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ABSTRACT 

A r c t i c  beaches  e x h i b i t  c h a r a c t e r i s t i c s  that do no t  occur  on 

beaches i n  more temperate  zones. I n  t h e  summer of 1967 morphological ,  

sed i rnen to log ica l ,  and s e i s m i c  r e f r a c t i o n  s t u d i e s  were made on an 

a r c t i c  beach near Nome, Alaska,  i n  o r d e r  t o  b e t t e r  d e f i n e  t h e s e  

d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s .  

S e v e r a l  d i s t i n c t  m i c r o r e l i e f  s t r u c t u r e s  a r e  developed dur ing  

i c e  break-up and t h e  m e l t i n g  of i c e  and snow on t h e  beaches i n c l u d i n g  

ice-pushed r i d g e s ,  kaimoo r i d g e  and d e p o s i t s ,  sea - ice  k e t t l e s ,  sea-  

i c e  sand and s e a - i c e  g r a v e l  cones ,  micro-outwash d e p o s i t s ,  and 

m i c r o d e l t a i c  d e p o s i t s .  

sed i rnen to log ica l  s t u d i e s  showed t h a t  sediment d i s t r i b u t i o n  

a long  t h e  beach i s  random w i t h  no i n c r e a s i n g  o r  decreas ing  median 

diameters, o r  s o r t i n g  c o e f f i c i e n t s ,  o r  sand-gravel p e r c e n t a g e s ,  

e i t h e r  a long t h e  s t r a n d l i n e  o r  a long  t h e  beach p r o f i l e .  Th i s  

random g r a i n  s i z e  d i s t r i b u t i o n  i s  a t t r i b u t e d  t o  t h e  r e l a t i v e l y  low 

energy a long  t h e  c o a s t  of t h e  Seward P e n i n s u l a .  F u r t h e r ,  t h e  beaches  

a r e  i n s u l a t e d  from t h e  e lements  by i c e  f o r  about  6 months o u t  of 

t h e  year  and t h e  beach sediments  a r e  d i s t u r b e d  annua l ly  by ice-push.  

Longshore d r i f t  appeared t o  vary from e a s t  t o  wes t  d u r i n g  t h e  summer 

of 1967 w i t h  a n e t  t r a n s p o r t  t o  t h e  e a s t .  

The s e i s m i c  r e f r a c t i o n  s t u d y  on t h e  Nome beach i n d i c a t e d  t h a t  

i n t e r n a l  s t r a t i g r a p h y  of t h e  overburden could  be i n t e r p r e t e d  and 

c o r r e l a t e d  w i t h  known onshore  and o f f s h o r e  s t r a t i g r a p h i c  u n i t s ,  

Bedrock w a s  w e l l  d e f i n e d  i n  t h e  seismograms and e x h i b i t e d  a g e n t l y  



undulating topography w i t h  several bur ied  channels t h a t  may be 

s i t e s  of gold placer d e p o s i t s .  
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INTRODUCTION 

I. GENERAL 

F ie ld  work on the  beaches of Nome, Alaska, was conducted a s  

part of the U.S. Geological Survey's Heavy Metals program on the 

Seward Peninsula  during t h e  summer of 1967. This was one of s e v e r a l  

independent explora t ions  of sedimentary processes ,  P l e i s tocene  

s t r a t i g r a p h y ,  and gold resources of the Nome a r e a  o f f sho re  and on 

the  beach, The i n v e s t i g a t i o n  of the beaches included a study of 

beach morphology, a s tudy of s i z e  d i s t r i b u t i o n  and sediment t r a n s p o r t ,  

and a se i smic  r e f r a c t i o n  survey. 

A r c t i c  beaches, unlike beaches a t  lower latitudes, a r e  a f f ec t ed  

by wave ac t ion  f o r  only 6 months o r  less each year ;  during the  

remainder of t he  year they a r e  p ro t ec t ed  by layers of snow, ice  and 

g rave l  wi th  a frozen matr ix.  Beaches i n  t h e  Nome region a r e  narrow, 

200 Eeet wide o r  l e s s ,  and inc ludes  only a foreshore  backed by 

wave-eroded c l i f f s  cons i s t i ng  of outwash, alluvium, colluvium, 

wind-blown s i l t ,  and p e a t  which accumulated during Wisconsin and 

Holocene time. The c l i f f s  range i n  he ight  from 10 t o  20 Eeet and 

are capped by tundra. A snowbank t y p i c a l l y  covers t h e  base of t he  

c l i f f s  through l a t e  J u l y  and only during severe  storms do waves 

reach t he  base of the  c l i f f s .  Slumping and s o l i f l u c t i o n  a r e  a c t i v e  

i n  l o c a l  a r eas .  

Beaches along the  peninsula  a r e  genera l ly  formed under 

condi t ions  of low energy because t h e  Bering Sea is  shallow and has 

a r e l a t i v e l y  s h o r t  fetch t o  t h e  Seward Peninsula .  Moreover, a 



p e r s i s t e n t  i c e  cover precludes heavy s e a s  and s t r o n g  s u r f  a c t i o n  

along the  beaches during the win te r .  T ida l  range along t h e  Seward 

Peninsu la  is  very small and t i d e s  do n o t  s i g n i f i c a n t l y  i n f luence  

beach processes .  Sea- level  changes caused by winds sometimes exceed 

those caused by l una r  t i d e s .  

The most no t ab l e  f e a t u r e  of t he  Norne beaches i s  i t s  raugh and 

commonly hummocky microtopography; t h i s  i r r e g u l a r  beach s u r f a c e  

p e r s i s t e d  throughout t h e  summer of 1967.  Formation of most of t h e  

mic ro re l i e f  f e a t u r e s  i s  con t ro l l ed  by t h e  pronounced seasona l  

temperature d i f f e r ences  common i n  t he  a r c t i c .  When a i r  temperatures 

f a 1 3  below f r eez ing  i n  t he  f a l l ,  s a l t  w a t e r  begins  t o  f r e e z e  on the  

s u r f a c e  of t he  beach and forms a  p r o t e c t i v e  l a y e r  of ice  and g rave l  

called a kaimoo (Moore, 1966, p.  593). Shorefas t  sea- ice  (Sea-ice 

frozen t o  t he  ocean bottom near shore)  forms during the  winter and 

e f f e c t i v e l y  prevents s u r f  ac t i on .  During s p r i n g  break-up , when a i r  

temperatures begin t o  r i s e ,  sea- ice  may gr ind  ashore and f o r c e f u l l y  

d i s t u r b  t h e  beach sediments.  Most of the micro re l i e f  f e a t u r e s  

found on arctic beaches form i n  t h e  sp r ing .  Summer storms usua l ly  

wash away such s t r u c t u r e s  s h o r t l y  a f t e r  they £ o m ;  al though,  

occas iona l ly  they may l a s t  throughout t h e  summer u n t i l  f a l l  storms 

des t roy  them. 

The microtopography was observed i n  1967 t o  be  produced 

during May and e a r l y  June by sea- ice  break-up, t h e  mel t ing  of t h e  

kaimoo, permafros t ,  and blocks of i c e  s t randed  on the  beach,  and 

the a d d i t i o n  of new sand and g rave l  t o  t h e  beach by a s p r i n g  storm. 
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Weather and s e a  condit ions were unusual a t  Nome during the  sp r ing  

and summer of 1967 and a l a rge  shore-lead ( t h a t  a r e a  t h a t  is  open, 

without  i ce ,  between the  shore  and sea-ice of fshore)  opened e a r l y ,  

ev ident ly  w e l l  before  t he  l a s t  snow and p r i o r  t o  t he  l a s t  f r eez ing  

weather. This allowed wave depos i t ion  of new sand and g rave l  onto 

the i c e  covered beach. As  a r e s u l t ,  microre l ie f  produced by the  

i c e  and snow on the  beach during t h i s  t i m e  was unusually we l l  

developed. Nevertheless ,  t h e  f e a t u r e s  descr ibed i n  t h i s  r e p o r t  

recur red ,  i n  l e s s  abundance i n  1968, and s i m i l a r  f e a t u r e s  were seen 

around the  south shore  of Kotzebue Sound i n  the summer of 1966 

(D. M. Hopkins, o r a l  communication, 1968). Tn both y e a r s ,  the  ice-  

and snow-formed microre l ie f  p e r s i s t e d  through J u l y ;  t h e  da t e  and 

e x t e n t  of d e s t r u c t i o n  is unknown. 

T I ,  PURPOSE AND SCOPE OF INVESTIGATION 

Resul t s  of a s tudy of beach morphology, a study of sedimentary 

processes ,  and a se i smic  r e f r a c t i o n  survey of an a r c t i c  beach near  

Nome, Alaska a r e  repor ted  here .  Determination of mechanisms 

respons ib le  f o r  the unusual microre l ie f  f e a t u r e s  found on t h e  

beach i n  1967 and t h e  determinat ion of t he  type  of dynamic processes  

ac t ing  on the beach and d i r e c t i o n  of longshore d r i f t  were major 

ob jec t ives  i n  t he  i n v e s t i g a t i o n .  The purpose of the se i smic  survey 

w a s  t o  determine t h e  beach th ickness  and bedrock topography under 

t he  beach. With t he  he lp  of t he  r e s u l t s  of t h e  se i smic  survey 

c o r r e l a t i o n  wi th  onshore and o f f sho re  bedrock information could be 

made by the U.S. Geological  Survey i n  t h e i r  i n v e s t i g a t i o n  f o r  



detrital  depos i t s  of heavy metals. Fie ld  work was conducted 

between June 15,  and September 1, 1967. 

Generally both sediment sampling s t a t i o n s  and se ismic  s t a t i o n s  

had a 112 t o  1 mile spacing. The s t a t i o n s  made of fshore  and sampled 

wi th  t h e  use of SCUBA had a LOO f o o t  spacing. A t o t a l  of 35 sediment 

s t a t i o n s  and 3 7 se i smic  s t a t i o n s  were made during the  inves t iga t ion .  

About 5 pounds of sediment was co l l ec t ed  a t  each of t h e  sampling 

s t a t i o n s  a t  var ious  p o i n t s  along t h e  beach p r o f i l e  f o r  g ra in  s i z e  

ana lys i s .  Observations a t  each of these  s t a t i o n s  included wave 

d i r e c t i o n  and angle of a t t a c k ,  breaker  type,  genera l  o u t l i n e  of 

beach p r o f i l e ,  s lope  of beach f a c e ,  beach width,  type and coarseness 

of su r f ace  m a t e r i a l ,  and morphologic and microre l ie f  f e a t u r e s  

p re sen t  on the  beach su r f ace ,  Where poss ib l e  t he  i n t e r n a l  

s t r a t i g r a p h y  w a s  noted. A t  each se i smic  s t a t i o n  s e v e r a l  seismograms 

were obtained t o  determine depth t o  bedrock and i n t e r n a l  s t r a t i g r a p h y  

of the  overburden. 

111. LOCATION 

Areas of i n v e s t i g a t i o n  a r e  l oca t ed  i n  Alaska, on the  Nome 

c o a s t a l p l a i n ,  on the  Seward Peninsula  f ac ing  Norton Sound (~ig. 1). 

The beach region under cons idera t ion  extends from Cape Rodney t o  

Cape Nome. Deta i led  sediment and morphologic observa t ions  and the  

se i smic  s tudy were confined t o  10 miles  of beach between Penny 

River and Snake River. An experimental  se i smic  l i n e  across  t h e  

tundra  was loca t ed  approximately 3. 1/2  miles  due no r th  of Nome, 

Alaska, on Dry Creek (Fig. 2) . 







IV. EQUIPMENT 

A h e l i c o p t e r  w a s  used f o r  reconna i ssance ,  g e n e r a l  s u r v e i l l a n c e ,  

and sampling a t  remote p l a c e s  along t h e  beach.  Two t r a c k e d  v e h i c l e s ,  

a "Bombardier" and a "Weasel", were used a t  d i f f e r e n t  t i m e s  t o  travel 

between s t a t i o n s  and t o  t r a n s p o r t  samples.  The beach i s  t o o  s o f t  and 

t o o  rough f o r  wheeled v e h i c l e s .  A p o r t a b l e  seismograph was used t o  

o b t a i n  s e i s m i c  r e f r a c t i o n  d a t a ,  

V.  GEOLOGIC SETTING 

The Nome c o a s t a l  p l a i n  i s  covered w i t h  P l i o c e n e  and P l e i s t o c e n e  

marine and g l a c i a l  sand and g r a v e l .  Four marine u n i t s ,  l o c a l l y  known 

a s  Submarine Beach, Four th  Beach, Th i rd  Beach, and Second Beach, a r e  

recognized ,  each r e p r e s e n t i n g  d i f f e r e n t  s e a  l e v e l  s t a n d s  d u r i n g  t h e  

la te  P l i o c e n e  and Pleistocene time (Hopkins, 1960, p.  46).  Submarine 

Beach, Second Beach, and Thi rd  Beach a r e  s e p a r a t e d  by g l a c i a l  d r i f t  

of t h e  I r o n  Creek ( p r e - I 1 l i n o i a n )  and t h e  Nome River  ( I l l i n o i a n )  

G l a c i a t i o n s .  Covering t h e  g l a c i a l  d r i f t s  and t h e  youngest  marine 

sediments  are outwash, a l luv ium,  col luvium,  wind blown s i l t ,  and 

peat accumulated d u r i n g  Wisconsin and Holocene t ime (Fig .  3 )  . 
Beneath t h e  sediments  of t h e  c o a s t a l  p l a i n  and cropping ou t  behind 

the c o a s t a l  p l a i n  i s  P a l e o z o i c  s c h i s t  and l imes tone  bedrock t h a t  i s  

f a u l t e d  i n  many p l a c e s  ( C o l l i e r  and o t h e r s ,  1908, p .  149) .  Hopkins 

(1967, p. 49-50) d e s c r i b e s  t h e  s t r a t i g r a p h y  in g r e a t e r  detail. 

The geology of Submarine Beach w a s  e x t r a p o l a t e d  t o  t h e  modern 

beach and used i n  t h e  i n t e r p r e t a t i o n s  of t h e  p r e s e n t  beach 

s t r a t i g r a p h y .  Submarine Beach consists  of two s t r i p s  ( I n n e r  and 
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Outer) of marine sediments o r i en t ed  p a r a l l e l  t o  t he  presen t  coast  

near the lower course of t h e  Snake River (F ig .  3). The sediments 

cons i s t  of 1 t o  3 feet of sand and pebbly sand r e s t i n g  upon bedrock 

where bedrock is  high and on a s h e l l  r i c h  clay where bedrock is  low; 

t he se  sediments appear t o  represen t  nearshore depos i t s  r a t h e r  than 

t r u e  beach depos i t s  (Hopkins, 1967,  p .  46). Geology of the  beach 

was summarized by Brooks (1901, p. 85-91) from h i s  examination of 

mining p i t s  on the  beach i n  1898. Brooks observed a blue-clay bed 

found c lo se  t o  t he  tundra t h a t  eloped toward the  s e a  and was r e f e r r e d  

t o  by t he  miners as a " f a l s e  bedrock." About halfway down t h e  beach 

(seaward) t he  c lay  bed was recognized beneath 5 t o  7 feet of sand and 

grave l .  Brooks could not t r a c e  t h e  clay bed, o r  determine i ts  

th ickness  along the  e n t i r e  length  of t h e  beach, even though seams of 

c lay  appeared a t  s e v e r a l  d i f f e r e n t  l oca t ions .  Evidence of s i m i l a r  

c lay  beneath the beach i n  s e v e r a l  p laces  was found during the  se i smic  

survey and was i n t e r p r e t e d  as an of f sho re ,  shallow-water sediment 

deposi ted during Second Beach time. I n  add i t i on ,  f i n e  sands and 

coarse grave ls  were found wi th  occas iona l  t h i n  l enses  of c lay 

immediately above t h e  c lay  s t ra tum. 

I n  t h e  v i c i n i t y  of Dry Creek a t h i n  l a y e r  of Wisconsin pea t ,  

loess, and colluvium o v e r l i e s  t i l l  and outwash of t he  Nome River 

g l a c i a t i o n  which rests upon Pa leozoic  s c h i s t  bedrock (Hopkins , 1960, 

p.  48) (Fig.  3). A t  t he  l o c a t i o n  of t he  tundra  se i smic  l i n e ,  Dry 

Creek has  c u t  through t h e  Wisconsin m a t e r i a l  and i n t o  about 20 f e e t  

of the  Nome River till and outwash. Although t h e  creek bed conta ins  



boulders of s c h i a t ,  no bedrock outcrops were v i s i b l e .  

V I  . P E V I O U S  INVESTIGATIONS 

The w e l l  known gold rush a t  None took p lace  between 1889 and 

1900 and acce lera ted  geological  i nves t iga t ions  of the  a r ea  by the  

U.S. Geological Survey (Brooks and o the r s ,  1901; Co l l i e r  and o the r s ,  

1908; Moffi t ,  1913). La ter  i nves t iga t ions  of t he  Nome coas t a l  p l a i n  

were undertaken by the  United S t a t e s  Smelting, Refining and Mining 

Co. (USSR&M) (Metcalfe,  J. B . ,  and Tuck, Ralph, 1942, P l ace r  Gold 

depos i t s  of the  Nome d i s t r i c t ,  Alaska: Unpublished r e p o r t ,  U. S.  

Smelting, Refining and Mining Company, p. 4-30) and by the  U.S. 

Geological Survey (MacNeil and o the r s ,  1943, p. 69-96; Hopkins and 

o the r s ,  1960). 

Except f o r  t he  papers of Hume and Schalk, 1964; Moose, 1966; 

Rex, 1964; and Schalk, 1961, focused mostly on Po in t  Barrow, Alaska, 

arctic beaches have received little study. There have been no 

d e t a i l e d  analyses  of beach processes  on the beaches of Nome, Alaska. 

Beach p l ace r s  of t he  Nome region extended along the  shores  of 

t h e  Bering Sea from Cape None t o  Cape Rodney, a d i s t ance  of 36 miles.  

Gold concentrat ions along t h e  beach were found ly ing  j u s t  above a 

f a l s e  bedrock of s i l t ,  sand, and grave l ;  t r u e  bedrock could be 

found a t  a depth of 10 t o  100 f e e t  beneath t h e  beach (Co l l i e r  and 

o the r s ,  1908, p. 151).  " ~ l t h o u g h  only the  most p r imi t ive  methods 

were employed, over a m i l l i o n  d o l l a r s  were taken out  (of t he  beaches) 

i n  a per iod  of about two months. During t h e  he ight  of t h e  excitement 

over 2,000 men were engaged i n  beach mining. Many of them made from 



$20 to $100 per day. By t h e  end of the summer (1899) the  r i c h e s t  

s p o t s  on the beach were p r a c t i c a l l y  exhausted" (Metcalfe and Tuck, 

1942, p. 4) .  Today, only v e r y  f i n e  gold  can be found i n  t h e  beach 

sands. Over 2 m i l l i o n  dollars of gold has been taken from the 

p r e s e n t  beach, figured a t  the 1900 g o l d  price of $20.67 p e r  ounce 

(Metcalfe and Tuck, 1942, p.  30; Collier and others, 1 9 0 8 , , p .  151) .  

