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GEOLOGY -OF THE IMURUK LAKE AREA,
SEWARD PENINSULA, ALASKA

. By D. M. Hopxkins

ABSTRACT
The Imuruk Lake area is underlain by metamorphic rocks of Paleozoic
age, granitic rocks of probable. Late Jurassic or Early Cretaceous age, and
sediments and lava flows of late Cenozoic age. The Paleozoic- metamorphic

-rocks include schist of several types assignable to Eskola’s green-schist facies,

gneiss assignable to Eskola’s amphibolite facies, and metalimestone. The
schist unit includes rocks that are older and.younger than the metalimestone
unit. The rocks of the gneiss unit are believed to be stratigraphically equiva-
lent- to part of the rocks in the schist unit and to have acquired much of

" their present texture and mineralogy during the emplacement of the Kuzitrin

Lake batholith. The granitic rocks of probable late Mesozoic age include the
small Black. Butte stock and the Kuzitrin Lake batholith, a large body of
granitic rocks exposed in the northern. Bendeleben Mountains south of Kuzi-
trin Lake that apparently extends northward beneath the Imuruk Lake lava
plateau to the Asses Ears.

The Kougarok gravel of late Tertiary and Pleistocene(?) age underlies the
northwestern part of the Kuzitrin flats and consists of a basal gravel mem-
ber locally more than-187 feet thick, a thin middle member composed of peaty
lignite, and an upper gravel member 3 to 60 feet thick. The middle mem-

- ber contains a rich pollen and wood flora consisting of a mixture of conifer-

ous and deciduous trees, including representatives of several genera that now
reach. their northern limits in latitudes 5° to 15° south of Seward Peninsula.
Similar pollen floras in the valley of the Aldan River, Yakutia, Siberia, and
in the northern Alaska Range are of late Miocene or early Pliocene age.
The upper member -contains poplar and either spruce or larch wood and may
be early Pleistocene in age.

Pleistocene sediments include glacial deposits, windblown silt, stratified silt
and peat, alluvial gravel, and lacustrine sediments. Till and outwash of the
Nome River (Illinoian) and Salmon Lake (Wisconsin) glaciations are found
in and along the north front-of the Bendeleben Mountains. Windblown silt
covers the pre-Cenozoic rocks, the Kougarok gravel, and the older lava flows
throughout much of the Imuruk Lake area. The stratified silt and peat con-
sists largely of windblown silt that has been washed downslope to form
fans,  aprons, and—in places—valley-fill deposits. The alluvial gravel under-
les the.flood plains and low terraces of the larger streams.

C1



C2 CONTRIBUTIONS TO GENERAL GEOLOGY

Lake deposits are found in the many existing lakes and in the basins of
several large filled or drained lakes. Imuruk Lake is adjoined by three sys- -
tems of abandoned shoreline features consisting of wave-cut scarps, and of
terraces composed of beach gravel, and lacustrine silt and peat. The two
older systems, formed during the Nome River (Illinoian) and Salmon Lake
(Wisconsin) glaciations, have been irregularly warped; the youngest system,
formed in Recent time, is virtually horizontal. Tmuruk Lake drained west-
ward to the Noxapaga River when the older shorelines were occupied; its
present outlet to the Kugruk River was formed when the intermediate shore-
line features were tilted near the end of the Wisconsin time.

Volcanic rocks of late Cenozoic age cover most of the central part of the
area. Five volcanic formations are distinguished on the basis of weathering
profiles, degree of frost brecciation, and extent and thickness of the mantle
of windblown silt: The Kugruk volcanics of late Tertiary or possibly early
Pleistocene age; the Imuruk volcanics of early and middle Pleistocene age;
the Gosling volcanics, emplaced during and after the interglacial interval
between the Nome River (Illinoian) and Salmon Lake (Wisconsin) glacia-
tions; the Camille flow, emplaced near the end of the Salmon Lake glacia-
tion; and the Lost Jim lava flow, emplaced within the last few thousand
vears. Most of the volcanic rocks have compositions near the boundary be-
tween basalt and andesite, and most are free of inclusions of any Kkind.
However, several vents distributed in a northwest-trending belt from Blue-
berry Dome to Trail Creek have given rise to lavas ranging in composition
from mafic basalt to pilotaxitic andesite that contain abundant angular in-
clusions of dunite, magnetite, granitic rocks, and schist. Most of the volcanic
rocks probably arose directly from great depths, but the more highly differ-
entiated rocks of the inclusion-bearing belt may have been detained in a
magma chamber at shallow depth. Volcanic eruptions in the Imuruk Lake
area probably have been spaced at intervals of five to ten thousand years
throughout most of late Cenozoic time.

Tectonic disturbances of late Cenozoic age are recorded by a deformed ero-
sion surface, warped lake basins, and fault scarps that cut lava flows. The
volcanic vents are distributed in major northwest-trending swarms and minor
northeast-trending swarms, -parallel to but not coincident with the observed
surface faults. .

Perennially frozen ground is present throughout the Imuruk Lake area but
is less than 70 feet thick in the one place where deep subsurface information
is available. Hydrologic evidence suggests that the more permeable geologic
units contain interconnecting thawed zones.

