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GEOLOGY OF THE UPPER KILLIK-ITKILLIK REGION, ALASKA
Abstract

The upper Killik-Itkillik map area is a 2,500 square mile segment of
foothills along the morth fromt of the Brooks Range on the Arctic Slope
of Alaska. The rocks exposed in this area include eleven formations of
sedimentary rocks, three types of surficial deposits, and one igneous rock
unit, The oldest rocks are a 2,500-foot sequence of limestone which belongs
to the Lisburne group (Mississippian). The Lisburme is succeeded by the
Siksikpuk formation (Permian 1), a 300-foot unit of variegated shale and
siltstone. The Shublik formation (Triassic), composed of 200 to 750
feet of fossiliferous dark shale, limestone, and chert, rests upon the
Siksikpuk, Next above the Shublik is a sequence, more than 13,000 feet
thick, of marine shale and graywacke which is subdivided into four forma-
tions: Tiglukpuk (Late Jurassic), Okpikruak (earliest Cretaceous),
Fortress Mountain (Late Early Cretaceous), and Torok (late Early Cretaceous),
The youngest rocks comprise the Nanushuk group (late Early to Late
Cretaceous) which consists of 5,000 feet of interfingering marine and
aon-marine clastic rocks and is subdivided into three formatioms: Tuktu,
Chandler, and Ninuluk,

Small diabsse sills, thought to be of latest Jurassic age, intrude the
Tiglukpuk and older formations in the western part of the map area.

The rocks of the map area have been deformed by morth-south tectomic
forces in such a way that the upper part of the crust appears to have
moved morthward relative to deeper parts. Five east-trending zones of
distinctive lithology and structure are recognizable: some I, at the
mountain front--massive strata of the Lisburne group sliced by southward



dipping imbricate faults and locally thrust upon the younger strata of the
foothills, szone Il--relatively incompetent interfolded late Paleozoic and
Mesozoic strata characterized by isoclinal folds and by small, closely
spaced highe-angle faults, some IlI--chiefly rocks of the Portress Mountain
formation which, although folded and faulted, are not as complexly deformed
as the rocks of sone 1I, sone IVe-highly crenulated shale of the Torok
formation, and zone V, at the northern edge of the map area--gently folded
strata of the Nanushuk group.

A seismograph survey across sons IV suggests that, although the
incompetent Torok formation is highly crenulated, the subsurface strata
lie nearly flat,

The character of the subsurface structure in sones II and III is ua-
certain., However, it is believed that some of the high-angle faults in
these two zones may flatten in the subsurface and merge into large sole
faults bemeath thrust plates of Paleoszoic limestone, Such a fault pattern
has been found in the foothills of the Alberta Rockies, where the surface
structure, stratigraphy and geologic history are remarkably similar.

The depositional history of the Paleozoic and Mesozoic strata is divided
into a shelf phase during late Paleozoic and Triassic and a geosynclinal
phase during Late Jurassic and Cretaceous, The shelf sediments were chiefly
marine carbonates and fine clastics, apparently derived largely from the
north, The geosynclinal sediments consisted of marine graywacke "flysch" depos-
its overlain by littoral marine and non-marine coal-bearing "molasse"
deposits and were derived mainly from the south, Several periods of
emergence and erosion interrupted the shelf and geosynclinal deposition;
evidently some folding and faulting occurred during deposition of the
"flysch”. The principal deformation is believed to have coincided with
the Laramide orogeny in Late Cretaceous or Tertiary.



In the Pleistocene the Brooks Range was intensively glaciated, and at

times of maximum advance, ice tongues along the major river valleys pushed

northward into the foothills.

xi
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INTRODUCTION

General
This report is based upon field investigations which were carried

out in northern Alaska between 1949 and 1953.in comjunction with the
recent petroleum exploration of Haval Petroleum Reserve No. 4 and adjoin-
ing areas by the U. §. Navy.

The map area, herein designated the wpper KillikeItkillik region, is
located on the Arctic Slope of Alaska, It forms a 25-mile wide belt slong
the north fromt of the Brooks Range between the Killik and Itkillik Rivers
(fig. 1) and covers approximately 2,500 square miles. This is one of the
least accessible parts of Alaska, There are no roads or trails of any type
and the only practical means of transportation to and from the population
centers to the south is by airplame. Transportation within the map area
was provided chiefly by small amphibious tractors kmown as "“weasels"”.

Objectives

The primary objectives of this study are: (1) the subdivisions and
description of the preemiddle Cretaceous strata which underlie the foote
hills of the Brooks Range, (2) the preparation of a reconnaissance geologic
map and cross sections to show the structure of the foothills strata, and
(3) a structural and stratigraphic analyses of the foothills strata with
emphasis on the oil possibilities of the foothills belt.

Mapping Methods

The geologic mep (pl. 1) was compiled from field data and supplemen-

tary photogeologic data. Fig. 2 shows the parts of the map area that were



covered by the field imvestigations. In the field, time did not permit
tracing out all the comtacts, faults, and structural axes, so where possible
they have been joined or extemded by photogeology. Those parts of the map
svea that were not visited in the field have been mapped entirely by photo-
geologic methods.

The density of geologic information om plate 1 varies markedly from
place to place, This is due im part to the umeven distribution of the rock
exposures, However, it aleo reflects the fact that im ovder to gather essen-
tizl stratigrephic dats, it wes necesssry to msp certain parts in greater
detzil than others. Msny weeks were spent in detailed mapping and in meas-
uring well-exposed but structurally complex sequences om Tiglukpuk Creek,
Cobbleatone Creek, the Kiruktagiak River and around Castle Mountain in an
attempt to unravel the stratigraphic succession. DMove data were gathered at
thece locelities than can possibly be plotted on the map. On the other hand,
only a few scattered observations vere necessary in order to map with the
aid of asrial photographs the large tracts of gemtly deformed strata of the
NHamashuk group.

Data eollected in the field were plotted divectly om 1:20,000 scale
vertical areial photographs amd later transferred, together with photo
observations, to 1:96,000 scale planimetric maps. Of the msny strike and
dip readings recorded in the field, only a few representative ones are
shown ou plate 1.

The elevations used to comstruct the profiles om plate 2 were deter-
mined by a2nereid bazowmetex.

sctatmaghia sections a few hundred feet or less im thickness were
measured by upo. The weasurements of thicker sections genmerally were com-
puted graphically or trigonometrically, For this purpose, horizontal
distances were ecaled from serial photographs or measured on the ground by

2



alidade or Brunton compass. Vertical distamces were determined by smevoid
barometer or measured by alidade or Brumton compsass.

Prior to the vecent petroleunm imvestigations of the Avctic Slope by
the U.5. Mavy, only two veports describing the geology of the cemtral foot-
hille were svailable. Both reports were published by the U.S. Geologicsl
Survey and sve of « gemeril recomnalssance maturve. The esrlier veport
records & traverse across the Brooks Renge and Arctic Slope by way of the
Johm, Ancktevuk snd Colville Rivers by F.C. Schvader inm 1901, In this
report, Sehrsder subdivided the vocks of the upper Rillik-Ithillik vegion
into two mapping units: the Lisburme formatiom, which he believed to be
Pevonism in age, snd the Ansktuvuk "series” which he assigned to early
Cretacecus. The later veport also describes » traverse of the Brooks Range
and Arctie Slope. This wes made by P.5. Smith sud J.B, Mertie, Jr., in
umnmmmmmmmum suith snd Mertie recogaised four
mapping units in the upper Killik-Itkillik vegion, mamely, the Lisburne
formation (Missiseippiamn); 2 chert, limestone and shale unit (Trisssic);

s sendstone and shale unit (Harly Cretacecus); and & sendstone amd shele
wait (Late Cretacecus).
Regent Investigations

Preliminsry geologiesl investigstions im the wpper Xiliik-Ttkillik
region during the vecent period of petroleum explovstion commenced in 1943,
. That year three separate parties traversed the wap area and the adjoining
foothills to the morth by way of the Killik, Chandler snd Anaktuvek Rivers.
The work of the three parties wss hundicapped by the lasck of serial photo~
graphs snd adecuate base mups. Observatioms of Barly Cretacecws and older
strats ia the upper Rillik-Itkillik region were limited owisg to the heavy
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mentle of glacial drift along the river valleys. However, stratigraphic
investigations of mid-Cretacecus and younger strata in the foothills north
of the upper Killik-Itkillik region beyond the limit of glaciation were the
principal objectives of the three parties and were carried out successfully.
The present stratigraphic nomenclatuve of the post mid-Cretaceous rocks is
based in part uponm their work,

During the summers of 1947 and 1948, mapping and stratigraphie
studiles of the post mid-Cretaceous strata in the foothills morth of the
upper Killik-Itkillik region were continued. In 1947 E.J. Vebber snd R.L.
Pettermsn traversed the Nanushuk and lower Ansktuvuk Rivers and in 1548
R.L. Dettermsn and W,%. Pattom, Jv., re-examined the exposures along the
lower Chandler River between the Kiruktagiak River amnd the mouth.

This report is based principally upon field iavestigations during
the summers of 1949 and 1950, although supplemental field data were col-
lected during parts of the 1951 and 1953 field seasons (fig., 2). In 1945
the writer, assisted by I.L. Tailleur, geologist, and B.H. Kent and D.A.
White, fleld assistunts, mspped the avea west of the Chandler River. The
following year, with the assistance of A.8. Keller, geologist, and J.P.
Minard and R..\. Hackman, field assistants, the writer mapped the srea east
of the Chandler River.

In the 1951 season, during the course of a traverse across the
Brooks Range, approximately 15 square miles were mapped along the
Okokmilags River at the south edge of the mup area by the writer, W.F.
Brosge, and M.D., Mangus (fig. 2). In addition, the area of upper
Kiruktagisk River and Monmotis Creek was vevisited for several days in
order to gather additiomal stratigraphic data and to sugment the

&



Mississippion and Trisssic fossil collections.

During the summer of 1953 the sres of the upper Kirukagisk River
and Monotis Creek was visited again for eight days by the writer and A.L.
Bowsher, and tes days were spent on Tiglukpuk Creek by the writer and
H.V. Cavson. The work at both lecalities was devoted chiefly to sampling
sud logging the phosphatic beds in the Lisburne group. However, some
additional fosasil collections and stratigraphic dats were gathered from
the Permian, Triassaic, and Jurassic strata.

Also, during the summer of 1953, the upper Killik River wis tvave
ersed by boat by R.L. Dettermen and R.8. Bickel. Their wapping has been
incorporated in plste 1.



GEOGRAPHY
Ehysiogzaphy
Regional Setting

The Arctic Slope of Alasks consists of three physiographie prov-
inces: the Brooks Ramge, the Arctic Foothills, and the ivetic Coastal
Plain (Payne, 1951) (fig. 1). The Brooks Ramge, the Alsskan counterpart
of the Rocky Mountaims, extends westward scross morthern Alaska from the
Internationsl Boundary mearly to Cape Lisburne ou the Aretic coast. It
includes seversl ill-defined mountuin groups, namely, the Remansof,
Richardson, and Davidson Mountains at the eastern end, the Sadicott
Mountains in the cemtral part, snd the Baird and De Long Mountains st
the western end. The Brooks Range is adjoined on the morth by the Aretic
Foothills provimce except near the Internationsl Boundary where the Arctic
Coastal Plaim extends southward to the mountain fromt. The Arctic Foot-
hills province, & westward trending belt varying in width up to 100 miles,
is divisible imte a Southern section characterised by variously sheped,
maturely dissected hills carved out of the complexly deformed late
Paleosolc and pre-Late Cretaceous Mesoroic strats, snd a Northern section
of long pavallel ridges snd valleys of the "Appalachisn™ type, which have
been carved cut of gemtly deformed Late Creticecus strata. The Arctic
Coastal Plain, & vast festureless waste dotted with hundreds of small
lakes, extends morth from the foothills to the Arstic Oceam.

The upper Killik-Itkillik veglon is located lurgely within the

Southern section of the Arctic Foothills provimce but at the northern
edge it laps into the Northern section and at the southerm edge it imcludes
é



ammnwd the Brooks Range (fig. 1).

Upper Killik-Itkillik Region

Bxcept for glaclated areas along the major river valleys, the topog-
raphy of the map sres is to a large extent an expression of the lithologic
character and structure of the underlying bedrock. For this reasos, and
mnumunmu-nnnml.vgtummﬁcpmd
physiographic mmummmmm-ﬁumm~
trending physiographic belts that cem be referred to five differvent belts
of rock on plate 1. The five belts from south to morth sve: (1) the
mnw belt of Paleosoic strata, (Z) the foothills belt of complexly
deformed late Paleosolc and Mesosoic strats, (3) the foothills belt of
Fortress Mountain formation, (4) the lowlsnd belt of Torok formstion, and
(5) the foothills belt of Mamushul group strata.

Although the Brooks Ramge has & maximum relief of only 5,000 feet,
it is exceptionally rugged owing to glacisl sculpturing and the lack of
vegetative cover. o glaciers ave found st the north fromt of the Brooks
Range today, but judging from the freshmess of the glacisl festures the
ice must have lingered until recent times. Steep-walled eirques, serrate
ridges, hanging valleys, and broad, deep glacial troughs characterize the
north flank of the mountains. Near the mowntain frent, lakes impounded
Wmlm,mm.mmxmam;@mm;
Chandler and Shainin Lekes are the largest of thess. The northern moun-
tain front, which is couposed of massive Paleosoic limestone and quarts-
ite, forms a bold scarp that rises abruptly 2,000 to 3,000 feet sbove the
maturely dissected foothills of less-resistant Mesosole strata (fig. 3).
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Bordering the mountain fromt is a foothills bele, 5 to 14 miles
wide, mcmmmmoz‘mmxyw late Paleozoic and
Hesozole strats., Dominating the belt are broad, gently undulating
upland surfices that slope northward along the interstream divides from
an altitude of 3,500 feet at the mountain front to 2,500 feet at the north
edge of the belt. Pew topographic features rise above these surfaces.
mmwmmwm surfices have been dissected, there
are clusters of irregularly shaped hills separated by broad featureless
lowlands (fig. 4). The hills are characterized by discontinuous rubble-
covered ridges of Jurassic snd Cretaceous ssndstone and by small buttes,
knobs and piunacles of mafic voleanic rock, Jurassic chert, snd Palessofe
limestone.

The major rivers transect the belt through glacial troughs that
have been cut 1,500 feet below the upland surfsces. Broad aress along the
rivers are mantled with fresh glacial drift that nearly completely obscures
the bedrock. The drift-covered aress have a typical poorly draimed knob~
and-kettle topography, and ure dotted with numerous small lakes.

mmzwamumuumammmu
unglacisted tributaries which locally are incised in steep-walled gorges
as much as 100 feet deep.

Lils belt of Fortress Mountsin formetion

The Fortress Mountsin belt of foothills, 4 to 10 miles wide,
stretches westward across the center of the map ares. It has & meximum
relief of 2,000 feet snd is cheracterized by long, westward-trending
rubble-covered ridges and bluffs of sandstone and conglomerate separsted
by wide lowland expanses carved out of shele. Two massive mesalike hills,
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Fortress Mountain and Castle Mountain, dominate the belt between the
Okokmilags and Chandler Rivers (fig. 5). Wide, drift-covered, glacially
reduced areas interrupt the foothills along the Killik, Anaktuvuk, and
Hanushuk Rivers.

Bedrock is Wh&uﬂﬂhﬂhwrmhulm and
along 2 few scattered river bluffs. Hlsewhere the foothills sre covered
with rubble or tundra,

IR LS L OTIG CAOT

The Torok formation lowland separates the Fortress Mountain foot-
nmmummmmmuuumzauam from the
mtmmmﬁmmmmabmlﬁulﬁum.
Betveen the Killik and Ansktuvuk Rivers the belt varies from 5 to 8 miles
in width, but east of the Anaktuwuk Biver it gradually narrows and is
less than & mile wide at May Creek, The lowland is & geatly rolling,
nearly featureless surface underlain by soft shale. A few low sandstone
ﬂdmoua'mtmmmﬂao!:hhlt,htdmhth
interstresm areas mo bedrock outcrops sre found. fmall cutbank exposures
emuummnmmummm:wtam;mum
Killik, Ansktuvuk, Mamushuk, and Itkillik River valleys. The maximum re-
1ugammmuum1ucum-ammmmum
between the Siksikpuk River and Pediment Creek, ;

mhltollnthuhdmmmetlnmho!mmmu
typified by synclinal mesas and long hogbacks and cuestas which veflect
the gently dipping intercalated sandstome, conglomerate and shele of the
Hanushuk group, Between the Okokmilaga River snd Kamayut Creek the belt
xcxmaumuu.umtmot.smumn-zuugmu,m

9
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Tuktu escarpment, that rises 1,000 to 2,000 feet above the Torok lowland.
Eastward from Kanayut Creek the belt widens to eight wiles aad the Tuktu
escarpment continues along the southern margin as far as May Creek where
it dwindles to a low ridge. North of the escarpment between Ranayut Creek
and the Itkillik River, a series of benched masas of sandstons and conglome
erate occur along the axis of the broad Arc Mountain synciine. North of
the syncline the sharply creased Are Mountain anticline is outlined by
inward-facing hogbacks and along the core of the anticline a lowiand has
been carved out of Torok formation.

Drainage

The map area is drained by four large tributaries of the Colville
River: the Killik, Chandler, Anaktuvuk and Itkillik. All four tribue
taries head near the divide of the Brooks Range, flow northward across
the mountains and foothills, and join the Colville near the edge of the
coastal plain. The Colville in turn empties iato the Arctic Ocean, Other
important but less extemsive rivers draining the map area are, from west
to sast: the Okpikruak and Okokmilaga, tributaries of the Killik; the
Ayiyak, Kiruktagiak and Siksikpuk, tributaries of the Chandler; and
Keasyet Creek and the Nanushuk River, tributaries of the Ansktuvuk., None
of these rivers show evideace of structural comtrol except locally. Ap-
parently their courses were superisposed ca the preseat eastward-trending
structural grain of the foothills from a pre~glacial piedmont surface.

The Killik, Okokmilaga, Chandler, Anaktuvuk, Nanushuk, and
Itkillik Rivers flow across the north flank of the wountains and southern
foothills through broad deep glacial troughs, In the mountains they meane
der along flat-floored alluviated valleys. However, from the mountain front
nortoward their courses are warked by white-water rapids as they drop over

10



4 succession of termino-recessional moraines,
The smaller river valleys have not been so mtﬁ&y glaciated.

Host of these vivers head in cirques high in the wountains a fev miles from

the morth fromt, flow down through steep-valled csmyoms, over cataracts
and waterfalls, and thes with an abrupt decresse {n gradisst dedouch into
vith gravels varylng from cobble size mear the mountains to pebble size at
the worth edge of the msp ares, Inm places the streambed gravels heve spread
utm&vnxm“mngdhhm&wwmm
4zmmmawamaé"m mupuucm«—nxy
the sites of perennial aufeis fields. | '
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ROCKS
General
»mrmmummmmmmmuuumwu
the upper Killik-Itkillik vegion. They imclude late Paleozoic and
hunh sedimentary bedrock, Mesozoic igneous rock, snd Cenmozoic sur-

ficial deposits. A summary of the stratigraphic sequence is listed below
in tabular form:
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Five nev formation names sre listed in the table: Siksikpuk forms-
tion (Permian?), Tiglukpuk formstion (Jurassic), Okpikruak formation,
Fortress Mountain formation, and Moh formation (Cretsceous). Im order
to make the new names availsble to others who are currently preparing re-
ports om various phases of the geology of northern Alaska, & brief des-
cription of esch of the new formations has slready beenm published (Grye,
Patton and Payne, 1951, pp. 159-162), (Pattom, 1956, 4, b, pp. 213-223),
(Patton, 1957, pp. 41-43). A full deseription of the five formations,
however, is presented for the first time ia this report,

In the rock descriptions that follow, a standard terminology has
been adapted for color, bedding, and grain size. Color names conform
with the National Research Council rock-color chart (Goddard and others,
1949). Seratificatiom umits are deseribed as follows: thinly bedded,

1 te 4 inches; medium bedded, 4 to 12 inches; and thickly bedded, more
‘than 12 inches. The grain size «nd textural terminology is based on

the Wentworth scale.

“ The Lisburne group includes the oldest vocks exposed in the upper
Killik-Itkillik region., Nowhere in the foothills does it crop out in a
complete and continuous sequence, but it is well-exposed along the emtire
southern margin of the map area, vhere it forms the north front of the
Brooks Range (fig. 3). Time did not permit detailed stratigraphic investi-
gations within the Range.

Host of the Lisburne exposures in the foothills sre small fault
blocks which are so intensely crumpled that they are of little value for

15



detailed stratigraphic study., However, there are several extensive
relativaely uncomplicated outcrops of the Lisburne group close to the
mountain front., One such exposure is found on the Tiglukpuk Creek anti-
cline between the S8iksikpuk River and Natvakruak Lake, about 5 miles north
of the Range. Another exposure of Lisburne forms the westeplunging nose
of a folded thrust plate near the Nanushuk River, 1 to 2 miles north of
the Range. Still another exposure of Lisburne, which is probably a
klippe, makes a na:vow eastetrending ridge, 2 miles north of the wmountains
between the Angiktuvuk River and Tiglukpuk Creek,

A characteristic light-gray weathered surface distinguishes the
Lisburne exposures from those of all other rocks in the foothills., The
large outliers of Lisburne close to the mountains form prominent ridges
with as much as 1,500 feet of relief, GCenerally their lower siopes are
conpletely buried by talus so that bedrock is exposed only along the
crests, The small fault blocks of Lisburne are usually enclosed by less
resistant Mesozoic strata and typically crop out as isolated pinnacles,
buttes, or as abrupt wall-like ridges similar to the one showm in fig,
26, which crosses the vailey of the Kiruktagiak River at the Notch,
Prezicus work

The Lisburne "formation™ was first described by ¥, C, Schrader
(1902, p. 241; 1904, pp. 62-66), lie designated a type locality at the
head of the Anaktuvuk River in the central Brooks Range, although the
name Lisburne was taken from exposures at Cape Lisburne on the Arctic
Cogat, 350 wiles west of the type locality.

Further details of the character and distribution of the Lisburne
were added by A, J. Collier (1906, pp. 21-26) in the Cape Lisburne area,
by E. dek, Leffingwell (1919, pp. 108-113) in the Canaing River region,
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and by P.S, Smith and J.B. Mertie, Jr., in the central Brocks Range.
Smith and Mertie changed Schrader's term Lisburne "formation" to Lisburme
"limestone™,

Puring the summer of 1949, im coumection with the geological in-
vestigations of NPR-4, A.L. Bowsher and J,T. Dutre, Jr., systematically
examined in comsiderable detail stratigraphic sections of the Lisburne
rocks at Shainin, Nanushuk and Itkillik Lakes im the cenmtral Brooks
Range. In 1950, 1951, and 1952 these Lisburne studies were continued
by ¥.P. Brosge, H.N. Reiser, J.T. Dutro, Jr., M.D. Mangus, and others,
at selected localities in the Brooks Range eastward to the headwaters
of the Sheemjek River and westward to the Arctic coast. As & result of
these investigations the Lisburne limestome has been elevated to the
status of a group and subdivided into twoe formations, the Wachsmuth
limestone and the Alapah limestone, which have their type localities
at Shaivin Loke (Bowsher and butro, 1957, p. 6).

