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HIGH-RESOLUTSOM SEISMIC SURVEY OF AN OFFSHQRF AREA NEWR 

NOME ALASKA 

A. R. Tagg and H. G. Greene 

abs t rac t  

A high-resolution seismic survey was made south of Sewaxd Peninsula 

i n  Norton Sound, Alaska, during the summer of 1967, The area in- 

vestigated extends 10 miles ea s t  and west QE the town ~f Nome and' 

about 10 miles offshore. The objective of this survey was to ident i fy  

sites of possible offshore gold concentrations. 

Interpretation of the seismic records was confingd primarily to  

the  portions above the f i r s t  sea-bottom multiple, generally l e s s  than 

150 f e e t  below the  sea f loor .  Sediments within t h i s  in te rva l  consis t  

mostly of unconsolidated Holocene Sand and gravel covering Pleistocene 

g l ac i a l  and marine sediments. Paleozoic metamorphic rocks aye near o r  

at: the sea f loor  i n  the northwestern part of the area. 

Interpretation of bottom topography and sub-bottom st ructures  

disclosed many features t h a t  may be important i n  gold exploration. 

Bottom surface features include a t  l e a s t  f ive  outwash fans, several. 

beach ridges, and discontinuous stream channels. Sub-bottom features 

include many buried stream channels, areas of g l ac i a l  d r i f t ,  and a t  

l e a s t  three shallow fau l t s .  Also noted were acoustical  "sinks" that 

are  thought t o  be gravels qssociated with buried stream channels and 

beach ridges. 



Introduction 

This report  describes and in te rpre t s  features seen on high 

resolution seismic prof i l ing  recards and bathymetric charts  i n  the 

Name area and discusses t he i r  possible significqnce as placer-gold 

exploration s i t e s .  S t  is  based upon a continuous seismic re f lec t ion  

survey conducted i n  the  summer of 1967. The investigation was conducted 

jointly by the  U.S. Geological Survey's Office of Marine Geology and 

Hydrology and the U.S. Bureau of Mine's Marine Minerals Technolagy 

Center. The 1967 studies a l so  included ocean bottom d r i l l i n g  of 

some of t h e  s i t e s  chosen on the basis  of the survey described here, 

as we/l as sampling of the  sea bottom and modern beach, and geologic 

s tudies  onshore. 

Interpretation of the continuous seismic prof i les  was shared 

by the U.S. Geological Survey and the U.S. Bureau of Mines. Inter-  

preta t ion of the  deeper re f lec tors ,  mostly of Tertiary age, was under- 

taken a t  the w i n e  Minerals Technology Center of the Bureau of Mines 

and w i l l  be reported elsewhere (Staff, U.S.B.M., i n  p ress ) .  Described 

here a re  the shallower re f lec tors ,  probably a l l  of Quaternary age, 

t ha t  extend t o  depths of less than 150 feek below the sea bottom. 

Information obtained from drill logs and bottom samples taken i n  1967 

and 1968 was used i n  the in terpreta t ion of the seismic records, These 

data provide the  basis fo r  extending the coastal  p la in  geology a t  

Nome (Hopkins, 1967) i n to  the offshore area. 



The study area is l~cated offahare from Nome, Alaska, i n  thp 

northwesfsern portion of  Norton Sound, an embayment ~f the northern 

Bering Sea (Fig .  1 ) .  The area extend 10 m i l e $  east  and w e s t  of 

Nome from Cape Noma tw R0dney Crqek, and up 10 miles offshore. 

Several reconnaaasance seismic reflection ~ t u d i a s ,  both shallow 

and deep, have been mqde of the Bering Ssg. D. G.  Moore (1964) 

discusses the results QI a high rasalution, shallow seismic reglecfion 

survey of p u t s  of Being  aw Chukchi Seas. D. W. Scholl and omera 

(1968) have made deep s p i s a c  reflection surveys of the outer shelf 

areas of the Bering Sea, and Scholl and nopkins (1969) extended this 

work to the northern Bering Sea. The reoults of a shallow seismic 

profiling survey of the northern Be~ing Sea have been rep~xtcad by G r i m  

and McManus (1970). Private groups have undertaken seismic swveya 

of nearshore waters alonq parts of the south copst o f  Seyuard Beninsulq, 

but these gtudies have not been pubTished. The U.S. Buxeau of Minee 

(Staff, U.S.B.M., written ooaqaun.) have made a study of kh) deeper 

reflectors, mostly of Tertiary Oge, displayed in the seiqmic records 

~f t h e  joint I967 survey at Nome. 
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Geologic Setting 

The Nome coastal plain and adjacent offshore areas are underlain 

by Pliocene and Pleist~cene marine and glacial sana and gravel. A 

geologic map and cross section of 'che Nome coastal plain are shown 

in Figure 2. Five sets of shoreline deposits are recognized onshore 

and are locally known as Submarine Beach, FQU# Beach, Third Beach, 

MonroeviLLe Beach, In$exmediate Beach and Second Beach. They were 

produced during five different sea level stands in late Pliocene and 

Pleistocene tirue (Hopkins, 1960, p. 46) .  Submaxine Beach, Intermediate 

Beach, and Second Beach are Beparated from one another by glaciql 

drift of the Iron Creek (prs-Illinoian) and Nome River (Illinoian) 

glacial stzges. Fourth Beach, Thitd Beach and Monroeville Beach l i e  

on bedrock beneath the Nome River drift. The glacial drift and 

marine sediment on the Nome coastal plain axe overlain by alluvium, 

cal4uvium, wind-blown silt, and peat of Wisconsin and Holoqese age. 

Paleozoic schist and limestone bedrock underlie and crop ouf 

north of the coastal plain sediments (Collier and others, 1908, p. 

149 and Hummel, 1962 a,b) . Beach, glacial and alluvial sediments occur 

~ffshare, however, substantial quantities of marine sand, silt and 

clay are present at several subsurface levels. 
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Figure 2 A  Generalized g~ologic map of the coastal plain a t  Nome. 
After Hopkins,l960 
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Figure 28 Cross section through the coastal ploin at Nome along line 

AA', f igure 2A.  

