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INTRODUCTION 

The U.S. Geo log ica l  Survey (USGS) began a  r e g i o n a l  program o f  te lemete red  
se ismic  r e c o r d i n g  i n  sou th - cen t ra l  A laska i n  1971. The p r i n c i p a l  o b j e c t i v e s  
o f  t h i s  program have been t o  use da ta  recorded  by  t h i s  network t o  p r e c i s e l y  
l o c a t e  earthquakes i n  t h e  a c t i v e  se ismic  zones o f  southern Alaska, d e l i n e a t e  
s e i s m i c a l l y  a c t i v e  f a u l t s ,  assess se ismic  r i s k ,  document p o t e n t i a l  p remon i to ry  
ear thquake phenomena, i n v e s t i g a t e  c u r r e n t  t e c t o n i c  deformat ion,  and s tudy  t h e  
s t r u c t u r e  and p h y s i c a l  p r o p e r t i e s  o f  t h e  c r u s t  and upper mant le.  A t a s k  
fundamental t o  a l l  o f  these goa l s  i s  t h e  r o u t i n e  c a t a l o g i n g  o f  ear thquake 
parameters f o r  earthquakes l o c a t e d  w i t h i n  and ad jacen t  t o  t h e  seismograph 
network. 

The i n i t i a l  network o f  10 s t a t i o n s ,  seven around Cook I n l e t  and t h r e e  
near  Valdez, was i n s t a l l e d  i n  1971. I n  subsequent summers a d d i t i o n s  o r  
m o d i f i c a t i o n s  t o  t h e  network were made. By t h e  f a l l  o f  1973, 26 s t a t i o n s  
extended f r om western Cook I n l e t  t o  eas te rn  P r i nce  W i l l i a m  Sound, and f o u r  
s t a t i o n s  were l o c a t e d  t o  t h e  e a s t  between Cordova and Yakutat .  A  yea r  l a t e r  
20 a d d i t i o n a l  s t a t i o n s  were i n s t a l l e d .  T h i r t e e n  o f  these  were p l aced  a long  
t h e  eas te rn  G u l f  o f  Alaska w i t h  suppor t  f r om  the  Na t i ona l  Oceanic and 
Atmospheri c A d m i n i s t r a t i o n  (NOAA) under t h e  Outer Con t i nen ta l  Shel f  
Environmental  Program t o  i n v e s t i g a t e  t h e  s e i s m i c i t y  o f  t h e  o u t e r  c o n t i n e n t a l  
she l f ,  a  r e g i o n  of i n t e r e s t  f o r  o i l  exp lo ra t i on .  Dur ing  t h e  subsequent yea rs  
t h e  r e g i o n  covered by t h e  network has remained r e l a t i v e l y  f i x e d  w h i l e  e f f o r t  
has been made t o  improve t h e  i n s t r u m e n t a t i o n  and i n s t a l l a t i o n  o f  t h e  s t a t i o n s  
i n  o r d e r  t o  make them more r e l i a b l e .  

The l o c a t i o n s  o f  t h e  s t a t i o n s  o f  t h e  USGS seismograph network a r e  p l o t t e d  
i n  F i g u r e  1  and l i s t e d  i n  Table 1  a long  w i t h  t h e  a d d i t i o n a l  s t a t i o n s  f rom 
which read ings  were obta ined.  Each USGS s t a t i o n  has a s i n g l e ,  v e r t i c a l -  
component seismometer. The s t a t i o n s  GLB, PNL, RDT, SKN, and VLZ a l s o  have 
nor th -sou th -  and eas t -wes t -o r ien ted  h o r i z o n t a l  seismometers. 

Th i s  ear thquake c a t a l o g  p resen ts  o r i g i n  t imes, f o c a l  coord ina tes ,  and 
magnitudes f o r  356 shocks o c c u r r i n g  i n  t h e  second q u a r t e r  o f  1978. Readings 
from a  t o t a l  of 71 s t a t i o n s  were used t o  l o c a t e  t h e  shocks, i n c l u d i n g  12 
s t a t i o n s  operated by  t h e  NOAA Alaska Tsunami Warning Center ( f o r m e r l y  Palmer 
Observatory) ,  14  s t a t i o n s  operated by t h e  Geophysical I n s t i t u t e  o f  t h e  
U n i v e r s i t y  of A laska (U. o f  A . ) ,  one s t a t i o n  opera ted  b y  t h e  N a t i o n a l  
Earthquake I n fo rma t i on  Se rv i ce  of t h e  U.S. Geo log ica l  Survey, and two s t a t i o n s  
operated i n  southwest Yukon T e r r i t o r y  by t h e  Department o f  Energy, Mines and 
Resources, Canada. 

Earthquakes i n  sou th - cen t ra l  Alaska as sma l l  as magnitude 3.0 have been 
r o u t i n e l y  l o c a t e d  by  t h e  Na t i ona l  Earthquake I n f o r m a t i o n  Se rv i ce  o f  t h e  USGS 
and i t s  predecessor s i n c e  t h e  g r e a t  A jaska ear thquake o f  1964 and a re  
pub1 i shed  i n  t h e  r e p o r t s  ' IP re l im inary  De te rmina t ion  o f  Ep icen te rs ' l  (PDE). I n  
c o n t r a s t ,  t h e  shocks i nc l uded  i n  t h i s  c a t a l o g  a re  as smal l  as magnitude 0.5 
and most a re  sma l l e r  t han  magnitude 3.0. Data f o r  t h e  l a r g e r  h i s t o r i c  
earthquakes t h a t  occur red  i n  sou th - cen t ra l  A laska th rough  1975 have been 
tabu1 a ted  by  Meyers ( 1  976). 
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T h i s  t a b l e  l i s t s  geograph ic  c o o r d i n a t e s  and o t h e r  p e r t i n e n t  i n f o r m a t i o n  f o r  
s t a t i o n s  used i n  t h e  p r e p a r a t i o n  o f  t h i s  c a t a l o g .  P-MOD i s  t h e  number o f  t h e  
P-wave v e l o c i t y  model ass igned  t o  t h e  s t a t i o n  ( s e e  t e x t ) ,  where t h e  numbers 1, 2, 

and 3 co r respond  t o  t h e  wes te rn ,  c e n t r a l  and e a s t e r n  models.  D i s  t h e  t h i c k n e s s  
o f  t h e  l o w - v e l o c i t y  s u r f i c i a l  sed imen ta ry  l a y e r  i n  k i l o m e t e r s  a s s i g n e d  i n  t h e  
c a l c u l a t i o n  o f  t r a v e l t i m e  d e l a y s  t o  a  g i v e n  s t a t i o n .  DLY1-3 a r e  t h e  s t a t i o n  P-  
phase t r a v e l t i m e  d e l a y s  i n  seconds. TDLY i s  t h e  t e l e p h o n e  l i n e  d e l a y  i n  seconds. 
The m a g n i f i c a t i o n  (MAG) o f  t h e  v e r t i c a l  seismograph component i s  g i v e n  a t  1 Hz. 
The i n s t i t u t i o n s  (INST) o p e r a t i n g  t h e  s t a t i o n s  o t h e r  t h a n  t h e  USGS O f f i c e  o f  
Ear thquake S t u d i e s  a r e  t h e  NOAA A laska Tsunami Warning Center ,  t h e  Geophys ica l  
I n s t i t u t e  o f  t h e  U n i v e r s i t y  o f  A laska (UOFA), t h e  N a t i o n a l  Ear thquake I n f o r m a t i o n  
S e r v i c e  (NEIS),  and t h e  Department o f  Energy, Mines and Resources, Canada ( E M R C ) .  



