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I. In t roduct ion  

.Th i s  r e p o r t  provides a  s e i smic  hazard a n a l y s i s  of t h e  S t a t e  of Alaska's 

Nenana Agr icu l tura l  Development ( N A G )  a rea .  The s i t e  i s  i n  c e n t r a l  Alaska 

near t h e  town of Nenana. The boundaries of t h e  a r e a  a r e  t h e  Tanana River t o  

t h e  nor th  and n o r t h e a s t ,  t h e  Nenana River t o  t h e  s o u t h e a s t ,  t h e  Kantishna 

River t o  t h e  west and t h e  f o o t h i l l s  of t h e  Alaska Range t o  t h e  south  

F i g .  1 .  For purposes of c a l c u l a t i o n s  t h e  a r ea  is rep resen ted  by a  s i n g l e  

s i t e ,  a t  i t s  c e n t e r ,  i . e . ,  a t  64.5O N and 149.0° W .  

The purpose of t h e  a n a l y s i s  is  t o  provide a  q u a n t i t a t i v e  b a s i s  f o r  design 

purposes i n  a  s e i s m i c a l l y  a c t i v e  a r ea .  Seismic design cons ide ra t ions  a r e  

f r equen t ly  based on t h e  peak a c c e l e r a t i o n  of ground motion ( P G A )  c a l cu la t ed  

f o r  a  p a r t i c u l a r  t ime per iod  of i n t e r e s t  and p r o b a b i l i t y  l e v e l  of 

occurrence.  I n  what fo l lows  we have ca l cu la t ed  the  PGA va lue  t h a t  has a  90% 

p r o b a b i l i t y  of not  being exceeded i n  a  50-year per iod.  PGA is s u r e l y  not  t he  

only parameter t o  be taken i n t o  account i n  seismic des ign  consider  a t i o n ,  

p a r t i c u l a r l y  f o r  c r i t i c a l  f a c i l i t i e s .  I t  does,  however, r e f l e c t  wel l  t he  

se i smic  hazard l e v e l  one has  t o  contend wi th .  Also, t h e  present  s tudy  

provides a l l  non s i t e - s p e c i f i c  information requi red  t o  d e r i v e  - f o r  any 

d e s i r e d  period of i n t e r e s t  and exceedence p robab i l i t y  - values  of o the r  ground 

motion parameters of i n t e r e s t ,  i f  r e l a t i o n s h i p  between t h e s e  parameters and 

ear thquake magnitude and d i s t a n c e  a r e  a v a i l a b l e .  

I n  c a l c u l a t i n g  se i smic  exposure values t h r e e  bas i c  s t e p s  have t o  be 

taken: 

1 .  I d e n t i f i c a t i o n  of se i smotec tonic  s t r u c t u r e s  ( se i smic  sou rce  zones) 

capable of genera t ing  ear thquakes , geanet r i c  modeling of each source 

zone, and de termina t ion  of earthquake recur rance  r a t e s  and magnitude 



d i s t r i b u t i o n  f o r  e a c h  s o u r c e  zone.  

2.  Selrot&en of r e l a t i d n s h i p s  t h a t  d e s c r i b e  t h e  a t t e n u a t i o n  of t h e  d e s i r e d  

e x p o s v r  pa ramete r s  a s  f  u n c t i o n 9  of d i s t a n c e  t o  t h e  s i t e  and ea r thquake  

magnitude.  

3 .  C a l c u l a t i o n  of t h e  p r o b a b i l i t y  of o c c u r r e n c e  of a g i v e n  v a l u e  of  t h e  

ground motion pa ramete r  of i n t e r e s t ,  based on t h e  p r o b a b i l i t y  of 

o c c u r r e n c e  of e a r t h q u a k e s  of d i f f e r e n t  s i z e s  a t  e a c h  s e i s m i c  s o u r c e  zone 

d e f i n e d  and based upon t h e  a t t e n u a t i o n  r e l a t i o n s h i p  used.  T h i s  

c a l c u l a t i o n  is made f o r  a s e r i e s  of mot ion pa ramete r  v a l u e s  and t h e  

e f f e c t  of a l l  s o u r c e  zones  i s  combined t o  d e r i v e  a cummulati  ve 

d i s t r i b u t i o n  f u n c t i o n  of t h e  p r o b a b i l i t y  of exceedence of t h e  ground 

motion parameter v a l u e  a t  t h e  s i t e .  From t h i s  t h e  v a l u e  w i t h  a c e r t a i n  

p r o b a b i l i t y  of exceedence c a n  be o b t a i n e d .  

The above s t e p s  a r e  common t o  most  seismic r i s k  e v a l u a t i o n  p rocedures .  

D i f f e r e n c e s  a r i s e  p r i m a r i l y  i n  c o n n e c t i o n  w i t h  t h e  s e l e c t i o n  of t h e  p a r t i c u l a r  

p r o b a b i l i t y  models used t o  d e s c r i b e  e a r t h q u a k e  o c c u r r e n c e  and magni tude 

d i s t r i b u t i o n  and t h e  s o p h i s t i c a t i o n  w i t h  which t h e  s o u r c e  geometry  c a n  be 

mode l l ed .  The r e a s o n  f o r  t h e  p r o b a b i l i s t i c  approach is  s i m p l y  o u r  i n a b i l i t y  

t o  p r e d i c t  t h e  s i z e  and t i m e  of o c c u r r e n c e  of f u t u r e  e a r t h q u a k e s  a s  well a s  

lack of u n d e r s t a n d i n g  and u n c e r t a f n t i e s  i n  t h e  p h y s i c a l  p r o c e s s e s  t h a t  

g e n e r a t e  t h e  ground mot ion  a t  a  p a r t i c u l a r  s i t e .  The p a r t i c u l a r  approach 

chosen  f o r  t h i s  s t u d y  is t h a t  of Mor tga t  and Shah (1979) .  The computer 

a l g o r i t h m  used t o  perform t h e  c a l c u l a t i o n s  is based on t h e  o n e  developed by 

Woodward-Clyde ( 1  9 8 2 a ) .  

I n  d e r i v i n g  t h e  i n p u t  pa ramete r s  f o r  t h e  a n a l y s i s  one  is f o r c e d  t o  make 

s u b j e c t i v e  assumpt ions  and d e c i s i o n s .  They a r e  based o n  what we c o n s i d e r  t o  

be t h e  b e s t  d a t a  a v a i l a b l e  and our  best judgement. However, i n  many c a s e s  



o t h e r ,  e q u a l l y  reasonable ,  c o n s i d e r a t i o n s  can l e a d  t o  q u i t e  d i f f e r e n t  input  

parameters .  This has been taken i n t o  account by c a r e f u l l y  i n v e s t i g a t i n g  t h e  

i n f l u e n c e  of such changes on t h e  c a l c u l a t e d  exposure values .  

11. Earthquake Source Zones 

A. Seismotect  on ic  Framework 

The underlying cause of t h e  s e i s m i c i t y  of Alaska is t h e  r e l a t i v e  motion 

between t h e  P a c i f i c  and North American p l a t e s  (Fig.  2 and Fig.  3) .  Along t h e  

Fairweather-Queen C h a r l o t t e  t ransform f a u l t  system t h e  two p l a t e s  a r e  s l i p p i n g  

p a s t  one another  i n  r i g h t  l a t e r a l  motion. Along t h e  Aleu t ian  I s l a n d  a r c  and 

t h e  Alaska Peninsula ,  t h e  oceanic  P a c i f i c  p l a t e  is  u n d e r t h r u s t i n g - t h e  

c o n t i n e n t a l  North American p l a t e .  A f a i r l y  narrow b e l t  of sha l low,  c r u s t a l  

s e i s m i c i t y  a long t h e  Alaskan panhandle t r a c e s  t h e  t ransform system. The wider 

b e l t  of s e i smic  a c t i v i t y  a long t h e  a r c  r e f l e c t s  subduct ion of t h e  oceanic  

p l a t e .  I t  c o n s i s t s  of an o u t e r ,  shal low dipping t h r u s t  zone r ep re sen t ing  t h e  

i n t e r f a c e  between subducted and subduct ing  p l a t e s ,  and an arcward,  s t e e p e r  

d ipp ing  zone, termed t h e  Wadati-Benioff zone. The Wadati-Benioff zone 

r e p r e s e n t s  t he  b r i t t l e ,  s e i s m i c a l l y  a c t i v e  i n t e r i o r  po r t i on  of t h e  subduct ing 

p l a t e .  The widening of t h e  s e i smic  zone i n  sou thcen t r a l  Alaska r e f l e c t s  t h e  

widening of t h e  t h r u s t  zone a s  t h e  Wadati-Benioff zone and l i n e  of volcanoes 

s t a r t  bending northward near  l ~ w e r  Cook I n l e t .  The northernmost edge of t h e  

Wadati-Benioff zone is  near 6 4 O  N ,  s m e  40 km no r th  of t h e  Hines Creek s t r a n d  

of t h e  Denall  f a u l t  (Davies,  1975, Agnew, 1980). 