After H ~ p k i n S ,  1960 



me oldest offshore beach deposit is recognised i n  the subsurface 

juat offshore, west of the mouth of Snake River (f ig.  2 ) .  Thiki buried 

beach, however, lies beneath water too shallow for conlz$nuous seismic 

profiling, and was recognized as a result of compilation of brehole 

date and infonagtion on bedrock depths obtained from s s i d c  refraction 

studies along the beach (Greqpe, 1970a). This oldest shoreline 

deposit l ies a t  a depth of about 'PO feet below Bea level,  and contains 

a Pliocene moIluskan assemblage. It overlies bedrock w i t h  an Srregulax 

qonWct and is i n  turp ovqrlain by glacial depcnsits (Hopk$ns, written 

The next younger shoreline deposits onshore a t  Nome axe Locally 

called "Inner" and "Outer Swbmaxine Beach", and l i e  a t  depths of -35 

and -20 feet i n  the area bsrhueen the lower coru;@e of Snake River and 

the present shore. The ~ubmarine Beach oomplex rea$s on bedrock i n  

some places and upon Pliocene (3) sediments i n  others. Submarine 

Beach has yielded pollen and mollurks o f  et lare Pliocene (?) or early 

Plsiatocene age and is a product of the Berinqian Transgression 

(Hopkfns, 1967, p. 53) .  

Submarine Beach As overlain by 4 lithologic: units: drift of the 

Iron Creek Glaciation of early Pleistocene age; a layer of fossilifsrous 

mazrine sand and gravel; ti11 and outwash of the N O m  River Glaciation 

of Illinoian ager by marine sediments of Second Beach o f  Sangamon 

age (fig. 2 ) .  Mollusks and pollen i n  a e  w i n e  layer between the 

two drift sheets suggest that it is corrqlative with Intermediate Beach, 



a shoreline deposit on bedrock beneath Nome River drift a t  ap approximate 

a l t i t ude  of 20 feet (Hopkins, writ ten commun,, 1969). Inland from 

submarine Beach a re  three other shoreline depositst Monroeville Beach 

a t  an a l t i t ude  of 40 feet, Third Beach a t  an a l t i t ude  of 70 f e e t ,  

and Fourth Beach a t  125 fee t ;  a l l  these transgress onto bedrack beneath 

the Nome River Drift (MacNail and others,  1943). 

The Bering Sea, a shallow epicontinental shelf sea, was most 

l i ke ly  amergant t o  l a t e  Tertiary time. Crustal warping men created 

the present marine Noxton Basiyr which is pa r t i a l l y  f i l l e d  by a prism 

of Textiary and Quaternary sediments having a t o t a l  thickness of more 

than 6,QOO feet i n  central  Norton Sound (Scholl and Hopkins, 1969). 

The bedrock surface beneath Norton Basin i s  erosional but has been 

steepened by teetonic subsidence during the development of the basin. 

The bedxock surface beneath the Nome coastal plain slopes ra ther  

smoothly seaward a t  a gradient: of about 25 t o  35 feet per mile, but 

j u s t  offshore, the gradient steepens abruptly +o 130 t5, 230 feet 

per mile (Staff ,  U.S .B.M., i n  press) . 
Sediments t ha t  f i l l  the Norton Basin include coal-bearing strata 

a t  l e a s t  as old a s  l a t e  Oligocene. These strata are exposed a t  the 

southwestern edge of the basin on St. Lawrence Island (S.A. Wolfe, 

writ ten commun., 1968) but do not occur at Nome. The older beds, 

however, may be represented by some of the  deeper seismic xeflectors 

that wedge out  against  the basement re f lec tors  several  miles offshore 

from Nome (fig. 10) (Scholl and Hopkins, 1969). Paleographic re- 

constructi~ns suggest t h a t  the Norton Basin was f i r s t  invaded by 



the sea ?in late Mioaene time (Hopkins, 1967, p. 454) . Marine cLay 

with fossils o f  aaxly Plioaene age was encountered 3 nautical  miles 

offshore 240 f e e t  below the sea bottom i n  one of the 1967 drill h~1.W 

lacated about *re@ miles off the mouth of the Nome River (J.A. Wolfg, 

written cnmun. , 1968) . 
Seismic re f lec t ion  pr0fPZes of northern Bering Sea commonly 

depict an unconf~wity  a t  depths ranging fxom a eew tens of feet t o  

several hundEed feet between nearly elat-Lying be& and more sateep1y 

dipping underlying beds (Scholl and Hopkins, 1969~ Grim and Mcmnw, 

1970; Staff, USBM, written Commun.). This lznconformity may correspond 

i n  time to the abrupt cham i n  slope a$ the bedr~ck surface juet 

offshore of Nome, If so,  it probably indicates a slackening of the 

rate gf subsidence of the Norton Basin during middle or  late Pliocene 

time. 

Since late Cenozoic tima the sea has transgressed beyond the 

present ahoreline several timep, producing the bureid beaches which 

have been important gold producerra onshore. Between some of these 

transgressions sea level receded below the present level a t  which 

time q e  offshore Features mentioned i n  tbis report were produced. 

At least two of these recessions were accwpained by glacial invasions 

beyond the present shoreline i,e., Nebraskan (F i r s t )  or Kansan (Sscsnd) , 

and I l l ino ian  (Third). Either ox both of these may have carried placer 

gold offshore from exieeng onshore lode pr placer deposits. 



The Nome area has produced some 5,000,000 ounces of  placer gold 

gxom 1897 through 1964, according t o  an unpublished compilation by 

9. H. Daily (mining engineer, Oakland, California, writ ten commun., 

1968). The g a a f e r  part of the production was derived from placers 

on the coastal  plain. 

The beach placers res t ing on bedrock probably derived most of 

their gold from erosion of mineralized rocks aajoining the anvi l  Creek 

fault zone. Submwine Beach, I n t w n d i a t e  Beach, MonroeviLl Beach, 

Third Beach, and Fourth Beach all cqntained productive placers that 

are r iches t  i n  their western portions and attenuate i n  value eastward, 

N e t  longshore d r i f t  on the modern beach is  eastward (Greeme, 1970b), 

and judging from h q t i o n s  of mined areas easlward drift probably 

predominated along the oldax shorelines as wall. 

Equipment, Procedures and Methods 

A continuous seismic proLiling systeln mounted aboard a small $ug 

was used to obtain the seismic records. The sound source was pi? a 

sparker type with e l ec t r i ca l  storage capacitors discharging a t o t a l  

of A50 joules Q£ energy through a multi-point electrode pr~ducing a 

fundamental frequency of 1000 Hz. A 20-foot, non-pre-amplified 

hydrophone streamer w i t h  11 crystal elements was used t o  recover 
- 

returning seismic energy. Both the electrode and the f i r s t  elernenf 

of the hydrophone cable was towed about 100 f e e t  behind the swvey 

vessel a t  a depth of about 15 inches beneath the surface and about 12 

feet apart. 