INSTRUMENTATION 

The i ns t rumen ta t i on  i n  t h e  USGS seismograph network i s  i l l u s t r a t e d  i n  t h e  
b l ock  diagram i n  F igu re  2. Data from each seismometer a r e  te lemetered t o  t h e  
NOAA Alaska Tsunami Warning Center i n  Palmer. The s tandard equipment a t  each 
f i e l d  s t a t i o n  i nc l udes  a  v e r t i c a l  seismometer w i t h  a  n a t u r a l  f requency of 
1.0 Hz (Mark Products, Model L-4), a  package c o n s i s t i n g  o f  an a m p l i f i e r  and a 
vo l t age -con t ro l  l e d  o s c i  1  l a t o r  (VCO model NCER 202, o r  A1 VCO, see Rogers and 
others ,  1980), and " a i r - c e l  1  'I s to rage  b a t t e r i e s  (McGraw-Edi son, Model 
ST-2-1 000). The A1 VCO c r y s t a l  - re ferenced u n i t s  have an automat ic  ga i  n- rangi  ng 
c a p a b i l i t y  and p rov ide  d a i l y  i n f o r m a t i o n  on t h e  g a i n  s e t t i n g ,  geophone 
response, b a t t e r y  vo l tage,  s t a t i o n  i d e n t i f i c a t i o n ,  and temperature. Data a re  
te lemetered v i a  a  combinat ion o f  leased te lephone c i r c u i t s  (some o f  which a r e  
re l ayed  by sate1 1  i t e  and have a  -0.27 sec de lay )  and VHF (162-114 MHz) r a d i o  
1  inks.  The r a d i o  equipment c o n s i s t s  o f  low-power t r a n s m i t t e r s  (100 mW) and 
r e c e i v e r s  adapted f r om HT-200 Motoro la  h a n d i e - t a l k i e  t r ansce i ve rs .  Yagi 
antennae w i t h  9 db d i r e c t i o n a l  g a i n  (Scala, Model CAS-150) a r e  used, A t  some 
s i t e s  where AC power i s  a v a i l a b l e ,  base-s ta t ion  r a d i o  r e c e i v e r s  (G.E. Model 
R46AP66B) w i t h  g r e a t e r  s e n s i t i v i t y  and r e 1  i a b i  1  i ty  are  used. The c e n t r a l  
r e c o r d i n g  f a c i l i t y  i nco rpo ra tes  a bank o f  d i s c r i m i n a t o r s  (NCER J l O l  o r  Develco 
Model 6203), f o u r  16 mm-film mu l t i - channe l  o s c i l l o g r a p h s  (Teledyne Geotech 
Develocorder, Model 4000D), a  14-channel analog tape  reco rde r  ( B e l l  and Howell 
Model VK3700B), and a  time-code generator  (Datum, Model 9100). 

The p r i n c i p l e  o f  ope ra t i on  i s  as f o l l o w s :  The seismometer t r a n s l a t e s  
movement o f  t h e  ground i n t o  an e l e c t r i c a l  vo l t age  t h a t  i s  f e d  i n t o  t h e  
ampl i f ier /VCO u n i t  where t h e  amp l i f i ed  vo l t age  causes t h e  f requency of an 
audio-band o s c i l l a t o r  t o  f l u c t u a t e  about i t s  cen te r  frequency. The 
frequency-modulated (FM) tone  f rom t h e  ampl i f ier /VCO u n i t  i s  c a r r i e d  d i r e c t l y  
by voice-grade te lephone c i r c u i t  t o  t h e  reco rd ing  s i t e  o r  a l t e r n a t e l y  i s  f e d  
th rough a  VHF r a d i o  l i n k  on to  a  te lephone c i r c u i t .  A t  t h e  r e c o r d i n g  s i t e  t h e  
FM seismic s i g n a l  i s  demodulated by a  d i s c r i m i n a t o r .  The demodulated s i g n a l ,  
which i s  s imp l y  an a m p l i f i e d  fo rm o f  t h e  i n i t i a l  s i g n a l  f r om t h e  seismometer, 
i s  recorded p h o t o g r a p h i c a l l y  on a  mu l t i channe l  o s c i l l o g r a p h ,  t oge the r  w i t h  
t ime  marks f rom a  c r y s t a l - c o n t r o l l e d  chronometer. Twenty-four hours o f  da ta  
f o r  18 s t a t i o n s  can be recorded on a s i n g l e  43-m-1 ong r o l l  o f  16-mm f i l m .  

S i gna l s  f rom more than  one seismograph can be t r a n s m i t t e d  on a  s i n g l e  
te lephone c i r c u i t  by employing VCO u n i t s  w i t h  d i f f e r e n t  c e n t e r  f requencies.  
I n  t h e  s tandard c o n f i g u r a t i o n  t h e r e  i s  a  340 Hz sepa ra t i on  between cen te r  
f requenc ies  and a  f i x e d  bandwidth o f  250 Hz. Up t o  e i g h t  se ismic channels 
w i t h  cen te r  f requenc ies  rang ing  f rom 680 t o  3060 Hz may be p laced  on a  s i n g l e  
voice-grade te lephone c i r c u i t .  

F i gu re  3 i l l u s t r a t e s  t h e  response c h a r a c t e r i s t i c s  o f  t h e  e n t i r e  se ismic 
system from seismometer t o  f i l m  viewer. The response l e v e l  a t  each s t a t i o n  i s  
ad jus ted  i n  s teps of  6 dec ioe l s  so t h a t  t h e  ambient se ismic n o i s e  produces a 
smal l  d e f l e c t i o n  o f  t h e  t r a c e  on t h e  f i l m .  As a r e s u l t ,  t h e  a c t u a l  response 
f o r  an i n d i v i d u a l  s t a t i o n  may d i f f e r  f rom t h a t  o f  t h e  t y p i c a l  s t a t i o n  by  a  
f a c t o r  o f  2, 4, 8, e tc .  The m a g n i f i c a t i o n  o f  t h e  t y p i c a l  s t a t i o n  i s  about 
6x104 a t  1  Hz and 106 a t  10 Hz. The g a i n  o f  a s t a t i o n  t h a t  has an A l V C O  
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Figure 3. System response curves f o r  typica l  USGS A l a s k a  seismographs 
t h a t  incorpora te  t h e  A l V C O  u n i t  ( so l  id curve)  and t h e  o lde r  
V C O  model N C E R  202 u n i t  (do t t ed  cu rve ) .  



u n i t  i s  a u t o m a t i c a l l y  reduced by a  f a c t o r  o f  10 when t h e  f l u c t u a t i o n s  o f  t h e  
FM s i g n a l  exceed a p r e s e t  th resho ld .  

The i n s t a l l a t i o n  o f  a  t y p i c a l  r a d i o - l i n k e d  s t a t i o n  i s  shown i n  F igu re  4. 
Degradat ion o r  i n t e r r u p t i o n  o f  da ta  t ransmiss ion  due t o  inc lement  weather 
c o n d i t i o n s  i s  a  ma jo r  problem d u r i n g  t h e  w i n t e r  months. Some i n d i c a t i o n  of  
t h e  ope ra t i ona l  r e l i a b i l i t y  o f  t h e  USGS s t a t i o n s  can be i n f e r r e d  f r om t h e  p l o t  
o f  s t a t i o n  use i n  F igu re  5. 

DATA PROCESS I NG 

The 16-mm f i l m s  ( f o u r  p e r  day) a re  ma i led  weekly from Palmer t o  Menlo 
Park where t h e  se ismic da ta  a r e  processed by t h e  f o l l o w i n g  m u l t i - s t e p  r o u t i n e :  

1. Scanning. The scan f i l m ,  which has 18 s t a t i o n s  d i s t r i b u t e d  
throughout  t h e  network, i s  scanned t o  i d e n t i f y  and no te  t imes  of a l l  se ismic  
events  whether of l o c a l ,  r e g i o n a l ,  o r  t e l e s e i s m i c  o r i g i n .  

