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I. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS WITH RESPECT TO OCS 
OIL AND GAS DEVELOPMENT 
The o b j e c t i v e  o f  t h i s  r e s e a r c h  i s  t o  c o l l e c t  and ana lyze  d a t a  on e a r t h -  
quake a c t i v i t y  i n  t h e  n o r t h e a s t  G u l f  o f  A laska  (NEGOA) and a d j a c e n t  
onshore areas i n  o r d e r  t o  deve lop  a b e t t e r  r e g i o n a l  s e i s m o t e c t o n i c  model 
and more a c c u r a t e l y  assess t h e  ea r thquake  p o t e n t i a l .  T h i s  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  e s t a b l i s h m e n t  o f  c r i t e r i a  f o r  t h e  s a f e  development o f  o i l  
and gas. La rge  (Ms> 7 )  h i s t o r i c a l  ear thquakes have o c c u r r e d  i n  and 
around t h e  NEGOA, and r e c e n t  s t u d i e s  suggest  t h a t  t h e  NEGOA i s  a  l i k e l y  
s i t e  f o r  a  magni tude 8 o r  1  a r g e r  ea r thquake  t o  occu r  w i t h i n  t h e  n e x t  two 
o r  t h r e e  decades. A g r e a t  ea r thquake  (MS>8) a s s o c i a t e d  w i t h  l ow-ang le  
o b l i q u e  u n d e r t h r u s t i n g  o f  t h e  sea f l o o r  beneath  c o n t i n e n t a l  s h e l f  c o u l d  be 
accompanied b y  s t r o n g  ground shak ing  t h r o u g h o u t  much o f  t h e  e a s t e r n  G u l f  
o f  A laska,  p o s s i b l y  f r o m  Cross Sound t o  Kayak I s l a n d  (Page, 1975), and 
c o u l d  t r i g g e r  tsunamis,  se iches,  and submarine s lumping,  any o f  wh ich  
c o u l d  be hazardous t o  o f f s h o r e  and c o a s t a l  s t r u c t u r e s  (Meyers, 1976). 

11. INTRODUCTION 
A. Genera l  n a t u r e  and scope o f  s t u d y  

The purpose o f  t h i s  r e s e a r c h  i s  t o  i n v e s t i g a t e  t h e  ea r thquake  
p o t e n t i a l  i n  t h e  NEGOA and a d j a c e n t  onshore  areas.  T h i s  w i l l  be 
accompl ished b y  assess ing  t h e  h i s t o r i c a l  s e i s m i c  r e c o r d  as w e l l  as b y  
c o l l e c t i n g  new and more d e t a i l e d  i n f o r m a t i o n  on b o t h  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  n a t u r e  o f  s t r o n g  ground m o t i o n  
r e s u l t i n g  f r o m  l a r g e  ear thquakes.  

B. S p e c i f i c  o b j e c t i v e s  
1. Record t h e  l o c a t i o n s  and magni tudes o f  a l l  s i g n i f i c a n t  ear thquakes 

w i t h i n  t h e  NEGOA area.  
2. P repare  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  r e g i o n .  
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  are capab le  o f  

g e n e r a t i n g  ear thquakes.  
4. Assess t h e  n a t u r e  o f  s t r o n g  ground shak ing  a s s o c i a t e d  w i t h  l a r g e  

ear thquakes i n  t h e  NEGOA. 
5. Compi le and e v a l u a t e  f r e q u e n c y  ve rsus  magni tude r e l a t i o n s h i p s  f o r  

s e i s m i c  a c t i v i t y  w i t h i n  and a d j a c e n t  t o  t h e  s t u d y  areas. 
6. E v a l u a t e  t h e  observed s e i s m i c i t y  i n  c l o s e  c o o p e r a t i o n  w i t h  OCSEAP 

Research U n i t s  16 and 251 towards development o f  an ea r thquake  
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  t h e  p rob lem o f  p e t r o l e u m  development 
I t  i s  c r u c i a l  t h a t  t h e  s e i s m i c  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  
ana lyzed  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 l a n s  f o r  
f u t u r e  p e t r o l e u m  development. T h i s  i n f o r m a t i o n  s h o u l d  be c o n s i d e r e d  
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  l e a s e  sa les ,  i n  choos ing  t h e  
l o c a l i t i e s  f o r  o i l  p i p e l i n e s  land-based o p e r a t i o n s ,  and i n  s e t t i n g  
minimum d e s i g n  s p e c i f i c a t i o n s  f o r  b o t h  c o a s t a l  and o f f s h o r e  
s t r u c t u r e s .  
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111. CURRENT STATE OF KNOWLEDGE 
The e a s t e r n  G u l f  of A l a s k a  and t h e  a d j a c e n t  onshore  areas a r e  
undergo ing  compress iona l  d e f o r m a t i o n  caused b y  no r th -no r thwes tward  
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 e s p e c t  t o  t h e  N o r t h  American p l a t e  
( F i g u r e  1  ) . D i r e c t  ev idence  f o r  c o n t i n u e d  convergen t  mot i o n  comes f r o m  
s t u d i e s  o f  l a r g e  ear thquakes a long  p o r t i o n s  o f  t h e  P a c i f i c - N o r t h  American 
p l a t e  boundary a d j a c e n t  t o  t h e  e a s t e r n  G u l f  o f  A laska .  The 1958 
ear thquake on t h e  F a i r w e a t h e r  f a u l t  i n  s o u t h e a s t e r n  A laska  was accompanied 
b y  r i g h t - l a t e r a l  s l i p  o f  as much as 6.5 rn (Tocher,  1960).  The 1964 A laska  
ear thquake r e s u l t e d  f r o m  d i p - s l  i p  m o t i o n  o f  about  12 m ( H a s t i e  and Savage, 
1970) on a  f a u l t  p l a n e  d i p p i n g  t o  t h e  n o r t h w e s t  beneath  t h e  c o n t i n e n t  f r o m  
t h e  A l e u t i a n  t r e n c h  and e x t e n d i n g  f r o m  e a s t e r n  P r i n c e  W i l l i a m  Sound t o  
s o u t h e r n  Kodiak I s l a n d .  Most  r e c e n t l y ,  t he  1979 S t .  E l i a s  ea r thquake  
i n v o l v e d  about  2 m (Hasegawa and o t h e r s ,  1980) of  low-ang le  r e v e r s e  
f a u l t i n g  on a  sha l l ow ,  n o r t h w e s t w a r d - d i p p i n g  p l a n e  beneath  t h e  S t .  E l i a s  
mounta ins  i n  s o u t h e a s t e r n  A l a s k a  and sou thwes te rn  Yukon T e r r i t o r y .  The 
p l a t e  boundary i n  t h e  sou rce  r e g i o n  o f  t h e  1964 ea r thquake  i s  r e l a t i v e l y  
s imple .  To t h e  e a s t ,  however, a p p r o x i m a t e l y  between t h e  l o n g i t u d e s  of 
Kayak I s l a n d  and Cross Sound, t h e  p r e c i s e  manner i n  wh ich  t h e  convergen t  
m o t i o n  i s  accomodated i s  s t i l l  t h e  s u b j e c t  o f  i n v e s t i g a t i o n .  

I V .  STUDY AREA 
T h i s  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 a d j a c e n t  t o  
t h e  e a s t e r n  G u l f  o f  A l a s k a  c o n t i n e n t a l  s h e l f  area.  T h i s  i s  t h e  sou the rn  
c o a s t a l  and a d j a c e n t  c o n t i n e n t a l  s h e l f  r e g i o n  o f  A laska  between Montague 
I s l a n d  and Cross Sound. 

V .  METHODS AND RATIONALE OF DATA COLLECTION 
The h i g h - g a i n  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 l o n g  t h e  
e a s t e r n  G u l f  o f  A l a s k a  under t h e  Outer  C o n t i n e n t a l  S h e l f  Env i ronmen ta l  
Assessment Program as w e l l  as t h e  o t h e r  s t a t i o n s  opera ted  b y  t h e  USGS i n  
s o u t h e r n  A l a s k a  a r e  shown i n  F i g u r e  2. 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 i n s t r u m e n t s  t o  measure n o r t h - s o u t h  and east -west  m o t i o n  as 
w e l l .  Data  f r o m  these  i n s t r u m e n t s  a r e  used t o  de te rm ine  t h e  parameters  o f  
ear thquakes as s m a l l  as magni tude 1. The parameters  o f  i n t e r e s t  a r e  
o r i g i n  t ime ,  e p i c e n t e r ,  depth ,  magni tude,  and f o c a l  mechanism. These d a t a  
a r e  r e q u i r e d  t o  f u r t h e r  ou r  u n d e r s t a n d i n g  o f  t h e  r e y i o n a l  t e c t o n i c s ,  t o  
i d e n t i f y  f a u l t s ,  and t o  assess r a t e s  o f  s e i s m i c  a c t i v i t y .  

A network  of s t r o n g  m o t i o n  i n s t r u m e n t s  ( F i g u r e  3 )  i s  a l s o  opera ted.  
These d e v i c e s  a r e  des igned  t o  t r i g g e r  d u r i n g  l a r g e  ear thquakes and g i v e  
h i  gh-qua1 i t y  r e c o r d s  o f  1  a rge  ground mot i o n s  wh ich  a r e  necessary  f o r  
e n g i n e e r i n g  d e s i g n  purposes.  

V I .  RESULTS 
Over 5,400 ear thquakes t h a t  o c c u r r e d  w i t h i n  t h e  NEGOA r e g i o n  between 
October  1, 1979, and F e b r u a r y  28, 1981, were l o c a t e d  d u r i n g  t h e  p a s t  y e a r .  
Such an e x t e n s i v e  d a t a  s e t  i s  a  v a l u a b l e  t o o l  f o r  i d e n t i f y i n g  areas t h a t  
a r e  c u r r e n t l y  s e i s m i c a l l y  a c t i v e ,  f o r  r e s o l v i n g  t e c t o n i c  processes and 
seismogenic s t r u c t u r e s ,  and f o r  s t u d y i n g  v a r i a t i o n s  i n  s p a t i a l  and 
tempora l  p a t t e r n s  o f  s e i s m i c  a c t i v i t y .  Maps showing t h e  d i s t r i b u t i o n  o f  
t h e  ea r thquake  e p i c e n t e r s  f o r  s i x  success i ve  q u a r t e r s  s i n c e  October  1979 
a r e  shown i n  F i g u r e s  4 t o  9. 

pt,lOPEFiTY OF 
, ,.+*.,- 7 

~ Z ~ L I C  INQui;:!r-.> OFf!CE 
U. S. GEoLOSICAL SU^nbiY 

ANC\{Q;+ASE, ALASKA 



Figure  1. Regional t e c t o n i c  s e t t i n g  o f  t he  NEGOA ( a f t e r  Stephens and others,  
1980~). Major f a u l t s  (heavy 1 ines)  and Quaternary volcanoes (1 i g h t  s t a r s )  
a f t e r  P l a f k e r  and o thers  (1978) and Beikman (1980). Hatched l i n e s  
represent  i n f e r r e d  t e c t o n i c  boundaries (P l  a f k e r  and others,  1978). S lan t -  
shaded areas i n d i c a t e  ex ten t  o f  af tershock zones from 1958 Fairweather 
f a u l t ,  1964 Pr ince Wi l l i am Sound earthquakes (Sykes, 1971) and 1979 
S t .  E l i a s  earthquake (Stephens and others,  1 9 8 0 ~ ) .  Heavy s t a r  i s  l oca ted  
a t  t he  ep icenter  o f  t he  1979 mainshock. The P a c i f i c  p l a t e  and o v e r l y i n g  
Yakutat b lock  ( s t i p p l e d  areas) move t o  t he  north-northwest w i t h  respect  
t o  the  North American p l a t e  r e s u l t i n g  i n  a complex zone o f  northward- 
d i  rected convergence. 



