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GEOLOGIC MAP OF THE KAVIK RIVER AREA,
NORTHEASTERN BROOKS RANGE, ALASKA

by

M.A. Wartes!, W.K. Wallace?, A.M. Loveland', R.J. Gillis', P.L. Decker?,
R.R. Reifenstuhl!, P.R. Delaney!, D.L. LePain', and E.C. Carson*

INTRODUCTION

The first geologic map covering the Kavik River
area of the eastern North Slope and Brooks Range was
published at a scale of 1:125,000 by Keller and others
(1961), building on the pioneering geologic expedi-
tions in the Canning River area by Leffingwell (1919).
The U.S. Geological Survey subsequently released a
preliminary 1:250,000-scale map of the Mt. Michelson
Quadrangle (Reiser and others, 1971), which was later
modified slightly and incorporated in regional compila-
tion efforts by Bader and Bird (1986) and Bird (1999).
The only published 1:63,360-scale geologic mapping in
the study area covers the western bank of the Canning
River and was included in the Sadlerochit and Shublik
Mountains map of Robinson and others (1989).

This Kavik River geologic map (sheet 1) is the final
product of 24 days of helicopter-supported field work
during 2006 and two brief reconnaissance field seasons
in 2004 and 2005. All fieldwork was conducted from a
base camp at the Kavik River airstrip in the northwestern
corner of the map area (sheet 1). The 1:63,360-scale
map covers more than 1,550 km? (600 mi?), including
the complete Mt. Michelson B-5 and C-5 quadrangles
and the western portion of the B-4 and C-4 quadrangles
(fig. 1). During the course of mapping, data were col-
lected from approximately 700 bedrock field stations
(fig. 2).

In addition to surface geologic constraints, available
subsurface data (seismic and well logs) were integrated
to better constrain stratigraphic and structural relation-
ships. Geophysical logs were consulted for the six
industry wells in the northern quarter of the map area
(Nelson and others, 1999; see fig. 1 and sheet 1, this
report for locations). Six two-dimensional (2-D) seis-
mic lines were available, including three south-north
lines, or composite lines, and three east—west tie-lines.

These data were acquired in an ARCO group shoot in
1980 and 1981 and were later released to the public by
the U.S. Geological Survey®. The south—north lines are
particularly useful in resolving the structural style, and
we chose to construct cross sections along these lines
(sheet 1 shows location). Data quality is very poor in the
southern portions of the seismic lines and none of the
lines continue into the higher relief areas in the southern
part of the map. Nevertheless, the cross sections continue
to the southern edge of the map and are constrained
solely by surface geology. These cross sections and an
accompanying discussion can be found in the companion
publication by Wallace (in review).

The Kavik River region is one of the few areas that
permit examination of all three depositional mega-
sequences® of northern Alaska in close association.
The temporal and spatial relationships of these megas-
equences (Ellesmerian, Beaufortian, and Brookian) are
illustrated on the chronostratigraphic chart (fig. 3). An
additional incentive to map the geology of the Kavik
River area stems from the economic relevance of many
of the stratigraphic units exposed. Several occurrences of
oil-stained sandstone have been noted in outcrop (Bur-
russ, 1999), and the undeveloped Kavik field that lies in
the north-central part of the map is estimated to contain
165 billion standard cubic feet of natural gas (Verma
and others, 2005). In concert with geologic mapping,
stratigraphic units significant for oil and gas explora-
tion were examined in detail, including acquisition of
a number of measured sections. Local analysis of the
sedimentology and stratigraphy focused particularly on
the more prospective Beaufortian and Brookian units.
This focus can be seen in the level of detail provided in
the unit descriptions below.

'Alaska Division of Geological & Geophysical Surveys, 3354 College Road, Fairbanks, AK 99709-3707; marwan.wartes@alaska.gov;

907-451-5056

“Department of Geology & Geophysics, University of Alaska, PO Box 757320, Fairbanks, AK 99775-7320

3Alaska Division of Oil & Gas, 550 W 7th Ave., Ste 800, Anchorage, AK 99501-3560

“Wisconsin Geological & Natural History Survey, 3817 Mineral Point Rd., Madison, WI 53705-5100

Seismic data are available for download at the U.S. Geological Survey National Archive of Marine Seismic Surveys (http://walrus.wr.usgs.
gov/NAMSS/search_and_download_data.html). Data for the survey that covers the Kavik River area are labeled “WesternGeco, North

Slope (W-40-80-AK).”