Lithology

The Lisburne group in the upper Killik-Itkillik regiom is
dominantly a light-colored, clastic, fossiliferous limestome with vary-
ing but subordinate amounts of dark shaly limestome, dark shale, chert,
and dolomite, The clastic limestome occurs in beds from several inches
to several feet thick, and is most commonly brownish gray and tiu.u
coarse grained., It consists essentially of an aggregate of calcereous
detritus snd includes 2 large percentage of fossil fragments. DBrachio-
pods, echimoderms, bryozoans, and corals are abundant throughout, and
several horizoms are rich in gastropods snd trilobites. Locally the

limestone has been dolomitized to & varying extent so that the fossil
fragments are partly or emtirely destroyed and, in the sdvanced stages,
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a light, coarsely crystalline dolomitic limestone is produced. Nodules
and lenses of dark chert are an important comstituent in many horigons
where they may make up as much as 80 per ceat of the rock. PFreshly broken
pieces of the limestone usually give off a strong bituminous edor,

The overall aspect of the Lisburne group is one of lithologic homoe
geneity. Along the north slope of the Brooks Range it has been possible
by detailed lithologic and paleontologic study of numerous welleexposed
sections to differentiste and map two formational wmits, the Wachsmuth
limestone and the Alapsh limestone (Bowsher and Dutro, 1957). locally,
members of the formational units also can be mapped. In the upper Killike
Itkillik region, however, where the exposures of Lisburne are poor and the
rocks are generally badly crumpled, it bhas not been possible to delineate
any of these cartographic subdivisions,

Ihickness

The base of the Lisburne group is not emposed in the upper Killike
Itkillik region., The most nearly complete section, which is spproximately
2,200 feet thick, is exposed on the Tiglulpuk Creeck anticline., Based
upon correlations with measured sections of the Lisburne group to the
south in the Brooks Range (Brosge and Reiser, personal commmication,
1951), this is judged to be nearly the full thickness of the formation.
Lontacte

Along the mountain fromt weet of the Anaktuvuk River, where the
upper contact is best exposed, the Lisburne growp is succeeded discon=
formably by the Sikeikpuk formation. Bast of the Anaktuvuk, however, the
Siksikpuk apparently is missing and the Shublik forwation disconformably
rests on the Lisburne group., Worth of the mountains the stratigraphic
relationghips of the Lisburne and the younger formations of the foothille
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ass obscure a8 the contact is generally faulted., On Autumn Creek at
latitude 68 28° N., and at the Kirvktagisk Notch, the Tiglukpuk formatien
appears to rest disconformably upon the Lisburne group., However, the
emposures at both localities are incomplete, and perhaps some beds are
missing because of unseen faults.

Stratigraphic sections

The thickest sequénce of Lisburne group north of the mountains in
the upper Killik-Itkillik region crops out on the Tiglukpuk Creek amti-
cline at latitude 68°21' N. and longitude 151°51' W. A section, appromis
mately 2,200 feet thick, was messured on the south flank of the anticline
along the canyon of Tiglukpuk Creek by H. N. Reiser in 1950, s part of
the detailed stratigraphic investigations of the Lisburne group (Brosge,
W.P., and Reiser, H.N,, personal communication, 1950). Reiser logged the
section in considerable detail and by correlations with other measured
sections in the Brooks Renge, he was able to draw the Alapshe-Wachswuth
contect. The section iacludes the full thickness of the Alapah limestone,
nearly 1,700 feet, and 530 feet of Wachsmuth limestone, Probably nut
more than a few hundred feet of lowermost Wachsmuth are missing.

Two partial sections of upperwost Lisburne group were measured in
the upper KillikeItkillik region, one in the Momotis Creek-Kiruktagiak
River area (latitude 68°22-1/2% N. and longitude 152°54° W,) and the
other on Skimo Creek in the Tiglukpuk Creek basin (latitude 68°17¢ N,
and longitude 151°53% W.). They are of particular interest because they:
(1) show the wature of the upper contact of the Lisburne group, (2) are
composed dominantly of a dark limestone-shale-chert lithofacies in place
of the normal light-colored bioclastic limestone facies, (3) contain a
unique cephalopod fauna, and (4) contain deposits of low and medium grade
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phosphate rock. In fig, 6 the two sections are shown graphically and ave
correlated with the uppermost 450 feet of Reiser's Tiglukpuk Creek anti-
cline sectiom.

The dark limestone-shale-chert facies that characterizes these
sections of upper Lisburne group apparently interfingers esstward with
the light bioclastic limestome facies end, sccording to Brosge and Reiser
(personal commmcation, 1951), pinches out entirely s short distance east
of the Ansktuvuk River. Within the dark limestone-shale-chert facies there
1s a distinctive sequence of soft, grayish-black shaly limestome and phos-
phate rock that contains an sbundant goniatite fauna. This sequence mukes
an excellent marker horizon in the upper part of the Lisburne group amd
in the Shainin Lake srea has been named the chert-shale member by Bowsher
and Dutro (1957, p. 6). In the Momotis Creek sectiom the chert-shale
member is 67 feet thick and in the Skimo sectiom it is 96 feet thick.
However, it must thin porthward abruptly, for in Reiser's measured section
on the Tiglukpuk Creek anticlime it is only 15 feet thick (fig. 6).

In the upper Killik-Itkillik vegion the chert-shale member has a
special significance because the goniatite fauna comtains a number of
forms, including several new species, that have not been reported else-
where im the Lisburme. In addition, the exposures on Monotis Creek and
Skimo Creek comtain the thickest deposits of phosphate rock yet found in
novthexn Alaska (see page 138).

The stratigraphic interval between the chert-shale member and the
top of the Lisburne is sbout 200 feet thick in Monotis Creek section und
525 feet thick in the Skimo Creek section (fig. 6). The diffevence
appears to be due, at least in part, to differential erosiom prier to
deposition of the Siksikpuk formatiom.

20



Y24 oyd. ro(/a’

@ e

oo
o @
uoysawi iy u/

S2apou 24342
> -
e 1

) =

_;.lal‘J g: ep77

4

PUPZSR)IS

_—

2/2YS

?/!_’lé:r S0 D2)DD

Uos3W ) sNOS 3///.9

2U0,

borz vuvla)g

dnoa3 suinqgsTy 3souwraddn Jo SUOT308S JBUUMTOD pejelaaxoy 9 °*31g

et S G- =
W J Gz —:I SPQUIBU Ko g‘“}
T ] JWYS - 223y > : yoys-2/2Y> . \L\l? 8
b S v e Tk Ll
—T 1 — S :,
R e s G o 4
o ot K 50 o
'TIl I = = o oo e ‘E
et lerexod| Mieses R
: ! b I E
O |2 < |of
At =T
G X1 xl L o‘
C XL XI =Ll L
b R T ——
| i s i S S R
! &
[ —d o
f G =
s
NN
e
gl B
| R
LY e y”i/”/b'g Y5T) oWy Y257 $77000
HAMN
SRER
wEﬁ
\ .

20/ —

00€

004 —

005 =

007

3f 0oL




Another important exposure of upper Lisburne occurs along a
narrow belt that crosses the valley of the Riruktagisk River at the
Kiruktaglak Noteh (£ig. 26)s The outcrops of Lisburne at this locality
appear to be along the up~thrust edge of & south~-dipping fault block and
-unmwmmmtw-uuumummmemu
made. Both the light bloclastic limestone facies snd the dark-limestome
ghale-chert facies are present. The chert-shale member containing & well-
preserved goniatite fauna is partially exposed.

$trats of mwtmmmd»emut a8 a series
of sharp, jegged, discontinuous ridges along two marTow east-striking bands
between the Okpikruak River and Verdant Creek. Although there are no
exposures between Verdant Creek and the Okokmilags River, outerops of
similar rock in the Okokmilags valley {ndicate that these two belts prob-
ablyuuummmmt. muwwamw-mm-
is chiefly the dark limestone-shale-chert facies and is abundantly fossil-

iferous.

Ane
The Lisburne group was originally assigned by Schrader to the

pevonisn (1904, pp. 62~67). Later, nowever, Collier established the age
a6 Missiseippian, based upon the collections from Cape Lisburme (1906, pp.
21-26). Bowsher amnd Dutro (1957, p. 6) assign the Wachsmath limestone un
Barly Mississipplan age and the Alapah limestone & probable Late
Mississipplan age.

An interesting assemblage of wollusks was found im the exposures of
the chert-shale member of the Alapah formation on Monotis Creek, the
upper Kiruktagisk River, the Notch, and the Okpikruak River, 0f particular
significance in the collection are the cephalopods including & number of
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mmammbmmnymmnmunm the cole

lections include: Knightocerss pattoni Gordon, Beyrichocerss micronotun
Phillips, Goniatites cremistris Phillipe, Girtyoceras arcticum Cordonm,
Entogonites boreslis Gordon, Dimorphoceras algess Gordon, Dolothoceras
medium Gordon, and Strobocerss crispum Gordon.
Perumign Bocks
Sikeikpuk Formation

JAngroduction

The name Siksikpuk formation has been introduced to desigaate a
heretofore undescribed sequence of shale aad siltstone that occurs above
the Lisburne group and below the Shublik formation (Triassic) in the
mmmnuwmn—pwmummm
(Patton, 1957). This sequence forms a welledefined stratigraphic unit
ummmmmwumnwmumnup
River. tthliy“hnmmo!an
Mulmtrthtaﬂualm«nm.unlmmwunr.
to which Tiglukpuk Cresk is a major tributary.

In the upper KillikeItkillik region the Siksikpuk formation is
Wmtummmummmmam.muuu
the fromt of the mountains. Scattered outcrops are also found north of
mmumtwmmmummmm
uummm“mmu—mmmumam
Okokwmilaga River, 10 miles north of the mountain froat (plate 1).

The Siksikpuk formation and the overlying Shublik formation have
not been differentiated in most places on plate 1. Both formstions ave
ummywummmwmwmmm.
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Since both formatioms are slso nomresistant to erosion and are therefore
poorly exposed, it is practically impossible to map them separately st a
reconnaissance scale, particularly in the interstream areas.

The only exposures of Siksikpuk formation in the map area oeccur
along steep cutbanks., These are gemerally slumped so that bedding and
structure are not discermible. In the intervstream aveas, the presence of
the Siksikpuk formation is only suggested by a few low ridges of cherty
rubble. |

The Siksikpuk is sufficiently well exposed to warrant stratigraphic
measurements at only two localities, Tiglukpuk Creek and Kiruktagisk
fiver. The Tiglukpuk Creek section is the more complete and has been
desigaated as the type locality.

The Sikeikpuk and Shublik formatioms, composed predominantly of
soft shales, ave sveryvhere deeply ervded. The east-trending belt of
these two formations along the mwouatain front is marked topographically
wamwm.mummm-mﬂ
the south by the massive escarpment of Lisburme group amd on the north by
irregular foothills composed of Jurassic and Cretaceous sandstone and con-
glomerate.

Rrevigus voyk

Prior to the recemt geological investigations of Naval Petroleum
Reserve No. 4, no rock younger tham Lisburne group and older than Shublik
formation had been recogniszed in the central foothills. In the Canmning
River region of the eastern Brooks Range, Leffingwell (1915, pp. 113-113)
described a sequence of "about 300 feet of light sandstome or dark quarts-
ites” that cccurs between the Lisburme group and the Shublik formatiom which
he named the Sadlerochit sandstone. Although both the Sadierochit and the
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smmmmmnmmﬂummuumcumw
lying Lisburne group end the overlying Shublik formation, meither the
nmmymmzmu‘mmtmum

Lithology

The Siksikpuk formstion is composed of variegated green, gray, and
devk-ved shale and siltstons that loeally are notably calcareous, cherty,
or ferrugimous. All gradation from thin, fissile clay shale to G~inch
beds of silstone oceur. mmunmammup»ma
feet maximam dismeter characterise the lower two-thirds of the sequence.
mvmmuﬁuwmmummum
tmm&mnm even at a distance, the Sikeikpuk
WMWW!W“MMOﬂMQ!WW
lying Lisburne group and from the dark shale of the overlying Shublik
formation,

Ihickness

umwmmuwewtzutmmmm is
350 feet thick. 1t thins westward to between 200 and 250 feet im the area
of the Riruktagisk River, apparently because of pre~-Shublik erosion.

Eontacts
Wmsmmmwumummu
upon rocks of the Lisburne group. At the type locality the comtact is
mmbymaumo!mxyuuuuammm;. In most
ymmtwmummwwmmm
mnwmaumuuwmuumww
younger Mesozoic formatioms. Basal beds of the Shublik formatiom rest upom
the Siksikpuk formation at the type locality. At the top of the Sikeikpuk
tmmm-uxtmammnummmmnuunn
4
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of silicified (7) shale and siltstone.

m‘ammmmummmwuqmm-
ity. M'momtmuammnmmmm. approxi~
nulymulluw&,muamhnﬂtmm“mm
mnuuuxu-mmﬂjm»mmatm«mm'

Wmuuzﬂmotmmmnmtmmum
mnmmm‘dmmnmxmwu'mumm
151753 W mm:tmmttnwumuﬁ-uﬁuku
mmumanuunmyummuaammwwm
and lomgitude 151°48° W.
LmﬂmMmMnmwmmuvud
mm.mmm,wmmm A covered intexval
mmwummummmmwum
umwmmmmnumu»mamm,
ﬂmuaﬁmaftﬂtmmm
mwmzm“Wm-thmMm
shown graphically ia fig. 7. A resistant 40-foot sequence of cherty silt-
-mmtmmmmamwmmuutmu
ummMa»Mwotwmm;mmm
top of Kiruktagisk section. wtmumummxym
MMRNwthudRMcﬂom
mum;mamwnmm.

Age
A faumule of corals, kw,“mmﬂlmaummd

5



50 feet of the Siksikpuk formation, Collections from the type section
mmummumm by Ellis Yochelsen, J.T. Dutvo, Jr., and
Helen Duncan (Pattom, xinsn‘w state that although no single species is
4mmu.wuupmumm, mminmsam
assemblage, vhen compared with Permian collections mmn
Alaska, suggests a probable Permisn age. |

Corzelations
The Ssdlerochit formation of the Camning Biver regien, originmally

assigned by Leffingwell (1919, @p. 113-115) to the Pemnsylvanian, is uow
regarded as partly Permiam and partly Triassic (Reller, A.5., personal
communication, 1956). x:um-mm.mmam
sadlerochit is precisely correlative with the siksikpuk formation as the
memmmmmmmﬁmnlw
tions from the Siksikpuk are mot definitive beyond suggesting a Permian
age. A.mnua.mmmmmtnmmm«mmmu
far as the Canning River, uumummwntm:c:mm:
may be in pert equivalent to the Siksikpuk (personal commnication, 1956).
West of the upper Killik-Itkillik regiom, the Siksikpuk was idemti-
!Mn‘mﬁni«ummtmum(hﬂw.mm
tion, 1936). At Cape Thompson on the Arctic coast, 350 miles west of the
nap area, E.M. Kindle (1909, pp. 520-528) described a section belisved to
be correlative with the Sikeikpuk formation, it consists of 600 feet of
tmmn.ummuuuummwumw
Md!W’ﬂ#WWM}“MMW%M“
dark chert and limestone with a Late Triassic fauns (Shublik formation).



Shublik Formetion

mmmhwnmwumhmmh
trending belt at the wountain fromt. Tain bands of Shublik formation
slso flamk the Tiglukpuk Creek anticline, 5 miles north of the mountain
m:,unmmmﬁwmmmummmmw
Okpikrusk and Okokmilaga Rivers, 10 miles north of the mountain fremt. A
small mass of Shublik crops out at the head of Autwmm Cresk, snd several
mmmofmummwmw:mumwm
east-trending belt of Fortress Mountain formation. The best exposures of
Shublik are found near the mountain fromt im cutbasks on Cobblestone,
Peregrine, Welcome, Tiglukpuk and Movotis Creeks.

It was sot possible to differentiste Shublik formation from
1mummmumnm(,mnmmmﬂmu
the diseussion of the Siksikpuk formation. The relatively soft strata of
the Shublik formation have been deeply eroded and have little topographic
m‘mmmucctammumwumuzm Out~
mmmumwum.

Zrevicus work

" ghe Shublik formation was named and described by B. de K. Leffimgwell
1919, pp. 1u~xmmuwumcmummanm
Alaska, 110 miles northeast of the map aves. The type locality is Shublik
fsland in the Canning River at the west end of the Shublik Mountains,
muwtmxmmnmuwaﬂmm
Sest of dark limestone, shale, and sandstone /overlyiny/ the Pemnsylvanian
sadlerochit sandstone and /underlying/ the Lewer Jurassic Kingsk shelel.
27



No mention was made of Triassic strata on the Arctic Siope by
Schrader (1904). Smith and Mertie (1930) described a belt of chert,
1mmﬂmummmmwwm,m
wmmmummmmzuwmmum
in the upper Killik-Itkillik regiom. However, they did wot believe these
rocks should be called Shublik formation mmrmx'qwn
section containe mo chert. nu.mwmzm;nmzmw.
mmmmmwmmumumummtmm
along the Arctic Yoothills provisce has established that aithough the
chert content increases vestward the gross lithologle and faunal charac-
reristics of the Trisssic are sufficiently uniform to justify application
of the neme Shublik thoughout.

Lithology

The Shublik formation is couposed principally of highly carboma-
ceous, graylsh-black shale, chert, and fime-grained limestone. The dark
color distingulshes it from the variegated rocks of the underlying Siksikpuk
formation. mmmmnmmmmmm.m
varying in detail, appesr o persist acvoss the map aves. They ave, in
ascending stratigraphic ovder: mmm,mmm,w
the limestone member. The mmmnuuwm-uukm
Mwmuumcmummwummnc
dark-gray, mww fossiliferous xmmumxyw
grayish-black chert. mmmumum&mm
end cherty linestons interbedded with grayish-black psper shale and
calearoous dhale. Golf-ball sise, fossiliferous, grayish-black cherty
limestone concretions are sbundant. The limestone membek is composed
dominantly of medium light-gray to dark-gray fossiliferous limestons that



is ravely cherty and usually weathers a characteristic grayish-ovange.
The limestome may or may uot be capped by grayleh-black shale and sub-
ordinate chert, depending upon the extent of pre-Tiglukpuk formation
evosion.

Two thin sections of calearecus chert fxom the top of the chert
member were examined under the wicroscope. Quartz makes up 60 per ceat to
?ﬂmmumwmﬂmunmtmwhﬁ&m
large chalecedonic spherulites, Sesttered minute grains and thin veislets
of caleite compose 25 par cent to 35 per cent of the sections., The
remsinder is largely opsque matter, partly fine pyrite dust and partly
organic matter. Civeular bodies of silica .0l mm in diemeter, which way
be fragments of Radiolaria, are common in ome of the sections.

A thin section of chert from mear the base of the chert member was
also exemined, nhsnudo!ulme”mwmtm
Guarts. mmummm-umxymumﬂunumu
fragments. Radiolaris~like siliceous bodies ave also presest in this
section.

Thickpess

The only completely exposed sequence of Shmblik formetion occurs
uWWMM“MiM“*Mh
approximately 750 feet. About 250 feet of this section balongs to the
limestone aad chert members and the vest to the shale mewber (fig. 8).
However, in the upper Kiruktagisk River and Momotis Creek area vhere 2
W-MMW.NMIMQ!liQ_M
does not excesd 325 feet, About 175 feet of this is a limestone and
chert mewber snd the rest is shale member (fig. 8). The difference in
total thickness of the formation in the twe sections is aceouated for

19
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primarily in the shale member. Unfortunately the shale member is so
mxywmtmumm:mmm:uuu—
m;dﬂ&nhmﬁt%h%mﬁum&:ﬂm—
mmmnmwwmum.

mea!mmmuwcmmuﬂzmuwmum
Sikeikpuk formation, and east of the Angktuvuk upon Lisburne group,
mmmwmuuwmmuanwum
disconformably by the Tiglukpuk formation of Jurassic age.
Stxatigraphic sections

MWmMmma!uml. The first section
mmunmm«wum.ummum
wountains, at latitude 68°23' W, and longitude 150°47' w, There the upper
mmuxmunummzumummlymww
unmmmmumxwmzaumumxmn. The top
of the Shublik is marked by W,wm,mzm
Mhmmmwtdﬂmmathwm
mmm-um.umwnmnmamtmmmw
1mmm.um:m;m~mm. 103 feet thick; snd
35 feet of the shale member.

mmmmnamluamzum:m

n.mmmumm:umuwmmmzym
feet of shale member, l“tntofmm.udwtmﬂlm
member, wmmmammmmmummntm
of the Tiglukpuk Creek anticline at lacitude 68°20' N, and longitude 151°
51° w, mmmtmumammmmuw

k)



5umummuummutm-aammmyu
latitude 68°17" N. and longitude 151°53' ¥, Messurements of the basal 350
Mmm,musmmmxmmnmm
front, Atthhpotthmﬁn!huhn%ﬁmtmmm*
bmmammmmmummmwmmmz~
stone of the Tiglukpuk formation. Mmm,mwdtutefhuvuy
ummmymmmmamtmmw
Siksikpuk shale.

hﬁNmMMhtmithtMJ.uk
bank at the head of Autwmn Creek, latitude 68°29° N. and longitude 152°
18' w, mwmummmummmlm
and chert members, mmmmmu«mmmmm
exposed. The section occurs 11 miles north of the mountais front sad
cum-mmmmm,umuuam»mmn
fromt, in several respects: (1) the limestone comprising the limestome
mhzmnm.mmmouhnthmmm
hiﬂcﬂﬂ}“lbmﬂt“ﬁtﬂtl&thﬂ#ﬂﬁmhﬁom
member,

The fourth section in figure 8 was measured on Monmotis Creek, a
mxmtmnmummmnmummw
42-1/2' W, and longitude 152°56' W. mxywmmnmm
m.&mu-x/zmmmmm:mummam ).
nmm-smmnmmcmammum«:
covered, mmzmm.m,u:«mmuuun
Mmummmmmmm:mnmm
mmmxuwm”mudmmmmumwx
cutbanks.
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Fig., 9 FExposure of the chert and limestone
members of the Shublik formation on Monotis
Creek



mum&um‘ezmmmuwmmu
250 feet, of which 33 feet ie limestone member, 127 feet is chert wember,
and 90 feet is shale mewber,

Facles changes
nwmmmummuummm
mmrwx-m,mmmmmmz a westward
mhmuu;mmmmmmucmm.
mummnmwmammmummum
reglon (Leffingwell, 1919, pp. 115-118), but is an important constitusat
hmmmmtozmmnmﬂhthmmunmd
the map area. emmmmmzyummmmum
map area. On Gilead Creek, 70 miles northesst of the Ytkillik River,
mmwmxmnmmummmxm
member of the Shublik comsists primerily of calcarsous siltstone,
Leffingwell (1519, p. 116) records 30 feet of sendstone in the section
o8 Camp 263 Creek in the Camning River reglon. Whittingten and Ssbile
mmmma)mummmmnuum

Kanayut Creek section (fig. 8). They are alse found in the northernmost

exposures, u.mm.mmwwummmum

Autuma Creek section (fig. 8).

