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STATE OF ALASKA 
Department of N a t u r a l  Resources  

DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS 

According t o  Alaska S t a t u t e  41,  t h e  Alaska  D i v i s i o n  of  G e o l o g i c a l  and 
Geophys ica l  Surveys  i s  charged  w i t h  c o n d u c t i n g  ' g e o l o g i c a l  and g e o p h y s i c a l  
s u r v e y s  t o  d e t e r m i n e  t h e  p o t e n t i a l  of  Alaskan l a n d  f o r  p r o d u c t i o n  of  m e t a l s ,  
m i n e r a l s ,  f u e l s ,  and geo the rmal  r e s o u r c e s ;  t h e  l o c a t i o n s  and s u p p l i e s  of 
ground w a t e r  and c o n s t r u c t i o n  m a t e r i a l s ;  t h e  p o t e n t i a l  g e o l o g i c  h a z a r d s  t o  
b u i l d i n g s ,  r o a d s ,  b r i d g e s ,  and o t h e r  i n s t a l l a t i o n s  and s t r u c t u r e s ;  and s h a l l  
conduct  such  o t h e r  s u r v e y s  and i n v e s t i g a t i o n s  a s  w i l l  advance knowledge of 
t h e  geo logy  of A l a s k a . '  

I n  a d d i t i o n ,  t h e  D i v i s i o n  of  G e o l o g i c a l  and Geophys ica l  Surveys  s h a l l  
c o l l e c t ,  r e c o r d ,  e v a l u a t e ,  and d i s t r i b u t e  d a t a  on t h e  q u a n t i t y ,  q u a l i t y ,  and 
l o c a t i o n  of underground,  s u r f a c e ,  and c o a s t a l  w a t e r  of t h e  s t a t e ;  p u b l i s h  o r  
have p u b l i s h e d  d a t a  on t h e  w a t e r  of t h e  s t a t e  and r e q u i r e  t h a t  t h e  r e s u l t s  
and f i n d i n g s  of  s u r v e y s  of  w a t e r  q u a l i t y ,  q u a n t i t y ,  and l o c a t i o n  be f i l e d ;  
r e q u i r e  t h a t  w a t e r - w e l l  c o n t r a c t o r s  f i l e  b a s i c  w a t e r  and a q u i f e r  d a t a ,  
i n c l u d i n g  b u t  n o t  l i m i t e d  t o  w e l l  l o c a t i o n ,  e s t i m a t e d  e l e v a t i o n ,  w e l l -  
d r i l l e r ' s  l o g s ,  pumping t e s t s ,  f l o w  measurements ,  and w a t e r - q u a l i t y  
d e t e r m i n a t i o n s ;  a c c e p t  and spend f u n d s  f o r  t h e  purposes  of  t h i s  s e c t i o n ,  AS 
41.08.017 and 41.08.035,  and e n t e r  i n t o  agreements  w i t h  i n d i v i d u a l s ,  p u b l i c  
o r  p r i v a t e  a g e n c i e s ,  communi t ies ,  p r i v a t e  i n d u s t r y ,  and s t a t e  and f e d e r a l  
a g e n c i e s ;  c o l l e c t ,  r e c o r d ,  e v a l u a t e ,  a r c h i v e ,  and d i s t r i b u t e  d a t a  on s e i s m i c  
e v e n t s  and e n g i n e e r i n g  geology of t h e  s t a t e ;  and i d e n t i f y  and i n f o r m  p u b l i c  
o f f i c i a l s  and i n d u s t r y  a b o u t  p o t e n t i a l  s e i s m i c  h a z a r d s  t h a t  might  a f f e c t  
development i n  t h e  s t a t e .  

DGGS o f f i c e s  a r e  l o c a t e d  a t :  

.794 U n i v e r s i t y  Ave. .3601 C S t .  ( 8 t h  £1 . )  
(Basement) P.O. Box 7028 
F a i r b a n k s ,  99709 Anchorage,  99510 
(907) 474-7 147 (907) 561-2020 

,400  Willoughby Cen te r  . F i s h  Ha tchery  Road 
( 3 r d  £ 1 . )  P.O. Box 772116 
Juneau ,  99801 Eag le  R i v e r ,  99577 
(907) 465-3400 (907) 688-3555 

T h i s  r e p o r t  i s  f o r  s a l e  by DGGS f o r  $ 2 .  DGGS p u b l i c a t i o n s  may be  i n -  
s p e c t e d  a t  t h e  f o l l o w i n g  l o c a t i o n s .  Mai l  o r d e r s  s h o u l d  b e  a d d r e s s e d  t o  t h e  
F a i r b a n k s  o f f i c e .  

, 794  U n i v e r s i t y  Ave. ,3601  C S t .  ( 8 t h  £ 1 . )  
(Basement) P.O. Box 7028 
F a i r b a n k s ,  99709 Anchorage,  99510 

,400 Willoughby Cen te r  
( 3 r d  f l . )  
Juneau ,  99801 
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SUMMARY OF ALASKA EARTHQUAKES FOR THE PERIOD 
JULY, AUGUST, AND SEPTEMBER 1985 

C mpi led  by Y Hans Pulpan and J . N .  Davies  1 

INTRODUCTION 

T h i s  r e p o r t  l i s t s  t h e  p a r a m e t e r s  of e a r t h q u a k e s  t h a t  occur  i n  and n e a r  
a r e a s  encompassed by t h e  network of  se ismograph s t a t i o n s  o p e r a t e d  o r  r e c o r d e d  
by t h e  U n i v e r s i t y  o f  Alaska Geophys ica l  I n s t i t u t e  (UAGI) ( f i g .  1; t a b l e  1 ) .  
The g o a l  of t h i s  r e p o r t  i s  t o  p r o v i d e  a  c o n v e n i e n t  r e f e r e n c e  s o u r c e  f o r  
e a r t h q u a k e  a c t i v i t y  i n  t h e  se ismic-network a r e a  and q u a n t i t a t i v e  i n f o r m a t i o n  
t h a t  r e s e a r c h e r s ,  a d m i n i s t r a t o r s ,  p l a n n e r s ,  and o t h e r  i n t e r e s t e d  peop le  can 
u s e ,  T h e r e f o r e ,  t h i s  r e p o r t  c o n t a i n s  h y p o c e n t r a l  p a r a m e t e r s  and i n f o r m a t i o n  
abou t  t h e  q u a l i t y  of d a t a  and p r e c i s i o n  of  t h e  p a r a m e t e r s .  Because of t h e  
s u b s t a n t i a l  q u a n t i t y  of d a t a ,  t h i s  r e p o r t  i s  based  on r o u t i n e  d a t a  p r o c e s s -  
i n g .  However, e a r t h q u a k e s  a r e  l o c a t e d  a s  a c c u r a t e l y  and w i t h  a s  many u s e f u l  
d a t a  a s  p o s s i b l e .  A d d i t i o n a l  d a t a  and more s o p h i s t i c a t e d  methods of  a n a l y s i s  
might  l e a d  t o  more a c c u r a t e  l o c a t i o n s .  

DATA COLLECTION 

The d a t a  used  i n  t h i s  r e p o r t  a r e  d e r i v e d  from two p r i n c i p a l  s o u r c e s :  
s e i s m i c  s t a t i o n s  o p e r a t e d  by UAGI  and s e i s m i c  s t a t i o n s  o p e r a t e d  by o t h e r  
a g e n c i e s  whose d a t a  a r e  c o n t i n u o u s l y  recorded  by UAGI under  d a t a - s h a r i n g  o r  
data-exchange agreements .  For  e a r t h q u a k e s  of  l o c a l  magni tude ( ) L 3 ,  we 
r e c e i v e  r e c o r d s  of e a r t h q u a k e  a r r i v a l  t i m e s  a t  s e v e r a l  s t a t i o n s  o  3 t h e  Alaska 
Tsunami Warning System t h a t  i s  o p e r a t e d  by t h e  N a t i o n a l  Oceanic  and 
Atmospheric A d m i n i s t r a t i o n  (NOAA). 

