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CONTRIBUTIONS TO GENERAL GEOLOGY 

GEOLOGY OF THE MURUE: LAKE AREA, 
SEWARD PENINSULA, ALASKA 

By IT. M. H ~ I N ~  

ABeTmiCF 

The Imuruk Lake area B naderlain by mefamorphlc rmh of Paleoeolc 
age, WnnltIC rocka of probable Late Juramlc or Early Cretacema age, and 
Bedlments and l ~ v a  flows of late Cenozolc age The Paleozoic metamorphic 
rocks include ~chlet  of several types amrmable to Kskola's green-schist faciea, 
nnelsa a~lgnable  to EskoIab arnphIblite iaclea, nnd metalimestone. The 
~ r h l s t  unit includes rocks that are older and younger than the metalimestone 
unlt. The rocka of the go~im unit are believed to be stratlgraphically equlva- 
lent to part of the rwks in the mhist unit and to have acqulred much of 
their prwmt terlture and miaemIogy during the  emplacement of the Knzrtrm 
U k e  batholith. The granitic m k s  ot probable Iate Mmozolc age include the 
small Black Butte stock and the Kaxitrin Lake batholith, a Iarge body of 
granitfc m k s  exposed In the northern Bendeleben Bfauntalnrr m t h  of Kmi- 
trin M e  that RpJNtr~ntly extends northward beneath the lmnruk La& lava 
plateau to the Asses E:arR. 
The Kongarok gravel ool late Tertiary and P l e l a t m e / ? )  age underlies the 

northwestern part of the Kuxrtrln Rats and mnsiiists of a basal gravel mem- 
ber locally more: than 181 fwt thI~k,  a thin middle member composed of peaty 
lignite. and an upper ~ r a v r l  mcrnber 3 to g0 feet thick. The mlddle mem- 
ber contains a rIcb pollen and wQal flora ronslstina of a mlxture of conifer- 
ous and dedduous trees, Including representatives of several genera that now 
re~ch  their northern lIrnits In latitudes 5' to 15' south of Seward Peninsula. 
Slmilar pollen floras In the valley of the AFdaa River, Yakutla, Blberla, and 
It) the northern Alaska Range nre of lnte Miocene or early Pliocene age. 
The upper membPr contains poplnr and elther spruce or larch moocl and mag 
h early Plelstmne in age. 

Plr ia tme  Eiedtments Includ~ ~ I a c l ~ 1  deposfts. wfndblown sllf stratifled nllt 
and peat, alluvlnl mavel, nnd lacuatrine Rtrllments. Till and outwash of the 
Nome R tver ( TllInoian ) nnd Salman E n k ~  'IViumnsin) glaciations are found 
In and along the north front of the Bendel~ben Mountains. Windblown gilt 
covers the p ~ C e n o z o i c  rocka. the Kougarok gravel, and the alder lava flowa 
throughoi~t much of the Imurnk Lake area. The stratified silt and peat con- 
~ 1 s t ~  largely of windblown stlt that hns  bepn w a s h 4  downslope to form 
fans, aprons, and-In places-ralley-fill deposit& The alluvial gravel under- 
Hes the flood plalnu and low terraces of the larger streams. 

C1 
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Lake deposits are fonnd in the many exlrrtlng lakes and In the bashs of 
everal large filled or drained lakes. Imnruk Lake Is adjoined bg three sys- 
tems of abandonetl shoreline features consfstIng of wave-cut warpa, and of 
terra- composed of beach gravel, and lamstrlee rsHt and peat. The two 
older m e m a ,  formed durlng tbe Nome River (Illinatan) and Salmon U k e  

Wisconsin) glac!ations, have been !rregukrly wal-pd; the younmt aystem, 
formed In Recent time, l a  virknally harlzontal. lrnuruk Lake dralned west- 
ward to the Noxapaaa River when the older shoreIlnea were ocrmpl4; its 
prment outlet to the Kagruk River warr formed when the Intermediate shore- 
Hne featnrm were tllted near the end of the Wisconsln am@. 

YoEcanlc mrrS of late Cenowlc age cover most of the central part of the 
area. Five volcanic formatlona are dlstinmEshed on the basla of weatberlng 
profiles, degree of frost brecclation, and extent and thiclmeas of the mantle 
of windblown sllt: The Kngruk volcaoim of late Tertiary or p s l b l y  early 
Pleistocene age; the Imaruk volcanics of early and middle PlelMocene age; 
the Gosling voleanlca. ernplaced during and after the interglacial interval 
between the Nome River Illlinolan) and Salmon Lake (Wisconsln)   la cia- 
tlonrr; the Camllle flow, emplaced near the end of the Salmon U k e  glacia- 
tIon; and the I,o[it Jlm lava flow, ernplaced wlthln the last few thousand 
years. Most of the volcanic rocks have compositione near the boundary b 
tween basalt and andesite, and moat ate free of Inclusions of any kind. 
Wowmer, several venm dlstrtbutd in n northweet-tmdlng belt from Rtue- 
hr ry  Dome to Trail Creek have given rlae to lava8 ran~lng  in compoaltlon 
from maflc basalt to pilotaxltrc and~slte thnt contaln abundant angular In- 
clualons of dunite, magnetite, sranitrc rocks, and schist. Most of the volcanic 
mks probably ~rorte  dtrectly, from m a t  depths, but the more highly dlffes- 
entiated m k a  of the incluslun-bearing belt rung have been detained in a 
magma chamber at shdlow depth. Volcanic eruptions in the Ffnurnk U k e  
area probably h a ~ e  been weed at intervals af five to ten thousand years 
throughout rnodlt O f  late Cenozoic tltne. 

Tectonic disturbantea of late Cenomlc age are ~wnrded by s deformed ere  
~ l o n  surface, waqx?d lake baslns, end bul t  scarps that cut lava flows. The 
volcanic vents are dlartrlbuted in major northwest-trendlng swarms and minor 
northeae-trending smms, parallel to but not coincident with the o b w e d  
surface fault% 

Perennially frozen ground Is present throughout the Imuwk Lake area but 
1s lets than 70 feet thick In the  one plara where deep mbsnrface Information 
Is available. R~clmloglc evidence suggem thnt the more permeable geologtc 
units contain Interconnecting thawed mu-. 

Ground water is available In the metalimpstone, the Kougarok gravel, the 
lava flown, and the flmd-plaln gravel of tht, larger streama. The dlstsIbu- 
tlon of the mound water Is comgllcattrrl by the presence of w r m a f m t ,  by 
the contra&lng permeabilities of various m~logIc materlal& and by the ir- 
regular idtia1 topography of the lava flows, Mlneml resources include aurlf~r-  
ous &ream gr~rel,  limlte, and diatomite. 

The Tmuruk Lake rrrert (pl. 1) until recently hns been one of the 
geologically less rvell explored parts of Seward Peninsula, Alaska. 
Most of the area is mantled by lavs flows of Quaternary age, and a 
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difficult t emin  nnd a lnck of promising mineral resources in those 
parts of the nren underltrin by volcnnic rocks have discournged pros- 
pecting nnd scientific explorntion. Pxrts of the Imuntk Lake area 
nre described by MofTt ( 1!)05) : Collier 1902), ?nd Collier nnd others 
( 1908). 

The existence of Inrge sxpnilrres of nearly flnt terrnin on some of 
I 

the younger lnvn flows led [luring the mid-1940% to n brief consid- 
eretion of the possibility of lacnt ing a rnilitnry airfield in the Imu- 
ruk Lnke a m  nnd to na investigation of the bedrock and surficial 

1 geology and of the permnfrost conditions by n U.S. Geological Sur- 
vey pnrty during 1947 a ~ l d  1048. Geolagic, geomorphic, btnnical, 
and zoologicnl studies were conducted. Bnsc camps were estab- 
lished nt  large lnkes nccessible to nmphibious n i ~ c n t f t  rind nt min- 
ing camps on the periphery of the nrcu. Detailed studies were 
made within n mdius of severnl miles of cnch camp, nnd recornlais- 
sance traverses were mncle over parts of the intervcoing areas dur- 
ing back-packing trips of 2 to 6 clays' duration. Geologic mapping 
in areas not covered by ground trnverses is  based on observations 
made during nirplane recoi~nnissnnce nnrl on study of nerial photo- 
p p l ~ s .  Rrief visits were ~ l s o  mnde to the Tmuruk h k e  area by 
me in 1949 and R. S. Yigafoos in 1952. .- This report describes tho results of the geologic mnppiilg. Otl~er 
aspects of the fieldwork have been published ~lsewbere (Hopkins, 
1948; Hopkins, 1959b; Hopkins and Signfoos, 1051 ; Quay, 1951). 

A Fieldwork for thia study mas financed in pnrt by the Office of 
the Chief of Engineers, US. Army. The 10th Search and Rescue 
Squadron, US. Air Force, furnisberl nir transportntiori between 
Nome and Imuruk Lake. 
I was assisted in the field by A. T. Fernnld, E. H. hfuller, ~ n d  

J. F. Seitz, geologists; R. S. Signfoos, botnnist; nnd Mr. B. Quay 
and J. G. Sieh, zoologists. Assistnnce nnd Plospitnlity were ren- 
dered by John Cross, pilot; D. I-I. Stewart and Cllarles G n m t t  of 
the Casadepaga Gold Co.;  nnd JoIln nnd Frnnk Tl'haley of the 
Rainbow Mining Co. Specin1 thanks nre due the radio operators 

J, of Civil Aeronautics Administration mdio station KYTYK at Kotze- 
bne, Alaska, for their kindness during both field seasons. 

Helpful advice nnd criticism were contributed by BI. P. Billings, 
a R. F. Black, the late Kirk Brynn, R. E. Dettermnn, Marim Gug- 

gisberg, T. h'. V. Rrtrlstrom, P. L. Killeen, Clyde 'IVahrhnftig, and 
J R i l l  The late Joan P. Napkins studied the petrography 
.of most of the rocks o f  the Imuruk Lnke nrea. 
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GEOGRAPHY 

The Imuruk Lake nrea encompasses 1,100 aqusre miles in the 
central part of the Bendeleben quadrangle (Alnska Topographic 
Series, scale 1 : 250,000, U.S. Geol. Survey, 1950) in the north-central 
part of Seward Peninsuln, (fig. 1). The area is also covered by the 
following quadranglm, scnle 1 : 63,360 : Rendeleben B9 through B5, 
C2 through C5, and D2 through D4. Imuruk Lake lies approxi- 
mately at lat 65'86' N., long 1R3OI2' W.-100 miles northeast of 
Nome and 60 miles south of the Arctic Circle. T h e  area has no 
permanent reaidenta. Imuruk Lnke can be reached by tracked ve- 
hicles traveling averlnnd from the hends of gmded roads on the 
upper Inrnachuk River, 18 miles to the north, and on the Rougarok 
River, 40 miles to the west. Small rtircr~ft can land on several 
lakes within the area or on smnll nirstrips near the Noxapaga and 
Inmtbchuk Rivers. Amphibious aircraft. as Iarge us the Kavy PBY 
can land and take off on Imuruk Letke. 

QUMATE 

The climate of the Irnnruk Lake rcren is generally similar t o  the 
climate at Candle, 45 miles to the northeast, nnd is characterized by 
cool summers and very cold winten. The mean annual tempera- 
ture is probably about 20°F. The nbsafnte maximum temperature 
recorded at Candle prior to 1943 is $ 5 " ;  the absolute minimum is 
-60°. The mean annunl precipitation. is probably bet,ween 7 and 8 
inches, of which about 25 percent falls na 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 det~ i l  in Ropkins and Sigafoos (1861, p. 55-58). 

VEGETATIOW 

The vegetation throughout most of %ward Peninsul~, 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. I 

The lmuruk 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 ( A h w  &pa) 
are present in a few places on steep mountain slopes ~ n d  on soma 
of the younger lava flows, and willows (Sdiz n7mmi8) 5 to 10 
feet t,nll grow on the f l d  plttins of the largest streams. Elsewhere 
the ~eptation consists chiefly of (1) Dvym and heath mats md 
tufted plants growing a few inches high in otherwise barn ground; 
(2) dwarf birch ( B ~ t u h  mimu) and severaI willow species forming 
shrub thickets 1% to 3 feet high; (3)  assembhges of cottongraas 



1.-InW map of &ward Penlnsnla, AJW& abowlng locatlon of Imnmk Lake (bd08ed. by 
hacharcd and cHsMbnti0xI of eproce foreet (atrlDpW areae). 



(EPiophumm v*n&tm) tuasoch, dwarf birch, and heath shrubs; 
and (4) dense d - f o m h g  mdges, mostly species of C a w .  Dryau- 
heath tundra is f o n d  on well-drained rocky or gr~vel ly  soils; shrub 
thickets on river terraces and the best dmined hill slopes; cotton- 
p s s  tugso~h on moderstely well drained slopes underluin by silty 
soils; and sedge sod on poorly drained hill summits and slopes, in 
swalm, i~ lowland marshes, and around the! edges of ponds. The 
vegetation in the h r u k  Lake area is described in more detail by 
Wopkins and Sigafoos (1951, p. 83-86). 

hmuua 
All large rnnmmals n~t ive  to Sewrtrd 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, 
pound squimls, several species of mice and lemmings, mnskrats, 
and rabbits are common small mammals. Bones of moose i n  low 
terrama of Recent age a t  Imuruk Lake suggest that individual 
moose occasionally wander far beyond their usual western limit in 
the upper valley of the Riwalik River. 

A large herd of reindeer belonging to the village of Deering 
formerly grazed in the lrnuruk L ~ k e  area, but it was scattered and 
exterminated during the early 1040's. The deer were evidently 
herded on the lichen-covered rubble snd bedrock of the younger 
lava flows, for fre&-Ewking banes, skeletons, and hair are abundant 
in crevicles and between blocks in the rubble; reindeer are probably 
responsible for the recently overturned boulders that are scattered 
sparsely omr these surf acm (p. C63). 

Aquatic life in the Imuruk h k e  arsn includes sever~l species of 
fish andrnolluska, Gmyling are found in Imuruk Lake and grayling 
and r~inbow trout abound in many streffms. Pike are reported in 
the Koxapaga River and in Muskellunge Creek (pl. 1). Alaska 
black fish ( Ddtia pectomlia ) and nine-spined stickleback ( Pungitius 
p261~gitk8) are common in h v a  h k e  and in mme small lakes 
(W. B, Quay, written communication, 1951). Several mollusks1 
mere collected in Imuruk Lake nnd mndler lakes nearby, including: 
Pelecypoda : 

Pisidium ZZjeborg Clessin 
Pisidizuna i d a h w e  Roper 
S p b r i u m  tenue nitidi~rn Clessin 

1 C4mtropodlr Identiid by Henry van der Scballe. Mvllrlan of Mona- M l r m r a  of 
%olouy. ~nlvernlty of Ilchtgan; peleeypode ldentlfled by 8. 8. H e r r i n ~ o n ,  Kern*, 
Ontario. The apcdmenl have been depoeited in the National Mawurn, 
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GyrauZb dejdectw Say 
Phym sp, ? 
Lymmwn mnddphi F. 6. Baker 
Vahata .!emid hlicoidm Dall 

H O W  O o Q m A m O f  
A mve at Tmil Creek contains the remains of s succession of 

human cultnres ranging in age from about R,W years to a few 

2 hundred years (American Antiquity, 1950 ; 1951). Included are 
horizons rspmenting the Denbigh flint complex, the oldest well- 
b o r n  human culture in northwestern Alaska. 

Eskimos from villages .on Katmbue Sound hunted caribou in the 
Tmunrk h k e  area unt,il about 1850, when cariboa *became nearly 
extinct on Seward Peninsula (Dall, 1870, p. 147). Village sites 
and caribou traps at Cloud Lake, Skeleton Butte, Twin Calderas, 
and Hueitrin Lake, lichen-covered "jumping ston='' at two points 
an the Lost Jim flow, and lichen-covered cairns on nearly every 
mwjor hill and cinder cone testify to the former Eskimo activity in 
the area. 

Caucasian meupation began a b u t  1900 with the development of 
+ gold placers on the Inmachuk River and it8 tributaries at the narth 

edge of the Imuruk Lake area and on tributaries of the Gxdhope 
and Noxapag~ Rivers heading in the uplands at the w& edge of 
the Irnuruk Lake area. Part of the discharge of Imumk h k e  was v 
diverted for many years from the head of the K u p k  River through 
the Fairhaven Dikh (pl. 1) to the head of the Inmachuk River 
(Renshaw and Parker, 1913, p. 25-26). 

PEYBIoaRAIpBy 

The Imuruk L k a  area lies athwart the divide btwaen north- 
ward drainage to Kotzebue Sound and southward dminage to Ber- 
ing Sea and Norton Sound (fig 1) .  Five major stream+the 
H u m ,  the Imschnk, the Goodhop, the K~zitrin, and the K o p k  

., Rive-head within the area. The Imuruk Lake area includes 
parts of the five following physiographic units: The Imurnk Lake 
lava plateau, the Sew~trd Peninsula uplands, the Bendeleben Moun- 

1 
tains, the KO@ Valley, and the Kuzitrin Rats (fig. 22). 

The Imuruk Lake lnva platmu is an arm of gently undulating 
hills and lowlands ranging in altitude from 150 to 1,837 feet. The 
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surface of Imuruk bike stands 1,091 feet above am level. The 
lava plateau is almost entirely encompassed within tile area covered 
by plate 1. Rolling hills nt the east, north, and west margins of 
the lava plateau merge with the higher hills of the ,Sewnrd Penin- 
sula, uplands. The southwest corner of the platenu slopes imper- 
ceptibly into the Kuzitrin flats. The Bendeleben Mountains rise 
abraptly from the south border. 
In detail, the lava plateau haw a gently madsting mrface, with 

1-1 relief mnging from 60 to 800 feet. The most conspicuous re- 
lief features are isolated hills with broad dome-shaped summits and 
smooth slopes, rarely steeper than lo0. Most of the Inrger hills 
consist of granitic or metamorphic mks thnt have not been buried 
beneath t,he plateau lavas, but some are ancient volcanic centers and 
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others are fault blocb. The intervening lowlands consist of broad 
swells and swales in some pIaces and of awampy, lake-dotted bmins 
in otherul. The larger relief features in the lowlands are the h i -  
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 smdl cinder wnes are 
scattered over the lowlands. The Lmt Jim lava Aow, a young rug 
ged basaltic lava flow, unmodified by weathering or erosion, ax- 
tends from the south shone of Imuruk Lake nearly to the Kuaitrin 

"I flats (pl. 1). 
All the major streams that drain the Imuruk Lake area haad 

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 Ienve in open valleys with 
gentle gradients. Drainage divides within the lava plateau gener- 
ally are low and cornrnonEy consist of marshes that drain in two 
or more direct.ions. Surface strenrns nre lacking on the younger 
lava flows, and dr~jnnge is p r l y  integrated on the older flows. 
Many surface streams terminate in thaw sinks (IIopkins, 1949) or 
disappear knesth the younger lava flows. 

Lakes and ponds are ~ b ~ ~ n d n n t .  M ~ n y  occupy initial low areas 
in the volcnnic topogmphy ; the others nre thaw lakes (Hopkins, 
1949). All except JCuzitrin Lake--which may be as deep ns 20 
feet--are shallo~v rind flat bottomed. The aver&@ depth of ~muruk 
T ~ k e  is Xr/z  feet, and the mnximum depth, 10 feet ; other lnkes %re 
generally less than 6 feet deep. 

BlFNDELEBEX M o r n - B  
The Bendeleben Mountnlns nre nn arcuate range extending from 

the north end of the Dnrby Mountains 50 miles westwrtrd to  the 
Kuzitria River; the mnge averages 15 miles in north-south width. 
The drainam divide l i p s  at or near tho north fmnt of the rnnge; 
thus the moantnins consist of n cre~icont~ic ridge along the north 
and northwest rnnrgins, from which long ~ t r n  ight ritlps extent1 
southward to the upper Fish River lo~vlnnd. '6hc ridge'es hnvt? ' broadly rolling, generally nccordnnt snmmi t flnts, n few Ili~ndrerl 
to n few thansand feet wide (fig. 3), that probnbly r~preaent Ern- 
nnnts of an uplifted nnd dissected emsian surface. Stwp-sided 

J rock montrrnents, or tors (Linton, 19491, nrp ~cnttered along the 
crests. 
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Braided streams flow t h n g h  long skp-walled vaIteys into the 
upper Fish River lowland, and through short valleys to the Kuzi- 
trjn and Roynk Rivers. Fresh cirques ~ n d  freshly glaciated val- 
leys in the northern part of the range were occupied by ice during 
late glacial stages, but vslleys t.hrmghout the mountains contained 
ice during enr'ly glacial stages. 

mzrcnm FLCITB 

The Kuzitrin fhts are a poorly drained lowland about 24 miles 
long, 15 miles wide, and in most places less than 200 feet in alti- 

9 tude. The centrrrl part is a monotonous plain in which the most 
conspicuous reliaf features are pingas, hiIlocks cored with ice (Por- 
sild, 19381, 20 to bO feet high. About 20 percent of the mrface 
consists af  lake^, and most of the remaining area is composed of 
the swampy basins of former lakes. The Kuzitrin River crosses 
from northewt to southwest in a tortuous course; incised only a few 
feet into the surface of the flats. The Noxrcpaga and the Kouprok 
Rivers, as we11 ns several smaller streams, join the Kuzitrin River 
within the flats. 

The flats are surrounded on all sides by higher areas. Tha north- 
ertstern part slopes gently upward into the Imurpk h k e  lava pla- 
teau. The eastern and southern parts are alternating glacial out- 

5 wash fans ~ n d  pedimentlike slopes rising to the Benddeben Moun- 
tains. The pedimentlike slopes may represent the same deformed 
erosion surface flat is preserved dong ridge crests in the mountains 

I (fg. 8). Ch tho west, fmthills of p v e l  rise to the Seward Pain- 
3111% nplands. 

BEWAED F m B m  DPbdZPDQl 

The Seward Peninsula uplands fringe the Irnumk Lake area on 
the east, north, and west. The uplnnds consist of a bro~dly rolling 
highland surface, evidently nn old erosion surface (Hopkins, Karl- 
stmm, and others, 1955, pl. 301, ranging in altitude from 1,000 to 
1,800 feet and interrupted at  illtervtds of 1 to 5 miles by steep- 
sided stream valleys incised 200 t,o 000 feet. Rock monuments are 
common an the hill crests. The daminnnt tnpogrnphic feature is s 

m 
ridge, extending northwest from the Asmg Ems to Crn~fox  Batte, 
on which the peaks reach ~ l t , i t t l ~ d ~  of 1,700 to  2,073 feet. 

Most strmm valIeys are sharply V-~hnped; dissected lava flows 
1 form escarpments high on the walls of several valleys. The upper 

courses of most streams are swift and precipitous, ~ n d  flood plains 
are narrow or lacking. The hertdwnrd parts of many s t m m s  am 
dry most of the year, and segments of stseams underlain by mets- 
limmtone W0c:k pnerallg are dry except during f l d  stages. 

BSOBli -2 



E h s i v e  f ld-plain icings (Hopkins, Karlstrorn, and others, 1955, 
p. 114, 141) are camrnon; the lower prts of valley walls adjacent 
to these icings are distinctly convex, and berEmk is  exposed at the 
rnirrgins of the flat gr~nelly valley bottoms. The lower parts of the 
trunk atreams fi ow in meandering courses over flood plains as much 
as.1,000 feet wide. h some places the margins of the Rood plnins 
merge with sweeping coneavo-convex slopes underlain by stratified 
silt and peat on the lower valley walls; in others, the flood plnins 
meet the valley walls in extensive spring-srcp escarpments 5 to 20 
feet high. 

REGIONAL QEO WQY 

A. R. Brooks (quoted in Cathart, 19522, p, 186-161) summarized 
the geoIogy of Seward Peninsula as follows: 

The bedrock of Beward Penfmla includes many WImentary fnrmations, 
randog In age from pre-Ocdosidan to Middle Carbonliemus I Peno~lvanim 1. 
There are slm m e  Upper Cretaceoan sediments,* ag well aa extensive lava 
sheeter, chiefly of Quaternary age but In part powlbly older, fn the eastern 
part OP the penlnwla. In much the larger part of the peninsula intrusive 
racks are not abundant. but in the Klglualk, Bendelebea, and DarW Moun- 
tains there are extensive B ~ O F ~ E  of manltlc rocks with mme dikm. There are 
also e number of granitic stocks, wlth whlth porphyry dikm are aswlatml, 
in the York dIsttlct. A few isolated stocks of granite occur In other Darts 
of the p~nlneula. There are also local orcutrenm o f  pemtlttc, gnbbrold, 
and dlabaajc intruslves. 

AIL investlgatora of thjs fleld have recoffatzd two dtstlnct mtems of stmc- 
tam, one tmndlng about north and the other about =at, but there 1s dlvenrtty 
of opinion as to whlch is the older. The Cretaceous rocks of the eastern 
part of the field are involvd In the northerly folder, AS them are the young- 
est consolidated rocks, I t  I s  evfdent that thelr deformatlon occurred during 
the most recent mrid of m H a l  disturbance. There IR, however, some evi- 
dence of folding In late Peleomic time, whlch prodamd ~tructam trending 
north. It is therefore possible that the  post-Cretaceous ( F a n e ? )  folds fol- 
lowed the structure of older PaI~ozoic time. The enst-west boldlng is proh- 
ably to he currelated with the dominating structural features of the Arctic 
Mountain asstem of northerri A l a s k ~  and Siberia, whlch trend approximately 
enst. Thts folding was certnlnly not later than Toper Cretnceoun, probably 
nreCretamus, and certainly not earller than 3f iddl~ Jnrn~mlc., There Is evl- 
den- that there haa also been mme later rnovementa along thew caw-west 
folds * * *. 

The bedrock of m a t  of the gold-bearing areas of Beward PenlnmIa, espe- 
cially In ita muthern part, consists of feldspathic and mica ~ c h l s t ~  Iwally 
interbedded wlth rnetamorphlc llmeatonefl that In places broaden out Into con- 
siderable belts. The schist areas are also in places broken by wide belts of 
both masalve and schtstm greenstones nnd nlso hy narrower belts of staterr 

*Remnt #plof$e aapplng b j  J. T. Cnsa (1859) nlLd W. W. Palton (U.9. G ~ o l .   UP 
vey, 11881. p. 40-42) bun shown that these sedtmrnts are mwt ly  oi late Elarly Creta- 
m n s  (Alblan) age and that volcanic rocga of  Late Jorasslc and EarIg Cretaceaua age 
alarr are widely distributed on eastern Seward Peninnula. 
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and qua-tea formattom are wlthont aonbt Paleosote, and them la 
much evidence tbat tHep are yoan- then SllarIan. may be teetatlvdy 
Wgwd to the Demnhn or Carbonlferonr 

PAXrEOZOXC AND MEBOZOLC ROCKS 

The basement roclcs of the Imuruk Llrke area (pl. 1) consist 
chiefly of folded green schist nnd metalimestone of Paleozoic age. 

I 

A body of quartz monzonite of batholithic proportions and of prob- 
able Memzoic age extends northward across the eastern part of the 
area from Mount Boyan to the Asser~ Eara. The batholith is sd- 

e joined south of Kuzitrin Lake by an aureole of high-grade gneiss 
cut by many discordant h d i e s  of granitic mck. 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 af intense metamorphism is 
narrower and less pronounced. 

Good exposures of the pre-Cenozoic rocks am scarce in the Imn- 
ruk Lake a m .  Lava flows of late Cenozoic age cover more than 
half of the region, and exposures of pm-Cenozoic mcks are limited 
to the margins of the lava platmu, to a few deep mnym in the 
lava plateau that have been exckvated through and below the lava 
flows, and to a few hills within the lava plateau that were not cop- 

.* ered by the late Cenozoic flows. A thick mantle of windblown 
silt oovers most gently sloping surfaces, and consequently the char- 
a& of the bedrock cannot b determined with certainty in many 
large areas. In areas where the Cenozoic lava flows am lacking 
and the cover of windblown silt is thin, the basement m k s  have 
been so thoronghy brecciated by frost action that solid-rack out- 
crops are scarce, although Jaose blocks pried from bedrock are 
abundant. 

Field okmstions in 1947 m d  1948 cast doubt on the validity of 
the Paleozoic stratigraphy adopted in northern Seward Peninsula 
by previous workers (Mofit, 1905, p. 2?3-24; CaIIier and others, 
1908, p. 65-83). M y  data am not adequate, however, to establish a 
new stratigraphy. Consequently, lithologic rather than strat ipphic  
subdivisions of the metamorphic rocks are shown on plate 1. 