Age sod correlations
mxmmmmmntmmmmmuum

Trisssic. The limestone member is characterised by Entomonotis sub-

mm.mwmmw;mmun!mmm
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Mmmmmm. Both faunal sones have
mmnmumu-m.muuum;mm
gulde fossil, and the lower zone has been regarded as Karnisn in age by
@.C. Martin and others (1926, pp. 119-131) because of the stmilarity of
the Halobis to H. superbs Moisisovics and because of the overall Karaism
aspects of the other elements of the soms, Furthermore, Martin postulates
a videspread disconformity betwesn the two zones in southers Alaska.

Bverywhere in northern Alaska that the Shublik formation has been
-mwumx,wnmm.j.mumw
at a higher level than Halobis. However, in the Momotis Cresk section, 5.
subcireularis was found about 85 feet below the limestone mewber and below
the lowest occurrence of Halobia im the chert member. This sesms to sug-
gest that both the limestone and chert wembers may be entirely Worisa in
age. As E. subcirculeris alvays occurs in the medium light-gray to dark-
m,mmm.mmxmﬂmu
the black paper shale, cherty limestone or thianly bedded, grayleh-black
limestone, it is probable that the distribution of the two fessils is
mmhmlmmlm"mhnm:m

The shale member of the Shublik is tentatively assigued to Middle
Triassic (Anisisn) although it may aleo include some beds of Barly
Triassic (Scythian) age. In most places the only fossil found in the
shale member is Posidonis, a long-ranging pelecypod of little strati-
graphic significance. On Momotis Creek, however, Posidomia is sssociated
with & distiactive Middle Triassic fauna that imcludes Proteusites,
dum, April 7, 1952).
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The only other reported vecurrvemee of Middle Trisssic fossils in
Alaska is a collection from Brooks Mountain on the Seward Peninsula. The
authenticity of this collection is mow in considerable question, It was
originally given to E.M. Kindle by & prospector, but subsequeat search of
the Brooks Mountain area by a musber of geologists failed to reveal ad~
ditional fossils or other evidence of Triassic strata (Martin, 1926, pp.
116=117).

Two collections of vertebrate remains wers found in the midile of
the measured section of shale member (fig. 8) om Tiglukpuk Creek, and a
third collection vas found in an isolated exposure of the shale member
on the Kiruktagisk River, 2 miles above the confluence of Momotis Creek.
The three collections have been examined by D.H. Dunkle, who reports
(memorandun, Nov. 4, 1953)1 (1) & candal body section from & coelscanthine
£ish of indeterninate generic and specific identity, (2) a series of post-
sscral vertsbres and & portion of & hind leg of & reptile, probebly from
mummdwmmmxmmuamwu
mmmmmnmummum
mm:mm According to Dunkle, indisputable
remains of Boreosomus are restricted to Barly Triassic (Dtocerstam amd
Gyronitan). Thus the occurrence of Borecsemus im the Tiglukpuk Creek
section indicates the possibility that the shale member msy include beds
of Barly Trisssic as well as Middle Trisssic age. Recently Keller (per~
sonal communication, 1954) has found conclusive evidence of Harly Triassie
strata in the foothills mortheast of the Itkillik River. |



Jurassic Wocks
Tiglukpuk Formation

Jstroduction
The Tiglukpuk formation (Patton, 1956a) comprises the sandstome,

siltstone, and shale that overlies the Shublik formstion and underlies
mqmmuu(m)nmmxummmm
Foothills province, lthuhumdlmthlnhcﬂm,”nﬂu
east of the Itkillik River (Keller, A.S., personal communication, 1951)
to the Nuka River, 130 miles west of the Eillik River (Tailleur, I1.L.,
mmmx;mumx«mwu.m«
mwuwmsummummm.

Auxeuw!mmmm.ummmum
mm.mamwmmmmuu.mn
mmmmmmhmmmuucmm
with the mafic intrusive and extrusive rocks. The stratigraphic ree
thﬁ“ﬂtmﬂMhmuﬂmmu
ummuummmmofmwmm Present
ummummgmcnmmlmm.mmm
for this wnit, For mapping purposes it has beea included with the
wmmmuummyammnm
conclusion of the discussion of the Tiglukpuk formation,
Ristribucion and topographic expression

The Tiglukpuk formation underlies sbout 25 per cent of the
mmm-nwmmuummwmmm:u
mmxymmwumnunmmuma
cent to the mountain fromt. Less extensive emposures occur further north
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um-mm:um.ummmuumuummbm
along major thrust faults,

Owing to the fact that both the Tiglukpuk and Okpikrusk formations
mmmuumumnmmumcu
WMMmmmmancdum-
Mmrluumumupm

immm“w-mmmuumm
the worth-flowing rivers that traverse the belt of complexly deformed late
Paleczoic and Mesozoic strata. Iu the interstream areas, however, oute
mmmm«mmmmmumm-muamy
“ones near the base of the formation. The sandstone and conglomerate char-
acteristically form low, even-sloping, rubble-strewn ridges, none of which
-;mmu-.mummmmmuuummzmm
nature of the beds. !hc'm“,ﬁuhmdum.mm
narrew, sharp-crested rubbly ridges dotted here and there with fautastice
ally shaped pinnacles.

Exevious work
Schrader (1904), nmmammummm

@ot vecord & rock unit comparable with the Tiglukpuk formation sor did
he find Jurassic fossils. However, the vocurremce of vocks which he
u&munm«:ummmmtumwﬁhumt
mmmxwmmm«mm-mwmemM)
in the central Arctic Poothills provimce might extend inte the Jursssic.
P8, Smith and J.B. Mertie, Jr., (1930) mede no mention of Jurassic rocks
slong the Killik River, Appavently they included the Tiglukpuk strata
mlyhth'truuuqmn‘mbummmm-um



umummmxpwmmmuumu
thickness from 1 to § feer, nmmmmmmnm
mmvm:mamnmmmmm
and shale chips. m&mmmm In the lower half
deW‘m“MMMM
mmnwmmmmum
mﬂmﬁmuhmntm»mwnmwm
quUarts, llmmn”mm%.nhlhmtmu
Wmm,uu}mmnnwmmm

including chert, slate and siltstose, wmammumum

mmmum.aw.mrmm Caleite is

M#mhmhmwhhmwmmhun
WNMMnCMWMh&m The sand-
tmmumiuWuMmummw
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tmxyuvuumz-mmu. nmiwusbmmw
about 3 per cent, but permeability is megligible.

barkegray silty shale and siltstone, although less conspicuous
mmmummmmm-:mm The shale and
siltstone are soft and noaresistant to erosion except locally where they
have been indurated. MM“MM“MM&.AV&W
»fmm,mum.mmxm. Most abundant are calcareous
and noncalcareous, dark-gray ferruginous siitstone comcretions several

xmnuummmmmm.ummm
trated alomg certain horizons.
m.»-mthntmchm!mlmuum

mttawhuuui;ummzm Above and below this zome
Mnmmmzmuﬁut&um'mummnm
thick, mmmammmuumum-
mmmmmmmmmmmumm
Mountain formation. Muqummmm
mummwmm.mm.uwum.
and Okokmilaga River, Mtw.m,msw‘wm
yzuammhua’mmm.
mm-mhmzuummmuhuamv
olnlmﬂWMM“‘mmﬂWﬁth.



mmnuum.xwm.nmmum.‘m
weathers to bright hues of green, brown, and blue, Pine eilt and clay
'muummmw.ummm.m
mxummumummmmummumm
chert, ﬁmu.mqu.mmmquw
mmummm.mnnmnhmm.umm
mmmmmuam;mu. Other impurities
include sericite, feldspar, barite, organic matter, and iron oxides,

mmwmmﬁMMWuhw
NMMHM&MMWdMﬁIhW
mumumm.:mmumm
dmm.mcmmnammmu
Radiolaria. mummummmumm-pu
.mmmumzmmmmmmm
appearance of unglazed porcelain,

Asphaltic shale.-- Black asphaltic shale is intercalated with
mmnz-u:-muauummmumn-m
thick. Locally, asphaltic matter impregnates the chert along a network
of hairlike cracks, mmmmumuwmmmaaa
mmmm,umaummamm. Freshly
mmummmmummuuumu.mm
mummwpmmmwmmaummm
uaummmmmcmm)uum
presenteday stream gravels,

Elack silicsous shale

Amuum.m.mnmmma.«bm
-mmmummummmmmumnm
39



of the bedded chert. mmmm-wmqm«m

mmm&.ﬁnbmmMMhMMMmm
and forms low ridges and massive cutbanks. Everyvhere exposures of the
.Auummummu»mmxmnun.m,m

peacock-hued from omides that coat the weathered surfaces.

The shale is brittle, friable, calcaveous, siliceous, and locally
infiltrated with stringers of pyrite. Thin beds of cherty siltstome are
Wﬂﬁﬂhﬂhhlﬂnﬂlm”ﬂ. A thin-section ex-
suination shovs that sbout 45 per cent of the shale comsists of chalce=
dony and ealeits occurring in irregular elongated blebs arranged along
the shale laminae,
g.~~ Variegated shale and siltstone
were seem at several localities west of the Anaktuvuk River in the
lower part of the Tiglukpuk formation. A 50-foot thick section is ex~
mummzamummmmmuammum
mountain front, and a 100-foot thick section crops out on the east side
uwmm«uumnw-undmm Small out~
emoxmvawmuauumwmumw
xm«mmuummamm.

mvmmumnmudm»nm
grayish-red, grayish-green, and dark-gray laminations. The siltstone
m!mwmmtmwmwdmmmumh
lenticular beds from 4 to & inches thick. Penecontemporanecus slusp
.wmmmmmmumumm

wuummm,xuzmmhdm.mms:

40



the variegated shale in the Kiruktagiak River and Tiglukpuk Creek sec~
tions, mmmmw-zumuwuwu,w
rocks including felste and mafic intrusive and extrusive rock snd quarts-
ite. uommmumutuﬁmmmumm
especially since similar rock types have not been identified in smy of
the widespread conglomerates that occur in the succeeding Zarly Cretaceous
sedimentary formations. |

Soguinold limestone.-- A medium-gray, dusky-red weatherimg coqui-
uoid limestone, composed alwost entirely of wollusk shells, is found in
mmumwmmuﬁm
The coquinoid limestone is exposed principally in cutbanks and commonly
makes comspicucus float where it has weathered out of the less resistant
shale. Itmh%lulmu&ﬂﬁmmnuu
feet thick. The shell material is chiefly crushed and fragmented Aucells
valves, the majority of which appear to be oriented with their comvex
side upward, Mummzmmmma
several localities.

Ihickuegs
mmxmummwmumm.u
a complete section in which both top and bottom comtacts are exposed
has wot been found. The type section, approximately 1,500 feet thick,
hehmtmuum%nnuncmcutummmﬂhw
lieved to vepresent mearly the full thickumess of the formstion. From
scattered outerope along the Lupine River, 75 uiles east of the map ares,
A.5, Reller (personal communication, 1951) compiled s composite seciion
totaling approximately 1,800 feet which, although the top of the forma-
tion is not exposed, is the thickest sequence of Tiglukpuk formation
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recorded to date,
2ot

The Tiglukpuk formation rests upon the Shublik formation with
muouuuamw.mmmmumwm
mm«mmu:muuemmmmmm
tion, mrumumuu.hmpmunwm.
wmmmmmummmm. It is diffieult
to distinguish the Okpikruak and Tiglukpuk formations in many places,
dmhthtmummmutﬁbybmumm.cunmm
m-zmmwa«mum. However, in the Okpikruak
formation these beds are well stratified and generally oceur ia rhythmie
nmm-.mnmmmtmmnmummmzm
istics are rarely found, This difference is the most useful criterion
fumtmmmbmttmwaumuthmanmn
Tiglukpuk chert, black siliceous shele, or coquinoid limestone are found,

Stratigraphic sections

mmmwummuwm;ﬂ
shown in figure 10, mmuqhumm..-hmumx.m
cmmmmmmumm It crops out in cutbanks
umm-mumrmmmsummummu
front, latitude 68°20° M. and lengitude 151°50° W, About 20 per cent of
mmmummmmnmmmum
MWmummm«m. The seetion
mummmumwmwmmamw
to 70° south, muumuumx,wmmmm
the top appears to be cut off by a reverse fault. The cherty sequence
mmmm-mmummmmmu
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two disbase sills. The lower sill is sbout 200 feet thick and the
upper one sbout 75 feet thick. Contact effect is limited to bleaching
of the chert st the top of the lower sili.

mmmmuwmmu fig. 10 is ap-
mmmrmm,mum‘wnmm“u.pzmm,
latitude 66°26'N. and longitude 150°08° ¥, The top and bottom of this
section are cut off by faulting,

mw-tmmumwu.mmucm‘
m.mmmmmm-mmwwmamm
of several species of jucella. |

Although the Tiglukpuk formation appecrs to be almost entirely
umm.!mmmmﬁmlym. Two species
umym(m)ﬂ*mﬂm)mw:u
the most coumwn megafossils. Ghulymulmmum
mmmmum,unmumuamumm
occur in sandstone. Ome sumonite, Lytoceras sp. was found together with
‘.muammnmm,ummmu
mhhtqumnﬂmnWm&u
ammum“mmayo:m In the area east
of the Wamsshuk River the Aucellss, although most sbundant near the base,
rwmiuﬁ&halu!quummmm!m
formation contact. West of the Nenushuk River, however, they appear to
ummummutmumwm

According to R.¥. Imlay (1955, pp. 73-75), Aucells zugoss (Fischer)
and Aucells concentrics (Sowerby) are both indicative of the Late Jurassic
but ave of slightly different age. A. xugoss ranges from middle
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u—.mgmuummm.u;.mmn—m
Oxfordian to middle Kimmeridgian, Whether A. rugosa gemerally occurs at
.mmzmumxmgmamqmmu
mummmmmxlmummmmmm
of stratigraphic control with the Tiglukpuk formation,
hthmmmmmmﬁdthmu
Foothills province, Leffingwell (1919, pp. 119-125) described two
mumzm.mmmummm:u. The
Mummxmmmmmmmumum
Ignek. mmmmmuumummmumum
mmam.mmm.uwmmmcmm
rmumtmlulynmmuhtchummua
Cretaceous age. hzmwlmumm:htthommotm
Kingak is probably a fine-grained facies of Tiglukpuk formation,

Tuffaceous Graywacke Unit and
Correlative (?) Rocks

fuffaceous gravwacke unit
mmmmuxamuuunmm;nqoi

MMMMMMM.M,MMMQMIQ“

oummmmummm»-upwum

Tiglukpuk formation. Owing to cover and 8tructural complexicies,

the precise stratigraphic position of these 8irata caunot be detexrmined

ummmmmmmwwmm

the Tiglukpuk formation and underiie the Okpikruak foruation, They

muuchnlymmnthnlutmmh.
mmtmmwumﬁufmmﬁma

occurs at the head of Fortress Creek between latitude 68°28° N. and
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latitude 68°31" N. where it forms an isolated group of morthwestward-
trending ridges, Complex structure precludes stratigraphic measurements
m.jugmtmmsmc:mm,mmummc
mldhdbhlm&hm&d“ﬂhtﬂmuummw
greater.

mmwmuamm”tmmemumxm
“'2@'!.,&%413%“&#&%1‘«1“;0!:&%
formation. The sequence, consiating of tuffaceous graywacke, chert and
cherty siltstone, appears to be faulted against Tiglukpuk strata om the
mthﬂmdtpmmn:u&auauummm A half-mile east
ettmmﬁrmmmmamumunﬁmu
velcanie rock.

The tuffaceous graywacke varies from fine-grained to conglomeratic
and is dark greeamish-gray in color, Sorting is very poor and, in the
coarse~grained rock, bedding is scarcely appavent. Visible detrital
mmmmmmummmuhum,wm
m,mm.muqumu. Several thin sections of
the fine-grained graywacke have been examined. They show an aggregate
of angular grains, .zuu.s-‘,muamumm:m
matriz. Plagioclase, chiefly albite and eligoclase with subordinate
mm,wmnmmnmuaﬂmumum
grains or in lithic fragments, ﬂnpl.qmlmwnmmly
or wholly replaced by sericite, caleite, or in the case of ome sample,
by zeolite. Muummthtaw-hmmuaSnr
cent, mammmmmmmu-mus



#ccounts for more than 50 per cemt of the rock and consists predominant-
ly of finely divided chlorite, clay, and silt.

Hard, brittle siltstome and shale that locally grade inte nearly
mm«.mu«u-mmmm. The siltstone
uIMmeubMM'anmmum
nlmuumlym»um with orsnge snd yellow ferru-
ginous stains. Dusky red-weathering, gray, silty limestone is {nter~
calated with the siltstone and shale in subordimate amounts.

ammmozmdmmm-,
siltstone and sandstone that may correlate with the tuffscecus graywacke
unit occurs in the upper Okpikruak Hiver avea. It forms low ridges
mmm&mmuuwum&mu
several localities alomg Okonagoon Creek between latitude 68°29' ¥, and
latitude 68°34' N. The contacts of the Sequence are covered, but gross
relationships suggest that it occurs stratigraphically between the
Tiglukpuk formation and the Okpikrusk formation. The shale, which come
nimmmuﬁcmm.tmm.uunmm‘i
weathers to small blocky fragments. It is dark gray, grayish ved and
grayish greea. The siltstone is also well indurated and gesmerally is
pale olive to light gray. um-umatuammmw.
be as much as I feet thick locally. Flow casts and wavy interstratal
laminatious occur in some of the siltstome. Inercalated very fine-grained,
pale~olive to wedium dark-gray sandstone and dense, dark, silty carbonmate
rock are preseat in subordinate amounts. The total thickness of the
sequence nmay be as mweh as 1,700 feet.

mcmummwuumuwumammm
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mmmmmu-mwum.mc
mmr;mmmmmnnuumm

mamm;mmmmwmm
Pebruary 12, 1951) (1955, pp. 73-81). Subsequent to his examination,
mmu«ummmmmmmmmmmmm
mzymxmmwwmqnm«uumuum
than Late Jurassic, m:ilﬂmmmgtmuh.w-hm
as follovs (Memorandim, feptember 6, 1956):

st ) oL TG e e s

mmnummmmmmm
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Aumhw‘mammnmmughwum
on the upper Okpikrusk River. The exact location and stratigraphic posi-

mumauumummm-mu«mmmuu

u.umam«.tmuwumwmmm.

eiltstone and sandstone sequence and possibly is correlative vith the
fossil collections from the tuffeceous graywacke unit. In reference to
this collection Dr. Imlay states (Memorendum, September 6, 1956):

ummuwmmmmmmsmm
un“udthmlﬂim(t)uahmnmmmu. grose

mwmowmmmmmmm
upmmm«mam Furthermove, lithic and mineral

«uxmumummummmmmmm
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mmmm,muummhmmma-m
Tiglukpuk or older formations. M&MW“MW
nhthmuM)mmmmmuuu
mmmmmm

Exstaceous Rocks
Okpikrusk Formation

The nme Okpikruak formation has been introduced to designate the
moﬂmnmuw“m.aummmum
Fortress Mountain formation (Cretacecus). The Okpikruak has been traced
mmm\mmmmmmmmnmmc
(Reller, A.8., personal commnication, 1952) wmmmumu
the west (Tailleur, 1.k, personal communication, 1933), a distance of
over 350 miles.

mmmmmmmmmmammumx
(Grye, Patton and Payme, pp. 1359-160). However, subsequent mapping and
WWWMMCWMWCI“IMH&
composition of the formstion. hwmﬁm&ncﬂo
mwmmwumwwn.umwwm
ummum.mummuuummmmm
found on Tiglukpuk Creek at latitude 68°10° N. and 151°50° w. ibereas
uwmummummmmmmnms
ummmwmmumxymmum
to rest wpon Tiglukpuk formation in normal stratigraphic order.
Bistribut: any iy

mmummtmuumuu«mmxy
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deformed late Paleosoic and Mesosoic strata adjacent to the mountain fromt,
In many places along this belt it has not been possible to differentiate
the Okpikrusk formation from the Tiglukpuk formation. The twe formations
are intricately infolded and infsulted snd since they are lithologically
ammwmhwhnmummm. Four local
areas where extensive outcrops permit the delineation of the Okpikrusk
formation are: Cobblestone Creek, upper Tiglukpuk Creek, the Aucella-
Speedvay Mm-nmnmmmummza..umm
WMW&IQM“W&“«M&.

mummmm:mmxumnmmmmm
can be outlined within the eastward-trending belt of Fortress Mountain
formation: (1) between the Kiruktagiak and Ayiysk Rivers at latitude 68°
36" B, and (2) a short distance east of the Chandler River at latitude
68°35* m,

The Okpikrusk formationm, in general, has no distinctive topographic
expreseion. In a few places aleng the interstream divides, sandstone and
siltstone beds form low rubble-covered ridges, but these are indistinguish-
able from ridges in the terrain of the Tiglukpuk or Fortress Mountein
formations. A soft, poorly stratified basal conglomerate, which ocours
only locally, crops out im low, irvegularly shaped knobs and buttes,

Exovious wovk
mmn«mumm(M)Wu
included the Okpikruak bmtuaummmm*. He assigned
mm%m*.mxymmmuwmm
of Aucella erassicolis Keyserling, the characteristic fossil of the
Gkpikruak formation,
Saith end Mertie (1930) did not use Schrader's Anaktuvuk “series"
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u:pmmmwmwmnmmmm
mmmunwymw;uxw
unit, the Lower Cretaceous series.