S i g n a l s  from v a r i o u s  s t a t i o n s  a r e  t r a n s m i t t e d  by UAGI-operated VHF-radio 
l i n k s  and l e a s e d  commercia l - te lephone c i r c u i t s  t o  one of two r e c o r d i n g  cen- 
t e r s  i n  Homer and F a i r b a n k s  t h a t  a r e  o p e r a t e d  by t h e  U n i v e r s i t y  of  Alaska .  
Remote s t a t i o n s  a r e  s e r v i c e d  and c a l i b r a t e d  a n n u a l l y ;  s t a t i o n s  e a s i l y  acces -  
s i b l e  by road  a r e  s e r v i c e d  more f r e q u e n t l y  i f  n e c e s s a r y .  D i f f i c u l t  a c c e s s  t o  
many s t a t i o n s  can  r e s u l t  i n  l e n g t h y  d a t a  l o s s e s  i f  i n s t r u m e n t s  have malfunc- 
t i o n e d .  S i g n i f i c a n t  d a t a  l o s s e s  r e s u l t  i n  lower  d e t e c t i o n  t h r e s h o l d s  and 
poore r  s o l u t i o n  q u a l i t i e s  f o r  e a r t h q u a k e s  i n  t h e  a f f e c t e d  r e g i o n s .  To d i s -  
c e r n  such  c o n d i t i o n s ,  a  s t a t i o n - u s e  r e c o r d  i s  p rov ided  i n  f i g u r e  2 .  

Data a r e  r e c o r d e d  on 16-mm f i l m  on s e v e r a l  Teledyne Geotech Develocord- 
e r s  t h a t  have a  20-channel c a p a c i t y .  S a t e l l i t e - l i n k e d  c l o c k s  p r o v i d e  t ime 
marks t h a t  a r e  superimposed on t h e  r e c o r d s .  F i g u r e  3 shows t h e  t y p i c a l  r e -  
sponse  of  t h e  se ismic-network sys tem from t r a n s d u c e r  t o  r e c o r d e r .  

' u n i v e r s i t y  of Alaska Geophys ica l  I n s t i t u t e ,  F a i r b a n k s ,  Alaska 99775. 



Figure 1. All seismic-network stations operated by the University of Alaska 
and by other organizations whose data were used in this report. See 
table 1 for station names. 
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Table  1. Names and paramete rs  of se ismic-network s t a t i o n s  used t o  p r e p a r e  t h i s  r e p o r t .  

Code - 
AU E 
AUH 
AU I 
AUL 
BC3 
B GM 
BLR 
BM3 
BRLK 
B RW 
CDD 
CNP 
CRP 
FB 2 
FYU 
GKC 
GLM 
HDA 
HOM 
I LM 
IMA 
KD C 
KNK 
LVY 
MCK 
M I D  
m 
MS P 
NEA 
OPT 
PAX 
PDB 
PME 
PMR 
PMS 
PWA 
RD S 
RED 
SCM 
S DN 
SHU 
S KN 
SPU 
SVW 
TOA 
TT A 
WRH 

S t a t i o n  

August ine  E a s t  
August ine  H i l l  
August ine  I s l a n d  
August i n e  Lava Flow 
Beaver Creek 
Big Mountain 
Black Rapids  
Burnt Mountain 
Bradley Lake 
Barrow 
Cape Douglas 
China Poot 
C r a t e r  Peak 
F a i r b a n k s  
F o r t  Yukon 
Gold King Creek 
Gilmore Dome 
Harding Lake 
Homer 
I1 iamna 
I n d i a n  Mountain 
Kodiak 
Knik G l a c i e r  
Levy 
McKinley Park  
Middleton I s l a n d  
McNeil R iver  
Moose P a s s  
Nenana 
O i l  P o i n t  
Paxson 
Pedro Bay 
Palmer E a s t  
Palmer Observa to ry  
Palmer - A r c t i c  Va l ley  
Palmer West - Houston 
Richard D .  S i e g r i s t  
Redoubt Volcano 
Sheep Mountain 
Sand P o i n t  
Shuyak I s l a n d  
Skwentna 
Mount Spur r  
Sparrevohn 
Tolsona 
T a t a l i n a  
Wood River  H i l l  

L a t i t u d e  
( N . 1  

59" 21.54 
59" 21.83'  
59" 20.11 
59" 22.93' 
63" 3 . 9 5 '  
59" 23.56 
63" 30 .10 '  
67" 25.17'  
59" 45.85 '  
71" 18.20 '  
58" 55.79 '  
59" 31.55 '  
61" 16.02 
64" 54.00 '  
66" 33.96 
64" 10.72 '  
64" 59 .24 '  
64" 24.35 '  
59" 39.50 '  
60" 10.92'  
66" 4 .11 '  
57" 44.87 '  
61" 24.75'  
64" 13.00 '  
64" 43.94 '  
59" 25.67'  
59" 11.11 '  
60" 29 .35 '  
64" 34.63'  
59" 39.16 '  
62" 58.25'  
59" 47.27 '  
61" 37.90'  
61" 35.33'  
61" 14.68'  
61" 39.06'  
64" 49.59'  
60" 25.14' 
61" 50.00 '  
55" 20.48' 
58" 37.68 '  
61" 58.82 '  
61" 10.90 '  
61" 6 .49 '  
62" 6 .29 '  
62" 55.81 '  
64" 28.28'  

Longi tude 
(W. > 

153" 22.33 
153" 26.61 '  
153" 25.66 
153" 26.07'  
141" 46.96'  
155" 13.76 
145" 50 .70 '  
144" 36.25 '  
150" 53 .13 '  
156" 44.90 '  
153" 38.58 '  
151" 14.16 '  
152" 9 .33  
147" 47.60 '  
145" 13.90 
147" 56.08 '  
147" 23.34 '  
146" 5 7 . 2 3 '  
151" 38 .60 '  
152" 48.97'  
153" 40.72'  
152" 29.50'  
148" 27.34'  
149" 15.20 '  
148" 56.10 '  
146" 20.34' 
154" 20.20'  
149" 21.64'  
149" 4 .63 '  
153" 13.78 '  
145" 28.12 '  
154" 11.55 '  
149" 1 .70 '  
149" 7 .85 '  
149" 33.63'  
149" 52.72' 
148" 8 .68 '  
152" 46.32 '  
147" 19.66 '  
160" 29.83'  
152" 20 .93 '  
151" 31.78'  
152" 3 . 2 6 '  
155" 37.30 '  
146" 10 .34 '  
156" 1 .32 '  
148" 5 .39 '  

E l e v a t i o n  
(m > 
172 
900 
293 
360 
848 
625 
8 10 
500 
63 1 

0 
6 2 2 
564 

1622 
320 
137 
490 
8 20 
450 
198 
550 

13 80 
13 

595 
230 
6 18 

3 7 
442 
15 0 
3 64 
4 5 0 

1130 
305 
228 
100 
7 16 
13 7 
9 30 

1067 
1020 

23 
10 

564 
800 
7 6 2 
9 09 
9 14 
314 

V e l o c i t y  
model Opera to r  

UAG I 
UAG I 
U A G I  
UAG I 
UAGI 
UAGI/USGS 
UAG I 
UAGI 
USGS 
UAG I 
UAGI  
USGS 
UAG I 
UAG I 
UAG I 
UAG I 
UAG I 
UAG I 
UAG I 
U SGS 
NOAA 
NO AA 
USGS 
UAGI 
UAGI  
NOAA 
UAG I 
USGS 
UAGI  
UAG I 
UAG I 
UAGI/USGS 
NOAA 
NO AA 
NOAA 
UAGI 
UAG I 
UAGI  
UAGI 
NOAA 
UAG I 
USGS 
USGS 
NOAA 
NOAA 
NOAA 
UAG I 



STATION 
CODE JULY 

1985 
AUGUST 

A U E 
A G i l  
GU I 
AUL 
8C3 

C N P  
CRP 
F02 
F YU 
C K C  
CLM 
HOA 
H 0 M 

LVY 
MCK 
M r 0 
MMN 
MSP 
NEA 
NKA 
NNL 
O P T  
P A X  
PO8  
PME 
PMR 
PMS 
PNL 
P R G 

R O T  
RED 

SKN 
SPU 
SSN 
svw 
T O A  
T T A  
WRH 

Figure 2. Station-use record. Lines indicate that at least one arrival-time 
was read from a specific station operating on a specific day. Nonuse 
does not imply that a station was malfunctioning, but rather that no 
data were required to locate earthquakes. See table 1 for station 
names. 