Ground water is available in the metalimestone, the Kougarok gravel, the
lava flows, and the flood-plain gravel of the larger streams. The distribu-
tion of the ground water is complicated by the presence of permafrost, by
the contrasting permeabilities of various geologic materials, and by the. ir-
regular initial topography of the lava flows. Mineral resources include aurifer-
ous stream gravel, lignite, and diatomite.

INTRODUCTION

The Imuruk Lake area (pl. 1) until recently has been one of-the
geologically less well explored parts of Seward Peninsula, Alaska.
Most of the area is mantled by lava flows of Quaternary age, and a
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difficult terrain and a lack of promising mineral resources in those
parts of the area underlain by volcanic rocks have discouraged pros-
pecting and scientific exploration. Parts of the Imuruk Lake area
are.described by Moflit (1905), Collier (1902), and Collier and others
(1908).

The existence of large expanses of nearly flat terrain on some of
the younger lava flows led during the mid-1940’s to a brief consid-
eration of the possibility of locating a military airfield in the Imu-
ruk Lake area and to an investigation of the bedrock and surficial
geology and of the permafrost conditions by a U.S. Geological Sur-

© vey party during 1947 and 1948. Geologic, geomorphic, botanical,

and zoological studies were conducted. Base camps were estab-
lished at large lakes accessible to amphibious aircraft and at min-
ing camps on the periphery of the area. Detailed studies were
made within a radius of several miles of each camp, and reconnais-
sance traverses were made over parts of the intervening areas dur-
ing back-packing trips of 2 to 6 days’ duration. Geologic mapping
in areas not covered by ground traverses is based on observations

-made during airplane reconnaissance and on study of aerial photo-
- graphs. Brief visits were also made to the Imuruk Lake area by

me in 1949 and R. S. Sigafoos in 1952.

This report describes the results of the geologic mapping. Other
aspects of the fieldwork have been published elsewhere (Hopkins,
1949; Hopkins, 1959b; Hopkins and Sigafoos, 1951; Quay, 1951).

Fieldwork for this study was financed in part by the Office of
the Chief of Engineers, U.S. Army. The 10th Search and Rescue
Squadron, U.S. Air Force, furnished air transportation between
Nome and Imuruk Lake.

I was assisted in the field by A. T. Fernald, E. H. Muller, and
J. F. Seitz, geologists; R. S. Sigafoos, botanist; and W. B. Quay
and J. G. Sieh, zoologists. Assistance and hospitality were ren-
dered by John Cross, pilot; D. H. Stewart and Charles Garrett of
the Casadepaga Gold Co.; and John and Frank Whaley of the
Rainbow Mining Co. Special thanks are due the radio operators

‘of Civil Aeronautics Administration radio station KYWK at Kotze-
.bue, Alagka, for their kindness during both field seasons.

- Helpful advice and criticism were contributed by M. P. Billings,
R. F. Black, the late Kirk Bryan, R. E. Detterman, Marian Gug-
gisberg, T. N. V. Karlstrom, P. L. Killeen, Clyde Wahrhaftig, and
J. R. Williams. The late Joan P. Hopkins studied the petrography

_ of most-of the rocks of the Imuruk Lake area.
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GEOGRAPHY

The Imuruk Lake area encompasses 1,100 square miles in the
central part of the Bendeleben quadrangle (Alaska Topographic
Series, scale 1: 250,000, U.S. Geol. Survey, 1950) in the north-central
part of Seward Peninsula (fig. 1). The area is also covered by the
following quadrangles, scale 1:63,360: Bendeleben B2 through B5,
C2 through C5, and D2 through D4. Imuruk Lake lies approxi-
mately at lat 65°36” N., long 163°12" W.—100 miles northeast of
Nome and 60 miles south of the Arctic Circle. The area has no
permanent residents. Imuruk Lake can be reached by tracked ve-
hicles traveling overland from the heads of graded roads on the
upper Inmachuk River, 18 miles to the north, and on the Kougarok
River, 40 miles to the west. Small aircraft can land on several
lakes within the area or on small airstrips near the Noxapaga and
Inmachuk Rivers. Amphibious aircraft as large as the Navy PBY
can land and take off on Imuruk Lake.

CLIMATE

The climate of the Imuruk Lake area is generally similar to the
climate at Candle, 45 miles to the northeast, and is characterized by
cool summers and very cold winters. The mean annual tempera-
ture is probably about 20°F. The absolute maximum temperature
recorded at Candle prior to 1943 is 85°; the absolute minimum is
—60°. The mean annual precipitation is probably between 7 and 8
inches, of which about 25 percent falls as snow. More than 50 per-
cent of the annual precipitation occurs during a well-defined rainy
season extending from July through September. The climate is
described in more detail in Hopkins. and Sigafoos (1951, p. 55-58).

