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I. Sumnary o f  ob jec t i ves ,  conc lus ions,  and i m p l i c a t i o n s  w i t h  respec t  t o  OCS 

o i l  and gas development. 

The o b j e c t i v e  o f  t h i s  research i s  t o  analyze t he  earthquake a c t i v i t y  i n  

t h e  Nor theast  G u l f  o f  Alaska (NEGOA) and adjacent  onshore areas i n  o rde r  t o  

develop a  b e t t e r  model f o r  t h e  c u r r e n t  t e c t o n i c  framework. Th is  i n f o r m a t i o n  

i s  c r i t i c a l  t o  t h e  estab l ishment  o f  c r i t e r i a  f o r  t h e  sa fe  development o f  o i l  

and gas. A g rea t  earthquake (M > 8 )  assoc ia ted  w i t h  low-angle ob l i que  

u n d e r t h r u s t i n g  of t h e  sea f l o o r  beneath t h e  c o n t i n e n t a l  she l f  cou ld  be 

accompanied by s t r o n g  ground shak ing throughout  much o f  t he  eas te rn  G u l f  o f  

Alaska, p o s s i b l y  f r om Cross Sound t o  Kayak I s l a n d  (Page, 1975) and cou ld  

t r i g g e r  tsunamis, seiches, and submarine slumping, any o f  which cou ld  be 

hazardous t o  o f f s h o r e  and coas ta l  s t r u c t u r e s  (Meyers, 1976).  

Dur ing  t h e  pas t  year  p a r t i c u l a r  emphasis has been p laced  on develop ing a 

k inemat ic  model t o  represen t  t h e  r e g i o n a l  t e c t o n i c  framework a p p l i c a b l e  t o  t h e  

NEGOA. This  has i n v o l v e d  s tudy  of t h e  se ismic  da ta  c o l l e c t e d  d u r i n g  t h e  pas t  

5 years as w e l l  as rev iew o f  t h e  h i s t o r i c  se ismic reco rd  and geo log ic  

c o n s t r a i n t s .  The t e c t o n i c  model developed, a l though s t i l l  t e n t a t i v e ,  r e f l e c t s  

our c u r r e n t  s t a t e  o f  knowledge. 

I n  t he  proposed model, t h e  p o r t i o n  of t he  Nor th  American p l a t e  bo rde r i ng  

t h e  G u l f  o f  A laska i s  d i v i d e d  i n t o  two sub-blocks, which are p a r t i a l l y  coupled 

t o  t h e  P a c i f i c  p l a t e .  Based on t he  model, f u t u r e  earthquakes w i l l  be most 

f r equen t  a long t h e  n o r t h  d i p p i n g  t h r u s t  f a u l t s  o f  t h e  Pamplona zone, between 

I c y  Bay and t h e  A l e u t i a n  megathrust.  Earthquakes shou ld  a l s o  be expected, 

a l though l e s s  f r e q u e n t l y ,  on t h e  t h r u s t  con tac t  between t h e  P a c i f i c  p l a t e  and 

t h e  Yakutat  b lock.  Th is  hypothes ized t h r u s t  boundary u n d e r l i e s  t h e  o f f s h o r e  

r e g i o n  south o f  Yakutat  a t  sha l low depth and d ips  g e n t l y  t o  t he  n o r t h  o r  

nor thwest .  



A rough es t ima te  of t h e  l e v e l  o f  se ismic  a c t i v i t y  and t h e  l a r g e s t  expected 

event  has been made f o r  each of t he  f ou r  p r i n c i p a l  source reg ions  e f f e c t i n g  

t h e  NEGOA. For  example, t h e  r e t u r n  p e r i o d  f o r  events  g rea te r  than  o r  equal 

7.3 on t h e  t h r u s t  zone u n d e r l y i n g  t h e  Yakutat  b l ock  i s  es t imated  t o  be 180 

years .  These es t imates  should  be sub jec ted  t o  f u r t h e r  rev iew and compared 

w i t h  those de r i ved  by o the r  methods be fo re  be ing  used i n  f u r t h e r  

c a l c u l a t i o n s .  The f i n a l  s t ep  i n  gene ra t i ng  parameters u s e f u l  t o  des ign 

engineers  has no t  been taken. Th is  would i n v o l v e  genera t ing  es t imates  o f  t h e  

p r o b a b i l i t y  o f  a  g i ven  l e v e l  o f  shak ing as a f u n c t i o n  o f  exposure t ime  and 

s i t e  1  oca t  i on. 

The l e v e l  o f  se ismic  a c t i v i t y  d u r i n g  t he  pas t  tens  o f  years  has been lower 

t han  would be expected i f  t h e  r a t e  o f  s e i s m i c i t y  were cons tan t  and g i ven  by  

t h e  r e t u r n  pe r i ods  c a l c u l a t e d ,  Th is  d iscrepancy cou ld  be i n t e r p r e t e d  as an 

i n d i c a t i o n  t h a t  a  l a r g e  percentage o f  t h e  r e g i o n a l  p l a t e  convergence takes  

p l ace  ase i sm ica l l y .  Given t h e  temporal  f l u c t u a t i o n s  i n  s e i s m i c i t y  observed 

elsewhere i n  t h e  wor ld ,  t h e  sequence o f  magnitude 8 events  t h a t  occur red  a t  

t h e  t u r n  o f  t he  cen tu ry ,  and t h e  recen t  magnitude 7.3 (M S )  S t .  E l i a s  

earthquake, we conclude t h a t  t h e  r ecen t  low l e v e l  o f  a c t i v i t y  i s  w e l l  below 

t he  average t o  be expected. 

11. I n t r o d u c t i o n  

A. General na tu re  and scope o f  study. 

The purpose o f  t h i s  research  i s  t o  i n v e s t i g a t e  t h e  earthquake p o t e n t i a l  i n  

t h e  NEGOA and ad jacen t  onshore areas. Th is  w i l l  be accomplished by assessing 

t h e  h i s t o r i c a l  se ismic  r e c o r d  as w e l l  as by c o l l e c t i n g  new and more d e t a i l e d  

in fo rmat ion  on bo th  t h e  d i s t r i b u t i o n  o f  c u r r e n t  s e i s m i c i t y  and t h e  na tu re  of 

s t r o n g  ground mot ion  r e s u l t i n g  f rom l a r g e  earthquakes. 



0. S p e c i f i c  Ob jec t i ves .  

1. Record t h e  l o c a t i o n s  and magnitudes o f  a l l  s i g n i f i c a n t  

earthquakes w i t h i n  t h e  NEGOA area. 

2. Prepare f o c a l  mechanism s o l u t i o n s  t o  a i d  i n  i n t e r p r e t i n g  t h e  

t e c t o n i c  processes a c t i v e  i n  t h e  reg ion .  

3. I d e n t i f y  b o t h  o f f s h o r e  and onshore f a u l t s  t h a t  a re  capable o f  

gene ra t i ng  earthquakes. 

4. Assess t h e  n a t u r e  o f  s t r o n g  ground shak ing assoc ia ted  w i t h  l a r g e  

earthquakes i n  t h e  NEGOA. 

5. Compile and eva lua te  f requency  vs. magnitude r e l a t i o n s h i p s  f o r  

se ismic  a c t i v i t y  w i t h i n  and ad jacent  t o  t h e  s tudy  areas. 

6. Evaluate t h e  observed s e i s m i c i t y  i n  c l o s e  coopera t ion  w i t h  

OCSEAP Research U n i t s  16 and 251 towards development of an 

earthquake p r e d i c t i o n  c a p a b i l i t y  i n  t h e  NEGOA. 

C. Relevance t o  problem o f  pet ro leum development. 

I t  i s  c r u c i a l  t h a t  t h e  se ismic  p o t e n t i a l  i n  t h e  NEGOA be c a r e f u l l y  

analyzed and t h a t  t h e  r e s u l t s  be i n c o r p o r a t e d  i n t o  t h e  p lans  f o r  f u t u r e  

pet ro leum development. Th i s  i n f o r m a t i o n  shou ld  be cons idered i n  t h e  s e l e c t i o n  

o f  t r a c t s  f o r  lease sa les,  i n  choos ing t h e  l o c a l i t i e s  f o r  land-based 

opera t ions ,  and i n  s e t t i n g  minimum des ign s p e c i f i c a t i o n s  f o r  b o t h  coas ta l  and 

o f f s h o r e  s t r u c t u r e s .  