Adthology
mmm:mumummhmmmw

a thick, monotonous, cyelically interbedded succession of shale, siltstone
#ad samdstone of the graywacke type. Conglomerate oceurs at the base
locally.
mmumumm.wcmu
fine grained and thin bedded. It is hiighly argillacecus and has low
porosity, Slump structures and flow casts are common. Thin sections of
enmuummmuuumumaumm
oewz.mmm»zsmm;wnm.muof
tm,cwuwwmmm.ummuzsm
cent; caleite in irregulsr masses locally replacing plagioclase, as much
ai 3 per cent; and finely divided clay, chlorite, and siit, as much as 50
per cent. rwnmm.mumumunmm
mmummunmoﬂum-ﬁmum«-ﬂm
sandstone.
mmummxyummquww.m
m.mnmhmtmhuﬂ.nmuttuhuhm
mmuamunmxymmumu
weathers a characteristic moderate yellowish-brown.
mm.mmzmmummﬂm‘
cmnmq;mmumﬁbw.cmm.mm
mmu-tum:-u.mnm.ﬂmmm-pmm
uuonmmmmamummmumu
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some extent in every exposure that was exsmined. In the Tiglukpuk Creek
section (fig. 12) sandstone and siltstone comprise 10 per ceat to 15 per
cent of the lower 1,300 feet and about 25 per cent of the upper 350 feet.
In the 950-foot section on Aucella Creek (fig. 12) the lower half is 10
per cent to 15 per cent sandstone and siltstone and the upper half 25 per
cent to 30 per cent sandstone and siltstone, In contrast to these two

sections, however, the type section on the Okpikruak River (fig. 12) is
composed of about 60 per cent sandstone and siltstone. Sections measured
in the Cobblestone Creek ares (not shown in fig. 12) were also found to
contain more than 50 per cent sandstone and siltstone,

Several feet of Okpikryak formation from near the middle of the
Tiglukpuk Creek section were measured im detail and are shown in figure
1l to illustrate the characteristic development of the eyclic phenomenon,
The cycle consists of a thin bed of sandstone or siltstone overlain by a
thick bed of shale., The sandstone or siltstone bed usually grades upward
into the shale but rests in sharp contact upon the shale bed of the under-
lying eyele. Flow casts and casts of Aucella arve frequently found in the
base of the sandstone or siltstone bed.

Scattered outcrops of conglomerate, temtatively assigned to the
Okpikruak formation, occur alomg the northern margin of the complex belt.
The conglomerate appears to rest disconformably upon Tiglukpuk and older
formations and presumably is confined to the base of the Okpikruak. The
individual exposures are small and are intricately infolded and infaulted
with Tiglukpuk strata so that they canmot be delineated separately on
plate 1. They do, hmr._muhmmmumuw
nesses in certain localities, @-mu«tmuanmuum
between lower Tiglukpuk Creek and the Siksikpuk River, & few miles south of



their confluence, Another locality is between Chert Creek and the
Ayiysk River, south of Fortress Mountaim.

Typically, the conglomerate is massive, poorly consolidated, and
devoid of stratification. It is composed of poorly sorted, amgular to
subround lithic fragments varying from granule to cobble size, set in a
highly srgillaceous matrix. The lithic fragments consist of greeam and
gray vitrous chert and cherty siltstome, with subordinate amounts of
black shale chips, calcareous siltstome, mafic ignecus vock, fossilif-
erous limestone (from the Lisburne group sud Shublik formation), asphal-
tic matter (from Tiglukpuk formation), silty "csunonball" comcretions
(probably from Tiglukpuk formatiom), and carbonized plant debris.

A thin section of grit from the conglomerate exposures along lower
Tiglukpuk Creek reveals the following approximate composition: angular
to subround graims of quartz, 15 per cent; sngular to subsugular grains
of feldspar, chiefly plagioclase, 10 per cent; vound to subround grains
of chert, siltstone, quartzite, shale, end mafic voleanic, 25 per cent.
The grains range from silt sive up to 2 mm and ave set in & matrix of
finely divided silt, clay, and chlorite.

Inickoess
A complete section of the Okpikruak formation is not exposed at

any one locality so the full thickness of the formation is mot kunown,
Both the Tiglukpuk Creek section and the type section om the Okpikruak
River are about 1,500 feet thick. On Okonagoon Creek, 1+1/2 miles south
of the type section, angther section of Okpikruak formation approximately
1,900 feet thick, is partially exposed. However, 4f this Okonagoon Creek
section is correlated with the type section it appears that the basal
m:nnuumm.umummtmmm-mm
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presumably by faulting, and an additional 200 feet that is not exposed
in the Okonagoon section iz present at the top of the type section. Thus
a total thickness of 2,200 feet is possible and, judging from the struct-
ure sud dimensions of occurrences of Okpikrusk formatiom elsewhere im the
map avea, this would appear to be sbout the waximum thickness of the
formation,

Coutacts

nm,mummmmmuumw
formation, but in several localities it seemingly rests upon older forma-
tions. The contact everywhera is disconformable, and in some places
appears to be slightly discordant, Gross features that distinguish the
Okpikrusk formation from the underlying Tiglukpuk formation are: (1) the
mm“m&;ywumuuumummum.-«
shale; (2) the absemce of bedded chert, siliceous shale, coquinoid lime-
stone and variegated shale and siltstome; (3) the dark greenish-gray colowy
of the coarse clastic strata of the Okpikruak formatiom in contrast to
the greenish-gray color of the Tiglukpuk strata; and (4) the abundance of
nonresistant mineral and lithic fragmeats in the Okpikruak formatiocn,

The Okpikruak formation is overlain by Fortress Mountain formation
but because the principal occurrence of the two formations are in differ~
ent eastwavd-trending belts the mature of their contact is not well known.
In the few places where they have been found together the comtact is
poorly expesed. It appesrs to be disconformable and probably locally
discordant,

Three measured sections of Okpikrusk formation are shown in figuve
12, The wost mearly complete section is exposed im a cutbank on the east

54



UOT3BWIOT NEenayTdyp oy} JO SuoT}des JewwmTo) 2T °*3Tg

ynof

SUPHIIIND PU0)S4) 1S
= $702403)v 2

g
)
%)
[>

ls
3

I

025 pUPS

0T pUbjdx7

NS
s
,%\\"
NS
4
g
|
o
%
(&
oo
)
X
e Iy
SR
N
Y
N
&
>
K+

Yo/ 3PUII0 A

Ho—

0r—

00/ —

007 I—

004 1—

007"t —




side of Tiglukpuk Creek at latitude 68°19' N, end lomgitude 151°30' W,
1t oceurs on the north flank of a syncline, the axis of which crosses
:nmemhmmmumcnm The lowest exposed beds
are separated by a 100-foot covered fmterval from concordantly dipping
mwmmawmwmc. The section
uammmamimunmmmum,
allm.ﬁa&hﬁuumwmzua&ﬂtm
made to log the entire section in detail. The detailed 9-foot column
mnumuuewnmmua:mmmmm

The Okpikruk River type sectiom, approximately 1,800 feet thick,
umeMamMnmmt-mdmﬂmumm
68°35" N. and longitude 153°30° W, (fig. 12). The base of the sectiom
Wummmmnuuu.un.mm«mm
umm\-wo»meotmumwumam
section.

Amﬂnuwmwxyvnmem.u
Wammmmumozmmewtumw
stream from the Kiruktagisk River, latitude 68°27' N. and longitude 152°
44 W, mupmmm“m:wthanbynﬂuM.
mmmmmmmmmwmmumu
of greenish chert and greenish-gray sandstone of the Tiglukpuk formation.

Three species which are characteristic of earliest Cretaceous
(mmmvwmmmuwwm.
Aucells cxassicolis Reyserling, Aucells crasss Paviow, and jucells okensis
Paviow (Imlay, in press). Specimens of Aucells cxassicolls Keyserling
m'mxyummnmuamhmmw
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be considered sbundantly fossiliferous. Simce the Augellse were col-
lected from the lowest to the highest beds, the Okpikruak is sssigned
with confidence to earliest Cretacecus.

mmcuamummmmmumw
smmonite, several loug-ranging Foraminifera and various nondiagnostic

mntmwammummmmuw
taining several species of Barly Cretaceous (Berrissian and Valamginiam)
mmmwumm&m»m»mm
River (persomal communication, A8, Keller, 1952) and westward to the
mummtmumumnmmnmwm
1.L. Tailleur, 1953) (Smith, P.S. and Mertie, J3.B., 1930), Shale equiva~
lent in age to the Ckpikrusk formation was penstrated in Oumalik test well
1ummuy«mmﬁnum.t.¢. and others, 1951).
mumwmmucummmwcm. R W,
and Reeside, J.B., Jr., 1954, p. 236).

lptreduction |
mmmmummwnmm
wum.“..ﬂumﬁmww
the Okpikruak formation (Pattom, 1956b). It has been mapped over a wide
mummmwsmmummm:mm
wwum-mtmmmum.¢¢mdm
miles. The Fortress Mountain formation is named from exposures on
Fortress Mouatain (latitude 68°35' M., longitude 152°58° ¥.) where it is
maumdﬁmum.mwn«mx. The type section
hnwau-!mﬁmmmmwmmmw
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River and on Castle Mountain.

mmwwumsmmm
mnmmmt.tuuuwm,mmm
of the upper Killik~Ltkillik wegion. 1o addition, several small dis-
mmmmozmmmmmmmnum
mountain froat in the vicinity of Peregrine Cresk and Cobblestone Creek
near the eastern end of the map area.

Cutbank exposures, particularly of the coarse clastic facies,
mzmanomumwﬂmmnu
mmmmwtm. The most extensive exposures
mnmmum.WMWum.
Siksikpuk River, and Cobblestome Creek. Excellent exposures also oceur
ummmmmmmmmmmzm

mm:«mumux,mmtmwm”xm
wxwmmmnz,mmm On the two wmost prom-
mmwm,mmmummmn.m
thousand feet of gently dipping strata ave well exposed (fig. 5).
nmmmtwmmmmmm
.:mmumm:mmmcmmmm

Erevious work
muwmmmmmmm

muumamwm Apparently they were included
wm-:am;umwm'mmvnwmummm
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in their "lower Cretaceous serias”.

uns:a1mmmmmmumm
wmmywummmm(m.mmwm.
PPe 160-162). m.mmmmnmnm
mmummwnmmmmmmm
formations ave needed (Pattom, 1956Db). In the Arctic Foothills province
tvo distinctive lithologic units oceur in this stratigrephic interval,
one generally worth of the other.

mmmaemmnm.ﬂammu
coarse sandstones and conglomerate. mmmumm
dontnantly of shale with very ssbordinate mounts of coarse clastics.
Mmummmmmmmnmmuu
iithologic characteristics. Furthermore, over wuch of the foothills the
mmmmumwumuummmunn
amuManw.ﬂWthm“
mmm-»mmmmumxywu. Mega-
M&tﬂmwmmmmwnmmm
but the microfaunas are somewhat diffevent. Because the two uanits differ
umhmuummmthmm;mmmm.
mmmmmmmcmum.ummm
Portress Mountain formation and Torok formation is restricted to the
northern predominantly shale uait.

Lithology
m.mmmmmmmnmw

couponents of the Fortress Mountain formation. Although both the Férrres:

mummmmwdmmm
characteristic rhytbmic altermation of sandstone, siltstone, and shale
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w-ummmtauumuuegmnuwumnm
Mountain formation.
. wmmmﬂum-mmm

Mummtdmwmm-!mmmmtmm
(tu.mucmumwmmwmmtyu:m
mmxmmmumunamzm»tmmmmm
smly:mrlmu'mu&nmm

mmummmmummuauozmw
type. Tuey are poorly sorted, highly argillaceous, commonly calcareous,
and have a low porosity. nnmwewmmum
mmﬁmw:tmuMb-dwqmt
of the Nanushuk River. wmmmmmanmm:e
mmsomchw-ucmumammmym
lar. Graded bedding was observed in many places. |

mm-ﬁwmw’ipﬂ-m
allyhumm The mmwmmtwum
Wumm»mw Bedding surfaces of the
mmmmlbwmmmmmmwdm
-n:wmm w,mmuwmm
um-:mm'mmmummumtmw
beds.

mﬂuﬂtunw»«bbmcmthdtnm. Fragments large
enough to be identified megascopleally consist chiefly of varicolored
chort and greenish mafic veleanic vock. in sddition there sre subordin-
ate smounts of light-gray bloclastic limestone (similer to limestone in
the Lisburne group), ;zuubb‘m sandstone ('robably from Tiglukpuk and
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Okpikruak formatioms), dark siliceous limestone (probably from Shublik
formation), greenish quartsite, calcareous siltstone, iromstone, pink
gneissoid granite, chips and blocks of shale and siltstone, and a variety
of carbonized plant material.

Kasses of chaotic conglomerate as much as 80 feet thick occur at
the base of the formaticm, Such masses are exposed in the Canoe Hills,
latitude 68°37% M. and longitude 153°03° W., in cutbanks on Pediment
Cresk st latitude 68°36° N., and on Peregrine Creek st latitude 68°26° W,
These masses are virtually umsorted, extremely leaticular, poorly consoli-
mu.m.u-&:muaumumm. Angular to rounded pebbles
and cobbles, including a high proportion of nonresistant metastable
m.mmwwaﬂlm-ﬁmﬁtﬁumﬁnot
preferred orientation or segregation, Randomly oriented slabs and blocks
of shale and siltstone, presumably derived by penecontemporancous erosion,
were found in several outcrops. Carbonized wood fragments up to several
inches in length are ubiguitous.

MNM“&OMWWW&“MmmM
end contains a higher proportion of resistant clasts, notably chert,
Stratification is well developed, and grading is apparent in many beds.

mmmwumamummumnm
a cursory examinatiocn under the microscope. They have the following ap-
proximate composition: 7 per cent to 10 per ceat quartsz, 5 per ceat
feldspar, chiefly sodic plagioclase, 25 per cent to 45 per ceat chert,
mmmuwnvm-nmnlmuna.ulnrmumw
dinate amounts of calcite, pyromenss, siltstone, shale, schist, limestone,
sandstone, and quartzite. The matrix comprises 30 per cent to 50 per ceat
of the rock and consists o! finely divided silt, clays, sericite, chlorite
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and calcite. wwmmammuwmum.mn‘m

Mountain formation. nummmwumxﬁm
mmmuas.muummw-mumw
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area. Approximately 4,000 feet was measured in the syncline that crosses
the Siksikpuk River at latitude 68°32' N, and about 2,500 feet was meas-
ured in the Fortress Mountain symelinme (fig. 15).

Contacts
The Fortress Mountain formation rests unconformably and in some

places with apparent anmgular discovdance upon Okpikruak formation and
older rocks. The natuve of the upper comtact is mot knowm, for younger
rocks are not preserved in the areas of Fortress Mountain cutcrop, The

. Fortress Mountain formation and Torok formatioa are thought to be at least
in part eguivaleat, however the precise stratigraphic relationship is ua-
certain. Betwesen the Itkillik Eiver and the Kiruktagisk River the two
mmmmtw.mummmmwmw:
slivers of pre-Fortress Mountain formation rocks to the surface. Vest of
the Kiruktagisk River, exposures are poor and the nature and exact location
of the Fortress Mountain-Torok comtact are uncerteim.

Features that aid in distinguishing Fortress Mountain formation
from Okpikrusk formation ave: (1) the scarcity of rhythmically alterna-
ting sandetome, siltstone and shale sequences and (2) the occurrences of
Features that help to distinguish Fortress Mountain from Tiglukpuk forma-
tion are: (1) the absemce of chert, M:ﬂ.hﬁu shale, variegated
shale and siltstome, and cogquineid Xhinm. (2) the occurrence of massive
conglomerate and coarse sandstone wnits throughout the formation, (3) the
characteristic dark-greenish~gray and medium-gray color of the coarse
clastic rock as compared with the characteristic greenish-gray of the
Tiglukpuk formstion coarse clastic rock, and (4) the abundance of mafic
voleanic detritus.
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mmmcmnmmmu.mmm
posite section that has been pieced together from several measured
sequences on and around Castle Mountain, The locations of these sequences
are shown in figure 16. In the vicinity of Castle Mountain the Portress
mmmumm.mmmmqmmm
plunges east between the Aylyak River and Castle Mountaim (pl. 1). lLoeal-
ly small feults and folds complicate the broad synclimal structure. Be~
tween the lower contact of the Fortress Mountain formation on the
anumu.mnummmummxmu
Castle Mountain, discontinuous exposures indicate a regional southeastvard
dip. A thickness of approximately 9,000 feet wse computed betweenm the
lover contact at point A (fig. 16) and the base of Castle Mountain at
point J, The beds cropping out at peint J were traced around Castle
Mountain to point K on the east side vhere an additional 1,000 feet of
section was measured to point L on top of the mountainm. Sections exposed
at A'-B', B'-F', G'-0', and 1'-J°® are correlctive with parts of the type
section and were used for additional litholegic and thickness dats. Sece
amnnn'ummmmtmuemummmum
strate the vorthward facies changes that oceur between it and sectiom
Rl (fig. 17). Sections K-L and M-N can be correlated by direct tracing
of beds along the east side of the mountain,

Owing to the wide spacing of the dip and elevation comtrol points,
and the possibility of small faults and folds in the covered imtervals,
the thickness computations are only approximations.

Two sections of Portress Mouatain formation im addition to the
type were measured in the map avea and are shown im figure 18 along with
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the lower part of the type sectiom. One of the sections, approximately
&.mmzm,uwumm“mmmuw
Creek and the Siksikpuk River. MWI.MMWWQW
mzmumsmmummccmuhummma
Tiglukpuk emuuummx,mmcm-mmnmx
tributary thet enters Tiglukpuk Creek from the east about 2-1/2 miles
sbove the mouth of Tiglukpuk Creek.

Amsaummummuzwumm
aauemmuuz,mmmmmdmsmmnm
muudmmamnmx.mmzmmmum
type section.

mem:mtmmutm-ummummm
wmmmmmm:wwwl.-‘mm
68°27-1/2" N, mmmmmommhm-
mmmuwuunm.zm«mmpumwcm
ncmutmutslu.deMQ!thWm
formeticn i duplicated several times, Both the top and the bottom of
muuunm«cnunmtummﬂunanym
MWM&GWMM&QMMCMWM“NM
tiom.

The coarse clastic rocks of the Fortress Moumtain formation grade
rapidly northward inte fimer clastic rocks. The change of facies is
:mnymmnmmum«mmmhm«m
;xmmmnmupummmmmm.
siltstone, and shale. mnmuumuummm
mnmmwmummummm.mm
Mwnmhuwmm,m&—amumm Y
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similar rapid facies change was observed at Fortress Nountain where in a
distance of 2 miles a sequence of conglomerate, 650 feet thick, oa the
south side of the mountain traces into sandstome on the north side of the
mountain,

Pew stratigraphic correlations in the Fortress Mountain formation
can be made across the mep avea owing to the rapid facies changes and the
absence of distinctive and persistent marker beds, Purthermore, comsider-
able thicknesses of the formation apparently are missing locally due to
{ntraformational unconformities. Uncomformities, some with slight angular
discordance, were moted where thick sequences of coarse clastics rest upon
shale. However, none of these unconfirmities could be traced far for lack
of stratigraphic control and complete emposures, That numerous local uae
conformities occur throughout the formation is also suggested by the over-
all decrease in intemsity of deformation upward in the formation. Appar-
ently folding occurred contemporaneously with deposition.

Age
Possils are not abundant in the Fortress Mountain formatiom and the

Wummmmnummmumm
significance in determining the age of the enclosing rocks. However,
according to R.W Imlay (in press) the lower part of the Fortress Moun-
tain formation can probably be dated as early Albian based upon two
collections, one from the Kiruktagiak River comtaining Aucellina dowlingi
Mclearn and the other from the Okpikruak River containing Colvillia
srassicostata Imlay and Colvillia kemti Imlay.

Vertebrate remains were collected from the Fortress Mountain forma-
tion on Torok Creek east of Castle Mountain and were given to David H.
Duskle for examination (memorvandum, October 28, 1949). Dunkle identified
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the collection as parts of a fossil fish skeleton and referred it ques~
tionably te the Aspidorhynchidse family which ranges from Late Jurassic
te Late Cretaceous.

Out of 377 samples of Fortress Mountain formation shale that were
collected and washed for microfossils only 161 proved to be fossilifercus.
Although the microfossils are not significent in determining the age of
the Fortress Mountain formation, they are of some value in distinguishing
the lower part of the Fortress Mountain from the lower and upper parts of
the Torek formation and Namushuk group.

In this regard Bergquist states (memovandum, February 7, 1957):

In the lower part of the Torok formation and in the Fortress Moun-
tain formation the microfauna is small end in gemeral consists of

w  oceurred more often in samples of ¢
then in samples from other formations.

MmdmmmdlmWWMMth
established directly owing to the lack of diagnostic fessils, Furthermore,
the stratigraphic relationship of the Fortress Mountain formation to the
Torok formation and Mamushuk group is uncertaim. It seems probable that
mmmmmmm.Mum
Fortress Mountain marine graywacke sequence and the Namushuk group paralic
mmummumummmmummmm
at the same time. Simce the Tuktu formstion, the basal unit of the Nanu-
Mm.h“ﬂm%hﬂbi&.ﬂuwmﬂ&u!um
Mountain formation must be wo younger then widdle Albian.
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Introduction

The Tovok formation, as presently defined (Pattom, 1956, pp. 222-
223), comprises the predominantly shale sequence that underiies the
Nanushuk group in the Arctic Foothills province of nerthern Alaska, The
base of the shale sequence is not exposed but presumebly it is underlain
by Okpikruak formation and perhaps by a part of the Fortress Mountain
formation. The Torok formation does not imelude, as origimally defined
(Grye, Patton, and Payne, 1951, pp. 160-162), the sandstone, conglomerate,
and intercalated shale sequence that overlies the Okpikruak formation
and crops out along an eastwsrd-trending belt near the southern margin
of the Foothills province. This sequence is now called Fortress Mountainm
formation,

The Torok formation derives its name from Torok Creek, a tributary
of the Chandler River. The type locality is designated as Torok Creek
and the Chamdler River between the mouth of Torok Creek and the mouth of
the Kiruktagisk River. The type section occurs in cutbanks along the
Chandler River and Torok Creek between latitude 68°40" N. and latitude
68744" N, (Fig. 27).