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

hare a d m M  Btooka' (XB64) snggestfon that the term "metallmemtone" b8 nap. 
plied to  metamorphoned rocks comgosed dominantly of d d t a  and that "marble" be 
remrved nu a commerdal term desl#natlng arbonate rotL suitable tor ale sa dimen- 
don mtont. 
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and equivalent iR ~ g e  to the metalimestone and gneiss units. De- 
tailed mapping would result in the recognition of several didinct 
lithologic and stratigraphic units within the area mapped as schist. 

Calcite-muscovite schist, quartz-graphite schist, muscovite-graphite 
schist, muscovite schist, ttnd 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 hnn- 
dred quare miles in which the schist is exposed. The fine texture. 
of the schist and the wide distribution of the calcite-albite-mum- 
vite rassociatian place most of the schist among the least metamor- 
phosed rocks in Eskola's green-schist facies (Turner, 1948, p. 96-95). 

LmmoLOa'IT 

C A m - m 0 V I T E  B o r n  

Calcite-muscovite schist predominates near Lam Lake and along 
the Noxapaga River and is abundant in other parts of the area. 
The rock, Imt~ous and light blue gray on fresh surfaces, weathers 
to dusky yellow. Color terminology followed is that of the "Rock- 
color Chrrrt" (Goddad and others, 1948). The closely spaced cleav- 
age imparts a, shaly appearance to weathered outcrops. The schist 
consists of y8- to 6-inch beds of calcite and muscovite alternating 
with j / 4 ~  to 2-inch beds of pure calcite. Beds of massive bluish- 
gray metalimestme, a few feet thick, commonly tare 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 b d s  hs been destroyed, nnd they have been stretched 
into short mgenlike lenses, 1 to 2 inches long nnd I/ to 1 inch thick. 
Quartz and calcite veins are abundant in fractures in the schist. 

Petrographic examination of the schist indicates that fine-pined 
calcite constitutes a b u t  50 percent of the schist laminae and that 
the remainder .consists of small grains of muscopite, albite, and 
ankerite, named in order of decreasing abundance. Some speci- 
mens contain traces of zircon. Individual mineml grains range 
from 0.01 to 0.05 inch in longest dimension. 

QuFmm B c m T  

Graphite is a chnracteristic component of many .metamorphic 
rocks throughout Seward Peninsula. In tr few places in the Kig- 
l u ~ i k  Mountains the high graphite content of the schist has en- 
couraged attempts s t  commercial exploitation (Harringtan, 1919a). 
Graphite-rich rocks, including muscovite-graphite schist nnd quartz- 
graphite schist, are common among the whists of the I m u d  Lake 
area. The. grnphitic rocks are especially prominent in the canyon 
of Cottonwood Creek above Divide Creek. Traces of graphite are 
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present in other mh, and graphih crystals as much aa an inch in 
diameter are common in quartz veins. 

Muscovite-graphite schist generally occurs in beds, a few feet to a 
few tms of feet thick, interbadded with calcite-muscovite schist. 
The muscovite-graphite schist is a he-grained finely foliated rock, 
lustmns medium dark gray on fmsh guxfaces and sooty d ~ r k  gray 
in weathemd exposures. Graphite makes up 15 to 50 percent of the 
rock, and the rest consists of muscovite, quartz, and albite. Indi- 
vidual m i n e d  grains can be distinguished with difficulty under the - hand lens. The c l d y  spaced cleavage ghes a slaty a p p r s n a  t6 
weathered outcrops. 

Quarta-graphite schist occurs in m w ,  severs1 tens to several 
hundreds of feet thick, in which nongraphitic mb are l~cking.  
The xhist is medium dark gray on fresh surfaces and nearly black 
when weathemd. In some exposures the mks break into thin slaty , 

slabs; in others the foliation and bedding am indistinct and the 
rock breaks along dosely spwed intersecting fractures into lath- 
shaped fragments, rhombohedra1 in e r ~  section. Tabular lensea 
of calcite, a haIf inch in diameter, a m  disseminated though the 
schist at many localitim. Graphite constitutes about 50 percent of 
the quartz-paphite schist, and quartz and albite make up the re- 

9 mainder of the m k .  Some specimens contain a, few grains of 
muscovite. 

OTmE .wm 
1 Muscovite or sericite whist is common throughout the Irnuruk 

Lake area. The schist is Iuatrous light gray and finely foliated, 
and individual laminne nre tightly crinkled. The muscovite schist 
was not exmined petropnphically. Field exramination indicates 
that h e  shreds of muscovite constitute most of the rock. Tslc, 
graphite, and calcita can .ba recognized in many specimens. 

Beds of quartz-biotite schist, a few feet to a few tens of feet 
thick, are interbedded with the calmreous 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- 
ti- the schist is fine grained and foliation is obscure. 

Chlorite-calcite schist nnd quartz-calcite whist, am presmt in 
many locnlities. Motlit (1905, p. 20 reports quartzite beds among 

I the metamorphic rocks exposed along the Pinnell River. 
AGE 

No fossils have been found in the pre-Cenozoic mh in the Tmu- 
ruk Lake Rwa. However, the lithologic types reprewritad in the 
whist 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 resembIe the andmite of mid- 
dle Mesozoic age of e a d r n .  Seward P s n i m l ~ .  Metalimestone 
north of the lava plateau appears on aerial photographs to be 
traceable eastward into limestone at .Harris Creek and northward 
ta limestone at Cape Deceit from which Kindle (1911) collected 
Devonian fossils, and another metalimeatone belt in the Benddeben 
Mountains south of the Irnuruk Lake area appears to he traceable 
westward into the Port Clttrence limestone of the. York Mountains 
from which Kindle (1911) collected fossils of' Ordovieim and Early 
Silurian age. The rocks of the schist unit thus seem to be mostly 
of middle Paleozoic age. 

METAUMESTONE m I T  

Massive metalimestone wcurs in broad belts of diverse trend in 
north-centmil Seward Peninsula. The most extensive metalimestone 
b l t  within the Imuruk Lake area underlies the ridge nortl~west of 
the Asses Ears. Minor bdts trend northward through the conflu- 
ence of Andesite Creek and the Noxapaga River and northwsrd 
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. 

~ O L W ~  

The metalimestone in broad belts is gmer~lly light gmy, con- 
trasting sharply with the darker gray and Mue-gray tones of met%- 
l i m w n e  i n t e M d d  with schist and mapped wikh the wihst unit. 
Grain size varies widely; individual calcite grains rnnge from 0.01 
to 0.3 inch in l a w s t  dimension, The metalimestone generally is 
pure, but in a few loc~litiw thin Iaminae of chlorite and muscovite 
are present. k t t e s  bf tremolite twb.re disseminated in metalimestone 
near contacts with quartz monzonite and at a few other localities. 
Moffit (1905, p. 22) reports black graphitic rnetalimestona in the 
Inmachuk and Goodhope region. 

Neither Ivedding nor cleavage can be discerned in most outcrops 
of the masive metalimestone, but micacgous impurities impart. rr 
vague foliation in a few exposures. Hilltops nnderldn by metalime- 
stone, however, display on aerial photographs a color banding t,hat 
evidently reflects bedding. The metalimestone is ~loaely jointed, 
and fragments rived from the outcrop by frost rnnp from 6 to 24 
inches in largest dimension. The frost-rived blocks disintegrate 
rapidly to platy fragments %- to %-inch thick and 4/2 inch to 4 
inches in dinmetar. 



C17 QEOTAG'JI, IMWRUR LAKE AREA, AWKA 

AQE 

Rocks of the achist unit lie stratigraplkdly above and below 
metalimestone, and therefom the age range of the schist encom- 
passes the age range ef at least part of the metdimestone. More- 
aver, 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 

I Kindle (1911) collected fossils of Devonian age. Like all other 
bodies of calcareous metasediments on Seward Peninsula (Kindle, 
1911; Cathcart, 1929, p. 166-168), all the metalimestone of the 
Imuruk Lake area is believed to be of Paleozoic ~ge. 

O m &  W m F  

Gneissic rocks, which probably represent highly metamorphosed 
gediments equivalent in age to part of the schist unit, form a meh- 
morphic aureole around the Kuzitrin Lake batholith wherever the 
contact between the batholith and P~leozoic noncalcamus T O C ~ P ~  is 
exposed. Southeast of Kuzitrin Lake, the gneiss belt is 4 miles 
wide; in the northern part of this belt the metamorphism was ex- 

* tremsly intenm; 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 muth front of the Benddeben Mountains. 

1 

The metamorphic aureole is covered with lam flows of Pleistocene 
age between Kuaitrin L a k ~  and Imuruk Lake ; north of Imuruk 
Lake the aureole seems to be narrower and the rocks less intensely 
metamorphosed. 

UTEomQr 
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 
matalimestone similar to rocks included elsewhere in the schist unit 

* and masses of granitoid rocks bareIy distinguishable from the quartz 
manzonite of the adjoining batholith. The gneiss unit north of Imu- 
ruk Lake consists chiefly of quartz-biotite mhist, but includes bio- 

9 
tite-oligoclase-diopside gneiss, coarse-gmined amphibole- talc schist, 
diopsid~ granulite, and scapli te skam. Granite d i k q  microcline- 
hornblende-garnet pegmatites, and ptypntic quartz veins are com- 
mon thraughout the gneiss belt south of Kuzitrin Lake but increase 
in abundance with approach to the batholith. A belt of massive 
metalim~tone, 2% miles long and 800 to 1,500 feet wide, curves 
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southwmtward within the gneiss from a point rtbout 2 miles south 
of Huzitrin Lake. 

CoIlier (Collier and others, 1908, p. 66) designates similar rocks 
the "XCigluaik group" and describes them as follows: 

The rocks of this moup have b e w  recognized only in the KlgluaIk and 
Mdeleben Monntaln areas, and fm both ranms they are so intimately acrao- 
crated wlth Intrusions of granite that It hae been Impossible to dfiferentlate 
on tbe gwlolplc map the fgneons fmm the metamarphlc. 

ColIier b e l i e d  that at least part of the gneiss repregents mda-  
rnorphd  sediments. M&t (1905, p. 21) interprets similar gneiss at 
Kimttlik Mounhin between the K u p k  lsnd Kiwalik Rivers (fig. 1 )  
nnd in the hills south of the upper course of the Kiwalik River a p  

nltemd gmnite. 
m o m % . H O m B u ' m D E . ~ O T L  

Fine-grained biotite-hornblende-epidote gneiss is common in the 
southern pttrt of the gneiss belt, south of Kazitrin l ~ k e  and awrsy 
from the qu~rtz  monzonite batholith. The m k  is medilim dark 
gray and closely foliated. Foliation is p~rallel to ~lternating d ~ r k -  
gray and light-gray bands that reflect ma11 varintions in the dark- 
mineral content. At some localities the foliation is crinkled or 
thrown into tight drag folds. Ptyprttic qunrtz veins and aplite 
bodies extend paralleI to the contorted banding. The rock cleaves 
with alight difficulty parallel to f~lint~ion but breaks wit11 equal 
readiness along n closely spaced joint ayatem t h ~ t  cuts the foliation 
nt steep angIes. No solid outcrops of biotite gneiss were seen ; mast 
of the area underlain by the gneiss is covered with blocks y2 foot to 
2 feet long. 

This finer ,mined gneiss consists of approximntely equal quttnti- 
ties of biotite, hornblende, epidob, nnd microcl jne-pertllite. Quartz, 
oligmlase . (Anl5), and clinazoisite are minor constibuents. Traces 
of z i m  and srpntite are present. Individual mineral grains range 
from 0.02 to 0.04 inch in longest dimension. 

HO~1PBumD~MOllOFLmX nu- 
Coarse-pined hornblende-microcline gneiss is present throughout 

the gneiss belt south of Knzitrin Lnke and predominates in the 
northern part nwlr the contact with the Kuxitrin Lake batholith. 
The rock is crudely bnnded and m n p  in color from light gray to 
light' greenish-gr~lp. Banding is expressed by the paraIIel orienta- 
tion of lwge porph3~0blasts of microcline und in some exposures 
by zones alternately rich and poor in hornblende rtnd diopside. Lo- 
cally, a Inter banding, expressed by parallel orientation of large 
green bornblends porphyroblrtst~, crosws ~t an angle of about 3Q0 
the banding expressed by orientation of the feldspar (fig. 4). 
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Mlcrosllne f / /  Hornblends 
I 0 1 2 INCHES 

Fmnnm 4.---Bbetcb obmrlng go- of homblcniie mad 
m l m l l n e  oriwted in divergent dtrectIwa Ln mime-prained 
bornbl~nde-mIcracllne melm in a nication cirque 1,800 fet  
n n r t l ~ ~ n ~ t  of the summit d Honnt Rogan. H o r n h l ~ n d ~  
srldro21). rpprpsents a Founpr foliation st~perirnpos~d upon 
older follstlon repreaPntwl by feldspar. 

The coarse-grained hornblende-microcline gneiss doas not break 
readily parallel to t.he banding. Instead, the shape of talus find 

* rubble blocks is determined by joints. Outcrops are scarce, and the 
area underlain by gneiss is largely mantled by frost-rived joint 
bloch 1% to 6 feet in largest dimension. 

c The mi nerd cornposit i on of the coarse-gr~ined hornblende-micro- 
cline peiss varies widely, but hornblende and microcline are always 
major consiitusnts. The microcline perthite occurs in tabular por- 
phyrob1ast9, l/s to 1 inch in largest dimension. In some specimens . 
these porpl~yroblasts constitute ns muclt as 40 percent of the rack. 
Under the microscope the porphyroblasts are ragged in outline and 
dispIay well-developed sieve structure. Most of the micmcline 
p i n s  appear to have replaced plagioclase. 

Plagioclase is more abundant and more calcic than in the fine- 
grained biotite-hornblende-epidate gneiss, npproaching the composi- 

I tion of that in the granite. The plagiocltlse constitutes 10 to 35 
percent of the rock and lies we11 within the oliffacPase mnge, with 
an anorthita content of 20 to 22 percent. 

I The dark minerals consist of hornblende and a moderately pleo- 
chrolc pyroxena, probably ferronugita. The hornblende occurs ns 
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 



of many grains. Biotite and quartz are scarce. Sphene, zircon, 
nllanite,: and apatite nra exceptionslly nbundant. 

o m  EOQlIB 

Biotite-schist, quartz-albite-biotite gneiss, and beds of intensely al- 
tered metalimestone are present locnlly. The biotite schist is a dark- 
p y  closely foliated rock that cleaves rendily nlong the folintjon 
planes. The quartz-albite-biotite gneiss is  R ligl~t-gray granitelike 
rock that contrrins discontinuous bnnds of biotite, rc quarter of an 
inch thick, spaced at interv~ls of I or 2 inches. Impure metalime- 
stone south of Huzitrin Lake is white m d  coarse grnined and con- 
tains quartz, microcline, and diopside, as well RS calcite. Scapolite 
skarn contnining 78 to 85 percent of seapolite and vnrinble quanti- 
ties of garnet, ankerite, forsterite, zoisite, epidote, pnphite, diopside, 
and trernolite and traces of muscovite and pyrite is exposed in the 
gneiss belt nenr the north share of Imumk Lnke. A specimen of 
diopside granulite adjoining a pegmatite vein half an inch wide in 
the same aren consish of carbonate, diopside, qunrtz, and sericite, 
named in order of deerensing abundnnce. 

Dikes and sills of p n i t e  gneiss as much as 20 feet wide are com- 
mon throughout the gneiss belt math of Kwitrin Lake, They are 
especi~lly nbundant near the contact with the Knzitrin h k e  batho- 
lith, but, they are common in amciation with p p n t i t e s  nnd quartz 
veins elsewhere within the gneiss unit. The granite gneiss consists 
of microcline perthite ~ n d  lesser qnantities of quartz, p l a g i m l ~ ~ e ,  
nnd biotite. Sphene m ~ k e s  up as much as 2 percent by rolume; 
zircon, apatite, rind mngnetite are present in trace ~mounta 

Tlia granite gneiss of the dikes and sills approaches the m i n e d  
composition of the quartz monzonite of the Ruzitrin L ~ k e  bntholith 
more closely thm any of the other rwks within the gneiss unit. 
The quartz monzonite, however, is rnther n~i i form in texture nnd 
cornpositio~, wherea~l the gmnite gneiss vnries widely in texture 
and colnposition within short distnnces. Patternle~q fine-pained 
nnd conm-grained patches grade into one mother througl~out the 
dikes. Chilled borders are lacking- The margins genernl lp extend 
pnrallef to the foliation in the enclosing rocks on a brond scnlt? but 
interlock mggedly with the enclosing gneiss 011 a smrtll scale. Rlin 
undistorted plntes of the enclosing rock project ns rnllcll ns 6 inches 
into the mnin nlnss of the dikes. The contacts nre microscopicnIly 
or wen megampically gradational through mised zones nu much 
ns an inch wide. Dilntional offsets are commonly. though not in- 

' 1ve zones mriabIy, Tacking at intersections of the dikes with rlistinc t' 
in the enclosing rwks. 



Gm&@ (1948, p. 63-67) believw that dikeg characterized by 
t h m  textures and structures originate by replncement. Smith and 
Eakin (191 1, p. 69) ,  describing similar relations in the Darby Moun- 
t ains, atate that in places : 

It is mdent that the apparent gnelssic structure trr due ta replacement of 
adjacent whim mme of which are so thoroughly mturated by the lgnews 
m k a  that much of their original character has W n  destroyed. 

Tabular masses of pegmatite, 0.2 foot to 10 feet thick, are com- 
mon in the gneiss near the metact with the batholith and among 

r concentrations of d i k ~  and dls  in other parts of the gneiss belt, 
Microcline, quartz, augite, hornblende, and a honey-yellow garnet 
are conspicuous mmpanents of the pepntites. M ~ n y  allow ft die- 
tinct textnrsl and mineralogictrl mnation (fig. 5). The composition 

1 0 1 2 INCHES 

Fronam 5.-lksteb of a corn mud pematlte dILr in the nhatlon 
nlche 1 W l  f*t nmthemmF0f mmmlt  of Monat Bopan. (4)  
~o~rlre-hralnccl hornbt~nde-mlcrocllae mlsn (crosabatch~. kn- 

tnj<mlior hornbltmde p mrene-and honry:yellorr karnet ; 
(0) tlnc-' alnfd rnlckclfnc, hornblende* and cery spasme 

quarts; (K very Bnc-malned I~ltermciwth of mim1lne  and 
quartz. 

of the pegmatite maws  commonly varies with the wmposition of 
w the host rock. The fmt that grndatianal boundaries %re common 

suggests mnny of the pegmatite masses originnted by replacement 
of the gneiss. Local dilationnl displscemerits and disoriented inch- - sions of gneiss indicate, however, thnt at least some of fllem bodies 
\care injected as viscous fluids. 

W E  OF M m A M O R P ~  

Turner (1948, p. 78-86) considers the assemblage hornblende- 
biotite-epidote-oligocl~se-microcline-q& (my biot ite-hornblende- 
epidote gneiss) to Im n potassium-rich phase of the siIlim~nite- 



almandine mbhcies of Eskola's mphibolite facies and considers the 
assemblage diopsfde-hosnMende-plalm-microcl ine-quartz (my 
hornblende-microcline gneiss) to be a potassium-rich phasa of t,he 
cordierite-anthophylEite subfacia The predominance of t h w  ss- 
semblages throughout the gneiss belt indicates that must rocks of 
this unit should be assigned to arnphibolib facies. The higher cal- 
cium content of the feldspars, the coarser p i n ,  nnd the more thor- 
ough obliteration of original sedimentary St mct ure suggest that 
zones in which the hornblende-microcline gneiss is mncentrnted rep- 
resent a somewhat higher grade of rnetnmorphism than those in 
which biotite-hornblende-epidote gneiss predominates. 

The p d e  of metamorphism in the gneiss increases with np- 
preach to the margin of the Ruzitrin Lake batholith, and it seems 
probable that the gneiss acquired much of its present texture and 
rnineralogg during the emplacement of t.he batholith. Tire discord- 
ant bodies of granite gneiss and pegmatite seem to have originated 
chiefly by rnetasornatjc raplacement of the metwdirnents  long 
closely spaced fractures adjacent to ~ n d  possibly related to the 
Kuzitrin Lnke batholith, although A, few of them may have crystal- 
lized from n, silicate melt. 

AQm 

Well-defined layers of rnetafirnwtone. and biotite schid indicate 
that the gneiss unit includes metamorphosed  sediment,^. Gneias 
north of Glaud Lake apparently underIies massive metnlirnestone; 
and farther west, in the canyon of Cot,tonwood Creek, rocks of the 
schist unit lie in the snme stratigraphic poeition. The gneiss unit 
evidently includes rocks equivalent in age to  some of those included 
in the schist unit; the gneiss unit is thus considered to consist of 
metamorphosed sadiments of Paleozoic a p .  

QBmmXU PLrnO#B 

Granitic rocks are exposed in nearly all the areas between Kndtrin 
h k e  and the Asses Enrs that are not covered by sediments find voI- 
canic m k a  of late Cenozoic age ( pl. 1) ; these exposum probably, 
represent pmts of a single pluton, here named the Kuzitrin Lake 
hath01it.h~ extending 5' miles northwnrd from the northern flanks 
of the Bendeleben Mountains to the Asses ERE. Black Butte is 
also underlain by a small pluton of granitic rocks, here named the 
Black Butte &k, surrounded by metalimestone. 

Although outcrops of solid bedmk are not common, granite out- 
craps are more abund~nt thnn any of the other pre-Quaternary rocks 
except metalimestone. The granitic rack break dong widely spaced 
joints .into blocks 1 to 10 feet in diameter. Snrfam nnderlain by 



granite generally are mantled by frat-rived rubble of angular joint 
bI0cIcs (foreground, fig. 3) interrupted here and there by cathedral- 
I j ke tors. 

LlTgomy 
T h e  granitic rocks of the Kuzitrin Lake batholith and the Black 

1 
Butte stock are light gray, massive or vaguely folinted, nnd conrsely 
porphyritic. Large microcline pl~enocrysts are prominent in newly 
every exposure, reaching lengths of 2% to 3 inches in the Black 
Butta stock (Mofit, 1005, p. 28). PIanar or linear structum, where 

* observed, are due to p~rallel orjentrttion of the dark minerals. A 
few rounded, reworked inclusions were noted at the Asses, Ears and 
in exposflres near Kuxitrin Ilake. Shadowy inclusions increaw in 
abundance south of Kuzitrin Lake and make up as much as 30 per- 
cent of the total volume within a few b n n d d  feet of the south 
edge of the batholith. Small aplite and pepatite dikes are pres- 
ent but not common within the main mass of the granitic mks;  
however, they are abundant beyond the rnnrgin of the batholith in 
the gneiss unit south of Kneitrin Lake. 

QnartJz rnonzonite predominates, but the grnnitic mks range in 
composition from p n i t e  to quartz diorite. Microcline is the domi- 
nant feldspar; olipclase with an anorthite content of 26 to 28 per- 

m cent is abundant. Quartz is also abundant nnd generally is visible 
in hand specimens. The dnrk minerals are biotite, hornblende, md 
augite; biotite predominates in most places, but hornblende pre- 
dominates nlwg the northeast shore of ilrnuruk Lake. Sphene is 
extremely abundant in nearly all exposures, constituting an esti- 
mated 1 to 3 percent of the total volume. Apatite and magnetite 
(or ilrnsnite) are universnlIy p m n t ,  and aireon find aIlanite are 
recognized locally. 

The one splite examined petrogmphically consists of e q u ~ l  qaan- 
tities of quartz and microcline and a smnller quantity of oligoclase; 
(An-). It oontnins no dark minerals. 
Reworked inclnsions in the quartz monxanite range in composi- 

tion from he-gained diorite to boar=-gmined quartz manzonite 
* that differs from the hast rock only in rt slightly higher drirk- 

rninernl content. 
CONTACT RELATIO- 

* The contncts between the Kuzitrin Lake batholith and the en- 
closing metnmorphic rocks are buried En most places beneath mdi- 
rnents and lava flows of late Cenozoic age; relatively good expo- 
sures are found only sonth of Kuzitrin Lake. Farkher to the ~outh 
the gneiss belt seems to represent a contact zone saveral miles wide 



in which m k s  originally similar to those of the schist and rnetalime- 
stone units have undergone exten~live slternfion during the ern- 
placement of the quartz monzonite batholith. 

The transition from gneiss to quartz rnonzonite is gradational, 
occurring in an area about 1,000 feet wide. The trnnsition does not 
represent, however, an uninterrupted change in the chnrader of the 
gneiss. Instead, it represents a series of smnll nbrupt ch~nges in 
the compositions and textures of successive blocks of gneiss, each 
of which is separated from its neighbors by zones, half n foot to 
20 feet wide, of granite, aplite, pegmatite, or qunrtz. Coarse- 
p i  ned hornblende-microcline gneiss cut by sent tered dikes and 
veins predominatw at the outer margin of the contact zone. To- 
ward the batholith, discordant bodies become. more mbundnnt, and 
within a hundred feet of the contact, as mapped on plate 1, dikes 
and veins constitute from % tu % of the total volume of the rock. 
Successive blocks of gneiss betwan the dikes are more and more 
granitic in appearance as the quantity of hornblende decranses and 
quartz increns~s. The foliation glradnnlly fades but still mRy be 
represented in vague planar or linear structures seen in grnnite 
neRr the contact. 

The metnlimestone zone 2 miles south of the enst end of Knzitrin 
h&o (pl. 1) terminates toward the brttholith in somewhat similar 
fashion. At the north. end the metnlimestme zone is enclosed in 
fine-gr~ined granite gneiss,  relict^ of metnlirnestone constitute 
nbmt 30 percent of the rock. Pegmntite and nplite bodies ranging 
in width from go foot to  2 feet cut the granite gneiss and netnlime- 
stone, forming an "intrusim'~reccia. 

The boundaries of the Rlack Butte stock are relatively well ss- 
posed and are sharply defined. No gmdational tr~nsition zone into 
the enclosing limestone zone is recognized, although the enclasing 
mettalimestone is  altered locally to tremolite schist. 

ORIOIN 

The level of thermal energy mpresenlted by the BInck Butte stock 
~ n d  by the Kuzitrin L ~ k e  batholith with its aureole of intensely 
metamorphosed gneiss is plsinly out of harmony with the level of 
thermal energy repmnted by the l o w - p d e  schist that composes 
most of the basement rocks of north-central Semnrd Peninsul~. 
Wnlton (1055) points out that mobile magmas nre the vehicIes most 
cnpnble of trnnsporting heat energy upwnrd through the earth's 
crust in the Inwe but lacdized quantities required to explnin these 
relationships. It is reasonable to amme, therefore, that the Kuzi- 
t i n  Lake b~tholith and the Black Butte stock are larply magmatic 
in origin. 
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The detailed field relations suggmt, however, that the southern 

marginal parts of the ITuzitrin Lake bnthdith may have originated 
chiefly by further metasomatism ,of the gneiss. The mineralogical 
nnd textural changea accompanying nn incrense in metamorphic 
grade in the gpeisa with approach to the south mnrgin of the batho- 

* lith reflect an approach to the bulk composition of the quartz 
monzonite nnd suggest that the rnetasedirnents of the gneiss unit 
have undergone ext,ensive metasomatism by fluids associated 14th 
the emplacement of the batholith. Evidence nlrendy has been pre- 

* sented suggesting that most of the discordant bodies of granite 
p e i w  and pegmatite within the gneiss belt originated by more 
intense localized replacement. The abundance of shadowy inclusions 
and poorly defined planar m d  Tinear structum in the southern 
marginal part, of the batholith suggest thrt the quartz monzonite 
there is the product of still mom intense and more thorough meta- 
somatism. 

Because of lack of expcsum, the chamcter and origin of other 
marginal parks of the Kuzitrin Lake bnthol ith remain indetermi- 
nate. Shmp contacts and spam alteration of the enclosing met- 
nlimestone indicate that the Black Butte stock was emplnced as a 
magma with little accompanying mdasomatiarn. 

I 
The grimtic rocks and the enclosing gneiss in the Irnurl~k h k e  

area are similar in structure, testure, and mineralogy to granitic 
and gneissic rocks d d b e d  by M&t (1905), Smit,h and Eakin 
(1911), and Httrrington (1919b) throughout northern nnd eastern 
Seward Peninsula. These similarities-notably including a univer- 
sal abundance of sphene--strongly suggest that the granitic rocks 
of the region xre  consanguineous. 