A t  $20.67 go ld ,  two m i l l i o n  dollars of gold  would be e q u i v a l e n t  t o  

approximately  100,000 ounces. To upda te  this price f i g u r e ,  100,000 

ounces s o l d  at today ' s  p r i c e  of $35.00 an ounce would e q u a l  3 112 

m i l l i o n  dollars. It has been estimated t h a t  5,000,000 ounces of gold 

has been taken from the e n t i r e  Nome area (Arthur Daily, oral 

communication t o  A. R. Tagg, 1968). 



P A R T  I 

BEACH MORPHOLOGY 

I ,  I N T R O D U C T I O N  

That po r t ion  of t h e  coas t  of t he  Seward Peninsula  s tud ied  

would be c l a s s i f i e d  by Johnson (1919) a s  a  n e u t r a l ,  outwash p l a i n  

coas t  ox by Shepard (1963, p. 156) , as a cuspate fore land  and 

g l a c i a l  depos i t ion  coas t  with p a r t i a l l y  submerged d r i f t  f ea tu re s .  

T y p e s  of beaches found along t h i s  coast c o n s i s t  of sh ingled  beaches 

and t i d e l e s s ,  smooth profile sand beaches wi th  a sh ingled  base 

(King, 1961, p. 277) (Fig. 4A and B), 

Figure 4.--A. Yiew of the N o m e  c o a s t a l  p l a i n ,  looking west from 
Cape N o m e  toward Cape Rodney. 



Figure 4.--B. Close-up view of t h e  Nome beach. Photo c l e a r l y  
shows t h e  ex tens ion  of t h e  Raimoo r idge  depos i t .  
Cape Rodney a t  top of photo. 

The gene ra l  conf igura t ion  of the  coas t  of t h e  Nome c o a s t a l  

p l a i n  i s  con t ro l l ed  by p r e v a i l i n g  wind and wave d i r e c t i o n  and 

dynamic processes  a s soc i a t ed  with i c e .  The beach su r f ace  along the  

Seward Peninsula  nea r  Nome i s  genera l ly  rugged b u t  contains t he  

common beach f e a t u r e s  such as rill marks, swash marks, and cusps. 

Microre l ie f  f e a t u r e s  c r ea t ed  by ice and a s soc i a t ed  mechanisms 

produce t h e  rugged and hummocky beach surface. 



11. BEACH PROFILE 

The beaches near Nome cons i s t  of only a foreshore  except near  

Penny, Snake, and Nome Rivers ,  and o the r  smal l  streams along the  

beach where poorly developed berms and backshores a r e  p re sen t  

0 
(Fig.  5 ) .  The average s lope  of t h e  beach face w a s  about 10 and 

superimposed on the  f ace  were s m a l l  s torm beach r i d g e s ,  kaimoo r i d g e s ,  

kaimoo depos i t s ,  a l l  of which tended t o  i nc rease  the  face angle.  

The average e l eva t ion  o r  average he ight  of the h ighes t  p o i n t  on the  

beach, o r  he ight  of berm when one e x i s t e d ,  was 12 f e e t .  

111. BEACH FEATURES 

R i l l  marks 

R i l l  marks a r e  def ined by Shepard (1963, p .  170) a s  "Smal l  

drainage channels forming i n  the  lower po r t ion  of a beach a t  low 

t ide . "  A t  Nome the re  i s  only about an 1 8  inch  t i d a l  range and a s  

r i l l  marks do no t  form a t  low t i d e  they a r e  r a r e  here .  Occasional ly,  

when an o f f sho re  wind blows, s e a  l e v e l  has been repor ted  t o  drop a s  

much a s  4 fee t .  During t h e  summer of 1967,  on s e v e r a l  occasions,  a 

no r th  o r  no r theas t  wind blew o f f sho re  lowering s e a  l e v e l  about 

1 f o o t  a t  which time drainage of t h e  beach developed r i l l  marks. 

Swash m a r k s  

Shepard (1963, p .  170) defined a swash maxk a s  "The t h i n  wavy 

l i n e  of f i n e  sand, mica, o r  fucus l e f t  by t h e  uprush of water  along 

a beach." Swash marks were common on t h e  Nome beaches and were 

e s p e c i a l l y  w e l l  developed after a storm (Fig. 6 ) .  





Figure  6 .--Swash marks near Snake River. 

Cusps 

A cusp i s  def ined  by Shepard (1963, p. 169) as "One of a 

series of s h o r t  r i dges  on t h e  fo re sho re  extending t r a n s v e r s e  t o  the 

beach and occur r ing  a t  more o r  less regular i n t e r v a l s  depending i n  

spacing on wave h e i g h t  .I1 A t  Nome cusps were unusual ly  w e l l  

developed and were found i n  both sand and g r a v e l  beaches (Fig.  7 ) .  

Observat ions during t h e  summer of 1967 a t  Nome supported Kuenen's 



hypothesis of erosion of material i n  the bay by swash action w i t h  

deposition of the coarser material at the back and on the horns of 

the cusp (Kuenen , 1948) . 

Figure 7.--A. Short period cusps on a coarse grained sandy beach 
near Nome, Alaksa. Cape Rodney at top of photo. 



Figure 7.--B. Long per iod  cusps  on a coarse g rave l  beach near  Nome, 
Alaska. Horns of cusps cons i s t  of coarse gravel and 
bays cons i s t  of sand.  Top of photo i s  west.  

IV. MICRORELIEF STRUCTURFS 

A number of mic ro re l i e f  f e a t u r e s  d i s t i n c t i v e  of a r c t i c  and 

s u b a r c t i c  beaches were seen a t  Nome. S i x  microre l ie f  f e a t u r e s  

discussed i n  this r epo r t  a r e  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  c rea ted  

by i n t e r a c t i o n  of s u r f ,  f r eez ing  seawater ,  and melt ing o r  break-up 

of sea- ice ,  snow, and permafrost.  The beach environments i n  which 

the d i f f e r e n t  microre l ie f  i s  found depend on t h e i r  o r i g i n a t i n g  

mechanism and can be  divided i n t o  two zones: (1) a lower beach 

zone, and (2)  an upper beach zone. Microrel ief  f e a t u r e s  found on 

the lower beach are produced by the combination of depos i t ion  by 

wave a c t i o n  and melt ing of s t randed  ice  fragments o r  brash  i c e  and 

c o n s i s t  of ice-pushed r i d g e s ,  kairnoo r idge  and d e p o s i t s ,  sea- ice 
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k e t t l e s ,  sea- ice  g rave l  cones and sea- ice  sand cones. Microre l ie f  

f e a t u r e s  found on the  upper beach a r e  developed by m e l t  wa te rs  from 

s u r f i c i a l  thawing of permafrost  and melt ing snow-banks on t h e  

backshore and cons i s t  of mic ro f luv i a l  depos i t s  made up of micro- 

outwash and micro-de l ta ic  depos i t s .  

Microre l ie f  Fea tures  of the  Lower Beach 

Microrel ief  f e a t u r e s  of t h e  lower beach form i n  t h e  swash zone, 

b u t  are preserved only if they form during storms when t h e  swash 

zone extends h ighe r  on the  beach than usual .  The major p o r t i o n  of 

t he  mic ro re l i e f  f e a t u r e s  of t h i s  zone were seen  w e l l  above t h e  1967 

summer swash zone, probably as a r e s u l t  of storms from t h e  south  o r  

southwest during t h e  e a r l y  sp r ing .  

Ice-pushed R i d ~ e s  

Ice-pushed r i dges  on t h e  Alaska coas t  have been d iscussed  by 

Schalk (1961), Hume and Schalk (1964), Rex (1964), and Moore (1966). 

Hume and Schalk (1964, p. 267-268) s t a t e  t h a t  ". , .buckl ing [ i ce ]  

u sua l ly  causes gouging, t r a n s p o r t a t i o n ,  and depos i t i on  of t he  beach 

sediments i n  i r r e g u l a r  mounds o r  r i dges  which have been c a l l e d  i ce -  

pushed o r  ice-shoved mounds o r  r idges ."  Grounding of wind d r iven  

i ce - f loes  which s l i d e  up and ac ros s  t h e  beach can produce r e l i e f  of 

considerably d i f f e r e n t  s c a l e .  For  example, Hume and Schalk (1964, 

p. 267) descr ibed  ice-pushed r i d g e s  as much as 15 feet high  a t  

Barrow, Alaska; i n  c o n t r a s t ,  t h e  au thor  has  observed ice-pushed 

r i dges  less than 6 inches  h igh  a t  Unalak lee t ,  Alaska, i n  1967. The 

few ice-pushed r i dges  seen  on the beaches of Nome gave t h e  appearance 



of mounds of sand and g r a v e l  pushed up by a b u l l d o z e r .  Ice-pushed 

r i d g e s  t y p i c a l  of a r c t i c  beaches  are shown i n  f i g u r e  8. 

F i g u r e  8.--Ice-pushed r i d g e s  abou t  3 fee t  h i g h ,  on a beach n e a r  
Kotzebue, Alaska i n  t h e  summer of 1966. Photo by Hans 
Nelson of t h e  U.S. G e o l o g i c a l  Survey. 

Kaimoo Ridge and D e p o s i t s  

Moore (1966, p .  593) d e f i n e s  a kaimoo as ". . . t h e  name given  

by the Eskimo t o  an i c e  and g r a v e l  rampart  formed i n  w i n t e r  on t h e  

s u r f a c e  of arctic beaches;  i t  is  e x t e n s i v e l y  used by l o c a l  peop le  



as a  smooth, flat trail." The kaimoo a t  Nome cons i s t  of a bed of 

i ce  approximately 1 m e t e r  thick and interlayered w i t h  t h i n  beds of 

g rave l  and sand (Fig. 9 ) .  

.gure 9.--Kaimoo cons i s t i ng  of i n t e r l a y e r s  of i ce ,  sand, and 
gravel .  Sca le  i nd ica t ed  by shave1 handle i n  left 
foreground, June,  1967. 

Rex (1964, p. 391) describes a s i m i l a r  feature from Barrow, 

Alaska a s  "Spray from waves freezes t o  the  beach i n  the  f a l l .  This 

f rozen  spray coats the beach with a g laze  t h a t  may extend more than 

a hundred fee t  inland."  R e x  a l s o  s t a t e s  t h a t  " . . . t he  usual e f f e c t  

of glaze is  t o  a c t  as a coat of armor p r o t e c t i n g  beaches from 



mechanical  deformat ion by i c e  shove,  e t c . "  The kaimoo shou ld  n o t  

be confused w i t h  t h e  s torm-ice  f o o t  desc r ibed  by Rex (1964, p .  3 9 2 ) .  

I n  t h i s  paper  t h e  kaimoo i s  d e f i n e d  a s  a bed of i c e  and f r o z e n  sand 

$ 

and g r a v e l s  ex tend ing  from t h e  w a t e r  line shoreward toward the 

backshore.  I ce - foo t  i s  h e r e  d e f i n e d  as a f r i n g e  of i c e  b o r d e r i n g  

t h e  l and  and extending seaward from t h e  w a t e r l i n e .  

Upon m e l t i n g  of i n t e r s t i t i a l  i c e ,  sand and g r a v e l  t h a t  make up 

t h e  f r o z e n  kaimoo c o l l a p s e s  upon t h e  beach t o  form a kaimoo r i d g e  

and d e p o s i t .  At Nome a d i s t i n c t l y  c o r r u g a t e d ,  f a i r l y  cont inuous  

r i d g e  on t h e  beach, resembling an ice-pushed r i d g e  t h a t  was reshaped 

by wind and surf a c t i o n ,  r e p r e s e n t e d  a t y p i c a l  kaimoo r i d g e  and 

d e p o s i t  (Fig .  10) .  Although t h e  r i d g e  appeared as an ice-pushed 

r i d g e ,  i t  e x h i b i t e d  d e p o s i t i o n a l  s t r u c t u r e s  and d i d  n o t  c o n t a i n  

t he  d i s t u r b e d  s t r a t i f i c a t i o n  t h a t  i s  of t e n  c h a r a c t e r i s  tic of i c e -  

pushed r i d g e s .  A kaimoo r i d g e  h a s  a g e n t l e  b u t  cor ruga ted  s l o p e  

toward t h e  s t r a n d  and a convex, s t e e p  s c a r p  toward t h e  backshore  

t h a t  c o n t a i n  numerous h o r i z o n t a l  furrows.  The landward s c a r p  of 

the r i d g e  r e p r e s e n t s  t h e  landward edge of t h e  former kaimoo, where 

i t  most l i k e l y  a b u t t e d  against a snowbank (F ig .  1 l A ) ;  i n  o t h e r  words,  

t h i s  s c a r p  r e p r e s e n t s  t h e  boundary between t h e  g r a v e l - r i c h  kaimoo 

and t h e  sediment-f ree  snow-dr i f t  on t h e  beach.  Probably  t h e  snow 

bank had a wave-cut s c a r p  eroded i n t o  i t  t h a t  later  became occupied 

by t h e  kaimoo. This landward s c a r p  of t h e  kaimoo r i d g e  i s  analogous 

w i t h  i c e - c o n t a c t  scarps i n  g l a c i a l  d e p o s i t s .  



Figure 10.--Scarp of kaimoo r i d g e ,  about 2 f e e t  h igh ,  cons i s t i ng  of 
r e s i d u a l  coarse-grained sand and grave l .  Kaimoo depos i t  
extends t o  swash zone i n  r i g h t  background. Snowbank 
can be  seen i n  l e f t  background wi th  ad jacent  micro- 
outwash depos i t .  Col lapse sea- ice  sand cone super- 
imposed on the  kaimoo s carp, July, 196 7. 

Kaimoo depos i t s  have an o v e r a l l  sh ingled  p r o f i l e  w i th  a t h i c k  

landward edge forming t h e  kaimoo r idge  (Pig. 1lA). Mate r i a l  t h a t  

make up t h e s e  depos i t s  a r e  l oose ly  compacted and c o n s i s t  of sediment 

contained i n  t h e  former kaimoo t h a t  has been l e t  down by the mel t ing  

of t he  i c e .  Each i n d i v i d u a l  c l a s t  w i t h i n  the  kaimoo depos i t  remain 

p reca r ious ly  balanced a g a i n s t  o the r  g ra ins  u n t i l  d i s tu rbed ,  thus 

the loose  packing. 





Sea-ice Kettles 

Small ho les  o r  p i t s ,  he re  c a l l e d  sea- ice  k e t t l e s ,  were observed 

i n  and above t h e  swash zones of t h e  Nome beaches (Fig.  12). These 

p i t s  appear a s  c o l l a p s e  structures and a r e  commonly as much as 1 t o  

3 f e e t  i n  diameter and 0.5 t o  1 f o o t  deep. Many of the pits observed 

contained chunks o f  mel t ing ice ( ~ i g  . 13) . 

Figure  12.--Sea-ice k e t t l e s  i n  swash zone. Larges t  sea- ice  k e t t l e  
i n  foreground i s  about  1 f o o t  i n  diameter .  Fairy-  
c a s t l e  r i dges  surround a s m a l l  k e t t l e  i n  right fore- 
ground formed by melting iqe block t h a t  was covered, 
b u t  n o t  bu r i ed ,  by sand, J u l y ,  1967. 



Figure 13.--Sea-ice kettle w i t h  chunk of melt ing i c e ,  June, 1967.  
Diameter of k e t t l e  i s  about 2 f e e t .  

Chunks and blocks of sea- ice along wi th  i s o l a t e d  fragments of 

the  kaimoo are l e f t  s t randed  on the  beach t o  melt during s p r i n g  

breakup (Pig. 14A). Surf a c t i o n  depos i t s  sand and gravel around 

and on the melt ing chunks of i c e  i n  t h e  swash zone and occas iona l ly  

large waves ow storms w i l l  cover blocks of ice on the  forebeach wi th  

sediment w e l l  above t h e  normal swash zone ( ~ i ~ .  1 4 ~ ,  C ) .  As the 

i c e  m e l t s  the  sediment co l l apses  t o  form a p i t  o r  sea-ice kettle 

(Figs. 12, 13, and 14D, E ,  F) . Sea-ice k e t t l e s  are analogous t o  

ice-block holes  commonly a s soc i a t ed  wi th  a c t i v e  g l a c i e r s .  
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Sea-ice k e t t l e s  are prone t o  subsequent d e s t r u c t i o n  by wave 

a c t i o n  as they occur mostly i n  t h e  swash zone. However, s e v e r a l  

sea- ice  k e t t l e s  were s t i l l  p re sen t  i n  the  upper forebeach a t  Norne 

l a t e  i n  the  summer of 1967 and could poss ib ly  be preserved i n  t he  

s t r a t i g r a p h i c  c ross -sec t ion  of t h e  beach. 

A s i m i l a r  f e a t u r e  w a s  descr ibed  by Nichols (1961, p .  697) a s  

p i t t e d  beaches. P i t s  descr ibed  by Nichols are much l a r g e r  than 

sea- ice  k e t t l e s ,  about 15 f e e t  i n  diameter  and 1 t o  2 f e e t  deep, 

and r ep re sen t  co l l apse  f e a t u r e s  c lo se ly  a s soc i a t ed  w i th  a c t i v e  

g l a c i e r s .  P i t t e d  beaches a r e  commonly b u i l t  a g a i n s t  t e rmina l  i c e  

c l i f f s  where blocks of i ce  can f a l l  from t h e  g l a c i e r  and be bur ied  

by beach g rave l s ;  later melt ing of t he se  blocks of ice form p i t s .  

Sea-ice Sand Cones and Sea-ice Gravel Cones 

Small ,  con ica l  mounds, cons i s t i ng  of f a i r l y  w e l l  s o r t e d  sand 

and g rave l ,  0.5 t o  1 foot high ,  were common on t h e  Nome Beach i n  

1967 (Figs. 15 and 1 6 ) .  Some contained a core of i c e ,  The mounds, 

he re  c a l l e d  sea- ice  g r a v e l  o r  sea- ice  sand cones,  occupy shal low 

depress ions  on the  back beach. Cons t i tuen t  g r a in s  commonly c o n t r a s t  

i n  s i z e  t o  those i n  t h e  surrounding beach (Fig.  16) .  Many a r e  

surrounded by a  p reca r ious ly  p i l e d ,  uns t ab l e  r i d g e  of sand ( a  few 

inches  high)  and some of the  sand r i dges  e x h i b i t  f a i r y - c a s t l e  

s t r u c t u r e s .  (Fairy-cas t l e  s t r u c t u r e  i s  a complex g rave l -p i l e  form 

of packing where g r a i n s  a r e  f r equen t ly  supported by only one o r  two 

adjacent  g r a in s )  , 
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Figure 14 . - -D iagram i l l u s t r a t i n g  t h e  format ion  of sea- ice k e t t l e s .  

a. S t r a n d e d  chunks of s6o-ice a n d l o r  fragments 

o f  t h e  k a i m o o  in  swash tone .  
b. D e p o s ~ t i o n  of sediment around ice by sur f  w l th  

complete burial  Of some ice chunks and partial 
burial  bf o thers .  