2. Timing. For  t h e  "we1 1 -recordedw l o c a l  earthquakes i d e n t i f i e d  i n  t h e  
scanning process, t h e  f o l l o w i n g  da ta  a re  read  f rom each s t a t i o n :  P-  and S- 
wave a r r i v a l  t imes, d i r e c t i o n  o f  f i r s t  motion, d u r a t i o n  o f  s i g n a l  i n  excess of 
a  g i ven  t h r e s h o l d  amp1 i t ude ,  and p e r i o d  and amp1 i tude o f  maximum recorded  
s i gna l .  The c r i t e r i o n  f o r  choosing earthquakes t o  be t imed i s  t h e  d u r a t i o n  of  
t h e  s i gna l ,  which i s  r e l a t e d  t o  t h e  magnitude. The network i s  d i v i d e d  i n t o  
t h r e e  regions--western,  c e n t r a l ,  and eastern--bounded approx imate ly  by 
l ong i t udes  156O and 150" W, 150" and 145" W, and 145" and 138" W, 
r e s p e c t i v e l y .  I n  t h e  western and c e n t r a l  reg ions,  o n l y  events  w i t h  s i gna l  
du ra t i ons  l onge r  than  80 s  and 20 s, r e s p e c t i v e l y ,  are t imed. I n  t h e  eas te rn  
reg ion ,  a l l  earthquakes which a r e  recorded by a t  l e a s t  t h r e e  s t a t i o n s  and f o r  
which a t  l e a s t  f o u r  c l e a r  a r r i v a l s  can be read  a re  t imed. Th i s  c r i t e r i o n  was 
e s t a b l i s h e d  t o  s e l e c t  f r om t h e  l a r g e  number o f  earthquakes recorded by t h e  
network those shocks t h a t  a re  o f  g r e a t e s t  i n t e r e s t  t o  c u r r e n t  research  
ob jec t i ves .  

For t h i s  ca ta log ,  t i m i n g  t h e  se ismic phases and measuring t h e  waveform 
ampl i tude was accomplished by u t i l i z i n g  a  newly-developed system c o n s i s t i n g  o f  
a computer-based son i c  d i g i t i z i n g  t a b l e  w i t h  i n t e r a c t i v e  da ta  p rocess ing  
c a p a b i l i t i e s  (Pe l t on  and o thers ,  1982). The system has four  main components 
i n c l u d i n g  ( 1 )  an o p t i c a l  f i l m  t r a n s p o r t  u n i t  t h a t  can d i s p l a y  p o r t i o n s  o f  up 
t o  f o u r  16-mm Develocorder f i l m s  concur ren t l y ,  ( 2 )  a son i c  d i g i t i z i n g  u n i t  
a c t i v a t e d  by a hand-cont ro l  l e d  cursor ,  ( 3 )  a  microcomputer t h a t  c o n t r o l s  t h e  
da ta  o r g a n i z a t i o n  and p rocess ing  tasks,  reduces t h e  d i g i t i z e d  data, computes a  
p r e l i m i n a r y  hypocenter l o c a t i o n  and magnitude, and p rov ides  an i n t e r f a c e  w i t h  
a  l a r g e r  computer f o r  f i n a l  processing, and ( 4 )  a  v ideo  d i s p l a y  f o r  easy 
mon i t o r i ng  o f  t he  c u r r e n t  process ing sequence, and a p r i n t e r  f o r  permanent 
r e c o r d i n g  o f  each da ta  a n a l y s i s  session. The system i s  designed t o  process 
one earthquake a t  a  t i m e  and a l l o w  s e l e c t i v e  remeasurement o f  any d i g i t i z e d  
datum. Th i s  method i s  a s i g n i f i c a n t  improvement ove r  t h e  s tandard m u l t i - s t e p  
process ing r o u t i n e  ( f o r  example, Lahr and o thers ,  1974) where o n l y  one f i  l m  a t  
a t ime  i s  viewed and d i g i t i z e d  on a  n o n - i n t e r a c t i v e  bas i s  and n e a r l y  a l l  
subsequent process ing i s  done i n  a ba tch  mode. 
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Figure 5a. Record of  s t a t i o n  opera t ion  f o r  USGS s t a t i o n s  during t h e  second 
qua r t e r  of  1978. The f i g u r e  indica ted  t h e  days on which  a r r i v a l  
times were obtained f o r  rotating e a r t h q u a k e s .  The t o t a l s  a t  t h e  
bottom i n d i c a t e  t h e  number o f  events  f o r  which each was used.  
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S T A T  I O N  T C T A L S :  

F i g u r e  5 b .  T h i s  i n f o r m a t i o n  i s  s i m i l a r  t o  F i g u r e  5a, b u t  r e p r e s e n t s  
t h e  f requency  w i t h  wh ich  r e a d i n g s  from each o f  t h e  non-USGS 
s t a t i o n s  were used.  



F i n a l  computer process ing i s  done u t i l i z i n g  t h e  computing f a c i l i t i e s  a t  
t h e  S tan fo rd  L i nea r  Acce le ra to r  Center and t h e  computer program HYPOELLIPSE 
(Lahr, 1980). For shocks w i t h  a  poor d i s t r i b u t i o n  o f  r e p o r t i n g  s t a t i o n s ,  
read ings  f rom a d d i t i o n a l  s t a t i o n s  o u t s i d e  t h e  USGS network a r e  sought and 
added. 

The earthquake l o c a t i o n s  a re  based on P and S a r r i v a l s .  S a r r i v a l s  a re  
impo r tan t  f o r  de te rmin ing  ep i cen te rs  o f  shocks o u t s i d e  t h e  network and depths 
o f  events  i n  t h e  B e n i o f f  zone beneath t h e  network i n  Cook I n l e t .  
Un fo r tuna te ly  f o r  some l a r g e  events,  S cannot be read a t  any s t a t i o n  because 
t h e  t r a c e s  on t h e  f i l m  ove r l ap  each o t h e r  o r  a r e  t o o  f a i n t  t o  f o l l o w .  

The HYPOELLIPSE computer program determines hypocenters by m in im iz i ng  
d i f fe rences  between observed and computed t r a v e l t i m e s  th rough an i t e r a t i v e  
least -squares scheme. I n  many respec ts  t h e  program i s  s i m i l a r  t o  HYPO71 (Lee 
and Lahr, 1972), which has been used i n  t h e  p r e p a r a t i o n  of  ca ta l ogs  o f  c e n t r a l  
C a l i f o r n i a  earthquakes s i nce  January 1969. An impor tan t  f ea tu re  a v a i l a b l e  i n  
HYPOELLIPSE i s  t h e  c a l c u l a t i o n  o f  conf idence e l l i p s o i d s  f o r  each hypocenter.  
The e l  l i p s o i d s  p r o v i d e  va luab le  i n s i g h t  i n t o  t h e  e f f e c t  of network geometry on 
poss ib l e  hypocent ra l  e r r o r s .  

VELOCITY MODELS 

Our exper ience w i t h  l o c a t i n g  earthquakes i n  southern A1 aska suggests t h a t  
s i g n i f i c a n t  l a t e r a l  v a r i a t i o n s  a re  p resen t  i n  t h e  v e l o c i t y  s t r u c t u r e  across 
t h e  network. Such v a r i a t i o n s  m igh t  be expected f rom t h e  compl icated geology 
and t e c t o n i c s  o f  t h e  r e g i o n  (e.g., P la fker ,  1967). Very l i t t l e  i n f o r m a t i o n  i n  
t h e  form o f  d i r e c t  measurement i s  a v a i l a b l e  f o r  t h e  v e l o c i t y  s t r u c t u r e  i n  
southern Alaska. I n  p rev ious  cata logs,  o n l y  two P-wave v e l o c i t y  models 
c o n s i s t i n g  of  h o r i z o n t a l  l a y e r s  o f  cons tan t  v e l o c i t y  were used t o  l o c a t e  t h e  
earthquakes (e.gr, Stephens, and o thers ,  1979). These v e l o c i t y  models were 
de r i ved  by m in im iz i ng  t h e  t r a v e l t i m e  r e s i d u a l s  f o r  se lec ted  s e t s  of 
earthquakes i n  t h e  Cook I n l e t  r e g i o n  (Model A o f  Matumoto and Page, 1969) and 
near Valdez. The models proved adequate f o r  l o c a t i n g  earthquakes as f a r  e a s t  
as Kayak Is land ,  b u t  earthquakes l oca ted  f a r t h e r  t o  t h e  e a s t  o f t e n  had l a r g e  
t r a v e l t i m e  r e s i d u a l s  a t  nearby s t a t i o n s .  An improved v e l o c i t y  model f o r  t h e  
r e g i o n  eas t  o f  Kayak I s l a n d  was developed by m in im iz i ng  t h e  t r a v e l t i m e  
r e s i d u a l s  f o r  a  se lec ted  s e t  of a f tershocks f rom t h e  1979 S t .  E l i a s  earthquake 
t h a t  occur red  n o r t h  o f  I c y  Bay (Stephens, and o thers ,  1980b). A s i g n i f i c a n t  
d i f fe rence  between t h i s  model and t h e  e a r l i e r  ones i s  t h a t  t h e  new model 
c o n s i s t s  o f  a  s i n g l e  l a y e r  o f  l i n e a r l y  i n c r e a s i n g  v e l o c i t y  over  a ha l f -space 
o f  cons tan t  v e l o c i t y ,  whereas t h e  e a r l i e r  models c o n s i s t  o f  severa l  h o r i z o n t a l  
l a y e r s  o f  cons tan t  v e l o c i t y .  

