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The United States Geological Survey in Alaska

Accomplishments during 1978

Kathleen M. Johnson and John R. Williams, Editors

ABSTRACT

United States Geological Survey projects in Alaska
study a wide range of topics of economic and scientific
interest. Work done in 1978 includes contributions to
economic geology, regional geology, stratigraphy, en-
gineering geology, hydrology, and marine geology. Many
maps and reports covering various aspects of the geology
and mineral and water resources of the State were pub-
lished in 1978.

SUMMARY OF IMPORTANT RESULTS
INTRODUCTION

Significant new scientific and economic geo-
logic information has resulted from many topi-
cal and field investigations of the Geological
Survey in Alaska during 1978. Discussions of the
findings, or, in some instances, narratives of the
course of the investigations are grouped in eight
subdivisions corresponding to the six major
onshore geographic regions (fig. 1), the offshore
projects, and projects that are statewide in scope.

STATEWIDE PROJECTS

Mineral resources of Alaska
By Edward H. Cobb

Products of this office project during 1978
were open-filed summaries of references to min-
eral occurrences (other than mineral fuels and
construction materials) in 16 quadrangles (scale
1:250,000) in Alaska (Cobb, 1978b-n) and an
open-filed list of recent Federal and State of
Alaska reports on the geology and mineral re-
sources of Alaska indexed by quadrangle (Cobb,
1978a). Reference summaries for 61 quadrangles
have been released since 1975 (fig. 1).
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1978k, Summary of references to mineral occur-
rences (other than mineral fuels and construction
materials) in the Port Alexander quadrangle, Alaska:
U.S. Geological Survey Open-File Report 78-787,
32 p.

19781, Summary of references to mineral occur-
rences (other than mineral fuels and construction
materials) in the Sitka quadrangle, Alaska: U.S.
Geological Survey Open-File Report 78-450, 123 p.
1978m, Summary of references to mineral occur-
rences (other than mineral fuels and construction
materials) in the Solomon quadrangle, Alaska: U.S.
Geological Survey Open-File Report 78-181, 185 p.
1978n, Summary of references to mineral occur-
rences (other than mineral fuels and construction
materials) in the Sumdum and Taku River quad-
rangles, Alaska: U.S. Geological Survey Open-File
Report 78-698, 64 p.

Landsat color mosaic of southeastern Alaska
By Wm. Clinton Steele, James R. Le Compte, and Nairn
R. D. Albert

A controlled 1:1,000,000-scale, standard
false-color (bands 4, 5, and 7) Landsat mosaic of
southeastern Alaska has been constructed using
14 scenes taken by Landsat 1 and Landsat 2.
The mosaic was designed to be compatible with
an existing mosaic of mainland Alaska (Albert
and others, 1978) as an additional sheet. The
mosaic is on a Lambert conformal projection
and copies are available to the public in a variety
of product types and scales. Details on the cov-
erage, cost, scale, product types, and procedure
for ordering the southeastern Alaska mosaic
sheet and the mainland mosaic sheets can be ob-
tained from the EROS Data Center, U.S. Geo-
logical Survey, Sioux Falls, South Dakota 57198.

REFERENCE CITED

Albert, N. R. D., Steele, W. C., and Le Compte, J. R.,
1978, Landsat color mosaic of Alaska, in Johnson,
K. M,, ed., The United States Geological Survey in
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Landsat data interpretation for various AMRAP quad-
rangles, Alaska

By Wm. Clinton Steele, James R. Le Compte, and Nairn
R. D. Albert

Landsat images of the Philip Smith Mountains
(Le Compte, 1979), Talkeetna Mountains
(Steele and Le Compte, 1978), Ketchikan-Prince
Rupert (Steele and Albert, 1978), Big Delta
(Albert and Steele, 1978), Seward (J. R. Le

Compte, unpub. data, 1978), Survey Pass (J. R.
Le Compte, unpub. data, 1978), Ambler River
(Albert, 1978), Chignik-Sutwik Island (W. C.
Steele, unpub. data, 1978), Lake Clark (W. C.
Steele, unpub. data, 1978), and Valdez (J. R.
Le Compte, unpub. data, 1978) quadrangles
were analyzed as part of the Alaska Mineral Re-
sources Assessment Program (AMRAP) during
1978. These studies, in conjunction with
earlier AMRAP investigations, form a substan-
tial data base from which some definitive state-
ments can be made regarding the geologic
significance of observed Landsat features. The
areas were subjected to interpretive techniques
including visual analyses of various computer-
and noncomputer-enhanced color and black and
white images (most of which are available from
the EROS Data Center, Sioux Falls, South
Dakota) and computer analyses of the visually
interpreted data.

That lineaments detected on Landsat images
commonly reflect fracture zones is particularly
well shown in the Ketchikan quadrangle. Only a
few, perhaps 1 to 10 percent, of the lineaments
are faults, and many faults that are mappable at
1:250,000-scale can be detected on Landsat
images. Extensions beyond the terminations of
many faults mapped by field methods are evi-
dent on the imagery.

Lineaments in Alaska can generally be divided
into three scales of features: 1) statewide linea-
ment trends (NE, NW, N, and E) (Lathram and
Raynolds, 1977), corresponding to the regmatic
shear pattern, which not only transect tectonic
and stratigraphic boundaries, but also coincide
with several of these boundaries; 2) regional
trends, such as the lineament set along the Denali
fault in the Talkeetna quadrangle or along the
Coast Range megalineament in the Ketchikan
quadrangle; and 3) local trends which are com-
monly restricted to specific terranes and various
local geologic phenomena or to structures
caused by unknown tectonic events.

Circular and arcuate features detected on
Landsat images of Alaska can generally be di-
vided into two groups. One group consists of
features larger than 50 km in diameter, such as
several circular features in the- eastern Brooks
Range. Few logical explanations have been
found for features this large. The other group
consists of circular and arcuate features smaller
than 50 km in diameter. Approximately 50 per-

STATEWIDE PROJECTS B3



cent of these smaller features can be spatially
related to known geologic features. These
smaller features can be divided into three groups:
1) concentric (“nested’) circular features related
to batholiths and plutons; 2) solitary circular
features related to batholiths, plutons, volcanic
cones, craters, and calderas; and 3) ‘“nested”
arcuate features related to folds.

Of the Landsat products currently available,
the best images for the identification of linea-
ments and circular and arcuate features are low
sun angle black and white images, computer-
enhanced first derivative images, and standard
false-color images (both computer enhanced and
optically enhanced). Computer-enhanced simu-
lated natural color images are the most useful
products for identification of iron-oxide-colored
areas. Sinusoidally stretched false-color images
are best for distinguishing features in relatively
flat terrain where shadows and sun angle are not
factors and features in areas with small varia-
tions in spectroreflectance values and for dif-
ferentiating between photogeologic terrains.

Within a 1:250,000-scale quadrangle, ob-
served Landsat features coincide with only one
or two sites having significant mineralization.
Therefore AMRAP-type studies of 1:250,000-
scale quadrangles using Landsat data require a
regional analysis of areas adjacent to the quad-
rangle. Relations deduced from these broader
scope investigations can then be extrapolated
back to Landsat-detected features within the
quadrangle.
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Reconnaissance geochemical studies in Alaska

By G. C. Curtin, W. D. Crim, H. D. King, E. F. Cooley,
C. L. Forn, J. D. Hoffman, R. M. O’Leary, and R. B.
Tripp

A number of previously unreported areas of
possible mineral occurrences have been outlined
during reconnaissance geochemical studies made
in 1978. During the 1978 field season, approxi-
mately 6,600 samples were collected by Branch
of Exploration Research geochemists in six
1:250,000-scale quadrangles: Chignik, Lake
Clark, Medfra, Petersburg, Survey Pass, and
Sutwik Island. The main sample media collected
were minus-80-mesh stream sediment, heavy-
mineral concentrates of stream sediment, and
rocks. Other sample media collected in several
of the quadrangles included stream water and
vegetation. In addition, approximately 4,500
samples of stream sediment and rocks were
collected by Alaskan Branch geologists in vari-
ous parts of Alaska. More than 7,000 of these
samples were analyzed for as many as 32 ele-
ments in the Anchorage laboratory and in
mobile laboratories stationed in Juneau.

Several areas of mineralized rock are outlined
in the western part of the Lake Clark quadrangle
by anomalously high values of gold, silver, and
tin in heavy-mineral concentrates of stream
sediment. These anomalous values suggest the
presence of possible economic gold placer de-
posits similar to those in the Bonanza Hills in
the north-central part of the quadrangle.

Anomalously high copper and molybdenum
values in heavy-mineral concentrates outline
several mineral targets in the southeastern and
east-central parts of the quadrangle. The most
notable area is in the vicinity of the confluence
of the North Fork with the Tlikakila River near
the east edge of the quadrangle. Concentrate
samples from this area contained chalcopyrite,
powellite, and molybdenite; these minerals
appear to be the most likely source of the high



copper and molybdenum values. The chalcopy-
rite and molybdenum minerals are probably
derived from mineralized zones in the intrusive
rocks, which range in composition from granite
to quartz monzonite (Reed and Lanphere, 1973).

In the Medfra quadrangle mineralized locali-
ties in the Mystery Mountains and south of the
Sunshine Mountains, in the central and west-
central parts of the quadrangle, are outlined by
anomalous amounts of arsenic, bismuth, copper,
gold, lead, silver, and tin in heavy-mineral con-
centrates of stream sediments. These localities
are underlain by Cretaceous sedimentary rocks,
which are intruded by abundant Tertiary felsic
hypabyssal dikes and sills, and lie in a belt of
Tertiary granitic plutons. The anomalous values
may indicate the presence of economic mineral
deposits related to the intrusive rocks. Other
mineralized localities in the Medfra quadrangle,
only partially outlined at this time, include an
area about 24 km northeast of the Cripple Creek
Mountains in the northwest part of the quad-
rangle and an area in the Cloudy Mountains in
the southwest part of the quadrangle. These
localities will be further outlined by geochemi-
cal investigations during 1979.

Several uranium-rich areas were revealed in
the Talkeetna quadrangle (central Alaska Range)
by the results of uranium and thorium analyses
made on samples collected during earlier studies.
High uranium and thorium values in stream sedi-
ment and heavy-mineral concentrates of stream
sediment (Curtin and others, 1979) are associ-
ated mainly with early Tertiary biotite and
biotite-muscovite granite plutons of the
McKinley sequence (Reed and Nelson, 1977).
Small euhedral grains in the heavy-mineral con-
centrate samples were identified as uraninite by
X-ray diffraction. The anomalous values outline
areas that merit further investigation for possible
economic mineral occurrences.

Samples of black spruce (Picea mariana
B.S.P.) and ground birch (Betula rotundifolia
Sarg.) collected during 1974 geochemical studies
in the Yukon-Tanana Upland of east-central
Alaska were analyzed to determine their useful-
ness in geochemical exploration. The results in-
dicate that, at a density of one site per 10 to
25 km?, the black spruce samples provide useful
data for outlining areas rich in silver, copper,
molybdenum, boron, nickel, and cobalt. Like-
wise, ground birch samples furnish useful in-

formation for cadmium, molybdenum, lead, and
boron.
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Status of regional heat-flow studies in Alaska
By L. A. Lawver, Arthur H. Lachenbruch, and T. H.
Moses, Jr.

The Geothermal Studies Project of the Office
of Earthquake Studies has collected thermal
gradient measurements in holes of opportunity
in Alaska during the past 20 years. Initially, the
heat-flow work in Alaska was undertaken pri-
marily to understand the thermal regime of
permafrost and the related engineering problems
associated with construction and petroleum ex-
ploration (Lachenbruch and others, 1962). Our
greater emphasis now is on collecting data for a
better understanding of the tectonics of Alaska
and the geothermal potential of any high
thermal gradients found. We have obtained
thermal gradient measurements from 83 drill
holes in 52 different locations (fig. 2). North
of the Brooks Range, 40 measurements were
made, most of which show relatively uniform
thermal gradients. The North Slope holes
range in depth from 150 to more than 2,000 m;
most are 500 to 750 m deep. With two excep-
tions, Cape Thompson (Lachenbruch and
Marshall, 1969) and the Lisburne site, all the
North Slope measurements were made in holes
drilled for oil and gas exploration. Temperature
has been measured in most of the holes that are
still open in the National Petroleum Reserve in
Alaska (NPRA), and in 19 of the holes drilled at
Prudhoe Bay. Limited thermal conductivity data
on cores are available for a few of the Prudhoe
Bay holes and most of the older holes in NPRA,
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Ficure 2.—Heat-flow sites in Alaska. NPRA, National Petroleum Reserve in Alaska.

but from none of the recent holes in NPRA. South of the Brooks Range are measurements
Tentative heat-flow values have been computed at 30 different sites, 7 in southeastern Alaska
for nine different locations north of the Brooks and 1 on Amchitka Island (Sass and Munroe,
Range. The heat-flow values are reasonably con- 1970). Most have been drilled in connection
sistent and are in the range of 50-75 milliwatts/ with mining exploration activity or for federally
m? (mW/m?) for all the North Slope sites financed experiments. They range in depth from
except for the Lisburne site, a hole drilled for less than 100 m to a 3,100-m hole at Eielson Air
experiments run by the Lawrence Livermore Force Base, near Fairbanks; most are less than
Laboratory. It has a high heat-flow value thatis 200 m deep. Sixteen locations of thermal gradi-
not readily explainable. ent measurements in Alaska south of the Brooks
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The Avan Hills ophiolite consists of three
broad lithologic zones. In ascending order they
are 1) a zone of ultramafic tectonites; 2) a tran-
sition zone containing both ultramafic and
coarse-grained, intermediate and mafic rocks
tonites; and 3) a ‘“‘gabbroic’ zone consisting of
coarse-grained intermediate and mafic rocks
with mesoscopic and microscopic textures rang-
ing from tectonitic to cumulate. Rocks of the
complex overlie a sequence of mafic volcanic
material along a thrust contact. At present, there
is no evidence that the volcanic rocks are genet-
ically related to the overlying ultramafic units.

The ultramafic zone consists of interlayered
dunite, harzburgite, and pyroxenite; the py-
roxenite is volumetrically minor except near the
base of the transition zone. Boundaries between
dunite and other compositional layers are gen-
erally sharp, but contacts between peridotite
and pyroxenite are typically gradational. A
nearly ubiquitous mesoscopic foliation in all
three rock types is defined by flattened or
rotated grains of orthopyroxene and (or) chrome
spinel. Foliation planes are typically parallel or
subparallel to compositional layering. Cross-
cutting relations are limited to local pyroxenite
dikes and, in the lower parts of the zone, to
thin, dikelike segregations of dunite that tran-
sect both foliation and layering. At one location
linear trains of chrome spinel grains are con-
tinuous from peridotite across dunite “dikes,”
evidence suggesting that the “dikes” may be the
result of selective removal of pyroxenitic mate-
rial along irregular planes. Tight, mesoscopic
folding of thin peridotite and chrome spinel
layers is locally common, and there is evidence
of open, macroscopic folding over much of the
Zone.

On a microscopic scale, both dunite and pe-
ridotite show evidence of considerable plastic
strain and recrystallization. Coarse, heavily
kinked, relict olivine grains in both rock types
range from about 1.5 to 6.0 mm in long dimen-
sion, although crystals as long as 20 mm are
present in some rocks. The presence of both
strained and unstrained interstitial neoblasts is
typical. Orthopyroxenes are bent, embayed, and
locally recrystallized. Spinel with subhedral to
rounded outlines is distributed along olivine and
orthopyroxene grain boundaries or is included
within olivine crystals. The textures of the five
samples examined to date conform to the pro-
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togranular, porphyroclastic, and protogranular-
to-porphyroclastic transitional textures de-
scribed by Mercier and Nicolas (1975). The
same textures would be considered porphyro-
clastic in the classification of Pike and Schwarz-
man (1977). The presence of rounded spinels en-
closed within olivine crystals suggests that the
rocks have undergone more than one deforma-
tion-recrystallization cycle (Mercier and Nicolas,
1975).

The contact between the ultramafic and
transition zones is defined at the first appear-
ance of interlayered, coarsely crystalline inter-
mediate or mafic rocks. These initially occur as
isolated layers or lenses in peridotites or py-
roxenites and become more commun up-section.
Toward the top of the transition zone, volu-
metric roles are reversed as ultramafic layers
occur with decreasing frequency.

A gradational contact more than 5 mm thick
was noted between a diorite layer or lens and
adjacent peridotite in one sample that was
examined in thin section. In this sample, rela-
tively coarse (0.5 to 1.5 mm long), embayed
calcic plagioclase grains show abundant evidence
of strain, including undulatory extinction and
bent twin lamellae. Superimposed along grain
boundaries and across parts of the relict grains
are sprays of small (0.05 to 0.15 mm long),
strain-free, possibly neoblastic feldspars that
typically form 120° angles with adjacent grains.

Coarsely crystalline rocks of the ‘“gabbroic”
zone, in the vicinity of its basal contact, are
gabbro, olivine gabbro, and diorite, character-
ized by planar preferred orientations of mafic
minerals that define a strong foliation. These
rocks, as well as those of similar composition in
the transition zone, are tectonites. The thickness
of the tectonite layer at the base of the gabbroic
zone has not been determined, but farther up-
section, cumulates become dominant. Considera-
ble evidence for deuteric alteration is found in
all rocks from this zone that have been exam-
ined to date.

During the 1978 field season no attempt was
made to study the upper parts of the gabbroic
zone in a systematic manner. Diorite and gabbro
are found in numerous Alpine-type ultramafic
complexes considered to be ophiolitic. Complete
ophiolites, such as the Vourinos ophiolitic Com-
plex (Moores, 1969), contain coarse leucocratic
material as well as intermediate to basaltic ex-



trusive rocks. That these constituents have not
been found in the Avan Hills ultramafic complex
may be due to limited investigations of the
gabbroic zone. It is more likely, however, that
such rocks, if originally present, have been
stripped from the top of the complex during
thrust emplacement or by postemplacement
erosion.

The composition, structural elements, and
texture of rocks of the Avan Hills ultramafic
complex indicate that they have been subjected
to a complex history of deformation, much of
which took place at high temperature and
pressure. Most mesoscopic and microscopic
features are characteristic of ductile response of
the materials to stress and probably originated
while the rocks were in a preorogenic environ-
ment. Some elements may have developed dur-
ing synorogenic emplacement. Present evidence
of more brittle response during late synorogenic
or postorogenic deformation is limited to nu-
merous, small, high-angle faults that occur over
much of the complex and systems of closely
spaced microfractures with antitaxial serpentine
fillings that are present in several samples from
the ultramafic zone.
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The Ginny Creek zinc-lead-silver and Nimiuktuk barite
deposits, northwestern Brooks Range, Alaska

By C. F. Mayfield, S. M. Curtis, I. F. Ellersieck, and I. L.
Tailleur

Two new mineral deposits, the Ginny Creek
deposit and the Nimiuktuk deposit, were dis-
covered in the De Long Mountains during
geologic mapping in the south half of the
Misheguk Mountain quadrangle. The Ginny
Creek deposit is located between Trail Creek and
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the Kugururok River at the head of Ginny
Creek. The Nimiuktuk deposit is located 59 km
to the east near the upper part of the Nimiuktuk
River (fig. 5). Each deposit has received only
reconnaissance investigation (Mayfield and
others, 1979) owing to the limited amount of
time available for field study.

The most important commodities from the
Ginny Creek deposit appear to be zinc and lead
from the minerals sphalerite and galena, Silver
may also be important; high geochemical values
for this element occur in some samples from
the deposit. Host rock for the sulfides is sand-
stone and shale, correlative with the upper part
of the Noatak Sandstone and with the limestone
at the base of the overlying Kayak Shale. Sphal-
erite and galena occur mainly as disseminated
crystals in sandstone, but outcrops of massive
sulfide locally occur at the top of the sandstone
section or in the overlying limestone. Quartz
veins are minor, and most are barren of sulfides.
The most common gangue mineral is siderite,
which occurs abundantly in the host rocks
throughout the mineralized zone. Pyrite is a
minor constituent in the deposit.