111. Cur ren t  s t a t e  o f  knowledge 

The eas te rn  G u l f  o f  A laska and t h e  ad jacen t  onshore areas a re  undergoing 

compressi ona l  deformat ion caused by nor th-nor thwestward m i g r a t i o n  o f  t h e  

P a c i f i c  p l a t e  w i t h  r espec t  t o  t h e  No r th  American p l a t e  ( F i g u r e  1). D i r e c t  

ev idence f o r  con t inued  convergent mot ion  comes f r om s t u d i e s  o f  l a r g e  

earthquakes a long  p o r t  i ons  o f  t he  P a c i f  i c - N o r t h  American p l a t e  boundary 

ad jacen t  t o  t h e  eas te rn  G u l f  o f  Alaska. 



Figure 1. Current motion o f  P a c i f l c  p l a t e  with respect to  Nor th  

Amerlcan p l a t e .  Juan de Fuca (J.F.) p l a t e  a lso shown. 

Star indicates epfcenter o f  the earthquake of 

28 February, 1979. 



The 1958 earthquake on t h e  Fa i rwea ther  f a u l t  i n  southeast  A laska  was 

accompanied by r i g h t  l a t e r a l  s l i p  o f  as much as 6.5 m (Tocher, 1960). The 

1964 Alaska earthquake r e s u l t e d  f r om d i p  s l i p  mot ion  o f  about 12 m ( H a s t i e  and 

Savage, 1970) on a f a u l t  p lane  d i p p i n g  nor thwestward beneath t h e  c o n t i n e n t  

f r om  t h e  A l e u t i a n  Trench and ex tend ing  f r om eas te rn  P r i n c e  W i l l i a m  Sound t o  

southern Kodi  ak I s l and .  I n  t h e  i n t e r v e n i n g  r e g i o n  between these  earthquakes, 

f rom approx imate ly  Yakutat  Bay t o  Kayak I s l and ,  t h e  p r e c i s e  manner i n  which 

t h i s  convergent mot ion  i s  accommodated i s  no t  known. The model which i s  

presented here  f o r  accomnodating t h e  r e g i o n a l  convergence i s  based on work i n  

progress by Lahr and P l a f k e r  and has been r e p o r t e d  on p r e v i o u s l y  (Lahr  e t  a1 ., 
1979A). 

I V .  Study Area. 

Th is  p r o j e c t  i s  concerned w i t h  t h e  s e i s m i c i t y  w i t h i n  and ad jacen t  t o  t h e  

eas te rn  G u l f  o f  A laska c o n t i n e n t a l  s h e l f  area. Th i s  i s  t h e  southern coas ta l  

and ad jacen t  c o n t i n e n t a l  s h e l f  r e g i o n  of A laska between Montague I s l a n d  and 

Cross Sound. 

V. Methods and r a t i o n a l e  o f  da ta  c o l l e c t i o n .  

The s h o r t - p e r i o d  seismograph s t a t i o n s  i n s t a l l e d  a long t h e  eas te rn  Gulf of 

A laska under t h e  Outer Con t i nen ta l  She l f  Environmental  Assessment Program as 

w e l l  as t h e  o t h e r  s t a t i o n s  operated by  t h e  USGS i n  southern A laska a re  shown 

i n  F i g u r e  1 o f  Chapter X. Single-component s t a t i o n s  r e c o r d  t h e  v e r t i c a l  

component o f  t h e  ground mot ion,  w h i l e  three-component s t a t i o n s  have 

ins t ruments  t o  measure no r t h - sou th  and east-west mot ion  as w e l l .  Data f r om  

these  ins t ruments  a re  used t o  determine t h e  parameters o f  earthquakes as smal l  

as magnitude I. The parameters of i n t e r e s t  a re  ep i cen te r ,  depth, magnitude, 

and f o c a l  mechanism. These da ta  a re  r e q u i r e d  t o  f u r t h e r  our  unders tanding o f  

t h e  r e g i o n a l  t e c t o n i c s  and t o  i d e n t i f y  a c t i v e  f a u l t s .  



A network of s t r o n g  mot ion  ins t ruments  i s  a l s o  operated. These dev ices 

a re  designed t o  t r i g g e r  d u r i n g  l a r g e  earthquakes and g i v e  h i g h - q u a l i t y  r eco rds  

o f  l a r g e  ground mot ions which a re  necessary f o r  eng ineer ing  des ign purposes. 

V I . ,  V I I .  and V I I I .  Resu l t s ,  D iscuss ion  and Conclusions. 

The nex t  f o u r  sec t i ons  on k i nema t i c  model, p l a t e  mot ions,  comparison w i t h  

observat ions,  and i m p l i c a t i o n s  f o r  se ismic  hazards are excerp ts  f r om  Lahr and 

P l a f k e r  (1980). 

PROPOSED KINEMATIC MODEL FOR PACIFIC-NORTH AMERICAN INTERACTION 

A work ing  model has been developed f o r  t h e  Holocene P a c i f i c - N o r t h  American 

p l a t e  i n t e r a c t i o n  a long  t he  G u l f  o f  Alaska. I n  t h i s  model deformat ion w i t h i n  

t h e  Nor th  American p l a t e  i s  concen t ra ted  m a i n l y  on t h e  boundar ies o f  two 

b locks .  F i r s t ,  these  boundar ies w i l l  be descr ibed, then t h e  mot ions w i t h i n  

t h e  model w i l l  be g iven  and f i n a l l y  t h e  model w i l l  be compared w i t h  t h e  

a v a i l a b l e  da ta  on displacement r a t e s .  The t e c t o n i c  s e t t i n g  and major  

boundar ies a re  i l l u s t r a t e d  i n  F i g .  2. The Yakutat  b lock  (YB), which has been 

descr ibed  by P l a f k e r  and o the rs  (1978), i s  bounded by t h e  T r a n s i t i o n  zone 

(TZ) ,  t h e  Fa i rwea ther  f a u l t  ( F ) ,  and t h e  Pamplona zone (PZ) which passes 

through I c y  Bay ( I ) .  Nor th  and eas t  o f  t h e  Yakutat  b l ock  i s  t h e  Wrangel l  

b l ock  (WB). The Wrangel l  b l ock  i s  bounded on t h e  no r t heas t  by t h e  Dena l i  (D), 

Totschunda (T ) ,  Duke R i ve r  (DR), Da l ton  (DA), and Chatham S t r a i t  ( C )  f a u l t s ,  

and on t h e  south by  t h e  A l e u t i a n  megathrust  (AM), t h e  Pamplona zone (PZ), and 

t h e  Fai rweather  f a u l t ,  i n c l u d i n g  i t s  o f f s h o r e  c o n t i n u a t i o n  (F ) .  The 

nor thwes te rn  boundary o f  t h e  Wrangel l  b l ock  i s  specu la t i ve ;  i t  i s  t e n t a t i v e l y  

assumed t o  d i ve rge  southward f r o m  the Dena l i  f a u l t ,  th rough  Cook I n l e t  (C I ) ,  

around Kodiak I s l a n d  (KO) and back t o  t h e  A l e u t i a n  megathrust .  

