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RECONNAIS SSANCE REPORT ON SURF I C  IAL GEOLOGY OF THE COASTAL AREA FROM TOLS TO I 
POINT TO CAPE NOME, NORTON SOUND, ALASKA 

BY 
J . R .  ~ i e h l e l ,  K. S. Emmell, and J . G .  tloln2 

ABSTRACT 

D i s t r i b u t i o n  of s u r f i c i a l  m a t e r i a l s ,  d i r e c t i o n s  of l i t t o r a l  t r a n s p o r t ,  
and r a t e s  of beach e r o s i o n  and p r o g r a d a t i o n  have been determined f o r  t h e  
c o a s t a l  a r e a  of Norton Sound, Alaska,  from Cape Nome t o  T o l s t o i  P o i n t .  Photo- 
i n t e r p r e t a t i o n  was supplemented by f i e l d  r e c o n n a i s s a n c e .  

A t  l e a s t  two e a r l y  p e r i o d s  of r e l a t i v e l y  h i g h  s e a  l e v e l  a r e  e v i d e n t  i n  
t h e  mapped a r e a ,  a t  a b o u t  4.5 and 16 m above p r e s e n t  mean s e a  l e v e l .  The most 
a r e a l l y  e x t e n s i v e  u n c o n s o l i d a t e d  d e p o s i t  i s  an u n d i f f e r e n t i a t e d  , nonsor ted  
s i l t y  sand and modera te ly  s o r t e d  sandy g r a v e l  u n i t  t h a t  was formed by m a r i n e  
d e p o s i t i o n  d u r i n g  h i g h  s e a  s t a n d s  and modi f i ed  by wea ther ing  and slow c r e e p  o r  
f l o w  on g e n t l e  t o  moderate  s l o p e s .  Depos i t s  of f l o o d  p l a i n s ,  a c t i v e  and 
v e g e t a t e d  beaches ,  l a n d s l i d e s ,  and i n t e r t i d a l  f l a t s  were a l s o  i d e n t i f i e d .  
High t e r r a c e  l e v e l s  a long  s t r e a m s ,  the rmokars t  topography,  and prominent i c e -  
wedge polygon a r e a s  were noted.  

L i t t o r a l  t r a n s p o r t  d i r e c t i o n s  a r e  mainly  eas tward  from Cape Nome t o  Koyuk 
I n l e t ,  nor thward from t h e  Ungalik River  t o  Koyuk I n l e t ,  northward from Blue- 
b e r r y  P o i n t  t o  t h e  S h a k t o o l i k  R i v e r ,  southward from Blueber ry  P o i n t  t o  t h e  
Una lak lee t  R i v e r ,  and northward from T o l s t o i  P o i n t  t o  t h e  Una lak lee t  R i v e r .  

E r o s i o n  h a s  been most r a p i d  a long  c o a s t a l  s e c t i o n s  where sea c l i f f s  a r e  
c u t  i n  u n c o n s o l i d a t e d  d e p o s i t s .  For t h e  p a s t  25 y e a r s ,  measured r a t e s  of 
e r o s i o n  range  from 1 t o  4 m/yr. 

INTRODUCTION 

This r e c o n n a i s s a n c e  s u r v e y  ( f i g .  1 )  w i l l  assist c o a s t a l - z o n e  p l a n n e r s  i n  
s e l e c t i n g  a r e a s  f o r  s i t e - s p e c i f i c  s u r v e y s  a long  t h e  Alaskan c o a s t  from Cape 
Nome t o  T o l s t o i  P o i n t .  

Geologic  mapping was accomplished by p h o t o i n t e r p r e t a t i o n  supplemented 
w i t h  d a t a  from a J u l y  1978 h e l i c o p t e r - s u p p o r t e d  f i e l d  reconna i ssance .  F i e l d  
work was done i n  c o o p e r a t i o n  w i t h  t h e  U.S. Geolog ica l  Survey,  whose p e r s o n n e l  
c o l l e c t e d  d a t a  on source-rock and r e s e r v o i r  c h a r a c t e r i s t i c s  f o r  t h e  e v a l u a t i o n  
o f  hydrocarbon p o t e n t i a l  i n  t h e  o f f s h o r e  Norton b a s i n .  

'Alaska DGGS, Anchorage, aK 99501. 
2 ~ .  S. Geo log ica l  Survey,  Anchorage,  AK 99501. 



Figure I.-- Index map showing Tolstoi Point - Cape Nome Area, Norton Sound, Alaska. 

Figure  1. Index map of Norton Sound a r e a .  
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PHYSICAL CHARACTERISTICS OF MAP UNITS 

Bedrock Uni ts  

Bedrock u n i t  Qtv c rops  out  a t  T o l s t o i  P o i n t  ( p l .  1A) i n  t h e  mapped a r e a  
and c o n s i s t s  of upper T e r t i a r y  and Quaternary  v o l c a n i c  f lows.  Hoare and 
Condon (1971) r e p o r t e d  a  b a s a l t i c  composi t ion f o r  e q u i v a l e n t  v o l c a n i c s  which 
i n c l u d e  f lows ,  t u f f s ,  and b r e c c i a s  n e a r  S a i n t  l l i chae l  (54  km southwest  of 
T o l s t o i  P o i n t ) .  Cass (1959a) compiled f i e l d  d a t a  supplemented by p h o t o i n t e r -  
p r e t a t i o n  and mapped t h e  rocks  a t  T o l s t o i  Po in t  a s  in te rbedded  f lows and ash.  
We s a w  no s i g n i f i c a n t  amounts of a s h  i n  s e a - c l i f f  exposures  southwest  of 
T o l s t o i  P o i n t ,  bu t  f u t u r e  s i t e - s p e c i f i c  founda t ion  s t u d i e s  should  i n v e s t i g a t e  
t h e  p o s s i b l e  p resence  of a s h ,  v e s i c u l a r  f low r o c k s ,  and b r e c c i a s  a t  f l o w  
margins.  Ice-wedge polygons w i t h i n  u n i t  Qtv imply t h e  p resence  of f i n e -  
? r a i n e d  s u r f i c i a l  d e p o s i t s  t h a t  a r e  probably  windblown s i l t  o r  sand s i m i l a r  t o  



d e p o s i t s  near  S a i n t  Michael ( s e e  Hoare and Condon, 1971). We d i d  not  d i s -  
t i n g u i s h  such s u r f i c i a l  d e p o s i t s  from v o l c a n i c  rocks.  

Bedrock o t h e r  than  T e r t i a r y  and Quaternary v o l c a n i c s  is mapped as u n i t  
pQb. From T o l s t o i  Po in t  ( p l .  1A) n o r t h  t o  t h e  Koyuk River  ( p l .  2A), bedrock 
c o n s i s t s  mainly  of u n i t s  included i n  t h e  s h a k t o l i k 3  Group of Cretaceous  age 
( Cass , 1959a,  b) . L i t h o l o g i e s  i n c l u d e  graywacke, s h a l e ,  and conglomerate w i t h  
l o c a l  c o a l  s t r i n g e r s  and fragments.  S h a k t o l i k  Group rocks  a r e  fo lded  about 
a r e  f o l d e d  about n o r t h e a s t - t r e n d i n g  a x e s ;  bedding d i p s  a r e  s u b v e r t i c a l  ( f i g .  
2 ) .  Numerous f a u l t s ,  mapped by Cass (1959a,b)  i n  t h e  Norton Bay and 
Unalakleet  a r e a s  and by P a t t o n  and Bicke l  (1956) i n  t h e  h igh lands  east o f  
S h a k t o o l i k ,  s t r i k e  approximately  p a r a l l e l  t o  t h e  bedding. Besboro I s l a n d  
(abou t  1 6  km west of p l .  1B) and L i t t l e  Mountain ( n e a r  Reindeer Cove, pl .  1C) 
a r e  u n d e r l a i n  by v o l c a n i c  f lows ,  b r e c c i a s ,  and sedimentary  rocks  of p robab le  
Cretaceous  age  ( P a t t o n ,  1973). The Reindeer H i l l s  ( p l .  1C) are u n d e r l a i n  by 
metamorphosed sedimentary  rocks  t h a t  a r e  probably  lower Pa leozo ic  (Cass , 
1959a). During a  s i n g l e  low f l i g h t ,  pe rvas ive  f r a c t u r e s  and c o l o r  s t a i n i n g  
were noted i n  s e a - c l i f f  exposures  around t h e  Reindeer H i l l s .  

3 ~ p e l l i n g  of t h i s  name f o r  geographic  l o c a l i t i e s  i s  'Shak too l ik . '  The name 
' S h a k t o l i k  Group' has  been abandoned by P a t t o n  (1973) ;  we use  t h e  name h e r e  
f o r  convenience i n  r e f e r r i n g  t o  t h e s e  rocks .  

F i g u r e  2. S t e e p l y  d ipp ing ,  t i g h t l y  fo lded  bedding i n  S h a k t o l i k  Group 'rocks 
4 km n o r t h  of Blueberry  Po in t  ( p l s .  l A ,  1B). Height of f o l d  hinge about  
10 m. 



Bedrock i n  t h e  c o a s t a l  s e c t i o n  from Ungal ik  ( p l .  2A) n o r t h  to  t h e  
I n g l u t a l i k  River  ( p l .  2A) c o n s i s t s  of t h e  S h a k t o l i k  Group and s l i g h t l y  o l d e r  
cong lomera te  and s a n d s t o n e  of t h e  Ungal ik  Conglomerate ( C a s s ,  1959b). From 
t h e  Koyuk River  o u t l e t  west t o  Bald Head ( p l s .  2A, 2B), bedrock c o n s i s t s  
m o s t l y  of lower  o r  middle  P a l e o z o i c  marble  and l e s s e r  amounts of s e d i m e n t a r y  
rocks .  These rocks  a r e  mapped by Cass (1959b) a s  e q u i v a l e n t  t o  t h o s e  under- 
l y i n g  t h e  Reindeer  H i l l s .  W.C. Mendenhall ( c i t e d  i n  Smith and Eak in ,  1911, p. 
54) d e s c r i b e d  r o c k s  a t  Bald Head as marb le  i n f o l d e d  wi th  t h i n l y  bedded l i n e -  
s t o n e  and s c h i s t .  A s m a l l  a r e a  c e n t e r e d  2  km n o r t h e a s t  of Koyuk i s  u n d e r l a i n  
by S h a k t o l i k  Group r o c k s  ( C a s s ,  1959b).  A n o r t h - t r e n d i n g  f a u l t  j u s t  e a s t  o f  
Koyuk s e p a r a t e s  lower P a l e o z o i c  rocks  from t h i n l y  bedded sed imenta ry  and n e t a -  
morphic rocks  o f  Precambrian age t o  t h e  e a s t  (Hudson, 1977).  