F i g u r e  3 .  T y p i c a l  r e s p o n s e  of a  se ismic-network s t a t i o n  o p e r a t e d  by t h e  Uni- 
v e r s i t y  of Alaska  Geophys ica l  I n s t i t u t e .  M a g n i f i c a t i o n  i s  t h e  r a t i o  of 
t h e  a m p l i t u d e  measured on t h e  f i l m v i e w e r  t o  t h a t  of t h e  a c t u a l  ground 
mot ion r e c o r d e d .  A c t u a l  v a l u e s  v a r y  w i t h  s t a t i o n .  



DATA PROCESSING 

A r r i v a l  t imes  of body waves a r e  r e a d  from t h e  16-mrn f i l m  w i t h  Geotech 
f i l m v i e w e r s  t h a t  p r o v i d e  a  t ime r e s o l u t i o n  of 0 . 1  s / m m .  Thus, t h e  impuls ive  
a r r i v a l s  can be r e a d  t o  0 . 0 5  s .  

Ear thquake l o c a t i o n s  a r e  based  on a r r i v a l  t imes  of P  and S  waves. A s  
many S  a r r i v a l s  a s  p o s s i b l e  a r e  used t o  h e l p  d e t e r m i n e  h y p o c e n t r a l  d e p t h .  
Most S  r e a d i n g s  a r e  o b t a i n e d  from v e r t i c a l  components because  few three-com- 
ponent sys tems  a r e  r e c o r d e d .  When l a r g e  e a r t h q u a k e s  o c c u r ,  t r a c e s  o v e r l a p  on 
m u l t i c h a n n e l - f i l m  r e c o r d e r s ;  c o n s e q u e n t l y ,  S  a r r i v a l s  a r e  d i f f i c u l t  t o  
i d e n t i f y  . 

A f t e r  e a r t h q u a k e s  a r e  i d e n t i f i e d  and a r r i v a l  t imes  a r e  de te rmined ,  phase 
d a t a  a r e  p rocessed  w i t h  t h e  HYPOELLIPSE computer program (Lahr ,  1 9 8 0 ) . t o  
o b t a i n  e a r t h q u a k e  p a r a m e t e r s .  Each s o l u t i o n  i s  checked f o r  t h e  root-mean- 
s q u a r e  (RMS) e r r o r  of t r a v e l - t i m e  r e s i d u a l s  and t h e  s p a t i a l  d i s t r i b u t i o n  of 
s t a t i o n s  used.  S o l u t i o n s  t h a t  have r e s i d u a l s  0 . 5  s o r  g r e a t e r  a r e  r e r e a d .  
I f  t h e  s t a t i o n s  used a r e  p o o r l y  d i s t r i b u t e d ,  a d d i t i o n a l  d a t a  a r e  sought  from 
s t a t i o n s  n o t  r ecorded  by U A G I .  Even t s  r e c o r d e d  by fewer  t h a n  s i x  s t a t i o n s  
r e c e i v e  l e s s  a t t e n t i o n .  Data  f o r  e a r t h q u a k e s  of ML 2 3.5 a r e  p rocessed  more 
c a r e f u l l y ,  sometimes by changing c o n t r o l  p a r a m e t e r s  i n  t h e  computer program. 

VELOCITY MODELS 

The t e c t o n i c  regime and g e o l o g i c  s e t t i n g  v a r y  g r e a t l y  th roughout  t h e  
a r e a  covered  by t h e  UAGI s e i s m i c  network.  Although o u r  knowledge of t h e  
s e i s m i c - v e l o c i t y  s t r u c t u r e  i s  l i m i t e d ,  s i g n i f i c a n t  v a r i a t i o n s  e x i s t .  To 
account  f o r  t h e s e  v a r i a t i o n s ,  each U A G I  s t a t i o n  i s  a s s o c i a t e d  w i t h  one of 
t h r e e  v e l o c i t y  models ( t a b l e s  1 th rough  4 ) ,  depending on t h e  s t a t i o n ' s  
l o c a t i o n .  The models v a r y  o n l y  w i t h  d e p t h ;  l a t e r a l  v a r i a t i o n  o f  v e l o c i t y  i s  
n o t  c o n s i d e r e d .  For s t a t i o n s  o u t s i d e  t h e  UAGI  s e i s m i c  network,  we g e n e r a l l y  
u s e  models adop ted  by t h e  s t a t i o n ' s  o p e r a t o r s  ( t a b l e  1 ) .  For  a l l  models ,  
S  v e l o c i t y  = P  v e l o c i t y .  

n 
Model 1 i s  used p r i m a r i l y  i n  c e n t r a l  and n o r t h e r n  Alaska ( f i g s .  4 arid 5) 

and i s  based  on unpubl i shed  d a t a  by Biswas ( o r a l  commun., 1978) .  The upper 
mant le  s t r u c t u r e  i s  based on t r a v e l - t i m e  s t u d i e s  by Biswas and Bha t tacharya  
(1974) .  

Tab le  2 .  V e l o c i t y  model 1. 

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



Figure 4. Epicenters of earthquakes that occurred in central and northern 
Alaska north of lat 61'  N .  during the third quarter of 1985. Symbol 
sizes are shown for local magnitudes 2 through 5. Symbols larger or 
smaller than those shown reflect local magnitudes that must be 
interpolated relative to the symbol sizes shown. 
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Figure 5 .  Epicenters of earthquakes with 5 3 that occurred in central and 
northern Alaska north of lat 61 '  N. % uring the third quarter of 1985. 
Symbol sizes are shown for local magnitudes 2 through 5. Symbols larger 
or smaller than those shown reflect local magnitudes that must be 
interpolated relative to the symbol sizes shown. 



Table  3. V e l o c i t y  model 2 .  

Laver  P v e l o c i t y  (kmlsec) 

Model 2 i s  a s s o c i a t e d  w i t h  s t a t i o n s  l o c a t e d  i n  t h e  Cook I n l e t  - Kenai 
P e n i n s u l a  a r e a  ( f i g s .  6  and 7) and i s  used by t h e  USGS f o r  l o c a t i n g  e a r t h -  
quakes  i n  t h e  same a r e a .  It i s  a  modif ied v e r s i o n  of t h e  model de te rmined  by 
Matumoto and Page (1969) from t r a v e l - t i m e  s t u d i e s  of a f t e r s h o c k s  of t h e  1964 
Grea t  Alaska e a r t h q u a k e .  

Table  4 .  V e l o c i t y  model 3. 

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

Model 3 i s  used on Kodiak I s l a n d  and t h e  Alaska P e n i n s u l a .  The d e p t h  
and v e l o c i t y  of t h e  f i r s t  t h r e e  l a y e r s  a r e  based on r e f r a c t i o n  exper iments  i n  
t h e  c e n t r a l  A l e u t i a n  I s l a n d s  (Engdahl and T a r r ,  1970) .  The remain ing  l a y e r s  
a r e  based  on work by H e r r i n  and o t h e r s  .(1968).  