“The term “megasequence” was applied to Arctic Alaska by Hubbard and others (1987) as a modification of the tectonic sequence scheme first
proposed by Lerand (1973). The term megasequence recognizes deposition under specific phases of basin development, thus capturing major
stages in the tectonic evolution of the region. Many authors substitute the term “sequence”, a practice that is avoided here due to the potential
for confusion with the now well-defined nomenclature associated with sequence stratigraphy (Catuneanu and others, 2009).
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Figure 2. Map showing locations of ~700 bedrock mapping stations visited during the 2006 field season.
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and revised from Decker and others (in press), Mull and others (2003), Garrity and others (2005), and
Detterman and others (1975).
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DESCRIPTION AND INTERPRETATION OF MAP UNITS

SURFICIAL DEPOSITS
(Simplified from Carson [2009]—See primary reference for detailed surficial
geologic mapping and more comprehensive unit divisions and descriptions)

ALLUVIAL DEPOSITS (Quaternary)—Undifferentiated alluvial deposits, including modern
streams, abandoned channels, alluvial fans, and alluvial terraces. Dominantly consists of mod-
erately to well sorted, rounded to sub-rounded, locally stratified cobble and pebble gravel with
lesser sand and minor silt.

COLLUVIAL DEPOSITS (Quaternary)—Undifferentiated colluvial deposits, including coarse- to
fine-grained colluvium and landslide deposits consisting of poorly sorted, sub-angular to angu-
lar, boulder-rich gravel with variable amounts of sand and silt matrix that typically form aprons
and fans near the base of bedrock slopes. Thaw lake deposits are also included in this unit and
consist of poorly to moderately stratified silt and organic silt that are often modified by thawing
of permafrost and local streamflow.

COMPLEX DEPOSITS (Quaternary)—Undifferentiated silt deposits ranging from irregular
blankets of massive, unconsolidated aeolian silt to moderately stratified silt and organics. De-
posits are variably influenced by melting of ice-rich zones and modified by gravitational slope
processes.

GLACIAL DEPOSITS (Quaternary —Undifferentiated glacial drift, outwash, and kame terraces
ascribed to the Itkillik (I and IT), Sagavanirktok River, and Anaktuvuk River glaciations. Drift
deposits are typically associated with remnant moraine topography composed of matrix-supported
boulder and cobble gravel that is poorly sorted, non-stratified, and often includes striated and
faceted clasts. Outwash and kame deposits are dominantly well sorted, clast-supported, massive
to weakly stratified cobble and pebble gravel.

BEDROCK DEPOSITS
BROOKIAN MEGASEQUENCE

In northern Alaska, the term Brookian megasequence refers to all rocks derived from the Brooks Range orogen.
These mineralogically immature clastic deposits generally prograded longitudinally to the northeast, eventually
filling the Colville foreland basin by the Paleogene (Bird and Molenaar, 1992). In foothills of the northeastern
Brooks Range, the Brookian sequence is composed of four map units: (1) the lower Paleogene to lower Neogene
Sagavanirktok Formation, (2) the Upper Cretaceous to Paleogene Canning Formation, (3) the middle to Upper
Cretaceous Hue Shale, and (4) the middle(?) to Upper Cretaceous Juniper sandstone (informal). Most Brookian
units are time-transgressive and interfinger at a regional scale. The formation nomenclature is based in part on
lithostratigraphic criteria, resulting in local occurrences of the same unit both above and below another unit. For
example, see the Upper Cretaceous to Neogene intertonguing of the Sagavanirktok and Canning Formations il-
lustrated in figure 3.

SAGAVANIRKTOK FORMATION (lower Paleogene to lower Neogene [Paleocene—Miocene])—Weakly
consolidated sandstone, pebbly sandstone, carbonaceous mudstone, siltstone, conglomerate and coal, inter-
preted as deltaic, shallow marine and nonmarine deposits that intertongue with finer-grained facies ascribed
to the Canning Formation (Molenaar and others, 1987). Unit was subdivided into four members by Mull and
others (2003); due to lateral facies changes, a slightly modified nomenclature is adopted here, employing the
terms lower, middle and upper (fig. 3). Only the lower Sagavanirktok Formation is preserved in the map area,
where it is further subdivided into three informal units that correspond to sandstone-rich tongues recognized in
nearby well logs (Molenaar and others, 1986). The lower Sagavanirktok is partly equivalent to the Jago River
Formation exposed east of the Sadlerochit Mountains (Buckingham, 1987; fig. 1), and the Sagwon and White
Hills members exposed to the west, in the vicinity of the Dalton Highway (Mull and others, 2003; fig. 1).