Figure  2. High-gai n v e r t i c a l  -component seismic s ta t i ons  i n  t he  NEGOA and adjacent  areas. The 
symbols a re  as f o f  lows: so l  i d  c i r c les - -p r imary  USGS s t a t i o n s  supported i n  p a r t  by OCSEAP; 
c i  rcl es w i t h  center  dot--backup USGS s t a t i o n s  supported by OCSEAP; open c i  rcl es--USGS 
s ta t i ons  n o t  supported by OCSEAP, a  "3"  i nd i ca tes  nor th-south and east-west components i n  
a d d i t i o n  t o  the v e r t i c a l  component; diamonds--Alaska Tsunami !.iarning Center s ta t i ons ;  
t r i ang les - -Un ive rs i  ty  of A1 aska s t a t i o n s  ; squares--Canadian s t a t i o n s  operated by the  
Department o f  Energy Mines and Resources. The s t a t i o n  a t  Middleton I s l a n d  (MID) was n o t  
operat ional  between March 19 79 and February 1981. 





1 O C T  - 31 DEC 1979 

Figure 4. Map of epicenters for  1036 earthquakes t h a t  occurred during 
October-December 1979. Symbol s ize i s  proportional t o  magnitude as 
indicated a t  the upper right.  Faults a f t e r  Beikman (1980), Bruns 
(1979) ,  and Clague (1979) .  Abbreviations are as follows: C R D  - 
Copper River Delta; D - Denali f a u l t ;  DR - Duke River f au l t ;  IB - 
Icy Bay; KI - Kayak Island; MI - Middleton Island; PWS - Prince 
Willaim Sound; W - Waxell Ridge; YB - Yakutat Bay. 



1 J A N  - 31 MAR 1980 

F igu re  5. Map of earthquake ep i cen te r s  f o r  914 earthquakes t h a t  occur red  
d u r i n g  January-March 1980. See F igu re  4 f o r  exp lana t i on  o f  symbols. 



1 APR - 30 JUN 1980 

Figure 6 .  Map of earthquake epicenters fo r  819 earthquakes that  occurred 
during April-June 1980. See Figure 4 for  explanation of symbols. 



1 JUL - 30 SEP 1980 

Figure 7. Map of earthquake epicenters fo r  775 earthquakes t h a t  occurred 
during July-September 1980. See Figure 4 for explanation of symbols. 



1 OCT - 31 DEC 1980 

Figure 8. Map of earthquake epicenters for  1192 earthquakes that  occurred 
during October-December 1980. See Figure 4 for  explanation of symbols. 



1 JAN - 28 FEB 1981 

Figure 9 .  Map o f  earthquake epicenters for 691 earthquakes that  occurred 
during January-February 1981. See Figure 4 for explanation of symbols. 



No s t r o n g  m o t i o n  r e c o r d s  were o b t a i n e d  d u r i n g  t h e  p a s t  yea r .  The two 
l a r g e s t  ear thquakes t o  occu r  near any o f  t h e  s t rong -mot ion  i n s t r u m e n t s  
o c c u r r e d  on June 30, 1980, e a s t  o f  I c y  Bay and had c o d a - d u r a t i o n  
magni tudes o f  3.7 (5.0mb) and 3.9 (4.9mb). The e p i c e n t e r s  o f  b o t h  
even ts  were about  30 km f r o m  I c y  Cape and 25 km f r o m  GYO.  The f i r s t  even t  
was f e l t  a t  i n t e n s i t y  I V  ( M o d i f i e d  M e r c a l l i  S c a l e )  i n  t h e  I c y  Bay area, 
and t h e  second was f e l t  a t  i n t e n s i t y  I V  i n  t h e  I c y  bay area and a t  Yaku ta t .  

V I  I .  DISCUSSION 
The s e i s m i c i t y  f r o m  v a r i o u s  sub reg ions  w i t h i n  t h e  NEGOA and a d j a c e n t  
onshore areas i s  d i scussed  below. The magni tude t h r e s h o l d  f o r  comple te-  
ness o f  t h e  d a t a  i n  a l l  of  t h e  sub reg ions  has n o t  been i n v e s t i g a t e d  i n  
d e t a i l .  I n  t h e  onshore  a rea  t h a t  i s  w i t h i n  about  7 5  km o f  I c y  Bay, where 
t h e  s t a t i o n  d e n s i t y  i s  t h e  h i g h e s t ,  t h e  e s t i m a t e d  l e v e l  o f  completeness i s  
about  magni tude 2 (Stephens and o t h e r s ,  1 9 8 0 ~ ) .  The l e v e l  o f  completeness 
p r o b a b l y  v a r i e s  and i s  h i g h e r  i n  o t h e r  areas,  and may be as h i g h  as 3 t o  
3.5 i n  t h e  o f f s h o r e  areas n o r t h  o f  590 N l a t i t u d e .  Most  even ts  o f  
magni tude 2 and l a r g e r  w i l l  be  i n c l u d e d  i n  t h e  onshore  areas w i t h i n  t h e  
network ,  

S t .  E l i a s  A f t e r s h o c k  Zone 
The dominant  f e a t u r e  i n  a l l  o f  t h e  e p i c e n t e r  maps ( F i g u r e s  4 t o  9 )  i s  
t h e  a f t e r s h o c k  a c t i v i t y  f r o m  t h e  1979 S t .  E l i a s  ea r thquake  (Ms 7 .1 )  t h a t  
r u p t u r e d  an a rea  o f  about  3,200 krn n o r t h  and n o r t h e a s t  o f  I c y  bay. 
W i t h i n  t h e  a f t e r s h o c k  zone t h e  d i s t r i b u t i o n  o f  e p i c e n t e r s  i s  h i g h l y  
non -un i fo rm b u t  q u i t e  s i m i l a r  t o  t h e  p a t t e r n s  observed d u r i n y  t h e  f i r s t  
month o f  a f t e r s h o c k  a c t i v i t y  ( F i g u r e  10 ) .  An a rea  o f  c o n t i n u i n g  i n t e n s e  
a c t i v i t y  i s  l o c a t e d  i n  t h e  c e n t r a l  p a r t  o f  t h e  a f t e r s h o c k  zone. k i t h i n  
t h i s  c e n t r a l  c l u s t e r  t h e r e  appear t o  be s e v e r a l  s p a t i a l l y  d i s t i n c t  
sub reg ions ,  A  l e s s  p rominen t  b u t  c o n t i n u a l l y  a c t i v e  c l u s t e r  of  e v e n t s  i s  
l o c a t e d  a t  t h e  n o r t h w e s t  c o r n e r  o f  t h e  a f t e r s h o c k  zone near  t h e  e p i c e n t e r  
o f  t h e  F e b r u a r y  28, 1979, mainshock. I n  c o n t r a s t ,  t h e  r a t e s  o f  a c t i v i t y  
i n  o t h e r  p a r t s  o f  t h e  a f te rshock  zone appear t o  v a r y  c o n s i d e r a b l y  w i t h  
t ime .  Fo r  example, a  s m a l l  a rea  about  15 km e a s t  o f  I c y  Bay appears t o  be 
r e l a t i v e l y  q u i e t  u n t i l  June 30, 1980, when two even ts  of c o d a - d u r a t i o n  
magni tude 3.7 (5.0mb) and 3.9 (4.9mb) occu r .  A f t e r s h o c k s  f r o m  t h e s e  
two even ts  cause a sha rp  i n c r e a s e  i n  t h e  l o c a l  r a t e  o f  a c t i v i t y  t h a t  
p e r s i s t s  f o r  about  6 months ( F i g u r e s  6 t o  8 ) .  h e  a r e  c o n t i n u i n g  t o  study 
t h e s e  and o t h e r  f e a t u r e s  i n  t h e  a f t e r s h o c k  sequence f r o m  t h e  S t ,  E l i a s  
ear thquake t o  de te rm ine  any s i g n i f i c a n c e  t h e y  may have f o r  i n t e r p r e t i n g  
t h e  r e g i o n a l  s e i s m o t e c t o n i c  s t r u c t u r e .  

Waxel l  R idge Area 
Waxel l  R idge  i s  l o c a t e d  i n  t h e  Chugach Mounta ins  about  7 5  km n o r t h e a s t  
o f  Kayak I s l a n d .  A  zone o f  d i f f u s e ,  l o w - l e v e l  s h a l l o w  s e i s m i c i t y  can be 
observed i n  t h e  v i c i n i t y  o f  t h i s  r i d g e  t h r o u g h o u t  t h e  t i m e  p e r i o d  s i n c e  
October 1979. A s i m i l a r  p a t t e r n  o f  s e i s m i c i t y  has been observed i n  t h i s  
a rea  s i n c e  September 1974 when t h e  se i sm ic  network  e a s t  o f  Cordova was 
expanded t o  near  i t s  p r e s e n t  c o n f i g u r a t i o n  (e.g., Stephens and Lahr ,  1979, 
1981).  A l t h o u g h  t h e  k a x e l l  a rea  has remained c o n t i n u a l l y  a c t i v e ,  t h e  r a t e  
o f  s e i s m i c i t y  appears t o  f l u c t u a t e  w i t h  t i m e ,  as  suggested b y  a  space- t ime 
p l o t  of t h e  e p i c e n t e r s  ( F i g u r e  11) .  The most s t r i k i n g  f e a t u r e  o f  t h i s  
p l o t  i s  t h e  r e l a t i v e l y  h i g h  r a t e  o f  magni tude 2 and l a r g e r  even ts  d u r i n g  
t h e  6-month p e r i o d  t h a t  preceded t h e  Februa ry  1979 S t .  E l i a s  ea r thquake  as 
compared t o  t h e  r a t e  b e g i n n i n g  i n  October 1979. U n t i l  t h e  d a t a  s e t  i s  



ST ELIAS AFTERSHOCKS THRU MARCH 31, 1979 

Figure  10. Aftershocks o f  t he  February 28, 1979, S t .  E l i a s  earthquake t h a t  
occurred through March 31, 1979 (Stephens and others,  1980). The ep icenter  
of t h e  mainshock i s  i n d i c a t e d  by a s t a r .  The data s e t  i s  probably on l y  
complete fo r  earthquakes o f  magnitude 3.5 and l a r g e r .  The two l a r g e s t  
aftershocks t h a t  occurred dur ing  t h i s  t ime had coda-durat ion magnitudes o f  
4.9 (5.4 3) and 5.0 (5.4 m b )  One occurred about 25 km southeast o f  t h e  
ep icenter  f the  main shock, and t h e  o ther  occurred w i t h i n  the  cen t ra l  main 
c l u s t e r  of af tershocks.  See F igure  4 f o r  exp lanat ion  o f  symbols. 