The surface area affected by mineralization
appears to be large. The main exposure of
mineralized rock, which contains some zones of
barren sandstone and shale, is at least 900 m
long and 600 m wide. It is covered by tundra to
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the east and west and by the valley of Ginny
Creek to the south. To the north, the mineral-
ized sedimentary rocks are covered by younger
rocks. A poorly exposed sphalerite-rich gossan in
limestone occurs 1 km to the southwest. High
zinc and lead values from stream-sediment
samples collected in two tributaries indicate
probable mineralized rock 1 km to the south of
the main zone of disseminated sulfides.

The grade of the deposit is uncertain. Ran-
domly collected samples from surface float in
the area where sulfides are disseminated in
sandstone indicate grades of from 0.3 to 1 per-
cent zinc with lesser amounts of lead. The
samples were collected from leached gossan, and
higher grades may be expected at depth. Out-
crops of rock containing high-grade massive sul-
fide locally occur near the top of the sandstone
unit and in one place in the overlying lime-
stone. Bedrock is not well enough exposed to
show the actual grade or extent of the deposit
without applying subsurface methods of
evaluation.

The Nimiuktuk deposit underlies a small hill
about 7 to 10 m high, 40 m wide, and 60 m
long, isolated in the middle of a flat tundra-
covered field. The entire hill is composed of
cobble- to boulder-size fragments of nearly pure
barite. The nearest bedrock, exposed about
500 m to the northeast, consists of Upper
Mississippian black shale and chert in contact
with Lower Cretaceous shale and wacke. Small
rubbly outcrops 600 m to the southwest are
Carboniferous(?) volcanic rocks in probable
thrust contact with structurally overlying sandy
limestone of the Utukok Formation. The vol-
canic rocks are composed predominantly of
feldspar, biotite, and leucoxene (after ilmenite?).
Feldspar has been extensively altered to car-
bonate and phyllosilicate minerals. The absence
of quartz in phenocrysts and high percentage of
alkalic feldspar suggest a latite or andesite com-
position similar to the volcanic rocks in the
Drenchwater area (Tailleur and others, 1966;
Nokleberg and Winkler, 1978).

The age of the host rock for the barite deposit
is only speculative because surface exposures in
the area are so poor. We suspect that the Nimi-
uktuk deposit is similar to the Red Dog deposit,
where massive barite is believed to have been
deposited syngenetically in Upper Mississippian
black shale and chert (Plahuta and others, 1978).
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Unlike the Red Dog deposit, geochemical sam-
ples from the watershed of the Nimiuktuk de-
posit are not high in zinc nor lead.

Mineralization at the Ginny Creek and Nimi-
uktuk deposits probably occurred at about the
same time as at the other major deposits of zinc,
lead, and (or) barite in the De Long Mountains.
Studies at Red Dog (Tailleur and others, 1977;
Plahuta and others, 1978) and at Drenchwater
(Nokleberg and Winkler, 1978) indicate that
mineralization probably occurred in the Late
Mississippian (Early Pennsylvanian?). The host
rocks at Ginny Creek, Red Dog, and Drench-
water were probably mineralized under different
conditions. At Drenchwater and Red Dog, a sea
floor precipitation model seems to best explain
many of the sulfide/host rock relations, whereas
at Ginny Creek, a subsurface model for deposi-
tion of sulfides is indicated. The movement of
lead, zinc, and sulfur in both the surface and
subsurface strongly suggesis that hydrothermal
systems were an integral part of the mineraliza-
tion. The most likely source of heat to produce
such systems in the Late Mississippian is the
magma(s) that produced the localized occur-
rences of Upper Mississippian volcanic rocks in
the De Long Mountains.
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A new find of Upper Cretaceous or Tertiary sedimentary
rocks in the Noatak Valley

By Inyo Ellersieck, I. L. Tailleur, C. F. Mayfield, and
S. M. Curtis

Poorly indurated sedimentary rocks, unlike
any previously known formations in the center
of the Brooks Range, were found in 1978 on the
north bank of the Noatak River, 7 km upstream
from its confluence with the Kelly River (fig. 5).
The outcrop was discovered by Frank Szczepan-
ski, helicopter mechanic. The exposure is trun-
cated by Quaternary gravel near high-water level
and is accessible only when the Noatak River is
at relatively low flow. Extensive Quaternary
cover in the Noatak Valley prevents tracing the
rocks away from the river.

The section exposed is about 100 m thick.
The lower 50 m was not accessible but appears
from a distance to be composed of blue-gray
siltstone and claystone. The upper 50 m is com-
posed of approximately 60 percent siltstone
and claystone, 35 percent sandstone, and 5
percent conglomerate, dipping 30° to 75°
west-southwest.

Finer grained rocks are dominantly clayey
siltstone but also include sticky, possibly mont-
morillonitic, clay. Partings of carbonaceous
material in these rocks define planar stratifica-
tion and ripple marks. Some beds contain root-
lets or impressions of plant material and lenses,
as thick as 5 c¢m, of silty and shaly low-rank coal
in which flattened branches are visible.

The sandstone is light bluish gray, well sorted,
and medium to coarse grained. Most of the sand-
stone is very poorly indurated and can be
crumbled with the fingers, but a few beds from
1 to 3 m thick are cemented by calcite. The
grains are subangular to subrounded. They are
about 70 percent quartz, 28 percent chert, and
less than 1 percent each of plagioclase, mica,
and unidentified minerals that have been al-
tered to clay.

Several conglomerate beds 1 to 1.5 m thick
occur near the top of the section. The clasts are
pebble to cobble size, in a sandy, calcite-
cemented matrix, The maximum diameter
observed was 15 cm. The clasts consist of gray-
wacke probably from the Okpikruak Formation,
quartz arenite probably from the Noatak Sand-
stone, quartz, and chert from Mississippian
through Triassic formations in the area.

Sedimentary structures include channels at

the base of sandstone and conglomerate beds,
lag concentrations of pebbles in sandstone,
crossbedding, and ripple marks. The combina-
tion of sedimentary structures, lithology, and
coal indicates that the sediments were probably
deposited on a river flood plain.

The age of the beds is uncertain. The presence
of clasts that are probably from the Lower Cre-
taceous Okpikruak Formation and the poor
induration of the rock relative to the Okpikruak
Formation indicate that the beds are of post-
Early Cretaceous age, possibly later than the
major part of the Cretaceous Brooks Range
orogeny. Palynomorphs from several siltstone
beds were examined by Hideyo Haga of Ander-
son, Warren, and Associates, San Diego, Cali-
fornia (oral commun., 1979). They are either
too poorly preserved to identify or are of un-
differentiated Jurassic and Cretaceous age; no
Cenozoic forms were observed.

Conceivably, the identifiable forms could
have been reworked from older formations, and
the rocks could be of Tertiary age. Redeposition
of palynomorphs is a common occurrence in
Mesozoic rocks on the North Slope. On the basis
of the available evidence, the rocks are con-
sidered to be of Late Cretaceous or Tertiary age.

The presence of rocks of this age and litholo-
gy in the Noatak Valley is significant because it
is evidence for a basin of relatively low-density
sediments under the lower Noatak River valley
to the southwest, which was postulated by
Barnes and Tailleur (1970) as the cause of an
intense (50-mgal) gravity low. Although this
gravity low appears to be closed on the west, the
basin may be tectonically related to the mostly
Tertiary and perhaps Cretaceous Hope basin
(Grantz and others, 1975) under the Chukchi
Sea to the west.
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Gamma-ray values in the Misheguk Mountain region and
in parts of Barrow, Teshekpuk, and Harrison Bay quad-
rangles, Alaska

By S. M. Curtis, Richard Rossiter, I. F. Ellersieck, C. F.
Mayfield, and I. L. Tailleur

To augment a mile-to-the-inch geologic map-
ping project in Misheguk Mountain quadrangle
in the summer of 1978, a portable scintillometer
was carried aboard a Bell 206B? helicopter used
for field support. Gamma-ray intensities were
measured and recorded by Richard Rossiter
(helicopter pilot) at landing sites, usually deter-
mined by the needs of geologists making field
traverses. Intensities were measured primarily
with a Mt. Sopris Instrument Co. model SC-132
scintillometer at 704 scattered localities in the
southern part of Misheguk Mountain quadrangle
and in parts of the adjacent Baird Mountains and
Howard Pass quadrangles.

Two areas were found with anomalous
gamma-ray intensities. Intensities of about six
times background are associated with leucocratic
volcanic rocks and tuffaceous sediments on the
Kugururok River west of Misheguk Mountain
(lat 68°15" N., long 161°30" W.). These rocks
may be correlative with similar volcanic rocks
associated with upper Paleozoic sedimentary
rocks and sulfide deposits at Drenchwater Creek
in the Howard Pass quadrangle (Nokleberg and
Winkler, 1978). Intensities ranging from 14 to
24 times background are associated with black,
phyllitic, carbonaceous shale and overlying,
lighter colored, schistose siltstone in the Mai-
yumerak Mountains in Baird Mountains quad-
rangle (lat 67°12' N., long 161°35' W.). These
rocks probably occur in the lower, Devonian(?),
part of the Endicott Group, but no assessment
of the anomalous intensities can be made at this
time. These data have been compiled for release
in a U.S. Geological Survey Open-File Report.

In September and October of 1978 the same
helicopter and scintillometer were used in a
sampling program for surficial helium in parts of
Barrow, Teshekpuk, and Harrison Bay quad-
rangles, Alaska (Alan Roberts, oral commun.,
1978). Gamma-ray intensities were measured at
544 helium-sample locations, all located on soil

2 Any use of trade names is for descriptive purposes only and
does not constitute endorsement of these products by the U.S.
Geological Survey.

Bl4 ACCOMPLISHMENTS DURING 1978

cover, which tends to block radiation from un-
derlying bedrock. All measured intensities
appear to be background values, and none are
anomalous. These data have also been compiled
for release in a U.S. Geological Survey Open-File
Report.
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Siniktanneyak Mountain ophiolite
By Steven W. Nelson, Warren J. Nokleberg, Martha
Miller-Hoare, and Michael W. Mullen

Reconnaissance and familiarization visits were
made during the summer of 1978 to the Sinik-
tanneyak Mountain ophiolite complex located in
the Howard Pass quadrangle, western Brooks
Range, Alaska, by Nelson, Miller-Hoare, and
Mullen in preparation for detailed petrographic
and petrochemical studies. Nokleberg made
three detailed traverses along the southwestern
margin of the complex as part of structural
studies across the western Brooks Range. Addi-
tional data were obtained from fixed wing
aircraft, helicopter spot stations, and short

traverses. _
The ophiolitic nature of the rocks at Sinik-

tanneyak Mountain was first recognized by
Tailleur (1973) and further described by Roeder
and Mull (1977) and by Patton and others
(1977). They recognized the reverse structural
relation in which the ultramafic/mafic intrusive
part of the ophiolite complex structurally over-
lies pillow basalt and diabase (fig. 6) and dis-
cussed the regional tectonic significance of the
ophiolites in the western Brooks Range. How-
ever, most of the information and interpreta-
tions to date are based upon reconnaissance-
scale mapping and study. Only the broad
features of the ophiolite are now known, and
only scant published information is available
about the internal structure and petrography.
Recent petrographic observations and new
fossil data from the 1978 season are as follows
(locality numbers keyed to fig. 6):
A. D. L. Jones (oral commun., 1978) identi-
fied Triassic radiolarians from a light- to
dark-gray, well-bedded chert spatially
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associated with pillowed volcanic rocks
and orange-weathering peridotite in the
Avingyak Hills (loc. 1). J. T. Dutro, Jr.
(written commun., 1978 and 1979)
identified brachiopods of possible Early
Permian age from basaltic tuff in an
ophiolite melange along Uivaksak Creek
(loc. 2), and possible Devonian fossils
from sedimentary rocks structurally
below pillow basalt (loc. 3) and perido-
tite (loc. 4) on the east side of the ophi-
olite complex. Anita Harris (written
commun., 1978) identified a middle
Famennian to middle Osagean conodont
from an 8-m-thick gray limestone lens(?)
within a 200-m-thick pillow basalt
sequence on the east side of the ophio-
lite complex (loc. 5). These fossils sug-
gest two possible interpretations for the
age of the volcanic rocks structurally un-

ophilite complex confirms the hetero-
geneous composition of the gabbroic
rocks that was observed in the field.
Cumulate layering alternates from
plagioclase-rich layers to pyroxene-rich
layers. Using the classification of
Streckeisen (1973), gabbro, hornblende
gabbronorite, gabbronorite, olivine
gabbro, and anorthosite have been
identified from the gabbroic part of the
ophiolite complex. Locally the gab-
broic rocks have been intruded by
coarse-grained  hornblende-plagioclase
dikes. Anhedral olivine grains discon-
tinuously mantled by an inner rim of
clinopyroxene and an outer rim of
brownish-green hornblende have been
observed in olivine gabbro from the
western part of the ophiolite complex.
Secondary amphibole (actinolite?) re-
placing pyroxene has been observed in
gabbro from the marginal areas of the
ophiolite complex and from cataclastic
zones within the gabbro.

C. Two distinctive types of felsic intrusive

rocks have been observed in the field.
Along the northern margin of the ophio-
lite complex felsic dikes intruding
gabbro are apparently related to small
felsic plugs or stocks (loc. 6) in this area.
These intrusive bodies range in compo-
sition from diorite to tonalite, and the
characteristic accessory minerals are
biotite, hornblende, and clinopyroxene.
In addition, most samples contain
secondary amphibole (actinolite?) and
epidote. The diorite and tonalite may
represent late differentiates of the
gabbroic magma. The other type of
felsic intrusive rock is unaltered
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muscovite-biotite granite, which has
been observed as small intrusive(?)
bodies in peridotite from the south-
eastern part of the complex (loc. 7).
These rocks have a well-developed
granitic texture, are not granophyric,
and contain approximately 25 percent
potassium feldspar.  Petrochemical
studies to be completed next year will
help to determine whether these felsic
rocks are related to the igneous proc-
esses that formed the gabbros or whether
they are a separate younger igneous
event.

D. Semiquantitative spectrographic analysis
of one mineralized sample from a 4-m-
wide, orange-weathering, pyrite-bearing
feldspathic dike(?) in pillow basalt from
the eastern margin of the ophiolite com-
plex (loc. 5) showed 20 ppm silver,
5,000 ppm Dbarium, and 300 ppm
copper. At the present time it is not
known whether this dike is related to
the felsic intrusive bodies discussed in C
above or is a separate phase related to
the volcanic rocks. Similar appearing
sulfide-bearing rocks have been observed
in the western part of the ophiolite com-
plex (loc. 8).

Detailed mapping, petrographic observations,
and petrochemical studies, including rubidium
and strontium isotope studies of the igneous
rocks, will provide clues to the origin of the
various igneous rocks and the ophiolite complex.
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Tectonic significance of metamorphic grade distribution,
Survey Pass quadrangle, Alaska
By Steven W. Nelson and Donald Grybeck

Petrographic examination of more than 1,400
thin sections of middle and upper Paleozoic
metasedimentary and meta-igneous rocks from
the Survey Pass quadrangle, Alaska, has resulted
in recognition of three grades of regionally meta-
morphosed rocks (fig. 7), ranging from very low
grade to medium grade following the terminol-
ogy of Winkler (1976).

The central core region of the quadrangle con-
tains Middle Devonian granite orthogneiss
plutons (Nelson and Grybeck, 1978; Dillon and
others, 1979, Silberman and others, 1979) and
medium-grade metamorphic rocks. The western
part of this region (west of the Reed River fault)
contains metamorphic rocks that are transi-
tional from low to medium grade. Outside the
central region the metamorphic rocks are gen-
erally low grade. Rocks in the northern part of
the quadrangle are Upper Devonian clastic rocks,
mostly quartz sandstone and shale, with a well-
developed penetrative cleavage in the shale but
little or no diagnostic metamorphic mineraliza-
tion. Pillow basalt and flows of the Angayucham
Mountains and Helpmejack Hills along the
southern boundary of the quadrangle have been
subjected to very low grade metamorphism.

Mineral criteria used to classify the rocks into
the three grades are:

1. Very low grade: defined by the presence

of pumpellyite in pillow basalt and flows.
2. Low grade: defined by the presence of
chlorite, muscovite, albite, actinolite,
chloritoid, and epidote in metasedimen-
tary and metavolcanic rocks. Retro-
graded glaucophane is present in the
chloritoid-quartz schist belt in the south-
ern part of the quadrangle and indicates
an earlier(?) period of high-pressure
metamorphism (Turner and others,
1978).

3. Medium grade: defined by the presence of
garnet, biotite, plagioclase, muscovite,
and amphibole in schist and paragneiss.

Structural relations indicated by regional field
mapping (Mull and Tailleur, 1977; Newman and
others, 1977) and petrographic observations
indicate that the rocks have been involved in at
least two metamorphic events. Radiometric
dating in this area of the southern Brooks Range
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grade map,

has established a possible Precambrian metamor-
phic event, Middle Devonian igneous activity,
and a Mesozoic (largely Cretaceous) regional
metamorphic event (Turner and others, 1978;
Dillon and others, 1979; Silberman and others,
1979).

The contacts between the metamorphic
assemblages in the north-central part of the
quadrangle are thrust faults (relative movement
is upper plate northward). In the central and
southern part of the quadrangle, high-angle,
north-south trending faults offset the metamor-
phic grade contacts. The relations between the
faulting and the grade or assemblages indicate

that these faults are probably late syntectonic to
posttectonic.

Mull and Tailleur (1977) suggested a late
Mesozoic tectonic event that resulted in large-
scale crustal shortening in the Brooks Range cul-
minating in Neocomian time. This event resulted
in the accumulation of thrust sheets in the cen-
tral part of the Brooks Range. After the period
of crustal shortening, tectonism changed to
dominantly vertical, basement-involved tectonics
(Mull, 1977).

Regional metamorphism probably began
when the parautochthonous rocks of the south-
ern Brooks Range were buried and deformed by
thrust sheets that were successively imbricated
and stacked above them. As tectonism waned in
the Late Cretaceous, metamorphism came to an
end, as indicated by potassium-argon cooling
ages obtained from metamorphic micas along
the southern flank of the Brooks Range (Turner
and others, 1978).

Therefore, we suggest that the thrust faults
bounding distinctive metamorphic assemblages
northeast of the Alatna River are the result of
Late Cretaceous vertical tectonics and that they
developed just before the end of or after cessa-
tion of Cretaceous tectonism in the Brooks
Range. The upper limit on the age of this thrust
faulting, on the basis of radiometric dating, is
approximately 110 m.y. The high-angle vertical
faults are probably younger than the thrust
faults. The higher grade of metamorphic rocks in
the central part of the quadrangle is more likely
to have been caused by deep burial during
Mesozoic tectonism than by emplacement of
the Middle Devonian orthogneiss.

REFERENCES CITED

Dillon, J. T., Pessel, G. H., Chen, J. A, and Veach,
N. C,, 1979, Tectonic and economic significance of
Upper Devonian and late Proterozoic U-Pb zircon
ages from the Brooks Range, Alaska: Alaska Divi-
sion of Geological and Geophysical Surveys Report
No. 61 [in press].

Mull, C. G., 1977, Apparent south vergent folding and
possible nappes in Schwatka Mountains, in Blean,
K. M,, ed., The United States Geological Survey in
Alaska—Accomplishments during 1976: U.S. Geo-
logical Survey Circular 751-B, p. B29-B30.

Mull, C. G., and Tailleur, I. L., 1977, Sadlerochit (?)
Group in the Schwatka Mountains, south-central
Brooks Range, in Blean, K. M., ed., The United
States Geological Survey in Alaska—Accomplish-
ments during 1976: U.S, Geological Survey Circulay
751-B, p. B27-B29.

NORTHERN ALASKA Bl17



Netson, S. W., and Grybeck, Donald, 1978, The Ar-
rigetch Peaks and Mount Igikpak plutons, Survey
Pass quadrangle, Alaska, in Johnson, K. M., ed., The
United States Geological Survey in Alaska—Accom-
plishments during 1977: U.S. Geological Survey
Circular 772-B, p. B7-B9.

