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O V E R V I E W  OF ALASKAN HISTORICAL SEISMICITY 

Alaska i s  one of t h e  s e i s m i c a l l y  most a c t i v e  a r e a s  i n  t h e  world. Three 

of t h e  10 l a r g e s t  ea r thquakes  i n  t h e  world s i n c e  1904 have occurred  i n  

Alaska: - v i s :  ( 1  1 t h e  1957 Andreanof-Fox I s l a n d s ,  ( 2 )  t h e  1964 Pr ince  William 

Sound, and ( 3 )  t h e  1965 Rat I s l a n d s  ear thquakes  (Tab le  1 ) .  A comparision wi th  

C a l i f o r n i a  ( F i g u r e  1 )  shows about 6  t imes  a s  many e v e n t s  of Mb > 5.5 i n  Alaska 
0 

dur ing  t h e  5 year  p e r i o d  1976-1980. Of t h e  major  ea r thquakes  ( M s  > 7 .0 )  i n  

Alaska ( F i g u r e  2 and Table  2 )  about 75% occur  i n  t h e  Alaska-Aleut ian 

, ,ubduction zone,  15% i n  t h e  S.E. Alaska t r ans fo rm zone ,  and t h e  remaining 10% 

occur  i n  t h e  C e n t r a l  Alaska se i smic  zone ( a  broad a r e a  of mainland Alaska 

n o r t h  of Anchorage t o  Fa i rbanks  and west of Fa i rbanks  toward t h e  Seward 

P e n i n s u l a ) .  The i n s t r u m e n t a l  r e c o r d  f o r  Alaska appea r s  t o  be c m p l e t e  f o r  Ms 

> 7.0  even t s  back t o  t h e  t u r n  of t h e  cen tu ry  ( F i g u r e  3 ) ;  a l t hough  i t  should  b e  

noted t h a t  t h e r e  a r e  some 4,000 Alaskan e v e n t s  l i s t e d  i n  t h e  NEIS d a t a  f i l e  

f o r  which no magnitudes have been a s s i g n e d ,  s o  t h e r e  may be a few l a r g e  e v e n t s  

missing from Table 2 .  Using t h e  number of e v e n t s  of Ms > 7.0  (Table 2 )  and 

assuming a  l1b1' va lue  of 0 . 9  one can c a l c u l a t e  t h e  expec ted  frequency of 

occurence of p o t e n t i a l l y  damaging ear thquakes  ( M S  > 6.51 f o r  each  of t h e  t h e e  

major s e i s m i c  zones of Alaska.  This  computed f r equency  and  t h e  observed 

f requency  f o r  e v e n t s  of Ms > 7 .0 ,  and 7.8 a r e  g iven  i n  Table 3. For most 

r eg ions  of Alaska and most magnitude c a t e g o r i e s  t h e  e l a p s e d  t ime s i n c e  t h e  

l a s t  event  exceeds  t h e  mean i n t e r e v e n t  t ime by a t  l e a s t  a  f a c t o r  of two and  

f o r  s e v e r a l  ca ses  i t  exceeds t h e  i n t e r e v e n t  t i m e  of 95% of prev ious  cases  

,nean p lus  1 .645 t imes  one s t a n d a r d  d e v i a t i o n ) .  More d e t a i l e d  d i scuss ions  of 

t h e  Alaska-Aleut ian subduc t ion  zone and t h e  S. E. Alaska t ransform zone w i l l  be 



given  i n  o t h e r  p r e s e n t a t i o n s ,  s o  only  t h e  c e n t r a l  Alaska s e i s m i c  zone w i l l  be 

d i scussed  any f u r t h e r  h e r e .  The c e n t r a l  Alaska se i smic  zone i s  l o o s e l y  

de f ined  a s  t h e  r eg ion  of mainland Alaska,  no r th  of Anchorage where most of t h e  

sha l low ( c r u s t a l )  M > 6.0 ea r thquakes  occur .  F igure  4 shows t h e  l o c a t i o n  of 

t h e s e  ear thquakes ( n o r t h  of 63.5 N l a t i t u d e )  p l o t t e d  on  a  r e p r e s e n t a t i o n  of a  

s t r e s s  t r a j e c t o r y  map f o r  Alaska a s  propsed by Nakamura e t  a 1  (1980).  Focal 