I n - t h e  p r e p a r a t i o n  o f  t h i s  cata log,  t h e  method o f  ass ign ing  v e l o c i t y  
models t o  c a l c u l a t e  t h e o r e t i c a l  t r a v e l t i m e s  t o  va r i ous  s t a t i o n s  i s  d i f f e r e n t  
f rom t h a t  used i n  some e a r l  i e r  ca ta logs .  Prev ious ly ,  t h e  v e l o c i t y  model used 
was determined by t h e  r e g i o n  i n  which t h e  earthquake occur red  and would then  
be the same f o r  a l l  s t a t i o n s  f o r  t h a t  event. I n  t h e  r e v i s e d  procedure, each 
s t a t i o n  always uses t h e  same v e l o c i t y  model, and t h e  model used i s  determined 
by t h e  r e g i o n  i n  which t h e  s t a t i o n  i s  located.  Thus, a s t a t i o n  i n  t h e  eas te rn  



r e g i o n  w i l l  use t h e  eas te rn  v e l o c i t y  model t o  c a l c u l a t e  t r a v e l t i m e s  f r om 
events  t h a t  occur i n  t h e  western, c e n t r a l  and eas te rn  p a r t s  o f  t h e  network. 

West o f  l o n g i t u d e  148" 4 5 '  W t h e  v e l o c i t y  model used i s  as f o l l o w s :  

Layer Depth (km) 

0 - D  
0 - 4  
4 - 10 

10 - 15 
15 - 20 
20 - 25 
25 - 33 
33 - 47 
47 - 65  

below 65 

P  v e l o c i t y  (km/s) 

The th ickness,  D, o f  t h e  f i r s t  l a y e r  i s  a l lowed t o  va ry  between s t a t i o n s  t o  
account f o r  t h e  presence o f  t h i c k  sec t i ons  o f  l o w - v e l o c i t y  sediments beneath 
t h e  s t a t i o n s  NKA and NNL, which a re  l o c a t e d  i n  t h e  Cook I n l e t  basin. For 
these s t a t i o n s  D  i s  4  km. For  a l l  o t h e r  s t a t i o n s  D i s  0.01 km. I t  i s  
recognized t h a t  a  model comprised o f  un i f o rm  h o r i z o n t a l  l a y e r s  may be a poor  
r ep resen ta t i on  o f  t h e  ac tua l  v e l o c i t y  s t r u c t u r e ,  p a r t i c u l a r l y  i n  t h e  v i c i n i t y  
o f  a subduct ion zone (Mi t ronovas and Isacks, 1971 ; Jacob, 1972), a l though such 
a  model does have t h e  advantage o f  s i m p l i f y i n g  t h e  computat ion of 
t r ave l t imes .  I n  o r d e r  t o  determine any b i a s  t h a t  m igh t  r e s u l t  f r om t h i s  
approximat ion, a  s e t  o f  events  i n  t h e  B e n i o f f  zone below Cook I n l e t  was 
r e l o c a t e d  us ing  a r a y - t r a c i n g  program o f  E. R. Engdahl t h a t  i nco rpo ra tes  a  
more r e a l i s t i c ,  three-d imensional  v e l o c i t y  model (Lahr,  1975). Hypocenter 
s h i f t s ,  apparen t l y  due t o  t h e  o v e r s i m p l i f i e d  f l a t - l a y e r  model, ranged f rom 
near zero a t  a depth o f  60 km t o  as g r e a t  as 25 km a t  t h e  160 km depth. The 
o f f s e t s  were o r i e n t e d  i n  such a  way t h a t  t h e  d i p  o f  t h e  B e n i o f f  zone would 
appear t o  be t o o  g r e a t  f o r  l o c a t i o n s  based on a  f l a t - l a y e r e d  model. 

For  earthquakes t h a t  occur  between l ong i t udes  148" 4 5 '  W and 144" 30'  W, 
t h e  v e l o c i t y  model used t o  l o c a t e  t h e  events  i s :  

Layer Depth (km) P v e l o c i t y  (km/s) 

0.0 
0.01 
below 39 

East o f  l o n g i t u d e  144" 30 '  W t h e  P-wave v e l o c i t y  o f  t h e  f i r s t  l a y e r  
inc reases  l i n e a r l y  f rom 5.0 km/s a t  t h e  su r f ace  t o  7.8 km/s a t  32 km depth, 
w h i l e  t h e  ha l f -space  has a  v e l o c i t y  of 8.2 km/s. 

P-phase t r a v e l t i m e  de lays  a re  a p p l i e d  t o  s t a t i o n s  i n  t h e  network t h a t  
have c o n s i s t e n t  and l a r g e  r e s i d u a l s  f o r  t h e  l o c a t i o n s  o f  l a r g e  groups o f  
earthquakes. Each s t a t i o n  has t h r e e  de lays (DLY1, DLY2, and DLY3 o f  Table 1 )  



assigned t o  i t  t h a t  correspond t o  t h e  western, c e n t r a l ,  and eas te rn  reg ions  
covered by t h e  network. The p a r t i c u l a r  de lay  t h a t  i s  used t o  l o c a t e  an 
earthquake i s  determined by t h e  r e g i o n  i n  which t h e  earthquake occurs. For 
example, a s t a t i o n  near Icy Bay t h a t  i s  used t o  l o c a t e  an earthquake beneath 
Cook I n l e t  (western r e g i o n )  w i l l  be assigned a de lay  DLY1, b u t  t h e  same 
s t a t i o n  w i l l  use DLY3 t o  l o c a t e  an earthquake t h a t  occurs beneath Icy Bay 
(eas te rn  reg ion) .  A d d i t i o n a l  de l  ays a re  appl  i e d  a t  severa l  s t a t i o n s  t o  
c o r r e c t  f o r  a s a t e l l i t e  1 i n k  i n  t h e  r e l a y  o f  t h e  s i gna l .  S-phase delays a re  
determined by m u l t i p l y i n g  t h e  P-delay by 1.78, t h e  P t o  S v e l o c i t y  r a t i o .  

The i n i t i a l  t r i a l  depths f o r  earthquakes which occur  i n  t h e  western, 
c e n t r a l ,  and eas te rn  p a r t s  o f  t h e  network a re  75, 30, and 15 km, r e s p e c t i v e l y ,  
and r e f l e c t  a p rogress ive  decrease i n  t h e  range o f  depths o f  earthquakes f rom 
west t o  east.  