Figure  11. Space-time d i s t r i b u t i o n  o f  earthquake ep icenters  l oca ted  near Waxell 
Ridge and Copper R iver  Del ta.  Upper - Epicenters f o r  t he  pe r iod  October 1979 
through February 1981. Larger p l o t t i n g  symbols correspond t o  earthquake 
magnitudes o f  2 and l a r g e r .  The 2000-m e leva t i on  contour around Waxel 1 Ridge 
i s  shown f o r  reference. Lower r i g h t  - Space-time d i s t r i b u t i o n  of epicenters 
p ro jec ted  onto east-west 1 i n e  across center  o f  map area above. Lower l e f t  - 
Space-time d i s t r i b u t i o n  o f  ep icenters  determined w i t h  USGS data f o r  same map 
area s ince  1974. Shading i nd i ca tes  t ime per iods f o r  which a v a i l a b l e  data 
has n o t  y e t  been analyzed. The arrow ind i ca tes  the  t ime o f  t he  1979 
S t .  E l  i a s  earthquake. 



more comple te  i n  t ime ,  t h e  p o s s i b l e  s i g n i f i c a n c e  o f  t h i s  c o n t r a s t  as a  
p r e c u r s o r  t o  t h e  S t .  E l i a s  ea r thquake  cannot  b e  e s t a b l i s h e d .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  w i t h i n  t h e  most r e c e n t  17-month p e r i o d  o f  d a t a  
t h e r e  appears t o  b e  a  s l i g h t  r e l a t i v e  i n c r e a s e  i n  t h e  r a t e  o f  a c t i v i t y  
b e g i n n i n g  near  t h e  end o f  1980. 

Because t h e  dep ths  o f  t h e s e  even ts  a r e  p o o r l y  c o n s t r a i n e d ,  i t  i s  d i f f i c u l t  
t o  assess t h e  n a t u r e  o f  t h e  s e i s m i c i t y  i n  t h i s  area.  The s e i s m i c i t y  does 
occur w i t h i n  t h e  Yakataga s e i s m i c  gap, wh ich  i s  bounded t o  t h e  west  and 
e a s t  b y  areas known t o  have r u p t u r e d  a l o n g  sha l l ow ,  low-ang le ,  no r thward -  
d i p p i n g  t h r u s t  f a u l t s  d u r i n g  l a r g e  ear thquakes i n  1964 and 1979. I t  i s  
reasonab le  t o  assume t h a t  a s i m i l a r l y  o r i e n t e d  t h r u s t  p l a n e  ex tends 
beneath  t h e  Yakataga gap and t h e  Waxe l l  R idge  area, and t h a t  a t  l e a s t  some 
o f  t h e  ear thquakes i n  t h i s  a rea  may occu r  on such a  b u r i e d  f a u l t .  
A l t e r n a t i v e l y ,  t h e  ear thquakes may occu r  a t  s h a l l o w e r  depths  on t h e  
h igh -ang le ,  eas t -wes t  t r e n d i n g ,  n o r t h w a r d - d i p p i n g  r e v e r s e  f a u l t s  i n f e r r e d  
t o  i n t e r s e c t  t h e  s u r f a c e  i n  t h i s  a r e a  (Beikman, 1980).  P r e l i m i n a r y  
r e s u l t s  f rom a  d e t a i l e d  s t u d y  o f  s e l e c t e d  even ts  f rom t h i s  a rea  i n d i c a t e  
t h a t  a t  l e a s t  t h e s e  few ear thquakes o c c u r r e d  a t  depths  between about  10 
and 20 km, s i m i l a r  t o  t h e  range o f  dep ths  de te rm ined  f o r  most o f  t h e  
a f t e r s h o c k s  f r o m  t h e  S t .  E l i a s  ear thquake.  T h i s  r e s u l t  and t h e  d i f f u s e  
d i s t r i b u t i o n  o f  hypocen te rs  favo r  t h e  low-ang le  f a u l t i n g  h y p o t h e s i s .  

O f f sho re  a rea  
The most n o t a b l e  a c t i v i t y  t h a t  o c c u r r e d  o f f s h o r e  s i n c e  October 1979 was 
i n  t h e  area between 1420 30'W and 1470 W l o n g i t u d e  and sou th  o f  600 N 
l a t i t u d e  ( F i g u r e  1 2 ) .  Between October  1, 1979, and May 31, 1980, o n l y  
about  15 e v e n t s  were l o c a t e d  i n  t h i s  area.  The l a r g e s t  even t  had a  
c o d a - d u r a t i o n  magni tude o f  3, and o n l y  one even t  had a  magni tude be low 2. 
I n  June 1980, a  r e l a t i v e l y  sudden i n c r e a s e  i n  t h e  r a t e  o f  a c t i v i t y  
o c c u r r e d  i n  a  50 km-diameter a r e a  abou t  50 km southwest  o f  Kayak I s l a n d .  
T h i s  h i g h  l o c a l  r a t e  o f  a c t i v i t y  c o n t i n u e d  f o r  a  p e r i o d  o f  a lmost  5 
months, d u r i n g  wh ich  s i x  even ts  w i t h  c o d a - d u r a t i o n  magni tudes between 3 
and 3.5 and a t  l e a s t  14 e v e n t s  w i t h  magni tudes o f  2 and l a r g e r  occu r red .  

On September 4, b e f o r e  t h i s  sequence was over ,  an ea r thquake  o f  coda- 
d u r a t i o n  magni tude 5 (5.2mb) o c c u r r e d  about  60 km t o  t h e  e a s t  o f  t h e  
c l u s t e r .  T h i s  i s  t h e  l a r g e s t  ea r thquake  t o  occu r  i n  t h e  o f f s h o r e  a rea  i n  
a lmost  10 yea rs .  I t  i s  w o r t h  n o t i n g  t h a t  w h i l e  t h r e e  even ts  o f  magni tuae 2 
o c c u r r e d  about  3 1/2  months e a r l i e r  near  t h e  e p i c e n t e r  of t h e  magni tude 5 
ear thquake,  n o  l o c a t a b l e  a f t e r s h o c k s  were d e t e c t e a  f o r  t h i s  earthquake,  
and no even ts  were l o c a t e d  w i t h i n  40 km o f  t h e  e p i c e n t e r  u n t i l  Feb rua ry  
1981 when f o u r  e v e n t s  o f  magni tude 2 o c c u r r e d  about  35 km sou theas t  o f  t h e  
e p i c e n t e r .  

I n  October  1980, t h e  a c t i v i t y  southwest  o f  Kayak I s l a n d  subsided,  
b u t  was f o l l o w e d  s h o r t l y  by a b u r s t  o f  a c t i v i t y  l o c a t e d  about  7 5  km 
f a r t h e r  west  and about  20 km n o r t h w e s t  o f  M i d d l e t o n  I s l a n d .  The l a t e r  
a c t i v i t y  was t i g h t l y  c l u s t e r e d  i n  b o t h  space and t i m e .  The two l a r g e s t  
even ts  had c o d a - d u r a t i o n  magni tudes o f  4.1 (4.8mb) and 3 , s  (4.3mb). 
F o l l o w i n g  t h i s  a c t i v i t y ,  t h e  s e i s m i c i t y  r a t e  i n  t h e  o f f s h o r e  a rea  
decreased t o  a  l e v e l  s i m i l a r  t o  t h a t  observed d u r i n g  t h e  8-month p e r i o d  
b e f o r e  June 1980. I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  about  one y e a r  e a r l i e r  
i n  September 1979 a  s i m i l a r  p a i r  o f  ear thquakes w i t h  body-wave magni tudes 
of 4.7mb and 4.2mb o c c u r r e d  i n  t h e  same area, b u t  because t h e  d a t a  



Figure 12.  Spcae-time distribution of earthquake epicenters in the offshore 
area tha t  was most seismically active between October 1979 and February 1981. 
Upper - Epicenters for  the period October 1979 through February 1981. Symbol 
s ize i s  proportional to  magnitude in three intervals:  less  than 2.0,  2.0 t o  
3 . 9 ,  and 4.0 and larger.  Lower right - space-time distribution of epicenters 
projected onto an east-west l ine  across center o f  map area above. Lower 
l e f t  - Space-time distribution of epicenters determined by USGS for  same map 
area since 1974. Shading indicates time periods fo r  which available data 
has n o t  yet  been analyzed. 
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p r o c e s s i n g  f o r  t h i s  p e r i o d  i s  n o t  y e t  comple te  i t  i s  n o t  y e t  known i f  
these  e a r l i e r  e v e n t s  were accompanied b y  a  sequence o f  lower  magni tude 
ear thquakes . 
A l though  numerous f o l d e d  and f a u l t e d  s t r u c t u r e s  have been mapped i n  
t h e o f f s h o r e  area o f  t h e  NEGOA (e.g.,  Bruns, 1979) and p a r t i c u l a r l y  i n  t h e  
area west  of t h e  Pamplona Ridge ( a b o u t  1420 301W), we have n o t  a t tempted  
t o  c o r r e l a t e  t h e  o f f s h o r e  s e i s m i c i t y  w i t h  p a r t i c u l a r  mapped s t r u c t u r e s .  
Because t h e  ear thquakes o c c u r r e d  o u t s i d e  o f  t h e  se i sm ic  network  t h e  
hypocen te rs  a r e  p o o r l y  c o n s t r a i n e d .  I t  i s  a l s o  p o s s i b l e  t h a t  most  o f  t h e  
ear thquakes a r e  o c c u r r i n g  a t  t h e  t h r u s t  i n t e r f a c e  between t h e  P a c i f i c  
p l a t e  and o v e r l y i n g  s t r u c t u r e  r a t h e r  t h a n  on t h e  mapped s u r f a c e  f a u l t s .  