From Elim t o  Walla Walla ( p l .  2C), u n i t  pQb comprises  t h e  lower o r  midd le  
P a l e o z o i c  rocks  and t h e  Precambrian r o c k s  p r e v i o u s l y  d e s c r i b e d ,  s e p a r a t e d  by 
s e v e r a l  nor th-south-  and eas t -wes t - t rend ing  f a u l t s .  Smith and Eakin (1911, p. 
47) d e s c r i b e d  t h e  P a l e o z o i c  rocks  i n  t h i s  c o a s t a l  s e c t i o n  a s  l i m e s t o n e  and 
d o l o m i t e  w i t h  l e s s e r  amounts of s c h i s t  and carbonaceous  s l a t e ;  a l l  a r e  
i n t r u d e d  by g r e e n s t o n e ,  g r a n i t e ,  and d i o r i t e  and a r e  complexly f o l d e d .  Upper 
Precambrian o r  lower P a l e o z o i c  b i o t i t e -  and g a r n e t - r i c h  s c h i s t  and marble  c r o p  
o u t  between Walla Walla and  P o r t a g e  Roadhouse ( p l s .  2A, 3A). These rocks  a r e  
i n  a p p a r e n t  i n t r u s i v e  c o n t a c t  w i t h  Cre taceous  g r a n i t e ,  which o c c u r s  a long  t h e  
c o a s t  t o  n e a r  Cape Darby. The b i o t i t e -  and g a r n e t - r i c h  s c h i s t  and marble  c r o p  
o u t  a g a i n  f o r  about  8 km i n  sea c l i f f s  from Cape Darby n o r t h  t o  Golovnin Bay, 
where t h e y  a r e  i n  i n t r u s i v e  c o n t a c t  w i t h  Cre taceous  monzonite and s y e n i t e .  
These a l k a l i c  i n t r u s i v e  rocks  a r e  i n  p o s s i b l e  f a u l t  c o n t a c t  w i t h  upper Pre- 
cambrian,  t h i n l y  bedded sed imenta ry  and metased imenta ry  rocks  a t  Golovin  V i l -  
l a g e .  Upper Precambrian rocks  ( f i g .  3 )  u n d e r l i e  t h e  p e n i n s u l a  and d e f i n e  t h e  
west s i d e  of Golovnin Bay a t  Rocky P o i n t  ( p l .  3B) and t h e  up lands  westward 
beyond Solomon ( p l .  3C). A t  Bluff  ( p l .  3 C )  a  s t r u c t u r a l  window exposes  lower 
o r  m i d d l e  P a l e o z o i c  marb le  and o t h e r  r o c k s  t h a t  are o v e r t h r u s t  by Precambrian 
rocks .  L i t h o l o g i e s  i n  t h e  Bluff  a r e a  were d e s c r i b e d  by A. H. Brooks ( c i t e d  i n  
Smith and Eakin,  1911, p. 52) a s  mass ive  l i m e s t o n e ,  n i c a  s c h i s t ,  and g r a p h i t i c  
l i m e s t o n e  (Hudson, 1977).  

The up lands  a t  Cape None ( p l .  3D) a r e  u n d e r l a i n  by a  c o r e  a r e a  of 
g r a n i t i c  g n e i s s  of unknown a g e  sur rounded  by g n e i s s  and m a r b l e . o f  Precambrian 
a g e  (Hudson, 1977).  

The c o n t a c t  of bedrock wi th  u n d i f f e r e n t i a t e d  s u r f i c i a l  d e p o s i t s  ( u n i t  Qu) 
i s  approx imate ly  l o c a t e d .  Many a r e a s  shown a s  bedrock are covered by t h i n  
s u r f i c i a l  d e p o s i t s  such as windblown s i l t  and sand ,  co l luv ium,  and a l l u v i u m ,  
a l l  o f  which may a f f e c t  f o u n d a t i o n  c h a r a c t e r i s t i c s  of s i t e s .  Only a  s i n g l e  
l a r g e  bedrock l a n d s l i d e  was i d e n t i f i e d  ( n o r t h w e s t  of Rocky P o i n t ;  p l .  3 B ) ,  but  
r o c k f a l l s  occur  a long  many s e c t i o n s  of beach t h a t  a r e  backed by bedrock s e a  
c l i f f s .  

S i t e - s p e c i f i c  i n v e s t i g a t i o n s  of bedrock should i n c l u d e  assessment  of 
p o t e n t i a l  bedrock movements a l o n g  s t e e p l y  d i p p i n g  bedding p l a n e s ,  f r a c t u r e s ,  
o r  f a u l t s .  



Figure 3. Recumbent fo ld  i n  upper Precambrian t h i n l y  bedded metasedimentary 
rocks a t  Rocky Poin t  ( p l .  3B). Note abundant angular  blocks from rock- 
f a l l s  i n  t he  i n t e r t i d a l  zone. 

S u r f i c i a l  Deposi ts  

Beaches i n  t he  mapped a r e a  ( u n i t  Qba) a r e  gene ra l l y  composed of coa r se  
m a t e r i a l s  such a s  sandy grave l .  Beach p r o f i l e s  tend to  be s t e e p  and culminate 
i n  a high berm ( f i g .  4 ) ,  which is topped by l a r g e  waves during storms 
(Sa l l enge r  and o t h e r s ,  1977). Beaches a l s o  a r e  a f f e c t e d  by pack-ice 
modi f ica t ion  such a s  shoving ( f i g .  5) and probably by i c e - r a f t  depos i t i on  ( a  
p o s s i b l e  example is  the  b a s a l t  boulders  t h a t  occur along the  beach f o r  s eve ra l  
mi l e s  no r th  of T o l s t o i  Poin t ) .  Beach depos i t s  a t  the  foo t  of sea c l i f f s  
eroded i n  bedrock a r e  probably no more than 2 o r  3 m t h i c k  where 
wave-truncated bedrock i s  exposed i n  t he  i n t e r t i d a l  and shallow s u b t i d a l  
zones. Beach d e p o s i t s  on t he  l a r g e  b a r r i e r  beaches a r e  much th i cke r .  A water 
w e l l  d r i l l e d  a t  Shaktoolik pene t ra ted  6 m of beach d e p o s i t s  ( coa r se  sand, 
s i l t ,  and g r a v e l ) ,  and 11 m of beach depos i t s  (sand,  g r ave l ,  and some c lay)  
have been pene t ra ted  by a water w e l l  a t  Unalakleet.  Frozen m a t e r i a l  occurs  
below beach depos i t s  t o  a depth of 23 m a t  Unalakleet ;  a t  Shaktool ik ,  f r o s t  i n  
c l a y  and s i l t  is  reported from the  base of beach d e p o s i t s  t o  a depth of 8 m. 
Bedrock a t  Unalakleet i s  a t  a depth of 31 m. Permafrost i c e  below the  beach 
d e p o s i t s  may be r e l i c t  from one o r  more per iods of sea- level  r e t r e a t  p r i o r  t o  
6,000 y r  before  present  (b. p.) 

Unit Qal c o n s i s t s  of s t ream-transported depos i t s .  These inc lude  s t r a t i -  
f i e d  sand and g rave l  where ad jacent  streams a r e  meandering; more commonly i t  
c o n s i s t s  of poorly t o  moderately so r t ed  sand and s i l t  of overbank depos i t s .  
A t  t h e  mouths of streams along the  coas t  Qal may include s i l t  and f i n e  sand 
depos i ted  i n  brackish  water by storm-surge inundation. The contac t  between 
f lood-plain depos i t s  and ad jacent  colluvium (Qu, i n  p a r t )  i s  approximate,  
e s p e c i a l l y  along smaller  streams i n  which d ischarge  va r i e s .  



F i g u r e  4. Beach a t  Powers Creek ( p l .  1A) 8 km n o r t h  of Unalakleet .  Note 
c o a r s e  s h i n g l e  i n  upper p a r t  of beach and wel l -def ined s torm berm. 

F i g u r e  5. Sh ing le  beach d e p o s i t s  p r e v i o u s l y  d i s r u p t e d  by i c e  shoving o r  
m e l t i n g  3 km west of Bluff  ( p l .  3 C ) .  
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C o n s t r u c t i o n a l  t e r r a c e  remnants above p r e s e n t l y  a c t i v e  f lood  p l a i n s  a r e  
d e s i g n a t e d  Q t  ( p l .  1) .  Because such t e r r a c e s  a r e  i d e n t i f i e d  only  a long 
s t reams  i n  steep-walled mountain v a l l e y s ,  t h e s e  d e p o s i t s  may c o n t a i n  c o a r s e r  
sand and g r a v e l  t h a n  Qal d e p o s i t s .  

U n d i f f e r e n t i a t e d  s u r f i c i a l  d e p o s i t s  ( u n i t  Qu) i n c l u d e  o rgan ic  d e p o s i t s  
( t u n d r a  mat ) ,  emergent marine  d e p o s i t s ,  s l o p e  d e p o s i t s ,  windblown s i l t  and 
sand ,  and p o s s i b l y  unrecognized g l a c i a l  d e p o s i t s .  Because we cannot 
c o n s i s t e n t l y  s e p a r a t e  t h e s e  t y p e s  of d e p o s i t s  by p h o t o i n t e r p r e t i o n  t e c h n i q u e s ,  
t h e y  a r e  inc luded  as a s i n g l e  u n i t .  The c o n t a c t  wi th  bedrock u n i t s  i s  
approximate.  Thin o r  smal l  d e p o s i t s  of u n i t  Qu may occur w i t h i n  a r e a s  shown 
a s  bedrock. 