Newman, G. W., Mull, C. G., and Watkins, N. D., 1977,
Northern Alaska paleomagnetism, plate rotation, and
tectonics: Alaska Geological Society Symposium,
April 1977, Program with Abstracts, p. 16-19.

Silberman, M. L., Brookins, D. G., Nelson, S. W., and
Grybeck, Donald, 1979, Rubidium-strontium and
potassium-argon dating of emplacement and meta-
morphism of the Arrigetch Peaks and Mount Igikpak
plutons, Survey Pass quadrangle, Alaska, in Johnson,
K. M., and Williams, J. R., eds., The United States
Geological Survey in Alaska—Accomplishments dur-
ing 1978: U.S. Geological Survey Circular 804-B,
p. B18-B19.

Turner, D. L., Forbes, R. B., and Mayfield, C. F., 1978,
K-Ar geochronology of the Survey Pass, Ambler
River, and eastern Baird Mountains quadrangles,
southwest Brooks Range, Alaska: U.S. Geological
Survey Open-File Report 78-254, 41 p.

Winkler, H. G. F.,, 1976, Petrogenesis of metamorphic
rocks: New York, Springer-Verlag, 4th ed., 334 p,

Rubidium-strontium and potassium-argon dating of em-
placement and metamorphism of the Arrigetch Peaks
and Mount Igikpak plutons, Survey Pass quadrangle,
Alaska

By M. L. Silberman, D. G. Brookins,> S. W. Nelson, and
Donald Grybeck

The Arrigetch Peaks and Mount Igikpak
plutons on the central Survey Pass quadrangle,
Alaska, are pervasively metamorphosed, de-
formed, and recrystallized (Nelson and Grybeck,
1978, 1979). The plutons, which are dominantly
two-mica granites with high content of silica,
alkalis, rubidium, uranium, and thorium, and
low content of strontium, magnesium, and cal-
cium, intrude sedimentary rocks of Devonian
age and metasedimentary and metavolcanic
rocks of Precambrian (?) and Paleozoic age of
the schist belt of the southern Brooks Range. All
gradations occur between typically granitic-
textured rock and gneiss (Nelson and Grybeck,
1978). Previously, the granitic rocks were
thought to have been emplaced synkinematically
during a major Cretaceous metamorphic episode
that affected the schist belt (Fritts and others,
1971; Brosgé and Pessel, 1977; Turner and
others, 1978). This view is supported by
potassium-argon ages of 86 to 92 m.y. from
biotite and muscovite in three samples of the

3 University of New Mexico, Albuquerque.
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Arrigetch Peaks pluton (Brosgé and Reiser,
1971; Turner and others, 1978). Nelson and
Grybeck (1978), however, citing petrographic
and structural evidence that the plutons were
cataclastically and protoclastically emplaced and
were later subjected to further cataclastic de-
formation, recrystallization, and folding, sug-
gested that they were considerably older than
Cretaceous.

To determine the age of emplacement and
timing of metamorphism, samples of the plutons
have been collected for whole-rock rubidium-
strontium dating, and samples of skarn and
amphibolite zones in the dominantly greenschist-
facies country rocks that surround them have
been collected for potassium-argon dating. Three
samples each from the Mount Igikpak and
Arrigetch Peaks plutons fall on a 37Sr/%¢Sr
87Rb /8¢ Sr isochron which gives a slope equiva-
lent to an age of 373 £ 25 m.y. and an intercept
(initial 87 Sr/%6 Sr ratio) of 0.714 + 0.003 (fig. 8).
Potassium-argon ages from biotite and horn-
blende, separated from a skarn adjacent to the
eastern contact between the Arrigetch Peaks
pluton and calcareous Devonian sedimentary
rocks, are 95 = 3 and 109 = 3 m.y., respectively.

The rubidium-strontium data indicate that the
plutons were emplaced in Middle Devonian time.
The isochron age agrees with a discordia
uranium-lead zircon age of 360 * 10 m.y. de-
termined from zircons from several plutonic
bodies and felsic volcanic rocks in the schist
belt from the Ambler River, Survey Pass, and
Wiseman quadrangles (Dillon and others, 1979).
The apparently high initial 37 Sr/%¢ Sr ratio sug-
gests that the Survey Pass granites may be mobi-
lized older crustal material. Scatter about the
isochron is higher than would be expected if the
rocks had been completely closed to gain and
loss of strontium and rubidium since crystalliza-
tion. Multiple episodes of metamorphism re-
sulting in slight changes in total rubidium and
strontium may explain the scatter, but the
granitic rocks more likely were mobilized and
melted from crustal materials of somewhat
variable initial strontium isotope ratio and may
perhaps represent multiple intrusion of similar
magma. To test this suggestion, additional
wholerock and mineral rubidium-strontium
analyses are being made from samples collected
over the entire 1,000-km? outcrop area of the
granitic rocks.
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The biotite and hornblende ages are consid-
erably younger than the rubidium-strontium
whole-rock isochron age and are themselves in-
ternally discordant. Hornblende retains argon
during post-crystallization thermal events better
than do biotite and muscovite (Hanson and
Gast, 1967). These potassium-argon ages, along
with the three 86- to 92-m.y. biotite and musco-
vite potassium-argon ages from the Arrigetch
Peaks pluton reported by Brosgé and Reiser
(1971) and by Turner, Forbes, and Mayfield
(1978), suggest that postemplacement meta-
morphism affected the plutons and their sur-
rounding wallrocks between the Middle
Devonian and middle Cretaceous, when the
hornblende from the skarn cooled to tempera-
tures at which argon could no longer be lost
from diffusion. The younger mica ages suggest
that temperatures in the region remained at high
enough levels to permit argon loss from the bio-
tite and muscovite for another 20 m.y. or so.
Final cooling evidently occurred in the Late
Cretaceous.
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Metallogeny of the Brooks Range, Alaska
By Donald Grybeck and Warren J. Nokleberg

Recent geochronologic studies and geologic
work by government and industry substantiate a
major late Paleozoic metallogenic epoch in the
Brooks Range that includes all of the better
known mineralization. However, the complex
geology of the Brooks Range is known only
from reconnaissance and limited exploration.
Much work needs to be done on details of the
mineralization.

Mineralization includes diverse types of de-
posits, as outlined below. For a synopsis of the
mineral deposits and the literature through
1977, see Grybeck (1977).

1. A 150-km east-west belt of stratiform, vol-
canogenic copper-zinc deposits associ-
ated with rhyolite piles occurs in
Devonian (possibly Precambrian) schist
along the south side of the Brooks
Range. This is the so-called ‘“‘copper
belt”> which is being actively explored.
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The Arctic deposit, the largest known,
contains 30—35 million tons of rock with
4 percent copper, 5.5 percent zinc, and
minor silver; numerous similar deposits
are known (Sichermann and others,
1976); Smith and others, 1977, 1978;
Marrs, 1978).

2. The Bornite deposit in the Cosmos Hills,

located south of the ‘““‘copper belt’’, has
a similar association of copper, zinc, and
minor silver, but its structure differs and
its origin is less certain. The deposit con-
sists mainly of high-grade, bornite-
chalcopyrite-chalcocite-sphalerite breccia
zones in Devonian carbonate rocks
(Sichermann and others, 1976). The
mineralization is syngenetic in part, but
most is epigenetic. Recently identified
tuffs in the carbonate section and un-
published lead isotope data suggest that
the Bornite deposit may be contem-
poraneous with the Arctic deposit (A. K.
Armstrong, oral commun., 1978).

3. Paleozoic granite with polymetallic min-

eralization is exposed in the Romanzof
Mountains in the northeastern Brooks
Range and in a discontinuous belt of
plutons in the core of the range. Sable
(1977) indicates a probable Devonian
age for the Romanzof Mountains granite
although the uranium/lead ages range
from 310 to 450 m.y. Unpublished
uranium/lead ages on the Arrigetch
Peaks and Mount Igikpak granites in the
central part of the range (John Dillon,
oral commun., 1978) indicate a Devoni-
an age of emplacement, as do rubidium-
strontium analyses (Silberman and
others, 1979). The Cretaceous potas-
sium-argon data used to date these
plutons in the past probably represent a
thermal event and not initial emplace-
ment. The peripheries of the granites are
marked by numerous small occurrences
of vein and contact metamorphic miner-
alization with various combinations of
tin, molybdenum, tungsten, lead, zinc,
silver, antimony, and uranium.

4. Stratiform zinc-lead (-barite) deposits

occur at Drenchwater Creek, at the Red
Dog and Lik prospects, and at several
other localities in the northwestern
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Brooks Range. The mineralization con-
sists mainly of fine-grained galena and
sphalerite in black chert, shale, and the
volcanic graywacke unit of the Lisburne
Group, here of Mississippian age, and in
siltstone, chert, and shale of the Sik-
sikpuk Formation of Permian age
(Nokleberg and Winkler, 1978; Plahuta,
1978; Nokleberg and others, 1979). The
host rocks are dismembered by regional
thrust faulting; the mineralization is
syngenetic but shows evidence of re-
mobilization of sulfides during or soon
after deposition. The Drenchwater and
Red Dog deposits are associated with
Mississippian  keratophyres, andesites,
and volcanic graywackes. All the de-
posits are likely to be of marine hydro-
thermal origin.

5. In the Chandalar quadrangle, a northeast-

trending mineral belt at least 60 km long
coincides with a belt of granite to
granodiorite plutons. The varied miner-
alization might best be considered a
porphyry copper environment in the
broad sense; that is, it includes porphyry
copper and porphyry molybdenum de-
posits within the intrusive rocks, copper-
bearing skarns adjacent to them, and
further away, but probably still related
to the plutons, lead-zinc-silver veins and
replacement bodies. Paleozoic radio-
metric ages of 295 m.y., 380 m.y., and
495 m.y. of the plutons suggest their
age of emplacement but are probably
confused by later thermal events or
experimental error. Several Cretaceous
dates record a postemplacement thermal
event. The long-known gold-quartz veins
and placers east of the mineralized belt
near Chandalar Lake may be distant
manifestations of the plutonic belt, but
their age can be substantiated only as
Devonian or younger.

6. Gold placers near Wiseman and on the

Squirrel River and its tributaries have
produced intermittently since before
World War I. A few placers can be
traced back to thin, apparently inconse-
quential gold-quartz veins of Devonian
or younger age; the great majority have
no recognizable source.



The dominance of late Paleozoic mineraliza-
tion in the Brooks Range (summarized on fig. 9),
intrusion of Paleozoic plutons, probable Devo-
nian metamorphism, and uplift reflected in the
Upper Devonian clastic wedge of the central
Brooks Range substantiate a late Paleozoic, if
not Devonian, orogeny. A similar event, the
Ellsmerian orogeny, is recognized in adjacent
northwestern Canada; the Antler orogeny, per-
haps a correlative event, is widespread in the
western United States.

The geometry and timing of Paleozoic min-
eralization and orogeny are greatly complicated
by late Mesozoic tectonism. Movements associ-
ated with it are not yet clear but probably reflect
major plate motions. A current theory is that
northern Alaska rotated about 75° counter-
clockwise from its former position adjacent to
the Canadian Arctic Islands, mostly in Cre-
taceous time (Tailleur, 1973). The leading edge
of the plate now generally coincides with the
south side of the Brooks Range. A recent syn-
thesis for the Yukon-Koyukuk Basin south of
the Brooks Range (Patton, 1973) suggests that
this Jurassic and Cretaceous basin, filled largely
with Cretaceous graywacke, was largely oceanic
until dJurassic time. Tailleur’s hypothesis and
plate tectonic theory provide numerous possi-
bilities for subduction, obduction, telescoping of
lithofacies, thrusting, and destruction of rocks at
the leading edge of the rotating plate. Patton’s
hypothesis provides similar possibilities for
movement in the oceanic rocks south of the
Brooks Range at about the same time. These
ideas can account for many aspects of the
present geology of the Brooks Range, particular-
ly the tens, if not hundreds, of kilometers of
thrusting that are widely recognized and the
uplift in what is now the core of the range,
furnishing Cretaceous sediments to the Yukon-
Koyukuk Basin to the south and to the Colville
Basin to the north. These ideas are also contro-
versial. Others have suggested that lateral fault-
ing dominated late Mesozoic tectonism (for
example, Yorath and Norris, 1975). Stabilistic
syntheses which largely rely on vertical move-
ments to account for the stratigraphic succes-
sion still play an important role in Brooks Range
geology.

At this time no particular tectonic style can
be conclusively shown as dominant; late Meso-
zoic tectonism in the Brooks Range will proba-
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FiGURE 9.—Ages of major mineralization in Brooks
Range.

bly be shown ultimately to be some combination
of rotational plate motion, lateral faulting, and
vertical uplift. Although our understanding of
the late Mesozoic tectonics of the Brooks Range
is still in a formative stage, it is clear that the
effects are so pervasive and far reaching that it
is imperative that these movements be under-
stood in order to reconstruct the original pattern
of Paleozoic mineralization.
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Tectonic model for the western Brooks Range, Alaska
By Michael Churkin, Jr., Warren J. Nokleberg, and Carl
Huie

In the western Brooks Range, discrete strati-
graphic sequences containing strata ranging in
age from Devonian or Mississippian to Creta-
ceous are juxtaposed by major thrust faults
(Tailleur and others, 1966; Tailleur and Snelson,
1968; Martin, 1970; Churkin and others, 1978;
Mayfield and others, 1978; Roeder and Mull,
1978). Beneath the thrust plates, a structural
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sequence of upper Paleozoic to upper Mesozoic
argillaceous and cherty rocks (Tailleur and
others, 1966; Churkin and others, 1978; May-
field and others, 1978), named the Kagvik
sequence by Churkin and others (1979), pro-
vides a key to the tectonic history of arctic
Alaska.

The Kagvik sequence lies structurally below
thrust-faulted sheets of carbonate rocks and
sandstone of the Lisburne Group, which in turn
are overthrust by pillow lavas and layered mafic
and ultramafic rocks. Along the south edge of
the Brooks Range, the Kagvik sequence is over-
thrust by a terrane containing a mixture of
quartz-mica schist, slate, and greenstone. Recon-
struction of sedimentary environments indicates:
(1) a shallow-water shelf environment for the
thick, richly fossiliferous carbonate rocks of the
Lisburne Group of Carboniferous age; and (2) a
deep ocean-floor environment for the highly
internally deformed Kagvik sequence, which is a
relatively thin (about 500 m) section containing
abundant radiolarians and Nereites trace-fossil
assemblages and local andesitic tuff and flows.
Limestone turbidites interbedded with the
pelagic sediments of the Kagvik sequence sug-
gest that a carbonate shelf was nearby and that a
continental margin existed during the late Paleo-
zoic and early Mesozoic near the present-day
southern Brooks Range. In our tectonic model,
we propose that telescoping of this longstanding
continental margin may be related to collision of
the margin with Paleozoic island arcs and Pre-
cambrian or Paleozoic microcontinental blocks
now represented by the metamorphic terrane
along the south flank of the Brooks Range.
Other tectonic models for the western Brooks
Range have been proposed by Martin (1970),
Tailleur and Brosgé (1970), Tailleur (1973), and
Roeder and Mull (1978).

Bedrock across the western Brooks Range can
be divided into three terranes (fig. 10D). A cen-
tral terrane is composed of the highly deformed
Kagvik sequence and overlying thrust plates of
coeval shelf carbonate rocks and dismembered
mafic and ultramafic assemblages. A northern
terrane is composed of younger, mainly upper
Mesozoic, rocks that underlie most of the North
Slope. A southern terrane in the southern
Brooks Range and along the north edge of the
Yukon-Koyukuk Basin is composed of schist,
marble, metarhyolite, volcanogenic sulfide de-
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posits, blueschist, and dismembered ophiolite
and other metamorphic rocks of probable Pre-
cambrian to Devonian and Mississippian ages
(Forbes and others, 1977; Smith and others,
1978; Patton and others, 1977). This southern
terrane is probably a composite of several
oceanic terranes, including volcanic arcs and
ocean-floor sediments, separated by major
sutures. The large areas of quartz-rich mica
schist associated with a composite batholith of
predominantly gneissic granite and lesser quartz
monzonite in the northern part of the southern
terrane (Brosgé and Pessel, 1977; Mayfield and
Tailleur, 1978) seem to be the root zones of a
remnant magmatic arc.

The rocks of the western Brooks Range
formed roughly as follows: (1) In the Carbon-
iferous, carbonate rocks and sandstone of the
Lisburne Group were deposited in a broad con-
tinental shelf environment (Armstrong, 1974).
Meanwhile, siliceous pelagic sediments and
andesitic flows and tuffs formed in an oceanic
environment off the south edge of the North
American continental margin somewhere near
the southern margin of the present-day Brooks
Range (fig. 10A). (2) Sometime during the Late
Jurassic or Early Cretaceous, these rocks were
intensely deformed, isoclinally folded, and im-
bricately thrust faulted (fig. 10B), thereby
forming the Kagvik sequence. This deformation
probably was the product of a collision of a
microcontinental block or volcanic arc, now
represented by some part of the southern
Brooks Range terrane, with pelagic sediment of
the Kagvik sequence. The gently north-dipping
thrust contact of the Kagvik sequence with
quartz-mica schist and greenstone of the south-
ern Brooks Range terrane can be interpreted as a
suture of the two terranes. (3) With continued
Cretaceous deformation, the rocks of the con-
tinental margin were themselves deformed and
carbonate shelf sequences were thrust over the
Kagvik sequence. This telescoping of the long-
standing continental margin is probably related
to collision of microplates from the Pacific, and
perhaps also to the counterclockwise rotation of
arctic Alaska in the Late Jurassic or Early Cre-
taceous, possibly during rifting and opening of
the modern Canada Basin (fig. 10B). (4) By the
end of the Cretaceous further deformation
caused thrusting and infolding of carbonate
rocks with the Kagvik sequence. The south edge
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of the foredeep along the north front of the
Brooks Range was also deformed (fig. 10C).
Toward the end of this deformation (fig. 10D),
thrust slices of mafic and ultramafic rocks,
representing in part a dismembered ophiolite
basement of the Yukon-Koyukuk Basin, were
emplaced on top of the allochthonous sheets of
the Lisburne Group (Patton and others, 1978).
The tectonic events that produced this last
major deformation may be related to move-
ments of the southern Brooks Range terrane,
either as a collage of accreted microplates or as
individual microcontinental blocks or volcanic
arcs that were accreted against the telescoped
continental margin of North America.
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Upper Paleozoic volcanic rocks in the eastern and central
Brooks Range

By H. N. Reiser, W. P, Brosgé, J. T. Dutro, Jr., and R. L.
Detterman

For a long time upper Paleozoic volcanic
rocks were thought to be absent from northeast-
ern Alaska. However, field and laboratory
studies in 1978 confirmed, extended, and more
exactly dated recently recognized upper Paleo-
zoic volcanic rocks in eastern and central Brooks
Range.

In 1972 a small allochthonous block of rocks
southeast of Porcupine Lake (fig. 11, loc. 1)
was found to be predominantly composed of
volcanogenic rocks. Lenses of volcanic con-
glomerate, volcanic wacke, volcanic breccia,
tuff, and tuffaceous limestone occur with
dioritic or basaltic andesite flows. The sequence
is about 60 m thick and generally the rocks are
pale green, weathering to orange. Original
minerals are to a large extent chloritized and
altered: clinopyroxene has been replaced by
chlorite and plagioclase by clay; pyrite is com-
mon. Locally the volcanic wacke in contact with
the limestone is fine grained, and it contains
chips of silicified limestone or siltstone.

The age of the tuffaceous limestone inter-
bedded with the volcanic rocks was determined
initially to be late Paleozoic (Permian) on the
basis of foraminifers and coral fragments (A. K.
Armstrong, written commun., 1972). A more
precise age determination of diagnostic brachio-
pods by Dutro shows that the tuffaceous lime-
stone is equivalent in age to the Ikiakpaurak
Member of the Echooka Formation of the
Sadlerochit Group (Late Permian).

