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This eros ional  hazards m a p  evaluates  r a t e s  of change i n  coas ta l  

morphology and on t h i s  b a s i s  ca tegor izes  land-use hazards along t h e  

Chukchi and Beaufort Sea coas ta l  segments o f  NPR-A. The evaluat ion 

and t h e  d iscuss ion t h a t  follows draw heavily upon t h e  r e p o r t s  l i s t e d  

i n  the  bibliography. A synthes is  of these  works has been combined with 

personal  f i e l d  observations made during the  summers of  1976 and 1977. 

I n  a r e a s  t h a t  were no t  covered by previous r epor t s  o r  by personal 

observat ions ,  r a t e s  of coas ta l  r e t r e a t  have been estimated by examining 

s ing le  nonsequential sets of a i r  photos and topographic maps. 

T h i s  study was s u p p r t e d  j o i n t l y  by the  U.S. Geological Survey 

and the  Bureau of  Land Management through interagency agreement with 

t h e  National Oceanic and Atmospheric Administration a s  p a r t  of the 

Oute r  Continental  Shelf Environmental Assessment Program (OCSEAP) . 
David M. Hopkins p a r t i c i p a t e d  i n  t h e  study and reviewed t h e  manuscript. 

Most c o a s t a l  erosion t akes  p lace  during l a t e  sununer and autumn. 

D r i f t i n g  snow accumulates i n  the  l e e  of beach b l u f f s  during winter  

and the  r e s u l t i n g  snow d r i f t s  tend t o  p e r s i s t  on t h e  beaches through 

June and i n t o  July.  Where snow is lacking,  mud slumps and flows, 

caused by thawing permafrost,  regrade t h e  c o a s t a l  b l u f f s  and partly 

cover the  narrow mainland beaches. Lunar tides a r e  small, p e r s i s t i n g  

sea i c e  minimizes wave f e t c h ,  and the  barometric high pressure  systems 

of  e a r l y  summer keep sea Level low, s o  t h a t  the  small waves o f  June 

and July wash only the  lowest part of  the  



beach. During l a t e  summer and autumn, however, the  weather is  dominated 

by the  passage of cyclonic low pressure systems, permit t ing sea l e v e l  t o  

r i s e .  The remaining snow and much of t h e  slumped mater ia l  i s  quickly se- 

moved from t he  beach. The rise of sea l e v e l  i n  response t o  l o w  barometric 

pressure  may be augmented by a setup due t o  onshore winds, r e s u l t i n g  i n  

storm surges 3 t o  3.5 m above normal sea l e v e l  (Hume and Schalk, 1967; 

Reimnitz, personal  commun., 1977). Yearly r a t e s  o f  c o a s t a l  r e t r e a t  and 

longshore sediment t r anspor t  a r e  ( i n  some cases)  g r e a t l y  accelera ted  

during such storm surges.  

I n  genera l ,  t he  e n t i r e  c o a s t l i n e  of NPR-A from Icy Cape t o  the  

C o l v i l l e  River d e l t a  may be charac ter ized  a s  thermoerosional , although 

local ized  accre t ionary  segments a r e  found on c e r t a i n  s p i t s ,  bars ,  and 

r i v e r  d e l t a s  such a s  the  spit a t  Point  Franklin and the Meade River 

d e l t a .  The Chukchi Sea and Beaufort Sea coastlines have contras t ing  

eros ional  regimes. 

The Chukchi Sea eros ional  regime extends from Icy Cape t o  Point  

Barrow. I t  forms a l i n e a r ,  northeast-southwest t rending coas t  with few 

large embayments. The c o a s t l i n e  o f  t h e  Chukchi regime is  contro l led  by 

longshore sediment t r a n s p o r t  t o  t h e  nor theas t  with local ized  reve r sa l s  

t o  the southwest occurring f r o m  Icy Cape to  Pingorarok H i l l  and from 

Po in t  Franklin t o  Peard Bay. Longshore t r a n s p o r t  i s  t h e  dynamic f o r c e  

responsib le  f o r  the  cons t ruct ion  of t h e  b a r r i e r  i s l and  which form 

Kasegaluk Lagoon and the  o f f shore  ba r  system that extends from Icy 

Cape t o  Skul l  C l i f f .  L i t to ra l  d r i f t  may be augmented by southwest to  

wester ly  storm surges t h a t  can move a s  much sediment i n  one event a s  is 

moved during the  e n t i r e  operrwater season under normal condit ions.  These 



b a r r i e r s  and offshore ba r s  tend to dampen wave a t t a c k  on the  mainland 

c o a s t a l  b l u f f s  t h a t  are as high a s  25 m ,  but  most b l u f f s  a r e  i n  the 7 t o  8 m 

range. The coastal b l u f f s  a r e  predominantly composed of sand and pebbly 

sand of the  Gubik Formation, i n  p laces  under la in  by Cretaceous bedrock. 