EARTHQUAKE MAGNITUDE 

Ear thquake magni tudes  a r e  determined from t h e  maximum ampl i tude  of t h e  
body-wave t r a c e .  Because r e g i o n a l  body-wave phases  a r e  u s e d ,  we de te rmine  
l o c a l  magni tudes  ( . The r e l a t i o n s h i p  we use  was d e r i v e d  by R i c h t e r  (1958) 
u s i n g  e a r t h q u a k e  d a  2) a  recorded  on s t a n d a r d  h o r i z o n t a l  Wood-Anderson seismo- 
g raphs  i n  C a l i f o r n i a .  C o r r e c t i o n s  were made f o r  d i f f e r e n c e s  i n  r e s p o n s e  and 
m a g n i f i c a t i o n  between t h e  s t a n d a r d  i n s t r u m e n t s  used by R i c h t e r  and t h e  i n -  
s t r u m e n t s  we u s e d .  However, no c o r r e c t i o n s  were made f o r  d i f f e r e n c e s  i n  a t -  



F i g u r e  6.  E p i c e n t e r s  of e a r t h q u a k e s  t h a t  o c c u r r e d  i n  t h e  Cook I n l e t - K e n a i  
P e n i n s u l a  a r e a  s o u t h  of l a t  61' N .  d u r i n g  t h e  t h i r d  q u a r t e r  o f  1985. 
Symbol s i z e s  a r e  shown f o r  l o c a l  magni tudes  2 th rough  5 .  Symbols l a r g e r  
o r  s m a l l e r  t h a n  t h o s e  shown r e f l e c t  l o c a l  magni tudes  t h a t  must be  
i n t e r p o l a t e d  r e l a t i v e  t o  t h e  symbol s i z e s  shown. 



Figure 7. Epicenters of earthquakes with 2 3 that occurred in the Cook 
Inlet-Kenai Peninsula area south of la "4 61' N. during the third quarter 
of 1985. Symbol sizes are shown for local magnitudes 2 through 5. 
Symbols larger or smaller than those shown reflect local magnitudes that 
must be interpolated relative to the symbol sizes shown. 



t e n u a t i o n  p r o p e r t i e s  between C a l i f o r n i a  and Alaska.  A d d i t i o n a l l y ,  no c o r r e c -  
t i o n s  were made f o r  measur ing v e r t i c a l  ground motion r a t h e r  t h a n  h o r i z o n t a l  
ground motion.  

The magnitude of each e a r t h q u a k e  i s  u s u a l l y  c a l c u l a t e d  a t  s e v e r a l  s e i s -  
mic-ne twork s t a t i o n s  and t h e n  averaged .  When l a r g e  e a r t h q u a k e s  o c c u r ,  t h e  
i n s t r u m e n t  r e s p o n s e  s a t u r a t e s  t h e  maximum t r a c e  a m p l i t u d e  of t h e  r e c o r d e r  a t  
most of our  s t a t i o n s .  T h e r e f o r e ,  we f r e q u e n t l y  l i s t  l o c a l  magnitude d e t e r -  
mined by NOAA's Palmer Observa to ry .  F e l t  r e p o r t s  and i n t e n s i t y  o b s e r v a t i o n s  
based on t h e  Modif ied M e r c a l l i  I n t e n s i t y  S c a l e  (app.  A;  R i c h t e r ,  1958) a r e  
a l s o  l i s t e d .  The i n t e n s i t y  l e v e l s  a r e  d e f i n e d  i n  appendix A,  

RECORDED EARTHQUAKES 

Appendix B l i s t s  h y p o c e n t e r ,  magni tude,  and q u a l i t y  p a r a m e t e r s  f o r  each 
e a r t h q u a k e  of P 2 3 t h a t  was l o c a t e d  d u r i n g  t h e  f i r s t :  q u a r t e r  of 1985 ( s e e  
a l s o  f i g s .  5 ,  f , and 8 ) .  Appendix C l i s t s  t h e  same p a r a m e t e r s  f o r  a l l  
e a r t h q u a k e s  t h a t  were l o c a t e d  d u r i n g  t h e  same p e r i o d  ( s e e  a l s o  f i g s .  4  and 
6 ) .  D e t e c t i o n  t h r e s h o l d  and s o l u t i o n  q u a l i t y  v a r y  th roughout  t h e  a r e a s  shown 
i n  f i g u r e s  4,  6 ,  and 8 .  Appendix B i s  p robab ly  complete  f o r  YL > 3. A s  
shown i n  f i g u r e  1 ,  t h e  d i s t r i b u t i o n  of s t a t i o n s  v a r i e s  s i g n i f i c a n t l y ;  t h u s  
d e t e c t i o n - t h r e s h o l d  l e v e l s  a l s o  v a r y  s i g n i f i c a n t l y .  

The r e l i a b i l i t y  of a  hypocen te r  l o c a t i o n  can  be a s s e s s e d  from two s e t s  
of i n f o r m a t i o n :  t h e  q u a l i t y  of t h e  i n p u t  d a t a  and t h e  r e s u l t s  o f  s t a t i s t i c a l  
t e s t s .  The number of P and S phases  used t o  l o c a t e  t h e  e a r t h q u a k e  (NP and 
NS), t h e  l a r g e s t  a z i m u t h a l  s e p a r a t i o n  between s t a t i o n s  a s  measured from t h e  
e p i c e n t e r  (GAP), and t h e  d i s t a n c e s  from t h e  e p i c e n t e r  t o  t h e  c l o s e s t  and 
t h i r d  c l o s e s t  s t a t i o n  (Dl ,  D3) a r e  t h e  most i m p o r t a n t  p a r a m e t e r s  t h a t  c o n t r o l  
t h e  r e l i a b i l i t y  of t h e  hypocen te r  l o c a t i o n .  A GAP o f  more t h a n  180' means 
t h a t  t h e  e p i c e n t e r  i s  l o c a t e d  o u t s i d e  t h e  s e i s m i c  network; t h e r e f o r e ,  l o c a -  
t i o n s  w i l l  g e n e r a l l y  be  l e s s  r e l i a b l e .  Also ,  a s  D l  exceeds  h y p o c e n t r a l  
d e p t h ,  t h e  r e l i a b i l i t y  of h y p o c e n t r a l  d e p t h  d e c r e a s e s .  Magnitude t h r e s h o l d  
and l o c a t i o n  r e l i a b i l i t y  v a r y  th roughout  t h e  s t a t e  because  of t h e  uneven dis- 
t r i b u t i o n  of s t a t i o n s  ( f i g .  1 ) .  

The RMS t r a v e l - t i m e  r e s i d u a l  and t h e  h o r i z o n t a l  (ERH) and v e r t i c a l  ( E R Z )  
p r o j e c t i o n s  of t h e  maximum a x e s  of t h e  one-s tandard-dev ia t ion  c o n f i d e n c e  e l -  
l i p s o i d  r e f l e c t  t h e  p r e c i s i o n  of t h e  s o l u t i o n .  Because we use  s i m p l i f i e d  
v e l o c i t y  models ,  t h e  RMS r e s i d u a l s  p robab ly  measure t h e  i n a c c u r a c y  of t h e s e  
models w i t h  r e s p e c t  t o  t h e  r e a l  c r u s t  and upper  m a n t l e ;  t h e y  o n l y  s e c o n d a r i l y  
a c c o u n t  f o r  random r e a d i n g  e r r o r s  and phase  m i s i d e n t i f i c a t i o n s .  Although t h e  
p r e c i s i o n  of h y p o c e n t r a l  l o c a t i o n s  i s  f a i r l y  w e l l  i n d i c a t e d  by ERH and ERZ,  
t h e i r  a b s o l u t e  a c c u r a c y  i s  d i f f i c u l t  t o  de te rmine  because  a d e q u a t e  c a l i b r a t i o n  
s t u d i e s  w i t h  known s o u r c e s ,  such  a s  e x p l o s i o n s ,  have n o t  been performed i n  t h e  
r e g i o n .  

S e i s m i c i t y  s o u t h  of l a t  61' N .  ( f i g .  6 )  dominant ly  r e f l e c t s  t h e  subduc- 
t i o n  of t h e  North P a c i f i c  p l a t e  b e n e a t h  t h e  North American p l a t e .  A  w e l l -  
d e f i n e d  Benioff  zone d i p s  abou t  45' NW. below Cook I n l e t  and t h e  Alaska 
P e n i n s u l a .  Near l a t  60' N . ,  h i g h  s e i s m i c  a c t i v i t y  a t  d e p t h s  g r e a t e r  t h a n  
70 km i s  t y p i c a l  of t h e  a r e a .  The Benioff  zone t e r m i n a t e s  a t  abou t  l a t  6 4 "  N .  