MAGN 1 TUDE 

Magnitudes a re  determined f rom e i t h e r  t h e  s i g n a l  d u r a t i o n  o r  t h e  maximum 
t r a c e  ampl i tude. Eaton and o t h e r s  (1970) approximate t h e  R i c h t e r  l o c a l  
magnitude, which depends on maximum t r a c e  ampl i tudes recorded on s tandard 
h o r i z o n t a l  Wood-Anderson t o r s i o n  seismographs, by an ampl i tude magnitude based 
on maximum t r a c e  ampl i tudes recorded on h igh-gain,  h i gh -  
f requency v e r t i c a l  seismographs such as those operated i n  t h e  Alaskan 
network. The ampl i tude magnitude XMAG used i n  t h i s  c a t a l o g  i s  based on t h e  
work o f  Eaton and h i s  co-workers and i s  g i ven  by t h e  express ion  (Lee and Lahr, 
1972) 

XMAG = logl0 A - B1 + ~ ~ 1 0 ~ ~ ~ ~ 2  

where A i s  t h e  equ i va len t  maximum t r a c e  ampl i tude i n  m i l l i m e t e r s  on a s tandard 
Wood-Anderson seismograph, D i s  t h e  hypocent ra l  d i s t ance  i n  k i l ome te rs ,  and 
61 and B2  a re  constants.  D i f fe rences  i n  t h e  frequency response o f  t h e  two 
seismograph systems a re  accounted f o r  i n  A. I t  i s  assumed, however, t h a t  
t h e r e  i s  no systemat ic  d i f f e r e n c e  between t h e  maximum h o r i z o n t a l  ground mot ion  
and t h e  maximum v e r t i c a l  mot ion. The terms -B1 + B210gl 02 
approximate R i c h t e r ' s  - l o g  A, f u n c t i o n  (R i ch te r ,  1958, 8. 342),  which 
expresses t h e  t r a c e  ampl i td f le  f o r  an earthquake o f  magnitude zero as a 
f u n c t i o n  o f  e p i c e n t r a l  d is tance.  

For smal l ,  sha l low earthquakes i n  c e n t r a l  C a l i f o r n i a ,  Lee and o t h e r s  
(1972) express t h e  d u r a t i o n  magnitude FMAG a t  a g i ven  s t a t i o n  by t h e  r e l a t i o n  

where T - i s  t h e  s i g n a l  d u r a t i o n  i n  seconds from t h e  P-wave onset  t o  t h e  p o i n t  
where t h e  peak-to-peak t r a c e  ampl i tude on t h e  Geotech Model 6585 f i l m  v iewer  
f a l l s  below 1 cm and DEL i s  t h e  e p i c e n t r a l  d i s t ance  i n  k i lometers .  

Comparison of XMAG and FMAG es t imates  f rom equat ions (1)  and ( 2 )  f o r  77 
Alaskan shocks i n  t h e  depth range 0 t o  150 km and i n  t h e  magnitude range 1.5 
t o  3.5 r evea l s  a sys temat ic  l i n e a r  decrease of FMAG r e l a t i v e  t o  XMAG w i t h  



i n c r e a s i n g  f o c a l  depth. To remove t h i s  discrepancy, a l i n e a r  dependence on 
depth i s  added t o  the express ion  f o r  FMAG as f o l l o w s :  

FMAG = -1.15 + 2.00 log10 T  + 0.007 Z + 0.0035 DEL ( 3  

where Z i s  t h e  f o c a l  depth i n  k i lometers .  

The magnitude p r e f e r e n t i a l l y  assigned t o  each earthquake i n  t h i s  c a t a l o g  
i s  t h e  FMAG est imate.  The XMAG va lue  i s  used o n l y  where no FMAG can be 
determined. 

ANALYSIS OF QUALITY 

Two types  o f  e r r o r s  e n t e r  i n t o  t h e  de te rm ina t i on  o f  hypocenters:  
sys temat ic  e r r o r s  l i m i t i n g  t h e  accuracy o f  hypocenters and random e r r o r s  
1  i m i  t i  ng t h e  p rec i s i on .  Systematic e r r o r s  a r i s e  f rom an i n c o r r e c t  v e l o c i t y  
model, m i s i d e n t i f i c a t i o n  o f  phases, o r  sys temat ic  t i m i n g  e r r o r s  and can be 
eva lua ted  th rough c o n t r o l l e d  exper iments such as l o c a t i n g  t h e  coord ina tes  o f  a  
known explos ion.  Random e r r o r s  r e s u l t  f rom random t i m i n g  e r r o r s  and a r e  
es t imated  f o r  each earthquake through t h e  use o f  s tandard s t a t i s t i c a l  
techniques. 

For  each earthquake, HYPOELLIPSE c a l c u l a t e s  t h e  l eng ths  and o r i e n t a t i o n s  
o f  t h e  p r i n c i p a l  axes o f  t h e  j o i n t  conf idence e l l i p s o i d .  The one-standard- 
d e v i a t i o n  conf idence e l l i p s o i d  descr ibes  t h e  r e g i o n  o f  space w i t h i n  which one 
i s  68 pe rcen t  c o n f i d e n t  t h a t  t h e  hypocenter l i e s ,  assuming t h a t  t h e  o n l y  
source o f  e r r o r  i s  random read ing  e r r o r .  The e l l i p s o i d  i s  a  f u n c t i o n  o f  t h e  
s t a t i o n  geometry f o r  each i n d i v i d u a l  event, t h e  v e l o c i t y  model assumed and t h e  
s tandard d e v i a t i o n  o f  t h e  random read ing  e r r o r .  The s tandard d e v i a t i o n  
determined f r om repeated read ings  o f  t h e  same phases by f o u r  se ismo log is ts  i s  
as smal l  as 0.01 t o  0.02 s  f o r  t h e  most impu l s i ve  a r r i v a l s  and as  l a r g e  as 
0.10 t o  0.20 s  f o r  emergent a r r i v a l s .  The conf idence e l l i p s o i d s  a r e  computed 
f o r  a  s tandard d e v i a t i o n  o f  0.16 s  and t h e r e f o r e  l i k e l y  overes t imate  t h e  68 
pe rcen t  conf idence reg ions.  The s tandard d e v i a t i o n  o f  t h e  r e s i d u a l s  f o r  an 
i n d i v i d u a l  s o l u t i o n  i s  n o t  used t o  c a l c u l a t e  t h e  conf idence e l l i p s o i d  because 
i t  con ta ins  i n f o r m a t i o n  n o t  o n l y  about random read ing  e r r o r s  b u t  a l s o  about 
t h e  i n c o m p a t i b i l i t y  of t h e  v e l o c i t y  model t o  t h e  data. Thus, t h e  con f idence  
e l l i p s o i d  i s  a  measure o f  t h e  p r e c i s i o n  o f  t h e  hypocentra l  s o l u t i o n .  I n  a  few 
extreme cases t he  va lue  c a l c u l a t e d  f o r  one o f  t h e  e l l i p s o i d  axes becomes ve ry  
l a r g e  corresponding t o  a  s p a t i a l  d i r e c t i o n  w i t h  v e r y  g r e a t  unce r ta i n t y .  I n  
these cases an upperbound l e n g t h  o f  25 km i s  tabu la ted .  

To f u l l y  eva lua te  t h e  q u a l i t y  of a  hypocenter one must cons ider  bo th  t h e  
con f idence  e l l i p s o i d  and t h e  r o o t  mean square (RMS) r e s i d u a l  f o r  t h e  
so lu t i on .  The RMS r e s i d u a l  r e f l e c t s  bo th  sys temat ic  and random e r r o r s ,  bu t  
t h e  random e r r o r s  a r e  t y p i c a l l y  much smal ler .  Hence t h e  RMS r e s i d u a l  i s  
p r i m a r i l y  a  measure of t h e  i n c o m p a t i b i l i t y  o f  t h e  v e l o c i t y  model, 
m i s i n t e r p r e t a t i o n  of  phases, and sys temat ic  t i m i n g  e r r o r s .  I n t e r p r e t a t i o n  of  
t h e  RMS r e s i d u a l  may depend upon t h e  l o c a t i o n  o f  t h e  earthquake. I n  areas 
where t h e  v e l o c i t y  model i s  incompat ib le  w i t h  t h e  r e a l  ear th ,  RMS r e s i d u a l s  
cou ld  be l a r g e  and r e f l e c t  t h e  i n c o m p a t i b i l i t y ;  a l t e r n a t i v e l y ,  t h e  RMS 
r e s i d u a l s  cou ld  be smal l  and n o t  r e f l e c t  t h e  e r r o r  i n  a  bad hypocenter. Where 



Figure 5. Map of earthquake epicenters  f o r  the  period April - June, 1978.  
Earthquakes a r e  p lo t ted  with a symbol t h a t  represents  the  qua l i ty  
of the  locat ion  ( see  Appendix), with A and B representing b e t t e r  
q u a l i t y .  Quaternary volcanoes ( a f t e r  King, 1959) a r e  indicated 
by s t a r s .  