The ex ten t  and c o n f i g u r a t i o n  o f  t he  P a c i f i c  p l a t e  u n d e r l y i n g  A laska can be 

i n f e r r e d ,  a t  l e a s t  p a r t l y ,  from t h e  d i s t r i b u t i o n  o f  subc rus ta l  earthquakes 

t h a t  make up t h e  Beniof f  zone. These events occur  w i t h i n  t h e  unde r t h rus t  



Fi.g. 2 Map o f  southern Alaska and western Canada emphasizin t h e  
p r i n c ~ p a l  r e g ~ o n a l  t e c t o n ~ c  f ea tu res .  F a u l t s  a f t e r  (Clague, 197g; Bei  kman, 
1978). KO, Kodiak Is land ;  M, M idd le ton  Is land ;  K, Kayak I s l and ;  C I ,  Cook 
I n l e t ;  PWS, P r i n c e  W i l l i a m  Sound; 1, Icy  Bay; Y, Yakutat  Bay; WV,  Wrangel l  
vo lcan ics ;  RZ, r u p t u r e  zone of 28 February 1979 earthquake; AM, A l e u t i a n  
megathrust;  TZ, T r a n s i t i o n  zone; Q, Quten C h a r l o t t e  I s l a n d s  f a u l t ;  C, Chatham 
S t r a i t  f a u l t ;  DA, Da l t on  f a u l t ;  DR, Duke R i v e r  f a u l t ;  T, Totschunda f a u l t ;  D, 
Dena l i  f a u l t ;  TT, Ta lkeetna f a u l t ;  F, Fa i rweather  f a u l t ;  PZ, Pamplona zone; 
double l i n e ,  50 km i s o b a t h  o f  B e n i o f f  zone, que r i ed  where i n f e r r e d ;  WB, 
Wrangel l  b lock;  YE, Yakutat  Block. 



oceanic  p l a t e  near i t s  upper sur face.  The 50-km i soba th  o f  earthquake f o c i  

shown i n  F i g .  2 nor thwes t  o f  t h e  A l e u t i a n  megathrust  (AM) rep resen t s  an a c t i v e  

B e n i o f f  zone (Lahr,  1975). F u r t h e r  east ,  however, nor thwest  o f  t h e  T r a n s i t i o n  

zone (TZ) ,  no earthquakes as deep as 50 km have been observed, and a Beniof f  

zone i s  no t  de f i ned  here. 

The c o n t i n u i t y  o f  t he  P a c i f i c  p l a t e  below t h e  G u l f  o f  A laska and t h e  

hundreds o f  k i l ome te r s  o f  convergence i n d i c a t e d  by  t h e  B e n i o f f  zone nor thwest  

o f  P r i nce  W i l l i a m  Sound imp l y  t h a t  a  s i m i l a r  amount o f  convergence has taken 

p l ace  i n  t h e  zone between P r i n c e  W i l l i a m  Sound and t h e  Queen C h a r l o t t e  I s l a n d s  

f a u l t .  The que r i ed  50-km i s o b a t h  i n  F ig .  2 i n d i c a t e s  a p l a u s i b l e  p o s i t i o n  f o r  

t h e  unde r t h rus t  P a c i f i c  p l a t e  based on two assumptions: t h e  f i r s t  i s  t h a t  t h e  

andesi t i c  Wrangel l  v o l c a n i c  rocks  ( W V ) ,  (De in inger ,  1972; MacKevett, 1978) a re  

s i t u a t e d  approx imate ly  above t h e  100-km i soba th  o f  t h e  B e n i o f f  zone as i s  

t y p i c a l  f o r  a n d e s i t i c  volcanoes assoc ia ted  w i t h  an unde r t h rus t  p l a t e ;  t h e  

second i s  t h a t  t h e  d i p  o f  t h e  p l a t e  between.50 and 100 km depth i s  s i m i l a r  t o  

t h a t  observed elsewhere a long  t h e  A l e u t i a n  a r c  (Davies and House, 1979). The 

Wrangel l  volcanoes have n o t  been h i g h l y  e r u p t i v e  f o r  about 3 my, however, and 

may no longer  be a l i g n e d  above t h e  B e n i o f f  zone. I n  any case i t  seems l i k e l y  

t h a t  t h e  P a c i f i c  p l a t e  extends a t  sha l l ow  depths below much o f  t h e  Yakutat  and 

Wrangell  b locks,  a c o n f i g u r a t i o n  t h a t  shou ld  be conducive t o  s i g n i f i c a n t  

coup l i ng  between those  b locks  and t h e  P a c i f i c  p l a t e .  



PLATE MOTIONS I N  MODEL 

Mot ions i n  t h e  k i nema t i c  model p resen ted  i n  t h i s  paper a re  r e 1  a t i v e  t o  t h e  

s t a b l e  p a r t s  o f  t h e  No r th  American p l a t e ,  i n  p a r t i c u l a r  t h e  i n t e r i o r  of 

Alaska. F i r s t  t h e  v e l o c i t i e s  i n  t h e  p r e f e r r e d  model w i l l  be g iven  and then  

t h e y  w i l l  be compared w i t h  t h e  a v a i l a b l e  da ta  on r e l a t i v e  r a t e s  o f  mot ion.  

The P a c i f i c  p l a t e  i s  r o t a t i n g  c l ockw i se  about a p o l e  i n  eas te rn  Canada, and i s  

moving northwestward a t  6.5 cmlyr  a long t h e  Queen C h a r l o t t e  I s l a n d s  f a u l t .  

The v e l o c i t y  inc reases  t o  t h e  southwest as d i s t ance  f r om t h e  p o l e  o f  r o t a t i o n  

increases.  The Yakutat  b l ock  i s  moving p a r a l l e l  t o  t h e  P a c i f i c  p l a t e  bu t  w i t h  

a  s l i g h t l y  lower  r e l a t i v e  v e l o c i t y  (-6 cm/yr) .  Mot ion o f  t h e  Wrangel l  b l ock  

i s  taken t o  be coun te rc lockw ise  r o t a t i o n  about an a x i s  near Kodiak I s l and ,  

such t h a t  i t s  no r t heas te rn  edge moves i n  a  r i g h t - l a t e r a l  sense r e l a t i v e  t o  t h e  

No r th  American p l a t e  w i t h  a  v e l o c i t y  o f  approx imate ly  1 cm/yr. The r e l a t i v e  

r a t e s  o f  mot ion  a re  i n d i c a t e d  i n  F ig .  3. 

COMPARISON OF MODEL WITH OBSERVATIONS 

Th is  k i nema t i c  model i s  i n  reasonable  agreement w i t h  h i s t o r i c a l  s e i s m i c i t y  

and known r a t e s  o f  r e l a t i v e  p l a t e  movement, where da ta  a re  a v a i l a b l e .  

H i s y o r i c a l  l a r g e  earthquakes a long  t h e  Queen C h a r l o t t e  I s l a n d s  ( Q )  and t h e  

Fa i rwea ther  ( F )  f a u l t s  w i t h  d e x t r a l  s t r i  k e - s l i p  mot ion  suppor t  t h e  v i ewpo in t  

t h a t  these  a re  p r i n c i p a l  p l a t e  boundar ies (Tobin  and Sykes, 1968; Gawthrop and 

others ,  1973). 

The r a t e  o f  r e l a t i v e  mot ion  across t h e  Fa i rwea ther  f a u l t  has p robab l y  

averaged r o u g h l y  5.8 cmlyr  i n  a  r i g h t - l a t e r a l  sense f o r  t h e  pas t  thousand 

years  (P la f ke r  and o thers ,  1978), i n  reasonable  agreement w i t h  t h e  va lue  o f  5 

crn/yr p r e d i c t e d  by  t h e  model. 



F ig .  3 Proposed model f o r  p resen t  c r u s t a l  deformat ion a long t h e  
P a c i f i c - N o r t h  American p l a t e  boundary i n  southern and southeast  Alaska. 
C i r c l e d  numbers g i v e  r a t e  o f  mot ion  ( cm ly r )  o f  P a c i f i c  p l a t e ,  Yakutat  b l ock  
and Wrangel l  b l ock  w i t h  respec t  t o  Nor th  American p l a t e .  Numbers nex t  t o  
p a i r e d  vec to r s  g i v e  r a t e  o f  mot ion  across i n d i c a t e d  zone. Do t t ed  bands 
enc lose sur face ou tc rops  o f  ma jo r  zones o f  deformat ion and f a u l t i n g .  A-B 
l o c a t i o n  o f  cross s e c t i o n  o f  F i g .  3; WB, Wrangell b lock;  YB, Yakutat  b l o c k .  



