok formation were analyzed and

rimined to be the pyrobitumen

grahamite. The analyses are given below:=
fiie1d Color Fusing |Fixed
aample and Fracture |lustre |Spacific|Herdness | temper- | carbon Ash
Ho. streak gravity | (Moh) |ature (ash free)| (percent)|
(percent)
S50AEt 237|black |conchoidal|very 1,52 2<3 apprex, 37 30
(Iab, No. to hackly |bright 280° C,
50«2052C)
49aTr 643 |black |hackly < [very | 1.16 2-3 |approx. | 49 0.6
(lab. No, bright 290° ¢,
50-2053C) to
dull

25/ Bowsher, A. L., Sr., personal communication,
27/ Analyses by Michael Fleischer, Branch of Geochemistry and Petrology.
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Units of the Kiruktaglal member were observed near the Brooks Ringe
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 chert but characterized by mediumeneutral calcareous clay
shale and gilty, fleggy-bedded limestone crops out near the type locality.
This sequence conteins a cephalopod that is simllar to a genus from Rugsia
older then the Gonistite fauna collected from the typical Kiruktaglak.<3/
No detalled section measurement was attempted but the thickness was esti-
mated to be 150 to 200 feet.

Although evidence is insufficient to evaluate this new occurrence of
the Kiruktagiak msmber, it 1s presented for incorporation into the inter-
pretation of the relaticnship of the Kiruktagisk member to the Lisburne
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 Tileld investigatione of
the relationships of the Kiruktagiak member to the rest of the Lisburne
limestone and of other problems in this part of the Foothills province
would achieve more conclusive results if studies were sxtended to include
this belt adjacent to the Range.

The persistent outcrops of various zones of the Lisburne limestone
near or in contac® with younger strata without obvious fault relationship
has no ready explanation, If the suggested corralstions are valid, beds
underlying the Siksgikpuk 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 in conbact with the overlying Siksikpuk group south of the

center of the infold belt., On the pogsible thrust sheet a pre-Siksikpuk
regional dip to the north is indicated. Careful analysis of data collected
from other ocutecrops would test this conecept of a gentle warping prior to
deposition of the Siksikpuk group,

Permo-Carboniferous (2) rocks

Identification of concdonts of Permo-Carbonifercus (?) agegg/ from
beds formerly considered to belong to the Shublik formation (Triassic)
necessitotes reclagsification of the post-llsburne pre-Okpikruak complex,
The microfauna 1s the same as that collected from beds tatively desig-
nated as Sikslkpuk group by Patton and Keller in 1950, 0

fs lithologlc studies are not complete, the exact location of the
Siksikpuk-Shublik contact cannot be ascertained. An unfossiliferocus in-
terval of 230 feet of beds separates the lowest occurrence of Triassic
mecrofogssils from the highest occurrence of Permo-Carboniferous (?) micro-
fossils, but these unfossiliferous 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 Halobig-bearing

28/ Bonaher: A. L., Sr.y personal communication.
29/ Bergquist, H. R., personal communication,
30/ Patton, W, W., Jr., and Keller, 4. S., op. cit.
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zone of the Shublik formstion, which is also the top of the Iithologic
zone that containg rede and green-weathering sheles.

The Siksikpuk group probably unconformably overlies several zones of
the Alapah and Kiruktagiak members of the Lisburne limegtone in different
places. In the Etivluk-Kiligwe Rivers area the Siksikpuk group is repre-
gented by approximately 700 feet of gection,

-The stratigraphic sequence of the Siksikpuk group wes pieced together
from several exposures, Horizons or zones assumed to be correlative may
" not actually be so, but the gross zones are fairly well esteblished and
have the stratigraphic positions indicated in the column (pl. 3). The
lower 200 feet consists of interbedded, derk-neutral medium-green chert
that weathers green and dark red, and dark calcareous clay shale that
generally weatherg dark red in hackly fragments, The middle part, as it
occurs in the "thrust" areas between the Ipnavik and Kuna 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 upper 250 feet of this sec-
tion is interbedded dark clay shale and 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 Lisburne 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 mapped 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 it
is separated from the overlying Halobia zone of the Shublik formation by
several hundred feet of beds that are predominantly shale,