A l l  o f  t h e  se ismic a c t i v i t y  i n  t h e  southern p a r t  o f  t h e  network eas t  of 
l ong i t ude  146O W occurs a t  depths l e s s  than about 35 km. The number o f  l a r g e r  
magnitude earthquakes which occur i n  t h e  eas t  i s  cons iderab ly  smal le r  than 
t h a t  i n  t h e  western p a r t  o f  t h e  network (F igure  7). Most o f  t h e  seismic 
a c t i v i t y  i n  t h e  eas tern  p a r t  o f  t he  network appears t o  be concentrated beneath 
I c y  Bay and near Waxel 1 Ridge nor theas t  o f  Kayak Is land.  

One no tab le  f e a t u r e  i n  t h e  s e i s m i c i t y  du r i ng  t h i s  qua r te r  i s  a prominent 
c l u s t e r  o f  events centered near 61° 20' N, 141 15' W, immediately south o f  
t h e  j u n c t i o n  between t h e  Totshunda and Duke R ive r  f a u l t s .  A second, l e s s  
prominent c l u s t e r  i s  l oca ted  about 60 km nor theas t  o f  t h e  f i r s t  near t h e  
Denal i  f a u l t .  Poor s t a t i o n  d i s t r i b u t i o n  and u n c e r t a i n t y  i n  t he  v e l o c i t y  
s t r u c t u r e  c o n t r i b u t e  t o  poor l o c a t i o n s  f o r  these events and prec lude making a 
c l e a r  assoc ia t i on  o f  t h e  s e i s m i c i t y  w i t h  p a r t i c u l a r  f a u l t s ;  t h e  apparent 
SSW-NNE t r e n d  o f  t he  main c l u s t e r  a l so  may be a r e s u l t  o f  m i s l o c a t i o n  e r ro rs .  
Al though earthquakes c o n t i n u a l l y  occur i n  these areas, t h e  i n t e r e s t i n g  aspect 
of t h e  c l u s t e r s  i s  t h a t  they  occurred du r i ng  r e l a t i v e l y  s h o r t  per iods  o f  t ime 
i n  A p r i l  (F igure  10). Only one o f  t h e  loca ted  earthquakes i n  each group d i d  
no t  occur du r i ng  A p r i l .  Both o f  these l a t e r  events, which were among the  
l a r g e s t  magnitude events i n  each c l u s t e r ,  d i d  no t  occur u n t i l  June. W i th in  
t h e  swarm-like charac ter  o f  t h e  main c l u s t e r  are what appear t o  be severa l  
minor mainshock-aftershock sequences. 

Nineteen earthquakes 1 i s t e d  i n  t h e  ca ta log  are l oca ted  ou ts ide  of the  map 
area o f  F igure  6. O f  these events, t he  l a r g e s t  one had a coda-durat ion 
magnitude of 6.7 (6.0 mb, 6.6 Ms) and occurred a t  03: 42 on Ap r i  1 12 
southeast of Kodiak Is land. Although t h i s  earthquake had a prominent 
af tershock sequence w i t h  many events recorded by t h e  USGS network, o n l y  t h e  
l o c a t i o n  o f  t h e  mainshock i s  presented i n  t h e  ca ta log  (see Gedney, 1978, f o r  a 
more complete l i s t i n g  o f  t h e  aftershocks).  Nine earthquakes w i t h  coda- 
d u r a t i o n  magnitudes rang ing  f rom 2.3 t o  3.9 were loca ted  southeast o f  t he  
network i n  t h e  v i c i n i t y  o f  Cross Sound and G lac ie r  Bay. 

The contents o f  t h e  Appendix may be obta ined i n  forms amenable t o  
computer i n p u t  (punched cards o r  magnetic tape)  by con tac t i ng  t h e  authors. 



8 EVENTS 

38 EVENTS 

DAYS, APRIL 1978 

Figure 10. Magnitude versus time d i s t r i b u t i o n  of earthquakes f o r  two 
c l u s t e r s  north of  eas t e rn  port ion of  network ( s e e  t e x t ) .  The 
main c l u s t e r  i s  p lo t t ed  i n  t h e  lower pa r t  of t h e  f i g u r e ,  Dates 
and magnitudes f o r  two events  t h a t  occurred i n  June a r e  
indica ted  a t  r i g h t .  

2 3 
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Cata log  of Earthquakes 

Earthquakes from southern A laska are 1 i s t e d  i n  ch rono log i ca l  order .  The 
f o l l o w i n g  data a re  g i ven  f o r  each event: 

(1) O r i g i n  t i m e  i n  U n i v e r s a l  Time (UT): date,  hour (HR), m inu te  (MN),  
and second ( S E C ) .  To conver t  t o  A 1  aska  Standard Time (AST) s u b t r a c t  
t e n  hours. 

( 2 )  Epicen te r  i n  degrees and minutes o f  n o r t h  l a t i t u d e  (LAT N) and west 
l o n g i t u d e  (LONG W ) .  

( 3 )  DEPTH, depth o f  focus  i n  k i l a n e t e r s .  

( 4 )  M4G, d u r a t i o n  magnitude (FM4G) of t h e  earthquake, i f  a v a i l a b l e ,  
o t he rw i se  amp1 i tude rnagni tude (XMAG, i n d i c a t e d  by "a" ). 

(5) NP, number of P a r r i v a l s  used i n  l o c a t i n g  earthquake. 

( 6 )  NS, number o f  S a r r i v a l s  used i n  l o c a t i n g  earthquake. 

( 7 )  GAP,  1 arges t  az imutha l  sepa ra t i on  i n  degrees between s t a t i o n s .  

( 8 )  D3, e p i c e n t r a l  d i s t ance  i n  k i l m e t e r s  t o  t h e  t h i r d  c l o s e s t  s t a t i o n  
t o  t h e  e p i c e n t e r .  

( 9 )  RMS, root-mean-square e r r o r  i n  seconds o f  t he  t r a v e l t i m e  r e s i d u a l s :  

2 RMS = d z ( ' i i +  RSi) / (NP + NS) 
1 

where Rpi and Rs. are t h e  observed minus t h e  computed a r r i v a l  
t i m e s  o f  P- and 3-waves r e s p e c t i v e l y  a t  t h e  i - t h  s t a t i o n .  

(10) ERH, l a r g e s t  h o r i z o n t a l  d e v i a t i o n  i n  k i l m e t e r s  from the  hypocenter 
w i t h i n  t h e  one-s tandard -dev ia t ion  conf idence e l l i p s o i d .  T h i s  
q u a n t i t y  i s  a measure of the e p i c e n t r a l  p r e c i s i o n  f o r  an event.  
Values of ERH t h a t  exceed 25 krn are  t a b u l a t e d  as 2 5  km. 

P r o j e c t i o n  o f  e l l i p s o i d  
onto hor  i zont a1 pl ane: 



(11) ERZ, l a r g e s t  v e r t i c a l  dev ia t i on  i n  k i l m e t e r s  from the hypocenter 
w i t h i n  t h e  one-standard-devi a t i o n  conf idence e l  1  ipso id .  T h i s  
q u a n t i t y  i s  ameasure of the depth p r e c i s i o n  f o r  an event. Values 
of ERZ t h a t  exceed 25 km are t abu la ted  as 25 km. 