C. Melting of ice and collapse of sedlment t o  form pits. 

d. CornpletCd Sea-ice ke t t les .  
I 



Figure 15.--Sea-ice sand cone i n  a small depression on a gravel 
beach. Note  pen near base of cone for  scale, August, 
1967. 



Figure  16.--Sea-ice g r a v e l  cone 1 f o o t  h igh ,  l oca t ed  in a s m a l l  
depress ion  on sandy kaimoo d e p o s i t ,  August, 1967. 

Sea-ice sand or  g r a v e l  cones presumably mark sites of s t r anded  

fragments of t h e  s torm ice-foot o r  s t r anded  blocks of sea- ice  t h a t  

contained cons iderab le  sand o r  g r a v e l  picked-up i n  p rev ious  

groundings (~ig. 17A). Rex (1964, p .  392) p o i n t s  ou t  t h a t  wave 

d i s t r i b u t e d  sand and g r a v e l  i s  commonly i nco rpo ra t ed  i n  t h e  storm- 

i c e  foot which of t en  become s t r anded  on t h e  beach dur ing  the fall 

thaw. Rex (1964, p. 391) also s t a t e s  that sea-ice accumulated l a y e r s  

of sediment by f reez ing t o  the  bottom, breaking f r e e  w i t h  a load  of 

sand o r  g r a v e l  and then f r e e z i n g  aga in  i n  another  p l a c e ,  thus, one 

o r  more sand o r  g r a v e l  l a y e r s  may be added t o  i c e  cakes. Once 
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s t randed  on t h e  beach, the  i c e  begins t o  melt and t h e  sediment 

r e l ea sed  from the  melt ing i c e  blocks flows down t o  form drapes of 

deb r i s  aga ins t  t h e  i c e  ( ~ i ~ s .  17B and 18) . The decreasing s i z e  of 

t he  i c e  chunks i s  chronicled by depos i t ion  of concent r ic ,  r eces s iona l  

f a i r y - c a s t l e  r idges  on the beach surrounding the  base of the  i c e  

blocks (Figs.  18 and 19) .  Eventually t he  i c e  completely mel t s ,  

l eav ing  i n  i t s  p lace  a cone of sand o r  g rave l  (Figs .  15,  16 ,  and 

17D). Sea-ice sand cones t h a t  Lack marginal r i dges  probably a r e  

produced by fragments of the  kaimoo containing abundant amounts of 

sand. Ma te r i a l  forming these  sea- ice sand cones a r e  probably s o r t e d  

by wave ac t ion  and accumulate i n  shallow wells or  c i s t e r n s  i n  t he  

kaimoo during t h e  sp r ing  thaw. These a r e  analogous t o  kames formed 

i n  moulins on g l a c i e r s .  Other sea-ice grave l  cones may form i n  the  

fol lowing way: a f t e r  the  sea- ice moves away from the  shore ,  and 

during the  melt ing of t h e  kaimoo, sediment trapped i n  the  kaimoo i s  

reworked by wave ac t ion  r e s u l t i n g  i n  winnowing of sand and concen- 

t r a t i o n  of g rave l  i n  melt  holes. This u l t ima te ly  forms a  smal l  

cone of g rave l  as t h e  i c e  melts  (Fig.  15) .  

Sea-ice sand and sea- ice g rave l  cones a r e  analogous t o  deb r i s  

covered i c e  cones descr ibed by Sharp (1949, p .  296).  Debris-covered 

i c e  cones a r e  usua l ly  much l a r g e r  (40 t o  50 f e e t  high) than sea- ice 

sand and sea- ice  g rave l  cones found on the  beach of Nome i n  1967 and 

are formed by a b l a t i o n  r a t h e r  than by melt ing of s t randed  sediment 

laden brash  i ce . 
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Figure 18.--Melting block of s e a - i c e  showing sand f lowing  down 
s i d e s  t o  form a sand r i d g e ,  I c e  i s  about  1 f o o t  
long ,  J u l y ,  1967. 

F igure  19. - -Fairy-cas t le  s t r u c t u r e d  r i d g e s  of sand showing former 
l o c a t i o n s  of s t r a n d e d  b l o c k s  of s e a - i c e .  Boulder i n  
right foreground is  about  10 i n c h e s  a c r o s s ,  J u l y ,  1967. 
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M i c r o r e l i e f  F e a t u r e s  of t h e  Upper Beach 

M i c r o f l u v i a l  f e a t u r e s  of t h e  upper beach a r e  found between t h e  

landward l i m i t  of t h e  swash zone o r  upper f o r e s h o r e  and t h e  b a s e  of 

t h e  wave c u t  c l i f f s  and are mostly formed by E l u v i a l  p r o c e s s e s .  

These s t r u c t u r e s  a r e  commonly p r e s e r v e d  f o r  more than  1 y e a r  a s  they  

form w e l l  above normal s u r f  a c t i v i t y .  Polymict  masses of mud, sand ,  

g r a v e l ,  and d r i f  mood t h a t  probably  r e p r e s e n t  micsof luvial  d e p o s i t s  

a r e  exposed i n  c r o s s - s e c t i o n  n e a r  t h e  r e a r  of Sangamon beaches  on 

t h e  e a s t  and s o u t h  s h o r e s  of Kotzebue Sound (D. M. Hopkins, w r i t t e n  

communication, 1968).  

Micro f l u v i a l  Depos i t s  

F e a t u r e s  t h a t  a r e  c o n s t r u c t e d  by f l u v i a l  p r o c e s s e s  on the 

Nome beaches  can b e  d i v i d e d  i n t o  two types :  (1) micro-outwash 

d e p o s i t s ,  and (2)  m i c r o - d e l t a i c  d e p o s i t s .  Micro-de l t a ic  d e p o s i t s  

are commonly superimposed on micro-outwash d e p o s i t s .  

The c o a s t  of Name is  a d j o i n e d  i n  many p l a c e d  by b l u f f s  

c o n s i s t i n g  of g l a c i a l  d r i f t  o r  s i l t  and fine sand.  Both types  of 

d e p o s i t s  a r e  capped by a f o o t  o r  two of  l o e s s ,  and t h e  unconso l ida ted  

d e p o s i t s  commonly are p e r e n n i a l l y  f r o z e n .  Col lapse  s t r u c t u r e s  

r e l a t e d  t o  pe rmaf ros t  thawing are n o t  seen on the beaches ,  i n d i c a t i n g  

t h a t  pe rmaf ros t  does n o t  ex tend  o u t  under t h e  Nome beaches .  S u r f i c i a l  

thawing d u r i n g  warm summers r e s u l t  i n  mass-wasting o r  f lowage of t h e  

d r i f t ,  l o e s s ,  and a s s o c i a t e d  marine  s i l t  and sand onto t h e  beach.  

In  a d d i t i o n ,  melt water from snow d r i f t s  t r a n s p o r t  sand and s i l t  

o n t o  t h e  beach and s m a l l  scale f l u v i a l  d e p o s i t s  a r e  formed. 



1. Micro-outwash Depos i t s  

Micro-outwash d e p o s i t s  c o n s i s t  of mud, f ine -  t o  medium- 

g r a i n e d  sand and g r a v e l  d e p o s i t e d  on t h e  upper f o r e s h o r e  o r  backshore  

a r e a  (Fig.  10) .  I n  1967 micro-outwash covered t h e  beach between t h e  

seaward edge of the m e l t i n g  snowbanks and t h e  midbeach l i n e  that is  

commonly marked by the  kaimoo r i d g e  (F igs .  1lA and 11~). The 

t h i c k n e s s  of t h e s e  d e p o s i t s  ranged from about  3 i n c h e s  on t h e  

backshore  t o  about 2 feet  near t h e  kaimoo r i d g e .  

2. Micro-de l t a ic  Depos i t s  

Micro-de l t a ic  d e p o s i t s  form on t h e  micro-outwash where 

major d ra inage  l i n e s  w i t h i n  t h e  snowbanks c o a l e s c e  t o  form s lu iceways  

t o  t h e  sea. These m i c r o - d e l t a i c  d e p o s i t s  c o n s i s t  of s h e e t s  of mud 

and medium-grained sand (Fig .  20) .  The deltaic s h e e t s  range from 

3 t o  15 feet  a c r o s s  i t s  seaward f o o t  and 1 t o  3 f e e t  t h i c k .  Most of 

t h e  m i c r o - d e l t a i c  d e p o s i t s  were r e s t r i c t e d  t o  t h e  backshore ,  b u t  

some s p r e a d  into t h e  f o r e s h o r e  area where they  a b u t  e i t h e r  a s t o r m  

beach r i d g e  o r  t h e  kaimoo r i d g e .  



Figure 20.--Micro-deltaic deposit formed where drainage from 
snowbank coalesce to form a sluiceway to the sea, 
August, 1967. Ice-tunnel at apex of delta. Note 
shovel for scale. 



PART I1 

ASPECTS OF BEACH SDIMENTATION AM3 TRANSPOST 

I. INTRODUCTION 

Sediment on the  beaches of t he  Nome c o a s t a l  p l a i n  v a r i e s  from 

coarse gravel t o  fine- t o  medium-grained sand. De ta i l ed  sampling 

has never been done along the  Nome beaches, even though the a r e a  has 

been a l a r g e  producer of p l a c e r  gold.  

11. PROCEDURES AND SAMPLING METHODS 

Procedures 

Surface samples were co l l ec t ed  from 22 s t a t i o n s  loca ted  between 

Penny and Snake Rivers ,  most of which were assoc ia ted  wi th  the .  

se i smic  s t a t i o n s ,  and spaced approximately 112 mile a p a r t  (Fig,  21 ) .  

A t  each beach s t a t i o n ,  about 5 pounds of sediment w a s  hand scraped 

from the  beach s u r f a c e  at p o i n t s  l oca t ed  a t  t he  swash zone, at t h e  

foreshore  o r  lower fo re shore ,  and a t  t h e  backshore o r  upper 

foreshore .  Addi t iona l  sediment samples were co l l ec t ed  a t  some of 

t he  s t a t i o n s  from t h e  kaimoo r idge  d e p o s i t s ,  kaimoo d e p o s i t s ,  

micro-outwash depos i t s ,  and stream depos i t s .  

An underwater sampling g r i d  was l a i d  out  on the  s e a  bottom 

o f f sho re  of S t a t i o n  35 (Fig. 2 1 ) .  A yellow nylon rope was extended 

perpendicular  t o  the c o a s t l i n e  from f i x e d  p o i n t s  onshore t o  p o i n t s  

600 f e e t  o f f sho re  and he ld  i n  p o s i t i o n  by anchors l oca t ed  a t  each 

end. Every 100 f e e t  on t h e  rope w a s  marked by a r e d  f l u o r e s c e n t  

rag.  Using SCUBA, d i v e r s  c o l l e c t e d  about 5 pounds of sample i n  

buckets  from t h e  sea bottom a t  the p o l n t s  marked by t h e  p i eces  of 

rags on the  rope. Upon ob ta in ing  a sample t h e  d i v e r  would su r f ace  
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d i r e c t l y  above t h e  mark and a man on shore e s t ab l i shed  the  d i v e r ' s  

p o s i t i o n  wi th  a t r a n s i t .  Af te r  completing one l i n e  t h e  rope was 

moved 100 f e e t  e a s t  and sampling continued. The f i r s t  s t a t i o n  on 

each l i n e  was loca t ed  50 feet  of fshore  i n  t he  longshore trough. Due 

t o  d e t e r i o r a t i o n  of good weather only 13  po in t s  could be sampled. 

Methods 

Two methods were used i n  t h e  mechanical ana lys i s  of the  beach 

sands and grave ls .  F i r s t ,  a l l  samples were s ieved  down t o  2 mm and 

the g rave l  separa ted  i n t o  64, 32 ,  1 6 ,  8, 4 ,  and 2 mrn f r a c t i o n s .  The 

f r a c t i o n s  smal le r  than 2 mm was run through an Emery S e t t l i n g  Tube 

(Emery, 1938; Poole and o t h e r s ,  1951; Poole,  1957) f o r  r a p i d  ana lys i s  

of s i z e s  i n  t he  sand and coarse s i l t  range. Severa l  samples were 

run through the  Emery Settling Tube twice; t he  r e s u l t s  showed a 

r ep roduc ib i l i t y  e r r o r  of 1 t o  2%. 

Histograms and cumulative frequency curves were constructed 

from the  g ra in  s i z e  analysis d a t a  ( see  Table I i n  Appendix). From 

the graphed cumulative curves,  median diameters ,  c o e f f i c i e n t s  of 

s o r t i n g  and skewness (Txask, 1932), and percentage of sand and 

gravel were ca lcu la ted .  A g r a i n  s i z e  d i s t r i b u t i o n  map, inc luding  

s o r t i n g  c o e f f i c i e n t  and sand and g rave l  percentages was compiled 

from these  d a t a  (F ig .  21). Mean s i z e ,  s tandard  dev ia t ion ,  and 

skewness were ca l cu la t ed  by t h e  Folk and Ward method (1957, p .  12- 

15) f o r  sediment samples c o l l e c t e d  i n  the swash zone, t he  longshore 

t rough,  and on t h e  longshore ba r  (see Table I1 i n  Appendix). These 

d a t a  were compared w i t h  mean s i z e ,  s o r t i n g  c o e f f i c i e n t ,  and skewness 



d a t a  ca l cu la t ed  by the  Trask method f o r  the  same samples and i t  was 

found t h a t  little discrepancy,  i f  any, e x i s t e d  between t h e  two 

methods (Figs. 22 and 23 ) .  I n  comparing the  Mean S ize  vs .  Standard 

Deviation p l o t  (Fig. 22) constructed from Folk and Ward d a t a  wi th  

the  Mean S ize  vs, Sor t ing  p l o t  (F ig .  23) constructed from Trask d a t a ,  

i t  can be  seen t h a t  an equal  amount of s epa ra t ion  e x i s t  on bo th  p l o t s  

between t h e  concentrat ion of po in t s  represent ing  swash zone, longshore 

trough and longshore bar .  As  t h e  sediment d a t a  i s  n o t  r e f ined  wi th  

the Folk and Ward method, t h e  Trask method was used throughout t h i s  

i nves t iga t ion .  

111, GRAIN S I Z E  DISTRIBUTION 

Considering a l l  samples c o l l e c t e d ,  t he re  i s  a random d i s t r i b u t i o n  

of g ra in  s i z e s  along the  o v e r a l l  beach with no s e t  d i r e c t i o n  of 

i nc reas ing  o r  decreasing median diameters , sand-gravel percentages,  

o r  s o r t i n g  c o e f f i c i e n t s .  S t a r t i n g  a t  Penny River ,  where t h e  average 

median diameter i s  2 . 3 3  mm and the  average s o r t i n g  c a e f f i c i e n t  is  

3.13 t h e r e  i s  genera l ly  a decrease i n  g r a i n  s i z e s  and an improvement 

i n  s o r t i n g  eastward t o  S t a t i o n  20. Between S t a t i o n s  41  and 20 t h e  

average median diameter i s  0.68 mm and the  average s o r t i n g  

c o e f f i c i e n t  i s  2.34. From S t a t i o n  20 through S t a t i o n  29 g ra in  s i z e s  

and median diameters  a r e  h igher  and s o r t i n g  i s  poor. Between 

S t a t i o n s  20 and 29 the  average median diameter i s  2.87 mm and t h e  

average s o r t i n g  c o e f f i c i e n t  i s  1 .99.  Continuing eastward from 

S t a t i o n  29 g ra in  s i z e s  and median diameters decrease and s o r t i n g  

improves, Average median diameter between S t a t i o n s  29 and 34 i s  
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Figure 23.--Mean Si ze vs.  S o r t i n g  Coefficient p l o t  for samples 

c o l l e c t e d  in t h e  swash zone, the  longshore trough, 

and t h e  longshore bar on the  Nome Beach. Graph 

constructed by t h e  Trask m e t h o d .  
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2.04 rn and the s o r t i n g  c o e f f i c i e n t  i s  1.78. Grain s i z e  and 

median diameters again inc rease  and s o r t i n g  becomes poorer between 

S t a t i o n s  34 and 47 where t h e  average median diameter i s  3.14 mm and 

the average sorting c o e f f i c i e n t  i s  2.26. S t a t i o n s  48 and 49,  on t h e  

Snake River s p i t ,  e x h i b i t  medium g ra in  s i zes  wi th  f a i r  s o r t i n g .  

Average median diameter he re  i s  1.10 and average s o r t i n g  c o e f f i c i e n t  

i s  2.20. 

Swash Zone 

Sediment samples were co l l ec t ed  from t h e  swash zone a t  most of 

the s t a t i o n s .  The swash zone a t  Nome i n  June and J u l y ,  1967 was 

4 t o  8 f e e t  wide. 

Except for 2 s t a t i o n s  near t h e  e a s t e r n  end of t h e  i n v e s t i g a t i o n  

a r e a  (S t a t ions  39 and 45)  gra in  s i z e ,  sand-gravel percentages,  and 

s o r t i n g  c o e f f i c i e n t s  remained f a i r l y  constant  i n  the  swash zone 

throughout t he  e n t i r e  length  of the beach. Median diameters range 

from a low of 0.20 mm to a high of 1.50 mm and v a r i a t i o n  i n  s o r t i n g  

c o e f f i c i e n t s  range from 1.20 t o  8.40. Average median diameter f o r  

t he  swash zone along t h e  entire beach i s  0.39 mm and t h e  average 

s o r t i n g  c o e f f i c i e n t  i s  2 . 1 7 .  

Foreshore (or  Lower Foreshore) 

Sediment samples were co l l ec t ed  from t h e  foreshore  o r  lower 

foreshore a t  all s t a t i o n s .  Shepard (1963, p .  169) de f ines  t h e  

foreshore  a s  " the  s lop ing  p a r t  of the beach ly ing  between the  berm 

and the  lower water mark." On t h e  Nome beach, however, only a fore-  
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berm and backshore  were poor ly  developed. Where t h e r e  w a s  no berm 

and backshore ,  s m p l e s  were taken from t h e  lower f o r e s h o r e ,  i n  t h e  

p o s i t i o n  t h a t  t h e  f o r e s h o r e  would be i f  a berm and backshore  e x i s t e d .  

