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HIGHLIGHTS OF RECENT RESULTS 
Hypocenters of 91 sha l low (dep th  l e s s  than  20 km) earthquakes t h a t  

occur red  between December 1981 and May 1983 i n d i c a t e  t h a t  t h e  p a t t e r n  o f  
r ecen t  c r u s t a l  a c t i v i t y  around t h e  southern Kenai Pen insu la  has remained 
s t a b l e  r e l a t i v e  t o  t h e  da ta  p r i o r  t o  December 1981. The earthquakes a re  
g e n e r a l l y  sma l l e r  than  about magnitude 2.5. Most o f  t h e  a c t i v i t y  occur red  
eas t  o f  t h e  Border Ranges f a u l t ,  and severa l  concen t ra t i ons  can be observed i n  
an o therw ise  d i f f u s e  d i s t r i b u t i o n  o f  a c t i v i t y .  I n  genera l  t h e r e  i s  a  poor  
c o r r e l a t i o n  o f  t h e  sha l low a c t i v i t y  w i t h  mapped f a u l t  t races .  

A  more r e l i a b l e  es t ima te  o f  t h e  depth t o  t h e  B e n i o f f  zone beneath Brad ley  
Lake can be made f r om t h e  g r e a t e r  number of a v a i l a b l e  hypocenters o f  
we l l - recorded  earthquakes now a v a i l a b l e .  Us ing t h e  c u r r e n t  v e l o c i t y  model, 
t h e  depth t o  t h e  t o p  o f  t h e  B e n i o f f  zone i s  37 + 5 km. 

A s t rong-mot ion r e c o r d  was ob ta ined  from t h e  SMA-1 ins t rument  co - loca ted  
a t  t h e  s i t e  o f  t h e  c e n t r a l  h igh -ga in  s t a t i o n  BRLK, about 2 km f r om t h e  
proposed dam s i t e .  A p r e l i n ~ i n a r y  es t imate  of 0.14 g ( 1  g = 980 cm/sec2) was 
ob ta i ned  f o r  t h e  maximum peak-to-peak h o r i z o n t a l  a c c e l e r a t i o n  on t h e  record,  
b u t  a t  p resen t  t h e  event which caused t h e  t r i g g e r  i s  unce r t a i n .  

Two new s t a t i o n s  were i n s t a l l e d  southeast  o f  Kachemak Bay i n  June 1983 i n  
o rde r  t o  improve t h e  accuracy o f  hypocenter de te rmina t ions  f o r  c o n t i n u i n g  
sha l low earthquake a c t i v i t y  t h a t  i s  observed i n  t h i s  area. 

INTRODUCTION 
The Alaska Power A u t h o r i t y  p l ans  t o  c o n s t r u c t  a  h y d r o e l e c t r i c  f a c i l i t y  on 

t h e  southern Kenai Peninsula,  Alaska. The p r o j e c t  i n v o l v e s  damming B rad ley  
Lake, which i s  l oca ted  i n  t h e  Kenai Mountains a t  an e l e v a t i o n  of 1,090 f ee t ,  
and feeding t h e  water  th rough  a  t unne l  t o  a  power p l a n t  a t  sea l e v e l .  I n  t h i s  
r e g i o n  o f  t e c t o n i c  i n t e r a c t  i o n  between t h e  P a c i f i c  and Nor th  American p l a t e s  
(F i gu re  I ) ,  t h e  p o t e n t i a l  f o r  s t r o n g  earthquakes needs t o  be addressed so t h a t  
t h e  hazards t h e y  pose can be minimized. The most se r i ous  e f f e c t  of 
earthquakes on man-made s t r u c t u r e s  i s  s t r u c t u r a l  damage from s t r o n g  shaking. 
Other  p o t e n t i a l l y  damaging aspects of earthquakes i n c l u d e  su r f ace  f a u l t i n g  as 
w e l l  as shaking- induced e f f e c t s  such as l i q u e f a c t i o n ,  l ands l i des ,  d i f f e r e n t i a l  
s e t t l i n g ,  and seiches. 

A p r o j e c t  t o  i n v e s t i g a t e  t h e  problem of se ismic  hazards i n  t h e  B rad ley  
Lake r e g i o n  was i n i t i a t e d  by  t h e  U.S. Geo log ica l  Survey i n  November 1980 a t  
t h e  reques t  o f  t h e  A laska D i s t r i c t ,  U.S. Army Corps of Engineers.  T h i s  
p r o j e c t  e n t a i l s  c o l l e c t i n g  and ana l yz i ng  ear thquake da ta  i n  t h e  r e g i o n  o f  t h e  
proposed Brad ley  Lake H y d r o e l e c t r i c  P r o j e c t  i n  o r d e r  t o  develop a  more 
d e t a i l e d  model f o r  t h e  t e c t o n i c  framework. P a r t i c u l a r  emphasis i s  be ing  
p laced  on t h e  d i s t r i b u t i o n  of sha l low c r u s t a l  earthquakes and t h e i r  
r e l a t i o n s h i p  t o  mapped o r  i n f e r r e d  f a u l t s .  On November 15, 1982, t h e  
r e s p o n s i b i l i t y  f o r  f und ing  t h e  p r o j e c t  was t r a n s f e r r e d  t o  t h e  A laska  Power 
A u t h o r i t y .  

The purpose o f  t h i s  r e p o r t  i s  t o  summarize t h e  work completed t o  date, 
i n c l u d i n g  t h e  ope ra t i on  o f  t h e  se ismic  s t a t i o n s  and a  r ev i ew  o f  t h e  se ismic  
da ta  c o l l e c t e d  through May 1983. P a r t  o f  t h e  da ta  has been p resen ted  i n  two 
p rev i ous  r e p o r t s  t o  t h e  Corps o f  Engineers  (Lahr  and Stephens, 1981; Stephens 
and o thers ,  1982). The da ta  presented i n  t h i s  r e p o r t  g e n e r a l l y  conform t o  t h e  
d i s t r i b u t i o n  o f  earthquake hypocenters  and magnitudes descr ibed  i n  t h e  e a r l i e r  
r e p o r t s ,  b u t  t h e  g r e a t e r  q u a n t i t y  o f  h i g h - q u a l i t y  d a t a  now a v a i l a b l e  a l l ows  us 
t o  make more r e l i a b l e  es t imates  o f  such parameters as t h e  depth t o  t h e  Beniof f  
zone beneath Brad ley  Lake and t h e  l o c a t i o n  of areas t h a t  a re  c u r r e n t l y  
expe r i enc ing  h i g h  r a t e s  of sha l l ow  s e i s m i c i t y .  



F i g u r e  1. Upper- Current  mot ion o f  P a c i f i c  p l a t e  w i t h  respec t  t o  
No r th  American p l a t e .  P r o j e c t i o n  i s  o b l i q u e  Mercator us ing  a p o l e  a t  5 4 ' ~  
and 61 '~ .  R o t a t i o n  o f  t h e  P a c i f i c  p l a t e  w i t h  respect  t o  t h e  No) t h  American 
p l a t e  about t h i s  p o l e  i s  equ i va len t  t o  v e r t i c a l  t r a n s l a t i o n  i n  t h i s  f i g u r e .  
Ep icenters  o f  t h e  1958, 1964, and 1979 earthquakes are shown. 
Lower- Enlargement o f  t h e  area o u t l i n e d  i n  upper f i gu re ,  showing the  - 
s e t t i n g  of Brad ley  Lake. The l o c a t i o n s  o f  Spurr, Redoubt, and l l i amna  
volcanoes are i nd ica ted .  M o d i f i e d  from Woodward-Clyde Consul tants  ( 1979). 
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SEISMOTECTUNIC FRAMEWORK 
The Braa ley  Lake r e y i o n  i s  l oca ted  i n  t h e  zone o f  t e c t o n i c  i n t e r a c t i o n  

between t h e  Nor th  American p l a t e  and t h e  r e l a t i v e l y  northwestward-moving 
P a c i f ~ c  p l a t e  ( F i g u r e  1 ) .  The average r a t e  o f  convergence near t h e  southern 
Kenai Pen insu la  over  t h e  p a s t  3 m.y. i s  b.5  cm/yr (M ins te r  and Jordan, 1978). 
b i r e c t  evidence f o r  con t inuea  convergent mot ion comes f r om t h e  occurrence o f  
r ecen t  l a r g e  earthquakes a long p o r t i o n s  o f  t h e  P a c i f i c  - Nor th  American p l a t e  
boundary ad jacent  t o  t h e  G u l f  o f  Alaska. Fo r  example, t h e  1964 Alaska 
earthquake r e s u l t e d  f rom d i p - s l i p  mot ion  o f  about 12 m ( H a s t i e  and Savage, 
1970) on t h e  p o r t i o n  o f  t h e  A l e u t i a n  megathrust  ex tend ing  t r om P r i n c e  W i l l i a m  
Sounu t o  southern Kodiak I s l a n d  and d i p p i n g  northwestward beneath t h e  
con t i nen t .  