Where u n i t  Qu occurs  a d j a c e n t  t o  s t e e p  bedrock s l o p e s ,  t h e  d e p o s i t s  
probably  c o n t a i n  a h igher  p r o p o r t i o n  of pebb les ,  cobb les ,  and bou lders  t h a n  
a r e  p r e s e n t  away from bedrock exposures.  Polygonal ground i n  u n i t  Qu i s  
g e n e r a l l y  i n d i c a t i v e  of f i n e  m a t e r i a l s ,  because polygons a r e  normally n o t  
developed i n  c o a r s e r ,  b e t t e r  d ra ined  m a t e r i a l s  ( F e r r i a n s  and o t h e r s ,  1969). 

I n d i c a t o r s  of s l o p e  i n s t a b i l i t y  i n  s u r f i c i a l  d e p o s i t s  i n c l u d e  s o i l  l o b e s  
and t e r r a c e s  ( f i g .  6 ) ,  rock  s t r i p e s ,  and e a r t h f l o w s  ( f i g .  7 ) .  Only t h e  l a r g e r  
e a r t h f  lows a r e  mapped a s  Qls. Small e a r t h f l o w s ,  l o b e s ,  t e r r a c e s ,  and rock 
s t r i p e s  occur i n  a r e a s  shown a s  Qu and i n  a r e a s  of t h i n  s u r f i c i a l  d e p o s i t s  
w i t h i n  u n i t  pQb. Genera l ly ,  s o i l  l o b e s  occur on s l o p e s  of 20" t o  25O, whereas 
s o i l  t e r r a c e s  may occur  on s l o p e s  as low as a few degrees  (S igafoos  and 
Hopkins , 1952). Fu ture  s i t e - s p e c i f  i c  i n v e s t i g a t i o n s  should i n c l u d e  a d e t a i l e d  
assessment  of p o t e n t i a l  i n s t a b i l i t i e s ,  e s p e c i a l l y  i n  a r e a s  of g e n t l e  t o  
moderate s lopes .  

F igure  6. S o i l  l o b e s  and s o i l  t e r r a c e s  r e s u l t i n g  from downslope movement 
( c r e e p  and s o l i f l u c t i o n )  of unconso l ida ted  d e p o s i t s  on moderate s l o p e s  
n e a r  Unalakleet .  



Figure 7. Earthflow i n  u n i t  Qu 11 km south of Unalakleet (p l .  1A). Earthflow 
proceeded onto beach (ou t  of view) 

Polygonal ground i n d i c a t e s  the  presence ( o r  former presence) of i c e  
wedges i n  t h e  subsurface.  In a d d i t i o n ,  ho r i zon ta l  i c e  l enses  with l i t t l e  or 
no su r f ace  expression may develop i n  f i n e ,  poorly drained ma te r i a l .  An 
example of massive ground i c e  is  shown i n  f i g u r e  8. Ground s e t t l i n g  due t o  
i c e  mel t ing  i s  a p o t e n t i a l  hazard t o  s t r u c t u r e s  l oca t ed  above such i ce .  

P a r t s  of a r ea s  shown a s  Qu have undergone some thawing of ground i c e ,  
l ead ing  t o  formation of thaw p i t s  and thaw l a k e s  (Fe r r i ans  and o t h e r s ,  1969); 
t h e  symbol Qud r e f e r s  t o  a r e a s  of un i t  Qu where such thaw f e a t u r e s  a r e  pre- 
dominant. Areas of u n i t  Qud a r e  s l i g h t l y  lower i n  mean e l e v a t i o n  and have a 
l a r g e r  propor t ion  of empty o r  f i l l e d  l ake  basins .  Drained bas ins  and i n t e r -  
bas in  highlands wi th in  a r e a s  of Qud may show polygonal ground development t h a t  
i s  i n d i c a t i v e  of t he  regrowth of ground ice a f t e r  thaw se t t l ement .  S imi l a r ly ,  
Hopkins and Sigafoos (1951) recognized s e v e r a l  c l i m a t i c  f l u c t u a t i o n s  on the  
Seward Peninsula;  f e a t u r e s  i n d i c a t i v e  of more severe c l i m a t i c  condi t ions  than 
now e x i s t  wi th in  t he  mapped a r e a  may be t h e  ne t  r e s u l t  of s eve ra l  such 
c l i m a t i c  f l u c t u a t i o n s .  

REGIONAL SEISMICITY 

The Kaltag f a u l t  has  been mapped by Pa t ton  and Hoare (1968) along t h e  
Unalakleet  River va l ley .  

The trace of t h e  f a u l t  extends from the  v i l l a g e  of Kaltag (ou t s ide  the  
mapped a r e a  108 km nor theas t  of Unalakleet)  southwestward t o  Norton Sound just 
south of Unalakleet.  Displacement appears  t o  have been dominantly r i g h t  
l a t e r a l .  S i g n i f i c a n t  movement probably pos tda tes  Cretaceous sedimentary rocks 
(such a s  t h e  Shaktol ik  Group) and may have occurred a s  r ecen t ly  a s  l a t e  
Te r t i a ry .  E f f ec t s  of movement along the  f a u l t  can be t raced through s u r f i c i a l  
d e p o s i t s  i n  some p laces ,  which suggests  t h a t  some movement occurred very 



r e c e n t l y .  The p r o j e c t e d  e x t e n s i o n  of t h e  f a u l t  t r a c e  passes  j u s t  west of 
S a i n t  Michael (beyond t h e  mapped a r e a  77 km southwest of Una lak lee t )  where 
upper T e r t i a r y  and P l e i s t o c e n e  b a s a l t  flows show no s i g n i f i c a n t  l a t e r a l  d i s -  
placement a c r o s s  t h e  p r o j e c t e d  t r a c e  ( P a t t o n  and Hoare, 1968). Limited o f f -  
s h o r e  se ismic-survey d a t a  i n d i c a t e  t h a t  f a u l t s  p a r a l l e l  t o  t h e  p r o j e c t i o n  of 
t h e  Kal tag f a u l t  occur  i n  t h e  deep subsur face  of Norton Sound n o r t h e a s t  and 
southwest  of S a i n t  Michael. A t  l e a s t  p a r t  of t h e  displacement  along t h e s e  
f a u l t s  has  been d i p  s l i p  (Johnson and Holmes, 1977). 

Only a few ear thquakes  were recorded from t h e  Norton Sound r e g i o n  before  
1976 (Meyers and o t h e r s ,  1976),  when s i x  seismograph s t a t i o n s  were i n s t a l l e d .  
On t h e  b a s i s  of 1 y e a r  of r ecord ing  (Dec. 20, 1976 t o  Jan.  10,  1978) ,  Biswas 
and Gedney (1978) t e n t a t i v e l y  conclude t h a t  some e p i c e n t e r s  of smal l  e v e n t s  
( R i c h t e r  magnitudes between 1.0 and 4.5) a l i g n  a long t h e  s u r f a c e  t r a c e  of t h e  
Kal tag f a u l t .  Although t h e r e  i s  no c l e a r  evidence of l a r g e  r e c e n t  
d i sp lacements  on t h e  Ka l tag  f a u l t  and a v a i l a b l e  d a t a  a r e  p r e l i m i n a r y ,  f u t u r e  
s i t e  e v a l u a t i o n s  a long t h e  Kal tag f a u l t  should address  t h e  p o t e n t i a l  f o r  
s u r f a c e  displacement  a s s o c i a t e d  wi th  moderate t o  l a r g e  ea r thquakes .  

F i g u r e  8. Massive ground i c e  1 t o  2 m below ground s u r f a c e  i n  u n i t  Qu near  
o u t l e t  of Coal Mine Creek ( p l .  1A) 11 km sou th  of Unalakleet .  



SEA-LEVEL HISTORY AND O R I G I N  OF UNIT Qu 

The most i n f o r m a t i v e  exposures  of u n i t  Qu a r e  s o u t h  of Unalakleet .  From 
t h e  o u t l e t  of G l a c i e r  Creek ( p l .  1A) t o  t h e  sou thern  edge of t h e  mapped a r e a ,  
t h e  c o a s t l i n e  c o n s i s t s  of a  s t e e p  sea c l i f f  and a  narrow beach. Bedrock is  
exposed i n  t h e  b a s a l  4.6 m of t h e  s e a  c l i f f  n o r t h  of Poker Creek, and t h e  
upper p a r t  of t h e  s e a  c l i f f  i s  unconso l ida ted  d e p o s i t s  ( u n i t  Qu). The top  
s u r f a c e  of bedrock i n  t h e  s e a  c l i f f  is i n f e r r e d  t o  be a  wave-cut p la t fo rm 
formed d u r i n g  a n  e a r l i e r  h igh sea  s t and .  The unconso l ida ted  d e p o s i t s  v a r y  
from s t r a t i f i e d  sand and g r a v e l  t o  massive pebble-bearing s i l t .  The 
s t r a t i f i e d  d e p o s i t s ,  l o c a t e d  mainly  between G l a c i e r  Creek and Poker Creek, 
c o n s i s t  of subangular  t o  rounded pebble and cobble  g r a v e l  t h a t  is l o c a l l y  
imbr ica ted .  A t  t h e  mouths of Spruce Creek and G l a c i e r  Creek t h e  s t r a t i f i e d  
d e p o s i t s  form a  t e r r a c e  between 12  and 16 m h i g h  ( f i g .  9 ) .  We i n t e r p r e t  t h e  
s t r a t i f i e d  d e p o s i t s  t o  be emergent nearshore  and beach d e p o s i t s .  

The t o p  of t h e  bedrock p la t fo rm exposed i n  t h e  sea  c l i f f  s l o p e s  northward 
and passes  below p r e s e n t  s e a  l e v e l  a few hundred mete r s  n o r t h  of G l a c i e r  
Creek. Massive pebble-bearing s i l t  c o n s t i t u t e s  most of t h e  unconso l ida ted  
d e p o s i t s  a long t h e  s e a  c l i f f  n o r t h  of G l a c i e r  Creek. The c o n t a c t  between t h e  
s t r a t i f i e d  sand and g r a v e l  ( d e s c r i b e d  above) and t h e  massive s i l t  i s  probably  
g r a d a t i o n a l .  Loca l ly ,  t h e  massive  s i l t  c o n t a i n s  s t r a t i f i e d  s i l t y  sand and 
sandy g r a v e l  t h a t  i s  probably  an emergent o f f s h o r e  d e p o s i t  of t h e  same age  a s  
t h e  s t r a t i f i e d  sand and g r a v e l  exposed i n  sea  c l i f f s  f a r t h e r  south .  