AGE 

The Kuzitrin Lake batholith truncates folds involving the Palea- 
zoie schist and metalimestone in the northern part of the Imuruk 
Lake area; and dikes of granitic rock consanguineous with the 
batholith are found in gneiss, schist, and metalimestone in the 

t Rendeleben Mountains. Granite bodies that prob%bly are conmn- 
guineoas intrude andaite of Late Jurassic or Early Cretaceous age 
in the mountains 'between t h ~  ICiwalik and Buckland Rivers (Har- - rington, 1019b; Gault, Killeen, West, and others, 1958; US. Geol. 
Survey, 1061, p. 40-48), and pebbles representing typical grmite 
of the Dnrby Mountains are found in the Ungalik mnglomemte of 
Fnte Early Cretaceous age east of the Tubutulik River (Smith and 
Eakin, 1911, p. 56; Cam, 1959). The granite bodies of centml and 
eastern Seward Peninsula ~ f * 8  probably of Late Jurassic or Early 
Cretmmus age. 
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I T R n C m E  

The scarcity of outcrops and the reconnaissnnce nature of the 
mapping permit on1 y the bro~des t general iznt ions concerning the 
structure of the pre-Cenozoic rocks. Folds in the =hid and meta- 
limestone and joints in the q u a h  monzonita md gneiss am the 
most. obvious strnctnrnl faatures s f  the region. 

Scnttmed rnensurements of dips ~ n d  strikes, one observntion on 
the nttitude of d r ~ g  folds at J m n  Lnke, and the sinuous outcrop 
psttern of the mnssive-metalimestone belt north of the Irnnn~k 
Lnke TRPR plateau indicnte thnt the schist and meinlimestone lie in 
n series of Inrge, tight, nsyrnrnetricnl, ~ n d ,  Iocnlly, overturned folds, 
whose axial planes strike north-northwest and whose nxes plunge 
northwest. 

The folding evidently was accomplished prior to the ernplnce- 
ment of the Huzitrin Lake batholith and the Rlnck R ~ ~ t t e  stock, 
for both of these Mies are discordant to the folds (pl. 1). Moffit 
(1905, p. 22-23) records "that rt p d u a l  increme in the intensity 
of farces producing the folding took place toward the enstern part 
of the awe." This is reflected by steeper dips ns one proceeds 
enstward across the northeastern part of Seward Peninsula. 

Moffit (1905, p. 23) stntles that the major structure of the meta- 
morphic rocks is modified locally by elanpte structural domes; 
granitic rocks are said to occupy the cores of some of the domes. 
However, my field work fnills to confirm the existence of the struc- 
tnmf domes in the Imuruk Lake firen. Mof6t7s p l o g i c  map (1905, 
pl. 3 )  shaws the msssivo metalimestme in isolated elongate out- 
craps completely surrounded by schist, but my field mapping within 
the Imuruk Lnke men and photogeologic study of adjoining areas 
indicates tlrnt the massive metnlimcstone is pnerally in continuous 
belts. No structural domes were obkrved in the metalimestone, and 
the scanty structurrrl datn do not indic~tte thnt dips are rndinl in 
the rnetnmorphic rocks fit the periphery of bodies of granitic racks. 

The qaartz rnonzonite and the gneiss are strongly jointed; the 
orientation of the joints can be measured on the ground only in 
isolrlted rock monuments, but joint traces are clearly discernible in 
aerial pl~otographs of rubble-strewn areas underlnin by qunrtz mon- 
aonite or gneiss. Moffit (1905, p. 27) reprts a coating of blue fluo- 
rit,e on n joint face in the Black Butte stock. 

The two conicilI peaks of the Asses Xara are sepnmted by a min- 
eralized shew zone, 15 feet wids, that strikes n few degrees west 
of north and dips nearly verticnETy, p~rallel to the most prominent 
set of joints in the immediate ~res. Within the shear zone, frag- 
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merits of fri~ble p n i t e ,  impregnated with snlfides and heavily 
strtined with manganese or iron oxides, are enclosed by nnastomos- 
ing xfeins of aphanitic green mnterisl. Blimscopic exnrnination 
reveals thnt the green veinlets consist of nngular fragments of 
quartz and feldspar in a fine-gmined matrix of chlorite. Grnnite 
adjacent to the shew zone is exceptionally rich in biotite. 

CENOZOIC ROGER 

Seward Penjnsuln dnring most of Tertinry time seems to have 
lain near the center of a highland area thnt extended across much 
of what is now the Bering-Chukchi marine plntform (Hopkins, 
1959a). No enrly Tertiary sediments are recognized with cer- 
tainty on Seward Peninsula, though n small patch of conl-bearing 
sediments at Coal Creek in the valley of the Sinuk River (fig. 1) 
may prove to be of early Tertiary age (Collier and athem, 1908, 
p. 83-85). Instead, the Peninsula seems to have undergone long- 
continued subaerial erosion that produced, by late Terti~ry time, 
an ~mdulating erosion surface, the "Ku~ruk plateau" of Collier 
(1902, p. 35-36), having a relief of a few hundred feet,. 'Extensive 
remnants of the late Tertiarg. erosion mrfwbce are preserved now on 
the jnteduves in many upland and mountain arena on S e w ~ r d  
Peninsula (fig- 3, this report; Hopkins, Knrlstrom, nnd othera, 
1955, middleground and background of fig. 30). 

The formation of the erosion surface seems to hnve been termi- 
I. nated by an episode of wnrping that submerged the Rering-Cl~ukcht 

platform and created several faulted upw~rps rind troughs on Sew- 
itrd Peninsula (pl. 2).  kkidence nt Nome nnd elsewhere nlong the 
shores of Rering and aukchi  Sens indicates that the present ma- 
rine basins of northern Bering Sea, Rering Stmit, nna Chukcl~i 
Sea came into existence late in the Pliocene epoch (Hopkins, 1959a). 
Tha Kougarok p v e l  of middle to late Tertinry and possibly early 
Pleistocene age appeurs to rest on n part of the nncient erosion sur- 
face thnt has been downwarped to preserit sea level (Collier and 
others, 1908, p. 30.9) ; thus the ancient erosion surfnce seems to 

t have been deformed during late Tedirtry time. Continued f ~ n l t -  
Ing and warping have resulted in the deformation of much younger 
Plei&ome sediments and marine erosion surfnces in mnny places 

I on s w a r d  Peninsula. 
Pre-Cenozoic bedrock throughout much of Sswnrd Peninsula is 

mantled now by unconsolidated sediments and, in seven11 large 
areas, by volcanic rocks of late Cknazoic age. The unconsolidated 
sediments include glilcirtl till m d  outwash and windblown silt de- 
rived dnring glaciaI intervals from autwash plains on Seward 

&§Dm1 - 
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Peninsula and on the present site of Rotzebue Sound, stratified 
silt and: p n t  consisting mostly of reworked windblown silt, allu- 
vial gravel, mnrine sand and gmveT, lncustrine sediments, nnd frost- 
moved mantle. The glilcitl-1 history of Seward Peninsula js  re- 
viewed briefly in the paragraphs thnt follow becnuse mnny of t,l~e 
volcanic rocks nnd nonglncinl sedinlents in t,hhe Imuruk J,nke nren 
can be dated on the basis of their stmtigraphic relntionsl~i~s with 
the gl~cial  deposits and the windblown silt. 

Glnciers have c o w e d  most of $@ward Peninsuh west* of Moses 
Point, enst of Teller, and south of the ICuzitrin nnd Royuk Rivers 
{pl. 3) ; small glneiers also were pressnt in isolnted highlands, such 
as the York Mountains rind Midnight Mountain. Deposits of five 
distinct glncintions are recognized on Sewnrd Peninsula (Hopkins 
in Pewe and others, 1953). From oldest to young& these include 
the Iron Creek glncintio~~., the Nome River glaciation, the Sdmon 
Idre glacintion, the Mount Osborn glaciation, and an, unnamed 
glacial ndvnnce thnt took place, within the last orle or two hnndred 
years. 

The Iron Creek glncintion is represented by till and outwnsh 
buried beneath till and otttwns11 of the Nome River glaciation at 
the confluence of Imn C m k  and the Kruzprnapa River (alm 
known locnlly RS the Pilgrim River). The buried drift ~ r n s  dis- 
covered in placer-mine working in 1908; several strntigrnphic sec- 
tions are given by Smith (1909, p. ,317-719). Wood contained in 
peat that separates the drift of the Iron Creek glnciation from the 
drift of the Nome River glncintion WRS identified by F. R. Knowl- 
ton as spruce and Douglns-fir (Smith, 1910, p. 10&109). Drift of 
pre-Tllinoian age is also pment on the  .cortstnl plnin at? Nome 
(Kopkins, MacNeil, and Leopold, 1960, fig, 2). The extent of the 
Iron Creek gl.tncintion elsewhere is nnknown. The glaciation is 
probably of ICrcnsan or, possibly, of Nebrasknn age. 

The Nome River glgln~iat~ion is represented by broad smoothly 
rounded morninnl ridges and nssocinted ~ o u n d  moraine nnd by 
outwash in the Kame River valley rind in and near the mountain- 
ous and higher upland areas elsewhere on Sewurd Peninsula. Strat- 
igrnphic relations between glacial, nlluvinl, nnd mnrine sediments 
in the coastal plnin at Name indicnte cle~rlg thnt the Nomo River 
glacintion i s  of Illinoinn nge (Hopkins, MncNeil, and Leopold, 
1980). 

Thc S~lrnon h k e  glucintion is represented by rugged end mo- 
raines and ~ssociated grotrnd moraine and outwash near Salmon 
L ~ k e  ~ n d  in and near other mountainous areas of Seward Penin- 
suIa. Glmie~s c a v e d  a mnch mn~IZer aria during the Sdmon 
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Lake glaciation thnn during the Nome River glsciatioa. Deposits 
of the Salmon Lake glnciation probably represent all subdivisions 
of the Wisconsin glacinI age. 

The Mount Osborn gl~cietion is reprewnted by small sharp- 
crested moraines that coincide with the locations of marked changes 
in the character of the walls in glaciated valleys incised in tha 
slopes of Mount Oshm and in glaciated valleys elsewhere in the 
higher pnrts of the Kiglunik, Rendeleben, and Darby Mountains 
(locations not shown on pl. 3). The Mount Usborn glaciation may 

t have taken place in latest Wisconsin time, nbout 10,000 or 11,000 
years ago; in early Recent time, about 7,000 or 8,000 years ago; or 
after the postglacial thermal maximum, between 2,000 and 4,000 
years ago. 

An advance during the last one or two hundred ymrs i s  repre- 
sented by a small vegetation-free momine n few hundred feet in 
front of a glncier at the head of Grand Union Creek in the K g -  
luaik Mountains. 

The Imuruk Lake lava. platean is one of severnl fields of basalt 
of late Cenozoic age on Seward Peninsula (pl. 2) ; similar volcanic 
fields are widely distributed in central and western A l ~ s k ~  and on 
the Bering rn~rine platform (Dntre and Pilyne, 1954).  The vol- 
canic rocks on Sewnrd Peninsula have been described briefly by 
Mendenhall (1902, p. 2061, Mofit (1905, p. 31-35), Smith and 
Eakin (1911, p. 71-74), Rarrington (1919b, p. 3'17-378, 388-391$, 
nnd Steidtmann and Cnthcarb (1922, p. 31, 117). 

The volc~nic rocks on Seward Peninsula consist of basalt and 
basaltic nndesite lnvn flows ~ n d  small ngglomerate and cinder cones 
ranging in age from late Tertiary to Recent. Pyroclastics are 
scnrce, except in nn extensive ash-covered area surrounding Devil 
Mountain. Long-lived centml volcanoes are mre; most of the vol- 
canic rocks were emitted from short-lived widely sc~ttared rents. 
The vents rarely show pronounced ttlinements, but they do tend to 
be concentrated in northwestward-trending swarms a few miles wide 
and a few tens of miles long (pl. 2). 

t UTPUOWS0LTDAXJED BED-TIS 
KOOGAROK ORdVEL 

A sheet of gravel that is partly of middle to  late Tert iq  age 
* and,perhaps partly of early Qunternarg age: here named the 

Kougarok gravel, occupies a Ibslt, 18 miles long and 1 to 4 miles 
wide, extending along the northwest margin of the Knzitrin Flats 
from Bunker Hill to the valley of ths Noxaplaga River (fig. 1).  

4 h an errlfer aaartmd, W. S. BenWlngh6Q and I mfstaktlly desnlbcd thla gravel 
as being FntlreIy of early Plel8toaene age and mrwhtrd It wltb the lntarglaclnl b?d* 
at from Creek (Hop- and Bennlnghoff. 1053). 



Gravel that may be correlative with some part of the Kouprok 
p v e l  underlies lava flows of the Irnumk volcnnia in tlre vnlley 
walla of Perry Creak and the Znmmhuk River. 

BTPATm-Y m m o m e r  
The Kougak  gravel is named far good expoallmes n l o ~ ~ p  nnd 

near the lower course of the Koug~rok River. The grnvel nt the 
type IocaIity waa well exposed in the dminnge bnsin of Qnartz 
Creek, a tributaq of the lower Mouprok River, during intensive 
placer-mining in the early 1900's. The following composite section 
is nbstmcted from unpublished dntn nnd publisl~ed desccipt ions 
(Collier and others, 1908, p. 30&306, 3 0 M 1 4 )  by A. H. Brooks, 
who studied the gravel in considerable detail : 
TM&wda (fee0 U W  hmt Inlapratnth 
15-2Q Frozen organic silt and peat. Windblown silt and colluvium of 

l ~ t e  Quaternary we. 
3-15 Fine reddish gravel and mnd, Uppr  rn~rnher of Kougmk 

I e n a ~  of ofsilt and fresh-looking gravel. of late Tertiary or 
wmd; loaally gold-bearing at  early Quaternary age. 
base. 

0. 5-2. 0 Sticky b l u w a y  clay or muck; a Middle member of KOUERKI~ 
spruce log, 80 ft  long and 5 f t  gravel; of late Tertiary sue. 
in diamete~, and an m~ociated 
horse jaw found in frozen cIag 
in a pleee~mine drift on Quartz 
Creek (Collier, 1902, p. 27) 
may have come from this  
stratigraphic unit, 

IS?+ Coarse white quartz gravel; bama Lower member of Kou amk 
n ~ t  reached in deep shaft near gravel* pmbsbb of mid& or 
nahl Creek, a tributary of late ?lertiary age.. 
Quart% Creek. 

The Kougarok gravel is distinguished from nurifero~~a gravel of 
late Quaternary age by its distribution in high terraces and in inter- 
fluves between modern streams, by the reddisl~ color of the upper 
member, and by an exceptiondly thick wenthered zone in bedrock 
heneath the base of the formation in, some exposures. Gravel of 
lnte Quaternary age ggenerrtlly lacks the reddish limonite stain and 
is found only bene~kl~ flood p l ~ h s  nnd in low terrnces dong the 
present streams. The Kougamk gmvel is genemlly better sorted 
and mwch thicker than gravel of lnte Quaternaq nge in the same 
flR%. 

In the' kmuruk Lake ~ r n  the Kangarok p v e l  rencha its rnaxi- 
mum thicknm along the lower caurse of Turner Creek (pl. 11, 
where all three members a m  present and have R combined thick- 
ness exceeding 170 feet, Tl~e upper member hem consists of pnvel 
more than 60 feet thick, and the middle member consists of lignite, 
f to 12 feet, thick underlain by underclay, 1 or 2 feet thick. A 
mine shaft st a lignite outcrop 0.3 mile up Turner Creek from the 
confluence with the Noxapaga River penetrated 100 feet of gr~vel  
of the lower member withont re~ching bedrock (Mr. Jules Cunder- 
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Ron, miner, Some, oral communication, 1948). The formnt,ion is 
mnntled 11p 20 to 30 feet of pent, wincIhlotvn gi l t ,  nncl str:ttilied silt, 
throufr~ont m o ~ t  of tlG nrpx i.nuthwrst of Grouse Prcelt, 

T ~ P  Koognrnk g-avel thins abrupt17 northmnrd lip the Noxnpngn 
Rirpr from Turner Creek; the thinning is clue to tilo w~dginfi. out 
nf thp I O I I - P ~  and middlo members : ~ n d  to IL r i s ~  in t l i ~  l e v ~ l  of the 
hedrock floor h n r n t h  the fomntion. The uppPr r n ~ l n h ~ r  rrsts di- 
rcctly nn r l ~ ~ p l y  ~wnthe r~c l  schist or on n ~ \ ~ n t l w r e r l  l n r n  flow of 
the ICr~grtlk vnlrlkt~irs in t errnce rcnn~nnts l~ptwppn G ~ ~ I T S P  nnd 
-4nrlmitt. Vrprks. T~IP r ~ n i l ) i 1 1 ~ ~ 1  thickness of the grav~ l  find the 
lnra  flow rnnrra from 2:) to 45 fret : sclust hedrrrck in t h ~  t ~ r r a c ~ s  
~ t n n d s  20 t n  40 fppt :II>CIVP tlle S O S R I ) ~ ~ ~  River. 

Schist beclrorlt nntl a lava flow of tIlc Rngruk volcnnics are wnth-  
ered to n d ~ p t  h of 15 fwt t)en~rlf lh t 1 1 ~  upper member of the Konprok 
grfi~el in t e r r~ l r~s  iklmig 1 l ip S o x n p n ~ n  Rirer  (fig. 6 ) .  The rnnscsco- 

'I- 

FIOPRE IT.-W~kthrr~d bedtneb beneath Kounarok gravel In tertllce on  wPHt mlde o f  
S u ~ n p c ~ ~ n .  11lr.c.r rr :c mllu. !lyru t r tv~m firm r; , ) . . .p  t:rm.k. Cnweathed blnrkj mu5rrrvl t ~ -  
r:il~~lir-r~umri, *clrlct n r r l \  0-r Svvvl F T ~ ~ P F  up:! arc1 Into hedrmk, rrtlufetl b r  wrr i th t~r in f i  
t c r  st soi*titr~.lenc qlla!rl z-nl l l l tv  a i r ~ d ,  anat thnn into Einugxrok mnrel. R & t h ~ r ( ~ { l  m n t h  
19 nlmot 1 5  frrt  t l ! l r k  



vite-calcite-quartz-albite schist bedrock is weathered to friable light- 
gray quartz-albite sand. Weathered M m k  similnr in texture, 
bnt charncterized by greater abundance of recl iron oxides, com- 
monly underlies gravel of Fate Quaternary age on Seward Peninsula. 
T h e  wanthered zone beneath gravel of late, Qu~ternary age, how- 
ever, is rarely more than 3 feet thick und generally is eonsider~bly 
thinner. 

Gravel that may be equivalent in ~ g e  to part of t,he Kougnmk 
gravel is found beneath l ~ v a   flow^ %signed ta the Imuruk volcxnics 
in the valley walls of the Inrnachuk River and at Perry Creek, 8 

tributary of the Pinnell River, The gravel is sparsely auriferous 
and has been mined for its gold content at Perry Creek, as well 
M in serernl places dong the lower Inmachuk River north of the 

a maparea (pl. 1). 
The following stratigrnphic section was recorded in underground 

workings in the area shown on plate 1 ns Kougarok gave l  nt Parry 
Creek (Henshnw, 1910, p. 368; Mr. Jim Rluck, prospector, Deering, 
Alaska, oral communication, 1948) : 

m w r  Uwl) W h W  
Unknown. --- -- Lava Bow at fop of bluff. 
Unknown ,,,.-- Gravel, barren. 
25 ---,---,,---- Lava Row. 
20 --..-------,, Muck, containing amall pieces of wood a t  base. 
3-9 -------,,,,, Gravel, auriferous, on schist bedrock. 

T ~ i l j n p  from the underground workings at Perry Creek con- 
sist largely of rounded cobbles nnd boulders, as much ns n foot 
long, composed of mica-schist, graphite schist, metalimestone, a 
lime-silicate rock, nnd black dense bnsalt. A Iog 3 feet in diameter 
is reported to have been found nt an unspecified place in the Perry 
Creek mine workings (Henshnw, 1910; Mr. Jim Black, oral corn- 
munication, 1948). 

The Kougnrok gravel in the Imnrak Zake area cohsi&s chiefly 
af clean we1 l -sorted, well-rounded redd ish-brawn pebble-cobble 
gravel. Thin beds of sand and silt contrrining well-preserved wood 
nre mattered throughout most esposures. Pawderg limonite that 
permeates the gravel and sand is mponsible for the charactaristic 
reddish-brown color; larally the grave1 is loosdy cemented by the 
limonite. The gave l  and sand are sparsely auriferous, and at- 
tempts have heen made to mine the formation at several localities. 
The lignite of the middle member of the Koagarok gravel in the 
Turner Creek arm consists of contorted and compressed fragments 
of lignified wood in a matrix of soft powdey org~nic material. 

 pebble^, as much as 2 inches long, are common, and 4inch cob- 
bles are scattered through the p ~ v e l  exposed dong Turner Creek. 
Beda of 3- to 6-inch cobbles and scattered angular lava boulders, 
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as much as 2% feet in diameter, are found in exposures in the 
Noxapagn River vaIlsy. Pebbles of mica-schist, graphitic quartz- 
ite, vein quartz, snd metalimestone m u r  in equal quantities. Basalt 
fragments are a mnjor constituent in gravel of the high terraces of 
the Naxnpagn River valley. 

WSSU5 bRD ABE 
* Wood from the upper member of the Kougarok gravel at the 

type locality on Quartz Cwek has been determined by the radio- 
carbon method to be more than 30,000 years old (sample W-106, 

t Meyer Rubin, written eornmwlic~tion, 1955).  Wood from the up- 
per member near the junction of Goose Creek arid the Noxapaga 
River was identified as poplar and as either spruce or larch (WiI- 
liam Spackman, paleobotanist, Pennsylvania State College, written 
communication, 1951). Spruce, larch, and probably poplar are rep- 
resented in the rich pollen amemblage of late Tertiary age found 
in the middle member of the Kougarok gravel on Turner Creek; 
thus, the upper member may also h of late Tertiary age. How- 
ever, the fact that the wood in the upper member is fresh and non- 
lignified suggests it may be much younger than the lignified wood 
in the rriiddPs member. Spruce, poplar, and probrtbly larch ex- 
tended far beyond their present western limits during a warm inter- 

* val 8,000 to 10,000 years ago (Hopkins and Giddings, 1953, p. 25- 
28) and probnbl y during earlier PI eistocene interglacial intervaIs. 
The scanty paleobotanical evidence is consistent wl th the hypothe- 
sis that the upper member of the Kougarok p v e l  may have been 
deposited during an early Pleistocene interglacial interval. 
The middle member of the Kouprok gravel at Tnrner Cmk 

contains wood of the family Cupmwceae, probably of the genus 
Thujn (cednr) (E. S. Rarghoorn, paleobtsnist, Ham~rd Univer- 
sity, written communication, 1951) and a rich polIen flora 
recoding a woodland vegetation that included Picelz (spruce), 
Tmga ( hemlock), A bie8 ( fir), Pinus (pine), Za* (larch 1, Camp 
(hickory), Juglam (walnut.), Ptmocargru (an Old World genus 
related to hickory), Rel~iIe (birch), A7nesa (alder), F a p ~  (beech), 

w Querous (oak), UFmw-Zelkmn (R grouping that includes elm and 
a closely mlnted genus now confined to the Old World), and sev- 
eral groups of sl~rubs and herbs (N. S. Benninghoff, paleobotanist, 

C University of Midiigrln, written cornmunicatian, 1961 3 .  The pollen 
flora in the middle member of the Kougarolr gravel resembles a 
pollen flora contnjned in sediments from the Aldsn River valley, 
Yakntia, Siberia, thnt Soviet, workers consider to be of late Mio- 
cene or early Pliocene nge ((Pmdkinn, 6858) and pollen florns con- 
tained in the Nenann gravel of the AIaska Rnnge, considered by 
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MaeNeil, Wolfe, Hopkins, and Miller (1961) to be of middle Mio- 
cene or younger age. Tha pollen Aora of the middle member of the 
Kougamk gavel is m c h  richer and wntains many more exotic 
genera than pollen floras obtained by E. B, hopold (palynologist, 
U.S. Geological Survey, written communication, 1961) from the 
marine sedimsnts of Submarine Beach at Nome, considered by 
Hopkins, MacNeil, and I;eopPd (1960) to be of late Pliocene or 
early Pleistocene age. Therefore, the middle member of the Kou- 
garak gravel is considered to be of late Miocene or early Pliocene 
age. 

No fossils have been found in the 'lower member of blre Kougamk 
gravd. Became of its stratigraphic position below lignite bearing 
s, late Tertiary flora, the lower member is probably of middle or 
late Tertiary q e .  

O l a a A L  D m  
mom mvm BtaCrATIOA 

GIacial deposits of Nome River (Illinoinn) age are found in the 
valleys of Minnie and Caviar Creeks anti in n topopnphic trench 
extending from Caviar Creek to the esst end of TCztzitrin Lnke. 
Those on lower Minnie Creek were observed from the air but were 
not visited on the p u n d .  They consist of it smooth-sided amate  
gravel ridge extending across the valley nt the point where Minnie 
C m k  Imves the Benddeben Mounltnins and an extensive m~ntla  of 
unconsolidated sediments on the vn1Iey walls upstrenm from the 
morainal ridge. The moraine, tl~ough high, larks chnmcteristic 
glacial microrelief nnd is typical: of the form of end moraines of 
the Nome River glaciation in other pnrts of Sewnrd Peninsula. It 
is overlain locally by a lava flow of the Gosling volcnnics. 
The valley slop of upper Caviar Creek nre: covered by a thick 

mantle of gneiss and quartz rnonzonite blocks jn R matrix af silty 
sand; R similar deposit i s  found in the pnss south of Sturgeon 
Ridge between Caviar Creek and Ruzit,rii Lake. The material 
bears no characteristic glacial microrelief, but its texture, thick- 
ness, and position suggest that it is till of the Nome River glncia- 
tion. Quartz rnonzonite bedrock in the rolling hills between Knzi- 
trin Lake, Caviar Creek, and the head of the Koyuk River is 
overlain by a much thinner deposit, of similnr rnnterial. The bed- 
mck lithology is such t h ~ t  erratmica, if present, were not recognized; 
no moraines or other ice-merginal features were seen. The thin 
mbbly mils, however, contrast sharply with the thick cover of 
windblown silt that mantles hills of qu~rtz momonite southwest of 
Sandy Lake, southwest of Rhododendron Cane, and northeast of 
Imumk Lake. It is suggested, therefore, t h ~ t  during the Nome 
River glaciatio~ ice extended down the valley of Caviar Creek, 
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across the hills between Knzitrin Lake and the head of the Koyuk 
River, and into the area further north now covered by lava flows 
of the Gosling ~olcaniw, 

EAWIOI W BUQATIOH 

Til1.of the Salmon Lnke glaciation is found only in a shallow 
north-facing cirque at the head of Caviar Creek. A moraine con- 

C siding of two 30-foot hillocks composed of gneiss rubble confines a 
small lake near the mouth of the cirque. A narrow terrace down- 
stream from the moraine and R few feet above stream grade is - evidently underlnin by outwnsh of Sslmon Lake age. Behind the 
moraine, the east wnll of the cirque is a sharply chiseled slope in 
which gneiss bedrock is Iocally exposed above steep active talus 
cones. The topography of the motnine rand of the cirque walls is 
typical of deposits and erosional features in other parts of Seward 
Peninsuln assigned by me to the Salmon Lnke glaciation. 

m s m m  e m  
A mantle composed predominantly of silt-sized mineral grains 

showing little evidence of redistribution by flowing water mvers 
much of the undulnting surface of tha Irnnruk L ~ k e  area, 1 mis- 
takenly stated in 1949 (Hapkins, 1949, p. 121) m d  implied in 1951 

1 
(Hopkins and Sjgafoos, 1051, p. 69-60} thnt  this mantle represents 
the residual product of long-cont inued frost disintegration of un- 
derlying rocks. However, the texture, ~tructure, rnineraIogy, and 
distribution of tho rn~ntlc indicate clearly thnt the mantle consists 
mostly of windblown silt, but it commonly contains debris rived by 
frost from the local bedrock. The windblown silt is not shown as 
a map unit on plate 1 because it is a general blrtnket cravering 
nearly all ather geologic units. 

