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ABSTRACT 

Assessment of  the  s e i s m i c  p o t e n t i a l  f o r  occur rence  of g r e a t  

ea r thquakes  i n  t h r e e  se i smic  gaps (Shumagin I s l a n d s ,  Unalaska I s l a n d ,  

and Yakataga-Kayak r e g i o n s )  h a s  been completed.  I n  t h e  

bes t - ins t rumented  se i smic  gap i n  the  Shumagin I s l a n d s  r e g i o n ,  t h e  

l i k e l i h o o d  f o r  a g r e a t  ea r thquake  w i t h i n  t h e  next  two decades  i s  

high. Allaly sis of ear thquake  da t a  c o l l c c t c d  from a t a l emete red  

nctworlc o p e r a t e d  i n  the Shumagin .sei s m i  r. zap shows fiear-quiescence i n  

the  sha l low p o r t i o n  of the  main t h r u s t  zone,  The network d a t a  a l s o  

i n d i c a t e  s t r e s s - p a t t e r n s  from composite f o c a l  mechanisms of e v e n t s  In 

the  o v e r r i d i n g  p l a t e ,  nea r  the  down-dip end of the t h r u s t  zone, and a t  

s u b c r u s t a l  l e v e l  w i t h i n  t h e  descending P a c i f i c  l i t h o s p h e r e  t h a t  a r e  

c o n s i s t e n t  wi th  a p r e s e n t l y  locked s t a t e  a t  t h e  p l a t e  i n t e r f a c e .  

S t r e s s e s  i n  the  upper p lane  of t h e  double-planed Benioff  zone 

detcetcd bcncath  thc  natworlc bnd ica te  d6wri.A fi, r ~ n q i  nn; i:h i.s sLress 

i n f e r r e d  from composite f o c a l  mechanisms of network d a t a  i s  o p p o s i t e  

t o  t h e  downdip compression d e t e c t e d  e lsewhere  i n  the  e a s t e r n  A l e u t i a n  

a r c  i n  t h e  upper p lane  of a weakly developed double Benioff  zone a s  

indj.c.acr.d by a n a l y s i s  uC ~ e 1 e s e i j u i . c  data.  

1113 t a l l a t  ion of d i g i t a l  r coord ing  aquipmant a t  t h ~  r ~ n t r a l  

s t a t i o n  of t h e  Shumagin network,  combined wi th  i n t e r a c t i v e  computer 

a n a l y s i s  a t  Lamont-Doherty of e i t h e r  d i g i t a l l y  r ecorded  o r  d i g i t i z e d  

analog se i smic  d a t a  h a s  provi.ded new research p o s s i b i l i t i e s  f o r  

s t u d y i n g  s e i s m i c  source  p r o p e r t i e s ,  wave p ropaga t ion  i n  a l a t e r a l l y  

heterogeneous  v e l o c i t y  s t r u c t u r e  of the  subduct ion zone, and f o r  

s e i s m i c a l l y  s c r e e n i n g  t h e  root-zone and v o l c a n i c  p i l e  of Pavlof 



volcano.  High t i m e - r e s o l u t i o n  d a t a  (0.01 sec) ,  and wider  f r equency  band-pass 

d a t a  (0.5-30 Hz) a r e  now being c o l l e c t e d .  Seismic  d a t a  f o r  two 

e r u p t i v e  sequences of Pavlof-volcano have been ob ta ined .  I n t e r f a c i n g  

of the  Shumagin microseismic  network wi th  t en  remote s t r o n g  motion 

a c c e l e r o g r a p h s  f o r  o b t a i n i n g  a c c u r a t e  s t r o n g  motion t r i g g e r  t imes h a s  

been completed.  

2. INTRODUCTION 

Lamont-Doherty Geo log ica l  Observa to ry  c a r r i e s  out  a  long-term 

comprehensive s tudy of t h e  s e i s m o t e c t o n i c s  of t h e  e a s t e r n  A l e u t i z n  

a r c ,  Alaska,  and of i t s  a s s o c i a t e d  v o l c a n i c  systems.  Th i s  r e p o r t  

d e s c r i b e s  completed r e s e a r c h  and r e l a t e d  t e c h n i c a l  achievements d u r i n g  

the  f i r s t  e i g h t  months, and o u t l i n e s  work i n  p rogress  f o r  t h e  

remaining f o u r  months of t h e  c o n t r a c t  pe r iod  March 1 ,  1981 t o  February 

28 ,  1982. 

The remote reg ion  of the  e a s t e r n  A l e u t i a n  a r c  i n v e s t i g a t e d  i n  

t h i s  st'udy i s  t e c t o n i c a l l y  c h a r a c t e r i z e d  by the  occur rence  of v e r y  

l a r g e  infreqiiene t h r u s t  ea r thquakes  a long a  subduc t ion  zone and 

a s s o c i a t e d  v o l c a n i c  a r c .  I t  is  expected t h a t  w i t h i n  t h e ,  next  one o r  

two decades  a  g r e a t  t h r u s t  event  w i l l  occur  i n  t h e  a r c  segment 

monitored by t h i s  s tudy .  The r e g i o n  s t u d i e d  r e q u i r e s  a t t e n t i o n  from 

a t  l e a s t  t h r e e  p o i n t s  o f ' v i e w :  

- resea rch  on the  b a s i c  t e c t o n i c , .  s e i s m i c ,  and v o l c a n i c  p r o c e s s e s  

a t  a convergent p l a t e  margin;  

- e v a l u a t i o n  of the  n a t u r e ,  o r i g i n ,  and a c c e s s a b i l i t y  of ene rgy  

r e s o u r c e s  i n  t h i s  t e c t o n i c .  environment which: a r e  p o t e n t i a l l y  



present as (a) hydrocarbon resources in the shelf regions, (b) 

geothermal resources associated with the volcanic arc, and (c) 

dispersed coal deposites; 

- evaluation of geologic hazards to the development of these energy 

resources and to energy-related installations (pipelines, storage 

tanks, etc.). 

While this sLudy Eucuses clearly on the firsc copic (basic 

seismologic and tectonic processes at a major segment of a convergent 

plate margin) the results described in this r e p n r t  direct 1 y a f f  ei:t 

both applied objectives ( i.e., resources and hazards). 

This comprehensive research project is aimed to provide both a 

broad overview of the seismicity and tectonics of a typical active 

subduction zone and associated volcanic arc as well as a detailed 

in-depth study of the microearthquake-activity and crustal deformation 

in this arc and of its associated volcanic systems. For the in-depth 

study we operate two regional telemetered networks of together 27 

seismic stations covering a 600 Irm long arc segment; these networks 

include presently a 5-station network at and near Unalaska Island, a 

14-station network in the Shumagin Islands seismic gap region to which 

attached is a subarray of 8 stations densely spaced on and around 

Pavlof Volcano on the. western portion of the Alaska Peninsula. This 

B a v l u G  VuLcarlo array monicorc chc dcijmicity associated w i t h  the  

magmatic processes in and beneath the most active volcano of the 

Aleutian arc, and of all of the U.S. The Pavlof.study is aimed 
, 
towards basic volcanic research which will, as.a byproduct, contribute 

. to assess the geothermal potential of Aleutian volcanoes, and of 

those in subduction zone tectonic environments in general. 



The c o s t  f o r  o p e r a t i n g  t h e  combined e a s t e r n  A l e u t i a n  s e i s m i c  

ne tworks  i s  p r e s e n t l y  s h a r e d  between t h i s  DOE-supported r e s e a r c h  

program and a  c l o s e l y  c o o r d i n a t e d  s t u d y  under  t h e  A laska  O u t e r  

C o n t i n e n t a l  S h e l f  Env i ronmen ta l  Assessment  Program (OCSEAP) 

a d m i n i s t e r e d  , b y  NOAA. OCSEAP u r g e n t l y  needed s e i s m i c  h a z a r d s  

i n f o r m a t i o n  f o r  development  o f  hyd roca rbon  r e s o u r c e s  on t h e  v a s t  

A l a s k a .  s h e l f  r e g i o n s .  The d i f f i c u l t  l .ngi.st  i c  and c l i m a t i c  c o n d i t i o n s  

and t h e  v a s t  expanse  even of  t h i s  s m a l l  segment o f  t h e  A l e u t i a n  a r c  

(600 km l ong )  r e q u i r e  a  l e v e l  o f  e f f o r t  bo th  i n  manpower, l o g i s t i c ,  

and f i n a n c i a l  s u p p o r t  which would by f a r  exceed  t h e  f i s c a l  l i m i t a t i o n s  

set  f o r  e i t h e r  o f  t h e  two compl imentary  programs.  It is t h e r e f o r e  

f o r t u n a t e  t h a t  bo th  p r o j e c t s  r e l y  on t h e  same s e i s m o l o g i c a l  d a t a  b a s e  

and hence  have  u n t i l  now s h a r e d  t h e  h igh  c o s t  f o r  ne twork  ma in t enance  

and t e c h n i c a l  r e a l i z a t i o n .  The NOAA/OCSEAP program is  e x p e c t e d  t o  

t e r m i n a t e  i n  September 1982. We e x p e c t  a  s e v e r e  r e d u c t i o n  i n  o u r  
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network  e f f o r t  a t  t h i s  t ime which w i l l  have  r e s t r i c t i v e  consequences  

f o r  t h e  r e s e a r c h  p o s s i b i l i t i e s  o f  a l s o  t h i s  p r o j e c t .  

3 .  HIGHLIGHTS OF RESEARCH AND TECHNICAL ACHIEVEMENTS 

- Comple t ion  of a s s e s s i n g  t h e  s e i s m i c  p o t e n t i a l s  i n  t h e  Shumagin, 

Una la ska  and Yakataga  s e i s m i c  gaps  and p u b l i c a t i o n  of  r e s u l t s  i n  

a  s equence  of  f i v e  p a p e r s .  

- Near-comple t ion  of  s e i s m o t e c t o n i c  s t u d i e s  of t h e  e a s t e r n  

A l e u t i a n s  and of  . t h e  c e n t r a l  Gulf  of  Alaska  by o b t a i n i n g  more 
. . 

t h a n  40 n e w . f o c a 1  mechanism s o l u t i o n s  u s i n g  t e l e s e i s m i c  d a t a .  



- Comple t ion  o f  s t u d y  of  t h e  f i n e  s e i s m i c  s t r u c t u r e  and s t r e s s  

o r i e n t a t i ' o n s  i n  t h e  double-p laned  d i p p i n g  s e i s m i c  zone b e n e a t h  

t h e  Shumagin s e i s m i c  a r r a y .  

- A s t u d y  i n t o  t h e  impor t ance  o f  t h e r m a l  s t r e s s e s  f o r  t h e  f o r m a t i o n  

o f  doub le -p l aned  s e i s m i c  zones  i n  s u b d u c t i n g  s l a b s  o f  

l i t h o s p h e r e .  

- ~ n s t a l l a t  i o q  nf d i  g i  t n l  w e n t - r ~ c n r d i  ng eq11i.pment f o r  32 channels  

of t h e  Shumagin s e i s m i c  ne twork  and Pav lov  Volcano s u b a r r a y .  

- Switch-over  t o  i n t e r a c t i v e  d i g i t a l  ne twork  d a t a  a n a l y s i s .  

- Improved r e s e a r c h  p o s s i b i l i t i e s  due t o  h i g h e r  t ime r e s o l u t i o n ,  

w i d e r  f r e q u e n c y  bound and wide r  dynamic r a n g e  of  d i g i t a l  ne twork  

data  f o r  t h e  PavLot  vnl.cano s t u d y  and f o r  d e t e r m i n i n g  l a c e r a 1  

v e l o c l c y  s r r u c i u r e  L e ~ ~ e a i l ~  Ll~e Y l ~ u ~ t r a ~ i ~ ~  d ~ ~ a y .  

- Record ing  o f  sei.smi.c a c t i v i t y  a s s o c i a t e d  w i t h  two e r u p t i v e  

s equences  o f  P a v l o f  v o l c a n o .  

T h i s  comprehensive s t u d y  c o a t a i n o  ~ w o  d i ~  t i n c t  e lemer~Ls  u C 

r e s e r a c h :  a  b r o a d  ove rv i ew  and d e t a i l e d  in-depth  s t u d i e s  of s p e c i a l  

s u b j e c t s .  Dur ing  t h i s  r e s e a r c h  p e r i o d  t h e  e f f o r t  towards  p r o v i d i n g  a  

b r o a d  ove rv i ew  of  t h e  s e i s m i c  and t e c t o n i c  regime of  t h e  e a s t e r n  

A l e u t i a n  a r c  h a s  p robab ly  peaked in  i t s  r e s e a r c h  o u t p u t .  The 

e x t e n s i v e  a n a l y s i s  o f  t h e  h i s t o r y  of  l a r g e  e a r t h q u a k e s  i n  t h e  A l e u t i a n  



6 

a r c  (Sykes e t  a l . ,  1980; Sykes e t  a l . ,  1981) of t h e  t e c t o n i c  s e t t i n g  

and se i smic  p o t e n t i a l  f o r  g r e a t  ea r thquakes  i n  the  nea r  f u t u r e  f o r  t h e  

Shumagin se i smic  gap ( ~ a v i e s  e t  a l . ,  19811, f o r  t h e  Yakataga s e i s m i c  

gap ( ~ c C a n n  e t  a l . ,  1980; Perez  and J a c o b ,  1980) and f o r  t h e  p o s s i b l e  

Unalaska se i smic  gap ( ~ o u s e  e t  a l . ,  1981) a r e  t h e  prime examples of 

r e s e a r c h  r e s u l t s  c o n t r i b u t i n g  t o  t h i s  broad overview. Work i n  p r o g r e s  

by House and Jacob (1982) us ing  t e l e s e i s r c i c  d a t a  and f o c a l  mechanism 

s o l u t i o n s  t o  e l u c i d a t e  the  sha l low and i n t e r m e d i a t e  depth  subduc t ion .  

p rocess  i n  t h e  e a s t e r n  A l e u t i a n  a r c ,  a  s i m i l a r  ' a t t e m p t  by Jacob and 

Perez  (1982) f o r  the  c e n t r a l  Gulf of Alaska,  and by House and J a c o b  

(1981) f o r  t h e  r o l e  of thermal s t r e s s e s  f o r  t h e  format ion of 

double-planed d i p p i n g  se i smic  zones a l s o  evolved from the  p a s t  

emphasis on broad s e i s m i c  and t e c t o n i c  a s p e c t s  of t h i s  p r o j e c t .  

A s  we have been s t r i d i n g  throughout  the  r e c e n t  y e a r s  t o  

c o n s i s t e n t l y  improve t h e  t e c h n i c a l  equipment of the  se i smic  network 

and the  t e c h n i c a l  q u a l i t y  of c o l l e c t e d  d a t a ,  we f i n a l l y  have reached 

t h e  p o i n t  where a  new e r a  i n  t h i s  p r o j e c t  i s  about t o  s t a r t .  While we 

can expect  g r a d u a l l y  d imin i sh ing  r e s e a r c h  r e t u r n  from the  remaining 

h i s t o r i c  and t e l e s e i s m i c  d a t a ,  we now embark on, t h e  usage of a  new 

g e n e r a t i o n  of d i g i t a l  network d a t a  with high t i n e  r e s o l u t i o n ,  wider  

dynamic range,  and wider frequency bandpass than e v e r  b e f o r e  

a v a i l a b l e .  

C l e a r l y ,  t h i s  new g e n e r a t i o n  of se i smic  network d a t a  pe rmi t s  more 

than s imple  l o c a t i n g  of ea r thquake  hypocen te r s  o r  of f i r s t - m o t i o n  

f o c a l  mechanism s t u d i e s .  We a r e  now a b l e  t o  e x t r a c t  q u a n t i t a t i v e  

in fo rmat ion  from wave-form a n a l y s i s  on the  se i smic  s o u r c e s ,  . e l a s t i c  

and n o n - e l a s t i c  p r o p e r t i e s '  of the  s t r u c t u r e s  and media i n  t h e  



subduc t ion  zone,  and can extend a r r i v a l  time a n a l y s i s  t o  those  of 

conver ted  phases  and o t h e r  i -nd ica tn r s  nf l a t e r a l l y  va ry ing  v e l o c i t y  

s t r u c t u r e s .  The t e c h n i c a l  development f o r  improving t h e  q u a l i t y  of 

network is not  y e t  completed.  Fu tu re  developments w i l l  i n c o r p o r a t e  an 

i n c r e a s e d  number of s i t e s  wi th  3-component s e n s o r s ,  d i g i t a l  r a t h e r  

than  analog d a t a  t r a n s m i s s i o n  from remote t o  c e n t r a l  r e c o r d i n g  s i t e ,  

and lnng-term I 7  t o  3 year )  power supply for remote  site^ t o  rcducc 

s e r v i c i n g  f requency of t h e  remote s t a t i o n s .  

For  t h e  Pavlof  Volcano s tudy  t h e  new d i r e c t  d i g i t a l  o r  d i g i t i z e d  

a n a l o g  r e c o r d i n g s  permit  f o r  t h e  f i r s t  time e x t r a c t i o n  of q u a n t i t a t i v e  

f requency i n f o r m a t i o n  from volcano-seismic  s i g n a l s .  U n t i l  r e c e n t l y  

most of our volcano r e s e a r c h  was r e s t r i c t e d  t o  i n f e r e n c e s  and 

c o n c l u s i o n s  from simple coun t s  of volcano-seismic  e v e n t s  and t h e i r  

d i s t r i b u t i o n  i n  t ime.  Th i s  is t h e  f i r s t  r e s e a r c h  per iod i n  which 

d i g i t a l  d a t a  have become a v a i l a b l e .  We a r e  s t i l l  only  l e a r n i n g  how t o  

e x t r a c t  pertinent In format ion  from t h e s e  new d a t a .  C l e a r l y  it w i l l  

take some time t n  flil l y  mas te r  t he  lase of the  now d a t a  sourcac .  