F igure  9. Imbr ica te  g r a v e l s  of u n i t  Qu form 12-m-high t e r r a c e  a t  mouth of 
G l a c i e r  Creek. Note t r a c e  o f  4.5-m-high wave-cut p la t fo rm ( d a r k  l i n e  
halfway up c l i f f  f a c e )  i n  bedrock of lower p a r t  of modern sea  c l i f f .  



The f o l l o w i n g  t e n t a t i v e  model e x p l a i n s  t h e  o r i g i n  of u n i t  Qu. Hopkins 
(1973) proposed t h a t  sea  s t a n d s  i n  t h e  Ber ing Sea r e g i o n  were h i g h e r  than  t h e  
p r e s e n t  sea l e v e l  a t  about  105,000,  120,000,  175,000,  and 220,000 y r  b.p. ;  
e v i d e n c e  f o r  t h e  h igh  s t a n d s  came from a r e a s  o t h e r  t h a n  e a s t e r n  Norton Sound. 
Because of t h e  p o s s i b i l i t y  of c r u s t a l  warping between t h e  s i t e s  s t u d i e d  f o r  
t h i s  r e p o r t  and t h o s e  s t u d i e d  by Hopkins, t h e  presumed e l e v a t i o n s  of t h e  h i g h  
s t a n d s  a r e  n o t  s t r e s s e d .  Hopkins (1973,  p. 536) sugges ted  t h a t  s e a  l e v e l  
105,000 y r  b.p. was abou t  5 m above p r e s e n t  s e a  l e v e l ,  t h a t  a t  120,000 yr  b.p.  
i t  was 10 t o  15 m h i g h e r ,  and t h a t  it  was perhaps  5  t o  1 0  GI h i g h e r  175,000 y r  
b.p, C l e a r l y ,  t h e  4- t o  6-m bedrock p l a t f o r m  n o r t h  of Poker Creek was c u t  
d u r i n g  t h e  h i g h  sea s t a n d  of about  175,000 y  r .  b. p. , and t h e  u n c o n s o l i d a t e d  
d e p o s i t s  which u n d e r l i e  t h e  12- t o  16-m-high t e r r a c e  were d e p o s i t e d  d u r i n g  t h e  
h i g h e r  s t a n d  120,000 y r .  b.p. If our  c o r r e l a t i o n  w i t h  Hopkins' h i g h  s t a n d s  is  
c o r r e c t ,  t h e n  t h e r e  shou ld  be e v i d e n c e  of t h e  h i g h  s t a n d  of 105,000 yr .  b.p. 
Higher f l u v i a l  t e r r a c e s  a long  Spruce Creek ( p l .  1A) a r e  graded t o  t h e  12- t o  
16-m-high t e r r a c e  a l o n g  t h e  s e a  c l i f f ,  b u t  a lower f l u v i a l  t e r r a c e ,  10 m above 
p r e s e n t  s e a  l e v e l  a t  t h e  c r e e k  o u t l e t ,  might  r e p r e s e n t  t h a t  youngest  h i g h  
s t a n d .  

E l e v a t e d  marine  d e p o s i t s  occur  e l sewhere  i n  t h e  s t u d y  a r e a .  P o o r l y  t o  
m o d e r a t e l y  s o r t e d ,  i n t e r s t r a t i f i e d  s i l t ,  sand ,  and i m b r i c a t e d  sandy g r a v e l  
(Qu) a r e  exposed i n  t h e  sou th- fac ing  s e a  c l i f f  n o r t h  of Rocky P o i n t  a long  t h e  
west  s i d e  of Golovnin Bay ( f i g .  10, p l .  3B). The measured h e i g h t  of t h e  
exposure  a t  one l o c a l i t y  i s  11 m. These d e p o s i t s  a r e  probably  t h o s e  a s c r i b e d  
by Hopkins (1973, p ,  525) t o  t h e  h igh  sea  s t a n d  120,000 yr .  b.p. Uni t  Qu i s  
composed of s i l t y ,  sandy g r a v e l  where exposed i n  a  2-m-high s e a  c l i f f  n e a r  the  
o u t l e t  of I r o n  Creek ( 9  km west of >loses P o i n t ,  p l .  2C) and i n  a s e a - c l i f f  
exposure  about  6  m h i g h ,  l o c a t e d  3  km west of Bluff  ( p l .  3C). S e v e r a l  o t h e r  
l i m i t e d  exposures  of s i m i l a r  c r u d e l y  s t r a t i f i e d  u n c o n s o l i d a t e d  d e p o s i t s  were 
observed  i n  s e a  c l i f f s  between S a f e t y  Sound ( p l .  3D) and Floses P o i n t  ( p l .  2C). 
Such o c c u r r e n c e s  of c o a r s e r  s t r a t i f i e d  d e p o s i t s  of u n i t  Qu may have been 
c o n t r o l l e d  p a r t l y  by p rox imi ty  t o  upland a r e a s  of h i g h  e l e v a t i o n  and r e l i e f  
d u r i n g  o l d e r  h i g h  s e a  s t a n d s .  

The h i g h e s t  s e a  s t a n d  proposed by Hopkins (1973)  was about  30 m above 
p r e s e n t  s e a  l e v e l  and o c c u r r e d  a b o u t  220,000 yr  b.p. In t h e o r y ,  c o a r s e  
s h o r e l i n e  f a c i e s  d e p o s i t e d  d u r i n g  t h a t  s e a  s t a n d  shou ld  occur  l o c a l l y  w i t h i n  
u n i t  Qu a t  abou t  t h e  30-m e l e v a t i o n .  Such d e p o s i t s  were no t  r ecognized .  H 
l o n g ,  g e n t l y  c u r v i n g  r i d g e  ( u n i t  Qbv, p l .  1C) i n  t h e  tundra  p l a i n  e a s t  of t h e  
Reindeer  Hills could  be an  emergent o f f s h o r e  b a r  c o n s t r u c t e d  d u r i n g  t h e  30-m 
s t a n d ,  but  w e  i n t e r p r e t  t h i s  f e a t u r e  a s  an  emergent beach r i d g e .  The p r e s e n t  
s u r f a c e  e l e v a t i o n  a long  most of t h e  r i d g e  is s l i g h t l y  h i g h e r  t h a n  15 m ,  and i n  
s e c .  30,  T. 12 S. ,  R. 12 W . ,  i t  exceeds  23 m. Plodern beaches  a t  U n a l a k l e e t  
and S h a k t o o l i k  a r e  from 5 t o  8 n h igh .  Allowing 5 t o  8 n f o r  i n c r e a s e d  
e l e v a t i o n s  due t o  s to rm s u r g e s ,  we i n f e r  t h a t  t h e  r i d g e  was c o n s t r u c t e d  d u r i n g  
t h e  proposed h i g h  s e a  s t a n d  120 ,000  y r  b.p. 

A f t e r  emergence,  s t r a t i f i e d  and mass ive  marine  d e p o s i t s  of u n i t  Qu were 
covered by v a r y i n g  t h i c k n e s s e s  of colluviurn or were themselves  invo lved  i n  
downslope movement. I n  one l o c a l i t y  l a r g e  p i e c e s  of woody s tems and r o o t s  
occur  i n  t h e  t h i c k  s i l t s  of u n i t  Qu w i t h i n  2  m of t h e  g e n t l y  s l o p i n g  ground 
s u r f a c e .  The s i l t  around t h e  wood has  an a lmos t  h o r i z o n t a l  f i s s i l i t y .  The 
wood may be p r imary ,  but i t  seems more p robab le  t h a t  i t  was i n c o r p o r a t e d  i n t o  
a s o l i f l u c t i o n  l o b e  a f t e r  emergence of the  s i l t .  The c o n t a c t  between marine  



Figure  10. Emergent beach and l agoona l  d e p o s i t s  exposed n o r t h  of Rocky P o i n t  
a long  west shore  of Golovnin Bay. Lower l e f t  photograph shows i m b r i c a t e  
f a b r i c  of sandy g r a v e l s .  



d e p o s i t s  and c o l l u v i a l  cover  i s  o b s c u r e  and complex. Because we  could  n o t  
c o n s i s t e n t l y  d i s t i n g u i s h  c o l l u v i a l  d e p o s i t s  from u n d i s t u r b e d  marine  d e p o s i t s  
on t h e  a e r i a l  pho tographs ,  we i n c l u d e d  co l luv ium wi th  marine  d e p o s i t s  i n  u n i t  
@ *  

I n  some p l a c e s  t h e  c o n t a c t  between bedrock and u n i t  Qu f o l l o w s  t h e  base  
of a l i g n e d  c l i f f  segments l o c a t e d  above and behind t h e  p r e s e n t  s e a  c l i f f .  
These segments were i n t e r p r e t e d  a s  t h e  eroded remnants of an emergent s e a  
c l i f f .  Because m u l t i p l e  wave-cut p l a t f o r m s  may be concea led  benea th  co l luv ium 
and marine  d e p o s i t s  a t  t h e  base  of t h e  c l i f f  segments ,  we  were unab le  t o  cor-  
r e l a t e  t h e  a g e  of t h i s  o b v i o u s l y  o l d e r  s e a  c l i f f  wi th  any of t h e  former  s e a  
s t a n d s  recognized  by Hopkins (1973) .  E v i d e n t l y ,  t h e  e n e r g e n t  n e a r s h o r e  and 
beach d e p o s i t s  of u n i t  Qu were l o c a l l y  d e p o s i t e d  a t  t h e  base  of a sea c l i f f .  
P o s s i b l e  r e l i c t  sea c l i f f s  have been i d e n t i f i e d  s o u t h  of Una lak lee t  between 
G l a c i e r  Creek and Poker Creek and a long  t h e  e a s t  s i d e  of Kouwegok Slough n o r t h  
of U n a l a k l e e t  ( p l a t e  1A). Also e v i d e n t  is t h e  e x p r e s s i o n  of such  a  c l i f f  a t  
t h e  s o u t h  end of Beeson Slough ( p l a t e  1B). Other a r e a s  of a l i g n e d  s c a r p s  t h a t  
may be r e l i c t  s e a  c l i f f s  a r e  west of Noses p o i n t  ( p l a t e  2 C ) ,  between of Walla 
Walla ( p l .  2C) and P o r t a g e  Roadhouse ( p l .  3 A ) ,  and n o r t h  of S a f e t y  Sound ( p l .  
3 D ) .  