The Yakutat  b l ock  may have a more n o r t h e r l y  d i r e c t i o n  o f  mot ion  than  t h a t  

g iven by t h e  model. Convergence across t he  Fai rweather  f a u l t  i s  suggested by 

young u p l i f t ,  f o l d i n g  and f a u l t i n g  a long  t h e  coas t  i n  t h e  L i t u y a  Bay Area 

( P l a f k e r  and o thers ,  1978) and u p l i f t  i n  t h e  Yakutat  Bay area t h a t  i s  bes t  

exp la ined  by movement on i n f e r r e d  northeast-to-north-dippling t h r u s t  f a u l t s  

(Thatcher and P la f ke r ,  1977). Since t h e  conc lus ions o f  t h i s  paper a re  n o t  

e f f e c t e d  by t h e  exact  o r i e n t a t i o n  o f  t h e  Yakutat  b l ock  mot ion, t h e  s i m p l e t  

assumption o f  mot ion p a r a l l e l  t o  t he  P a c i f i c  p l a t e  mot ion has been used. The 

model r a t e s  f o r  t h e  Yakutat  b lock  and P a c i f i c  p l a t e  were s e t  t o  g i ve  some 

convergence across the  T r a n s i t i o n  zone (TZ), i n  agreement w i t h  da ta  f rom t h e  

6*7 (Ms) earthquake which occur red  a long  t he  c o n t i n e n t a l  margin southwest of 

Cross Sound. The r u p t u r e  zone o f  t h i s  earthquake, as de l i nea ted  by 

aftershocks, was 60 km l o n g  by 15 km wide, and t h e  f o c a l  mechanism i s  

compat ib le  w i t h  o b l i q u e  t h r u s t  f a u l t i n g  (Gawthrop and others ,  1973). 

The Pamplona zone, which c o n s t i t u t e s  t h e  nor thwestern boundary of t h e  

Yakutat  b lock,  i s  a  broad zone o f  l a t e  Cenozoic onshore and o f f s h o r e  f o l d s  and 

t h r u s t  f a u l t s  which d i p  t o  t h e  nor thwest  o r  n o r t h  ( P l a f k e r  and o thers ,  1978; 

Thatcher and P la f ke r ,  1977). Seismic a c t i v i t y  has been recorded a long b o t h  

of fshore and onshore p o r t i o n s  o f  t h i s  zone (Page, 1975; Stephens and others ,  

1979). 

The Dena l i  (D )  and Totschunda ( T )  f a u l t s  o f  F i g .  1 have undergone 1 t o  2 

cm/yr average d e x t r a l  d isplacement d u r i n g  t h e  Holocene ( R i c h t e r  and Matson, 

1971; P la fker  and o thers ,  1977; S tou t  and o thers ,  1973) a l though some p a r t s  

may n o t  have moved d u r i n g  t h e  pas t  1,500 t o  2,000 years  ( P l  a fke r  and others ,  

1977). The Duke R i v e r  (DR) ,  Da l ton  (DA), and Chatharn S t r a i t  ( C )  f a u l t s  do n o t  

prove Holocene displacements, and i n  some p laces t h e r e  i s  geomorphic evidence 

t o  support  t he  v iewpo in t  t h a t  t h e y  c o u l d  n o t  have moved more than one o r  two 

meters i n  t h e  pas t  few hundred years (Clague, 1979). However, because se ismic 



a c t i v i t y  has been noted i n  t he  v i c i n i t y  o f  these f a u l t s  (Clague, 1979), they  

are considered the  most l i k e l y  southern con t i nua t i on  o f  the Denali-Totschunda 

system. Dext ra l  motion o f  more than a t o t a l  o f  0.5 km i s  precluded on a 

d i r e c t  connect ion between the  Totschunda and Denal i  f a u l t s  by geologic  data 

( P l  afker  and others, 1978). Thus, if t h e  Fairweather f a u l t  has s h o r t  

c i r c u i t e d  across the  Saint  E l i a s  Mountains t o  connect w i t h  the  Totschunda 

f a u l t ,  t h i s  newly es tab l ished break cannot be more than 25,000 t o  50,000 years 

01 d. 

Counterclockwise r o t a t i o n  o f  the Wrangell b lock (WB) would produce 

convergence on i t s  northwestern edge which would be greatest  towards the  

nor th,  along the  zone of unnamed f a u l t s  (TT) t h a t  diverge f rom the Denal i 

f a u l t  and t r e n d  southwestward p a r a l l e l  t o  t h e  Alaska Range, between t h e  

Chul i tna  R iver  and Tonzona/Tatina Rivers (Reed and Nelson, 1977). West of 

these f a u l t s ,  which are most ly  t h r u s t  f a u l t s ,  t h e r e  i s  no evidence t h a t  t h e  

Denal i  f a u l t  has been a c t i v e  i n  Quaternary t ime (P la f ke r  and others, 1977). 

Ro ta t i on  o f  t h e  Wrangell block, as proposed here, i s  cons is ten t  w i t h  t h e  

change i n  s t r i k e  between the Denal i  (D) ,  Totschunda (T), and Chatharn S t r a i t  

( C )  f a u l t s .  The western boundary o f  t h e  Wrangell b lock i s  h y p o t h e t i c a l l  The 

convergent motion across t h i s  boundary may be accommodated by a broad zone o f  

f o l d i n g .  

The Pac i f i c -Nor th  American r e l a t i v e  motion assumed i n  t h i s  model i s  

rough ly  10% higher  than t h e  average found f o r  t he  past 3 my by g loba l  

p late-mot ion recons t ruc t i on  (Minster  and Jordan, 1978). The h igher  r a t e  

a l lows a c lose r  f i t  t o  t h e  observed displacement r a t e  on t h e  Fairweather f a u l t  

and i s  not  an unreasonable dev ia t i on  s ince  on l y  t he  Holocene epoch i s  of 

concern here. 



IMPLICATIONS OF PROPOSED KINEMATIC MODEL FOR 

EASTERN GULF OF ALASKA SEISMIC HAZARDS 

Lease s a l e  55 i s  l oca ted  south o f  Yakutat Bay on t h e  Yakutat b lock,  This  

reg ion  w i l l  be subjected t o  ground shaking f rom f i v e  d i s t i n g u i s h a b l e  seismic 

source regions.  

1) Under th rus t ing  o f  the P a c i f i c  p l a t e  below the  Wrangell b lock  northwest 

o f  the  A leu t i an  megathrust. The 1964 Alaska earthquake (9.2 Mw 8.4 MS) 

was o f  t h i s  type and rup tu red  from about Kayak I s l a n d  t o  southern Kodiak 

Is land.  

2 )  Under th rus t ing  of the  Yakutat b lock  and t h e  P a c i f i c  p l a t e  below the  

Wrangell block. This  source reg ion  extends approximately 200 krn northwest 

from the  Pamplona zone. The February 1979 St. E l i a s  earthquake (7.3 MS) 

noted on Figs. 2 and 3 was o f  t h i s  type. 

3 )  F a u l t i n g  a long the  nor theas t  boundary o f  t he  Yakutat block. Typica l  

of t h i s  would be t h e  1958 earthquake (8.2 M , 7.9 M ) which i nvo l ved  dex t ra l  

s t r i k e - s l i p  on the Fairweather f a u l t ,  Also inc luded would be the  Yakutat Bay 

earthquake (8.4 M,) o f  10 September 1899 which i nvo l ved  complex t h r u s t  

f a u l t i n g  w i t h  as much as 14 rn o f  v e r t i c a l  displacement (Thatcher and P la f ke r ,  

1977). 

4) Under th rus t ing  o f  the  P a c i f i c  p l a t e  below t h e  Yakutat block. Although 

no h i s t o r i c  great  earthquake o f  t h i s  type  i s  known t o  have occurred, i t  would 

no t  be prudent t o  exclude the  p o s s i b i l i t y  o f  one occu r r i ng  i n  t he  f u t u r e .  