VEGETATION

The vegetation throughout most of Seward Peninsula is tundra.
Spruce forest is confined to the southeastern part of the Peninsula
(fig. 1); cottonwood trees and tall alder and willow shrubs are
found in favorable sites farther north and west. '

The Imuruk Lake area lies northwest of the forest. Half a dozen
groves, each containing from_ 10 to 100 small cottonwood trees, are

_known within the area. Small thickets of alders (Alnus crispa)
are present in a few places on steep mountain slopes and on some
of. the younger lava flows, and willows (Saliz alawensis) 5 to 10
feet tall grow on the flood plains of the largest streams. Elsewhere
the vegetation consists chiefly of (1) Dryas and heath mats and
tufted plants growing a few inches high in otherwise bare ground;
(2) dwarf birch (Betula nana) and several willow species forming
shrub thickets 114 to 3 feet high; (3) assemblages of cottongrass
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(E'riophorum vaginatum) tussocks, dwarf birch, and heath shrubs;
and (4) dense sod-forming sedges, mostly species of Carex. Dryas-
heath tundra is found on well-drained rocky or gravelly soils; shrub
thickets on river terraces and the best drained hill slopes;. cotton-
grass tussocks on moderately well drained slopes underlain by silty
soils; and sedge sod on poorly drained hill summits and slopes, in
swales, in lowland marshes, and around the edges of ponds. The
vegetation in the Imuruk Lake area is described in more detail by
Hopkins and Sigafoos (1951, p. 63-66).

ANIMALS

All large mammals native to Seward Peninsula (Quay, 1951), in- -

cluding grizzly bears, wolverines, foxes, and wolves, are present in
the Imuruk Lake area. Weasels, at least two species of shrews,
ground squirrels, several species of mice and lemmings, muskrats,
and rabbits are common small mammals. Bones of moose in low
terraces of Recent age at Imuruk Lake suggest that individual
moose occasionally wander far beyond their usual western limit in
the upper valley of the Kiwalik River.

A large herd of reindeer belonging to the village of Deering
formerly grazed in the Imuruk Lake area, but it was scattered and
exterminated during the early 1940’s. The deer were evidently
herded on the lichen-covered rubble and bedrock of the younger
lava flows, for fresh-looking bones, skeletons, and hair are abundant
in crevices and between blocks in the rubble; reindeer are probably
responsible for the recently overturned boulders that are scattered
sparsely over these surfaces (p. C63).

Aquatic life in the Imuruk Lake area includes several species of
fish and mollusks. Grayling are found in Imuruk Lake and grayling
and rainbow trout abound in many streams. Pike are reported in
the Noxapaga River and in Muskellunge Creek (pl. 1). Alaska

blackfish (Dallia pectoralis) and nine-spined stickleback (Pungitius

pungitius) are common in Lava Lake and in some small lakes
(W. B. Quay, written communication, 1951). Several mollusks?
were collected in Imuruk Lake and smaller lakes nearby, including:
Pelecypoda:

 Pisidium lilljeborg Clessin

Pisidium idahoense Roper
Sphaerium tenue nitidium Clessin

1 Gastropods identified by Henry van der Schalle, Division of Molluscs, Museum of
Zoology, University of Michigan; pelecypods identified by H. B. Herrington, Keene,
Ontario. The specimens have been deposited in the National Museum.

\Vs
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Gastropoda :

- Gyraulis deflectus Say

Physa sp.?

Lymmnaea randolphi F. C. Baker
- Valvata lewisi helicoidea Dall

. HUMAN OCCUPATION

A cave at Trail Creek contains the remains of a succession of
human cultures ranging in age from about 6,000 years to a few
hundred years (American .Antiquity, 1950; 1951). Included are
horizons representing the Denbigh flint complex, the oldest well-
-known human culture in northwestern Alaska.

Eskimos from villages on Kotzebue Sound hunted caribou in the
Imuruk Lake area until about 1850, when caribou ‘became nearly
. extinet on Seward Peninsula (Dall, 1870, p. 147). Village sites
and -caribou traps at Cloud Lake, Skeleton Butte, Twin Calderas,
. and Kuzitrin ‘Lake, lichen-covered “jumping stones” at two points
on the Lost- Jim flow, and lichen-covered cairns on nearly every
.major hill and cinder cone testify to the former Eskimo activity in
the area. :

Caucasian occupation began-about 1900 with the development of
gold placers on the Inmachuk River and its tributaries at the north
: edge of the Imuruk Lake area and on tributaries of the Goodhope
and Noxapaga Rivers heading in the uplands at the west edge of
- the Imuruk Lake area. Part-of the discharge of Imuruk Lake was
diverted for many years from-the head of the Kugruk River through
“the Fairhaven Ditch (pl. 1) to the head of the Inmachuk River
(Henshaw and Parker, 1913, p. 25-26).

PHYSIOGRAPHY

The Imuruk Lake area lies athwart the ‘divide between north-
- ward drainage to Kotzebue Sound and southward drainage to Ber-
ing Sea and Norton Sound (fig. 1). Five major streams—the
Kugruk, the Inmachuk, the Goodhope, the Kuzitrin, and the Koyuk
Rivers—head within the area. The Imuruk Lake area includes
parts of the five following physiographic units: The Imuruk Lake
lava plateau, the Seward Peninsula uplands, the Bendeleben Moun-
. tains, the Koyuk Valley, and the Kuzitrin flats (fig. 2).