Copper R i v e r  D e l t a  
A  moderate l e v e l  o f  s e i s m i c i t y  c e n t e r e d  a t  t h e  C o w e r  R i v e r  D e l t a  can be 
observed i n  t h e  d a t a  s i n c e  0 c t o b e r  1979. A n o t i c e a b l e  i n c r e a s e  i n  t h e  
l e v e l  o f  a c t i v i t y  o c c u r r e d  s t a r t i n g  i n  December 1980 a t  about  t h e  same 
t i m e  an i n c r e a s e  was observed i n  t h e  Waxel 1  area ( F i g u r e  1 1 ) .  A  d i s t i n c t  
n o r t h w e s t - s o u t h e a s t  t r e n d  i s  apparent  i n  t h e  e p i c e n t e r s  f o r  t h e  Copper 
R i v e r  D e l t a  a rea  ( F i g u r e  13 ) .  No f a u l t s  t h a t  i n t e r s e c t  t h i s  c l u s t e r  have 
been mapped, b u t  much o f  t h e  s u r r o u n d i n g  a rea  i s  covered b y  q u a t e r n a r y  
d e p o s i t s ,  and p o s s i b l e  e x t e n s i o n s  o f  nea rby  mapped f a u l t s  i n t o  t h i s  area 
i s  u n c e r t a i n .  Most o f  t h e  ear thquakes have dep ths  between 10 and 30 km, 
and c o n s i d e r i n g  t h e  r e l a t i v e l y  s m a l l  u n c e r t a i n t y  i n  t h e  hypocen te rs  i t  i s  
u n l i k e l y  t h a t  t h e  ear thquakes o c c u r r e d  a t  much s h a l l o w e r  depths .  Sirr~i  l a r  
c l u s t e r s  o f  ear thquakes t h a t  o c c u r r e d  n o r t h  o f  P r i n c e  N i l l i a m  Sound have 
been s t u d i e d  i n  more d e t a i l .  B l a c k f o r d  and o t h e r s  (1976)  found t h a t  
ear thquakes occur  on f a u l t  p lanes  o r i e n t e d  o b l i q u e l y  w i t h  r e s p e c t  t o  t h e  
l ow-ang le  t h r u s t  p l a t e  boundary i n f e r r e d  t o  u n d e r l i e  t h e  area, b u t  t h a t  
t h e  f o c a l  mechanisms a r e  c o m p a t i b l e  w i t h  t h e  r e g i o n a l  s t r e s s e s  due t o  t h e  
u n d e r s t h r u s t i n g  P a c i f i c  p l a t e .  A more d e t a i l e d  s t u d y  o f  t h e  Copper k i v e r  
D e l t a  s e i s m i c i t y  i s  needed t o  r e s o l v e  t h e  n a t u r e  o f  t h i s  a c t i v i t y .  

Other  areas 
A p rominen t  c l u s t e r i n g  o f  ea r thquake  e p i c e n t e r s  o c c u r r e d  about  50 km 
n o r t h  of P o r t  Valdez c e n t e r e d  near 610 301N, 1460 301W. S i m i l a r  
c l u s t e r s  have been observed i n  t h i s  p a r t i c u l a r  a rea i n  t h e  p a s t  (e.g., 
Fogleman and o t h e r s ,  1978; Stephens and o t h e r s ,  1979) and i n  a d j a c e n t  
areas n o r t h  o f  P r i n c e  W i l l i a m  Sound ( B l a c k f o r d  and o t h e r s ,  1976) as 
d i scussed  above. Two i n t e r e s t i n g  aspec ts  o f  t h e  r e c e n t  s e i s m i c i t y  a r e  
t h a t  t h e  r a t e  o f  a c t i v i t y  appears t o  decrease w i t h  t i m e  d u r i n g  t h e  p e r i o d  
covered by  t h e  data ,  and t h a t  t h e  d i s t r i b u t i o n  o f  e p i c e n t e r s  appears t o  
become more d i f f u s e  w i t h  t i m e .  T h i s  l a t t e r  aspec t  i s  b e s t  i l l u s t r a t e d  by  
compar ing t h e  d i s t r i b u t i o n  of e p i c e n t e r s  f rom t h i s  a rea  d u r i n g  October -  
December 1979 ( F i g u r e  4 )  w i t h  t h a t  d u r i n g  July-September 1980 ( F i g u r e  7 ) .  

D u r i n g  t h e  t i m e  i n t e r v a l  f r o m  October 1979 t o  Februa ry  1981, 90 e a r t h -  
quakes were l o c a t e d  n o r t h  o f  about  610 N l a t i t u d e  and between 1380 W 
and 1420 W l o n g i t u d e .  The s e i s m i c i t y  i s  more pronounced i n  l a t e  1980 
and e a r l y  1981 t h a n  i t  was d u r i n g  t h e  p r e v i o u s  y e a r  b e g i n n i n g  October 
1979. I t  i s  n o t  y e t  known whether t h i s  change r e p r e s e n t s  an a c t u a l  
i n c r e a s e  i n  t h e  s e i s m i c i t y  o f  t h i s  a r e a  o r  i s  due t o  an a r t i f a c t  o f  t h e  
d a t a  p rocess ing .  A l l  o f  t h e  ear thquakes were l o c a t e d  a t  c r u s t a l  depths  
l e s s  than  35 km. I t  i s  i n t e r e s t i n g  t h a t  most  o f  t h e  e p i c e n t e r s  d e f i n e  two 
separa te  t r e n d s  t h a t  p a r a l l e l  two o f  t h e  ma jo r  f a u l t s  mapped i n  t h e  area, 
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COPPER RIVER ELTA - K T 7 9  - JAN81 

DISTANCE FROM A-A' VEWED Fii3fvl A' 

F igure  13. Hypocenters o f  earthquakes t h a t  occurred beneath t h e  Copper R iver  De l ta  
between October 1979 and February 1981. Upper - Map view showing r e l a t i o n  t o  
nearby f a u l t s .  Larger symbol s i z e  corresponds t o  events o f  magnitude 2 and 
l a r g e r .  Lower - Hypocenters a re  p ro jec ted  onto v e r t i c a l  cross sec t ions  o r i e n t e d  
along the  l i n e  j o i n i n g  A-A '  ( lower  l e f t )  and perpendicu lar  t o  A-A '  ( lower  r i g h t ) .  



t h e  D e n a l i  and Duke R i v e r  f a u l t s .  C o n s i d e r i n g  t h e  p o s s i b l e  b i a s  of t h e  
hypocen te r  l o c a t i o n s  i n  t h i s  r e g i o n ,  t h e  ea r thquakes  may be c l o s e l y  
r e l a t e d  t o  t h e  f a u l t s .  N o t  a l l  o f  t h e  ear thquakes were l o c a t e d  a l o n g  
t h e s e  t r e n d s .  Severa l  ear thquakes were l o c a t e d  beneath t h e  Wrange l l  
mounta ins  southwest  o f  t h e  two main t r e n d s .  F u r t h e r  work i s  needed t o  
r e f i n e  t h e  v e l o c i t y  model s t r u c t u r e  used t o  l o c a t e  ear thquakes f r o m  t h i s  
area b e f o r e  a  more c r i t i c a l  i n t e r p r e t a t i o n  o f  t h e  s e i s m i c i t y  can be made. 

Other  r e l e v a n t  s t u d i e s  
P l a f k e r  and o t h e r s  (1981)  have i d e n t i f i e d  and s t u d i e d  t h r e e  Holocene 
m a r i n e  t e r r a c e s  between I c y  Cape (wes t  o f  I c y  Bay) and Cape Yakataga i n  
t h e  Yakataga s e i s m i c  gap. The d a t e s  and e l e v a t i o n s  de te rm ined  f o r  t h e  
t e r r a c e s  i n d i c a t e  an average u p l i f t  r a t e  a t  I c y  Cape o f  about  10 mm/yr 
d u r i n g  t h e  p a s t  5000 y e a r s .  The two most r e c e n t  u p l i f t  s teps ,  wh ich  may 
be c o r r e l a t e d  w i t h  m a j o r  ear thquakes,  were 16 m about  1300 y e a r s  ago and 
8 m about  2500 y e a r s  ago. P l a f k e r  and o t h e r s  (1981) suggest  t h a t  i f  t h e  
1200 y e a r s  between t h e  two r e c e n t  u p l i f t s  r e p r e s e n t  an approx imate  
r e c u r r e n c e  i n t e r v a l  f o r  t e c t o n i c  ear thquakes t h a t  cause t h e  u p l i f t s ,  t h e n  
t h e  n e x t  such ea r thquake  may be overdue.  

Recent s t u d i e s  b y  Yonekura and Shimazaki  (1980)  i n d i c a t e  t h a t  t h e  
e p i s o d i c  u p l i f t s  deduced f r o m  mar ine  t e r r a c e s  near  s u b d u c t i o n  zones a r e  
o f t e n  l o c a l i z e d  s p a t i a l l y ,  sugges t ing  t h a t  t h e  u p l i f t  o f  t h e  t e r r a c e s  may 
b e  caused b y  movement on i m b r i c a t e  t h r u s t  f a u l t s  b r a n c h i n g  upwards f rom 
t h e  main t h r u s t  zone. The i m b r i c a t e  f a u l t s  may n o t  be a c t i v a t e d  e v e r y  
t i m e  a  m a j o r  ea r thquake  o c c u r s  on t h e  main t h r u s t  f a u l t ,  so t h a t  t h e  
average r e t u r n  t i m e  o f  m a j o r  ear thquakes on t h e  main t h r u s t  may be 
s i g n i f i c a n t l y  l e s s  than  t h e  average r e t u r n  t i m e  f o r  e v e n t s  c a u s i n g  ma jo r  
t e c t o n i c  u p l i f t  o f  t h e  t e r r a c e s .  T h i s  model may account  f o r  t h e  
d i s c r e p a n c y  between r e t u r n  t i m e s  on t h e  o r d e r  o f  s e v e r a l  hundred t o  a  
thousand y e a r s  f o r  ma jo r  t h r u s t  ear thquakes i n  sou the rn  A laska,  as 
e s t i m a t e d  f r o m  u p l i f t e d  t e r r a c e s  ( P l a f k e r  and Rubin, 1978; P l a f k e r  and 
o t h e r s ,  1981), and r e t u r n  t i m e s  o f  l e s s  t h a n  a  hundred y e a r s  e s t i m a t e d  
f r o m  r e l a t i v e  p l a t e  m o t i o n s  and average s l i p  a t  t h e  p l a t e  boundary d u r i n y  
major  ear thquakes (e.g., Lah r  and o t h e r s ,  1980; McCann and o t h e r s ,  1980). 

A compar ison between 1959 and 1979/1980 g e o d e t i c  surveys made on a  
35-krn a p e r t u r e  a r r a y  c e n t e r e d  about  25  km n o r t h w e s t  o f  Cape Yakataga 
( L i s o w s k i  and Savage, 1980) i n d i c a t e s  t h a t  t h e  wes te rn  p o r t i o n  o f  t h e  
s u r v e y  network  was d i s p l a c e d  about  3 1 /2  m i n  a  d i r e c t i o n  S400E w i t h  
r e s p e c t  t o  t h e  e a s t e r n  p a r t  o f  t h e  n e t w ~ r k .  The r e l a t i v e  d i s p l a c e n ~ e n t  was 
a t t r i b u t e d  p r i m a r i l y  t o  e f f e c t s  f r o m  t h e  1964 P r i n c e  W i l l i a m  Sound 
ear thquake.  T h i s  c o n c l u s i o n  i s  c o n s i s t e n t  w i t h  t h e  p a t t e r n  o f  t e c t o n i c  
u p l i f t  mapped by  P l a f k e r  (1969)  wh ich  i n d i c a t e s  t h a t  co-  o r  p o s t - s e i s m i c  
d i sp lacemen ts  f r o m  t h e  1964 ea r thquake  ex tended about  50 km f a r t h e r  e a s t  
i n t o  what i s  now termed t h e  Yakataga s e i s m i c  gap than  t h e  e a s t e r n  l i m i t  of 
t h e  r u p t u r e  based on t h e  d i s t r i b u t i o n  o f  a f t e r s h o c k s  (Sykes, 1971). 