More significant, because the rock sequences
are autochthonous, was the subsequent recogni-
tion of similar volcanogenic rocks north of
Porcupine Lake. About 5.5 km north of Porcu-
pine Lake (fig. 11, loc. 2) local mineralization in
sedimentary rocks appears to involve similar
but somewhat older volcanogenic rocks (Barker,
1978). The reported stratigraphic relations of
these volcanogenic rocks (J. L. Peace, written
and oral commun., 1978) suggest that they
grade laterally into and in part overlie Mississip-
pian or Pennsylvanian limestone of the Lisburne
Group.

The volcanogenic sequence on the Ivishak
River 58 km to the northwest (fig. 11, loc. 3;
U.S. Geological Survey, 1977) was probably laid
down during the same period of volcanic activ-
ity. This sequence crops out over a 10-km-long
area extending north and south of the river. A
dark-colored band of rocks within the Lisburne
Group about 5 km to the east and extending
northward may be an extension of these vol-
canogenic rocks. The Ivishak River volcanic
sequence includes breccia, tuff, volcanic con-
glomerate, tuffaceous limestone, flows that are
locally pillowed, and minor interbedded lime-
stone. The estimated thickness of the sequence
ranges from 115 m on the north side of the
Ivishak River to about 200 m on the south side.
Locally, heavy iron-sulfide mineralization is ap-
parent in both the volcanic rocks and the
adjacent limestone. The age of the volcanogenic
sequence is probably Late Mississippian on the
basis of the identification of a Zone 18 or
younger microfaunal assemblage (K. J. Bird, oral
commun., 1978) in limestone immediately
underlying the volcanic sequence and Dutro’s
field identification of Mississippian brachiopods,
bryozoans, and echinoderms in the tuffaceous
limestone. The volcanic sequence examined on
the Ivishak River is entirely extrusive and may
be the vented phase of the volcanism that em-
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placed the andesite-diabase sill in limestone of
the Lisburne Group 1.5 km to the southwest
(fig. 11, loc. 4) (Keller and others, 1961).

The other known occurrence of upper Paleo-
zoic volcanogenic rocks in this region is marked
by several outcrops in an area approximately
14 km south of Anaktuvuk Pass on the head-
waters of the John River (fig. 11, loc. 5). The
volcanogenic rocks are tightly folded and faulted
along with the enclosing shale and limestone.
The exposed sequence is probably not more
than 30 m thick, ranges from tuff to pebble and
boulder conglomerate, and locally includes
tuffaceous limestone. Although no flow rock
was found in place, several pieces of vesicular,
highly chloritized basaltic(?) andesite were seen
in the scree. The tuffs are massive to schistose,
and most of the original minerals are thoroughly
chloritized and altered to clay so that only rare
relict fragmentary plagioclase and clinopyroxene
are preserved. On the basis of available evidence,
the volcanic rocks were originally andesite to
basaltic andesite. Although lithologically similar
to the volcanogenic sequences previously de-
scribed, the sequence at Anaktuvuk Pass is older.
It occurs in the Lower Mississippian Kayak
Shale, encloses small boudins of fossiliferous
Lower Mississippian limestone, and locally con-
tains blastoids in calcareous tuff. The occur-
rence of the productids Orbinaria and Pustula
together with other macrofossils strongly indi-
cates an FEarly Mississippian, probably late
Kinderhookian, age.

Thus it is now known that volcanogenic rocks
of Early Mississippian, Late Mississippian, and
Late Permian age are present in central and
eastern Brooks Range.
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Late Cenozoic glaciations and erosion intervals, north-
central Brooks Range
By Thomas D. Hamilton

Drift sheets and erosion surfaces in the Anak-
tuvuk River region document four successive
drift complexes of late Tertiary and Pleistocene
glaciation that followed and were separated by
long-lasting intervals of widespread river plana-
tion (table 1). The oldest surface, 135-165 m
above modern flood plains, truncates bedrock
and bears a gravel cap as thick as 10 m.
Although large erratic boulders are absent,
abundant large cobbles and very small boulders
indicate high transport energy and are similar in
shape and composition to stones in Pleistocene
outwash derived from the Brooks Range.

The oldest drift and landforms possibly
created by glacial abrasion occur near Gunsight
Mountain in areas clearly beyond the limits of
the Anaktuvuk River Glaciation mapped by
Detterman, Bickel, and Gryc (1963). These
deposits, here informally termed Gunsight
Mountain drift, may represent either one or
several individual glaciations. Erratic boulders of
probably correlative age are scattered across
erosion surfaces 75-100 m high south and
southwest of Gunsight Mountain. Exposures
typically exhibit truncated bedrock capped with
alluvium that contains residual erratics and is
overlain in turn by loess. Distribution of the
Gunsight Mountain drift and of the erosion sur-
faces that formed before and after glaciation
reflect drainage patterns appreciably different
from those of the present. Chandler River
flowed northeast as a tributary to the Anak-
tuvuk River at that time, and Nanushuk River
flowed northeast as a tributary to the Itkillik.

The symmetrical placement of drift of the
Anaktuvuk River Glaciation within modern
river valleys indicates that major drainage pat-
terns had evolved to essentially their present
configuration by the time of this glacial advance.
Along Anaktuvuk valley, Anaktuvuk River drift
has been eroded to a width of 5.5 km by streams
flowing at a level about 60 m above the modern
flood plain. Comparable erosion surfaces, 45—
65 m above modern stream levels, dissect Anak-
tuvuk River drift in valleys farther to the east
and west.

Drift of the Sagavanirktok River Glaciation
lies nested within Anaktuvuk River moraines, It
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TABLE 1.—Late Cenozoic glacial succession, Anaktuvuk River region

Porter

(1964)

This paper

Fan Mountain
Glaciation

Neoglaciation

Alapah Mountain
Glaciation

Fan Mountain
Glaciation

/ _____________

Anivik Lake Stade

Itkillik
Glaciation

Banded Mountain Stade

Antler Valley Stade

Anavaknaurak Stade

Late Itkillik
readvance

Itkillik II

Itkillik I
Early Itkil1ik(?)

extends to within 35-45 m of modern flood-
plain levels in Anaktuvuk valley, where it
appears to form two distinct sheets that sub-
sequently have been eroded to widths of about
4.5 and 3.0 km. As at its type locality along the
Sagavanirktok River, 100 km east of Anaktuvuk
valley (Hamilton, 1978), the Sagavanirktok
River drift forms two surfaces that contrast in
postglacial modification and possibly were
separated by an interglacial rather than inter-
stadial interval. In smaller valleys farther to the
west and east, Sagavanirktok River drift appears
to form only a single body and is associated with
outwash trains that stand 20-25 m above
modern stream levels.

Deposits of the Itkillik Glaciation, of late
Quaternary age, occupy modern valley floors
and are less modified than Sagavanirktok River
drift. Itkillik drift sheets are divisible into two
principal subunits, Itkillik I and Itkillik II,
throughout the central Brooks Range (Hamilton
and Porter, 1975). Itkillik I end moraines are
relatively subdued in appearance and are dis-
sected by axial streams, which commonly have
cut about 15 m into underlying bedrock. The
moraines almost entirely overlapped a somewhat
older drift of presumed early Itkillik age that
still was ice cored at the time of the Itkillik I
glacial advance. The less extensive Itkillik II
moraines are morphologically fresh and appear
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to be still ice cored in parts of the Anaktuvuk
and Nigu valleys and near Natvakruak Lake. This
advance was followed by a readvance into lake
deposits that formed behind Itkillik II moraines,
and then by a long interval of ice downwastage
and stagnation within major valleys of the
Brooks Range.

Detailed studies of type localities within the
Anaktuvuk valley indicate that substantial
revisions are necessary in the late Quaternary
glacial sequence developed by Detterman,
Bowsher, and Dutro (1958) and later modified
by Porter (1964). The Itkillik Glaciation appears
to consist of three or four separate advances,
only two of which coincide with Itkillik events
defined by Porter (tables 1, 2). Porter’s Anayak-
naurak Stade is deleted because the type locality
for its drift exhibits diamicton of probable
colluvial rather than glacial origin. This deposit
formed along an eroding cut bank that inter-
sected till of Itkillik I age and caused it to flow
downslope under gravity. Type deposits for
Porter’s Anivik Lake Stade are now considered
to be part of an extensive complex of subglacial
meltwater deposits that formed during wide-
spread stagnation and downwasting of late
Itkillik ice. They do not represent a distinct
glacial readvance. Moraines that comprise the
deposits at the type locality of the Alapah
Mountain Glaciation of Detterman and his co-



workers are impressive lateral moraines of late
Itkillik age that terminate at the former inter-
face between stagnating glacier ice in the upper
Anaktuvuk Valley and still-active tributary ice
streams originating in high-altitude cirques near
the Continental Divide.
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Record of a prehistoric storm surge in the Wainwright
Inlet-Kuk River area
By D. M. Hopkins, R. W. Hartz, and S. W. Robinson

Storm surges along the Beaufort and northern
Chukchi Sea coasts have occasionally reached
heights of 3 m above mean sea level during the
present century (Aagard, 1978; Reimnitz and
Maurer, 1978). The frequency of these events is

Mountains quadrangle, Alaska: U.S. Geological not yet known, nor has there been evidence that
TABLE 2.—Late Quaternary glacial succession, Anaktuvuk valley
Age Glaciation
Holocene Fan Mountain Glaciation
<
Late Itkillik ~ 2
Late Itkillik II -
Pleistocene Itkillik I -0
Early Itkillik(?) 35 g

35-45 m surface

Middle
Pleistocene

X
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4

X <
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Sagavanirktok River II § L'@
Sagavanirktok River I 3 3G

S
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45-65 m surface

Early
Pleistocene

Anaktuvuk River Glaciation

75-100 m surface

Late
Tertiary(?)

135-165 m surface

Gunsight Mountain drift
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surges of this height took place in earlier times.
Evidence from the Wainwright Inlet-Kuk River
area suggests, however, that storm surges of
similar intensity took place in the prehistoric
period. During fieldwork in 1976, we observed
features along the Kaolak River which seem to
record a storm surge that raised sea level about
3 m above the present level of the confluence of
the Kuk and Kaolak Rivers during a late summer
storm more than 1,000 years ago.

Kuk River is a tidal estuary connected to the
Chukchi Sea by way of Wainwright Inlet, form-
ing an estuary and tidal river system that ex-
tends some 60 km southward and inland from
the Chukchi Sea coast (fig. 12). The lower
38 km of the system is brackish and lies at sea
level. A confined delta 4.5 km long separates the
estuarine lower Kuk River from the 18-km-long
upper Kuk River, which is fresh and flowing but
has current speeds and channel form strongly
influenced by tides in the estuary. The tidal
influence seems to end at the point where the
Kaolak and Avalik Rivers join to form the Kuk
River.

The Kaolak River, in its lower 5 km, flows in
a narrow valley incised into the Cretaceous bed-
rock of the highest, innermost, and oldest of the
three marine terraces comprising the Arctic
Coastal Plain of Alaska (Williams and others,
1977). The meandering channel is confined
between banks consisting alternately of bedrock
and the alluvium of a series of alluvial terraces
which stood 3.5 to 4.5, 7, and 14 m above river
level on July 22, 1976, when stream discharge
was low after about 10 days of dry weather.

The lowest of these terraces slopes more
steeply than present-day river grade, standing
3.5 m above river level near the confluence with
the Avalik River and 4.5 m above river level at a
point 5 km upstream. Field observations indi-
cate that the terrace must be relatively young.
Oxbow lakes and marshes unmodified by ther-
mokarst processes can be observed on the ter-
race surface, and vertical exposures show that
ice wedges are sparse and small. These observa-
tions suggest that the 3.5- to 4.5-m terrace is of
Holocene age.

The 3.5- to 4.5-m terrace consists in most
places of horizontal beds of sandy alluvium 2 to
10 cm thick; concentrations of willow and other
plant leaves and driftwood twigs delineate the
bedding planes. The only vertebrate remains
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found consist of a fragment of reindeer antler.
However, along the west bank of the Kaolak



River at a point 250 m upstream from its con-
fluence with the Avalik River, the flat-bedded
alluvium of the 3.5- to 4.5-m terrace passes
downstream into foreset-bedded medium sand
with interbeds of twigs and leaves. The inclined
beds extend from river level to a height of 3.0 m
and are overlain by 0.5 m of flat-bedded peaty
find sand.

Radiocarbon analyses show that the 3.5- to
4.5-m terrace of the lower Koalak River formed
during a brief period of alluviation approxi-
mately 1,000 to 2,000 years ago. Twigs collect-
ed 3.7 to 3.8 m below the surface of the 4.5-m
terrace, 5 km upstream from the river mouth,
yielded a radiocarbon age of 1,730 * 40 years
(USGS-499), and twigs collected from the
foreset-bedded sand at the river mouth yielded
a radiocarbon age of 1,170 £ 45 years (USGS-
500). Although the two samples consist of wood
of different ages, the older sample may consist
of wood redeposited from slightly older flood-
plain sediments and may have been deposited
almost simultaneously with the younger sample.
No unconformities, paleosols, or in situ peat
were noted in a measured section at the up-
stream locality, and there is at least a possibility
that the entire 4.5 m of sediment exposed above
river level was deposited during a single flood
episode, simultaneously with the foreset-bedded
sediments at the river mouth.

The 3.5- to 4.5-m terrace of the lower Kuk
River probably was formed during a brief period
of high river discharge that coincided with a
Chukchi Sea storm surge. The foreset bedding in
the terrace deposits at the Koalak River mouth
reflects abrupt decrease in current discharge and
seems to indicate that at the time of deposition
the upper Kuk River was ponded at a level 3 m
above its level of July 22, 1976. The inclined
surface of the Kaolak River terrace must reflect
a temporarily steepened river gradient, probably
resulting from the inability of the constricted
lower Koalak River valley to accommodate a
greatly increased floodwater flow. Although
storm surges can occur in the Beaufort and
Chukchi Seas at any season, they are most fre-
quent and most severe during September and
October (Aagard, 1978; Reimnitz and Maurer,
1978). The rivers of arctic Alaska experience
their highest discharge and peak sediment load
during spring snowmelt (Arnborg and others,
1967) but experience occasional floods during

late summer and autumn storms as well. Karl
Stefansson reports recent flood levels along the
Kaolak and Ketik Rivers as high as 6 m during
spring break-up in June 1948 (field notes in files
of Technical Data Unit, Branch of Alaska Geol-
ogy, U.S. Geological Survey, Menlo Park,
Calif). The abundance of willow leaves in peaty
interbeds suggests that the 3.5- to 4.5-m terrace
of the Kaolak River was deposited during late
summer or autumn, rather than during spring.

Study of the terrace deposits along the
Kaolak River confirms that flood levels along
the Kaolak River may even now occasionally
reach levels more than 4.5 m above normal
stream grade and that these floods may coincide
with intense storm surges.
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Stratigraphy of the Gubik Formation at Skull CIiff,
northern Alaska
By John R. Williams

Cliffs along the Chukchi Sea coast from Peard
Bay 80 km northeastward to Barrow provide
excellent exposures of the marine facies of the
Gubik Formation of Quaternary age, of the
underlying sandstone, shale, and clay of Cre-
taceous age (to within about 35 km of Barrow),
and of the overlying thaw-lake basin deposits.
The best exposures are at Skull Cliff (fig. 13),
where a twofold subdivision of the Gubik has
been noted by Leffingwell (1919, p. 149-~150),
Meek (1923), and Black (1964); in recent years
the bluffs have been examined by the U.S. Geo-
logical Survey as part of investigations of the
outer continental shelf by D. M. Hopkins, R. E.
Nelson, R. W. Hartz, and P. A. Smith and by the
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Meade River quadrangle.

writer as part of land-use studies of National
Petroleum Reserve in Alaska (Chapter 105-C,
P.L. 94-258) (Williams and others, 1977,
Williams and others, 1978).

Black (1964, p. 65-68) reviewed the older
observations and subdivided the Gubik Forma-
tion into the Barrow unit (grading laterally
inland into the Meade River unit) and the under-
lying Skull Cliff unit, named for exposures near
Skull Cliff about 48 km southwest of Barrow.
The Skull Cliff unit at the type locality is “a
1-15 ft. thick bed of dark-gray sticky silty clay
containing pebbles of granite and chert as much
as 4 inches in diameter.***The top of the unit is
fairly level.***it fills the uneven top of the
(underlying) sandstone.***is blocky in some
places and fissile in others, and becomes more
silty and sandy upward. It is very poorly sorted
and in part resembles a marine-deposited till.”
(Black, 1964, p. 67-68).

The overlying Barrow unit at Skull CLff is
described by Black (1964, p. 78) as follows:
“Overlying the silty clay (Skull Cliff unit) in
places apparently conformably and in others dis-
conformably is 4 to 15 feet of tan, brown, and
yellow very fine to fine-grained marine sand.
Clean frosted grains are common in places and
appear eolian. Elsewhere clay and silt are abun-
dant and contain pebbles and numerous marine
megafossils and microfossils.***the silt content
of the upper sand is greater toward the base but
is highly variable laterally and vertically.”” The
writer was unable to locate Black’s section but
measured the section exposed in the second
gully northeast of the mouth of Tuapaktushak
Creek and 550 m southwest of triangulation
station SKULL (lat 70° 54.71" N, long 157°
37.10" W.) as follows:
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Meters above

Description and interpretation sea level
Slumped sand and silt with peat chunks; 19.2-22
thaw lake deposits (top)
Disconformity
Brown and light-brown fine to medium 15.0-19.2
sand and fine gravel in thin beds and
Ienses; no shells noted
Dark-gray silt, sand partings; marine shells 13.7-15.0
Thin-bedded fine sand, brown and black, 12.5-13.7
detrital coal beds, pebbles of chert
Gray silty sand, minor sand lenses; 10.75-12.5

scattered marine shells
Disconformity

Thin shell hash mixed with lenses of sandy 10.7-10.75
gravel; similar to beach deposits—
horizontal

Unconformity

Nearly vertical folded beds of dark-
brown and gray fine sand and silty beds;
numerous marine shells; amplitude of
folds is several meters

6.4-10.7

Unconformity

Clay with sand partings and irregular sand 5.56-6.4
lenses; scattered marine shells and
erratic stones—horizontal

Clayey silt, marine shells in sandier unit
near top; indistinct basal contact. Basal
part of Gubik Formation

4.75-5.5

Unconformity

Weathered sandstone, clay and coal. 4.0-4.75
Cretaceous

Shale, soft weathered sandstone, perhaps
bentonitic beds. Cretaceous

Fine gray sandstone. Cretaceous

2.5-4.0

0-2.5
Sea level

Interpretation of this section suggests that
Black’s Skull Cliff unit is contained within the
interval 4.75 to 6.4 m above sea level and that
the overlying folded and horizontal sandy and
silty, locally shell-bearing units from 6.4 to
10.7 m and from 10.75 to 19.2 m and the inter-
vening shell-rich transgressive gravel from 10.7
to 10.75 m above sea level are equivalent to the
Barrow unit as described in the Skull Cliff area
by Black. Thus the section has an equivalent to
the basal Skull Cliff unit and three subunits



within the Barrow unit of Black, and the cap of
thaw lake sediments.

Examination of some sea cliffs and creek
banks as far as 25 km southwest and coastal
bluffs as far as 15 km northeast (beyond which
the sea cliffs are cut in lower marine terraces
than that at Skull Cliff) failed to locate a section
comparable in detail to that presented above.
Nevertheless, observations were made at many
places of horizontal tan to brown fine sand
separated by a transgressive beachlike gravel
from a lower, generally less spectacularly con-
torted to horizontal or massive dark-gray to
dark-brown silty sand. The section at Skull Cliff
must be representative of the Gubik Formation
over a large area.