Gra in  s i z e s  d i s t r i b u t i o n  a long  t h e  lower f o r e s h o r e  of t h e  beach 

was e n t i r e l y  random and v a r i e d  from a median diameter  of 0 .34  mm t o  

17.00 mm w i t h  an average median d iamete r  of 3.15 mm. S o r t i n g  v a r i e d  

from 1.20 t o  6.60 w i t h  an  average of 2 .27 .  There were no p a t t e r n s  

o r  d i r e c t i o n  of i n c r e a s i n g  o r  d e c r e a s i n g  g r a i n  s i z e s  o r  sand-gravel  

p e r c e n t a g e s ,  and no d i r e c t i o n  f o r  changes i n  s o r t i n g .  

Kaimoo r i d g e  d e p o s i t s  and kaimoo d e p o s i t s  

Kaimoo r i d g e  d e p o s i t s  and kaimoo d e p o s i t s  were commonly l o c a t e d  

on t h e  lower f o r e s h o r e  and a t  several s t a t i o n s  where they  were 

conspicuous and well developed they were sampled s e p a r a t e l y .  The 

e i g h t  d i f f e r e n t  kaimoo r i d g e  d e p o s i t s  t h a t  were sampled had median 

d iamete r s  rang ing  from 0.40 mm to 40.00 mm w i t h  an average of 8.16 

m. S o r t i n g  c o e f f i c i e n t  ranged from 1.40 t o  2.30 w i t h  an average of 

1.65. F ive  d i f f e r e n t  kairnoo d e p o s i t s  were a l s o  sampled and e x h i b i t  

median d iamete r s  rang ing  from 0.30 mrn t o  0.90 mm w i t h  an average of 

0.58 mm. S o r t i n g  c o e f f i c i e n t s  ranged rom 1.30 t o  4.70 w i t h  an 

average of 2.28. 

Backshore (o r  Upper Foreshore)  

The backshore  o r  upper  f o r e s h o r e  was sampled at  a l l  s t a t i o n s .  

Shepard (1963, p. 168) d e f i n e s  t h e  backshore  as " t h e  zone of t h e  

beach l y i n g  between the f o r e s h o r e  and t h e  c o a s t l i n e , ' '  As the Nome 

beach h a s  on ly  a f o r e s h o r e  i n  most p l a c e s ,  most samples were 



c o l l e c t e d  on t h e  upper f o r e s h o r e  where t h e  p o s i t i o n  of t h e  backshore  

would be  i f  a  berm e x i s t e d .  A t  many s t a t i o n s  t h e  upper f o r e s h o r e  

was masked by m i c r o f l u v i a l  d e p o s i t s ,  and t h e s e  had t o  be s c r a p e d  

away i n  o r d e r  t o  c o r r e c t l y  sample t h e  upper f o r e s h o r e  d e p o s i t s .  

Grain s i z e  d i s t r i b u t i o n  along t h e  upper f o r e s h o r e  v a r i e d  from 

s t a t i o n  t o  s t a t i o n  and d i d n ' t  d i f f e r  g r e a t l y  from t h e  lower f o r e s h o r e .  

The median d iamete r  ranged from 0.45 mm t o  10.00 mm with an average 

of 2.49 mrn. S o r t i n g  v a r i e d  from 1.20 t o  4.20 w i t h  an average of 

2.13. A s  on t h e  lower f o r e s h o r e ,  t h e  upper f o r e s h o r e  showed no 

p a t t e r n s  o r  d i r e c t i o n  of i n c r e a s i n g  o r  d e c r e a s i n g  g r a i n  s i z e s  o r  

sand-gravel  p e r c e n t a g e s ,  and no  d i s t i n c t  changes i n  s o r t i n g .  

Micro-outwash d e p o s i t s  

Micro-outwash d e p o s i t s  were commonly l o c a t e d  on t h e  upper 

f o r e s h o r e  and were sampled s e p a r a t e l y  a t  e i g h t  d i f f e r e n t  s t a t i o n s .  

The median d iamete r  ranged from 0.43 mrn t o  4.50 mm w i t h  an average 

of 1 . 6 1  mm; s o r t i n g  v a r i e d  from 1.40 t o  4.00 w i t h  an average of 1.97. 

St ream Depos i t s  

Three d i f f e r e n t  s t r e a m s  were sampled i n  o r d e r  t o  determine t h e  

s i z e  of terrestrial  sediments  b e i n g  added t o  t h e  beach.  G r a i n  s i z e  

was q u i t e  v a r i a b l e  w i t h  median d i a m e t e r s  rang ing  from 2.00 t o  16.00 

mm and an average of 6.13 mm. S o r t i n g  ranged from 1.20 t o  2.80 w i t h  

an average of 1.83. I f  t h e  sed iments  brought  down t o  t h e  beach by 

Penny River  were cons idered  a long  w i t h  t h e  s t reams  t h e  average 

median d iamete r  would be  reduced t o  4.23  mrn and the s o r t i n g  

c o e f f i c i e n t  would rise t o  2.48.  Penny River  i s  one of t h e  major  



mediums f o r  t r anspor t ing  t e r r e s t r i a l  sediments t o  t h a t  po r t ion  of 

Nome beach sampled e s p e c i a l l y  between s t a t i o n s  14  and 20, and 

material co l l ec t ed  a t  the mouth of Penny River  has an average median 

diameter of 2.33 mm with  an average s o r t i n g  c o e f f i c i e n t  of 3.13. 

However, c l i f f  e ros ion  i s  probably equal ly  important i n  supplying 

new ma te r i a l  a l l  along t h e  beach. 

Off shore 

Offshore of Station 35, t h i r t e e n  samples were co l l ec t ed  by 

using SCUBA. Shepard 0963, p. 169) def ines  o f f sho re  a s  "The 

breaker zone directly seaward of t h e  low tide l i n e . "  The of fshore  

a r ea  sampled included the  longshore trough and longshore ba r  bu t  

never extended beyond t h e  longshore bar .  

Grain s i z e  d i s t r i b u t i o n  i n  t h e  o f f sho re  was very uniform and 

well sorted.  For the overall offshore area median diameter v a r i e d  

from 0.12 nun r o  2.80 rmn wi th  an average of 0.66 mrn and the  c o e f f i c i e n t  

of s o r t i n g  ranged from 1.02 t o  2.80 wi th  an average of 1.19. I n  t he  

longshore trough median diameter ranged from 1.40 mm t o  2.80 mm wi th  

an average of 2.06 and t he  s o r t i n g  c o e f f i c i e n t  va r i ed  from 1.00 t o  

1.20 wi th  an average of 1.13, The longshore ba r  had a median 

diameter range of 0.12 rmn t o  0.16 rum wi th  an average of 0.13 m and 

a s o r t i n g  c o e f f i c i e n t  range of 1.10 t o  1.30 wi th  an average of 1.20.  



TV. PROCESSES AFFECTING COASTAL FEATURES 

The p r i n c i p a l  processes  which con t ro l  the  formation of t h e  

c o a s t a l  f e a t u r e s  i n  t he  Nome a r e a  a r e  wind, waves, l i t t o r a l  c u r r e n t s ,  

and i c e .  S a l i e n t  c h a r a c t e r i s t i c s  of each of these  f e a t u r e s  i s  

descr ibed below. 

Wind 

P reva i l i ng  winds a f f e c t i n g  t h e  beaches of Nome during the  

summer of 1967 were from t h e  no r th  and no r theas t  (determined from 

u n o f f i c i a l  records of t he  U.S. Weather Bureau a t  Nome, Alaska, and 

from the  logs of t he  U. S. Bureau of Mines Research Vessel Vi rg in i a  

Ci ty) .  These p reva i l i ng  winds t r anspor t ed  dry beach sands eastward 

along the  beach and formed microdunes wi th in  the driftwood a t  the  

base of t he  wave cut  c l i f f s .  During s torms,  t h e  wind blew from the  

south  o r  southwest. 

Waves 

Energy t h a t  i s  produced by wind generated waves -- 

"Wind waves a r e  c l a s s i f i e d  by whether o r  n o t  
a c t i v e  wave genera t ion  inc ludes  t h e  p o i n t  
where obsenta t ions  are being made. I f  a wind 
i s  genera t ing  waves locally, waves c o n s t i t u t e  
a "sea". Waves which have propagated longer  
d i s t ances  beyond t h e  reg ion  of t h e i r  a c t i v e  
generation are manifest  as ocean "swellt ' .  In 
c o n t r a s t  t o  s e a ,  swe l l  can be  p re sen t  a t  a 
l o c a t i o n  where the re  is  no l o c a l  wind." 
(Roberts and o t h e r s ,  1967,  p .  14)  -- 

i s  o f t e n  the  most important  f a c t o r  i n  shaping beaches (Roberts a n d  

o t h e r s ,  1967,  p.  14) .  Roberts and o the r s  (1967, p ,  1 4 )  s t a t e  t h a t  

I t  The amount of wave energy t h a t  a c t u a l l y  con t r ibu te s  t o  t h e  dynamics 



of a beach is  a f u n c t i o n  of how much wave energy is  a v a i l a b l e  i n  

deep w a t e r ,  less t h a t  amount d i s s i p a t e d ,  p r i n c i p a l l y  through 

r e f r a c t i o n s ,  bottom f r i c t i o n ,  b r e a k i n g ,  and i n t e r n a l  f r i c t i o n . "  

However, a t  Nome wind genera ted  waves are n o t  t h e  only major 

f a c t o r  i n  shap ing  t h e  beaches ,  s e a - i c e  a l s o  p l a y s  an impor tan t  

r o l e .  

The waves a f f e c t i n g  t h e  Nome beaches  d u r i n g  t h e  p e r i o d  of 

t h i s  i n v e s t i g a t i o n  were low energy ,  small r o l l i n g  types  w i t h  s m a l l  

c r a s h i n g  b r e a k e r s  no more than  1 o r  2 f e e t  h i g h  (F ig .  24 ) .  Waves 

of t h i s  t y p e  p r e v a i l  d u r i n g  e a r l y  summer (June and J u l y ) ,  b u t  

h e a v i e r  s u r f  i s  common d u r i n g  August and September. Fetch i s  

l i m i t e d  i n  t h e  Ber ing Sea and Norton Sound and only  wind blowing 

from t h e  s o u t h  has  a f e t c h  l o n g  enough t o  produce heavy surf on 

t h e  beaches  of t h e  Seward P e n i n s u l a  n e a r  Nome. The average a n g l e  

0 
o f  wave attack i s  about 27 t o  t h e  c o a s t l i n e  when wave d i r e c t i o n  

i s  s o u t h e a s t .  There g e n e r a l l y  i s  a small amount of wave r e f r a c t i o n  

around Cape Rodney and i n t e r f e r e n c e  p a t  terns develop around S ledge  

Island ( ~ i g .  25), b u t  t h e s e  appear t o  have no a f f e c t  upon the  

beaches .  

The wave d i r e c t i o n  i s  commonly n o r t h  o r  nor thwes t  d u r i n g  

s to rms  w i t h  t h e  angle of wave a t t a c k  p e r p e n d i c u l a r  t o  t h e  coas t -  

l i n e .  A t  times of s t o r m s ,  e r o s i o n  takes place on t h e  beaches;  a t  

one p o i n t  d u r i n g  a s t o r m  a 2 f o o t  escarpment w a s  cu t  loca19y i n t o  

t h e  beach (Fig .  26) . 



Figure 24.--A. S m a l l  crashing breakers on the Nome beach showing 
prevailing wave attack angle and refraction. 
Height of breakers is approximately 1 foot. Top 
of photo i s  w e s t .  



Figure  24.--B. S m a l l  crashing breakers on a coarse gravel beach 
near Nome,  Height of breakers i s  about 1 foo t .  
Top of photo is west ,  Sledge Is land in upper 
left hand corner.  





Figure  26.--Stom wave-cut escarpment about 2 feet high., near 
Sta t ion  35 on the Nome beach. Looking nor th .  



L i t t o r a l  Currents 

Regional e f f e c t s  of t h e  l i t t o r a l  cur ren t  a r e  shown i n  the n e t  

t r anspor t  of sediments. During the  summer of 1967 longshore d r i f t  

va r i ed  from e a s t  t o  west w i th  a  mostly p reva i l i ng  eastward d i r ec t ion .  

As longshore d r i f t  a t  Nome i s  dependent on the  angle of wave 

incidence t o  the  beach, and the waves a r e  mostly from t h e  northwest ,  

the  p reva i l i ng  c o a s t a l  cu r r en t  has an e a s t e r l y  set .  Refrac t ion  of 

s e a  and swe l l  appear t o  have l i t t l e  in f luence  on l i t t o r a l  cu r r en t s  

which seem t o  be more c lose ly  r e l a t e d  t o  l o c a l  winds. 

A good a i d  i n  s tudying the  e f f e c t s  and d i r e c t i o n  of longshore 

d r i f t  was given by the  Nome dumps, One of Nome's dumps i s  Located 

on the  beach about 112 mile e a s t  of Snake River where t r a s h ,  garbage 

and t i n  cans, a r e  a c t i v e l y  worked by waves (Fig .  2 7 ) .  The o the r  

dump i s  loca t ed  about 1 mile  west of Snake River.  The t i n  cans 

proved t o  be n he b e s t  i t em f o r  s tudying t r anspor t a t ion  of m a t e r i a l  

along the  beach, as they a r e  f a i r l y  uniform i n  s i z e  and q u i t e  

p l e n t i f u l .  Cans were no t i ceab le  f o r  some d i s t ance  on both s i d e s  of 

t h e  dumps, thus the evidence f o r  a  v a r i a b l e  longshore d r i f t .  

However, t i n  cans from the west dump could be seen a s  far e a s t  a s  

the Snake River jetties where they have accumulated i n  f a i r l y  

l a r g e  concentrat ions.  How much f u r t h e r  eastward they would have 

gone i f  t h e  j e t t i e s  were no t  there i s  unknown. To the w e s t ,  

numerous t i n  cans could be seen f o r  approximately 112 mile, b u t  a 

f e w  cans apparent ly had been c a r r i e d  as f a r  a s  314 of a  mile.  A s  

i c e  considerably d i s t u r b s  t h e  beach s u r f a c e  when i t  comes i n  during 



the winter  and when i t  breaks up i n  the sp r ing ,  t h e  beach su r f ace  is  

a "clean s l a t e "  upon which t h e  processes  a f f e c t i n g  the  beach can be 

"written" each summer. Thus, the concentrat ions of t i n  cans 

observed along t h e  beach during the summer of 1967 were d i s t r i b u t e d  

t h a t  same year .  Th is  l e d  t o  t he  obvious conclusion t h a t  a n e t  

t r anspor t  along the  beach f o r  t h e  summer of 1967 was eastward. 

Figuxe 27.--East N o m e  dump showing l a r g e  amounts of d e b r i s  
trailing off toward t h e  e a s t  w i t h  l i t t l e  o r  no 
deb r i s  t r a i l i n g  of f  toward t h e  w e s t  i n d i c a t i n g  
an eastward net  longshore drift. The town of 
Nome and Cape Rodney i n  t h e  background, 



Accumulation of sand aga ins t  the  west j e t t y  of t he  Snake River 

and e ros ion  of ma te r i a l  on the  east s i d e  of t he  e a s t  J e t t y  of the  

Snake River ,  where a seawal l  has been constructed t o  prevent  the  

wa te r f r an t  bu i ld ings  of Nome from being undermined, a l s o  i n d i c a t e s  

a yearly transport of sediments eastward (Fig. 28) .  A s  t h e  beaches 

are pro tec t ed  from waves and wind during the  win te r  by a t h i c k  i c e  

cover,  the  n e t  t r a n s p o r t  along the beaches during the  summer months 

represents  t o t a l  t r anspor t .  

Figure 28.--The Snake River jetties sha r ing  accumulation of 
sediment on the west s i d e  and e ros ion  on the east. 
Looking west with the town of Nome i n  t he  foreground. 



I ce 

I c e  has a major i n£  luence upon the  beaches of Nome. In the 

f a l l ,  a f t e r  the  kaimoo develops, t he  beach becomes i n s u l a t e d  from 

waves and wind and remains s t a b l e  u n t i l  spr ing .  Sea-ice forms on 

the  Bering Sea, i n  Norton Sound during the  win te r  and c u r t a i l s  wave 

ac t ion  u n t i l  the  spr ing .  I n  t he  sp r ing  the  sea- ice breaks up and 

i s  pushed ashore by wind p re s su re  t r anspor t ing  wi th  i t  sediments 

t h a t  a r e  eventua l ly  left on the  beach from t h e  s t randed ,  melt ing 

sea- ice.  Sea-ice may on occasions remove sediment from t h e  beach. 

When the  kaimoo melts, microre l ie f  develops and new sediment i s  

added t o  the  beach. 

V.  OFFSHORE FEATURES 

Two major f e a t u r e s  were observed during t h e  summer of 1967 

o f f sho re  of Nome. One was t h e  formation and s h i f t i n g  of r i v e r  

mouth b a r s  and s p i t s .  The o t h e r  was t h e  presence o f  a longshore 

b a r  wi th  unusual r e l i e f .  

River Mouth Bars and S p i t s  

Bars and s p i t s  formed a t  the  mouths of Penny, Snake, and Norae 

Rivers  and s p i t s  developed a t  t h e  mouths of sma l l e r  s t reams late 

i n  the summer of 1967,  when r i v e r  and stream flow was reduced 

(Fig. 29). Very l a t e  i n  t he  summer, when t h e  s t ream flow across  

t he  beach was low, t he  s p i t s  a t  t h e  s t ream mouths developed i n t o  

b a r r i e r  s p i t s  and b a r s  enc los ing  smal l  lagoons (F ig .  30). A t  times 

during sou the r ly  storms t h e  r i v e r  mouth b a r s  of  Penny and Nome 

Rivers disappeared,  only t o  reappear  a f t e r  the s torm subsided. The 



bar at Snake River was dredged regularly during the summer of 1967 

and was never seen above sea level .  

Figure 29.--A. River mouth bar off  the Nome River i n  late 
July ,  1967 .  Top of photo is nor th .  



Figure 29.--B. A s p i t  a t  t he  mouth 05 Cripple Creek i n  l a t e  
J u l y ,  1967. The s p i t  is  developing into a 
b a r r i e r  s p i t .  Top of photo is  west.  

Longshore 

A longshore ba r  w a s  everywhere p re sen t  along the  Nome beaches. 