The p l a t e  convergence gene ra t e s  s t r e s s e s  a l s o  within t h e  ove r r id ing  p l a t e  

r e s u l t i n g  i n  a broad zone of i n t r a p l a t e  s e i s m i c i t y  which decreases  w i t h  

i n c r e a s i n g  d i s t ance  from t h e  p l a t e  boundaries .  However events  of magnitude as  



l a r g e  as Ms = 7 . 3  have occurred h i s t o r i c a l l y  a t  d i s t ances  of s e v e r a l  hundred 

kilometers *la it. Consider ing t h e  l o c a t i o n  of t h e  s tudy  s i t e  t h e  i n t r a p l a t e  

s e i s m i c i t y  w i l l  provide t h e  l a r g e s t  c o n t r i b u t i o n  t o  t h e  s e i smic  hazard .  

While t h e  p l a t e  boundaries and Wadati-Benioff zones a r e  f a i r l y  well 

d e l i n e a t e d  i t  is  no t  a  s t r a i g h t f o r w a r d  m a t t e r  t o  cons t ruc t  t h e  i n t r a p l a t e  

s o u r c e  zones.  Some gu ide l ines  can sometimes be obtained by i n v e s t i g a t i n g  t h e  

a s s o c i a t i o n  between t h e  h i s t o r i c  s e i s m i c i t y  - e s p e c i a l l y  l a r g e r  e v e n t s  - and 

known o r  suspec t ed  f a u l t  systems a s  is  done i n  t h e  fo l lowing  s e c t i o n .  

B. H i s t o r i c  Earthquakes (M, 2 6.25) 

Table  1 p r e s e n t s  a  l i s t  of a l l  ea r thquakes  with magnitude Ms L 6.25 

r eco rded  between 63O N and 67O N l a t i t u d e  and 146O W and 157O W l o n g i t u d e .  

F ig .  4 shows these events  t oge the r  w i t h  known f a u l t s .  Severa l  of t h e  o l d e r  

e v e n t s  have been r e l o c a t e d  du r ing  t h i s  s t u d y  and by  o t h e r  workers. I n  t h e  

f i g u r e  these e v e n t s  a r e  shown a t  what we cons ide r  t h e i r  most a c c u r a t e  

l o c a t i o n .  

August 15,  1904 ( M s  = 7.3)  

One of t h e  l a r g e s t  events  eve r  recorded  i n  i n t e r i o r  Alaska, i t  cannot  be 

r e l a t e d  d i r e c t l y  t o  any known f a u l t  system. Wave form a n a l y s i s  (Woodward- 

Clyde, 1982b) i n d i c a t e  t h a t  t h e  event  occur red  i n  t h e  c r u s t  and was a s s o c i a t e d  

w i t h  s t r i k e - s l i p  motion. I t  could conce ivably  be a s soc i a t ed  w i t h  a p re sen t ly  

unmapped con t inua t ion  of t h e  sou the rn  branch of t h e  T i n t i n a  f a u l t  system, t h e  

Beaver Creek f a u l t .  I n  s p i t e  of t h e  r e l o c a t i o n  t h e  l o c a t i o n  of t h i s  event  

must be cons idered  unce r t a in  given t h e  e a r l y  d a t e .  



T h i s  e v e n t -  i s  probably  a s s o c i a t e d  w i t h  t h e  Hines  Creed s t r a n d  of t h e  

Dena l i  fau l t  system. Wave form a n a l y s i s  (Woodward-Clyde, 1982b) i n d i c a t e  

c r u s t a l  d e p t h  and a s t r i k e - s l i p  mechanism. 

J a n u a r y  21 ,  1929 (MS = 6.25) 

T h i s  is one  of s e v e r a l  l a r g e  e v e n t s  t h a t  have t h e i r  l o c a t i o n  i n  t h e  

Tanana v a l l e y  s o u t h  of Fa i rbanks .  I t  c a n n o t  be r e l a t e d  t o  any mapped f a u l t  

sys tem.  The e v e n t  appears  t o  be c r u s t a l  i n  d e p t h  w i t h  a s t r i k e - s l i p  mechanism 

(Woodward-Clyde, 1982b). I t  might be a s s o c i a t e d  w i t h  a broad,  ESE-WNW 

s t r i k i n g  c l u s t e r  of sha l low s e i s m i c i t y  t h a t  c a n  be d i s c e r n e d  from maps of 

r e c e n t  ( F i g .  5 )  and h i s t o r i c  ( F i g .  6 )  s e i s m i c i t y .  

J u l y  4 ,  1929 ( M s  = 6 .5 )  

Th i s  e v e n t  o c c u r r e d  w i t h i n  a few k i l o m e t e r s  of t h e  above one ,  t h u s  i ts  . 

r e l a t i o n s h i p  t o  any f a u l t  system is  s i m i l a r l y  e n i g m a t i c .  I t  t o o  a p p e a r s  t o  be 

a c r u s t a l  e v e n t  w i t h  s t r i k e - s l i p  mechanism (Woodward-Clyde, 1982b) .  

September 4 ,  1935 ( M s  = 6 .25)  

T h i s  e v e n t  c o u l d  conce ivab ly  be a s s o c i a t e d  w i t h  t h e  Id i t a rod-Nixon  f a u l t  

though i t  l o c a t e s  a lmost  50 km sway from it .  No known f a u l t s  a r e  known c l o s e r  

t o  t h e  e p i c e n t e r .  There  i s  p r e s e n t l y  no e v i d e n c e  t h a t  t h e  Id i t a rod-Nixon  

f a u l t  is a c t i v e .  

J u l y  22,  1937 ( M s  = 7 . 3 )  

T h i s  e v e n t  which occured about  40 km s o u t h e a s t  of Fa i rbanks  is  n o t  

a s s o c i a t e d  w i t h  any mapped f a u l t .  However our  r e l o c a t i o n  p u t s  t h i s  e v e n t  

w i t h i n  a few k i l o m e t e r s  of s s e i s m i c  t r e n d  t h a t  is p a r t i c u l a r l y  s h a r p  on t h e  



s h o r t - t i m e  s e i s m i c i t y  map ( F i g .  6 ) .  A f i r s t  mot ion f  a u l t - p l a n e  s o l u t i o n  of 

t h i s  event (Adkins, 1940) i n d i c a t e s  p r i m a r i l y  s t r i k e - s l i p  motion on e i t h e r  a 

N 30° E o r  N 4 3 O  U s t r i k i n g  f a u l t  p l a n e .  The f o r m e r  d i r e c t i o n  is a lmos t  

p r e c i s e l y  t h a t  of t h e  s e i s m i c  t r e n d .  T h e r e f o r e  t h i s  e v e n t  is most l i k e l y  

a s s o c i a t e d  with a s e i s m i c a l l y  d e f i n e d  f a u l t  zone which is p r e s e n t l y  a c t i v e .  