T h e r e f o r e  those  r e s u l t s  t h a t  a r e  based on the  new d a t a  'a re  s t i l l  few 

t o r  t h e  p r e s e n t  r e p o r t .  But we c l e a r l y  recogn ize  t h e  change i n  

emphasis w i t h i n  t h i s  p r o j e c t  from l e s s  q u a n t i t a t i v e ,  broad s t u d i e s  t o  

more q u a n t i t a t i v e  d e t a i l e d  t e c t o n i c ,  se i smic  and v o l c a n i c  s t u d i e s .  

The subsequent  paragraphs  describe i n  comc grca tc r  dr.t . i l  t h ~ :  

r e s e a r c h  accomplishments and t e c h n i c a l  achievements of t h i s  l a s t  

r e s e a r c h  p e r i o d .  



4. RESEARCH RESULTS AND PROGRESS 

4 . 1  Pn-Velocity S t u d i e s  (E. Hauksson) 

a The purpose of t h e  Pn-veloci ty  s t u d i e s  is  t o  determine t h e  

apparen t  Pn-veloci ty  of t h e  upper mant le  below t h e  Shumagin network. 

An a c c u r a t e  d e t e r m i n a t i o n  of the  Pn-veloci ty  a t  t h e  base  of the  a r b  

and fore-arc  c r u s t  above the  sha l low p o r t i o n  of the  descending s l a b  

and t h e  . a se i smic  wedge, i s  needed, f o r  example, t o  o b t a i n  b e t t e r  

l o c a t i o n s  of ea r thquakes  t h a t  occur  w i t h i n  the  lower p a r t  of t h e  

s l a b .  I n  a d d i t i o n ,  t h e  v e l o c i t y  d a t a  w i l l  h o p e f u l l y  permit  us  t o  t e s t  

f o r  v e l o c i t y  c o n t r a s t  between t h e  ase i smic  wedge and the  subducted 

s l a b  a t  dep ths  between 35 and 100 km and w i l l  p rov ide  c o n s t r a i n t s  on 

t h e  i n i t i a l  v e l o c i t y  s t r u c t u r e  t h a t  is needed i n  t h e  f u t u r e  f o r  

three-dimensional  v e l o c i t y  i n v e r s i o n s .  C u r r e n t l y  t h i s  work i s  i n  

p rogress  and below we d e s c r i b e  t h e  method of d a t a  a n a l y s i s  and some 

p r e l i m i n a r y  r e s u l t s .  

Method of  d a t a  a n a l y s i s .  The d a t a  s e t  t h a t  we a r e  u t i l i z i n g  f o r  

t h e  P n '  v e l o c i t y  s tudy  c o n s i s t  of approximate ly  30 ea r thquakes  

(4.0 < M< - 5 .5 )  t h a t  have occur red-  o u t s i d e  of t h e  Shumagin network a t  

d i s t a n c e s  from 200 km t o  1200 lan. These e v e n t s  a r e  l o c a t e d  a long t h e  

A l e u t i a n  a r c  and were a l l  recorded by most s t a t i o n s  i n  the  network i n  

1980 and 1981. The time-term method r ~ i l l  be used t o  determine 

r e l a t i v e  s t a t i o n  r e s i d u a l s  and t h e  Pn-ve loc i ty .  The l o c a t i o n s  of t h e  

e v e n t s  can be taken from the  PDE b u l l e t i n s  s i n c e  p o s s i b l e  sources  of 

e r r o r ,  a s  f o r  example, o r i g i n  t ime ,  e p i c e n t e r  o r  depth  do no t  e n t e r  

i n t o  the  d c t c r m i n a t i o n  of Pn-velocicy when t h e  , t ime-term method i s  

used ( ~ c C o l l o n  and Crosson,  1975) .  



The t ime-term method has  been a p p l i e d  i n  somewhat d i f f e r e n t  ways 

by numerous i n v e s t i g a t o r s  t o  de te rmine  Pn v e 1 o c i . t ~ .  As an i n i t i a l  

approach w e  have chosen t o  apply  t h e  t echn ique  of McCollon and Crosson 

(19751, s i n c e  t h e  geometry of both  c a s e s  appears  t o  be s i m i l a r .  F i r s t  

t h e  a p p a r e n t  v e l o c i t y  is  determined f o r  each event  frvm t h e  e q u a t i o n ,  

.where t i  i s  t h e  rravel r.i.me kt) ~ l l t :  i - c f l  station, d i  is a s t a t i o n  

de lay  a t  t h e  i - t h  s t a t i o n ,  and A i  i s  t h e  e p i c e n t r a l  d i s t a n c e .  The 

e q u a t i o n  (1 )  is  solved by weighted l e a s t  squares  wi th  r e s p e c t  t o  d,  a  

c o n s t a n t  d e l a y  and v, t h e  apparen t  v e l o c i t y  t o  e s t i m a t e  i f  t h e  s e t  of 

o b s e r v a t i o n s  is  w i t h i n  t h e  Pn-ve loc i ty  range.  Events  wi th  l a r g e  

e r r o r s  can thus  be c o r r e c t e d  o r  e l i m i n a t e d  from t h e  d a t a  s e t .  

Second, t h e  time-term method is a p p l i e d  t o  c a l c u l a t e  t h e  

r e f r a c t o r  v e l o c i t y  and r e l a t i v e  s t a t i o n  d e l a y s  from, 

The above e q u a t i o n  is  a l s o  solved by weighted l e a s t  squares  Eor t h e  

unknowns d i ,  d j  and v, where i - 1, 2 , .  . . k ,  and k , i s  chc number of 

s t a t i o n s .  The s t a t i o n  and even t  d e l a y s  a r e  d i  and d j ,  

r e s p e c t i v e l y ,  and j  = 1, 2 ,  . . . I  where 1 i s  t h e  number of even t s .  



T h i r d ,  the  r e l a t i v e  s t a t i o n  d e l a y s  from e q u a t i o n  (2 )  a r e  used t o  . 

s o l v e  equa t ion  (1) aga in  and o b t a i n  more a c c u r a t e  v a l u e s  f o r  t h e  

apparen t  Pn-veloci ty .  T h i s  i t e r a t i o n  i s  r epea ted  u n t i l  an a c c u r a t e  

e s t i m a t e  of t h e  Pn-ve loc i ty  h a s  been determined.  

Our r e s u l t s  . w i l l  p robably  be compl icated by 1 )  l a t e r a l  

v a r i a t i o n s ,  2) a n i s o t r o p y ,  and 3) anomalous s t a t i o n  d e l a y s .  L a t e r a l  

v a r i a t i o n s  can e i t h e r  be caused by a  d i p p i n g  moho o r  a  curved moho o r  

p o s s i b l y  by an inhomogeneous upper mant le .  I f  the  d a t a  a r e  e x t e n s i v e  

enough some of t h e s e  d i f f e r e n t  p o s s i b i l i t i e s  can be reso lved  and 

es t ima ted  i n  a  q u a n t i t a t i v e  way ( s e e ,  f o r  example, V e t t e r  and M i n s t e r ,  * 

1981) .  A p o s s i b l e  a n i s o t r o p y  would be r e l a t e d  t o  t h e  p r o p e r t i e s  of 

the  upper mantle m a t e r i a l  and could be e s t i m a t e d  us ing  a  v a r i e t y  of  

d i f f e r e n t  t echn iques .  We expect  t o  f i n d  anomalous s t a t i o n  d e l a y s  

c l o s e  t o  Pavlof  volcano because of t h e  p o s s i b l e  e x i s t e n c e  of a  magma 

r e s e r v o i r .  Such s t a t i o n s  can be removed from t h e  main, d a t a  s e t  w h i l e  

we unravel  the  g e n e r a l  Pn-veloci ty  s t r u c t u r e  of the  reg ion .  

P r e l i m i n a r y  r e s u l t s .  Approximately 20 e v e n t s  have been d i g i t i z e d  

from the  analog Teac t a p e s  on to  computer compat ib le  t a p e s .  The 

P - a r r i v a l s  have been p'icked i n t e r a c t i v e l y  wi th  an acuracy b e t t e r  than  

1 / 2 0  of a  second. The next s t e p  w i l l  c o n s i s t  of w r i t i n g  and 

implementing t h e  computer programs t h a t  a r e  needed f o r  ana lyz ing  t h e  

d a t a  as  d e s c r i b e d  p r e v i o u s l y .  I n  F igure  1  we show d a t a  from two 

d i f f e r e n t  e v e n t s .  We used t h e  hypocenter  l o c a t i o n  program, 

HYPOINVERSE t o  c a l c u l a t e  the  t r a v e l  time from the  known PDE hypocenter  

and o r i g i n  time t o  t h e  r e s p e c t i v e  se i smic  s t a t i o n .  The c a l c u l a t e d  and 

observed t r ave l - t ime  d e l a y s  were reduced by a  f a c t o r  of A l 7 . 9  ( s e c )  t o  

f a c i l i t a t e  p l o t t i n g  of the  d a t a .  Data from both  e v e n t s  i n d i c a t e  t h a t  



s t a t i o n s  (such a s  BKJ, CNB, and SNK) located c lose  t o  the trench a re  

assoc ia ted  with small s t a t i o n  delays ((0.3 sec)  and s t a t i o n s  loca ted  

f a r  away from the trench ax is  (such as  FSP, BAL, and P N ~ )  a r e  

assoc ia ted  with l a rge  0 1  sec) s t a t i o n  delays.  This preliminary l i s t  

of the da t a  thus i n d i c a t e s  t ha t  the d a t a  can resolve r e l a t i v e  s t a t i o n  

de lays ,  Pn-velocity and possible  l a t e r a l  v a r i a t i o n s  i n  the shape of 
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. Figure  1. Reduced t r a v e l  t ime curves  f o r  ( a )  an e v e n t  w i t h  o r i g i n  d a t e  and ep i -  
c e n t e r s  81/01/20,  55n51.00 and 155w 44.00 and (b) a n  even t  from 81/06/05,  521115.50 
and 165~11 .20 .  The s t a t i o n s  shown c o n s t i t u t e  t h e  Shumagin network and t h e  Pavlof  
a r r a y .  
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4.2 T e s t s  on V e l o c i t y  Models and L a t e r a l  H e t e r o g e n e i t i e s  (K. Jacob  

and J .  P e t e r s o n )  

P r e s e n t l y  we  use a  f l a t - l a y e r e d  e a r t h  model vp0(h) (Tab le  1)  

f o r  P - v e l o c i t i e s  and a  c o n s t a n t  Po i s son  r a t i o  ( imply ing  a  c o n s t a n t  

V p / V s  r a t i o  of 1.73) t o  l o c a t e  ea r thquakes  beneath  t h e  Shumagin 

I s l a n d s  network.  The inferred thermal  and t e c t o n i c  structures of 

subdi lc t ion  zones sugges t  t h a t  i n s t e a d  a  two- o r  three-dimensional  

v e l o c i t y  s t r u c t u r e  i s  r e q u i r e d  t o  o b t a i n  unbiased ea r thquake  l o c a t i o n s  

and t o  d e s c r i b e  c o r r e c t l y  geomet r i ca l  wave p ropaga t ion  through t h e  

s t r u c t u r e s .  

Ra the r  than  immediately s o l v i n g  f o r  a  3-D v e l o c i t y  s t r u c t u r e  

s i m u l t a n e o u s l y  d u r i n g  t h e  l o c a t i n g  procedure  f o r  l a r g e  numbers of 

e a r t h q u a k e s ,  we c a r r i e d  our a s imple  test t o  see  whether o r  no t  t h e  

t r a v e l  t ime d a t a  c o l l e c t e d  by t h e  Shumagin network i n  f a c t  c o n t a i n  

c l e a r l y  d i s c e r n a b l e  informat  ion  on the  three-dimensional  i . ty of t h e  

v e l o c i e y  3 c ~ u c c u r c .  T h i o  oiwplc cccc ic dcccribcd below and  it^ 

r e s u l t  i n d i c a t e s  t h a t  t h e  Shumagin se i smic  d a t a  indeed c o n t a i n  

s u f f i c i e n t  in fo rmat ion  t o  warrant  a  r i g o r o u s  i n v e r s i o n  f o r  l a t e r a l  

v e l o c i t y  h e t e r o g e n e i t i e s .  

The d a t a  b a s e  f o r  t h i s  t e s t  c o n s i s t s  of t h e  c a r e f u l l y  screened 

dad selci tcd . I ~ y p l x c n t c r s  sllrtwn i n  J?i.g~~i:e 2 ( ~ ~ ~ n ~ r a  ~ n d  C n l  P*, 1981 ) 

t h a t  have good dep th  c o n t r o l  and obey s e v e r a l  o t h e r  c o n s t r a i n t s .  They 

were l o c a t e d  us ing the  f l a t  l aye red  e a r t h  model  able 1)  and r o u t i n e  

l o c a t i n g  programs (HYPOINVERSE; ( ~ l e i n ,  19781, and HYPOELLIPSE ( ~ a h r ,  

1 9 8 0 ) ) .  



D e s p i t e  t h e i r  l i k e l y  b i a s  i n  l o c a t i o n  due t o  i g n o r i n g  l a t e r a l  

v e l o c i t y  p e r t u r b a t i o n s  i n  the  s u b d u c t i o  zone,  we assume f o r  t h i s  t e s t  

t h a t  t h e  o r i g i n  parameters  t r u t h f u l l y  d e s c r i b e  t h e s e  s o u r c e s  i n  t ime 

and space.  We then  d e f i n e  an average v e i o c i t y  v (h )  = t p / s  f o r  each 

e v e n t - s t a t i o n  p a i r  whereby tp  ' i s  t h e  P - t r a v e l  time and s  t h e  

s t r a i g h t - l i n e  d i s t a n c e  s  = ( h 2 + d 2 ) l I 2  between even t  a t  depth  h  and 

s t a t i o n  a t  e p i c e n t e r  d i s t a n c e  d,  t h u s  assuming ( i g n o r i n g  r e a l i t y )  a  

homogeneous ha l f - space  v e l o c i t y  between s u r f a c e  and depth  h  f o r  each 

even t .  These assumed v e l o c i t i e s  a r e  c a l c u l a t e d  i n  two d i f f e r e n t  ways: 

( a )  us ing  o r i g i n  t imes from hypocenter  l o c a t i n g  procedures  and ( b )  

u s i n g  o r i g i n  t imes  from Wadati diagrams u s i n g  a  method and program 

developed by Nicholson and Simpson (1981) . Both average v e l o c i t i e s  

a r e  d i s p l a y e d  f o r  each event  ( s o l i d  d o t s  and c r o s s e s ,  r e s p e c t i v e l y )  a s  

a  f u n c t i o n  of hypocenter  d e p t h ,  h ,  f o r  four  s t a t i o n s  ( F i g u r e  3 a ) .  We 

then  o b t a i n  smoothed average v e , l o c i t i e s  u s i n g  a  Ah=5 km moving 

window. These smoothed average v e l o c i t i e s  Vpa a r e  shown by t h e  

s o l i d  l i n e s i n  F igure  3a. From t h e  'smoothed average v e l o c i t i e s  we can 

d e r i v e  i n t e r v a l  v e l o c i t i e s  by a  b a c k s t r i p p i n g  procedure ,  s t a r t i n g  a t  

deprh h=O and working t o  depth  h  = 120 km ir i  ' i n t e r v a l s  of Ah = 5 km: 

These backs t r ipped  i n t e r v a l  v e l o c i t i e s  a r e  p l o t t e d  a s  a  f u n c t i o n  o f  

dep th  h  ( F i g u r e  3b) f o r  t h e  same four  s t a t i o n s .  

Note t h a t  t h i s  i n t e r v a l  v e l o c i t y ,  V , j ,  a l though t r e a t e d  a s  i f  

on ly  a  f u n c t i o n  of depth ,  r e f l e c t s  i n  f a c t  l a t e r a l  h e t e r o g e n e i t i e s  

t h a t  a r e  sampled between e v e n t s  a t  depth  h  and h+Ah and the  r e s p e c t i v e  



o b s e r v i n g  s t a t i o n  a t  t h e  s u r f a c e  h=O. Hence, t h i s  v a r i a b l e  Vp i s  

o n l y  a p p a r e n t l y  and n o t  t r u l y  an i n t e r v a l  v e l o c i t y .  T h i s  e f f e c t  i s  

c l e a r l y  d i s c e r n a b l e  from the  apparen t  lower ing of i n t e r v a l  v e l o c i t y  

V p  a t  d e p t h s  d e e p e r  t h a n  h=40 lan f o r  s t a t i o n  N G I  ( ~ i g u r e  3b).. For 

t h e s e  d e p t h s ,  r ay  p a t h s  from e v e n t s  t o  N G I  suddenly p e n e t r a t e  through 

t h e  a s e i s m i c  wedge t h a t  l i e s  above t h e  d i p p i n g  se i smic  ( ~ e n i o f f )  zone 

and below t h e  seemingly  a c t i v e  sha l low c r u s t  of t h e  a r c  and f o r e a r c ,  

arcward of t h e  a s e i s m i c  f r o n t .  Th i s  a s e i s m i c  wedge a p p a r e n t l y  

c o n t a i n s  m a t e r i a l  wi th  v e l o c i t i e s  lower than  t h e  mate r i a l .  a t  t h e  same 

dep th  but a s s o c i a t e d  wi th  t h e  cold  descending p a c i f i c  p l a t e ,  seaward 

o r  t renchward of  t h e  a s e i s m i c  f r o n t .  