On s e v e r a l  occasions,  e s p e c i a l l y  a£ t e r  sou the r ly  storms, s l i g h t l y  

c r e s c e n t i c  submarine b a r s  developed on t h e  longshore bar .  These 

c r e s c e n t i c  b a r s  had a r e l i e f  of about 1 t o  2 f e e t ;  they were 

o r i en t ed  wi th  t h e i r  long axes roughly perpendicular  t o  t he  

coas t l i ne .  The bars usually occurred i n  groups of 2 o r  3 and con- 

t a ined  coarse g rave l  on t h e i r  c r e s t s ,  resembling some type of l ag  

depos i t .  The o r i g i n  of these  c r e s c e n t i c  type b a r s  i s  unknown. 



Figure 30.--Barrier s p i t  wi th  small lagoon b u i l t  a t  t h e  mouth 
of a stream east of Nome i n  l a t e  July, 1967.  Top 
of photo i s  e a s t .  

An a n c e s t r a l  b a r r i e r  spit could s t i l l  be seen a t  Penny River 

and the o l d  river channel formed a s m a l l  arm of the present day 

e s t u a r y  (~ig. 31). The eskimos claim t h a t  several years ago a 

large storm from the n o r t h  formed t h e  b a r r i e r  s p i t  and t h e  

o u t l e t  of Penny River  was s h i f t e d  eastward t o  i t s  present  position. 



Figure 31--Old barrier spit and previous outlet of Penny River 
can be seen as a small finger in the western edge 
of the present day estuary. Sledge Island i n  the 
background. 



yI . CONCLUSIONS 

The Nome beaches are genera l ly  very coarse grained with very 

poor s o r t i n g  and a random pat tern  of g ra in  s i z e  d i s t r i b u t i o n  

(Fig. 21). This i s  q u i t e  unusual f o r  beaches a t  lower l a t i t u d e s ,  

bu t  f o r  an a r c t i c  beach, such as a t  Nome, these  c h a r a c t e r i s t i c s  a r e  

t o  be expected. Beach dynamics of a r c t i c  beaches a r e  inf luenced 

by i c e ,  more than any one s i n g l e  f a c t o r .  The pushing and gr inding  

ashore of blocks of sea- ice t h a t  have g rave l  and sand f rozen  i n t o  

them add some new sediment to t he  beach. Sea-ice ob ta ins  i t s  sand 

and g rave l  from the  ocean bottom by grounding and picking-up , 

through f r e e z i n g ,  bottom sediment. Af t e r  grounding s e v e r a l  times 

t h e r e  w i l l  be  as many l a y e r s  of sediment producing s i z e a b l e  con- 

cen t r a t ions  of m a t e r i a l  which eventua l ly  may be added t o  t he  beaches. 

Sediment i s  sometimes t ranspor ted  g r e a t  d i s t ances  before  they may 

be dropped onto a beach. Transpor ta t ion  by sea- ice i s  one means of 

adding new material to  a r c t i c  beaches and t h i s  process  probably 

inf luenced  the d i s t r i b u t i o n  of beach sediments a t  Nome; t he  

q u a n t i t a t i v e  importance of t h i s ,  however, i s  unknown. 

Melting of t he  kaimoo and snowbanks and drainage of t h e  tundra 

onto the  beaches a l s o  a f f e c t  d i s t r i b u t i o n  of sediments on the Nome 

beaches and a id  i n  producing a random p a t t e r n  of g ra in  s i z e s  and 

s o r t i n g .  Occasional "grea t  storms" erode the  s h o r e - c l i f f s  a t  the 

backshore and considerable  amount of material i s  added t o  the  

beach a t  t h i s  time. Hopkins (wr i t t en  communication, 1968) r e p o r t s  

that at Nome driftwood appears a s  though i t  has n o t  been d is turbed  



f o r  y e a r s  on end ,  b u t  b e l i e v e s  t h a t  when i t  is  d i s t u r b e d ,  such  as 

d u r i n g  a "great storm", c l i f f s  a r e  eroded and new m a t e r i a l  i s  

added t o  t h e  beach; t h i s  could be  a major f a c t o r  i n  nourishment of 

t h e  beaches  -- e s p e c i a l l y  when t h e  backshore  i s  more d i s t u r b e d  than  

t h e  lower f o r e s h o r e .  I n s u l a t i o n  from t h e  e lements  by i c e  d u r i n g  

w i n t e r  g i v e  l i t t l e  chance f o r  wind and waves t o  a c t  upon t h e  beach 

material. S i n c e  t h e  Seward P e n i n s u l a  n e a r  Nome i s  a  Low energy 

c o a s t ,  what waves and l i t t o r a l  c u r r e n t s  a f f e c t  t h e  beach make 

l i t t l e  headway a g a i n s t  t h e  d i s t u r b a n c e s  caused by i c e .  However, 

t h e  p e r i o d  of o b s e r v a t i o n  d i d  n o t  include t h e  most stormy p e r i o d s .  

A c o a r s e  cobble  and pebble ,  b a s a l  s h i n g l e d  l a y e r  found under  most 

of t h e  beach i n d i c a t e  t h a t  o c c a s i o n a l  s torms deeply  e rode  t h e  

beach, Also,  d u r i n g  these o c c a s i o n a l  s to rms  unconso l ida ted  d e p o s i t s  

and t i l ls  t h a t  makeup the b l u f f s  a t  t h e  backshore  and u n d e r l i e  t h e  

f o r e s h o r e  c o n t r i b u t e  c o n s i d e r a b l e  c o a r s e  m a t e r i a l  to t h e  beach.  

The b o u l d e r s  found a long  t h e  beach i n d i c a t e  l o c a l  a r e a s  where till 

i s  most l i k e l y  c l o s e  t o  t h e  beach s u r f a c e  o r  makeup t h e  b l u f f s  a t  

t h e  backshore  and may supp ly  t h e  beach w i t h  c o a r s e  m a t e r i a l .  

I n  t h e  swash zone t h e  sediments  a r e  f i n e  g r a i n e d  and a r e  

g e n e r a l l y  w e l l  s o r t e d  because  waves and l i t t o r a l  c u r r e n t s  work on 

t h a t  p a r t  of the beach throughout  t h e  e n t i r e  6 months o r  s o  that 

t h e  beach is  n o t  p r o t e c t e d  by i c e .  I n  f a c t ,  t h e  b e s t  s o r t i n g  and 

lowest median d iamete r s  on the beach were e x h i b i t e d  i n  samples 

t aken  from t h e  swash zone. However, no g r a i n  s i z e  d i s t r i b u t i o n  

pattern e x c e p t  f o r  u n i f o r m i t y  of t h e  swash zone, evolved from this 



s t u d y .  Bimodal d i s t r i b u t i o n s  are p r e s e n t  i n  zone a r e a s  and i n d i c a t e  

the e f f e c t s  of both i c e  and waves. Most his tograms show a unimodal 

d i s t r i b u t i o n  skewed toward t h e  f i n e s  i n d i c a t i n g  t h e  effects of wave 

a c t i o n .  

The f o r e s h o r e  ( o r  lower f o r e s h o r e ) ,  backshore  (o r  upper f o r e -  

s h o r e ) ,  and t h e  kaimoo d e p o s i t  o v e r l y i n g  t he  f o r e s h o r e  are g e n e r a l l y  

c o a r s e  g r a i n e d ,  poor ly  s o r t e d  sand and g r a v e l  with a random g r a i n  

s i z e  d i s t r i b u t i o n .  Most of t h e s e  areas show a polymodal and bimodal 

d i s t r i b u t i o n  possibly i n d i c a t i n g  t h a t  two s e p a r a t e  agen t s  are 

e q u a l l y  a t  work on the beach. The two a g e n t s  that a f f e c t  t h e  beach 

i n  t h e s e  a r e a s  a r e  i ce  and waves. Bimodal c h a r a c t e r i s t i c s  may a l s o  

i n d i c a t e  i n c l u s i o n  of two s t r a t a  i n  sample, t h e  p resence  of wind 

blown sand f i l t e r e d  i n t o  c l e a n  g r a v e l ,  and the f i l t e r i n g  i n  of sand 

as wave energy i s  reduced. Ice t r a n s p o r t s  and d e p o s i t s  a randon 

agglomerat ion of sed iments ,  some w e l l  s o r t e d ,  o t h e r s  n o t  s o  w e l l  

s o r t e d ,  some f i n e  g r a i n e d ,  o t h e r s  c o a r s e  g r a i n e d ,  and the waves 

a t t e m p t  t o  winnow o u t  t h e  f i n e s  and s o r t  t h e  sediments .  Some 

samples e x h i b i t  polymodal d i s t r i b u t i o n s  i n d i c a t i n g  t h a t  t h e  

dynamics a t  work on t h e  beach i n  those  a r e a s  are q u i t e  complex, 

most l i k e l y  mixed by encroach ing  s e a - i c e .  

The kaimoo r i d g e  i s  v e r y  c o a r s e  g r a i n e d ,  w e l l  s o r t e d ,  and has 

a unimodal d i s t r i b u t i o n  skewed toward t h e  coarse .  Th i s  i s  t o  be 

expec ted  as when t h e  kaimoo forms only  c o a r s e ,  w e l l  s o r t e d  m a t e r i a l  

is  swept toward t h e  back of t h e  beach where t h e  kaimoo r idge  

develops  and normal ly  e x t r a  l a r g e  s to rms  are r e q u i r e d  f o r  t h e  swash 



t o  extend LOO f e e t ,  o r  s o ,  on to  t h e  beach. Although, t he  kaimoo 

r idge  i s  an i c e  deposi ted f e a t u r e ,  t h e  m a t e r i a l  that i s  included i n  

the kaimoo o r i g i n a l l y  was deposi ted by waves on the  beach i n  t he  

f a l l  when the  swash f r eezes .  I f  t he  kaimoo r idge  is  n o t  d i s tu rbed  

by i c e  push i n  the  spring i t  w i l l  show the  e f f e c t s  of only i t s  

depos i t i ng  agent ,  which would be by wave action. 

Micro-outwash depos i t s  on t h e  backshore (o r  upper foreshore) 

a r e  f i n e  gra ined ,  w e l l  s o r t e d  and have unimodal d i s t r i b u t i o n s .  The 

one agent  a f f e c t i n g  t h i s  type of depos i t  i s  f l u v i a l  and b r ings  f i n e  

m a t e r i a l  down onto the beach, and a l s o  acts  t o  s o r t  t he  beach 

ma te r i a l .  

Offshore,  on t h e l o n g s h o r e b a r ,  sediments are f i n e  gra ined ,  w e l l  

s o r t e d  wi th  a gene ra l  unimodal d i s t r i b u t i o n  i n d i c a t i n g  the  e f f e c t s  

of waves and cu r r en t s  only.  The longshore trough is  coarse gra ined ,  

very w e l l  s o r t e d ,  and has a unirnodal d i s t r i b u t i o n  i n d i c a t i n g  only 

one agent  a t  work on i t ,  t h e  s u r f .  

T e r r e s t r i a l  m a t e r i a l  i s  brought t o  t h e  beaches by Penny, Snake, 

and Nome Rivexs and by var ious  sma l l  streams along t h e  beach t h a t  

d r a i n  the  tundra a rea .  The r i v e r s  gene ra l l y  add f i n e  t o  coarse  

gra ined  sands and t h e  s t reams add very f ine-grained sands and s i l t  

t o  t he  beach. However, t he  major source  f o r  the beach sediments 

is  probably from t h e  b l u f f s  a t  t h e  backshore wi th  some m a t e r i a l  

t r anspo r t ed  by sea- ice  from of fshore .  

Longshore d r i f t  a long the  beaches i s  v a r i a b l e  throughout t he  

time the beaches a r e  a f f e c t e d  by l i t t o r a l  cu r r en t s  and waves. 



However, a n e t  t r a n s p o r t  eastward is  ind i ca t ed  by depos i t ion  of 

sediments w e s t  of Nome River j e t t i e s  and e ros ion  on the  e a s t .  It 

is  n o t  known where t he  sediments go from t h e  beaches e a s t  of Nome, 

b u t  i t  i s  suspected t h a t  beach m a t e r i a l  rounds Cape Nome and is  

deposi ted i n  and around Sa f ty  Lagoon, j u s t  e a s t  of Cape Nome. 

Two Mean Size  vs .  So r t i ng  p l o t s  were cons t ruc ted  from mean 

s i z e  and s o r t i n g  d a t a  ca l cu l a t ed  by t h e  Trask method (Figs .  23 and 

32) .  These p l o t s  show, cont ra ry  t o  conclusions drawn by simple 

ana lys i s  of t he  cumulative curves ,  t h a t  t h e  longshore b a r ,  swash 

zone, and backshore po r t i ons  of t h e  beach can be e a s i l y  de l inea t ed  

by comparing the  median diameters  wi th  s o r t i n g  c o e f f i c i e n t s  (Fig.  

2 3 ) .  Although i c e  has greatly d i s tu rbed  the  surface of t h e  backshore 

area, the  Mean S i z e  v s .  So r t i ng  p l o t s  show t h a t  t h i s  a r e a  can be  

i d e n t i f i e d  by g r a i n  s i z e  ana lys i s  and i n d i c a t e d  t h a t  t h e r e  was n o t  

as much i c e  d i s turbance  on t h e  backshore as  was i n i t i a l l y  i nd i ca t ed .  

However, t h i s  i s  the  only p o r t i o n  on t h e  beach, w i th  t he  except ion 

of t h e  swash zone, t h a t  can be i d e n t i f i e d  i n  t h i s  manner. The 

foreshore ,  on t h e  o t h e r  hand, cannot be de l inea t ed  and thus 

i n d i c a t e s  t h a t  the e f f e c t s  of i c e  i s  g r e a t e s t  on t h e  foreshore .  

There i s  an inc rease  i n  median g r a i n  s i z e  and a decrease  i n  good 

s o r t i n g  from t h e  longshore b a r  t o  t he  swash zone t o  t h e  backshore,  

a s  i l l u s t r a t e d  i n  t h e  Mean S ize  v s .  So r t i ng  p l o t  (Fig .  2 3 ) ;  t h i s  i s  

a  t y p i c a l  c h a r a c t e r i s t i c  of most beaches found a t  lower l a t i t u d e s .  

A Mean S i z e  v s .  So r t i ng  p l o t  w a s  a l s o  cons t ruc ted  from t h e  

ca l cu l a t ed  Trask d a t a  f o r  t h e  longshore t rough,  kaimoo d e p o s i t ,  



kaimoo ridge,  and micro-outwash d e p o s i t s  (F ig .  32) .  Although most 

of t h e  d a t a  p o i n t s  are s c a t t e r e d  throughout t h e  p l o t ,  the  kairnoo 

r i d g e  and micro-outwash d e p o s i t s  can be roughly o u t l i n e d .  One t h i n g  

that is p r e t t y  well i l l u s t r a t e d  i n  t h i s  p l o t  i s  that t h e  micro- 

outwash m a t e r i a l  i s  g e n e r a l l y  f i n e r  g r a i n e d ,  bu t  n o t  b e t t e r  s o r t e d ,  

than t h e  kairnoo r i d g e  d e p o s i t s .  Th i s  i s  t o  be expected as more 

energy is  used i n  forming the kaimoo r i d g e  d e p o s i t  than i s  used i n  

f o d n g  the micro-outwash d e p o s i t .  



Figure 32--- Mean Size  vs. Sor t i ng  p l o t  for samples co l t ec ted  f r o m  

the longshore t rough,  kai moo deposit, kaimoo r idge, and 

micro-outwash deposi t .  Graph constructed by the  Trask 
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PART Ill: 

SEISMIC INVESTIGATION 

I. INTRODUCTION 

Por tab le  r e f r a c t i o n  seismographs have been used by s o i l  

engineers  and engineering geo log i s t s  f o r  many years  i n  s tudying 

overburden thickness  and phys i ca l  p r o p e r t i e s  a t  cons t ruc t ion  s i t e s  

f o r  highways, dams, bu i ld ings ,  and o the r  such i n s t a l l a t i o n s .  The 

po r t ab l e  seismograph has been used i n  South Af r i ca ,  Alaska, 

C a l i f o r n i a  and o t h e r  count r ies  i n  surveys of beaches and p l a c e r  

depos i t s .  No se ismic  r e f r a c t i o n  i n v e s t i g a t i o n  of t h e  beaches of 

Norne, Alaska, however, had been attempted p r i o r  t o  t h i s  s tudy.  

A s  t h e  se i smic  survey on t h e  unfrozen beach was succes s fu l ,  a 

short experimental s e i smic  l i n e  was completed in l and  t o  determine 

the  usefulness  of t he  po r t ab l e  r e f r a c t i o n  seismograph i n  a reas  of 

permafrost.  The success  of the  Nome s t u d i e s  l a t e r  l e d  Tom E.  Smith 

of t he  U.S. Geological Survey t o  i n v e s t i g a t e  overburden th ickness  

i n  another  permafrost region using the  same seismograph. He obtained 

i n t e r p r e t a b l e  seismograms i n  h i s  i n v e s t i g a t i o n  of the  Kougarok g rave l  

l oca t ed  i n  the  i n t e r i o r  of Seward Peninsula  (Smith, o r a l  communica- 

t i o n ,  1958). 

11. EQUIPMENT AND PROCEDURES 

The se i smic  records were obtained w i t h  an Electro-Tech Porta- 

S e i s  Refrac t ion  Sys tem (Model ER-75-12)--which i s  a  se l f -conta ined ,  

b a t t e r y  operated,  po r t ab l e  s e i smic  recording i n t e r v a l  t imer t h a t  
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resembles s e v e r a l  o ther  commercially a v a i l a b l e  instruments .  Permanent 

s e i smic  records were produced on Polaro id  4 x 5 inch  f i l m ;  the records 

conta in  12 d a t a  t r a c e s ,  1 sho t  break t r a c e ,  and t iming marks a t  1 0  

mi l l i second  i n t e r v a l s .  Accessory equipment included 6,000 f e e t  of 

multiconductor geophone cable  and 13  EVS-4 v e r t i c a l  moving c o i l  

geophones wi th  a frequency of 7.5 cycles  pe r  second. The sound 

source was exp 10s i v e  . 
Descr ip t ion  of Equipment 

The p o r t a b l e  seismograph used was a  l igh t -weight  system of 40 

pounds, t h a t  may e a s i l y  be c a r r i e d  by one person. A t  Nome, t he  

equipment w a s  t r anspo r t ed  by t racked veh ic l e s  and h e l i c o p t e r ,  The 

nickel-cadmium s to rage  b a t t e r i e s  were charged d a i l y  f o r  e f f i c i e n t  

opera t ion .  

The f i e l d  techniques used i n  t h e  Nome beach s tudy  involved two 

men (a shooter-observer and h i s  he lpe r )  f o r  r a p i d ,  e f f i c i e n t  opera- 

t i on .  Duties f o r  t he  shooter-observer  e n t a i l e d  digging and loading 

t h e  s h o t  hole and readying the  a m p l i f i e r  and record ing  osc i l l og raph .  