MODERN BEACH DE POS ITS AND PROCESSES 

T o l s t o i  P o i n t  t o  I s l a n d  P o i n t  ( p l .  1 )  

Some changes i n  t h e  p o s i t i o n  of t h e  seaward l i m i t  of v e g e t a t i o n  were 
noted when comparing a e r i a l  photographs  t aken  i n  1950-51 w i t h  o t h e r s  t aken  i n  
1976. Because t h e  wa te r  l i n e  v a r i e s  s l i g h t l y  from photograph t o  pho tograph ,  
t h e  v e g e t a t i o n  l i m i t ,  r a t h e r  t h a n  t h e  wa te r  l i n e ,  was used t o  de te rmine  shore -  
l i n e  changes .  The s c a l e  of t h e  photographs  was from about  1:35,000 t o  
1:40,000,  and changes  as s n a l l  a s  8 t o  10 m on t h e  ground were c a l c u l a t e d  by 
r e f e r e n c e  t o  f i x e d  o b j e c t s  v i s i b l e  on both  sets of photographs .  O p t i c a l  d i s -  
t o r t i o n  i n c r e a s e d  d i sp lacement  outward from t h e  c e n t e r  of each photograph and 
was t h e  s o u r c e  of g r e a t e s t  u n c e r t a i n t y .  A p r e c i s e  and a c c u r a t e  measurement of 
s h o r e l i n e  changes  would r e q u i r e  a  t r i a n g u l a t e d  survey  a t  each s i te  and a n  
a d j u s t m e n t  of d i s t a n c e s  determined from t h e  1950-51 pho tographs .  Thus, t h e  
d e t e r m i n a t i o n s  of s h o r e l i n e  change a r e  approx imate ,  and changes of l e s s  t h a n  
10 m a r e  not  r e p o r t e d .  

S h o r e l i n e  changes  a r e  r e p o r t e d  a s  t h e  r a t e  of change measured perpendi-  
c u l a r  t o  t h e  s h o r e l i n e ;  t o t a l  change may be d e r i v e d  by m u l t i p l y i n g  the  g i v e n  
r a t e  by 25 yr---the d i f f e r e n c e  i n  age  of t h e  two s e t s  of photographs .  Our 
r e p r o d u c i b i l i t y  of measurement i s  a b o u t  + 10 m ,  o r  + 0.4 m/yr. Some s e c t i o n s  
of c o a s t l i n e  have eroded a t  r a t e s  too slGw t o  be d e t e c t e d .  A t  o t h e r  s i t e s  
e r o s i o n  may be s e v e r e  d u r i n g  n a j o r  s to rms  and n i n i n a l  d u r i n g  t h e  i n t e r v e n i n g  
p e r i o d s .  Thus,  r a t e s  of s h o r e l i n e  change r e p o r t e d  h e r e  a r e  averaged over  a 
25-yr p e r i o d  and do not  n e c e s s a r i l y  r e p r e s e n t  uniform annua l  inc rements .  

The d i r e c t i o n s  of r e c e n t  l i t t o r a l  t r a n s p o r t  i n  t h e  s t u d y  a r e a  were . 
e s t i m a t e d  on t h e  b a s i s  of o f f s e t s  of s t r e a n  mouths and d i r e c t i o n s  of s p i t  
growth.  Net l i t t o r a l  t r a n s p o r t  d i r e c t i o n s  f o r  t h e  s h o r e l i n e  of Norton Sound 
were f i r s t  d e s c r i b e d  by S a l l e n g e r  and o t h e r s  (1977;  see  a l s o  Hunter and 
o t h e r s ,  1979) .  Our d a t a  a r e  a t  a  l a r g e r  s c a l e  and i n c l u d e  one o r  more r e c e n t  
r e v e r s a l s  of d i r e c t i o n  a t  each of s e v e r a l  s i t e s .  On a  r e g i o n a l  s c a l e  our  



d i r e c t i o n s  a g r e e  w i t h  t h o s e  of Hunter and o t h e r s  ( 1 9 7 9 ) ,  which were i n t e n d e d  
t o  be t h e  a v e r a g e  d i r e c t i o n  over  s e v e r a l  y e a r s .  

Beach d e p o s i t s  from T o l s t o i  P o i n t  t o  G l a c i e r  Creek ( p l .  1A) a r e  main ly  
c o a r s e  s h i n g l e  and sandy g r a v e l  ( s e e  S a l l e n g e r  and o t h e r s ,  1977, f o r  a d d i t i o n -  
a l  d e s c r i p t i o n s  of beach m a t e r i a l s  w i t h i n  t h e  s t u d y  a r e a ) .  A v e g e t a t e d  back- 
s h o r e  i s  a b s e n t ,  and h igh  water  r e a c h e s  t h e  base  of t h e  s e a  c l i f f .  S c a t t e r e d  
b o u l d e r s  of d a r k ,  f r e s h  v o l c a n i c  rocks  a long  t h i s  s e c t i o n  of c o a s t l i n e  were 
p robab ly  c a r r i e d  by i c e  r a f t i n g  from a  major  v o l c a n i c  f i e l d  s o u t h  of t h e  map- 
ped a r e a .  A s e a  c l i f f  e x t e n d i n g  from 1.5 t o  7  krn n o r t h  of G l a c i e r  Creek is  
eroded i n  s i l t  ( u n i t  Qu), and wave e r o s i o n  a t  t h e  base  of t h e  c l i f f  has  l e d  t o  
r e c u r r i n g  s m a l l  e a r t h f l o w s  o r  mudflows on to  t h e  beach ( f i g .  7 ) .  

From Summer Creek northward t o  Powers Creek ( p l .  1A) t h e  beach c o n s i s t s  
o f  a. sandy g r a v e l  b a r r i e r  t h a t  s e p a r a t e s  t h e  f l o o d  p l a i n  of t h e  U n a l a k l e e t  
River  from Norton Sound. L i t t o r a l  t r a n s p o r t  i s  northward s o u t h  of t h e  Unalak- 
l ee t  River  o u t l e t  and southward from t h e  U n a l a k l e e t  River  o u t l e t  n o r t h  t o  
Blueber ry  P o i n t .  Although l i t t o r a l  t r a n s p o r t  t e n d s  t o  s e a l  o f f  t h e  U n a l a k l e e t  
R iver  o u t l e t ,  t h e  opening i s  main ta ined  by c u r r e n t s  which pass  th rough  t h e  
o u t l e t .  

A t  t h e  o u t l e t  of t h e  U n a l a k l e e t  R i v e r ,  t h e  n o r t h e r n  t i p  of t h e  s o u t h e r n  
beach h a s  receded eas tward  a long  t h e  o u t e r  s h o r e l i n e  abou t  1.5 m/yr whereas 
t h e  t i p  of t h e  beach has  extended n o r t h e a s t w a r d  about  3.3 m/yr. The s o u t h e r n  
t i p  of t h e  n o r t h e r n  beach has receded n o r t h e a s t w a r d  by abou t  3.3 m/yr. The 
b a r r i e r  beach has  no measurab le  s h o r e l i n e  changes  n o r t h  o r  s o u t h  of t h e  r i v e r  
o u t l e t ,  a l t h o u g h  t h e r e  may be a  s l i g h t  landward s h i f t  s o u t h  of t h e  r i v e r  o u t -  
l e t .  

Segments of o l d e r  beach r i d g e s  ( u n i t  Qbv) have been i d e n t i f i e d  i n  t h e  
v i c i n i t y  of t h e  Una lak lee t  a i r p o r t .  Two segments probably  fonaed when t h e  
o u t l e t  of t h e  U n a l a k l e e t  River  was 1 t o  3 km n o r t h  of i t s  p r e s e n t  o u t l e t ,  
because  t h e  o r i e n t a t i o n  of r i d g e s  i n  one segment i m p l i e s  t h a t  they  were formed 
a s  a  northward e x t e n s i o n  of t h e  s o u t h e r n  beach-r idge p l a i n .  Radiocarbon a g e s  
of m a t e r i a l s  from f o u r  house p i t s  on a  segment of one r i d g e  l o c a t e d  n o r t h  of 
t h e  former  r i v e r  o u t l e t  r ange  from 1 , 6 8 2  t o  2 , 2 8 2  y r  b.p.  ( L u t z ,  1972) .  The 
e l e v a t i o n  of t h e  h i g h e s t  of t h e  o l d e r  r i d g e s  i s  o n l y  0.5 m below t h a t  of t h e  
modern o u t e r  beach r i d g e  a t  U n a l a k l e e t  ( L u r z ,  1972) .  Presumably,  t h e  r i d g e s  
were formed a f t e r  s e a  l e v e l  had r i s e n  t o  about  i t s  p r e s e n t  p o s i t i o n .  On t h e  
b a s i s  of t h e  s e a - l e v e l  h i s t o r y  of Hopkins ( 1 9 7 3 ) ,  t h e  maximum age  of t h e  r i d g e  
i s  abou t  5 ,000 y e a r s .  

From Blueber ry  Creek ( p l .  1A) n o r t h  to t h e  s o u t h  s i d e  of Beeson Slough 
( p l .  l B ) ,  t h e  s h o r e l i n e  c o n s i s t s  of s t e e p  bedrock c l i f f s  and a  s h i n g l e  o r  
sandy g r a v e l  beach.  S c a t t e r e d  rock  p i l e s  i n d i c a t e  a c t i v e  e r o s i o n  of t h e  
c l i f f s  by r o c k f a l l s .  L i t t o r a l  t r a n s p o r t  i s  from Blueberry  Point  nor thward t o  
t h e  o u t l e t  of t h e  S h a k t o o l i k  River ( p l .  1C). A well-developed b a r r i e r  beach 
e x t e n d s  northward from t h e  s o u t h  end of Beeson Slough to  the  o u t l e t  of the  
S h a k t o o l i k  River .  Beach m a t e r i a l s  appear  t o  f i n e  nor thward ,  from c o b b l e  
s h i n g l e  a t  t h e  s o u t h  end t o  sandy g r a v e l  and sand at: t h e  n o r t h  end. Such 
f i n i n g  i m p l i e s  s o r t i n g  by l i t t o r a l  c u r r e n t s .  No s i g n i f i c a n t  changes  of shore- 
l i n e  p o s i t i o n  can be s e e n  between Una lak lee t  and t h e  S h a k t o o l i k  R i v e r ,  al-  
though t h e r e  nay have been minor amounts of beach e r o s i o n  between Beeson 
Slough and S h a k t o o l i k  Bay. 