Hence, whi le  t h i s  t e s t  does not  c o r r e c t l y  a t t r i b u t e  i n t e r v a l  

v e l o c i t i e s  t o  t h e i r  a s s o c i a t e d  depth-range and s t r u c t u r a l  f e a t u r e s ,  it 

c l e a r l y  shows a  s t r o n g  v a r i a b i l i t y  of Vp a s  a  f u n c t i o n  of dep th ,  

t h a t  a l s o  varfes from s t a t i o n  t o  s t a t i o n .  For comparison t o  t h e  

d e r i v e d  i n t e r v a l  v e l o c i t i e s  we a l s o  show ( ~ i g u r e  3b) t h e  f l a t - l a y e r e d  

e a r t h - m o d e l  vpo(h)  p r e s e n t l y  used f o r  l o c a t i n g  e v e n t s .  I t  is  

a p p a r e n t  from t h i s  comparison t h a t  i n  an average s e n s e  t h e  l aye red  

model adequa te ly  d e s c r i b e s  t h e  c r u s t a l  and upper mant le  v e l o c i t y  

s u r p r i s i n g l y  w e l l .  N e v e r t h e l e s s ,  l a t e r a l  va r i a r ions  of V p  

v e l o c i t i e s  beneath  t h e  Shumagin a r r a y  a r e  s u b s t a n t i a l ,  and they must 

be accounted f o r  i f  a b s o l u t e  hypocenter  l o c a t i o n s  a r e  going t o  be  

f r e e d  from s y s t e m a t i c  b i a s e s .  

I n  c o n c l u s i o n ,  t h i s  s imple  t e s t  p rov ides  evidence t h a t  t h e  t r a v e l  

t ime d a t a  from e v e n t s  beneath the  Shumagin s e i s m i c  network c o n t a i n  

s t r o n g  ev idence  f o r  l a t e r a l  v e l o c i t y  h e t e r o g e n e i t i e s .  It appears  

t h a t  a r i g o r o u s  v e l p c i t y  i n v e r s i o n  procedure  i n c l u d i n g  use  of  a 





3-d-ray t r a c i n g  program fo r  forward c a l c u l a t i o n s ,  i nco rpo ra t i ng  

l a t e r a l  p e r t u r b a t i o n s ,  is  warranted.  The p re sen t ly  a v a i l a b l e  d a t a  s e t  

may be s u f f i c i e n t  f o r  c o c s t r a i n i n g  only a two-dimensional 

v e l o c i t y  model using,  however, zhree-dimensional ray pa ths .  I f  a 

t r u l y  t h r e e  dimensional v e l o c i t y  model i s  requi red  t o  descr ibe '  the  

t r a v e l  time observat ions,  a much g r e a t e r  d a t a  s e t  w i l l  be r equ i r ed .  

The p i e s e n t  ly d i g i t a l l y  recorded t r a v e l  time d a t a  from recen t  events  

provide such information and a r e  of the  s u f f i c i e n t  high q u a l i t y .  

TABLE 1 

Flat-Layered P-Velocity Model" f o r  the  Shumagin I s l a n d s  Array Region 

?-Wave Veloci  y of Layer f Depth t o  Top of Layer 
(km s' ) (km) 

A r a t i o  of P-wave v e l o c i t y  t o  S-wave v e l o c i t y  of 1.73 was adopted 
f o r  a l l  l aye r s .  



VOLCANIC 

Figure  2. Cross  s e c t i o n a l  view of a  s e t  of wel l - located ea r thquakes  (Reyners and Coles ,  1981) t h a t  was used t o  t e s t  
v e l o c i t y  models f o r  s i g n i f i z a n t  l ~ . t e r a l  y a r i a t i o n s .  Only t h o s e  e v e n t s  ( c r o s s e s )  ~ i t h i n  t h e  box o u t l i n e d  by t h e  broken 
l i n e  a r e  used.  The f o u r  s t a t i o n s  (IVF, <AN, N G I ,  and CNB) f o r  which v e l o c i t y  f u n c t i o n s  a r e  d i s p l a y e d  i n  F i g u r e  3 a r e  
marked i n  heavy l e t t e r i n g .  The tc.p o E  t-ae i n f e r r e d  a s e i s m i c  wedge i s  Snd ica ted  by a  dashed-dot ted  l i n e .  Where i t  
connec t s  t o  t h e  i n f e r r e d  upper s u r f a c e  oE t h e  d 'escending P z c i f i c  p l a t e ,  40 km beneath  s t a t i o n  N G I ,  t h e  ' a s e i s m i c  f r o n t t .  
i s  l o c a t e d .  ( N o  v e r t i c a l  exaggera t ion) .  \W .a 



IVF SAN NGI CN8 

.-- 
IVF SAN NGI CN8 

F-:g~~re 3. (a)  Ilalf-space P ve loc l t l es  i.11ferred frau hypo-locatlons ( c i r c l e s )  and IJadati-d.lngramu (crosses) - 
beneath fnur s t a t i o ~ , s  and :from some 200 eart4lq11aker;. So1i.d line is  smoothcd ( 5  km-window i n  depth) half-space 
vel.ocicy for  I~ypo-derived veloci.ties.  Broketl-l.111e is  half-space veloci ty derived fron~ i n t e r v a l  veloci ty 
show11 in I:lyure 3b. Sl~adcnl s lgna t i~res  1ndl.catc i ~ l f c r r e d  upper s lab  sc~rface and roof of the aselsmic wedge, c 

a 
respectlvct1.y. llorlzontal spread i s  about 140 km (i .c. .  horizontal  exaggeration is  abo~rt 2 t o  1). (b) [nte'rval 
1'-velocltlcs deri.ved I)eneilth four s t a t i o n s  from I~ypo-half-space ve loc i t i es  ( so l ld  l ines )  and tltose used 
present1.y t o  locate  cartl~quakes using a  flat-1.ayerctl model (dotted curves) of Tahle 1. 



4 . 3  Fine  S t r u c t u r e  o f  t h e  Dipping Seismic  Zone i n  t h e  Shumagin 

I s l a n d s  (M. Reyners and K. Co les )  

 his s t u d y ,  u s i n g  a  h i g h l y  r e s t r i c t i v e  s e t  of we l l  l o c a t e d  

e a r t h q u a k e s  benea th  t h e  Shumagin I s l a n d s  s e i s m i c  network,  has  now been 

completed ( ~ e ~ n e r s  and Coles ,  1981).  The new r e s u l t s ,  a d d i t i o n a l  t o  

t h o s e  p r e v i o u s l y  r e p o r t e d ,  concern  sets of composite f o c a l  mechanisms 

from e v e n t s  a t  t h e  p l a t e  i n t e r f a c e ,  w i t h i n  the  o v e r r i d i n g  p l a t e ,  and 

i n  t h e  downgoing p l a t e  i n  which a d i p p i n g  double  se i smic  zone has  been 

i d e n t i f i e d .  

Composite f a u l t - p l a n e  s o l u t i o n s  f o r  s u b s e t s  o f  t h e  

mic roear thquake  a c t i v i t y  which g ive  c o n s i s t e n t  f o c a l  mechanisms a r e  

shown i n  F i g u r e  4 ,  t o g e t h e r  wi th  a  dep th  s e c t i o n  showing t h e  s u b s e t s  

themselves .  S o l u t i o n  C i n  F igure  4  shows a  down d i p  t e n s i o n  a x i s  i n  

t h e  upper p lane  of t h e  double  se i smic  zone, r a t h e r  than  t h e  down-dip 

compression t h a t  would be c o n s i s t e n t  wi th  a  s imple  unbending model 

(Engdahl and Scho lz ,  1977) .  S o l u t i o n s  D and E ,  from t h e  lower p lane  

of t h e  double-planed d ipp ing  se i smic  zone, have no simple e x p l a n a t i o n  

i n  terms of  down-dip s t r e s s e s .  I t  .may be t h a t ,  because t h e  p l a t e  

interface is currently locked a t  sha l lower  d e p t h s ,  s l a b  p u l l  i s  

o v e r p r i n t i n g  unbending s t r e s s e s ;  such an i n t e r p r e t a t i o n  i s  c o n s i s t e n t  

wi th  the  c u r r e t l y  h igh se i smic  p o t e n t i a l  i n f e r r e d  for the  r e g i o n  

(Davies  e t  a l . ,  1981) .  

The composite f a u l t - p l a n e  s o l u t i o n  f o r  the  c o n c e n t r a t e d  a c t i v i t y  

s h a l l o w e r  than  45 km ( s o l u t i o n  A i n  F igure  4) i n d i c a t e s  t h r u s t  

f a u l t i n g .  As can be seen i n  F igure  4 A ,  the  P a x i s  of t h i s  composite 

f a u l t - p l a n e  s o l u t i o n  i s  n e a r - h o r i z o n t a l ,  and i t s  azimuth (330" i s  



very s i m i l a r  t o  t h e  azimuth of p l a t e  convergence p r e d i c t e d  by t h e  Dl2 

model of Minster  and Jo rdan  (1978) f o r  the  reg ion  of t h e  Shumagin 

a r r a y  (329") .  I n  a d d i t i o n ,  one nodal  p lane  of t h e  s o l u t i o n  i s  

s u b p a r a l l e l  t o  t h e  d i p p i n g  zone d e f i n e d  by t h e  25-45 km deep 

a c t i v i t y .  Landward of t h i s  a c t i v i t y  , microear thquakes  i n  t h e  

o v e r l y i n g  North American p l a t e  show a  s t r i k e - s l i p  mechanism ( s e e  

F i g u r e  4B), wi th  t h e  P-axis aga in  n e a r - h o r i z o n t a l  and o r i e n t e d  i n  t h e  

d i r e c t i o n  of p l a t e  convergence.  Th i s  r e s u l t  i s  c o n s i s t e n t  wi th  t h e  

i n t e r p r e t a t i o n  t h a t  t h e  p l a t e  i n t e r f a c e  i n  t h e  r e g i o n  of the  Shumagin 

I s l a n d s  is c u r r e n t l y  . locked,  wi th  s t r e s s e s  due t o  p l a t e  convergence 

b e i n g  t r a n s m i t t e d  t o  t h e  o v e r l y i n g  p l a t e .  



F i g u r e  4. Subse t s  of nicroearrthquakes f o r  wkich composite f a u l t - p l a n e  s o l u t i a n s  heve been determined ( t o p  
l e f t -hand  d iagram) ,  t o g e t h e r  wi th  t h e  corrzsponding s o l u t i o n s .  A l l  s t e r e o g r a n s  a r e  equal-area  p r o j e c t i o n s  
of t h e  upper f o c a l  h e m i s ~ h e r e .  Open symbols r e p r e s e n t  d i l a t a t i o n a l ,  and s o l i d  symbols compress ional  P-wave 
f i r a t  motions.  C i r c l e s  r e p r e s e n t  a r r i v a l s  l e a v i n g  t h e  focus  i n  an upward d i r e c t i o n ;  s q u a r e s  a r e  c r i t i c a l l y  
r e f r a c t e d  a r r i v a l s  p r o j e c t e d  from t h e  lower hemisphere. Smal ler  symbols i n d i c a t e  l e s s  r e l i a b l e  r e a d i n g s ,  



4.4  Thermal S t r e s s e s  i n  Subduct ing L i t h o s p h e r e :  Consequences f o r  

Double Se i smic  Zones ' (L.  House and K. J acob)  

The d i s c o v e r y  of double-planed zones of in te rmedia te -dep th  

s e i s m i c i t y  a s s o c i a t e d  wi th  subduc t ing  ocean ic  l i t h o s p h e r e  ( s y k e s ,  

1966; V e i t h ,  1974, 1977; Tsacks and Barazangi ,  1977; Engdahl and 

Scho lz ,  1977; Hasegawa e t  a l .  , 1979; ~ a m o w i t z  and F o r s y t h ,  1981) h a s  

genera ted  l i v e l y  d i s c u s s i o n  about the  o r i g i n  and d i s t r i b u t i o n  of 

s t r e s s e s  i n  descending p l a t e s .  So f a r ,  four  mechanisms have been 

proposed t o  e x p l a i n  double s e i s m i c  zones:  a  change of phase,  from 

o l i v i n e  t o  s p i n e l ,  i n  t h e  descending p l a t e  ( V e i t h ,  1974);  unbending of 

t h e  subduct ion p l a t e  ( I s a c k s  and ~ a r a z a n ~ i ,  1977; Engdahl and Scho lz ,  

1977) ;  sagging of t h e  subduc t ing  p l a t e  ( s l e e p ,  1979);  and thermal  

expansion a s  the  descending p l a t e  is warmed by the  su r round ing  

mant le .  S i n c e  double  se i smic  zones have been i d e n t i f i e d  beneath only  

a  few i s l a n d  a r c s ,  they do not appear t o  be a  u n i v e r s a l  f e a t u r e  of  

downgoing s l a b s  ( ~ u j i t a  and Kanamori, 1981) .  I n  a d d i t i o n ,  t h e  

best-documented double  se i smic  zone occurs  beneath  n o r t h e a s t e r n  Honshu 

w i t h i n  a  p o r t i o n  of the  downgoing p l a t e  t h a t  appears  t o  be s t r a i g h t  

( s e e  F igure  5). Our subsequent d i s c u s s i o n  and e v a l u a t i o n  of  p o s s i b l e  

'mechanisms f o r  producing double  se i smic  zones w i I  1 r e f e r  i n  p a r t i c u l a r  

t o  t h a t  beneath n o r t h e a s t  Honshu. 

The phase change h y p o t h e s i s  has  d i f f i c u l t y  accoun t ing  f o r  t h e  

sha l lowes t  depth a t  which t h e  double zone i s  observed ( ~ u j i t a  and 

Kanamori, 1981).  Unbending of the  p l a t e ,  whi le  a b l e  t o  account  f o r  

t h e  p o l a r i t i e s  of f o c a l  mechanisms and s e p a r a t i o n  between t h e  two 

zones ,  does not  appear  t o  be, by i t s e l f ,  a b l e  t o  account for  the 



l e n g t h  over  which t h e  double  zone is  observed,  o r  f o r  t h e  o b s e r v a t i o n  

of t h e  doub le  zone w i t h i n  t h e  a p p a r e n t l y  s t r a i g h t  descending p l a t e .  

I n  a d d i t i o n ,  i t  is  no t  c l e a r  why unbending of t h e  p l a t e  should  produce 

a  w e l l  d e f i n e d  double  zone of s e i s m i c i t y  when the  bending of t h e  p l a t e  

d i d  not  produce such a  f e a t u r e .  A t h i r d  h y p o t h e s i s ,  sagging,  a l s o  

a p p e a l s  t o  a  mechanical  p rocess  t o  produce t h e  observed double  zone of  

s e i s m i c i t y  ( S l e e p ,  1979) .  . U n f o r t u n a t e l y ,  sagg ing  i s  a h y p o t h e s i s  t h a t  

is  u n t e s t a b l e ,  s i n c e  the  present-day shape of t h e  p l a t e  does n o t  

n e c e s s a r i l y  e s t a b l i s h  whether i t  is  sagg ing  o r  no t .  

Thermal s t r e s s e s  w i t h i n  t h e  descending s l a b  have been proposed a s  

a ~nechanism f o r  producing t h e  p o l a r i t i e s  and s e p a r a t i o n  of s t r s s e s  

i n f e r r e d  from double  se i smic  zones ( ~ a n g  e t  a l . ,  1977; Hamaguchi e t  

a l . ,  1981) .  W e  seek t o  e v a l u a t e  f u r t h e r  t h e  p o s s i b l e  r o l e  of thermal  

s t r e s s e s  i n  producing double  s e i s m i c  zones.  

We s t a r t  from a  s imple  model of  t empera tu res  i n .  t h e  downgoing 

p l a t e  as  cal-cul.ated by ~ o k s b l z  e t  a l .  (1971) ( s e e  ~ i ~ u r e  6 ) .  From t h i s  

cewperacure d i s L r i b u L i u u ,  w e  cia& d thin p l a t c  uuuurnp~ioti [Timorhenkn 

and Goodier ,  1970) t o  o b t a i n  e s t i m a t e s  of the rmal ly  induced s t r e s s e s  

w i t h i n  t h e  down-going p l a t e .  The r e s u l t s  .a re  encouraging;  no t  only  do 

t h e  the rmal ly  induced s t r e s s e s  have t h e  a p p r o p r i a t e  p o l a r i t i e s ,  bu t  

t h e y  a l s o  appear  t o  have about t h e  same s e p a r a t i o n  ( ~ 3 0  km) a s  the  two 

zones of sc i s in ic icy  ar: the  ~ h a l l u w  erid (see Figllre.9 6 and 7) There 

i s  a l s o  a  s u g g e s t i o n  of a  merging of t h e  zones 'of maximum t e n s i o n  and 

compression a t  g r e a t e r  d e p t h s .  

The s t a t e  of s t r e s s  w i t h i n  descending s l a b s  of l i t h o s p h e r e  l i k e l y  

is  a  sum of many d i f f e r e n t  c o n t r i b u t i o n s .  S t r e s s e s  de r ived  from 

unbending and t h e  n e g a t i v e  buoyancy, among o t h e r  s o u r c e s ,  may, i n  



general, be much' larger than the thermally-derived stresses computed 

here. d evert he less, in some slabs, the sum of the stresses that 

result from the other effects may be small enough that thermoelastic 

stresses could significantly influence the state of stress within the 

slabs, and could produce two subparallel zones of seismicity. If 

thermoelastic stresses do play. a large role in producing double-planed 

zones of seismicity within some downgoing slabs, then seismologic 

observations may help to constrain models of the temperature 

distributions within downgoing plates. 
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Figure  5. Double s e i s n i c  zone beneath  n o r t h e a s t  Honshu, Japan.  F i g u r e  shows microear thquakes  
l o c a t e d  by a network o ? e r a t e d  by Tohokc U n i v e r s i t y .  The b a r  i n  t h e  f i g c r e  shows t h e  p r o j e c t i o n  
of l and  a r e a s  o f  t h e  i s l a n d  of Honshu, and t h e  i n v e r t e d  t r i a n g l e  shows t h e  l o c a t i o n  of t h e  
Japan Trench. Ver t i ca l .  exaggera t ion  i s  2 : l .  (From Hasegawa e t  a l . ,  1978). 