Triassic rocks

Trisssic rocks comprise a large proportion of the outcrops in the in-
folded belt but they have been so much 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 2720 feet
gshown (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 mapped area, and they appear to be persistent over wide areas of the
Arctic Foothille 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 macrofossils. The char-
acter of the upper contact is not known, Where remnants of Jurassic rocks
are pregerved, the relationships with the underlying Shublik formation are
obscured., A pre=Okpikrusk erosional tresk of considerable magnitude is
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recognized. The uplift respongible for this break was not, apparently,
accompanied by strong folding, so the overlying Aucella-bearing beds lie
conformably upon either the Shublik formation or Sikslkpuk group.

The only unit of the Shublik that consistently crops out is a zone
containing abundant liohotis subcirculeris 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 abundent lonotis gubeircularig and related pelecypods.
Beds as much as 10 inches thick are common, Beds of the chert are thinner,
seldom over / inches thick. The three types are interbedded in variable
proportions and are usually separated by thin shale bads. The several
zones in 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 usvally has a strong fetid odor (samples 50 ATr 25 and 50 AKt 196,
table 2), and is highly fossiliferous; practically all bedding surfaces
are covered with spread wvalves of Halobla sp. and others. Beds of dark
chart 2 to 4 inches thick also occur with the shale. The light and dark
stripes developed on weatheringz are diagnostic features of this chert.
Scattered "golf bell" and larger ccneretions of black bituminous limestone
are scattered through the upper shale. These bear a fauna of diminutive
pelacypods and cephalopods. Leogally, 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 llonotig-bearing 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 formetion is exposed at only one
locality., There this upper unit is composed of dark carbonaceous clay
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 smounts of chert are also present. At another
locality, 30 feet of black carbonaceous shale containing sideritic concre-.
tions directly overlies the Monotig-bearing limestone zgpe. This shale
carries a calcareous microfauna 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 fou
at two localities, Ichthyosaur teeth, probably of the genus [iixo S,
were contained in lionotig-bearing limestone. Vertebral fragments and out-
lines of a chest cavity, about 8 feet long end 4 feet deep, occur on a
bedding surface in a section of thinly interbedded chert and siliceous
shale of doubtful Triassic age.

31/ Bergquist, H. R., personal communication.
32/ Hough, Jean, personal communication.
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Isolated exposures of chert of questlonsble age., not included in the
Shublik formation, occur throughout the area. lost of these are associated
geographically with the Okpikruak formation. The unfossiliferous mature
of this varicolored chert, together with the complex structure involved,
mekes the stratigrephic position very difficult to determine, The chert is
gererally considered to overlie the Shublik formation and underlie the
Okpikruak formation and may best be considered Jurassic in age., They have
not been included in stratigraphic columng because of insufficient data.

The following lithologic sequence is rscognized, described from top
to bottom:

(3) Conglomeratic sandstone, 11ght=neutral-éolcred matrix,
highly calcarecus, 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-weathering carbonaceous fissile clay
shale, containing an extensive microfauns:

504Kt 228; Buthysiphon B (7)
Peloxina fragment

Glomospira B ? (8)

Geudryina n, sp. (abundant)
Trochemming cf, Trochammina M, (1)
Nodogaria fragment

reptile tooth

Bergquiatlz/, in discussing the above microfauna, compares them to
similar types found in Patton's samples (50APa 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 wheras it
underlies conglomeratic sandstone and sandstones containing Aucella
crgssicolis of Lower Cretaceous (Neocomlan) age. No estimate of relative
thickness or definite gtratigraphic relationships could be wade for this
ssquence, and it was not, therefore, included in the stratigraphic columns.

4 coquinoid limestone composed of Aucella bronni occurs also in ob-
scure stratigrephic relationship. Imlay, 5;7 in discussing the above species
of Aucella, suggests that it is 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. W., personal communication.
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Several inferences may be mede from the brief data above:

(1) Rapidly changing conditions of sedimentary environment are
evident from the diverse lithologies represanted,

(2) Erosional unconformities of varying local extent and periods
of nondepositlon appear to have been preseri throughout Jurassic time.