The s e i s m i c i t y  assoc ia ted  w i t h  t h e  processes o f  convergent p l a t e  mot ion  i n  
A laska g e n e r a l l y  may be d i v i d e d  i n t o  f i v e  s p a t i a l l y  d i s t i n c t  groups: 

1. Earthquakes which occur on t h e  g e n t l y  d i p p i n g  A l e u t i a n  megathrust  ( t h e  
t h e  i n t e r f a c e  zone between t h e  P a c i f i c  and No r th  American p l a t e s ) ;  

2. Earthquakes which occur  i n  t h e  wedge o f  c r u s t  above t h e  a c t i v e  
meyathrust  zone; 

3. Earthquakes t h a t  occur  w i t h i n  t h e  subducted P a c i f i c  p l a t e  beneath 
A laska ( B e n i o f f  zone events)  ; 

4. Earthquakes w i t h i n  t h e  P a c i f i c  p l a t e  seaward o f  t h e  A l e u t i a n  megathrust ;  
5. Shal low earthquakes near  t h e  a c t i v e  volcanoes. 

The Braa ley  Lake r e y i o n  i s  most d i r e c t l y  a f f ec ted  by t h e  f i r s t  t h r e e  types  o f  
events.  

INSTRUMENTATION 
Earthquakes a re  recorded by  h i  gh-gai n, h i  gh - f  requency s e i  srnograghs o f  t h e  

USGS r e g i o n a l  network ( F i g u r e  2 ) .  D e t a i l s  about t h e  i n s t r u m e n t a t i o n  can be  
founo i n  q u a r t e r l y  ca ta l ogs  of earthquakes ( f o r  example, Fogleman and o thers ,  
1983). The f i v e  s t a t i o n s  of t h e  Brad ley  Lake a r r a y  ( F i g u r e  2 and Table  1)  
were i n s t a l l e a  i n  November 1980. Each s t a t i o n  has a ver t ica l -component  
geophone, and t h e  c e n t r a l  s t a t i o n  BRLK a l s o  has two hor izonta l -component  
geopnones o r i e n t e d  i n  nor th -sou th  and east-west d i r e c t i o n s .  An SMA-1 
s t rong-mot ion ins t rument  i s  a l s o  operated a t  t h e  s i t e  o f  t h e  BKLK s t a t i o n .  

I n  June 1983 two new s t a t i o n s  were i n s t a l l e d  between t h e  s t a t i o n s  BRSW and 
SLV i n  an area where a c t i v i t y  was observea d u r i n g  t h e  p rev i ous  2 112 yea rs  o f  
r eco rd i ng .  I n  o rde r  t o  opera te  these new s t a t i o n s ,  one of t h e  h o r i z o n t a l  
components a t  t h e  BRLK s i t e  was d iscon t inued .  

DATA PROCESSING 
The da ta  recorded by USGS r e g i o n a l  seismograph s t a t i o n s  i n  t h e  Brad ley  

Lake r e g i o n  a re  ma i l ed  weekly from Palmer, Alaska, t o  Menlo Park, C a l i f o r n i a ,  
where t h e y  a re  processed us i ng  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: Seismograms w i t h  a  sca le  of 15 mm/min f o r  two of t h e  Brad ley  
Lake s t a t i o n s ,  u s u a l l y  BKLK and BHSW, a re  scanned t o  i d e n t i f y  and n o t e  
t imes  of se ismic  events  w i t h i n  t h e  Brad ley  Lake network and t h e  
sur rounding area. The events  noted a re  found on t h e  Develocorder  f i l m  
( s c a l e  10 mm/sec) and any event  w i t h  a P-  t o  S-phase t i m e  i n t e r v a l  (5-P 
t ime )  o f  l e s s  than  o r  equal  t o  6 seconds a t  one o f  t h e  Brad ley  Lake 
s t a t i o n s  i s  notea f o r  subsequent t im ing .  The upper l i m i t  o f  t h e  5-P 
t i m i n g  c r i t e r i o n  has v a r i e d  w i t h  t i m e  d u r i n g  t h e  p r o j e c t  f r om  10 sec 
beg inn ing  i n  November 1980, t o  12 sec i n  February  1981, and then  t o  t h e  
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TABLE 1. STATION COORDINATES 

STATION LATITUDE, N LONGITUDE, W €LEV DATE OPENED 
CODE DEG M I N  DEG M I N  - M YRMODY 

BRLK 59 45.85 150 53.13 631 80 11 17 

BRNE 59 54.65 150 39.13 1219 80 11 17 

BRNW 59 50.25 151 10.15 582 80 11 17 

BRSE 59 42.33 15040.25 975 8 0 1 1 1 7  

BRSW 59 38.46 151 2.69 951 80 11 17 

CNP 59 31.55 151 14.16 564 83 6 28 

HOM 59 39.50 151 38.60 198 81 3 20 

MSP 60 29.35 149 21.64 150 73 8 5 

NNL 60 2.53 151 17.78 366 72 8 2 4  

SDE 59 26.60 151 16.92 770 83 6 28 

SLV 59 28.28 151 34.83 91 72 9 30 

SWD 60 6.22 149 26.96 91 72 8 22 

Th i s  t a b l e  l i s t s  coord ina tes  f o r  s t a t i o n s  shown i n  F i g u r e  2. A l l  s t a t i o n s  a re  
operatea by t h e  USGS except  HOM, which i s  operated by t h e  U n i v e r s i t y  o f  
Alaska. The f i v e  s t a t i o n s  BRLK, BRNE, BRNW, BRSE, and BRSW were i n s t a l l e d  and 
a re  operated w i t h  suppor t  from t h i s  program. A l l  s i t e s  have 
v e r t i c a l  -component geophones. Two h o r i z o n t a l  component geophones o r i e n t e d  
nor th -sou th  and east-west also have been ope ra t i ng  a t  t h e  BRLK s i t e  s ince 
November 1980, b u t  i n  June 1983 one o f  these components was t u rned  of f  i n  
o rde r  t o  operate one o f  t h e  two new s t a t i o n s  CNP and SDE. I n  add i t i on ,  an 
SMA-1 s t rong-mot ion reco rde r  i s  co - loca ted  a t  t h e  BRLK s i t e .  



c u r r e n t  va lue  o f  6 sec i n  March, 1983. A one-second S-P i n t e r v a l  
approx imate ly  corresponds t o  a  d i s t ance  of 8 km. Thus, shocks w i t h i n  
about 50 km o f  one o f  t h e  f i v e  s t a t i o n s  a re  now be ing  t imed. 

2. Timing: F o r  each o f  t h e  i d e n t i f i e d  events  t h a t  has been recorded on 
t h e  16-mm Develocorder f i l m s  a t  f o u r  o r  more s t a t i o n s  i n  t h e  Brad ley  
Lake r e g i o n  t h e  f o l l o w i n g  da ta  a re  read  f o r  each s t a t i o n :  P -  and 
5-phase a r r i v a l  t imes; d i r e c t i o n  o f  t h e  f i r s t  mot ion  o f  t h e  P-wave; 
d u r a t i o n  o f  s i g n a l  i n  excess o f  1  cm t h r e s h o l d  amplidue (coda);  and 
p e r i o d  and amp l i tude  of maximum recorded s i gna l .  

3. I n i t i a l  computer process ing:  The da ta  r ead  f r om t h e  f i l m s  a r e  ba t ch  
processed by computer us i ng  t h e  program HYPOELLIPSE (Lahr,  1980) t o  
determine t h e  o r i g i n  t ime,  hypocenter,  magnitude, and f i r s t - m o t i o n  p l o t  
f o r  each earthquake. 