The Torok formation occurs im the morthern part of the map ares
along an eastward-tvending belt that exteads from the Killik River nesarly
to the Itkillik River. Between the Killik and Anaktuvuk Rivers the belt
varies from 5 to 9 miles in width, but from the Amaktuvuk eastward it
sarrevs and near May Creek is less than a mile wide. On the north side,
the Torok belt is bounded by geutly dipping strata of Namushuk group. Oa
the south side between the Itkillik and Kiruktagiak Rivers it is bounded
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w.mdmmmmmm.muumnmm
been thrast northwerd onto Torok strata. Between the Kiruktagiak and
Killik Rivers the Terok and Fortress Moumtalin formations could not be
mummtwiummmuwﬂmmm
mmwmu‘mmtumm The Torok formation is
also exposed north of the main belt along the axis of the May Croek anti~
cllmthdmwtdﬁtmltmhm!WIﬁum
valley.
ammm&ummwmnﬁuwu
on the south by the ridges and mesas of the Fortress Mountain belt, has
mmmmmummummn&um
of lenticular sandstone bodies within the shale. Exposures in the Torok
h&thWﬁmﬂ‘MMMMdm
streams, namely, the Ayiyak River, Kiruktagiak River, Torok Creek,
Chandler River and Antumn Creek. No outcrops ave found in the ianter-
stresm areas.
Erevious work
mmmmmmumuum:ww
unit prior to the present imvestigations of the Aretie Foothills province,
mummmmwwm-mummm
'mwmmmamummmuummmm
series”.
ulmu.:..mwwmwmnmm
the erxposures at the type locality. He described a sequence lyimg below
the Nemsshuk group on the Chandler River, vhich he estimated to be approxi-
mately 4,700 feet thick. In 1949 this sequence was re-examined by the



author. More fossils were collected on the Chandler River and Torok
Creek, and an additional section, estimated to be sbout 1,400 feet
thick was found underlying Detterman's &4,700-foot sequemce. The com
plete sequence, spproximately 5,100 feet thick, was imcluded im the orige
mmmammmmum»m.mmum
in 1951 (pp. 160-162). However, as them defined, the Torck also imcluded
the coarse clastic rocks mow called the Fortress Mountain formatiom,
The Torok vas redefined in 1956 (Pattom, pp. 222-223) end this 6,100-foot
sequence on the Chandler River and Torok Creek was desigmated as the type
section.
Lithology

Tae bulk of the Torok formation is composed of dark-gray and dark
bluish-gray, fissile to platy soft silty shale and clay shale., lLocally
the shale is brittle and hackly fracturing., Intercalated with the shale
in subordinste emounts ave thin beds of greemish-gray to dark-gray silt-
stone and lemses,  to 24 inches thick, of darkegray dense silty lime-
calcarecus and siliceous concretions, marcasite nodules, and carbonized
plant fragments are scattered through the shale and siltstoue.

Lenticular bodies of sandstone ss much as 800 feet thick cccur
locally in the shale. Most commonly the sandstome is thin to medium
mmyswucwummnumu
dark greenish-gray. All the sandstone is argillaceous and some is cal~
carecus; porosity sppears to be negligible. The bedding plave surfaces
«mmmmmmuufmmm
ceous matter, shale chips, and ravely with chert granules. Thin lenses
of coarse eandstone and grenule conglomerate are scattered through some

69



of the sandstone bodies,

A semple of coarse sandetone from the type section was examimed
in thin section and found to have the following approximate composition:
10 per cent guart: amd quartzite, 10 per cent feldspar, chiefly plagio-
clase, 40 per cent chert and cherty siltstone, 3 per cent mafic igmeous
m,ummm,uuuummmumam.
chlorite and clays. The chlorite, clays, and calcite comprise the matrix
or bonding material and the vest of the mineral and lithic fragments oceur
as detrital graine up to 3.0 mm in dismeter,

Thickness
The base of the Torok is not emposed, therefore the total thick-

sess of the formation caunot be determined. lbmam&imml-
mately 6,000 feet thick, is believed to be about the maximmm thickness
of the Torok formation exposed in the map avea.
Contacts

The Torok formation is overlain conformably by the Tuktu formation
of the Nanushuk group. The contact is marked by sandstone on shale and
where gradational the comtact is arbitrarily placed at the base of the
lowest sandstone bed.

Stratigrephic section
The type section of the Torok formationm (fig. 19) crops out

sporadically slong the Chandler River and Torok Creek between the base of
the Tuktu formstion on the Tuktu Escarpment and the erest of & broad
eastvard-trending saticline at latitude 68°40' N. Om the Chandler, thick-
nesses of strata were computed using the average dip of the strata and
horizontal distances measured from vertical serisl photographd. Decause
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of the structural complexities and extensive covered imtervals, the thicke
nesses should be considered only spproximations,

In addition to the inaccuracies of measurements which may be intoe
duced iato the type section because of small faults and drag folds, there
is alse the possibility of a major fault and sn angular wnconformity., The
fault and unconformity have been postulated by E.J. Mumns, seismologist,
United Geophysical Company, on the basis of a reflection seismograph pro-
file across the best of Torok formation (see pp. 107-111 and figs. 28,
29 and 30). The fault, according to Mumns, surfaces between shot points
12 end 13 (fig. 29) and is steeply northward-dipping with reverse movement,
1f the strike of the fault parallels the regiomal strike of the strata,
the fault would cross Torok Creek and the Chandler River about latitude
68%1% M, and interssct the type section in the covered interval 4,800
to 5,900 feet stratigraphically below the Tuktu contact (fig. 19). Un-
fortunately the seismic reflections are of such poor quality that it is
impossible to estimate the amount of stratigraphic displacement along the
fault, The unconformity, which surfaces between shot points & and 5
uu.m.ummmmmmomuumum:-mm
interval 1,600 to 4,000 feet stratigraphically below the Tuktu contact
(fig. 19). No field evidence to support this postulated angular uncon-
formity was found along the Torok belt but the possibility cannot be ruled
out in view of the scarcity of Torok exposures.

Microfossil evidence also suggests indirectly that an unconformity
may occur within the Torok., Bergguist (1956, p. 1670) finds that through-
out northera Alaska beds equivaleat to the lower part of the Torok forma-
tion contain a somewhat differeant microfauna than the beds equivaleat te
the upper part of the Torok., In the type section the change in faunas

7



apparently coincides with the postulated unconformity. In some well logs
from the subsurface of the northern Foothills and Coastal Plain the two
faunas appear to be separated by an unconformity of slight angular dise
cordance. In other wells, however, there is no evidence of a strati~
graphic discontinuity between the two faunas (Robinson, Rucker, and
Bergquist, 1956, p. 226).

Age and corvelations

Megafossils were found at only four localities in the Torok forma-
tion. The collections, which were examined and identified by Ralph W.
Imlay (in press), include the following: Inoceramus sp. juv, <f L.
anglicus Woods, Beudsnticeras (Grentsiceras)affise (Whiteaves), Colvillis
cxassicostats Inlay, Subarcthoplites f §. gelvillensis Inlay and Gastrop-
lites cf. G. kingli Mclearn.

Imlay recognizes three faunal zones in the Torok, a lower sone of
Colvillia crassicostats, s middle sone of Subarcthoplites, and an upper
zone of Gastroplites kingi which ramges up into the Tuktu formation, The
middle and upper szones apparently are separated by a stratigraphic iater-
val of Torok formationm which locally contains Cleoniceras. Cleoniceras,
however, is mot restricted to this interval but ranges up into the
Gastroplites kingi sone. The Colvillis crassicoststs sone is represented
in the map area by a collection which was found 4,000 to 4,800 feet below
the Tuktu contact in the type section., According to Imlay this collection
is probably correlative with the only collection of ammonites found in
the Fortress Mountein formation (p. 65). Concerning the age of the lower
gone Imlay states (persoual communication, 1957):

The age of the gone within the Fortress
Mountain forma! : ' part of the Torok formation is
probably early Albian, Stratigraphic position alone, some
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mumu. also, to the early

The Subgrcthoplites uone is also considered by Imlay to be early
Albian in age because of its occurrence below Cleopiceras which in west-
Arcthoplites zome is represented in the map area by a coliection from an
isolated cutbank exposure on Pediment Creek., The stratigraphic pesition
within the Torok of this collection is unksown.

The Ggstroplites kingi zome is assigned e middle Albian age prin-
cipally becsuse of the presence of Cleoniceras below and within this
sone. In the map avea Gastyoplites kingi was found in a single collec-
position of the collection could not be determined owing to structural
complexities and discontinucus exposures.

Of the 125 ssmples of shale from the Torck formation that were
collected and washed for microfossils, 50 proved to be barren. GCollec-
tions from the rest were examined by Harlan R. Bergquist. Bergquist's
comments concerning the microfauna from the lover part of the Torok are
given on page 66, In regard to the microfauna from the upper part of
the Torck he states (memorvandus, February 7, 1957):
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According to Imlay (in press) the base of the Gastroplites kingi
megafossil sone coincides with the base of the Verneuilinoides borealis
microfossil zone.

Both the megafossil and microfossil collections suggest that st
least the lower parts of the Torok snd Fortress Mountain formations aeve
lateral equivalents. The fact that the two formations differ litholog-
ically does not preclude the possibility that they are contemporaneous.
A rapid facies change in the Fortress Mountain formation fyom coarse
clastics into shale in a northward directiom has already been described,
In view of this, it is not uaressonable to assume that wost of the coarse
clastic beds of the Fortress Mountain belt have graded into shale in the
latitude of the Torok belt, especially if the possibility of morth-seuth
foreshortening due to thrust fsulting along the boundary of the two belts
is considered.

Hanushuk Group

The Nanushuk group overlies the Torok formation and is exposed in
& broad eastward-trending belt across the center of the Aretic Foothills.
It consists of a thick sequence of mon-marine and marine strata; the
non-marine strats which predominate in the southern part of the belt
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{nterfinger vith the marine strata vhich predominate in the northern
part of the belt. mmmmmmmmm
lithologic characteristics (fig. 20).

_ww*mﬂummmmmmmu
Arctic Foothills, Howsver, the Nanushuk group as vow defimed (Grye,
Patton and Payne, 1951, pp. 162-164) is stratigraphically somevhat lower
dwmmmmtdm‘omm
Ansktuvek "series" and the lower part of his Upper Cretacecus Namushuk
"geries", mmmummnmmmu
mwwxwwm,mammummw
vised by Dettermsn (1956, pp. 233-244).

The subdivisions of the Nemushuk group that evop out in the upper
EillikeItkillik vegion are, in ascending orvder: the Tuktu formatiom,
mmmmammmm.ummm

(fig. 20).

mmmwmwwnm‘mnu
mmum.mnmmnmmmdmm
the Torok formation. xcwntam‘wmmtnwh;mm
Wummummummw Between the
WﬂlWMMMtWMMW“
mmmm.wa-ﬂm From the Siksikpuk River the belt

Wummm.mamwuw
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Creek. Tuktu formation also occurs on the flanks of the Arc Mountain
mxmmmmumumtmsym

mmmnmmmummmmm
emmmwmumwmmmamm
facing cuesta, the Tuktu Zscsrpment, which rises as wuch as 2,000 feet
above the Torok formation lowland. The same sequence of strata also
forns a hogback that surrounds the core of the Arc Mountain amticline.
In the interstream aveas the cuesta and hogback ridges ave largely
covered with tundra, except for scattered bedding traces of rubble. How=
ever, Tuktu formation is well exposed in cutbanks where these ridges are
transected by the major streams.
Lithology

The Tuktu formetion is composed chiefly of off-shore marine
sandstone which typically is thin to medium bedded, fime-grained, gray
to greenishegray, and locally calcarecus. The sandstone is better sorted
and contains a higher proportion of resistant minerals than ssndstone in
the Portress Mountsin and Okpikrusk formstions, but nevertheless it is
highly argillaceous and has a low permeability. Dark greenish-gray and
gray siltstone and mediume to darkegray clay =i silty shale are inter-
calated with the sandstone in minor amounts. Pyrite modules, small
{ronstons consretions end carbonised plast detritus are loeally sbundant.

A cursory examination of two thin sections selected from a typical
exposure of Tuktu sandstone on the Nanushuk River revesled the following
th angular to subround grains of quarts, 30 per cent to 40
per cent; chert, 5 per cent; and feldspar, chiefly plagioclase, 2 per
cent; and a matrix of sericite, fine silt, clay and chlorite, 50 per cent
to 60 per cent.
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Thickness

mm:mtmammuz.mmmum
type locality at Tuktu Bluffs, 1,350 feet thick at Gunsight Mountain
nmswum.ummam“mmm.
Contacts |

mmnmmumzmmmmu
mnmmmuuumummm The
mmtumnmmmm.mm,u
um.wnmmumm:mm. The upper
m:mmmmmnmwmwm
wnmmmumummunnmmum
Wamwmammummhmm
by a massive ledge of light-gray, "salt and m‘l“v»,w of the
Killik tongua. m,-mammmmmmsw
mwwummammamumc
"salt and pepper” sandstome.

W
mwm«mnmmmntwn.

giver (fig. 22). The Maammdmm-m-
nmum.mummummummow»
ity. mmhmﬂ“ﬂmmﬁhnwu
mungmummumnmmtmdmmm
tain syncline. mmumwmmammu

muuuummundmmmmmw-nmm
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wmotmwmmgmmummum»
mmmmu‘mmotwcmmu.mmwaw
ection. The type section on the Chandler Siver comnsists largely of
sandstone, including some coprse-grainmed and conglomeratic beds, In
mt.umwwnmwuw. shale comprises about
wmuummmﬂmwauhumm

hae

The Tuktu formation is abundantly fossiliferous, and a number of
wollusk collections have been submitted to R.W. Imlay for study. Accord-
mnmmm)mmumnum“-mnnm-nm
muot&--—oiummm.mmm
mmumawmmumummmm.
mmmmm;mmwmm Cleoniceras




mmwmnmm Bergquist (memorandum, February
17, 1957). Acwm-:muuummgmn”n.

Chandler Formation, Killik Tomgue

the two tongues, the Killik tomgue.

mmxumwmmwmm«mm
avea from & point 3 miles eust of the Okokmilaga River to the valley of
the Ithillik River. To the south it is bordered by Tuktu formation; to
.mmn«wmm“um. It also crops out in a
a-mwummmummmmmmmw
Creck and the Itkillik River valley.

Massive, resistant sandstone in the basal part of the Killik
mmmmWﬂmWMWmm
dmmmhm!m. ‘In the sves morth of the Tuktu Escarp-
munmmmwuu gently dipping beds of resistant
wﬂthM“WMQtﬁlm
m.m«mndwmm

Lithology
mmmuwumm.

i



conglomerate, siltstone, shale and coal. In most places omly the coarse
mmwmawmhdmmmmxrm
most abundant compoments, they ravely cvop out.
ummumwmewwamm
and nonemarine deposits and is charactevized by light-gray, “salt and
m«-.m-nmmm.mm-aﬂmnwm
mwu\mm.mlwquv
mvmmmzummmmamnmxw
to cosrse-grained, moderate yellovish-orange veathering "selt and pepper”
sandotone and conglomerate. The conglomerate occurs in massive beds as
muwmvmmmn»mnmm‘um
otqumwmwﬂweunﬁwu“mw
vhite quarti. Float of cosl and ironstone are found throughout the
mmmmumtm-ummw. The only exposure
umunbmcmummmmmmumm
River (£ig. 21).
mwmummmmmmmwm
examined in thim sectiocn. mummuummumw
mumummm.ummunm
mum-&m:&mm.wmwum
us&mmkﬂﬂ!ﬂtﬂtm
WWN“Mz—!mmmwhm
mummm.m.wmmm
demuvhawuumw.mﬁ
generally low.
Ihickness
mmxmnnmmmmuwumm



WWMMWM There it measures approzimately
2,800 feet.
Contacts
mwmwwmmummm
MMMMammm Bast of
mmmmmmumm&uwms
Wm«unmmumuun.mmc
wotuasm.*uxtwmd'mammmm.
muwwummwmuuwﬂu
Mwnmmamw'mcupw'm
mmmwmmummmm
muummmummmgmmﬁmw
wcmumu'ww
mmammmdmm-MW
shown in figure 21. mummmuwmw
anotmummummmama

the formation, is partislly exposed sast of the Hanushuk Biver om the
sorth flank of the Arc Mountain syncline. All of the basal 750 feet of
mmmmuawumum. The thivd sectiom

cotals 925 fest thick sad ves messured on Gunsight Mountain on Ehe Gast
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side of the Siksikpuk River,

Age

MmmthM‘m. Only two collections com
mdmtswmdﬂmmmwmm
mmmm»mmmm However, its
W.«mmmmummm
muwmnmummmmmm
late Cencmanian.

mmmumwmu:muww
«mmm'm*mmmummmw
cline west of May Cresk, This Nimuluk sequence apparently belongs to &
:mmm«mmmmwmmam
Chandler formetiom (fig. 20).

‘&thﬁlmﬂly!mmﬂmmmw
Wmmmmammwmm

Litholosy

gxposures of Nisuluk formstion in the Avc Mowatain syncline are
confined to rubble of very fime- to mediumegrained, light-gray, argilla-
mmw.muwuwtmmmw
in the foothills morth of the map arvea ere the Nisuluk is better expesed,
Mﬂounm’mmduwmammushm
(Detterman, 1956, Pp. m»m)umumumamm
wummmmunm
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The maximum thickness of the Ninuluk formetion that is preserved
in the Are Mountain syncline is appromimately 1,200 feet,

Sogkacts
mmummuzmmm-cmmmmam

mmmommammmwﬂmm;m
.emmam‘hmmwamuwum
glomerate. mumacmh-umm:;ummmmm
mmmmmammwmmmn
~ that the contact is gradatiomal.

Stratigraphic sections

The 1,200-foot section of Mauluk formation, shown in figure 21,
mmuthnpuyunm-onhtwammrhnuhm-
cline in the May Creek basin.

Age
Five fossil collections of pelecypods from the Nimuluk formation

were examined and identified by R.W. Imlay (memorandum, April 29, 1953).
m.mmmem.nmmmmmmn
mmamucwnmmnmammam
mumcmmmmwmmumw
formation of Canada of Cenomanian age. In reference to the age of the
Ninuluk formation, Imlay and Reeside (1954, p. 243) say:

o e S

the lower part of the Upper Cretaceous sequence



The Winuluk formation could not be sampled for microfossils inase
mech a8 rocks suitable for this purpose do wot crop out.

Quaternary Unconsolidated Deposits
Upland Gravels

Large areas of bedrock near the mountain froat between the
Okokmilags and Sikeikpuk Rivers are obscured by gravel deposits which
are designated herve as upland gravels (plate 1). These gravels occur on
the interstresm divides where they mantle remnsnts of an erosional sur-
face of probable pre-glacial age.

mwmwnmwmhuum
hesd of the Ayiyak River. There the gravels blanket a surface that
-mmummunu.mmaa.mm»mm
front to an altitude of 2,300 feet 10 miles morth of the mountains. At
:mmmmmmmummumm‘m
long finger-like remmants project northward along the interstream divides,
mma’wmmum.mummum
Chandler River valley till sheet along the Chandler-Kiruktagiak divide
and the Chandler-Siksikpuk divide.

Elsewhere in the map area near the mountain front, small patches
uqmmmmmmmmm.mm
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as they do ot obscure sizable tracts of bedrock they have not been
napped.

The gravel-covered upland surfaces are believed to be remmants
of a broad pledmont slope that bordeved the morth front of the Brooks
Range in pre-glacial time. The vemmants of this surface are now much
wodifiad and, although st a distasce they appesr as & gently vorthward
sloping plame, sctuslly they ave made up of numerous slightly differemt
terrace levels. The uplend surfaces are typically poorly drained and
are covered vith a thick mat of tundrs vegetation. In serial photographs
mmmumwumwmunww*
drainage pattern and they cem be outlised by the stony patches that
oceur axound the rims of the surfeces where the vegetation cover is
thin,

The upland gravels ave composed chisfly of boulders, cobbles, and
sebbles of quartsite anbedded in send and silt. The quartsite appevently
wes derived from the belt of Kanayut couglomerate (Devonian) that crops
out on the morth flank of the Brooks Renge. Boulders of quartsite up to
several feet in diameter occur even at the northermmost extent of the
deposits. ibeve exposed along the dissected margins, the gravel deposits
ave as much as 50 feet thick and locelly show crude stratificatiom.

mmm&mwmmnmummm
detail to permit the writer to speculats with any degres of certainty
mwnm-tmmmmmwnmm
probably outwash. m,aummmmwuung
or eatirely pre-glacial pediment gravels. If they are glacial deposits
they must be velated to an early ice sdvance, since they obvicusly pre-date
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the fresh till deposits alomg the major river valleys. It is thought that
m.mm;m-mmmmzmmmmm
wountains across a pre-glacial pledmont slope which had much less velief
then exists in the foothills todsy. Probably the ice filled the shallow
uxmumuumnmwmdhsuﬂmm.um
from the margine of the ice was spilled across the lovw interstream divides
into nonglaciated tributaries like the Kiruktagisk and Siksikpuk Rivers,
mmgmmmmummmum
the local base level so that the outwssh deposits on the piedmont slope
mdmm.ﬂmmw:m:mm:mm
drainage divides.
Glacial B it

peposits of fresh, ummodified glacisl drift blanket about 20 per
cent of the map areas. During the course of field mapping very little
time vas available to devote to these deposits and they have been mapped
chiefly from aerial photographs. Patches of older wodified drift were
observed over 2 much wider area but, inasmuch as they do not obscure
mummumummmntmw.

The unmodified glacial deposits occur alomg the valleys of the
major rivers. On the Killik and Itkillik Rivers they extend from the
mountain fromt to beyond the northern edge of the map area. On the
MmmmuuMumnmqu.u
the Okokmilaga, Chandler, and Nanushuk Bivers, they were found 10 to 13
miles morth of the mountains. The deposits extend up the sides of the
mma—wux.mmmmmnmmu. In places
2 coalescence of tributary glaciers with the main glacier to form a
piedmont lobe has left broad bands of drift along the mountain fromt.
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The glacial deposits are comprised chiefly of eill, although local~
1y they probably contain small sveas of stratified drift including oute-
wash, The till is an unsorted aggregste of bouldavrs, cobbles, pebbles,
sand, silt, and clay. The course fraction is chiefly quartsite derived
principally from the pre~Lisburme group strats im the Brooks Range. How-
ever, Lisburne group limestone and Mesosolc sandstone occur in subordimate
amounts, The drift deposits do not appear to be over 50 feet thick ex~
cept locally along morainal ridges where they may be as much as several
hundred feet thick.

Floodplain Deposits

Alluvial deposits of gravel, samd, and silt occur on the flood-
plains of the modern streams and have been mapped oun plate 1. locally
these deposits cover sizeable aress, as for sxample along the lower
Okpikrusk and Okokmilaga Rivers where the floodplain is more than 3 miles
wide, and long parts of the Siksikpuk River, Kanayut Creek, Nasushuk
River, and May Creek where the stream bed gravels spread laterally scross
the stream valloys to widths of over & half mile.

The average grain size and composition of the floedplain deposits
vary from place to plece, depending upon the local gradieat of the streanm,
the velume of water, and other factors. However, there is am overall
diminution in size northward, and whereas Faleowwic limestone and quarta~
ite detritus is wost abundant near the wountaims, Mesosoic sandstone and
chert detritus predominates in the northera part of the map ares.