The deposits include patches of silt a few inches thick perched 
on the hs t  Jim and Crrrnille lava flaws, silt falling the interstices 
of frost-rived rubbla in areas underlain by the Gosling volcmics, 
and ~ n t i n u o ~ s  silt bl~nkets as much ns 80 feet thick on the flows 
of the Imuruk volcnnics and on pre-Qnnternnry rocks. Deposits 

t 
that have undergone little reworking by flowing wnter are largely 
mked to extensive surfaces of little relief. On slopes steeper than 
5 O  or 6' and in creek valleys, the unreworked silt commonly inter- 
fingers with or wedges out beneath deposits of stratified organic 

C siIt m d  interbedded peat. The silk is found up lo altitudes of &out 
1,800 feet in areus south of the ridge extending from Virginia Butte 
to Cro$8fox Butte; north of the ridge, however, thick silt deposits 
seem to  be limited to areas below 1,500 feet in altitude. 

The silt generally is perennially frozen within l e ~  than 3 feet ab 
the surfam. The frozen silt contains much claar ice in the form of 



large vertical ice wedges arranged in polygons hnvjng diameters of 
meral tens of feet nnd in closely sp~ced small lenses m ~ k i n g  up 
"ice gneiss" (Taber, 1943, p. 1512, and pl. 17, fig. 1). 

Because the silt is distributed chiefly on undulating surfaces nway 
from trunk streams, p o d  exposures of vertical sections are scarce. 
Sections through the thicker accumulations are found only in the 
walls of a few thaw sinks. Upon rernovaI of the natural vegeta- 
Lion, moreover, the silt thaws and the ice melts, releasing quranti- 
ties of water far in excess of the porosity of compacted silt. The 
few natural cuts consequently thaw and slump within rr. few days 
after they form. 

llTHOLOgY 

Froze11 silt is light blue gray; thawed silt that has k n  exposed 
for a few months is light gray brown. Organic matter is scarce, 
but massas of pent are incorporated locelly. Saturated unfrozen 
silt is slightly plastic (Hopkins and Sigafoos, 1951, p. 50). Specific 
gravity ranges genesnlly from 2.40 to 2.51. 

Stratification genernlly is not perceptible. Deposits on slopes 
steeper than about 5", however, mny display rr, crude banding ex- 
pressed by differences in color, by slight differences in g a i n  size, 
by lines of incarporated rock fragments, or by lenses of peat.. The 
bands evidently mark successive sheets of silt that have glided down- 
slope by soliflnctiun or cryofluction. Traces of extremely contorted 
laminations also cnn be recognixed in a few exceptionally good 
exposures. 

The texture of the silt mnntle differs slightly at different depths 
and on rocks of different t~ge or lithology, Surfnces underlain by 
granite or schist are commonly bIanketed by n uniform blue-pay 
silt in which megascopic rock fragments are scarce or lacking (speci- 
men G, fig. 7B) ; locally, however, a few chips of the underlying 
bedrock nppenr nt the surface. Similarly, silt blanketing the oIder 

EXPLANATION OF FIQ- 7 
SmcLmem A, E, and C coIIecCed on Imuruk volcanics, 47Ahp628 on Lost 

Jim law flow on Imt Jlm Peninsula, 4TAhp528 on Camllle lava flow near 
Camille Cone, E and I? on Imnruk volcanlc~, G on whist. I, J, and K in ter- 
ram at weat end of lmuruk Lake, TE at Candle Creek. Included for con- 
partson are TA, "slate" (probably wchtst) exposed to fro& weathering for I. 
year at Candle; TR, rock flo~ir from Caatner Glacier; and PW, modern wind- 
blown allt from Big Delta, Alaska. Cumulative e;Taln-slee frequwcy curves 
are subdivided into size grades according to unified mils dagsiEcatIon of the 
U.S. Corps of Englneem. Mlneralogg of A, 13, C, E, F, a, 1, J, and H glven 
In table 1, TA, TR, and TE taken from Taber, ( I W ,  table 1) ; PW Prom 
Pew6 (12161, fig. 1). Mechanical analysis of -men G by A X. Fernald; 
othem by Permafrost Branch, St Paul District, Corps of Engineers, U.8. 
Army, Fairbank& Alaab.  



FIGURE 7.-Yeehnni~nl co~apmllinn of  finc-grained mantle In the 
Imunak Lake nrea. 
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flows of the Imuruk volcanics contains few or no megampic fmg- 
ments of bnsalt a t  the surface (specimen R and C, fig. 7 A ) .  Sec- 
tions in the wslls of thaw sinks show, however, thnt at depths of 
5 to 10 feet the silt contains scattered btoch of b ~ m l t  ranging frorn 
a few inches to a few feet across. The lnvn blocks become mom 
abundant with increasing depth until at depths of 10 to 20 feet 
h e a t h  the surface the mantle consists of angular Enva blocks in 
contact with one another; their interstima nre filled with silt. (See 
Ropkins, 1949, pl. 2 and fig, 5.) Even at this depth, however, the 
interstitial, silt commonly is well sorted (~pacimen A, fig. 7 A ) .  At 
still gmter depth the silt disappears abruptly, nnd the mantle con- 
sists of clean mbbla with open interstices, ns seen in the wrrlls of 
firrows in the floors of mrne thaw sinks (Hopkins, 1949, p. 128). 
Fine-grained mantle on the younger ltavn flows gener~lly contains a, 

larger admixture of residual m~terinl resulting in bimodal or multi- 
modal grain-size distributions (spcimens E, F, and 47Ahp528, 
&g. 7 B ) ,  but even here R distinct siIt penk reflects the presence of 
foreign material introduced by wind, 

Relatively pnre deposits of massive silk in the Imnruk Lake area 
are nearly identical in p i n ,  size rmnd soFting with silt wllected by 
P6wB (1951) frorn eolian deposits cmrrently ~ccumulating near the 
mfluencs of the Delb and Tmma Rivers (specimen PW, fig. 7C) ; 
it is slightly finer than rock flour colIectd by T~ber  (1943, p. 1477) 
from a stream issuing from beneath Castner GIncier in the Al~ska 
Rmge (specimen TK, fig. 7 P )  and much finer than disintegration 
pmducts collected by Tahr (1Sd3, p. lW) on "slate" (prohbly 
schist) exposed to frost nction for 1 year in a mining cut near 
Candle (~pecimen TA, fig. 7C). - 

The following diecussion is based on rninemloficd analyses and 
, 

amplifying notes prepared by Dorothy Camll, U.S. Geologicrtl Sur- 
vey. The specimens upon which the descriptions are based were 
washed free of clay; the semtining material was dried ~ n d  then 
s e p ~ r ~ t e d  in bromofom. The minerals in the light and heavy frac- 
tions were identified rnicmcopic~lly, with the exception of m a p @ -  
tite, which wwas removed with a small magnet.. 
The mineral composition of the silt mantle is largely independent 

of the underlying bedrock. All the specimens that have been ex- 
rrrnined rninerslogically (colnmns A-H, tab10 11, including speci- 
mens collected in both basaltic and =hi& tarrmes,  contain minerals 
that must have been derived from basalt (calcic feldspar, augh, 
olivine) toether with minerals that must have been derived from 
whist or granite (quartz, oligoclase, orthmlrwe, muscovite, diopside, 
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glaucaphlcne, another amphibole, zoisite, clinmoisite, tourmaline, 
sphene, and z i m n ) .  Mmt spcirnens consist entirely of fine nnw- 
lar mineral grains. A specimen of snndy silt collected among 
blocks of bamlt at the surface of a flow of the Imuruk volcanics, 
however, contnins large fresh gnins  of nugite nnd large angular 
@m of calcfc ~ I R ~ ~ O C ~ R S B  (column F, t~b le  1) ; specimens of sandy 
silt mllected near .schist bedrock at T ~ v n  Lnh cont~in abundant 
large , p i n s  of fresh diopside, zoisite, nnd clinaaoisite (column (3, 
table 1) and much coarse magnetite (column 11, table 1). 

Taew 1 .-MilamnE wmposilion of S v a i n e d  & manth in the ImwuR Lakx area 

1 M1-s grafns wMah -7 ba alkml biotite, chlorlta, or &loribold, Them @mate @a In ml8r 
aud wer8llly contain Indudms. 

AQE AaD 0- 

An  eolian origin for most of the silt in the fine-gained mantle 
is sugpted by the following evidence: (1) The silt invnrittbly 
contains some rninerala foreign to the underlying bedrock and there- 
fore consists partly of transported material; (2) the fact that it is 
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gsnernlly extremely well sorted su~psts  deposition by n higlrly se- 
lective transportation process; (3) it is  nenrty mnssive nnd fniIs 
to display bedding or other minor structures sug,@ive of deposi- 
tion by flowing wnter; nnd (4) it is found in positions in which it 
conId 11nve been introduceci only by wind. 

The conrss pnrticles of local rocks nnd minernls that are corn- 
monty mixed in the silt represent material sep~lmted from under- 
lying bedrock, chiefly by frost riving, before or drrring the nccu- 
mulation of the silt. Most of the silt wns deposited nnd most of 
the frost riving of lwdrock took place nearIy sirnult~neeusly during 
g l~c in l  intervnls. At first, silt barne by wind from nenrbv glncinl 
ontwnsh plnins xttled into the interstices of freshly frost -river1 
rubble; as more silt nccumulnted, t11e rubble becnrne filIed nnrl then 
covered. TIM mixture of rubble and silt becnme perenninlly frozen 
within 1 or 2 feet benentll the surfnce, and the bedrmk WRS insu- 
lated from ftlstller frost riving. However, frost chnming within 
the surficinl Inyer, which wns subject to nnnunl freezing nnd thriw- 
ing, cnused some of the pmvionsly detnclied rock frngment,~ to mi- 
grnte upwnrrl into newly deposited silt ns the mnntle thickened. 
Thus, scattered fragments of local bedrock were i~lcorporated into 
at1 except the highest pnrts of the thick& mnntles. 

Much of the n.inc1blown silt evidently wns deposited kefore the 
extinction of the Pleistocene fauna on .Sewnrd Peninsula. Fmg- 
rnentary rernnins of mnmmoths Irnve been found in windblown silt 
nt Irnurtlk Lake and at T ~ v n  I ~ k e  in places where they could only 
hnve been derived from windblown silt. The tip of n well-preserved 
tusk found protruding nbove the surfnce of n beach on the west 
shore of Sa'lix Ray, Jrnuruk Lnke, proved to be embedded in com- 
pact blue-gray silt (column F, tnble I rind- specimen F, fig. 7) t h ~ t  
underlny benclr grrtvel nt f i  depth of 1 foot. Mammoths nnd other 
extinct species of the Pleistocene fnunn hnve been found on Sewnsd 
Peninsuln only in rlepmits determined by radiocarbon methods to 
ba 10,000 p a r s  old (Hopkins, 1059h, p. 10.43). 

I 

Thick depmits of wi~ldblown silt nrB found chiefly in nrens north 
nnd enst of arms of the Nome River (Illinoinn) glncintion ( pl. 3) ; 
only thin deposits of windblown silt nm found within the firens of 
the Nome River glscistion. In the Irnun~k Lnke aren, the mantle 
of windblown silt is not a recogniznble entity in the smnll areas 
covered by glaciers of Kome River age, nlthougl~ it is  present im- 
mediately outside of tlre glaciated m x s .  This distribution pattern 
indicates thnt the greater part of the windblown silt wns deposited 
during the Nome River (Illinoinn) dncintion. 
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Windblown silt, fsneralb less than 5'feet thick, covers drift of 
Nome River (Illinoinn) age at Xome (Hopkins, Mnceil ,  and Lao- 
pold, 1960), nnd a patchy mantle of silt, o few feet thick, rests on 
lma flows of the Gosling volcxnics in the Irnuntk Lake area, one of 
which partly buries an end moraine of Nome River (Illinoian?) 
age. Most of this younger silt is evidently of Salmon Lake (Wis- 

t consin) age. 
Still younger silt is found in patches, a few inches thick, on the 

western parts of the'lost Jim and Camille lnva flows. The silt on 
* the Lost Jim luva flow must have beell deposited during the last 

thousand years (p. C71)., 
The distribution of thick deposits of windblown silt in areas along 

the north and east margins o f  the intensely glncinted arens indi- 
cates that most of the silt was derived fmm the windswept fimd 
plains of melt-water strenms draining gtnciers. Lnrge outwash 
fms o f  Nome River and Salmon Lake nge fornl nn apron sloping 
from the flanks of the Bendeleben Mountains into the Rnzitrin flats 
and are the probnble source of most of the windblown silt in the 
Imuruk Lake area. Minor quttntities of silt, hewever, have been 
redistributed by wind in more recent times nnd nlust have been 
derived from other sources. Moreover, the si I t-sized particles of 

w basnltic minerals found in specimens of all ages-including speci- 
mens collected on schist bedrock-also may require some source other 
than glacinl-outwash plains, becnnss the glncinl ice crossed few, if 

. nny, nreas of basalt. 
Sources that merit consideration include the areas af braided 

. channels that are found on the sites of river icings (nufeis) (de- 
scribed more fully in Hopkins, ICxrIst~om, and others, 1955, p. 114, 
121, 141, and pl. 48) and the ~ b u n d ~ n t  smnll areas of bare ground 
that resuIt from intense frost-henving: in he-grained soils covered 
by tundra vegetation {Hopkins and Sigafoos, 1951, p. 66-70, figs. 25 
nnd 27). 

Frost-disturbed soils have been suggested ns a major source of 
Pleistocene windblotvn silt (loess) in Europe (Diicker, 1937; Troll, 

w 1942, p. 5'13-574). On Semzrd Pellinsuln, l~owever, froat  scrtrs seem 
to be capable of contributing only minor quantities of mindblown 
silt, either at present or rlnring past glncizl intemnls. Evidence of - deflation wns occnsionnlly noted by me 011 the surfnces of frost scars, 
but more commonly their srlrfnces were sticky when wet nnd brick- 
like and seemingly unerosible when dry. 

Braided strenm chnnneb resultir~g from icings nre common in the 
llplslnds adjoining the Imnrrrk Lake nrea but a re  scarce within the 
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lava platenu. Their nreal extents artre individurtlly smnll. Clouds 
of dust rose 200 to 300 feet nbove the brnided chn~lnels of the In- 
rnachuk River on windy days in Angust 1940 oncl resulted in the 
deposition of m a l l  qnnntitjes of silt on the lower wnllls of the In- 
machuk River mlley. 

Probably frost scnrs nnd braided flood plains on the sites of icings 
have ftirnishd a minor part of tho  windblown silt deposited daring 
glacial intervals and a much Inrger proportion of the small incre- 
ment of silt that has been added during nongtncinl intervals. 

ALLmTToM AND CQLtlmmM 

Grave1 alluvium underlies the Aood plains and low terraces of the 
larger streams (pl. I) ; deposits of stratified silt nnd pent fill the 
vnlleys of minor streams nnd mantle t l~e  lower flnnks of ndjoining 
hillslopes (not mnpped ns n sepnrnte unit nil pl. I ) .  The strntjg- 
raphy of these nlluvinl ~ n d  colluvi~l sediments suggests R complex 
late Quaternary history, but most of the exposures upon which an 
analysis must be hsed lie hyond the limits of tIie Imuruk L ~ k e  
area. 

a r m  
Waterworn &el of lrtte Qunternrry nge is found benentll flood 

plains and in Tow terraces in the valleys of the larger streams. 
The gravel rnnpes in thickness from 2 feet in hendwntar vnlleys to 
seven1 tens of feet in the Knsitrin fints nnd prohnbly in t,he Koyuk 
River valley art the southenst corner of the mnp nren (pl . I $ . Nuch 
of the gavel i s  perennially frozen, but anfrozen zones nm romrnon 
near the bnsd corttrct. snd in other plnces where prrnenbility is  
high ~ n d  ti supply of pound wnter i s  avnilnble. 

The gravel generrrlly is well sorted but poorly ro~~nded.  Typical 
deposits consist of anptlar to subrounded pbMm rtnd cobbles, rs 
much wi 4 indm across, in contact with oone nnother; the inter- 
stices nra filled with coarse mnd. A few houldem, 8 to 12 inches 
acrospl, nre scntted through the pebble-cobble p v e l .  The pebbIe 
lithology closely mflects the bedmk lithology of the vtlllep in 
which the grnv~l is found. The grnreP is fit least spnmely n~ariferous 
in most valleys drrrining wens of Paleozoic metnmorphic rocks. 
Bones of extinct mnmrnnls are fbund in p r e l  mined for gold at 
Black Gulch (fig. 8)  (Fmnk 'ITl~nlep, Rninhw Mining Co., oral 
communicntian, 1948). The deposits probnl~ly mnge in age from 
early Tllinoian to Recent. 

A wenthewd zone is generally present beneath the gravel of late 
Qunternnry rlge. Schist bedrock is commonly but not invariably 
weathered to  n pulpy mass of rusty quartz-micn snnd; metalimestone 
is Iwally weathered to limy grit. Folintion, joints, and primary 
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bedrock structures generally remnin recogniznbla. The weathered 
zone generally is less than 3 feet thick, but locnlly reaches a thick- 
negs of 15 feet. Some of the thicker m i m s  of rotten rock may be 
products of subaerial we~thering prior to deposition of the gravel ; 
much of the weathering, however, must hnve occurred after depo- 
sition of the gravel, for some of the delicnte structures presemed 

e in the rotten rock could hardly have resisted destruction by the 
turbulent currents that transported the grnveI. M a t  of the rotten 
rock probably was altemd by ground wat,er circulating after burial 

t in unfrozen zones RZ: the bedrock-gmvel co~~tltact. 
I T B h m  m T  AMD FEAT 

Aprons of strntified siIt nnri pent mantle the Fower slopes of most 
 hill^ in t.he Tmuruk h k e  arm and adjoining parts of the uplands; 
similar rnnteriaI blnnkets the flood plains of many streams (Hopkiw, 
Karlatrom, nnd others, 1955, pls, 30 and 31).  Stratified silt and 
pent is not sllown as II, separate unit on plate I, k u s e  it forms a 
general blanket on the lower pnrt.s of all slopes covering parts of 
nearly nll tile other geologic units. It rests on alluvial p v e l  in 
valley bottoms, on low strenm termces, in minor gullies and swdes, 
and on lacustrine sediments in the 'terrnres nt Imuruk hike;  in other 
places it rests directly on bedrock or on windblown silt (fig. 88). 

w The stratified silt and peat ranges in thickness from a few feet 
to mom than 40 feet. It is thickest nt the edges of valley flats and 
on the lower parts of valley walls. Like the windblown silt, it is - - perennially frozen ne~rly everywhere und generally contains large 
quantities of clear ice in the form of verticnI wedga arranged in 
polygonaI networks, as well as nbundnnt smdl tnbular lenses parat 
lel to bedding. 

The deposits of stratified silt and pent differ widely in origin and 
age. Deposits forming aprons on valley walls sre chiefly colluvial 
in origin and have been derived by a variety of procasses from mate- 
rials ariginaIly dcpositscl by wind or freed from bedrock by frost 
action fadher upslope. Deposits in vnlley bottoms include typical 
flood-plain silts and materials thnt nccumulnted in smnll ponds. 
The mineralogy and texture of the inorganic frnction indicates that 
most of the silt consists of reworked windblown siIt (specimen TE 
in fig. ?D; colnmns I-L in table 1). The deposits mnge in age from 

t Illinoian to Recent. 

Well -presed  logs of spruce, poplar, and hirch are found in 
some deposits of stratified silt and peat, although tlie Imuruk Lake 
ares now lies severd tens of miles west of the western Iimit of 
spruce and birch forest. The ppresence of tree-simd logs in the 

8IWB1f - 
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stratified peat and silt indicates that part of the material accumu- 
lttted during intervals when summers were wnrmer than at present 
(Hopkins, 1959~).  Fossil beaver dams are commonly found in 
placer-mining excavations in stratified silt and peat whose age has 
h e n  determined by rrrdiocarbon methods to be 3,600 years and 8,000 
to 10,000 years (Hopkins and Qiddings, 1953, p. 26-28). Beavers 

f reach the western limit of their present-day range at the eastern 
base of Seward Peninsula, about 50 miles enst, of the Trnnruk Lake 
area. 

f I A r n ~ ~  l3mnmaTw 
I K U B m  LA= 

Three systems of abandoned shoreline features are found at dif- 
fmnt levels along the shores of Imuruk Lake. 'The highest, of 
probable IIIinoian age, is a wave-cut scarp without m i a t e d  sedi- 
mentsvhachured line along north shore of Irnurvk Lake on pl. I). 
The intermediate system includes two groups of terraces which 
wm to  have nccumul~ted during two distinct intervals of high lake 
level during Wisconsin time; the terraces consist of beach gravel, 
lacustrine gilt, nonlacustrine stratified gilt find peat whose texture 
and mineralogy indicate an ultimate origin as windblown silt (curves 
I, J, and K in fig. 7D and table I), and both datrital and auto- 

v chthonous pat .  A layer of bmu-n or pink volcanic ash, described 
on page Ccfl, lies near the bps of the terraces of the older p u p  
but is lacking in the younger group. The lowest sy~tem of terraces 

= is of Recent age and consists chiefly of beach gravel and autochthon- 
ous p i t .  

The wave-cut scarp and the intermediate terraces have k n  up- 
warped abut  40 feet on the shores of Salix Buy and Salix Penin- 
sula; the wave-cut scarp can be traced at progressively lower eleva- 
tions to p e n t - d a y  lake level southeast of Grnnite Bay. The low- 
est terrace. is a l m d  horizontal. Several lines of evidence, cited in 
Hopkins (1959b), suggest that lmuruk Lake drained westward 
through an unnamed northern tributary of Carex Creek to the 
Noxapaga River at the time when the highest and intermediate 

v shorelines were occupied and that the present outlet to the Kug~uk  
River was initisted relatively recently. 

t 8 The descrlptlon of the lamstrlne eedlmenta and hidory of lmarak Lake riven here 
an6 in the 6ecZlon entitled "GwIoglc Hlatory" summarhe a more detailed account 
prementtd In Bopkhn t186Bb). Durlng a revinit to Imnruk Lnke in 1981, however, I 
r e c o ~ t z e d  that molt of the sedlmenta ot the Intermediate terraces mnet have actornu- 
luted at  appmdnratdy the rramP timr that the wnve-cut m r p  w n ~  betna c a m e .  Two 
rlrlftwad sppclm~nu from the Int~rmed!atc! terrmces am 9,900+400 and 7 , 4 0 0 ~ 8 0 0  gmsa 
old 1 Speclmpos W l Z l S  nnd W1235, Meyer Rubin, wrltten communication. 1983). 
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Lacustrine sediments similar in chnracter and probably in age ta 
those of the intermedimte temaces of lmuruk J ~ k e  form a 10-foot 
terrace at Sandy Lake and underlie an extensive surface 5 ta 10 feet 
dmve the level of the cluster of lakes in t,he valley of Andesite 
Creek, 1 mile west of Lava Lake. The fact that the brown ash 
layer appears near the top of these temacea mggests mmlntion with 
the older of the two groups of jntermedinte terrnces at Xrnunrk M e .  
Lava Lake, Kuzitrjn Lake, and Cloud Lrtke &re ndjoined by temces 
comparnbls in height nnd composition and probably in rrge to the 
lowest terrnces nt Irnuruk Lake; the temces nb h v n  h k e  are too 
narrow to be shown on plate 1. 

The beds of drained or filled lakes cnxnpy ssvernl extensive tracts 
in t.he Imuruk L ~ k a  area, shown as mdifferentinted lake sediments 
on plate 1. None of the Inrpr drained lakes were visited in the 
field, but merinl examinntion suggests that thick p ~ t  \.ties immedi- 
ately benentl~ the sllrface. Lacust rine silt probably underlies the 
pest and mop extend to depths of several tens to severaI hundreds 
of feet. Most of the drained or filled l ~ k e s  occupy i n i t i ~ l  low arens 
on lava flows of the Trnun~k votc~nics, but the long nrtrrow lrke 
basin northeast of Kettle Dome occupies Rn nncient strenm vnlley 
cawea in schist or pnnite nnd blocked nt ita north end by n lava 
flow of the Irnnruk volcanics. 

The floor of the large lnke b ~ s i n  ht,ween Lnrgo Ridge and the 
upper Goodhope River sIoperr northwnrd at n gradient. of abont 10 
feet to the mile. The basin now dmins northward to the Good- 
11op River, but study of aerial photopmpha wggests that the 
former lake in this bnsin drained southw~rd to the Kox~pnga River. 
The floor of the lake basin e~dent ly  has been tilted northward. 

D u r n -  m VALLEY OF mBmn aBmE 

The undifferentinted lake sediments south und sot~thwest of Lava 
Lake in the valley of Andesite Creek (pl. 1) consist of diatomite 
that nccumulatd in H. l n h  formerly confined by the Camille lava 
flow but now ~lrnost completely drained. The floor of the Irtke ww 
later invded and most of the diatomite bmied by the Lost J im lava 
flow. The dirttomite presumably is continuoas beneath the tongue 
of the J& Jim lnvn flaw that separates the fonr iselnted exposums 
shown on plate I. 
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The diatomite is younger than the Camille lava flow and older 
than the Lost J i m  lava flow; its age is therefore late Wisconsin or 
early Recent. It is probably of approximately the mme age as the 
lowest terraces at  Irnuruk Lake. 

VOLUdXPltQ BOaKS 

e Lava flows of Inte Cenozoic age cover most of the Tmuruk Lake 
area. Nearly all the flows are of the pahoehoe type; but aa flows, 
short skep-sided flows of block lava (Macdon~ld, 1953), and endo- 

t genous domes8 are present locally. Most of the lava flows were 
emitted from short-lived vents that gave rise to only 1 or 2 flows 
and probably remained active for only FL few years, A few small 
shieldlike central volcanoes, such as Hoodoo Hill and Twin Calderas 
{pl. I ) ,  probabIy were longer lived. 

Basalt and basaltic andeaite are the predominant petrographic 
typea. The flows differ in character of phenocrysts and degree of 
crystallinity, but t,hees differenma are apparently random in space 
and time. A swarm of vents concentrated in a belt trending north- 
weat from nlueberry Dome to the head of Trail Creek emitted lava 
cont wining conspicuous and abundant xenocry sts and inclusions of 
olivine, opncite (chrome spinel ! ) , orthoclase, oligoclase, dunite, gra- 

t nitic rock, ~ n d  echist. . 
Five volcnnic formntions-the Hugruk volcanics, the Irnuruk vol- 

cni~ics, the Gosling volcnnics, the Camille lava flow, and the k t  
Jim lava flow-nre distinguished on the basis of degree and char- 
acter of weathering, the degree of modification of primary surface 
relief, and the presence or absence of a thick cover of windblown 
silt. The Kngruk volcanics are of late Tertiary and possibly of 
early Pleistocene age; they are equiv~lent in nge to part of the 
Kougarok gravel. The Tmuruk volcanics were; emplnced during 
emrly nnd middle Pleistocene time prior to the end of the Nome 
River (lllinoian) glncinl interval. The goal in^ volcnnics were em- 
placed during the Nome River-Salmon Jake (Snngamon ) inter- 

C 
glncial interval nnd the Salmon Lake (Wisconsin) gIacinl interval ; 
the Camille l ~ v n  flew, during late Wisconsin time ; and the Imt Jim 
lava flov, during late Recent time. Pyroclastic deposits nre repre- 

* sented only by agglomerate and cinders forming small cones at  
some volcnnjc vents; coarse pumice scattefed over some of the young 
lava flows near their vents; and s, thin but widesprertd layer of 

aEndonenoua domen arc s t e t g d d d  protrnalomr of r i m n u  lavm fotming more or I@mn 
dom~shnged or boltmum maaaea over and around the volcanic vent LWllllnme. 1982). 
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b - w  aah erupted from rn mknom source in the Irnuruk area at 
some time dnring the Salmon Lake {Wisconsin) glacinl internal. 
Because the five volcanic formations cnnnot be distinguished from 
one another petrographically, their petrogrnphy is discussed collec- 
tively in a section that follows the strntigraphic and prnorphic 
descriptions of ench formation. 

Continuing volcanic activity in the Imuruk Lake area bhroughout 
late Tertiary and Quaternary time has resulted in nn impressive 
volume of extrusive rocks, but the individual eruptions mny l~nva 
been rathet widdy  paced in time. Only tha L& Jim Invn flow 
and tha Chrnille lava flow have been erupted during the last 10 or 
20 thousand years. The Qosling volcanics probably represent the 
results of 10 to 20 separate eruptions, occurring sporndically over 
a period of at lea& 100,000 years. The much larger number of lava 
flows included in the Imuruk and Kugruk volcanics were erupted 
sporadically over a much longer span of time. It seems. that vol- 
canio eruptions in the Imuruk Lake wen have tnken plkce nt an 
average rate of 1 per 5,000 to 10,000 years. 