4. F i n a l  process ing:  Each hypocenter  s o l u t i o n  i s  checked f o r  
l a r g e  t r a v e l  t ime  r e s i d u a l s  and f o r  poor s t a t i o n  d i s t r i b u t i o n .  
A r r i v a l s  t h a t  produce l a r g e  r e s i d u a l s  a re  re- read.  Fo r  shocks w i t h  a 
poor az imutha l  d i s t r i b u t i o n  of s t a t i o n s ,  read ings  a re  sought and added 
from a d d i t i o n a l  s t a t i o n s .  The c o r r e c t e d  o r  improved da ta  a re  then  r u n  
again  and t h e  s o l u t i o n s  checked f o r  l a r g e  r e s i d u a l s  t h a t  may i n d i c a t e  
remain ing e r r o r s .  

Magnitudes a re  determined f r om e i t h e r  t h e  coda d u r a t i o n  o r  t h e  maximum 
t r a c e  ampl i tuae (see Fogleman and o thers ,  1983, f o r  d e t a i l s ) .  The magnitude 
p r e f e r e n t i a l l y  assigned t o  each earthquake i s  t h a t  ob ta ined  f r om t h e  coda 
du ra t i on .  For  sha l low earthquakes, t h e  c u r r e n t  r e l a t i o n s h i p  f o r  computing 
rr~agnitudes f rom coda d u r a t i o n s  r e s u l t s  i n  es t imates  t h a t  a r e  s y s t e m a t i c a l l y  
low comparea t o  body-wave magnitudes (r ib) r e p o r t e d  by  t h e  Na t i ona l  
Earthquake I n fo rma t i on  Se rv i ce  (NEIS) and l o c a l  magnitudes (mL) r e p o r t e d  by  
t h e  A laska Tsurnani Warning Center (ATWC). Along t h e  no r t he rn  G u l f  o f  Alaska, 
t h e  coda-dura t ion  magnitudes f o r  sha l low earthquakes a r e  g e n e r a l l y  sma l l e r  
than  mb by  about 1/3 u n i t  a t  coda magnitude 3 t o  as much as about 7 u n i t  a t  
coda magnitude 4 (Lahr  and o thers ,  1983). T h i s  problem i s  be ing  s t u d i e d  i n  
o rde r  t o  develop a more r e l i a b l e  method o f  e s t i m a t i n g  magnitudes f r om coda 
du ra t i on .  

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  of hypocenters:  

sys temat i c  e r r o r s  l i m i t i n g  t h e  accuracy and random e r r o r s  l i m i t i n g  t h e  
p r e c i s i o n .  Systemat ic e r r o r s  a r i s e  p r i n c i p a l l y  f r om  i n c o r r e c t  model ing o f  t h e  
se ismic  v e l o c i t y  s t r u c t u r e  of t h e  ea r t h .  Random e r r o r s  r e s u l t  f r om  e f f e c t s  
such as random t i m i n g  e r r o r s ,  and t h e i r  e f f e c t  on each earthquake i s  es t imated  
by s tanaard s t a t i s t i c a l  techniques.  

Systemat ic  e r r o r s  can be g r e a t l y  reduced by  c l o s e  spac ing o f  seismographic 
s t a t i o n s  w i t h i n  t h e  area o f  i n t e r e s t ,  as t h e  hypocen t ra l  s o l u t i o n  i n  t h i s  
s i t u a t i o n  i s  much l e s s  s e n s i t i v e  t o  t h e  v e l o c i t y  model assumed f o r  t h e  ear th .  
Fo r  t h i s  reason, t h e  earthquakes l oca ted  i n  t h e  Brad ley  Lake r e g i o n  s i nce  t h e  
i n s t a l l a t i o n  of t h e  a d d i t i o n a l  f i v e  s t a t i o n s  i n  l a t e  1980 a re  expected t o  have 
sma l l e r  sys temat i c  o f f s e t s  than  those l oca ted  e a r l i e r  w i t h  t h e  l e s s  dense 
r e g i o n a l  network. 

Fo r  each earthquake 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  con f idence  e l l i p s o i d  a re  ca l cu l a ted .  One i s  68 percen t  con f i den t  
t h a t  t h e  hypocenter l i e s  w i t h i n  t h e  one-s tandard -dev ia t ion  con f idence  



e l l i p s o i d ,  assuming t h a t  t h e  o n l y  source o f  e r r o r  i s  t h e  es t imated  random 
read ing  e r r o r .  The s i z e  and o r i e n t a t i o n  o f  t h e  e l l i p s o i d  i s  a  f u n c t i o n  of t h e  
s t a t i o n  geometry. Fo r  earthquakes w i t h i n  t h e  network, t h e  l eng ths  o f  t h e  
e l l i p s o i d  axes a re  g e n e r a l l y  on t h e  o r d e r  o f  2 t o  3 km. 

To f u l l y  e v a l u t a t e  t h e  q u a l i t y  o f  a  hypocenter,  b o t h  t h e  s i z e  and 
o r i e n t a t  i o n  o f  t h e  conf idence e l  1  i pso id ,  t h e  root-mean-square (RMS) r e s i d u a l  
f o r  t h e  s o l u t i o n ,  and t h e  s t a t i o n  geometry must be  considered. 

RESULTS 
The ep i cen te r s  f o r  1662 earthquakes t h a t  occur red  between November 27, 

1980, and May 31, 1983, and were l oca ted  near t h e  southern Kenai Pen insu la  a re  
shown i n  F i g u r e  3. Most o f  these events  occurred w i t h i n  t h e  northwestward- 

B e n i o f f  zone t h a t  u n d e r l i e s  t h e  southern Kenai Pen insu la  and Cook 
I n l e t  F i g u r e  4 ) .  The l a r g e s t  earthquake t h a t  occur red  d u r i n g  t h i s  t ime  dippine 
p e r i o d  was an event  of coda-dura t ion  magnitude 4.8 (5.1 mb) which was 
l oca ted  a t  a  depth of 118 km i n  t h e  nor thwes t  p a r t  o f  t h e  s tudy area near 
I l i a n ~ r ~ a  volcdno. Ninety-one earthquakes had coda-durat ion magnitudes o f  3 o r  
l a r g e r  (Tab le  2 and F i g u r e  5 ) ,  b u t  a l l  of these events had computed f oca l  
depths o f  48 km o r  g r e a t e r  which would p l ace  them i n  t h e  B e n i o f f  zone. Twelve 
o f  t h e  l a r g e s t  earthquakes were r e p o r t e d  i n  t h e  P r e l i m i n a r y  De te rmina t ion  o f  
Ep i cen te r s  o f  t h e  USGS N a t i o n a l  Earthquake I n f o r m a t i o n  Se rv i ce  as be ing  f e l t  
w i t h  maximum i n t e n s i t i e s  r ang ing  f r om about I 1  t o  I V  (Tab le  2 and Appendix) i n  
t h e  Kenai-Anchorage area. 

Other  f e a t u r e s  of t h e  s e i s m i c i t y  t h a t  were noted i n  e a r l i e r  r e p o r t s  and 
which can be observed i n  t h e  da ta  presented here  a re  t h a t  t h e  B e n i o f f  zone 
a c t i v i t y  d i e s  o u t  near Brad ley  Lake (near  140 km a long t h e  s e c t i o n  i n  F i g u r e  
4 ) ,  t h a t  t h e  sha l low c r u s t a l  a c t i v i t y  i s  concen t ra ted  eas t  o f  Cook I n l e t ,  and 
t h a t  few events were l oca ted  a long t n e  A l e u t i a n  megathrust .  

B e n i o f f  zone earthquakes g e n e r a l l y  occur  w i t h i n  a  subducted p l a t e  near i t s  
upper sur face.  A t  sha l low depths t h e  upper l i m i t  o f  t h e  B e n i o f f  zone a c t i v i t y  
w i l l  be near and p o s s i b l y  c o i n c i d e  w i t h  t h e  zone o f  t h r u s t  c o n t a c t  between t h e  
p l a t e s .  Hypocenters o f  we l l - recorded  earthquakes t h a t  occur red  beneath 
Urad ley  Lake ( F i g u r e  4 )  i n d i c a t e  t h a t  t h e  maximum depth t o  t h e  t o p  o f  t h e  
B e n i o f f  zone i s  37 + 5 km based on t h e  abrup t  i nc rease  i n  t h e  a c t i v i t y  a t  t h i s  
depth.  Tn i s  depth K i g h t  change s l i g h t l y  if a d i f f e r e n t  c r u s t a l  v e l o c i t y  model 
were used. The se ismic  zone appears t o  d i p  a t  about 10' i n  a  west -nor thwest  
d i r e c t i o n .  