5 )  Earthquakes o f  smal ler  magnitude, up t o  perhaps 6.5 o r  7.0, cou ld  

probably  occur w i t h  f i n i t e  p r o b a b i l i t y  anywhere w i t h i n  t h e  Yakutat and 

Wrangell blocks. A1 though t h e  1 argest earthquakes would probably  fa1 1 i n  

ca tegor ies  1 through 4 and account f o r  n e a r l y  a l l  o f  the  convergent motion, 

smal ler  events t h a t  may occur very  near t h e  engineer ing s t r u c t u r e  i n  quest ion 

must a l so  be taken i n t o  account. F ig.  4 shows the  known seismic a c t i v i t y  i n  

t h e  reg ion  south o f  Yakutat between 1900 and 1979. The USGS seismic network 



EVENTS SOUTH OF YMUAT BAY 
1900 - JAN 1979 

Figure 4.  Map showing earthquake epicenters from NGSDC 
(X's)  and USGS (c i rc les  - better control ; tr iangles - 
poorer control) scaled by magnitude. Most o f  the 
events occurred in a c luster  near the center of the 
figure. The apparent north-south trend of th i s  
c luster  may be due to  location error .  



was i n s t a l l e d  t o  t h e  n o r t h  i n  t h e  sumner o f  1974. The 46 events  l o c a t e d  by 

t h e  USGS network s i nce  t h a t  t i m e  a re  i n d i c a t e d  by c i r c l e s  ( b e t t e r  e p i c e n t r a l  

c o n t r o l  ) and t r i a n g l e s  (poore r  c o n t r o l  ) on F ig .  4. The symbols a re  sca led  by  

magnitude, which ranges f r om l ess  than  1.0 t o  3.8. A lso  shown, as X 's ,  a re  

t h e  events  f r om  The Na t i ona l  Geophysical  and So la r  T e r r e s t r i a l  Data Center 

(NGSDC) ear thquake-data f i l e  f o r  1900 th rough  J u l y  1978. Th is  f i l e  con ta i ns  

15 events i n  t h e  r eg ion .  The e a r l i e s t  and l a r g e s t  be ing  a magnitude 7 ( M S )  

i n  1908 w h i l e  t h e  t h r e e  most r ecen t  have magnitudes 4.1, 4.2 and 4.4 (Palmer 

magnitude) and occur red  i n  e a r l y  1974. Due t o  l a c k  of d e p t h  c o n t r o l  f o r  t hese  

events,  i t  i s  n o t  c e r t a i n  whether t h e y  occur red  on secondary s t r u c t u r e s  w i t h i n  

t h e  Yakutat  b l ock  o r  on t h e  i n t e r f a c e  between t h e  Wrangel l  b l ock  and t h e  

P a c i f i c  p l a t e  (source  r e g i o n  4 ) .  



ESTIMATED RECURRENCE INTERVALS 

We have thus f a r  i d e n t i f i e d  t he  p l a t e  boundaries i n  t he  southern Alaska 

r e g i o n  t h a t  are expected t o  be s e i s m i c a l l y  a c t i v e  and es t imated  t h e  r a t e  of 

r e l a t i v e  displacement across each. The nex t  s t e p  i s  t o  es t ima te  f o r  each 

r e g i o n  t h e  average number o f  earthquakes per u n i t  t ime  w i t h i n  each magnitude 

i n t e r v a l ,  up t o  t h e  s i z e  of the  l a r g e s t  expected earthquake i n  t h e  reg ion .  

One approach t o  e s t i m a t i n g  t h e  f requency versus magnitude d i s t r i b u t i o n  i s  

t o  use t h e  h i s t o r i c  r e c o r d  o f  s e i s m i c i t y .  Th is  has severa l  disadvantages. 

F i r s t ,  i f  t h e  r a t e  of occurrence o f  smal l  earthquakes measured over  a s h o r t  

i n t e r v a l  of t ime  i s  ex t rapo la ted  t o  l a r g e  events, t he  i m p l i c i t  assumption i s  

t h a t  t h e  r a t e  f o r  smal l  events does n o t  f l u c t u a t e  g r e a t l y  w i t h  t ime. Temporal 

f l u c t u a t i o n s  i n  s e i s m i c i t y  a re  known t o  occur, however, and a re  documented i n  

t h e  M idd le  East (Ambraseys, 1975), eas te rn  China (York, e t  a1 ., 1976) and 

C a l i f o r n i a  (Eaton, i n  p ress) .  Therefore, t h e  s t a t i s t i c a l  parameters 

determined f rom a l arge number o f  smal l  earthquakes cannot n e c e s s a r i l y  be 

e x t r a p o l a t e d  t o  smal l  numbers of 1 arge earthquakes. Second, t h e  h i s t o r i c  

r e c o r d  of l a r g e  events  (M 7 7 )  i n  southern Alaska goes back o n l y  about 80 

years,  so t he  r e c o r d  i s  t o o  s h o r t  t o  be used as a r e l i a b l e  bas is  f o r  t h e  l o n g  

term r a t e  of occurrence o f  l a r g e  events.  

An a l t e r n a t e  method o f  e s t i m a t i n g  recur rence  t ime, based on t h e  on s l i p  

r a t e  and maximum se ismic  moment f o r  a source reg ion ,  has been suggested by 

Molnar (1979). Th is  method equates t he  r a t e  o f  r e l a t i v e  mot ion across a f a u l t  

zone w i t h  t h e  l ong  term average r a t e  o f  s l i p  f rom earthquakes. As a r e s u l t  of 

many u n c e r t a i n t i e s  which en te r  i n t o  these  c a l c u l a t i o n s ,  Molnar (1979) 

es t imates  t h e  de r i ved  recur rence  i n t e r v a l s  may be i n  e r r o r  by as much as a 

f a c t o r  o f  3 t o  5. We f e e l  these  e r r o r s  a re  s t i l l  sma l le r  than those  generated 

by us ing  t h e  h i s t o r i c  se ismic reco rd  alone. 
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Molnar app l i es  t h i s  method t o  t h e  composite P a c i f i c  and I n d i a n  ocean 

subduct ion zones and gets good agreement w i t h  t h e  observed r e c o r d  of g rea t  

earthquakes du r i ng  t h e  pas t  50 years.  F o l l o w i n g  Molnar (1979), i t  w i l l  be 

assumed t h a t  the  d i s t r i b u t i o n  o f  earthquake moments i n  each o f  f o u r  p r i n c i p a l  

source reg ions  i d e n t i f i e d  above can be descr ibed by t h e  r e l a t i o n s h i p  

N(Mo) = ~ M O - O ,  where N(Mo)is t h e  number of events per  year  w i t h  se ismic 

moment g rea te r  than  o r  equal t o  Mo, and 3 and $ 

are  constants .  I f  Momx i s  t he  l a r g e s t  moment f o r  a reg ion ,  A i s  t h e  f a u l t  

area o f  t h e  e n t i r e  reg ion ,  v i s  t h e  l o n g  term s l i p  rate ,  i s  t h e  average r 
shear modulus, and p i s  2/3 then 

N(Mo) = "n, ( ~ ~ ) - 2 / 3  
3 ( %  mr.yj 

(Mol nar, 1979). 

i s  de f i ned  t o  be b/c  where b i s  t h e  c o e f f i c i e n t  i n  t h e  magnitude 

d i s t r i b u t i o n  equa t ion  ( l og (N )  = a - bM) and c i s  t he  c o e f f i c i e n t  i n  t h e  

magnitude-moment r e l a t i o n s h i p  (M = ( l o g  Mo)/c + d ) .  A va lue  o f  2/3 i s  based i: 
on c = 1.5 and b = 1.0. The recur rence  i n t e r v a l  f o r  events w i t h  moments 

g rea te r  than o r  equal Mo b u t  n o t  g rea te r  than  Momx i s  T(Mo) = N(MO)-1 

Region 1. Unde r th rus t i ng  o f  t h e  P a c i f i c  P l a t e  below t h e  Wrangell b lock 

between Kayak I s l a n d  and southern Kodiak I s l and .  

For t h i s  r e g i o n  t h e  1964 Alaska earthquake i s  taken as t h e  l a r g e s t  event.  

From Kanamori and Anderson (1975): 

Mo = Mornx = 8.2 x dyne cm 

A = 1.3 x 1015 cm2 



The values es t ima ted  f o r  t h e  rema in ing  parameters are:  

/Lc = 7 x 1011 dyne cm-2 

v = 6.5 cm yr-l 

The recur rence  r e l a t i o n s h i p  becomes: 

Th i s  g ives  t h e  f o l l o w i n g  recur rence  t imes:  

Region 1 

MO (dyne cm) Recurrence I n t e r v a l  (yr) 

The magnitudes above are based on t h e  f o l l o w i n g  moment-magnitude r e l a t i o n s h i p :  

Mw = ( l o g  Mo)/1.5 - 10.7 (Kanamori, 1977) 

Observed number 27 .3  d u r i n g  past  40 years :  l* 

Expected number 37.3 d u r i n g  40 year  i n t e r v a l :  8.5 

* The 1964 Alaska ear thquake w i t h  Mw = g m 2 ,  



c 

Region 2. Unde r th rus t i ng  o f  t h e  Yakutat  b lock  and t h e  P a c i f i c  p l a t e  below t h e  

Wrangell b lock .  