‘IMURUK LAKE LAVA PLATEAU
The Imuruk Lake lava plateau is an area of gently undulating
- hills and lowlands ranging in.altitude from 150 to 1,837 feet. The
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FIGURE 2.—Physiographic subdivisions X{ t]?e Imuruk Lake area, Seward Peninsula,
aska.

surface of Imuruk Lake stands 1,021 feet above sea level. The
lava plateau is almost entirely encompassed within the area covered
by plate 1. Rolling hills at the east, north, and west margins of
the lava plateau merge with the higher hills of the Seward Penin-
sula uplands. The southwest corner of the plateau slopes imper-
ceptibly into the Kuzitrin flats. The Bendeleben Mountains rise
abruptly from the south border.

In detail, the lava plateau has a gently undulating surface, with
local relief ranging from 50 to 800 feet. The most conspicuous re-
lief features are isolated hills with broad dome-shaped summits and
smooth slopes, rarely steeper than 10°. Most of the larger hills
consist of granitic or metamorphic rocks that have not been buried
beneath the plateau lavas, but some are ancient volcanic centers and

"\Tu
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- others are fault blocks. The intervening lowlands.consist of broad
- swells and swales in seme places and of swampy, lake-dotted basins

in others. The larger relief features in the lowlands are the ini-
tial topography of the lava flows, modified slightly by frost -action
and by the addition of a thick mantle of windblown silt but vir-
tually- untouched by stream erosion. - Many small cinder cones are
scattered over the lowlands. The Lost Jim lava flow, a young rug-

-ged basaltic lava flow, unmodified by. weathering or erosion, ex-

tends from- the south shore of Imuruk Lake nearly to the Kuzitrin
flats (pl. 1). '

All the major streams that drain the Imuruk Lake area head

- within the lava plateau. The northward-flowing streams:leave the

plateau through canyons several hundred feet deep, but the streams
that flow southward to the Bering Sea leave in open valleys with

_gentle gradients.. Drainage divides within the lava plateau gener-

ally are low and commonly consist of -marshes that drain in two
or more directions. . Surface streams-are lacking on the younger
lava flows, and drainage is poorly “integrated on the older flows.

- Many surface streams terminate in thaw- sinks (Hopkins, 1949) or
- disappear beneath the younger lava flows.

- Lakes and ponds are abundant. Many occupy initial low areas
in the volcanic topography; the others are thaw lakes (Hopkins,
1949). All except Kuzitrin Lake—which may be as deep as 20

- feet—are shallow and flat bottomed. The average depth of Imuruk

Lake is 714, feet, and the maximum ‘depth, 10 feet; other lakes are
generally. less than 6 feet deep.

° BENDELEBEN MOUNTAINS

The . Bendeleben Mountains are an arcuate range extending from
the north end of the Darby Mountains 50 miles westward to the
Kuzitrin River; the range averages 15 miles in north-south width.
Fhe drainage divide lies at or near the north front of the range;
thus the mountains consist of a crescentic ridge along the north
and northwest margins, from which long straight ridges extend
southward to the upper Fish River lowland. The ridges have
broadly rolling, generally accordant summit flats, a few hundred
to a few thousand feet wide (fig. 3), that probably represent rem-
nants of an uplifted and dissected erosion surface. Steep-sided
rock monuments, or -tors .(Linton, 1949), are scattered along the

‘crests.
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~ Braided streams flow through long steep-walled valleys into the

upper Fish River lowland, and through short valleys to the Kuzi-
trin and Koyuk Rivers. Fresh cirques and freshly glaciated val-
leys in the northern part of the range were occupied by ice during
late glacial stages, but valleys throughout the mountains contained
ice during early glacial stages.

KUZITRIN FLATS

The Kuzitrin flats are a poorly drained lowland about 24 miles
long, 15 miles wide, and in most places less than 200 feet in alti-
tude. The central part is a monotonous plain in which the most
conspicuous relief features are pingos, hillocks cored with ice (Por-
sild, 1938), 20 to 50 feet high. About 20 percent of the surface
consists of lakes, and most of the remaining area is composed of
the swampy basins of former lakes. The Knzitrin River crosses
from northeast to southwest in a tortuous course incised only a few
feet into the surface of the flats. The Noxapaga and the Kougarok
Rivers, as well as several smaller streams, join the Kuzitrin River
within the flats.

The flats are surrounded on all sides by higher areas. The north-
eastern part slopes gently upward into the Imuruk Lake lava pla-
teau. The eastern and southern parts are alternating glacial out-
wash fans and pedimentlike slopes rising to the Bendeleben Moun-
tains. The pedimentlike slopes may represent the same deformed
erosion surface that is preserved along ridge crests in the mountains
(fig. 3). On the west, foothills of gravel rise to the Seward Penin-
sula uplands. '

SEWARD PENINSULA UPLANDS

The Seward Peninsula uplands fringe the Imuruk Lake area on
the east, north, and west. The uplands consist of a broadly rolling
highland surface, evidently an old erosion surface (Hopkins, Karl-
strom, and others, 1955, pl. 30), ranging in altitude from 1,000 to
1,800 feet and interrupted at intervals of 1 to 5 miles by steep-
sided stream valleys incised 200 to 600 feet. Rock monuments are
common on the hill crests. The dominant topographic feature is a
ridge, extending northwest from the Asses Ears to Crossfox Butte,
on which the peaks reach altitudes of 1,700 to 2,073 feet.