A few we l l - recordea  earthquakes of magnitude l e s s  t han  2 have been l o c a t e d  
beneath Brad ley  Lake between t h e  Ben io f f  zone a c t i v i t y  a t  37 km and t h e  
sha l low c r u s t a l  a c t i v i t y  o f  t h e  upper 20 km (F igu re  6 ) .  No r e l i a b l e  f o c a l  
mechanisms cou ld  be ob ta ined  f o r  these events, and t o o  few events  have been 
l oca ted  t o  d e f i n e  s p a t i a l  f ea tu res .  Thus, t h i s  a c t i v i t y  may i n d i c a t e  t h a t  
f a u l t i n g  extends down i n t o  t h e  lower  c r u s t ,  o r  a l t e r n a t i v e l y ,  a  zone o f  
megathrust  i n t e r a c t i o n  between t h e  two converg ing p l a t e s  may extend above t h e  
B e n i o f f  zone and i n v o l v e  a  complex zone of sp l ay  f a u l t i n g .  F u r t h e r  work i s  
neeaed t o  r e f i n e  t h e  v e l o c i t y  model i n  t h i s  area and t hus  improve t h e  accuracy 
o f  t h e  hypocenters and t h e i r  l o c a t i o n s  r e l a t i v e  t o  t h e  c r u s t a l  and B e n i o f f  
zone a c t i v i t y .  Add i t ona l  da ta  f r om  con t inued  m o n i t o r i n g  w i l l  c o n t r i b u t e  t o  
r e s o l v i n g  t h e  na tu re  of t h i s  a c t i v i t y .  

PATTEkN OF SHALLOW EARTHQUAKES 
Shal low (dep th  l e s s  t han  20 km) earthquakes (F i gu res  7 and 8 and Tab le  3 )  

c o n f i r m  t h e  presence o f  a c t i v e  f a u l t s  w i t h i n  t h e  c r u s t .  I n  t h e  a v a i l a b l e  d a t a  
f r om  2 1/2 years  o f  record ing ,  207 sha l low earthquakes were l o c a t e d  i n  t h e  
s tudy area around t h e  southern Kenai Peninsula.  Earthquakes as sma l l  as 
coda-magnitude 0.2 t h a t  occur  near t h e  Brad ley  Lake a r r a y  a re  r o u t i n e l y  
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TABLE 2 

EARTHQUAKES OF CODA-DURATION MAGNITUDE 3  AND LARGER NEAR SOUTHERN KENAI PENINSULA 
NOVEMBER 2 7 .  1 9 8 0  - MAY 3 1 ,  1 9 8 3  

ORIGIN TIME LAT N  LONG U DEPTH MAG MB NP NS CAP D3 RHS , ERH E R Z  O 
HR MN SEC DEG M I N  DEG M I N  KM DEG KH SEC KM KM 

1 9 8 8  
NOV 2 8  1 7  4 4  3 . 7  6 0  16 .9  1 5 2  1 2 . 8  91 .9  3 . 6  4 .6  3 5  5  55 5 7  5 . 6 1  1 .5  2.9 8  

DEC 1 1  22  1fJ 6 8 . 8  6 8  2 . 3  1 5 2  4 1 . 3  9 8 . 4  3 .8  3 4  3 55  7 8  0 . 5 2  1.7 3 . 4 B  
F E L T  I 1 1  AT KENAI AND SOLDOTNA 

1 9 8 1  
JAN 2 3  1 7  3 9  4 1 . 7  5 9  5 7 . 8  1 5 2  5 3 . 8  1 1 6 . 9  3 . 8  3 5  5  5 5  7 5  8 . 5 6  1.4 2.6 B 

26 I 8  24  5 4 . 1  6 0  8 . 7  1 5 8  2 3 . 3  5 3 . 8  3 .2  4 . 6  38  9  1 0 2  5 1  0 . 6 1  1 . 1  2 . 4  A  

FEB 23 1 3  3  8 . 5  6 0  1 3 . 5  1 5 0  2 1 . 8  64 .9  3 .8  4 . 8  36  1  1 8 0  5 2  8 . 5 2  1.5 2.3 A  
FELT I V  AT KENAI ,  HOMER, MOOSE PASS. AND SEWARD 

MAR 6  6  4 4  3 3 . 5  6 0  5 .3  1 5 2  22 .7  8 1 . 6  3 . 1  4 . 6  2 9  7  4 2  7 3  0 . 4 4  1 .2  1 . 9 A  

APR 22  6 3 1  4 7 . 6  6 8  2 8 . 3  152 4 3 . 8  1 2 4 . 4  3 . 6  2 8  7  8 1  1 8 2  8 .57  2.B 3 . 3  B 
24 7  5 2  5 5 . 0  5 9  1 8 . 3  1 5 1  5 1 . 8  5 2 . 5  3 . 3  4 . 0  3 8  5  1 1 1  8 8  0 . 4 9  1 .7  3 . 0  B 

FELT AT HOMER 

MAY 1 2  14  36 2 7 . 5  5 9  5 5 . 1  1 5 2  5 4 . 4  1 0 7 . 2  3 . 1  . 3 8  7  1 3 7  9 8  0 . 5 5  2.6 2.7 A  
17  8  5 1  9 . 5  6 0  2 0 . 4  1 5 2  2 6 . 8  1 8 8 . 0  3 . 0  24  5 76  1U8 1 . 6 4  1 . 5  3 . 1 8  
2 1  2 0  2 9  3 3 . 6  5 9  4 5 . 8  1 5 2  5 4 . 5  1 1 2 . 2  4 . 0  4.6 3 0  1  1 4 1  9 4  8 . 6 3  2 . 3  3 . 6  B 

FELT ON KENAl PENINSULA AND AT ANCHORAGE 
2 7  5 18  3 6 . 6  6 8  1 . 5  152 5 6 . 5  1 1 1 . 1  3 . 0  2 4  6 1 3 Y  ' 9 2  8 . 5 4  . 2 . 2  2 . 5  B 
iQ 19 8 2 3 . 2  6 8  1 0 . 9  152 4 4 . 7  1 0 8 . 7  3 . 7  4.1 3 0  8 9 4  8 2  0 . 7 7  1 . 5  1.9 A  
3 0  12 44 5 4 . 7  5 9  5 5 . 5  152 5 5 . 4  1 f l 1 . 1  3 . 3  33  1 1  8 4  7 8  8 . 5 8  1 . 1  1 . 4  A 

J U L  2 1  
2 8 
2 3 

AUG 1  

SEP 7 
9 

OCT 14 
15 
1 8  
19  

NOV 1  
3  

13  
16 

1  4 2  1 7 . 0  59  5 9 . 3  1 5 2  5 2 . 3  1 1 8 . 7  4 . 8  5 . 1  3 6  3  1 1 5  7 7  0 . 6 1  1 . 8  3 . 6  B 
FELT I V  I N  ANCYORAGE-HOMER AREA 
19 4 3  2 7 . 7  6 8  1 7 . 4  1 5 1  5 6 . 7  5 9 . 5  3 . 7  1 1  6 114 5 0  8 . 3 7  2.6 4.4 B 
1 8  2 1  5 3 . 1  59  3 5 . 9  1 5 2  3 9 . 1  9 2 . 3  3 . 5  2 9  6 84  6 6  8 . 5 1  1 . 4  2 . 3  A  
1 1  3 1  1 7 . 6  6 0  2 5 . 6  152 5 9 . 3  1 3 7 . 5  3 . 3  3 1  4  7 5  9 8  8 . 4 7  1 . 9  3 . 9  B 
2 1  2 7  5 1 . 3  5 9  49.7 1 5 2  2 0 . 5  9 0 . 6  3 . 2  3fl 8  7 1  5 9  0 . 5 0  1 . 3  1 . 9 A  