The recovered signals were f i l t e r e d  t o  pass the 300 Hz to 1300 

Hz band and then amplified. A wet paper recorder was used ta graphically 

record the data a t  a 0.25 sec sweep r a t e  with 1.0 sec f i r e  ra te .  

Seismic p ro f i l e s  wexe obtained along 527 miles of track i n  the 

None offshore area (fig. 3).  The track l i ne s  were oriented roughly 

p a r a l l e l  and perpendicular t o  the coast  l i n e  to form a grid network 

with approximately a one mile spacing. Txacks pa ra l l e l  t o  the coast  

l i n e  a r e  approximately 20 miles long and most l i ne s  normal t o  the  

coast a re  5 miles long, but 4 l i ne s  extend 10 miles out. Most of the 

t racks  normal t o  the  shoreline begin about 400 f e e t  offshore. The 

survey was made a-t: an average speed of 5.7 knots over water ranging 

Prom 10 t o  100 feet deep. 

Sea-botlmm multiples (reverbexation of seismic energy between 

the sea. floor and the sea-air interface) were very strong becausg 

af the  shallowness of the water. These multiples, w i t h  t h e i r  harmonics 

and in te rna l  multiples (reverberation of seismic energy between two 

subsurface re f lec tors )  complicate the records and make interpreta t ion 

difficult, however, most reflectors picked i n  t h i s  study were located 

between the sea bottom and the primary Qr f i r s t  sea-bottom multiple. 

All  seismic re f lec tors  picked w e r e  p lot ted on a general work map 

(Plate  1). The data shown on the general work map wexe divided i n t o  

surface and subsurface features and t ransferred to  three separate 

maps, Most of the recorded re f lec tors  a re  discontinuous and as a 

r e s u l t  corre la t ion from one l i n e  to another was not successful until 





the f ina l  computatioe~ stage, a t  which time the features rscogniged 

on the seismic records were related t o  bathymstria feature$, bottom 

samples, d r i l l i ng  resu l t s ,  and onshore geology. 

Depths of ref lectors  were calculated wing  velocities of 4900 

feet peg second i n  water and 6000 feet per aecond i n  sediments; 

sound v e l ~ c i t i e s  i n  sediments a t  Noms have been obtained from Arne 

Junger (wrSCten comun., 1967) and onshore seismic refraction work 

(Greene, 1970a). No corrections were made for changes i n  sea level 

because lunar t ides  a t  None are generally less than 1.5 feet. Sfom 

surge seicheq prodvce larger sea level changes, ranging a t  times 

t o  5 feet or  more above ox below normal sea levels,  but we have no 

data upon which to base oorrections for  these effects and i n  general 

the records were obtained only during periods of good weather. 

Bathymetric data was obtained from U.S. Coast and G e d e t i c  Suway 

smookh sheets from tbe central  par t  of the study area and from the 

seismic profi les  elsewhere. Features observed on the sea floox 

offshore near Nome w i l l  be reported i n  a l a t e r  publication by 8, R. 

Tagg 

Interpretation 

Structwes ob~erved i n  the seismic records are divided i n to  

surface-to-shallow subsurface and deeper subsurface features. Surface- 

to-shallow subsurface featurea are defined here as those recognieed 

on the seismic records and are expressed i n  the topography of the 



sea floor. They may extend, aa seismic features, as mu~h as 31) feet  

below the sea floor and include beach ridgars, alluvial Eans or deltas 

and filled channels marked by depressions in the sea bottom. Thasa 

surfaae-to-shallow subsurfacg featwes are shown on P l a t e  4. In 

profile, topographic expreoaions of the d r i f t  can @Lso be Lpeen (fig. 

8). Daepex subsurface skmacturas are defined here as those features 

a t  depths generally more than 20 feet below the sea boktomg most do 

not afgaat the form of the sea bottom. Shallow and deep buried 

~ n n e l @ ,  ac~usticwl sinks, and surface exprsssiops asspciated with 

buried channels, where present, are shown on Plate 3. Terminal 

moraines, xecesrsianal moraines, faults, and outcropping bedz;ocls, are 

shown on Plate 4. Moraines and acoustical sinks, (sound absorbing 

Layere which cause a signal losg) ,  are shown on both the aweace and 

subsurface maps (Flakes 2,3, and 4) . 
Swface Topography 

The present day Nome oPFshore qopographic features are a result 

of processes that have acted during the Pleistocene and Holocene times. 

These Ssatuues consist of beach xidges, fans, and surface channels. 

Beach Bidges 

~ o g t  beach ridges are defined i n  the seismic records by a gentle 

convex-upward profile, steepest on the seaward side and nearly f lat  

on t he  landwaxd side. Some beach ridges are acoustically transparent 



but others show internal  s t r a t i f i ca t ion  consisting of beds that dip 

gently seaward beneath the steepest  portion of the surface p ro f i l e  

(Pig .  4 ) ;  a few ridges show bedding that dips gently landward beneath 

the backshore slope. A strong ref lector  that can be correlated with 

the sea floox on e i ther  s ide  o f  the baach ridge commonly extends bene4th 

the ridge, Some Seatwas intexpreted as beach ridges have a nearly 

symmetrical convex profile, equally steep on both the seaward and 

landward sides and may repxesent barr ier  bars. 

All  p rof i les  of baach ridges are graded "good" o r  "poor1g depending 

on how well they a re  defined i n  the seiemic prof i les .  Those rated 

"good" have dis$inct, sharp topographic prof i les  and clear ly  defined 

in t e r io r  structure.  Those rated "paor" have l i t t l e  surface expression 

and lack well defined internal  seismic characterist ics.  

Lirn i t s  of the beach ridges are picked from points on the seismic 

records where the in ternal  structures pinch-out o r  where a d i s t i n c t  

change i n  slope occurs on the sea floox. The backshore of many beach 

ridges a re  d i f f i c u l t  t o  locate because of the absence o f  in te rna l  

s t ructures  and lack of d i s t i nc t  change i n  slope. Bottom topogzaphy 

and samples were taken in to  account i n  determining widths of the 

beach ridges and their correlation from l i ne  t o  l i n e .  