Duties  f o r  t he  he lpe r  cons i s t ed  of l ay ing  ou t  the geophone cab l e ,  

c l i pp ing  geophones t o  t h e  cable, and plugging t h e  cab le  i n t o  t h e  

s e i smic  ampl i f i e r .  Upon completion of p r epa ra t i on ,  t h e  shoater- 

observer  detonated t he  charge t o  ob t a in  a  seismogram. 

Procedures 

A pre l iminary  experimental  survey was made be fo re  undertaking 

t h e  i n v e s t i g a t i o n  of the beach and tundra  a r ea s  i n  o rde r  t o  

determine the optimum sound source  and geophone conf igura t ion .  



For shallow r e f r a c t i o n  work spread l eng th  determinat ions descr ibed 

by Grif f i t h s  is  s u f f i c i e n t  ; "In r e f r a c t i o n  seismology t h e  s i z e  of 

the s h o t  i s  con t ro l l ed  mainly by t h e  maximum range from s h o t  t o  

geophone, which must be at l e a s t  twice t h e  c r i t i c a l  d i s t ance  Xc i f  

the  second branch of t he  t ime-distance graph i s  t o  b e  p rope r ly  

defined. The c r i t i c a l  d i s t ance  i n  t u rn  depends on t h e  depth t o  t h e  

r e f r a c t i o n  of i n t e r e s t "  ( G r i f f i t h s  and King, 1965, p .  101). 

The r e s u l t s  of t he  experimental  survey ind ica t ed  that  1 t o  3 

b l a s t i n g  caps, f i r e d  a t  depths of 2 f e e t  beneath the  beach s u r f a c e ,  

could n o t  impart  enough energy t o  t he  beach sands t o  g ive  good 

s i g n a l  response. However, 1 / 8  t o  1 / 4  pound ( 1 / 4  t o  1 / 2  stick) of 

60% d i t ch ing  dynamite detonated wi th  a /I6 Dupont ins tan taneous  

b l a s t i n g  cap i n  holes  2 t o  3 f e e t  deep and 3 t o  5 f e e t  above the  

water  t a b l e  was found t o  be adequate along most of the  beach. 

Seismograms produced wi th  b l a s t i n g  caps and dynamite-sound sources 

are compared i n  f i g u r e  33. On t h e  tundra ,  dynamite w a s  used 

exclus ive ly .  A s  i n  s e i smic  r e f l e c t i o n  work, the  explos ive  charges 

were bur ied  a t  s u i t a b l e  depths ,  d i scussed  l a t e r .  

P r o f i l e  shoot ing  was used throughout the  i n v e s t i g a t i o n .  This 

method r equ i r e s  s h o t  and d e t e c t o r s  l a i d  out i n  a s t r a i g h t  l i n e  wi th  

equal  spacing between de t ec to r s  (Figs .  36D and 418). Optimum 

geophone distances were determined d u r i n g  t h e  p i l o t  program. The 

length  of the  geophone spread  i s  dependent on d ip  m d  depth t o  t h e  

lower horizon under s tudy ,  and se i smic  v e l o c i t i e s  w i th in  overburden 

and bedrock. As long as t h e  spread length i s  l a r g e  enough t o  



Figure 33. Seismograms obta inod w i t h  

blasting c a p s  ( A )  and dynami ta  sound 

sourcss  ( 8 ) .  
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determine the  d i s t ance  corresponding t o  t h e  c r i t i c a l  angle  of 

r e f r a c t i o n ,  good r e s o l u t i o n  of the bedrock and in t e rmed ia t e  shal lower 

l a y e r s  are obta inable .  A gene ra l  r u l e  e s t ab l i shed  a t  Nome was t o  

keep the  spread length  g r e a t e r  than twice t he  i n f e r r e d  depth t o  

bedrock. Also, the  shot- t o - f i r s t - d e t e c t o r  d i s t ance  was kept  about 

twice t he  c r i t i c a l  d i s t ance  length  of t h e  expected sha l lowes t  

r e f r a c t i o n  horizon which was mistakenly thought t o  l i e  between 10 

and 30 f e e t .  A very low v e l a c i t y  surface l a y e r ,  5 t o  12 f e e t  t h i c k ,  

was d i s regarded  during t h e  f i e l d  work and neglec ted  during t h e  f i r s t  

ana lys i s  of t he  da ta .  This  l a y e r  i s  thought t o  c o n s i s t  mostly of 

dry sands on the  beach and pea ty - so i l  i n  t h e  tundra and' i n  some 

cases  probably absorbed s o  much energy t h a t  only l a t e r  phases of 

t he  s i g n a l  were recorded thus producing apparent  v e l o c i t i e s .  

Ve loc i t i e s  of t h i s  s u r f a c e  l a y e r  should have been measured using 

c lo se ly  spaced geophones and increased  charge s i z e s .  Whenever f i r s t  

a r r i v a l  i n t e r c e p t  times a r e  very l a r g e ,  a s  is  common i n  t h i s  ca se ,  

a  v e l o c i t y  s tudy should be made. 

Probable v a r i a t i o n s  i n  t h e  degree of s a t u r a t i o n  a t  t h e  t a p  of 

t h e  water  t a b l e  i n  some l o c a t i o n s  caused differences i n  a r r i v a l  

times and produced apparent  v e l o c i t i e s  (David Barnes,  w r i t t e n  

communication, 1968). To d i s t i n g u i s h  between t r u e  v e l o c i t i e s  and 

apparent  v e l o c i t i e s  overlapping spreads  should be made and t h i s  was 

done a t  s e v e r a l  s t a t i o n s  (see Fig.  38,  S t a t i o n  33 over laps  S t a t i o n s  

103 and 104 of the  d e t a i l e d  beach survey) .  Comparison with  

v e l o c i t i e s  obtained from t h e  overlapping spreads  and v e l o c i t y  



measurements obtained dur ing  the of fshore  reflection investiggtion 

i n d i c a t e  t h a t  most of the  se i smic  v e l o c i t i e s  mentioned i n  this 

r epo r t  may be considered as t r u e  v e l o c i t i e s .  

Prel iminary sho t s  i nd ica t ed  a bedrock depth of 20 t o  60 feet 

beneath the  beach and 20 t o  100 f e e t  under the tundra. Spread 

lengths  of 120 t o  240 f e e t  wi th  geophone spacings of 10 t o  20 feet 

were experimented w i t h  on the beach, and spread l eng ths  of 300 t o  

600 f e e t  w i r h  geophone spacings of 25 t o  50 feet were tried on the 

tundra. The d i s t ance  of s h o t  t o  f i r s t  d e t e c t o r  was kep t  a t  the  

same l e n g t h  as geophone spacings and i n  line with  the geophone 

spread.  For optimum reso lu t ion ,  i t  was discovered t h a t  spread 

lengths  of 192 f e e t  wi th  geophone spacings and shot o f f s e t s  of 16 

fee t  were i d e a l  f o r  the beach; spread  lengths  of 300 f e e t  with 

ge~phone  spacings and s h o t  o f f s e t s  of 25 f e e t  were suitable f o r  t h e  

tundra survey. A d e t a i l e d  continuous se i smic  l i n e  was run on a 

s e c t i o n  of the  beach t o  d e l i n e a t e  a buried s t ream channel believed 

t o  l i e  60 f e e t  beneath the s u r f a c e  (~ig. 36A, C) . The detailed 

l i n e  was designed t o  i n v e s t i g a t e  t he  probable ex tens ion  of a deep 

channel t h a t  had been discovered i n  a  prospec t ing  shaft about a mile 

i n l and  ( o r a l  communication from the  l a t e  Mike Walsh t o  David M. 

Hopkins , 1961). The channel probably represents t he  pre-glacial 

course of t he  Snake River (Hopkins, o r a l  communication, 1967). 

Experiments before  s h o t t i n g  t h e  d e t a i l e d  l i n e  showed t h a t  a spread 

length  of 300 f e e t  wi th  shot o f f s e t s  and geophone spacings of 25 

feet gave good bedrock d e f i n i t i o n .  
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Signa l - to -no i se - ra t io  must be  cons idered  when de te rmin ing  t h e  

b e s t  technique t o  use  i n  a s e i s m i c  i n v e s t i g a t i o n .  S t rong  winds and 

heavy s u r f  a c t i o n ,  e s p e c i a l l y  a long  beaches ,  produce s e i s m i c  n o i s e  

t h a t  may i n t e r f e r e  w i t h  t h e  i d e n t i f i c a t i o n  of r e f r a c t e d  s e i s m i c  

s i g n a l s ,  During the t i m e  of t h e  survey no major s torms occur red ,  

d i f f i c u l t  n o i s e  problems were n o t  encountered.  I n  t r y i n g  t o  improve 

s i g n a l  ampl i tude and poor  s i g n a l  response encountered d u r i n g  t h e  

p r e l i m i n a r y  s u r v e y ,  t h e  geophones were p l a c e d  a t  d i f f e r e n t  d e p t h s  

below t h e  beach s u r f a c e .  By bury ing  t h e  geophones approximately  

6 i n c h e s  benea th  t h e  s u r f a c e ,  i t  was found t h a t  s i g n a l  response was 

inip roved o v e r  t h a t  ob ta ined  when t h e  geophones were s imply exposed 

on t h e  s u r f a c e .  

Shoot ing a s e i s m i c  survey a c r o s s  tundra  and permaf ros t  a r e a s  

c r e a t e s  unique problems. The ground i n  t u n d r a  areas n e a r  Nome 

commonly remains f r o z e n  throughout  the y e a r  a t  dep ths  below 30 

i n c h e s ,  and f r o z e n  ground was encountered a t  18 i n c h e s  a.t: t h e  t ime 

of t h e  t u n d r a  survey i n  J u l y .  I t  was f e a r e d  that  t h e  i n c r e a s e  i n  

modulus of e l a s t i c i t y  of t h e  overburden caused by pe rmaf ros t  would 

i n c r e a s e  i t s  s e i s m i c  v e l o c i t y  s o  much t h a t  a good v e l o c i t y  c o n t r a s t  

might n o t  be o b t a i n e d  between overburden and bedrock.  However, a 

v e r t i c a l  v e l o c i t y  c o n t r a s t  d i d  exist i n  t h e  area of the tundra  

su rvey  and t h e  bedrock i n t e r f a c e  was d e f i n a b l e .  Most t u n d r a  a r e a s  

are mant led by mosses and o t h e r  a c o u s t i c a l  absorb ing  o r g a n i c  m a t t e r ;  

t h e s e  act as an a c o u s t i c a l  sponge,  p r e v e n t i n g  r e t u r n i n g  s i g n a l s  from 

b e i n g  recovered.  To e l i m i n a t e  t h i s  problem, geophones were p l a c e d  



i n  t h e  thaw zone,  i n  s i l t  below t h e  o r g a n i c  m a t t e r ,  and several 

i n c h e s  above t h e  pe rmaf ros t  s u r f  a c e ,  w i t h  t h e  r e s u l t i n g  s i g n a l  

ampl i tude found t o  be  e q u i v a l e n t  t o  o r  b e t t e r  than  t h a t  ob ta ined  i n  

t h e  beach sands .  

Summary 

A 192-foot s p r e a d  l e n g t h  and geophone s p a c i n g  of 1 6  f e e t  was 

used f o r  t h e  g e n e r a l  beach i n v e s t i g a t i o n  w i t h  a l l  geophones b u r i e d  

approximately  6 i n c h e s  beneath t h e  beach s u r f  ace .  A 118 t o  114 

pound dynamite sound s o u r c e  b u r i e d  i n  a 3 f o o t  h o l e  i n  w e t  sand 2 

t o  5 f ee t  above t h e  water t a b l e  w a s  employed. The s h o t  was o f f s e t  

16 fee t  from t h e  first geophone and l i n e a r  p r o f i l e s  were u t i l i z e d .  

Exper imental  work showed t h a t  the d e t a i l e d  beach l i n e  shou ld  have 

a 300 Eoot s p r e a d  l e n g t h  w i t h  a 25 Eoot geophone s p a c i n g  and s h o t  

o f f s e t  (Fig.  36E); t h e  b e s t  sound s o u r c e  and geophone p o s i t i o n s  

were determined t o  be  t h e  same as f o r  t h e  g e n e r a l  beach study. By 

p l a c i n g  a l l  geophones at e q u a l  e l e v a t i o n s ,  t e r r a i n  and e l e v a t i o n  

c o r r e c t i o n s  were avoided.  On t h e  t u n d r a ,  a 300 f o o t  s p r e a d  Length 

w i t h  a 25-foot geophone s p a c i n g  w a s  used w i t h  all geophones 

p o s i t i o n e d  i n  t h e  thaw zone j u s t  benea th  t h e  o rgan i c  matter of t h e  

tundra .  The b e s t  sound s o u r c e  was a 114 t o  112 pound charge of 

dynamite b u r i e d  about  2 f ee t  benea th  t h e  t u n d r a  s u r f a c e ,  on t h e  

p e r m a f r o s t ,  and o f f s e t  25 f e e t  from the f i r s t  geophone, i n  l i n e  

w i t h  t h e  s p r e a d  (Fig .  41B). 

S e i s m i c  beach s t a t i o n s  were generally 1oca ted .approx i rna te ly  

112 m i l e  a p a r t  (F ig .  3 6 A ) .  Once a s t a t i o n  was e s t a b l i s h e d  and 



occupied a  marker was e rec t ed  and l a t e r  loca ted  accu ra t e ly  by 

Raydist positioning equipment mounted i n  a he l i cop te r .  The geophone 

cable  w a s  f i r s t  l a i d  out  i n  a  line p a r a l l e l  t o  t he  coas t  l i n e .  Af te r  

ob ta in ing  the  i n i t i a l  seismogram, a  r eve r se  s h o t  was made, f i r e d  a t  

the  oppos i te  end of the spread t o  assist in d i p  determinat ion of 

bedrock sur face .  On the  d e t a i l e d  beach s t a t i o n s  t h e  r eve r se  sho t  

made f o r  a previous spread w a s  used a t  t he  s h o t  p o i n t  f o r  a fol lowing 

l i n e ,  making t h e  survey continuous i n  na ture .  A t  5 s t a t i o n s  where 

the  beach was wider than 200 f e e t  a line was s h o t  perpendicular  t o  

the  coas t  l i n e  t o  b e t t e r  d e l i n e a t e  bedrock topography. 

The tundra seismic l ine  was o r i en t ed  by a Brunton t r a v e r s e  and 

extended from Dry Creek Road 1200 feet S40E across  Dry Creek, It 

cons is ted  of fou r  s e c t i o n s  (Fig,  41A) .  Elevat ion changes f o r  t h i s  

l i n e  were determined wi th  a  hand l e v e l .  This survey was continuous, 

employing the same procedures used f o r  t h e  d e t a i l e d  beach line with  

t h e  last s h o t  of a spread used a s  t h e  s h o t  p o i n t  for t h e  following 

spread. 

111. INTERPRETATION OF SEISMOGRAMS 

The ob jec t  of r e f r a c t i o n  seismology ". . .is t o  b u i l d  up a time- 

d i s t ance  graph wi th  adequate number of p o i n t s  on the  branches 

corresponding t o  all r e f r a c t o r s  of i n t e r e s t  . . . I t  ( G r i f f i t h s ,  i n  

G r i f f i t h s  and King, 1965, p.  121) .  I n t e r p r e t a t i o n  of r e f r a c t i o n  

seismograms c o n s i s t s  of p ick ing ,  c o r r e c t i n g ,  and p l o t t i n g  on time- 

d i s t ance  graphs a l l  f i r s  t - a r r i v a l  times. From t ime-distance graphs 

seismic v e l o c i t i e s  can be ca l cu la t ed  and depth determinat ions can 



be made. 

Theory 

Recovery of r e f r a c t e d  and r e f l e c t e d  sound waves produced by 

cont ro l led  se i smic  explosions usua l ly  produce a se i smic  record 

i n d i c a t i n g  one o r  more events  that a r e  caused by the  change i n  

velocity of t he  wave f r o n t .  Seismic energy i s  represented  by 

elastic waves and abrupt  changes i n  the e l a s t i c  p r o p e r t i e s  through 

which the  wave i s  propagated w i l l  cause the  wave t o  be r e f r a c t e d  o r  

bent.  The amount of bending i s  dependent upon S n e l l ' s  Law; sine of 

the  angle of incidence i s  equal t o  s i n e  of t he  angle of r e f r a c t i o n .  

Another way of represent ing  t h i s  law is  by the  equat ion:  

S in  i = V,  
I - - 

Sin  r V2 

where i = angle of incidence 

r = angle of r e f r a c t i o n  

V1 = velocity of t ransmission of e l a s t i c  wave i n  incidence 

medium 

V = v e l o c i t y  of transmission of e l a s t i c  wave i n  r e f r a c t i o n  
2 

medium. 

An important  concept i n  r e f r a c t i o n  work i s  t h a t  of t h e  c r i t i c a l  

angle. When the angle of r e f r a c t i o n  equals  90' t he  s i n e  of t h e  angle 

of incidence equals V1/V2. This i s  a s p e c i a l  case where t he  i n c i d e n t  

ray  s t r i k e s  t he  i n t e r f a c e  a t  t he  c r i t i c a l  angle and the  r e f r a c t e d  

wave t r a v e l s  p a r a l l e l  t o  the  interface. A r e f r a c t e d  wave acts as a 

f i r s t  a r r i v a l  when the time r equ i r ed  f o r  i t  t o  t r a v e l  from t h e  



source through the  r e f r a c t i o n  l a y e r  t o  t he  de t ec to r  is  equal  t o ,  o r  

g r e a t e r  than, the time required f o r  the d i r e c t  wave t o  t r a v e l  from 

the source t o  the  de t ec to r .  Distance along the ground su r f ace  from 

the source t o  t h a t  po in t  where t h e  r e f r a c t e d  wave and d i r e c t  wave 

meet i s  ca l l ed  the  c r i t i c a l  d i s t ance  X and, as shown l a t e r ,  i s  an 
C 

important func t ion  i n  ca l cu la t ing  depth of t he  r e f r a c t i o n  horizon 

(Fig. 34).  The pa th  t h a t  f i r s t  a r r i v a l  waves t ake  i s  dependent upon 

the depth t o  the  re ference  i n t e r f a c e  and d i s t ance  between the  f i r s t  

geophone and source. 