Cretaceous rocks
Lower Cretaceous

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

On the basils 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 is gradational and locally
represents a continuous sequence of deposition, the authors feecl that the
two formations are sufficlently distinctive and that each has sufficient
lithologic homogeneity to warrant separate mapping; ultimately, smaller
units of the Lower Cretaceous rocks may prove to be mappabls.

Okpikrusk formation,-e-Exposures of the Okpikruak formation in the area
between the Etivluk and Ipravik Rivers are confined to small infolds south-
west of the northern Lisburne ridges, and in narrcwly elongated synelines
within the structural complex northeast of Ekakevik Mountain, In the south-
central area along the Ipnavik River, outcrops of the Okplkrusk formation are
extensive. Exposures for the most part oeccur in broad faulted synclines
closing to the west on the complex area and opening to the east to form the
perimeter of the structural basin of Ekakevik lountain., BRigh fault-block
ridges of Okpikrusk formation lie to the south of the southecentral struc-
tural complex. They extend west to the Kuns River and northward along the
Auna River in faulted and infolded assoclation with chert of Triassic and
Jurassic age, North of the south-central structural complex a broad valley
is cut in shale of the Okpikruask formation, and north of this valley are
nurnerous exposures in 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 Okpikruek formation have been
infolded and infauvlted with the Jurassic and Triassic to a much greater
extent than is apparent from outcrops in the interstream areas. The covered
intervals bstween the chert-limestone ridges are underlain by the tncompe-
tent Okpikruak formation,

At the pregent 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
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horizon, The fauna i1s limited to Aucells crassicolis Keyserling. Aucella
crassicolis is now believed to be characteristic of Lower Cretaceous
(Neocomian) ageﬁéﬁ and is thus an ege 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 microfossils.

The most complete well-exposed sequenca of the Okpikruak formation
is in the area on the south flank of a broad syncline southwest of cemp 6.
‘This section consists of 2,000 feet of beds (pl. 3) which are in erosional
though conformable contact with the underlying Siksikpuk group, and are
conformably overlain by a sharpstons conglomerate that is believed to mark
the base of the Torok formation.

The lower 1,000 feet consists mainly of fine- to coarse-grained gray-
wacke sandstone, medium green to dark gray, interbedded with shale, silt-
stone, and clay. The siltstones are somewhat calcareous., Lenticular beds
of poorly sorted granule conglomerate, consisting of subround chert grains
and oil-ghale pebbles in a poorly indurated matrix, are present in the lower
part. Scattered carbonaceous material is abundant and silt-cley inelusions
are common in the ccarser beds. Silty limestone that weathers dark-red
brown is common. Fossil fragments thought to be Aucells crassicolis are
disseminated throughout the coerser 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 monotcnous sequence of interbedded sandstone and shale oc=-
curs in the overlying 1,000 feet but with shale generally predominant,
The Okpikruak formation thus becomes more shaly upward; it also seems to
become 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 llountain on ths east
bank of the Ipnavik River., Aucelles crassicolis was found 200 yards to the
south of this locality. Mr. Roland Brown of the U. S. Geological Survey
reports that the plants are similar to collections from the Corwin erea
and from Oregon, These collections had been previously referred to the
Jurassiec,

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 same monotonous sequence of graywacke sandstone,
siltstone, and shale persists, but the graywacke sandstone is in general
finer-grained, better-sorted, and somewhat lighter in 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.

35/ Imlay, R. W., personal communication.
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Okpikruak formation, are limited to the southern infold belt where defor-

I 43

The lithology of the Ckpikrusk formation in infolds farther north
differs little except that grains are generelly smaller and the propor-
tion of shale to sandstons is greater, as much as 80 percent shale in
some 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 characteristic. Aucella cragsicolis is common
but less frequent than in 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 quartzite, probably the basal

mation has been very intenae. These quartzites have bsen bleached and
somewhat recrystallized to a hard dense rock that weathers medium-yellow
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 composed of subround white quartz and
dark chert pebbles. Regional deformationsl stresses are believed to be
responsible for the low-grade metamorphism of the Okpikruak formation in
the southern infold belt,

Graywacke sandstones briefly exsmined 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 less and the degree of induration is
greater, Coarser beds are slso more common,

Facies changss noted between the southern edge of the area and the
northern infold exposures were probably more gradual than is indicated by
the 8 to 15 miles now separating them. If the openly folded Okpikrusk for-
mation to the south is part of an overthrust sheet, as 1s believed, then
the observed facies changes have been telescoped by the overthrust movements,

Torok formation.--A thick section of coarse clastics and equivalent
shale of the Torok formation overlies the Okpikrusk 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.-all, the Torok formation has been divided into
three units, The contacts eatablished were used with some satisfaction in
fleld mapping, The lower unit is shown separately on the accompanying
geologic map (pl. 1), however, and the middle and upper units are not
differentiated.