October  1 6 ,  1947 (MS = 7 . 2 )  

T h i s  is  a n o t h e r  l a r g e  even t  i n  t h e  Tanana v a l l e y  s o u t h  of F a i r b a n k s ,  

c l o s e  t o  t h e  two e v e n t s  of 1929. It c a n n o t  b e  r e l a t e d  t o  any known f a u l t s ,  

b u t  c o u l d  be  a s s o c i a t e d  w i t h  t h e  s e i s m i c  c l u s t e r  ment ioned i n  c o n n e c t i o n  w i t h  

t h e  two e a r l i e r  e v e n t s .  

August 1 9 ,  1948 ( M s  = 6.25)  

The l o c a t i o n  and p a r t i c u l a r l y  t h e  d e p t h  (90 km) of t h i s  e v e n t  i n d i c a t e  

t h a t  i t  is a s s o c i a t e d  w i t h  t h e  Wadati-Benioff  zones .  The d e p t h  a p p e a r s  t o  be 

w e l l  c o n s t r a i n e d  by c l e a r  depth  phases  a t  s e v e r a l  C a l i f o r n i a  s e i s m i c  s t a t i o n s  

(Woodward-Clyde , 1982b ) . 

A p r i l  07,  1958 ( M s  = 7 . 3 )  

The e p i c e n t e r  is about  40 km t o  t h e  n o r t h w e s t  of a s e r i e s  of south-west-  

n o r t h - e a s t  t r e n d i n g  f a u l t s :  H u s l i a  f a u l t  ( P a t t o n ,  1 9 6 6 ) ,  S h o e s t r i n g  Sand Dune 

f a u l t  (Weber and Pewe, 19701, and Gusasa R i v e r  f a u l t  ( B i c k e l  and P a t t o n ,  

1966) .  Davis  (1960)  s u g g e s t s  a f i e l d  e p i c e n t e r  on t h e  S h o e s t r i n g  Sand Dune 

f a u l t .  A f a u l t  p l a n e  s o l u t i o n  (Ri t sema ,  1962)  i n d i c a t e s  normal f a u l t i n g  a l o n g  

a f a u l t  s t r i k i n g  i n  t h e  same d i r e c t i o n  a s  t h e  mapped f a u l t  sys tem and t h e  

dominant d i r e c t i o n  of f r a c t u r i n g  and c o l l a p s e  f e a t u r e s  observed by Davis 

(1960) .  I t  is p o s s i b l e  t h a t  t h i s  e v e n t  is a s s o c i a t e d  w i t h  t h e  H u s l i a  f a u l t  

sy s t em.  



A p r i l  13, 1958 (HS = 6.75) 

This  a f t e r ahock  of t h e  A p r i l  07, 1958 ear thquake is i n  l i n e  w i t h  t h e  

Husl ia  f a u l t  and t h e  Shoes t r ing  Sand Dune f a u l t  and, a s  t h e  mainshock, might 

be a s soc i a t ed  with t h a t  f a u l t  system. 

May 10,  1958 (M, = 6 . 4 )  and May 1 1 ,  1958 (Ms = 6 .4 )  

The l o c a t i o n s  of t hese  events  a r e  very c l o s e  t o  each o ther  and very near  

t o  a mapped po r t ion  of t h e  Kaltag f a u l t  and could be assoc ia ted  with it .  

October 19, 1968 ( M s  = 6 . 5 )  

Known a s  t h e  Rampart earthquake i t  was t h e  f i r s t  one above magnitude 6 t o  

occur i n  c e n t r a l  Alaska a f t e r  a cons iderable  amount of seismic ins t rumenta t ion  

had been i n s t a l l e d  i n  s e v e r a l  p a r t s  of Alaska i n  t h e  wake of t he  g rea t  1964 

earthquake. Hence seismological  information of cons iderable  value is 

a v a i l a b l e  f o r  t h i s  even t .  F i r s t  motion f a u l t  plane s o l u t i o n s  of the  mainshock 

and t h e  a f t e r shock  a c t i v i t y  show t h a t  t h i s  event  is  as soc ia t ed  w i t h  a shal low,  

s t eep ly  dipping s t r i k e - s l i p  f a u l t ,  t rending  north-south (Huang and Biswas, 

1983).  There i s  no previously mapped f a u l t  a s s o c i a t e d  w i t h  t h i s  a f te rshock  

zone, which c r o s s e s  t h e  Yukon r i v e r  near t h e  Trans-Alaska p ipe l ine  bridge 

where dur ing  c o n s t r u c t i o n  3 f a u l t  gouge was discovered.  This  event po in t s  out 

some of t h e  problems t h a t  e x i s t  i n  c o r r e l a t i n g  h i s t o r i c  earthquakes w i t h  

t e c t o n i c  f e a t u r e s  . Without t h e  information der ived  from modern t e l e se i smic  o r  

reg iona l  da t a  i t  would have been not unreasonable t o  a s s o c i a t e  t h i s  event w i t h  

e i t h e r  t h e  T i n t i n a  o r  t h e  Vic to r i a  Creek f a u l t .  The se i smic  da t a  show 

unequivocally t h a t  such an a s soc i a t ion  is a t  t h e  most i n d i r e c t  and t h a t  no 

s t r a i n  r e l e a s e  on t h e s e  f a u l t s  was involved. 



The above d i s c u s s i o n  i n d i c a t e s  t h a t ,  cons ide r ing  t h e  l o c a t i o n  

u n c e r t a i n t i e s  for pro-1960 even t s ,  many of them could have been assoc ia ted  

with known f a u l t s  such a s  t h e  Denali f a u l t ,  Iditarod-Nixon f a u l t ,  Kaltag f a u l t  

and Husl ia  f a u l t .  With t h e  except ion of t h e  Iditarod-Nixon f a u l t ,  Holocene 

o f f s e t s  have a c t u a l l y  been documented on t h e s e  f a u l t s .  That such c o r r e l a t i o n s  

can be erroneous has  been discussed i n  connect ion wi th  t h e  1968 Rampart 

earthquake. Other l a r g e  h i s t o r i c  ear thquakes such a s  those  i n  t h e  Tanana 

v a l l e y  which is  f i l l e d  w i t h  Quaternary d e p o s i t s  cannot  be a s soc i a t ed  wi th  

mapped f a u l t s .  However, one of t hese  can be a s s o c i a t e d  wi th  a  linament of 

seismic a c t i v i t y  t h a t  c l e a r 1  y d e l i n e a t e s  a  s e i s m i c a l l y  a c t i v e  f a u l t .  Such 

sharp  d e l i n e a t i o n  r e q u i r e s  a f a i r l y  dense se i smic  network which i n  t h e  

i n t e r i o r  of Alaska has  been operated f o r  an  extended time period only i n  t h e  

v i c i n i t y  of Fairbanks.  Hence t h e  concent ra t ion  of s e i smic  c l u s t e r s  i n  t h e  

v i c i n i t y  of Fa i rbanks  ( F i g .  5 )  might very well be an  a r t i f a c t  of seismic 

s t a t i o n  d i s t r i b u t i o n ,  and many such c l u s t e r s  might e x i s t  throughout t h e  broad 

zone of se i smic  a c t i v i t y .  Davies (1983) has pointed ou t  t h a t  t h e  l a r g e  

h i s t o r i c  even t s  d i scussed  here  seem t o  d e f i n e  a SE-NW t rend ing  zone of se i smic  

a c t i v i t y .  He s u g g e s t s  t h a t  such aligrunent of s e i s m i c i t y  might be expected 

when a r i g i d  indentor  ( t h e  P a c i f i c  p l a t e )  impinges upon a  p l a s t i c  medium ( t h e  

North-American p l a t e )  somewhat s i m i l a r  t o  t h e  model proposed by Molnar and 

Tapponier (1975) f o r  c e n t r a l  Asia. 