F i g u r e  8 .  E p i c e n t e r s  of e a r t h q u a k e s  t h a t  o c c u r r e d  i n  t h e  t h i r d  q u a r t e r  of 1985 
and a r e  n o t  shown i n  f i g u r e s  4 o r  5.  Symbol s i z e s  a r e  shown f o r  l o c a l  
magni tudes  2 th rough  5.  Symbols l a r g e r  o r  s m a l l e r  t h a n  t h o s e  shown 
r e f l e c t  l o c a l  magni tudes  t h a t  must be i n t e r p o l a t e d  r e l a t i v e  t o  t h e  symbol 
s i z e s  shown. 



A c l u s t e r  of h y p o c e n t e r s  a t  an  i n t e r m e d i a t e  dep th  (>50  km) n e a r  l a t  63" N .  
(below M t .  McKinley) p i n p o i n t s  where t h e  s t r i k e  of t h e  Benioff  zone changes  
from n o r t h - n o r t h e a s t  t o  more n o r t h e a s t .  The c l u s t e r  of s h a l l o w  h y p o c e n t e r s  
n e a r  F a i r b a n k s  i s  c h a r a c t e r i s t i c  of t h e  s e i s m i c  a c t i v i t y  i n  c e n t r a l  Alaska.  
Although t h e  s e i s m i c - s t a t i o n  d i s t r i b u t i o n  n e a r  Fa i rbanks  i s  dense  and pro- 
v i d e s  t h e  lowes t  d e t e c t i o n  t h r e s h o l d  th roughout  t h e  network (wi th  t h e  excep- 
t i o n  of August ine  Volcano) ,  t h e  c o n c e n t r a t i o n  of e p i c e n t e r s  i n d i c a t e s  a v e r y  
a c t i v e  s e i s m i c  zone.  
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APPENDIX A 
Modif ied  M e r c a l l i  s c a l e ,  1956 v e r s i o n .  

I. Not f e l t .  Some v e r y  low f requency  e f f e c t s ,  such  a s  s e i c h i n g  i n  l a k e s ,  
may be obse rved  r e s u l t i n g  from l a r g e ,  d i s t i n c t  e a r t h q u a k e s .  

11. F e l t  by p e r s o n s  a t  r e s t ,  on upper  f l o o r s ,  o r  f a v o r a b l y  p l a c e d .  

111. F e l t  i n d o o r s .  Hanging o b j e c t s  swing.  V i b r a t i o n  l i k e  p a s s i n g  of l i g h t  
t r u c k s .  D u r a t i o n  e s t i m a t e d .  May n o t  be  r e c o g n i z e d  a s  an  e a r t h q u a k e .  

I V .  Hanging o b j e c t s  swing.  V i b r a t i o n  l i k e  p a s s i n g  of  heavy t r u c k s ;  o r  
s e n s a t i o n  of a  j o l t  l i k e  a  heavy b a l l  s t r i k i n g  t h e  w a l l s .  S t a n d i n g  
motor c a r s  rock .  Windows, d i s h e s ,  d o o r s  r a t t l e .  G l a s s e s  c l i n k .  
Crockery c l a s h e s .  I n  t h e  upper  r ange  of I V ,  wooden w a l l s  and frame 
c r e a k .  

V .  F e l t  o u t d o o r s ;  d i r e c t i o n  e s t i m a t e d .  S l e e p e r s  wakened. L i q u i d s  d i s -  
t u r b e d ,  some s p i l l e d .  Smal l  u n s t a b l e  o b j e c t s  d i s p l a c e d  o r  u p s e t .  
Doors swing,  c l o s e ,  open.  S h u t t e r s ,  p i c t u r e s  move. Pendulum c l o c k s  
s t o p ,  s t a r t ,  change r a t e .  

V I .  F e l t  by a l l .  Elany f r i g h t e n e d  and r u n  o u t d o o r s .  P e r s o n s  walk un- 
s t e a d i l y .  Windows, d i s h e s ,  g l a s s w a r e  b roken .  Knickknacks ,  books ,  
e t c . ,  o f f  s h e l v e s .  P i c t u r e s  o f f  w a l l s .  F u r n i t u r e  moved o r  o v e r t u r n e d .  
Weak p l a s t e r  and masonry D c racked .  Smal l  b e l l s  r i n g  c h u r c h ,  s c h o o l ) .  I 
T r e e s ,  bushes  shaken ( v i s i b l y ,  o r  h e a r d  t o  rustle--CFR ) .  

V I I .  D i f f i c u l t  t o  s t a n d .  Not iced  by d r i v e r s  of  motor  c a r s .  Hanging o b j e c t s  
q u i v e r .  F u r n i t u r e  broken.  Damage t o  masonry D ,  i n c l u d i n g  c r a c k s .  
Weak chimneys broken a t  roof  l i n e .  F a l l  of p l a s t e r ,  l o o s e  b r i c k s ,  
s t o n e s ,  t i l e s ,  c o r n i c e s  ( a l s o  unbraced p a r a p e t s  and a r c h i t e c t u r a l  
ornaments--CFR). Some c r a c k s  i n  masonry C ,  Waves on ponds;  w a t e r  
t u r b i d  w i t h  mud. Smal l  s l i d e s  and c a v i n g  i n  a l o n g  sand o r  g r a v e l  
banks .  Large  b e l l s  r i n g .  Concre te  i r r i g a t i o n  d i t c h e s  damaged. 

V I I I .  S t e e r i n g  of motor c a r s  a f f e c t e d .  Damage t o  masonry C ;  p a r t i a l  c o l -  
l a p s e .  Some damage t o  masonry B ;  none t o  masonry A. F a l l  of s t u c c o  
and some masonry w a l l s .  T w i s t i n g ,  f a l l  of chimneys,  f a c t o r y  s t a c k s ,  
monuments, towers ,  e l e v a t e d  t a n k s .  Frame houses  moved on f o u n d a t i o n s  
i f  n o t  b o l t e d  down; l o o s e  p a n e l  w a l l s  thrown o u t .  Decayed p i l i n g  
broken o f f .  Branches  b roken  from t r e e s .  Changes i n  f l o w  o r  tempera- 
t u r e  of s p r i n g s  and w e l l s .  Cracks  i n  we t  ground and on s t e e p  s l o p e s .  

I X .  G e n e r a l  p a n i c .  Masonry D d e s t r o y e d ;  masonry C h e a v i l y  damaged, some- 
t imes  w i t h  complete  c o l l a p s e ;  masonry B s e r i o u s l y  damaged. (Genera l  
damage t o  foundations--CFR,) Frame s t r u c t u r e s ,  i f  n o t  b o l t e d ,  s h i f t e d  
o f f  f o u n d a t i o n s .  Frames r a c k e d .  S e r i o u s  damage t o  r e s e r v o i r s .  
Underground p i p e s  b roken .  Conspicuous  c r a c k s  i n  ground.  I n  a l l u v i a t e d  
a r e a s ,  sand and mud e j e c t e d ,  e a r t h q u a k e  f o u n t a i n s ,  sand  c r a t e r s .  

9 
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X. Most masonry and frame structures destroyed with their foundations. 
Some well-built wooden structures and bridges destroyed. Serious 
damage to dams, dikes, embankments. Large landslides. Water thrown on 
banks of canals, rivers, lakes, etc. Sand and mud shifted horizontally 
on beaches and flat land. Rails bent slightly. 