Pine-grained brown silt deposits, probably of lacustrine origin,
are also included in the floodplain deposits, They occur in a belt three-
fourths of a mile wide along the Okokmilaga River from beyond the southera
edge of the wap to latitude 68°27' N., vhere they appear to terminate against
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a recessionsl moraine, The river is imcised spproximately I35 feet and
the silt is exposed in cutbanks. Arems slong the Okokmilags floodplain
which are underlain by the silt deposits have a thermokaryst topography
that is characterized by small thaw lakes snd polygonal nets.

On serial photographs similar lscustrine silc deposits weve ob-
served along the Killik River extending from the western adge of the map
mmxma*n'm,mm~wummnm
al moraine.

The entire map avea is underlain by permamently frozes ground
(permafrost) to an unknown depth. Blocks and wedges of ice are found
in & mmber of locslities where cutbank exposures of unconsolidated de-
mm.mumuuwmwmm. several well-preserved
-ummmmmmmmcwmmwa
River and om Ivory Creek, & smsll western tributary to the lower Kiruk-

Igneous Bocks

Nearly 100 small sills and sili-like bodies of diabase and basalt
mmmhmmmummm«mu. They
are confined to the Fortress Mountain belt and occur chiefly in the
Tiglukpuk formation and the tuffaceous graywacke umit, slthough a few are
kmown to intrude the Lisburme group (figure 23). Individual sills have
mammmmmmw»;mu-uuhxumm
rarely do they exceed a few hundved feet in width, BSinee the igneous
mumuymmmmmmmmmwmm.m
.xmmmamwwunmunwmm.
nm»mm»ummmmpmmu



Fig. 23 S5ills of mafic igneous rock (Jir)
intruding Tiglukpuk formation (Jti) on
Tiglukpuk Creek



diabase and basali. uumnmmmmmm. & prom=
mwmmumumuumlakumum:-
tude 68°36' N. Another mekes & low rounded hill on the west side of the
mmumnmwﬂ'u’l.ﬂmu-unuucm
ozmuummcmumswumawmww H.

umummummmmcq«mmmm:
MWHM“‘M&M&MMU:)M&
Moreoever, Mmmtym-uuwmmmn
tundra.

meum-mwmmmnucm.. They appear to
umamu&mmammmm.
umammmmmu-muuummma
smuumdymwdmmmmummm-m
found within the sills. !nuﬂnﬂmchmylwdﬂmw
mumwmum:maumm. However, the
mwmwmmmxumiwmncm
gives in inconclusive.
mmmmmezmmmmm«
are believed to be partly extrusive and partly imtrusive. Definitely in-
m&nummmnm“mmudmlmmam~
tude 68°30" N. on the Kiruktagisk River. Horseshoe Mountais, on the other
w.muumwnmumwuzm
sandstones, breccias, tuffs, and flows,
Lithology
mwmugmundmmmmaemmum
abundance of albite might be tevmed spilitic. Practically all of the vock



shows alteration to some extemt, The rock is characteristically dark
quuthmmﬁmwwuthmh
ered surface. x:upmxycmnwuwm
locally is sphanitic, porphoritic or coarse-grained. Vesicles and
mmmﬂhmipm.

amtmmm.teh-wwmnmum
examination. Mawm:ukuhmoﬂdmun:mt
;mmmmmummwmmmzmmumn
and secondary minerals. Ophitic and subophitic textures were noted in
some sections. The plagioclase is chiefly albite, which may be the altera-
tion product of a move caleie plagioclase, In some specimens the albite
{teelf is partially alteved to chlorite, clay, and carbenate minerals and
the augite commonly has been partially replaced by chlorite, Other identie
fiable minerals include magnetite, apatite, quarts, sphene, pyrite and
hornblende.

Age

The mafic igneous rocks arve probably of latest Jurassic (Portlandiant?)
age. mm—twcuzmmwumueuwm
tion (Oxfordian to Portlandian). Coarse detritus of mafic igneous rock,
tmuuxhchmtuutuuwim.mumhm
Okpikrunk formation (earliest Cretaceous). Sedimentary rocks intercalated
n:h—tuwxmummmmummua the tuffa-
coous giaywacke unit which is believed to be latest Jurassiec (Portlandian?)

in age.



Geologic Map and Cross Sections

The structural features which are shown on the geologic map (pl. 1)
and on the 8 generalized northesouth cross sections (pl. 2) are necessarily
Mghly interpretive owing to the general scarcity of exposures in the
map area, the lack of stratigraphic control and the complexity of the
structure, There was not sufficient time in the field to examine all
exposures and to trace out the contacts and faults, so many of the struce
tural interpretations are based upon aerial photo observations. In &
number of places, lithologic units and structural features which were
observed on stream cutbanks have been extended along the regional strike
across poorly esposed interstream areas. This seems justified in view of
the apparent persistence of the structural and lithologic features through-
out the best exposed parts of the map area.

Only a few of the several hundred strike and dip observations
that were used in compiling the wap and sections are shown on the finished
map.e

The faults shown on the map and sections are rarely exposed in
the £ield and are based largely upon inference, Most of the faults
north of the wountains are interpreted as high angle, which is the nature
of the few faults that are exposed, A high angle would be consistent
with the relatively straight trend of the fault traces even in areas of
considerable relief, However, as will be discussed later, there is reason
to believe that some of these faults may flatten at depth and merge into
a few hrgn flat sole thrust faults,

The smallescale folding shown in the cross sections within the
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belt of complexly deformed Mesozoic and late Paleozoic strata adjacent
to the mountains and in the belt of Torok strata is largely diagrammatic.
However, mmwdmumwmuutmuem:mx
planes are based upon field obsexvations.
Begional Setting

The upper Killik-Itkillik region falls within two of the major
tectonic elements of Alaska, the Brooks Range geanticline, an east-
treading linear positive element composed of highly folded and faulted
pre-Mesozoic strata, and the Colville geosyncline, an east-trending
negative linear element in which a great thickness of Mesozoic sedimentary
rocks are preserved (Payne, T. G, 1955), From the axis of the Brooks
m..mlttelmﬂtthnmnro!mmm-mtheauof the
Colville geosyncline along the Colville River, the regional dip is northe
ward, exposing progressively younger rocks,

The map area can be subdivided inte five narrow, east-trending
structural zones which are, from south to north:

Structural zone I: A belt of thrust faulted and folded strata
of the Lisburne group along the front of the Brooks Range.

Structural zome II: A belt of complexly folded and faulted
Mesozoic and late Paleozoic rocks adjacent to the wountain front.

Structural zome III: A belt of folded and faulted Fortress
Mountain formation.

Structural zone IV: A belt of intensely crumpled strata of the
Torok formation.

Structural gone V: A belt of gently folded beds of the Namushuk
group.

. Each of these zones is a more or less discrete structural wmit.
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Struetural Zone i
General Features
mmmuutmtthol.m-tm.wmmu
ahltwuw-ﬂuw“l,mﬂ,dﬁnmﬂl!mtﬂ'u“’uu.l).
ummﬁmmwnm«mmmuum
ﬂd:xmcthuhtuummumﬁcmw-lm
However, detailed stratigrephbic measurements at several points along
eummmmmm:emummunxyz.mu
3.mmammnmmmmwmmmmmu
thrust faults (Brosge, W, P. and Reiser, N, N., personal commuaication,
1951). Many of these imbricate thrust faults are parallel or nearly
mxuxummpmmmmnmmt
wmmmwnmtm. As no detailed studies of these
rocks were undertaken, data are insufficient to permit delineation of
¢he many faults. that probably occur within the Lisburae belt.
Local Details
Okpikruak River to Chandler River
mmgmmmtmummmmu
wmmr-mmvmuummu. The distribution of
wmmmmmm-n.xmwn
Wiﬂdmulmu. The nature of the upper contact
of the Lisburne group along this part of the mouatain front is nmot known.
hmm-mdmmmum.mmmw
to have beea thrust upon Siksikpuk and younger formations, The upper
;m.nmmmmlymwuum.mamm
folded into an esst-trending anticline, At the head of the Kiruktagiak
nmmunm«umommamummmm
ridden (relatively speaking) the foothills belt strata (pl. 2, section
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B=B')., Two miles south of Monotis Creek this sheet of Lisburne group
has been eroded away, exposing beneath it a small area of couwplexly
folded rocks of the Tiglukpuk, Shublik and Siksikpuk formations and
Lisburne group. The trace of the fault plane is shown in figure 24,
The fault plane appareatly has been folded; north of the eroded area it
dips north beneath the foothills, but on the west and south side, it
appears to dip gently south, The northward exteant of the upper plate is
not known because the fault plane, if it reappears at all, cannot be
specifically identified awong the many faults that bave been mapped in
the foothills belt,

From the Kiruktagiak River to the Chandler River the contact of
the Lisburne group in the Brooks Range and the younger rocks in the
foothills is obscured by a mantle of glacial debris,

The belt of Lisburne strata at the mountain front between the
Chandler River and Tiglukpuk Creek was not visited in the field, but
has been mapped from serial photographs. Socme strikes and dips and
faldmttlutmobu:ndummmm;h:zdumm.
In several places rocks of the Lisburne group appear to be thrust onto the
younger rocks of the foothills.

At the head of Tiglukpuk Creek the Lisburne is folded into an
asymmetric amticline, the north liwb of which is nearly vertical and
locally overturned. The axial trace of the anticline lies about a mile
south of the mountain front and can be followed east-west for a distance
of 9 miles, West of Tiglukpuk Creek the anticline terminates by plung-
ing westward bemeath younger rock of the foothills. East of Tiglukpuk
Creek the anticline appears to be overturned and two small westeplunging
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subsidiary anticlines occur on the north flank.

At the mountain front south of Matvakruak Lake, Lisburne strata
hmhmthmt!mltummumn. The fault plane is exposed
in several places and has an average south dip of 16° (fig. 25)., A short
distance morth of the mountain front, three small klippen of Lisburne
rocks 1ie on Siksikpuk and Shublik strata, Acother much larger outlier
otmmmuQMnm:uSﬁmmm:oflnmm
may also be a klippe, but since it is entirely surrounded by glacial
drife, the structural relationships to the underlying strata are unknown.

Glacial drift covers the foothills strata along the wmountain
front from the Anaktuvuk River eastward nearly to Erratic Creek. At
meum:m-cuuo!mmeWthmmt
with the Shublik formation (pl. 2, E~E'). Between Erratic Creek and
Welcome Creek, the Lisburne group is folded into a broad, asymmetrical,
west-plunging anticline. On Welcome Creek at the mountain front, the
Lisburne group appears to dip northward normally beneath the Shublik
formation at an angle of about 70°.

Ltmmuutm:nthmnm. rocks of the
Lisburne group are faulted against the Shublik formation. A mile morth
of the mountain front there is a wishbone-shaped outlier of Lisburne
group that appears to be the west-plunging nose of an anticline. The
Lisburne outlier is flanked by the Shublik formation, and the Shublik
formation alse occurs along the axial region of the anticline, Between
mmmuvuumwmmnmtmgmu
also exposed along the axial gone. The outlier is interpreted (section
F-F', pl. 2) as & thrust plate of the Lisburne group, which rests upon
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Fige 25 Thrust fault at mountain
front south of Natvakrusk Lake.
Overturned fold (in rocks of lLis-

burne group) thrust upon Siksikpuk
formation



-mpuuum“mmm.ﬁmumm pon the
Tiglukpuk formation. Both the Lisburme thrust plate and the Bhublik
mphumummuwuunmmm-.mm
mmm:mepumwummwmmum
anticline,

MMW”MWMt&WM“
mw:&uumnumuummmmmmﬁm
uco!tmhmlm&ﬂmt-MMMu. At
mmmmmmmmmmm&mmm
mmmmmwmuw&uummu
mwm,mwmmuuwm
(velatively speaking) oato the Okpikruak formation.

Structural Zoue II
General Features

Structural sone II, an eastetrending belt of complexly folded
.dmmmumm.mmumuapwbym
mmtmummcummwmwam:am
momuummu@mn. West of the Siksikpuk River
uuuuuﬂmm.mumu.mchutmmm
miles east of the Nanushuk River. it is comprised predominately of
m«uuu.ummmmwummmm.mum
mmmmwswm,mmm.m-m

numu'wu..ummnmma-ﬁwmm
wpam-.pm-mm.u'wu.mm.u‘wu.
mmmamnumwummu.
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tightly appressed folds and closely spaced faults., The folds are generally
overturned to the north, commonly isoclinally, The faults are chiefly
mmhwmmm.mmmmwcm
strike-slip faults were also noted,

The small folds and faults occur in nearly every outcrop but are
far too numerous to be plotted on plate 1. Only a few of the more signifi~
cant mmmuummmuupm 1.

The wtmlu.hmuphuinmmmmmcf
the belt are generslised and actually represent a zone of numerous
closely spaced faults, each of small individusl displacement. On the
M&M!ulummwlmddumlyemlﬂmh
containing a number of ssall up -faulted slivers of Lisburne group and
Shublik formatiom.

The various formstions that ¢rop out in structural some 1I are
grossly distributed along several east-trending bands, suggesting that
broad structural highs and structural lows are superimposed upon the
small closely spaced folds., The structural lows are marked by bands
of Okpikrusk formation, Fortress Mountain formatiom, and undifferentiated
Okpikrusk and Tiglukpuk formations; the structural highs ave indicated
by bands of Tiglukpuk formation and scattered exposures of pre-Tiglukpuk

strata.

Local Details

Setween the Okpikruak and Chandler Rivers, the morthern margin
dctmmmnwuumnmmcmmwum
formation. Several small slivers and fault blocks of pre-Tiglulpuk
strata are scattered along the south side of the thrust fault., Bordering
the fault is @ 3-mile wide band, mostly of uadifferventiated Tiglukpuk
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Fig. 26 Fault sliver of limestone of the Lisburne
group at the Kiruktagiak Noteh



and Okpikruak strata, which appears to define a structural low. Exposures
along this band are poor, end the Tiglukpuk and Okpikruak formations
could not be differentiated except locally aleng the Okpikruak River and
east of the Kiruktagiak River. Between the Okpikruak and Ckokmilags
Rivers, this band is adjoined on the south by an eastetrending structural
bigh along which two narrow, faulted strips of pre-Tiglukpuk formation
ave exposed., South of the high there is another structural low which is
warked by an east-plunging syncline of Okpikruak formation.

East of the Okokmilaga River the broad structural features in
the southern part of structural zone 1II are obscured by glacial debris
and the upland gravels. A large mass of mafic igneous rock and a
mumdmu:hummnynﬁnumtmlush that
crosses the Kiruktagiak River about lat., 68°30' N. The appavent wrap-
around of Okpikruak formation between Speedway Creek and Castle Creek
indicates that this high probably plmu‘ southeastward, Another structural
high may cross the Kiruktagiak at the Kiruktagiak Notch, lat, 68°25" M.,
where a thin fault sliver of Lisburne group and mafic intrusive rock form
a wall-like ridge across the valley of the Kiruktagiak River (fig. 26).

Along the northern margin of structural zome L1 from the Chandler

River eastward to the Siksikpuk River and beyond, the Tiglukpuk formation
seems to be in normal contact with the Fortress Mountain formation, although

the contact is offset nearly a mile and a half by & transverse fault
two miles cast of Autumn Creek.
The northera part of structural sone I between the Chandler
River and the Siksikpuk River is dominated by a structural high along
which the Tiglukpuk formation, mafic intrusive rock, and small slivers
of Shublik formation and Lisburne group are exposed, South of this
28



high there is a structural low marked by an elliptical-shaped mass of

the Fortress Mountain formation that rests unconformably on older strata.
mm&annttolumm:mummwr

River and Confusion Creek was not visited in the field, However, in

aerial photographe it has the same texture and grain as contiguous

areas to the east and west and, therefore, probably is also underlain

by complexly deformed Tiglukpuk, Okpikruak, and older formations.

From Tiglukpuk Creek eastward to beyond Natvakruak Creek the
mmnmmdummlmum»u fauited against the
belt of Fortress Mountain strata. Several tiny fault siivers of the
Lisburne group occur a short distance to the south of the fault coatact,

mmsn:mmuxzofm-mmxmuum
mlmtwmmumommlyw. They appear teo
be chiefly interfolded snd interfaulted Tiglukpuk and Okpikruak strata
and are probably grossly synclinal in structure. in the southern half,
the rocks are well exposed. There the structure is dominated by the
Tiglukpuk Creek anticline of the Lisbumne group (pl. 2, D«D'), Near
Confusion Creek the north limb of the Tiglukpuk Creek anticline apparently
ﬂmmmrdhmumrm.mm.u& limb seems to pass
into a fault sliver that cam be traced beyond Encampment Creek. The
structure at the east end of the anticline is complicated by two transverse
faults. The structure of the Lisburne block that lies between the two
faults could not be determined, but beyond the easternmost fault the
anticline appears to be east plunging. Between the anticline and the
mountain front is a belt of post-Lisburne strata which, although compli-
cated by small folds and faults, is grossly synclinal, The axis of the
Wline’rmuemowm”mmamm&
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where a thick sequence of Okpikrusk formation is preserved.
Angktuvuk River to Itkillik River

From the Anaktuvuk River castward to the Itkillik River, the
mmofmmulmnummhyamnulum
wide consisting of highly deformed Tiglukpuk strata. Along the creeks
mwummmtumnwummm
Fortress Mountain strata appears to be faulted. Faulting along the northem
.mafmu-pmuuunmmmwmmmumnum
Kanayut Creek and the Nanushuk River by a divergence in trend of the
Fortress Mountain strata and the northern margin of the complex belt.
The Fortress Mountain strata have a regional northeasterly strike; the
margin of the complex belt has a northwesterly trend.

A structural low along the center of the structural szome II is
defined by an eastetrending band of undiffereatisted Tiglukpuk and
Okpikruak formations between Kanayut Creek and the Hanushuk River, and
by an infolded mass of Fortress Mountain formation east of the Nanushuk
River. The rocks in the western part of this belt are poorly exposed.
However, on Cobblestone and May Creeks the highly folded and faulted
Portress Mountain and older formetions are well expesed ia cutbanks (sece
tion G-G', pi. 2).

A band of Shublik formation crops out at *'e southern edge of
structural zome II between Kanmayut Crock and May Creek. At the north
edge the Shublik formation is thrust upon Tiglukpuk and Okpikruak
formations, and at the south edge the Shublik formatiom is in both
fault and normal contact with the belt of Lisburne group that forms the

mountain froat,



Structural Zone II1
General Features

The belt of Fortress Mountain strata which comprises structural
gone IIL is & to 10 miles wide and extends eastward across the center of
the map area. West of the Nanushuk River the structure along this zone
is dominated by several broad, open, east-trending synclines, such as
at Castle Mountain and Fortress Mountain, and by smaller asymmetrical
anticlines and synclines, gemerally with steepened north flanks, East
of the Nanushuk River, the Fortress Mountain strata evidemtly have been
more tightly compressed because they are characterized by isoclinal
folds and numerous high-angle reverse faults,

A fault is inferred along the northern coatact of structural
zone 111 from the Kiruktagiak River to the Itkillik River, because
of the occurrence of slivers of pre-Fortress Mountain strata and
anomalous stratigraphic and structural relationships at scattered ex-
posures along the contact., West of the Riruktagiak River, exposures
along the northern margin of the zone are lackiog and the nature of the
Fortress Mountain-Torok contact is uncertain.

Local Details

Skpikruak River to Ayivek River

West of Canoe and Fortress Creeks the structure of zome III is
obscure because of lack of exposures, Un the Okpikruak River two folds
were observed, an anticline at lat. 68°37%"'N., and a syncline at lat. 68°
384%'N, Oa the Okokmilaga River an easteplunging syncline is exposed at
tat.68°37'N, None of these folds could be traced far from the rivers.

Between Canoe Creck and the Ayiyak River the rocks of structural
zone LIl ave better exposed. The noses of two westeplunging synclines
form the Canoe Hills mr the head of Canoe Creek at lat. 68°36%'N. A
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thrust fault, inferred from stratigraphic relationships within the Fortress
Mountain strata, is believed to cross Cance Creek a mile north of the
Cance Hills and extend eastward beyond the Ayiysk River., On the north
side of this fault a grouwp of hills, called the Tundra Bowl, are
composed of highly deformed Fortress Mountain strata. Owing to the
structural complexities and the lack of marker beds, the structural
details of these Tundra Bowl strata could not be delineated except for

a single moderately appressed aaticline, the axis of which is shown on
the map (pl. 1) at lat. 68°38'N. and loug. 152°53'W. On the south side
of the fault there is a structural high along which Tiglukpuk formationm
and small fault blocks of Lisburne group occur. Between this high and
the southern margin of the zone is the Fortrese Mountain syncline, a
broad east-trending fold im which several thousand feet of strata form a
prominent mesa-like mountain. At the west end of the syncline near
Fortress Creek, the Fortress Mountain strata wrap around and plunge
eastward, MHowever, at the east end near the Ayiyak River, the syncline
appears to have been overridden by the east-plunging end of the Caotle
Mountain syncline and a narrow band of pre~Fortress MounLain strata. A
thrust fault bounding the band of pre-Fortress Mouatain strata is inferred
between Chert Creek and the Ayiyak River. The south limb of the Fortress
Mountain syncline near Chert Creek apparently bas been buckled and bent
from the original east-trend to a north-trend parallel to the fault and
the east-plunging end of the Castle Mountain syncline. This suggests
that the Castle Mountain thrust sheet rode against and crumpled the south
limb of the Fortress Mountaim syncline.

Between the Ayiyak and Chandler Rivers, structural zone ILIL is
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dominated by a broad synclinal basin in which more than 10,000 feet
of Portress Mountain formation is preserved. The axis of this struce
ture passes through Castle Mountain., Near the Ayiyak River the Fortress
Mountain beds wrap around and the syncline plunges eastward, East
of Castle Mountain the form of the symcline is less obvious; the upper
beds of the formation on the east face of Castle Mountain appear to
wrap around and plunge westward, but the lower beds which are exposed
along Torok Creek and the Chandler River strike nearly due east., The
syncline is bounded by a fault, inferred to be a thrust, and by a thin
strip of pre-Fortress Mountain rocks aleng the north and west margins.
‘The south limb of the syncline sppears to be partly faulted out by an
overriding thrust sheet of structural sone 11, Attitudes of the wpper
beds of the Fortress Mountain formation that crop out at the top of
Castle Mountain are gentle and regular. By contrast the lower Fortress
Mountain strata are more highly deformed even along the synclinal axis.
Locally, some of the lower beds are overturned, It is believed therefore
that folding was progressive and was in part contesporaneous with
deposition.