The NAG s i t e  i t s e l f  and much of i ts surrounding a r e a s  a r e  ove r l a in  by 

Quaternary d e p o s i t s  and f a u l t  d e t e c t i o n  is d i f f i c u l t ,  probably bes t  achieved 

by monitoring of s e i smic  a c t i v i t y  w i t h  dense s t a t i o n  networks. The mosaic of 

f ault-bounded t e c t o n o s t r  a t i g r a p h i c  t e r r a n e s ,  each of which has i ts own 

p a r t i c u l a r  t e c t o n i c  h i s t o r y  genera te  a s i t u a t i o n  where a  mul t i tude  of planes 

of weaknesses e x i s t  a long which t h e  s t r e s s e s  t r a n s m i t t e d  by p l a t e  convergence 



c a n  be r e l a x e d  i n  t h e  form of e a r t h q u a k e s .  S e i s m i c i t y  and t e c t o n i c  s t y l e  of 

t h e  i n t r a p l a t e  r e g i o n  i n ' i n t e r i o r  Alaska do n o t  i n d i c a t e  a  l i m i t e d  number of 

well d e l i n e a t e d  s e i s m i c  s o u r c e  zones  but  r a t h e r  d i f f u s e  seismic s t r a i n  r e l e a s e  

a l o n g  broad zones.  T h i s  d i f f u s e  zone might i n  r e a l i t y  c o n s i s t  of a  l a r g e  

number of s e i s m i c a l l y  a c t i v e  l i n e a m e n t s  t h a t  have n o t  y e t  been r e s o l v e d  

th roughout  most of t h e  r e g i o n .  

C .  Se i smic  Source  Zone Model l ing 

P l a t e  Boundaries and Wadati-Benioff  Zones 

These zones a r e  well d e l i n e a t e d  from d a t a  c o l l e c t e d  by v a r i o u s  r e g i o n a l  

s e i s m i c  networks .  The s h a l l o w  t h r u s t  zone h a s  been model led  between t h e  

e a s t e r n  margin of t h e  1964 Alaska ea r thquake  r u p t u r e  zone and t h e  s o u t h e r n  t i p  

of t h e  Kenai Pen insu la .  To accomodate t h e  change i n  w i d t h  and s t r i k e ,  two 

segments  a r e  be ing  u s e d  ( F i g .  7 ) .  S i m i l a r l y  two segments  have been used t o  

model t h e  c o r r e s p o n d i n g  Wadati-Beniof f zones.  ( T a b l e  2 lists geograph ic  

c o o r d i n a t e s  and d e p t h s  of a l l  t h e  nodes t h a t . h a v e  been used  t o  c o n s t r u c t  t h e  

s o u r c e  zones . )  Note t h a t  t h e  computer a lgor i thm r e q u i r e s  a r e a  s o u r c e s  t o  be  

c o n s t r u c t e d  a s  t r a p e z o i d s  w i t h  t h e  p a r a l l e l  s i d e s  a t  d i f f e r e n t  d e p t h s .  

I n t r a p l a t  e  Source  Zones 

With t h e  e x c e p t i o n  of two f a u l t s  a l l  i n t r a p l a t e  s e i s m i c i t y  h a s  been 

modelled by two llrandomN s o u r c e  zones .  "Randomn e x p r e s s e s  t h e  s t i p u l a t i o n  

t h a t  ea r thquakes  w i l l  occur  e q u a l l y  l i k e l y  everywhere th roughout  t h e  zone,  

r a ther  than  a l i m i t e d  number of se ismogenic  f e a t u r e s .  The n o r t h e r n  one  of 

t h e s e  zones r e f l e c t s  i n  i t s  l a y o u t  t h e  t r e n d  i n d i c a t e d  by t h e  l a r g e  h i s t o r i c  

e v e n t s ,  t h e  s o u t h e r n  random zone r e f l e c t s  t h e  broad n o r t h e r l y  t r e n d i n g  zone of 



i n t r a p l a t e  s e i s m i c i t y  o v e r l y i n g ,  i n  p a r t ,  t h e  Wadati-Benioff zone. The zone 

ex t ends  further t o  the sou th  and h a s  been te rmina ted  h e r e  a t  a l a t i t u d e  beyond 

which s e i s m i c i t y  w i l l  no t  i n f l u e n c e  t h e  seismic exposure a t  t h e  s i t e  of 

i n t e r e s t  . 
A 500 km long p o r t i o n  of t h e  Denali  f a u l t  - from where t h e  Totschunda 

f a u l t  merges i n  to its western terminus - has been modelled a s  a s e p a r a t e  

sou rce  zone wi th in  t h e  sou the rn  random zone. The s i g n i f i c a n c e  of e s p e c i a l l y  

t h e  c e n t r a l  s e c t i o n  - t h e  one c l o s e s t  t o  the NAG a r e a  - of t h e  Denal i  f a u l t  

f o r  p r e sen t  day se i smo tec ton ic s  is somewhat enigmatic .  The 1912 (M, = 7.2) 

ear thquake  appears  t o  be t h e  on ly  l a r g e  h i s t o r i c  event  t h a t  might be 

a s s o c i a t e d  w i t h  t h e  f a u l t .  Se i smic i ty  s t u d i e s  using r e g i o n a l  networks CTobin 

and S y k e s ,  1966; Page and Lahr ,  1971 ) i n d i c a t e  t h a t  seismic a c t i v i t y  is 

occur ing  i n  i ts  v i c i n i t y .  Geologic d a t a  from t h e  c e n t r a l  s e c t i o n  (Hickman and 

Craddock, 1971) sugges t  v a r i o u s  displacement r a t e s  du r ing  Holocene t imes which 

a r e  d i scussed  l a t e r .  There is no documentation of f a u l t  displacement  during 

h i s t o r i c  t imes. Hickman e t  a l .  (1978) sugges t  t h a t  t h e  l a t e s t  movement 

occur red  s e v e r a l  hundred t o  s e v e r a l  thousand years  ago. S t i l l ,  s ta te -wide  and 

r e g i o n a l  se i smic  hazard s t u d i e s  (Woodward-Clyde, 1982; Thenhaus e t  a l . ,  1985) 

do inc lude  t h e  Denalt f a u l t  a s  a s p e c i f i c  source  zone and it  is modelled here  

a s  a v e r t i c a l  f a u l t  c o n s i s t i n g  of t h r e e  l i n e a r  segments. Of  t h e  two s t r a n d s  

i n  t h e  c e n t r a l  s e c t i o n  only  t h e  Hines Creek s t r a n d ,  t h e  more no r the rn  one, has 

been modelled. 

The Minto f a u l t  has  been modelled a s  a s e p a r a t e  s o u r c e  zone wi th in  t h e  

n o r t h e r n  random zone because of i t s  c lo senes s  t o  t h e  NAG a r ea .  Th i s  f a u l t  

t r e n d s  NE from t h e  town of Nenana i n  f rozen  Quaternary  d e p o s i t s  but does no t  

d i s r u p t  f l o o d  p l a i n  al luvium o r  o t h e r  d e p o s i t s  of r e c e n t  age ,  and is expressed 

a s  a s c a r p  a s  high a s  4 rn w i t h  t h e  s o u t h e a s t  s i d e  thrown up (Brogan e t  a l . ,  



1 9 7 5 ) .  Barnes (1961)  p r e s e n t s  e v i d e n c e  from g r a v i t y  s u r v e y s  t h a t  t h e  Minto 

f a u l t  r e p r e s e n t s  a s u r f a d e  c o n t a c t  between B i r c h  Creek s c h i s t  a n d  t h e  f l o o d  

p l a n e  a l lUvium,  wi th  t h e  n o r t h w e s t  s i d e  be ing  downthrown. The o r i g i n a l  

mapping of P6wB (1966) i n d i c a t e s  a f a u l t  l e n g t h  of 20 km. 