V I  I I. COhCLUSIONS 
Many f e a t u r e s  i n  t h e  s p a t i a l  p a t t e r n s  o f  t h e  r e c e n t  s e i s m i c i t y  a r e  s i m i l a r  
t o  those  observed s i n c e  1974 i n  a  comparable magni tude range (e.g., 
Stephens and Lahr ,  1979).  S i m i l a r  d i s t r i b u t i o n s  o f  s e i s n ~ i c i t y  have 
p e r s i s t e d  ove r  an even l o n g e r  t i m e  p e r i o d ,  based on d a t a  c o n t a i n e d  i n  t h e  
P r e l i m i n a r y  D e t e r m i n a t i o n  o f  E p i c e n t e r s  (PDE) f i l e .  T h i s  second p o i n t  i s  
i l l u s t r a t e d  i n  F i g u r e  14 where t h e  e p i c e n t e r s  o f  ear thquakes o f  
c o d a - d u r a t i o n  magni tude 2 and l a r g e r  t h a t  o c c u r r e d  d u r i n g  t h e  17-month 
p e r i o d  between October 1979 and F e b r u a r y  1981 a r e  compared w i t h  d a t a  
c o n t a i n e d  i n  t h e  PDE f i l e  f o r  a p e r i o d  o f  a lmos t  11 y e a r s  b e g i n n i n g  i n  
1970. The PDE d a t a  i s  p r o b a b l y  n o t  comp le te  be low about  magni tude 4 s i n c e  
a t  l e a s t  1970, and u s u a l l y  does n o t  r e p o r t  ear thquakes w i t h  magni tudes 
be low 3.5. W i th  t h e  e x c e p t i o n  o f  t h e  s m a l l  c l u s t e r  o f  a c t i v i t y  a t  t h e  
Copper R i v e r  D e l t a ,  a l l  o f  t h e  areas o f  r e l a t i v e l y  h i g h  s e i s m i c i t y  
d i scussed  i n  t h e  p r e v i o u s  s e c t i o n  can be i d e n t i f i e d  i n  t h e  PDE data .  
Converse ly ,  t h e  most p rominen t  f e a t u r e  i n  t h e  l o n g - t e r m  s e i s m i c i t y  t h a t  
does n o t  appear i n  t h e  more r e c e n t  d a t a  i s  t h e  Pamplona Ridge sequence 
(nea r  590 45'N, 1420 301W) t h a t  o c c u r r e d  i n  1970. T h i s  compar ison 
emphasizes b o t h  t h e  v a l u e  and l i m i t a t i o n s  o f  s h o r t - t e r m  m o n i t o r i n g  f o r  
i d e n t i f y i n g  s e i s m i c a l l y  a c t i v e  areas.  I n  p a r t i c u l a r ,  s h o r t - t e r m  
f l u c t u a t i o n s  i n  s e i s m i c i t y  r a t e s  can occu r  i n  areas t h a t  a r e  c o n t i n u a l l y  
a c t i v e ,  w h i l e  o t h e r  areas may o n l y  be s p o r a d i c a l l y  a c t i v e  ove r  l o n g  
p e r i o d s  o f  t i m e .  

The tendency f o r  t h e  low-  t o  i n t e r m e d i a t e - l e v e l  s e i s m i c i t y  i n  t h e  NEGOA 
and a d j a c e n t  onshore  areas west  o f  Yaku ta t  Bay t o  r e c u r  i n  l o c a l i z e d  areas 
over  l o n g  p e r i o d s  o f  t i m e  suggests  t h a t  t h e  r e l e a s e  o f  s e i s m i c  ene rgy  i s  
e i t h e r  s t r u c t u r a l l y  c o n t r o l l e d ,  where t h e  ear thquakes occu r  on s u b s i d i a r y  
f a u l t s  w i t h i n  t h e  p l a t e s ,  o r  i s  r e l a t e d  t o  ma jo r  a s p e r i t e s  a long  t h e  
t h r u s t  i n t e r f a c e  between t h e  P a c i f i c  p l a t e  and o v e r l y i n g  c o n t i n e n t a l  
s t r u c t u r e .  The accuracy  o f  t h e  hypocen te r  d e t e r m i n a t i o n s  f o r  most areas 
a r e  n o t  s u f f i c i e n t  t o  r e s o l v e  between t h e s e  two a l t e r n a t i v e s .  However, 
mapping t h e s e  c e n t e r s  o f  a c t i v i t y  i s  i m p o r t a n t  because t h e y  i n d i c a t e  
p o s s i b l e  areas where r u p t u r e s  f r o m  f u t u r e  l a r g e  ear thquakes may i n i t i a t e  
o r  t e r m i n a t e .  F o r  example, p r i o r  t o  t h e  1979 S t .  E l i a s  ear thquake t h e  
a f t e r s h o c k  zone had been r e c o g n i z e d  as b e i n g  one o f  t h e  most s e i s m i c a l l y  
a c t i v e  areas between Kayak I s l a n d  and Yaku ta t  Bay (e.g., Stephens and 
Lahr ,  1979).  Most o f  t h e  e a r l i e r  s e i s m i c i t y  was c o n c e n t r a t e d  near  t h e  
zone of i n t e n s e  a f t e r s h o c k  a c t i v i t y  a t  t h e  c e n t e r  o f  t h e  a f t e r s h o c k  zone 
(Stephens and o t h e r s ,  1 9 8 0 ~ ) .  The r u p t u r e  o f  t h e  mainshock i n i t i a t e d  a t  
t h e  n o r t h w e s t  c o r n e r  o f  t h e  a f t e r s h o c k  zone and propagated t o  t h e  
sou theas t .  On t h e  b a s i s  o f  t e l e s e i s m i c  evidence,  B o a t w r i g h t  (1980) 
i n f e r r e d  t h e  presence o f  a r u p t u r e  p r o p a g a t i o n  b a r r i e r  t h a t  c o i n c i d e s  w i t h  
t h e  main c l u s t e r  o f  a f t e r s h o c k s .  The n a t u r e  o f  t h i s  proposed b a r r i e r  i s  
n o t  known, b u t  c o u l d  be caused e i t h e r  b y  an a s p e r i t y  on a  s i n g l e  t h r u s t  
p l a n e  o r  b y  upward b r a n c h i n  o f  t h e  r u p t u r e  o n t o  a s e r i e s  o f  s p l a y  f a u l t s  
(Stephens and o t h e r s ,  1 9 8 0 ~ 7 .  Wyss and o t h e r s  (1981) r e p o r t  a  
p a r t i c u l a r l y  we l l -documented case f o r  t h e  1975 Ka lapana ear thquake 
(Ms 7.2) i n  Hawa i i  i n  wh ich  a t  l e a s t  two m a j o r  a s p e r i t i e s  c h a r a c t e r i z e d  
b y  h i g h  s e i s m i c i t y  r a t e s  and o t h e r  anomalous f e a t u r e s  were i d e n t i f i e d  
w i t h i n  t h e  e v e n t u a l  r u p t u r e  zone o f  t h e  ear thquake.  The e p i c e n t e r s  o f  
b o t h  t h e  l a r g e s t  f o reshock  and t h e  mainshock were l o c a t e d  w i t h i n  one o f  
t h e  a s p e r i t i e s .  A l t h o u g h  t h e  Kalapana ea r thquake  o c c u r r e d  on a l ow-ang le  
normal  f a u l t ,  i t  i s  n o t  unreasonab le  t o  expec t  s i m i l a r  a s p e r i t i e s  t o  occur  



PDE 1970 - OCT 1980 

Figure 14. Upper - Epicenters determined by the  USGS f o r  earthquakes of 
magnitude 2 and la rger  t h a t  occurred between October 1979 and 
February 1980. Larger symbols correspond t o  magnitudes of 4 and larger .  
Lower - Epicenters of 430 earthquakes l i s t e d  in  the  PDE f o r  the period 
January 1970 through October 1980. Symbol s i z e  is proportional t o  
magnitude (mb o r  mL) i n  in te rva l s  o f  2 un i t s ,  as i n  the  upper map. 
Earthquakes fo r  w h ~ c h  no magnitude was reported are plotted as  dots. 
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a l ong  t h e  f a u l t  p l a n e s  o f  l a r g e  t h r u s t  ear thquakes t h a t  r u p t u r e  b road  
areas.  The s i m i l a r i t y  o f  t h e  s p a t i a l  and tempora l  p a t t e r n s  o f  t h e  
s e i s m i c i t y  near  Waxel l  R idge  w i t h  t h o s e  observed i n  t h e  area o f  t h e  1979 
St .  E l i a s  ea r thquake  p r i o r  t o  t h e  mainshock suggest  t h a t  t h e  Waxe l l  a rea 
i s  l i k e l y  t o  be an a rea  o f  i n t e n s e  s e i s m i c  ene rgy  r e l e a s e  f o r  a m a j o r  
ea r thquake  t h a t  wou ld  r u p t u r e  t h e  s u r r o u n d i n g  area. 

One i m p o r t a n t  f e a t u r e  o f  t h e  k i n e m a t i c  model f o r  r e c e n t  t e c t o n i c  p l a t e  
i n t e r a c t i o n  i n  s o u t h e a s t e r n  A laska  proposed b y  Lahr  and P l a f k e r  (1980)  i s  
a p o s t u l a t e d ,  b u t  c u r r e n t l y  u n i d e n t i f i e d  f a u l t  t h a t  d i r e c t l y  connects  t h e  
d e x t r a l  s t r i k e - s l i p  m o t i o n s  on t h e  F a i r w e a t h e r  and Totschunda f a u l t s .  I n  
t h e i r  model, t h e  Duke R i v e r  f a u l t  i s  c o n s i d e r e d  t o  accommodate o n l y  a 
s m a l l  p r o p o r t i o n  o f  t h e  r e l a t i v e  p l a t e  m o t i o n .  S ince  October 1979 t h e  
Duke R i v e r  f a u l t  has been s e i s m i c a l l y  a c t i v e .  However, t h e r e  i s  no 
ev idence  i n  t h e  s e i s m i c  d a t a  f r o m  t h e  same t i m e  p e r i o d  t o  s u p p o r t  t h e  
e x i s t e n c e  o f  t h e  proposed c o n n e c t i n g  f a u l t .  I n  c o n t r a s t ,  t h e  D e n a l i  f a u l t  
e a s t  o f  i t s  j u n c t u r e  w i t h  t h e  Totschunda f a u l t  appears t o  be s e i s m i c a l l y  
a c t i v e ,  c o n t r a r y  t o  a l a c k  o f  g e o l o g i c  ev idence  f o r  l a r g e  Holocene 
d i sp lacemen ts  on t h i s  p o r t i o n  of t h e  D e n a l i  f a u l t  ( R i c h t e r  and Matson, 
1971; P l a f k e r  and o t h e r s ,  1977; Clague, 1979). 