Distribution.--Two major beach ridges were mapped; one l i e s  a t  a water 

depth of 65 k~ 70 f e e t  (indicated by a 2 on Plate 2) and the othex 

a t  a water depth of 75 t o  80 f e e t  (indicated by a 1 on Plate  2 ) .  





Two minor, smaller, beach ridges occur a t  the eastern lid- of 

the survey area; one a t  a water depth of 85 ta 90 f e e t  (indicated 

by 3 on Plate 2) and another at a water depth of 55 to 60 feet (in- 

d i c a t ~ d  by 4 on Plate  2 ) .  The -85 t o  -90-foot beach ridge l i e s  

sqpproximately 4 miles offshore of Hastings Creek, is about 3/4 miles 

wide and a t  least 3 miles lonqr t h i s  beach ridge may posaibly be ern 

extension of the -75 to -80-foot beach ridge. 

Another minor beach ridge (indicated by 5 on Plate 2) occurs 

at a depth of 45 to 55 feet about a mile off Penny Rivsr and hag 

an areal dimension of 4 1/2  by 1/2 miles. This rkdgs may be rsn ex- 

tenstion of the -55 to -60 faof ridge of the ass-zn part of the survey 

area. 

Skxatigxaphic Position.--Beqause o f  the beach ridges are expressed 

in the sea f loor  topography and i n  the upper 20 f e e t  of sediment, 

they axe l ike ly  t o  be of l a t e  Pleistocene age. They probably represent 

s t i l l - s tands  during the Woronzofian (mid-Wisconsin) or Krusenskernian 

(late Wisconsin and Wol~cene) transgxasaions oP Hopkins (1967). 

Significance.--Beach ridges offshore a r e  s ignif icant  as pasesible 

s i t eo  of placer gold deposits, a s  during the Nome gold rush the beaches 

o n s h ~ r e  were rained for  t he i r  placer gold, Wave action concentratat$ 

a considerable amount of placer gold in the onshore beach ridges, 

and it is quite posoible that an equivalent concentration was made 

i n  t h e i r  counterparts offshore. Howev@r, the shall~w beaches offshore 

a t  nome are not necessarily products o f  erosion of bedmck i n  the 



study axes and any included gold probably was dexived from xeworkJng 

of till in  the nearshose or onshore area. Therefore, the most promising 

area$ for offshore placer gold 8eposft;s would be where beaches are 

caxved in  or rest on d r i f t  and, becausg of eastward longshore d r i f t  

(Gxeena, 197Ob), in  nearby areas t o  the east of Noma. 

Fana or Deltas 

Some geomoqhic features observed in the bathmetry of the N Q ~  

offshore area appear t o  be alluvial or gutwash fans, or. deltas. Five 

af these fans were first identigied from the bathymetric data and two 

are recognized selsmically i n  the rsrqbsuxface. Sedrimen$ological dat,a 

(Nelson and others, in prea~)  and bathymetric data (Tagg, written 

comun.1 also confirmed the kwo Ems seen on the aeismic records. 

These fan or delta-like featurea are chmacterized by gentle, thin, 

beds that dip away from the shoreline (fig. 5) .  The reflectozs are 

few and overall thicknesq never exceeds 50 feet. 

4isl$bution.--The fans obsenred on the bottom contour map but not 

in  the aeismic records have an average areal extend of 3 1/2 Ipjlles, 

Qne f@n is located 2 miles west of the mouth of Snake River (fig. 6) .  

The apex of this fan is not visible and is  truncated at me -40 foot 

contour about 1 mile offshore; the fan proper extends about 1 mile 

further offshore where its foot has been located a t  about the -54 

foot sea bottom contour. 



Figure 5 

0 0 

-60- 
_ , - - -  - - 

- _C - -  - - 
d - - - -------. /- - -  ' T X  - - - 

- - / _/ - - - - -  4 =.= - -_ _ -  - c-/- -- - - - + --/*! 
-18 

- -36 

m -55 

> - r- - -/ - - /- 

-120- 
/ f 

-1 80 
N r 

+ S 
0, 
P) 0 1 300 Feet f 
LL 400 Meters .- 
C .- b r 

Horizontal Scale c, a L + al a n 
0 

- - I 8  

--36 

-55 

Q) 
n 0 

Buried edge of fan Fan surface, 

- / 
- - ----- - - -- - - -= - 

-480 ' 

Line drawing and geologic interpretation of a seismic profile across a fan- 

-120- 

Buried base of fan Dip Correction for 
Vertical Exaggeration 
1:4.6 





The other two fans that were not seen on the seismic records 

a re  located approximately 4 1/2 miles d i rec t ly  off Nome; the inner 

fan appears to be superimposed over the other. The apex is  not 

v i s ib le  on the overlying fan which is tmncated near the -72 foot 

contour; it extends about l/2 mile fur ther  offshore t o  the -80 foot 

bottem contour. The apex of the lower fan is obscured by khe overlying 

fan; its foot is  located on the -90 foot sea bottom consour. 

Both of the seismically ident i f ied fans occur offshore of the 

mouth of Nome Uver  (Plate 4 ) .  The f i r s t ,  and la rges t  fan, lies a 

l i t t l e  south of Nome River and covers approximately 5 square miles. 

The apex of this fan is not well defined and appears t o  be truncated 

along the -40 foot contour about 1 mile offshore; the f m t  of t h i s  

fan extends about 3 miles offshore where it pinches out near khe -70 

foot contour. The second fan i s  much smaller and covers about 2 

squqre miles south of Noms. The apex of this fan i s  aAso not w e l l  

defined and appears to be truncated between the -60 and -70 foot  

bottom contour, about 2 L/2 miles offshore. The foot of the fan 

pinches out  neax the -70 foot contour, about 3 miles offshore. 

Stratigraphic position.--All fans or  de l tas  i n  the Nome offshore area 

were probably developed during the Pleistocene or early Holocene times. 