Em&wrIa- 
gWtBf?E V O X C m W  

IJTHOUWfY A m  BTEATIQBbPEY 

The name Kugruk volcanics is proposed for a growp of volcanic 
rocks in the Xmuruk. Lake area that are characterized by a thick 
weathered zone unlike weather& zones formed in similar rmks un- 
der the present climate. Some volcanic m h  Irtcking this character- 
istic weathering profile are assigned to the K u p k  volcmics, be- 
cause they are much more dissected than mks asifled to the next 
younger formatmion, the I m m k  volc~nics. The forrnntion is named 
for the type locality in the canyon of the TCugmk River, 3 miles 
east of Irn~iruk L&e, 
The K u p k  volcanics range in composition from olivine basalt 

to pilotaxi t ic nndesite. Inclusion-bearing rocks nre common. The 
formntion includes Ism flows (generally seen only in' tlre wdls of 
deep cnnyons incised below overlying I n v ~  flows of the Irnumk vol- 
canics), deeply clisected volcanic cones ~ n d  necks, several probable 
endogenous domes, and mveral small masses of volcanic rock of 
undetermined origin. 

DtaTBamTfOFI 

The K u p k  volcanics are best exposed in the cliffed east wall of 
the canyon of the .Kupuk River, 3 miles below Imuruk Lake (k. 
9 ) .  The section near the head of the canyon is ns follows: 
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The Kugruk voleaniw mxrn to reach considerably greater thick- 
ne& in areas farther downstream that were not visited on the 
ground. 

h v a  ffows and pymcfastic rocks of the Kugruk volcanics are ex- 
posed in the canyon walls of Bilgewater Creek, 1.8 miles above the 
junction with the Goodhope River, and in the canyon walls of Cot- 
tonwoad Cmk, 3 miles upstrenn~ from the junction with Tmil 
6 m k  (pl. 1) .  In ench valley R single flow n ~ i g n e d  to the K u p k  
volcrtnics is exposed benenth two or more flows of the Imnruk vol- 
canics, having an aggregate thickness of nbout 50 feet. The lava 
flow of Kugruk volcanics in Cottonwood Cwek valley is about 50 
feet thick. The maximum exposed tllickness of the flow in the 
valley of Bilgewater Creek is nbout 20 feat, but the base is cov- 
ered. The flow in Cottonwood Creek vnIIey contains abundant 
mafic inclusions; no inclusions or xenocrysts were recognized in the 
Bilgewater Creek exposures. In both vvlIeys the flows are deeply 
weathered throughout their exposed thicknsss. Deeply weathered 
schist underlies the flow in C o t t o n w d  Creek valley. 
In both valleys, the Kugruk volcanim are h n d  only near the 

heads of the canyons, where the streams first cut below the base of 

B t d i ~ b l c r m l t  

Imnruk volca 
nice. 

Kugruk volca- 
nim. 

Kugruk 
volcanics. 

Thiokmm 
(feet) 

tlthology 

40 

40' 

20+ 

Olivine-basalt lava flow, free of fnclusions. Surface 
comsisk of froat-rivd bouklcrs and pebbles. 
Ferromagnesian minerals within an inch of the 
surface of individual Iragmenta are impregnated 
with limonite, but rock is hard and firm; rings 
under blow by hammer. 

Conformable contact. 

Olivine-basralt lava flow, containing large anguh 
xenocrysts of orthocbe and lustrous opacite 
(chrome spinelf) and inclusions of granitic rock 
and dunite. Base of flow is reddened, chilld, and 
glassy. Ftow has rude columnar jointing. Deep!y 
weathered t.hroughout entire thickness of flow; In 
many placea rock is friable, crumbling under blow 
by hammer; elsewhere it b m k s  up into l imonite 
coated wahut-shapd fmpents  an inch or two  
long. 

hal~ic-andesite law flow containing 8- olivlne 
phenocryata but free of inclusions and recognizable 
xenocr-mts. Tap 3 ft  strongly o x i d i d .  Deeply 
weathered ; weathering characteristics similsr to 
overlying, inclusion-bearing flow. 

Ehw of cliff obscured by olivine-rich bmalt flow of 
Goslin volcanics tha t  occupies most of n m w  
Aoor of; canyon. 



EXPLANATION 

F~auma 0.--4eologlc mnp af the Canyon of the KngmB River. 
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the overlying Imuruk rolcanics. Farther downvalley, Imuruk vol- 
canic~ rest directly on bedrock of schist and met~limestone at dti- 
tndes higher than the exposum of Kugruk vole~nics. The ex- 
posed lava. ffows of Kugruk volcanics probably mcupy s shallow 
buried valley extending transverse to the present courses of Cot- 
tonwood and Bilgewater Creeks. 

Two deeply eroded volcanic necka composed of inclusion-bearing 
basalt are exposed on the north wall of Cottonwood Creek canyon, 
0.8 mile downstream from the outcrops of lava flows of the K u p k  

w volcanics. The necks form slender spires on the canyon wall, rising 
several hundred feet above the valley bottom. They are rectilinear 
plugs of basalt about 100 feet acrom and are surrounded by cal- 
careous schist that forms the canyon walls in this area. 

The necks show a strongly developed steeply dipping platy &me- 
t u n  consisting of alternate wnes, a few inches thick, of vesicul~r 
basalt and massive basalt. The margins of the necks and the Bur- 
rounding schist are oxidized s deap red. The necks are partly 
surrounded and capped by breccia c o m ~ d  of nngular schist frag- 
ments, dark dense basalt f-ents, and b ~ a l t i c  scoria. The breccia 
probably represents remnants of tbe cinder cones that originally 
mrmunded and capped the nwb. One of the necks probably wm 
the source of the lava flows of Kngruk volcanica exposed in the 
canyons of Cottonwood and Bilgewater Creeks. 

A c i m l ~ r  mound of inclusion-bearing agglomerate, a few hun- - dred feet in diameter and less t.han 5 feet high, surrounded by n 
sheet of boulders of dense inclusion-bearing basalt, is found on the 
flat top of the ridge separating Trail Creek and Divide Creek, 2 2  
miles northeast of the junction of Trail and Crsttonwood Creeks. 
The mound of ag~lomerate probably marks an ancient volcanic vent, 
and the adjoining sheet of basnlt boulders probably represents the 
remnant of a deeply weathered and frostJ-rird basalt flow. These 
rocks ere amigned to the Kugruk volcanics on the basis of their 
apparent degree of disseckion. 

Small bodies of Rugruk volcanics 1.1 miles south-southeast of 
II Virginia Butte, at the summit of Kettle Dome, snd on the north- 

east shore of Irnuruk Lake mag represent dissected endogenous 
domes. 

t. 
The body near Virginia Butte is a mal l  conical hillock composed 

of sheeted inclusion-bearing andmite. The sheet fmctum dip B0 
SW. The hillock evidently mpresents an erosionnI remnant of a 
formerly mare extensive body. 

At the summit of Kettle Dome is a knob-shaped protnhrance, 45 
feet, high and 1,000 feet in diameter, cornpod  of dense nonvesicu- 
lrtr pilotaxitic andesite. The summit surface of the hillock is lit- 



tered with deeply weathered walnut-sized andmite fmments. Its 
'? 

steep wnlls expo- ~ n d e ~ i t e . i n  place, cut by horizontal jolnts ut inter- 
vals of 2 feet and by two sets of vertical joints nt intervals of 5 feet. 
The- surro~inding a m  is mantled by windblown silt extending to 
depths greater than the permafrost table. Scattered srnnll rocks at 
the surfmce several tho~isand feet from the summit of Kett,le Dome 
suggest that the andesite Frillock is surrounded by qunrtz mo~uonite 
m d  schist. 

Kngmk volcanics also are exposed along the abandoned tilted 
shoreline of h u n k  Lake, 0.4 mile southeast of Grnnite Bay. The 
exposed rocks consist of an inclusion-bearing sill or flow snd an 
intruded small plug of fine-grained olivine bnsalt. The plug is 
about 40 feet in diameter and seems to have been conical in its origi- 
nal form. Well-developed columnar jointing converges toward a 
point about 20 feet above the present, top of the outcrop. T h e  col- 
umns in the center of tbe plug are verticnl, bat those nt  the margins 
pitch radially outward at angles RS Tow RB 60°. From a distance 
the outcrop resembles n bundle of fnggots tied nt the top. 
The other recognized exposures of Kugruk volcnnics are as fol- 

lows : Deeply weathered, slightly serpent inized bulders of basalt 
at the m m i t  of Blueberry Dome; R bench that possibly may rep- 
resent the remnant of a dissected flow on a hill 2.5 miles west of 
Blueberry Dome; and a basaltic lava flow, locnlly deeply weath- 
ered, interbedded with Kougarok grnvel En terrnce~i nlong the! NOXR- 
paga River, 0.7 mile and 2 miles npstmnm front the mouth of 
Grouse Creek. 

WEaTAERIHQ PBOmm 

At several la3alities the K u p k  volcnnics nre cl~rcmcterized by a 
weathering profile uniqne in the Imurnk Lake nrea nnd strikingly 
different in character from weathering profiles thnt developed on 
bnsdt during the late Pleistocene and Recent time in northern 
Sewad Peninsula (p. C57). The meat.hering profile is well pre- 
erved only in areas where Knpruk volcnnics are Z~uried benenth 
anwenthered Imuruk volcanics or Kougarok gravel; the wenk weath- 
ered rork is assumed to have been stripped by soljfluction and rill 
erosion wherever Rugruk volcanics crop out a t  the surface. 

In the most deeply weathered Ku,mk volcanics (fig. lo), cherni- 
cnl decomposition hns filtered rock within n few inches of joints 
and fractures to a friable sttndy mixture of feldspar, limonite, and 
clay. Farther from the joints, the rock is intimately penetr~ted 
by veinlets of yellow-brown limonite, and the dark rninernls m e  
completely altered to limonite. Some fracture surfaces nre coated 
wit,h an iridescent, blue stain, a rnnnganesc oxide. The 
corm of the joint blocks are spheroids, ellipsoids, or disks of rela- 
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t ivelr; iirtri hasalt ( lig. l o ) ,  which, however, cnn 1.w .wm tcll~rl nnd 
disintegrated wit]) n pirlt. 'I'IIP, r ~ n t r a l  spheroids spnll nlnng ron- 
rrntrir fcnctitres to givr r l i i ~ ~ d  pl~tgs of rottell bnsnlt. W e ~ l  herptl 
rock of this ch~lrt~ctttr. lvrrr nhsrrr~d to extend at  lenqt 15 F r ~ t  he- 
neath orerlpinz rinn-~:rt hr~-aad t~ i l i~rnk fl nws. 

At firefitar depths, t I ~ P  ICt~~rnk fIo11-s a rc  firm but mottled tl:irk 
:nlrF l ight  pray on ~-~r t i cvnt  rsllo.urPs. The dark-~rnp nlat~ri:tF is 
!nore wsipt:~nt to prcs~nt -tiny w r : ~ ~  lwring thnn is the l iglit-grny 
~ n : t l  ri x : esposed honlcl~r.: Iln VP :I I C I I O ~ F ~ ; P  Rppear:tnre, ~ I I C ~  onl rmpa 
:11-r skirt~rl  hg :IpT0115 nf wi\ili~~t-shnprtl; frngn~ents of the tlnrkrr 
1~11.n 1 nr 9 inr'l~es in dinmctrr. Sntnclwl~nt silnilnr m ~ a t h ~ r i ~ i j i  1 ~ 1 s  
notrd in nrl incli~sion-benrilt~ m~nrllrr of the I;osling volrnnics nt 
1"it:inia Butt P :  knobby went l~~rit- ig  possil,ly may he a chxrnctrrist ic 
of inrliisirln-h~:~rinp florvs rnther il~nri :I chnrflct~ristic of thr Jo \r~r  
part of t I I P  ~ ~ n s t - R ~ ~ g n ~ k  weathering prnfil~. 

sox 
11 flow assipn~rl to the K ~ i g n ~ k  T ~ ~ C R I I ~ ~ S  is  overlain bp ~ r n v e l  

l*pprpsr*nti n~ pnrt of the nppw meml )~ r  of t hr I<oirgnrok pave1 in 
t e r r n c ~ s  r t l ~ n g  the Noxapa~a  River. Thew : ~ n d  ~lwwhere ,  t h ~  flou-s 
of the Iingrirk rnlrnnics are weathered to c l ~ p t h ~  of 15-40 f ~ e t  be- 
Inw their i tpp~r ~ i ~ r f a r e s  : the weathering profil~ clifTem in chxrxcf~r 
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d depth from that displayed by lava flows of the Tmnruk vol- 
eaniw. T h e  depth of the weathering suggests a climnte much warmer 
than at p e n t .  The weathering may have taken plnce during the 
interglacial interval that separated the Iron Creek (Knnsm ? ) and 
Nome River (nlinaian) glaciation, an interglacial interval that saj- 
dmtly ww warm enough to permit the g ~ o w t h  of Douglas fir on 
Seward Peninsula. A climate sufficiently wnrm to cnuse the weath- 
ering profile observed in the Kugruk volcnniw seems more nearIy 
consistent, however, with the late Tertinry florn found in the mid- 
dle member of the Kougarok gravel. The K u p k  volcanics are 
probably largely of late Tertinry age but mny include some lava 
flows of early Pleistocene age. 

m U I  V O C a A m  

LITHOLWY ARp BTIUTIGRhPHY 

The name Irnuruk volcanics is proposed for n group of bas~lt~ic 
lava flows and associated agglomerate cones that hnve been exposed 
so long that in most places their surfnces hnve been thoroughly 
brecciated by frost action and mantled by a layer of windblown silt 
3 to 20 feet thick. Irnuruk h k e ,  for which the formntion is named, 
occupies a vaguely defined grabn whose bounding faults displace 
lava flows of the h u d  volcanics. The oldest shoreline of the 
lake is, in places, notched in the Imuruk volcrrnics (pl. 1, this re- 
port; Hopkins, 1959b). The relationships between the Tmuruk vol- 
mnics and older and yonnger volc%nic formations nw ~llast clearly 
displayed, however, at the type l o c n l i ~  in the canyon of the ICng- 
ruk River, 3 miles below Imurnk Lake (fig. 9 ) .  Here, unwenthemd 

' lava flows of the Imuruk volcanics overlie deeply wenthered lava 
dom of the Kngrnk volcsnics, m d  n I a n  flow of the Gosling vol- 
c~nica has invaded a canyon excavated into and below the Imuruk 
volcanim. 

-OFF 

The lmnruk volcanics am the most widely distributed volcanic 
roeh in north-central Seward Peninsula. They underlie moRt of 
the Imuruk Lake lava platem, including most wens covered by 
younger volcanic rocks h v a ,  now represented by benches high on 
the valIey walls, flowed down the valleys of the Hoyuk, Kugruk, 
Burnt, Inmachult, and Gocdhope Rivers, locnlly extending to the 
coast of Kotzebue Sourid (pl. 2, this report; Hopkins, K~rlstrom, 
and others, 1955, pl. 30). 

The Imuruk volcanics were emplaced upon a rolling rmrfnce hav- 
ing a local relief of sveral hundred feet. Consequently, the thick- 
ness of the formation varies widely, and the maximum thickness 
cannot be &mated accurately. Exposures in vdleys draining the 
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northern p ~ r t  of the Iava plateau range in thickness from a few 
tens of feet to two hundred feet. Most of the plateau is probably 
underlain by several hundred feet of Imuruk volcnnics. 

A rolling terrain having mveral hundred feet of relief mas almost 
completely buried by the Imuruk volcnnics in the area between the 
Benddeben Mountains and the A m s  Ears; only few of the high- 

Q est eminences in the pre-existing bedrock topo~aplry, such as Ket- 
tle Dome and The Bat, protrude above the slrrface of the volc~nics. 
A major burid valley trending due west from the head of Cotton- 

* wood C m k  canyon across the present course of Bilgewater Creek 
and the head of the canyon of the Qoodhope River is s u m e d  by 
the distribution of exposnrss of the K u p k  volcanics and of zones 
in which especially large thicknesses of Imuruk volcanics me found 
north of the Asses Ears and Cottonwood Cmt The Imuruk vol- 

. canic~ invaded the northwa~d-draining vnlleys of the Goodhope, 
Inm~chuk, Pinnell, Burnt, and K u p k  Rivers but did not accurnu- 
'Iste to sufficient. depth to bury the interflnves. The nncestml north- 
ward-draining valleys ownpied by the 1 m n  flows were considerably 
shnllower, broader, and more rnntnre than the present vrrlleys of 
these northward-flowing streams (Hopkns, Karlstrom, and others, 
2955, pl. 30), nnd they have heen tilted northward since the Bows 

w were ernptrlced. 
mm"nm =ABm 

The Irnumk volcanim consist chiefly of basaltic lnvn flows erupted 
t from generally short-lived s e n e  scattered throughout the lava pla- 

teau. Individual flows range from 10 to 60 feet, in thickness at 
their fronts but am much thicker near their source vents. Hills, 
each ~pp~~.rentlg composed of R single flow, r ix  RS much as 150 feet 
above the surrounding termin. Most of the l a v ~  flows nre of the 
pahoehoe type. Ch~r~cterist ic fil amented or festooned pahoehoe 
surface textures am preserved on scttttered boulders, and most rock 
fragments contain the spherical or elliptical vesicles cllarcteristic 
of pahoehoe lavn rather than the irregular distorted vesicles typical 
of aa lava (Macdonnld, 1053). The relntively p e n t  fluidity of many 

e of the flows is indicated by low flow fronts and by the fact that 
relatively thin flows exhnded down the vnlleys of the Inmachuk 
and Pinnell Rivers far nt lenst 15 miles from their source vents. 

t Hoodoo Hill and, possibly, Lnrgo Ridge represent shieId vol- 
canoes composed of several flows emitted from single vents or fis- 
sum. The older flows forming I T d o o  Ifill have a relatively thick 
cover of windblown ~ i l t  and, consequently, are nmiped to t.ha Imu- 

"Jk namea used for surface textuwm of Irm are thaw pmlmgd by Wentrorth and 
Macdoaald (I=). 
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mk volmics. The mrflwles of the youngest flows, however, consist 
of openwork- mbble containing only interstit in1 silt ; nnd the flows 
are therefore assigned to the Gosling volcnnies. Lnrgo Ridge is 
npp~rently entimly composed of Imuruk volcanics, 

Pymclnstic deposits are represented onIy by agglomerate cones 
over some of the source vents. The largest, Rhododendron Cone, 
stands 160 feet nbovs surrounding termill. Andromeda Cane and 
Cnssiope Cone are about 75 feet high. Other vents are marked by 
small, pnernll y craterless mounds of agglomernte ranging from 6 to 
50 feet in height. Many vents have no associated cone deposits 
and can be approximately locrated only on the nssumptjon that they 
lie somewhere beneath the highest part of an individual lava flow. 

WEaTEEBIrnG Am) ~ I O H  

Surfams underlain by the Imuruk volcania form a smooth rdI- . 

ing terrain bearing a complete or nearly complete cover of vegeta- 
tion. The gross relief features are pnemlly constru&.ional, bnt the 
rugged microrelief thnt may be n m m e d  to have characterized the 
flows when first emplnced hns heen entirely smoothed and obscured 
by frost riving, soliff~ction~ ~nnd the deposition of n thick mantle of 
windblown silt,. If spatter cones nnd cinder cones were not visible 
in a few loc~lities, it would not be obvious that the topogrraphy is 
volcanic in origin. The typical topography of an area underlain 
by Imuruk volcnnics is shown on fipre 15. (See aIso Hopkins, 
Karlstrorn, and others, 1955, pl. 31). 
An extensive but pmrly intqrnted surfwe drainage system has 

farmed on the silt m ~ n t l e  covering the Irnnruk volcanics. Marshes 
and thaw lakes are nbundnnt in lowlnnds and on some hill summits. 
Locally, amall strenrns or mnrshes drain into thaw sinks, where they 
percolate into the underlying volcanic rocks (Mopkins, 1949). 
Throughout most of the nren, the streams follow the initid low 
parts of the surface of the volcnnic rocks, nnd only a few of the 
I srrgest or most f avornbly situated streams nppefir to have enlarged 
their ~wEFeys by fluvial erasion. 

The mantIe of windblown silt on the surfnce of the Jrnuruk vol- 
canic~ ranges in thickness from rt few feet to sever81 tens of feet, 
and the topogmphy of the lnvn surface varies nccordingly. Flows 
deeply mantled with silt bear a nenrly unbroken cover. of vegetatitjon, 
and rock fragments are scam or lacking nt the surface. Flows 
cove& by only a few feet of silt, on the other hnnd, bear a dis- 
continuous cover of vegetation in which s~irface boulders nre 
abundant. 
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The wentllering profile in a flow of the Imuruk volcanics exposed 
nt  the point where the Pinnell River lenves the lava plateau wns 
examined in order to establisE1 n basis for campnrimn with weather- 
ing profiles developed on flows of the Kugruk volcrtnica. The sur- 
face of the flow seems to have undergone little or no erosion; the 

L 
Row is mantled with windblown silt, 1 to 4 feet thick, containing 
scattered bouldefi of basalt. 

Weathering extends down frnctu1.e~ and joints to i depth of at 
least 20 feet beneath the silt, as indicated by slight orange-limonite 
staining nnd by blue iridescent staining on joint surfaca. Pyroxene 
and olivine grnins within a, few inches of the joints have been im- 
pregnated or replaced by limonite. Farther in from the joints, the 
rock is fresh and unaltered. The parts of the rock in which dark 
minernla hnve been limonitized remain firm and hard; they ring 
under blow of the pick. No suggestion of spheroidal weathering 
was noted anywhere in the weathering profile exposed in the Pin- 
nell Cnnyon or elsemlrere in flows of the Irnnruk rrolcanics exposed 
at the present surfnce. 

mlz 
The prent totnl thickness and horizontal extent of the Imurvk 

volcanics nnd the wide range in the thiclmes of windblown silt that 
M covers individunl flows suggest that the Irnuruk vollcanics were ex- 

truded o v e ~  n rel~tively long time span. 
The Irnumk ~olcrrnics do not show the deep weathering profile 

.* and the splreroidnl weathering phenomena that characterize the 
Kugrak volcnnics and thnt are believed to be the products of wertth- 
ering in the w n m  ctirnnte of late Tertiary time; instead, the upper 
parts of the flows consist of openwork frost-rived rubble p d i n g  
up into rubble with n matrix of windblown silt. Lava flows of the 
Irnuruk volcanics were evidently exposed to strong frost action 
shortly after extrusion nnd thus must be of Pleistocene age. 

Most of the windblown silt in the Imuruk I ~ k e  area was prob- 
ably deposited during the Nome River (Illinoian) glacial intsrval. 
Lava flows of the Imuruk voIcanics that bear a thEck mantle of silt - were probably emplnmd b f o r e  the beginning of the Nome River 
(Xllinoian) glacial interval, and lava flows bearing a relatively thin 
mantle of silt were probably emplacd at some time during the 

s Nome River (Illinoi~n) gl~cial interval. The Imnrnk volcaniw 
tllus include lava flows of middle and, probably, of early Pleisto- 
cene age. 

-0 V Q t C m  

LXTEOmY A m  B ~ T I ( 1 B a P H K  

The name "Gosling volcanian is propod far a group of 
basaltic and mdesitic lava flows and endogenous domes that overlie 
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the silt mantle on the Imuruk volcanics and that are overlain lo- 
cally by the Candle and Lost J im lava flows. The originally 
smooth surfaces of palwehoe flows of the Gosling volcanics have 
been brecciated by frost riving to depths of ~t least 10 feet in most 
places, and the flows now consist of higher areas of openwork rub- 
ble interspersed with low-lying areas of rubble mixed with silt. 
Progressively younger flows have progressively larger proportions 
of arems underlain by openwork rubble and progressively smaller 
areas underlnin by rubble mixed witksilt. The formntion is named 
for Gosling Cone, located at the source vent of a typical lava flow 
of the Gosling volcanics (pl. 1). 

A lava flow of the GmIing volcanics hns invaded R morainal loop 
of Nome River (Illinoian) age in the vnlley of Minnie Creek (pl. 1) ; 
areas of openwork rubble on this flow are relatively small, and 
therefore it is considered to be one of the oldest members of the 
formation. L ~ v a  flows of t.lie Gosling volcania are obmrvd 
to transgress the silt mantle on the Imuruk volcanics in many areas; 
the relationships are especially clear at the margin of the "island" 
of Imur6k volcanics enclosed by a l a v ~  flow of the Gosling volcanics 
3 miles enst of! Sandy Lake (pl. 1). One of the youngest lava flows 
assigned to the Gosling volcanics hns invaded a cnnyon that had 
been carved by the ICupk  River in Inva fiows of the Imuruk and 
Rugruk volcanim (fig. 9). 

DL8THIBUTfOT 

The Gosling volcanics wver extensive arens between the south- 
errst end of Imuruk Lake, the head of the K u p k  Canyon, the 
head of the R o p k  River, and the headwaters of the K~tlzitrin River 
1 1 The Lost Jim and Camille lnvn flows are probably under- 
lain by n flow of the C*osling volcnnics througl~wt much of their 
extent, for smnll tongues of Gosling volcanics appear from beneath 
the edges of the Lost J im and Camille flows in many pIaces. Other 
patches of Gosling volcanics are found on Hoodoo Hill, on the 
mthwest flank of Kettle Dome, at; Virginia Butte, and at Skeleton 
Butte. 
In most places tha Gosling volcanics range from 10 t o  50 feet in 

thickness. Thicknesses of 150 to 300 feet are probably attained 
near some of the source venh. 

mumm HABIT 

The Gmling otolcanics include several e n d o p o u s  domeg and short, 
thick steep-fronted flows of block law; several sa flows; and ex- 
tensive areas of pahmhoe flows. Most of the flows were emitted 
from widely scattered short-lived vents. Activity of single vents 
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over more extended periods is recorded, however, at Twin Calderas, 
Hoodoo Hill, Virginia Butte, and Skeleton Butte. 

The prthoel~oe flows range in thickness from 5 to 20 feet at their 
fronts but probably ~ t t n i n  considerably greater thicknesses near 
their source vents. Srnnll agglomerate mnes, commonly craterless 

* and ranging in height from 10 to 30 feet, mark some of the source 
vents; other vents lack pyroclastic deposits at tlie surfnce and can 
be identified only by the fact thnt they lie sonlewliere within broad 
summit areas on individual lava flows. 

d The Twin Calderas indent the summit of a brond lava dome at the 
site of n relnlively lung-lived vent. The dome stands 400 feet above 
Jowlnnds to the south, west, and northeast. The two collapse cal- 
deras are 1,700 find 2,500 feet in dinmeter nnrl 50 and 190 feet deep. 
Flat-floored sector grnbens extend north from the northenst cnldern. 
nr~d south from the southwest cnldern (fig. 11). The caldera walls 
lie n t  the angle of repose for coarse rubble, nnd little sol id bedrock 
can be *en. Exposures in the soutlmst caldera show, however, 
that the walls trnnsect the smooth-surfaced pahoehoe-lava flow form- 
ing the surface of the lnvn dome. New the top of t,he wJ3, the lnva 
flow is composed of flow units 0.2 to 0.5 foot thick separnted by thin 
aoiles of ngglomernte. At greater depth the wnll exposes flow units 

Ir 2 to 6 feet thick. 
FIoodm Hilt is the site of anatliw relatively longlived vent, 

though the hill owes pnrt of its present l~eight to t,he fact that it is 
.I n llorst bor~rtded by i~ormnl faults catting lava flows of the Gosling 

nnd Jmuruk vo lc~ i~ ics  (fig. 1 ) .  An aa flow and n shattered endo- 
genous d o m ~  assigned to the Gosling volcznics compose the upper 
part of Hoodoo Hill. The an flow is nt least 50 feet thick in exgo- 
sums in the fnult warp on tlm south slope. At t,he summit of th0 
bill several lrundred Inrge boulders are percl~ed in nn area about 500 
feet in diameter; the largest boulder is about 20 feet high and 
stands entirely nbove the soil surface. The bouldera consist of 
exceptionally conrse holocystnlline olivine andmite containing viai- 

P ble nngulnr intercrystal 1 voids and lacking rounded vesicles. Tbe 
boulder patch is  interpreted to be the ~wmnnnt af an endogenous 
dome t h n t  was extruded ns nlmost completely crystallized lava and 

1C was explosively dlnttered in the closing phase of volcanic activity at 
I3oodm Hill. 