Tslu

LOWER SAGAVANIRKTOK FORMATION, UPPER PART (lower Paleogene [Paleocene])—
Limited to a single rubble exposure in the northwestern part of the map area consisting of poorly
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consolidated, probably fluvial conglomerate. Clasts average 5 mm to 2 cm in diameter and range
up to 12 cm cobbles; dominant clast lithologies include light gray fine-grained quartzite, white
vein quartz, and lesser varieties of black, gray, green, and red chert and siliceous mudstone.
Assignment is based on available seismic data and projections from nearby wells; equivalent
to the Staines Tongue of Molenaar and others (1987). Unit is not preserved in its entirety in the
subsurface of the map area, but southward thickening observed in well correlations suggests it
was originally slightly thicker than the 268 m calculated for the type section in the West Staines-2
well (Molenaar and others, 1987).

LOWER SAGAVANIRKTOK FORMATION, MIDDLE PART (lower Paleogene [Paleo-
cene])—Light-gray- to tan-weathering, dominantly very-fine- to fine-grained, moderately sorted,
salt-and-pepper sandstone. Tabular to wavy non-parallel beds range from 2 to 35 cm thick and
include burrow-mottled massive to plane-parallel laminated facies and locally well developed
low-angle and hummocky cross-stratification. A variable, but locally strong hydrocarbon odor
is noted in many beds. Medium-gray-weathering, chippy siltstone commonly preserves load
structures at the contact with overlying sandstone beds. Granule and pebble stringers are present,
expanding locally into irregular conglomerate beds up to 35 cm thick. Carbonized wood frag-
ments are abundant in some beds. Interval is interpreted as lower shoreface to delta front, possibly
including small distributary channel deposits. Only occurrence is in the northeast corner of the
map area along the west bank of the Canning River, where 120 m of section is exposed in the
footwall of the Kavik fault. Assignment is based principally on projections from nearby Canning
River Unit B-1 well and available seismic data; equivalent to an unnamed tongue illustrated in
well log cross sections by Molenaar and others (1986) and Bird (1999); total thickness of 846
m is calculated for this tongue in the Beli 1 well (north-central part of map; Nelson and others,
1999).

LOWER SAGAVANIRKTOK FORMATION, LOWER PART (lower Paleogene [Paleocene])—
Light-gray-weathering, fine- to coarse-grained, friable, salt-and-pepper sandstone; commonly
trough cross-stratified and locally includes abundant granule- and pebble-rich horizons composed
of white vein quartz and dark gray chert clasts. Plant fossil impressions are locally abundant and
a prominent hydrocarbon odor is detected in some outcrops, particularly those nearest the Kavik
fault. Fine-grained intervals are recessive and generally covered, although limited exposures along
the Kavik River include carbonaceous mudstone, coal, siltstone, and thin bentonite seams. Unit
is interpreted as dominantly nonmarine fluvial and associated overbank facies. Discontinuously
exposed in uplands of the western part of map area between Juniper Creek and the Kavik fault;
forms moderately resistant mesa tops covered by large sandstone blocks. Unit is illustrated in
well log cross sections by Molenaar and others (1986) and Bird (1999); referred to in Nelson and
others (1999) as the lower, unnamed tongue of the Sagavanirktok Formation, where a thickness
of 289 m was calculated for the Beli 1 well (north-central part of map) and 385 m for the Can-
ning B-1 well (northeast part of map). Surface exposures were previously referred to as Prince
Creek Formation in Reifenstuhl and others (2000) and Mull and others (2003).