. - - . - - . - . . 
4  3 1 5 . 5  6 8  4 . 3  152 3 2 . 4  9 7 . 2  3 . 5  3 9  7  6 8  8 ; 6 7  1 .1  1 . 6  A 

1 8  1 8  3 1 . 8  6 8  1 1 . 4  1 5 8  4 7 . 2  5 0 . 1  3 . 8  3 8  4  !f 45 0 . 6 7  1 . 3  t . 9  8  
2 3  4 9  4 9 . 4  6 8  4 . 6  152 5 9 . 0  1 2 6 . 7  4 . 3  4 . 5  4 3  2 6 5  6 4  0 . 6 1  1 . 5  2 . 2 A  
FELT I 1  AT HOMFR 
l i - 2 8 - 4 2 . 0  6 8 - 1 4 . 8  1 5 1  3 1 . 8  7 3 . 0  4 . 1  4 . 7  4 1  3  54, 5 9  0 . 6 3  1 . 3  2.5 A 
FELT I V  AT KENAI,  HOMER. N I N I L C H I K .  SOLDOTNA. CLAM GULCH. COOPER LANDING, TVONEK 
STERLING, KASILOF, AND GIRDWOOD; ALSO FELT 1 1 1  AT ANCHORAGE,AND I 1  A T  PALMER 

DEC 2 1  1 4  1 3  5 0 . 2  59  59.7  1 5 2  55 .3  101.3  3 .4  38  8 6 8  7 0  0 . 4 7  1 . 1  1 . 7  A  
2 2  4 3 1  3 7 . 4  59  5 9 . 7  1 5 2  4 7 . 8  1 8 5 . 9  3.2 4 0  8 6 8  6 8  0 . 4 9  1.2 1.7 A  
2 5  2 2  2 6  4 0 . 4  59  35 .7  1 5 2  5 1 . 1  1 8 3 . 2  3 . 5  4.3 3 6  3 8 7  79  8 . 4 4  1 .5  3 . 5  B 

1 9 8 2  
JAN 1 1 1  2 1  32.9 6 0  13.4 1 5 2  5 6 . 6  138.3  3.5 4 8  7 6 9  4 9  0 . 5 6  1.3 2 . 1 A  

19 1 4 8  1 6 . 2  6 8  5 . 3  1 5 2  3 5 . 5  9 7 . 9  3 . 3  3 8  6  6 4  5 5  0 . 5 8  1 .1  2 . 2  A 
1 9  17  4 7  3 4 . 0  6 0  9 . 1  1 5 2  3 3 . 9  96.8  3 . 7  4.3 4 8  6  6 1  4 8  0 . 6 8  1 . 0  1 . 7  A  

1 1  54  5 8 . 3  6 0  1 g . 9  1 5 2  5 2 . 1  
7  1 6  5 8 . 2  59 5 9 . 2  152 5 7 . 4  

FELT I V  AT HOMER. CLAM GULCH. 
POINT COOPER LANDING. ENGLISH 

6  5 7  32 .5  59  47 .1  1 5 2  56 .2  

97.5 3 . 8  3 6  9  69 7 7  
9 6 . 1  3 . 5  3 . 9  35 5 1 4 2  6 9  

1 1 8 . 5  3 . 3  3 8  8  9 9  5 1  
1 3 5 . 8  4 . 6  4 . 9  3 9  1  69 7 2  

KENAI,  N I N I L C H I C K ,  AND TVONEK. FELT 
BAY. SELDOVIA. SOLDOTNA. ANCHORAGE, 

98 .2  3 . 8  4 . 4  3 9  5 7 8  7 1  

8 . 6 1  1 . 1  2 . 1 A  
0 . 5 3  1.4 2 . 3  A  
8 . 8 4  1 . 1  2 . l A  
0 . 5 7  1 . 7  3.5 8 
1 1 1  AT ANCHOR 
AND PALMER 
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TABLE 3 

SHALLOW (DEPTH C ZB KMI EARTHOUAKES. SOUTHERN KENAI  PENINSULA 
ORIGIM TIME L ~ T  1 LONG w DEPTH MAG a~ I S  GAP 0 3  rns ERH EUZ o 

HR nr s ~ c  o ~ c  nrn BEG nia KH DEG KH S E C  KM KM 

SHALLOW lOEPTH < ZB KH) EARTHOUAKES. SOUTHERI KENAt PENIHSULA 
O R I G I N  T l U E  LAT N LONG V DEPTH HAG MP N S  GAP 0 3  RWS ERH ERZ 0 
HR HN S E C  BEG MIN DFG urn KM D E G  K M  S E C  KM KM 

1981 ROY 2 7  S 5 3  18.3 5 9  5 7 . 3  I 4 9  64.3 1 3 . 0  #.?A 5  3  1 8 8  51 8.23 2 . 1  2 . 5  A  1 9 8 1  MAY 1 1  2 8  5 5  1 8 . 3  5 9  5 3 . 6  I 5 8  5 8 . 8  1 6 . 5  1 . 9 1  5  2  1 3 8  6 3  0 . 2 4  4 .0  1 2 . 6  0 
2 7 1 5 5 1 3 6 . 8  5 9 1 1 . 3  151 2.7 8 . 1  8 . 7 A  5 1 3 3 4  6 5  6 . 1 7  6 . 8  7 . 2 C  1 7  2 0  1 7  1 2 . 8  5 9  5 0 . 4  149 8 . 8  1 4 . 1  1 . I A  13 7  176 85 8 . 5 8  1 . 7  1 . 5  A 

OEC b I 4  2 4  4B.B 6 8  3 . 5  149 16.4 1B.2  1.3 11 5  2 3 4  79 8 . 3 3  4 . 8  1 . 8  0 1 7  23 2 8  4 3 . 5  5 9  3 2 . 8  151 2 8 . 9  3 . 9  8 . 9 A  3 3  187 I 2 6  0 . 2 4  2 2 . 1  6 .9  0 
8 2 2  5 5  6.6 5 9  35.7  1 5 1  1 6 . 9  6 . 0  0 . 5 A  7 3 1 6 8  2 8  8 . 3 3  1 . 6  1 . 2  A  I S  6  I 2  4 3 . 3  5 9  5 8 . 5  I 5 6  4 1 . 0  3.6 8 . 8 A  5  4  155 6 5  8 . 3 2  2 . 2  7 . 2  C 

1 1  6 2 8 1 4 . 0  5 9 5 2 . 5  1 5 B 4 8 . 3  1 1 . 2  1.4A 8 4  1 6 8  1 9  8 . 4 2  1 .3  0 . 9 A  I 8  6 1 5 4 8 . 2  5 9 5 0 . 9  1 5 8 4 2 . 7  1 1 . 8  1 .LA 6  5  151 65 8 . 4 5  2 . 0  3 . 4 B  

J U C  21 4  5 4  47.9 6 0  7 . 5  149 1 9 . 2  4.8 1 . 5  1 1  5  2 4 1  66 8 . 4 5  2 . 7  1.8 8 
23  6 5 9  16.7 59 3 5 . 5  1 5 8  1 4 . 8  19.3 1 . 4  I 4  6  222 43 0 . 2 3  2 . 8  2 . 1 A  
2 7 1 5 5 7 4 7 . 9  5 9 5 3 . 3  1 5 8 5 1 . 9  13.3 B . 2 A  6 5  132 18 8 . 2 8  1 . 2  l . 3 A  