mechanisms (F igures  5 ,  6 ,  and 7 )  f o r  t h e  c e n t r a l  Alaska s e i s m i c  zone a r e  

g e n e r a l l y  c o n s i s t e n t  wi th  t h e  s t r e s s  t r a j e c t o r i e s  shown i n  F igure  3 ,  showing 

roughly NW-SE t r end ing  axes  of maximum h o r i z o n t a l  compression. I f  t h e  bas i c  

t e n e t  of t h e  s t r e s s  t r a j e c t o r y  model is c o r r e c t ,  t h t n  t h e  ea r thquakes  in  

i n t e r i o r ,  nor thern  and wes tern  Alaska a r e  t h e  consequence of a  fa r - reaching  

r e g i o n a l  deformation i n  r e sponse  t o  t h e  i n t e r a c t i o n  of t h e  P a c i f i c  and North 

American p l a t e s  i n  Sou th -cen t r a l  Alaska. The s e i s m i c i t y  p a t t e r n s  shown i n  

F igures  8 ,  9 and 10 a l s o  a r e  c o n s i s t e n t  with t h i s  model of a  r e g i o n a l  

deformation: ( 1 )  t h e  o v e r a l l  p a t t e r n  i s  one of t h e  g r e a t e s t  a c t i v i t y  being 

concent ra ted  j u s t  n o r t h  of t h e  NE corner  of t h e  P a c i f i c  p l a t e ;  ( 2 )  t h e  l a r g e r  

even t s  a r e  s u b - p a r a l l e l  t o  t h e  p r i n c i p a l  s l i p  l i n e  which would emanate from 

t h i s  corner  i f  i t  were taken  a s  a  r i g i d  inden to r ;  and ( 3 )  t h e r e  i s  a  

sugges t ion  t h a t  some of t h e  l i n e a t i o n s  of e p i c e n t e r s  cor respond wi th  t h e  major 

f a u l t s  (F igure  1 1 ) ,  i n  p a r t i c u l a r ,  t h e  Kal tag  and T i n t i n a  sys tems.  The idea  

t h a t  most of t h e  Alaskan c r u s t  i s  deforming is response  t o  a  l a r g e - s c a l e  

r i g h t - l a t e r a l  shea r  between t h e  P a c i f i c  and North American p l a t e s  has  some 

imp l i ca t ions  f o r  ear thquake  p r e d i c t i o n  r e s e a r c h  i n  mainland Alaska. F i r s t  and 

foremost  i t  underscores  t h e  need f o r  a uniform long  term se i smic  and geodet ic  

monitor ing program i n  a l l  of Alaska inc luding  nr:-:kL, ,. and wes tern  Alaska, 

a r e a s  which a r e  now very inadequate ly  instrumentzd.  Secondly i t  po in t s  out 



t h e  need f o r  pa leose ismic  work on t h e  n a j o r  f a u l t  systems.  These a r e  l a r g e  

- s : r u c t w e s  and might be capable  of r a r e ,  g r e a t  ea r thquakes ,  i f  we a r e  t o  judge 

on t h e  b a s i s  of t h e i r  l e n g t h  a l o n e .  L a s t l y  i t  sugges t s  some i n t e r e s t i n g  b ~ s i c  

r e s e a r c h  q u e s t i o n s  which have t o  do w i t h  t h e  se i smotec ton ic  framework. The 

major i m p l i c a t i o n  of t h e  c o n s i s t e n t  p a t t e r n  of s t r e s s  t r a j  e c t o r i e s  ex tending  

c l e a r  a c r p s s  Alaska i s  t h a t  t h e  c r u s t  must be decoupled from t h e  upper 

mant le .  
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Table 1. The World's Ten Largest Earthquakes 
1904 - 1984 

I N o  Locatipn Year Mw Energy* 1 
1. CHILE 1 0 8 0  0 .5  2 0 0 0  

2. ALASKA 1 0 6 4  9 .2  8 2 0  

3. ALASKA 1 9 5 7  9 .1  5 8 5  

4 .  KAMCHATKA 1 9 5 2  0 . 0  3 5 0  

5.  ECUADOR 1 9 0 6  8 .8  2 0 4  

8 .  ALASKA 1 9 8 5  8 .7  1 2 5  1 
ASSAM 1 9 5 0  8.6 1 0 0  1 

8. BANDA SEA 1 9 3 8  8 . 5  I 
0.  CHILE 

"Energy In  dyne-cm x 10'' 
Source: Based on  data from ~enarnor i '  (1977) 