CANNING FORMATION (Upper Cretaceous to lower Paleogene [Campanian—Paleocene])—
Medium to dark gray nonbioturbated shale and slightly micaceous siltstone punctuated by thin,
tabular interbeds of light to medium gray lithic, very-fine- to fine-grained sandstone. Sandstone
commonly rich in carbonaceous detritus and coalified woody debris; bedding rarely amalgam-
ates into thick bed-sets and is typically rhythmic and locally exhibits partial Bouma sequences
(Bouma, 1962), sole marks, and mud rip-up clasts suggesting turbidite deposition; interpreted
as marine slope and basin floor facies (Molenaar and others, 1987; Houseknecht and Schenk,
1999). Gray to yellow thin bentonite seams are common in the lower part of the unit; the base of
the formation is picked at the lowest occurrence of sandstone beds. A significant intra-Canning
Paleocene submarine unconformity is interpreted from regional subsurface data (Houseknecht
and Schenk, 1999; Wartes and others, 2011; fig. 3), although it was not observed in outcrop. Unit
is discontinuously exposed along most river bluffs in the central and north-central parts of map
area; best exposures along the Canning River, Kavik River, and Juniper Creek; the latter outcrop
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includes broken formation (in the sense of Hsu, 1968). Wells in the northern part of the map area
suggest a thickness of 1,100—1,200 m, as measured from top of the Hue Shale to the base of the
first tongue of the lower Sagavanirktok; although not exposed in the map area, an additional 298
m of fine-grained shelfal facies ascribed to the Canning Formation intertongues with the lower
Sagavanirktok Formation; the Eocene Mikkelson tongue of the Canning Formation separates
the lower and middle Sagavanirktok Formation and is approximately 930 m thick in the Alaska
State J-1 well about 15 km north of the map area (Nelson and others, 1999; Bird, 1999).

Kh HUE SHALE UNIT (middle to Upper Cretaceous [Aptian-Campanian])—Dark gray organic-
rich paper shale, yellow-green bentonite, and resistant, hard, orange-yellow silicified tuff. Unit
weathers a distinctive buff white to tan and yellow color due to abundant air-fall volcanic mate-
rial; interpreted as distal, condensed, basin-floor facies. Exposures are limited to a complexly
folded and faulted zone in the central part of the map area along the Kavik River and Juniper
Creek. In well logs, the lower part of this unit includes a distinctive zone locally referred to as
the “gamma ray zone” (GRZ) (Tailleur and others, 1978) or the “highly radioactive zone” (HRZ)
(Carmen and Hardwick, 1983). The local presence of the Juniper sandstone immediately above
the Pebble Shale suggests the lower part of the Hue Shale is locally not present in the southern
part of the map area, presumably due to either clastic dilution or submarine erosion (fig. 3).
Unit thickness reported for nearby wells varies from 200 m in the Beli 1 well to 361 m for the
Kavik 1 well (Nelson and others, 1999)—the higher values may reflect structural thickening of
this incompetent unit; Molenaar and others (1987) measured 222 m for the type section in the
northern Shublik Mountains, approximately 20 km east of the map area; Macquaker and others
(1999) referenced work by Bergman and others (1995) along the Canning River where a thick-
ness of approximately 218 m was calculated.

Kjs JUNIPER SANDSTONE (Cretaceous)—Poorly exposed very-fine- to fine-grained lithic sand-
stone in a folded belt in the south-central part of the map area between Juniper Creek and the
large moraine bounding the western side of the Canning River. Most of unit is covered, although
base is exposed above the Pebble Shale unit, approximately 3 to 5 km east of the Kavik River,
where it consists of dark gray rippled sandstone locally exhibiting a purplish-maroon-weathering
sheen and lesser fissile siltstone. Between the Kavik River and Juniper Creek, higher stratigraphic
levels are exposed in resistant benches up to 10 m thick and are composed of tan to light gray
fine-grained sandstone exhibiting blocky to flagstone weathering; bedding and stratification range
from heavily fractured massive intervals to subtly ripple cross-laminated and planar to trough
cross-stratified zones. Mudstone is not observed interstratified with the sandstone benches, but
is inferred to underlie intervening recessive swales, possibly including tongues of the Hue Shale.
Map unit is not recognized in outcrops of coeval strata in the central part of the map, or in wells
to the north, suggesting abrupt northward fining and thinning. Depositional environment is poorly
constrained but inferred to be entirely marine, probably in a slope or basin floor setting. The name
‘Juniper sandstone’ is informally applied here for the first time; previous reconnaissance map-
ping referred to these rocks as Canning Formation (Bader and Bird, 1986) and ‘Albian turbidites’
(Mull, 1987). This interval is likely correlative in part with other enigmatic sections preserved
on strike at a similar latitude, and noted on figure 1, including: Gilead sandstone (Reifenstuhl,
1991; Decker and others, 2008), Arctic Creek unit (Molenaar and others, 1987; Mull and Decker,
1993), and Bathtub Graywacke (Detterman and others, 1975; Camber and Mull, 1986). Thickness
is unknown, but suspected to be several hundred meters.