Megafossil collections from scattered localities
in the Skull Cliff area were examined by Louie
Marincovich of the U.S. Geological Survey. Most
of the fossils were species now inhabiting the
coastal waters, but Neptunea (Neptunea) lyrata
leffingwelli (Dall), now extinct, and Natica
(Tectonatica) janthostoma Deshayes, not now
found in local coastal waters, are two of the
forms that appear to be in the deformed marine
sand, but not in the upper marine sand. A full
discussion of the paleontology of the Gubik
Formation is best deferred until completion of
stratigraphic studies and systematic paleonto-
logical collections planned for the summer of
1979.

In summary, the Gubik Formation at Skull
Cliff has five subdivisions, rather than two. They
are a basal horizontal fine-grained sediment that
lies unconformably on Cretaceous bedrock, a
folded marine silty sand unit that appears un-
conformable on the basal unit, a horizontal
transgressive gravel unconformable on the folded
marine unit, a horizontal sand and silt discon-
formable on the transgressive gravel, and an
upper disconformable thaw-lake basin deposit.
Mechanisms for folding the lower marine silty
sand without disturbing the underlying sedi-
ments might include collapse of sediment
around a large ice block, or sliding along the
underlying clayey sediment. The folds have too
large an amplitude to be caused by ice wedge
formation.
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Arctic Coastal Plain pingos in National Petroleum Re-
serve in Alaska
By L. David Carter and John P. Galloway

Seven hundred thirty-two pingos and pingo-
like features have been identified on the Arctic
Coastal Plain within National Petroleum Reserve
in Alaska (Galloway and Carter, 1978). The
pingos were mapped as part of an investigation
of surficial deposits (Williams and others, 1977;
Williams and others, 1978) done in support of
Chapters 105b (Environmental Impact Assess-
ment) and 105c¢ (Land Use Study) of the Na-
tional Petroleum Production Act of 1976
(PL 94-258). Pingos in the Canadian arctic have
been studied extensively (Mackay, 1973; Pissart
and French, 1976), but the work cited above
resulted in the first published map of pingo dis-
tribution of any part of the Alaskan Arctic
Coastal Plain. Information reported below shows
that the distribution of pingos in the mapped
area is controlled by the character and thick-
ness of unconsolidated deposits and by the
occurrence of thaw lake basins.

A pingo is an ice-cored, dome-shaped hillock
that occurs in permafrost (Porsild, 1938). Two
types of pingos have been described—open sys-
tem and closed system (Miiller, 1963). Closed-
system pingos occur in areas of continuous
permafrost such as the Arctic Coastal Plain
(Black, 1954) and grow as a result of expansion
due to freezing of confined water in saturated
sediments that are localized in and beneath
drained, partially drained, or partially sediment-
filled lake basins (Mackay, 1973). All pingos in
the mapped area are closed-system pingos.
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Although thaw lake basins are widespread on
the coastal plain, pingos were identified only
east of the Usuktuk River (fig. 14). The pingos
were located on aerial photographs (scale about
1:50,000), and a few were visited and measured
to check the reliability of the aerial photograph
interpretation. The highest pingo measured is
21 m, but most are from 6 to 10 m high. A few
low, broad, ice-cored mounds are as wide as
200 m and as long as 600 m. Ice-cored mounds
less than about 3 m in height are not shown on
the map because they cannot be detected with
certainty at the scale of the aerial photographs.

More than 97 percent of the mapped pingos
are in areas underlain by sand or sandy alluvium
(fig. 14). The remainder occur within the area
mapped as upland silt. Furthermore, all pingos
within the upland silt unit are located along its
northern border and within thaw lake basins that
lie at or below the contact between upland silt
and an underlying sand unit that is at least 15 m
thick. Pingos were not observed in parts of the
upland silt unit where bedrock, rather than sand,
underlies the silt. The pingos, therefore, are
limited to areas underlain by sandy unconsoli-
dated deposits.

Additionally, within the areas mapped as sand
or sandy alluvium, all but two of the pingos
occur where the sand is thicker than 15 m. The
western boundary of the pingo area is nearly
the same as that between thick sand having no
exposed bedrock along the Usuktuk River and
thin sand that covers exposed bedrock along the
Meade River and streams draining west to the
Chukchi Sea (fig. 14). North of the area of
numerous pingos, thin sand overlies fine-grained
Pleistocene deposits and bedrock. Pingos in
sandy alluvium occur where bedrock is not ex-
posed, and thus the alluvium may be relatively
thick. It appears, therefore, that in the area
mapped, thick sandy deposits are most favorable
for pingo growth. Pingos of the Mackenzie River
delta area in Canada also are underlain by thick
sand, which occurs from 3 to 6 m below the
surface and extends to an undetermined depth
(Mackay, 1962).

The occurrence of pingos in sandy deposits
but not in silty deposits within the study area is
perhaps explainable in terms of the mechanism
of pingo growth and by observations of the in-
fluence of sediment texture or pore water during
freezing. According to Mackay (1973), an essen-
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tial factor in pingo growth is the expulsion of
water at the freezing front of aggrading perma-
frost into the closed system beneath the lake
basin. The expulsion of water provides the hy-
drostatic pressure and continuing water supply
necessary for pingo growth. In at least some
cases, a lens of free water is present at the base
of growing pingos (Mackay, 1977). Laboratory
studies have demonstrated that under most con-
ditions sand can expel water during freezing,
whereas fine-grained silt may attract water to
the freezing front (McRoberts and Morgenstern,
1975). If water is not expelled from the freez-
ing front, ice segregations will occur within the
aggrading permafrost and pingos will not grow.

The occurrence of pingos primarily in thick
sandy deposits may indicate that a minimum
thickness of saturated unfrozen sediment is
required for pingo growth. Drilling or geophysi-
cal investigations possibly could determine if
such a relation exists.
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Deep thaw lake basins of the inner Arctic Coastal Plain,
Alaska
By John R. Williams and Warren E. Yeend

Much attention has been given to the oriented
lakes of the Alaskan Arctic Coastal Plain in the
Barrow area (Carson and Hussey, 1962; Brown,
1965; Sellmann and others, 1975). However,
except for studies by Anderson and Hussey
(1963) and by Livingstone, Bryan, and Leary
(1958), relatively little information has been
made available on the deeper nonoriented thaw

lake basins that are higher than 50 m above sea
level in upland silt along the inner edge of the
coastal plain. These basins are analogous to the
alass thermokarst relief of central Yakutia,
USSR (Are, 1973; Solov’ev, 1973) and to basins
in the loess deposits south and east of the
Yukon Flats, Alaska (Williams, 1962, pl. 42).
Thaw lake basins are formed by ground subsi-
dence that takes place when extremely ice-rich
permafrost thaws. The thaw process creates
individual basins that coalesce to form vast areas
of interlocking basins among which stand
residual knolls of ground that has not been
affected by the thaw-collapse process. Away
from rivers, this process is the dominant form of
landscape alteration in much of the Arctic and
in some subarctic regions.

Natural exposures showing sedimentary struc-
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ture of the thaw lake basins are rare, but one
unusually good exposure on the Topagoruk
River (lat 70° N., long 156° 13.5' W.; 146 km S.
15° E. of Barrow) provides a complete section
through a drained thaw lake basin. The basin is
located at the northern edge of the upland silt
(loess?) south of the escarpment that separates
the silt unit from marine, fluvial, and eolian sand
of the adjacent part of the coastal plain (fig. 15)
(Williams and others, 1977).

In the 20-m-high exposure on the north bank
of Topagoruk River about 11 m of lacustrine
deposits consisting of finely interbedded peat,
silt, silty sand, and very fine sand is exposed
above massive silty sand and very fine sand. Two
downfolded projections of the lacustrine de-
posits extending into the underlying sediments
suggest that thaw collapse activity continued
while the lake deposits were being laid down. A
sample of the basal peaty material in one of
these downfolded projections was dated at
2,640 + 85 years (I-10,273 shown on fig. 15).
This surprisingly young age implies that deposi-
tion of 11 m of sediment in the thaw lake basin
was rapid, considering the time interval between
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marine deposits
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FIGURE 15.—Sketch of thaw lake, Topagoruk River.
Hachures point downslope.
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drainage of the lake and the present. The section
was resampled in 1978, and a confirmatory age
determination is to be made. Brown (1965,
p. 45) cautions that samples of thaw lake de-
posits may be contaminated by older organic
material from the lake banks; however, the
dated sample appeared to be of peaty material
that grew in situ.

The thaw lake basin has a depth of more than
21 m below the original surface of the upland
silt. This depth includes the 11 m of lacustrine
sediments. Ice content of the upland silt before
thaw collapse must have averaged about 78 per-
cent by volume to create the 21-m-deep basin
and to fill it to 11 m with lake sediments,
assuming a cylindrical model in which the lake
sediments were uniformly thick and a soil
porosity of 30 percent. This calculation is con-
sistent with similar materials in the ice-complex
of the high Tyungyulyunskaya terrace of central
Yakutia (Are, 1973, p. 4), where alternating
sandy loam, loam, and sand reach a thickness of
75 m and may have a wedge ice content of 50
percent, an interstitial ice content of 50 to 70
percent, and a total ice content approaching 80
percent of the volume of the sediment. Studies
of East Oumalik Lake, in upland silt 42 km
southeast of the Topagoruk River exposure
(Livingstone and others, 1958), showed that ice
content of the sediments involved in thaw
collapse to form the lake was 68 percent by
volume. Examination of isolated exposures of
permafrost in the upland silt along the 70th
parallel westward toward Icy Cape shows that
wedge ice is pervasive and that the sediment
between the wedges has a high interstitial ice
content. The face that lake sediments in the
Topagoruk River section have collapsed suggests
that the underlying sediment was also ice rich in
places and collapsed under the warming influ-
ence of the overlying lake. In contrast to the
sandier soils of the coastal plain near Barrow,
where the excess ice causing thaw collapse dis-
appears at a depth of about 6 m (Carson and
Hussey, 1962, p. 423; Lewellen, 1972, p. 30),
the ice-rich permafrost in the upland silt of the
Topagoruk River section extended to a depth of
at least 21 m below the original surface.

The deep thaw lake basins of the inner
coastal plain differ from the oriented thaw lake
basins of the northern coastal plain near Barrow
in that they are in finer grained materials that



are ice rich to a much greater depth than those
near Barrow. They are more closely analogous
to the deep thaw lake basins of the southern and
eastern Yukon Flats district and to those in cen-
tral Yakutia in similar materials. The age of the
deep thaw lake basin deposits on Topagoruk
River falls at the younger end of the age range of
samples taken from the oriented lake basin de-
posits near Barrow (Brown, 1965), if the avail-
able date proves to be correct.
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Southward-progressing stabilization of Holocene eolian
sand on the western Arctic Coastal Plain
By L. David Carter and John P. Galloway

Eolian sand blankets the surface of a large
area of the western Arctic Coastal Plain west of
the Colville River (Black, 1951; Williams and
others, 1977; Williams and others, 1978). Re-

cent work indicates that eolian activity was
widespread during latest Wisconsinan and early
Holocene time and that the direction of sand
transport was southwesterly and westerly from
sources east of Judy Creek (Carter and Robin-
son, 1978a, b). Four exposures at sites within
and adjacent to the eolian sand sheet, and nearly
across the latitudinal extent of the eolian de-
posits (fig. 16), allow determination of the time
of initial surface stabilization at those sites. At
each site, stabilization is recorded by a peaty
paleosol. Radiocarbon dates (laboratory num-
bers shown in parentheses) reported herein
suggest that stabilization of the eolian sand and
of the surface of the sand source area progressed
southward with time.

Site 1, a 3.65-m-high coastal bluff on the
south shore of an inlet of Harrison Bay, is at the
northern margin of an area of widespread eolian
sand. At this locality, eolian sand is overlain by
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85 cm of fibrous to very fine grained dark-
brown sandy peat. Above the peat is 36 cm of
gray fine sand with abundant rootlets, 6 cm of
red to brown peat which is woody in places, and
30 cm of tan medium sand containing scattered
remains of tundra plants.

Growth of the lower peat records stabilization
of the underlying eolian sand. Cessation of peat
growth appears to have been caused by develop-
ment of a small thaw pond because the overlying
gray fine sand is identical in character to modern
sandy thaw lake deposits in the vicinity. De-
velopment of the upper buried peat followed
drainage of the pond. The upper 30 cm of sand
represents eolian bluff-top accretion.

Radiocarbon dates indicate that develop-
ment of the lower peat began 9,860 * 140
(I-10,537) years ago and ceased 7,690 * 125
(I-10,538) years ago. Wood in growth position in
eolian sand 12 km southeast of the site is
9,840 £ 90 (USGS-454) years old, confirming
that the age of the base of the peat closely
approximates the time of initial sand stabiliza-
tion in this area.

Twenty-one kilometers south of the northern-
most extent of eolian sand is a 27-m-high cut-
bank (site 2) that records a complex history of
eolian deposition and eolian erosion and was
described in detail by Carter and Robinson
(1978a). The stream cut is across a low hill
that is blanketed by the latest Wisconsinan and
Holocene sand sheet under discussion. The hill
core is a remnant of a dune that was part of an
extensive sand sea of unknown age. Sand of the
hill core makes up the lower 17 m of the
exposure and exhibits large-scale cross-
stratification. The blanketing sand lacks large-
scale cross-stratification but includes scattered
willow stumps in growth position in the lower
part and two peat beds and the remains of
tundra plants in the upper part. Radiocarbon
ages of the lowest peaty paleosol, which is 50 cm
thick and occurs 5 m above the base of the sand
sheet, indicate that Holocene stabilization first
occurred 8,180 + 75 (USGS-448) years ago. The
top of this peat has been dated as 5,250 * 80
(USGS-379) years old. The upper 4 m of sand,
tundra plants, and thin peat are interpreted as
eolian bluff-top accretionary deposits associated
with development of the cutbank.

Site 3 is a 7-m-high bluff along Judy Creek
5 km east of the eolian sand sheet and within
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the presumed source area for the eolian deposits.
The bluff consists of 1.8 m of dark-gray bedded
Pleistocene marine silt, overlain by 4.5 m of
brown silty to slightly pebbly fluvial sand. Over-
lying the Pleistocene deposits is a 35-cm-thick
dark-brown fibrous compact peat, and capping
the bluff is 256 cm of windblown sand derived
from the adjacent flood plain of Judy Creek.
Radiocarbon dates of samples from the base and
top of the buried peat are 7,025 + 125 (1-10,539)
and 530 + 75 (I-10,540) years before present,
respectively. The age of the base of the peat is a
minimum age for the cessation of deflation at
this locality. Note that only 35 cm of peat repre-
sents about 6,500 years of continuous accumula-
tion. Single radiocarbon dates from thin peat
beds should be interpreted with caution.

The character of the upper few meters of the
deposits at site 4 is similar to that at site 2;
eolian sand at least 5 m thick containing scat-
tered willows in growth position is overlain by a
peaty paleosol 61 cm thick, which is overlain by
91 cm of eolian sand that contains scattered
remains of tundra plants. The site is near the
southern margin of the sheet of eolian sand, and
the paleosol is the earliest evidence of sand sta-
bilization at this site. A sample of peat from the
base of the paleosol yielded a radiocarbon age of
6,380 + 115 (1-10,541) years, and a sample from
the top is 755 + 80 (1-10,542) years old.

Figure 17 is a plot of the age of the base of
the peaty paleosol at each site against latitude. A
southward decrease in the age of the base of the
paleosol suggests that surface stabilization pro-
gressed southward with time. Dating of paleo-
sols at other localities in the eolian sand is in
progress and will test the validity of this conclu-
sion. If southward-progressing stabilization is
proved, a possible explanation would be that it
was caused by a gradual southward shift of the
southern limit of the area in which climate is
influenced by the Arctic Ocean. This cooling,
humidifying maritime influence moved south as
the coastline moved south during the late Wis-
consinan and Holocene sea level rise that ac-
companied deglaciation.

REFERENCES CITED

Black, R. F., 1951, Eolian deposits of Alaska: Arctic,
v. 4, no. 2, p. 89-111.

Carter, L. D., and Robinson, S. W., 1978a, Eolian sand
and interbedded organic horizons at Kealok Creek



71.0 I
A8 - _
&
% f— ]
= 705 Te
Uj — —
= 20
: e pu—
|_
< — —
L —]
3e
70.0 —
-, _
—® —
69.5 '
6 8 10

AGE, IN THOUSANDS OF YEARS BEFORE PRESENT

FiGURE 17.—Plot of latitude against radiocarbon age of
base of oldest paleosol at each site.

on the Arctic Coastal Plain of Alaska; possible

regional implications: U.S. Geological Survey Open-

File Report 78-320, 26 p.

1978b, Radiocarbon-dated episddes of activity and
stabilization of large dunes, Arctic coastal plain,
Alaska [abs.]: American Quaternary Association,
Biennial Meeting, 5th, September 1978, Edmonton,
Alberta, Abstracts, p. 192,

Williams, J. R., Yeend, W. E., Carter, L. D., and Hamil-
ton, T. D., 1977, Preliminary surficial deposits map
of National Petroleum Reserve—Alaska: U.S. Geo-
logical Survey Open-File Report 77-868, 2 sheets,
scale 1:500,000.

Williams, J. R., Carter, L. D., and Yeend, W. E., 1978,
Coastal plain deposits of NPRA, in Johnson, K. M.,
ed., The United States Geological Survey in Alaska—
Accomplishments during 1977: U.S. Geological Sur-
vey Circular 772-B, p. B20-B22,

Paleogeography of a Pleistocene coastline, Alaskan
Arctic Coastal Plain

By L. David Carter, Louie Marincovich, Jr., Elisabeth M.
Brouwers, and Richard M. Forester

Beach deposits have been identified in an ex-
posure on Fish Creek (site A, fig. 18) on the
Arctic Coastal Plain by the abundant remains of
an intertidal gastropod. Furthermore, ostracode
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assemblages at this site, together with the
stratigraphy and ostracodes at a nearby site, the
distribution of correlative deposits, and the
position of probably correlative wave-cut bluffs,
suggest a paleogeographic reconstruction of part
of an interglacial coastline of Pleistocene age.
Deposits such as those on Fish Creek that can be
identified as shoreline facies are rare (Williams
and others, 1977), and therefore previous
studies have determined coastal paleogeography
largely by inference (O’Sullivan, 1961; Black,
1964; McCulloch, 1967; Sellmann and Brown,
1973).

The beach deposits are exposed in a 24- to
28-m-high bluff on the north side of Fish Creek
that can be divided into four stratigraphic units.
The basal unit (unit 1) consists of 3 m of dis-
tinctly to indistinctly bedded dark-gray silt con-
taining scattered granules of chert and quartz,
sparse sand interbeds and sand-filled burrows,
scattered mollusk fragments, and a few thin,
woody stems. Overlying the silt is 9 m of brown
to gray crossbedded sand to gravelly sand (unit
2) that contains abundant peat and wood. The
gravel clasts are predominantly rounded to sub-
rounded chert; clasts of rock types of the Flax-
man Formation (Leffingwell, 1919; MacCarthy,
1958; Hopkins and others, 1978) were not ob-
served. This unit contains many mollusk shells,
including small, delicate gastropods that are
neither broken nor abraded. Above the sand and
gravelly sand is 6 to 7.5 m of brown, locally
cross-bedded sand to pebbly sand (unit 3) that
contains scattered shell fragments. Capping the
bluff is 4 to 8 m of eolian sand (unit 4) contain-
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ing the remains of tundra plants and at least one
buried peaty horizon.

Among the many fossil mollusks recovered
from unit 2 were numerous unabraded speci-
mens of the small gastropod Littorina cf. L.
sitchana Philippi, 1845. All of the approximate-
ly 100 living species of Littorina are adapted
for intertidal life, and their bathymetric range
extends from less than 1 m below the low tide
line to the splash zone above the highest tide
level. Most species are subaerially exposed for
several hours a day, and their presence demon-
strates that the sand and gravelly sand of unit 2
is a shoreline deposit.