P r o j e c t i o n  o f  e l l i p s o i d  
onto v e r t i c a l  plane: 

ERZ 

L 
(12) Q, q u a l i t y  o f  t h e  hypocenter. This  index i s  a measure of t h e  

p r e c i s i o n  o f  the hypocenter , (see sec t i on  Ana lys is  of Q u a l i t y )  a n d  i s  
ca lcu la ted  f r o m  ERH and ERZ as fo l lows:  

9 ERH ER Z 
A - € 7 5  - < 2 . 5  

(13 )  A Z I ,  D I P 1 ,  and $El are the azimuth i n  degrees (c lockwise from 
no r th ) ,  d i p  i n  degrees, and standard e r r o r  i n  . k i l m e t e r s  of t h e  m o s t  
nea r l y  ho r i zon ta l  o f  the th ree  p r i n c i p a l  axes o f  the o n e - s t a n d a r d -  
dev ia t i on  e r r o r  e l l i p s o i d .  Values o f  S E 1  t h a t  exceed 2 5  km are 
tabu la ted  as 25 km. 

( 1 4 )  A Z 2 ,  DIP2, and SE2 a r e  def ined as above, bu t  correspond t o  the 
p r i  n c i  pa1 a x i s  o f  i ntermedi ate d ip.  

(15) AZ3, DIP3, and SE3 a re  def ined as above, b u t  correspond t o  the m o s t  
near ly  v e r t i c a l  p r i n c i p a l  a x i s .  
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#XITHE!M ALASKA EARMQU&KE3* hPR!L - JtME 1 9 7 8  
DEPRI WAG NP H5 GAP D S  Rm €AH EPZ 9 PZ1 D I P 1  

KH DEG Kfl SEC KM KN DEG OEG 
81.1 3.6 26 11 119 154 0.56 2.7  8 . 5 C  328 2 
38.2 6 .7  11 0 286 335 0 .33  2 4 . 9  1 8 . 1  0 355 9 

FELT ('41 I T  5IRtTNIIKt  I I V 3  hT OLD HARBOR, lIIl 
A N D  111 1 AT OLGA Ph'r ANO ZECHhR PhT 
6.5 WS 10PK). 6 . 3  HS, 6.6 MB (PAS1 

9.2  2.4 4 3 522 100 0.08 18.2 17.6D 155 b 
15.7 3.0 33 3 98 6 2  0.64 1.1 1.6 A 11 I 

~ I G I N  TIHE L ~ T  H LDNG w 
1971 HR tW4 5EC DEG HIM OEG HIN 

4PR 12 1 56 50.1 63 5 . 3  149 44.9  
12 5 42 6.1 56 2 3 . 3  152 16.1 

6.0 m 4.2 m 

SF1 A12 DIP2  SE2 I23 DIP3 SF3 
Kt3 DEG DEG KM DEG DEG KH 

2 . 4  81 4 1 .2  217 6 7  7.9 
25.0 91 3t 25.0 251 57 14.3 

' j  AT KmIAU. 
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WlGIM TIRE 
1978 HA tW1 SEC 

APA 23 19 f 7  44.5 
23 20 25 3 .5  
2 3 2 1  9 2 1 . t  
24 1 8 4 8 . 6  
20 3 2 32.4 

24 7 36 37.4 
24 10 5 2.9 
25 U Zl 29.7 

3.7 m 
25 7 36 6.6 

4.5 W 
25 9 21 12.9 

25 11 10 10.1 

25 11 40 52.9 
25 12 53 9.9 
:5 14 I9  40.7 
26 5 5 1 .4  

28 0 54 10.5 
26 3 2 28.3 
28 5 37 29.1 
,'B 8 31 9.6 
28 12 59 38.8 

20 15 9 7.9 
28 16 6 35.1 
28 21 32 b.4 
29 5 55 92.0 
29 12 27 42.3 

SGVTHEAH llLA5KA EdRTH(IUAK€Sr &PAIL - J M  1978 
LAT N 10% W DEPTH HAG W NS 61P 03 PMS EWH ERZ P A21 DIP1 

DEG MIhC DEG HIM KH OEG K t l  SEC K t l  K t l  OEG DEG 
6 0 1 3 . 8  14051.2  17.7 2.3 8 5 157 65 0 .31 4 .3  4 . 5 B  309 5 
63 1.2 147 2 . 8  44.9 3.1 13 6 284 180 0.80 6 .9  1 8 . 7 0  175 5 
6 1 3 2 . 5  14113 .1  0 . 4  3.0 13 4 242 169 1.57 5 .5  3 . 9 C  300 T O  
61 9 . 4 1 4 9 1 3 . 9  3 6 . 9 2 . 5 1 7  6 52 4 9 0 . 3 9  1.1 1 . 3 h  8 3 2 1  
6 0 3 3 . 6  145 6 . 3  26.5 1.4 4 3 145 106 0 .84 11.1 2 2 . 5 0  2 15 

60 33.1 193 22.3 t3.D t . 4  0 3 204 102 0 .64 2.8 3.7 B 261 1 
6 0 2 2 . 8  1 5 0 4 5 . 3  71.9 3.3 29 3 0b 79 0.62 1.3 2 . 8 8  3*0 0 
5 8 1 2 . 3  15522.2  4.6 3.4 10 1 251 169 0.58 9.2 2 5 . 0 0  315 0 

60 3.0 15326 .8  182.0 4.7 28 1 61 122 0.35 2.2 6 . 2 C  125 4 

60 5.5 14125 .4  10.t 1.9 8 5 523 65 0.37 2.8 1 . 4 B  27 9 

61 26.1 141 11.3 0.4 3.0 19 5 177 159 t .51 4.0 2.8 0 115 5 
3.5 nL E ~ C  

b t 2 1 . 1  t 4 1 1 7 . 2  0.2 1.44 4 3 244 135 O.b5 b.3 4 . 9 C  81 14 
b1 22.3 141 20.5 9.2 2.2 5 4 244 131  1.31 3.2 3.1 8 117 17 
61 19.5 141 19.) 0.0 O.9A 4 2 241 134 0.76 8.1 5 . 6 C  302 24 
61 20.0 141 20.0 1.8 2.4 5 3 243 t33 0.67 O.6 3.7 0 310 15 

61 21.2 14736 .4  17.5 3.0 25 4 7V 64 0.42 1 .0  1 . 7 A  179 13 
bOQ8.1 14352 .9  2 0 . 4  1.31 4 3 238 87 0.76 t 0 . 3  26.5i3 143 3 
6 0 1 3 . 1  141 20.3  21.9 1.5 4 2 134 88 0.23 20.6  10 .7D  269 14 
62 1.2 14949 .4  3 1 . 7 2 . 6  18 4 160 82 0.47 2 .8  2 . 0 0  83 6 
60 2.4 140 9 .3  12.0 1.9 8 5 151 32 0.66 5 . 7  2 . 1 0  3 8  16 

60 17.5 140 32.7 10.1 1.5 7 5 185 127 1.47 3 . 6  3.1 8 290 21 
6 O  32.3 142 49.8  1.4 1.B 3 3 223 1st 0.63 4 .0  4.1 8 t3b 6 
63 4 . 8  14- 23.3 75.0 3.7 16 3 215 166 0.82 7.3 20.1 D 61 1 
6 U 2 l . 9  1 4 3 5 0 . 0  22.4 1.9 5 4 198 103 0.82 4 . 9  5 . 2 C  323 17 
5 7 5 5 . 8  1 4 1 3 3 . 0  1.8 2.0 19 2 184 74 0.30 2.5 2 . 0 A  130 5 