YEAR MO 

Table 2 

MAJOR SHALLOK ALASKAN EARTHQUAKES: 1897 -1980 

( A f t e r  Abe and Noguchi , 1981 and 1983) * 

D Y  TIME LAT. L O N G .  M s  LOCATI ON ZONE* 

Near Is. 
Rat / Andr eanof Is . 
S.E. Alaska 
(Kenai Penin .  ) * 
Gulf of Alaska 
Gulf of Alaska 
S.E. Alaska 
S.E. Alaska 
S.E. Alaska 
Gulf of Alaska 
Gulf of Alaska 
(Kodi a k  * 
S.E. Alaska 
Andreanof Is. 
Unimak Is. 
(Fox Is.) . 
Near/Rat Is. 
Alaska Penin .  
C e n t r a l  Alaska 
Andreanof Is. 
Rat/Andreanof Is. 
Komandors ky 
Rat/Andreanof Is. 
Rat Is. 
(Unimak Is.) 
Near Is. 
S.E. Alaska 
Near/Rat Is. 
Andreanof Is. 
Queen C h a r l o t t e  Is. 
RatIAndreanof Is. 
Near Is. 
Kodiak Is. 
C e n t r a l  Alaska 
Kamchat ka 
Kamchat ka 
Alaska Penin.  
Alaska Penin .  
Unimak Is. 
Andr eanof Is .  



# Y E A R  MO TIME 

1559 
1627 
01 34 
1419 
21 23 
1058 
0236 
1705 
1231 
1709 . 
201 8 
0354 
0607 
0643 
0327 
1432 
041 7 
0235 
2025 
1228 
1114 
0209 
2231 
0401 
1530 
221 2 
0748 
1422 
2039 
0958 
1455 
1144 
1447 
0234 
1421 
1129 
221 9 
1530 
061 5 
0 920 
1307 
0336 
050 1 
0840 
0227 
2058 
0 82 9 
1432 

LONG. M s  LOCATION ZONE* 

S.E. Alaska 
Gulf of Alaska 
Fox Is. 
Andreanof Is. 
Andr eanof Is . 
Near Is. 
S. Central  Alaska 
Near/Rat Is. 
Kamchat ka 
Centra l  Alaska 
Alaska Peni n . 
A 1  as ka Penin. 
Near Is. 
Near Is. 
Unimak Is .  
S. Centra l  Alaska 
Rat Is. 
Komandorsky 
Gulf of A 1  as ka 
Unimak Is. 
Andr eanof Is. 
Centra l  Alaska 
Alaska Peni n. 
Queen C h a r l o t t e  Is. 
Kenai Penin. 
Alaska Penin. 
Near Is.  
Andreanof Is. 
Fox Is. 
Fox Is. 
Andr eanof Is . 
Andreanof Is. 
Andreanof Ls. 
Andreanof Is. 
Unimak Is. 
Kodiak Is. 
Unimak Is. 
Centra l  Alaska 
S.E. Alaska 
Fox Is. 
Alaska Peni n. 
Gulf of Alaska 
Rat I s .  
Rat .Is. 
Rat Is. 
Fox/Unimak 13. 

Fox Is. 
Kodiak I s .  



# YEAR MO D Y  TIME . LAT. LONG. M s  LOCATION ZONE* 

89  1956 7  4 1833 52.0 +179.9 6 . 8  Rat Is .  S- 
90 1966 8  7  021 3  50.6 -171 .2 6.4 Fox Is. S- 
91 1969 1 1  22 2309 57 .7  +163.6 7 . 1  Kamchat ka O + 

92 1971 1 2  1 5  0829 56.0 +163.2 7 .5  K m c h a t  ka 0 
93 1972 7  30  2145 56.8 -135.9 7 . 4  S.E. Alaska T + 

94 1975 2  2  0843 53.1 +173.6 7.4 Near Is. S+ 
95  1979 2  28 2127 60.6 -141.6 7:O S.E. Alaska T+ 

* 
E x p l z n a t i o n :  

( 1 )  Data f o r  1897-1 91 2  from Abe, K .  and S.  Noguchi , "Review of magni tudes  of 
l a r g e  s h a l l o w  e a r t h q u a k e s ,  1897-1 91 2" ,  P h y s i c s  o f  t h e  E a r t h  and P l a n e t a r y  
I n t e r i o r s ,  - 33, 1 -11 ,  1983. 