The f a u l t  is modeled h e r e  based  on s e i s m i c  ev idence ,  which i n d i c a t e s  a 

SWS-NEN strf k ing  f e a t u r e ,  t h e  n o r t h e r n  t e r m i n u s  a t  t h e  Beaver Creek f a u l t  and 

the  s o u t h e r n  one j u s t  s o u t h  of Nenana ( F i g .  8 ) .  The l a r g e s t  e v e n t  of t h i s  

s e i s m i c  t r e n d  h a s  a magnitude ML = 4.2.  A composi te  f a u l t  p l a n e  s o l u t i o n  from 

12 s m a l l  e v e n t s  by Gedney (pers. comm.) i n d i c a t e s  d i p - s l i p  f a u l t i n g  on a N 1 8 O  

W t r e n d i n g  f a u l t .  T h i s  t r e n d  i s  transverse t o  t h e  t r e n d  i n d i c a t e d  by t h e  

s e i s m i c i t y .  The Mlnto f a u l t  p o s s i b l y  p r e s e n t s  p a r t  of a complex h o r s t  and 

g raben  sys tem.  I t  is modelled h e r e  as a l i n e a r  v e r t i c a l  f a u l t  t r e n d i n g  as 

i n d i c a t e d  by t h e  s e i s m i c i t y  and a l e n g t h  of 70 km. 

111. S e i s m i c i t y  

A .  Maximum Earthquake Magnitudes 

For t h e  exposure  c a l c u l a t i o n s  t h e  magni tude of t h e  l a r g e s t  e a r t h q u a k e  t o  

be t a k e n  i n t o  accoun t  f o r  e a c h  s o u r c e  zone h a s  t o  be dec ided  upon. These  

v a l u e s  a r e  summarized t o g e t h e r  w i th  t h e  s e i s m i c i t y  r a t e s  i n  T a b l e  3. 

T h r u s t  Zones 

For  t h e  sha l low t h r u s t  zones t h e  maximum magnitude was t a k e n  a s  Ms = 

8.5. While e a r t h q u a k e s  a s  l a r g e  a s  magni tude M u  = 9.2  have o c c w e d  on t h e  

Aleu t i an -Alaska  t h r u s t  zone we have chosen  a s m a l l e r  v a l u e  f o r  s e v e r a l  

r e a s o n s .  Tha t  p o r t i o n  of t h e  t h r u s t  zone modelled h e r e  h a s  r u p t u r e d  i n  a 

g r e a t  e a r t h q u a k e  on ly  some 20 y e a r s  ago and i t  is f e l t  t h a t  t h e  sys tem is  n o t  



s u f f i c i e r r t l y  recharged t o  gene ra t e  an ear thquake with magnitude l a r g e r  than  

8.5 withln next 50 yhars ,  t h e  t ime b a s i s  f o r  t h e  exposure c a l c u l a t i o n .  

Furthermore, perk ground motion a c c e l e r a t i o n  values a r e ,  a s i d e  f r a n  s i t e  

topographic  and geological  e f f e c t s ,  p r imar i ly  inf luenced by t h e  dynamics of 

t h e  stress r e l e a s e  on high s t r e n g t h  pa tches  of t h e  rup tu re  p lane  r a t h e r  than  

t h e  t o t a l  r u p t u r e  a r e a  which is s t r o n g l y  r e f l e c t e d  i n  t h e  moment magnitude. 

Empir ical  (Campell, 1981 and t h e o r e t i c a l  (Hooley and Helmberger , 1980) 

s t u d i e s  i n d i c a t e  both magnitude and d i s t a n c e  s a t u r a t i o n  of peak ground 

a c c e l e r a t i o n  va lues .  

I n  o rde r  t o  accomodate r u p t u r e  a r e a s  a s s o c i a t e d  w i t h  ear thquakes i n  t h e  

magnitude M u  = 9.0 range we would have t o  extend t h e  po r t ion  of t h e  shallow 

t h r u s t  zone modelled. T h i s  appears  unwarranted on account of t h e  above and 

cons ide r ing  t h a t ,  because of t h e  d i s t a n c e s  involved,  the  zone w i l l  i n f luence  

t h e  exposure a t  t h e  s i t e  only t o  a l i m i t e d  e x t e n t .  

Benioff Zones 

For t h e  Wadati-Beniof f zone a maximum magnitude of Ms = 7.5 was 

assumed. No earthquake l a r g e r  than  t h a t  has  been recorded f o r  t h a t  zone i n  

t h e  Aleutian-Alaska a r c  system and only t h r e e  events  c l e a r l y  a s s o c i a t e d  with 

t h e  Wadati-Beniof f  zone have been recorded  elsewhere (Woodwar d-Cl  yde , 1982a ) . 

Random Sources 

Maximum magnitude of t h e  random source  zone was s e t  a t  M, = 7.5 This  is  

p r i m a r i l y  based on the  h i s t o r i c  r eco rd ,  which shows t h r e e  magnitude Ms = 7 .3  

even t s  a s  t h e  l a r g e s t  ones t o  have occurred  over t h e  pas t  80 yea r s .  The time 

pe r iod  f o r  which one would expect  ear thquakes  of t h i s  s i z e  t o  have been 

recorded probably goes back about 90 yea r s .  





r e l a t i o n s h i p  between r u p t u r e  l eng th  and magnitude f o r  normal f a u l t s  we o b t a i n  

a  maximum m.bnitude of M$ = 7.0 f o r  t h e  Minto f a u l t .  

B. Se i smic i ty  Rates  

Table  3 summarizes t h e  s e i s m i c i t y  r a t e s  used f o r  t h e  var ious  sou rce  

zones. When a v a i l a b l e  t h e  t a b l e  a l s o  p rov ides  information on t h e  r a t e s  

assumed by v a r i o u s  o t h e r  se i smic  hazard s t u d i e s .  

Thrus t  Zones 

The r a t e s  used a r e  based on t h e  r ecu r r ance  r a t e s  der ived  by Jacob and 

Houksson (1983) f o r  t h e  whole Aleutian-Alaskan a r c  from h i s t o r i c  da t a .  For 

our purposes  t h e i r  r e l a t i o n s h i p  was a d j u s t e d  t ak ing  i n t o  account t h a t  our 

source  zone models an  approximately 400 km l ong  po r t i on  of t h e  a r c .  Also, 

s i n c e  their r a t e s  i nc lude  t h e  Wadati-Benioff zone s e i s m i c i t y  we have a l s o  

assumed t h a t  on ly  85 percent  of t h e i r  r a t e s  apply  t o  t h e  shallow t h r u s t  

zone. The r e s u l t i n g  recur rance  r a t e s  a r e  q u i t e  s i m i l a r  t o  those of WWC1 

(Table  3 )  which a r e  based on a r e g i o n a l l y  de r ived  b-value and c o n s i s t e n t  w i t h  

a  r e t u r n  pe r iod  of 160 years  f o r  t h e  1964 P r ince  Williams Sound ear thquake a s  

es t imated  by Davies et a l .  (1981  ) .  

Wadati-Benioff Zones 

For t h e  n o r t h e r n  zone we have used t h e  r a t e s  of Woodward-Clyde (1982b) 

s i n c e  t h e s e  r a t e s  a r e  based on d e t a i l e d  s t u d i e s  of an a r e a  t h a t  is p a r t  of 

t h i s  sou rce  zone. For t h e  southern zone we use t h e  r a t e s  of Woodward-Clyde 

( 1 9 8 2 ~ )  which a r e  based on h i s t o r i c  d a t a  f r ~ m  an a r e a  between t h e  sou the rn  t i p  

3f Kodiak I s l a n d  and j u s t  w r t h  of Anchorage. The cons iderab ly  h igher  se i smi-  

c i t y  r a t e  of t h e  sou the rn  zone is  probably due t o  t h e  h igh  r a t e  of a c t i v i t y  



beneath I l iamna volcano. Since such a high a c t i v i t y  c l u s t e r  e x i s t s  a l s o  

beneath M t .  McKinley, j us't s t r a d d l i n g  t h e  boundary between t h e  northern and 

southern zone, t h e s e  high r a t e s  might a l s o  be a p p l i c a b l e  t o  t h e  northern zone. 