SET I 2 2  DIP2 
Kn DEG DEG 

1.3 44 43 
6 . 6  266 13 
2 .2  jr t 0  
0 . 0  181 21 
1.0 267 21 

2.6 329 8 
1 .3  81 5 
3.2 45 2 

2.2 3% 6 

2.8  120 19 

1.5 207 17 

Q.6 170 39 
3 .6  222 41 
2 .5  198 20 
2.5 210 32 

1 . 0  272 14 
1.5 81 1P 
2.3 192 27 
1.3 176 23 
3.9 135 23 

1.1 183 38 
1.3 ~1 a3 
2.4 341 13 
0.9 81 31 
1 .I 38 29 

0.7 8 10 
1.3 277 14 

0.8 1 9 
1.2 184 19 
0.8 152 36 



* C  N N ~  P r ~ n n  ~ . o * n o  
0 0  risk r m  c a m  o s m d s  

P N  o r -  
n c  N n r  E ! ;:: %;Liz 

0.- . .  ? ? 9  ? := ?:? ? ? ? ? ?  
O N  N r *  N 4  N C c  N r - - -  

m -  
5 - ,z, ,g = h a  e e ~ n ?  N 

- C  n b o  ~~2 + * m u m  
a: 2 : :  5 $2 , V N a o e  nn N -  

7 y  Y S ?  ? r s  t?? S Y " ? ?  
r r  N O -  N -a t - n  - - W O N  

I4 m 
m r  N n O  N N 2  2- . ,  U6N2N - 
O r -  m m N  r P E  c v m N  r r - 0 -  
no *r-a m 9 5  P N *  ~ Q C - Q  
- N  NN 

4 
nn - n ~  

P 
4 0  e m u  n U -  u m o  m m o r v  

N 
W 

y v n n  s " E ~ Y ?  S ~ V T  
L N  +;$A c  N N + E n - m  N - n - n  . r 
U 9  h c o  N C K e C m N  b C P I n C  45 r." ? n u - n u n  4 Y 4 4 1  
e o  0 , -  e dE:ddd o o o o o  

e m  ,nn 
ma_ coo* Z 8Zz298 F ~ Z Z X  

N a m  - - 
+ z  

taa n u -  n u + u ~ o n  a n - ~ n  
Q =  2% P Z - L p z  z @ $ = z  

>I- 

a m  ndu N o r q n m r  - n n r n u  
I -u  a u 

Q Z P  O P W H - C U  P W Q - h  n Y - r N -  - N -  

n u  N N N  
YI 

Q N N ~  n m w - -  

r -Q 

d 

m y  9" N "NP QqQyq? 

g s  2 w g i m  n n m o o  
n Q --- 

.-e nh- Q P  - E P  e ~ e o o  
5: Z Z 9  1 9 C Z  Y Q Q Z Z  

""T? g 7 ?'?? s_Y4,? 
Po. In " g m n brim n - - c m  

tn - - - -  ~ l r ~ n y l  
O N  e o o  
Q Q  WiQQ z : : z :  &::$E 

* E $ Z  ::2-: N g n G z e s  n b n  e n n n a  r n  u 

6~ 5,: 2 n u -  nnn -c  
r r N  - -- 

e m  O P P  = 2 N Z Z  = n u ~ $  

P a  0 . . . ? ?  
o n *  0 -  

N 

u 
Q  n P - 0 Q - 

I- 
2 

a Q Q w - N  - N Y N N  

SYIP.19 " ? ? ? ? 9  
- 8  n m - n  z - - m N  n Q m N 2  

t n - n w  e a e y l o  - m u *  - m a - -  
c y z z o  e o - * *  - - -  
a m P b -  - - - - N  
- - - - N  N N N N N  



DRIGIH TI?!€ 
1978 t1A till SEC 

MAY 22 I t  40 23.2 
22 16 34 59 .6  
23 2 25 7.2 

3 . 9  m 
23 10 34 56 .2  
23 21 46 27.8 

SOUTHERN llLASKA EARTHQUAKES, AmIL - 
DEPTH HAG HP HJ GAP 0 3  RMS EPH 

Kt! DEG KH SEC m 
6 . 0  1.9 5 2 182 85  0.34 8.2  
0 . 9  2.4 8 5 147 57 0.61 2.0 

127.2 5 . 5  8 4 275 240 0.17 18.9 

JUNE 1978 
ERZ Q A21 DIP1 

K f l  DEG DFG 
9.1 C 276 0 
3 . 4  B 91 1 

26.1 D 330 4 

L I T  ti L m  bl 
D t G n I N  OEGHIN 
6 0  27.1 141 33.9 
40 27 .6  i 4 3  9 . 0  
57 4 6 . 1  156 1 6 . 3  

SE1 122 DIP2  
Kfl DCG DEB 

1.1 I86 41 
1.1 1B2 22 
5.5  261 17  

46 0.34 
109 0.88 

04 0.58 

186 0.91 
87 0.35 
99 0.6U 
89 0.30 
26 0.35  

PAWER 

B6 0.47 
72 0 . 7 2  
59 0.4Z 

127 0 . 3 3  
217 0.60 

9 4 259 
14 5 116 
8 7 216 
9 3 108 

23 2 91 
FELT tIIl  A t  



SUJIHERN ALA5KA EARlWWhKESr I W I L  - 
L O N t  Y DEPTH MAG NP NS GRP DJ RttS ERH 
DEG HIM KM DEG KH SEC K t l  

1 4 0 5 2 . 9  4 . 8  3.1 10 4 258 220 0 . 8 3  19.4 
143 19.2 1 1 . 6  2.9 I 9  5 2?8 222 0 .65  8.2 
15: 24.0 8 9 . 3  3.6 2 9  7 87 72 0 .58  1.8 
138 0 6 . 6  10.1 1.7 5 2 254 77 0.12 5 .0  
146 24.3 13.5 3 .8  30 3 68 85 0.66 1.1 

J W E  1V78 
EPZ Q dZl DIP1 3E1 122 DIP2 

KM DEG DEG Ktl DEG OEG 
16.4 D 137 30 2.9 251 36 

3 . 6 C  20 3 8 .2  I t . ?  2 2  
3 . 1 B  10 3 1.4 100 4 
5 .7  C 330 23 1.3 81 24 
1.6 1 297 12 0.8 202 22 

OAIGIH TIVE U T  N 
1971 HR 1M SEC DFG RIM 

J W  6 21 14 29.2 61 49.0 
7 5 4 0  46.5 58 57.0 
7 12 37 4 9 . 1  5 9 5 5 . 7  
7 20 54 52.4 5 9 4 3 . 9  
B 2 4 9  4.8 60 12.2 

3 . 9  m 

125 DIP3 
DCG DEG 

18 41 
2 8 1  6 8  
243 8 5  
206 52 

5 4  65  

2.2 17 2 W 37 0.71 1 . 4  1.8 A 146 5 1.1 261 
2.0 f 2  3 84 42 0.26 1.1 2 . 3 1  275 4 0 .7  5 
4 . 8  11 0 258 246 0.76 1 7 . 7  9 . 5 D  81 2 17.7 348 

FELT I t 1 1  AT EGEGIK, (I) AT K I M .  S A L m  
2.6 19  2 131 62 0.42 1.3 1.2 A 264 5 0 .7  358 
4.0 30 3 108 159 0.53 2.3 12.6 D 204 1 1.6 294 

3.0 26 3 113 76 0.49 1.5 1.7 A 261 4 0 . 9  163 
1.7 1 1  2 155 75 0.30 2.0 4 . 7  B 263 9 1 . 0  16 
4.2 33 1 6 8  82 0.50 1.1 1.5 A 303 t 0 . 8  213 

F € L T  I I V )  AT CODDWA, I111 L AT ANCHORAGE A M  YiLDEZ 
2.6 20 12 107 94 0.67 1 .  1.4 A 83  1 0 . 8  173 
3 .9  27 2 121 70 0.33 1.3 2 . 8 6  304 2 3 34 

3 .7  25 3 135 128 0 .41  3.8 6 . 5 C  159 3 3 . 7  81 
2.2 18  3 170 65 0.59 1.4 1 . 4 h  280 13 0 . 9  22 
2.5 12 3 158 81 0.31 5.2 5.4 C 289 11 0 . 9  2 8  
2.7 2 3  5 117 42 0.53 1.1 1.4 A 178 9 t . l  270 
2.6 21  2 117 42 0.51 1.3 1.7 A 349 t 1 .3  261 
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