( 2 )  Data f o r  191 3-191 7  from Abe, K .  and S .  Noguchi , " D e t e r m i n a t i o n s  of magni tude  
f o r  l a r g e  s h a l l o w  e a r t h q u a k e s ,  1898-1 917", P h y s i c s  o f  t h e  E a r t h  and P l a n e t a r y  
I n t e r i o s ,  - 3 2 ,  45-59, 1983. 

( 3 )  D a t a f o r  1 9 1 8 - 1 9 8 0 f r o m A b e ,  K . ,  " M a g n i t u d e s o f  l a r g e s h a l l o w e a r t h q u a k e s  - 
from 1904 t o  19801?,  P h y s i c s  of t h e  E a r t h  and  P l a n e t a r y  I n t e r i o r s ,  - 27 ,  72-92, 
1981 . 

- 

( 4 )  T h e f o l l o w i n g n o t e s a p p l y t o t h e r e s p e c t i v e e ~ t h q u a k e n u m b e r :  
4 - l o c a t i o n  v e r y  u n c e r t a i n ,  f e l t  r e p o r t s  s u g g e s t  a more w e s t e r l y  e p i c e n t e r ,  

p e r h a p s  n e a r  t h e  Shumagin I s l a n d s  
12 - l o c a t i o n  v e r y  u n c e r t a i n ,  f e l t  r e p o r t s  s u g g e s t  a more w e s t e r l y  e p i c e n t e r . ,  

p e r h a p s  n e a r  Kodiak I s l a n d  
68 - moment magni tude  8 .7  
82 - moment magni tude  9.2 
83 - moment magni tude  8 .7  

(5) Ear thquake  zones  were  d e f i n e d  a s  f o l l o w s :  

S = A l a s k a - A l e u t i a n  s u b d u c t i o n  zone 
T '= S. E. Alaska t r a n s f o r m  zone 
H = Mainland Alaska  
0  = O u t s i d e  of ~ l a s k a  (Kamchatka, Komandorsky, Queen C h a r l o t t e )  
+ = Ms g r e a t e r  t h a n  o r  e q u a l  t o  7 .0  
- = Ms l e s s  t h a n  7 .0  



Table 3 
Alaskan Earthquake S t a t i s  t i c s  

January 1897 - August 1985 

Region Damaging Major Great 
( M s  > 6 . 5 )  ( M s  > 7 . 0 )  (M, > 7 .8 )  

Alaska-Aleutian Subduct ion  Zone 
Number i n  88.7 y e a r s  
Mean r e p e a t  t ime ( y e a r s )  
Time s i n c e  l a s t  event  ( y e a r s )  
Time. f o r  95% of c a s e s  ( y e a r s )  
Date of t h e  l a s t  even t  

S. E . A 1  a s  ka T r  ansfcorm Zone 
Number i n  88.7 y e a r s  
Mean r e p e a t  t ime ( y e a r s )  
Time s i n c e  l a s t  even t  ( y e a r s )  
Time f o r  95% of c a s e s  ( y e a r s )  
Date of  t h e  l a s t  event  

Cen t r a l  Alaska Se ismic  Zone 
Number i n  88.7 y e a r s  
Mean r e p e a t  t ime ( y e a r s )  
Time s i n c e  l a s t  event  ( y e a r s )  
Time f o r  95% of c a s e s  ( y e a r s )  
Date of l a s t  even t  

A I ~  of Alaska 
Number i n  88.7 y e a r s  
Mean r e p e a t  t ime ( y e a r s )  
Time s i n c e  l a s t  event  ( y e a r s )  
Time f o r  95% of c a s e s  ( y e a r s )  
Date of l a s t  event  

NOTES 

1 ) The d a t a  base  f o r  t h e s e  c a l c u l a t i o ~ s  is t h e  c a t a l o g  of Ms > 7.0 e v e n t s  
based on  t h e  papers  of Abe and Noguchi g iven  i n  Table 2 augmented by d a t a  
f o r  t h e  p e r i o d  Jan .  1981 - Aug. 1985 from t h e  Na t iona l  Earthquake 
Informat ion  S e r v i c e  ( NEIS) . 