L i g ~ ~ l t c  6 .  'I ' l~sr~nal model o f  t he  descending li thospl~er:I.c s l a l ~  and c tm~u la t l~ve  t h e r ~ n o e l a s t i c  s t r e s s e s  ob- 
talnetl  frcnn i t .  Tsc.tl~erms ( i n  OC) a r c  der ived fro111 n ~ ~ n ~ c r i c a l  m d e l l i n g  of an 80 km th i ck  s l a b  t l ~ a t  
d i p s  a t  4 5 O  and s ~ ~ b d u c t s  a t  a  r a t e  of 8 cm/yr ( a f t e r  Toltsoz c t  a l : ) .  The coo rd ina t e  system used is  
noted i n  t he  i n s e t ,  upper l e f t ;  y=O a t  t he  c e n t e r  of t h e  s l a b ;  t h c  z a x i s  p o i n t s  out  of t h e  page (al.ong 
the  s t r l k e  of t he  s l a b ) .  C u m ~ ~ l a t l v e  the rmoe la s t i c  s t r e s s e s  c a l c ~ r l a t c d  f o r  t h e  80 km th i ck  s l a b  model 
(no  r e l axa t ion )  n re  i n s e t  i n  t h e  lower r i g h t .  Each s ~ ~ c c e s s i v e l y  deeper  p r o f i l e  is the  sum of t h e  
s c r r s s c s   fro^^^ t he  previ.ous p r o f i l e ,  p lus  t h e  increment of s t r e s s e s  developed between t h e  p r o f i l e s .  Note 
c l ~ e  difference In the  y  s c a l e  from t h e  maill f i gu re .  T e n s i o ~ l a l  s t r e s s e s  a r e  i n d i c a t e d  by t h e  do t t ed  
~ ~ o r t l o n s ;  comprcssicnal. by t h e  s o l i d  l i n e s .  Note t h a t  cumulative t ens iona l  s t r e s s e s  of more t l ~ a n  2 kbar 
a r e  reachctl o111y about 20 km i n t e r i o r  t o  t h e  s l a b  from u l ~ c r e  cu~nu la t ive  compressional. s t r e s s e s  of 6 kbar 
a r e  developed. A g r i d  spacing of 10 km jn t h e  y d i r e c t i o n  was used i n  t h e  compc~tations;  d e t a i l s  u i t l l  

N 
a ~ 0 1 1 1 ~ 1 ~ ~ S b ~ e  wavelengtl~ a r e  c ~ n r e l l a b l e .  Note t he  h o r i z o n t a l  exaggera t ion  of about 1.7 i n  tile main f i g u r e .  U 

' P e n ~ p e r a t ~ ~ r e  p r n f i l e s  were taken i n  a  d i r e c t i o n  normal t o  t h e  s u r f a c e  of t h e  downgoing p l a t e ,  bu t ,  b e c a ~ ~ s e  
of t l ~ e  I ~ o r i z o ~ l t a l  exaggera t ion  of t he  lnain f i j iure ,  t h e  l i n e s  of t h e  p r o f i l e s  appears  skewed. T l ~ e  y  a x i s  
Is dlrecced tlormal L;o t l ~ e  p l a t e .  
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Figure  7. (a) Incremental  t h e n n o e l a s t i c  s t r e s s  p r o f i l e s  c a l c u l a t e d  wi th  an  
80 km t h i c k  e l a s t i c  s l a b .  A s  i n  Figure  6 ,  t he  d o t t e d  p o r t i o n s  of each pro- 
f i l e  a r e  t e n s i o n a l ,  t h e  s o l i d  p o r t i o n s  compressional.  Fea tu res  with a  wave- 
length  comparable t o  o r  sma l l e r  t han  t h e  g r i d  spacing (10 km) a r e  u n r e l i a b l y  
determined. Note t h e  narrowing of t h e  s e p a r a t i o n  between t h e  maximum tens ion  
and conpress ion toward t h e  lower p r o f i l e s .  (b)  A s  7a except  t h a t  r e l a x a t i o n  
by high temperature creep ( s e e  t e x t )  i s  allowed t o  reduce t h e  e f t e c t l v e  el-- 
t i c  t h i ckness  of t h e  s l a b ,  when r e l a x a t i o n  approximately equa l s  o t  exceeds t h e  
thermal s t r a i n  r a t e s  ( % 1 0 - ~ ~ s - ' ) .  Po r t ions  of t h e  s l a b  vhere  r e l a x a t i o n  has  
occurred a r e  shaded. Dashed por t ions  of t h e  s t r e s s  p r o f i l e s  i n d i c a t e  regions  
of t r a n s i t i o n  between e l a s t i c  and re laxed p o r t i o n s  of t h e  s l ab .  S t r e s s  pro- 
f i l e s  a r e  omitted below a  down-dip l eng th  of 360 km; only a 20 km thickness  
of t he  l i t h o s p h e r e  remains e l a s t i c  and s i n c e  temperacures a r e  sampled a t  10 km 
i n t e r v a l s ,  computed s t r e s s e s  would be  un re l i ab le .  



4.5 Focal  Mechanism Study i n  C e n t r a l  Gulf  o f  Alaska and I n t e r i o r  

Alaska (K. Jacob and 0. ~ e r e z )  

Th i s  s t u d y ,  s t i l l  i n  p r o g r e s s ,  a t t e m p t s  t o  address  the  problem o f  

s t r e s s  t r a n s m i s s i o n  from t h e  very  wide, sha l lowly  d i p p i n g  p l a t e  

boundary i n  the  c e n t r a l  Gulf of Alaska i n t o  the  i n t e r i o r  of t h e  

o v e r r i d i n g  i l a t e  i n  ' c o n t i n e n t a l  c e n t r a l  Alaska.  A t o t a l .  of 18 new and 

re-determined f o c a l  mechanisms have been completed (#l t o  18) and a r e  

p l o t t e d  i n  F i g u r e  8 ,  t o g e t h e r  wi th  s e v e r a l  pub l i shed  ones (#19 t o  23)  

f o r  SE Alaska ( ~ e r e z  and Jacob ,  19801. Th i s  summary f i g u r e  i n d i c a t e s  

normal f a u l t i n g  n e a r  t h e  t r e n c h ,  a  s u r p r i s i n g  c o e x i s t e n c e  of normal 

and t h r u s t  f a u l t s  i n  t h e  v i c i n i t y  of the  main t h r u s t  zone beneath  t h e  

Kodiak-Kenai s h e l f  r eg ion ,  and down-dip t e n s i o n a l  in te rmedia te -dep th  

e v e n t s  i n  the  descending s l a b  beneath  t h e  v o l c a n i c  a r c .  Events  i n  t h e  

o v e r r i d i n g  c o n t i n e n t a l  p l a t e  range from t h r u s t i n g  n e a r  M t .  McKinley, 

s t r i k e - s l i p  i n  c e n t r a l  Alaska t o  normal f a u l t i n g ,  nea r  t h e  Norton 

Bay-Seward P e n i n s u l a  r eg ion .  

I n t e r p r e t a t i o n  of t h e s e  d a t a  is s t i l l  incomplete  a s  ref inement  of  

I ~ y p o c e n t r a l  depch i s  underway. Accura te  depth  may play an important  

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

scress o r  s t r a i n  i n d i c a t o r s .  



F i g u r e  8 .  Focal  m e c b a n i m s  o f  18 newly de te rmined  and 7  p r e v i o u s l y  p u b l i s h e d  ( P e r e z  and J a c o b ,  1980) s o l u -  
t i o n s  f o r  t h e  Gulf o  Alaska and w r t i o n s  of i ~ ~ t e r i o r  Alaska.  T h r u s t  s o l u t i o n s  i:04, 5,  6 ,  19, 20,  21,  22) 
dominate on t h e  :nail1 p l a t e - i n t e r f a c e ,  b u t  between them a r e  d i s p e r s e d  a f e u  n o r m 1  f a ~ ~ l t j n g  s o l u t i o n s  (01. 3. 
17, 18, 20: w h l c i  a r e  s p a t i a l l y  and t a c t o n i c a l l y  d i s t l n c t  from nor111a1 f a u l t i n g  i n  t h e  t r e n c h  r e g i o n  of t h e  
descend.ing p l a t e  (01.;). DcformatFon i n . t l ~ e  o v e r r i d i n g  p l a t e  r a n g e s  from t h r u s t i n g  (115) t o  s t r i k e - s l i p  CJ 

0 
(1111, 11) t o  normal f a u l t i n g  (1113)1 p m g r e s s i n g  i n  t h i s  sequence  away from t h e  pr imary  p l a t e  boundary. A t  
i n t e r n ~ c d i a t e  d e p t h s  down-dlp t e n s h n  a p p e a r s  t o  p r e v a i l  ill t h e  d e s c e n d i n g  t n c i f i c  l i t l ~ o e p h e r e  (#7 ,  8, 9 ,  10) .  
S t r i k e  s l l p  wltll: com?ress ion  normal t o  s t r i k e  o f  c o n t i n e n t a l  margin is a l s o  p r e s e n t  (1116, 23). A l l  lower 
hemispliere p r o j e z t i o i s ,  c o m p r e s s i c n a l  a r r i v a l  q u a d r a n t  shaded.  Aseismic f r c n t :  d o t t e d  l l n e ;  Volcanic  f r o n t :  
t  r i a n g 1 . e ~ ;  A l c n U n e v ~ l c a r . l s m :  s t E r  symbols. 



L 

4 .6  Focal  Mechanisms Study i n  t h e  E a s t e r n  A l e u t i a n  Arc (L. House and 

K. ~ a c o b )  

The d a t a  a n a l y s i s  p o r t i o n  of the  s tudy  of f o c a l  mechanisms f o r  

ea r thquakes  i n  t h e  A l e u t i a n  a r c  between 1 5 4 " ~  and 1 7 6 " ~  l o n g i t u d e  h a s  

been completed.  Th i s  t a s k  is a  p o r t i o n  of a  l a r g e r  s tudy  u s i n g  

t e l e s e i s m i c  d a t a  and pub l i shed  g e o l o g i c  and geophys ica l  d a t a  t o  

d e s c r i b e  t h e  subduct ion p rocess  i n  t h i s  1500 km long a r c  segment. 

F a u l t  p lane  s o l u t i o n s  f a l l  i n  two c a t e g o r i e s :  t h o s e  of 

in te rmedia te -dep th  e v e n t s  0 6 0  km) and those  of sha l low e v e n t s  (0 t o  

60 km). They a r e  shown i n  map view i n  F i g u r e s  9 and 10, r e s p e c t i v e l y .  

The in termedia te-depth  e v e n t s  show predominantly downdip t e n s i o n  

f o r  e v e n t s  e a s t  of 1 6 5 ' ~  l o n g i t u d e  and they belong g e n e r a l l y  t o  t h e  group 

forming t h e  lower zone of a  weakly d i s c e r n a b l e  double-planed s e i s m i c  

zone. West of 1 6 5 " ~  many e v e n t s  wi th  predominant downdip compression 

belong t o  t h e  upper se i smic  zone, a l though a  few o t h e r  s o l u t i o n s  do 

e x i s t  a s  w e l l ,  some of which appear  t o  belong t o  t h e  lower s e i s m i c  

p lane  wi th  p r e f e r r e d  downdip t e n s i o n a l  s t r e s s  axes .  

The shal low even t  s o l u t i o n s  c o n s i s t  of r e g u l a r  t h r u s t  s o l u t i o n s  

a s s o c i a t e d  wi th  the  main t h r u s t  zone and r e f l e c t  the  subduct ion of 

P a c i f i c  beneath t h e  North American p l a t e .  S e v e r a l  normal f a u l t i n g  

e v e n t s  a r e  l o c a t e d  a t  t h e  t r e n c h  r e f l e c t i n g  bending of P a c i f i c  

l i t h o s p h e r e  a s  i t  approaches subduc t ion .  A few anomalous e v e n t s  show 

s t r o n g  s t r i k e  s l i p  components wi th  s t r e s s e s  c o n s i s t e n t  e i t h e r  w i t h  

compression a long t h e  a r c  f o r  those  l o c a t e d  w i t h i n  t h e  downgoing . 

p l a t e ,  and wi th  s l i p  o r  f a u l t  o r i e n t a t i o n s  c o n s i s t e n t  with t r a n s v e r s e  



f e a t u r e s  c u t t i n g  t h e  a r c  f o r  those  e v e n t s  w i t h i n  the Eore-arc r e g i o n  

of t h e  o v e r r i d i n g  p l a t e .  

A paper  e n t i t l e d  "Ear thquakes ,  Subduct ion,  and P l a t e  Deformation:  

D e t a i l e d  Se i smolog ic  O b s e r v a t i o n s  i n  the  E a s t e r n  A l e u t i a n  Arc", by 

House and Jacob  (1982) i s  p r e s e n t l y  i n  i t s  f i n a l  s t a g e s  of 

p r e p a r a t i o n .  

I 



Figure 9 .  Map view of well-located intermediate-depth eartl~quakes and their  newly determined foca l  mechanisms 
i n  the eastern Aleutian arc. 1-ower l~e~nlspllere .projections with co~npressional quadrants shaded. Open dots are 
7 axes,  f i l l e d  dots are P axes.  



Figure 10. Map view of focal  mechanisms of shallo-d earthquakes. Focal mechsnisns are p lot ted  a s  described i n  Figure 9 .  . 



4.7 A Mechanism f o r  Formation o f  Summit Basins  i n  I s l a n d  Arcs (K. 

Jacob and L. House 

During an ongoing d e t a i l e d  t e l e s e i s m i c  . i n v e s t i g a t i o n  o f  

subduc t ion  p r o c e s s e s  i n  t h e  e a s t e r n  A l e u t i a n  a r c  ( ~ o u s e  and . 

Jacob ,  1982) t h e  foLlowing d i s t i n c t  t e c t o n i c  f e a t u r e s  were 

recognized t o  c l o s e l y  c o i n c i d e  i n  space  and time wi th  the  i n t e r a c t i o n  

of t h e  A m l i s  F r a c t u r e  Zone wi th  the' A l e u t i a n  t r e n c h  and a r c  system 

( ~ i g u r e  11) : 

1 )  A west-to-east  d e c r e a s e  of t h e  t rench-volcano d i s t a n c e  by 

about 40 km, r e s u l t i n g  from a  r i g h t  l a t e r a l  o f f s e t  i n  t h e ' v o l c a n o  l i n e  

near  Amlia I s l a n d  ( ~ i g u r e  1 2 ) .  

2) A r i g h t - l a t e r a l  o f f s e t  a l s o  by about 40 km, of t h e  

in te rmedia te -dep th  d ipp ing  se i smic  ( B e n i o f f )  zone a t  about t h e  same 

l o c a t i o n  a t  which t h e  volcano l i n e  i s  o f f s e t  ( F i g u r e  1 2 ) .  

3 )  I n t e r r u p t i o n  o f -  the  200-fathom ba thymet r i c  con tour  which 

e l sewhere  is  c o n t i n u a l l y  o u t l i n i n g  t h e  h igh- ly ing  f e a t u r e s  of t h e  

i s l a n d  a r c  ( ~ i g u r e  1 1 ) .  Thus, i t  i n d i c a t e s  a  l o c a l  d i s r u p t i o n  

( p u s s i b l e  subs idence)  of  t h e  p r e s e n t  a r c  s t r u c t u r e  n e a r  Amlia I s l a n d .  

4)  E x i s t e n c e  of  a t  l e a s t  two very r e c e n t  arc-summit b a s i n s  ( t h e  

Amlia and Amukta b a s i n s )  i n  t h e  a r c  segment wi th  t h e  d i s r u p t e d  

200-fathom ba thymet r i c  con tour .  These two b a s i n s  have a  very  young 

( < 5 ~  y e a r s ? )  and deep ( s e v e r a l  km) sedimentary  f i l l  (D. S c h o l l ,  T .  

V a l l i e r ,  pe r sona l  communication). 

These. f e a t u r e s ,  t o g e t h e r  wi th  the  p r e s e n t  p o s i t i o n  of the  Amlia 

f r a c t u r e  zone and the  p r e s e n t  r e l a t i v e  mot ion between the  P a c i f i c  and 

North Airlerican p l a t e s  of about 7 cm/year i n  a  n o r t h w e s t e r l y  d i r e c t i o n  



s u g g e s t  t o  u s  t h e  f o l l o w i n g  p o s s i b l e  p rocess  f o r  a r c  summit b a s i n  

fo rmat ion  ( a p p l y i n g  t o  a t  l e a s t  t h e s e  two b a s i n s )  : When a  deep-seated 

b a t h y m e t r i c  d i s c o n t i n u i t y  i n  an ocean ic  p l a t e ,  such a s  f o r  i n s t a n c e  

a s s o c i a t e d  wi th  t h e  Amlia f r a c t u r e  zone, passes  o b l i q u e l y  o r  l a t e r a l l y  

b e n e a t h  a  subduct  i o n  zone and a s s o c i a t e d  a r c ,  v e r t i c a l  r e a d j u s t m e n t s  

t a k e  p l a c e  w i t h i n  t h e  o v e r r i d i n g  p l a t e  i n  t h e  wake of t h e  passage of  

t h e  anomaly i n  t h e  under r id i l lg  p l a t e .  I n  t h i s  caoe t h e  r i g h t  l a t e r a l .  

o f f s e t  ( e i t h e r  t e a r  o r  warp) i n  t h e  d i p p i n g  P a c i f i c  p l a t e  causes  a  

v0i.d-1 i.ke s t r u c t u r e  i n  which e i t h e r  , t h e  o v e r r i d i n g  a r c  s i n k s  d i r e c t l y ,  

o r  i n t o  which upwel.ling f r e s h  h o t  mant le  m a t e r i a l  r i s e s  from benea th  

t o  f i l l  t h e  void .  I n  e i t h e r  c a s e  t h e  condj.tions a r e  t e m p o r a r i l y  

conducive t o  b a s i n  format ion e i t h e r  by d i r e c t ,  primary subsidence of  
/ 

t h e  a r c  o r  by r i f t i n g  over  a  ho t  mant le  d i a p i r  and secondary 

subs idence  d u r i n g  coo l ing- ind~iced  c o n t r a c t i o n a l  r i f t i n g  . It i s  

c o n c e i v a b l e  t h a t  t h e  thermal  h i s t o r y  - and thus  subs idence  h i s t o r y  - 

f o r  t h e s e  two mechanisms i s  c l i s ~ f l i c ~  aid - i f  gcologlacllLy 

r e c o g n i z a b l e  - could  be used t o  d i s t i n g u i s h  which oE t h e  two 

hypo thes ized  p r o c e s s e s  may app ly .  