Most stream valleys are sharply V-shaped; dissected lava flows
form escarpments high on the walls of several valleys. The upper
courses of most streams are swift and precipitous, and flood plains
are narrow or lacking. The headward parts of many streams are
dry most of the year, and segments of streams underlain by meta-
limestone bedrock generally are dry except during flood stages.

680611 0—63——2
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Extensive flood-plain icings (Hopkins, Karlstrom, and others, 1955,
p- 114, 141) are common; the lower parts of valley walls adjacent
to these icings are distinctly convex, and bedrock is exposed at the
margins of the flat gravelly valley bottoms. The lower parts of the
trunk streams flow in meandering courses over flood plains as much
as 1,000 feet wide. In-some places the margins of the flood plains
‘merge with sweeping concavo-convex slopes:underlain by stratified
silt and peat on the lower valley walls;.in others, the flood plains
meet the valley walls in extensive spring-sap escarpments 5 to 20

feet high.
REGIONAL GEOLOGY

.A. H. Brooks (quoted in Cathcart, 1922, p. 166-167) summarized
the geology of Seward Peninsula as follows:

The bedrock of Seward Peninsula includes many sedimentary formations,
ranging in age from pre-Ordovician to Middle Carboniferous (Pennslvanian).
There are also some Upper Cretaceous sediments,2 as well as extensive lava
sheets, chiefly of Quaternary age but in part possibly older, in, the eastern
part of the peninsula. In much the larger part- of the peninsula intrusive
rocks are not abundant, but in the Kigluaik, Bendeleben, and -Darby Moun-
tains there are extensive stocks of granitic rocks with some dikes. There are
also a number of granitic stocks, with which porphyry dikes are associated,
in the York district. A few isolated stocks of granite occur in other parts
of the peninsula. There are also local occurrences of pegmatitic, gabbroid,
and diabasic intrusives.

All investigators -of this field have recognized two distinct systems of struc-
ture, one trending about north and the other about east, but there is diversity
of opinion as to which is ‘the older. The Cretaceous rocks- of the eastern
part of the field are involved in the northerly folds.- As these are the young-
est consolidated rocks, it is evident that their deformation occurred during
the most recent. period of crustal disturbance. There is, however, some evi-
dence of folding in late Paleozoic time, which produced structures trending
north. It is therefore possible that the post-Cretaceous (Eocene?) folds fol-
lowed the structure of older Paleozoic time. The east-west folding is prob-
ably to be correlated with the dominating structural features of the Arctic
Mountain system of northern Alaska and Siberia, which trend approximately
east. This folding was certainly not later than Upper Cretaceous, probably
nre-Cretaceous, and certainly not earlier than Middle Jurassic. Z There is evi-
dence that there has-also been. some. later movements along these east-west
folds * * *,' ' .

The bedrock of most of the gold-bearing areas of Seward-Peninsula, espe-
cially in its southern part, consists of feldspathic and mica schists locally
interbedded with metamorphic limestones that in places broaden out into con-
siderable belts. The schist areas are also in places broken by wide belts of
both massive and schistose greenstones and also by narrower belts of slates

2 Recent geologic mapping by J. T. Cass (1959) and W. W. Patton (U.S. Geol. Sur-
vey, 1961, p. 40-42) has shown that these sediments are mostly of late Early Creta-
ceous (Alblan) age and that voleanic rocks of Late Jurassic and Early Cretaceous age
also are widely distributed on eastern Seward Peninsula.

o
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and quartzites. These formations are without doubt Paleozoic, and there is
much evidence that tltey are younger than Silurian. They may be tentatively
assigned to the Devonian or Carboniferous.

PALEOZOIC AND MESOZOIC ROCKS

The basement rocks of the Imuruk Lake area (pl. 1) consist
chiefly of folded green schist and metalimestone ® of Paleozoic age.
A body of quartz monzonite of batholithic proportions and of prob-
able Mesozoic age extends northward across the eastern part of the
area from Mount Boyan to the Asses Ears. The batholith is ad-
joined south of Kuzitrin Lake by an aureole of high-grade gneiss
cut by many discordant bodies of granitic rock. The margins of the
batholith are buried beneath lava flows of Quaternary age north-
ward from the Kuzitrin and Koyuk Rivers to Imuruk Lake; north
of Imuruk Lake, the contact aureole of intense metamorphism is
narrower and less pronounced.

Good exposures of the pre-Cenozoic rocks are scarce in the Imu-
ruk Lake area. Lava flows of late Cenozoic age cover more than
half of the region, and exposures of pre-Cenozoic rocks are limited
to the margins of the lava plateau, to a few deep canyons in the
lava plateau that have been excavated through and below the lava
flows, and to a few hills within the lava plateau that were not cov-
ered by the late Cenozoic flows. A thick mantle of windblown
silt covers most gently sloping surfaces, and consequently the char-
acter of the bedrock cannot be determined with certainty in many
large areas. In areas where the Cenozoic lava flows are lacking
and the cover of windblown silt is thin, the basement rocks have
been so thoroughly brecciated by frost action that solid-rock out-
crops are scarce, although loose blocks pried from bedrock are
abundant.