The thrust fault that bounds the Castle Mountain syncline onm
the west and north probably continues eastward beyond the Chandler
River, as suggested by scattered exposures of pre-Fortress Mountain
strata along a narrow east-trending band. Another fault along the north
margin of the structural zone III is indicated by the structural
relationships of the Torok and Fortress Mountain formations and by
the presence of scattered exposures of pre-Fortress Mountain strata.
The narrow strip of Fortress Mountain formation that lies between the
two faults appears to dip predominantly southward, although two swall
reversals were noted on Torok Creek.
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The structure of Zone III between the Chandler River and the
Anaktuvuk River is not well known because exposures are scarce. Thin
slivers of pre-Fortress Mountain strata crop out along the northern
margin of the belt, and the two inferred faults north of Castle
Mountain are believed to continue eastward beyond the Siksikpuk River,
They may converge east of the Siksikpuk, because on Desolation Creek
the Torok and Fortress Mountain formations appear to be separated by
only a single narrow strip of older rocks. South of the fault within
the hlt of Fortress Mountsin strata only a few structures are exposed.
A small doubly plunging syncline occurs on Autumn Creek near the southern
margin of the belt. The axis of this syncline is offset a mile and 2
half by a northwest-trending cross fault. Another small syncline
was noted on the Sikeikpuk River close to the southern margin of
structural szone 1II, but it could not be traced far from the river
for lack of exposures. Two small folds were mapped along the southern
wargin of the zone between Tiglukpuk Creek and Natvakruak Creek. Pre-
Fortress Mountain rocks are exposed along Natvakruak Creek at latitude
68°28-1/2" N., but their structural relationship to the surrounding
Vortress Mountain strata is obscure owing to cover.
Anaktuyuls River to Itkillik River

The rocks of structural zome 1II are not well exposed east of
the Anaktuvuk River and are more highly deformed than to the west., A
fault along the northern margin of the zone is indicated by the structural
and stratigraphic relationships of the Torok and Fortress Mountain forma=
tions, and locally by the presence of pre-Fortress Mountain rocks,

Bast of the Nenushuk River strata of the Fortress Mountain forma-
tion forms a series of northeast-tvending ridges. The esposed beds are
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tightly compressed and dip between 50° and vertical. Folds are commonly
isoclinal and overturned to the north, Reverse faults that bring te
the surface swall slices of pre-Fortress Mountain strata occur within
and along the aorthera margin of the zone.

Stxuctural Zope IV

A belt of Torok formation which comprises structural zone IV,
extends from the northwest corner of the map area eastward to the Itkillik
River valley. It is bounded on the south by the Fortress Mountain
formation and on the north by the rocks of the Nanushuk grouwp., From the
Killik River to the Amaktuvuk River, zone IV varies from five to eight
wmiles wide, East of the Anaktuvuk River it gradually narrows, and is
three miles wide at the Nanushuk River and less than & mile wide at
May Creek.

The Torok formation, composed chiefly of soft shale, has been
deeply eroded; exposures are limited to scattered cutbanks along several
of the northe-flowing streams. No outcrops were found in the inter-
stream areas.

The incompetent Torok strata are tightly crenulated and faulted
except along the north margin of the gone where they lie close to or
beneath the competent sandstone of the Tuktu formation. The complexity
of structure, absence of stratigraphic marker beds, and scarecity of
exposures make it impossible in most places to outline the broad structural
features of the zone. One anticlinal fold is shown on plate 1 extending
ecastward across the middle of the belt from the Ayiyak River to the
Chandler River, The position of the axis has been interpreted oa the
basis of small crenulations in the shale, believed to be drag folds,
which are exposed alomg the Ayiyak, Kiruktagiak and Chandler Rivers,

105



and Torok Creek (fig. 27). North of the axis most of the crenulations

have steep south 1imbs, and south of the axis most of them have steep

north limbs, The axis of the anticline could not be traced west of the

Ayiyak River or east of the Chamdler River for lack of exposures.
Structural Zone V

The Torok formation is bordered on the north by structural zone
V, & belt of Nanushuk group rocks, 30 to 40 miles wide, which is
characterized by open folds and gentle dips, Only the southern edge
of this zone is included in the upper KillikeItkillik map avea.

In the map area west of the Anaktuvuk River, structural zone V
is dominated by the Tuktu Escarpment, composed of north-dipping Tuktu
and Chandler formations., The Escarpment occurs on the south flank of
a broad regional fold, the Ayiyak Mesa syncline, the axis of which
lies about 15 miles north of the map area.

From the Anaktuvuk River eastward, the Tuktu Escarpment follows
the south limb of the Arc Mountain syncline. The dip of strata ine
creases from 25° to 30° N, to vertical. The two folds morth of the
Escarpment, the Arc Mountain syncline and the Arc Mountain amticline,
are typical structures of this zome. The anticline is narrow and
sharply creased and the syncline is broad and flat bottomed (sections
G-G' and HeH', plate 2). Both folds are asymmetric, with the axial
planes inclined to the morth., The syncline plunges gently eastward
from Kanayut Creek to beyond May Creek. The anticline plunges west-
ward between the Nanushuk River and Kanayut Creek. However, from two
miles west of the Nanushuk River to Kanayut Creek, the axis of the
anticline is broken by a fault that appears to be a thrust, The fault

presumably has a maximum stratigraphic displacement of from 1,000 to
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1,500 feet, because steeply dipping beds of middle Chandler formation

on the south side of the fault are in juxtaposition with gently dipping
beds of uppermost Tuktu formation on the north side of the fault. Although
the anticline apparently does not terminate by eastward plunge within

the map ares, it may do sc beneath the Itkillik valley till sheet, The
anticline is not traceable on aerial photographs east of the Itkillik
valley., Along the axis of the anticline, shale of the Torok formation

is exposed, The shale, owing to its incompetent character, is crenulated
and broken in contrast to the regular strata of the overlying Tuktu forma-
tion.

Structural Zone IV

Puring the spring of 1952 a reflection seismograph survey was
conducted across structural zone IV, the belt of Torok formation, by
the United Geophysical Coumpany for Arctic Contractors (E. i!‘ Wunns,
1952)., The general purpose of the survey was to determine the structure
of the Torok belt, and specifically to test the possibility of a major
structural reversal in the subsurface corresponding to the asticline
mapped on the surface between the Ayiyak and Chandler Rivers at latitude
68° 40' N, (plate 1). Three separate traverse lines were shot across
the Torok belt. Their location is shown in figure 28, Line 1, with an
average trend of N, zd‘:;. lies along the drainage divide between the
Ayiyak and Kiruktagiek Rivers. Lime 2, with an average trend of N, 35° K.,
extends from s point four miles north of Castle Mountain to a point onme
mile south of the confluence of the Kiruktagiak and Chandler Rivers.
Line 3, with an average trend of N. 50 01.1. starts on the drainage
divide of the Sikeikpuk and Chandler Rivers and terminates at the Siksikpuk
River near the mouth of Autumn Creek, Line 1 is the only line that
completely crosses the Torok structural belt. HNone of the 3 lines gives

107



a true cross section of the sone, since they deviste as much as 67%from
perpendicular to the regional strike of ¥, 85°W. Results of the
seismic survey in general were not satisfactory. According to the
seiswologist, E. J. Mumns (1952), this was chiefly because the
highly cremulated shale of the Torok formatiom at and near the surface
tended to absorb much of the seismic energy. 8o few satisfactory
ummmnunltmmnpﬂhuﬁnnlu
in interpreting the subsurface structure., The results obtained
along lines 2 and 3 were better although the bulk of the reflections
are classed by the seismologist as poor or questionable, and no
continuous horizons could be drawn, Profiles prepaved by United
Geophysical Company along lines 2 and 3 ave shown in figures 29 and
30, For comparison with the surface geology see cross sectioms

B-B' and C-C*, plate 2.

In the profile along line 2 therse is no welledefined regional
reversal of dip corresponding to the anticline that was mapped at
the surface. However, a small fold may occur between S.P. 16 and
8.0, 22 from the surface to 7,000 feet below sea level. To agree with
the reflections shown on the profile, this anticline would be asymmetri-
cal, with the axial plane dipping south about 55°, and would have a
nearly horvizontal south limb,

Worth of S.P. 12 along the line 2 profile, the subsurface
reflectors to a depth of 4,000 feet below sea level dip steeply north-
ward, At 4,000 feet below sea level there is an abrupt discordance
below which the reflectors dip gently southward, lMunns has dvawn e
southwardedipping thrust fault along the line of this discordance.
South of 8.P. 12 there is no discordance and Muans suggests that
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the thrust may be s bedding plane fault, If the fault is projected
aorthward, it presuneably would surface between 5.P. 1 and the Tuktu
formation contact, If the fault strikes approximately east-west, as
do most of the thrust faults in the map area, them it should cross
the Chandler River. However, it was not recognized in the cutbank
exposures of Torok formation along the northeast bank of the Chandler.
Wa for local drag folding, the Torok strata dip regularly northward
and there is no indication of an abrupt change im structure or lithology
such as might be expected along a major thrust fault. To explain this,
Munns postulates an angular unconformity is the subsurface north of
8.P. 5 which would post-date the thrust faulting, The unconformity
would also account for the anomaly of southward-dipping reflectors
in the subsurface and the northward-dipping exposures of Torok forma-
tion and Nanushuk group at the surface north of S.F. l. Additional but
also inconclusive evidence of an unconformity within the Torok formation
comes from microfossil and stratigraphic studies of pre-Nanushuk group
rocks in the subsurface of the northern foothills and coastal plain.
numnuuymdumudumdmmmumwm
tion,

A second fault which has been drawn by Munns on the profile of
line 2 dips steeply northward between the surface near 8.P. 13 and
the aforementioned thrust fault at about 5,000 feet below sea level.
The abrupt change in attitude of the reflectors from nearly flat
lying south of 8.P. 13 to steeply northward-dipping north of S.P, 13
appears to be the basis for this fault.

In the profile along line 3 (fig. 30) the subsurface reflectors
indicate several broad folds that persist to a depth of about 12,000
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feet below sea level., The folds have been contoured by Munns using
a horizom of non-continuous reflectors that occurs approximately
4,800 feet below S.P, 29, The contours show two anticlines and a
syncline (fig. 28). The wore southerly and the larger of the two
anticlines crosses line 3 at 8.P. 10 and approximately coincides with
an eastward projection of the anticline that has been mapped on the
surface on the Ayiyak, Kiruktagiak, and Chandler Rivers.

No steeply dipping reflectors are found along the profile line
in the same latitude as the steeply northward-dipping reflectors that
occur on line 2 north of §.P, 13, and presumably the southwardedipping
thrust fault that has been postulated on line 2 does not transect line
3.

Wmmcm:umamumumum
prevalence of gently dipping and flat-lying reflectors in the sube
surface. These are in sharp contrast to the surface exposuves where
high dips and tight folding are the rule (plate 1 and plate 2, sections
B-B' and C-C'). On line 2 between S.P. 12 and 5.P, 38, for example,
most of the seismic reflectors are flat or dip less than 10°, yet at
the surface most of the strata dip over 40°, and dips of less than 20°
are exceptional., In the vicinity of S.P, 30 to 38, the Fortress
Mountain and pre-Fortress Mountain strata at the surface are thrust
faulted and tightly folded, but the bulk of the subsurface seismic
reflectors are flat or dip very gently. A possible explanstion of
the discrepancy may be that the subsurface reflections are from
mildly deformed, massive, competent Paleozoic strata, The less
competent overlying Mesozoic strata, near and at the surface, on
mamm,nyuemlummmummrum
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structure. Such a structural reitionship between Paleozoic and
Mesozoic strata has been observed in exposures near the mountain fromt.
There the massive Paleozoic limestone strata characteristically are
broadly warped and broken by low-angle bedding plane thrust faults, but
the overlying Mesozoic strata, although they reflect the broad struce
tural features of the Paleozoic, are intricately folded and broken by
numerous small high-angle faults. Similar structural relationships
between messive Paleozoic limestone and less competent Mesozoic

strata have been deseribed in the foothills of the Rocky Mountains

in Alberta.

The decollement interpretation implies that Paleozoic strata
are within a few thousand feet of the surface in the Torok formation
belt. Mowever, Munns states that the character of the reflectors
suggests that the subsurface sequence has little density contrast
and probably does not contain massive and continuous limestone members
such as found in the Paleozoic of the Brooks Range. It is his belief
that the subsurface sequence, to the maximum depth of the reflector
data, is probably composed largely of shale,

Structural Zones I-1II

Detailed interpretation of the subsurface structure on the
belts south of structural zome IV is impossible owing to the lack of
seismic and well data, and the complexity of the surface geology;
therefore no attespt has been made to depict the geology more than &
few thousand feet below the surface on the cross sectious (plate 2).
However, certain broad gemeralizations can be made by amalogy with
the foothills of the Rocky Mountains im Alberta, Canada, a region
of comparable structure, stratigraphy and geologic history where the
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subsurface geology has been thoroughly investigated by well drilling
and seismic surveys, There is ample justification for compariag
mmmmuuummumuwmmwmm

and foothills, uummwnmmwmmoz the

North American Cordillera. The Brooks Range is generally regarded
ummmumwnammmmmuchm
heve had a comparable geologic history and structural evolution., There
are also some similarities in specific details of the geology. For
example, mmnfmuummmmmu;ma
sequence of Paleozoic limestone that has been folded and thrust
faulted toward the foothills (relatively speaking), and the foothills
are characterized by relatively incompetent sections of Mesozoic

shale and sandstone that are tightly crenulated and sliced by numerous,
small, closely-spaced, high-angle faults, many of which are reverse.
The stratigraphic successions in both regions are mavkedly similar in
thickness and composition. A table of a typical stratigraphic sequence
.mm!mdmmmummmummmu
2. A comparison of ﬁhmﬁthmnutwumh
the upper Killik-Itkillik vegion as sumariged in table 1, shows that
mmmmuummmwmmmmw
of over 10,000 feet of intercalated sandstone, shale, and conglomerate
of Triassie, Jurassic, and Cretaceous age, which are underlain by
several thousand feet of Mississippian limestone.
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The surficial aspects of the faults in the twe regions are similar,
mntudthmemdm”ntmtmtatmm
Renge on the Okokmilaga River, Kiruktagiak River (fig. 24), and the
Nanushuk River have their counterpart in the well-known thrust sheets
of Paleozoic and Precambrian strata along the front of the southern
Alberta Rockies (McConnell, 1887; Willis, 1902; Daly, 1912; Hume, 1933).
The long, parallel, eastward-trending faults bounding structural sones
11 and 11I would appear to be nearly identical to the major faults of
the southern Alberta foothills which are described by G. 5. Hume (1931,
pp. 258-262) as follows: "The foothills are characterized by numerous
nearly parallel reverse strike faults, often of great length and mostly
of unusual steepness, Wa¥h#® In the area studied by the writer between
the Highwood and Bow Rivers most of the faults dip (westward) 65° to 75°
or more at the surface, Consequently, they outerop in straight lines
regardless of topography, in part this is the main proof of stespness,
although a few fault surfaces have been observed,"

Parts of the southern Alberta foothills have been explored
»ymmmvmmunmumummmmm-. Cross
sections through the areas of most intensive exploration by Link (1954),
Webb (1945), Pume (1940), and others show the subsurface Paleozoic strata
to be much less intemsely deformed than the surface Mesozoic strata. The
faults, which are high angle at the surface, commonly flatten at depth
and merge into & few large, low-angle sole faults, Along the sole of
the faults Paleogoic limestone cowmonly occurs, which apparently acted
as a strut through which the compressional forces from the west were
transmitted, Hume (1931, pp. 258-262) describes the structure in the
Turner Valley area of southern Alberta as follows: "The drilling of
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wells in the Turmer Valley and in the so-called New Black Diamound
structure, two miles west of Turner Valley, has indicated at least

two faults which, although steep at the surface, become low-angle
mxuuapehuummxywummmno'. One of these
!mumxmmwmmmmmmmwwu
least four wells, two of which after passing through a considerable
thickness of Paleozoic limestone, cut the fault and the Cretaceous
strata beneath, The other fault underlies the New Black Diamond
umtmadmmmw:wulu. This part of the Foothills,
therefore, mmdmltpzmcummbmmmm.
umrmum-uauwummmwuw
the relatively flat-lying sediments of the plains. This explains

the abrupt change from steeply inclined beds of the Foothills structure
to the gently folded strata of the plains. In fact, the fault that
mxmmwnxuymmmammtmu this
structure is matmwmmmrmuuwm
plains.”

The subsurface structural picture described by Hume might well
be applicable to the foothills of the upper Killik-Itkillik region in
view of the similarity of the surface geology of this region to the
southern Alberta foothills region, Moreover, there are indirect
indications in the upper KillikeItkillik region that major thrust
mummmumm:huummm:ammuu
attb«r!mwtohh&.hmu. There are also indirect
indications that Paleozoic limestone occurs along the sole of these
thrust faults.

Evidence of thrust faulting in map area
North-south foreshortening by thrust faulting best explains the
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occurrence in the upper KillikeItkillik Rivers region of structural
gones 1I, III and IV. Motmo-mmaiummmmuz-
mummwwmm-huhmmuum:«ut

belt across the map area. mmuwwmeumum
nmpmuumumuumumwummwd
faulting. nm-m,mwmmwmm«m

one zone to aother. umu«mumummmum
ummmmmmmmaunmmummdm
mxmmmunmmdmnmmwuujm
puuMUlthmothbM.thhmMﬂm
Tiglukpuk formation in structural zome IIL, An abrupt change of

facies also occurs from structural zone 111 to structural sone IV,
upmtmhwwmlmmﬂmddmtw
mnoublyumnhmtmmmt. However, except for a few
tm?mdmtumm.tMmm’lum&
wmmhmmmmmmmumm
formation,

In the Nuka-Etiviuk Rivers region, 100 miles west of the Killik
um.mmmemtummmmmmmmfm
amummmmmmmmnawmwuu
of siltstone and fine-grained sandstone that apparently is & tran-
sitional facies ‘' (Tailleur, I L., personal communication, 1951).

In the upper KillikeItkillik region, however, this transitional

mmum,.:u—nyu.muum-mmm:m

otmmmmuamuuummmxm Northward

:hmtmuynlnmtmmmu\suuuundumml

mxvunmmam;mmmmm. West of the

Anaktuvuk River structural zone IV is five to eight miles wide; east
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oemmmumxym.munmm.ahuﬁ
east of May Creek. hmmmmuwxymunm

mmummmm,muummlthm
group strata (plate 2, section G-G*), an analogous oim to that

mm»m(ma.p.ux)ummanupammu

foothills, where steeply dipping foothills strata are faulted against
mmexymmmmotmmnnm.

Some local structural ancwalies along the faulted boundaries
dmmmlulnmdwmltummnmtw:hmt-
fault movement. One essmple of this occurs along the fault that
mmmmmnum-mmmm“u
Creek and the Chandler River. in several places along the north
side of this fault structural trends strike at nearly right angles
ummummnymmmumwz. Matching
em«mmm:unmm-mumm:uma
structural zone II which for the most part appear to parallel the
erend of the fault. East of the Ayiyak River the divergent trends
mmm-mamm«wmnmxmn
has overridden the southwest limb of the castward-plunging Castle
Mountain syncline in structural zome Iix.

A-mm-mmumnmnmcmmum
mmmmtocotmmlmnmmmlmtum
Kanayut Creeck and the Manushuk River. There northeastward-trending
rup-ofotmmlmummdlbynmmmm
fault zone along the contact.

it seems probable that, £tm.oh!alubmmth¢
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subsurface of the Brooks Range foothills, then Paleozoic limestone
mumwwmmmmmosm»ms
pmnutbonmhmm'u!nﬁuh. The folded thrust
Mﬂmmmmmcmuammmm
tmummmumummumunm
of this. wmummmoﬂmx
!altnﬂmlulbluho!%mma‘ammhm
faults in structural zomes II and IIL.
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INTERPRETATION OF THE GEOLOGIC RECORD

In the following pages the broad framework of the geologic history
of the Arctic Slope between the Mississlppian and the Quaternary is
briefly outlined., In addition there is given a number of specific
deductions and interpretations pertaining to the nistorical significance
of the various stratigraphic units that erop out in the map area.

Mississippian to Trisssic
General

Puring the late Paleozoic and Triassic, most of the Arctic
slqcmuuumm;bm‘ shelf which was bordered on the
south by a geosyncline that covered most of central and southern
imn. and on the north by a landmass which occupied the present
Arctic Ocean basin (Payne, 1951) (Bardley, 1951, pp. 526-540), From
time to time the geosynclinal sea appears to have flooded northward
across the shelf and detritus derived frow the northern source
accumulated as marine sediments, These sediments, which are chiefly
fine clastics and carbonates, occur in relatively thin but persistent,
well-sorted, casily defined lithologic units and are in sharp contrast
to the thick graywacke and voleanic geosynclinal assemblages of the
same age in central and southern Alaska.

Significant Details
Mississippian

During the Mississipppan sediments of the Lisburne group were
deposited in the area of the Brooks Range, but it is uncertain if they
ever were deposited in the area of the foothills and coastal plain.
Preliminary stratigraphic investigations of the Lisburne south of
thcuptrninmimhm;tbylmpmmmml
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communication, 1951) indicate that the Wachsmuth limestone thins northe
ward at a rate of 50 feet per mile and the Alapah limestone thins
northward at a rate of 75 to 125 feet per mile. In the map area,
Lisburne exposures occur as much as 20 miles north of the mountaing
however, with the possible exception of the Tiglukpuk Creek anticline,
all exposures north of the mountains appear to have been thrust
faulted into their present position, Lisburne strata were not encountered
in the deep test wells which penetrated pre-Mississippian strata at
Barrow, Simpson, and Topogoruk (Payne, 1951) on the coastal plaia.

The fossiliferous bioclastic limestone and dolomite facies that
cosprises the bulk of the Lisburme group probably was deposited in
a sea of warm, shallow, wellecirculated waters in which a diverse
and abundant biota flourished. Environmentsl coanditions such as
these evidently prevailed throughout Early Mississippian, In Late
Mississippian, however, the dark shale, limestone, chert, and phosphate
facies which intertongues from the west with the normal bioclastic
facies seems to mark the emcroschwent of deeper, partially stagnated,
marine conditions im which a more specialized fauna existed,
Pennsylvanian

Rocks of Pennsylvanian age have not been identified anywhere
in northern Alaska, and in the map area the Lisburne group is succeeded
disconformably by the Permian(?) Siksikpuk formation. Differential
erosion of the upper Lisbume group strata indicates that emergeat
conditions must have occurred during part of the Mississippian to
Permian sedimentary hiatus at least.
Pexmisn(?)

The Siksikpuk formation, which has been tentatively assigned to
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the Permian, can be traced from the Anaktuvuk River 200 miles westward
Aalm the mountain froat. No Permien rocks have been found between
the Ansktuvuk and Itkillik River, but east of the Itkillik the Permian
is represented by the Salerochit formatiom (Leffingwell, 1919). As
yet the stratigraphic relationship of the Sadlerochit and the Siksikpuk
formations has not been establisbed.