Gosling volcnnics at Virginia Butte consist of wn early rca lava 
flow, a short thick flow of late block lava thnt represents Rn endo- 
genous dome that. expanded sligl~tly hyond the limits of the vent, 
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and ~ P I I I I I : I I I ~ S  of i 1 1 1  : igg lo~t~rrntc~ rnnp fir. 1 2 ) .  E:lrli nf thwe units 
~ o n t a i n s  :11)undt111! i ~ ~ c ~ l i ~ s i n r ~ s  nf  11l1ii i t~ : I I I ( I  of p~ai i t i c  rovk. Tile a : ~  

flow cstr~ids c l i n ~ o n : ~ l l ~  ~ l o \ ~ i l  r I I P  iit~rt lit~:~sr fl:)nk of :I ri~kt' of ~111:trtz 
moilzo~~itn rxlc~rlrliltg i'rot~~ j - i t p i n l : ~  1 $ 1 1 1 1 ~  tn the . I s r ~ s  Ears: g ~ n t l e  
steplike escnrpnrpnt s t h:lt 11111y in* f:l111t srnrpc: P S ~ P I I C ~  ~ h ~ t  nol'n1.21 
to the long axis of I ~ P  flow. TIIP ~ F ~ ? I ) I I I P F X ~ P  mne is in part 
pemlled on the an flow ancl appe:ars to  1w yonnrer than the flow. 
The intern31 s t n ~ c t n r ~  of tlw cone. sPrn in n nirntion niche a t  the 
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north flank of the but,t.e, consists of ltlyers of  agglomerate l ~ c e d  by 
sills and dikes, 1 to 10 feet thick, of dense nonvesicular basalt dis- 
playing well-rlevelopd columnar jointing. Virginia Butte, itself, is 
a steep-sided flnt-topped endogenous dome abont 100 feet thick of 
dense nonvesiculnr bnsnlt that, has brenchecl the low ngglomerate 
cone. The sides are mnntled in most places by rubble, but solid 

q rock can be seen in n few plnces. 

EXPLANATION 

OnwLm, u?nrruIOI. 
nnd motnl~mrrtrms 

C Frourn 12.-X4wlogIc map n? Plrglntn Butte and rlelnlty. 

Skeleton Butte is either R stubby steep-side flow or un endogenous 
dome, about. 1,W feet long nnd 50 fwt thick, consisting of dense 

t nonvesfcular basalt of the Gosling rolcnnics thnt  surmounts a gently 
sloping coniertl surfam nnderlnin by rr flow assigned to the Zmuruk 
volcanics. The summit and slopes of Skeleton Butte nre composed 
of angular blocks ranging from n few incltes to 20 feet in diameter. 
An apron of frost-moved boulders extends nbout 100 feet in a11 
directions from the base of the butte. 
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p i m d  water from these sources wouId furnish a mntinuing supply 
of moisture during the fall freezing senson nnd would lead to active 
frost riving throughout the extent of expsed lam flows. 

Periods of intense frost riving can be equated with periods of 
glaciation in nearby mountainous arens, for a shorter samrner thaw- 
ing senwin would greatly reduce ablation Tosses on mountain glaciers. 
The genera1 lack of frost brecciation nt the surface of the l i s t  Jim 
flow indicates that it is younger than the lnst rnnjor d ~ c i ~ t i o n  of 
Saward Peninsula, The limited disturbance of the Camille flow 
indicates thst it has been exposed to the climate of a glacial inter- 
val for a limited time. The thorough disn~ption of the surfaces of 
flows of the Qosling voIcanics indicates thst they have underpne 
intense h t  riving during one or more prolonged glacial inten.& 
and confirms the atratigrnphic evidence for a Sangamon and Wis- 
consin age. 

O A m  tAVA FLUW 
LITEIOLO[)Y AND BTRATIORAFHY 

The name Cmille lava flow ia proposed for a. Targe pahoehoe lava 
flow, only slightly disturbed by frost riving, that is exposed dis- 
continuously from CamiIle Cone 24 miles westward to the junction 
of Goose Creek and the Nox~paga River (pl. I). The Java flow 
is named for Camille Cone, nn agglomerate cone at the m r c e  vent. 
This is also the type locality. 

The Camille flow overlies flows of the Gosling nnd Irnuruk vol- 
canics and is overlain between Lava J ~ k e  and Cttmille Cone by the 
Lost Jim lava flow. The part of the Camille flaw that invaded 
the valleys of Andesite Creek nnd the Noxapnga River is canfined 
to a meandering channel in the sudaca of a strenm terrnce that 
stands about 4 feet above the present flood plain of the h'ox~pnga 
River; the flow evidently wis emplnced at s time when the 4-foot 
terrace formed the flood plain. Deposits of windblown silt a few 
jnche thick are found on a few flat surfnces thnt have been rela- 
tively little rived by frost. 

A lava cone a b u t  100 feet high and a mile in dinmeter has ac- 
cumulated over the source vent nt Camille Cone; elsewhere, t,he 
Camille flow is generaly less thnn 25 feet thick. 

ERulmvE EABIT 

The Cmille law flow is R relatively smooth pnlioehoe flow. Sur- 
face relief is Tow compared to the I ~ s t  Jim lavn flow (generally 
less than 5 feet nnd nowl~ere exceeding 90 feet) nnd much of the 
flaw is flat. ~ n d  fentnreless (fig. 14). Pressure ridges nnd collnpse 
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depression§ are small and scam.  Small hamitcis* are common 
nenr the source vent. 

The lava cone at the source vent is surmounted by Camille Cone, 
R welded ngglomerate cone about 65 feet high; the crater, about 60 
feet in dinmeter, is filled to the rim with loose scoria. 

WrnTftGRIRC) A m  mOB1OIP 

3 The s~lrfnce of the Cnrnille flow everywhere consists of openwork 
rubble nlld hence bears almost no vegetation except lichens; fro& 
riving has extended to depths RS great as 5 feet, but the total dis- 

* turbnnce of the surface l ~ n s  been small compared to the thorough 
rlisruption thnt frost riving has accomplished on t h ~  surfaces of 
pttboehoe Rows of the Gosling volcanics (fig. 13). 

Riving has proceeded clliefly along incipient fractures developed 
dltring the emplncement and cooling of the flow. Most of the sur- 
fnce blocks nre polyhedral, bounded by golyg.onrt1 cooling fractures 
of the initial colurnn~r jointing and ranging in rliameter from 0.5 
foot to 6 feet. The nverage size of the blocks differs considerably 
from one area of the flaw to another. 

Individual blocks at the surface are tilted slightly from their 
originn'l positions nnd wedged a few inches from adjoining blocks. 
The surfnce thus appears L'expl~ed"; it resembles R jigsaw puzzle 

t that has been disrupted by vibration so that individual pieces are 
spread apert but retain their original relative spatial relationships 
to one another (fig. 13B). The initial surface could be recon: 

w structed by simply tilting the blocks a few inches bnck t o  their origi- 
nal po~it~ions. 

On a lnrger scale, initial microrelief on the gurface of the flaw 
remains ensily recognizable, Pressure ridges, hornitos, and collapse 
depressions retnj11 their initmid forms, softened only sljg1,thtly by the 
rendjustments nrnoilg blocks result,ing from frost riving (fig. 14). 

Blocks on the surfnce of the Camille flow everywhere bear a 
lhenvy cover of cn~siost? lichens, demonstrating that disturbance by 
frost riving has ce~serl. Higher order plants a m  found only on the 
small locnl patches of windblown si l t  nrld on an nren neRr Cnmilla 

s Cane where R thin s11est of ash bl~nkefs  the wrfnce. 
The Nosnpxgn River in its rneanderi~~g coum ht~veen Andesite 

Creek and Goose Creek twice crosses the Camille flow in an open 
IF subaerial ehnnnel. Slow swwping meanders nlternnte with short 

boulderlcl~oked rapids where the river crosses or irnpinge~ upon the 

s HornItorr are mounds of  driblet or spatter bullt on the mrfnce ot a lnvn flow hy 
the gradual accarnelatfon of clots or lave ejected through an o p n l n ~  In the roof of 
an nndtrlying lava tube (Wentworth and Macdonald, 1963. p. 52). 
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r r o n ~ e  1 4 . 4 o m  arlvnn h~t f fwn  1 1 1 ~  s~irrllrr+~ of the I a r t  J i m  lnrn  flnlv (91 FI nnd thr 
Cllnltrlr l n l  n 81rv I4)rl In 11" nrrn 4'5 rnilvb e,wr 411 Lorn T~tk+.. =,hi J~III !Ion- 
( I I I I I I P P  h n l l  nf trhntorrnrh r 1- bru'hll nnal u11.1 t ' f ~ c t ~ d  hv f rw=  r lv t l~ l :  f r 1 3 l t  r ~ l l ~ l f n r n ~ ~  



C68 CO~RIBUTIONB TO GENERAL GEOMH:Y 

lava flow. The pattern suggests t h ~ t  the river has beell s ~ ~ p r i m -  
p m d  upon the lava flew from n cover of alluvium, but the strati- 
graphic and geomorpl~ic relrtrions clearly indicate thnt this is not 
true. No remnant of n former ~ l l t ~ r i ~ l  cover cnn be found ; instend, 
the flow displrtys the t~snal pahoehoe rnicmrelief modified only 
slightly by frost nction nnd not fit a11 hp stream erosion. 

Large strenrns percolnta through the Lost Jim Java flow in sev- 
eral places without ponding on the npstream side. Evidently the 
present muw of the Noxnpagn River across the Camille flow has 
dewdoped through the integrntion of such streams. The rapids have 
formed in places where the river originnlly percolnted through 
crevices and fractures in the Invrr, flow. The nbundnnce of moisture 
at thew sites probably resulted in nccalernted frost riving; the finer 
partides produced by riving were removed by wnter moving through 
the larger fractures. Rapid frost riving and elutriation of the 
resulting finer particles, continued through n period of se-reml thou- 
sand years, have produced n wlbrtarial rhnnnel wherever the Pubxa- 
paga River crosses the Camille flow. 

Except for the Noxaprtga River, the Cnrnille flow contains no 
surface streams ; drainage is entirely subsurfnce. Small streams 
emerge from the base of the Row in severnl plnces, indicnting that 
subsurfnce drainage is conrpntr~ted chiefly in minor buried valleys 
in the silt. mnnt,le on the underlying Irnun~k volc~nics. 

AOE 

The Camille lava flow is prob~tkly of Intc 1VFsconsEn age. The 
bmiated condition of the surfnce indicates that t l~e  flow has been 
exposed to  the severe climate of the last m ~ j o r  glncial interval on 
Seward Peninwlrt, but the priod of exposure w t ~ s  brief compnred 
with the long period during wl i id~  the intensely disturbed surfaces 
of pnhoehoe flows of the Gosling volcnnics mnst hnve, been ex- 
posed, The ma11 thickness of windbIown silt on the Camille flow 
n l ~ o  s u g p t s  that it wns empl~ced late in the last major glacial 
interv~l .  

lWlT JMI LAVA BLOW 

IJTAOLOOY AND 8TBbTIGMPRT 

The name Lost Jim lava flow is proposed for the yenngest lava 
flow in the lmuruk L ~ k e  nrw-a large pahoehoe lnvn flow, virtually 
undisturbed by frost riving, that extends from its sonrce a t  Lost 
Jim Cone northward to the shore of Imunrk Lake, westwnrd to the 
shore of Lava Lnlre, nnd southwestward to the Ruzi trin River ( pl. 1, 
fig. 15). The lnvn flow is named for Lost Jim Cone, nn unusurrlly 
large cinder cone at Ithe sonme vent. Lost dim Cnne is  the type 
locality. 
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LPVU take 

I'lr.r'lls l.i,-l:~l~*.ri~l vIr.%l 111' 1111, 1.114 . T ~ T I I  I r 1 r d 1  111b\v. IlnbltlnL: w # , s t ~ v ~ i n l  I ron1 Prirt r h r l w ~  
rbf t l ie  Ron-. 1-11>\1. ~~r iL ' Inn l# . r l  11 l r#,llsvrn T-rmrtt III.~II-~I Ill I , I ~ P I  .Till1 Cone (cl. drr:ir 
l ~ ~ h ~ ~ ~ ~ ~ c l  I ~ I P .  I ~ : I K I I ~  1 1 ~ 1 , ~  4vb r ~ q ~ r ~ ~ s ~ ~ f ~ l  1 ! 1 1 e  r 1 1 ~ ~ 1 . r l  10111vr p: I r ts  * h i  111,. I ~ s t  .Ilni t ! q b i % - .  

!1rb1 ;lr*:uF ~ i - i l l ~ l l ~  rl14. ~li!*hn.ll 11 1111 I I I  I L.I.III.I.YI.II I ~III. CIIII+O(~I#.T >-~IIII~EI+F luili-is. P,,L:r..ih 
i I n I t  n 1 1 I T I I I I I I :  i t  I I .  Ohliulrtr. 
:i~*ri:11 l ~ h ~ x t < ~ c r : ~ ~ ~ t ~  ~ : I ~ I - I I  Ovvgb<~,r 2, l ! b I l i ~  !I> r1.S. i1r111.v ,\!r f-chrw. S * n l ~ >  I G  rrjr l'~~i-i*- 
p r r n i ~ ~ r l  #,nls. 

TIIP Lost d i l l )  I:~v:t i l n ~ v  rrstq iallon nll nf tlir nlrlrr rnlcnnic for- 
r t in t io !~~,  with t l lc ~)ossil~lc r s r ~ p l  inlr of  t llr l i ~ i ~ r t ~ l ;  t-nlrnnics. Fla t  
arms on tlw n ' p ~ t r i + ~ ~  1):i1'1 ni' I J I P  1101~ h ~ ~ r  :I ~ C i ~ r n i ~ t i i ~ i ~ ~ ~ l s  wnPer 
of n ' i ~ i c t l ~ l n ~ ~ i ~  s i l l  nn inch11 or tn-0 tl~ic-k. 

T I l P T n l R I T l O Y  

'rhc T1114t .rim lion- extenrlq :I n~:izirnur~l of 3 1.5 rn i l ~ s  mestmnrd 
from tlw * ~ I I F - C C  rntw all11 rorpr:: 311 :\rP:\ nf  n1)r~tit R R  sqit:kr~ mil~ri. 
Xfost n l  t 3 1 r  flntr- lies i ~ i  R l ~ r n n ( F  h ~ l t  t)~tn.ctvt J,ost ,Tin1 Vnnp nnd 
I~nv:t l s l l r~ .  Sfirrow t o n p w  nf lnr-:I hnre in\-nrl~d t h ~  vnl l~ps  of 
.intlrsit P ( ' I - P P ~  :111rl minot. trihnt nr ies nf the Kt~zitriri l?ivrr. An- 
n t l i ~ r  t o n p ~ r  rstencl~ nnrthn-nrrl from tlw sollrre rnnr dnw~l n slinl- 
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low valley to Imuruk Lake, where n large lava deltn has k e n  built 
a t  the muth shm.  Mvcl~ of the western part of the flow wns fed 
tlwough a great lava tube of complex history, which extends at lenst 
12 miles west from k t  Jim Cone (k. 15). 

The flow vnries greatly in thickness. The nttrrow tongue tlmt 
extends 1.7 miles down the valley of Andesite Creek near Iavm 
L.ah is nowhere tbicker thnn 10 feet;  lava tongues confined in 
other mnstricted vnlleys nrs generally 20 to 30 feet tl~ick. The l~vrr 
delta on the south ghom of Trnunlk Lnke contnins at least 50 feet 
of lam. The topopnpl~y of ~ A A  main body of the flow mggesfs 
that thicknesses ns grei~t, iaas 100 feet are common and that the flow 
is about 150 feet thick uear Lost Jjm Cone. The average thickness 
of the flow probably exceds 50 feet, and the flow thus contains be- 
tween 0.8 and 1.0 cubic mils of lava. 

ERUPTIVE HkRrP 

The Lost Jim lnvn flow is a typicnl pnhoehm l ~ v n  flow, similar 
in many respects to the McC~rtys flow of New Mexico (Nichols, 
1046) nnd to ff ows of Recent nge in IInwaii (Wentworth and Mac- 
donald, 1058).  The mnjor surfnce relief of the older part of the 
Lost Jim flow consists of pressure ridges and flnt-topped lava plat- 
forms intermingled with collapse sinks and bronrl l ~ u m m o c k ~  de- 
pressio~~s (RE. 14). ZocnI relief on the flow rnnp;es from 10 to 60 
feet. 

Strnctores of the Lost +Jim flow nt Lost, J i m  Cone nnrl elsewhere 
indicnte thnt the eruption of the flow can be subdivided into early 
and late intense phn~ies, possibly xpamted by n period of ~1ntit .e  
quiescei~ce (Hopkins, 1966). The older nnd yotznper pnrts of the 
flow differ in the chnracter of their surface relief nnd can be diatin- 
guished readily in mnny places where they are in contact (fig. 15). 

Lost Jim Cone, n cinder cone of exoeptianal size nnd form for the 
Imunlk Lake nren is bnil t over the source vent of the Imt Jim flow 
(fig. 15). The cone, nbout 100 feet high, is indented hy n well- 
formed crater, 100 feet in dinrneter and 40 feet deep, conthining t t  

small 11th. A cntterless itdventive (subsidiary) cone, 60 feet high, 
at  the west base of Lost dim Cone probnbly mnrks the principal 
source of lnva that pnssed westwnrd bhrougb the great lava t~~h. 
Roth cones are composed of loose angular scoria, 4/2 inch to 2 
inches in dinmeter. No bombs with fluidal textures or forms are 
present. Severnl bcirnitos, 10 to 20 feet high, stand nt  the barn of 
the cone, 

Flnt surfaces within 500 feet of Lost Jim Cone b a r  a cover of 
pumiceous nsh a few inches thick. The ash thins rnpidly fnrther 



GEOLOGY, WRUK ME AREA, ALABKA C71 

away, nncl no conspicuous accumulations are found more distant 
than half n mile from the source cone. 

Large awns of pnvementlike surfaces of filamented pahoehoe 
and snlltlle~ nWRS of festooned pahoehoe, slab pahoehoe, and smooth- 

f 
surfaced na cover most of the Lost Jim flow; surfaces of these types 
are covered with lichens and nm undisturbed by frost action. How- 
ever, the surface of the flow hns been, tlioroughfy broken up by 
frost riving, nnd t,he lichen cover is incomplete or absent in de- 

P pressions where water st nnds intermittent] y or continually and in 
some marginal areas where a thin sheet of lava r&s on water- 
logged silt mantling the Zrnuruk volcanies. 

The Lost Jim flow contains no surface strerrms ~ n d  almost no 
surface water. Throughout much of the flow, the wnter table lies 
20 feet or more beneath the surface. Small clear dreams flowing 
across "islands" of Imuruk rrolcnnics within the Lost Jim flow and 
similar streams helending in arens of Yrnuruk volcnnics nnd disappear- 
ing beneath the margins of the Lost Jim flow suggest, agnin, that 
~rbsurfnce drninnge is concentrated chiefly in buried V R ~ ~ ~ Y S  in the 
silt mantle on the Imaruk volc~nics. Minor tributnries of the Kuzi- 
trin River, whose valle_vs have been invaded by tonmes of the Lost 

1 
" Jim flow, mennder "through?' the lnvn in severnl plnces, Smnll 

lakes a're dnrnmed nt. the npstrearn margins of the lavn tongue in tt 
few plnces, but more commonly the strenms percolnte through the 
f l  om without ponding. 

AQE 

The lnck of distnrhnce by frost riving, except in wet areas, in- 
dicates tllnt. the Fost dim lava flow was extruded after the l ~ s t  
mnjor glncinl intern1 on Seward Peninsula. No eruptions have 
been rerarded en Sewnrd Peninsuln since the arrival of Enropeans 
in the 18th century nor h ~ v e  the Eskimos of bring and Cape 
Espenberg, on tire const of Kotzebue Sound, any knowledge or 
legend colleenling R volcanic eruption (John Cross, pilot, Deering, 

* Alnskn, ocnl communicntion, 1948). The Lost Jim lava Row is at 
lenst severnl ll~~ndrcd nnd possibly severnl thonand pears old. 

BBOWX-ABR ZAPIIB 

+ A thin lnyer of brown or pink volcanic nsh (not shown on pl. 1) 
is  expoxd nenr the top of the older af the two p u p s  of interme- 
diate terrnces nt  Imumk L ~ k e ,  in terrnces adjoining Smdy Lake 

10Ths namea a& for atirface teZtures of lava are those propoM by Wentaortb and 
MacBoaald I1088). 
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and the cluster of small lttkes in the valley of Andesjte Creek 1 mile 
west of Lava Lake, and in the walls of thaw gullies cut in stratified 
peat and silt; in an a m  bounded by Imuruk Lake, the Last Jim 
lava flow, Andeite Creek, and the Noxap~gn River. It ia lacking 
in the younger intermediate terraces at Imuruk Luke and in law 
terraces at Lava Lake. The ash layer ranges f ram % inch to 3 inches 
in thickem; it is generally overlain by $$ foot to 3 feet of pent 
that has accumuIated in place on the surface of the ash. 

The brown or pink ash represents the only widesprend sheet of 
pyraclastic materid recognized in the h u r u k  I ~ k e  area. It dif- 
fers in grain size and color from the mcmrse pumice found near 
some recognized hsaltic vents. 

The brown or pink ash is similar in p a i n  size but is less well 
sorted than windblown silt. The silt-sized fmction consists of abun- 
dant grains of brown glass, hypemthene, magnetite and other opaque 
minerals, less abundant grains of plngiwlnse nnd diopside, ~ n d  a 
few p i n s  of brown amphibole and olivine." The snntl-sized fme- 
tion consi~ts chiefly of mica and cylinders of limonite-cemented silt 
(probably msts of d g e  roots) but i n c l u d ~  a few grnins of plrtgio- 
clase and quartz. 

The location of the vent from which the ns11 wns erupted remains 
unknown. T h e  presence of the nsh lnyer in the older gmnp of the 
intermediate terraces at Irnumk Lake n~ld  its absence in the younger 
group suggest that the eruption took plnce nt some time during the 
TVisconsin interval znd thus that it is contemporsneous with 
either the Gosling volcnnics or the Camille l a v ~  flow. 

m L W P  ~~~ 
Thirty-two thin sections of volcanic rocks fmm the Irnuruk Lake 

men. were elrnmined by the late doan P. Hoplrins and me. T11ese 
included 16 sections of divine ancIesite nnd bnsnlt, 2 of l~ypemthene 
andesite, 2 of pilotaxitic andesite, and 12 of inclusion-benring basalt 
and andesite. The modal composition was estimated visually; no 
Rosiwal analyses were nttempted. The cornpition of feldspars was 
determined mainly by measuring maximum extinction angles on al- 
bite twinning; composition of feldspnr and olivine! p i n s  from a 
few specimens were determined by using index liquids. The nver- 
age composition of the mods1 feldspar is nsed to distinguish be- 
tween hsalt and andesita in the-discussion that follows. Rocks in 
which the dominant feldspar is labradorite nre termed "hmEtn; 
those in which trndesine predominates are termed t'nndesite." 

u MlneraIs In the dlt tramon were determtned by mrothr Carroll. U.S. Qeologlcat 
ellrvey. 



Most of the volcanic rocks of the Imuruk Lake . a m  have corn- 
p i t i ons  near the boundary between basalt and andesite. Andesite 
predominates, but basalt is common. There are minor diflerences 
in composition and rnjnera1og.g between different lava flows in each 
volcanic formation, but the lava flows show no systematic variation 
in cornpsition with age. 

1 Most flows are free of inclusions, but the olivine that is abundant 
in a few seemingly inclusion-free flows m q  be derived largely from 
disintegrated dunite inclusions. Sever a~l flows, endogenous domes, 

* . and possible intrusives, distributed 'in a northwest-trending belt 
extending from Blueberry Dome to the ridge between Trail Creek 
and Divide Crselr (pl. I), contain abundant angular inclusions of 
dunite, magnetite, granitic rock, and schist. Aside from an excep- 
tionully high olivine and opacite content in the inclusion-rich flows, 
there appears to be no correlation htween +,he composition of the 
host rock and the presence or absence of inclusions. 

The kxtures of the flow rocks generally are intergranular, but 
intersertal and hyalo-ophitic textures are common. Pilotttxitic tex- 
tures were observed in a few flows. Many flows are holocrystalline; 
glass is only a minor constituent in most others, rarely comprising 

, more than 8 percent of the volume rif the rock. The k t  Jim lava 
t flow is exceptionally rich in glass, containing as much as 30 per- 

cent at the surface and 20 percent at a depth of 25 feet, 

0-E A%D= A I D  BASALT 
r 

Olivine andesite and basalt are the predominant rock types among 
the late Cenozoic volcnnic rmks of the Irnunlk I ~ k e  nren. They 
can probably bo assumed to represent the primitive lnagrrla from 
which the lass common volcanic rmk typs  evolved Ily differentia- 
tion or contaminntion. Tnble 2 presents the chemicaI ali~lysis and 
1;he normative minerals of a specimen of olivine basalt collected on 
the east wall of the Znrnachuk River Valley just north of the 
mapped area of plate 1. 

Modal plagioclase constitutes 40 to 60 percent of the total volume 
0 of t,he olivine nndesite nlld bnsnlt. Most of the feldspar occurs as 

microscopic grains, hut sparse plngioclnse phenocrysta are common. 
Anorthite content ranges from 28 to 84 percent and generally aver- * 
ages a b o ~ ~ t  45 percent. The lnrgest crystals rencll lengths o f  5 mm, 
are euhedml, and locally enclose grnins of all the other minerals in 
the rock. Large crystals commonly slmw faint normal zoning; in 
n fe-rr flows the larger grains show oscillatory zoning. 
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TABLE 2.-Cbmiml a d y &  and w m t i w  minerals of a* o~in i i e  haw26 flow 

[SpacImsn B Abp W oolleoted from I muruk volwnie~ w wt wall of IUmWbak River Valls , 1 mile 
tlolRnssream WlZI C&¶Sdeaass Gold CO. d11aly~t, W. J.  Bl*, Jr., U.8. QQd. ~ m T 8 J f  

Olivine constitutes 5 to 15 percent of the olivine andesite and 
basalt flows. Phenocrysts are nearly everywhere present, making up 
3 to 5 percent of the rock. The larger grains reach lengths of about 
1 mm. They are well-formed, generally sharp edged euhedral grains 
showing no suggestion of resorption. Small grains are anhedrrrl 
but RISO shnrp edpd. Lnrge olivine grains comrnoilly enclose 
smaller grnirls of iugite, plagioclxse, or glass. In one thin section, 
the larger olivine grains are in clots of 3 to 5 crystals, IocxIly asso- 
ciated with aaugite. More commonly, the ol i~ine grains nre dis- 
persed evenly throughout the rock. Refractive indices of olivine 
grains from two Rows indicate a forsterite content of '15 percent. 

Clinopyroxeile constitutes 10 to 25 percent of the olivine ande- 
site and basalt. The clbopysoxene generally occurs ns irregular 
interstitial grains too small to identify precisely, but a few flows 
contain sparsly distributed euhedml grains of augite up to 0.3 m m  
I ang. 

Opacite-probably mngmtite or ilmenite-makes up about 5 per- 
cent of the olivine andesite and bamlt flows. It forms instertitinl 
blebs, rods, and skeletal crystals generally less than 0.5 mm but 
locally up to 1 mm long. 

Needles of apatite 0.1 to 0.5 rnm long are poikilitically enclosed 
in feldspar grains in a specimen from the endogenous dome at the 
summit of Hoodoo Hill. 

Iddingsite replaces part of the olivine in nearly every specimen 
examined. The iddingsite mculls along cleavage planes and at the 
margins of large grains and completely replaces soma small grains. 
A greenish alteration mineral-probably cchrysotilmecurs dong 
cleavage planes in olivine and feldspar in R few flows. 

Chemical analysis ( p e m t )  

BiOr a11 
ALOI .----.---.--.---- I+ o7 
FeOa ..---.--...--.__. 1.87 

FeO --..--..--..--.--- g.61 
MgO --.-.----. + -.---. '1.95 
COO 8.58 
NajO -..---..--.------ B DD 
Kg0 _._.---.--_.--_.-- 1.12 
BqD- _._..--.-.--.--- .a9 
tI?O+ ..--_._--..--.._ .M 

TiOk .-...--..--..---- 1.97 
cos ---..---.--- .----- 1.59 
RO& ----.--..---..-.. . O 
MnO -.---._--.---.--- . Ia - 

Total ..---.-_-.--. 100.07 

Normative m h a d a  (p-t) 

mb 
8docl- ...---.------ 6.67 
Alhite ....-..---..,----- 2%. 15 
Anorthlts --..L-_--. .._. 21.68 
Diopside ..--...------.- 5. B7 
Ttyw~:rsthene 23.67 
Olititlc ....-_-._--+2--~- 4.32 
Mmctjb .-...--..--.- % 78 
flmcnik _-..--_._-_.__. $80 
Aputltc ...,..---.,--- 1- .67 
Calcite ..--..__..__----- 8.60 - 

Total -------------. w.21 

Com&tfon of normative dwmk 

bhh 
(CaO)* IMgO)& (Fe0)n {SiOl) IM 
EIyasEnal 
F o s F a ~  
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I~cally,  vesicles are lined by glass. More commonly, they are 
pnrtly lined by zones of exceptionally finely crystalline material. 
Vesicles in one of the older flowa comprising Hoodoo Hill are ad- 
joined by narrow zones of olipclase (AbsSAn16), ncmite(?), and 
fluoiite( 1 ) .  The presumed acmite consists of ydlowish, nonpleo- 
cbroic, bladed grains having extinction angles of lo to 3'. 