NEEDS FOR FURTHER STUDY 
A s  d i scussed  i n  t h e  p r e v i o u s  s e c t i o n s ,  our  a b i l i t y  t o  i n t e r p r e t  t h e  low-  
t o - i n t e r m e d i a t e  l e v e l  s e i s m i c i t y  i n  t h e  NEGOA r e g i o n  i n  te rms o f  t e c t o n i c  
s t r u c t u r e s  and processes i s  l i m i t e d  b y  t h e  accuracy  o f  t h e  hypocen te r  
d e t e r m i n a t i o n s .  Improved r e l a t i v e  l o c a t i o n s  f o r  s p e c i f i c  a reas can be 
o b t a i n e d  b y  d e v e l o p i n g  b e t t e r  v e l o c i t y  models and i n c o r p o r a t i n g  master  
event  o r  homogeneous s t a t i o n  l o c a t i o n  techn iques .  S t u d i e s  o f  t h i s  n a t u r e  
a r e  c u r r e n t l y  i n  p r o g r e s s  f o r  t h e  Waxe l l  R idge area, t h e  Copper R i v e r  
d e l t a ,  and s e l e c t e d  o f f s h o r e  s i t e s .  

Magni tude i s  an i m p o r t a n t  parameter  f o r  c h a r a c t e r i z i n g  t h e  s e i s m i c i t y  
o f  a  p a r t i c u l a r  a rea.  I t  i s  o f t e n  d i f f i c u l t  t o  compare observed 
c h a r a c t e r i s t i c s  f r o m  d i f f e r e n t  a reas o r  even w i t h i n  t h e  same a rea  t h r o u g h  
t i m e  because a  v a r i e t y  o f  magni tude s c a l e s  o r  methods f o r  e s t i m a t i n g  
magni tudes a r e  employed. C u r r e n t l y ,  l a r g e  d i s c r e p a n c i e s  e x i s t  between t h e  
USGS-determined coda-du ra t  i o n  magni tudes and body-wave magni tudes (nrb) 
r e p o r t e d  i n  PDE. L o c a l  magni tudes (mL) r e p o r t e d  b y  t h e  A laska  Tsunami 
Warning Center  and t h e  Canadian Department o f  Energy Mines and Resources 
a r e  a l s o  u s u a l l y  l a r g e r  t h a n  t h e  c o d a - d u r a t i o n  magni tude de te rm ined  b y  t h e  
USGS. A r e v i s e d  c o d a - d u r a t i o n  magni tude f o r m u l a t i o n  i s  b e i n g  deve loped 
f o r  t h e  USGS network  u s i n g  d i g i t i z e d  s e i s m i c  r e c o r d s .  One method b e i n g  
i n v e s t i g a t e d  i s  t h a t  o f  Bakun and L i n d h  (1977)  where s e i s m i c  moments 
de te rm ined  f r o m  t h e  d i g i t i z e d  r e c o r d s  a r e  used t o  r e l a t e  coda d u r a t i o n s  t o  
c o n v e n t i o n a l  magni tude s c a l e s .  



X .  SUMMARY OF OPERATIONS, JULY 1980 - MARCH 1981 
A. Labo ra to r y  A c t i v i t i e s  

1. S c i e n t i f i c  P a r t y  
a. Data Ana l ys i s  

John Lahr, USGS, P r o j e c t  Chief  
C h r i s  Stephens, USGS, Geophys ic i s t  
Kent  Fogleman, USGS, Geophys ic i s t  
Rober t  C a n c i l l a ,  USGS, Data Ana l ys t  
Jane Fre iberg ,  USGS, Data Ana l ys t  
Janet Meln ick ,  USGS, Data Ana l ys t  
Roy Tam, USGS, Data Ana l ys t  
Brenda Romes, USGS, Phys i ca l  Science A i d  

b. I n s t r u m e n t a t i o n  
John Rogers, USGS, E l e c t r o n i c s  Engineer  
Greg Condrot te ,  USGS, Techn ic ian  
W i l l i a m  Wong, USGS, Techn ic ian  

2. Data C o l l e c t e d  and Analyzed 
A s i g n i f i c a n t  p a r t  o f  ou r  e f f o r t s  was devoted t o  t h e  r o u t i n e  
r e d u c t i o n  and a n a l y s i s  o f  t h e  se ismic  d a t a  c o l l e c t e d  s i nce  t h e  
beg inn ing  o f  FY 1980. The c u r r e n t  s t a t u s  o f  t h e  da ta  f o r  va r i ous  
t ime  p e r i o d s  a re  summarized as f o l l o w s :  

TIME PERIOD STATUS CATALOG 
October-December 1979 F ina l - -Completed Pub1 i shed  

(Stephens and o thers ,  
1980b) 

January-March 1980 F ina l - -Completed Pub1 i shed 
(Stephens and o thers ,  

1980a) 

Ap r i l - June  1980 F i n a l - - I n  rev iew Submit ted f o r  
D i r e c t o r ' s  approva l  

July-September 1980 I n  f i n a l  p rocess ing  I n  p r e p a r a t i o n  

October-December 1980 Pre l im inary - -comp le te  

January-February 1981 Pre l im inary - -comp le te  

March 1981 P r e l  i m i  nary- -  
n o t  y e t  complete 

L i s t s  o f  hypocenter  parameters f o r  October 1979-March 1980 have 
been submi t ted  t o  OCSEAP. L a t e r  d a t a  w i l l  be submi t ted  upon 
approva l  by t h e  D i r e c t o r  of t h e  Geo log ica l  Survey. Maps o f  t h e  
p r e l i m i n a r y  earthquake da ta  f o r  t h e  p e r i o d  A p r i l  1980-February 
1981 a re  shown i n  F i gu res  6 t o  9. 

The p rocess ing  o f  se ismic  da ta  f r om  e a r l i e r  t ime  pe r i ods  i s  be ing  
f a c i l i t a t e d  by t h e  use o f  a  newly developed s c a n n i n g - d i g i t i z i n g  
machine. Development o f  t h i s  d i g i t e r  was suppor ted by t h e  USGS. 
Two impor tan t  f e a t u r e s  o f  t h i s  machine a re  t h a t  i t  a l lows  a l l  f o u r  



Develocorder  f i l m s  f o r  each day t o  be viewed s imu l taneous ly ,  and 
t h a t  i s  has i n t e r a c t i v e  d i g i t i z i n g  and earthquake l o c a t i o n  
c a p a b i l i t i e s .  C u r r e n t l y  a  t r a i n e d  opera to r  can process se ismic  
da ta  a t  about 1 1 /3  t imes  t h e  r a t e  us i ng  conven t iona l  equipment. 
I t  i s  a n t i c i p a t e d  t h a t  t h i s  improvement f a c t o r  w i l l  i nc rease  t o  
two. 

B. F i e l d  A c t i v i t i e s  

1. F i e l d  t r i p  schedule 
The 1980 summer f i e l d  season began i n  mid-June and l a s t e d  u n t i l  t h e  
end o f  October.  A  second t r i p  was made d u r i n g  February  1981. 

2. F i e l d  p a r t y  
John Rogers, USGS, Coord ina to r  
John Lahr, USGS, P r o j e c t  Ch ie f  
Jack Pel ton,  USGS, Geophys ic i s t  
Mark L ipe ,  USGS, F i e l d  A s s i s t a n t  

3. Methods 
The main o b j e c t i v e s  o f  these t r i p s  were: 
- I n s t a l l a t i o n  o f  a d d i t i o n a l  f r e e - f i e l d  s t rong-mot ion event  

r eco rde rs  i n  t h e  se ismic  gap area; 
- I n c l u s i o n  o f  t h e  y e a r l y  maintenance o f  a p o r t i o n  o f  t h e  USGS 

Seismic Eng inee r i ng ' s  s t rong-mot ion  network i n t o  t h e  A laska 
Seismic S tud ies  p r o j e c t ;  

- Con t i nua t i on  i n  upgrad ing b o t h  f i e l d  s t a t i o n s  and r a d i o  r e c e i v e r  
s i t e s ;  

- I n s t a l l a t i o n  o f  one s t a t i o n  i n  southeastern A laska near Juneau; 
- C o r r e c t i o n  o f  c e r t a i n  e l e c t r o n i c  problems i n  t h e  Palmer Tsunami 

Warning Center;  
- I n c o r p o r a t i o n  o f  newly acqui red p r o p e r t y  i n t o  t h e  p r o j e c t .  

Because a  s i g n i f i c a n t  r e d u c t i o n  i n  f u n d i n g  was a n t i c i p a t e d  f o r  
FY 1981, one f u r t h e r  o b j e c t i v e  was t o  reduce t e l e m e t r y  c o s t s  by 
decreas ing t h e  number o f  h i gh -ga in  se ismic  s t a t i o n s  be ing  recorded 
and then  r e c o n f i g u r i n g  t h e  c i r c u i t s  f o r  t h e  remain ing s t a t i o n s .  
Each o f  t h e  main p o i n t s  ment ioned above i s  d iscussed below i n  more 
d e t a i  1 .  

Free -F ie l d  S t rong  Mot ion  Event Recorders 
A t o t a l  o f  f i v e  new f r e e - f i e l d  SMA-1 event r eco rde rs  were 
i n s t a l l e d  t h i s  p a s t  year .  These ins t ruments  a re  l oca ted  near t h e  
h i gh -ga in  se ismic  s t a t i o n s  a t  BCP, HMT, SGA, SUK, and WAX. An 
impor tan t  f ea tu re  o f  these ins t ruments  i s  t h a t  a  s p e c i a l  l o g i c  
c a r d  l o c a t e d  i n s i d e  t h e  ne ighbo r i ng  se ismic  s t a t i o n  i s  t r i g g e r e d  
each t ime  t h e  reco rde r  t u r n s  on. T h i s  t r i g g e r  generates a  un ique 
s i g n a l  which i s  recorded i n  Palmer and can be used t o  p r o v i d e  
accura te  t i m i n g  i n f o rma t i on .  