BEAUFORTIAN MEGASEQUENCE

The Beaufortian megasequence is a Jurassic to Lower Cretaceous rift-related succession associated with the open-
ing of the Canada Basin (Hubbard and others, 1987). The uplift of rift shoulders amplified the composite Barrow
Arch structural high, across which significant erosion occurred, culminating in the regional Lower Cretaceous
unconformity (LCu) (Bird, 1987; fig. 3). In the Kavik River area, the Jurassic to Early Cretaceous Kingak Shale
underlies the LCu and its correlative conformity. A Lower Cretaceous transgressive assemblage overlies the LCu
and includes the Early Cretaceous Kemik Sandstone overlain by the Pebble Shale unit.
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Kps

PEBBLE SHALE UNIT (Lower Cretaceous [Barremian])—Medium to dark gray, soft, sub-
fissile claystone and siltstone that weathers into small, equant chips. Ironstone concretions are
locally abundant. Unit includes rare outsized floating grains (typically sand, granule, and small
pebbles); dark gray to black chert is the most common grain type, although quartzite, argillite,
vein quartz, limestone, and schist have been reported (Mull, 1987). Typically poorly exposed,
but found locally in association with the resistant Kemik Sandstone along the Canning River
and Fin Creek. Unit is interpreted as a trangressive shelfal mudstone, influenced by seasonal
ice-related processes (Macquaker and Keller, 2005; van der Kolk, 2010). Reported subsurface
thickness ranges from 17 m at the Beli 1 well to 72 m in the Kavik 2 well (Nelson and others,
1999); excavation of a complete section along the Canning River yielded a measured thickness
of 28-32 m (Macquaker and others, 1999; van der Kolk, 2010). Equivalent to the subsurface
Kalubik Formation of Carmen and Hardwick (1983).

KEMIK SANDSTONE (Hauterivian)—Resistant, tan to light brown, quartzose sandstone exposed above
the LCu and its correlative conformity to the south (Mull, 1987; Molenaar and others, 1987); occupies the
same stratigraphic position as the upper Kuparuk Formation (Schenk and Houseknecht, 2008; Carmen and
Hardwick, 1983). Age well-constrained by the ammonites Simberskites sp. (Detterman and others, 1975)
and Shasticrioceras sp. (W.P. Elder, written commun.). Unit is subdivided here into three facies belts (mas-
sive, bioturbated, and thin), modified from Reifenstuhl and others (2000). Nature of the relationship between
mapped belts is unclear, and some outcrops exhibit characteristics of both the massive and bioturbated facies.
The observed range of facies and thicknesses may reflect paleotopography (such as incised valleys) and/or
variable accommodation generated during small-scale Hauterivian(?) normal faulting.

Kkm

Kkb

Kkt

KEMIK SANDSTONE, MASSIVE FACIES—Dominantly massive to trough and low-angle
cross-bedded, fine- to very-fine-grained, glauconite bearing, quartz-rich sandstone; weathers tan
to light gray, except where surface is colonized by black lichen. Chert pebble lags are uncommon
and best developed at the sharp contact with the overlying Pebble Shale unit. Rare thin mudstone
intervals are gray to reddish brown and rippled; base of section typically includes a thin, enigmatic,
orange-weathering, hard siltstone with scattered floating, medium to very coarse, translucent
quartz sand grains. Locally abundant ichofauna dominated by 25-50-cm-long Skolithos bur-
rows and lesser examples of Planolites, Ophiomorpha, Rosellia, Cylindrichnus, and Chondrites;
pelecypods and ammonites also are observed. Forms rubble-covered, resistant ridges and mesas,
best expressed along cliff exposures on the west bank of the Canning River. Trace fossils, body
fossils, and sedimentology support a shallow marine, shoreface interpretation (see also Knock,
1986; Reifenstuhl, 1995). Thickness in outcrop varies from 20 to 30 m.

KEMIK SANDSTONE, BIOTURBATED FACIES—Dark brown to gray, very-fine-grained
sandstone and very thin mudstone partings; unit characterized by omnipresent bioturbation that
locally yields a mottled fabric. Recognizable individual trace fossils include Zerebellina, Paleo-
phycos, Gyrochorte, Conichnus, and Cosmorhaphe—the latter being especially common. Subtle
parasequences 2—7 m thick can be recognized based on variations in bioturbation intensity and
thickening- and coarsening-upward trends. Distinctive thin bimodal siltstone with floating quartz
grains is also observed at the base of this facies association. Best exposure is found near the
western edge of the map areca at VABM Bury. Depositional environment is interpreted as lower
energy than the Kkm, likely in a lower shoreface to outer shelf setting. A measured section at
VABM Bury yielded an approximate thickness of 75 m.