XI. Rails bent greatly. Underground pipelines completely out of service. 

XII. Damage nearly total. Large rock masses displaced. Lines of sight and 
level distorted. Objects thrown into the air. 



APPENDIX B 
Data for Alaska e a r t h q u a k e s  of % ? 3 t h a t  s e r e  l o c a t e d  d u r i n g  t h e  t h i r d  

q u a r t e r  1985. a  

ALASKAN EARTHQUAKES MAGNITUDE 3.0 
ORIGIN TIME LAT N LONG W DEPTH 

1985 H R H N  SEC DEGHIN DEGHIN KX 
JUL 02 01 42 48.5 66 13.0 149 56.3 6.6 

02 13 01 18.0 63 30.0 151 14.3 32.2 
03 02 12 4.9 58 20.5 151 5.9 94.3 
05 18 33 5.6 65 58.8 153 56.6 53.5 
06 09 09 4.2 60 9.2 147 6.3 115.1 

AND GREATER: JULY-SEPTEHBER. 
HAG NP NS GAP D l  D3 

1985 
RHS 
SEC 
0.18 
0.26 
0.37 
0.19 
0.33 

ERH 
KH 
4.8 
5.1 
4.5 
22.1 
69.8 

ERZ Q 
RM 

99.0 D 
6.6 D 
10.8 D 
26.6 D 
71.8 D 

DEG 
17 1 
143 
20 1 
239 
286 

- -  
3.1 9 o 183 198- 261 
4.3' 8 0 132 116 180 
3.9'12 0 140 112 192 
FELT (111) IN ANCHORAGE 

AUG 02 02 42 26.4 58 34.5 
03 03 57 23.7 57 99.8 
03 07 38 52.8 62 58.9 4.0 23 0 91 86 155 0.37 2.3 5.3 C 

NEIS HB - 4.3; FELT (IV) AT BIG LAKE. CANTWELL. 
PALMER, DENALI NATIONAL PARK AND FELT (111) 
AT ANCHORAGE AND WILLOW 
4 . 4  1 4  n 101-1 19 70 0.29 1 . 9  4.2 B 

3.0 
3.5' 
FELT 
4.3* 

8 0 125 74 162 0.24 2.6 4.2 D 
9 0 108 32 183 0.33 9.6 15.0 C 
(11) AT CHICXALOON 
13 1 70 9 12 0.23 3.3 5.5 B 

3.3 10 0 252 9 239 0.21 31.1 41.2D 
4.2. 8 1 127 38 76 0.23 3.3 7.6 C 
NEIS MB = 4.2: FELT AT HOMER 

08 21 38 44.9 58 29.6 154 32.7 1.3 3.7. 9 0 244 71 118 0.82 4.9 4.4 D 
09 00 06 38.0 88 29.8 134 29.8 1.4 4.1 10 0 242 69 116 0.89 4.2 4.8 D 
1 1  17 24 4.2 60 5.4 152 54.0 114.3 3.0 9 3 113 37 80 0.34 2.4 3.8 C 
12 10 16 9.8 62 39.3 150 33.8 116.6 3.0 9 1 178 122 199 0.33 3.8 7.8 D 
13 21 29 43.6 59 34.3 146 29.6 5.6 3.2' 8 0 168 18 151 0.35 3.5 2.5 C 
14 10 36 27.6 61 29.0 151 19.6 68.8 3.6 14 0 90 51 142 0.28 2.2 3.8 B 

PALMER HL - 3.7. NEIS HB = 4.1 
18 09 20 52.4 58 34.0 151 4.2 12.1 3.2 8 1 271 75 134 0.32 8 6 7.6 D 
21 1 1  37 14.6 57 43.3 154 18.2 13.3 3.3 7 0 272 108 153 0.34 15.1 11.3 D 
21 22 40 25.1 61 21.3 149 53.2 33.3 3.0 9 0 158 48 146 0.35 3.4 3.1 C 

23 02 16 4.0 60 57.0 151 49.4 27.2 3.8' 9 1 114 29 144 0.78 3.1 6.6 C 
NEIS MB = 3.9: FELT (111) AT CXUGIAK AND 
STERLING AND FELT (11) AT ANCHORAGE AND 
COOPER LANDING 

25 20 54 15.4 55 51.8 152 19.9 54.1 3.2 5 0 349 210 398 0.27 99.0 99.0 D 
26 16 08 10.3 66 6.4 150 2.7 4.9 3.1 8 0 146 165 175 0.28 2.2 35.0 D 
2 7 0 6 4 0  7.2 5926.9 15239.6 96.6 3.0 10 3 99 39 45 0.23 1.9 4.5B 
27 15 14 46.1 61 59.0 147 35.7 20.7 3.0' 9 1 118 36 202 0.29 11.0 13.3 C 

31 00 20 38.0 59 26.0 153 0.8 100.9 3.4 10 2 85 25 67 0.26 2.0 5.6 B 
31 06 59 34.7 60 10.2 148 44.3 73.8 4.3' 5 0 327 225 280 0.17 99.0 99.0 D 

SEP 03 14 00 26.7 56 33.8 152 50.1 0.1 3.8 10 0 327 134 305 0.27 99.0 23.5 D 
05 03 52 20.2 61 38.8 149 5'7.2 38.2 3.1' 7 0 149 44 140 0.30 2.8 3.1 C 

09 22 53 49.5 61 42.0 150 53.6 71.8 4.3 16 0 153 175 243 0.30 3.4 7.6 D 
FELT (111) AT ANCXORAGE, PALHER AND BIG LAKE 

10 17 20 6.9 61 21.8 151 24.0 71.8 4.0. 18 0 106 129 191 0.23 3.9 11.7 C 
NEIS ME - 4.1: FELT (111) AT ANCHORAGE AND 
(11) AT PALMER AND BIG LAKE 

10 1721 41.2 64 9.8 14952.4 90.0 4.3' 4 0 123 129 289 1.79 4.9 24.1 D 
NEIS ME - 4.4; FELT (111) AT FAIRBANKS AND 
(I ) AT ANCHORAGE 

a  
See e x p l a n a t i o n  o f  column head ings  a t  end o f  appendix C .  
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B (con.)  

ORIGIN TIHE LAT N LONG w DEPTH 
1985 HR MN SEC DEG HIN DEG MIN KM 

HAG NP NS GAP Di 03 R X S  ERH EBZ Q 
DEC KM XU S E C  S Y  I? 

3.2 5 0 344 376 430 0.27 99.0 9 9 . 0 D  
3.2 6 1 140 159 162 0.25 5.0 9.7 D  

FELT (111) AT HOHER 
3.3' 8 0 341 140 209 0.12 99.0 73.3 D 
3.9' 8 0 231 421 518 0.13 20.1 82.1 D 

4.4' 8 0 296 97 619 0.14 99.0 99.0 D 
NEIS HB = 4.8: FELT (11) AT SANDPOINT 
5.3'14 0 188 37 78 0.22 5 . 5  8 . 4 D  
NEIS M B  = 4.6; FELT ( I V )  AT KENAI AND (111) AT 
HOHER. SOLDOATNA AND SUTTON AND (11) AT PALMER. 
ANCHORAGE, MOOSE PASS AND SEWARD 
3.1' 1 1  0 105 38 105 0.37 3.0 10. 1 C 
3.2' 15 0 127 194 237 0.32 3.3 20.6 C 
4.3' 8 0 91 32 57 0.26 5.2 13.1C 
3.8' 13 0 107 193 234 0.28 3.6 24.0 D 