We w i l l  assume a source r e g i o n  o f  250 x 200 km2 and t h e  k inemat ic  model 

unde r th rus t  r a t e  o f  5.0 cm yr-1. The maximum displacement i s  es t imated  from 

(Mol nar, 1979) 

Assuming t he  s t r e s s  drop, AT, i s  30 bars ( 3  x 107 dyne cm-2), t y p i c a l  o f  

the  l a r g e s t  events (Kanamori and Anderson, 1975); = 7 x 1011 dyne n-1; 

and w, t h e  down d i p  leng th ,  i s  200 km, then  

urnax = 6.4 m and 

Momx =p4umax = 2.3 1132~ dyne cm ( 3  

The recur rence  t ime  r e l a t i o n s h i p  f o r  t h i s  r eg fon  i s  then:  

T(MO) = 1.0 x 10-17 (~012 '3  yr 

Using t h i s  equat ion, t h e  f o l l o w i n g  t a b l e  i s  der ived:  

Region 2 

Magnitude M Mo (dyne cm) Recurrence I n t e r v a l  ( y r )  

% 8.9 2.3 x 1029 380 

3 8.0 ? 1028 4 6 

7.3 2 1027 10 

Observed number 2 7.3 du r i ng  pas t  40 years:  l* 

Expected number 2 7.3 d u r i n g  40 year  i n t e r v a l :  3.3 

*The February 1979 St. E l i a s  earthquake w i t h  MS = 7 . 3 . 



Region 3. F a u l t i n g  a long  t h e  no r t heas t  boundary o f  t h e  Yakutat  b lock .  

Th i s  f a u l t i n g  w i l l  be taken t o  be s t r i k e  s l i p  al though, as ment ioned 

p rev i ous l y ,  t h e  no r t he rn  end i nc l udes  complex t h r u s t i n g  as we1 1. The 1  a rges t  

events i n  t h i s  r e g i o n  w i l l  be assumed t o  have an average o f  4 m o f  s t r i k e  s l i p  

mot ion  on a 350 x  20 km p o r t i o n  o f  t h e  Fa i rwea ther  f a u l t .  

The es t imated  maximum moment i s  

Mom, =pAum,, = ( 3 . 3  x  1011)(7 x  1013)(400) = 9.2 x  dyne cm 

The recur rence  i n t e r v a l  equat ion,  u s i n g  t h e  k i nema t i c  model 's  5 cm yr 

s l i p  r a t e ,  i s  then 

The f o l l o w i n g  t a b l e  g ives  recur rence  i n t e r v a l s  and r a t e s  o f  occurrence f o r  

events  i n  a few s i z e  ca tego r i es .  

Region 3 

Magni tude Mw Mo (dyne cm) Recurrence I n t e r v a l  ( y r  2 

Observed number37.3 d u r i n g  pas t  4 0  years :  l* 

Expected number 2 7.3 d u r i n g  40 year  i n t e r v a l  : 0.73. 

* The 1958 Fa i rwea ther  earthquake w i t h  Ms = 7.9. 



Reqion 4. Unde r th rus t i ng  o f  t h e  P a c i f i c  p l a t e  below t h e  Yakutat  b lock .  

The maximum f a u l t  area f o r  t h i s  zone i s  t h e  t r i a n g u l a r  r e g i o n  w i t h  area 

approx imate ly  4 (150 x 300) km . The maximum displacement can be es t imated  

f rorn 

If, as i n  t h g  case o f  r e g i o n  2, we assume an e f f e c t i v e  downdip l e n g t h  o f  200 

km, t h e  maximum displacement would be approx imate ly  6.4 rn and 

Momx =pAumax = 10z7 dyne cm. 

Using t h e  k inemat ic  model unde r th rus t  r a t e  o f  0.5 cm yr , t h e  recur rence  

r e l a t i o n s h i p  becomes: 

Th is  g ives t h e  f o l l o w i n g  recur rence  t imes:  

Region 4 

Magnitude Mw Mo (dyne cm) Recurrence I n t e r v a l  ( y r )  

8.6 l o z 9  3800 

2 8.0 >, 1028 830 

5 7.3 + 102' 180 

5 6.6 2 1026 39 

Observed number + 6.6 du r i ng  pas t  40 years:  l* 

Expected number 3 6.6 d u r i n g  40 year  i n t e r v a l :  1. 

* The Cross Sound earthquake o f  1973 w i t h  Ms = 6.7. 

The u n c e r t a i n t i e s  i n  t h e  c a l c u l a t e d  recur rence  i n t e r v a l s  should n o t  be 

disregarded. One assumption i nhe ren t  i n  t h e  c a l c u l a t i o n s  was t h a t  a l l  of t h e  

s l i p  takes  p l ace  s e i s m i c a l l y ,  as opposed t o  a s low creep process. I f  aseismic 

s l i p  does t a k e  place, then  the earthquake recur rence  i n t e r v a l s  would be 

p r o p o r t i o n a t e l y  g rea te r .  
2 3 



SENSITIVITY OF CALCULATED RECURRENCE INTERVALS 

TO MODEL CHANGES 

For  Region 2, which i n v o l v e s  u n d e r t h r u s t i n g  o f  t h e  Yakutat  b l ock  and t h e  

P a c i f i c  p l a t e  below t h e  Wrangel l  b lock ,  t h e  e f fec ts  o f  changing t h e  model 

parameters w i l l  be exp lored.  The recur rence  t i m e  i n t e r v a l ,  T  (Mo), as 

es t imated  i n  equa t ion  1, has t h e  f o l l o w i n g  dependence on f a u l t  l e n g t h  (L ) ,  

downdip w i d t h  (w), shear modulus , and maximum moment (Momx): P) 
T(Mo) cx ( L W ~ ) - ~  ~ o m x l / ~  

The upper l i m i t  o f  moment, Momx, when es t imated  f r om equat ions 2  and 3, has 

t h e  f o l l o w i n g  dependence on L, w and s t r e s s  drop (AS): 

Mom, a ~w246- .  

If, f o r  example, t h e  downdip w i d t h  were a c t u a l l y  100 r a t h e r  than  200 km, t hen  

Momx would be reduced by a f a c t o r  of 4  t o  5.6 x 1028, o r  e q u i v a l e n t l y  t h e  

l a r g e s t  events would be reduced from 8.9 Mw to 8.5 Mw. The recur rence  

i n t e r v a l s  would be inc reased  by 2x(%)1/3 = 1.26. Thus, t h e  e f f e c t  o f  

r educ ing  t h e  w i d t h  o f  t h e  zone by  a f a c t o r  o f  two i s  t o  i nc rease  t h e  

recur rence  i n t e r v a l s  by o n l y  25% w h i l e  r educ ing  t h e  maximum event by 0.4 u n i t s  

of Mw. The summary t a b l e  f o r  t h i s  r e g i o n  would become: 

Region 2 

Magnitude M Mo (dyne cm) Recurrence I n t e r v a l  (yr ) 



PREVIOUS RECURRENCE ESTIMATES FOR THE OUTER CONTINENTAL SHELF 

OF THE EASTERN GULF OF ALASKA 

Thenhaus and others (1979) have ca l cu la ted  recurrence r a t e s  f o r  t h e  

Yakutat b lock  (zone 13 i n  t h e i r  r e p o r t )  which has almost t h e  same boundaries 

as Region 4. Based on the  past  observed s e i s m i c i t y  they  o b t a i n  a b value o f  

0.6 and the  f o l l o w i n g  annual r a t e s  o f  occurrence: 

Magnitude Annual Rate ( y ~ '  ) 

8.2-8.8 .00124 

7.6-8.2 .00280 

The i r  est imate f o r  the magnitude o f  the  earthquake i s  8.8. These numbers 

r e f l e c t  co r rec ted  values, and d i f f e r  from those pub l i shed i n  t h e  d r a f t  EIS o f  

BLM (1979) (Paul Thenhaus, personal comrnuni ca t ion ,  1980). 

The f o l l o w i n g  t a b l e  compares Thenhaus' r e s u l t s  w i t h  those f o r  Region 4 

based on the  recurrence equat ion ca l cu la ted  prev ious ly .  This assumes t h e i r  

magnitudes are equ iva len t  t o  Mw. 