T h i s  f i n d i n g ,  i f  confirmed by f u t u r e  f i e l d  s t u d i e s  of f o s s i l  

summit b a s i n s  i n  now u p l i f t e d  p o r t i o n s  of i s f a n d  a r c s ,  may have g r e a t  

b e a r i n g  f o r  p r e d i c t i n g  t h e  e x i s t e n c e  of such summit b a s i n s  w i t h i n  

i s l a n d  drco, where Eru~n trivrirru geophysical .  ~ t r l d i c n  pacsage of s i m i l a r  

f r a c t u r e  zones can be i n f e r r e d .  Summit b a s i n s  n e a r  v o l c a n i c  a r c s  may 

have a  moderate p o t e n t i a l  f o r  hydrocarbon r e s o u r c e s  provided t h e  

a p p r o p r i a t e  s e d i m e n t a t i o n  and thermal  c o n d i t i o n s  p r e v a i l e d  f o r  a t  

l e a s t  a  few m i l l i o n  y e a r s .  So , f a r  a r c - r e l a t e d  b a s i n s  have proven v e r y  

e r r a t i c  and u n p r e d i c t a b l e  f o r  e x p l o r a t i o n  of o i l  o r  gas  r e s o u r c e s .  I n  

p a r t  t h i s  l ack  of p r e d i c t a b i l i t y  of t h e i r  r e s o u r c e  p o t e n t i a l s  may be 



r e l a t e d  t o  t h e  p r e s e n t l y  poor unders tand ing  of t h e i r  t e c t o n i c  

o r i g i n s .  Our working h y p o t h e s i s  is t h a t  a t  l e a s t  a  c l a s s  of t h e s e  

summit b a s i n s  i s  r e l a t e d  t o  passage of o f f s e t s  o r  of o t h e r  ba thymet r i c  

f e a t u r e s  i n  the  descending ocean ic  p l a t e .  Th i s  h y p o t h e s i s  i s  t e s t a b l e  

by,  however, only g l o b a l  comparison of t e c t o n i c  s e t t i n g s  of many of 

such b a s i n s .  S e v e r a l  such Neogene b a s i n s  appear  t o  be p r e s e n t  i n  t h e  
. . 

Alaska P e n i n s u l a ,  and a r e  p a r t l y  o v e r p r i n t e d  o r  covered by subsequent  

volcanism and r e l a t e d  v e r t i c a l  t e c t o n i c s  (G. Bond, p e r s o n a l  

cummunication).  The s t r a t i g r a p h y  and ( t h e r m a l ? )  subs idence  h i s t o r y  of 

t h e s e  b a s i n s  needs ye t  t o  be s t u d i e d , g e o l o g i c a l l y .  Our se i smolog ic  

r e s u l t s  (House and Jacob,  1982) u s i n g  t e l e s e i s m i c  d a t a  from t h e  

e a s t e r n  A l e u t i a n  a r c  suppor t  t h e  above p resen ted  h y p o t h e s i s ,  but  a r e  

i n s u f f i c i e n t  t o  prove it. 



Figure  11. Map of e a s t e r n  A l e ~ ~ t i o n s  w i tn  magnet is  anomal ies  21 t l~ roug l l  32 plot ted!  a s  s e r i e s  o f  double  l l n e s .  
Note t h e  ncor1;r 90" bend f n  c l ~ e  a n o a a l i e s  r.ear 161I0W ( t i l e  Great  Magnetic B igh t ) .  Anomaly 25 is 59 m.y. and 
allurnaly 29 I s  64.5 m.y. o l d ;  hence ,  c r u s e  t o  t h e  s a s t  of h u l i a  F r a c t u r e  Zone is about  5 m.y. o l d e r  titan com- 
p a r a b l e  c r u s t  t o  Lhe west.  P jne  dashed l i n e  o u t l l n e s  t h e  e x t e n t  o f  t h e  t u r b r d i t e  f a n  of t h e  A l e u t i a n  Abyssal  
P l a l n .  Ifig:ly I l n e s  a r e  e x t i n c t  f e e d e r  c h a ~ i n e l s  f o r  t h e  t u r b i d i t e s .  Angled s h a d i n g  d e n c t e s  l o c a t i o n s  of  
s t ~ r n n r i t  b a s l x s  ; ~ i ~ h i c  Ll ie  i s l a n d  a r c  p l a t f o r m  n e a r  172°-173061; h n l i a  Bas in  is f a r t l i e r  west .  Amukta Basin  is 
t o  t h e  e a s t ,  Uatl lgnetry i s  i n  farhorns (1 f n ~  = 1.33 m). 



I'i.l;~~re 12. E p l c e n t r a l  p l o t  o f  we l l - l oca t ed  ea r thquakes  i n  t h e  e a s t e r n  Aleu t i ans .he tween  1965 and 1975. Sym- - 
b o l  t ypc  and s i z e  a r e  r e l a t e d  t o  t h e  dep th  and magnitude o f  t h e  e v e n t s ,  r e s p e c t i v e l y .  S o l i d  t r i a n g l e s  i n d i c a t e  
l o c a t i o n s  of a c t i v e  volcanoes .  l'he dashed l i n e  is a  slnootl~ cu rve  through them, which i s  t h e  r e f e r e n c e  f o r  
c r o s s  s e c t i o n a l  views. Note t h e  40 km o f f s e t  i n  t h e  vo lcano  l i n e  a t  about  173OW. Dotted l i n e s  d e f i n e  t h e  ' 

boundar ies  of t h e  t h r e e  boxes used t o  prodlace c r o s s  s e c t i o n a l  v i eus :  t h e  wes t e rn  c r o s s  s e c t i o n  e x t e n d s  t o  t h e  
l e f t  hand edge of t h e  map, and is o f f s e t  by about  40 k~n t o  t h e  no r th .  The dashed and d o t t e d  l i n e  i n d i c a t e s  
t l ~ e  a x i s  of t h e  k l e u t i a n  'Trench. 



4.8 Volcano S t u d i e s  (s .  ~ c ~ u t t )  

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

During t h e  p a s t  y e a r  we have made p r o g r e s s  i n  our Pavlof  Volcano 

s tudy  on a  number of o b s e r v a t i o n a l  a r e a s ,  t h a t  r a i s e d  s e v e r a l  new 

r e s e a r c h  problems and p o s s i b i l i ~ i e s .  W e  ace f i n a l l y  beginning t o  rcap 

t h e  b e n e f i c $  of our  new upgraded r e c o r d i n g  systems,  as new h i g h  

q u a l i t y  d a t a  a r e  be ing  recorded on both  ana log  and d i g i t a l  systems and 

a s  r o u t i n e  s i g n a l  p r o c e s s i n g  becomes more s o p h i s t i c a t e d .  

To summarize, our  s tudy  of  s e i s m i c i t y  a t  Pavlof  volcano h a s  

p rogressed  a long  seGera l  l i n e s .  Ana lys i s  of d a t a  from e x p l o s i o n s  i s  

b e i n g  used t o  shed l i g h t  on t h e  source  and p ropaga t ion  parameters  of 

b-type e a r t h q u a k e s ,  and t o  g i v e  in fo rmat ion  on t h e  v e l o c i t y  s t r u c t u r e  

o f  t h e  upper p a r t  of  t h e  volcano.  Harmonic tremor i s  be ing  analyzed 

t o  de te rmine  i t s  source  c h a t a c r e r i s r i c s  and t o  i n I e r  lrugL11 of a magma 

c o n d u i i  where p u s s  ~ b l e .  h p l i t c l r i t  a t t t r i u d t i e n  and timc rcu idu ic l~ ;  ul' 

waves from r e g i o n a l  ea r thquakes  a r e  be ing  s t u d i e d  t o  d e l i n e a t e  a  

low-ve loc i ty  zone o r  p o s s i b l e  magma chamber beneath  t h e  volcano.  For 

the  f i r s t  t ime s i n c e  i n i t i a t i o n  of t h e  Pav lo f  s tudy  we ob ta ined  i n  t h e  

r e p o r t i n g  p e r i o d  d a t a  of s u f f i c i e n t l y  h igh dynamic range and time 

r e s o l u t i ~ n  eo caclclc cach of t h ~ l ~ ~ l  3 L Y ~ ~ s .  Tl>l . l~ ,  wp A r e  nnw 

deve lop ing  and u s i n g  s e v e r a l  d i f f e r e n t  t o o l s  of a n a l y s i s  t o  make t h e  

b e s t  use of t h e s e  d a t a  f o r  t h e  s tudy  of the  complex p rocesses  and 

s t r u c t u r e  of  Pavlof  Volcano. 

Two major e r u p t i o n s  occurred a t  Pavlof  dur ing  the  pas t  y e a r .  The 

f i r s t ,  on November 12-13, 1980, produced an ash  cloud t o  12,000 m 



(37,000'  ) and a  l a v a  flow approximate ly  3 km long on t h e  n o r t h  s i d e  of 

the  mountain. The second e r u p t i o n  occur red  on September 25-26, 1981,  

and occur red  s imul taneous ly  wi th  an e r u p t i o n  a t  S h i s h a l d i n  Volcano 150 

km t o  t h e  SW (on Unimak I s l a n d ) .  The September 25 Pavlof  e r u p t i o n  

produced an ash  cloud t o  10,000 m (33 ,000 ' )  and a  l a v a  f low 

approximate ly  3  km long on t h e  NW s i d e  of t h e  mountain.  Both 

e r u p t i o n s  were accompanied by. v o l c a n i c  t remor  and numerous b-type 

ea r thquakes  (Minakami's 1960 c l a s s i f i c a t i o n  of sha l low e v e n t s  wi th  

emergent o n s e t s ,  low frequency c o n t e n t ,  and l a c k  o f  a c l e a r  S-phase) . 
A d d i t i o n a l l y ,  a  s e r i e s  of e x p l o s i o n s  were recorded dur ing  March and 

A p r i l  1981. Both e r u p t i o n s  were r e p o r t e d  t o  t h e  Smithsonian 

I n s t i t u t i o n  ~ c i e n t  i f i c  Event A l e r t  Network; t h e  1980 and 1981 e r u p t i o n  

r e p o r t s  a r e  included a s  Appendix 7.1. D r .  E g i l l  Hauksson and L a z s l o  

S k i n t a  of Lamont were i n  t h e  f i e l d  l e s s  than one week a f t e r  t h e  

September 25-26, 1981,  e r u p t i o n  and were a b l e  t o  sample t h e  f r e s h  l a v a  

flow ( s t i l l  h o t ) .  The samples w i l l  be analyzed f o r  major and minor 

element composi t ion by D r .  C h a r l e s  Langmuir of Lamont. 

S i g n a l  P r o c e s s i n g  

During t h e  p a s t  yea r  we have c o n c e n t r a t e d  on ana lyz ing  s i g n a l s  

from v o l c a n i c  e x p l o s i o n s ,  harmonic t remor ,  and s e l e c t e d  r e g i o n a l  

ea r thquakes .  The s h i f t  t o  new d a t a  h a n d l i n g  procedures  has  caused 

some of t h e  i n i t i a l  a n a l y s i s  t o  be r e s t r i c t e d  t o  a  smal l  d a t a  volume, 

b u t  t h e  advantages  of us ing  t h e  new high q u a l i t y  d a t a  a t e  apparen t  

even dur ing  p r e l i m i n a r y  work. B a s i c a l l y ,  an event  l a r g e  enough t o  be , 

recorded on al:l Pavlof  Network S t a t i o n s  ( ~ i g u r e  13) used t o  c l i p  (go 

o f f  s c a l e )  a t  n e a r e r  s t a t i o n s  on f i l m  o r  paper r e c o r d s .  The 



new analog and d i g i t a l  magnetic t a p e  systems have a  h i g h e r  dynamic 

range ,  and d u r i n g  playback and p r o c e s s i n g  t h e  t r a c e s  can be e a s i l y  

s e p a r a t e d ,  a m p l i f i e d ,  a t t e n u a t e d ,  s t r e t c h e d ,  compressed, and 

f i l t e r e d .  F i g u r e  14 shows examples of e x p l o s i o n s  recorded d u r i n g  

A p r i l  1981. We have chosen t o  examine f i r s t  d a t a  from e x p l o s i o n s  

f o r  two reasons :  1 )  w e  know approximate ly  where t h e  e x p l o s i o n s  occur  

( a t  t h e  summit r a t e r ,  so w e  can use  a r r i v a l  t ime d a t a  and phase 

i n f o r m a t i o n  a s  a kind of  n a t u r a l  r e f r a c t i o n  experiment t o  deduce p a r t  

o f  t h e  v e l o c i t y  s t r u c t u r e  of t h e  volcano;  aad 2) t h e  s e i s m i c  waves of 

e x p l o s i o n s  c l o s e l y  resemble t h e  se i smic  waves of b-type ea r thquakes  

e x c e p t  f o r  t h e  a i r  phase  ( s e e  arrows i n  F i g u r e  1 4 ) .  S t u d i e s  of t h e  

waveforms of e x p l o s i o n s  w i l l  h e l p  us t o  i d e n t i f y  phases ,  d e r i v e  

v e l o c i t i e s  and t h u s  l a y  t h e  b a s i s  t o  l o c a t e  t h e  b-type e v e n t s  .- t h a t  

i s ,  w e  hope t o  f i n d  some s i m i l a r i t i e s  between the  s e i s m i c  waves of t h e  

two; s i n c e  both  have emergent o n s e t s ,  any c l e a r  phase o c c u r r i n g  l a t e r  

i n  t h e  coda could  be picked i n s t e a d  of t h e  weak o r  emergent P-waves 

and ~ l s e d  to l o c a t e  t h e  e v e n t ,  provided t h a t  such phases  appear  ' 

c o n s i s t e n t l y .  I n  F i g u r e  14 ,  one such phase appears  f a i r l y  

c o n s i s t e n t l y  on r e c o r d s  from s t a t i o n  PN7, and c l o s e  s i m i l a r i t i e s  i n  

t h e  codas observed a t  o t h e r  s t a t i o n s  ( p o s s i b l e  phases)  a r e  a l s o  seen .  

The e x p l o s i o n s  a t  t h e  summit c r a t e r  may be preceded o r  a r e  t r i g g e r e d  

by a  s 1 i g h t l y  e a r l i e r  seismic even t  w i t h i n  t h e  v o l c a n i c  p i l e ,  and may 

perhaps  b e  caused by a  p u l s e  of magma i n j e c t i o n .  

So f a r  we have had,  however, l i t t l e  success  i n  a c t u a l l y  l o c a t i n g  

t h e  pre-explos ion e v e n t s  due t o  t h e  emergence of a r r i v a l s .  For 

unders tand ing  t h e  phys ics  of both magma i n j e c t i o n  and v o l c a n i c  

e x p l o s i o n s  i t  w i l l  be necessa ry  t o  be a b l e  t o  c o n s t r a i n  t h e  l o c a t i o n s  



of the  s o u r c e s  f o r  both t h e  b-type e v e n t s  and t h e  pre-explos ion . 
e v e n t s .  T h e r e f o r e  we con t inue  work on both.of t h e s e  problems. 

Harmonic t remor ,  a  roughly  s i n u s o i d a l  wave t r a i n  of minutes  t o  

hours  d u r a t i o n ,  has  accompanied both  of the  r e c e n t  Pavlof  e r u p t i o n s  

and many e r u p t i o n s  a t  o t h e r  volcanoes  a s  w e l l  ( ~ u b o t e r a ,  1974) .. O f t e n  

a  g radua l  i n c r e a s e  i n  tremor ampl i tude precedes  the  e r u p t i o n s .  We 

have begun an a n a l y s i s  of t h e  f requency c o n t e n t  of harmonic tremor 

from P a v l o f ,  Fuego and Pacaya (Guatemala) ,  Masaya and San C r i s t o b a l  

( ~ i c a r a g u a )  volcanoes  u s i n g  F a s t  F o u r i e r  Transform (FFT) and Berg 

Maximum Entropy s p e c t r a l  a n a l y s e s  methods. P r e l i m i n a r y  f e s u l t s  a r e  

q u i t e  encouraging;  a  sample of d a t a  i s  shown i n  F i g u r e  15.  A 

comparat ive  s tudy  of d a t a  from s e v e r a l  volcanoes  may po in t  t o  t h e  

common and v a r i a b l e  p r o c e s s e s  t h a t  cause  harmonic t r emors  i n  

volcanoes .  Our h y p o t h e s i s  h e r e  i s  t h a t  t h e  frequency s p e c t r a  

r e p r e s e n t  e igenvalues  of o rganp ipe  modes of v i b r a t i o n  of magma i n  a  

c o n d u i t .  I f  we can- c o n s t t a i n  t h e  P-wave v e l o c i t y  of the  magma i n  t h e  

p ipe ,  then  we can measure the  l e n g t h  of t h e  p i p e  from t h e  frequency 

s p e c t r a  and s t a n d a r d  wave theory .  We can a l s o  i n f e r  the  boundary 

c o n d i t i o n s  from t h e  over tone c o n t e n t  of t h e  s p e c t r a ,  hence p o s s i b l y  

determine whether o r  not  a sha l low magma r e s e r v o i r  e x i s t s .  S ince  two 

of  t h e  main unknowns here a r e  t h e  rnagni.tude and homogeneity of t h e  

P-wave v e l o c i t y  i n  t h e  magmapipe, we have a l s o  developed some s o f t w a r e  

which w i l l  t e s t  f o r  the  frequency c o n t e n t  of s t a n d i n g  waves i n  an 

organpipe  f i l l e d  wi th  v a r i a b l e  v e l o c i t y  m a t e r i a l ,  such as  magma 

c o n t a i n i n g  gas  v e s i c l e s .  