Bedrock outcrops,  where p resen t ,  a r e  r e l a t i v e l y  r e s i s t a n t  t o  wave a t t a c k  

and tend t o  form a s t r a i g h t  coas t l ine .  Coastal  segments lacking bed- 

rock outcrops erode r e a d i l y  when subjected t o  wave a c t i o n  and they provide 

the  c l a s t i c  sediments necessary f o r  the  cons t ruct ion  o f  b a r r i e r  i s l ands  

offshore  bars ,  and mainland beaches. 

The Beaufort Sea eros ional  regime extends from Point  Barrow t o  the  

Co lv i l l e  River delta and produces a deeply embayed c o a s t l i n e  t h a t  t r ends  

northwest-southeast. Longshore sediment t r anspor t  i s  general ly t o  the  

northwest with local ized  r e v e r s a l s  i n  l i t t o r a l  d r i f t  occurring i n  associ-  

a t i o n  with some embayments such as Smith Bay and Pogik Bay. A l a rge  

por t ion  of fhe Beaufort Sea coas t  i s  exposed t o  d i r e c t  wave a t t a c k  due 

t o  i t s  o r i e n t a t i o n  (i.e., t he  angle a t  which it receives  incaning waves) 

and the  absence of b a r r i e r  i s l ands  and extensive offshore  bar systems. 

Where b a r r i e r  i s l ands  a r e  p resen t  they a f fo rd  l i t t l e  p ro tec t ion  f o r  the 

mainland coast because they enclose lagoons wide enough to  permit con- 

s ide rab le  wave fe tch .  The mainland b l u f f s  a r e  a s  high as 10 m, but  mst 

a r e  i n  the  2 to 4 m range. They c o n s i s t  of s i l t ,  f i n e  sand, and p e a t  

of the  Gubik Formation; bedrock i s  not  exposed along t h e  Beaufort Sea 

coas t .  The f i n e  grained,  i ce - r i ch  sediments of these  coas ta l  b l u f f s  

erode rap id ly  but  provide l i t t l e  sediment coarse enough t o  remain on 

the  beach. 



Rates of c o a s t a l  r e t r e a t  a r e  pa r t i cu la r ly  rapid along the Beaufort 

Sea coas t .  During the  i c e  f r e e  period from Ju ly  t o  October even small 

waves erode a l a r g e  por t ion  of t h e  c o a s t a l  b l u f f s .  Re t rea t  of the  

Chukchi Sea c o a s t ,  though f a i r l y  r ap id ,  tends to be l imi ted  t o  major 

storms i n  the i c e f r e e  season and i s  moderated by the considerable 

supply of sand and gravel  furnished by erosion of the  coas ta l  b l u f f s  

and made ava i l ab le  fo r  beach nourishment. Where present ,  bedrock out- 

crops a l s o  tend to  re t a rd  b lu f f  r e t r e a t  along the  Chukchi Sea coast .  

The Beaufort Sea beaches a r e  much narrower and erosion of the c o a s t a l  

b l u f f s  y i e l d s  l i t t l e  sand and gravel ;  thus beaches tend t o  be t h i n  and 

undernourished. During periods of low barometric pressure ,  sea l e v e l  

commonly r i s s a b o v e  t h e  beaches and even small waves can vigorously 

a s s a u l t  the c o a s t a l  b l u f f s .  The expsed frozen s i l t  and fine sand 

i s  quickly thawed, eroded, and removed, commonly forming a thermal 

niche which can undercut the  b l u f f s  f o r  a d is tance  of severa l  meters. 

When f r o s t  c racks ,  along the  axes o f  the  i c e  wedges, are i n t e r sec ted  

by the thermal niche huge blocks of tundra up t o  6 m wide may col lapse  

i n t o  the  swash zone. I n  exposed areas such as Cape Halkett ,  D r e w  Point ,  

and Cape Simpson, where wave a t t a c k  can come from any one of severa l  

d i r e c t i o n s ,  t h i s  process accounts f o r  phenomenal r a t e s  of coastal re-  

t r e a t ,  as much as 25 m par  year (Leffingwell,  1919). 