Sedimentological data and onshore geological evidence indicate an 

age of middle Pleistocene (I l l inoian)  for  the large fan off the mouth 

of Nome River. A moraine f l l ino ian  age occurs behind Second Beach 

ju s t  onshore of this large fan. Second Beach (Post-Illinoian, Sangamon) 



sediments in a gravel pit exposure overlie outwash derived from this 

Illinoian moxaine. Also, offshore bottom sample and drill-hole data 

indicate that a small tongue of alluvium is present inmediately off- 

shore of the mouth of Nome River and overlies a large quantity of 

outwaeh that extend for several miles east and south of the alluvium 

(Nelson and others, in press) . 
Significance.--Because fans are sites of aggradation, there is relatively 

little opportunity for the repeated winnowing and reworking that is 

generally involved in the development of rich placer deposits. Even 

so, since rivers and glaciers in the Nome region have carried auriferoug 

sand and gravel as part of their sediment load s o m e  of the finer gold 

at learat may'have been transported to the fans or deltas located offshoxe. 

- 
Surface channels or depression 

Approximately 20 surface channels or depressions can be seen in 

the seismic profiles. They are characterized by a concave-upward 

profile in the surface of the sea floor (fig. 7). 

Distribution.--Most of the surface channels are discontinuous, or at 

least they cannot be correlated from one line to another and are 

scattered fairly evenly throughout the entire survey area. rn only 

two locations, offshore of Hastings Creek some surface channels are 

correlatable (Plate 3) . 
Association.--Many of the surface channels are associated with acoustical 

sinks (see pages 14 and 26) and buried channels. In the area south 





of Hastings Creek surface channels are correlatable and axe associated 

both with acoustical sinks and buried channels. Five or s i x  miles 

west of Hastings Creek is another: surface channel associated with 

an acoustical  sink (Plate 3) .  

Stratigraphic Position.--Swface charnels on the sea floor have sharp 

prof i les  tha t  indicate a young, p~esibly Holocene, age, However, many 

of them a re  suxface expressions of buried channels t h a t  have not been 

completely f i l l e d  with Holocene sediments. Therefore, some surface 

channels may be of l a t e  Pleistocene age (lgd formed during the Wisconsin 

low sea l eve l  interval.  

Significance.--Surface channels are s ignif icant  i n  placer exploratSon 

because they mark s i t e s  of f l uv i a l  deposits that may contain copcen- 

t ra t ions  of placer gold. Especially s ignif icant  to offshore mining 

a re  those channels t ha t  are most extensive and associsted with ac~ustical 

sinks and buried channels; these i p  particular indicate sites ~f f luvial  

gravel deposits. The best prospects for placer gold deposits i n  the 

submerged channels offshore of the Nome coastal  plain are arose channels 

cut e i ther  i n t o  bedrock or through auriferous Xllinoian d r i f t .  

Buried Topography - Subsurface Structures 

Subsurface structures i n  the Nome offshore area are complex and 

generally consist  of a discontinuous Pleistocene drainage pattern,  

g lac ia l  deposits, and acoustical  sinks. These buried features vary 

considerable i n  depth indicating several stages of development. 



Buxied channels 

Most buried chpnnels are well defined and exhibit character is t ic  

features such as a concavs-upward p ro f i l e  and an a a ~ u s t i s a l l y  trans- 

parent or  s o r n e ~ e s  s t r a a f i e d  in ternal  sbuctuxe ( f ig .  7 ,  and 9). 

Both shallow and deep channels can be identified i n  the s~ismic pro l i l es .  

shallow channels have s ides  truncated a t  or  near the sea bottom ( f ig .  7 ) ;  

deep channels are overlain by a varying thickness of sediments. 

Shall~w Channels.--Shallow channels are plen t i fu l  i n  the Name offshore 

area and are by far the daminant subsurface feature. Approximately 

370 shallow channels are sh~wn on the seismic records. Depths of the 

centers of these channels xmge from 32 to 150 feetbeneath the sea 

Wttom; average depth is  38 feet. Several channels have two centers 

divided by a low still (fig, 8 and 9 ) ,  but most have only a single 

center1 some have centexs skewed to one side although most are symelxical. 

The aide walls of the shallow channels extend nearly t o  the  ocaaq 

bottom and a re  usually covered by a *in veneer of sediment. Few 

channels can be correlated from one line t o  another; however, those 

that are c o r r e l a t e l e  trend i n  a direction parallel to the present 

coast l inq (Plate 3).  

A buried e x t e n s i ~ n  of the Snake River detected in refraction 

seismorgrams by Greenq (1970) ~ n s h o r e  a t  Nome i s  shown by w e  seismic 

reflection record$ to extend offshore (flg. 8). The onshare and 

offshore channels have simQar profiles t h a t  show a rela$ively shallow 
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tributary on the eas t  side separaved by a om11 ridge Exom a deeper 

tributary on the west. 

Dee9 Channels.--Deep channels i n  the Nome offshore area are less 

coWQn than shallow channels; only about 15 deep channels were iden t i f ied  

i n  tho s e i d a  records. Depme of the deep channels range from 36 

t o  115 feet beneath the sea bottom w i t h  an average depth 9f 72 feet;  

the sides of these channeas rwge in depth from 22 t o  85 f e e t w i t h  

an average depth of 45 feet. 

Channel DensSW and Distxibution.--Most buried channels i n  the  Nome 

offshore area are difficult to  correlate. To find out i f  this was 

a function of t h g  seismic l i n e  locations, a facsimile of the offghore 

seismic grid was overlaid qn a wap of the onshore area of the Nome 

coa8-4 pLain and positions where lines cut streams were marked. A 

pa$tern similar to the xandopr, poor correlation pattern fpund offshore 

devqloped. fn outlining areag of greatest stream channel densities 

from this onshwre grid it wae found that known areas o f  stream and 

r iver  courses were outlined. The~efore, areas of greatest channel 

densities were similarly outlined offshore and the  resulting general 

pattern is assumed to represent areas of stream and r iver  courses 

(Plate 3) sWlkw t o  tha t  produced onshoxe. In many areas where high 

densities of channels exis t ,  a correlation from one l ine  to angthgtr 

may be made w i t h  relative cer-inty. 



m e  pospible reason fo r  such a prol i ferat ion of discontinuous 

channels a t  Nome is the gaomrphic p r ~ v i n c e  i n  which these channaLs 

developed. The onshore Nome area i s  a shallow seaward dipping coastal  

plain that has s slope QE 67 feet per  mile (about 3/4 of a degree). 