KEMIK SANDSTONE, THIN FACIES—Beige- to tan-weathering, massive, very-fine-grained
quartz sandstone; facies similar to Kkm except for the presence of mud rip-ups and the much
thinner total section (0—3 m). Unit is marked by blocky rubble that can be traced along a linear
tundra-mantled rib in the south-central part of the map area, north of the Juniper sandstone out-
crop belt; best exposure is east of the Kavik River where a possibly conformable relationship
with upper Kingak and lower Pebble Shale unit can be observed (Mull, 1987). Inferred to be
outer shelf to lower shoreface storm deposits based on southerly (basinward) position, irregular
preservation, and common mud rip-ups.
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KJk KINGAK FORMATION (Lower Jurassic—Lower Cretaceous [Valanginian])—Dark gray to
black soft clay shale, locally fissile and containing abundant bedding-parallel, reddish-orange-
to brown-weathering sideritic(?) concretions, and lesser thin very-fine-grained sandstone beds.
Typically recessive and only exposed in small discontinuous stream cutbanks, most notably in the
southern part of the map area, directly north of the mountain front; also exposed in structural low
in southeast corner of map. Locally well exposed beneath the LCu and Kemik Sandstone along
the Canning River; near the Kkt unit, uppermost Kingak displays a resistant subcrop weathering
pattern reflecting an upward increase in sandstone. Interpreted as quiet-water shelf deposits, pos-
sibly grading upward into prodelta turbidites near the top. May be as thick as 350 m (Molenaar,
1983), although inferred structural thickening of this mechanically weak section limits accurate
estimates; wells in the northern part of the map area suggest an average thickness closer to 200
m (Nelson and others, 1999), although this is a minimum due to the northward increase of ero-
sion along the LCu (Bird, 1999). The Lower Cretaceous part of the formation is equivalent to
the Miluveach Formation of subsurface usage (Carmen and Hardwick, 1983).

ELLESMERIAN MEGASEQUENCE

The Ellesmerian megasequence consists of Mississippian to Triassic strata derived from a northern source area
(Hubbard and others, 1987). Regional northward onlapping patterns suggest the megasequence records the develop-
ment of a south-facing passive margin (Moore and others, 1994). In the map area, exposures of this succession are
limited to alpine topography in the southernmost part of the map; more northerly exposures are found to the east
in the Sadlerochit and Shublik mountains (Robinson and others, 1989). The base of the megasequence is marked
by a major pre-middle Devonian unconformity, which in the map area is overlain by the Mississippian Endicott
Group, a nonmarine to transgressive marine succession. This is followed by the broad carbonate platform deposits
of the Mississippian to Pennsylvanian Lisburne Group. Following another major unconformity (Lower Permian),
the megasequnce is re-established as a siliciclastic-dominated margin during deposition of the Permian—Triassic
Sadlerochit Group, Triassic Shublik Formation, and the Sag River Sandstone. The Sag River Sandstone is not
recognized in outcrop, but is generally regarded as equivalent to the Karen Creek Sandstone (Detterman and oth-
ers, 1975), which occupies the same stratigraphic position (fig. 3).

T®s SHUBLIK FORMATION (Middle to Upper Triassic)}—Dark gray to black organic-rich mudstone
and sooty paper shale, calcarcous sandstone and siltstone, and distinctive nodular, phosphate-rich
beds. Thin-bedded micritic limestone yields a fetid odor on freshly broken surfaces and locally
contains abundant fossil hash including Monotis sp. and Halobia sp. pelecypods. Generally
recessive and exposures limited to a few stream cutbanks along the mountain front (especially
Cobble Creek and Kavik River) and locally in structural lows in the southeastern part of the map
area. Unit includes rocks assigned to the Karen Creek Sandstone, which regionally overlies the
Shublik Formation; in the map area, this interval is partially exposed along the Kavik River and
composed of approximately 3 m of dark gray, very-fine-grained, siliceous, bioturbated sandstone.
The Shublik Formation is interpreted to be deposited in a low-relief ramp-style shelf setting,
influenced by marine upwelling (Kelly and others, 2007; Parrish and others, 2001). Although
formation picks in well data from the northern part of the map area indicate a thickness of 40-45
m (Nelson and others, 1999), field relations along the upper Kavik River suggest the Shublik may
be more than twice that thick, consistent with outcrop measurements elsewhere by Detterman
and others (1975). Unit is gas-bearing in the region at the undeveloped Kavik and Kemik fields
(Verma and others, 2005; Bird, 1999).