The p h y s i c a l  i n s t a l l a t i o n s  o f  a l l  f i v e  s i t e s  a re  s i m i l a r  t o  those 
i n s t a l l e d  t h e  p rev ious  year .  A 36 - inch  d iameter  by  36- inch l ong  
c u l v e r t  i s  p a r t i a l l y  b u r i e d  i n  t h e  ground and f i l l e d  w i t h  rocks  
and about 800 pounds o f  concre te .  The enc losure  which houses t h e  
SMA-1 i s  anchored i n  t h e  concrete ,  and t h e  SMA-1 i s  connected v i a  
armored cab le  t o  t h e  l o c a l  v o l t a g e - c o n t r o l l e d  o s c i l l a t o r  ( V C O ) .  
The h i gh -ga in  se ismic  i n s t a l l a t i o n  a t  SUK had been dug o u t  by 
animals ( p robab l y  bears )  f o r  two success ive years .  To p reven t  
d i s t u rbance  a t  t h i s  i n s t a l l a t i o n ,  heavy-duty angle  i r o n  was d r i v e n  
i n t o  t h e  ground, 

A t  each s i t e  va r i ous  t e s t s  a re  performed on t h e  SMA-VCO 
combinat ion t o  assure proper  o r i e n t a t i o n .  For  example, b a t t e r y  
vo l t age  i s  measured, t h e  c l o c k  set ,  t h e  t r a c e s  a l igned ,  and t h e  
damping and n a t u r a l  f requency checked. 

A t  TSI, GYO, and BAL, which were i n s t a l l e d  i n  1979, t h e  b a t t e r i e s  
were changed and t h e  s i t e  c a l i b r a t e d  and checked. A l l  t h e  
ins t ruments  were o p e r a t i o n a l  and i n  good c o n d i t i o n .  No water o r  
mo i s tu re  damage was observed. 

Other SMA-1 I n s t a l l a t i o n s  
A laska  Seismic S tud ies  took over  ope ra t i on  o f  a  p o r t i o n  of t h e  
s t r o n g  mot ion  network i n  A laska p r e v i o u s l y  managed by  t h e  USGS 
Seismic Eng ineer ing  Branch. Genera l ly ,  those  s t a t i o n s  which were 
t r a n s f e r r e d  a re  w i t h i n  t h e  A laska Seismic Network and should  save 
Seismic Eng ineer ing  some s p e c i a l  t r i p s .  

The s t a t i o n s  v i s i t e d  were P e l i c a n  Cold Storage, Yakutat  VORTAC, 
Tr ims Highway Camp, Auke Bay F i s h e r i e s  Lab, Cordova FAA, Ecc les 
School (Cordova), Cape Yakataga, and I c y  Bay. I n  a d d i t i o n ,  t h e  
SMA l oca ted  a t  Mentasta was moved t o  Slana Highway Maintenance 
S t a t i o n .  

A t  W h i t t i e r ,  Alaska, a  SMA-1A was i n s t a l l e d .  The " A "  des i gna t i on  
i n d i c a t e s  t h e  a v a i l a b i l i t y  o f  analog ou tpu t s  f rom t h e  
accelerometers.  Two o f  these ou tpu t s  a re  connected t o  VCO1s which 
t r e a t  t h e  i n p u t  s i g n a l  as an a u x i l i a r y  channel t o  ach ieve t h e  
c o r r e c t  a m p l i f i c a t i o n .  These e l e c t r o n i c s  were mounted i n  a rack  
a long  w i t h  t h e  f i l t e r  b r i d g e  ( a l r e a d y  i n  p l ace ) .  The two s i g n a l s  
a re  then  m u l t i p l e x e d  w i t h  t h e  o t h e r  two r a d i o  s i g n a l s  and sent  f o r  
r e c o r d i n g  t o  Palmer v i a  a  te lephone l i n e .  

New Seismic S t a t i o n s  
I n  o rde r  t o  improve coveraqe i n  southeastern Alaska. a  new s t a t i o n  
(ABF) was i n s t a l l e d  near  ~ i n e a u  a t  Auke Bay. T h i s  s t a t i o n  was 
connected t o  t h e  l o c a l  SMA-1 (which had t o  be moved t o  a l l o w  f o r  
t h i s  connec t ion )  i n  a manner s i m i l a r  t o  t h a t  used a t  f r e e - f i e l d  
s i t e s .  Thus, t r i g g e r i n g  i n f o rma t i on  w i l l  a l so  be sen t  a long w i t h  
t h e  normal se ismic  data.  A h e l i c o r d e r  was i n s t a l l e d  i n  t he  S t a t e  
p u b l i c  l i b r a r y  t o  p r o v i d e  a  v i s u a l  d i s p l a y  of t h e  se ismic  data.  



A t  Cape Yakataga t h e  l o c a l  s t a t i o n  was moved down f rom t h e  
h i l l t o p  above t h e  White A l i c e  s i t e  a f t e r  a  s e c t i o n  o f  s t a i r s  
co l lapsed .  These s t a i r s  a l lowed access t o  t h e  s t a t i o n  and w i l l  
no t  be r e p a i r e d  accord ing  t o  i n f o r m a t i o n  we rece i ved  f rom Alascom. 

I n  Valdez t h e  l o c a l  three-component s t a t i o n  was moved from t h e  
h i l l  beh ind t h e  e a r t h  s t a t i o n  t o  an unused road  a l s o  behind t h e  
e a r t h  s t a t i o n .  T h i s  move was made necessary by  growth o f  A l de r  
making access and work a t  t h e  s t a t i o n  d i f f i c u l t .  

Near Yakutat ,  t h e  s t a t i o n  e l e c t r o n i c s  f o r  PIN was moved t o  a  
f l a t  area a f t e r  severe damage t o  t h e  antenna and mast again  t h i s  
year .  The geophone was l e f t  i n  i t s  o r i g i n a l  l o c a t i o n .  

Receive S i t e  E l e c t r o n i c s  
New f i l t e r  b r i d g e  u n i t s  were i n s t a l l e d  a t  some s i t e s  i n  t h e  
network.  The t y p e  be ing  i n s t a l l e d  a l l ows  f o r  m o n i t o r i n g  of t h e  
ou tpu t  and i n p u t  l e v e l s  v i a  l i g h t - e m i t t i n g  d iodes (LED) ,  a  panel  
meter and speaker. T h i s  summer a l l  o f  t h e  rema in ing  o r i g i n a l  
ve r s i on  f i l t e r  b r i dges  were rep laced  w i t h  t h i s  newer model t o  
a l l o w  f o r  mon i t o r i ng .  

A t  Cape Yakataga two b r i dges  were i n s t a l l e d  w i t h  one c o n t a i n i n g  
a  s p e c i a l  t r i g g e r  f e a t u r e  f o r  m o n i t o r i n g  t he  l o c a l  SMA-1, Each 
t ime t h e  SMA t r i g g e r s ,  an unmodulated s i g n a l  i s  t r a n s m i t t e d  t o  
Palmer. T h i s  s i g n a l  g i ves  t i m i n g  i n f o r m a t i o n  about t h e  event and 
i s  e a s i l y  d i s t i n g u i s h e d  f r om a  normal se ismic  t r a c e .  

To improve r a d i o  r ecep t i on ,  two GE r e c e i v e r s  were i n s t a l l e d  f o r  
SUK and HMT-WAX. The h i ghe r  s e n s i t i v i t y  o f  these r e c e i v e r s  should  
p r o v i d e  b e t t e r  da ta  r e l i a b i l i t y  as w e l l  as a l l o w i n g  f o r  RF c a r r i e r  
m o n i t o r i n g  v i a  t h e  c a r r i e r  d e t e c t i n g  LED. 

I n  Valdez t h e  r e c e i v e r  f o r  VZW-GLC-FID was moved i n s i d e  t he  
e a r t h  s t a t i o n  t o  a  s p e c i a l l y  made b racke t  mounted on t h e  f i l t e r  
b r i dge .  The move became necessary due t o  s e r v i c i n g  problems a t  
t h e  o l d  s i t e  which was l oca ted  on a  nearby abandoned antenna 
tower.  The antenna was a l s o  moved on to  t h e  e a r t h  s t a t i o n  r o o f .  

The o l d  r e c e i v e  s i t e  f o r  HIN-MTG i n  Cordova which was l oca ted  
behind t h e  e a r t h  s t a t i o n  on a  sma l l  h i l l  was moved t o  t h e  U.S. 
Fo res t  Se rv i ce  o f f i c e  downtown. The move i s  in tended t o  ease 
s e r v i c i n g  and inc rease  r e l i a b i l i t y  f o r  t h e  s t a t i o n .  A l so  a  GE 
r a d i o  r e c e i v e r  was employed t o  g a i n  e x t r a  s e n s i t i v i t y .  

I n  Yakutat  t h e  f i l t e r  b r i d g e  which had been p r e v i o u s l y  damaged 
by l i g h t n i n g  was rep laced.  A spare audio  s i g n a l  genera to r  was 
i n s t a l l e d  i n  t h e  rack  under t h e  f i l t e r  b r i d g e  t o  a l l o w  f o r  q u i c k  
te lephone c i r c u i t  t e s t s .  

To p r o v i d e  a degree o f  p r o t e c t i o n  t o  t he  f i l t e r  b r i d g e  
e l e c t r o n i c s  i n  Yakutat  aga ins t  f u t u r e  l i g h t n i n g  s t r i k e s  o r  power 
l i n e  no ise,  a rack-mounted i s o l a t i o n  t r ans fo rmer  and c i r c u i t  
breaker  was i n s t a l l e d .  



The genera l  i dea  behind t h e  moves mentioned above was t o  p l a c e  
t h e  r e c e i v e  e l e c t r o n i c s  a long w i t h  i t s  assoc ia ted  m o n i t o r i n g  
f ea tu res  i n s i d e  heated b u i l d i n g s .  A t  each s i t e  i n d i v i d u a l s  
i n t e r e s t e d  i n  ou r  program have vo lun teered  t o  do minor  equipment 
t r o u b l e s h o o t i n g  and replacement, thus  sav ing  t h e  expense o f  l ong  
t r i p s  t o  do these minor  r e p a i r s .  A d d i t i o n a l l y ,  t h e  r e l o c a t i o n  of 
these e l e c t r o n i c s  t o  a  s t a b l e  environment should he lp  inc rease  
equipment r e l i a b i l i t y .  

F i e l d  S t a t i o n  Work 
F i e l d  work a t  t h e  se ismic  s t a t i o n s  cons i s t ed  o f  con t inued  
improvements o f  t h e  s i t e  i n s t a l l a t i o n s ,  b a t t e r y  changes, and 
replacement o f  t h e  o l d e r  "202"- type VCO w i t h  t h e  A l V C O .  

T h i s  yea r  b a t t e r i e s  were changed a t  BAL, CFI, CHX, FID, GLB, 
GLC, GYO, HIN, HQN, KLU, KYK, MLS, PIN, PNL, SGA, SUK, VZW, WAX, 
and YAH. 

New heavy du t y  antenna masts were i n s t a l l e d  a t  BAL, CFI, FID, 
GLB, GLC, HIN, HQN, KLU, KYK, P I N ,  and SGA. 