Recurrence I n t e r v a l  (vr .., . 
Magnitude Mw M, (dyne cm) 1.8 x 10-16 ( ~ , , ) 2 / 3  Thenhaus and others 

Region 4 Zone 13 



I n  t h i s  s tudy  a b va lue o f  1.0 i s  assumed w h i l e  Thenhaus e t  a l .  uses 0.6. 

Th is  accounts f o r  t he  f a c t  t h a t  t h e  est imates agree f o r  M27, w h i l e  Thenhaus 

and o t h e r s 1  recur rence  t imes f o r  t h e  l a r g e s t  events a re  s i g n i f i c a n t l y  s h o r t e r  

than ours.  Consider ing t h e  compl icat ions,  e r r o r s  and b iases (Utsu, 1971) 

which can en te r  i n t o  c a l c u l a t e d  b  values, we do no t  f e e l  i t  i s  p o s s i b l e  t o  

r e g i o n a l i z e  them i n  a  s i g n i f i c a n t  way on t h e  bas i s  o f  h i s t o r i c  se ismic data.  

In add i t i on ,  Thenhaus and o thers  (1979) remove a f te rshocks  f rom cons ide ra t i on  

i n  t h e i r  recur rence  est imates.  I f  t h i s  m o d i f i c a t i o n  were made t o  Mo lnar ' s  

method t h e  recur rence  es t imates  would be increased.  A model f o r  a f te rshock  

occurrence would have t o  be developed t o  q u a n t i t a t i v e l y  remove t h e i r  e f f e c t .  

Consider ing t h e  d i f f e r e n c e s  i n  method and t h e  e r o r r s  i nhe ren t  i n  b o t h  methods, 

t he  r e s u l t s  are remarkably  s im i  1 ar .  



COMPARISON OF SEISMIC RECORD WITH 

RECURRENCE ESTIMATES 

Utsu (1971) has p o i n t e d  o u t  many of t h e  comp lex i t i es  o f  t h e  Gutenberg- 

R i c h t e r  l o g  N(M) versus M l i n e a r  r e l a t i o n s h i p .  Al though t h e  r e l a t i o n  appears 

t o  be v a l i d  f o r  1  arge se ts  o f  data, i t s  use i n  smal l  reg ions  and e x t r a p o l  a t i o n  

above o r  below the  observed da ta  may be r i s k y .  There a re  many compl i ca t ions ,  

such as: b i a s  i n  t h e  magnitude c a l c u l a t i o n s  which may change t h e  s lope  o f  t h e  

d i s t r i b u t i o n ;  a f te rshock  sequences and t h e  v a r i a t i o n  i n  t h e i r  s i zes  and upper 

magnitude l i m i t s  w i t h  reg ion ,  depth, and s i z e  o f  t h e  main shock; and v a r i a t i o n  

i n  t he  upper bound magnitude w i t h  r e g i o n  and depth. 

Keeping these  problems i n  mind, t h e  s e i s m i c i t y  i n  t h e  140 x 140 km2 area 

i n c l u d i n g  t h e  1979 S t .  E l i a s  earthquake and i t s  a f te rshocks  was rev iewed as a  

sample p o r t i o n  o f  Region 2. Du r i ng  t he  20 year  i n t e r v a l  f rom 1958 t o  1978 

6 events  occur red  w i t h  magnitudes g rea te r  t han  o r  equal 5.0, Du r i ng  t h e  5 

year  i n t e r v a l ,  1974-1979 t h e r e  were 7  events w i t h  magnitudes g rea te r  than o r  

equal 4.0. These numbers would t r a n s l a t e  i n t o  recur rence  i n t e r v a l s  of 3.3 

years f o r  M 5 and 0.71 year  f o r  M 2 4. Assuming a b  va lue  o f  1, t h e  3.3 yr 

recur rence  t i m e  f o r  magnitude 5 and above would g i v e  a  .33 yr recur rence  t ime  

f o r  4  and above. We w i l l  assume t h a t  t h e  s h o r t e r  recur rence  i n t e r v a l  

determined from t h e  20 yr sample i s  c l o s e r  t o  the t r u e  d i s t r i b u t i o n .  

E x t r a p o l a t i n g  t h i s  recur rence  t i m e  up t o  magnitude 7.3 and g rea te r  y i e l d s  658 

years.  Assuming t h i s  p o r t i o n  o f  Region 2 i s  t y p i c a l  o f  a l l  o f  Region 2, t h e  

recur rence  t ime  f o r  t h e  e n t i r e  Region 2 f o r  magnitudes g rea te r  than  or equal 

7.3 i s  258 y rs .  Th is  recur rence  t ime  i s  r o u g h l y  a 20 t imes g rea te r  than  t h a t  

c a l c u l a t e d  p r e v i o u s l y  f o r  Region 2. 



The P a c i f i c - N o r t h  American p l a t e  boundary between Yakutat  Bay and Kayak 

I s l a n d  has been i d e n t i f i e d  as a  se ismic gap on t h e  bas i s  o f  i t s  l o n g  p e r i o d  o f  

r e l a t i v e  quiescence f o r  1  arge events as compared w i t h  a d j o i n i n g  reg ions  (Tobi  n  

and Sykes, 1968; Ke l leher ,  1970; Sykes, 1971). Al though 1  arge events (M;7) 

were used i n  i d e n t i f i n g  t h i s  r e g i o n  as a  se ismic gap, Sykes (1971) p o i n t s  o u t  

t h a t  t he  l e v e l  of b o t h  moderate a c t i v i t y  and microearthquakes may be low as 

we l l .  Davies and House (1979) propose an ep i sod i c  behavior  f o r  earthquake 

a c t i v i t y  w i t h  f o u r  per iods:  ( 1 )  preseismic,  ( 2 )  seismic,  (3) postse ismic,  and 

( 4 )  i n t e r s e i s m i c .  The i n t e r s e i s m i c  p e r i o d  of tens o r  hundreds o f  years would 

produce a "se ismic  gap" w i t h  r e l a t i v e l y  l i t t l e  se ismic a c t i v i t y  occu r r i ng .  

A l though i t  i s  p o s s i b l e  t h a t  t h e  recur rence  i n t e r v a l s  c a l c u l a t e d  by 

Mo lnar ' s  (1979) method are an o rder  o f  magnitude t o o  shor t ,  i t  would be most 

prudent  a t  t h i s  t i m e  t o  assume t h a t  Region 2, which i s  w i t h i n  t h e  i d e n t i f i e d  

se ismic gap, has been i n  a  p e r i o d  o f  lower than  average s e i s m i c i t y  d u r i n g  t h e  

pas t  tens o f  years and t h a t  t h i s  c o n d i t i o n  may no t  con t i nue  l o n g  i n t o  t h e  

f u t u r e .  

I X .  Needs f o r  f u r t h e r  s tudy  

Toward t he  goal o f  develop ing improved se ismic  exposure maps f o r  t h e  NEGOA 

reg ion ,  cons iderab le  a d d i t i o n a l  research  i s  needed. It would be b e n e f i c i a l  t o  

develop an i n t e g r a t e d  model f o r  t he  a d j o i n i n g  G u l f  o f  A laska OCSEAP reg ions  

based upon da ta  f rom a l l  of t h e  p r i n c i p a l  i n v e s t i g a t o r s  invo lved .  Var ious 

approaches should be exp lo red  i n  s e t t i n g  t h e  l e v e l  o f  s e i s m i c i t y  and t h e  s i z e  

o f  t h e  l a r g e s t  events expected f o r  each reg ion .  Data f rom o the r  r eg ions  i n  

t he  w o r l d  w i t h  a  s i m i l a r  t e c t o n i c  s e t t i n g  b u t  longer  h i s t o r i c  r e c o r d  should be 

sought, as t h i s  da ta  may h e l p  overcome t h e  problem o f  A laska 's  s h o r t  h i s t o r i c  

record.  A d d i t i o n a l  geo log ic  work t h a t  m igh t  l ead  t o  a  b e t t e r  es t ima te  o f  t h e  

f requency o f  g rea t  earthquakes i n  A laska i s  h i g h l y  des i rab le .  One example of 

t h i s  would be t he  s tudy  o f  mar ine t e r races .  



Once t h e  source reg ions  and moment d i s t r i b u t i o n s  have been agreed upon, 

t h e y  may be used as t he  i n p u t  t o  s t a t i s t i c a l  programs t h a t  generate t h e  r e t u r n  

t imes f o r  g iven  l e v e l s  o f  a c c e l e r a t i o n  o r  v e l o c i t y  a t  a g r i d  o f  p o i n t s .  These 

values may then be contoured and used i n  se ismic hazard p lanning.  