This gently sloping p la in  contains an abundance of meanders, cut-offo, 

and oxbow lakes. Offshore the sea f loor  and su r f i c i a l  sediments have 

a -re gentle slope of about 15 feet per mile (about 1/6 degree). 

marefore,  it i s  reasonable t~ aseume that the  same type of stream 

ghannel development existed oefshore during the tirae the offshore 

channels were formed a@ exist onshoce tpday. The subsurface offshore 

drainage pat tern most l i ke ly  consis ts  of buried meanders, cyk-offs, 

and oxbow lakes that  are shown as discontinuous channels i n  the seismic: 

proCf les . 
I n  thie report ,  areas with a significant number of buried channels 

arg sepva ted  from areas w i t h  a general lack of ahannsls (plate  3 ) .  

Within the region of buried channels, 7 areas of high channel densi t ies ,  

as described above, a r e  outlined. The c r i t e r i a  used t o  define these 

channel areas are: (1) re l a t i ve  density of cfisnnel,~, (2) degree of 

development of the chwnel and (3)  good channel correlation from line 

to l ine .  

Buried channels a re  dis t r ibuted throughout most of the Norne 

offshore are@. However, there is  a mile wide l inear  zone thaf gen- 

e r a l ly  lacks channels which i s  located about 1 mile offshore. Also, 



An the northwestern portion of the area,  where bedrock is c loses t  

to the surface, buried channels axe uncormaan. 

s t ra t igraphic  Position.--Most channels are buried beneath 20 or more 

f e e t  of Holocene sediments and are not normally seen deeper than 100 

f e a t  beneath the sea bottom. They were probably developed during 

the Xllinoian and Eisconsin glaciations.  The ancestral  Snake River 

Channel i s  an exception a s  it is  covered by I l l ino ian  drift and is 

therefore of pre-l l l inoian age (Hopkins, writ ten corn., 1969). 

Significance.--Buried channels are important sites fox concentration 

of heavy minerals. Many dredges have worked buried channels i n  the 

Nome onshore area and recovered large amount of placer gold. Offshore 

buried channels probably a lso contain quant i t ies  of d e t r i t a l  mineral 

deposits, especially i n  the nearshore area. 

Acou~Cical sinks 

Areas of a par t icu la r  type of weak o r  no seismic signal re turn 

are here called "acoustical sinks" (figs. 4 and 9) .  The prime charac- 

t e r i s t i c  of an acoustical  sink i s  i ts  acoustic opaci* which indicates 

that most of the  seismic energy i s  absorbed and l i t t l e  s ignal  i s  

returned to the surface. 

Distribution and Density.--Seismic records i n  the Nome offshore area 

exhibit 81 acoustic sinks; 58 of them i n  the eastern half of the  

survey area and 23 i n  the western half .  Areas of abundant acoustical  



sinks gre rare, most axe randomly scattered about the region, The 

highest concentration and best carrelat ibi l i ty of acoustical sinks 

are found within the area 4 miles off Hastings Creek (Plates 2 and 3).  

Many sinks i n  the Nome offshoxe can be correlated between lines. In  

the eastern hglf of the survey qrea 24 sinks are correlated compared 

to 4 i n  the western half. Most acoustical sinks are associated with 

buried channels since they axe presumably gravel f i l l  in  the channels. 

Some w e  aaaociated w i t h  beach ridges, however, and these, too, may 

be gravel. Gravels are a common constituent i n  the present day beaches 

of the area, and have been noted f s r  instance off Paint Hope by Creager 

and McManup (1966, 1970) and closer to  Nome, off Port Clarence i n  

the Berinq S t r a i t  by Hopkina (1967), and a t  Nome by Gxeene (1970~).  

Significance.--Association of the acoustical sinks with buried channels 

and beach ridges suggest that stream-and-wave-deposited material is 

respgnsible for absorption of the seiemic energy. Therefore, acoustical 

sinks are interpreted here to  be the result  of absorption of seismic 

energy by gravels associated with buried stream channels and beach 

ridges. Because detrital  depsits  of heavy minerals, especially gold, 

arc concentrated i n  coarse-grained stream and beach deposits, acoustical 

sinks are significant featytres that may help locate these deposits. 

Stratigraphic Position.--The acouetical sinks associated with buried 

stream channels and beach ridges axe the same age as the Pleismcens 

features with which that are associated. 



Glacial deposits 

Glacial deposits extend 3 t o  4 miles offshore a t  Noqle and from 

about 1 mile east of Nope River to the western limits ~f the survey 

area (Plate 3 ) .  These deposits are khe most extensive of the offshore 

d e ~ o s i t s  and cover approximately 30 square miles. 

Glacial q i f t  is repreeented in the eeismic records by highly 

distorted reflectors that often show humamocky internal structure, 

and i n t r c f o m t i o n a l  falding and faulting, and stxongly re f l ec t  or  

absorb, seismic energy. A very strong ref lector  a t  what appears t o  

be the basre of the glacial  d r i f t  bends upward a t  the d r i f t  lwt and 

16 lmmcated by the oqean bottom (fig.  9).  This ref lector  Os concaved 

seaward, away from the main body of the d r i f t .  Small t ight ly folded 

maxine beds commonly abut the outer edge of the d r i f t  a t  depth and 

appear to  have been compressed by the advancement of the glacier 

(f iq.  9) .  

The thickest par t  of the d r i f t  is a t  its outer limit where glacial 

deposits a t t a in  a thickness of 100 feet ox more. The outer limitg 

appear t o  be terminal m~raulnes and axe mapped as drift limits (fig. 9) .  

Seaward o f  the terminal moraines, marine sediments, onlap and cover 

the drift. Thinly bedded sediments, probably glacial  outwash, dip 

gently seawaxd from the terminal moraine. Landward of the &if$ limits 

the g3acial deposits become thinner and axe covered by a thin veneer 

(20 feet or less) of marine sediments. 



After glacial deposition, transgressions of the sea altered, 

reshaped, and in  some cases destroyed glacial features. Outwash and 

other glacial-fluvial deposits have distorted the original glacial 

structures, making interpretation of glacial features diff icult .  

Distribution.--The terminal moraine that l i e s  farthest offshore a t  

Nome, here called on the "outer d r i f t  limit", appears to  continue 

unbroken from the western l i m i t  of the survey area to  j u ~ t  offshore 

of the mouth of Nome River where it is less well defined: and eventually 

becomes obscure. A better defined moraine, shown by the seismic records, 

l ies seaward of the outer d r i f t  l i m i t  off the mouth of the Nome River 

(Plate 4 ) .  This moraine is probably an extension of the outer d r i f t  

l i m i t ,  which'has been distorted or obliterated i n  the area just offshore 

of the town of Nome; the weaker moraine feature landward is probably 

a recessional moraine. The outer moraine, the probable extension of 

the outer d r i f t  l i m i t ,  bends landward approximately 1 mile east  of 

the mouth of Nome River. There is  a possibility that the moraine 

that bends shoreward just west of the mouth of Nome River is a younger 

terminal moraine. Buried channesl and fan deposits distort  the 

subsurface features i n  the area offshore of the Noms River. 