Randm Source Zones 

The s e i s m i c i t y  r a t e s  f o r  t he  nor thern  zone a r e  based on t h e  fol lowing 

assumptions: a b-value of . 8 ,  a seismic moment r a t e  of 5,314 x 102' dyn-cm/yr 

and t h e  maximum magnitude of M, = 7.5. From t h e s e  assumptions we can 

c a l c u l a t e  t h e  a-value i n  t h e  Cutenberg-Richter r e l a t i o n s h i p  (Dong e t  a l . ,  

1984). 

The b-value is taken from Thenhaus e t  a l .  ( 1  985) who der ive  t h e i r  value 

from h i s t o r i c  s e i s m i c i t y  da t a  f o r  a source  zone t h a t  is q u i t e  s i m i l a r  t o  t he  

present  one, a l b e i t  extending considerably f u r t h e r  towards t h e  west.  Davis e t  

a l .  (1978) d e r i v e  a b-value of .814 from a 68 year d a t a  s e t  f o r  the  Fairbanks 

a rea  which l i e s  i n  t h e  e a s t e r n  po r t i an  of t h e  sou rce  zone. 

The se i smic  moment r a t e  is based on a l l  ear thquakes  of magnitude 

M, L 6.25 t h a t  have occurred i n  t h e  zone over an 80-year t ime period. The 

r e l a t i o n s h i p  of Thatcher and Hanks (1973) was used t o  conver t  M, i n t o  se i smic  

moment. 

For t h e  sou the rn  random zone we have used r ecu r rance  r a t e s  75 percent of 

those of t h e  no r the rn  one,  taking i n t o  account t h a t  t h e  Denali f a u l t  which 

runs through t h i s  zone has been modelled s e p a r a t e l y .  The two random zones 

r ep re sen t  s i m i l a r  t e c t o n i c  regimes. Being c l o s e r  t o  t h e  p l a t e  boundary one 

might expect higher  r a t e s  i n  the  southern zone. However t h e  port ion modelled 

shows a lower r a t e  of l a r g e  events .  The only  c r u s t a l  events  of magnitude 

M s  2 6 a r e  t h e  1912 M s  = 7.2 event which is  probably a s soc i a t ed  w i t h  t h e  

Denali f a u l t  and t h e  M, = 6.25 event of 1935 ( F i g .  4 ;  Table  1 ) .  A Ms = 7.3 



(Nov. 3 ,  1943) event  occurred 63.g0 N,  151.3O W (Woodward-Clyde, 1982b) j u s t  

sou th  of tha souroo zone; The apparent lower r a t e s  could  be an  a r t i f a c t  of 

t h e  ca ta logue  on account  of i ts l i m i t e d  time coverage,  they might i n d i c a t e  

cons iderable  s e i smic  s t r a i n  r e l e a s e  - i n  p a r t  a se i smica l ly  - along the  Denali 

f a u l t  o r  t h a t  f o r  some reason  t h e  p l a t e  behaves more r i g i d l y  i n  t h i s  a r ea .  

Denali Fau l t  

The r ecu r rance  r a t e s  a r e  based on a s e i smic  moment r a t e  of 3.0 x l o z 5  

dyn-cm/yr, a b-value of .85 and a maximum magnitude of Ms = 8.0. From these  

we c a c l u l a t e  t h e  r a t e s  i n  t h e  same way a s  f o r  t h e  random source  zones. 

The moment r a t e  is based on assuming an average s l i p  r a t e  of 1 cm/yr over 

t h e  500 km po r t ion  of t h e  f a u l t  we have modelled. Various s t u d i e s  have been 

conducted t o  i n f e r  displacement r a t e s  on t h i s  f a u l t .  Data by Hickman and 

Craddock (1973) from t h e  Nenana River a r e a  sugges t  a displacement r a t e  of 1 .3  

cm/yr f o r  Holocene times (Woodward-Clyde, 1973). S tou t  e t  a l .  (1973) es t imate  

displacement r a t e s  of .5 t o  .6 cm/yr i n  Holocene t imes f o r  a po r t ion  of t he  

f a u l t  e a s t  of t h e  Black Rapids Glac ier .  Other s t u d y s  ( P l a f k e r  e t  a l . ,  1977; 

Hickman e t  a l . ,  1977) f l n d  evidence suppor t ing  displacement  r a t e s  between 1.0 

and 3.5 cm/yr i n  Holocene time. There appears ,  however, t o  be no 

documentation of displacement on t h e  f a u l t  i n  h i s t o r i c  times (Woodward-Clyde, 

1982a). I n  c a l c u l a t i n g  t h e  moment r a t e  from t h e  s l i p  r a t e  we have a l s o  

assumed a f a u l t  width of 20 km and a value of 3 x 10 ' '  dyn/cm2 f o r  t h e  

r i g i d i t y  modulus (p) of t h e  f a u l t  zone m a t e r i a l .  

Minto Fau l t  

The r ecu r rance  r a t e s  f 3 r  t he  Minto f a u l t  a r e  based on a- and b-values 

determined f r a n  a 13 year (1968-1981 period of t h e  ear thquake catalogue.  



I V .  Attenuabion Relat ior lships  

A t  p resent  s t r o n g  ground motion record ings  f r m  Alaska a r e  i n s u f f i c i e n t  

i n  number t o  provide a t t e n u a t i o n  r e l a t i o n s h i p s  based e n t i r e l y  on ~ l a s k a n  

da t a .  Seismic hazard s t u d i e s  i n  t h e  s t a t e  have t h e r e f o r e  made use of a  

v a r i e t y  of r e l a t i o n s h i p s .  Thenhaus e t  a l .  (1985) u se  t h e  Schnabel and Seed 

(1973) r e l a t i o n s h i p s  which a r e  based on e a r l y  western United S t a t e s  da ta .  

Woodward-Clyde (1982a) u se  r e l a t i o n s h i p s  derived from world-wide (pr imar i ly  

Japan)  subduction zone d a t a  f o r  a  se i smic  r i s k  s tudy  of t h e  Gulf of Alaska and 

r e l a t i o n s h i p s  based on Imper ia l  Val ley,  C a l i f o r n i a  ear thquakes  f o r  work in  

Anchorage (Woodward-Cl yde , 1982c 1, and yet  another  s e t  of r e l a t i o n s h i p s  f o r  a  

hazard s tudy  of t h e  Susi t n a  Hydroe lec t r ic  p ro j ec t  ( 1  982b).  

I n  t h e  proposed s tudy  two s e p a r a t e  s e t s  of a t t e n u a t i o n  r e l a t i o n s h i p s  a r e  

used, depending on t h e  type  3f source  zone involved. For ear thquakes 

a s soc i a t ed  w i t h  t h e  shal l3w t h r u s t  zones and t h e  Wadati-Beniof f  zone we use 

t h e  type-B r e l a t i o n s h i p s  of Woodward-Clyde (1982a) .  Comparison with Alaska 

da t a  from these  zones i n d i c a t e  t h a t  t h e  type-B r e l a t i a n s h i p s  a r e  conservat ive 

(Jacob and Mori, 1984).  For t he  i n t r a p l a t e  source  i n  t h e  over-r iding p l a t e  we 

use t h e  type-A r e l a t i o n s h i p  of Woodward-Clyde (1982a) .  However t h e  use of 

western United S t a t e s  d a t a  based r e l a t i o n s h i p s  can be j u s t i f i e d  f o r  t hese  type 

of sources and we have used two of these  f o r  comparison purposes: Woodward- 

Clyde ( 1 9 8 2 ~ )  and Campell (1981 ) .  The former were der ived  form Ca l i fo rn i a  

da t a .  Campell's (1981) r e l a t i o n s h i p s  a r e  included he re  because he  is 

p a r t i c u a r l y  concerned about t h e  near-source a t t e n u a t i o n  us ing  world-wide da t a  

recorded wi th in  50 km of t h e  earthquake rup tu re  zone. H i s  d a t a  do, however, 

inc lude  subduction zone environment earthquakes. The va r ious  r e l a t i o n s h i p s  

used a r e  shown i n  F ig .  9  through Fig. 12 .  Fig. 13 provides a  comparison of 



t h e  r e l a t i o m h i p  f o r  a  magni tude MS = 7.5 ea r thquake .  T a b l e  4 g i v e s  t h e  

pa ramete rs  of the var ious '  r e l a t i o n s h i p s ,  a c t u a l l y  used i n  t h i s  s t u d y .  