2 )  The s t a t i s t i c s  f o r  Ms 6.5 a r e  c a l c u l a t e d  from t h e  Gutenberg and R i c h t e r  
r e l a t i o n :  l o g  N = a  - b  M, assuming a  "b" v a l u e  of 0.9 and us ing  t h e  
d a t a  f o r  MS > 7 .0  e v e n t s  from Table 2 f o r  t h e  p e r i o d  1897 - 1980. 

3)  The mean r e p e a t  t ime f o r  Ms > 6.5 is 88.7 y e a r s  d i v i d e d  by t h e  number of 
even t s  du r ing  t h a t  pe r iod ;  f o r  Ms > 7.0  and M, > 7.8  i t  i s  t h e  average of 
t h e  observed  i n t e r e v e n t  t imes ,  i n c l u d i n g  t h e  t ime s i n c e  t h e  l a s t  event  as 
one of t h e  i n t e r e v e n t  t imes .  

4 )  The " t ime f o r  95% of cases"  is  t h e  x;an Lrlberevent t i m e  p l u s  1.645 times 
one s t a n d a r d  d e v i a t i o n  of t h e  i n t r .  e v e n t  t imes  about  t h e  mean. 



F i  gure  Cap t ions  

F i g u r e  1. I n t e r n a t i o n a l  S e i  sml  o g i c a l  Center r e p o r t s  f o r  ea r thquakes  g r e a t e r  
than  o r  equa l  t o  magini tude 5.5 d u r i n g  the 5-year p e r i o c i  f r o m  1376 t o  
198b. 

F i g u r e  Z .  Tne d o t s  show the e p i c e n t e r  l o c a t i o n s  o t  a l l  s h a l l o w  ( d e p t h  l e s s  
than  70 km) ea r thquakes  i n  A laska  o f  magni tude 7.2 o r  more f r o m  1897 
th rough  19bU. The imp shows J 1  e v e n t s ,  b u t  two a o t s  i n  the  Y a k u t a ~ -  
Yakaaga area a c t u a l l y  r e p r e s e n t  two e v e n t s  each, a n d  two i n  the 
westernniost  A l e u t i a n s  a r e  o f t  the map. The 83-year r e c o r d  t h u s  i n d i c a t e s  
t h a t  A laska had 35 e a r t h q u a k e s  o f  a t  l e a s t  magni tude 7.2, o r  one e v e r y  
2.3 years .  

F i g u r e  3. H is tog ram o t  the rlurnber o f  l a r g e ,  s r la l low e a r t h q u a k e s  i n  Alaska,  
1897-198U. I n  the t o p  g raph  s i x  e v e n t s  a r e  p l o t t e d  w i  t h  PI$ > 8.0; i n  t h e  
b o t t o m  graph b t ~  e v e n t s  w i t h  M s  > 7.U a r e  p l o t t e a .  The r a t 1 0  o t  a b o u t  
1 0 : l  f o r  the nurnber o f  e v e n t s  w i t h  ks 2 7.u vs. those w i t h  Iris 2 8.0 
i m p l i e s  the r e c o r d  o f  M s  7.u i s  p r o b a b l y  comp le te .  T h i s  assulnes t h a t  
a l l  even ts  o f  1vis 2 b.0 have been detec tec i  and t h a t  t t ie " D "  v a l u e  f o r  a l l  
o t  Alaska i s  c l o s e  t o  1; b o t h  reasonab le  a s s u ~ ~ ~ p t i o r i s .  Note,  a l s o  t h a t  
the d i s t r i b u t i o n  i n  t i m e  of  t h e  PIs a 7.U e v e n t s  i s  r e a s o n a b l y  un i to rm.  
The aa ta  f o r  t h i s  h i s t o g r a m  a r e  f rorn kbe a n u  ~ i o g u c h i ;  see l a b l e  Z f o r  
r e t e r e n c e s .  