The lower unit, comparable to the shale unit of the Torok formation
in the Okpikruask-Kiruktagiek Rivers area, consists of at least 1,000 feet
of dark clay shale with scattered septarian calcareous concretions in a
prismatic calcite layer. Thias unit is conformable (?) with the underlying
Okpikruak formation and 1s separated from that sequence of shale and very
fine graywacke sandstone only by a zone of sharpstone conglomerate which
is thought to mark the base of the Torok formation,
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The upper centact is indelermlnate., At Ekakevil lNMountein, whers
the distinet lithology was recognlzsed, the uppsrmost shale gredes into
& zone of chertepebble conglomorate and fins- to covarse-graincd greywacke
sandstone. On the southeast side of Ekakevik Mountain the cosrse-grained
beds unconformably underlie the heavy ccnglomerates of the upyer unit and
differ by 20° of dip and 10° to 15° of strils, A few hundred feet of shale
overlying the sandstone-conglomerzte zone o the middle unit g unconform-
able with the heavy conglomerate sbovs it o the flanks of the large syn~
cline, but conformably underliesthe conglom:rate at the exis of the structure,

Elsewhere ghele of the lower unit was 2ot readily distinculshed from
the shale of other units., Iocally this unit, together with the Okpllouak
formation, is absent below rtrata of the middle unit, Althoush the lower
unit mey not have besn depo:zited in certain areas, it is more llkely that
it has been removed by pre-riddls unit eroslon.

The middle unit of the Torok formation may be separated ‘rom the
other units by several char:scterlstics. Th: most obvicus, as observed in
the fleld, 1s a difference in degree of deformetion and angular discordance
with the overlying unit., These strata are zommonly folded irto asymmetric
gstructures ranging from one qusyter to thres quarters of a mile wide and
seldom over 3 miles 1ongo Vertieal to steeply overturned besds are common,
whereas beds dipping 60° to 75° are typical.

These structures and attitudes ers in contrast to the broasd open folds
with 10° to 30° dips thai have been develored in the upper urit conglomerates
(see fig. 4, Prelim. Rept. 34). It should be empheszized, howsver, that the
apparent difference in degres of deformaticn is undoubtedly due in parit to
the more competent nature of the upper uni’ conglomerastes anc their greater
rosistance to folding and compressive stre:ses. Althcugh differences in
relative competency are thus a factor in ccnsidering the relstive degree
of deformation, angular discordence is neveirtheless 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 3s recognizable,
the middle unit is distinguished from the Zower shale unit by the presence
of a thick zone of coarse clastics, The shale associated with and (or)
equivalent to the coarse beds is characteristically silty and 1s variably
interbedded with siltstone,; fine to medlum graywacke sandstong6 nd,
occasionally, granule conglomsrate. The armonite Lemurocerag=/ is at
present considersd to mark the basal secticn of the middle unit, but the
basal section at Smith Mountain is the only locality within the area where
this ammonits was found, o

The zona of coarse clastlics, medium t> coarse sandstone, granule to
pebble conglomerate, and rare lenticular teds of cobble conglomerate, is
extremely varlable laterelly. At Smith lfcuntain a 2,100-foot thickness
was computed for the zone. There sandstone, fine- to medium-grained, dark
~ to medium green in color, end with poorly sorted, subangular particles, is

apparently the main constituent. The beds "tongue out" laterally into shale,

36/ Imlay, R. W., personal communication,
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oy 1 OOO Test of pabble to cobble conglonmerate, »hoat 400 feet of medlum
to coarse graywacke gandstone snd granule to cobble conglomerate makes
up the ridges soulh of Liberator Iake. The thickness of the zone may
range from 700 to 600 feet with accomnan;inw increase in proportion of
Cﬂnglome rate southward to the vicinity of Sweyback Mouniain,