Littorina sitchana is reported living from
Puget Sound, Washington, to the southern
Bering Sea (Dall, 1921). The most northerly
modern occurrence of the genus is in the eastern
Canadian arctic, where Littorina saxatilis (Olivi,
1792) has been reported at about lat 65° N. The
specimens from the Fish Creek locality (lat
70° 15.84' N.) are thus far north of the most
northern modern occurrence of the genus and
strikingly far removed from the present northern
limit of the most closely related species, L.
sitchana. This strongly suggests interglacial con-
ditions during formation of the beach and, inas-
much as the northern limit of L. sitchana
probably approximates the southern limit of
sea ice, may indicate conditions much warmer
than those of today.

The top of the beach deposits at Fish Creek is
at an elevation of about 22 m. To the west, a
prominent but highly degraded wave-cut scarp
occurs between the Meade and Topagoruk
Rivers (Lewellen, 1972; Williams and others,
1977). The elevation of the break in slope at the
base of this feature is about 20 m. East of Fish
Creek, near the head of the Colville River delta,
another degraded wave-cut scarp occurs, and the
elevation of the break in slope at its base is also
about 20 m. It is proposed here that the beach
deposits at Fish Creek and the two wave-cut
scarps represent a single shoreline, assuming that
this large area has not been affected by subse-
quent differential earth movements.

Fossil ostracodes from the silt (unit 1)
beneath the beach deposits include Cytheramor-
pha macchesneyi (Brady and Crossky, 1870),
Cytheropteron montrosiense Brady, Crossky,
and Robertson, 1874, and Loxoconcha aff. L.
venepidermoidea Swain, 1963. Cytheramorpha
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and Loxoconcha indicate a nearshore marine or
marginal marine environment. In the beach
deposits (unit 2), both marine and nonmarine
ostracodes are present, but marine species pre-
dominate in the lower part and decrease in
abundance upward. Most of the marine or margi-
nal marine forms, which include Heterocypri-
deis sorbyana (Jones, 1856), Paracyprideis
pseudopunctillata Swain, 1963, Rabilimis sep-
tentrionalis (Brady, 1866), and Eucytheridea
bradii (Norman, 1863), indicate salinities lower
than normal sea water. Among the freshwater
species in the beach deposits, Cytherissa lacus-
tris (Sars, 1863), Limnocythere platyforma
Delorme, 1971, Candona candidea (Muller,
1776), Candona rawsoni Tressler, 1957, and
Candona rectangulata generally live in water
having a salinity of less than 5 parts per
thousand, and some species suggest the proximi-
ty of large or moderate-size lakes and fluvial
systems. Only nonmarine ostracodes were identi-
fied in the pebbly sands (unit 3) above the beach
deposits, and this unit is interpreted as a fluvial
deposit.

On the south side of Fish Creek, 4.5 km
southeast of the beach deposits, is a 9-m-high
bluff (site B, fig. 18) that also provides impor-
tant paleoenvironmental information. From the
base of the bluff, 1 m of silt grades upward
through silt with layers, lenses, and pods of fine
brown sand into fine to medium brown sand
with pods of clay, and then into 5 m of fine to
medium sand with scattered pebbles. The
transition zone from entirely silt to entirely sand
is about 1.2 m thick. Enclosed within the sand
near its top is laminated silt that contains
abundant moss and tiny fresh-water clams. The
bluff is capped by 1.5 m of Holcene peat and
thaw lake deposits.

Both the basal, fine-grained unit and the
transition zone at site B contain marine ostra-
code faunas like that described for the beach
deposits (unit 2) at site A and document low
salinity, possibly estuarine, conditions. The over-
lying 5-m-thick sand contains a fresh-water
ostracode fauna like the one in the beach de-
posits at site A, and the fauna in the laminated
silt at the top of the sand includes species that
inhabit shallow bodies of quiet water such as
abandoned channels. The ostracodes at site B
thus record a change from brackish marine, per-
haps estuarine, conditions to an environment



characterized by large slow-moving streams.

Marine silt overlain by fluvial sand and be-
lieved to be correlative with the deposits at
site B can be traced on Judy Creek southward
from its confluence with Fish Creek for about
30 km (fig. 18). At the southernmost limit of
exposure the top of the silt is at an elevation of
about 20 m, about the same as the elevation of
the top of the beach deposits at site A. The top
of the sand forms an exceptionally flat plain that
maintains an elevation of about 30 m from just
south of the beach deposits to about 6 km south
of the limit of marine silt.

On the basis of the lithology, stratigraphy,
and faunas of the deposits, and the surface
features of this broad area, the beach deposits
at Fish Creek are interpreted to be part of a
bay- or estuary-mouth barrier or spit system.
During the early stages of growth of this system,
marine silt was deposited behind the beach.
Later, fluvial sands entered and eventually filled
the embayment and buried the beach deposits.
The interval of Pleistocene time during which
this coastal system existed is unknown, but we
prefer a middle Pleistocene age because of
stratigraphic relations with younger and older
Pleistocene marine deposits of the Arctic Coastal
Plain.
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Paleoenvironmental interpretation of a fossil insect
fauna from bluffs along the lower Colville River, Alaska
By Alan V. Morgan, Anne Morgan,® and L. David
Carter

Study of an insect fauna collected from un-
consolidated deposits exposed in steep bluffs
along the lower Colville River has determined
the environment of deposition of the insect-
bearing bed. The deposits were chosen for study
because they contain fossil logs which at various
sites along the bluffs have been identified as
Larix (larch) (O’Sullivan, 1961), Picea (spruce),
and Abies (fir) (R. C. Koeppen, written com-
mun., 1976, 1978). The presence of these logs
in a treeless tundra region suggests that environ-
mental conditions during deposition of the
materials differed from those of today. Further-
more, the youngest known occurrence of fir in
northern Alaska is Miocene (Hopkins and others,
1971), and thus the deposits described in this
report may include the oldest unconsolidated
beds of the Colville River region.

The sample site is about 19 km north of the
confluence of the Anaktuvuk and Colville
Rivers at lat 69° 42.95" N, long 151° 31.45' W.,
where 30 m of unconsolidated materials rests on
40 m of Cretaceous bedrock. The basal unit of
the unconsolidated deposit is a 6-m-thick,
fining-upward sequence of trough crossbedded
gravel and sand containing abundant detrital
wood and peat. Logs as large as 20 cm in
diameter occur in the lower 2 m of this unit.
Wood identifications, however, have not yet
been accomplished for this site. Overlying the
crossbedded gravel and sand is 4 to 5 m of

4 University of Waterloo, Ontario, Canada.
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evenly bedded silt and sand with concentra-
tions of fine, detrital peat. The upper 20 m of
the bluff is obscured by slump but appears to
consist of silt and very fine sand that is part of
the “Foothill Silt Unit” of O’Sullivan (1961)
and of the unit termed Upland Silt by Williams
and others (1977).

The insect fauna was extracted from a 3-kg
sample collected from a layer of detrital woody
peat about 4.5 m above the base of the uncon-
solidated deposits. The sample was washed in
warm water and the organic residue trapped on a
300-um sieve. The fossil fragments were con-
centrated by a process described by Morgan and
Morgan (1979), sorted in alcohol, and mounted
on standard micropaleontological slides. Many
invertebrate groups were represented, including

ostracodes, oribatid mites, cladoceran ephippia,
and numerous insect fragments. Diptera (flies)
were represented by larval head capsules of
chironomid midges, Trichoptera (caddis flies) by
frontoclypeii and other larval head sclerites,
and Hemiptera (bugs) by fragments of Corixidae.
The largest order present, both numerically and
in species diversity, was Coleoptera (beetles). A
preliminary faunal list is given in table 3.
Although many specimens have been identified
only to the generic level, data from these and
the small number of individuals that so far have
been specifically identified provide some infor-
mation about the paleoecology of the site. The
presence of fresh water is indicated by the
aquatic beetle genera Helophorus, Deronectes,
Colymbetes, and fragments of Agabiini, together

TABLE 3.—Preliminary faunal list from site 78ACrII-75, Colville River, Alaska

INSECTA
Coleoptera
Carabidae
Dyschirius SpP.

Asaphidion alaskanum Wickh.

Bembidion (2) spp.

Pterostichus nearcticus Lth.
p. (cryobius) brevicornis Kby.
p. (cryobius) nivalis Sahlb.

Amara bokeri Csiki
Amara SD.
Dytiscidae
Agabiini ? Genus
Colymbetes Sp.
Deronectes Sp.
Hydrophilidae
Helophorus SP.
Staphylinidae
Megarthrus SD.
Bledius SD.
Arpedium SP.
cf. Lesteva SD.
Stenus Sp.

Tachinus apterus MakT.

T. instabilis Makl.
Chrysomelidae

Chrysolina Sp.

? Genus
Curculionidae

Apion Sp.

7 ? Genera
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INSECTA (Con't.)
Trichoptera
? Genus
Heteroptera
Corixidae
? Genus
Diptera
Chironomidae
? Genus

ARACHNIDAE
Acari
Oribatidae
? Genus

CRUSTACEA
Notostraca
Lepidurus SD.
Cladocera
Daphnia SPp.



with the remains of caddis, Daphnia ephippia,
the corixid bugs, ostracodes, and the crustacean
Lepidurus. Lepidurus inhabits temporary ponds
and probably belongs to the species arcticus, but
the diagnostic telson fragments were not found
in the sample. Beetle species that inhabit silty to
sandy substrates, commonly bordering water,
include Stenus, Bledius, and Dyschirius.

Lack of detailed information on the ecology
and distribution of much of the modern arctic
fauna imposes limitations upon many of the
paleoecological interpretations. However, a con-
sistent ecological picture emerges from the small
species list from the site (table 3). The carabid
beetles Pterostichus nearcticus, P. (Crybius)
nivalis, and Amara bokeri, together with the
staphylinid beetle Tachinus apterus, are obligate
tundra species. A. bokeri and P. nearcticus have
both been found in flood-plain areas, A. bokeri
in sandy areas subject to flooding by the Colville
River at Umiat, and P. nearcticus on sandy soil
under driftwood in grassland in the Anderson
River delta, N.W.T. P. (Cryobius) nivalis has
been recorded from dry tundra sites in Alaska
and eastern Siberia (Lindroth, 1966). T. apterus
has been found on Betula nana (dwarf birch)
and flowers of wild celery (Campbell, 1973) but
almost certainly inhabits decaying plant and
animal material.

Pterostichus (Cryobius) brevicornis is the
most widely distributed of all Cryobius species,
ranging across North America to Labrador and
as far south as the Gulf of St. Lawrence in
Quebec and Gillam in Manitoba. An isolated
assemblage also exists in the western Lake
Superior basin. These beetles occur on rather
dry tundra meadow ground, commonly among
grass and leaves. They have also been recorded
from forested areas, mostly near timber line, and
are associated with alder at some sites (Lindroth,
1966). T. instabilis has been found under moose
dung and in leaf litter near streams. This last
habitat is somewhat similar to that of Asaphi-
dion alaskanum, which has been recorded from
the seasonally flooded zone of the Meade River
among dead leaves and drift material under
rather high Salix (willow) bushes. Although A.
alaskanum is found along the margins of many
rivers and brooks, Lindroth (1963) describes it
as an inhabitant of dry ground. This species is
regarded as a true member of the tundra fauna

even though it ranges into the conifer zone, and
the same may be said of T. instabilis.

In summary, the depositional environment of
the detrital peat in the basal unit of the Col-
ville bluffs is regarded as a backwater (marginal
channel) beside a major waterway. All the
aquatic species indicate quiet or slowly moving
water, and velocities required to move the much
larger wood fragments presumably were only
achieved at flood stage. The strand line debris of
twigs and leaf litter was inhabited by a number
of species mentioned above, and certain of these
may have ranged from nearby more xeric areas.
The large number of weevils, at least seven
species, and the chrysomelids indicate a nearby
vegetation cover. The site was located in a
tundra area, although the insect fauna indicates
that conifers were not too distant. Summer
temperatures probably were slightly warmer
than present, but only by 1° or 2° C. Thus,
although these deposits may be as old as
Miocene, they contain insects that include many
elements of a modern tundra fauna. In this
regard, the data support studies on the Seward
Peninsula which postulated that a tundra en-
vironment similar to that of the present had
evolved by early Pleistocene time (Matthews,
1974).
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TABLE 4.—Radiocarbon age determinations from the Beaufort and Chukchi Sea coasts

Laboratory Latitude N &

Number Location Longitude W Material Determination Significance

USGS-132 Borehole at center 70°20.9" Wood 490 + 90 This sample dates a moment shortly after the
of Prudhoe Bay 148°19.3' flooding of a large thaw lake to form Prudhoe

Bay.

USGS-192 Borehole 3 km sea- 70°30.6" Bulk sedi- 18,000 + 170 Expected to date overconsolidated clay but
ward from Reindeer  140°18.0' ment seems too young.
Island

USGS-210 Borehole 7 km from 70°25.8" Detrital 34,000 + 2100 Sample comes from top of alluvium beneath gla-
mainland shore of 148°26.6' peat cial outwash, from a level that, by correlation,
Stefansson Sound should be considerably older than USGS-249.

True age of this sample may be considerably
greater than 34,000.

USGS-249 Borehole 3 km from 70°42.2" Detrital 42,800 + 1440 Dates widespread detrital peat Tayer inter-
mainland shore, 148°33.5' peat spersed in glacial outwash. Small sample from
Stefansson Sound same horizon in Univ. Alaska hole OH-3370 dated

22,300 + 1200 (Au=115).

USGS-499 4.5-m terrace, 70°05'00" Wood 1,730 + 40 Dates alluviation to form lowest terrace of
Kaolak River 159°40'15" Kaolak River.

USGS-500 Foreset beds in 70°07'19" Twigs 1,170 + 45 Dates 3-m storm surge affecting valleys drain-
3.5-m terrace at 159°41'00" ing into Wainwright Inlet.
mouth of Kaolak R.

USGS-501 Triangulation Sta- 70°47'45" Peat 3,130 + 70 Dates base of Holocene thaw-lake deposits.
tion Point 1.0 km 152°12'00"
southwest of Cape
Halkett

USGS-503 Triangulation Sta- 70°47'45" Peat 2,930 + 50 Dates in-situ peat accumulated after thaw lake
tion Point 1.0 km 152°12'00" was drained and provides measure of duration of
southwest of Cape lake on this site. Also provides estimate of
Halkett age of ice wedges 2.5-3.0 m wide.

USGS-505 Gravel pit along 70°17'25.5"  Peat 26,300 + 370 Dates the higher and younger of two interstadial
Tower Put River, 148°31'00" or interglacial horizons interbedded with gravel,
Prudhoe Bay probably outwash from the Sagavanirktok River.

USGS-506 Bluffs at inner 70°16'06" Twigs and 490 + 50 This detrital peat from an ice-wedge pseudomorph
edge of Kasegeluk 161°53'29" grass at base of sandy and gravelly thaw-lake deposits
Lagoon, 1.2 km dates existence of the lake.
south of Akeonik

USGS-509 Left bank of 70°15'46.5"  Peat 2,270 + 120 Dates base of thaw-lake deposit resting on ter-
Sagavanirktok 148°16'42" race alluvium 3 m above present level of
River 1.75 km be- Sagavanirktok River. Two meters of aeolian sand
Tow highway bridge have accumulated on river bank since deposition

of this peat.

USGS-517 Right bank of Kuk 70°13'65" Twigs 10,600 + 180 Detrital peat in ice-wedge pseudomorph at base
River at head of 159°47'00" of thaw-lake sediments from early Holocene warm
delta period. Contains willow stems at least 5 cm

diameter.

1-10328 Low bluffs 1.1 km 70°18'45" Detrital 9,125 + 150 Basal peat in the deposits of the lower and
southwest of 161°03' 00" peat older of two successive thaw lakes. Establishes
Nokotlek Point that two Takes can have existed on same site

within Holocene time and, with 1-10329, shows
that older lake existed for considerably less
than 3,000 years.

1-10329 Low bluffs 1.1 km 70°18'45" Twigs 6,234 + 120 Dates basal 10 cm of 60-cm detrital peat repre-
southwest of 161°03'00" senting younger of two successive thaw Takes.
Nokotlek Point Ice wedges 20-70 cm wide (Md=40 cm) formed

since lake was drained.

1-10330 Low bluffs 0.5 km 70°19'33" Peat 8,275 + 135 Dates basal 5 cm of 1.9-m-thick deposit repre-

southwest of 161°01'24" senting peat accumulated in Tow-center jce-wedge

Nokotiek Point
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polygons. Provides a minimum date for time of
inception of low-center polygons and basis for
estimating rate of peat accumulation at Nokotlek
Point.



Radiocarbon dates from the Beaufort and Chukchi Sea

coasts
By D. M.

Hopkins and S. W. Robinson

Radiocarbon methods were used to date 22

samples

from the coast and continental shelf of

the Beaufort and Chukchi Seas, as a contribu-

tion to
mental

the Outer Continental Shelf Environ-
Assessment Program. The dates, which

are listed in table 4, show that:
(a) Leeward deposits of eolian sand measured

at two places on bluffs along the west-
ern sides of the Canning and Saga-
vanirktok Rivers accumulated at rates
of 0.9 and 1.25 mm/year. The active
cliff-head dunes were initiated within
the last 5,000 years in the three places
where relevant samples have been
dated.

(b) A leeward sand accumulation on the east

end of Flaxman Island no longer has a
source and is no longer active. Evident-
ly the sand accumulated at a time when
sea level was lower and the Staines
River flowed through the present site
of Leffingwell Channel between Flax-
man Island and Brownlow Point. Dated
samples indicate that the leeward sand
accumulation on Flaxman Island began
to develop a few centuries prior to
4,900 years ago and thus that the river
was flowing through the area at that
time. Deposition ceased shortly after
2,400 years ago, probably because
rising sea level inundated Leffingwell
Channel.

(c) A white or pink volcanic ash recognized

TABLE 4.—Radiocarbon age determinations from the Beaufort and Chukchi Sea coasts—Continued

Laboratory Latitude N &

Number Location Longitude W Material Determination Significance

1-10331 Low bluffs 0.5 km 70°19°33" Peat 9,535 + 150 Dates cryoturbated stringers of fine-grained
southwest of 161°01'24" peat in colluvium 25 cm below base of Tow-
Nokotlek Point center polygon peat (I-10330). Provides maxi-

mum date for inception of low-center polygons
at Nokotlek Point.

1-10332 Low bluffs 0.2 km 70°19'42" Twigs 8,435 + 160 Dates basal 10 cm in thaw-lake deposits 1.5 m
southwest of 161°01'00" - thick. Sample collected within 50 m of former
Nokatlek Point lake margin and thus thought to have been de-

posited shortly before lake was drained. Ice
wedges 35-125 cm wide (Md=85 cm) formed since
lake was drained.

1-19368 Shore of tidal mud-  70°31'30" Detrital 9,180 + 150 Dates basal sediments in deposits of an older
flat representing 160°17'00" peat - thaw lake. Ice wedges 70-250 cm wide (Md=\20)
breached thaw lake have formed since lake was drained.

10 km southwest of
Wainwright Inlet

1-10369 Mainland shore of 70°04'42" Detrital 3,945 + 115 Sample collected 1 cm below white ash layer in
Canning Lagoon, 145°35'00" peat windblown sand sequence derived from Canning
0.4 km west of mouth River bars. Gives minimum age for beginning
of eastern branch of of accumulation of windblown sand and, with
Canning River 1-10370, brackets age of ash.

1-10370 Mainland shore of 70°04'42" Twigs and 3,315 + 95 Sample collected 5 cm above white ash layer.
Canning Lagoon, 145°35'00" detrital - With I-10369, brackets age of ash
0.4 km west of mouth peat
of eastern branch of
Canning River

I-10371 East end of Flax- 70°10'34.5"  Detrital 4,890 + 230 Sample collected at depth of 3.6 m in 4.0-m
man Island 145°56'48" peat - layer of windblown sand derived from river

bars when sea level was low and west fork of
Canning River flowed through Leffingwell Chan-
nel. Sample collected 5 cm above an ash layer
thought in field to be same as ash bracketed
by I-10369 and I-10370.

