
ATI 
5 

Open File Report 86-92 

This report is preliminary and has not been edited or reviewed fo r  
ological Survey b l  i c a t  ion standards and 



Expanded abs t rac t  f o r  NEp& 
meeting, Anchorage, A laska ,  

Geologic Studies Re1 ated t o  Earthquake Po ten t i a l  and 

Recurrence i n  the "Yakataga Seismic Gap" 

George Pl  a f  ker  
U.S. Geological Survey 

345 e f i e l d  Road 
Men1 k, CA 94025 

Geologic data re1 evant t o  earthquake recurrence times i n  the "Ya kataga 

seismic gapn are  p r i m a r i l y  the ages o f  coseismic marine terraces a t  Middleton 

I s 1  and i n  the G u l f  o f  Alaska and a long the mainland coast  between Yakataga and 

I c y  Bay (P la f ke r  and Rubin, 1967, 1978; Plafker .  1969; P la f ke r  and others, 

1981). These te r races  are  be l ieved t o  record one o r  more abrupt  coseismic 

u p l i f t s  o f  the sho re l i ne  r e l a t i v e  t o  sea l e v e l  f o l l o w i n g  l ong  periods o f  

i n te rse i sm ic  s t r a i n  accumulation and r e l a t i v e  s t a b i l i t y  w i t h  respect  to  sea 

Middleton Is land,  near the margin o f  the con t i nen ta l  s h e l f  in the 

nor thern  G u l f  o f  Alaska, has emerged from the sea du r ing  s i x  major episodes of 

coseismic u p l i f t  from o l d e s t  t o  youngest of about 7 m, 8 m, 6 m, 9 m, 7.5 m, 

and 3.5 m which are  recorded by excep t i ona l l y  well-exposed and preserved 

marine te r races  ( f i g .  1). A l l  b u t  the youngest up1 i f t  have been dated by 

radiocarbon methods a t  roughly 5,090. 3,890, 3.500, 2,420, and 1,290 ( a l l  - + 

250) calendar years before present, respec t i ve l y ,  and the most recent  up1 i f t  

u r i n g  the g rea t  March 27. 1964 Alaska earthquake. The radiocarbon- 

ated ma te r ia l  i s  e i t h e r  d r i f twood  o r  the o l d e s t  peat on the te r race  

surface. Recurrence time f o r  these movements i s  on the order o f  400 to  1,300 

years. During t h i s  r i o d ,  the e u s t a t i c  l e v e l  o f  the sea was e i t h e r  slowly 

r i s i n g  o r  s table;  thus the ep isod ic  nature o f  the emerging terraces requires 

t h a t  the pre-1 64 te r races  are  a l so  p r i m a r i l y  t ec ton i c  i n  o r i g i n .  Average 



137 

up1 i f t  r a t e  i s  approx imate ly  10 m/yr  s ince  the  i s l a n d  f i r s t  emerged from the 

sea 5,090 years ago and there  appears t o  be an abrup t  decrease i n  the r a t e  o f  

up1 i f t  t o  6 m/yr  i n  the  I n t e r v a l  precedin up1 i f t  of the 1964 ter race.  

Independent evidence f o r  t h  l o n g  s t r a i n  accumulat ion pe r i od  t h a t  preceded the 

1964 even t  comes from rad iocarbon d a t i n g  o f  shore1 ines t h a t  were t e c t o n i c a l  l y  

submerged i n  the eas te rn  p a r t  o f  the earthquake f oca l  r eg ion  ( throughout  

Pr ince  W i l l  iam Sound, the  Copper R i v e r  Delta,  and Cape Suck1 ing) .  These data 

i n d i c a t e  t h a t  submergence occurred throughout t h i s  r eg ion  and t h a t  a t  Mon tague 

I s l a n d  i t  was cont inuous f o r  a t  l e a s t  1,180+70 - calendar  years p r i o r  t o  the 

earthquake a t  an average r a t e  o f  6 m/yr. ( f i g .  2). These da ta  prec lude the 

p o s s i b i l i t y  t h a t  a 1964-type even t  i n v o l v i n g  s i g n i f i c a n t  u p l i f t  a f f e c t e d  the 

Montague I s l a n d  area f o r  a t  l e a s t  1,180 years p r i o r  t o  1964. 

The accumul a ted  Midd l  e ton  I s 1  and t e r race  data suggest recurrence 

i n t e r v a l s  of 400 t o  1,300 years f o r  1 arge arc-re1 a ted  events o f  the 1964 

type. The data from t e r r a c e  up1 i f t  steps and r a t e s  a t  M idd le ton  I s 1  and, 

toge ther  w i t h  the resu l  t s  o f  t r i a n g u l a t i o n  resurveys i n  the earthquake- 

a f f e c t e d  reg ion,  suggest t h a t  a t  l e a s t  h a l f  o f  the s t r a i n  accumulated du r i ng  

the 1,300 years t h a t  preceded the 1964 earthquake has y e t  t o  be re1 eased, 

assuming no s i g n i f i c a n t  aseismic prequake creep. The accumul a ted s t r a i n  coul  d 

be re leased e i t h e r  by aseismic creep o r  i n  one o r  more l a r g e  earthquakes over 

a t ime i n t e r v a l  t h a t  i s  shor t ,  r e l a t i v e  t o  the  i n t e r v a l  between successive 

t e r race  up1 i f t s .  Because the t i d e  gage data i n d i c a t e  recovery r a t h e r  than 

cont inued gradual s t r a i n  re lease  s i nce  the 1964 earthquake, it appears more 

l i k e l y  t h a t  any res idua l  accumulated s t r a i n  a t  M idd le ton  I s l a n d  w i l l  be 

re1 eased d u r i n g  f u t u r e  earthquakes. 