SADLEROCHIT GROUP (Permian to Middle Triassic)—Composed principally of siliciclastic rocks, in-
cluding the dominantly marine Permian Echooka Formation and nonmarine to marine Ivishak Formation
(Detterman and others, 1975).

IVISHAK FORMATION (Lower to Middle Triassic)—In the northeastern Brooks Range, the Ivishak Forma-
tion is subdivided into three lithostratigraphic units, in ascending order: the Kavik Member, Ledge Sandstone
Member, and the Fire Creek Siltstone Member (Detterman and others, 1975). In the map area, the Ledge
Sandstone and Kavik members are mapped separately wherever possible, although locally an undifferentiated
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unit is applied; the Fire Creek Siltstone Member proved unresolvable as a map unit and is here included in
the Ledge Sandstone Member.
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IVISHAK FORMATION, UNDIFFERENTIATED (Lower to Middle Triassic)—Undifferenti-
ated Ivishak Formation, applied where constituent members are poorly exposed and cannot be
reliably distinguished.

IVISHAK FORMATION, LEDGE SANDSTONE MEMBER (Lower to Middle Triassic)—Red-
dish-brown-weathering, thin- to medium-bedded, moderately resistant, light to medium gray, well
cemented, fine- to very-fine-grained quartzose sandstone; beds are commonly massive, although
ripple, planar, and convolute lamination is locally observed. Dark, reddish brown siltstone and
argillaceous siltstone varies from weakly to well laminated and includes starved ripple facies;
bioturbated siltstone increases upsection to form a fine-grained interval that is thinner than the
underlying sandstone-dominated interval. This poorly exposed siltstone is likely correlative with
the Fire Creek Siltstone Member (Detterman and others, 1975). Unit is gradational from underly-
ing Kavik Member. Interpreted to record the progradation and retrogradation of the distal part of
a deltaic complex (McMillen and Colvin, 1987; Crowder, 1990; LePain and Wartes, in press). A
thickness of 250 m was estimated along the Kavik River. Unit is gas-bearing in the undeveloped
Kavik field in the north-central part of the map (Verma and others, 2005).

IVISHAK FORMATION, KAVIK SHALE MEMBER (Lower Triassic)—Reddish-brown-weath-
ering, dark gray, laminated siltstone and thin-bedded silty shale. Rarely exposed and typically
forms a recessive swale between the competent Echooka Formation and Ledge Sandstone Member
of the Ivishak Formation. Depositional environment is inferred to be shelfal to prodelta, record-
ing the early distal phases of Triassic deltaic sedimentation (Crowder, 1990). The type section is
designated for intermittent exposures along the Kavik River, in the map area, where Detterman
and others (1975) calculated a thickness of 85 m; unit appears to be thicker elsewhere in the
region.

ECHOOKA FORMATION (Permian)—Hard, dense, silicified, very-fine-grained sandstone and
siltstone; commonly medium-, and rarely thick-bedded; finer-grained facies almost cherty in
places. Commonly weathers into blocky rubble; typically exhibits a mottled texture and wavy
lamination due to thorough bioturbation. Zoophycos trace fossils are well preserved locally and
diagnostic; Diplocraterion traces are also present. Local thin beds and lenses of limestone and
silicified limestone are more common in the lower part of the section and host brachiopods, solitary
corals, bryozoans, and sponge spicules. Forms prominent dark-brown- to rust-red-weathering flat
irons and cuestas; color likely results from oxidation of disseminated pyrite. Unit is commonly
covered by conspicuous orange lichen. Interpreted to be deposited in a low-energy shelfal setting,
below storm wave base (LePain and Wartes, in press). Unit thickness is regionally variable, and
outcrops in the Sadlerochit Mountains, east of the map area, indicate abrupt northward thinning
(Crowder, 1990; Detterman and others, 1975); estimated to be approximately 100 m thick along
the Kavik River, although Keller and others (1961) reported locally thicker sections in the area.
Detterman and others (1975) subdivided the Echooka Formation into two parts, the Joe Creek
and Ikiakpaurak members; exposure quality in the map area does not permit their differentiation
as map units.