" .-.‘

An urndeternined thicknsss of interbedded derk silt shale ard fine
sandstone overlies the ccarse clagtic zone. The contect betwsen ths tuwo
gonas 1g indefinlte as the lower facles grades into the upper by a more
or less alternating serles of the two facies,

A thick zone of crogs-bedded, very fine sandstone 1s present ia a
thick sequence of shsle on the lower rsaches of the Kiligwa River, It is
tentatively correlated with Lg upper crogs-bedded siltstone of the Torok
formation described by Sabls, It 1p suggested that this zone is cor-
relative in part with the middle urnilt oi' the Torok formatlon as degeribad
above,

At geverel loeallties, sharpstone conglomerate is present near the
base of the middle unit, Where best develcped it ineludes blocks of
Ligburne limestons snd Shublik formeticn as nuch as 10 fect in dimension,
This conglomerzte is tectonic in origin.

The beds of the middle unit crop out close %o Triassic rocks along
the northern mergin of the infold belt., AL the northermmost exposure of
Triassle, 2 miles northusst of Swagback llountain, & basel calcareous granule
conglomerate 1s in disconformable contact with a Halobis zone of the
Shublik formetion, The unique appearance cf an assoclated diabase sill
ney be interpreted as due to preemiddls unit weathering. Nearby sources
of material ars lmplied for the basal part of the unit., Other highs could
have been developed io the north in the basin of deposition., FPossibly,
then, the basal part of the middle unit was deposlied on actively growing
structures,

Remnants of the upper unit are recognized in the Ekskevik llountain
and Swayback Mountaln syncolines, A maximum remaining thickness of 1,000
feet was computed at Swaybsck lountain, Varlable thicknesses were measured
at Lkakevik llountein: 3,000 fest on the northwest end; 2,200 feet on the
northeest, and 1,730 fest on the gouthern margin of the infold, Congleomer-
ates composed of subround pebbles and cobbles of quartzite, mafic igneous
rock, chert, and Lisburne limesicne are predominant at Sweyback Mountain
end in all but the upper 400 io 500 feet at Ekakevik Mountain., The two
sequences of conglomerate hsve been correlated because they are foldsd in
the seme degree, projeet irto cne anothsr slong the regional trend, and
zre composed of similar types of conglomerate, They differ slightly in
that the Ekakevik HMountain serles hes a marked predominance of gquartzite
pebbles as contrasted to the more typleal chert, mafic igneous rock, minor
guartzite, Lighurne limestorne, and white quartz that make up the series at
Swayback llountaln, The ssries at Ekakevik Vountasln overlies the folded

37/ Satle, E. G,, and Wangus, M. De, ODs Cibe
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Diaba:aeg-?f and clogely relatsd Uypes sre the only ignsous rocks
recognlzed, Most of these sre z3ills end sill-like mssszes enclosed by prew
Cretacsous gtrata. Relstively thin sills 5 to 50 feet thick, and aver-
aging 15 to 20 feel, inbrude the Shublik formation and the Siksikpuk group,
Local coalescence of several closely spaced sills results in a thicker
mags of ignsous rock. Sills of gensrally greater thickness occur in the
Lisburne limestone, The lower sill on the tthrust™ gheet is 150 feet thick,

The diabase is probably identical %o the meflc igneous rock described
in the Okpikruek~Kiruktagisk Rivers arecs?/., The texture depends mainly
on the thicknses of the intrusive body. On chilled contacts, from 2 to
12 inches wids, the rock is dense but gradss through fine to medium pgraln
in the thinner sills. Meximum grain size was observed in the thick lower
8ill where mineral grains ave one half inch long or more, The cemposition
varies little. Apparent assimilation of host rock has locally preoduced a
alight change in gppearancs,.

Little metomorphic effect of the intrusives was noted and none ex-
tended more than 2 or 3 feeft from the contact. On contacts with the larger :
masses chert is locally bleached and limestone recrystallized., A few epl- i

genetic sulfides were found in the couniry rockémz ral zones of §
witherite (%) (B2C03), barits (3280, ), and gypsun~ (CaSO, 2H,0) occur in /
the limestonewchert of the infold belt, /"
g 1
Several ouberops of ignsous rock appear to be surface flows. Micro- v/

scopic studies of seimples from these oubcrops have not been made.