When considering c o a s t a l  cons t ruct ion  sites, c a r e f u l  

evaluat ion of t h e  eros ional  hazards under normal and ca tas t roph ic  con- 

d i t i o n s  must be made i n  order  to avoid c o s t l y  repairs o r  re locat ions .  

Storm surges along the  Chukchi Sea coast have ra i sed  sea l e v e l  3 m or  

mxe,  inundating and undermining t h e  foundations of  two 5,000-gallon 



o i l  tanks  t h a t  were installed during the  mid-50's as part of t h e  now 

abandoned Icy Cape DEW-Line site. These o i l  tanks now lie on the 

a c t i v e  beach on ly  a few meters  from t h e  swash zone and serve as a  

grim reminder of inadequate  cons ide ra t ions  of erosional hazards. 



Bib l iography  

Hayes, M. O., and Nunmedal, Dag, 1977,  T e n t a t i v e  morphologic c l a s s i f i -  

c a t i o n  o f  B a r r i e r  I s l a n d s  along t h e  A r c t i c  c o a s t  o f  Alaska: 

Chukchi-Beaufort  Sea OCSEAP Mtg. , Barrow, Informal  R e p t .  RY-59, 

Task-DY, 47 p. 

Hume, J. D . ,  and Schalk, M . ,  1967, S h o r e l i n e  p r o c e s s e s  near  Barrow, 

Alaska; a comparison of t h e  normal and the c a t a s t r o p h i c :  A r c t i c ,  

v. 20, no. 2 ,  p. 86-103. 

Hume, J. D.,  S c h a l k ,  M . ,  and Hume, P. W . ,  1972, S h o r t  tern c l i m a t e  

changes  and c o a s t a l  e r o s i o n ,  Barrow, Alaska:  A r c t i c ,  v. 25, no. 4 ,  

p. 272-278. 

L e f f i n g w e l l ,  E. D e K . ,  1919, The Canning River  r e g i o n  n o r t h e r n  Alaska:  

U.S. Geol. Survey P r o f .  Paper 109. 

Lewel len,  R. I . ,  1970, Permaf ros t  e r o s i o n  a l o n g  t h e  B e a u f o r t  Sea c o a s t :  

IPub. o f  t h e  a u t h o r ]  P.O. Box 1068, L i t t l e t o n ,  CO, 25 p. 

1973, The o c c u r r e n c e  and c h a r a c t e r i s t i c s  o f  n e a r s h o r e  p e r m a f r o s t  

i n  n o r t h e r n  Alaska ,  p. 131-136, - i n  P e r m a f r o s t ,  t h e  North American 

C o n t r i b u t i o n  to  t h e  Second I n t e r n a t i o n a l  Conference:  Washington, 

DC, N a t l .  Acad. S c i .  

1974,  Offshore p e r m a f r o s t  o f  B e a u f o r t  Sea ,  Alaska,  Reed, J. C. ,  

and S a t e r ,  J. E.,  e d s . ,  A r c t i c :  A r c t i c  I n s t .  North America. 

1977, A s t u d y  of B e a u f o r t  Sea c o a s t a l  e r o s i o n  i n  n o r t h e r n  Alaska: 

Arctic Inst. North America, RU-407, F i n a l  Rept . ,  24 p. 

McCarthy, G .  R . ,  1953, Recent changes i n  s h o r e l i n e  n e a r  P o i n t  Barrow, 

Alaska:  A r c t i c ,  v.  6, p.  45-51. 



Moore, D. G . ,  1964, Acous t i c - r e f l ec t i on  reconnaissance of c o n t i n e n t a l  

she lves ;  e a s t e r n  Bering and Chukchi Seas, M i l l e r ,  R. L. ,  ed., 

Papers i n  Marine Geology, Shepard Comemorative Volume: New York, 

MacMillan Co . 
Rex, R. W . ,  1964, A r c t i c  beaches,  Barrow, Alaska,  p. 384-400, - i n  

M i l l e r ,  R. L . ,  ed., Papers  i n  Marine Geology: New Y O X ~ ,  

MacMillan Co . 
Wiseman, W. J., Jr., S h o r t ,  A.  D . ,  and o t h e r s ,  1973, Alaskan A r c t i c  

coastal processes  and morphology: Louis iana S t a t e  Univ., Coas t a l  

S t u d i e s  I n s t . ,  Tech. Rept. N o .  149. 