Along a h e a v i l y  f o res ted  segment o f  the mainland between Cape Yakataga i n  

the west and I c y  Cape, f o u r  marine te r races  have been dated by t h e i r  i nc luded  

peat, wood and o r  a n i c  sediment layers .  Radiocarbon dates obta ined on organic  
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mater ia l  from these ra ised shore1 ines provide approximate terrace ages o f  

6,520, 4,990, 2,820 and 1,400 ( a l l  2 250) calendar years f o r  corresponding 

average up1 i f t  o f  about, 63 m, 37 m, 21 m nd 13 m ( f i g .  3). The terraces have 

s im i l  a r  deposit ional sequences, w i t h  t h i n  deposits o f  beach and 1 agoon facies 

over ly ing surfaces c u t  i n t o  both unconsol idated sediments and bedrock. The 

terrace sequences are cornonly over la in  and concealed by t h i ck  f l u v i a l  and 

f l  uv iog lac ia l  deposits; ate$ mater ia l  comes from the lagoonal facies on each 

terrace. 

verage up1 i f t  ra te  (corrected f o r  eus ta t i c  sea leve l  r i s e  but not 

i s o s t a t i c  up1 i f t )  f o r  the past 6,500 years i s  about 10 m / y r  near I c y  Cape and 

approximately ha l f  t h i s  amount a t  Cape Yakataga. The upward slope i n  

e levat ion o f  the terraces eastward towards I c y  Cape may be due t o  an i sos ta t i c  

cmponen t re1 a te  t o  deg lac ia t ion a t  I c y  Bay. Assuming the e n t i r e  terrace 

u p l i f t  occurred as d i sc re te  major coseismic steps, the recurrence in te rva ls  

frm oldest  t o  youngest would be 1,530, 2,170, 1,420, and 1,400 calendar 

years, w i t h  steps o f  about 15.5, 17, 7.5, and 13.5 meters. However, because 

o f  the dense vegetat ion cover and poor exposure on the terraces, i t  i s  

probable t ha t  not  a l l  terrace steps above the stage I11 terrace have been 

iden t i f i ed .  The p l  ate-convergence ra tes a1 ong t h i s  pa r t  o f  the P a c i f i c  margin 

are 50-60 m / y r  so t ha t  the terraces record only p a r t  o f  the tec ton ic  

deformation i n  t h i s  s t r u c t u r a l l y  complex and t ec ton i ca l l y  ac t i ve  region. 

The l a s t  u p l i f t  step o f  about 13 m t ha t  formed the stage I W  terrace 

occurred about 1,420 years ago. Thus, i f  the average recurrence in te rva l  f o r  

major terrace-forming earthquakes i n  t h i s  area i s  about 1,400 years, as 

he i n te r va l  between the stage 111 and I W  terraces, the data 

he next  u p l i f t  event i n  the Cape Yakataga-Icy Cape area may be 

ce data suggest t ha t  tec ton ic  u p l i f t  rates i n  both the 



ga-Icy Cape and Middleton areas near both ends of  the "Yakataga 

ismic gap" l a g  behind the long- term avera e rates. Future u p l i f t  o f  these 

areas most probably woul occur dur ing one o r  more major earthquakes along the 

convergent boundary between the Ya ku t a t  and Mrangell blocks which ex tends 

northeastward from the eastern end o f  the A leut ian Trench a1 ong the Pamplona 

zone t o  the Fairweather transform f a u l t *  Because major earthquakes along t h i s  

boundary are a lso 1 i k e l y  t o  be accompanied by 1ar e v e r t i c a l  d i sp l  acements on 

the cont inental  she1 f, they could generate seismic sea waves capable of 

causing coastal damage f a r  from the earthquake focal  region. 
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iagram showing average t e r r a c e  he igh t  a t  Midd le ton  

I s 1  and (Roman numeral s )  and minimum t e c t o n i c  up1 i f  t per event  ( s  ) , versus 

te r race  age and i n d i c a t e d  recurrence i n t e r v a l  . Terrace he igh ts  corrected 

orHo1 ocene sea 1 eve1 r i s e ;  radiocarbon ages co r rec ted  t o  ca1 endar years. 

The s o l i d  curve shows an i n f e r r e d  u p l i f t  sequence assuming no 

fn te rse i sm ic  v e r t i c a l  movement. The do t ted  l i n e  i n d i c a t e s  the average 

t e  between terraces.  A f t e r  P l a f k e r  and Rubin (1978). 



Figure 2. Pre-1964 posi t ions  of submerged radiocarbon-dated shore1 ine samples 

(do t s )  from the eas te rn  end of the 27 March 1964 earthquake focal 

region. A11 sample l o c a l i t i e s  a r e  i n  the region of coseismic u p l i f t  

during the 1964 earthquake; the Montague Is1 and 1 ocal i t i e s  (sol id do t s )  

were up1 i f W  about 9 m. Midespread in terse ismic  submergence of 

shore1 ines a t  average r a t e s  ranging from 5 to  11 m / y r  f o r  1,180 calendar 

years ind ica tes  an absence of 1964-type tec tonic  u p l i f t  fo r  a t  l e a s t  th i s  

period. After  l a fke r  and Rubin (19671, Plafker (19691, and unpublished 

a t a .  



APPROXIMATE RECURRENCE 

Figure 3. Generalized diagram showing average terrace height in the Icy Cape 

area (Roman numerals) and minimum tectonic up1 i f t  per event ( s  ) , versus 

terrace age and indicated recurrence interval. Terrace heights corrected 

for holocene sea level r i se ;  radiocarbon ages corrected to calendar 

years. The dashed l ine  shows an inferred u p l i f t  sequence assuming no 

interseismic vertical  movement. After Pl afker and others (1982) and 

Rubin and others (1982). 