The a t t e n u a t i o n  is t r e a t e d  s t a t i s t i c a l l y ,  assuming a l o g  normal 

d i s t r i b u t i o n .  The s t a n d a r d  e r r o r s  of t h e  v a r i o u s  r e g r e s s i o n  a n a l y s e s  on which 

t h e  v a r i o u s  r e l a t i o n s h i p s  a r e  based r e f l e c t  t h e  v a r y i n g  i n f l u e n c e  of 

p a r t i c u l a r  s o u r c e ,  p a t h  and s i t e  e f f e c t s  w i t h  r e s p e c t  t o  which t h e  d a t a  s e t s  

were n o t  subd iv ided .  For t h e  type-A r e l a t i o n s h i p s  a  s t a n d a r d  e r r o r  of .568 is 

i n d i c a t e d .  We have used a  lower  v a l u e  of .400 s i n c e  t w o  t y p e s  o f  c o n d i t i o n s  

t h a t  s y s t e m a t i c a l l y  seem t o  i n c r e a s e  peak ground a c c e l e r a t i o n ,  namely r e v e r s e  

t y p e  f a u l t i n g  mechanisms and s t e e p  l o c a l  topograph ic  r e l i e f ,  d o  n o t  apply .  

The s o u r c e  zones f o r  which t h e  type-A r e l a t i o n s h i p  were u s e d  a r e  c h a r a c t e r i z e d  

by  s t r i k e - s l i p  f a u l t i n g  and t h e  topography of t h e  NAG area is g e n t l e .  Both 

type-A and type-B r e l a t i o n s h i p s  were d e r i v e d  from d a t a  r e c o r d e d  on s t i f f  

s o i l s .  T h i s  a p p e a r s  a  good c l a s s i f i c a t i o n  f o r  t h e  mos t ly  f r o z e n  qua te rnary  

d e p o s i t s  of t h e  a r e a .  

V.  RESULTS AND DISCUSSION 

The i n p u t  pa ramete rs  a s  d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n s  r e s u l t  i n  an  

exposure  v a l u e  of .27 g  f o r  a  50-year pe r iod  and a  90% p r o b a b i l i t y  of non- 

exceedance.  To t h i s  v a l u e  t h e  n o r t h e r n  random s o u r c e  zone c o n t r i b u t e s  545, 

t h e  n o r t h e r n  Benioff zone 2 4 % ,  t h e  e a s t e r n  t h r u s t  zone 10% and t h e  Minto f a u l t  

1 0  The remaining s o u r c e  zones  c o n t r i u b t e  a  t o t a l  of 6%. 

If we u s e  t h e  median c u r v e s  of t h e  a t t e n u a t i o n  r e l a t i o n s h i p  t h e  exposure 

d r o p s  by 30% t o  .19 g.  I f  we use  t h e  o r i g i n a l  v a l u e  of ,586 f o r  t h e  s t a n d a r d  

e r r o r  of t h e  type-A r e l a t i o n s h i p s  t h e  v a l u e  i n c r e a s e s  t o  .31 g,  a f a c t o r  of 

1.6 w i t h  r e s p e c t  t o  t h e  v a l u e s  d e r i v e d  from t h e  median c u r v e s .  Using t h e  WWC2 



and Campell r e l a t i o n s h i p s  f o r  a l l  sources  one obta ins  values of .27 g and 

.22 g r e s p e ~ v e l y .  Uhil'e t h e  WC2 curves  a r e  more conse rva t ive  than  t h e  

type-A r e l a t i o n s h i p s  t h e  same exposure value r e s u l t s  because - i n  t h e  

a p p r o p r i a t e  d i s t ance  range - t h e  y e t  more conserva t ive  type-B r e 1  a t ionsh ips  

used f o r  t h e  Benioff zone and shallow t h r u s t  zone, o f f s e t  t h i s .  When us ing  

t h e  WWC2 curves  100% of t h e  exposure Is due t o  t h e  no r the rn  random zone. 

Using t h e  type-A r e l a t i o n s h i p s  f o r  a l l  sources one ob ta ins  a value of .23 g .  

T h i s  va lue  compares w i t h  t h a t  from t h e  Campell r e l a t i o n s h i p s  and while t he  

l a t t e r  a r e  s l i g h t l y  more conserva t ive  t h i s  is o f f s e t  by t h e i r  s l i g h t l y  lower 

d i s p e r s i o n  value. 

The exposure is s e n s i t i v e  t o  t h e  dept  of t h e  nor thern  random zone. 

Rais ing  and lowering i t  by 5 km from t h e  depth of 15 km assumed he re  r e s u l t s  

i n  va lues  of .29 g and .25 g r e s p e c t i v e l y .  This is  t o  be expected s i n c e  t h e  

depth  of t h i s  source c o n t r o l s  t h e  c l o s e s t  d i s t ance  t o  t h e  s i t e  a s  t h e  rup tu re  

planes of t h e  earthquakes a r e  h o r i z o n t a l l y  o r i en t ed  on t h e  zone. Data from 

l o c a l  se i smic  networks with good c o n t r o l  f o r  hypocentral depth (Woodwar d-Cl yde 

1982b, Estabrook, 1985) i n d i c a t e  a seismogenic zone of about 20km depth 

e x t e n t .  There is no evidence f o r  any i n t e r i o r  Alaskan ear thquake t o  have rup- 

t u r e d  t o  t h e  s u r f a c e ,  hence very shallow ep icen te r s  might be u n l i k e l y .  

Hypocenters of 10 km depth seem q u i t e  poss ib l e  but s i n c e  s t r a i n  r e l e a s e  seems 

t o  occur preferab ly  along e s s e n t i a l l y  v e r t i c a l  f a u l t s ,  our modelling is 

conserva t ive .  Also, peak a c c e l e r a t i o n  wi th in  a few k i lometers  of the  f a u l t  

w i l l  be - a s i d e  from s i t e  s p e c i f i c  cons ide ra t ions  - pr imar i ly  inf luenced  by 

t h e  d e t a i l s  of t h e  rup tu re  process .  The c o n t r o l l i n g  d i s t a n c e  w i l l  be the 

d i s t a n c e  t o  t h e  c l o s e s t  patch w i t h  high energy r e l e a s e  on t h e  inhomogeneous 

f a u l t  plane. 

S ince  t h e  nor thern  random zone con t r ibu te s  t h e  l a r g e s t  percentage t o  t h e  



exposure  v a l u e ,  changes of its s e i s m i c i t y  r a t e s  have t h e  g r e a t e s t  i n f luence  of 

any such  -changes. Doubling o r  ha l f  ing t h e  r a t e s  f o r  t h i s  zone r e s u l t s  i n  

7n .P * .'- 1 t 

unreasonable  (implying 5.7 even t s  i n  80 yea r s  of magnitude Ms L 7 wi th in  t h e  

zone) .  Equiva len t  changes f o r  o t h e r  sou rce  zones r e s u l t  i n  l e s s  than 5% 

changes of t h e  exposure va lue .  