We have a l s o  advanced i n  our . sea rch  f o r  a  magma chamber u s i n g  

amplicude a t t e n u a t i o n  and time r e s i d u a l s  us ing  r e g i o n a l  ea r thquakes .  



The d a t a  m a n i p u l a t i n g  c a p a b i l i t i e s  of our new s o f t w a r e  f o r  s e i s m i c  

network a n a l y s i s  coupled wi th  h igh  q u a l i t y  d a t a  permit  us t o  e a s i l y  

s e p a r a t e ,  ampl i fy ,  and f i l t e r  seismogram t r a c e s .  T h i s  i s  p a r t i c u l a r l y  

impor tan t  f o r  t h e  magma chamber s t u d y ,  because t o  o b t a i n  u s e f u l  and 

r e l i a b l e  r e s u l t s ,  i t  is  necessa ry  t o  o b t a i n  a r r i v a l  t ime r e s o l u t i o n s  

of b e t t e r  than  1 /100  second f o r  a r r i v a l s  from ea r thquakes  l a r g e  enough 

t o  produce c l e a n ,  impuls ive  a r r i v a l s .  T h i s  new d a t a  h a n d l i n g  

c a p a b i l i t y  e n s u r e s  both  high q u a l i t y  hypocenter  l o c a t i o n s  and a c c u r a t e  

measures  of  t ime r e s i d u a l s  t o  s t a t i o n s  of t h e  Pavlof  a r r a y .  An 

ea r thquake  l a r g e  enough t o  g ive  good d a t a  wi th  t h e  new r e c o r d i n g  

sys tems would have c l i p p e d  on our  o l d  r e c o r d i n g  system and made S-wave 

a r r i v a l s  unreadab le .  F igure  16 shows an example of an e s p e c i a l l y  

c l e a r  and w e l l - l o c a t e d  ea r thquake .  'Chis p a r t i c u l a r  ea r thquake  i s  

i d e a l  f o r  use  i n  t h e  magma chamber s tudy  s i n c e  it occur red  a lmost  

d i r e c t l y  beneath  t h e  volcano ( s l i g h t l y  n o r t h e a s t )  a t  a  depth  o t  112 

km, hence ~ t s  r a y s  pass  almost  s t t a igh t r  through the  volcano 's  roo t  

znnp frnm hclnu, T n b l c  2 show6 Lhe residual d a t a  fssm t h i s  event a t  

t h e  v a r i o u s  Pav lo f  and o t h e r  s t a t i o n s .  We need t o  accumulate a  

s u f f i c i e n t  number of r e c o r d i n g s  from s i m i l a r l y  l o c a t e d  e v e n t s  t o  

'X-ray' t h e  v o l c a n o ' s  r o o t  zone wi th  s u f f i c i e n t  s p a t i a l  d e t a i l .  We 

t h e r e f o r e  a b s t a i n  from an e a r l y  i n t e r p r e t a t i o n  of t h i s  d a t a  from a  

s ing le  sample e v e n t .  



PAVLOF VOLCANIC EXPLOSION 

DISTANCE IN KILOMETERS 
FROM VENT 

F'igure 13. A v o l c a n i c  exp los ion  from Pavlof Volcano recorded a t  8 s t a t i o n s  of t h e  Pavlof  a r r a y .  Note t:he impuls ive  
'lair-wave a r r i v a l  w i t h  a  v e l o c i t y  of . ?3  km/sec. OT r e f e r s  t o  t h e  o r i g i n  t ime  a s  i n f e r r e d  from t h e  a i r .  a r r i v a l s .  
The dashed l i n e s  a r e  drawn t o  a i d  t h e  eye i n  de te rmin ing  t h e  v e l o c i t i e s  of o t h e r  p o s s i b l e  phases ;  they  do n o t  
n e c e s s a r i l y  r e p r e s e n t  our f i n a l  c h o i c e  of phases.  We n o t e  t h a t  t h e  f i r s t  emergent a r r i v a l  a t  s t a t i o n  PN6 h a s  a  ' 

v e l o c i c y  of 2.94 km/sec, a  v a l u e  c o n s i s t e n t  w i t h  P-wave v e l o c i t i e s  observed a t  o t h e r  volcanoes .  



PAVCOF VOLCANIC EXPLOSIONS 
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F i  gurc 13,. Ten d l £  f erent  vo lcan ic  erp~l.osions a s  recorded a t  s t a t i o n s  PN6 and' PN7 are  l ined up according t o  
the air-wave o r r i v a l s  (slwwn by arrows). Tl1.e - ~ e r t i c a l  l i n e s  show the  or5gin tiine. bote  the  d i s t i n c t  phase 
( v e l o c i t y  approxiaately C . 5 3  kmlsec) indicated by the  ,dot on s t a t i o n  PN7. 
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F i g u r e  16. ( a ) ' P l a y b a c k  of s e i s m i c  t r a c e s  of even t  whose l o c a t i o n  and r e s i d u a l s  a r e  shown --- 
i n  T a b l e  2 .  (b )  Expanded playback of t r a c e  from s t a t i o n  SGB showing improved r e s o l u t i o n  and 
our  p r e l i m i n a r y  p ick  of t h e  S-wave a r r i v a l  t ime. '  



TABLE 2 

Example of hypocenter loca t ion  p r in tou t  fo r  event shown i n  Figure 16. This 
event occurred j u s t  nor theas t  of Pavlof Volcano a t  a  depth of 173 km. Note 
the  two la te -a r r iv ing  P-waves a t  s t a t i o n s  PN7 and PN8 ( indicated  by arrows). 

sra c i s t  azm a n  p/s  w s e c + c c o . r  ( t o b s  - k c 2 1  - d l y  
5 i h  I . E . 4  3!2 174 i p u  25.55 .LnE 22-15 22.57 .8i3 

es 4 42.55 .OC 29.16 39.C5 .CB 
pn7 1E.7 194 173 t p d  1 25.40 .05 ?Z.rl 22.51 .CB 

es 2 42-27 -23 fE.58 Z F . 1 2  .ZS3 
?n8 22.2 207 172 : p d  1 26.27 .CC t2.S; 22.53 .S5 

es 2 42.60 .D8 2P.21 29.15 -28 
p s 2 a  23.8 168 171 ipu  1 26.86 .CC 22.67 52.67 .ZiI 

es  4 44.45 .an 41.56 39-22 ..?a 
pvv 26.4 168 '170 t p d  1 26-07 .DL3 22.68 22.73 .E0 

es 3 42-66 .0D fS.27 39.32 .SL3 
p s 4  23.6 178 170 t p d  26.17 .Db 22.78 22.77 .30 

es 3 42..62 .D0 39.23 39.39. .J0 
d l g  51.8 177 162 t p d  26.64 .DB 23.25 23.45 .30 

es 3 43.86 .DL3 48.47 45.57 .50 
d r r  80.1 199 153 ep.  28.16 .50 24.77 24.73 .J0 

es 3 46.30 .50 42.91 42.78 -00 
sgb 89.6 94 151 I pd  28.39 -00 25-08 25.26 .50 

es 3 46.87 .DB 43.48 43.70 .a0 
s a s z  91.8 108 155 Ipd 28.61 .DD 25.22 25.39 - 3 0  

es 4 46.81 .BB 43.42 43.92 .00 
s q h  93.4 117 15l3 ep.  1 28.58 .30 25.19 25.49 .00 

es  2 47.22 '.30 43.83 44.10 .LcB 
n g i  130.5 118 140 fpd 31.47 .03 28.08 28.04 .B0 

es 3 52.13 .5B 48.74 48.51 .80 
onk 138.3 Zfl6 139 ep.  3 2 - 2 0  .00 28.89 28.65 -08 

e  s 53.06 .OO 49.67 49.56 .00 
i v f  150.3 77 136 epu 2 33.32 .a0 29.93 29.63 -00 

es  55.13 -00 51.74 51.26 .OO 
b k j  154.7 158 135 t p d  33.55 .D0 38.16 29.99 .50 

e s 55.02 .CB 51.63 51.88 .DB 
cnbzlE3.1 i21 132 ep. 3 34.56 .OO 31.17 31.27 .08 

es 3 57.38 .DO 53.99 54.10 -00 

= r e s  1 '  w t  xmg f n g  r i n f o  
-.41 1.49 .27 1 



4.9 Inhomogeneous S t r e s s  Re lease  During Large  Ear thquakes  (J. ~ o r i )  

Areas  wi th  an i.nhomogeneous s t r e s s  f i e l d  a r e  l i k e l y  t o  g i v e  r i s e  

t o  complex r u p t u r e s  d u r i n g  l a r g e  e a r t h q u a k e s .  A s  the  r u p t u r e  

p r o g r e s s e s ,  subeven t s  r e l e a s i n g  high and low s t r e s s  drop may o c c u r r  i n  

t h e  r u p t u r e  zone. To look a t  t h e s e  d e t a i l s  i n  the  r u p t u r e  p rocess  t h e  

P wave f o r  t h e  March 2 8 ,  1964 Alaska ea r thquake  was s t u d i e d .  

The f i r s t  120 seconds of t h e  P wave a s  recorded on t h e  P a l i s a d e s  

broad band ins t rument  a r e  d i g i t i z e d  and s p e c t r a  a r e  c a l c u l a t e d  for 10- 

second t ime windows u s i n g  t h e  Burg maximum en t ropy  method. With a  

p r e d i c t i o n  f i l t e r  l e n g t h  of  5 seconds t h e  spectrum c a l c u l a t e d  wi th  t h e  

Burg method is e s s e n t i a l l y  t h e  same a s  u s i n g  a  s t a n d a r d  FFT, excep t  

t h e  Burg method smoothes ou t  t h e  h igh frequency f a l l  o f f .  The r e s u l t s  

of t h e  moving window a n a l y s i s  a r e  p resen ted  i n  F igure  I / .  Th i s  f i g u r e  

shows 3 con toured  p l o t  of s p e c t r a  f o r  12 time windows s t acked  on t h e  

v e r t i c a l  a x i s .  A l l  t h e  s p e c t r a  have been nornial ised a t  t h e  low 

frequency end,  s o  t h a t  h igh s p e c t r a l  ampl i tudes  a t  h igh  f r e q u e n c i e s  

i n d i c a t e  a  s lower  s p e c t r a l  f a l l - o f f  wi th  f requency.  Note t h e  peak i n  

t h e  40-50 second t ime window. T h i s  peak shows t h a t  t h e r e  i s  

r e l a t i v e l y  morc h i g h  f rcquency gcnera ted  a t  t h i s  t imc i n t c r v a l  i n  t h e  

s i g n a l  than  a t  o t h e r  t imes .  The f a c t  t h a t  t h e  h igh f r e q u e n c i e s  

q u i c k l y  d rop  o t t  t h e r e a t t e r  means t h a t  t h e  e t t e c t  i s  not due t o  

m u l t i p a t h i n g  o r  s c a t t e r i n g  which might cause  high f r e q u e n c i e s  t o  

a r r i v e  l a t e .  Also ,  t h i s  r a p i d  drop-off  is  not  simply a r e s u l t  of t h e  

e a r t h q u a k e  hav ing  more moment a t  t h i s  time i n t e r v a l  a s  demonstra ted  

from F i g u r e  18 ,  which shows the  s i g n a l  being s u c c e s s i v e l y  high-pass  

f i l t e r e d  t o  permit  i n s p e c t i o n  a t  h i g h e r  f r e q u e n c i e s .  Note t h a t  t h e  



high frequency i n  t h e  40-50 second window does not  c o r r e l a t e  i n  time 

with the  , large  .amplitudes a t  lower f r e q u e n c i e s  t h a t  appear t o  a r r i v e  

l a t e r .  The a r r i v a l  of t h e  high f requency a t  40-50 seconds cor responds  

t o  the  l a r g e s t  subevent i d e n t i f i e d  by Wvss and Brune (1967) i n  t h e i r  

a n a l y s i s  of the  complexity of t h i s  ear thquake.  They were a b l e  t o  

l o c a t e  it reasonab ly  we l l  from i t s  az imutha l ly  va ry ing  a r r i v a l  t imes  

r e l a t i v e  t o  t h e  f i r s t  a r r i v a l  which o r i g i n a t e d  from r u p t u r e  n u c l e a t i o n  

a t  the  hypocen te r .  

The r e l a t i v e l y  high amounts of high frequency f o r  t h i s  sub-event 

can be i n t e r p r e t e d  i n  s e v e r a l  ways: 1 )  h i g h e r  s t r e s s  drop;  2)  h i g h e r  
I 

r u p t u r e  v e l o c i t y ;  3 )  inhomogenei t ies  i n  s t r e s s  o r  m a t e r i a l  s t r e n g t h  

caus ing  complex r u p t u r e ;  4 )  l o c a l l y  h igh Q; and 5) break-out phase.  

A l l  of t h e  above except  t h e  break ou t  phase i n d i c a t e  some change i n  

m a t e r i a l  p roper ty  o r  geomet r i ca l  o r i e n t a t i o n .  The s u g g e s t i o n  t h a t  i t  

i s  a  m a t e r i a l  p r o p e r t y  i s  suppor ted  by look ing  a t  t h e  a f t e r s h o c k s .  

A l l  the  l a r g e r  a f t e r s h o c k s  t h a t  were we l l  r ecorded .  on t h e  P a l i s a d e s  

ins t rument ,  a r e  shown i n  F i g u r e  19 .  As i n  t h e  moving window a n a l y s i s ,  

contoured s p e c t r a  a r e  shown except  i n s t e a d  of t ime windows, t h e  

v a r i o u s  i i I i e r shucks  are scacked 6ii t h e  v e r t i c a l  a x i s .  Only t h e  f i r s t  

few seconds of the  P  wave were used i n '  o rde r  t o  avoid con tamina t ion  

from dep th  phases.  

Although t h e  d i s t r i b u t i o n  of a f t e r s h o c k s  does not  a d e q u a t e l y  

cover  t h e  r u p t u r e  a r e a ,  d i f f e r e n c e s  can be seen i n  t h e  s p e c t r a l  

c o n t e n t  of ea r thquakes  i n  t h e  r e g i o n s  where t h e r e  a r e  l a r g e  

a f t e r s h o c k s .  Note t h e  h igh f requency c o n t e n t  f o r  even t  6 ,  which can 

a l s o  be seen i n  t h e  seismogram i t s e l f .  The l o c a t i o n  of t h i s  

a f t e r s h o c k  i s  q u i t e  c l o s e  t o  the  l o c a t i o n  of "subevent c". So it  



a p p e a r s  t h a t  t h i s  a r e a  g e n e r a t e s  r e l a t i v e l y  l a r g e  amounts of high 
\ 

f requency when r u p t u r e d  by an ea r thquake .  

An o b s e r v a t i o n  which s u g g e s t s  t h a t  t h i s  h igh frequency i s  due t o  

inhomogene i t i e s  ( i - e . ,  l o c a l  a r e a s  of h igh s t r e s s  o r  s t r e n g t h )  comes 

from a comparison of  a f t e r s h o c k s  6 and 3. Note t h a t  t h e  p u l s e  shapes  

a r e  s i m i l a r  but  e v e n t  6 has  t h e  h igh  f r e q u e n c i e s  r i d i n g  on t o p  of t h e  

lower-frequency p u l s e  shape.  T h i s  p u l s e  form . i s  i n t e r p r e t e d  a s  

i n d i c a t i n g  a compl ica ted  r u p t u r e  with many smal l  subevents  which have 

h i g h  dynamic s t r c 3 3  d ropoh  T h i ~  complexi ty  s u g g e s t s  f u r t h e r  t h a t  t h e  

c l o s e  proxilnity of h i g h  and l o w  stress drop ea r thquakes  may b e  

i n d i c a t i v e  of an a r e a  of inhomogenei t ies  on t h e  o r d e r  of a few 

k i l o m e t e r s .  Such r e g i o n s  would be expected t o  produce r e l a t i v e l y  

g r e a t  amounts of high-frequency r a d i a t i o n  and t h u s  h i g h e r  ground 

a c c e l e r a t i o r i s  during Pupcure i n  a l a r g e  earL11quake; Ll~us ,  the 

e x i s t e n c e  of  h e t e r o g e n e i t i e s  on t h e  r u p t u r e  p lane  may c o n t r o l  how much 

p o t e n t i a l  damage t h e  ea r thquake  i s  capab le  t o  cause .  
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Figure 17.  tioving window a n a l y s i s  of P wave recorded a t  Pa l i sades  f o r  1964 Alaska earthquake. Contoured 
spec tra  f o r  e a c l ~  time window arc  stacked on v e r t i c a l  a x i s .  Spectra have been norunaltzed t o  the  low fre-  
quency (0.1 Hz) value.  Note the r e l a t i v e l y  large amounts of high frequency i n  40-50 second time window. 
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F i g u r e  18. P wave oE 1964 Alaska ea r thquake  s u c c e s s i v e l y  high pass  f i l t e r e d , .  
Number on r i g h t  i s  3db p o i n t  of Bu t t e rwor th  h i e h  Dass. Note t h a t  t h e  l a r g e  
amount of h i g h  f reauencv  i n  t h e  40-50 second t ime window does n o t  c o r r e l a t e  
w i t h  l a r g e  amounts of lower f requencv r a d i a t i o n .  
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Fiqure 19. Spectral analysis  of aftershocks of 1964 Alaska earthquake. Con- 
toured spectra for each aftershock are stacked on vert ica l  a x i s .  'Aftershock 
6 generates re la t ive ly  more high frequencies, as  seen i n  i t s  spectrum and 
seismogram. 