F i  gure  4. S t r e s s  t r a j e c t o r y  nap fro111 t s t a b r o o k ,  (1985) .  b t r e s s  
t r a j e c t o r i e s ,  heavy b roken  l i n e s ,  a f t e r  Nakamura e t  a1 ~ 1 9 8 0 ) .  
Ear thquake e p i c e n t e r s  t o r  IVI > 6.U e v e n t s ,  so l ic r  d o t s ,  frorn N a t i o n a l  
Ear thquake I n t o r m a t i o n  S e r v i c e  ( N E I S ) .  The 5U km d e p t h  c o n t o u r  o f  t h e  
W a d a t i - b e n i o f f  zone, m a i u r n  heavy l i n e s ,  trorn Stone ( l 9 b d )  and Stephens 
e t  a1 (1984) .  The KM-1  l i n e  and  t h e  p l a t e  convergence r a t e  a r e  a f t e r  
l r l i ns te r  e t  a1 (1974) .  The r i g i d  i n u e n t o r ,  stlown Dy s t i p p l e a  area between 
t h e  t r e n c h  and t h e  50 kni a e p t h  c o n t o u r ,  i s  a t t e r  u a v i e s  ( 1 9 8 3 ) .  

F i g u r e  5. Focal rrechanisrns i n  l n t e r i o r  A laska,  trorn Leaney ( 1 9 8 2 ) .  
Nechanisms a r e  shown by 1  ower hemisphere, s t e r e o g r a p h i c  p l o t s  o f  f i r s t -  
ino ti on u i  r e c t i  ons where t t ie shaaea quauran t s  r e p r e s e n t  colnpressi  ons and 
the  unshadeu r e p r e s e n t  r a r e f a c t i o n s .  

F i g u r e  o. Focal  nechanisms i n  Nor t r l e rn  A laska f r o m  E s t a b r o o k  ( 1 ~ 0 5 ) .  
Mechanisms a r e  a s  shown i n  F i g u r e  4. A l s o  shown a r e  M > 4.U ear thquakes,  
open c i r c l e s  ( i u t l b ) ;  ana f a u l t s  a t t e r  K i n y  L l 9 b 9 ) .  lvlechanisms a r e  
p l o t t e d  w i t h  n o r t h  up, n o t  pa ra1  l e l  t o  the map y r i d .  

F i g u r e  7. Focal mechanisms i n  k e s t e r n  Alaska,  trorrl Biswas ( i 9 8 5 ) .  
Mechanisms a r e  upper herni sphere,  s t e r o g r a p h i c  p l o t s  o f  f i r s t - m o t i o n  where 
the shadea q u a a r a n t  r e p r e s e n t  r a r e f d c t i o n s  and the  unstlaaed ones 
r e p r e s e n t  compressi  ons. 

F i g u r e  8. t p i c e n t e r  map f o r  n o r t h e r n  A laska f rom E s t a b r o o k  (1985) .  The open 
c i r c l e s  r e p r e s e n t  e p i c e n t e r s  f o r  a l l  M > 5.0 e v e n t s  i n  t h e  N E I S  f i l e s  f o r  
t h i s  r e g i o n  t h r o u g h  1983. 

F i g u r e  9. E p i c e n t e r  map f o r  n o r t h e r n  Alaska from1 t s t a b r o o k  (1985) .  The open 
c i r c l e s  r e p r e s e n t  e p i c e n t e r s  f o r  a1 1  111 > 3.U e v e n t s  f o r  the  y e a r s  1976- 
1979, a  t ire p e r i o d  o f  r e l a t i v e l y  good, s t a t i o n  coverage.  



Figure 10.  Epicenter map f o r  northern Alaska from Estabrook (1985).  The 
open c i r c l e s  represent  the  re loca ted  epicenters  of a l l  earthquakes 
located by the  Geophysical I n s t i t u t e  f o r  the  period 1967-1983. Note NW- 
S E  t rending l i nea t i on  of ep icen te r s  a t  about 65.5 N and 145 W which is  
copara l l e l  w i t h  the  t r a c e  of t h e  Tint ina  Fault .  

Figure 1 1 .  Map of major f a u l t  systems i n  Alaska from Estabrook (1985) a f t e r  
Stone (pers .  comm., 1985).  
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F i g u r e  9 E a r t h q u a k e s  w i t h  m a g n i t u d e s  g r e a t e r  t h a n  3 f o r  
t h e  y e a r s  1 9 7 6  to  1 9 7 9 .  S o u r c e  t h i s  s t u d y .  