1 6  0 3 4  3 2 . 1  5 9  33.7 I S 1  1 7 . 8  11.9 L.8A 7  4  1 7 4  3 1  0.34 3 . 2  2 . 3  B 15  5 4 1  4 . 2  5 9 3 5 . 8  1 5 1 1 9 . 3  6 . 9  1.3 I0 4  1 5 5  3 1  0 . 1 5  2.2 1 . 6 A  
1 6  1 1  49 17.2 5 9  3 5 . 5  151 2 8 . 8  5.8 8 .4A 6  3 1 5 5  2 9  8 .25  2.9 7 . 5  C 1 7  1 0  56 S . 7  5 9  3 8 . 3  119 4 5 . 6  1 6 . 3  1 . 0  I 3  7  2 4 8  5 0  8 . 3 7  3 .0  2 . 9  B 
17 9 2 6 3 2 . 6  5 9 3 7 . 1  1 5 8 5 9 . 6  7 . 9  2 . 1  1 2  5  1 0 2  21 8 . 4 2  1 . 5  l . 0 A  2 7  8 5 9  31 . 8  5 9  5 4 . 4  1 5 8  2 2 . 8  1 2 . 3  0 .8  6 3 177 3 3  8 . 3 3  3.5 3 . 2  
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locateo,  b u t  t h e  magnitude t h r e s h o l d  increases away f r om t h e  a r r a y  due t o  t h e  
c r i t e r i a  used i n  s e l e c t i n g  events  f o r  p rocess ing  and t o  t h e  inc reased  s t a t i o n  
separa t ion .  The l a r g e s t  sha l low event  t h a t  occur red  w i t h i n  t h e  area o f  F i g u r e  
8 d u r i n g  t h i s  t i m e  had a  magnitude o f  2.6. The l a r g e s t  sha l low event  w i t h i n  
25 km o f  t h e  c e n t r a l  s t a t i o n  BKLK near Brad ley  Lake had a magnitude of 2.1, as  
compared t o  a magnitude o f  2.7 f o r  t h e  l a r g e s t  event i n  t h e  B e n i o f f  zone 
w i t h i n  t h e  same e p i c e n t r a l  d i s tance .  W i t h i n  25 km o f  t h e  s t a t i o n  BRLK, t h e  
r a t e  of sha l low a c t i v i t y  has been between 15 and 25 t imes lower  t han  t h e  r a t e  
of Ben io f f  zone a c t i v i t y .  Along t h e  Kenai Pen insu la  t h e  r a t e  o f  sha l l ow  
a c t i v i t y  l a r g e r  than  magnitude 1  remained r e l a t i v e l y  un i f o rm  ( F i g u r e  9 ) .  

Most of t h e  sha l low a c t i v i t y  occur red  beneath t h e  Kenai Pen insu la  
southeast  o f  t h e  Border Ranges f a u l t .  There i s  no s t r ong  c o r r e l a t i o n  o f  
earthquakes w i t h  t h e  t r a c e s  o f  mapped f a u l t s ,  b u t  t h e  earthquakes do t end  t o  
c l u s t e r  s p a t i a l l y .  I n  t h e  r ecen t  p e r i o d  f r om December 1981 t o  May 1983, 
concen t ra t ions  o f  a c t i v i t y  occur red  i n  areas t h a t  had been r e l a t i v e l y  a c t i v e  
d u r i n g  t h e  p rev ious  year .  These concen t ra t i ons  i n c l u d e  one on t h e  southern 
Kenai Pen insu la  about 20 krn south of t h e  s t a t i o n  SLV, one s t r a d d l i n g  t h e  
Se ldov ia  Bay f a u l t  southeast  o f  Kachemak Bay between t h e  s t a t i o n s  SLV and 
B R U ,  one about 25 km no r t heas t  o f  t h e  s t a t i o n  BKNE, and one c l o s e  t o  t h e  
Kenai l ineament  near  t h e  s t a t i o n  SWU ( F i g u r e  7 ) .  Areas t h a t  appa ren t l y  were 
l e s s  a c t i v e  d u r i n g  t h e  r e c e n t  t i m e  p e r i o d  as compared t o  t h e  e a r l i e r  one 
i n c l u d e  one about 7  km southeast  of t h e  s t a t i o n  BRSW and two o t h e r s  near  BRNE, 
one about 10 t o  t h e  west and one about 7 km t o  t h e  south. 

FOCAL MECHANISMS 
Focal  mechanisms have been determined f o r  e i g h t  sha l low (dep th  l e s s  t han  

20 km) events  t h a t  occured beneath t h e  southern Kenai pen insu la  s i n c e  t h e  
Brad ley  Lake network was i n s t a l  l e d  (Stephens and o thers ,  1982). Fo r  many o f  
t h e  events  t h e  coverage o f  t h e  f o c a l  sphere i s  poor, b u t  f i v e  events  near  t h e  
Brad ley Lake network have mechanisms t h a t  a re  reasonably  c o n s i s t e n t  and 
compatable w i t h  normal f a u l t i n g .  The o r i e n t a t i o n s  o f  t h e  t e n s i o n  axes f o r  
these events range f r o r ~ ~  east-west t o  southeast -nor thwest .  Th i s  o r i e n t a t i o n  o f  
s t r e s s  i s  c o n t r a r y  t o  what m igh t  be expected i n  a  r e g i o n  of no r t hwes t -d i r ec ted  
p l a t e  convergence anu i s  c o n t r a r y  t o  geo log i c  evidence. However, t h e o r e t i c a l  
s t u d i e s  ( f o r  example, Melosh and F l e i t o u t ,  1982; Bischke, 1974) suggest t h a t  
p o r t i o n s  o f  t h e  o v e r r i d i n g  p l a t e  ad jacen t  t o  a subduct ion zone may be i n  
t e n s i o n  d u r i n g  t h e  e a r l y  p a r t  of t h e  se ismic  c y c l e  f o l l o w i n g  a  l a r g e  
earthquake ( i n  t h i s  case, t h e  1964 ear thquake) ,  and t h a t  these  zones change t o  
cornpression p r i o r  t o  t h e  nex t  l a r g e  earthquake. 

STRONG MOTION RECORD 
The SlqA-1 s t rong-mot ion ins t rument  co - loca ted  a t  t h e  s i t e  o f  t h e  h i gh -ga in  

s t a t i o n  BRLK was t r i g g e r e d  by  an earthquake t h a t  occur red  between June 24, 1982 
and June 26, 1983. A p r e l i m i n a r y  es t ima te  o f  0.14 g  was ob ta ined  f o r  t h e  
mdximuin peak-to-peak h o r i z o n t a l  a c c e l e r a t i o n  on t h e  record .  A t  present ,  t h e  
event  which caused t h e  t r i g g e r  i s  unce r t a i n .  I n  normal opera t ion ,  an event 
which causes t h e  s t rong-mot ion reco rde r  t o  t r i g g e r  can be i d e n t i f i e d  by 
observ ing  a d i s t i n c t  s i g n a l  from t h e  s t rong-mot ion ins t rument  t h a t  i s  super- 
imposed on t h e  t r a c e  of t h e  h i gh -ga in  ins t rument .  To date,  t h e  seismograms o f  
f o u r t e e n  cand ida te  events  of coda magnitude 2.5 and l a r g e r  have been checked 
and no s i g n a l  t h a t  would i n d i c a t e  a  t r i g g e r  of t h e  s t rong-mot ion reco rde r  was 
found. Four o t h e r  events  i n  t h i s  magnitude range occur red  a t  t imes  when t h e  
BKLK s t a t i o n  was n o t  ope ra t i ng  o r  when t h e  se ismic  s i g n a l  was n o t  recorded, so 
t h e r e  i s  no d i r e c t  way t o  determine whether o r  n o t  any o f  these events  t r i g -  
gerea t h e  ins t rument .  Another p o s s i b i l i t y  i s  t h a t  t h e  t r i g g e r i n g  mechanism 
which sends t n e  s i g n a l  t o  t h e  h i yh -ga in  ins t run len t  was n o t  work ing p rope r l y .  
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I n  t h i s  case, any o f  t h e  e igh teen  events  descr ibed  above c o u l d  have t r i g g e r e d  
t h e  ins t rument .  A v i s i t  t o  t h e  s i t e  i s  planned f o r  l a t e r  t h i s  summer t o  check 
t h e  ope ra t i on  o f  t h e  t r i g g e r .  The o p t i o n  o f  i n s t a l l i n g  an i n t e r n a l  c l o c k  i n  
t h e  s t rong-mot ion reco rde r  should be cons idered t o  p r o v i d e  an independent 
method o f  i d e n t i f y i n g  earthquakes which cause t h i s  ins t rument  t o  t r i g g e r .  

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 
The Brad ley  Lake se ismic  network has proved h i g h l y  success fu l  t o  date.  