A set of o lde r  beach r i dges  i n  u n i t  Qbv nor th  of Beeson Slough is 
s l i g h t l y  d i scordant  t o  and t runca ted  by the  present  ou t e r  beach r i dge  
( f i g .  11). House p i t s  on t he se  o lder  r i dges  a r e  of unknown age (Lutz ,  1972, 
p. 407). The maximum e l e v a t i o n  of t he se  o lde r  r i dges  appears  t o  be about t he  
same a s  t h a t  of t he  presen t  ou t e r  beach r idge ;  t h e s e  r idges  probably formed a t  
t h e  same t i m e  a s  t h e  o l d e r  beach r i dges  a t  Unalakleet.  

Figure 11. Shaktoolik barr ier-beach p la in .  Note segment of o lder  beach r i d g e s  
( u n i t  Qbv) t runca ted  by a c t i v e  r i dge  ( u n i t  Qba); view toward northwest.  

Beaches a r e  narrow o r  nonexis ten t  from the  Shaktoolik River o u t l e t  
northwest  t o  t he  Reindeer H i l l s  ( p l .  1C). Beach m a t e r i a l s  appear t o  cons i s t  
predominantly of sand and sandy g rave l  deposi ted i n  pa r t  a top  low tundra 
b l u f f s  t h a t  a r e  undergoing erosion.  The sho re l i ne  is  mainly a t i d a l  f l a t  
under la in  by a wave-cut platform i n  u n i t  Qu. Large bedforms (ba r s  or  sand 
waves) i n  t h e  i n t e r t i d a l  and shal low s u b t i d a l  zones imply a c t i v e  bed-load 
movement. L i t t o r a l  t r a n s p o r t  appears  t o  be eastward from the  Reindeer H i l l s  
t o  the  o u t l e t  of t h e  Sineak River (p l .  1C) and westward and eastward between 
t h e  o u t l e t s  of t he  Sineak and Shaktool ik  Rivers. The Shaktoolik River may 
p a r t i a l l y  i n t e r r u p t  the  westward l i t t o r a l  sediment supply and the  Sineak River 
may i n t e r r u p t  t he  eastward sediment supply. These pos tu la ted  i n t e r r u p t i o n s  of 
sediment supply he lp  expla in  t he  3.3-mIyr e ros ion  r a t e s  observed i n  low tundra 
b l u f f s  between t h e  Shaktoolik and Sineak Rivers. S l i gh t  e ros ion  of tundra 
b l u f f s  between the  Sineak River and the  bedrock c l i f f s  a t  the  south end of 
Reindeer H i l l s  may have occurred during the  p a s t  25 years .  

The sho re l i ne  around the  Reindeer H i l l s  c o n s i s t s  mainly of s t e e p  bedrock 
c l i f f s  t h a t  i n  p laces  extend below mean sea l e v e l .  Local pocket beaches a r e  
s t e e p  and narrow and c o n s i s t  of coarse  sh ing le  and r o c k f a l l  depos i t s .  



L i t t o r a l  t r a n s p o r t  i n  Reindeer Cove is  eas tward e a s t  of P o i n t  Dexter 
( 1 .  1 )  A narrow, sandy g r a v e l  beach ex tends  eas tward from Poin t  Dexter f o r  
about  5  km. Low tundra  b l u f f s  occur  a  v e r y  s h o r t  d i s t a n c e  behind t h e  beach. 
Eros ion  r a t e s  v a r y  w i t h  l o c a t i o n  and a r e  nowhere g r e a t e r  than  abou t  1.2 m/yr. 
Beaches a r e  narrow t o  n o n e x i s t e n t  from t h e  s h a r p  i n f l e c t i o n  i n  t h e  s h o r e l i n e  5  
km e a s t  of Po in t  Dexter t o  t h e  head of Reindeer Cove. The tundra  b l u f f s  a long  
t h i s  s e c t i o n  of s h o r e l i n e  have r e t r e a t e d  a t  measured r a t e s  of about 1.2 m/yr , 
w i t h  maximum r a t e s  of about  1.8 m/yr a t  some headlands .  The s h o r e l i n e s  of 
b o t h  L i t t l e  Mountain (which is  u n d e r l a i n  by bedrock) and Reindeer Cove a r e  not  
d i s c e r n i b l y  eroded. East of I s l a n d  P o i n t  ( p l .  1C) t h e  low tundra  b l u f f s  
appear  t o  have eroded from 1.2 t o  2.5 m/yr. Eros ion  r a t e s  a s  h i g h  as 5 m/yr 
were measured a long t h e  c o a s t  1 t o  3 km west of t h e  o u t l e t  of t h e  Ungalik 
River  ( p l .  2A). 

Ungalik t o  Walla Walla 

The low b a r r i e r  beach from t h e  Ungalik River o u t l e t  northward 2.5 km ( p l .  
2A) h a s  been eroded at  r a t e s  of 1.1 m/yr o r  less. Northward t o  a p o i n t  12 km 
s o u t h  of t h e  I n g l u t a l i k  River o u t l e t ,  t h e  c o a s t  c o n s i s t s  of sandy g r a v e l  o r  
g r a v e l l y  sand beaches (Qba) a t  t h e  base of low v e g e t a t e d  b l u f f s  eroded i n  
u n i t s  Qu o r  Qud. A narrow i n t e r t i d a l  f l a t  l ies  seaward of t h e  beach a long 
most of t h i s  c o a s t a l  s e c t i o n .  No s i g n i f i c a n t  e r o s i o n  of t h e  b l u f f s  was 
observed,  a l though  e r o s i o n  was d e t e c t a b l e  over  some s h o r t  s e c t i o n s  of c o a s t .  
L i t t o r a l  t r a n s p o r t  i s  northward ( f i g .  12), with  two observed e x c e p t i o n s  shown 
by d i r e c t i o n  arrows on t h e  map ( p l .  2A). 

F igure  12. S h o r e l i n e  10 km n o r t h  of Ungalik. Note v e g e t a t e d  and c u r r e n t l y  
s t a b l e  b l u f f s  c u t  i n  u n i t  Qu and o f f s e t  of r i v e r  o u t l e t  t o  n o r t h  by L i t -  
t o r a l  t r a n s p o r t .  

From 12 km sou th  of t h e  I n g l u t a l i k  River n o r t h  t o  t h e  Koyuk River ,  t h e  
c o a s t  c o n s i s t s  mainly of i n t e r t i d a l  f l a t s  seaward of low tundra  b l u f f s  eroded 
i n  u n i t  Qud. Beaches a r e  narrow and occur  on ly  sou th  of t h e  I n g l u t a l i k  River.  



I n t e r t i d a l  f l a t s  8 t o  12 km s o u t h  of t h e  I n g l u t a l i k  River c o n s i s t  of a wave- 
c u t  bedrock p la t fo rm and a  t h i n  cover  of unconso l ida ted  d e p o s i t s .  Eros ion  
r a t e s  range from 0 t o  2.5 m/yr a long t h e  c o a s t  sou th  of t h e  I n g l u t a l i k  River 
and from 0 t o  2  m/yr a l o n g  4 km of low marshy p l a i n  nor thwest  of t h e  Ing lu ta -  
l i k  River.  

We could n o t  determine t h e  r a t e  of e r o s i o n  i n  t h e  c o a s t a l  s e c t i o n  from 
Koyuk I n l e t  10 km t o  t h e  s o u t h e a s t  because we d i d  not  have comparative photo 
coverage.  But such coverage was a v a i l a b l e  f o r  t h e  c o a s t l i n e  westward from t h e  
west headland o f  Koyuk I n l e t ;  some e r o s i o n  has  occurred on t h e  low a l l u v i a l  
p l a i n  t h a t  ex tends  6 km southwest from Koyuk I n l e t .  The K u i u k t u l i k  River has 
breached t h e  a c t i v e  beach r i d g e  n e a r  i t s  o u t l e t  ( f i g .  13) because t h e  shore-  
l i n e  r e t r e a t e d .  The r a t e  of s h o r e l i n e  e r o s i o n  which c o n t r i b u t e d  t o  t h i s  
breaching was a t  l e a s t  5  m/yr. A beach s p i t  has  grown northward a c r o s s  t h e  
former r i v e r  o u t l e t  by 11 m/yr; pe rhaps  t h i s  r a p i d  growth r e f l e c t s  a sudden 
d e c r e a s e  of c u r r e n t  scour ing  a t  t h e  former o u t l e t  because of t h e  b reach ing  
upstream. 

F igure  13. Shore l ine  t o  southwest of Kuiuk tu l ik  River o u t l e t  1 2  km southwest  
of Koyuk. Note breaching of r i v e r  by s h o r e l i n e  e r o s i o n  and subsequent  
s e a l i n g  of breached meander by beach d e p o s i t s .  P r e v a l e n t  l i t t o r a l  
t r a n s p o r t  i s  eastward ( r i g h t  t o  l e f t  a c r o s s  scene) .  

Beaches of s h i n g l e  o r  sandy g r a v e l  occur  l o c a l l y  a t  t h e  base  of s t e e p  
bedrock c l i f f s  from t h e  K u i u k t u l i k  River o u t l e t  southwest t o  Bald Head ( p l .  
2B). L i t t o r a l  t r a n s p o r t  i s  nor theas tward  toward Koyuk I n l e t .  Some e r o s i o n  i s  
a p p a r e n t  a t  t h e  o u t l e t  of t h e  unnamed r i v e r  4.5 km southwest of t h e  K u i u k t u l i k  
River ,  where e r o s i o n  occurred a t  a  maximum r a t e  o f  5 m/yr on t h e  n o r t h  s i d e  of 
t h e  o u t l e t  and a t  lower r a t e s  f o r  0.5 km sou th  of t h e  o u t l e t .  Beaches around 
Bald Head (abou t  10 km t o  t h e  southwest)  i n c l u d e  c o a r s e  t a l u s  from r o c k f a l l s .  