Field observations in 1947 and 1948 cast doubt on the validity of
the Paleozoic stratigraphy adopted in northern Seward Peninsula
by previous workers (Moffit, 1905, p. 23-24; Collier and others,
1908, p. 65-83). My data are not adequate, however, to establish a
new stratigraphy. Consequently, lithologic rather than stratigraphic
subdivisions of the metamorphic rocks are shown on plate 1.

SCHIST UNIT
Schist of various types is the most widespread metamorphic rock
in the Imuruk Lake area. The schist unit is thick, and its lithol-
ogy is varied; it probably includes rocks younger than, older than,

81 have adopted Brooks' (1954) suggestion that the term ‘‘metalimestone’ be ap-
plied to metamorpbosed rocks composed dominantly of calcite and that ‘“marble” be
reserved as a commercial term designating carbonate rock suitable for use as dimen-
sion stone.
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and equivalent in age to the metalimestone and gneiss units. De-
tailed mapping would result in the recognition of several disfinct
* lithologic and stratigraphic units within the area mapped as schist.

‘Calcite-muscovite schist, quartz-graphite schist, muscovite-graphite
schist, muscovite schist, and quartz-biotite schist are the most com-
mon types in- the area mapped. . Thin beds.of dark-gray or blue-
_ gray metalimestone are common throughout -the section.

The grade of metamorphism varies little over the several hun-
dred square miles.in which the schist is exposed. The fine texture
of the schist and the wide distribution of the calcite-albite-musco-
vite association place most of the schist among the least metamor-
phosed rocks in Eskola’s green-schist facies (Turner, 1948, p. 96-97).

LITHOLOGY
. CALCITE-MUSCOVITE SCHIST
Calcite-muscovite schist predominates near Lava Lake and along
the Noxapaga River and is.abundant in other parts of the area.
The rock, lustrous and light blue gray on fresh surfaces, weathers
- to dusky- yellow. Color terminology followed is that of the “Rock-
- color Chart” (Goddard and others, 1948): The closely spaced cleav-
age imparts a shaly appearance to weathered outcrops. The schist
consists -of 1g4- to 6-inch beds. of calcite and muscovite . alternating
with 74- to 2-inch beds of pure calcite.. Beds of massive bluish-
gray metalimestone, a few feet thick, commonly are interbedded
with the schist. Near the axes of drag folds the thinner metalime-
. stone beds show a miniature boudinage structure; the original con-
-tinuity of the beds has been-destroyed, and they have been stretched
- into short augenlike lenses, 1 to 2 inches long and 1% to 1 inch thick.
. Quartz and calcite veins are abundant in- fractures in the schist.
Petrographic examination of the schist.indicates that fine-grained
calcite constitutes about 50 percent of the schist laminae and that
the remainder consists of small grains of muscovite, albite, .and
. ankerite, named in order of decreasing abundance. Some speci-
mens contain traces ‘of zircon. Individual mineral grains range
from 0.01 to 0.05 inch in longest dimension.
GRAPHITIC SCHIST
Graphite 1s a' characteristic component of many metamorphic
-rocks throughout Seward Peninsula. In a few places in the Kig-
luaik Mountains the high graphite content of the.schist has en-
couraged attempts at commercial exploitation (Harrington, 1919a).
- Graphite-rich rocks, including muscovite-graphite.schist and quartz-
graphite schist,"are common ameong the schists-of the Imuruk Lake
~area.” The graphitic rocks.are especially prominent in the canyon
‘of Cottonwood Creek above Divide Creek. Traces of graphite are

v
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present in other rocks, and graphite crystals as much as an inch in
diameter are common in quartz veins. '

Muscovite-graphite schist generally occurs in beds, a few feet to a
few tens-of feet thick, interbedded with calcite-muscovite schist.
The muscovite-graphite schist .is a fine-grained finely foliated rock,
lustrous medium dark gray on fresh surfaces and sooty dark gray
in weathered exposures. Graphite makes up 15 to 50 percent of the
rock, and the rest consists of muscovite, quartz, and albite. Indi-
vidual mineral grains can be distinguished with difficulty under the
hand lens. The closely spaced cleavage gives a slaty appearance to
weathered outcrops.

Quartz-graphite schist occurs in zones, several tens to several
hundreds of feet thick, in which nongraphitic rocks are lacking.
The schist is medium dark gray on fresh surfaces and nearly black
when weathered. In some exposures the rocks break into thin slaty
slabs; in others the foliation and bedding are indistinct and the
rock breaks along closely spaced intersecting fractures into lath-
shaped fragments, rhombohedral in cross section. Tabular lenses
of calcite, a half inch in diameter, are disseminated through the
schist at many localities. Graphite constitutes about 50 percent of
the quartz-graphite schist, and quartz and albite make up the re-
mainder of the rock. Some specimens contain a few grains of
muscovite.