The intrusives were nowhere proved to cut the Okpikruak formation or
younger beds., In a few places, Cretaceous outerops ave very closely asso-
ciated with outcrops of the igneous rock but no alteratlon was evident,
lafic igneous frazments and pebbles in the Okpikruak formation mega-
scopically resemble the diabase, The authors feel that, in view of the
numercus favlts and stratigraphic displacement, conclusive proof of intrusion
in Cretaceous rocks must come from an exposed igneous contact, preferably
one with contact alteration, Intrusive activity cannot be definitely dated
cloger than between post-Jurassic end pre~Torok time.

Although the sills wers probably injected into the strata along zones
of weekness, generally parallel to the bedding, they have baen 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
conecentration or occurrence of ths diabase 1s often closely assoclated

38/ Stefansson, Karl, op. cit.
39/ Patton, W, W., Jr,., and Trilleur, I, L., op. cit.
40/ Milton, Charles, Branch of Geochemlstry and Petrology.
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7ith post-dlabose zones of wesliness. It ls probable, therefore; that

zones of dlsturbance that initiated al the beginning of the deformation
nave been locil of later stages of adjustment,

STRUCTURE

The area mapped hos been intensely deformed, Structural patterns
and some detalls are shown on the geologic map and structure sections
(pls. 1 and 2), ’

Reglonal compressicnal forces resulted in failure of large uniis by
faulting; however, these forces produced overturned isoclinal folds in
smaller units, Faults of considerable displacement sre associated with
the tight folds (see fig. 5, Prelim, Rept. 34). Combined folding and .
faulting of this type may account for the occurrence of thin slice blocks
of older rocks within younger. The major fault zones are laterally per-
gsistent and in some places ars asscclated with large overturned folds.

In the infold belt, the Okpikruak formation has bsen contorted only
slightly less than the underlying strata, bu® the competent strate of the
Torok formation have been involved in congiderably less intense deformation.

Complicated folding of the incompetent shale sequences of the Torok
formation (see fig. 6, Prelim, Rept. 34) prebably is an expression of
drag folding betlwesn more competent zones rather than relief of compres-
elonal stresses. Effect of waning compressiocn 1s shown by the gentle fold-
ing of the upper member of the Torok formation,

An anomelous structural situatlon in the sovthecentral Ipnavik-Kuna
Rivers arsa has been referred to frequently sbove, Along the hesdwaters -
of Cutaway Creek, an obvious thrust-fault relationship exists between
gently folded strate of the Listurne limestone and associatsd disbase
sills (in topographic highs) and the infold complex (forming the lowlands)
(see fig. 7, Prelim. Rept. 34). This fault cannot bz traced to the north
and east, howsver, because 1t 1s obscured by & swarm of high-angle reverse
faulte that cut more steeply dipping HMissisgippian strats and diabase sills.

The fault trace eastward must pass just north of Ekakevik MNountain
where the bssal conglomerate of the upper unit of ths Terok formation is
faulted against a diabase mass. The fault plane dips 30° S. Moreover,
the openly folded beds on the west side of the Ipnavik-~Kuna Rivers srea
are broken by a series of reverse faults that destroy the poatulated western
orojection of the thrust plate., OCpposed to the interpretation of a low-
angle thrust fault in the area in question is the present reasonable posi-
tion of Ekakevik liountain in relation to Swayback I‘ountein, As Ekakevik
liountain strata ere closely assoclated with the beds on the possible thrust
sheet, its restored location, befors fauliing, would be several miles to
the south, However, other evidence supports the thrust-fault concept:

(1) the Lishurne limestone at Mcunt Bupto has no diabese, as contrasted to
the persistent sills occurring in correlstive (?) strata on the "thrusth
sheet; (2) possible correlation of the beds on the "thrust" sheet with
"pagoda" -weathering beds and diabase sills that occur at the Range front;