From Bald Head t o  t h e  Kwik River o u t l e t  ( p l .  2B), t h e  c o a s t l i n e  c o n s i s t s  
of wide i n t e r t i d a l  o r  sha l low s u b t i d a l  f l a t s  seaward of low tundra  b l u f f s  i n  



u n i t  Qud. These f l a t s  have bed forms, such a s  b a r s  and sandwaves, t h a t  ind i -  
c a t e  t h e  presence of a t  l e a s t  a  t h i n  unconso l ida ted  cover.  Depth t o  bedrock 
i s  unknown. Beach m a t e r i a l s  i n  t h e  swash zone e a s t  of the  Kwik River o u t l e t  
c o n s i s t  of g r a v e l l y  sand (Qud); sandy g r a v e l  a t o p  the  tundra  ( f i g .  14)  was 
probably  depos i t ed  by l a r g e  waves breaking a g a i n s t  t h e  low b l u f f s .  West of 
t h e  Kwik River o u t l e t  f o r  about  2  km, beaches appear  t o  be g r a v e l l y  sand o r  
sandy grave l .  The amount of sand a t  t h e  s u r f a c e  of t h e  beach appears  t o  
i n c r e a s e  f a r t h e r  t o  t h e  west i n  Kwiniuk I n l e t .  Beach m a t e r i a l s  appear  t o  be 
g r a v e l l y  sand o r  sandy g r a v e l  on t h e  s u r f a c e  of t h e  s p i t  a t  Moses Po in t  ( p l .  
2B). From Bald Head westward 3 km, u n i t  Qud has  been eroded a t  a  r a t e  of a t  
l e a s t  5 m/yr ( n o t e  p o s i t i o n  of Qba 2  t o  3 km west of Bald Head, p l .  2 B ) .  

F i g u r e  14. S h o r e l i n e  west of Bald Head, showing sandy g r a v e l  depos i t ed  a t o p  
low tundra  b l u f f s  eroded i n  u n i t  Qud. 

Only 1976 photographs were a v a i l a b l e  of t h e  s h o r e l i n e  from 3 km west of 
Bald Head t o  Moses Po in t  Vi l l age .  Comparison of t h e  l o c a t i o n  of beach depos- 
i t s  on t h e  1976 photographs wi th  s h o r e l i n e  f e a t u r e s  on the  topographic  base 
(drawn from 1950 a e r i a l  photographs) i n d i c a t e s  p o s s i b l e  p rograda t ion  by depos- 
i t i o n  a long t h e  nor th -nor theas t - t r end ing  s e c t i o n  of c o a s t l i n e  5 km southwest 
of Moses P o i n t  ( s e c .  10, T. 9 S., R. 16  W. ; pl.  2B). In  comparing t h e  new 
photos  t o  o l d  bgse map, a  s l i g h t  amount of e r o s i o n  was a l s o  d i sce rned  i n  the  
c o a s t a l  s e c t i o n  from 2 t o  3.5 km e a s t  of t h e  o u t l e t  of t h e  Kwiniuk River ( p l .  
2B). 

Bed forms such a s  b a r s  and sand waves a r e  v i s i b l e  i n  t h e  i n t e r t i d a l  o r  
sha l low s u b t i d a l  zone on t h e  west s i d e  of t h e  Kwiniuk River o u t l e t  ( p l .  2C) 
and eas tward f o r  about 4.5 km. Such bed forms a r e  absen t  o f f s h o r e  from t h e  
c o a s t a l  s e c t i o n  e a s t  of t h e  Kwiniuk River where e r o s i o n  is  supposedly t a k i n g  
p l a c e ,  but  t h e  bed forms occur  t o  t h e  e a s t  and west of t h a t  c o a s t a l  s e c t i o n .  



Comparison of t h e  1950-51 and 1976 pho tographs  shows no d i s c e r n i b l e  
change of s h o r e l i n e  p o s i t i o n  from Moses P o i n t  V i l l a g e  t o  a p o i n t  6 km to  t h e  
west. However, a s  much a s  1 .4  m/yr of e r o s i o n  has  occur red  i n  a  s e c t i o n  of 
c o a s t l i n e  from 6 kn west of )loses P o i n t  t o  a  p o i n t  abou t  0 .8  km n o r t h  of t h e  
o u t l e t  of I r o n  Creek ( t h e  p o i n t  i s  on t h e  boundary between s e c s .  25 and 36 ,  T. 
9 S. ,  R. 1 8  W . ;  p l .  2C). Except f o r  a  s l i g h t  amount of e r o s i o n  a t  t h e  o u t l e t  
of Walla Walla Creek ( p l .  2C), no o t h e r  changes  a r e  d i s c e r n i b l e  westward t o  
P o r t a g e  Roadhouse. 

P o r t a g e  Roadhouse t o  Cape None 

S e q u e n t i a l  pho tograph ic  coverage  i s  not  a v a i l a b l e  f o r  t h e  c o a s t l i n e  from 
1  km s o u t h  of P o r t a g e  Roadhouse around Cape Darby to  6  kn n o r t h  of Cape Darby 
on  Golovnin Bay ( p l .  3 A ) .  However, t h e r e  have probably  been no s i g n i f i c a n t  
changes  i n  s h o r e l i n e  p o s i t i o n  i n  t h e  p a s t  25 y e a r s  i n  t h i s  a r e a  of bedrock 
s e a  c l i f f s .  No s i g n i f i c a n t  changes  i n  s h o r e l i n e  p o s i t i o n  a r e  d i s c e r n i b l e  from 
Golovin  Miss ion f o r  3 km southward.  North of Colovin  Mission t o  t h e  o u t l e t  of 
P o r t a g e  Creek, t h e  on ly  a p p a r e n t  s i g n i f i c a n t  change is  t h e  growth of one s m a l l  
beach  cusp o r  s p i t .  

Beach m a t e r i a l s  from Moses P o i n t  t o  Golovin  Miss ion appear  t o  be g r a v e l l y  
sand o r  sandy g r a v e l .  Sand and g r a v e l  beach d e p o s i t s  occur  a long  on ly  a  s m a l l  
p a r t  of t h e  s h o r e l i n e  around Cape Darby. Coarse r o c k f a l l  m a t e r i a l s  occur  near  
bedrock c l i f f s .  

From Rocky P o i n t  t o  T a y l o r  Lagoon ( p l .  3C) beach m a t e r i a l s  v a r y  from 
bouldery  s h i n g l e  t o  g r a v e l l y  sand.  At most h e a d l a n d s ,  r o c k f a l l s  have depos- 
i t e d  b o u l d e r s  l a r g e r  than  1  m i n  maximum dimension i n  t h e  i n t e r t i d a l  zone. 
The most s i g n i f i c a n t  s h o r e l i n e  changes  t h a t  were observed nor thwes t  of Rocky 
P o i n t  a r e  a t  t h e  o u t l e t  of t h e  Solomon River  ( p l .  3C) ,  where t h e  o u t l e t  
through t h e  b a r r i e r  beach has  m i g r a t e d  eas tward  a t  a  r a t e  of 12 m/yr. Along 
t h e  b a r r i e r  beach,  e r o s i o n a l  r e t r e a t  of t h e  v e g e t a t i o n  l i n e  is  d i f f i c u l t  t o  
d i s t i n g u i s h  from a p p a r e n t  r e t r e a t  caused by wave d e p o s i t i o n  of g r a v e l l y  sand 
over  beach v e g e t a t i o n .  Allowing f o r  such u n c e r t a i n t y ,  t h e  o u t e r  beach from 
t h e  p r e s e n t  o u t l e t  of t h e  Solomon River  eas tward  f o r  2 . 6  b a p p e a r s  t o  have 
r e t r e a t e d ;  t h e  maximum r a t e  of e r o s i o n  may be a s  much a s  2  m/yr.  F a r t h e r  e a s t  
of Tay lor  Lagoon and west of Solonon River  o u t l e t ,  changes i n  s h o r e l i n e  pos i -  
t i o n  c o n s i s t  of a l t e r n a t i n g  e r o s i o n  and a c c r e t i o n  over  segments of beach a  few 
hundred m e t e r s  long .  S a l l e n g e r  and o t h e r s  (1978) measured changes  a long the  
S a f e t y  Sound ( p l .  3D) b a r r i e r  s p i t  t h a t  o c c u r r e d  d u r i n g  1974 s to rms .  Such 
changes  probably  r e s u l t e d  when b a r s  and cusps  changed s i z e  o r  m i g r a t e d  
l a t e r a l l y  a long  t h e  beach i n  a  complex manner; p r e s t o r m  cusps  ( a v e r a g e  wave- 
l e n g t h  a long  t h e  s h o r e  o f  415 m) were r e p l a c e d  by l a r g e r  c u s p s  ( a v e r a g e  wave- 
l e n g t h ,  868 a )  and t h e i r  a s s o c i a t e d  b a r s .  In  a d d i t i o n ,  l a t e r a l  m i g r a t i o n  of 
c u s p s  eas tward  a long  S a f e t y  Sound b a r r i e r  beaches  was noted d u r i n g  a  1-mo 
p e r i o d  of nonstorm-wave c o n d i t i o n s .  The changes  we have noted a long t h e  o u t e r  
beach between Solomon River and S a f e t y  Sound have probably  r e s u l t e d  from such  
b a r  and cusp a c t i v i t y  and do no t  n e c e s s a r i l y  imply s h o r e l i n e  e r o s i o n  t h a t  is 
i r r e v e r s i b l e  over  a  p e r i o d  of decades .  If t h e r e  was a  n e t  landward o r  seaward 
s h i f t  between 1951 and 1976 i n  t h e  a v e r a g e  p o s i t i o n  of t h e s e  b a r r i e r  beaches ,  
i t  was no t  d e t e c t e d  on t h e  a e r i a l  photographs .  