4.10 Magnitude Determinations (J. Peterson and E. Hauksson) 

Objectives. One of the purposes of operating the seismic network 

is to determine the magnitude of local earthquakes. Either the body 

wave magnitude or the coda length magnitude for local events can be 

determined. A body wave magnitude is a more useful measure of the 

size of a local earthquake since it represents the measured ground 

motion at the respective seismic station. * The coda length magnitude 

can be more easily determined since no calibrations of the instruments 

are needed as long as they ,remain unchanged. The coda length 

magnitude, however, is not a known function of ground motion and is 

sometimes dependent on the S-P-arrival time of the local earthquake. 

Prior to 1980 we determined coda length magnitudes for earthquakes 

that occurred within our network. Since much of our instrumentation 

was upgraded in 1980 and 1981 we were faced with the task of 

redetermining our coda length magnitude scale or to calibrate our 

instrumentation to facilitate the calculation of body wave 

magnitudes. We decided to calibrate our instrumentation since that 

permitted us to use the network to achieve other scientific goals (for 

example, attenuation studies, calculation of source ~arameters) in 

addition to enabling us to determine body wave magnitudes. 

The calibration of the seismic network was carried out in two 

different ways. First, all individual components were calibrated in 

the laboratorium or specifications on instrument characteristics were 

obtained from the respective manufacturer. This information (see 

Figure 20) was combined into a total system response as described 

below to determine ground motion in nanometers (nm, lo-' m). Second, 



the seismic stations were calibrated in the field during the October 

1981 field trip. A constant-current-square-wave signal of 10 second 

period was applied to the calibration coil of the seismometer. These 

calibration pulses can be used to confirm the results obtained using 

the first method. Further, at 10 seismic stations in the network a 

calibration signal is generated automatically every 24 hours to check 

if the station's calibration changes with time. The calibration data 

from the October 1981 field trip is currently being analyzed. 

Calculation of the Total System Response. The total seismograph 

system response, .TSS(~) at frequency, f, is the product of the sensor 

response SR(£) and recorder response RR(£) (see Figure 2 0 )  . 

The sensor response, SR(£), is the product of the seismometer 

response, ~(f), and the amplifier response, ~(f), or 

The seismometer response as a function of frequency was 

calculated with the following formula: 



where GE i s  t h e  e f f e c t i v e  motor c o n s t a n t  

Fo i s  t h e  n a t u r a l  f requency 

Bt  i s  t h e  damping r a c i o  ( p a r a l l e l  o r  s e r i e s )  

The a m p l i f i e r  r e sponse  vs.  f requency ( A ( £ ) )  was measured d u r i n g  a  

c a l i b r a t i o n  sequence i n  t h e  l abora to r ium.  T h i s  i s  a  r e l a t , i v e  f u n c t i o n  

t h a t  is  normal ized t o  1.0 on t h e  f l a t  p o r t i o n  of i t s  response  curve .  

The s e n s o r  r e sponse  i s  normal ized t o  a 42 db a t t e n u a t i o n  of t h e  

station a m p l i f i e r  VCO ( i . c . ,  g a i n  90 db, a t t e n u a t i o n  42 db) c i n c e  t h a t  

i s  a  commonly used v a l u e  i n  our  network. 

F u r t h e r ,  t h e  s e n s o r  r e sponse  is normalized t o  1 .0  a t  2.51 Hz f o r  

numer ica l  convenience .  The a c t u a l  v a l u e  of SK (2.'51) c o n s t i t u t e s  t h e  

s e n s o r  g a i n  GS,  o r  

The r e c o r d e r  r e sponse  f u n c t i o n ,  RR(f) is  t h e  product  of t e l e m e t r y  

g a i n ,  T ( f )  and r e c o r d i n g  d e v i c e  s e n s i t i v i t y ,  ~ ( £ 1 .  

The t e l e m e t r y  g a i n  i s  always see equa l  co  one. The r e c o r d e r  

s e n s i t i v i t y  is determined by t h e  p a r t i c u l a r  inpu t  f i l t e r s  t h a t  were 

c a l i b r a t e d  i n  t h e  l abora to r ium.  The r e c o r d e r  r e sponse  i s  normalized 

a t  2.51 Hz and t h e  a c t u a l  va lue  of ~ ~ ( 2 . 5 1 )  c o n s t i t u t e s  the  r e c o r d e r  

g a i n ,  GR. 

T h e r e f o r e ,  t h e  normalized seismogram system response  i s  

determined by the  SR(£)  and R R ( £ )  a s  shown i n  F igure  20. To o b t a i n  



the total system response these cuives have to be multiplied by the 

sensor gain, GS and recorder gain G ~ .  If ' the VCO attenuation 

setting differs from -42dB it is taken into account when calculating 

conversion of Recorded Amplitudes to True Ground Motion. A 

program was developed to filter the phase data and convert the 

measured amplitudes to ground motion in nanometers. The appropriate 

TSS functions are stored for the seismometer, VCO, recorder 

combinations that are listed below. Also stored are the total gain 

factors for each TSS and an attenuation look-up file for handling the 

VCO attenuation setting variability, extra damping pads and 

exceptional VCO units (e.g., 114 db as opposed to the regular 90 db 

units). 

Geophones 

Mark L4-C, 1B 
Geospace HS-10 (3 main coil resistances, 3 external dampings) 
Norssr HS-10 
Broad .Band (Baby Benioff) SP, IP 

Emtel 6242 (90 db, 114 db) 
Develco 6202 (90 db) 

Recorders 

Develocorder 
TEAC analog to digital 
Digital system (ADC gain 1, 2) 
Hclicorder 
Crown analog tape 
Sangamo analog tape 

True ground motion is simply the recorded amplitude divided by 

the product of the total seismograph system response, total gain and 

' attenuation factors. 



C a l c u l a t i o n  o f  Ear thquake Magnitude. To de te rmine  t h e  l o c a l  

magnitude s c a l e  such . t h a t  it is  c a l i b r a t e d  wi th  r e s p e c t  t o  the  body 

wave magni tude,  MBI pub l i shed  i n  monthly PDE b u l l e t i n s ,  t h e  fo l lowing  

approach i s  taken:  

From R i c h t e r  (1958) we have f o r  a  Wood-Anderson ins t rument  

where A is t h e  z e r o  t o  peak of , the l a r g e s t  phase on the  record i n  mm 

and A, i s  a  d i s t a n c e  c o r r e c t i o n .  When c o r r e c t i n g  f o r  t h e  g a i n  of 

t h e  W-A we o b t a i n  

P ~ L  a l o g  (Aq) - 6 + l u g  2800 - l u g  A, 

'where  Aq i s  measured ground motion i n  mm. I n s t e a d  of measuring the 

l a r g e s t  phase on t h e  record  which i n  our  c a s e  i s  most o f t e n  a  s u r f a c e  

wave o r  an  S-wave, we measure the  l a r g e s t  ampl i tude i n  the  P-wave 

t r a i n .  T h i s  p e r m i t s  us  t o  de te rmine  a  l o c a l  body wave magnitude a s  

Mb = l o g  Apq - 2.55 - l o g  A,. 

We p r e f e r  t o  use  t h e  l a r g e s t  P-wave ampl i tude ( A ~ ~ )  s i n c e  i t  is  l e s s  

o f t e n  s a t u r a t e d  o r  c l i p p e d  than  t h e  S- o r  s u r f a c e  wave ampl i tudes .  



Each event and each station magnitude, Mb, is then compared tc 

the PDE MB and a systematic difference of C = 0.8 = MB-Mb was 

found. We then checked the dependence of the difference of the two, 

C = MB-Mb, on distance, depth, magnitude and individual station 

but no obvious relationship was found. A constant value for C = 0.8 

is then added to make our local body~ave~magnitude compatible to the 

PDE body wave magnitude. Hence our reported body-wave magnitude MB 

(as shown in cols. 73-75 in data files submitted to NO&\) is 

determined by the formula 

MB = log Apq - 1.35 - log & ( A )  

In the future we plan to attempt a comparison to Palmer reported 

magnitudes for the greater Shumagin region. 

Coda length magnitude. In rare cases we still report coda length 

magnitudes when a body wave magnitude cannot be determined. The 

surface wave magnitude, i.e., coda length magnitude, reported (as 

shown in cols. 61-63 in data files submitted to NOAA) are determined 

using the FMAG formulation of J . C .  Lahr (1980) and his empirical 

constants derived for Alaska. 



C5 may be determined in the future with a larger data set "to 

compensate for the nonlinear relationship of log (coda) and 

magnitude. I' 

F = F-P time; measured from P onset to 1 cm p-p amplitude cut-off 

A = epicentral distance (km) 

Z = hypocentral depth (km) 

Y - atation correction (1 uocd hcro) 



. F i g u r e  20. Sensor  r e sponses  and r e c o r d e r  r e s p o n s e s  shown a s  a f u n c t i o n  of f r e -  
quency f o r  s e i s m i c  s t a t i o n s  i n  t h e  Shumagin Network. The s e n s o r s  a r e  s h o r t  pe r iod  
v e r t i c a l  (SPZ) and i n t e r m e d i a t e  p e r i o d  v e r t i c a l  ( IPZ) .  The SPZ s e n s o r s  a r c  e i t h e r  
NOR.SAR HS-10 o r  Mark L4-C/6202, 1B se ismometers .  The IPZ s e n s o r s  a r e  broad band 
(Baby Ben io f f )  seismometers.  The r e c o r d e r s  a r e  con t inuvus  r e c o r d i n g  on a f i l m  
(DEVELOCORDER), an e v e n t  t r i g g e r e d  ana log  t a p e  r e c o r d e r  (TEAC) and a n  even t  t r i g -  
ge red  d i g i t a l  t a p e  r e c o r d e r  (DIGITAL). Above t h e  h o r i z o n t a l  a x i s  t h e  r ange  of  
t y p i c a l l y  observed f r e q u e n c i e s  i s  shown. The s e n s o r  and t h e  r e c o r d e r  r e sponses  
a r e  combined t o  g e t  t h e  t o t a l  sys tem response  a s  d e s c r i b e d  i n  t h e  t e x t .  
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5 .  TECHNICAL ACCOMPLISHMENTS 

5 . 1  Network S t a t u s ,  October  1981 ( f o l l o w i n g  summer f i e ldwork)  

There  a r e  now on ly  two networks opera ted  by L-DGO is  t h e  e a s t e r n  

A l e u t i a n  a r c ,  t h e  Unalaska  Network ( F i g u r e  211, recorded a t  Dutch 

Harbor  (DUT); and the  Shumagin Network ( F i g u r e  221, recorded a t  Sand 

P o i n r  ( SAN) . 

T h i s  summer (1301) tlie P r i b i l u l :  NeLwurk was deaccivaced because 

the  c u r r e n t  NOAAIBLM OCSEAP funding i s  not  s u f f i c i e n t  t o  c o n t i n u e  

o p e r a t i n g  t h e  network.  I n i t i a l l y ,  t h e  P r i b i l o f  and Unalaska Networks 

were e s t a b l i s h e d  wi th  t h e  suppor t  of  NOAA. 

The Shumagin network and i t s  s u b a r r a y  on Pavlof  Volcano was 

e s t a b l i s h d  l a r g e l y  w i t h  suppor t  from t h e  DOE and some i n i t i a l  

equipment from t h e  USGS. The o r i g i n a l  purpose of the Shumagin Network 

was t o  p rov ide  d a t a  f o r  t e c t o n i c  s t u d i e s  w i t h  some geothermal s t u d i e s  

b e i n g  added when t h e  Pav lo f  subar ray  was i n s t a l l e d .  The d a t a  from a l l  

of t h e s e  networks can,  of course ,  be used f o r  both haza rds  and 

t e c t o n i c  s t u d i e s ;  indeed,  t h e r e  i s  a s y n e r g i s t i c  b e n e f i t  i n  c a r r y i n g  

nrrt t h e s e  stlrriico s i r n t a l t  aneously. 

5.2 Unalaska Network 

Remote s t a t i o n s .  The network ( F i g u r e  21) c o n s i s t s  of four  remote 

s e i s m i c  s t a t i o n s  and one r e p e a t e r  s t a t i o n .  One new s t a t i o n  (USR) was 

i n s t a l l e d  d u r i n g  summer 1981. The seismometers a t  the  remote s t a t i o n s  

a r e  a l l  s h o r t - p e r i o d  (1 HZ) v e r t i c a l  i n s t r u m e n t s  and t h e  d a t a  a r e  



transmitted via VHF-links to the central recording station at Dutch 

Harbor (DUT) . 
Central recording station. The sensors at the local station 

(DUT) consist of three orthogonal short-period seismometers, an 

intermediate-period ("15 sec) vertical seismometer and an orthogonal 

set of strong motion accelerometers. The data acquisition system 

consistsof an event-triggered TEAC audio tape recorder and two 

continuously operating helicorders. A Universal time receiver for the 

standard time broadcast via satellite provides a stable time standard. 

Future outlook; The NOAA/BL,M OCSEAP funding will be terminated 

by the end of September 1982. Currently we are investigating the 

possibility of alternative funding related to a geothermal project on 

Unalaska Island. If we do obtain alternate funds, we will continue 

operating the Unalaska Network. If we are unable to find a new 

funding source, we plan to deactivate the network. Some of the 

instrumentation will be stored on site until new funds become 

available to reactivate and continue the operation of the network. 

Some of the hardware will be used in the Shumagin network if the 

Unalaska network is going to be .terminated. 

5.3 Shumagin Network 

Remote stations. The Shumagin Network (~igure 22) consists of 13 ---. ~- * ----* -.- 

remote stations plus 8 stations in the Pavlof Volcano subarray, three 

repeater stations and the local station at Sand Point. (sAN). Each 

remote .station has a single, short-period vertical seismometer except 

San Diego Bay (SGB) and Chernabura (CNB) which are now three-component 



stations. Within the region of the Shumagin Network there are now 

twelve strong-motion accelerographs (sMA) ten of which are co-located 

with remote stations of the network (Figure 22). Further, these ten 

SMA's are connected to the telemetry system so that a trigger signal 

allows us to know the exact time at which the SMA began recording a 

given earthquake. Most of the support for these SMA instruments came 

from a USGS contract. This system has already been triggered several 

times by local events . 
Central recording station. Sensors local to the recording center 

at Sand Point (SAN) consist of orthogonal s.ets of short-and 

intermediate-period seismometer, and strong-motion accelerometers. 

Eight helicorders that record con& inuously and two 

event-detecting, magnetic tape recording systems (one analog and one 

digital) are operated at Sand Point. The analog event-detector 

consists of one to eight signal-detector modules and a logic unit 

which is based on a programmable-read-only-memory (PROM) chip. The 

signal-detectors switch to an "on" state whenever the short-term 

average (sTA) of the signal exceeds the long-term average (LTA) by 

some selectable level. The PROM can be programmed so that any logical 

combination of states of the signal-detectors can cause the 

event-detector to declare an event and switch on the tape recorder. 

Two' koui-cllau~lrl TEAC audiu Lapr analog recorders are used: one in a 

continuous-loop mode to provide a twenty second pre-event "memory", 

and the other in a standard, reel-to-reel mode to record the data. 

Frequency-modulated tones from the remote and local sensors are mixed 

onto the four channels along with an IRIG time code from a 

satellite-controlled clock and a frequency-compensation tone. Eight 



t o  t e n  s i g n a l s  can be mixed on to  t h r e e  of t h e  channe l s  and f i v e  can be 

mixed wi th  the  1000 Hz time code,  s o  t h a t  a t o t a l  of about 32 s i g n a l s  

can, be recorded.  I n  a d d i t i o n  t o  t h e  tones  from t h e  s e i s m i c  s t a t i o n s ,  

400 Hz tones  from t h e  SMA t r i g g e r  u n i t s  a r e  a l s o  recorded .  Whenever 

one of t h e s e  t o n e s  is d e t e c t e d  t h e  t a p e  recorder .  i s  always tu rned  on, 

s o  t h a t  the  on- and off - t imes  of t h e  SMA's can be determined.  The 

magnet ic  t a p e s  a r e  demodulated, d i g i t i z e d  and processed a t  L-DGO. 

A t  Sand P o i n t  we have i n s t a l l e d  an u n i t e r r u p t i b l e  power-supply 

(UPS) sys tem t h a t  c o n s i s t s  of a s h o r t  term b a t t e r y  back-up u n i t  and a 

long term propane powered a l t e r n a t o r .  The bat tery-backup is  des igned 

t o  p rov ide  4 .  t o  8 hours  of u n i n t e r r u p t e d  power f o r  t h e  e n t i r e  s t a t i o n  

should t h e  town power system f a i l .  The propane powered a l t e r n a t o r  

u n i t s  a r e  des igned t o  a u t o m a t i c a l l y  s t a r t  a f t e r  about 80% of the  

b a t t e r y  c a p a c i t y  has  been used and t o  run f o r  about one week wi thou t  

r e f u e l i n g .  