1-10372 East end of Flax- 70°10'34.5"  Detrital 2,375 + 175 Sample collected at depth of 0.45 m in 4.0-m

man Island

layer of windblown sand. Provides maximum
date for drowning of Leffingwell Channel by
rising sea level.
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in Holocene deposits along the eastern
Beaufort Sea coast is probably about
3,700 years old. The ash layer is brack-
eted by samples dated as 3,300 and
3,950 years old at the mouth of the
east branch of the Canning River. How-
ever, a sample, which according to our
records came from above the ash on
Flaxman Island, yielded a radiocarbon
age of 4,890 years. Other samples from
the same section await radiocarbon
analysis, and, when complete, these
analyses will permit us to evaluate the
significance of the seemingly anomalous
Flaxman Island date. Radiocarbon
samples bearing on the age of the ash
were also collected in Holocene allu-
vium of the Putuligayuk River but have
not yet been dated. It is hoped that,
when dated, this ash layer will be useful
in making field estimates of the age of
young eolian, thaw-lake, alluvial, or
archaeological deposits elsewhere along
the eastern Beaufort Sea coast.

(d) Peat accumulates in low-center polygons
at Nokotlek Point near Icy Cape at a
rate of about 0.25 mm/year. Peat de-
posits there are about as thick as any
seen along the Chukchi or Beaufort Sea
coasts, so this may be a fair approxima-
tion of the general rate of peat accumu-
lation in marshes of the North Slope.

(e) A 1.5-m-thick sequence of thaw-lake de-
posits near Cape Halkett accumulated
within a 200-year interval, and a site
south of Nokotlek Point has lain with-
in the basin of two successive thaw
lakes during the last 9,100 years. These
observations are consistent with ob-
servations in the Old Crow Flats (W. W.
Pettapiece, in Lowden and others,
1977, p. 17) and on the Seward Penin-
sula (D. M. Hopkins, unpub. data,
1978) that individual thaw lakes rarely
persist on the landscape longer than
1,500 years.

(f) Active ice wedges near Cape Halkett have
been growing at a rate of about 1 mm/
year, but active ice wedges in the
Wainwright-Nokotlek Point area are
growing much less rapidly, at a rate of
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only about 0.2 mm/year (fig. 19). This
rate is consistent with experimental
studies that indicate average growth
rates of about 1 mm/year near Point
Barrow and much less than 1 mm/year
on Garry Island at the mouth of the
Mackenzie River (MacKay and Black,
1973, p. 188).

(g) A prograded deltalike deposit at the
mouth of the Kaolak River seems to
provide the record of a late summer
flood and storm surge about 1,000
years ago that raised water level at least
3 m in the Kuk River estuary system
(Hopkins and others, 1979).
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The Cretaceous Nanushuk Group of the western and
central North Slope, Alaska
By A. C. Huffman and T. S. Ahlbrandt

The Nanushuk Group of Albian to Ceno-
manian (Early and Late Cretaceous) age is a
predominantly regressive sequence of marine,
transitional, and nonmarine sedimentary rocks
that filled the Colville trough from the south-
west and south. Field and laboratory work in
1977 and 1978 has confirmed that the Nanu-
shuk Group was deposited in two depocenters,
both of which have been interpreted to be
river-dominated delta systems. The deltaic sedi-
ments of the Nanushuk were deposited on top
of prodelta mud and silt of the lower to middle
Albian (Lower Cretaceous) Torok Formation,
which filled the Colville trough from the west
and southwest. The basal marine sedimentary
deposits of the Nanushuk grade into and inter-
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FIGURE 19.—Rates of ice-wedge growth at Cape Halkett (Beaufort Sea) and in the Nokotlek Point-Wainwright area
(northern Chukchi Sea). CH, Cape Halkett; KR, Kaolak River (approximate measurement only); NP, Nokotlek Point;

WI, Wainwright Inlet.

tongue with shale of the Torok Formation
below and with nonmarine deposits of the
Nanushuk Group above. The transition from
marine to nonmarine is characterized by inter-
tonguing marine and nonmarine facies over an
interval 150 to 600 m thick and is overlain by
fluvial and lacustrine deposits in the southern
and western areas. To the northeast, the re-
gressive marine and transitional deposits are
overlain by a transgressive marine sequence, the
basal part of which is included in the Nanushuk
Group.

The western (Corwin) delta was the primary
focus of the 1977 field season and the following
winter’s laboratory work. Summaries and analy-
ses of the field data as well as the laboratory
results are being published as U.S. Geological
Survey Circular 794 (Ahlbrandt, 1979). Several
lines of evidence cited in the circular, such as
grain size, transport directions, and sand per-
centages (fig. 20), total thickness (Ahlbrandt
and others, 1979), sand composition (Huffman,
1979; Bartsch-Winkler, 1979), and relative ages
(Scott and Smiley, 1979), strongly suggest that
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the source of the Corwin delta was to the south
and west, perhaps in the vicinity of the De Long
Mountains, Tigara uplift, and Herald arch (Mull,
1979). These results agree well with seismic
studies (Bird and Andrews, 1979), which show
that the prodelta mud of the Torok Formation
also filled this part of the Colville trough from
the southwest.

Sandstone of the Nanushuk Group in the
Corwin delta is classified as a sedimentary
litharenite, which has been subjected to dia-
genetic alteration detrimental to reservoir
quality (Huffman, 1979; Bartsch-Winkler,
1979). With very few exceptions, the interstices
are choked with clay and calcareous mud, and
much of the sandstone in the nonmarine part of
the section is tightly cemented with sparry
calcite related to both depositional environment
and source material (Huffman, 1979). Charac-
teristic of the sandstone throughout the section
are lithic fragments of chert and calcareous and
argillaceous rocks, many of which were squeezed
during compaction to fill even the smallest pores
(Bartsch-Winkler, 1979). The relative abun-
dance of these constituents is correlated with
the stratigraphic sequence exposed by progres-
sive erosion in the source area of the Corwin
delta (Huffman, 1979). Sandstone constitutes
only 20 percent or less of the entire Nanushuk
Group in the Corwin delta (fig. 20), and, per-
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haps because of rapid subsidence of the trough
and high sedimentation rates, sand bodies are
very rarely stacked.

Paleontologic studies suggest an early to
middle Albian age for the Corwin delta but have
otherwise met with only limited success. Pollen
and spore recovery from outcrop samples has
been generally poor, but, when combined with
plant megafossil material, it may yield a work-
able palynologic zonation within the Nanushuk
Group (Scott and Smiley, 1979). The poor
quality and quantity of palynological material
may be partially explained by the high thermal
history of the western North Slope, as indi-
cated by high reflectance and thermal alteration
index values (Magoon and Claypool, 1979).
Preliminary results of foraminifer and dino-
flagellate studies suggest very shallow water
depths for most of the marine and transitional
sediments of the Nanushuk Group in the Corwin
delta (Sliter, 1979).

The 1978 field effort was concentrated on the
Umiat delta of the central North Slope. This
delta has been described previously as a high-
constructional (river-dominated) delta (Fisher
and others, 1969), but very little of the total
system is visible in outcrop, and most of that is
along depositional strike. Sand percentage con-
tours (fig. 20) yield forms that suggest much of
the Nanushuk Group in this area may have been



strongly affected by wave energy and longshore
drift. Seismic studies (Bird and Andrews, 1979)
indicate that the prodelta mud of the Torok
Formation filled this part of the Colville trough
from the west with a minor southwest com-
ponent, evidence that agrees well with the
general shape reflected by the sand percentage
contours of figure 20.

Preliminary results of the outcrop studies in
the central North Slope indicate paleotransport
directions generally from the south (fig. 20),
thus suggesting a source terrane for the Nanu-
shuk Group of the Umiat delta quite separate
from that of the Corwin delta. This suggestion
is confirmed by both field observations (Ahl-
brandt and others, 1979) and petrographic
studies (Bartsch-Winkler, 1979; Fox, 1979),
which show that sandstone from the Umiat
delta contains more quartz, quartzite, and meta-
morphic rock fragments than does the sand-
stone of the Corwin delta, which is enriched in
carbonate and argillaceous rock fragments. A
second significant difference in the two systems
is the high sand percentage in the Umiat delta,
where 40 percent sand for the entire Nanushuk
section is common, compared to the low sand
content (<20 percent) in the Corwin delta. The
presence of the 900- to 1,500-m-thick quartzite-
and quartz-rich Kanayut Conglomerate and the
phyllitic Hunt Fork Shale in the Brooks Range
south of the Umiat delta and the absence of any
comparable unit southwest of the Corwin delta
may explain many of the lithologic differences
between the two systems. A third significant dif-
ference between the two deltas is the generally
higher porosity and permeability of sediments of
the Umiat delta. A fourth difference is the
presence of porous, permeable beach sand in the
outcrop belt of the Umiat delta; the presence of
beach sand is consistent with the character of
the source terrane and the suggested wave
activity during deposition of these sediments,

Preliminary micropaleontologic results, based
on examination of borehole samples, indicate
that recovery is fairly good in the central North
Slope and that a zonation utilizing dinoflagel-
lates and foraminifers is possible (May, 1979;
May and Stein, 1979; Sliter, 1979). The Nanu-
shuk Group in the Umiat delta is apparently
middle Albian to Cenomanian in age, and most
of the Nanushuk Group marine sedimentary
rocks were deposited in deeper water than were

those in the Corwin delta.

Reconnaissance work east of the Sagavanirk-
tok River indicates that the Nanushuk Group
changes character rapidly to the northeast and
loses its identity completely beyond the Ivishak
River. Coeval rocks consist of a thick sequence
of apparently deep-water marine shale, mud-
stone, marl, and sandstone exhibiting many
turbidite features. This rapid facies change
suggests that the sediments of the Nanushuk
Group in the vicinity of the Sagavanirktok River
were deposited very close to the edge of a con-
tinental shelf. Reconnaissance work further east
in the Arctic Wildlife Range indicated that rocks
lithologically similar to the Nanushuk Group are
absent in that area. Paleontologic and petro-
graphic studies are currently in progress on
material collected from sites previously identi-
fied as possible Nanushuk equivalents (Detter-
man and others, 1975).
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Vegetation mapping of the National Petroleum Reserve
in Alaska using Landsat digital data
By Leslie A. Morrissey and R. A. Ennis

The National Petroleum Reserve in Alaska
(NPRA) is the subject of an intensive planning
effort as directed by the National Petroleum Re-
serves Production Act of 1976 (PL 94-258).
The U.S. Geological Survey (USGS) is responsi-
ble for compiling a resource inventory in com-
pliance with Section 105B, Environmental
Impact Assessment, while the Bureau of Land
Management is responsible for Section 105C,
Land Use Study. Both efforts need a compre-
hensive vegetation map of the region. With fund-
ing from the Environmental Impact Analysis
Program of the USGS, the Geography Program
mapped the vegetation of the 97,000-km?
NPRA using Landsat digital data. The project
was also a prototype for producing USGS land
use and land cover maps from Landsat digital
data. If successful, these techniques can be
applied in other high-interest areas of the state
gradually to build up a series of land use and
land cover maps for Alaska.

Techniques for computer-aided analysis have
been developed to create maps and statistical
data from Landsat digital data. Digital analysis
techniques developed by Geography Program
analysts at Ames Research Center in California
utilized several computers for the NPRA map-
ping project. Access to several computer systems
made it possible to use the most efficient system
for each specific processing task.

The EDITOR software package, developed by
the Center for Advanced Computation (CAC) at
the University of Illinois at Urbana-Champaign,
provided the mainstay for the interactive image
analysis capability. The EDITOR package is
available on the TENEX (modified DEC System
PDP-10) at Bolt, Beranek, and Newman in
Boston and on the ILLIAC IV parallel process-
ing computer at Ames Research Center.

Natural groupings of the multispectral data
from the four bands were established using
cluster analysis procedures, first implemented
for remote sensing purposes at the Laboratory
for Applications of Remote Sensing (LARS) at
Purdue University and later incorporated into
the EDITOR system by CAC. A data reduction
program available in EDITOR enables clustering
of an entire Landsat scene on the ILLIAC IV to



define a number of internally homogeneous
spectral classes. The large sample of data ex-
amined in clustering increases the probability of
sampling unique or nonextensive land cover
types. Each clustering provided a set of sta-
tistics, including means and covariance matrix
of the four bands, for each cluster. A maximum
likelihood classification was performed on the
CDC 7600, assigning each pixel to the specific
cluster it most nearly resembled. Ten cloud-free
Landsat scenes were processed in this way to
cover NPRA fully.

Evaluation of the classifications required
field reconnaissance. The Bureau of Land Man-
agement provided logistic support for the four-
week field season in the summer of 1977. Two
strategies were chosen for verifying classification
results. Line-printer maps were used for indi-
vidual class identification, and color-coded
enlargements of the digital classifications were
used for regional land cover verification.

The results of the fieldwork and preliminary
identification of the spectral classes provided the
basis for the NPRA classification scheme. The
classification scheme was based on land cover
types that could be delineated optimally with
multispectral satellite data. The classification
scheme is based on physiognomy, that is, plant
communities that are similar in lifeform. The
plant communities are described according to
dominant species. The land cover classes are
Deep Water, Shallow/Sedimented Water, Marsh,
Meadow, Mixed Tundra, Tussock Tundra,
Dryas, Barrens, Riparian Shrub, and Ice and
Snow,

Analysts from the Geography Program ac-
companied members of the USGS Branch of
Alaskan Geology in the field during the summer
of 1978, Classification accuracy was verified and
the classification scheme further refined.

A color-coded mosaic of the final classifica-
tion of vegetation within NPRA at a scale of
1:500,000 (along with tabulations of vegetation
by township) is being prepared for publication
in the USGS Miscellaneous Investigations Map
Series. The same data will serve also as the basis
for preparation of color-coded vegetation maps
of eight quadrangles at 1:250,000. These will be
the first in a series of land cover maps derived
from Landsat digital data which the Geography
Program is planning for Alaska.

Design of airfields in National Petroleum Reserve in
Alaska
By Reuben Kachadoorian, F. E. Crory,® and R. L. Berg®

An integral part of the U.S. Geological Sur-
vey’s program for the evaluation of the petro-
leum potential of the National Petroleum
Reserve in Alaska (NPRA) is the construction of
all-year airfields capable of handling C-130 (Her-
cules) aircraft. Design and construction prob-
lems for the airfields, one at Inigok and the
other at Tunalik (fig. 21), were compounded by
permafrost and by the constraint that they be
built in the winter and in accordance with en-
vironmental requirements. To our knowledge,
winter construction of such large airfields, 50 m
wide and 1,600 m long, for all-year use had not
been attempted previously in a permafrost
terrain. All other airstrips constructed in the
past have required a minimum gravel pad 2.6 m
thick.
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Inigok, Lisburne, and Umiat (Seabee).

In cooperation with the Corps of Engineers
(Cold Regions Research and Engineering Labora-
tory, Hanover, N. H., and the Waterways Experi-
ment Station, Vicksburg, Miss.), a new concept

SU.S. Army Cold Regions Research and Engineering Labora-
tory (CRREL), Hanover, N.H.
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was developed for winter construction of air-
fields. This concept consisted of using local
frozen borrow material (sand at Inigok and
gravel at Tunalik) as a base course. The base
course was overlain by high-density HI-60 styro-
foam insulation placed in a single 5-cm layer at
Tunalik, and in two layers, each 3.8 cm thick, at
Inigok. The insulation in turn was overlain by
45 cm of gravel, the amount required to protect
the insulation from damage by compression and
breakage under the 16,000-kg/wheel load im-
posed by C-130 aircraft.

Gravel to construct the Tunalik airstrip was
obtained within 10 km of the proposed airfield
site. Because of the lack of a local gravel source
at Inigok, a 58-km snow-ice road had to be con-
structed from the airfield site to the confluence
of the Kikiakrorak and Colville Rivers, where
gravel was obtained to overlay the insulation. A
total of 67,000 m?® of gravel was hauled to
Inigok before spring breakup destroyed the
snow-ice road.

In March, 1978, while the runways at Inigok
and Tunalik were wunder construction,
temperature-sensor (thermocouple) installations
were placed at each runway, as follows: (1) two
installations beneath the insulation to a depth of
6.5 m, (2) two at the same locations as (1) but
with sensors below and above the insulation and
in gravel about 15 ¢m above the insulation, and
(3) one in the tundra off the shoulder of each of
the runways. After the runways were opened to
traffic in late May 1978, the thermal regimes of
the runways were carefully monitored to assess
the airfield designs. The subgrade beneath the
insulation at both Tunalik and Inigok remained
frozen throughout the summer of 1978 into
freeze-up. Excessive moisture in the gravel over-
lying the insulation at Tunalik during breakup
and the poorly graded gravel overlying the
insulation at Inigok created local soft spots in
both runways. Once runways were rolled and
compacted, however, they performed exceeding-
ly well.

Temperature data collected from March to
December 1978 indicate that the maximum
temperature immediately below the 7.6-cm-thick
insulation at Inigok was -3.3°C. The maximum
temperature below the 5-cm-thick insulation at
Tunalik was —0.6°C, which no doubt reflects the
thinner insulation. Thus, the 5-cm-thick insula-
tion at Tunalik appears to have only a 0.6°C
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margin before thawing will occur, whereas at
Inigok the margin is 3.3°C. We do not expect
any substantial thawing at Tunalik because, if
the temperature in the subgrade below the in-
sulation were to reach 0°C, the latent heat of
fusion in the frozen subgrade materials would
provide a large cold sink that would keep the
temperature close to 0°C for many weeks.
Ground temperatures are being monitored dur-
ing 1979 at both airfields.

The concept developed for runways at Inigok
and Tunalik is being applied to a new temporary
airstrip capable of handling C-130 aircraft at the
Lisburne well site (fig. 21), where a total of 6.3
cm of insulation in two layers is being used.
Design criteria for insulation requirements for
the Lisburne site were based on the results of
thermal performance of the Inigok runway.
Thermocouples will be installed at Lisburne in
the same manner as at the Tunalik and Inigok
airfields and also will be placed beneath the un-
insulated airstrip at Umiat (Seabee) for direct
comparison with the three insulated airstrips.
Test sections will also be installed at Lisburne to
evaluate the thermal efficiency of a single layer
of insulation compared to that placed in two
layers with staggered joints.

The successful new concept for winter con-
struction of large all-year airstrips at Tunalik
and Inigok is also applicable to permanent air-
fields, roads, and construction pads. This tech-
nique allows utilization of only 45 cm of gravel
as compared to 2.6 m required to prevent thaw
of permafrost beneath noninsulated airstrips
suitable for C-130 aircraft. The concept is a
significant contribution to arctic construction
because it reduces the cost and environmental
impact of mining and hauling gravel.

Development and operation of gas fields in the Barrow
area
By Robert D. Carter and Robert J. Lantz

Three wells were drilled near Barrow during
1978. Well No. 16, an exploratory well drilled
2.5 km northeast of the South Barrow gas field,
was completed as a dry hole. The objective, the
Jurassic Barrow gas sand of local usage, was not
present because of its truncation by the basal
Cretaceous unconformity. No other productive
sands were found in the well.

The South Barrow East gas field, discovered
by the U.S. Navy, was evaluated further by two



development wells, Nos. 17 and 19. Objectives
of the wells were to extend the Barrow gas sand
production and increase deliverability, to
evaluate the Triassic Sag River oil sand of local
usage, and to determine, if possible, the bound-
aries of the field. The drilling program was
successful on all counts. Both wells proved to be
productive in the Barrow gas sand, and well
No. 17 tested a gas-water contact. The Sag River
oil sand was cored in both wells and found to be
oil saturated. Drill stem tests of the sand in both
wells proved disappointing, however, because
little free oil was recovered. Test data indicated
low productivity. Both wells were exhaustively
tested while being completed for production;
these analyses are still in progress.

Availability of NPRA data
By Robert D. Carter and Raul J. Madrid

Well logs and histories generated from 1955
to 1972 in the petroleum exploration of NPR -4
(NPRA) by the U.S. Navy were released to the
public in June 1978. Well logs and histories for
139 wells are available from: U.S. Department
of Commerce, National Oceanographic and At-
mospheric Administration (NOAA), National
Geophysical and Solar-Terrestrial Data Center
(D62), Boulder, Colorado 80303. Among the
records available are those of 17 wells, including
seven wildcats, in the area of high current
interest adjacent to pending offshore lease sale
tracts in the Beaufort Sea.