On t h e  b a s i s  of a e r i a l  o b s e r v a t i o n s ,  t h e  b a r r i e r  beaches from Taylor  
Lagoon t o  Cape Nome v a r y  from sandy g r a v e l  t o  g r a v e l l y  sand.  Observa t ions  of 



beach m a t e r i a l s  were made on t h e  ground a t  p o i n t s  3 km n o r t h e a s t  and southwest 
of t h e  f e r r y  c r o s s i n g  on Safe ty  Sound. M a t e r i a l s  a t  both s i t e s  c o n s i s t  mainly 
of g r a v e l l y  sand t o  a  depth  of about 10 cm ( f i g .  15) .  Above t h e  r e c e n t  
h i g h - t i d e  swashes, wind has moved t h e  sand i n  t h e  nonvegetated beaches ,  
r e s u l t i n g  i n  l o c a l  sand c o n c e n t r a t i o n s  and g r a v e l  l a g s .  Some cobble-s ized 
c l a s t s  were seen a t  t h e  southwest end of t h e  map a r e a .  

F igure  15. B a r r i e r  beach a t  beach p r o f i l e  s t a t i o n  n o r t h e a s t  of f e r r y  c r o s s i n g  
a t  Safe ty  Sound. Mixed sand and g r a v e l  a r e  main components (compare wi th  
f i g .  4 ) .  

L i t t o r a l  t r a n s p o r t  i s  p r i m a r i l y  eas tward from S a f e t y  Sound a c r o s s  Norton 
Sound t o  Rocky Point .  A t  Rocky Po in t  t h e  p r e v a i l i n g  d i r e c t i o n  of t r a n s p o r t  
a p p e a r s  t o  t u r n  northward i n t o  Golovnin Bay, pass South S p i t  on t h e  west shore  
of t h e  bay, and t u r n  westward p a s t  Golovin V i l l a g e  i n t o  Golovnin Lagoon. The 
d i r e c t i o n  of l i t t o r a l  t r a n s p o r t  v a r i e s  a long t h e  e a s t  shore  of Golovnin Bay 
s o u t h  of Golovin Vi l l age .  A t  t h r e e  l o c a t i o n s  a long t h e  sou th  shore  of t h e  
l agoon ,  west of South S p i t ,  t r a n s p o r t  appears  t o  be eastward toward South 
S p i t .  

STORM SURGES AND COASTAL FLOODING 

'Storm surge '  i s  an  abnormal, sudden r i s e  of sea  l e v e l  a long an open 
c o a s t  dur ing a  s torm,  caused p r i m a r i l y  by onshore-wind s t r e s s e s .  Less 
f r e q u e n t l y ,  storm surges  a r e  caused by reduced a tmospher ic  p r e s s u r e ,  which 
' p i l e s  up' water  a g a i n s t  t h e  coas t .  The e f f e c t i v e n e s s  of t h e  wind i n  r a i s i n g  
s e a  l e v e l  i s  g r e a t e s t  i n  shal low water  near  shore .  Lines of d e b r i s  con- 
c e n t r a t e d  by wave runup commonly mark t h e  f a r t h e s t  in land  p e n e t r a t i o n  by a  
s torm surge.  

S a l l e n g e r  and o t h e r s  (1977) determined e l e v a t i o n s  of storm-surge and 
d e b r i s  l i n e s  around Norton Sound. In  most a r e a s ,  t h e  h i g h e s t  d e b r i s  l i n e  
was caused by e i t h e r  o r  both  of two s torms i n  November 1974. Surging dur ing 



those  s torms probably  i s  t h e  maximum recorded f o r  most p a r t s  of Norton Sound. 
Consequently,  t h e  s i n g l e  d e b r i s  l i n e  observed on 1976 a e r i a l  photographs and 
d u r i n g  f i e l d  checking i n  1978 i s  presumably t h e  d e b r i s  l i n e  from t h e  1974 
s torms.  

Debr is  l i n e s  are shown on t h e  p l a t e s  and i n  f i g u r e s  16 and 17. In on ly  a 
few p l a c e s  does t h e  d e b r i s  l i n e  occur  landward of t h e  25-ft contour  on t h e  
topograph ic  base  map; i n  most p l a c e s  t h e  d e b r i s  l i n e  c l o s e l y  fo l lows  t h e  sea- 
ward s i d e  of t h a t  contour .  At s e l e c t e d  s i t e s  measured by S a l l e n g e r  and o t h e r s  
(1977, f i g .  a ) ,  d e b r i s  i s  found a t  e l e v a t i o n s  t h a t  range from about 3 . 3  t o  4.5 
m i n  t h e  Nome area, from 2.4 t o  4.1 m i n  Norton Bay, and from 4.0 t o  4.9 m i n  
t h e  Unalakleet  a r e a .  I n  g e n e r a l ,  t h o s e  d e b r i s  l i n e s  were determined on t h e  
open c o a s t ,  whereas t h e  d e b r i s  l i n e s  determined i n  t h i s  s tudy  a r e  those  pre- 
se rved  on t h e  landward s h o r e s  of p r o t e c t e d  lagoons.  A r i s e  i n  water  l e v e l  i n  
lagoons may be caused by waves topping t h e  b a r r i e r  beach,  by f l o o d i n g  through 
gaps  i n  t h e  b a r r i e r  beach,  by p a r t i a l  damming of r i v e r  o u t l e t s ,  o r  by some 
combination of t h e s e  mechanisms. C l e a r l y ,  t h e  e f f e c t  of wave runup should be 
l e s s  i n  lagoons behind a b a r r i e r  beach than on t h e  a d j a c e n t  o u t e r  beach,  and 
t h e  e l e v a t i o n s  of d e b r i s  l i n e s  i n  p r o t e c t e d  lagoons,  as determined i n  t h i s  
s t u d y ,  c o i n c i d e  on ly  approximately  wi th  d e b r i s  l i n e s  r e p o r t e d  by S a l l e n g e r  and 
o t h e r s  (1977). 

F igure  16. View nor thwest  toward Kouwegok Slough ( p l .  1A); f lood  p l a i n  of 
Unalakleet  River i n  middle foreground. Note l i g h t - c o l o r e d  d e b r i s  l i n e  t o  
r i g h t  of f lood  p l a i n ;  d e b r i s  l i n e  may be caused by storm s u r g e s  on Norton 
Sound, f l o o d i n g  on Una lak lee t  R iver ,  o r  both.  

Debr is  l i n e s  a r e  not  cont inuous  a long t h e  c o a s t .  Where t h e  ground s l o p e s  
s t e e p l y ,  wave backwash may have been s u f f i c i e n t  t o  remove d e b r i s .  Fur ther-  
more, embayments i n  t h e  c o a s t l i n e  such a s  smal l  s t ream v a l l e y s  may have a c t e d  
a s  t r a p s  f o r  f l o a t i n g  d e b r i s ,  t h e r e b y  reducing t h e  amount of d e b r i s  found some 
d i s t a n c e  downdri f t .  Most d e b r i s  l i n e s  shown ( p l s .  1-3) were observed dur ing  
1978 f l i g h t s  and on 1976 a e r i a l  photographs.  The l a c k  of a mapped d e b r i s  l i n e  



Figure 17. Debris from storm surges and wave runup west of Taylor Lagoon 
( p l .  3C). 

CONCLUSIONS 

This  is  a reconnaissance r epo r t  and provides  only a reg iona l  overview of 
s u r f i c i a l  geologic  a spec t s  t h a t  may bear  on f u t u r e  c o a s t a l  development. The 
r e p o r t  provides a framework f o r  s i t e - s p e c i f i c  s t u d i e s ,  but some genera l  con- 
c lu s ions  may be drawn. 

Coastal  a r e a s  below about 6-m e l e v a t i o n  may be inundated during major 
storm surges.  The p r e c i s e  e l e v a t i o n  of inundat ion a t  any p a r t i c u l a r  l o c a t i o n  
i s  determined by c o a s t a l  con f igu ra t i on  and bathymetry a s  wel l  a s  by 
meteoro logica l  condi t ions  causing t h e  surge. 

Coastal  e ros ion  r a t e s  a r e  g r e a t e s t  where f i n e ,  unconsolidated depos i t s  
a r e  present  i n  low sea c l i f f s .  Few changes i n  sho re l i ne  were noted i n  a r ea s  
of wide b a r r i e r  beaches, but such a r e a s  may be dynamically balanced with l a r g e  
volumes of sediment i n  l i t t o r a l  t r anspo r t  without net  ga in  or  l o s s .  S i te -  
s p e c i f i c  s t u d i e s  i n  such a r e a s  should consider  t he  na ture  of sho re l i ne  e q u i l i -  
brium and t h e  p o t e n t i a l  e f f e c t s  of i n t e r r u p t i o n  of l i t t o r a l  t r anspo r t  on beach 
s t a b i l i t y .  

Seismic a c t i v i t y  is  recognized i n  t he  Norton Sound a r e a ,  and some ear th-  
quake ep i cen t e r s  have been a s soc i a t ed  with t h e  Kaltag f a u l t .  Other f a u l t s  i n  
t h e  a r e a  may a l s o  be ac t i ve .  

Foundation s u i t a b i l i t i e s  should be assessed i n  s i t e - s p e c i f i c  surveys.  
Bearing capac i ty ,  s e t t l i n g  due t o  mel t ing of i ce - r ich  permafrost,  and mass 
movement of unconsolidated sediments a r e  obvious p o t e n t i a l  c o n s t r a i n t s  on 
development. 



Sand and g r a v e l  d e p o s i t s  a r e  l o c a t e d  mainly  i n  t h e  f o l l o w i n g  s e t t i n g s :  a )  
a c t i v e ,  nonvege ta ted  beaches  and a d j a c e n t  v e g e t a t e d  beaches  of t h e  modern 
s h o r e l i n e ,  b) a n c i e n t  beaches  a s s o c i a t e d  wi th  u p l i f t e d  s h o r e l i n e s  ( t o  
e l e v a t i o n s  of a s  much a s  30 m), and c )  a c t i v e  and abandoned c h a n n e l s  and p o i n t  
b a r s  i n  r i v e r  f l o o d  p l a i n s .  Shal low e x c a v a t i o n s  o r  b o r i n g s  should be made to  
prove t h e  e x t e n t  and s u i t a b i l i t y  of any g i v e n  d e p o s i t  p r i o r  t o  e x p l o i t a t i o n .  
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