26




243

ard {3) epparent missing gection on top of ths "thrusi" sheel as um’zn
trasted to a complote section up to zone © of the rl-_x seh member of the
ILigburne limestcne at dount Bupto. AY present the authers believe that
the ovidence favers the interpretation of a low-angle thrust fauli,

The thrust plate hos bsen folded since its develepment in aboult the
same degree es Sweybeck Neuntain, It wes broken later by numerous high-
angle reverse faulis., The strong suggestion of a flat thrust 10 to 20
miles north of the Range front lends support to the interpretation that
the infold belt is part cf a low-angle thrust present at deplh, lany
similarities exist botween the Etdlvluk-Kiligwe secticn and the Albertan
Foothills province where the presence of these subsurface low-angle thrusts
has been established, Numerous complex structures that seem to have no
reasonable explanation from the data avallable might be ‘successfully inter-
preted as structural adjustments on a thrust sheet.

The structural history of the basin from which the strata were folded
ig complex, Down-warping and shortening of the basin was initiated during
or shortly bef'ore deposition of the Okpikrusk formation and must have con-
tinued intermittently throughout deposition of the Torok formation. Active
upfolds, from which previcusly déposited straia were eroded, appear to have
been present near the local axis of deposition. The accumulated effect of
deformation has produced complicated structure in the older sirata. There-
fore, structures in the younger rocks expesed at the surface may only
breadly reflect the conformation of older beds at depth,

FETROLEU!! POSSIBILITIES

1. Fo favorable source or reservoir beds are present in the Okpikrual
or Torok formations.

2. Possible source beds occur in the Kiruktaglak member of the Iisburne
limestone and also in the Shublik formation.

3. Posaible reservoir beds occur in the upper Alapah member cf the

Lisburne limestone in the quartzose sandstone facies which has, locally,

igh permeability and porosity, and in the dolomitized limestene that is
exposed on the Lisburne Ridge.

.4+ The presence of at least 2,400 feet of Llsburne limestone in the
infold belt of the Southern Foothills sesction and an additional 1,500 feet
of Devonian limestone at the Brooks Range front indicates a thick section
of beds, sugceptible to devalopment of secondary permeability, that may
underlie the Northern Foothills section.,

5. Surfacs structures in the infold belt would not warrant explors-
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
Paleozolc section.
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limestone, attest that petroleus, at least in small quantities, has
migrated from its places of asccumulation,

SUMMARY

1. Rocks of Devonian (?), liississippilan, Permc-Carbonifercus (2),
Triassic, Jurasslc, end lower Oretaceous age are exposed in the area.

2, Thicknesses for the stratigraphic units sre as follows: Noatak
formatlion (Mississippian or Devoniaen), indeterminate; Alapah member and
older (?) rocks of the Lisburns limestone (Mississippian), 2,400 foet;
Kiruktagziak member of the Lisburne (Mizsissippian), 400 feet or more;
Permo-Carboniferous (?), approximately 700 feet; Shublik formation (Triassic),
approximately 280 feet; Juraseic, indeterminate; Okpikruak formation (Lower
Cretaceous), 2,000 feet; Torok formation (Lower Cretaceous), a total of
more than 5,000 fset.

3. Severzl local unconformities are recognized: o disconformity at
the baze of the Okpikruak formation; an unconformity at the base of the
middle unit of the Torok formaticn; and an angular uncenformity at the
bage of the upper member of the Torok formation. The unconformity at the
base of the middle unit of the Torok formation may represent ercsion on
an actively growing high in the depositional besin.

4e An area of structural complexity with isoclinally overturnad folds
and high-angle reverse faults is typicel of 21l gtrata sxcept the Torok
formation, The younger beds are less intensely folded because deformation
began at some time previous to initlal Torok depcsition and was decreasing
at the end of Torok deposition., 4 low-angle thrust fault brings essen=
tiglly flate-lying Lisburne limestone and overlying strata over Triassic
and other bads in the scuthecentrszl complex.

5 Small amounts of petroleum have been derived from beds that underlie
the Okpikrusk formatlion, principally the Kiruktegiak member of the Lisburne
lirestone, A quartzose sandstone facles and dolomitized zones in the Alapsh
member of the Lisburne limestone, in additlon to 3,900 feet of rocks thet
may have secondary permeability, indicate reservoir possibilities in the
Paleozoles,
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