H i g h - q u a l i t y  hypocenter da ta  a re  h e l p i n g  t o  improve our  unders tanding of  t h e  
t e c t o n i c  processes a c t i v e  i n  t h e  Brad ley  Lake reg ion .  The occurence o f  
sha l low earthquakes con f i rms  t h e  presence o f  a c t i v e  f a u l t s  w i t h i n  t h e  c r u s t ,  
b u t  f a u l t s  o t h e r  than  t h e  p r e s e n t l y  mapped f a u l t s  must be a c t i v e  t o  account 
f o r  t h e  d i s t r i b u t i o n  o f  sha l low a c t i v i t y .  Wel l - recorded earthquakes t h a t  
occur  beneath t h e  Brad ley  Lake a r r a y  i n d i c a t e  t h a t  t h e  depth t o  t h e  t o p  of t h e  
B e n i o f f  zone i s  about 37 + 5 km. The few earthquakes t h a t  occur  above t h e  
B e n i o f f  zone a c t i v i t y  b e t i e e n  depths of 20 and 35 km suggest t h a t  some f a u l t s  
w i t h i n  t h e  upper c r u s t  may extend i n t o  t h e  lower c r u s t .  A l t e r n a t i v e l y ,  t h e  
zone o f  meyathrust  i n t e r a c t i o n  may be sha l lower  than  35 km and i n v o l v e  a 
complex zone of sp l ay  f a u l t i n g .  Dur ing  t h e  p a s t  2 1/2 years  t h e  r a t e  o f  
a c t i v i t y  w i t h i n  t h e  c r u s t  near Brad ley  Lake has been about 15 t o  25  t imes  
lower  than  i n  t h e  u n d e r l y i n g  B e n i o f f  zone. 

Cont inued m o n i t o r i n g  o f  t h e  sha l low a c t i v i t y  near Brad ley  Lake i s  
e s s e n t i a l  t o  h e l p  c l a r i f y  t h e  na tu re  of t h e  c r u s t a l  a c t i v i t y  t h a t  occurs  
throughout  t h e  southern Kenai Peninsu la .  The most c r i t i c a l  i n f o r m a t i o n  w i l l  
come f r om t h e  o p e r a t i o n  o f  new s t a t i o n s  such as CNP and SDE. New s t a t i o n s  
should  be c l o s e  t o  s e i s m i c a l l y  a c t i v e  areas because of t h e  improved hypocenter  
accuracy f o r  r e s o l v i n g  t h e  r e l a t i o n s h i p  of earthquakes t o  mapped f a u l t  t r aces .  
I n  a d d i t i o n ,  t h e  P-wave f i r s t  mot ions  recorded a t  nearby s t a t i o n s  ( a t  d i s t ances  
on t h e  o rde r  o f  a f o c a l  depth)  c o n s t r a i n  f oca l  mechanisms o f  d i p - s l i p  events  
such as those a long  t h e  southern Kenai Peninsu la .  Nearby reco rd i ngs  o f  P-wave 
f i r s t - m o t i o n s  a re  p a r t i c u l a r l y  u s e f u l  when t h e  l o c a l  v e l o c i t y  s t r u c t u r e  i s  n o t  
w e l l  known, as i s  t h e  case f o r  t h e  southern Kenai Peninsu la .  F u r t h e r  work i s  
planned t o  improve t h i s  v e l o c i t y  model. Fo r  example, t r a v e l  t imes  recorded  
a long t h e  Kenai Pen insu la  f r om  we l l - t imed  b l a s t s  a long t h e  Seward Highway 
n o r t h  o f  Turnagain  A r m  d u r i n g  1982 w i l l  h e l p  t o  c o n s t r a i n  t h e  v e l o c i t y  
s t uc tu re .  The r e f i n e d  v e l o c i t y  model, improved s t a t i o n  c o n t r o l ,  and 
a p p l i c a t i o n  o f  r e l a t i v e  r e l o c a t i o n  techniques w i l l  a i d  i n  r e s o l v i n g  t h e  
r e l a t i o n s h i p  between t h e  sha l low c r u s t a l  a c t i v i t y  and t h e  mapped f a u l t s .  
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APPENDIX : INTENSITY SCALE USED B Y  

MODIFIED MERCALLI INTENSITY 
SCALE OF 1931 

Adap ted  f rom S i e b t r g ' a  M e r c a l l i - C a n c a n i  
s c a l e ,  m o d i f i e d  a n d  c o n d e n s e d .  

I, Not f e l t  - o r ,  e x c e p t  r a r e l y  
u n d e r  e s p e c i a l l y  f a v o r a b l e  cir-  
c u m s t a n c e s .  Under  c e r t a i n  c o n d i -  
t i o n s ,  a t  a n d  o u t s i d e  t h e  boun- 
d a r y  o f  t h e  a r e a  i n  wh ich  a  g r e a t  
s h o c k  18 f e l t :  s o m e t i m e s  b i r d s ,  
a n i m a l s ,  r e p o r t e d  u n e a s y  o r  d i s -  
t u r b e d :  s o m e t i m e s  d i z z i n e s s  o r  
n a u s e a  e x p e r i e n c e d :  s o m e t i m e s  
trees, s t r u c t u r e s ,  l i q u i d s ,  
b o d i e s  o f  w a t e r ,  may sway--doors  
may s w i n g ,  v e r y  s l o w l y .  

11. F e l t  i n d o o r s  by f ew,  e s p e c i a l l y  
o n  u p p c t  f l o o r s ,  or by s e n s i t i v e ,  
or  n e r v o u s  p e r s o n s .  A l s o .  a s  i n  
g r a d e  I, b u t  o f  t e n  more  n o t i c e -  
a b l y :  s o m e t i m e s  h a n g i n g  o b j e c t s  
may s w i n g ,  e s p e c i a l l y  when d e l i -  
c a t e l y  s u s p e n d e d :  s o m e t i m e s  
t r e e s ,  s t r u c t u r e s ,  l i q u i d s ,  
b o d i e s  o f  w a t e t ,  may s w a y ,  d o o r s  
may s w i n g ,  v e r y  s l o w l y :  s o m e t i m e s  
b i r d s ,  a n i m a l s ,  r e p o r t e d  u n e a s y  
o r  d i s t u r b e d ;  s o m e t i m e s  d i z z i n e s s  
or n a u s e a  e x p e r i e n c e d .  

111. F e l t  i n d o o r s  by s e v e r a l ,  m o t i o n  
u s u a l l y  r a p i d  v i b r a t i o n .  Some- 
t i m e s  n o t  r e c o g n i z e d  t o  b e  a n  
e a r t h q u a k e  a t  f i r s t .  D u r a t i o n  
e s t i m a t e d  i n  some c a s e s .  V i b r a -  
t i o n  l i k e  t h a t  d u e  to  p a s a i n g  o f  
l i g h t ,  or l i g h t l y  l o a d e d  t t u c k a .  
o r  h e a v y  t r u c k s  some d i s t a n c e  
away. Hang ing  o b l e c t s  may awing  
* l i g h t l y .  Movements may b e  
a p p r e c i a b l e  o n  u p p e r  l e v e l s  o f  
t a l l  a t r u c t u t e a .  Rocked s t a n d i n g  
m o t o r  cars s l i g h t l y .  