LISBURNE GROUP (Mississippian to Lower Pennsylvanian)—A resistant, commonly cliff-forming, lime-
stone-dominated unit recording the development of a vast carbonate platform across much of Arctic Alaska.
At least 500 m thick; exposures are limited to alpine topography in the southernmost part of the map area. In
the northeastern Brooks Range, this unit is commonly subdivided into the Alapah Limestone (lower unit) and
the Wahoo Limestone (upper unit; Brosgé and others, 1962; Watts and others, 1995). In this area, stratigraphic
criteria are not sufficiently unique to map these units as biostratigraphically defined. Instead, informal lower,
middle, and upper units were chosen.
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PMimu LISBURNE GROUP, MIDDLE AND UPPER PARTS—Mapped as undifferentiated, particularly
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in the southwestern corner of the map area.

LISBURNE GROUP, UPPER PART—Light-gray-weathering limestone and subordinate buff-
weathering dolostone. Resistant and commonly forms cliffs. Depositional cycles ranging from
10 to 20 m thick form distinctive stepped topography where well exposed. Thin- to thick-bedded
bioclastic grainstone and wackestone with abundant crinoidal and subordinate coral debris;
lime mud interbeds. Local light-colored nodular chert. Corresponds approximately with Wahoo
Limestone.

LISBURNE GROUP, MIDDLE PART—Medium-gray-weathering limestone with abundant
crinoidal debris. Less resistant than upper part and commonly rubbly, but locally forms cliffs.
Thin- to medium-bedded with more abundant lime—mud interbeds than in upper part. Thinner
cycles than in upper part that consist of alternating rubbly and resistant intervals. Corresponds
approximately with upper Alapah Limestone.

LISBURNE GROUP, LOWER PART—Dark-gray-weathering limestone with common black
nodular chert layers and lenses. Typically recessive and rubbly, but local outcrops display alter-
nating thin, resistant, and recessive beds. Common solitary and colonial corals in dark lime—-mud
matrix. Corresponds approximately with lower Alapah Limestone and may include rocks assigned
to the Wachsmuth Limestone by Brosgé and others (1962).

ENDICOTT GROUP (Lower to Middle Mississippian)—The Endicott Group is the basal part of the Ellesme-
rian sequence and is separated from underlying pre-middle Devonian rocks by a major angular unconformity.
This siliciclastic-dominated assemblage is composed in ascending order of the Kekiktuk Conglomerate and
Kayak Shale; exposures are limited to the core of the Echooka Anticlinorium (Meigs and Imm, 1995) in the
southwestern corner of the map area.

Mky

Mkt

KAYAK SHALE (Middle Mississippian)—Dark gray to black siltstone and fissile sooty shale;
upper part includes locally fossiliferous limestone beds that are gradational with the overlying
Lisburne Group. Restricted to the southwestern corner of the map, largely west of Juniper Creek,
where limited exposures crop out in recessive swales beneath the resistant, cliff-forming Lis-
burne Group. Interpreted as a transgressive marginal marine succession (LePain, 1998). Sections
measured south and east of the map area yield thickness estimates ranging from 90 to more than
300 m (LePain and Crowder, 1990); although poorly constrained in the map area, thickness is
probably less than 250 m.

KEKIKTUK CONGLOMERATE (Lower to Middle Mississippian)—Gray-brown-weathering,
resistant, massive, fine- to very-fine-grained quartzite and indurated siltstone. Confined to south-
western part of map area, in core of Echooka Anticlinorium. Regional interpretations suggest
deposition in fluvial systems, although marginal marine influence in the upper part is possible
where it transitions upward into the Kayak Shale (LePain and others, 1994). Thickness is region-
ally influenced by paleotopographic relief on the basal unconformity (LePain and others, 1994);
thickness in field area is poorly constrained, but probably not more than a few tens of meters.

PRE-MISSISSIPPIAN ROCKS

Includes all rocks preserved beneath the major pre-middle Devonian unconformity. Often called the Franklinian
sequence, a term generally no longer in widespread use (Moore and others, 1994). East of the map area, a number of
units are recognized in the Sadlerochit and Shublik Mountains (Robinson and others, 1989), including Neruokpuk
formation, Katakturuk Dolomite, Nanook Limestone, and Mount Copleston Limestone (Blodgett and others, 1992).

pM

PRE-MISSISSIPPIAN ROCKS, UNDIFFERENTIATED (Proterozoic[?])—Dark gray phyllite,
argillite, and light gray, thin quartzite. Only present in core of the Echooka Anticlinorium in the
southwestern corner of map area. Possibly correlative to the Proterozoic(?) Neruokpuk Formation
as narrowly defined by Reiser and others (1978), which is exposed along structural strike to the
ecast of the map area.
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