When f i r s t  a r r i v a l  times a r e  p l o t t e d  on a  t ime-distance graph 

a  break i n  the  s lope  of the t ime-distance curve w i l l  occur  where the  

time taken f o r  both d i r e c t  and r e f r a c t e d  waves t o  t r a v e l  from source 

t o  d e t e c t o r  a r e  t he  same (Fig. 34 ) .  Ve loc i t i e s  a r e  obtained from 

the s lope  r a t e  on the  t ime-distance curve. 

The fol lowing sources can be referred t o  for a more d e t a i l e d  

d iscuss ion  on r e f r a c t i o n  theory: Hodgson (1964) and G r i f f i t h s  and 

King (1965) f o x  a clear and concise elementary d i scuss ion  of 

r e f r a c t i o n  seismology; Dobrin (1960), Ne t t l e ton  (1952), and Dix 

(1940), f o r  more t echn ica l  and advanced approach t o  the  s u b j e c t .  

Analysis of Data 

F i r s t - a r r i v a l  times were i n t e r p r e t e d  from seismograms by 

l o c a t i n g  po in t s  where t he  Galvanometer t r a c e s  first departed from 

a s t r a i g h t  l i n e  drawn p a r a l l e l  t o  the f i r s t  po r t i on  of the  t r a c e  

(Fig. 35A) .  Travel  times were assigned t o  t hese  p o i n t s  by reading 

d i f f e rences  i n  time between data t r a c e s  and the  s h o t  time. 
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Figure 34.--Timedistance graph and schemat~c representat Ion of 
r e f r a c t ~ o n  of selsmlc energy a t  three acoustrcal 
~nter faces and the resultant t~me-d~s tance  graph 



Figure 35. R e f r a c t i o n  seismograms s h o w i n g  how 

f i r s t - a r r i v a l  times a r e  p icked a n d  

p l o t t e d  o n  a t i m e - d i s t a n c e  graph. 



The f i r s t - a r r i v a l  t imes  ob ta ined  were t h e n  c o r r e c t e d  by app ly ing  

t h e  d i f f e r e n c e  i n  t ime between t h e  s h o t  break and t h e  z e r o  t iming 

mark. A t r a n s p a r e n t  t iming p l o t t e r  that could be laid over  t he  

seismogram and a d j u s t e d  t o  read  d i r e c t l y  t h e  c o r r e c t e d  t imes from 

t h e  s e i s m i c  r e c o r d  was developed. 

Once t h e  f i r s t - a r r i v a l  t imes were determined,  they were 

p l o t t e d  t o  a t ime-dis tance graph (F ig .  35B).  By u s i n g  the two , 

e q u a t i o n s  : 

Veloc i ty  = Dis tance  
Tine 

where Z = dep th  t o  a c o u s t i c  i n t e r f a c e  

X = c r i t i c a l  d i s t a n c e ,  
C 

VlV2 = v e l o c i t i e s  of first and second l a y e r s  r e s p e c t i v e l y .  

Se i smic  v e l o c i t i e s  f o r  each l a y e r  and dep th  t o  each a c o u s t i c a l  

i n t e r f a c e  shown on t h e  seismograms were c a l c u l a t e d  f rom i n f o r m a t i o n  

developed on t h e  time-dis t ance  graph. A t h i r d  e q u a t i o n ,  u t i l i z i n g  

i n t e r c e p t  t imes ,  was used t o  check dep ths  c a l c u l a t e d  by t h e  c r i t i c a l  

d i s t a n c e  method. This  e q u a t i o n  i s  g iven  below: 

where Z = dep th  t o  a c o u s t i c  i n t e r f a c e  

Ti 
= i n t e r c e p t  t i m e  

VO ,V1 = v e l o c i t y  of f i r s t  and second l a y e r s  r e s p e c t i v e l y .  



The depth information obtained by both tlie i n t e r c e p t  t i m e  and c r i t i c a l  

d i s t ance  methods were used t o  cons t ruc t  contour maps and cross  

s e c t i o n s  covering the i n v e s t i g a t i o n  a reas .  

Four s tandard  i n t e r p r e t a t i o n  procedures a r e  used by r e f r a c t i o n  

se i smologis t s :  1) C r i t i c a l  d i s t ance  formulae , 2) Time i n t e r c e p t  

formulae , 3) Apparent-velocities-of-sloping-layers formulae , and 

4) Delay time formulae. The choice of an i n t e r p r e t a t i o n  technique 

depends on l o c a l  condi t ions and the  i n t e r p r e t e r ' s  judgment and 

experience (David Barnes, w r i t t e n  communication, 1968) . In  t h i s  

survey the  f i r s t  two techniques were used,  but t he  more complex 

dipping beds method probably should have been used where s loping  

l a y e r s  were encountered and might have changed the  i n t e r p r e t a t i o n .  

However, where dipping i n t e r f a c e s  were i n c l i n e d  a t  g r e a t  angles  t he  

depths and v e l o c i t y  of those i n t e r f a c e s  were checked by using the  

dipping beds formula and found t o  show no apprec iab le  v a r i a t i o n  i n  

the  i n t e r p r e t a t i o n .  

IV. RESULTS 

General 

Contour maps and cross  s e c t i o n s  of beach and tundra inves t iga -  

t i o n  a reas  were cons t ruc ted  from d a t a  obtained by the  i n t e r p r e t a t i o n  

of t he  t ime-distance graphs which were co r r e l a t ed  wi th  of fshore  

se i smic  r e f l e c t i o n  d a t a  and onshore d r i l l  ho le  information.  

Apparent v e l o c i t i e s  and depths of d i f f e r e n t  r e f r a c t o r s  were 

ca lcu la ted .  



Beach P r o f i l e  

Seismic v e l o c i t i e s  

Ve loc i t i e s  observed i n  overburden were q u i t e  va r i ab l e ;  probably 

r e f l e c t i n g  d i f f e r ences  i n  l i t ho logy  wi th in  the  s t r a t i g r a p h i c  u n i t .  

Sharp a c o u s t i c a l  d i s c o n t i n u i t i e s  i n  some seismograms c l e a r l y  i n d i c a t e  

t h a t  two o r  t h r e e  v e l o c i t y  l aye r s  a r e  present  i n  the  overburden; 

whereas a l ack  of d i s c o n t i n u i t i e s  i n  o the r  seismograms suggested the  

absence of any d i s t i n c t  i n t e r £  ace wi th in  the  overburden. A l l  

se i smic  records d isc losed  a well-defined bedrock i n t e r f a c e .  

A very low v e l o c i t y  su r f ace  l a y e r  extends across  most of t he  

beach a r e a  and has a  range of 500 t o  2400 f p s  wi th  an a r i t h m e t i c  

mean ve loc i ty  of 1300 f p s  and a median of 1500 f p s .  For t he  upper 

l a y e r  i n  the overburden (Layer A) c a l cu l a t ed  v e l o c i t i e s  ranged 

from 4000 t o  6000 f e e t  p e r  second ( f p s )  with  a  mean of 4800 f p s  

and a median of 5000 f p s .  Occasionally a  low value  was de tec ted  

i n  Layer A wi th  a  range of 2000 t o  3400 f p s  and a  mean and median 

of 2700 fp s .  This  low v e l o c i t y  zone was e s p e c i a l l y  conspicuous 

near  t h e  mouths of r i v e r s ,  as shown i n  seismograms from beach 

s t a t i o n  49 l oca t ed  along t h e  r i v e r  mouth ba r  of t h e  Snake River 

(Figs.  36 and 37).  The lower overburden l a y e r  (Layer B) exh ib i t ed  

v a r i a t i o n  i n  v e l o c i t i e s  from 9200 t o  13,200 f p s  wi th  a mean 

v e l o c i t y  of 11,700 f p s  and a median of 12,000 f p s .  Where t h e r e  were 

no ind ica t ions  of l aye r ing  i n  t he  overburden, the  time-dis tance 

graphs showed se ismic  v e l o c i t y  from 6600 t o  10,400 f p s  wi th  an 

a r i t h m e t i c  mean of 8200 f p s  and a median of 8000 f p s .  Figures  38 



and 39 show time-distance graphs where three- layer  cases  e x i s t .  For 

the  acous t i c  basement, o r  bedrock, t h e  v e l o c i t i e s  range from 14,000 

t o  18,500 f p s  wi th  a mean of 16,200 and a median of 16,000 f p s .  

Depths 

Depths t o  d i f f e r e n t  a c o u s t i c a l  i n t e r f a c e s  were ca l cu la t ed  from 

the t ime-distance graphs and show an average of 6.5 f e e t  t o  the  base 

of t he  very low ve loc i ty  su r f ace  l a y e r ,  18.6 f e e t  t o  the  f i rs t  

i n t e r f a c e  ( th ickness  of Layer A ) ,  and an average 48.6 f e e t  t o  bedrock. 

Thickness of t he  su r f ace  l a y e r  ranges from 3.5 f e e t  t o  9.0 f e e t ;  of t he  

upper l a y e r  from 0 t o  27 f e e t ,  and of t h e  sediments overlying bedrock 

34 t o  80 f e e t .  

The low v e l o c i t y  su r f ace  l a y e r  and the  f i r s t  a c o u s t i c a l  i n t e r -  

face (sur face  of Layer A) a r e  shown i n  c ross  s e c t i o n  (Fig .  36B).  

St ruc tu re s  of Layer A appears t o  be unre la ted  t o  t he  bedrock su r f ace .  

Bedrock topography 

Depth r e s u l t s  were used t o  cons t ruc t  a basement contour map and 

cross  s ec t ions  along t h e  beach (Fig.  34) .  Contours drawn from the  

depth information showed a bedrock su r f ace  topography that is  

undulat ing and c o r r e l a t a b l e  wi th  USSR&Mts bedrock contours inland-- 

e s t ab l i shed  from d r i l l  hole  data--and o f f sho re  bedrock contours-- 

e s t ab l i shed  by se i smic  r e f l e c t i o n  d a t a  (Fig.  36~). 

The fol lowing fou r  major subsurface channels a r e  shown on the  

contour map and cross  s ec t ion :  (1) Recent Snake River Channel, 

l oca t ed  about 112 mile  w e s t  of t he  p re sen t  o u t l e t  of t h e  Snake 

River ,  (2) Offshore Channel loca ted  approximately 4 miles west of 
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t he  Snake River ,  (3) Ances t ra l  Snake River Channel, l oca t ed  about 

112 mile west of Offshore Channel and (4 )  New Channel, loca ted  about 

3 miles  e a s t  of Penny River  (Fig. 36A,  B). The subsurface snake 

River channels appear t o  l i n e  up f a i r l y  w e l l  wi th  onshore contours ,  

but Offshore Channel does not  agree  w i t h  any onshore d a t a  and has 

been constructed solely from o f f sho re  r e f l e c t i o n  da ta .  New Channel 

i s  no t  supported by onshore subsurf ace topography, poss ib ly  because 

of the  l ack  of da ta .  Between beach s t a t i o n s  31 and 35, a  d e t a i l e d  

se i smic  l i n e  was run t o  o u t l i n e  t h e  Ances t ra l  Snake River Channel. 

A c ross  s e c t i o n  made from t h i s  l i n e  shows an old r i v e r  channel 

cons i s t i ng  of two well- incised t r i b u t a r i e s  and one broad r i v e r  bed 

c u t  i n t o  the  bedrock s u r f a c e  ( ~ i g .  36B, C ) .  Figure 40 shows 

continuous t ravel- t ime curves of t he  d e t a i l e d  l i n e  t h a t  can be 

explained by the bedrock topography shown i n  the  s e c t i o n .  

Tundra Survey 

Seismic v e l o c i t i e s  

Time-distance p l o t s  cons t ruc ted  from seismograms obtained on 

the  tundra defined a w e l l  e s t a b l i s h e d  bedrock i n t e r f a c e  wi th  no 

a d d i t i p n a l  acous t i c  d i s c o n t i n u i t i e s  i n  t h e  overburden except f o r  

the  su r f ace  very low v e l o c i t y  l aye r .  Seismic v e l o c i t i e s  i n  the l o w  

v e l o c i t y  l a y e r  range from 600 f p s  t o  2300 f p s  wi th  a  mean of 1500 

f p s  and a  median of 1800 f p s .  V e l o c i t i e s  i n  t he  overburden range 

from 5200 t o  11,200 f p s  w i t h  an a r i t h m e t i c  mean of 9000 f p s  and a  

median of 9500 f p s .  The mean v e l o c i t y  f o r  sediments overlying t h e  

tundra bedrock was 2900 f p s  g r e a t e r  than t h e  mean v e l o c i t y  f o r  



~ t o t ~ o n  Statlon 
GS-10 5 GS-I04 

Stat lon Statlon Statlon Statlon Statlon 
(3'3-104 33  b (35-103 3 3 0  G S- 102 

Stat lon 
4 G S - I 0 2  

Station 
GS-101 

Station 
GS-5 

Distance In feet 

Flgure 40.--Prof i le of detailed beach seismic ref ract ion line 



E" - 
+ Sea 

Lcve l 

U) 
n Station Station Station 

GS-I 
0 

GS-I 

- --- - 

2400 2500 2600 2 700 2 800 2900 3000 

Distance in feet 

Holocene sand a n d  
gravel 

Sangamon poorly Paleozo~c schist 

consolidated s ~ l t ,  bed rock 

clay, a n d  sand 

relo t ing travel- t i  me curves to bedrock topography. 



sediments overlying bedrock on the beach. The higher  v e l o c i t i e s  

probably r e f l e c t  t he  presence,  beneath p a r t  of t he  l i n e ,  of 

pe renn ia l ly  f rozen  overburden. Veloci ty w i th in  the  a c o u s t i c a l  

basement of t he  tundra ranged from 14,000 t o  18,500 f p s  wi th  a mean 

of 16,300 f p s  and a median of 16,000 f p s ,  which is  nea r ly  i d e n t i c a l  

t o  the  v e l o c i t y  of bedrock beneath the beach. 

Depths 

Average depth t o  bedrock on the  tundra was 48.8 f e e t  wi th  

sediment thickness  varying from 38 t o  60 f e e t .  The low v e l o c i t y  

su r f ace  l a y e r  has an average thickness of 10 f e e t .  Depth f i g u r e s  

were used t o  cons t ruc t  a basement c ross  s e c t i o n  and contour map 

(Fig. 41), which shows t h e  bedrock su r f ace  dipping under Dry Creek, 

from both s i d e s .  Travel-time curves i l l u s t r a t e d  i n  f i g u r e  42 can 

be explained by the  s t r a t i g r a p h y  shown i n  the  s e c t i o n  and suggests  

t h a t  a channel has been cu t  i n t o  t h e  bedrock sur face .  Dr i l l -ho le  

d a t a  obtained by USSR&M Rear t he  Dry Creek se i smic  l i n e  ind ica t ed  

an accuracy f o r  t he  se i smic  d a t a  of T 4 f e e t  f o r  bedrock depth. 

Comparisons of USSR&M1s d r i l l - h o l e  d a t a  w i th  c ross  s e c t i o n  

constructed from se ismic  information i s  shown i n  f i g u r e  42B. 

V. DISCUSSION AND CONCLUSIONS 

General 

Heavy-mineral d e p o s i t s ,  inc luding  gold ~ l a c e r s ,  have a 

tendency t o  be  concentrated on bedrock, and, i f  s t ream depos i ted ,  

a r e  l i k e l y  t o  l i e  i n  bedrock channels.  Beach depos i t s  normally 

occur on f l a t  bedrock su r f aces  seaward of a bedrock scarp .  The 
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need has  long been f e l t  f o r  a tool t o  locate bur ied  s t ream channels 

and subsurface s t r u c t u r e s  that a t t r a c t  t h e  accumulation of detrital  

gold,  and o t h e r  heavy meta l s .  An inexpensive and easy method t o  

determine bedrock topography can be of great va lue  i n  de l imi t i ng  

those a r ea s  l i k e l y  t o  conta in  p l a c e r s ,  and thus r e s u l t  i n  important 

economics i n  designing an explora tory  p l a c e r - d r i l l i n g  program. 

Resul t s  obtained w i t h  t h e  portable refractisn seismograph near 

Nome show t h a t  i t  is p o s s i b l e  t o  acqui re  accu ra t e  d a t a  t h a t  can be 

used t o  determine l o c a t i o n s  and con f igu ra t i ons  of bedrock f e a t u r e s  

t h a t  may be t h e  s i t e  of p l a c e r  accumulations.  The technique 

e s t a b l i s h e d  f o r  the Nome survey can a l s o  provide information 

regarding i n t e r n a l  s t r a t i g r a p h y  of unconsol idated overburden. The 

bedrock a t  Nome can be delimited i n  both permafrost  and unfrozen 

a r ea s .  

I n t e r p r e t a t i o n  

I n t e r p r e t a t i o n  of t h e  Nome' beach s t r a t i g r a p h y  was made by 

comparing publ ished geology wi th  new observa t ions ,  by s tudying  

informat ion ,  and by c o r r e l a t i n g  t he se  s t u d i e s  w i th  s e i smic  da ta .  

Considerat ion of these  f a c t o r s  l e d  t o  the  c o r r e l a t i o n  of seismic 

v e l o c i t i e s  wi th  i n t e r p r e t e d  s t r a t i g r a p h i c  u n i t s  and has  allowed 

r econs t ruc t ion  of geologic  h i s t o r y  w i th  g r e a t e r  d e t a i l  than 

prev ious ly  allowed. 

Va r i a t i on  of seismic v e l o c i t y  w i t h i n  overburden p a r t l y  r e f l e c t s  

d i f f e r e n c e s  w i t h i n  the s t r a t i g r a p h i c  u n i t .  For example, a poorly 

consol ida ted  till may g ive  lower v e l o c i t i e s  than a w e l l  compacted 



till, bouldery till, o r  t i l l i t e ;  t h i s  type of condi t ion  most l i k e l y  

e x i s t s  a t  Nome. I n  the  overburden a t  Nome a f o u r  Layer case  e x i s t s  

where t h e  lower v e l o c i t i e s  of Layer A a r e  caused by poorly consol i -  

dated p o s t - t i l l  marine sand and s i l t  of an of fshore  Eacies of Second 

Beach age,  whereas h igher  v e l o c i t i e s  i n  Layer B a r e  t h e  r e s u l t  of 

w e l l  compacted, r e l a t i v e l y  f ine-grained t i l l  wi th  boulders .  The 

t h i c k ,  extremely low v e l o c i t y  l a y e r s ,  such as those found near  

r i v e r  mouths, are thought t o  be caused by t h e  accumulation of 

unconsolidated Holocene beach sand and grave l .  The very low v e l o c i t y  

su r f ace  l a y e r  found covering most of t he  beach c o n s i s t s  of  dry t o  

damp Holocene sand and grave l  t h a t  is  probably i n  t r anspo r t .  