Y Natrolite fills vesides in basalt exposed about 1.6 miles east of 
Rhododendron Cone. 

The Lost Jim flow is described separately, becrause it was possible 
to collect and compare a specimen of lava that had solidified at a * depth of 25 feet near the center of the flow, with a specimen that 
had solidified within a few inch= of the surface. The Lost Jim 
flow is composed throughout its extent of bt\mlt containing small 
sparsely distributed olivine phenocrysts. 

Tbe surfnee lnva is hyalo-ophitic, consisting of crystals of plagio- 
clase, olivine, and clinopyroxene embedded in a continuous mntrix 
of glass. Rounded vesicles are abundant. Some vesicles nre lined 
with smooth glass, whereas &hem have microscopically rough inte- 
rior surfaces consisting of projecting crystal f ~ c e s  of olivine and 
pyroxene. 

Plagioclase in the surfam lava consists of prismatic grains mng- 
ing from 0.1 to 0.5 mrn and averaging 0.2 rnm in length. The gains  

-f consist of 1 to 5 twins; a few of the larger p i n s  contain inclu- 
sions of glass. The average anorthite content is 54 percent. 

Olivine forms both phenocrysts rtnd a groundmass mineral. The * phenocrysts make up about 3 percent of the rock. They are euhe- 
dral nild sllnrp edged and range from I to 1.5 mrn in length. They 
contain scattered inclusions of glass. The olivine in the groundmass 
is less well farmed; mme p i n s  are euhedral, but about half are 
irreplnr shreds. The ~ o m d m a s s  olivine ranges from 0.04 to 0.08 
mm in length. 

Clinopyroxeile is present in small quantities as minute shreds and 
lntlm that, cannot be identified more prmisely. 

Glxm makes up about 30 prcent of the volume of the surface 

* rock. It is Mack and opaque, presumably owing tn dissolved or 
suspended iron oxide. Pu'o free opacite crystals were seen in the 
surface lava. 

Lava from 25 feet beneath the surface diff em in several respects 
*? from the surface lava. Rounded vesicIes are rare, but there are 

scattered intefcrystaI voids as much as 2 mm in length. The tex- 
ture is intewrtal: the glass content is redaced to 20 percent and 
consists of shards 0.1 to 0.3 mm long (possibly maments in cross 
section) dispersed among mineral grains of the groundmass. Visual 
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inspection suggests that the rednction in gl~ss content is compen- 
sated by  bout equal increases in the plngimlnse, olivine, and pyrox- 
ene content and by the nppearance of opaque erystallites. 
PIagiocImse in the deeper lava cowists of shnrp-edged, euhedrill 

crystnls cornpmed of 4 to 10 twins. Tlle p i n s  range from 0.05 to 
0.6 mm and average 0.4 m m  in length. Some of the largest grnins 
show inconspicuous normal mning, and one crystal shows oscillntory 
zoning. The average nnorthite content seems to be slightly lower 
than in the surface lava. 

The olivine phenmrysts do not differ in size and nbuildance from 
tho% in the surfnce lnva; however, many of the phenocrysts ikre 
embayed and rounded. No reaction rims were noted. Qrol~ndmnss 
olivine crystals range from 0.1 to 0.3 mrn in length. Tiny grains of 
red-brown to w n - b r o w n  iddingsite are included in aome.olivine 
crystals. 

Clinopyroxene, probably ~ugite ,  is considernbly larger nnd more 
abundant in ths deeper lnva than in the surfncc lnva. It occurs in 
irregulnr sllreds and lnths 0.1 to 0.2 mm long, some of them con- 
spicuously bent nnd wnrped. A few grains sllow l~o~lrglnss zoning. 

Acicular opacite (mngnetite?) crystallites 0.3 mrn long nre scat- 
tered through the gl~ss, nnd n few octnhedrn were noted in olivine 
grains. The  lass is less opaqne tl~nn the glnss in the strrface lava, 
and it is notable thnt oprtcite cr;vstnllitm nre surrounded by R lenched 
zone of clear ~ I R S S .  

The differences htn-een deep and surfnee l n m s  in the Lost dim 
flow lndicnte tllnt olivine phenocry*s rtystnllixed at considemble 
depth before the flow nns extruded nnd thnt they were out of equi- 
librium with the mclosing Fiquicl nfter ext nwion, despite the fact that 
small olivine grains (possibly of sligl~bly different composition) con- 
timed to precipitnte. Ifire feldspnt grnins, on t h ~  other hand, 
seem to have bgun to erystnllize just. before extrusion and to hnvc 
remained in equilibrium wit11 the enelosinE liquid nfter extrusion; 
older crystals continued to grow nnd new crystnls formed in the 
slowly cooling l n v ~ .  h'mrly all the pyroxene wns precipitated after 
extrusion. Pmcipitntion of opaci te nnd pnrt i ~ l  ~ l ternt  ion of olivine 
to iddingsite took place entirely nfter extrusion, in slowly cooling 
lava, for h t h  npacite and iddingsite nrt! nbwnt in the quendied 
surface lava. 

BPPmTEEAI AWDBBITE 

Two hand specimens of hyperstheme nndesite were collected about 
rr mile apart in an nrea of Irnunlk vnlcnnics east of 'Emurnk Lake 
(pl. 1 ) .  One specimen was collected along the Fairhaven Ditch ap- 
proximately 1 mile east, of Imuruk Lake, the other on the opposite 



side of the valley of the Kugruk River about a mile to  the south. 
The specimens am closeIy similar and may represent a single flow. 
The two specimens are exceptionally rich in me@acapic crystals, 
mntaining, respxtively, 30 and 40 percent phenocrgsts. 

Plagioclase constitnta a b u t  65 percent of the total m k  by vol- 
m e ;  phenacysts, as much as 3 mm long, constitute abouk 15 pemnt 

Y of the rock. Most of the feldspar is sodic andesine. 
Olivine mrrkw up about 10 percent. of the rock. It occurs chiefly 

as phenocrysts; however, small grains also are present in the p m d -  
t mass. The crystals are round and embayed; most are surrounded 

by a reaction rim of sngite. The forsterite ccrntent of the olivine is 
about 75 percent. 

Hypersthens phenocryds, 0.7 to 3.0 rnm long, make up about 5 
percent of the rmk. No hypedhene is found in the grwndmase. 
The large grains are subhedm1 laths, commonly surrounded by 
sharply dehed  reaction rims of nugite. One large lath contains 
many small optimlly oriented p i n s  of nugite nnd is enclosed by n 
seaction rim of similarly oriented augite p ~ i n s ,  

Augita constitutes about 15 percent of the rock:. It is chiefly in 
the groundmasg and in reaction rims, but also forms phenocrysts 
as much as 1 mm long. 

1 Opaeite p i n s  make up about 5 percent of each specimen. Glass 
makes up nbout 10 percent of one specimen. 

The exceptionslly large content of megxmpic grains indicates 
3 that the hypersthem andesite had rmched n ronsideraLly more ad- 

vanced stam of crgsttrllizntion prior to extrusion than had the 
olivine andesits and basalt. Because crystallization proceeded far 
enough for the boundary Ixtween the olivine and hypersthene dieIda 
to be passed, the precipitntion of hypersthene and psrt,ial resorption 
of older olivine resulted. As cryststllimtion proceeded still farther, 
the residual liquid reacted with the hypersthene and partially re- 
placed i t  with oriented masses of augjte. Maodonsld (1949, p. 66) 
suggests that similar mixtures of rtugite and hyprsthene in a 
IXswniian basalt resulted from unmixing of initial p ipn i t e  grains. 

+ Macdonald's explanation pmbmbly cannot be applied to the hyper- 
sthene basalt of the Imuruk Lake a m ,  however, for the pyroxena 
phenocrysts here =em to hare formed hfom extrusion, at. a depth 

1* where t,he pmipitrrtion of p i p n i t e  would be extremely unlikely. 
PaOTAmmC A m -  

The h o b  of R@ volcanics f o m  ing the summit of Kettle Dome 
(pi. 1) consists of n n d ~ i t e  having R pronounced pifobxitic struc- 
ture. The incl~sion-bearing upper flow of the R u p k  volcanics 
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exposed in the canyon of the K n p k  River is rninemlogically and 
texturally similar. 

Plngim?ase mcurs ms genernlly untwinned ragged grains too 
small to permit determinntjon of their nnorthite content. Olivine 
occurs as tiny, spnmly distributed phenocrysts and in the ground- 
mass. Mast olivine p i n s  nre embnyed and p~rtly resorbed. Clino- 
pyroxene is represented by smnll microlites and irregular shreds. 
The opscite (magnetite?) occurs ns smdl octnhedra. The Kettle 

.Dome exposure also contnias scattered spherulitic masses of chryso- 
tile ( 7) ; rn& or all of which represent devitrified glass. 

nrCLVQOI-BEAR?HQ R O O D  

Volmnic: rocks rich in inclusio~~s nro found ~t several localities in 
a northwest-trending belt extending from Rlueberry Dome to the 
northern tributaries of Cottonwood Creek (PI. 1). Most of the 
inclusion-rich rocks, including tho= expowred at the summit of 
Blueberry Dome, the head of the JCugruk Ricer canyon, the northeast 
shore of Zmuruk Lake, the head of the cnnyon of Cottonwood Creek, 
and the r i d e  hetween Tmil Creek nnd Divide Creek, are assigned 
to the K u p k  volcanica. The inclusion-benring volcnnic complex 
at Virginia Butte, however, is nss iped  to the Gosling volcanics 
bemuse the rocks are not wentheml, dissection is slight, initid 
minor topography is fairly well presen-ed, nnd little or no wind- 
blown silt mantles the surface. 
The host rwks include severnl flows, n shallow-wtlted intrusive 

at the northeast shore of Imuruk h k e .  voIcanic necks ~ n d  enclosing 
breccins in Cottonwd Creek cnnyon, nnd cone amlomerate a t  Vir- 
ginia Butte. The rmks are intemrtal b ~ m l t  and pilotaxitie ande- 
site. 

wmm74 

The pundmass of the intersertal.hm1t consists of micmlitss 
of pl~gimla.se and small irregular p i n s  of olivine and opacite. 
Gmund mass opacite is exmptionnlly sbnndant, eornmonPy making 
up 10 to 15 p m n t  of the totrl volume of the m k .  Small p i n s  of 
pyroxene are present in s few specimens. 

Phenmrysts of plagidase, olivine, nnd angite make up 25 to 60 
percent. of the inclusion-baring mh. T ~ B  plagioclnse phenocysts 
are large enhdral grains rarely showing strong zoning; the anorthite 
content ranges from 50 to 65 percent. Olivine phenocryats R T ~  

pnemlly rounded and spproximrately equidimensional; euhedral 
p i n s  are rare. A few thin sections contain angular, broken olivine 
gmins. Refractive indices indicate en average foderite content 
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of a b t  84 percent. Prehita and natrorilte were identified in lthe 
vesicles of inclusion-bearing h m l t  at Virginia, Butte. 
The pilotaxitic nndmite is fine pined.  The groundmass consists 

of plapioclnse, olivine, and mapetite( ? ) . Phenocysts of olivine 
constitute nbout 10 percent of the mk. The feldspars r w  in 
nnorthjte content from 45 to 52 percent. 

a Inclusions of several types occur together in nll the inc1usion- 
bearing volc~nics. The most conspicuous and abundant inclusions 
rrre cornpod of dunite. Fqments of granitic rock also are pm-  

+ snt in nearly all inclusion-bmring rocks. In addition, large mas- 
of lustrous opncite (chrome spinel?) and large single crystals of 
oligoctass nnd orthwlose are found in the Rugruk River canyon 
and nt tha northenst shore of Imuruk T h e .  Inclusions of vein 
quartz and schist are abundant in the volcanic necks in the canyon 
of Cottor~wmd Creek, Abundant groundmass carbonnte in the cen- 
tral endogenous dome at Virginia Rutte is probably derived from 
reworked marble inclusions. 

The: dunite inclusions are nngular or rounded mas- of olivine 
RS much as 3 inches ncross. The masses commonly are roughly 
rectnngular or parallelpiped in outline, but some are discoidal. 
T h e  texture is sugary and the mlor is dark green on fresh surfaces 

v nnd red or light yellow-pen en weathered surfaces. The larger 
inclusions are surrounded by rims, about 1/16-inch wide, of dnrk- 
brown material thrrt forms shallow p v e s  encircling the incfusiona, 

m because the rnaterinl weathers more mpidly than the adjoining rocks. 
In thin wetion, most, of the dunite inclusions are seen to be com- 

p o d  entirely of nngulnr anhedm1 divine grains, ranging in for- 
sterite content from 78 to 84 percent. Most inclusions are sur- 
rounded by reactim rims of magnetite(?). 

A few incltrsions consist of large pains of fomhrite-rich olivine, 
chrome spinel:' and o r t l r o ~ o x e ~ ~ e  partly altered to clinopyroxene. 
A n  inclusion from'virginirr Butte is surrounded by a thin d o n  
rim of serpentine containing small mattered grnina of green garnet. 

The rounded, reworked, and loudly broken appearance of olivine 
* phenmqsts in the host. rocks suggests thah mnny are foreign-- 

derived from thoroughly disintegrated inclusinns. 
Anhedm1 p i n s  of opacite (chrome spinel?), rss large ns an inch 

m across and chumcterized by conchoidal fmcture and s high vitreous 
luster, a h  nbundant in rocks at the Ilead of the Kugruk River c m -  
yan and on the northeast shore of Imuruk Lake. An opacite octa- 

Identiffed bp C. 13. Rosa PWtct, and Ypm, 1S84. p. 701). 
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hedron a quarter of an inch across was seen in one thin section. The 
excaptionally high opacite content in the groundmass of most of the 
inclusion-bearing flows mny msuIt, in part, from the disintegration 
of opacite inclusions. 
Irregular angular inclusions of granitic rock, pnerally bss than 

half an inch across, are nlso abundant in nearly dl the inclusion- 
bearing rocks. The lexslt nltered granitic inclusions consist of plagio- 
clam impregnated with small ~ l ~ r e d s  of biotite. A thoroughly altered 
inclusion from K u p k  River amyon is rectangular in outline and 
nearly ns fine grained as the enclosing nndesita; it consists of un- 
twinned equidimensional oligwlam grains and biotite and opacite 
grains showing a marked parallel orientation. The inclusion is criss- 
crossed wit,h veinlets of orange-brown iddingsite. Grains of oIigo- 
clase, as much rts an inch across, are present in the inclusion-hring 
volcaniw on the northeast shore of Imuruk Lake and in Kugrulc 
River canyon, and small grains of oligoclase am conspicuous corn- 
ponents of other inclusion-rich lavas. Most, of the oI ip lam grains 
are angular and broken, but a few p a i n s  are euhedral. A large 
grain of orthoclase was recognized in one specimen from t h e  Ku& 
River canyon. 
Inclusions of schist and of vein qr~xrtz were seen only in specimens 

from the head of Cottonwood Creek and were not studied petro- 
graphically. 

Disseminated carbonate grains mnke up nearly 5 percent of some 
specimens collected well above the leveI of nearby marble outcrops in 
the endogenons dome n t  Virginia Butte. Their topographic posi- 
tion seems to eliminate the possibility that the carbonate was intro- 
duced by ground water. Aside from locsI zeolites in some vesicles, 
there is little evidence of hydrothermal or deuteric activity as a 
possible source of carbonate,. The carbonate is probably derived 
from marble inclusions. 

ORKGrn 

The lava flows containing granitic inclusions  re found in areas 
that are probably underlain by the Kwitrin Lake batholith, and thd 
volcanic m k s  containing inclusions of schist and vein quartz are 
found in an area underlain by schist. It is reasonable to assume 
that the granite, schist, and qurtrte inclusions are fragments torn 
from the walls of the pmsages t11roug.h which the inclusion-bearing 
lava moved to the surface. I 

Four hypotheses may be considered for the origin of the ultra- 
mafic inchsions : 
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1. Like the p n i t e  and xhist inclusions, they may represent fmg- 
ments of tlie rock that lined the pnssages through which the 
volc~nics reached the surfam. 

2. They may represent unmelted fragments of a primitive perido- 
tite substrntnrn, in accordance with the theory of R m ,  Foster, 

t 
and Myers (1954). 

3. They may 31a1re originated ns segregations of  emly-crystallizing 
heavy mineml3 in suherixl lava Aows. 

4. They mny l~nre originated as segregations of earlytrystallieing 
P heavy minerals in lava temporarily impounded in a shallow- 

m~ted m a p s  chamber before reaching the surface. 
T ~ B  constant association of local rocks-pnite, schist, and vein 

quart=with the ultmmaf?c inclusions seems to favor the first 
hypothesis. KO large M i e s  of ultmmwfic rocks, however, were 
found by me in the Imusuk h k e  a m ,  and none have h reported 
in nearby parts of Sewsrd Peninsula. 

Small bodies of altered pyroxenite and pbbm ore common in 
southwestern Seward Peninsula between Nome and Teller (Collier 
and others, 1908, p. 99-100 and pl. 10; Mofit, 1913, p. 32-33) but 
there is little obvious similarity between t h m  rocks and the dunike - 
and opacite inclusions of the lmuruk Lrtke awn. The least altered 

7 pyroxenite consists chiefly of augite nnd plngioclase rtnd contains no 
olivine, w h e m  the intrusions contain little tlugite, no plagioclase, 
and much olivine. No opacite massas compamMe in size with the 

a opacite inclusions in the Imuruk h k e  aren ware seen by me in the 
pyroxenite between Nome and Teller. It is unlikely, therefore, 
]that the dunite and opacite inclusions are derived from sh~llow- 
mated ultramafic bodies of pne-Qunternary np. 

The hypothesis that the uliramnfic jnclusions rre derived from 
the pridatite suhtmtm of the earth% crust ns suggested by Rms, 
Foster, and Myek (1954) seems untenable far the dunite and opa- 
cite inclusions in the Xmuruk Lfike aren. If one assumes that in- 
clusions having m initial angular form could be derived in this 
manner, it seems likely thnt the shnrp edges would be destroyed by 

e rasorpt.ion during the long journey to the surface. Moreover, if the 
olivine masses are to be reprded ns primary fenturn of the en- 
closing magma, originating at  the t.ime and place that the magma 

+ itself originated, it is strange that ultramafic inclusions rrre found 
in only a few of the many flows in the Imuruk Lake area. Finally, 
the Ross-Foster-Myers hypothesis doas not explain the constant asso- 
ciation of jnclusions of local crustal mlrs with the ultramafie inelu- 
sions. 



The possibility thnt the olivine clots and opncite masses represent 
products of crystal: settling within subnerinl IRVR flow5 is eliminated 
hy the followjng evidence : The angulnr form of many inclusions, 
11-hich sag-nerits n frn,mentnl origin ; the even distribntion of the in- 
clusions throughout the full ttlirknesa of flows in which the olivine 
clots nnd opncite masses occur; nnd the presence of inclusions in 
n~glornernte and in a steep-sided thick endogenous dome at Vir- 
ginin Hrrtte, \\-hose ~iscosity during extrusion must have been f n r  
too p n t  permit sue11 settling. 

If the inclusion-benring flows mere nssumed to hwe been detained 
in n shallow-seated maEnra cl~nmber before final extnlsion, the inc111- 
 ions mllld be considered to repres~nt fmpnents of n layer of early- 
crystnllizing henvy rninernls segregated by settling. When the 
magma mas expelled from the chnrnhr d~rring extrusion, it might 
the11 have disrupted this segregnted laper. The minerals of the 
segreeted Inyer presumnhly \vt'oulcl be out of equilibrium nith the 
remaining liquid nnd t h t ~ s  ~\*ould be partly dissol r e d  or mclosed by 
reaction rims. Flows tlant lnck inclusions coulcl he nssumed to hnre 
tm\*eled directly from the bnsnltic sttbstraturn to the srtrfnce without 

. detention en route in n m a m n  chamber. 
These nssumptions would ~ x p l ~ i n  the follon*ing peculiur petro- 

graphic features nnd ,m field relntions of volcnnic rocks in the 
belt from Rlwberry Dome to upper Trnil Creek nnd the contrasting 
features of the volcnnir mvks outside of this helt : 
1. The volcnnic rocks in the inclnsion-hnring belt vary widely 

in composition (from rn~fic bnsnlt ro hypersthene andesite) nncl 
thus seem t,o be more highly diff~rentinted than the olivine 
bnsalt nnd olivine nndesite lnvns found beyond the inclusion- 
baring belt. 

2. Olivine phenocrysts in the votcnnic rocks of the inclusion-bearing 
Lelt nre pnernlly ~mbnycd nnd surrortnded by reaction rims, 
suggesting thnt the incltiaion-benrin rocks were detained rtt, 
some point en rolrte to the surfnce long enough for early- 
formed -cvstnls to be considernhly nltered by their enclosing 
fluids; in contrast, olivine .phentrc~sts in the inclusion-f ree 
rocks are genernllg shnrplp defined nnd euhedml, suggesting 
thnt the inclusion-frw magmas were extruded imrnediatcly 
after being formed, with little or no opprtnnity for re~ction 
between early formed crystals nnd the enclosin~ fluids. 

3. The presenca of 'severn,l endogenous domes, flows of Mock lava, 
and xs flows indicate high viwosities, relatir~ly low tempers- 
turn, and Ioss of dissolved gnses during the extrusion of the 
~olcanic mks in the inclusion-bearing belt, suggwting deten- 
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tion of the magmn at, ahallow depth prior to extrusion. Low 
flow fronts, large horizontal extent of individual flows, and an 
avenvhelrning predominance of pahoelloe lave among the v01- 
cnnjc rocks b o n d  the inclusion-beltring belt indicate low vis- 
cosities, relatively high ternperntures, fmd an abundance of 
dissolved gnses and suggest rapid and uninterrupted movement 
of lava to the surface from w t ,  depths. 

The field relntions and petropphic data suggest that inclusion- 
bearing laras were impounded prior to extmsion in one or more 
ahnllot~--sented resewoirs long enough for marginal portions of the 
mnpmn to begin to crystnllixe nnd ndhere to the mnll rocks and for 
olivine, opncite, and n little pyroxene to cryst~llize and settle to 
form a bmd lnyer of dnnite. From time to time, part of the 
impounded n ~ a p n  ~ - n s  ejected from the chamber with sufficieqt 
violence to disrupt nnd eil,wlf part of the dunite ~gregate, as well 
ns fragments of the ~~nllrock.  T h e  petrography and the gross 
features of the i~~clnsion-free flows suggest, on the other hand, that 
they are composed of primitive bfisdt thnt traveled quickly rtnd 
directly from g e n t  depths to the surface. 

BTRUCTUBlAL FEA-B 

Tectonic disturbances of late Cenozoic nge have played it signi- 
cant role in shaping the topogrnphy of the Irnzlruk Lnke area and 
of nearby parts of Sewnrd PeuinsuIx. The major features resulting 
from the tectonic activity nre 1)rond structul.nl highs nnd lows whose 
forms are not knonm in d~tn i l  ; examples include a probable faulted 
arc11 on the site of the Denrleleben Monntnins, n struct~~ral basin on 
the site of the Ruxit,rin flnts, mld n structural trench on the site of 
the Koyuk Valley. 

Smaller but mom obvious pmd~tcts of the tectonic activity are 
represented by n system of young fault scarp in the Tmnruk Lnke 
lnz7n plntean, by n-nrped shoreline featurps at Imuruk Lake, by a 
m~srped lake bsin sor~lh\r.est of the hend of the Gwdhope River, 
nnd by the distri2)ntion pattern of the valcnnio vents. 

A structllrnl nrcll of late Cenozoic nge is post~iltlted on :he site 
of the I3endclehn Mountnins 011 the bnsis of the following evidence: 
The midesprencl didrib11 tion of the 1nte Tertiary erosion sllrface 
on ridge tops; nn apparent continuntion of the same erosion surface 
in weeping, little-dismcted slopes tlr kt descend northwestward ta  
dip henenth sediments of Inte Pleistocene nge in the Kuzitrin flats ; 
nnd nn appnrent continunlion of tlla snme srrrfnce that descends 
north~rnril to dip beneatlt the valcnnjc rocks in the Irn~inlk h k e  
levn platmu. The outline of the Bendelebsn Mountains does not 



coincide closely mjth that of nny bedrock unit, and thus the high- 
lnnd cnnnot be explnind adequately ns being the product of dif- 
ferential erosion. The south front of the Rendeleben Mountains is 
a young fnult, scnrp (pl. 2) ; scarplets thnt represent part of this 
frontn1 fanIt system cut mornines of Nome River (Illinoim) and 
Salmon T ~ k e  (Wisconsin) sge in many plnm,  find loe~lly they c11t 
Recent, allnvinl fnns, 

A structurnl basin on the site of the Kuzitrin f l~ t s  is postulated 
because the I n k  T~rtinry erosion surfnce appenm to slope tow~rd 
the center of tb flnts from the Rendeleben Mountains an the south- 
east and from the Sel\-nrcE Peninsudn uplands on the ~ e s t  and 
northwest. The lnte Tertinry erosien surfnee dips under the Kou- 
e r o k  gravel in the nortln~estern and western part of the flats, and 
the Kougamk prnvel nppenrs to dip, in tam, beneath sediments of 
late Pleistm~,n.ne age along the Noxnpnga nnd Kuzitrin Rivers. A 
placer-mine s h f t  nenr Dnhl Creek (pl. 2) extended through the 
Raugnrok grnvel to within 50 feet of s n  level ~ i thout  reaching 
bedrock (Collier R R ~  otherr;, 1008, p. 302). The outline of the 
Kuzitrin Ants trmsects the strike of the limestone, schist, rrnd 
gneiss units that mderlie adjoining hi~hlnnda, indicating that the 
flnts pmbnbly were not ~xcnvnterl by differential erosion of a weak 
bedrock unit. 
h structurrrl trench is postulnted an the site of the Kayuk River 

Valley bec~r~se  the south side of the vnlley is bounded by normal 
faults in mnny plnces between the head of the Koyuk River and a 
point. 24 miles to the enst-muthenst, (pls. 2, 4 )  nnd bw~ase  the trend 
of the valley seems to tmnsect the trend of the limestone and 
schist units in adjoining highlands. 

The lnte Cenomic faults in the Tmllruk Lnkc lava plrtteau are 
expressed ns ewnrpments, lmnlly ns high as 100 feet, trnm~ble for 
as much ns 8 miles (nn exnmple, emnenmcrly interpreted ns the 
steep front of R lava f l o ~ ~ .  i s  shorn on plate 31 of Tiopkins, Karl- 
strorn, and others, 1955). In most pIams, the escarpments nre cov- 
ered wit11 loose rubble nt the angle of scpose; however, solid bed- 
rock is exposed in n few plnces nlong the sosrtheast shore of Imuruk 
JJake, and the ewnrprnents m n  thus 136 s310m t o  transect the in- 
ternal sstmcture of the Inrn flows. 

Most of the recognized fn~~l ts  heloi~g to n northwest-trending 
gystem extending from nlt~eberry Dome nnd Koyuk River Valley ta 
Cottonwood Creek and the upper valley of the Goodhop River 
(pl. 4). FnuIts in the northwest-trending system delineate a pos- 
sible p b n  on the site of the n p p r  1Coynk River Valley, a bmnd 
vnguely definer1 ,-hen occupier1 by Imuruk Lake, and R sharply 
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defmed horst on the site of Haodoo Hill, The Imuruk Lake gmben 
is aligned with and may reprment a continuation of the K o p k  
trench. The northwest-trending faults cut lava flows of the Imuruk 
and GwFing volcanics, but no fault scarps are m p i z e d  cutting 
the Camille or the Lost Jim A- The faults were certainly active 
nntil late Wisconsin time but may not have been active during the 
last ten or fifteen thousand yearn. 