OTHER ROCKS ,

Muscovite or sericite schist is common throughout the Imuruk
Lake area. The schist is lustrous light gray and finely foliated,
and individual laminae are tightly crinkled. The muscovite schist
was not examined petrographically. Field examination indicates
that fine shreds of muscovite constitute most of the rock. Talc,
graphite, and calcite can be recognized in many specimens.

Beds of quartz-biotite schist, a few feet to a few tens of feet
thick, are interbedded with the calcareous and graphitic schist.
The quartz-biotite schist is medium to dark gray on fresh surfaces
and gray to rusty yellow in weathered exposures. In most locali-
ties the schist is fine grained and foliation is obscure.

Chlorite-calcite schist and quartz-calcite schist are present in
many localities. Moffit (1905, p. 20) reports quartzite beds among
the metamorphic rocks exposed along the Pinnell River.

‘ AGE

No fossils have been found in the pre-Cenozoic rocks in the Imu-
ruk Lake area. However, the lithologic types represented in the
schist unit are widespread on Seward Peninsula and are generally
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considered to-be of Paleozoic age (Cathcart, 1922, p. 166-168) ; no
metamorphic rocks. are present that resemble the andesite of mid-
dle Mesozoic age of eastern- Seward Peninsula. Metalimestone

north of the lava plateau: appears on aerial- photographs to be

traceable eastward into limestone at Harris Creek and northward
to limestone at Cape Deceit from which Kindle (1911) collected
Devonian fossils, ‘and another metalimestone belt in the Bendeleben
Mountains. south ‘of the Imuruk Lake area appears to be traceable
westward into the Port Clarence limestone of the York Mountains
from which Kindle (1911) collected fossils of Ordovician and Early
Silurian age. The rocks of the schist unit thus seem to be mostly
of middle Paleozoic age. '

METALIMESTONE UNIT

Massive . metalimestone occurs in broad belts of diverse trend In
north-central Seward Peninsula. -‘The most extensive metalimestone
-belt within the Imuruk Lake area underlies the ridge northwest .of
the Asses Ears. Minor belts trend northward-through the conflu-
ence of .Andesite Creek and the Noxapaga River and northward
across the ridge southeast of Kuzitrin Lake. Metalimestone under-
- lies most of the highest hills in the area and forms outcrops more
commonly than any other rock of pre-Quaternary age.

LITHOLOGY
The metalimestone in broad belts is generally light gray, con-

trasting sharply with the darker gray and blue-gray tones of meta-

limestone interbedded with schist and mapped with the scihst unit.
Grain size varies widely; individual calcite grains range from 0.01
to 0.3 inch in largest dimension.. The metalimestone generally is
pure, but in a few localities thin laminae of chlorite and muscovite
are present. Rosettes of tremolite are disseminated in metalimestone

near contacts with quartz monzonite and at a few other localities.

Moffit (1905, p. 22) - reports black graphitic metalimestone in the
Inmachuk and ‘Goodhope region.

Neither bedding nor cleavage can be discerned in most outcrops

of the massive metalimestone, but micaceous impurities- impart a
vague foliation in a few exposures. Hilltops underlain by metalime-
stone, however, display on aerial photographs a color banding that

evidently reflects bedding. The  metalimestone is closely jointed,

and fragments rived from the outcrop by frost range from 6 to 24
inches in ‘largest dimension. - The. frost-rived blocks disintegrate
rapidly to platy fragments 14- to I4-inch thick and 14 inch to 4

inches in diameter.

N
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AGE

Rocks of the schist.unit lie stratigraphically above and below
metalimestone, and therefore the age range of the schist encom-
passes the age range of at least part of the metalimestone. More-
over, several distinct layers of metalimestone separated by schist
may be included in the metalimestone unit, as shown in plate 1.
The metalimestone belt north of Cottonwood Creek and the Asses
Ears appears to be traceable eastward into limestone at Harris
Creek and northward into limestone at Cape Deceit from which
Kindle (1911) collected fossils of Devonian age. Like all other
bodies of calcareous metasediments on Seward Peninsula (Kindle,
1911; Cathcart, 1922, p. 166-168), all the metalimestone of the
Imuruk Lake area is believed to be of Paleozoic age. -

i GNEISS UNIT )

Gneissic rocks, which probably represent highly metamorphosed
sediments equivalent in age to part of the schist unit, form a meta-
morphic aureole around the Kuzitrin Lake batholith wherever the
contact between the batholith and Paleozoic noncalcareous rocks is
exposed. Southeast of Kuzitrin Lake, the gneiss belt is 4 miles
wide; in the northern part of this belt the metamorphism was ex-
tremely intense; less intensely metamorphosed rocks farther from
the batholith grade southward into a belt of calcite-quartz-muscovite
schist and thin-bedded metalimestone that lies south of the mapped
area and extends to the south front of the Bendeleben Mountains.
The metamorphic aureole is covered with lava flows of Pleistocene
age between Kuzitrin Lake and Imuruk Lake; north of Imuruk
Lake the aureole seems to be narrower and the rocks less intensely
metamorphosed.