Several weakly d~ f ined  moraine-like features i n  the western 

portion of the survey area are probably recessional moraines. These 

features generally have the same seismic characteristics as the outer 



drift limit except that relief and definition in the subauxfacq is 

subdued. Drift features located in the western nearshore area, just 

inshore of the most continuous xecsssional moraine (Plate 4), appear 

to consist of a younger terminal moraine, here called "inner dxift 

limitn, and recessional moraine. Recessional moraines located between 

the inner and outer drift limits In this western portioq of the survey 

area seem to indicate at least three stages of glacial stability or 

readvancement of the ice (Plate 4). 

Stratigraphic Position.--Deposition of glacial drift i n  the Name 

offshore area probably took place during the glacial advances of 

early to late Pleistocene t i m e .  The outer drift and its associated 

recesd.ona1 moraines were most likely fomed during the Iron Creek 

glaciation, The inner drift must be younger than the outer or it 

would have been destroyed, hence the inner drift and its recessianal 

moraines is pxobably Illinoian in age and most likely represents the 

Illinoian glacial maxllmura. 

Data from drill holes just shoreward of the inner drift limit 

off the mouth of Penny River show two layers of till separated by 

a Layer of marine sediments. These data suggest the inner drift 

limit represents the Illinoian glaciation and is younger than the outer 

drift limit. 

Significance.--1llinoian glaciers scoured deeply into highly rninexalized 

bedrock in the interior areas of the Seaward Peninsula and probably 

crossed over auriferous gravels during their trek to the sea. Material, 



including gold, eroded by the glaciers was carried away from the 

source areas and deposited as glacial drift on the coastal plain. 

Considerable amounts of this material were deposited in terminal, 

ra~es~iional,  and lateral moraines. Those morainal features that were 

subject to wave and current action during ~ansgression most likely 

lost fine constituents to winnowing and their coaxse copstitueqts 

were left as 189 deposits. 

Faults 
v 

Several faults are shown by the seismic records but only three 

are well enough defined to map (Plate 4 ) .  Two of the three fault$ 

axe quite small and one displaces only the sediments overlying bedrock 

while the other displaced both bedrock and sediments aqd has a 3 to 4 

foot scarplet on the ocean bottom. The third fault displaces bedrock 

and the overlying sediment and has an apparent displacement of about 15 

feet and a 4 to 6 foot enscarpmsnt on the sea floor (fig. 10). 

Significance.--It has not been determined what relationship, if any, 

faults in the Nome offshore area may have to the offshore placer 

gold deposits. However, St is possible that mineralization may have 

taken place along fault plains of the bedrook faults, as in the Anvil 

Creek FauZt. Possibly a significant factor about the bedrock faults 

is the elevation of the bedxock to a level where bedrock surfaceta can 

be w~rked by offshore mining equipment or the development of natural 

catch basins for heavy minerals, 





A swong acouctical basement is well defined i n  many seismic 

reaorde of the hlome offshore area. The acoustical basement a t  Nome 

represents a m e w r p h i c  bedrock that onshare consists af deformed 

Paleozols schist and llmest~ne, (Collier and other, 1908, p. $49 and 

Mummsl, 1962 a and b). Bedrock was not mapped except in  areas where 

i t  C O Q ~ S  ou* or closely  approaches the seafloor (Plate 4 ) .  

Diakribut.ion.--Be&~ck crops out in the northwestern portion of the 

survey area. A l i n e  rep~esenting points where bedrock surfape! aye 

txyncaked a t  the sea bottom i n  shorn i n  Plate 4 and angles toward 

the coast l ine  Eor about 5 miles eastwaxd from the western l i m i t  of 

me ewvey. W u t  2 miles southeast o f  Penny River the beatock surface 

i s  d9splacsd by a fault, Iandward o f  the mapped bedrock outcrop linq, 

bedrock is exposed qn the aea botqom or  covered with a &in veneer 

(less than 12 feef) of Holoaeno sands and gravels. 

Significance.--Bedrock depth and surface configuration are significant 

i n   sfs shore placer mining because dekcital heavy minerals often 

concentrate. Qn bedrqok surfaces pwticularly i n  small pockets or 

deprqasL~ns. Also there is some possibility of finding lade gold 

i n  me bedrook or sf enrichment of placer deposits from bedrock sources. 

Summary and Conclusions 

Subsurface features in the Nomeoffshore area consist of buried 

swearn channels, glacial deposits, and acoustical sinks, most of 

which were famed between eaxly and l a te  Pleistacane time. Surface 



and shallow subsurface features consiet of beach ridges, surface channels, 

apd acoustical sinks, most of which were fomed during l a t e  Pleistocene 

and Holocene times. 

.The outer terminal moraine and associated recessional moraines 

wexe probably deposited by glaciers of the Iron Creek Glaciation and 

then eroded, reshaped, and covered by marine sediments during the 

Anvillian, Einahnuhtan, and Kotzebuan Transgressions of Hopkins (1967). 

During Illinoian times advancing glaciers of the None River Glaciation 

eroded older marine sediments, onshore and nearshore i n  the area west 

of Nome, and deposited glacial detr i tus  tha t  make up the inner terminal 

moraine and associated recessional moraines. The outer and inner 

dxift  limits represent glacial  maxima of the Iron Creek (pre-Illinoian) 

and Nome River (Il l inoian) Glaciation, respectively. Also, during 

l l l inoian t h e ,  a large outwash fan was formed a t  the terminus of a 

Nome River Glaciation ice  lobe i n  the nearshore area east  of Nome. 

The other fow fans seen i n  the offshore area either formed from 

outwash of similar glacial  ice lobes, as constructed the large Tllinoian 

outwash fan, or  formed as deltas during the Pelukian, Woronzofian 

or  Krusensternian transgressions. 