The extent of Permian deposition north and south of the map
srea is uncertain, No Permian strata were encountered in the deep

- test wells at Barrow and Simpson, and the coastal plain arvea is thought
to have been emergent (Payne, 1951). South of the map area near

the divide of the Brooks Range, the Shublik formation of Triassic

age rests disconformably on the Lisburne group (Patton, W. W., Jr.,
unpublished notes, 1951), but whether Permian strata are missing as

a result of nondeposition or as a result of pre-Shublik erosion is

not known.

The general character of the Siksikpuk formation in the map
area, and in particular the alternating red, green, end gray coloration
suggest that these strata were deposited in an estuary, tidal flat,
coastal swamp, or similar environment in which alternating terrestrial
and marine conditions prevailed.

Bexmian to Irisssic

Following the deposition of the Siksikpuk strata the sea apparently
withdrew from the Arctic Slope. It is probable that the oxidized
and silicified zones that characterize the top of the Siksikpuk forma=
tion had their origin during this period of emergence.

Iriassic

Strata of Barly Triassic age comprising the upper part of the

Permo-Triassic Sadlerochit formation are reported in the foothills
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east of the Itkillik River (Keller, A. S., personal communication, 1954).
However, Barly Triassic strata have not been reported in the foothills
west of the Itkillik River, although it is possible that the shale
member of the Shublik formation may include some Barly Triassic beds,
as evidenced by iho poorly preserved collection of vertebrate remains
from Tiglukpuk Creek.

The shale member of the Shublik forwmation is the only Middle
Triassiec unit reported thus far in aorthern Alaska. It vavies
considerably in thickness, and is abseat in many of the exposures of
the Shublik formatioa, but whether this is the result of nondeposition
or erosion cannot be determined owing to the lack of gtratigraphic
coutrol. Nondeposition would appear to be the most probable explana=-
tion, im view of the abundance of phosphatized vertebrate remains and
phosphatic nodules along certain horizons.

The shale member of Middle Triassic age (Anisian) is succeeded
by the chert and limestone members of Late Triassic age (Rarnian(?)
sad Norian). The contained fossils indicate a sizesble time lapse
between the deposition of the shale and chert members, but no discoaformity
or other marked break was found at the contact of the two members.

The chert and limestone members of tie Shublik have been traced
along the mountain front from Cape Lisburne to the international
Boundary. Although both of these members are thin they are remarkably
persistant and uniform. A gradual increase ia clastic material at the
expense of chert occurs eastward along the foothills, but otherwise
the same distinctive fauna and lithofacies characterize every exposure
of these members. HNorth of the foothills, Late Triassic strata have
been identified in deep test wells along the Arctic Coast (Payne, 1951),
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and to the south they have been found along the Brooks Range divide
(Patton, W, W,, Jr., unpublished notes, 1951).

an episode of unusually stable marine conditions in the northern
Alaska shelf is indicated by the Shublik formation, Sedimentation
apparently proceeded at a very slow rate, and probably was interrupted
by extended periods of nondeposition.
Iriassic to Jurassic

The record of events that transpired in the map area betwean
deposition of the Late Triassic Shublik formation and the Late Jurassic
Tiglukpuk formation is unclear. Early and Middle Jurassic strata are
present ia the eastern foothills and in the coastal plain, but have
sot been found in the foothills west of the Itkillik River (Payne, 1951)
(Keller, A, 5., personal commmmication, 1952), The map area wae
probably emergent at this time, but the stratigrapbic evidence for
this is not entirely couvincing, The base of the Tiglukpuk formation
i3 well exposed at numerous places along the mountain fromt, and
everywhere it rests upoa the limestone member of the Shublik formatiom
with little or no sign of differential erosion. At a few localities
north of the mountain, such as on Autumn Creeck at latitude 68° 28'N.,
and at Kiruktagiak Notch, thwe Tiglukpuk beds apparently rest discone
formably wpon Lisburne group. lHowever, exposures at these localities
are poor and it cannot be stated defimitely that the wissing beds
are not the result of faulting.

The absence of middle and late Bajocian, Bathoniam, and late
Callovian fossils in the morthern Alaska may indicate, according to
R W. Imlay (1955), that the Arvctic Slope was emergent at these timee
and may, he suggests, be related to major retreats of the Jurassic
seas during Bathonian and Callovian elsewhere in Alaska and in the
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The character of the Jurassic and Cretaceous rocks suggests that
@ marked change Occurred in the pattern of sedimentation on the Aretie
Slope between Late Triassic and late Jurassic, The Triassic and older

wacke type and represent, in the terminology of Alpine geclogists,
the "flyseh™ phage, The "flysch" phage was followed in middle and

type which mark the closing or "molagge™s phase of 8eosynclina} filling,
The "flyseh® phase Sediments in the map area are ropresented by the



Tiglukpuk, Okpikrusk and Fortress Mountain comprise the marginal facies
that accumulated along the southern edge of the geosyncline adjacent to
the source area. The Torok forwation is characteristic of the fine-
grained facies of the "flyseh" which was deposited in the axial and
distal parts of the geosyncline,

The "flysch" sediments apparently were eroded from a rapidily
rising landmass and dumped into an actively sinking geosyncline, as
indicated by their tremendous thickness, poor sorting, and the abundance
of non-resistant rock and wineral fragments, The scarcity of neritic
fossils, ripple warks, and cross bedding suggests that wost if not
all of the "flyseh™ was deposited in deep water, Submarine landslides
or turbidity currents must have been operative along the southern
margin of the geosyncline, at least locally, to account for the
chaotic conglomerate masses in the Fortress Mountain formation,

The high content of plagioclase feldspar, mafic voleanic lithic
fragments, and mafic minerals Buggest that the "flysch™ sediments were
derived mainly from a volcanic and graywacke terrane., The older
"£lysch™ probably had as its principal source early Mesozoic volcanic
and graywacke sequences in the Brooks Range area. The younger "flysch"™
probably bad the same source but was also in part “cannabalistic"
as it contains recognizable detrital lithic fragments from the older
“flysek", Apparently as deposition progreased, the older "flysch™
was uplifted along the southern uargin of the geosyncline and added
to the source area.

The "molasse" phase sediments comprise the Nanushuk and Colville
groups, but only the former is found in the wap area. The sediments
of the "molasse" are better sorted and contain a greater preponderance
of resistant and stable rock and mineral detritus than the "flyseh®,
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This is probably the result of less relief in the source area, greater
distance of transport of the detritus, and winnowing action along the
strand line., It may also indicate that by Nanushuk group time the
Mesozoic volcanics and graywackes had been stripped from the Brooks
Range source area and that the prinecipal source for the geosynclinal
sediments was the Paleozoic limestones and orthoquartzites and deep-
seated intrusive rocks, White quartz pebbles occur in abundance in
the coarse clastics of the "wolasse™ but are rare in the coarse clastics
of the "flyseh”. This may also point to a change in the character of
the source rock, In this regard it has been noted that both detrital
white quarts and white quarts veins are common in the Paleoszoic
strata of the Brooks Range (Patton, W. W., Jr., uapublished field
notes, 1951).

Both the southern margin and the axis of the Colville geosyncline
appear to have migrated northward during "flysch"™ and “molasse" sedi-
mentation, This is suggested by the northward progression of the
coarse clastic marginal facies from the southern foothills area during
the "flysch" phase to the northern foothills during the “molasse” phase.

Deposition, at least along the southern margin of the geosyncline,
was not continuous from Late Jurassic to Late Cretaceous, but was inter-
rupted by two or more periods of emergence and erosion during which fold-
ing and faultiag of the geosynclinal deposits may have occurred, There
is also evidence, as previously mentioned, that folding accompanied
deposition of the Fortress Mountain formation at the climex of the

"flysch™ phase.

Significant Details

Late Jurassic “flysch" deposition apparently was widespread. The
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Tiglukpuk formation has been traced along the mountain fromt at least
uutmtutmmnm.ﬂummtumwnm
River. East of the Sagavanirktok River Late Jurassic strata are re=
ported in the Kingak shale (Keller, A. 8., personal communicatios, 1951).
North of the map area Late Jurassic beds were found in the Topagoruk
well on the coastal plain and possibly also in the Oumalik well at

the northern edge of the foothills (Payne, 1951; Robinson, 1956).

Rocks of Jurassic age have not been definitely identified as yet along
the south side of the Brooks Range.

The nglakpﬁ formation is composed chiefly of intercalated
shale and sandstone, the characteristic marginal facies of the "flysch®,
However, locally the base of the Tiglukpuk dontains a variety of
lithofacies other than the normal “flysch" deposits. In the map area
these include chert, black siliceous shale, variegated shale and
coquinoid limestone, The fact that these lithofacies occur at the
base of the "flyseh" suggests that they probably accumulated in
various local basins during the initial phases of subsidence of the
geosyncline and prior to the heavy influx of clastic detritus from:
the south,

Latest Jurassic (Portlandisn)

The tuffaceous graywacke unit and correlative (?) rocks,
tentatively assigned to the latest Jurassic (Portlandian), have been
found at only a few localities in the map area and have not as yet
been identified elsewhere in northern Alaska. These strata record an
episode of volcanism and marine deposition in the Colville geosyncline
following the deposition of the Tiglukpuk formation, Inasmuch as the
contact between the Tiglukpuk formatiom and the tuffaceous graywacke
unit is poorly exposed, it is not known whether an intervening period
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of emergence and erosion occurred,

The mafic igneous intrusive rock may have been emplaced during
this volcanic episode, because the intrusives invade Tiglukpuk and
older formstions, and detrital lithic fragments of the  intrusive rock
are found in the Okpikruak and Fortress Mouantain formation.

Late Jurassic to Early Cretsceous

Following the volcanism in latest Jurassic time, the map area
was uplifted and subjected to erosion, as evidenced by the differential
erosion noted along the Tiglukpuk-Okpikrusk contact. Local folding
or faulting may have accompanied the uplift., This is suggested by
the occurrence of massive bodies of chaotic conglomerate believed
to be in the base of the Okpikruak formation along the northern edge
of structural zone II. The detritus that composes the conglomerate
ranges up to cobble sigze, is completely unsorted and unstratified, shows
little evidence of having been transported, and contains recognizable
lithic fragments of the Tiglukpuk and Shublik formations, the Lisburne
group, and the mafic intrusive and extrusive rocks, Similar conglom=
erate masses were not found elsewhere in the base of the Okpikruak, and
it seems probable therefore that these conglomerate masses were devived
from a nearby upfaulted or upfolded ridge.

Early Cretgceous (Weocomign)

A widespread marine invasion of the Colville geosyncline occurred
in earliest Cretaceous (Neocomian). Coarse clastic sediments comprising
the Okpikruak formation were deposited in the southern foothills and
fine clastics were deposited in the northern foothills and coastal
plain. At the same time volcanic and sedimentary rocks were being
deposited south of the Brooks Range (Schrader, 1904). However, the
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Brooks Range probably was emergent and served as the principal source for
the geosynclinal sediments. The cosrse clastics in the Okpikruak formation
on the whole contain less quartz and more monresistant rock and mineral
detritus than that im the Tiglukpuk formation, suggesting that the source
area may have moved somewhat closer to the upper mm»xmuu region,

mwwmtbmmmzalmmjumdumm
during late Neocomian and Aptian, because the Fortvess Mountain formation
of early Albian age rests disconformably wpon the Okpikruak and older
formations. According to R. W. Imlay asd J. B, Reeside, Jr. (1954),
there is no fossil evidence of late Neocomian (Hauterivian and Barremian)
or Aptiasa rocks anywhare in Alaska. Payne (1955) believes that the
Brooks Range and the area south of the Brooks Ramge was otrongly deformed
during this interval. The rocks of the map area may have been broadly
warpad, but there is no evidence at the comtact of Fortress Mountain and
older formations that intense deformation occurred.

"Flyseh® sedimentation in the Colville geosyncline and concurrent
wplift of the Brooks Rangs apparently reached a climax in early snd
early middle Albian, for during this relatively short span of time as
much as 10,000 feet of detritus accumulated alomg the southern margin
of the geosyncline. The coarse clastic marginal facies comprises the
Fortress Mountain formation, and the fine clastic facies is represented
in the subsurface of the northern foothills and coastal plain by the
Torok formation,

The ratio of coarse clastics to shale in the Fortrass Mountain
formation appears to increase markedly at three separate areas along
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the Fortress Mountain belt: one area includes FPortress Mountain, the
mmmwmm«mxmummmm»oqmu
River; a second area is in the immediate vicinity of Castle Mountain,
and a third area includes the upper Cobblestone Creek basin. At each
of these localities the conglomerate and sandstone members occur in
great thickness and collectively form huge lenses that pineh out inte
finer clastics eastward and westward as well as northward. These
localities may wark the points where large rivers enteved the geosynclinal
sea, The long dimensions of the lenses at Castie Mountain and Fortress
Hountain appear to trend northwest-southeast rather than eastewest
parallel to the strike of the Fortress Mountain belt. Possibly this
reflects a northwest trend along this segment of the old shoreline,
u—uuh;om«uhummehmmmolm;mya-
cline concurrent with early Albian sedimentation, Numerous uncouformities
of local extent and varying angular discordance were observed in the
Fortress Mountain sequence, and, in gemeral, the basal beds of the
Fortress Mountain formation are more intensely deformed than the tope
most beds.

The angular unconformity between the lower and upper parts of
the Torok formation that has been postulated on the basis of seismic
and microfossil evidence (Bergquist, 1956) would necessitate a period
of emergence, folding and erosion along the southern margin of the
Colville geosyncline. This presumeably would have occurred between
early and middle Albian and probably marked the end of the deep water,
graywacke "flysch" phase of geosynclinal filling and the begimning of
the shallow-water, paralic "wolasse" phase of geosynclinal filling,

130



group marks a period of widespread shallow marine conditions along the
Southern margin of the geosyncline, This was followed, between middle
Albian and late Cenomanian time, by transgressive and regressive
oscillations across the northern edge of the map arca that resulted

in the deposition of neariy 3,000 feet of inshore, bar, beach, lagoonal,
floodplain, and channel deposits of the Chandler formation, 4 e jor
marine invasion occurred in late Cenomenian, during wnich the 1,200
feet of shallow marine deposits comprising the Niauluk formation were
laid down, mmxmuuummmcm:rmmsmh.
westerly, as the Ninuluk marine deposits pinch out rapidly westward
along the southern margin of the northern foothills (Detterman, &, Se,
personal communication, 1956),

AMrtmcmmthefthc—plmthoﬁoMI‘muuol
antmm‘o!mhlﬁiummuﬂthm
discordance upon the Chandler formation, indicating an episode of
folding and erosion at the conclusion of Kanushuk group deposition
(Detterman, R. §., personal communication, 1956), The transgressive
Sea marked by deposition of the Seabee formation withdrew in wmiddle
mmmupmmpmumrw for the remainder of
the Cretaceous,

fertiary

A Late Cretaceous or Tertiary orogeny subjected the Brooks
Range and southern foothills to intense folding and faulting, and
the northern foothills to gentle folding. The time of the orogeny
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is uncertain, but presumably it was roughly correlative with Laramide
diastrophisa, Muum-pummtuthmmau
obscure, htbycmmofthchnmmlmmmbm
reduced to a maturely dissected chain of hills with 3,000 to 4,000
feet of relief, and the foothills were reduced to & gently sloping
piedmont surface. Remmants of this pree-glacial topography are pree
mwummmmnumgwmm-mm
Brooks Range and as upland surfaces along the interstream divides in
the foothills,
Quaternary

Glaciation in the Brooks Range in the Pleistocene epoch transe
formed the maturely dissected pre-glacial hills into the rugged
alpine chain of today, Cirques and arrete ridges were sculptured
fm:hcuphﬁo.ndt»n}urtmmmuumm
scoured into glacial troughs 1,000 to 2,000 feet below their original
levels, During times of maximum accumulation, tongues of ice pushed
north of the mountains across the pieduont slope along the shallow
valleys of the Killik, Okokmilaga, Chandler, Anaktuvuk, Nanushuk,
and Itkiilik Rivers., Outwash gravels from the margins of these valley
glaciers were spread across unglaciated parts of the piedmwont slope;
today remmants of these gravelecovered pre-glacial surfaces occur along
the interstream divides in ths foathills. As glaciation of the
foothills continued, deep troughs 1,000 feet below the piedmont slope
were cut along the major river valleys. Evidently during the later
stages of glaciation ice blocked these troughs because the tributary
utmmummmthnnahudmdumcm
along the mountain front. The drainage pattern on plate 1 showe that
the glaciated major rivers directly drain only a small part of the
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foothills along the mountain fromt. mmummnmmmm.

am‘m.m.ummm,nmmm.mmm

of the foothills area along the wmountain front.
mnnhnmu“mpurunnrmlyhnuhm

Range and Arctic Foothills, and as yet many of the drift deposits are

unmodified by weathering and erosion.
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Eetroleum
Possible Source Beds

hﬂlumwmmmummmuem
and beds of asphaltic matter and highly organic sedimentary rocks
oceur at several different stratigraphic levels.

mxmmm«hmmxmmuumn-m
wwmmumuenmummumrmmm
tion, mm;mmnmummuu.nm.mm
vigorously giving off a strong oily odor,

Asphaltic matter also occurs as seams along the bedding planes
mmmmmtmmuumwsm.mmm.
and Torok formations, On Yorok Creek a short distance above the
mouth, a verticsl fracture several fest wide that cuts scross Terok
strats is filled with asphalt, On the south face of Portrass Mountain
muunemmcmummmmmmw
by soft, gummy, asphaltic matter,

nmwmumwummmzmmm
M:hmmmmammunmmm«m
Lisburae group. mxy.n-tmsuummxmumu
ummdgﬁmoﬂauﬁm!«mmmtn&um
msmmummsmncummmmyum.
strong petroliferous odor when heated,

Reservoir Characteristics
mmmumuammmmmmmu
uumuomecmmmmmmmmnzmummn
the pstroleun investigations of the southern foothills,
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effective porogity, and many are in éxcess of five per cent effective

porosity. Krynine and Bowsher also observed that, in addition to this

Primary pore space, closely spaced fractures and joints were found on

every outerop of limestone and dolomite,
luco!mmc-l-ubuunmmenpmtathcupcm

appears to have favorable Feservoir characteristics. The sandstone

in the Tiglukpuk, Okpikrusk and Fortress Mouatain formations is entiraly

and hard and appears to have little, if any, primary pore space,

is better sorted and cleaner than the pree-Nanmushyk grayvacke, wera
tested for porosity and permeability, Although porosities were between
five and 12 per cent, permeabilities proved to be negligable,
Structure

The mapping of the upper Rillike-Itkillik Rivers region was con-
ducted primarily for the purpose of delineating structures favorable for
mcmmmmmummm. It should be pointed
out, however, Muhummbmumlum that the Lisburne
ummamummmm. The Lisburne group was not
lmhmumhm:nlhumwulphu that bottomed
in pre-Mississippian strata,
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u,xmm:.mmmm:ummumumxmm
by faulting, East plunge, if it occurs, is obscured by glacial till along
the Itkillik River valley. If the lower Torok and pre-Torok strata

depth of over 10,000 feet,
Structurel Zone IV

‘!bcmmztyotmdw. mmumh«.m
the tight creaulations of the strata preclude the possibility of
accurately delineating the broad Structural features of the structural

Anj«multulrmuulmu‘m!mmmum
:othmmnvu(phul)hubmmlmhhdmmbnue!
drag folding, M-mmmmummb’.
nmumm.mmmetnmun.mmmm. The
seismic profiles show gently dipping and flatelying strata in the
subsurface with no significant antielinal reversal to correspond with
the postulated reversal at the surface (figs. 28, 29, 30),

mmummmuomamnumu

ammu-uummuu (figs. 29, 30) suggests to the seige
nbgutthtmﬂmtm‘qu-uhulumuymmﬂpuhbly
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umuumnummumalmmm (Munns, E, Joo
personal communication), m,mmzmmmuuum..m

from Paleozoic strata,
Structural Zones I-111

Owing to their structural complexity structural zones iX aud 11X
have not been as hemtmumrwmmhmhﬁhxu in the
search for petroleunm, However, these belts should not be eliminated
from future exploration on this account, since oil and gas have been
discovered in an area of comparable structural complexity in the
foothills of the Alberta Rockies, 1In the Alberta foothills, well
drilling and seismic data have revealed that the highly deformed
Mesozoic strata at the surface are underlain by less deformed Paleozoic
limestone strata, The Paleozoic limestone commonly occurs along the
sole of a thrust sheet which has ridden (relatively 8peaking) eastward
over Mesozoic strata, mxmmmm:mu:umm
eastern edge of the Paleozoic limestone thrust plate where drag folding
provided a local trap,

ltmm.lmlnzhmm !mothaMmha

promising reservoir rYock, the Lisburne group, is exposed at the

Surface. However, in several places the mapping shows conclusively

that the Lisburne rocks of the mountain front have been thrust

faulted northward (relatively speaking) onto Mesozoic strata and

subsequently subjected to folding. 1t s believed that mapping in

greater detail will reveal more folded thrusts of this nature along
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the wountain front. Therefore the possibility of drilling through the
mmumumwnm’umuumm
mmmmmumum
axploration,
Phosphate Rock

mtuamqmnunumucummu
mummu—-m.umm. They have been examined
umummmumacwmmmmu
anmrmmuzm. In the Tiglukpuk Creek
ammymmmhmmxmuummm
averages § per cent Pylq, A 43-inch sequance of rock 16 feet below the
m“mmmnmmt?ﬁ. In the upper 20 fest of
Mmcnhha.tm-lus.itma&ﬁ.muhumm
F205. 1In the upper Kiruktagisk River ares the phosphate sone is 38
Mthulanlwummlﬁ. The upper 19 feet averages
ummtrﬁamahmwotmummmm.
mﬂ'mmtl‘gﬁ.

Random sasples of phosphate rock were collected from the
Mmmm-mumwm. At Shainin Lake,
mmwummwa,tmwu!mu'm
reported by Bowsher and Dutro (1956, in preparstion). No phosphate
mmmwmt«mw.amumm
group has been studied in detail at several localities, Prom the
wmmummmumumnetm
M.Mmuﬁmmmnmedthcmmtlmhom
been closely examined.

mummumx«mxznutmmyum
mummmu.umuuqmmam
m-umzm.mnummuummmm«
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deposits can be fully evaluated.
Loal
m:mmmmmmmmum
mm.mumtaﬂ-uuthmhn. In the upper
li.llth-!thﬂl.tlmi“tth“ul’“ﬂoﬁmtbrlm-
foot seam on the Nanushuk River (fig. 21)., BNo analyses of the coal
deposit are available.
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