I V .  F e l t  i n d o o r s  by  many, o u t d o o r s  by 
few.  Awakened few.  especially 
l i g h t  s l e e p e r s .  P t i g h t e n e d  n o  
o n e ,  u n l e s s  a p p r e h e n s i v e  f r o m  
p r e v i o u s  e x p e r i e n c e .  V i b t a t  i o n  
l i k e  t h a t  d u e  t o  p a s a i n g  o f  h e a v y  
or h e a v i l y  l o a d e d  t r u c k s .  S e n s a -  
t i o n  l i k e  h e a v y  s t r i k i n g  
b u i l d i n g  or f a l l i F r Y o f  h e a v y  
o b j e c t s  i n s i d e .  R a t t l i n g  o f  
d i s h e s ,  w indows ,  d o o r s ;  g l a s s r a r e  
a n d  c r o c k e r y  c l i n k  a n d  c l a s h .  
C r e a k i n g  o f  w a l l s ,  f r a m e ,  espt- 
c i a l l y  i n  t h e  u p p e r  r a n g e  o f  t h i m  
q r a d e .  n a n g i n q  o b 3 e c t s  swung, i n  
numerous  i n s t a n c e s .  D i s t u r b e d  
l i q u i d s  i n  o p e n  v e s s e l s  s l i g h t l y .  
Rocked m t a n d i n g  m o t o r  c a r s  
n o t i c e a b l y .  
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V.  F e l t  i n d o o r s  by p r a c t i c a l l y  411 
o u t d o o r s  by many o r  m o s t :  o u t -  
d o o r s  d i r c c t l o n  e s t i m a t e d .  Awak- 
e n e d  many, or  m o s t .  F r i g h t e n e d  
f e w - - s l i g h t  e x c i t e m e n t .  a  f ew  ra i t  
o u t d o o r s .  B u i l d i n g s  t r e m b l e r :  
t h r o u g h o u t .  B r o k e  d i s h e r  
q l a s d w a r e ,  t o  some e x t e n t .  
C r a c k e d  windows-- in  some c a s e s ,  
b u t  n o t  g e n e r a l l y .  O v e r t u r n e d  
v a s e s ,  s m a l l  or u n s t a b l e  o b l e c t s ;  
i n  many i n s t a n c e s ,  w i t h  o c c a -  
s i o n a l  f a l l .  Hang ing  o b j e c t s ,  
d o o r s ,  $wing g e n e r a l l y  o r  c o n s i d -  
e r a b l y .  Knocked p i c t u r e s  a g a i n s t  
w a l l s ,  or swung them o u t  o f  
p l a c e .  Opened ,  or c l o s e d ,  d o o r s ,  
s h u t t e r s ,  a b r u p t l y .  Pendulum 
c l o c k s  s t o p p e d .  s t a r t e d  or r a n  
f a s t ,  or mlov.  Moved s m a l l  
o b j e c t s ,  f u r n i s h i n g s ,  t h e  l a t t e r  
to  s l i g h t  e x t e n t .  S p i l l e d  
l i q u i d s  i n  mmall a m o u n t s  f rom 
u e l l - f  i l l e d  o p e n  c o n t a i n e r s .  
T r e e s .  b u s h e s ,  *haken  s l i g h t l y .  

V I .  F e l t  by  a l l ,  i n d o o r s  a n d  o u t -  
d o o r s .  F r i g h t e n e d  many, e x c i t e -  
m t n t  g e n e r a l .  lome a l a r m .  many 
r a n  o u t d o o r s .  Awakened a l l .  
P e r s o n s  made t o  move u n s t e a d i l y .  
T r e e s ,  bumhes,  s h a k e n  s l i g h t l y  t o  
m o d e r a t e l y .  L i q u i d  s e t  i n  s t r o n g  
m o t i o n .  S m a l l  b e l l s  r ang - -  
c h u r c h ,  c h a p e l ,  a c h o o l ,  e t c .  
Damage a l i g h t  i n  p o o r l y  b u i l t  
b u i l d i n g s .  F a l l  of p l a s t e r  i n  
s m a l l  amoun t .  C r a c k e d  p l a s t e r  
s o m e v h a t ,  e s p e c i a l l y  f i n e  c r a c k s  
c h i m n e y s  i n  some i n s t a n c e s .  
Broke  d i s h e s ,  g l a s s w a r e ,  i n  con -  
m i d e r a b l e  q u a n t i t y ,  a l s o  some 
windows.  F a l l  o f  k n i c k - k n a c k s ,  
books, p i c t u r e s .  O v e r t u r n e d  f u r -  
n i t u r e  i n  many i n s t a n c e s .  Wuved 
f u r n i s h i n g s  o f  m o d e r a t e l y  heavy  
k i n d .  



V f I .  Frightened all--general alarm. 
811 ran outdoors. Some, or u n y ,  
found it difficult t o  atand. 
noticed by porsonm drivinp rotor 
cars, Trees and bushes shaken 
noderattly to ~trongly. waves on 
ponds, lakes, and running water. 
water turbid fran mud stirrod up, 
Incaving to some extent of .and 
or gravel mtrcam banks. Rang 
large church bells, ttc. 
suspended ob]ects made to quiver. 
Damage negligible in buildinqs of 
good design and construction, 
slight to rnoderatc in well-built 
ordinary buildings, considerable 
in poorly built or badly designed 
buildings, adobt houses, old 
walls (tsptcially where laid up 
without mortar), mpires, etc. 
Cracked chimneys to considerable 
extent, ualls t o  some extent. 
Fall of plaster in considerable 
to large amount, also aome 
stucco. Broke numerous windows, 
furniture to some extent, s h o c k  
down loosened brickwork and 
tilts. Broke weak chimneys at 
the roof-line (sometimes damaqina 
roofs). Fall Of cornices from 
touers and high buildings. 
Dislodged bricks and stones. 
Overturned heavy furniture, uith 
damage from breaklng . Damage 
considerable to concrete irriga- 
tion ditches. 

VIII. Fright qeneral--alarm approaches 
panic. D~sturbed persons drivlng 
motor cars. Trees shaken 
strongly--branches, trunks, bro- 
ken off, especially palm trees. 
Elected sand and mud in small 
amounts. Changes: temporary, 
permanent: in flow of springs and 
wells: dry wells renewed flow; in 
temperature of spring and vcll 
waters, bamage slight in struc- 
tures (brick) built especially to 
withstand earthquakes. Consider- 
able in ordinary aubatantial 
buildings, partial collapse: 
racked, tumbled down, vooden 
hOu%eS in some cases; threw out 
panel walls in frame structures, 
broke off decayed piling. Fa11 
of walls. Cracked, brake, solid 
atone walls seriously. Wet 
ground to mamc extent, also 
ground on steep slo~i?s. Twist- 
ing, fall, of chimneys, columns, 
nonumenta, also factory mtacks, 
toutrs. Moved conspicuously, 
overturned, very heavy furniture. 

1 X .  Panic general. Cracked ground 
conspicuou8ly. Damage consider- 
able in (masonry) structures 
built especially to withatand 
earthquakes: Threw Out Of plumb 
aome wood-frame houses built 
espcially to withrtand earth- 
quake*; great in substantial 
(masonry) buildings. some col- 
lapse in large part; or wholly 
shifted frame buildings off foun- 
dations, rscked frames; * c r i o u ~  
to reservoir*; underground pipes 
.met imea broken. 

X .  Cracked qround, mBpci4lly vhen 
l 0 0 ~ e  snd W t ,  Up t o  Width6 Of 
stvrral incher; flssurcv up to a 
yard in width ran parallel to 
Canal and Stteam banks. 
Landslides eonriderable from 
river banks and steep coasts. 
Shifted sand and mud horizontally 
o n  beachts and flat land. 
Changed level of water in wells. 
Threw water on banks of canals. 
lake., rivers, etc. Damage seri- 
ous to dams, dikes, embankments. 
Sevrre to well-built wooden 
8tructures and bridges, romc des- 
troyed. Devtlopcd dangerous 
cracks in mxeellent brick walls. 
Destroyed moat masonry and frame 
structures, alao their founda- 
tions. Bent railroad rails 
Blightly. Tore apart, o r  crushed 
endwise, pipc lines buried in 
earth. Open cracks and broad 
wavy folds in cement pavements 
and asphalt road nurfaccs. 

X I .  Disturbances in ground many 
and widespread, varying uith 
ground material. Broad fissures, 
earth slumps, and land slips in 
40f t, wet ground. Ejected water 
in large amounts charged with 
sand and mud. Caused sea-waves 
("tidal' waves) of significant 
magnitude. Damage revere to 
wood-frame structures, especially 
near shock centers. Great to 
dams, dikes, embankments often 
for long distances. Few, if any 
(masonry) structures remained 
atanding. Destroyed large well- 
built bridges by the wrecking of 
supporting piers, or pillars. 
Affected yielding vooden bridges 
less. Bent railroad rails 
greatly, and thrust them endwise. 
Put pipe lines buried in earth 
completely out of aervice. 

X I I .  Damage total--practically a11 
works of construction damaged 
greatly o r  destroyed. Distur- 
bances in ground great and 
varied, numerous shearing cracks. 
Landslides, falls of rock of sig- 
nificant character. slumping of 
river banks, etc., numerous and 
extensive. Wrenched loose, tore 
off, large rock masses. fault 
slips in firm rock, with notable 
horizontal and vertical offset 
displacements. Water channels, 
surface and underground, dls- 
t u r k d  and modified greatly. 
Dammed lakes, produced water- 
falls, deflected rivers, etc. 
Waves seen on ground surfaces 
(actually seen, ptobably, in some 
cases). Distorted lines of sight 
and lrvel. Threw objects upvard 
into the air. 