APPENDIX C 
Da ta  f o r  Alaska  e a r t h q u a k e s  of a l l  magn i tudes  t h a t  were  l o c a t e d  d u r i n g  t h e  

t h i r d  q u a r t e r  1985. a 

O R I G I N  
1985 HR HN 

J U L  01 06 18 
01 06 44 
01 07 49 
01 19 04 
01 19 06 

T I N E  
SEC 

22.3 
7 . 0  

5 9 . 6  
5 . 6  

3 7 . 8  

1 2 . 9  
48.5 

1 . 7  
50.4 

4 . 1  

5 8 . 3  
49.8 
2 5 . 1  
1 8 . 0  
5 6 . 3  

4 . 9  
17.7 
32.4 

4 .8  
8 . 2  

3 4 . 8  
5 8 . 3  
21 .4  
1 2 . 7  
2 5 . 0  

26.0 
4 0 . 7  
53.3 
1 9 . 6  
2 9 . 3  

24 .6  
13.2 

5 .6  
10.3 

1 . 2  
7 . 4  

43.9 
26.7 

4 . 2  
5 5 . 7  

8 . 1  
42 .8  
5 2 . 8  
5 5 . 9  
37.0 

1 . 2  
40.4 
25.9 

8 . 8  
10 .1  

13.9 
26.3 
2 7 . 4  

2 . 7  
54.2 

21.3 
43.9 
3 2 . 7  
3 5 . 0  
2 8 . 3  

ALASKAN EARTHQUAKES 
LAT N LONG W DEPTH 

DEG H I N  DEG HIN KH 
57 58.7 152 1 . 5  21.5 
63 6 . 8  151 3 4 . 7  8 3 . 0  
63 34 .5  147 44 .4  0 . 1  
63 1 7 . 7  149 22.5 9 4 . 1  
64 58.9 147 5 . 1  1 4 . 3  

JULY-SEPTEMBER. 1985 
HAG NP NS GAP Dl 

DEG KM 
2 . 7  9  1  210 38 
2 . 5  8  0  129 149 
1 . 9  9 0  113 62 
2 . 2  8  0  120 53 
1 . 4  5 1  262 14 

R H S  
S E C  

0 . 2 6  
0 . 2 9  
0 . 3 9  
0 . 2 4  
0 . 1 5  

0 . 2 5  
0 . 1 8  
0.23 
0 . 3 9  
0 . 3 4  

0 . 1 4  
0 . 1 5  
0 . 1 3  
0 . 2 6  
0 . 3 8  

0 . 3 7  
0 .18  
0 . 2 1  
0 . 1 2  
0 . 1 7  

0 . 3 0  
0 . 2 5  
0 . 1 7  
0 . 2 7  
0 . 2 5  

0 . 2 6  
0 . 3 6  
0 . 2 7  
0 . 7 6  
0 . 2 1  

0 . 2 7  
0 . 2 9  
0 . 1 9  
0 . 3 3  
0 . 3 0  
0 .28  
0 . 3 2  
0 . 1 4  
0 . 3 3  
0 . 3 5  

0 . 2 7  
0 .  17 
0 . 3 3  
0 . 3 0  
0 . 3 3  

0 . 2 6  
0 . 1 7  
0 . 2 3  
0.32, 
0 .21 

0 . 2 2  
0 . 3 0  
0 . 2 2  
0 . 1 6  
0 . 1 8  

0 . 3 4  
0 . 3 2  
0 . 2 6  
0 .32  
0 . 2 4  

ERH ERZ Q 
K M  K H  

4 . 7  3 . 9  D 

a  
See e x p l a n a t i o n  of column h e a d i n g s  a t  end of append ix  C .  
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APPENDIX C (con. ) 

ALASKAN EARTHQUAKES: JULY-SEPTEMBER. 1983 
ORIGIN TIME LAT N LONG h' DEPTH HAG NP N8 GAP D l  D3 RM9 ERH ERZ Q 

1985 HR M N  SEC DEG KIN DEG KIN ~n DEG KH KH SEC KH KH 
JUL 11nOO6 6 1 5 9 5 6 2  15334.9 138.6 2.4 5 2 155 3 7  7 0  0.14 5 3  7 . 8 D  

1 5 0 2 4 8  53.3 5956.7 15230.7 94.8 2.5 5 2 138 52 58 0.17 3.0 6 . 0 D  
15 03 59 48.1 59 47.2 151 29.1 49.0 2.7 7 5 139 17 101 0.21 3.0 3.3 C 
1 5 1 0 2 2  23.7 63 4.2 15030.6 97'.2 2.0 7 0 193 108 197 0.22 9.1 9 . 1 D  
15 1 1  33 11.2 64 57.5 146 48.0 13.6 1.4 7 1 166 28 62 0.11 2.8 2.2 C 
15 12 37 32.8 63 8.6 150 45.0 136.1 3.9. 12 0 140 112 192 0.33 3.3 8.4 D 

FELT (111) IN ANCHORAGE 



APPENDIX C (con.) 

ALASKAN EARTHQUAKES: JULY-SEPTEMBER. 1985 . . -. . - -. . - -. . . . . - - 7~ . --. -. - ~ ~ 

ORIGIN TIME LAT N LONG W DEPTH HAG NP NS GAP D l  D3 RMS ERH ERZ Q 
1985 HR MN SEC DEG HIN DEG MIN KM DEG EM KM SEC KH XH 

JUL2711 18 49.3 60 3.8 153 2.9 113.3 2.5 8 3 136 43 71 0.22 2.7 2 . 5 C  
9.7 17 57 A X 6 1  1 6 . 1  1 4 9  4 6 . 9  0.6 2 . 4  10 0 137 50 145 0.21 3.0 1.4 D 

PALMER ML - 3.0 
30 14 16 34.1 66 3.5 14952.2 97.1 2.1 6 0 142 159 196 0.38 3.2 25.2D 
30 18 08 54.7 66 6.5 149 47.7 20.0 2.8 9 0 164 162 167 0.24 2.6 29.4 D 
3 0 1 9 1 8  29.3 6420.2 14833.2 2.9 1.0 5 2 197 27 37 0.08 1.7 16.513 
3 0 2 1 4 4  3.2 6141.8 14930.9 46.2 2.4 5 1 129 23 147 0.35 3.6 3.1 C 
3 0 2 3 5 8  52.1 6354.8 14859.1 3.8 0.9 6 0 184 20 74 0.20 2.5 5 . 9 D  

AUG 01 03 46 
01 03 56 
01 06 03 
01 09 27 
01 09 56 

NEIS ME = 4.3: FELT (IV) AT BIG LAKE, CANTWELL. 
PALMER, DENALI NATIONAL PARE AND FELT (111) 
AT ANCHORAGE AND WILLOW 

14.5 1.3 7 2 156 23 37 0.27 1.5 1.4 C 
86.8 2.3 12 0 144 84 158 0.26 3.0 5.9D 
97.7 4.4 14 0 100 19 70 0.29 1.9 4.2B 

FELT (IV) AT HOMER AND ANCHOR POINT 
4.2 0.6 5 2 162 17 51 0.11 2.2 17.8C 



APPENDIX C (con. ) 

1985 
AUC 05 

0  5  
06 
07 
07 

ORIGIN 
HR HN 
07 47 
21 32 
09 16 
03 24 
03 54 

TIME 
SEC 

31 .6  
49.3  
11.2  
7 . 5  

3 0 . 9  

ALASKAN EARTHQUAKES 
LAT N LONG % DEPTH 

DEG HIN DEG MIN K M 
60  5 . 4  152 36.7  8 4 . 8  
60 3 0 . 5  147 3 5 . 0  5 . 7  
62 7 . 6  150 23.0  45 .5  
63 59.8  147 12.3 1 3 . 4  
61 5 1 . 6  148 56.0  3 . 8  

JULY 
HAG 

2 . 0  
2 . 4  
2 . 0  
1 . 3  
3 .5 '  
FELT 

-SEPTEHBER. 1985 
NP NS GAP D l  D3 

DEG KH KH 
5  1  123 38 9 2  
8  2  242 147 254 
8  0  152 89 164 

2 . 7  9  3 112 40 
2 . 3  9 0 1 7 1  86 
4 .2 '  8  1  127 38 
NEIS  HE = 4 . 2  . FELT I 
2 . 5  7  1 2 6 4  40 
2 . 4  5  0 138 149 
2 . 5  7  0 2 1 6  52 
PALHER HL - 2 . 8 :  FELT 

3 .7 '  9  0 244 71  
2.6'  8  0  313 111 
FELT AT CHICXALOON 
4 . 1  10 0  242 69  
2 . 5  8  1  271 52 
1.6 6  3  262 17 

RHS 
SEC 

0 . 0 6  
0 . 1 8  
0 . 3 7  
0 . 3 4  
0 . 3 3  

75 0 . 3 4  
209 0 . 2 1  

76 0 . 2 3  
iT HOMER 

82 0 . 2 1  
171 0 . 3 9  
136 0 . 2 0  

AT CHICXALO 

ERH 
Kti 

3 . 0  
11 5  

3 . 5  
1 . 6  
9 . 6  

ERZ Q 
KN 

5 . 9  C 
8 . 3  D 

22 .7  D 
0 . 9  D 

1 5 . 0  C 



APPENDIX C (con.)  