The buried Pleistocene drainage pattern that  is  prominent i n  

$he subsurface topography of the None  offshorearea was probably de- 

veloped during the latter parts  of the Ill inoian and Wisconsin Glaciations 

when sea level was lower and subaerial  exosion took place south of 

the present ~ome coastalplain.  Streams and rivers fed by glaciers 



nearby were new base level awing this t ime ,  and the dxainage pat tern 

consequently consisted of meandering streams w i t h  cut-offs and oxbow 

lakes. Some of the channels were not f i l l e d  by sediments of the 

musansternian transgression and are now preserved as discontinuous 

surface channels i n  the bathymetxy. gther c h w e l s  were peatially 

f i l l e d  by coaxse detr i tuq carried from the terminus of glaciers  and 

axe seen i n  the seismic records a s  acoustical sinks, these channels 

were subsequently f i l l e d  by other fine-grained marine sediments, 

leaving no surface expxession. 

The last major geologic event to affect the Name offshore area 

wprs the Uusensternian transgression of late Pleistocene t o  Holocene 

time, During t h i s  time a t  least three offshore beach ridges were 

dsvsloped and represent sea level still-stands. It, is possible thah 

some of the beach ridges formed as long ago as the Pelukian (Sangamon) 

transgression. In  late Pleistocene t h e  sea level  rose between -9Q 

and -75 f e e t  where it remained long enough to  form the outer beach 

ridge. I n  l a t e s t  Pleistocene or e a r l i e s t  Holocene time, possibly 

during Woronzofian (rnid-Wiscpnsin) transgressions, sea level rose to 

form the -65 t o  -70 foot beach ridge. The l a s t  s t i l l - s tand  of the 

Wusensternian transgression was later i n  the  Holocene time and fr~med 

the inner beach xidge between ~ 4 5  to -60 feet. 

Nelson and Hopkine ( i n  press) have shown the glacial drift 

offshore of Nome is  generally covered by a thin, boulderdrich lag 



(bpssiZ: and i s  commonly auriferous. W i s  Jag deposif was formed 

by wave erosion duxSng Pelukian, Worozofim and Krusensternian 

tranegrssslons. 

A #in veneqr of marine sediments laid down during latest Holocene 

time coveris ~uxfaca features in the Nome ofgsbore area. This venqer 

conelsts of mud, aand, and qxavel and i n  places ice  rafted boulders. 

The swiftpred~mina'tly eastward l~ngshore current keeps the sediment 

cover thin. 

TWnqqfion of bedrock i n  the western Nome nearshore area pmbably 

began in &@le or late Pliocene time when subsidence of Nortan Basin 

dsqreased. However, erseion and bevelling of  the trunca$ed bedr~ck 

awfaor continued during the Iron Creek and Name River Glaciations 

wid throughout the many tranggresetions that affected the Nome offshore 

area, 

TwO faults offset both the overlying sediments and bedrock 

ThPs indicates that the faults have had late Pleistocene movement. 

Many of the structures-fans, ridges, and channels in the surface 

an8 subrjurfacs Nome offshore area may contain concentrations of 

detrital heqvy minerals. Beach ridges and buried stream channels 

tend to have heavy dnarals concentrated by waves and currents. Coarse 

grained eediments deposit@ i n  beach ridges and buried ~ h m e l s  ate 

particrulwly import$n9tr site8 for potential placer gold deposits.  



Glacial  t3rif.t: deposits i n  the Name offshore area  may contain 

d i l u t e  quant i t ies  of placex gold. Glaciers that deposited material 

on the Nome coastal  p la in  crossed mineralized bedrock and auriferous 

s+rem channels as they advanced across the Sewawd Peninsula toward 

the Bering Sea. The highest concen*ations of gold should be found 

i n  a a  marginal and terminal moraines, especially where gold i n  these 

moraines has been concentrated by current action of a transgressing 

sea. 

since bedrock i n  the  Nome area i s  the SourCe of the placer gold, 

i t  i s  a lso  an exploration site i f  only as a guide to 1oca.t;ion of placer 

deposits. In  the western portion o f  the Nome offshore area bedrock 

cropo ou t  a t  the sea bottom and could possibly be supplying d i l u t e  

quant i t i es  of gold that may be concentxated and deposited to the east 

by the l ongsh~re  current. fn  addition, bedrsck exposed elsewhere a t  

various e a r l i e r  times may have contributed to gald deposits. 

A may showing six areas where placer gold and other heavy d e t r i t a l  

m$nerals are possibly concentrated was constructed Erom the Nome 

offshore seismic r e f l e ~ t i o n  data (Plate 5) .  Criteria Tor delineating 

these areas are (a) the  presence of more than one feature thay may 

have concsnWations of placer gold; i.e., a beach ridge and a buried 

channel, (b) high density of buried channels with goad correla t ion 

from one seisnic tzack to another, ( c )  high density of acoustical 

sinks, either associated with beach ridges or buried channels and 

(d) the pxesence of &if$ i n  close proximity to beach ridges. 



The Sirst area is about 1 1/2 miles off Hastings Creek and 

contains a beach ridge and a well corxelated, continuous busied 

channel? both of these features lie east of the mouth of %he Nome 

River where dilute amounts of p4cer  gold may be present in the 

Xllinoisn texmiml moraine onshore (Plate 5). The second area is 

about 3 1/2 miles off HastAeqs Creek and contains a beach ridge an8 

~orrekatable surface and subsurface ahannels khat are associated w i t h  

acouqtical sin%s. Area three, off  Nome, contains several buxied 

channels and acoustical sinkso most of the buried channels axe 

caxrelatable (Plate 5). Drift limits and recessional, moraines are 

i n  close proximity ko eoch other in this area and dilute quantities 

of gold present in me glacial drift may have been conasntrated by 

wave action and d~posited in the beach ridge. Area fovr which touches 

ahaye west a£ Nome contains a well correlated extension 92 the buried 

Snake River channel, which passes through an area onshore that is 

known to cantain a significant gold, and because of the present of a 

beach ridge in close proximity t o  a terminal and recessional moraine. 

Area five, about a mile further offshore contains a beach ridge 

associated with several correlatable acoustical sinks and coxrelatable 

buried channels. Area six is off Cripple River and contains cor- 

relatable buried stream channels and a beach ridge in close proximity 

ta kemninal and recessional moraines. However, the most important 

reason for outlining t h i s  area is that bedrock crops out on the 

sea bot.S;orn to the east and may be supplying gold to this area. 
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