VI. CONCLUSIONS 

The above i n d i c a t e s  t h a t  t h e  exposure va lue  f a r  peak ground motion 

a c c e l e r a t i o n  f o r  t h e  NAG a r e a  l i e s  between .22 g and .29 g f o r  a 50-year 

pe r iod  of i n t e r e s t  and a 90% p r o b a b i l i t y  l e v e l  of non-exceedence. The va lue  

based on our b e s t  judgements f o r  t h e  impor tan t  input  parameters  of the  

a n a l y s i s  is .27 g.  The r e s u l t i n g  va lue  is q u i t e  s e n s i t i v e  t o  t h e  choice  of 

a t t e n u a t i o n  r e l a t i o n s h i p s ,  p a r t i c u l a r l y  t o  whether o r  how t h e  r e l a t i o n s h i p s  

a r e  used i n  a s t a t i s t i c a l  sense .  I t  is  a l s o  s e n s i t i v e  t o  t h e  s e i s m i c i t y  r a t e s  
. . . . - .  
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F i g u r e  1 .  Sits l o c a t i o n .  

F i g u r e  2. P l a t e  i n t e r a c t i o n  i n  t h e  P a c i f i c  (from Davies ,  1984) .  
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F i g u r e  4. R e l a t i o n s h i p  between e a r t h q u a k e s  of magni tude Ms 2 6.25 and f a u l t s  

i n  i n t e r i o r  Alaska.  The e a r t h q u a k e  numbers c o r r e s p o n d  t o  t h o s e  of Table  

1 .  The numbers between t h e  b r a c k e t s  deno te  magni tudes .  S o l i d  c u r v e s  a r e  

mapped f a u l t s  shown dashed where i n f e r r e d .  The d o t t e d  l i n e s  i n d i c a t e  
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S h o e s t r i n g  f a u l t ,  T - Tolovana f a u l t ;  TT - T i n t i n a  f a u l t ;  V - V i c t o r i a  

Creek f a u l t .  
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F i g u r e  6. Shallow s e i s m i c i t y  ( h  < 20 k m )  of i n t e r i o r  Alaska  based o n a l l  

l o c a t e d  e a r t h q u a k e s  t h r o u g h  June  1985. 

F i g u r e  7. Layout of s e i s m i c  s o u r c e  zones .  



Figure  8. Se ismic i ty  near  NAG a r e a  based on a l l  recorded da t a  through June 

1985. 

Figure  9 .  Type A a t t e n u a t i  on r e l a t i o n s h i p s .  

F igure  10.  Type B a t t e n u a t i o n  r e l a t i o n s h i p s .  

F igure  11 . Woodward-Clyde ( 1  982c) a t t e n u a t i o n  r e l a t i o n s h i p s .  

F igure  12.  Campell (1981 ) a t t e n u a t i o n  r e l a t i o n s h i p s .  
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Table Captions 

Table 1.  Parameters of ear thquakes of magnitude M, 2 6.25 i n  i n t e r i o r  Alaska. 

Table 2 .  Source zone geometry. 

Table 3. Source zone s e i s m i c i t y  r a t e s .  

Table 4 .  Attenuat ion r e l a t i o n s h i p s .  



Table 1 

Event D a m   at l tudel ~ong i tude '  ~ a g n i  tude2 



F o o t n o t e s  t o  Tab le  1 

( 1 )  Unless i n d i c a t e d  o t h e r w i s e ,  NOAA ea r thquake  c a t a l o g u e  l o c a t i o n s .  

( 2 )  Unless i n d i c a t e d  o t h e r w i s e ,  NOAA e a r t h q u a k e  c a t a l o g u e  MS magnitude.  

( 3 )  Re loca ted  by Sykes ( u n p u b l i s h e d  d a t a ) .  

( 4 )  Redetermined Ms magni tude by Abe and Noguchi (1983)  o r  Abe (1980) .  

( 5 )  Reloca ted  by Woodward-Cl yde C o n s u l t a n t s  ( 1  983) .  

( 6 )  Re loca ted  d u r i n g  t h i s  s t u d y .  

( 7 )  Loca t ion  by Adkins ( 1 9 4 0 ) .  

( 8 )  R e l o c a t i o n  by Tobin  and S y k e s  ( 1  9 6 6 ) .  

( 9 )  Loca t ion  by Huang ( 1  9 8 3 ) .  

( 1 0 )  Loca t ion  by S t .  Amand ( 1 9 4 8 ) .  



Table 2 

Source Zone Geometry 

Node Longitude 
( O W )  ( O N )  

Lat i tude  Depth ' 

(km) 

Source Zone Nodes 
Ckm21 

Area 

S h a l l ~ w  Thrus t  East 
Shallow Thrus t  West 
Beniof f North 
Benioff South 
Random Source North 
Random Source South 
Denal i  F a u l t  
Minto F a u l t  



Table 3 

Source b ' # of even t sZ  # o f  events2 R e t u r n P e r i o d 2  
Zone s t u d y i  %:f value H, 5 per  y r  M~ 2 7 per yr  %ax ( y r s )  

Shallow NAG 8.5 .85 2.6 x lo-' 5.9 x lo-' 3.2 x 10" 
Thrus t  OCS 8.5 .80 1 . 4  x 3.4 x lo-' 6.7 x l o Y  
Zone WWC1 8.5 .85 3.1 x lo-' 6.3 x lo-' 3.0 x l o r  

wc 2 9.5 .70 2.0 x 7.9 x lo-* 7.0 x 104 
H-L 9.5 .80 1.0 x 2.5 x lo-' 4.0 x l o 5  
Thenhaus 8.5 .60 - - - - - 

Wadati- NAG 7.5 -68 .68 x lo- '  2.9 x lo-* 7.4 x l o 3  
Beni of f OCS 7.5 .55 .95 x 8.8 x 10'" - - 

Zone WUC1 7.5 .68 .68 x 10'' 2.9 x lo-* 7.4 x l o 3  
WWC 2 7.5 .90 3.9 x 1 0 ' ~  6.3 x 10" 4.4 x l o 3  
H-L 7.5 .60 1.31 x l o e 2  12.6 x lo-' 1 . 4  x l o 3  
Thenhaus 8.5 -73 - - - - - - 

Random NAG 7.5 .80 . 9  x 1.5 x 9.2 x l o r  
Source OCS 7 .O 1 .60 1.82 x lo- '  .44 x 6.9 x l o *  
South 

Random NAG 7.5 .8  1 . 2  x 2.0 x lo-* 8.4 x l o 3  
Source Thenhaus 7.3 .8 - - - - - - 
North 

Denali NAG 8.0 .85 9.0 x 1 0 ' ~  1.8 x 3.9 x l o 3  
F a u l t  ocs 8.0 -75 7 .2  x lo- '  2.2 x lo- '  3.4 x l o 3  

WWC 1 8 .O -85 12.0 x 2.2 x 3.1 x l o 3  
Thenhaus 8.5 .60 - - - - - - 

Mint o 
F a u l t  NAG 7.0 1 . O  7.6 x lo- '  .76 x 1 . 3  x l o 3  

Footnotes  t o  Table  3 

( 1 )  NAG: p resent  s tudy ;  OCS: Woodward-Clyde, 1982(a) ;  1 Woodward-Clyde, 
1982(b ) ;  WWC2: Woodward-Clyde, 1982(c); H-L: Harding-Lawson, 1984; Thenhaus: 
Thenhaus e t  a1 . , 1985. 

( 2 )  These va lues  a r e  normalized t o  1000.kmz f o r  a r ea  sources and t o  100 km f o r  
f a u l t s .  

( 3 )  These r a t e s  a r e  f o r  t h e  Beinof f zone between lower Cook I n l e t  and Anchorage, 
corresponding roughly t o  our southern  Benioff zone. 



Table 4 

SPlmary of the '  at tenuation funct ions  f o r  peak acceleration 

Parameter OCS-A OCS-B WC 1 Campbell 

B1 191 28 4 80.14 15.9 

B2 .823 .587 1.1 .868 

B4 1.56 1.05 1.75 1 .09 

1 .864 .864 .315 .0606 

C 2  ,463 .463 ,629 ,700 

SIGMA .568 .700 .400 372 

2M 

apeak(cm/sec2) = where B4 = C l  e 2M 

(R + B3) 
4 

' A  value of .400 was used in the calcula t ions .  
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