I n  December 1980 a new d i g i t a l  r e c o r d i n g  system was i n s t a l l e d  a t  

Sand P o i n t .  The se i smic  s i g n a l s  a r e  d i g i t i z e d  a t  a  r a t e  of 100 

samples per second and up t o  32 channels  can be recorded on t h e  

computer compat ib le  n ine - t rack  t ape .  Th i s  d a t a  a c q u i s i t i o n  system was 

developed and b u i l t  by t h e  L-DGO seismology e n g i n e e r i n g  group.  

c u r r e n t l y ' ,  i n  October 1981 a new 12 channel  d i g i t a l  event  d e t e c t o r  is  

be ing  i n s t a l l e d  i n  Sand P o i n t  and i n t e r f a c e d  wi th  t h e  d i g i t a l  d a t a  

a c q u i s i t i o n  system. The.  d i g i t a l  even t  d e t e c t o r  can be accessed from 

L-DGO v i a  the  L-DGO seismology computer through modems. F u r t h e r ,  i n  

/ 
October  1981 a l l  t h e  equipment a t  t h e  c e n t r a l  r e c o r d i n g  s t a t i o n  was 

moved i n t o  a new room from an a d j a c e n t  smal le r  room, w i t h i n  the  same 

b u i l d i n g .  When t h e  new d a t a  a c q u i s i t i o n  system was i n s t a l l e d  i t  



became c l e a r  t h a t  p r e v i o u s  f a i l u r e s  caused by e x c e s s i v e  d u s t  and poor 

v e n t i l a t i o n  could  on ly  be e l i m i n a t e d  by r e l o c a t i n g  the  equipment, and 

p r o v i d i n g  new adequa te  v e n t i l a t i o n .  

5.4 F u t u r e  Out look 

During t h e  next  f i e l d  season  (summer of 1982) w e  p l a n  t h e  

fo l lowing  changes i n  t h e  Shumagin network: 

1. The f o u r  r e p e a t e r  s t a t i o n s ,  CHR, B ,  SQH, and SGR w i l l  be 

combined i n t o  one r e p e a t e r  s t a t i o n  l o c a t e d  on Popof I s l a n d .  Th i s  

new r e p e a t e r  w i l l  be l o c a t e d  a t  a  h i g h p o i n t  a c c e s s i b l e  on land 

from Sand P o i n t  and thus  w i l l  save  c o n s i d e r a b l e  H e l i c o p t e r  c o s t s .  

2 .  The s t a t i o n s ,  N G I  and B K j  have t o  be r e l o c a t e d  t o  f a c i l i t a t e  

t 
t r a n s m i s s i o n  of s i g n a l s  v i a  the  new r e p e a t e r .  

3 .  The s t a t i o n s ,  SQH, PSZA and PS3 w i l l  be d i s c o n t i n u e d .  

4 .  Thc stations, B K J ,  IVF and PW w i l l  be u p g ~ a d e d  Lu Lhret! 

component s t a t  i o n s .  

5 .  A l l  s t a t i o n s  w i l l  be s e r v i c e d  such t h a t  they w i l l  l a s t  f o r  two 

ycar.9 n.9 oppnaerl t o  the  pi-eseilt oile yedr l i I : e ~ i m t ! .  A t  sume 

sracioris we w i l l  deploy a  double  s e t  o t  b a t t e r i e s  and a t  o t h e r  

s t a t i o n s  w e  p l a a  Lu i ~ l s L a l l  pane l s  of solar c e l l s  and 
/ 

r e c h a r g e a b l e  b a t t e r i e s .  

6 .  A d i g i t a l  t r a n s m i s s i o n  l i n k  w i l l  be i n s t a l l e d  between SGB and 

Sand P o i n t .  

During the  pas t  y e a r s  h e l i c o p t e r  suppor t  was provided by t h e  

NOAAIBLM OCSEAP program. We have now been informed t h a t  t h e  summer of 



1982 w i l l  d e f i n i t e l y  be t h e  l a s t  year  of NOAA h e l i c o p t e r  suppor t .  

Th i s  suppor t  would c o s t  about $100,000 from a  p r i v a t e  c o n t r a c t o r  and 

i s  v i t a l  t o  t h e  maintenance of t h e  networks.  We p lan  t o  f i n d  

a l t e r n a t e  sources  of funds and w i l l  make an e f f o r t  t o  make t h e  network 

more e a s i l y  s e r v i c e d .  A s  l i s t e d  above,. we p lan  t o  combine r e p e a t e r  

s t a t i o n s  and t o  s e r v i c e  t h e  remote s t a t i o n s  every  o t h e r  yea r .  These 

e f f o r t s  could p o s s i b l e  h a l f  our  h e l i c o p t e r  c o s t s  i n  t h e  f u t u r e .  



F i g u r e  21.  Unalaska Network. Remote s t a t i o n s  (MAK, SDE, AKA, and USR) a r e  s h ~ w n  by a  f i l l e d  c i r d l e ,  s t a t i o n s  
p lanned bu t  n o t  i n s c a l z e d  (TGD and WDL) due t o  wea the r  and mechanica l  problems a r e  sllown by tlre c i r c l e s  enc l .os ing  
a  d o t .  3l1e two f i l k e d  c i r c l e s  i n  t h e  upper  r i g h t  c o r n e r  a r e  t h e  s t a t i o n s  F a l s e  PESS (FPS) and Sanak J s l a n d  (SNK) 
o f  t h e  Shunlagin Netuork.  The r e c o r d i n g  c e n t e r  f o r  t h e  Unalaska Network is i n  Dutc.h Harbor  (DUT) shown by a  f i l l e d  
hexagon. The senso-c a t  each  of t h e  remote s t a t i o n s  is a  s i n g l e ,  v e r t i c a l  se ismometer  of  1  Hz n a t u r a l  f r equency .  
At,DUT t h e r e  a r e  t h c e e  orth.>gor;al se ismometers  a t  1  I l k ,  one v e r t i c a l  a t  15 sec a n c  a  K ineme t r i c s  SMA-1 s t r o n g -  .A 

0 
motion  a c c e l e r o g r a p h  ( r n d i c a t e d  by t h e  heavy l i n e  unde r  t h e  d e s i g n a t o r  code  DUT). I n  a d d i t i o n  t o  t h e  u s u a l  
s h o r t - p e r i o d  mode, rhe  o r t h o g o n a l  s e t  i s  a l s o  r eco rded  i n  a n  i n t e r m e d i a t e  p e r i o d  mode which i s  des igned  t o  span  
t h e  band from 20 t o  .25 s sconds  p e r i o d  and t o  b e  i n t m l e d i a t e  i n  m a g n i f i c a t i o n  between t h e  s h o r t  p e r i o d  and t h e  
s t rong-mot ion  sys t ems .  A l l  of t h e  s i g n a l s  ( excep t  t h o s e  o f  t h e  SEIA-1) a r e  e v e n t - c e t e c t e d  and r e c o r d e d  on a n a l o g  . 
magnet ic  t a p e .  Two l l e l i c o r d e r  r e c o r d s  a r e  made t o  c m t . i n u o u s l y  mon i to r  t h e  sys tem.  The magne t i c  t a p e s  a r e  d l g i -  - a 

t i z e d  and proces sed  a t  I.-DCI) u s i n g  t h e  USGS PDP 11 /70  d a t a  a n a l y s i s  system. 



.I 
Figure  2 2 ,  Sllimagin Network. Kemote s t a t i o n s  wi th  a  s i n g l e ,  v e r t i c a l  geophone a r e  shown wi th  f i l l e d  c i r c l e s .  r 

S t a t i o n s  w i t h  t h r e e  o r thogona l  seisrnometers (CNB, SGB, and SAN) a r e  shown w i t h  a  f i l l e d  hexagon. Network s t a t i o n s  
w i t 1 1  SMA-1 strong-motion a c c e l e r o g r a p h s  a r e  i n d i c a t e d  by t h e  heavy l i n e  under t h e  d e s i g n a t o r  code. Those w i t h  
doub le  u n d e r l i n i n g  t r a n s m i t  an SMA t r i g g e r  s i g n a l :  when one of t h e s e  SMA's is t r i g g e r e d ,  a t o n e  is s e n t  v i a  t h e  
VllF t e l e m e t r y  system t o  a  d e t e c t o r  a t  SAN which t u r n s  on t h e  t a p e  r e c o r d e r .  The t r i a n g l e s  a t  SIM and CDB i n d i -  
c a t e  SMA-1's u n r e l a t e d  t o  any network s t a t i o n .  The SAN s t a t i o n  h a s  t h r e e  o r t h o g o n a l  l ong  p e r i o d  seismograplls  a s  w e l l  
a s  t h e  s l l o r t  and i n t e r m e d i a t e  p e r i o d  sys tem s i m i l a r  t o  t h a t  a t  DUT ( s e e  c a p t i o n  from F i g u r e  21). S i g n a l s  a t  SAN 
a r e  recorded on e v e n t  d e t e c t i n g  magnet ic  t a p e  r e c o r d e r s  ( ana log  and d i g i t a l )  and 8 H e l i c o r d e r s ;  r e c o r d s  from t h e s e  
d e v i c e s  a r e  processed a t  1,-DGO. 
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7.1 Volcano Reports from k3e Smithsonian Institute Prepared With 

\ / Assistance of Lamont-Doherty Pe~,sonnel for Eruptions of Pavlof and 

Shishald in Volcanoes, Ear tern /\d;&an Arc 

/ '\ 
/ (a) For September 1980 Sequences 

(b) For September 1981 Sequences ' \ 
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Pavlol Volcano, Alaska Peninsula. Alaska, U.S.A. . 

(55.42"N, 161.90°W). All times are local (GIUT - 10h). An 
eruption from Pavlof November 1 1 -1 2 ejected large lava 
fountains and ash clouds that reached 11 kin altitude and 
may have produced lava flows. 

A seismic station 10 km southwest of Pavlof registered a 
2'12 min burst of low-amplitude harmonic tremor beginning on 
November 5 at 1351. Emission of steam. ash. and some . 
blocks from a vent high on the noflheasi flank s:arted No- 
vember 8 at 1047 and 1as:ed about 5 min, without accom- 
panying seismicity. A second burst o f  low-amplitude tremor 

.- . . - . . . . . . . . .  
occurred between 0536 and 0541 on November 9. 

In contrast to the paitern observed before eruptions in 
1973. 1974. 1975. and 1976, vidtially no additional seismic 
activity v;as recorded until a Group of seven low-freguency., 
volcanic earthquakes occurred a1 about~2300'0;1'~o~e~&r 
10. After an explosion event appeared on seismic records at 
0243 on November 11.10 more low-frequency volcanic 
eaflhquakes were recorded between 0300 and 0400. Conlin- 
uous harmonic tremor, of fairly low amplitude, began at 0608, 
but amplitude intensified around 0900. 

fieeve Aleutian Ainrays pilot Everen Skinner saw rocks up 
to 1 m in diameter rising 10 to 30 m at 131 5 on November 1 1. 
An observer in Cold Bay. 60 km to the West; noted an in- 
crease in activity about 1600. Skinner relurned to the vicinity 
of Pavlof between 1630 and 1700, reporling lava fountaining 
from the summit, a black cloud hugging the volcano's upper 
north ffank, and an eruption column reaching an estimated 6 , 
k n  altitude. &tween 1800 and 2000. various witnesses re- 
ported lava fountaining to a maximum height of 300 m and 
incandescent material moving down the north flank. A satel- 
lite image returned al 1958 shows a nearly circular plume, 15 
km in dia-meter, north of the volcano. Activity was visible 
through the night from Cold Say (see above) and the Sand 
Point area (50-65 km l o  llie east northeast). 

The next morning, at 0946, a satellite image revealed a , 

plume 160 km long and almost as wide spreading north of - 
Pavlof. Spectral analysis and weather balloon data indicate 
!hat the plume reached 8-9 km above sea level. Pilot reports 
on November 12 placed the top of the eruption cloud at 9 km 
at 1000, 6 km at 11 00. and 11 km at 1400. The eruption 
clouds were described as varying from ash-rich to ash-poor. 
A helicopter crew from KEN1 television. Anchorage, video- 
taped pulses and bu~sls of lava founraining, rising 150-300 
m between 1600 and 1700. The fountains emerged from a 
preexisting vent high on the northeast flank. the only vent 
confirmed active during the eruption. 

' 

.\!cry hich amplitude harmonic tremor accorripanied the 
erupiion, reaching its stlongest levels be!ween 2000 on No- 
vernkr 11 and 0700 on November 12. Tremor ceased at 
1835 on November 12, at which lime many 6-type earth- 
quakes began to be recorded. 

By the morning of November 13, the eruplion had ended. 
Several hundred B-type events per day were recorded No- 
vember 14- 15. Renewed high-amplitude tremor began No- 

. vember i 5 at 1306, lasting until 171 1. B-type earthqtiakes 
continued November 16-19, but fewer than 1OOiday were re- 
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Informaiion con:acts: S. McNun and J. Davies, Lamont- - 

Doherty Geological Observatory. Palisades. N Y  10964. 
Alison Till, U.S. Geological Survey, 1209.0rca St.. Anchor- 

. . .  age. AK 99501. . . 
J i t rg~n Kienle. Geophysical lns!i!vte:Uni~c!sity o: A:aska, 

FzibanL.s, kK 93701. . . 
G. RoSerts, Cold Say \'$~a:her S:ation, CoC Bay. AK 

00571. 
Grncander John Hair, Chief, h4arine Environmental -. . 

Granch, P 0 S o x  3-5000 (l\!EP), Juneau. AK 09802. 



Pavlof Volcano, Alaska Peninsula. Alaska, USA 
(55.4rN, 161.WW); Shishaldin Volcano, Unimak Island. 
Aleutfan Islands, Alaska, USA (54.7S'N. 763.9PW). All 
times are local (GMT - 9 h). NOAA weather satellite irn- 
ages revealed an eruption plume.emerging from Pavlof at 
1030 on September 25. On the image returned at 141 5, 
when weather douds next permitted a dear view of the 
area, both Pavlof and Shishaldin (about 150 km to the 
southwest) were emitting plumes. At 1545. data from infra- 
red imagery indicated that the temperature at the top of 
Pavlofs doud was -55°C. corresponding to an altitude of 
about 9 km, and Shishaldin's doud had reached G7.5-h 
altitude. The douds drifted nearly due east and were still' 
visible at 1945 when imagery showed a new plume origi- 
nating from. Pavlof (but not from Shishaldin). By 2215 the 
new plume had reached 4-10.5-krn altitude and feeding 
from Pavlof appeared to be continuing. By 0415 the next 
morning the. bulk of this plume had drifted to the xutheast 
and'appeared to be largely disconnected from its source, 
although faint traces of plume may have extended back to 
Pavlof. Fishermen in Paviof Bay reported that activity con- 
tfnued through the night. dropping nearly 4 cm of ash on 
one boat. An ash sample from one of the boats was sent to 
the U.S. Geological Survey (USGS) in Anchorage. No cer- 
tain acthrity could be distinguished on the satellite image re- 
turned at 0615, but there were unconfirmed reports of a re- 
newed eruption at Pavlof by about 0700. and by 0930 the 
imagery again showed plumes from both Pavlof and Shi- 
shaldin. From infrared imagery, a temperature of -28°C 
was determined for the top of Pavlofs plume, indicating 
that its altitude was approximately 7.5 km. A Reeve Aleu- 
tian Always pilot flytng near Pavlof at 1000 observed a 
black e ~ p t l o n  column and estimated the altitude of its top 
at roughly 6-7 krn. He also reoorted Incandescent material 
on the west flank. On the next satellite image with clear vls- 
ib i i i ,  returned at 1415, a faint plume that extended to the 
east southeast was still connected to Pavlof, but no actlvity 
could be seen at Shishaldin. No eruption clouds have been 
observed on the imagery since then, and there have been 
no reports from pilots of renewed activity. 

A visit to the Pavlof October 2-3 by Egill Hauksson and 
Lazlo Skinta revealed that lava had been extruded from a 
vent about 100 m below the summit (elevation 2518 m) and 
had flowed down the north northwest flank to about the 
600-m level. The lava covered an area of roughly 3 krna 
and was 6-7 m thick at the thickest portion of the flow 
front. which was not advancing. A sample of the lava was 
sent to the Lamont-Dohefty Geological Observatory. NO 
ashfall thicknesses could be determined because of redis- 
tribution by very strong winds. 

A Larnont-Doherty seismic monitoring station 7.5 km SE ' 
of Pavlof s summit recorded occasional periods of harmonic 
tremor and an increase in the sue of 6-type events begin- 
ning about 2 weeks before the eruption. However. a few 
days before the eruption began. both the number and sue 

' 

of events decreased; only five discrete shocks were record- 
ed between 1 SO0 on September 22 and 1500 on the 23rd. 
and only two during the next 24 hours, as compared to an 
average background level of. 15-25 per day. On September 
25. the day Pavlofs eruption was first observed on satellite 
imagery, the seismographs recorded a few more discrete 
events and intermittent. very low amplitude harmonic trem- 
or.'Between 2000 on September 25 and 0300 on Septem- 
ber 26, tremor amplitude increased gradually, and by about 
0330, tremor was saturating the instruments. The strongest 
tremor was recorded between 0500 and 0900, then ampli- 

tudes began to decrease. However, tremor remained 
strong and continuous until 1220 on September 27, when it 
declined to several-minute bursts, between which discrete 
events could be observed. About 100 discrete events and 
lower-amplitude bursts of tremor were recorded during the 
24-hour period ending at 1500 on September 28. As of Oc- 
tober 5, &type events and bursts of harmonic tremor were 
continuing. 

Pavlof last erupted in November 1980, ejecting ash 
clouds that reached 11 -lan altitude, large lava fountains, 
and a long narrow lava flow that moved down the north 
flank (see SEAN Bulletin, 5, 11). Both the 1980 and 1981 
eruptions occurred from vents high on the north flank, but it 
was not certain at press time whether lkese wem the same 
vents. Shlshaldln's last reported activlty was in February 
1979, when pilots saw unusually strong ash emission on 
the 14th. 1 Sth, and 1 7th. 

Information contacts: Thomas Miller and James Riehle. 
USGS, 1209 Orca St, Anchorage, Alaska 99501; Stephen 
Mdutt and Egill Hauksson, Department of Geological Sd- 
ences, Columbia University and Lamont-Doherty Geologi-, 
cal Observatory, Palisades, New Yo*, 10964; Waldo 
Younker, NOANNESS, SFSS, Box 45, Room 518-F, 701 
C St. Anchorage, Alaska 99513. 
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