Geophysical data resulting from the 1972-
77 Navy exploration have been forwarded to
NOAA and will be available to the public early
in 1979. Approximately 12,288 km of common
data point seismic reflection data, including
seismic sections, velocity analyses, shotpoint
location maps, and index maps will be open-
filed. A companion report based on the data
has also been processed by the U.S. Geological
Survey and sent to NOAA for release in the
spring of 1979. Well logs and histories of six
wells drilled by the Geological Survey in 1978
should also be available in 1979.

Water resources of the Noatak River basin
By Joseph M. Childers and Donald R. Kernodie

Hydrologic surveys made by USGS personnel
during April and August 1978 provide data to
help describe water resources of the Noatak

River; this river is important to the economic
well-being of the people of Noatak, Kotzebue,
and the surrounding region. The Noatak River
(fig. 22) is also increasingly being used by
visitors from outside the Kotzebue Sound region
for recreation, including hunting, fishing, camp-
ing, and boating. The Noatak River was chosen
for the survey because it is receiving heavier use
than other similar rivers in arctic Alaska. The
data gathered may help resource planners under-
stand the present characteristics of the waters
before possible impacts of increased usage take
effect. The hydrologists traveled by ski-equipped
plane in April and by motorboat in August. The
August survey also provided information helpful
to persons plannning boat trips on the Noatak.

The April survey provided data and observa-
tions on conditions during late winter in arctic
Alaska; this is also the time of annual low
streamflow and maximum ice accumulation in
this region. An estimated 4m?3/s flowed into
Kotzebue Sound from the Noatak River during
April 1978. Many spring and open (ice-free)
leads were noted along the main course of the
river and its tributaries. The open leads were in
flowing streams that were warm enough to pre-
vent freezing. A large open lead was noted at
Noatak village. Large icings were seen at sites
along most of the larger tributaries. In a typical
stream, water flowed in discontinuously open
leads to an icing. Observations in holes drilled
through as much as 2.5 m of ice in the Noatak
River channel near Noatak Canyon showed no
flow, and the river was frozen solid in some
reaches above the canyon. Although measure-
ments of flow were made in several tributaries
above Noatak Canyon, these streams were seen
to be feeding icings. Downstream, in Lower
Noatak Canyon, beneath 0.5 m of snow and 1 m
of ice cover, water was 8 m deep and saline,
probably having been intruded up the Noatak
channel from Kotzebue Sound. Water in the
open leads sampled was soft and had low dis-
solved solids and high dissolved oxygen con-
centrations. The water was clear and had tem-
peratures of near 0°C.

August measurements showed that the dis-
charge of the Noatak River increased from about
28 m3/s at its confluence with the Ipnelivik
River (600 km above the mouth) to about 280
m?3 /s in Noatak Canyon. At this season also, the
river water was soft and had low dissolved solids
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Ficure 22.—Noatak River basin, Alaska.

and high dissolved oxygen concentrations. The
water was cold and clear; one tributary had
turbid water, probably as a result of a rainstorm
in its drainage, runoff from which was causing
some erosion.

The Noatak River provided very good condi-
tions for recreational boating from the Ipneli-
vik River to the mouth. Pools from 300 to 1,500
m long and having gravel and cobble beds, sepa-
rated by boulder riffles as much as 100 m long,
characterize the Noatak River from the Ipneli-
vik River to the Eli River. Below the Eli, the
Noatak River was wide, deep, and smooth flow-
ing. One 10-km reach of boulder-strewn rapids
upstream from Atongarak Creek is called Etim-
nikroak, or swift water, by the Eskimos. This
was the only segment of the Noatak observed
during August that might cause a navigational
problem for canoers or kayakers.

The August survey included observations of
flood and channel erosion evidence along the
Noatak River. Most maximum evident flood
marks were found close to the tops of channel
banks and near the base of mature willows.

The Noatak River channel appeared quite
stable except for some bank erosion noted in
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mostly braided reaches through the Aniuk and
Mission Lowlands. Thawing ice masses were
exposed in some eroding banks; an ice bank
about 1 km long is located about 5 km down-
stream from Noatak village.

Other information obtained during the sur-
veys includes discharge and water-quality mea-
surements at selected springs, spot depth and
water-quality measurements at selected lakes,
and estimates of maximum evident flood peak
and bankfull channel discharges at selected
stream sites. Benthic invertebrates from 15
stream sites have been identified to the family
level at this time.

EAST-CENTRAL ALASKA

Metamorphic rock units of the southern part of the
Circle quadrangle, east-central Alaska

By Helen L. Foster, Florence R. Weber, and Terry E. C.
Keith

Geologic mapping was begun in the southern
part of the Circle quadrangle, where several of
the metamorphic map units could be traced
northward from the adjacent Big Delta quad-
rangle. Nine distinct metamorphic rock units



have been mapped in the Circle quadrangle so
far, and it may be possible to subdivide at least
one of these units. The rocks range in meta-
morphic grade from greenschist to amphibolite
facies. Their age and stratigraphic relations are
not known because fossils have not been found
in these rocks in either the Big Delta or Circle
quadrangles, except for radiolarians and cono-
donts in chert associated with ultramafic rocks
in the Big Delta quadrangle.

Although quartzite and quartzitic schist are
abundant metamorphic rock types in the Circle
quadrangle, pelitic schist and gneiss also occur.
Staurolite is abundant in some schist, and
staurolite-sillimanite = and  staurolite-kyanite
associations are present. A sillimanite gneiss with
much altered feldspar, a major unit in the Big
Delta quadrangle, extends northward into t..e
southeastern part of the Circle quadrangle.
Abundant marble and impure marble inter-
layers are present in several of the units, but
individual marble layers are difficult to identify
and can seldom be traced farther than 500 m.
Amphibole-bearing layers are also fairly com-
mon. A section containing quartzite, kyanite-
staurolite-muscovite-biotite schist, amphibolite,
and marble resembles that found in the Eielson
deep test hole drilled in the northwestern part
of the Big Delta quadrangle (Forbes and Weber,
1975, p. 654).

A calcareous phyllite and schist associated
with a section characterized by black quartzite
has lithologic similarities to some Paleozoic
rocks in Yukon Territory and in the northern
part of the Alaska Range. Some of the contacts
of this rock group are suspected faults. Another
section of quartzite, locally referred to as *grit”’
where it contains small, rounded, clear, bluish-
gray quartz grains or ‘“‘eyes,”” appears to overlie
discordantly some of the units described above
and may be the remnant of a large thrust sheet.

Small patches of augen gneiss, associated with
light-green calcareous and quartzitic rocks, in-
cluding garnet diopside skarn, are irregularly
distributed in the southeastern part of the Circle
quadrangle. Three separate, small, serpentinized
ultramafic bodies, which probably have been
faulted into contact with the metamorphosed
country rocks, have been found. The ultramafic
rocks appear similar to those of the Big Delta
quadrangle.

Foliations in the metamorphic rocks in the

southern part of the Circle quadrangle suggest a
northeast-trending antiform. Several small
granitic plutons lie along its approximate axis.
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Big Windy Creek hot springs, Circle A-1 quadrangle,
Alaska
By Terry E. C. Keith and Helen L. Foster

A small hot spring area in the canyon of Big
Windy Creek in the northwest corner of the
Circle A-1 quadrangle was very briefly visited
in July 1978. G. A. Waring (1917) first recorded
the occurrence of the springs, although he did
not visit them. The springs are difficult to reach
because of the remoteness of the area and be-
cause the canyon of Big Windy Creek is very
steep sided with many large granitic boulders
filling the creek. The spring area occurs near the
north edge of a small granitic pluton, which has
intruded regionally metamorphosed rocks in-
cluding thinly layered marble and quartz-biotite
schist.

Most of the springs flow out from the face of
a nearly vertical granitic outcrop on the north
side of Big Windy Creek; the remainder are on
the south side of the creek. Spring orifices on
both sides seem limited to an elevation of about
6 m above the creek. Any springs in the creek
bed are so diluted by the creek that they cannot
be recognized.

The springs have deposited buff to white
travertine in small terraces on both sides of the
creek. The broader terraces are on the north
side and are approximately 4 m across and 1 m
high. Abundant fragments of granitic rock are
mixed with the travertine, and dark-gray de-
posits within it are probably manganese oxide
(table 5). A thin coating of travertine is de-
posited on granitic boulders in the path of the
spring water, but none is deposited where
springs issue from the vertical granitic outcrop.
Some of the channels in which the water flows
over the travertine terraces are lined by green
and orange algae.

Temperature of the spring water is about
58°C; pH is about 6.9. Rate of discharge is
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TABLE 5.—Trace element analyses of hot spring deposits on Big Windy Creek, Circle A-1 quadrangle

[Fe, Mg, Ca, and Ti are reported in percent.

not detected; L indicates element detected in amounts below the 1imit of determination.
5 ppm, cobalt; 20 ppm, niobium; 10 ppm, lead; 5 ppm, scandium; and 10 ppm, yttrium.
Ag, As, Au, Bi, Cd, Cu, Hg, Mo, Sb, Sn, ZIn, and Th. E. F.

elements with N or L designations are:
The following elements were looked for but not found:
analyst ]

Values for all other elements are in parts per million.

N indicates element
Limits for determination for

Cooley,

Fe Mg Ca Ti Mn B Ba Be

Co Cr La Nb Ni Pb  Sc Sr v W Y Ir

78AFr3171A 3 0.7 1.5 0.3 300 50 2000 3

78AFr3171B .5 7 >20 .02 >5000 50 2000 70

10 20 100 L 15 100 70
N

1000 20 N 20 100

70 50 N 15 N N 1500 70 200 L 20

difficult to estimate because of the number of
springs that flow in many small channels across
the travertine and filter through the boulders;
however, the flow is small, probably about
8L/min from each of the larger springs. A mild
H,S odor was noticed throughout the spring
area.

Chemical analysis of the water (table 6) shows
an unusual composition as compared to the two
closest known hot springs, Chena Hot Springs
76 km to the southwest and Circle Hot Springs
27 km to the north (Miller, 1973). The higher
carbonate content of the waters of Big Windy
Creek hot springs can be related to leaching of
the marble in the metamorphic country rock.

The high Si0, and Na*! concentrations are dif-
ficult to explain.

The location of the hot springs within a
granitic pluton but close to its edge is consistent
with the occurrences of hot springs in central
and western Alaska (Miller and others, 1975),
which are derived from deeply circulating
meteoric water. At present no regional structural
feature is known along Big Windy Creek that
might be associated with the hot springs. The
age of the granitic pluton associated with the
Big Windy Creek hot springs is not known, but
Miller, Barnes, and Patton (1975) concluded
that the distribution of other hot springs in
central and western Alaska is independent of

TABLE 6.—Analysis of water from hot spring on Big Windy Creek,
Circle A-1 quadrangle, Alaska

[Concentrations of HCO; , Ca+2, and Si0, are
minimum values because facilities were not
available in the field for analysis or pre-

servation of the samples.

The pH value is

a minimum owina to CO, loss from the sam-

ple. T. S. Presser, analyst. Temperature
n58°C; pH 6.9]
mg/L mg/L
AR— v 42 Frl e . 9.2
I A— 4.2 ) P 79
TR 440 S0, =-===-- 130
L — 21 HCOg ------- 730
) [R— 270  J— 3
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Geohydrology of the Delta-Clearwater area
By D. E. Wilcox

An hypothesis developed from a hydrological
model of the Delta-Clearwater area indicates
that the aquifer transmitting water to the spring-
fed Clearwater Creek-Clearwater Lake system is
recharged, at least in part, by seepage losses
from the Tanana River to the east of the springs.
The hydraulic gradient west of the Tanana River
29 km above the mouth of the Gerstle River
sloped in a northwesterly direction at about
.85 m/km on October 15, 1978. The water level
in a well approximately 30 m west of the
Tanana River was 9.02 m below the water sur-
face in the river on that date. These findings
indicate that the Tanana River in this area is
perched and influent to the aquifer during at
least part of the year.

Geohydrology of Fairbanks North Star Borough
By Andrea Krumhardt

The geohydrologic study of the Fairbanks
North Star Borough, Alaska, is a continuing pro-
gram designed to provide basic hydrologic data
for land-use planning. Since its initiation in
1975, the program has expanded to the outlying
areas. Most recently canvassed was the Chena
Ridge area southwest of Fairbanks.

Although some homeowners there have
experienced reduced yield in their wells, the
majority reported no noticeable changes. Well
water in the Chena Ridge area has total arsenic
concentrations ranging from 0 to 6 ug/L, well
under the U.S. Public Health Service (USPHS)
recommended limit of 50 ug/L.

Nitrate concentrations exceeding the USPHS
recommended limit of 10 ug/L were found in
samples from two wells. The source and extent
of nitrate in ground water around Fairbanks
are still relatively unknown.

Water levels in a deep observation well on the
ridge directly north of Fairbanks continue to
decline at a rate of about 1.5 m per year.
Whether this drop is due to decrease in precipi-
tation or to an increase in the number of wells
tapping the aquifer has not been determined.
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Two upper Paleozoic sedimentary rock units identified
in southwestern part of the Ruby quadrangle
By Robert M. Chapman and William W. Patton, Jr.

Two sedimentary rock units in the southwest-
ern part of the Ruby quadrangle (fig. 24), one
consisting of chert with some slaty argillite, and
the other composed of graywacke sandstone,
conglomerate, and mudstone, have been differ-
entiated and dated as a result of recent recon-
naissance mapping. Late Paleozoic ages have
been determined for these units that were
formerly thought to be of Mesozoic (?) age
(Mertie and Harrington, 1924, p. 22-24). Bed-
rock is largely concealed in this area by a wide-
spread cover of colluvium, silt, and vegetation,
and only limited bedrock data and samples can
be obtained from discontinuous hilltop rubble
and rare, isolated outcrops. It was not possible
to observe details of lithologic succession and
structure or to determine the nature of the con-
tact between the two units. Contacts between
these units and the older carbonate and low-
grade metamorphic rock units, which are near
Poorman, along the Sulatna River, and just out-
side of the map area northeast of Lost River
(fig. 24), are covered and their nature is
unknown.

The unit of medium-dark- to dark-gray, thin-
banded, bedded, radiolarian-bearing chert,
weathered to various shades of gray, greenish
gray, and reddish brown, with thin interbeds of
slaty argillite, lies between Timber Creek and the
head of May Creek. The graywacke unit has
been mapped in two places; one in the head-
waters of Glacier Creek just south of the chert
and argillite unit, and the other on a hill about
25 km northeast between Lost River and the
headwaters of Bonanza Creek. This unit includes
(a) fine- to medium-grained, medium-gray to
dark-greenish-gray graywacke, weathered to
various shades of olive to brownish gray and
moderate to dark yellowish brown, calcareous in
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FIGURE 24.—Generalized geologic map of southwestern part of Ruby quadrangle.

part, and containing some dark-gray shale frag-
ments; (b) grit to small-pebble graywacke con-
glomerate with clasts of andesitic and basaltic
rock, shale, chert, quartzite, and a few schistose
rocks in a sand and mud matrix; and (c) mud-
stone and shale, greenish-gray to medium-dark
gray, weathered to moderate and dark yellowish
brown to dark yellowish orange. Probable
Permian microfossils together with bryozoan
and echinoderm fragments were found in gray-
wacke at the Lost River locality, and shale from
this site contained pollen, which was non-
diagnostic (R. A. Scott, oral. commun., 1978).
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The rocks in the headwaters of Glacier Creek are
lithologically similar to those near Lost River,
but no fossil material, other than an imprint of
a possible ammonite fragment that “affords no
basis for any definite age assignment” (Mertie
and Harrington, 1924, p. 24), has been found.
Mertie and Harrington included all of the
above rocks in one unit described as ‘‘chert,
argillite, and some interbedded rhyolitic tuff
(pl. 3).” They mapped this unit both in the
Ruby quadrangle and in a discontinuous belt
that extends about 160 km southwestward to
Mount Hurst in the southeastern part of the



Ophir quadrangle. On the basis of field evidence,
they assigned these rocks ‘“‘provisionally to the
Mesozoic, though they may prove eventually to
be of Carboniferous age” (p. 24). Mertie and
Harrington suggested that possibly the ‘“‘sandy
and gritty material is not an integral part of the
chert-argillite series” (p. 23) and also stated
that, although soda rhyolite flows and tuffs are
intimately associated with the sedimentary
members of the chert-argillite series and appear
to be interbedded, the ‘“‘available evidence as to
stratigraphic relations is not entirely conclusive”
(p- 23).

Our differentiation of the graywacke unit, on
the basis of field relations, is supported by
identification of nodosinellids, Tetrataxis, and
bryozoan and echinoderm debris by A. K. Arm-
strong (written commun., 1976) and R. C.
Douglass and J. T. Dutro, Jr. (written commun.,
1978), their agreement on probable Permian age
for this faunal assemblage, the lithologic simi-
larity between this unit and Permian clastic
rocks in the Livengood quadrangle (Chapman
and others, 1971), and the reservations of Mertie
and Harrington about grouping the sandy and
cherty rocks. Adjacent to and east of the South
Fork of Sulatna River, the graywacke and chert
and argillite units are unconformably overlain
and largely concealed by Tertiary or Cretaceous
extrusive rhyolitic and basaltic rocks; the gray-
wacke unit that crops out near Lost River
apparently is an inlier surrounded by these
volcanic rocks. Provisionally, the graywacke unit
is assigned a Permian age. This unit probably is
correlative with similar clastic rocks of the
Permian (?) Rampart Group elsewhere in central
Alaska, Some graywacke-unit rocks may be
present, but as yet unidentified, in the Rampart
Group to the northeast, north, and northwest in
the Ruby and Nulato quadrangles. Graywacke-
unit rocks have not been found in the adjacent
part of the Medfra quadrangle to the south.

Radiolarians in four chert samples from the
chert and argillite unit have been identified by
B. K. Holdsworth and D. L. Jones (written
commun., 1978) as Cyrtisphaeractenium fauna
apparently with Holoeciscus of very latest
Famennian (Devonian) age (two samples),
Paroneella fauna probably of Mississippian age
(one sample), and Paronaella with Neohagi-
astrids of Late(?) Mississippian age (one sample).
Additional sampling and field study in the Ruby

quadrangle are needed better to define the fauna
and lithology. This unit extends southwestward
into the adjacent Medfra quadrangle in a 15-km-
wide belt of varicolored bedded chert that in-
cludes a few thin lenticular bodies of limestone.
Radiolarians, conodonts, and foraminifers of
Mississippian age were found at eight widely
scattered localities within this belt, which is part
of the Innoko terrane (Patton, 1978). Radio-
larians of Mississippian age (B. K. Holdsworth,
written commun., 1978) are present in chert at
the head of McLean Creek, about 60 km south-
west in the Ophir quadrangle. An age range of
very latest Devonian to Late(?) Mississippian is
provisionally assigned to the chert and argillite
unit in the Ruby quadrangle, and a correlation
with the above-mentioned cherts in the Medfra
and Ophir quadrangles is suggested.
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Age of the metamorphic complex in the northern
Kuskokwim Mountains, west-central Alaska
By William W. Patton, Jr., and J. Thomas Dutro, Jr.

New evidence from the northern part of the
Medfra quadrangle establishes the age of the
metamorphic complex in the northern Kusko-
kwim Mountains as definitely pre-Permian and
probably pre-Ordovician. On a tributary of
Meadow Creek in the north-central part of the
quadrangle, pelitic schist and greenstone of the
metamorphic complex are overlain by a massive
basal conglomerate of Permian age (fig. 25, sec.
C). The conglomerate contains large angular
blocks of the metamorphic rocks set in a sandy
quartz-carbonate matrix that carries an abun-
dant early Late Permian brachiopod fauna. The
presence of these large clasts of metamorphic
rocks in the Permian strata demonstrates clearly
that the age of metamorphism is pre-Permian
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