Care fu l  thought  should be g iven t o  t h e  p o s s i b i l i t y  o f  i n c l u d i n g  t h e  r e c o r d  

o f  pas t  events i n  t h e  est imates o f  f u t u r e  ground mot ions. As t h e  se ismic gap 

hypothes is  gains credence i t  becomes tempt ing  t o  enhance t h e  p r o b a b i l i t y  of 

s t r o n g  ground shak ing i n  reg ions  o f  se ismic gaps and reduce t h e  p r o b a b i l i t y  

elsewhere. I n  t h e  l i g h t  o f  t h e  nonuniform temporal  d i s t r i b u t i o n s  observed, 

such as occas ional  c l u s t e r s  of l a r g e  events, however, t h e  gap hypothes is  

shou ld  n o t  be g iven undue emphasis. 

The f i f t h  ca tegory  o f  earthquakes, events on s u b s i d i a r y  s t r u c t u r e s ,  has 

n o t  been addressed y e t  i n  terms o f  t h e  moment-rate c a l c u l a t i o n s .  



X .  Summary o f  October 1979-March 1980 Operat ions.  

a. F i e l d  Work i n  Alaska 

A1 can 

The new USGS seismic s t a t i o n  a t  Alcan was v i s i t e d  i n  November 1979. Th is  

s i t e  i s  recorded on a  h e l i c o r d e r  l oca ted  a t  t h e  U.S. Border S t a t i o n  on t h e  

Alaska Highway. Due t o  problems o f  h i gh  background se ismic no i se  and poor W W V  

r a d i o  r e c e p t i o n  (needed f o r  t i m i n g )  t h e  s i t e  was moved t o  a q u i e t e r  l o c a t i o n  

and a  b e t t e r  antenna was i n s t a l l e d .  

Val dez 

Whi le Alascom was g rad ing  snow f rom the  road  a t  t h e  Valdez Ea r th  S ta t i on ,  

t h e  USGS da ta  cab le  was cu t .  This r e s u l t e d  i n  an outage f o r  se ismic s t a t i o n s  

FID, GLC and VZW. I n  add i t i on ,  c a r r i e r  d r i f t  was o c c u r r i n g  a t  t h e  3 component 

l o c a l  s i t e .  Both o f  these problems were r e c t i f i e d  d u r i n g  a December t r i p  t o  

Valdez. The s i g n a l  was rou ted  through a  spare w i r e  p a i r  coming f r om t h e  l o c a l  

se ismic s t a t i o n .  ( I t  was n o t  p o s s i b l e  t o  l o c a t e  t h e  broken cab le  due t o  

snow). To c o r r e c t  c a r r i e r  d r i f t  problems, a l l  t h r e e  "202" VCO1s were rep laced  

w i t h  t h r e e  new AIVCO1s. To accomnodate t h e  new AlVCO e l e c t r o n i c s  a  new 34 

i n c h  diameter c u l v e r t  rep laced  t he  sma l le r  o r i g i n a l  c u l v e r t .  The AIVCO1s 

operate o f f  of 3 se t s  o f  3 a i r  c e l l  b a t t e r i e s .  I t  i s  expected t h a t  t h e y  w i l l  

r u n  many years be fo re  t he  b a t t e r i e s  need t o  be changed (as opposed t o  t h e  

"202" VCO 2-year b a t t e r y  change i n t e r v a l  ). 

F i n a l l y ,  a new model f i l t e r  b r i d g e  was i n s t a l l e d  i n s i d e  t h e  Ea r th  S t a t i o n  

a t  a more convenient  l o c a t i o n .  Th is  f i l t e r  b r i d g e  w i l l  a l l o w  Alascom 

techn i c i ans  t o  c l o s e l y  mon i to r  se ismic  c a r r i e r  a c t i v i t y .  

Y akut  a t  

Due t o  a severe l i g h t n i n g  storm, a l l  USGS equipment f o r  r e c e i v i n g  t h e  6 

se ismic s t a t i o n  were destroyed. (The l i g h t i n g  a l so  dest royed a  NOAA weather 



radio transmitter and a Coast Guard Remote Radio installation). All the 

equipment was replaced during a December trip and all stations came back on 

the air except for YAH. 

Cordova 

During the December trip to Yakutat, a stop was made in Cordova to correct 

the problem with SGA and KYK (both were off the air). Currently an FAA 

technician is installing new USGS equipment at the Flight Service Center (the 

old USGS location is being torn down). The new location will have GE radios 

and a new model filter bridge. This should allow us to work closely with the 

FAA technician on future station problems, thus avoiding special trips to 

Cordova for routine problems. 

b. Electronic Work in California 

A1 VCO 

Work is proceeding on this years' production run of AIVCO1s. Currently, 

the enclosures are being assembled and two circuit boards are going through 

initial screening. 

The old version of the calibrator will be replaced in all new AlVCO's with 

the EPROM based version. This will allow programming of the calibration cycle 

plus field selection of one of four different cycles. This new board is 

presently being manufactured. 

AlVCO Calibration Decoder 

A new lighter weight calibration decoder with an LCD display has been 

designed and built. The unit will run several months from one 9-v transistor 

battery and be more compact. This should help reduce the weight of equipment 

carried on helicopters. 

Seismic Chart Recorder 

Work has started on the design of a new lightweight precision chart 

recorder. This unit will be taken on helicopters to record on-site 

calibrations. 



F i l t e r  Br idge  

A meter-speaker c a r d  f o r  t h e  new USGS f i l t e r  b r i d g e  has been designed and 

b u i l t .  Th is  card  a l lows  t echn i c i ans  t o  mon i t o r  composite c a r r i e r  ou tpu t  on a  

meter ( c a l i b r a t e d  i n  dec ibe l s )  w h i l e  l i s t e n i n g  t o  t h e  c a r r i e r  q u a l i t y  on a 

speaker. Th is  w i l l  a i d  non-USGS techn i c i ans  i n  t r a c i n g  c a r r i e r  no i se  problems 

and s e t t i n g  l e v e l s  w i t h o u t  spec ia l  t e s t  ins t ruments.  I n s t a l l a t i o n  o f  t h e  c a r d  

i n  each f i l t e r  b r i d g e  w i l l  t a ke  p lace  by October 1, 1980. 

c. Other Work 

Open-Fi le Repor t  

The Open-Fi le Report  by Rogers and o the rs  (1980) on t h e  AZVCO i s  

complete. The r e p o r t  i s  130 pages l ong  and con ta ins  f u l l  documentation on a7 1 

c i r c u i t  boards, w i r i n g  and t e s t  procedures. The r e p o r t  i s  c u r r e n t l y  be ing  

d i s t r i b u t e d  t o  i n t e r e s t e d  i n d i v i d u a l s  and o rgan iza t ions .  

C a l i  b r a t o r  Ana lys is  

A Fo r t r an  program t o  analyze d i g i t i z e d  c a l i b r a t i o n s  has been w r i t t e n .  I t  

has been t e s t e d  ou t  on c a l i b r a t i o n  da ta  f r om HQN ( l o c a t e d  near Yaku ta t )  w i t h  

reasonable r e s u l t s .  Fu r the r  t e s t i n g  on o the r  da ta  i s  planned. When 

completed, t h e  program w i l l  be documented i n  an open-f i l e  r e p o r t .  

VHF Radio Permi ts  

The e n t i r e  VHF r a d i o  network used t o  te lemeter  se ismic da ta  has been 

documented f o r  use i n  app l y i ng  f o r  permanent r a d i o  ope ra t i ng  permi ts  f rom 

I R I G .  I R I G  i s  c u r r e n t l y  r ev i ew ing  our reques t  which i n v o l v e s  70 s i t e s .  We 

are  p r e s e n t l y  o p e r a t i n g  under temporary permi ts ,  b u t  due t o  i n c r e a s i n g  r a d i o  

i n t e r f e r e n c e  problems i t  was f e l t  t h a t  permanent s t a t u s  would h e l p  a v e r t  

problems as w e l l  as g i v e  us some l e g a l  s t and ing  f o r  p o r t i o n s  o f  t h e  VHF 

spectrum. 
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