Va r i a t i on  of se i smic  v e l o c i t i e s  i n  this l a y e r  is poss ib ly  due t o  

the d i f f e r e n c e  i n  water s a t u r a t i o n .  Severa l  f e e t  of dry sands above 

the  w e t  sands found wi th in  the  water  t a b l e  could produce the  

d i f f e r e n t i a l  v e l o c i t i e s .  Where t he re  is no v e l o c i t y  c o n t r a s t  i n  

t he  overburden (only one a c o u s t i c  l a y e r  p r e s e n t ,  n o t  inc lud ing  t h e  

low v e l o c i t y  su r f ace  l a y e r ) ,  s e i smic  v e l o c i t i e s  appear t o  r ep re sen t  

an average v e l o c i t y  of both Layer A and B. This may occur wi th  

compaction of both l a y e r s  i s  nea r ly  t h e  same and boulders  are lack ing  

i n  the lower l aye r .  Seve ra l  p l aces  on the  beach where t h i s  two- 

l a y e r  s i t u a t i o n  e x i s t e d ,  outcrops of Sangamon s i l t  and sand t h a t  

accumulated i n  shallow-water o f f sho re  o r  e s t u a r i n e  environment were 

observed (D. M. Hopkins, o r a l  communication, 1967). Along t h e  beach 

near S t a t i o n  35, a thin l a y e r  of beach sand and g r a v e l  covered 

sediment cons i s t i ng  of lagoonal  d e p o s i t s ,  p e a t ,  and i r o n  oxid ized  



grave l s ,  poss ib ly  of Sangamon age. This recons t ruc t ion  l eads  t o  t he  

conclusion t h a t  t h e  unconsolidated beach sand and g rave l  included i n  

Layer A have a v e l o c i t y  of 2000 t o  3400 f p s  and the  dry sand and 

g rave l  su r f ace  l a y e r  covering most of t h e  beach has a v e l o c i t y  of 

500 t o  2000 fps .  D r i l l i n g  o f f sho re  and mining onshore show t h a t  

bedrock underlying t h e  beach and tundra c o n s i s t s  of mica o r  g raph i t e  

s c h i s t .  A se ismic  v e l o c i t y  of 16,000 f p s  is  t y p i c a l  for t h i s  type 

of rock. 

F i n a l  i n t e r p r e t a t i o n  wi th  re ference  t o  t he  Nome geology l e d  t o  

the  cons t ruc t ion  of a s t r a t i g r a p h i c  column and i d e a l i z e d  s t r a t i g r a p h i c  

cross-sect ions f o r  beach and tundra (Fig. 4 3 ) .  The s t r a t i g r a p h i c  

s e c t i o n s  show a t h i n  l a y e r  (0-15 f e e t )  of unconsol idated beach sand 

and g rave l  overlying a s i l t  and clay bed. Loca l ly ,  t he  beach sand 

and g rave l  u n i t  i nc reases  i n  th ickness  i n  t h e  v i c i n i t y  of r i v e r  

mouths. Beneath t h e  beach m a t e r i a l  i s  a l a y e r  of Sangamonan outwash 

and, a t  p l aces ,  e s t u a r i n e  depos i t s  t h a t  vary i n  th ickness  where 

present .  Underlying t h e  Sangamonan sediments is  a r e l a t i v e l y  th i ck  

l a y e r  (20-30 f e e t )  of I l l i n o i a n  t i l l  and outwash which o v e r l i e s  

bedrock. Layer A c o n s i s t s  of unconsol idated marine s i l t y  sands of 

Sangamonan (Second Beach) age. Layer B c o n s i s t s  of well-compacted 

I l l i n o i a n  t i l l  and outwash. Bedrock i s  a mica o r  g raph i t e  s c h i s t .  

On the  tundra the  s e c t i o n  c o n s i s t s  of Wisconsinan p e a t ,  l o e s s ,  and 

colluvium over ly ing  I l l i n o i a n  t i l l  and outwash (Hopkins, 1960). 
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Potential Place r  S i t e s  

Applicat ion of the se ismic  technique i n  the  Nome area 

es t ab l i shed  the  p o s i t i o n  of a former channel of the Snake River and 

s e v e r a l  o the r  channels no t  an t i c ipa t ed .  These channels have not  

been tested by d r i l l i n g ,  b u t  they may conta in  workable gold p l ace r s .  

Conclusions 

Successful  opera t ion  of the r e f r a c t i o n  seismograph throughout 

the  Nome survey demonstrated the usefu lness  of such an instrument 

i n  l o c a t i n g  poss ib l e  s i t e s  of heavy meta l  p l ace r s .  Applicat ion of 

the se ismic  method used a t  Nome should con t r ibu te  t o  t h e  success of 

f u t u r e  exp lo ra t ion  f o r  heavy mineral  p l a c e r  depos i t s  on beaches and 

i n  reg ions  of permafrost.  



PART IV. SUMMARY 

Beaches of Nome, Alaska, during t h e  surqmer of 1967 contained 

many micro-topographic s t r u c t u r e s .  Due t o  unusual sp r ing  and s u m e r  

weather condit ions these  f e a t u r e s  p e r s i s t e d  throughout t he  summer and 

many were probably preserved i n  t h e  s t r a t i g r a p h i c  c ross  s e c t i o n  of the 

beach. 

Microrel ief  f e a t u r e s  develop i n  t h e  s p r i n g  and e a r l y  summer a s  

t h e  r e s u l t  of dynamic processes  a s soc i a t ed  wi th  t h e  break-up of sea- 

ice  and the  melt ing b r  thawing of t h e  kaimoo, permafrost ,  snow-banks , 

and blocks of i c e  s t randed  on the  beach. Resul t ing  mic ro re l i e f  form 

i n  two zonal a r eas  which were def ined  by the  o r i g i n a t i n g  mechanisms of 

t he  microre l ie f  f e a t u r e s .  The lower beach zone i s  r e s t r i c t e d  t o  the  
\ 

swash zone where the  i n t e r a c t i o n  of wave depos i t i on  and melt ing of 

s t randed  g rave l  and sand-rich brash  ice  produce ice-pushed r i d g e s ,  

kaimoo r idge  and depos i t s ,  sea- ice  k e t t l e s ,  and sea- ice  sand and sea- 

ice grave l  cones. The upper beach zone is  r e s t r i c t e d  t o  t h e  upper 

foreshore  o r  backshore where f l u v i a l  processes  form microf l u v i a l  

f e a t u r e s  cons i s t i ng  of micro-outwash depos i t s  and mic rode l t a i c  depos i t s  . 
A g ra in  s i z e  d i s t r i b u t i o n  map cons t ruc ted  from the sediment data 

c l e a r l y  shows that t h e  sediment d i s t r i b u t i o n  along the beach i s  random 

wi th  no d i r e c t i o n  of i nc reas ing  o r  decreas ing  median diameters ,  

s o r t i n g  c o e f f i c i e n t s ,  o r  sand-gravel percentages.  General ly ,  the  

swash zone and of f sho re  a r e a  sampled wi th  t h e  use  of SCUBA showed the  

best s o r t i n g  and most uniform g r a i n  s i z e  d i s t r i b u t i o n .  The foreshore  

and backshore of the beaches exh ib i t ed  bimodal o r  polymodal d i s t r i -  

bu t ion  and were commonly coarse grained.  
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The coas t  of the Seward Peninsula  i s  a r e l a t i v e l y  low energy 

coas t  and the  beaches are usua l ly  i n s u l a t e d  from t h e  elements by i c e  

f o r  about 6 months per year .  During the f a l l ,  when sea- ice i s  break- 

i n g  up, the beach i s  d i s tu rbed  by ice-push. This d i s turbance  i s  

ind ica t ed  by t h e  random grain s i z e  d i s tx ibu t ion .  

Sea-ice is  a l s o  respons ib le  f o r  br inging  some new sediment t o  

t h e  beach, b u t  the  q u a n t i t a t i v e  importance of t h i s  i s  n o t  known. I t  

appears t h a t  new sediment i s  added t o  t h e  Nome beaches by Cr ipple  

Creek, Penny River ,  Snake River ,  Nome River ,  and s t reams t h a t  empty 

out  onto t h e  beach. Erosion of t h e  wave-cut c l i f f s  a t  t h e  backshore 

during s t o m  con t r ibu te  considerable  amounts of coarse ma te r i a l .  

Longshore d r i f t  va r i ed  from east t o  west between June and 

September, 1967 w i t h  a n e t  sediment t r a n s p o r t  toward the e a s t .  This 

n e t  eastward t r a n s p o r t  was ind ica t ed  by accumulation of sediment on 

the  w e s t  s i d e  of t h e  Snake River j e t t i e s  and e ros ion  on the e a s t .  An 

eastward trail of t i n  cans from t h e  Nome dumps, l oca t ed  on the  beach, 

also i nd i ca t ed  a n e t  eastward longshore d r i f t .  

A se i smic  r e f r a c t i o n  study was made of t h e  beach and tundra gold 

p l a c e r  areas nea r  Nome, Alaska, us ing  a s m a l l  l ight-weight  p o r t a b l e  

seismograph system. Geophone conf igura t ion  and type of sound source  

f o r  t h i s  i n v e s t i g a t i o n  were determined during a prel iminary 

experimental  survey. 

As the beach s tudy w a s  s u c c e s s f u l ,  a s h o r t  experimental  s e i smic  

l i n e  was completed inland t o  determine t h e  use fu lnes s  of a p o r t a b l e  

r e f r a c t i o n  seismograph i n  permafrost  a r e a s  near Nome. The b a s i c  
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problems i n  permafrost a r eas  a r e  t he  high se i smic  v e l o c i t i e s  i n  the  

overburden caused by t h e  increased  e l a s t i c  modulus of f rozen  ground and 

by the  a c o u s t i c a l  absorpt ion and v a r i a b l e  thickness  of t he  over ly ing  

tundra. The inc rease  i n  sediment v e l o c i t y  reduces t h e  p o s s i b i l i t y  of a  

good v e l o c i t y  con t r a s t  a t  t he  bedrock-overburden i n t e r f a c e ,  and the 

organic  ma te r i a l  of the  tundra absorbs r e tu rn ing  se i smic  energy. These 

problems were reduced by setting the se i smic  explosion off  on t h e  

permafrost s u r f a c e  and by p lac ing  the  geophones i n  the  thaw zone of 

s i l t  beneath the  spongel ike mat te r  of the  tundra. The r e s u l t s  of this 

survey suggest  that  a  r e f r a c t i o n  seismograph i n v e s t i g a t i o n  of perma- 

f r o s t  a r eas  near  Nome can be made succes s fu l ly .  

Resul t s  of t he  beach survey ind ica t ed  t h a t  i n t e r n a l  s t r a t i g r a p h y  

of t h e  overburden could be i n t e r p r e t e d  and se ismic  v e l o c i t i e s  assigned 

t o  the d i f f e r e n t  u n i t s .  A very low v e l o c i t y  dry-to-damp layerof  Holo- 

cene sands covering most of t h e  beach showed se ismic  v e l o c i t i e s  of 500 

t o  2400 fps .  Low v e l o c i t y  l aye r s  included i n  t h e  overburden and espe- 

c i a l l y  conspicuous nea r  r i v e r  mouths exh ib i t ed  v e l o c i t i e s  of 2000 t o  

3400 fps .  Below t h e  very low v e l o c i t y  l a y e r ,  a Sangamonian poorly 

consol idated nearshore o r  e s t u a r i n e  s i l t ,  c l ay ,  and sand l a y e r  gave 

v e l o c i t i e s  of 4000 t o  6000 f p s .  Beneath t h e  estuarine mate r i a l  i e  an 

I l l i n o i a n  t i l l  t h a t  has  a  v e l o c i t y  of 9200 t o  13,200 f p s .  Bedrock was 

w e l l  def ined  i n  all seismograms and exh ib i t ed  v e l o c i t i e s  from 14,000 

t o  18,500 fps .  

Severa l  bur ied  channels were i d e n t i f i e d  t h a t  may be  sites of pos- 

s i b l e  gold p l a c e r  depos i t s .  Resul t s  of t h e  tundra survey i l l u s t r a t e  

the  f e a s i b i l i t y  of the  p o r t a b l e  seismograph as a  t o o l  f o r  p l a c e r  

prospect ing.  
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APPENDIX 



TABLE I 

GRAIN SIZE ANALYSIS OF NOME BEACH SEDIMENT SAMFLES 

Sample Size Class in mm -- Fractional %/Cumulative X 
No. 32.0 16.0 8.00 4.00 2.00 1.00 .707 .500 



TABLE I 
(Continued) 

Sample Size Class in  nmt (continued) -- Fractional %/Curnulati ve % 
No. .350 .250 .I80 .125 .088 .062 .031 < ,031 



TABLE I 
(Continued) 

S ample Moment Measures -- T r  k 
I1 

Percentage 
No. Md . So. Sk. Q3 Gravel Sand 



TABLE I 
(Continued) 

S amp le S i z e  Class in nnn -- Fractional %/Cumulative X 
No. 32.0 16.0 8.00 4.00 2.00 1.00 .707 .SO0 
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TABLE I 
(Continued) 

Sample Size Class i n  mm -- Fractional %/cumulative % 
No. 32.0 16.0 8.00 4.00 2.00 1.00 ,707 ,500 



TABLE I 
(Continued) 

Sample Size Class in m (continued) -- Fractional %/Cumulative X 
No. .350 .250 .180 .125 .088 .062 .031 < ,031 





TABLE I 
(Continued) 

Sample Size Class in m -- Fractional %/Cumulative % 
No. 32.0 16.0 8.00 4.00 2.00 1.00 .707 .500 



TABLE I 
(Continued) 

Sample Size Class i n  mm (continued) -- Fractional %/Cumulative X 
No. .350 ,250 .I80 .I25 .088 .062 -031 <.031 



TABLE I 
(Continued) 

Sample Moment Measures -- Per centage 
No. Md . So. Sk. Q3 Gravel Sand 

G-29-2a 5.5 1.37 0.99 4.0 7 .5  96.8 3.2 



TABLE I 
(Continued) 

Sample Size Class in mm -- Fractional f/Cumulative % 
No. 32.0 16.1) 8.00 4.00 2.00 1.00 ,707 .500 



TABLE I 
(Continued) 

Sample Size Class in mm (continued) -- Fractional %/Cumulative % 
No. .350 .250 .I80 .125 ,088 .062 ,031 <. 031 





TABLE I 
(Continued) 

S amp le  S i z e  Class i n  mm -- F r a c t i o n a l  %/Cumulative X 
No. 32.0 16.0 8.00 4.00 2.00 1.00 .707 ,500 



TABLE I 
(Continued) 

Sample S i ze  Class i n  mm (continued) -- Fractional %/cumulative % 
No. .350 .250 .180 .125 .088 .062 .031 <. 031  



TABLE I 
(Continued) 

Sample Moment Measures -- Percentage 
No. Md . S 0. Sk. Q3 Gravel Sand 

G-37-2a 3.50 1 . 7 8  0 . 9 3  1.90 6.00 7 3 . 4  26.6 



TAELE I 
(Continued) 

Sample Size Class in mm -- Fractional %/Cumulative % 
No. 64 .0  32.0 16.0 8.00 4.00 2.00 1.00 .707 .500 



S q l e  S i z e  Class in nrm (continued) -- Fractional XICumulative f 
No. ,350 -250 -180 .I23 -088 -062 ,031 c.031 



TABLE I 
(Continued) 

Sample Moment Measures -- Percentage 
No. Md . So. Sk. Q3 Gravel Sand 

G39-5a 16.0 2.83 0.20 2.5 20 0 76.3 23.7 



TABLE I 
(Continued) 

S amp le  Size Class i n  mm -- Fractional  %/Cumulative % 
No. 32 .0  16.0  8.00 4.00 2.00 1.00 .707 .500 



TABLE I 
(Continued) 

Sample Size Class in mm (continued) -- Fractional %/Cumulative X 
No. .350 .250 .180 . I25  .088 .062 .031 c.031 



TABLE I 
(Continued) 

Sample Moment Measures -- Percentage 
No. Md. So.  Sk. Q3 Grave 1 Sand 

645-2a 2.8 2 .32  0.88 1.1 5 . 9  5 9 . 3  40.7 



TABLE I 
(Continued) 

Sample Size Class i n  mm -- Fractional %/Cumulative % 
No. 32.0 16.0 8.00 4.00 2.00 1.00 .707 ,500 



TABLE I 
(Continued) 

S amp le Size Class in rnm (continued) -- Fractional %/Cumulative % 
No. .350 ,250 .I80 .I25 .O 88 .062 ,031 <.031 



TABLE I 
(Continued) 

Sample Moment Measures -- Percentage 
No. Md . So. Sk. Q3 Gravel Sand 

647-2a 4.5 2.71 0.44 1.1 8.1 62.6 37.4 

647-3 3.2 1.79 0.62 1.4 4.5 61.8 38.2 



TABLE I 
(Continued) 

Sample Size Class in mm -- Frac t iona l  %/Cumillative % 
No. 32.0 16.0 8.00 4.00 2.00 1.00 .707 .500 



TABLE I 
(Continued) 

S ample Size Class i n  uim (continued) -- Fractional %/Cumulative X 
No. .350 .250 -180 .I25 .088 ,062 .031 <.031 



TABLE I 
(Continued) 

Sample Moment Measures -- Percentage 
No. Md . So. Sk. Q3 Gravel Sand 

GR-49-2a 0 .35  1.41 1 . 0 2  0 . 2 5  0 . 5 0  1.6 98.4 

G-R-49-3a 0.35 1.55 1 . 2 2  0 . 2 5  0 . 6 0  12.3 8 7 . 7  

L-1-1 l f  1 . 4  1 . 1 9  1 . 0 4  1 . 2  1 . 7  9 4 . 2  5 . 8  

L-1-2 0.15 1 . 3 2  1 . 1 2  0.12 0 . 2 1  100 

L- 1- 3 0 .125  1 .17  1.06 0.11 0.15 100 

L-1-4 0 .13  1 . 0 8  0.99 0.12 0.14 100 

L-1-5 0 .12  1 . 2 2  1.04 0.10 0.15 100 

L-1-6 0 . 1 2  1.12 0.87 0.10 0.125 100 

L-2-1 2.8 1 . 2 0  0.97 2 . 3  3 . 3  86.6 1 3 . 4  
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TABLE I 
(Continued) 

S a q l e  Size Class in mu (continued) -- Fractional %/Cumulative f 
No. -350 .250 .I80 .I25 .088 .062 .031 <.031 





APPENDIX B 

TABLE I1 

TEXTURAL A N U S I S  OF NOME BEACH SEDIMENT SAMPLES 
BY FOLK AND WARD IETHOD 

Sample 
No. $ 5 016 050 084 $95 

6 1  Ski 



TABLE I1 
(Continued) 

Sample 
NO. Q5 0 16 Q50 084 4195 M 

z 61 
Ski 