LITHOLOGY

The gneiss belt south of Kuzitrin Lake consists chiefly of coarse-
grained hornblende-microcline gneiss and fine-grained biotite-horn-
blende-epidote gneiss, but it also contains thin beds of schist and
metalimestone similar to rocks included elsewhere in the schist unit
and masses of granitoid rocks barely distinguishable from the quartz
monzonite of the adjoining batholith. The gneiss unit north of Imu-
ruk Lake consists chiefly of quartz-biotite schist, but includes bio-
tite-oligoclase-diopside gneiss, coarse-grained amphibole-talc schist,
diopside granulite, and scapolite skarn. Granite dikes, microcline-
hornblende-garnet pegmatites, and ptygmatic quartz veins are com-
mon throughout the gneiss belt south of Kuzitrin Lake but increase
in abundance with approach to the batholith. A belt of massive
metalimestone, 214 miles long and 800 to 1,500 feet wide, curves
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southwestward within the gneiss from a point about 2 miles south
of Kuzitrin Lake.

Collier (Collier and others, 1908, p. 66) designates similar rocks
the “Kigluaik group” and describes them as follows:

The rocks of this group have been recognized only in the Kigluaik and
Bendeleben Mountain areas, and in both ranges they are so intimately asso-
ciated with intrusions of granite that it has been impossible to differentiate
on the geologic map the igneous from the metamorphic. .

Collier believed that at least part of the gneiss represents meta-

morphosed sediments. Moffit (1905, p. 21) interprets similar gneiss at
Kiwalik Mountain between the Kugruk and Kiwalik Rivers (fig. 1)
and in the hills south of the upper course of the Kiwalik River as
altered granite.

BIOTITE-HORNBLENDE-EPIDOTE GNEISS

Fine-grained biotite-hornblende-epidote gneiss is common in the
southern part of the gneiss belt, south of Kuzitrin Lake and away
from the quartz monzonite batholith. The rock is medium dark
gray and closely foliated. Foliation is parallel to alternating dark-
gray and light-gray bands that reflect small variations in the dark-
mineral content. At some localities the foliation is crinkled or
. thrown into tight drag folds. Ptygmatic quartz veins and aplite
. bodies extend parallel to the contorted banding. The rock cleaves
with slight .difficulty parallel to foliation but breaks with equal
readiness along a closely spaced joint system that cuts the foliation
at steep angles. No solid outcrops.of biotite gneiss were seen; most
of the area underlain by the gneiss is covered with blocks 14 foot to
- 2 feet long.

This finer grained gneiss consists of approximately equal quanti-
ties of biotite, hornblende, epidote, and microcline-perthite. Quartz,
oligoclase (Anj;), and clinozoisite are minor constituents. Traces
of zircon and apatite are present. Individual mineral grains range
. from 0.02 to 0.04 inch in longest -dimension.

HORNBLENDE-MICROCLINE GNEISS

Coarse-grained hornblende-microcline gneiss is present throughout
the gneiss belt south of Kuzitrin Lake and predominates in the
‘northern part near the contact with the Kuzitrin Lake batholith.
“The rock is crudely banded-and ranges in color from light gray to
light greenish-gray. Banding is expressed by the parallel orienta-
tion of large porphyroblasts of -microcline and in some exposures
- by zones alternately rich and poor in hornblende and-diopside. Lo-
cally, a later banding, expressed by parallel orientation of large
green hornblende. porphyroblasts, crosses at an angle of about 30°
the-banding expressed by orientation of the feldspar (fig. 4).
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F1oure 4.—Sketch showing porphyroblasts of hornblende and
microcline oriented in divergent directions in coarse-grained
hornblende-microcline gneliss in a nivation cirque 1,800 feet
northeast of the summit of Mount Boyan, Hornblende
evidently represents a younger foliation superimposed upon
older foliation represented by feldspar.

The coarse-grained hornblende-microcline gneiss does not break
readily parallel to the banding. Instead, the shape of talus and
rubble blocks is determined by joints. Outcrops are scarce, and the
area underlain by gneiss is largely mantled by frost-rived joint
blocks 114 to 6 feet in largest dimension.

The mineral composition of the coarse-grained hornblende-micro-
cline gneiss varies widely, but hornblende and microcline are always
major constituents. The microcline perthite occurs in tabular por-
phyroblasts, 14 to 1 inch in largest dimension. In some specimens
these porphyroblasts constitute as much as 40 percent of the rock.
Under the microscope the porphyroblasts are ragged in outline and
display well-developed sieve structure. Most of the microcline
grains appear to have replaced plagioclase.

Plagioclase is more abundant and more calcic than in the fine-
grained biotite-hornblende-epidote gneiss, approaching the composi-
tion of that in the granite. The plagioclase constitutes 10 to 35
_percent of the rock and lies well within the oligoclase range, with
an anorthite content of 20 to 22 percent.

The dark minerals consist of hornblende and a moderately pleo-
chroic pyroxene, probably ferroaugite. The hornblende occurs as
stubby crystals 0.02 to 0.2 inch long. Most of the hornblende has
replaced pyroxene, as is indicated by shreds of pyroxene at the cores
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of many grains. Biotite and quartz are scarce. Sphene, zircon,
allanite, and apatite are exceptionally abundant.
OTHER ROCKS
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