A t  F I D  and SGA t h e  o l d  antennas were i n  t r e e s  w i t h  t h e  R G - 8  
c o a x i a l  cab le  damaged by animals.  The new mast i n s t a l l a t i o n  has 
t h e  cab le  r unn ing  i n s i d e  t h e  mast, which makes animal damage l ess  
1  i k e l y .  

The VCO a t  CYT was rep laced  i n  February  a f t e r  i t  was damaged by 
an apparent s t a t i c  charge. 

The s t a t i o n  GLB was e n t i r e l y  r e b u i l t  t o  accomodate new 
e l e c t r o n i c s .  Du r i ng  t h i s  work two new masts were p u t  up, one 
be ing  f o r  t h e  r e c e i v e r .  The t r a n s m i t t e r  i s  now housed i n  a  smal l  
(22 - inch)  c u l v e r t  and should  be more p r o t e c t e d  f r om water  than 
p r e v i o u s l y .  A t  GLC a  s i m i l a r  c u l v e r t  was i n s t a l l e d  t o  a l s o  
p r o v i d e  a  d r i e r  environment and ease r o u t i n e  maintenance. 

Hinch inbrook I s l a n d  (HIN) p resen ts  a severe weather problem due 
t o  antenna i c i n g .  I t  was t h e r e f o r e  dec ided n o t  t o  guy t h e  mast, 
thus  avo id i ng  t h e  e x t r a  i c e  load  f r om t h e  guys. Ins tead,  600 
pounds o f  conc re te  was poured over  rocks  t o  g i v e  t h e  masts a  heavy 
base. SUK a l s o  has i t s  mast anchored i n  conc re te  b u t  i s  guyed 
us i ng  s t e e l  fence posts .  

Fence p o s t s  d r i v e n  i n t o  t h e  ground w i t h  a s ledge hammer seem t o  
be good anchors f o r  ou r  antenna guys. They a re  made up i n  
Anchorage a t  our  shop w i t h  a t h imb le  ( w i r e  gu ide)  t o  speed f i e l d  
i n s t a l l a t i o n .  They have been used f o r  guy ing  a t  many f i e l d  s i t e s  
and a re  f a s t e r  t o  i n s t a l l  than  b u r i e d  deadman. 

The replacement o f  t h e  o l d e r  and t r oub le -p rone  "202" VCO w i t h  
t h e  A l V C O  i s  almost complete i n  t h e  NEGOA p o r t i o n  o f  t h e  USGS 
se ismic  network.  Th i s  yea r  AIVCO1s were i n s t a l l e d  a t  GLB 
east-west,  GLB nor th-south,  CYT, and ABF. 



Other  s i t e  work done o f  an unusual  n a t u r e  i s  as f o l l o w s :  

F ID- -Shor t  l y  a f t e r  t h e  y e a r ' s  v i s i t ,  t h e  geophone was dug 
o u t  o f  t h e  ground b y  an an imal .  To p r e v e n t  a  reoccurence,  a  
s e c t i o n  o f  f e n c e  p o s t  was d r i v e n  i n t o  t h e  ground and t h e  
geophone f a s t e n e d  t o  i t  b y  s t e e l  hose clamp. 

HMT--An an imal  p u l l e d  t h e  12 - inch  r e c e i v e  c u l v e r t  f o r  WAX 
o u t  of  t h e  ground a f t e r  t h e  SMA-1 was i n s t a l l e d .  I t  was 
then  anchored b y  hose c lamp and f e n c e  p o s t .  

SUK--To p r e v e n t  t h e  c u l v e r t  f r o m  b e i n g  dug o u t  o f  t h e  ground 
a  t h i r d  t ime ,  400 pounds on c o n c r e t e  was poured around t h e  
c u l v e r t .  

CTG--An animal  a t tempted  t o  d i g  o u t  t h e  e n t i r e  s i t e ,  
i n c l u d i n g  t h e  antenna guy anchors.  The geophone t u b e  was 
b i t t e n  i n  h a l f  and t h e  w i r e  severed.  The s i t e  was r e b u i l t  
and t h e  geophone moved, 

ALC--The r e c o r d i n g  r a c k  was moved f r o m  the  ALC-generator  b u i l d i n g  
t o  t h e  Customs B u i l d i n g  f o l l o w i n g  GSA's app rova l  of t h e  new s i t e .  
T h i s  new l o c a t i o n  p r o v i d e s  a  n i c e  d i s p l a y  f o r  t h o s e  e n t e r i n g  t h e  
U n i t e d  S t a t e s  f r o m  t h e  Yukon T e r r i t o r y .  A d d i t i o n a l l y ,  access t o  
t h e  e l e c t r o n i c s  i s  eased as t h e  Customs B u i l d i n g  i s  open 24 hours  
p e r  day. A h i g h  schoo l  s t u d e n t  i n t e r e s t e d  i n  se ismology i s  
chang ing t h e  r e c o r d s  on t h e  h e l i c o r d e r  each day. 
A T rue  Time s a t e l l i t e  t i m e  r e c e i v e r  has been i n s t a l l e d  i n  
t h e  s t a t i o n  r e c o r d i n g  r a c k .  The "s low  code" o u t p u t  o f  t h i s  
r e c e i v e r  i s  r e c o r d e d  and has an accuracy  o f  a few  t e n s  of 
m i l l i s e c o n d s .  V i s u a l  m o n i t o r i n g  o f  t h i s  code i s  p r o v i d e d  f o r  b y  a  
s p e c i a l  Re lay  D r i v e r  Rack s low  code LED. An i s o l a t i o n  t r a n s f o r m e r  
was a l s o  mounted i n  t h e  r e c o r d i n g  r a c k  t o  p r e v e n t  b l o w i n g  f u s e s  
d u r i n g  g e n e r a t o r  s w i t c h i n g .  

O the r  F i e l d  Work 
S h e l l  O i l  S t a t i o n s - - T h e  USGS t o o k  o v e r  two S h e l l  O i l  s t r o n g  m o t i o n  
s t a t i o n s  l o c a t e d  i n  t he  Yakataga s e i s m i c  gap area.  One s t a t i o n  i s  
on t h e  e a s t  shore  o f  Kayak I s l a n d  and t h e  o t h e r  i s  nea r  Munday 
Creek, about  25 m i l e s  e a s t  o f  Cape Yakataga. Bo th  s t a t i o n s  have 
two SMA-1 and one SMA-2 r e c o r d e r s .  Power i s  s u p p l i e d  b y  s o l a r  
p a n e l s  backed up b y  1 2 - v o l t  g e l  c e l l  b a t t e r i e s .  Bo th  s t a t i o n s  
were v i s i t e d  w i t h  E a r l  Doy le  f r o m  t h e  Houston, Texas,  o f f i c e  o f  
S h e l l  O i l .  A l l  s i x  r e c o r d e r s  appeared t o  be work ing .  A t  t h e  
Kayak s t a t i o n  an i n c h  of wa te r  had e n t e r e d  t h e  c u l v e r t  and 
c o r r o d e d  t h e  i n s t r u m e n t  cases and l o c k s .  A t  Munday Creek, s e v e r a l  
of t h e  g e l  c e l l  b a t t e r i e s  were bad and were r e p l a c e d .  
The i n s t r u m e n t s  were s e r v i c e d  i n  t h e  normal  manner, excep t  f o r  one 
( f rom Kayak) wh ich  had a  b a d l y  c o r r o d e d  l o c k .  T h i s  u n i t  was t a k e n  
back t o  Cordova, f i x e d ,  and r e t u r n e d  t o  t h e  s i t e .  



D i g i t  a1 Event Recorders--Two d i g i t  a1 event r eco rde rs  were deployed 
near Y aku ta t  (Nunatak F i o r d  and D i  senchan tm~nt  Bay). The u n i t s  
were l e f t  a t  t h e  s i t e s  f o r  about one month and recovered. The 
d a t a  on t h e  tapes  i s  c u r r e n t l y  be ing  analyzed, a l though  problems 
may have reduced t h e  use fu lness  o f  t h e  da ta  c o l l e c t e d .  

Ocean Bottom Seismic Recorders (005)--John Rogers and Jack P e l t o n  
helped Bruce Ambuter o f  t h e  USGS, Woods Hole, i n  p repa ra t i ons  f o r  
t h e  deployment o f  f i v e  OBS systems. 

Palmer Time Code Generator (TCG)--The TRIG-C t ime  code problem was 
c o r r e c t e d  d u r i n g  a  v i s i t  t o  t h e  Palmer Observatory .  T h i s  problem 
had prevented use o f  I R I G - C  by t h e  Menlo Park p layback cen te r .  

USGS Cape Yakataga F a c i l i t y - - A  B u t l e r - t y p e  b u i l d i n g  was acqu i red  
f rom t h e  FAA on su rp l us  e a r l i e r  t h i s  year .  The b u i l d i n g  i s  f a i r l y  
l a r g e  i n  s i z e  (1,300 square f e e t )  and i s  i n  good c o n d i t i o n .  I t  
was cleaned o u t  i n  October and stocked w i t h  va r i ous  f i e l d  
supp l ies ,  sav ing  t h e  c o s t  o f  reshipment back t o  Anchorage. 
L e f t o v e r  j e t  f u e l  ( 275  g a l l o n s )  was a l so  p u t  i n s i d e  the  b u i l d i n g  
t o  p reven t  t h e f t  d u r i n g  t h e  w i n t e r .  

Yakutat  P ickup Truck--A su rp l us  f ou r -whee l -d r i ve  p i ckup  t r u c k  was 
acqu i red  a t  t h e  beg inn ing  o f  t h i s  yea r  f rom t h e  Coast Guard. A 
USGS v e h i c l e  i n  Yakutat  i s  d e s i r a b l e  due t o  t h e  l ack  o f  r e l i a b l e  
r e n t a l  veh i c l es .  The t r u c k  was w e l l  u t i l i z e d  t h i s  f i r s t  summer, 
r e s u l t i n g  i n  s i g n i f i c a n t  sav ings t o  t h e  va r i ous  p r o j e c t s .  I t  i s  
be ing  s t o r e d  f r e e  o f  charge i n s i d e  a heated hangar i n  Yakutat  f o r  
t h e  w i n t e r .  

Recon f i gu ra t i on  o f  Network 
F i g u r e  2 shows t h e  d i s t r i b u t i o n  o f  t h e  13 h i gh -ga in  se ismic  
s t a t i o n s  i n  t h e  NEGOA c u r r e n t l y  supported i n  p a r t  by  OCSEAP ( s o l i d  
c i r c l e s )  . T h i r t e e n  o t h e r  s t a t i o n s  (open c i r c l e s )  a r e  no longer  
supported by  OCSEAP. S i x  s t a t i o n s  (open c i r c l e s  w i t h  d o t s )  a re  
ope ra t i ng  bu t  a re  no t  no rma l l y  recorded. These l a t t e r  s t a t i o n s  
w i l l  be recorded  i n  t h e  event  t h a t  one o f  t h e  p r ima ry  s t a t i o n s  
f a i l s .  
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