The presence of a north-northeast-t~nd'mg system of faults in the 
northenst corner of the area is suggested by several linear stream 
courses t~nd  linenr boundaries between different vegetation types en 
JCettle Dome, by small scnrpa enst of the head of the Kugruk River, 
and by topography suggestive of tilted fault blmk in the two 
ridges underlnjn by Pnleoxoic rmks between the Kugrnk River and 
thn head of the enst fork of the Burnt River. 

Irregular wnrping of the crustal blocks delineated by the late 
Cenozoic faults is suggested by deformed shorelines of Imuruk Lake 
(Hopkins, 1959b) nnd by the gently doping floor of a large drained 
lake south of the head of the Goodhope River. One deformed area 
in SaIjx Bay Brns to have been tilted southwestward, perhaps re- 
flecting drng dong the northwstrtrending faults that extend from 
Nimrod Hill to Twincairn Butte. The remainder of the basin of 
Tmnruk I ~ k e  appenm to hnve been tilted southenstward, nnd the 
brisk of the dr~ined lnke 10 miles to the northwest mrna to have 
b e n  tilted northwestward by the development of an ~ r c h  whme. 
axis extends roughly at right angles to the trends of nearby faults. 
Isobases an these deformed surfaces nw shown on plate 4. 

'DIB deformation recorded by the wrcrped ehocelines of Imumk 
h k e  took place in 2 w 3 stages. T h e  earliest interval, recorded by 
the; deformation of the old wnve-cut scarp of prnbnble lllinoian age, 
m ~ l t e d  in the uplift nnd local southwest w ~ r d  tilting of the area of 
Granite Bay nnd Salix Ray; the later interval, indicated by the 
wnrping of the intermediate terrnces of Wisconsin nge, resulted in 
the development of the nrch between Imuruk I ~ k h  nnd the drained 
lake 10 miles to the northwest; in the muthenstwnd tilting of 
Imaruk T ~ k e ;  nnd findly in the blocking of the outlet to the Koxn- 
paga River ~ n d  the initiation of drainage to the Kugruk River. 
The lowest terrnces at  Imuruk T,ake mre not tilted, and conge- 
quently the lnke bnsin is believed to liave been stnble during nt lea& 
t,he later pnrt of Recent time. 

The volcnnic vents mmly lie in sharply defined aalinements; how- 
ever, they do tend to cluster in major northwwt-trending swnms 
and minor northefist-trending s w ~ m s  generdly parallel to the two 
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systems of faulb observed in tha Imuruk Lake area. One excep- 
tionally well-d~fined alinement is expressed by six vents trending 
northeastward from the west end of Kuzitrin Lake to the head of 
the Koyuk River. None of the vents lies precisely on the trend of 
any observed fault. The m f a c s  faults appear not to have fur- 
nished channelways through. which m a p a t i c  mnterial moved to the 
surface, although both the snrface faults nnd the northwest-trending 
swarms of vents may be relatad to R single system of deep-seated 
fif-ractures. 

The Imumk Lake area has been the site of mild tectonic activity 
throughout late Cenozoic time. The postulated Bendeleben arch, 
the Kuzitrin basin, and the Koyuk trench probmbly originated in 
late Miocene or early Pliocene time during en early phase of wide- 
spread omgenic movements that ended the evolution of the late Ter- 
tiary surface and that eventually brought the Bering nnd Chukchi 
Seas into existence as marine basins. The Kougarok grave1 ap- 
pears to have been deposited in the ICuzitrjn flats as n result of the 
steepening of stream gradients in the uplands to the northwest, that 
resulted from them orogenic movements. Active faulting has con- 
tintled at the south front of the Bendeleben Mountains through 
Nome River (Illinoian) and Salmon Lake (Wisconsin) times into 
Recent time. A series of northeast- nnd northwest-trending faults 
mas initiated in the Imuruk Lake lava plateau presumably during 
the later part of Pleistocene time; during Sdtlmon Lake time a crus- 
tal block bounded by northeast-trending fnults was buckled in e 
northwest-trending fold. The. distribution ppnttern of the volcanic 
vents suggests that these vents are related to deep-seated major 
northwest-trending, faults and minor northenst-trending faults, but 
the observed surface faults seem not, to have been the conduits 
through which the lava reached the surfnce. 

GEOLOGIC HIBTORY 
The imuruk Lake nrm, and probably fill of Sewnrd Peninsula, 

l ~ y  below sea level and received marine sediments throughout much 
of Paleozoic time. . The rnetasediments exposed in the Irnuruk Lake 
area record two long intervals during which clastic sediments con- 
sisting chiefly of limy and carbonaceous clny were deposited, aspa- 
rated by a period during which n thick Iayer of limestone accumu- 
lated. 

The marine sediments of the lmuruk Lake wen rind of most other 
parts of Sewnrd Peninsula were folded and subjected to low-grade 
metamorphism nt some tima during late Paleozoic or enrly to mid- 
dle Mesozoic time. TJrtter, and possibly during nn entirely distinct 
orogenic episode in Lnte Jurassic or Early Cretnceous time, the 
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low-grade metamorphic rocks were invaded by magmatic rntttsrirtl 
and by associated fluids. Several plutons of quartz rnonzonite crys- 
tallized from the magmatic material, and the low-grade met~sedi- 
rnents adjoining the plutons were metasomaticaIIy altered to higher 
grade metamorphic rocks of the amphibolite facies. 

During most of the Tertiary period Sewsrd Peninsula was ct st%- 
-3 ble upland area near the center of a broad landmass extending from 

Alaska to Siberia across the present shallow portions of Bering and 
Chukchi Seas. During this interval the region was the site of long- 

Q continued stream erosion rather than of sediment nccumulation. By 
late Tertiary time, subaerial erosion had reduced the region to a 
rolling upland having a relief in most places of only 5 few hun- 
dred feet. 
The planation of the erosion mrface was brought to a haIt by 

widespmd but mild crustal movements that began during late in 
the Miocene or early in the Pliocene epoch and that have continued 
until the prwent time in some parts of Seward Peninsula. Dif- 
ferential warping in the Imuruk Lake area resulted in the lowering 
of the Kuzitrin basin nearly to and perhps bdow sea level, in the 
raising of the Bendeleben arch, and probably in the formation of a 
structural trench on t h  site of the Koyulr River Valley. Stream 

rn gradients were s t e e p e d ,  base level was brought much newer to the 
Imuruk Lake area, and streams draining the Bendeleben Mountains 
and the Sewnrd Peninsula uplands began to excavate deep valleys 

I in the deformed late Tertiary erosion surface. A shwt of alluvial 
gravel, the Kougarok gravel, nccumulnted where newly exca~ahd 
valleys in the Semard Peninsula uplands debouched into the north- 
west side of the Kuzitrin Basin, and the earliest of the late &no- 
zoic btasaltic lam ffoW&the Rugruk volcanics-were extruded in 
what is now the Jmuruk Lake lava plateau. 
The climate was still mild and temperate during the deposition 

of the lower nnd middle members of the Kougamk gravel and 
during the emplacement of the lava flows of the Kugruk volcaniw in 

P Pliocene time. Bedrock that was not; subjected to active erosion 
was weathered to depths of several tens of feet, and the landscape 
was clothed in forest vegetation consisting of a mixture of coniferaus 

1. and deciduous trees, including mp~sentratives of several genera that 
now reach their northern limits in latitudes 5' to 15' south of 
Seward Peninsula. 

Continuing crustnl movements in western Alaska resulted, by late 
Plimene time, in the submergence below sea level of large weas 
to the south, west, and north of Seward Peninsula, forming the 
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present marine bnsins of Bering and Chukchi Seas and Rering 
Strrrit (Hopkjns, 195%). 

Tllc climnte cooled with the inception of the Pleistace,ne epoch; 
the upper member of the Kougnrok p v e l ,  which accumulated at rr 
time \I,ACII sprnce ancl poplar grew in the Irnuruk h k e  area, may 
reflect renewed uplift and stream erosion in the Sem~rd Peninml~ 
upland during early PIeistmene time. Volcanic act ivi t.y continued 
unnbntecl, nnr] lava flows of the Imuruk rolcnnics nccuhulated to a 
depth of wr~rnl hunrlwil feet in the Imuruk Lnke Invm, plnteau, 
burying the rolling liills nnd shallow vnlleys of the lato Tertiary 
erosion surfnm. Some of the earliest flows of the Imuruk volcanics 
invaded the stlnllo\v vnlleys that had begun to be cut into the Seward 
Peninmln uplnnds north of the lava plateau. As diwection can- 
tinued nnd the vnlleys were deepened, these early lava flows were 
left as benclies high 011 the valley walls. 

The climntic history of early Pleistocene time prior to the Nome 
River (Illinoian) glfieintion is not knom-n in detail. Strata B x p o ~ d  
in pbcer-mine workings nt lrolr Creek, 40 miles southwest of the 
Imuruk Lake nren (fig. I ) ,  r~cord nt least one enrly Pleistocene 
glacint ion, followerl l)y nn interglacirtl interval dnring which spruce 
and Doudns fir gww on Sewnrd Peninsula, followed in turn by the n 
Nome Rwar glncint ion. 

R r e  Nome Rirer glnriat ion is  ~ E I P  most intense glncinl event indi- 
cated in the geolofic rclrorrl of Scrmrd Peninsnlx. Glnciers orig- 
inating in the l3endeletwn Moantnins pnshed down the valleys to 
the south edge of the Irnlrn~k T,nke lnva plntenu and down other 
valleys well onto the sol~tllenstern pnrt of the K~rzitrin Axts. T h e  
e x p d  surfaces of I n n  flows of the lrnurnk ~olcnnics were brec- 
c i ~ t ~ d  by frost action nnrl redtlced to vnst arens of loose rubble. 
T'Pinds meep in r  across the Kr~zitrin flnts picked up silt from th0 
barren flood plnins in front of the glnciers and carried it northwnrd 
nnd northeastn-ad to h deposited in nnd on the frost-brecciated 
snrfaces of lzra flows of the Jrnuruk rolcnnics, on the slop'jng surface 
of the Kongarok grnvel, nnd nn older bedrock wherever exposed. 

By the end of the Nome River glncintion, the Imnruk Lake area 
l~ncl ncqrtired much of its present appenrance. A thick cover of 
ne-rrlp deposited windblo~m si l t  covered all s u r f ~ m  except tho 
youngest flows of the Imu~~nk volcnnir~ nnd the nreas thnt had until 
recently lain buried benenth the plncicrs of Illinoinn RP. Irnuruk 
T~nke prob~Mg Iitld come into exi~tanct! by this time in s deep 
undrained basin between lnvn flows on the Tmun~k Lake h v a  plateau. 
As the Nome Rivep gl~ciation progrewd, windblown silt KRS de- 
posited directly in the lake, nnd reworked.siltJ mashed in from 
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the ndj oining slopes rind began to fill the lake basin, thereby partially 
the bottom from leakage into tI~a underlying lava flows. 

As n result the lake overflowed a low pass nt the northwest corner 
into Cnrex Creek, n tributarg of the Noxtrpaga River. 

T h e  Some River glncitd intxw~1 presumably was followed bg a, 

3 
major interglxcinl interval during which the climate was somewhat 
lvnrtner t11nn nt present and during which the level of Imuruk Lake 
was lowered ns t l  m u l t  of increawd evaporation. The oldest I a n  
f low of the Gosling idcnnics probably were extraded during this * warmer jntervnl between the Nome River and the Salmon Lake gla- 
ciitions. Tectonic movements that, probably begnn near the end 
of the Nome River gladnhion or during the ensuing interglacial 
intervnl resulted in the formntion of a series of north&-t.rendinp 
fault xnrps cutting lava flows of the Imuruk volcanics and de- 
lineating a narrow horst on the sib of Hodloo Rill and a b r d  
p b e n  in the area of Imumk Lake. 

With the onset of the Salmon Lake (Wisconsin) glaciation, small 
glaciers formed jn the higher parts of the BendeIeben Mountains. 
TIN newly extruded Ixva flows of the Gosling volcrtnics were sub- 
jected to viprous frost riving* ~ n d  their surfaces were thoroughly 
breccinted to form extensive nrens of loose n~bble. Silt again FT&S 

.3 transported by winds blowing ncross the braided flood pl~ins of 
s tre~ms Rowing from the ghcinted  alleys into the Kuzitrin flats 
nnd was cleprlsited amonpt the frost-rived rubble on the Gosling 

3 volcnnics. F,vapnmtion wns reduced, and 'Xrnuruk T ~ k e  mse again 
to tlre level of its o~~t le t  and emptied westward to the Noxapaga 
River. Silt nnd wrtter-logged pent accumulated in the l ~ k e  to 
form what are now the older group of intermediate terrrlces. An 
explosive volcanic eruption at, some t~nidentified vent in the Imuruk 
J~aka l n v ~  plntmu resulted in the deposition of n thin sheet of 
brown or pink nsh over most of the nrpa. between Trnuruk Lake, 
the Noxnp~gr River, h d m i t e  Creek, and Sandy Lake. 

A brief warm interval during the Salmon h k a  glaciation sp- 
v parently resulted in tha tempomry lowering of the level of Xmuruk 

T~nke. Lake level then mse ugnin during late Salmon Lake t.ime, 
and the lower p u p  of intermediate terrama was formed, The 
Clamjlle Fnv~ flow wns erupted late in this m n d  cold phase of the * Salmon Lake glacintion, The newly solidified surface of the flow 
wna briefly but vigorously attacked by frost action, and then a mn- 
era1 warning of the climate a b u t  10,000 years ago brought fmst 
rivhg to fin end in high well-drained sites in t h ~  Imaruk Lake a m .  

Renewed crustal movements in late Wisconsin or early %mnt time 
resulted in the fault scarps that locrally cut lava flows of the Gosling 
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volcanics and in the warping of the floor of the Imuruk grahn 
along the northern and western shores of Imuruk Lnke. The nren 
of the former outlet from Imuruk Lake to a headwater tributary 
of the Noxapngn River was sharply arched, and n new outlet mas 
cut enstward to the Kugruk River. During a later intervnl of warm 
summers the level of Imuruk Lake was lowered at Ieast rt few feet 

5 
below the present level as R result of increased evnpemtion. Still 
more recently, the clirnnte bec~rne cooIer than at present, nnd the lnke 
level rose briefly 3 to 5 feet above the present level and then fell hltck 
to the present position. A violent nnd prolonged eruption nt, some P 

t>irne d t i r in~  this  series of events gave rise to the Lost J i m  lava flow. 

Perennially fwm ground is present everywhere in the Irnumk 
h k e  nrea except beneath the cot~rses of lnrge streams nnd the beds 
of the l~rger Inkcs. The upper surface of t l~e perenninllp frozen 
grownd lies nt depths of 1.0 to 1.5 fcet in pent underlying poorly 
dmined amns, 1.5 to 3.0 feet in windh1on.n silt, 3 to fi feet in nmns 
where sand or grnvel nre exposed nt the sud~ce, nnd 5 to 10 feet in 
nreas where bedrock, unbroken bnsnlt, or b~saltic rubble lie nt the . 
aurfnce. Permnfrost in this part of Alnskn commonly extends to 
depths of 2M feet or more (ITopkins, Knrlstrorn, nnd others, 1955, t. 

p. 181), but n diamond-drill hole 151, feet deep in lnvn flo1r.s of the , 
Imurnk volcnnics nhut 7 miles enst of Lnvn L ~ k e  pn~wd througlr 
bssalt in which fractures were filled with ice info U ~ ~ ~ O Z R I I  bnsnlt at, C 
R deptl~ of 70 feet (Ted Matthew, consulting engineer, ornl corn- 
munication, 1045). &Iydro£ogic evidence, dixtlssed Inter, wgpsts 
that the lnvn flows in the Imnruk Tdnke nren contnin interconnecting 
thawed zones that nllom I-elatively free circ~llntion of ground wnter. 

Strtttigrnphic evidence from nenrhy awns nrpgests thnt cert,njn 
ice w e d p  originated at 'ienst ns long ngo os enrly Wisconsin time; 
thus, snme of the frozen ground is v q  old ; ho~vever, the fnct thnt 
permnfm). is also pment in the Lost Jim lnva flow indicntes th&t 
new permnfrost has formed in previot~sly unfrozen mnterinl dtlring 
the Inst few thousand yearn. 

GROUND-WATER HWI'ROLQUY 

The irregnlar distribution of p n n f r m t ,  the i m ~ l f i r  initial 
topnpnphy of the lava flows, nnd the difference, in permellhilities 
of the various geological materials found in the Irnun~k T l n h  area 
combine to m a t e  a complicated ground-wnter *men. Examples 
of subterrnnenn drninnge Rae ehnndnnt ; bodies of perched ground 
water are widespread; and springs nre numerous. Ground water 
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evidently circnlntes freely in the lavn flows, in  the metrtlirnedone, 
in the floocl-plain grnvel of the larger streams, nnd probnbly in the 
Kougamk p v e I ;  tlm %!list and p n i t e  %re nearly impmeable ,  
ns are the windblown silt, the strntifierl silt nnd pent, and the 
lacustrine dlt. 

AU4lSVlA.L 

Evidence elsewhere on Seward Peninsuln suggests thnt appreci- 
able underflow moves through the gravel benenth the channels md 
fld plains of the larger strenms, such RS the Noxapaga and the 
ICuzitrin Rivers (Hopkins, Karlstrom, and others, 1955, p. 122-122). 

METAIJMEBTONE 

Metalimestone in the Imuruk Lnke area nntl elsewhere on Sew- 
a d  Peninsula apparently contains interconliected openings (prob- 
ably joints widened by solution) through which ground water cir- 
culates (Ropkins, Karlstrorn, and others, 1955, p. 192). Streamg 
crossing limestone arms commonly lose most of their water nt low- 
water stages through xepnge into their beds; flowing water re- 
npposrs in the strenrri beds near tha dowi~st~earn edges of the lime- 
 tone belts. 

Large springs emerge from metalimestone in many places on 
Seward Peninsula; they are espcinlly common near the down- 
stream ends of valley reaches thnt cross rnetnlin~pstone hlts. An 
example in the Imuruk hake nma is  found on the upper Inmnchuk 
River, where sprinp yielding 8 or 9 second-beet emerge from the 
steep west wall of the vnlley about 30 feet n h v e  stream grade. 
(The springs are illustrated in Moffit, 1005, pl. 5.) Mnch of the 
dischrge emerges from a single open frncture about 1 foot in di- 
ameter, but smaller springs are distributed over an nrew of nbout 
2,000 square feet. The temperature wns not rnensured but is esti- 
mated to be a b u t  60°F. 

XOKTO-K GBdV&L 
No subterranean drainage wns seen in areas ~rnderlriin by Kon- 

gnrok gravel, but a spring hnving ~n estimated discharge of about 
3 semnd-feet emerges at the lignite mine on Turner Creek, sug- 
gesting that the Kougarok grnvel is cnpnble of trj~asrnitting nppre- 
cialble qn~ntities of ground water. The Turner Creek spring emerges 
in a craterlike pond nearly surrounded by n hillock of Kougarok 
gravel and in a smaller pond at  the bns  of the hillock, adjacent to 
the flood plain of Turner Creek. Odorless gns bubbles vigorously 
from mom than 100 sites in the two ponds, and the water tastes 
faintly of soda. T h e  ponds haw an estirnnted temperature of nbout 
5QQF, 
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IMKRUK VOLOlWIObt 

The Imuruk vokanics are insulated from surface water in most 
places by a thick and nearly impermeable blanket of windblown 
silt, but small surface streams flowing on the siIt commonly termi- 
nate in thaw sinks (closed depressions resulting from subsidence 
after the thawing of ice wedgs in perennially frozen silt) that 
errtend through the silt into underlying frost-rived basalt. The 
streams percolate into rubble exposed in linear or polygonal trenches 
on the floors of the sinks that evidently represent the sites of former 
ice wedgas. Examples are illustr~ted in Hopkills (1949) and in 
Hopkins, Karlstrom, and others (1955, pl. 31). A small volume of 
water was observed flowing out of Imuruk Lake through a trend1 
on the site of an ice wedge that intersects the east shore. The 
water flowed into rt thaw sink about 100 feet inland and percolated 
into the ground in the floor, which lay a few feet below the level 
of the lake. 

Surface water also percolates inta the rubble exposed along the 
larger fault scnrps in the Imun~k volcanics. Irnuruk Lake lows 
an estimated 2 secaild-feet through two short channels that drain 
mit,l~ perceptible current into the basalt rubble along the fault scarp 
nt the southwest shore. Considerably more water may be lost by 
less easily detectable percolation into the coarse rubble that lines 
the shore for nearly n mile in this area. 

Though surfnce water percolates freely into the Irnuruk valcanics 
wherever the silt cover is breoched, the lava flows evideutly are not 
saturated. The 150-foot drill hole, 7 miles east of Lmva Lake, 
rencl~ed dry unfrozen basalt below a depth of 70 feet, and consid- 
erable dificlllty in drilling was experienced owing to loss of drilling 
water (Ted Msttl~ews, consulting engineer, oral communication, 
1945). h u n k  Lake, most smaller lakes, and most surface streams 
are insulated from the underlying lava flows by silty sediments 
and represent perched bodies of surface water. Perched bodies of 
ground water mRy alsa lie on buried layers of windblown silt and 
on massive centml parts of thick buried lava flows. 

Part of the ground water in the Imuruk volcanics emerges in 
springs along the walls of the deep canyons of the Kugruk, Burnt, 
Pinnell, nnd Goodhope Rivers. Large springs having an estimated 
discl~nrge of 18 or 19 second-feet emerge from the base of a lava 
flow on the east side of the Ku& River canyon, just north of 
the gully cut by the outlet from Irnuruk Lake (Henshaw and 
Parker, 1913, p. 123).  Springs having a discharge of 1 second- 



foot and n rnenslired temperature of %OF were found by me near 
the point where the Goadhope River first cuts through the Irnuruk 
volc~nics into the underlying schist. Other springs are probably 
present in the canyons of a l l  the north-flowing streams. 

Several large springs discharge from the virtually undissected 
surfaces on the Imuruk volcanics. The Roxapag~ River heads in a 

* - claster of wnrm springs issuing ffam a large, amphit,heatreslike de- 
pression just west of Andromeda Cone (Wopkins, K~rlstrom, and 
others, 1955, pl. 430). The springs at, Andromeda Cone were not 

P visited on the ground, but bush pilots report that the area of the 
springs remnins free of snow during most of the winter. Two other 
clusters of spring3 emerge frnm fmuruk volcanics north of the bed- 
rock ridge that extends northwestward from Kettle Dome. 

Q.OBLIKG V03tObBXa8, OdMIIILE I d V A  FLOW, 
AHD LOST JIM LAVA FLOW 

The youngey volcanic forrn~tions l ~ c k  a blanket of windblown 
silt ; conwqucntly, most of the moisture falling on their surf aces 
infiltrates promptly. Surface water is almost. lacking. Additional 
recharge occum in places where the younger volcanic formations 
have invaded valleys in the silt mnntle overlying the Imuruk rol-  
canics; the minor streams flowing in the vnlleys enter the margins 

> of tho younger volcanic units with little or no ponding. The 
younger volc~nic rocks evidently rontnin considerable ground ma- 
ter perched on the silt mantle that covers t h ~  underlying Imuruk 

3 volcnnics; the p u n d  water seems fa move rather freely in courses 
determined by the buried topography on the silt, and it reappears 
at the surfnee as small clwtr streams in the places where the buried 
valleys emerge from beneath the younger lnva flows. The ground- 
water table in much of the TJost Jim lava flow is at least 20 feet 
beneath the st~rface, but water table lies at considerably shallower 
depths in most places in the Gosling volcrtnics ~ n d  the Camille Iwva 
flow. 

Fphemernl lakes occupy a few depressions on the younger vol- 
canic formations. Study of serial photographs and of high-watm 

# marks in same dry b~sins visited on the ground indicates that the 
watter level in many lakes fluctuates 5 feet or more. A c o l l a p ~  
sink, 60 feet deep, on the Lost Jim flow, about; a mile west of Lmt, 

t Jim Cone, contained a lake when photographed from the nir in 
Octohr 1946 but wns dry when visited in September 1947. High- 
water marks observed on the walls of the sink in 1947 indicate t,hhat 
nt times wnter has stood as much as 30 feet above the floor. 



MINERAL RESOURCE8 
GOLD PLbcIaRIB 

Gold placers have h e n  mined on a srnnll scale ~ i l ~ c e  1M)O aloilg 
tributaries of the PinneEl and the Noxapagn Rivers. The first dis- 
covery of aorkdde gold placers in northern Sewnrd Pmin~ul a was 
made on Old Glory Creek in 1900 (Moffit, 1905, p. 54) nnd mining 
continued there and in Nelson Gulch intermittently for about ten 
years. The gold was recovered from auriferous gravel, a few feet 
thick, benenth the channel and flood plain of Old Glory Creek and 
in the nnarrow bdrock gully of Nelson Gulch. Gold concentrates 
from Old GIory Creek are reported to have cont,dned n small quan- 
tity of cassitmi te. 

Auriferous gravel was discovered benertth the lava flows high on 
the mtalls of Perry Creek valley, but no great amwnt of gold was 
produced {Renshnw, 1910, p. 368). 

Gold mas discovered on Gom Cmk,  a minor tributary of the 
Nexnpaga River in 1900, and within the next few years gold placers 
were found on Grouse Creek, Rlnck Gulch, nnd Frost Creek {Col- 
lier and others, 1908, p. 314).  The small patch of Ihgarok grnvel 
a few huntlred y ~ r d s  up the Nexnpnp River from the mouth of 
Goose C m k  (fig. 1) was prospected and found t,o h sparsely aurif- 
erous (Frank TVhaley, miner, oral cornrn~micntion, 1948). Mining 
hns continued on a modest wnle in the Noxnpnp River valley into 
the 1950's; during my visits in 1947 nnd 1848, mining was in 
p m g m  on Winona Creek, Grouse Creek, nlnck Gulch, Buzzard 
Gulch, and Gom Creek. The placers consisted of nuriferous stream 
gravel R few feet thick overlnin by 20 to 80 feet of frozen peat and 
silt (fig. 8). 

The gold in the placers in the Imllruk Lnke nren is evidently 
derived from qunrtz-calcite veins thnt are nbund~nt, in the schist 
bedrock of the producii~g areas. 

IaCXrnTE 
The lignite member of the Kougnrok grnvel was mined near the 

junction of Turner Creek and the Noxnpngn River dilring the early 
1900's for local use in thaw boilers and ns n houwl~ofd fnel, but it. 
is said to have had a high_ ash content and poor heating value 
(Jules Gundemon, miner, oral comrnunictltion, ISM). Because it 
consists of lignified wood in a friable, sooty matrix and because the 
overlying grrcvel is loose and uncemented, the Turner Creek lignite 
would be difficult to mine. Diesel oil, brougl~t in by trnctors, has 
been the principal source of energy and hent in recent yenrs, and 
the lignite is unlikely to find even rt local: use in the future. 
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An apparently extensive deposit of dihtomite, or dintomaceons 
earth, of potential use as a light-weight filler or insulating mnterjal, 
is represented by three exposures in the valley of Andesite Creek. 
The diatomite -pies the floor of n former lnke t l~nt  was in- 
vaded by the I ~ s t  Jim lava flow; the deposit is probnbly continu- 
ous beneath the tongue of the Lest Jim flow that separates the three 

Z expmures. 
The northeasternmost exposure, due 6011th of Lava Lake, con- 

sists of dintom tests containing only a few pemnt  of admixed 
f mineral grains and litkle or no organic rnnterirtl. The diatom it^ is 

dead white when dry and pale yellowish grny when wet. The color 
darkens southwestward, presumably beenuse of incmnsing qnnnti- 
ties of organic material; the suuthn~esternmost exposure in the vsl- 
ley of Andmite Creek is chocolate 'brown, Basalt boulders are scat- 
tered throughout the diatomite and are especially nbundant in the 
southwestern exposure. 

The pure diatomite of the northeastern exposure occupies an area 
about 2,500 feet l o n ~  and 1,000 feet, wide; nhont half of the ex- 
posed area is occupied by a small lnke, benentll whicll the dintomits 
appears to extend. The less pure diatomite in the exposures to the 
soutl~cest occupies a total aren of a b u t  375,000 squnre feet. The 

> diatomite ranges in thickness from 4 to 10 feet in stream and lake 
banks, but the base of the deposit is nowhere exposed. If the: di- 
ntomite is continuous beneath the tonme of the Iost Jim lnvn flow 

.> that separates the three exposures, it is present throughout an area, 
of abut  one-tenth of a squnra mile, 
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