ORIGIN TIME 
1985 HR MN SEC 

AUG 13 21 29 4 3 . 6  
13 23 54 18 .2  
1 4 0 0 3 6  3 . 0  
14 02 18 0 . 9  
14 09 57 2 0 . 4  

ALASKAN EARTHQUAKES: 
LAT N LONG W DEPTH 

DEC HIN DEC HI11 KH 
59 3 4 . 3  146 29.6 5 . 6  
63 41 .4  149 28.0 25.0 
64 12.5 148 4 . 2  1 6 . 1  
61 53 .8  148 39.3 0 . 2  
64 45 .9  148 30.4 16.3 

JULY-SEPTEMBER, 1985 
MAG NP NS GAP D l  D3 

DEG KM KM 
3 . 2 '  8  0  168 18 151 
1 . 8  4  1  291 27 110 
1 . 3  7  3  103 7  58 
1 .8  5 3  122 42 198 
1 . 1  5  2 1 9 2  19 38 

2 . 8  9  4  135 69 108 
3 . 6  14 0  90  51 142 
PALMER ML - 3 . 7 .  NEIS MB - 
0 . 4  4  1 133 23 45 
2 . 0  6  1  267 50 269 
2 . 2  6  1  132 56 153 

RMS 
SEC 

0 . 3 5  
0 . 1 4  
0 . 2 7  
0 . 3 4  
0 . 0 8  

ERE ERZ Q 
K H  KM 

3 . 5  2 .5  C 
6 . 2  7 . 3  D 
1 . 0  1 . 2  B 
2 . 3  1 . 9  C 
2 . 0  2 . 4  C 

1 . 1  4  0  306 61 100 0 .02  47.3 9 9 . 0  D 
2.0 4  0  148 45 65 0 . 0 3  1.5 1 8 . 1  D 
3.8 '  9  1  114 29 144 0.78 3 . 1  6 . 6  C 
NEIS HB - 3 . 9 ;  FELT (111) AT CHUGIAK AND 
STERLING AND FELT (11) AT ANCHORAGE AND 
COOPER LANDING 
2 . 3  9  1  184 110 182 0.22 4 . 4  4 . 3  D 
2 . 8  5 1  175 166 185 0 .23  3 . 6  11 .8  D 
1 . 7  6  0  247 181 196 0 . 4 0  13 .0  8 4 . 6  D 
2 . 1  6  0  236 27 43 0 . 0 3  4 . 1  5 . 6  D 



APPEMIIX C (con. ) 

ALASKAN EART 
LAT N LONG W 

DEG HIN DEG MIN 
66 13.9 149 51.5 

'HQUMES : 
DEPTH 

X H 
51.1 
136.9 
126.1 
18.4 
128.3 

39.4 
54.1 
13.2 
37.2 
12.0 

4.9 
15.7 
78.6 
96.6 
17.5 

13.3 
19.6 
18.1 
11.5 
75.8 

20.7 
18.6 
133.4 
131.4 
146.8 
90.0 
40.5 

15.6 
80.3 
8.7 
19.4 
3.1 

0.7 
58.5 
72.7 
26.9 
17.5 

154.8 
14.7 
132.8 
165.3 
123.7 

104.6 
76.7 
33.0 
96.2 
100.5 

73.8 
19.4 
0.2 
19.4 
100.0 

95.0 
12.6 
71.7 
117.2 
63.3 

105.7 
67.3 
79.2 
129.7 
87.4 

84.5 
126.6 
83.2 
124.3 
93.4 

JULY-SEPTEHE 
MAG NP NS 

iER. 1985 
GAP Dl 
DEG KH 
172 173 
175 167 
177 109 
123 16 
335 126 

RHS 
SEC 

0.40 
0.04 
0.40 
0.02 
0.10 

0.32 
0.27 
0.24 
0.37 
0.12 

0.28 
0.05 
0.12 
0.23 
0.06 

0.21 
0.12 
0.37 
0.20 
0.37 

0.29 
0.26 
0.12 
0.13 
0.37 
0.15 
0.10 

0.17 
0.01 
0.07 
0.07 
0.15 

0.10 
0.34 
0.25 
0.35 
0.24 

0.07 
0.00 
0.11 
0.03 
0.13 

0.30 
0.24 
0.27 
0.05 
0.26 

0.17 
0.06 
0.16 
0.06 
0.34 

0.29 
0.13 
0.25 
0.15 
0.11 

0.27 
0.40 
0.35 
0.22 
0.28 

0.06 
0.04 
0.25 
0.29 
0.10 

ERH 
EM 
2.8 
3.5 
3.9 
2.2 

99.0 

9.1 
99.0 
2.2 
7.2 
1 . ?  

2.2 
4.6 
2.9 
1.9 
9.5 

8.3 
5.4 
3.0 
4.1 
2.8 

11.0 
5.7 
4.7 
5.2 

' 4.3 
3.4 
3.7 

12.0 
40.6 
1.1 
2.7 
17.4 

0.8 
4.3 
54.6 
26.1 
4.2 

46.5 
4.9 
5.1 
7.6 
4.1 

2.9 
5.7 
5.7 
3.5 
2.0 

99.0 
1.7 
1.0 
1.7 

99.0 

2.6 
1.2 
3.9 
6.7 
3.6 

2.1 
2.9 
5.6 
3.3 
2.8 

5.1 
5.3 
1.9 
6.1 
2.9 

ERZ Q 
K M 

90.4 D 
12.4 D 
8.5 D 
3 4 8  

73.2 D 

31.8 D 
99.0 D 
2.2 C 

99.0 D 
1.0 C 

35.0 D 
2.2 D 
5.9 C 
4.5 B 
3.6 D 

2.3 D 
1.4 D 
1.5 D 
3.0 D 
4.7 D 

13.3 C 
1.5 D 
7.5 C 
8.5 C 
15.8 D 
8.3 D 
6.2 C 

1.7 D 
28.5 D 
6.4 C 
1.6 D 

19.1 D 

82.3 C 
5.0 C 

23.5 D 
10.6 D 
6.0 D 

56.2 D 
1.9 D 

10.7 C 
18.5 D 
8.7 C 

7 . 5  C 
4.5 D 
7.5 C 
5.7 C 
5.6 B 

99.0 D 
2.0 C 
99.0 C 
2.0 C 

99.0 D 

4.9 C 
6.5 C 
5.6 D 
7.8 D 
5.3 C 

3.8 B 
2.8 D 

43.7 D 
4.6 C 
6.6 C 

1 1 . 1  D 
15.5 D 
3.6 B 
8.3 D 
9.3 C 

ORIGIN 
1985 HR HN 

AUG 24 08 03 
24 08 05 
25 01 31 
25 09 15 
25 10 35 

TIME 
SEC 
16.8 
40.6 
28.2 
59.1 
37.7 

1.4 
15.4 
43.3 
26.8 
4.0 

10.3 
12.8 
27.6 
7.2 
53.5 

27.2 
23.5 
39.9 
27.5 
18.3 

46.1 
43.8 
48.3 
16.8 
9.5 
0.8 
14.4 

47.7 
3.8 
27.0 
56.9 
42.2 

10.3 
10.7 
13.0 
3.1 
55.7 

44.3 
35.8 
15.7 
19.9 
45.7 

54.9 
40.1 
38.2 
56.0 
38.0 

34.7 
3.4 
11.6 
5.5 
13.8 

45.7 
49.9 
42.7 
42.7 
46.6 

51.3 
38.2 
3.6 
16.9 
33.8 

18.5 
17.5 
36.1 
13.2 
54.9 

31 23 04 
SEP 01 01 45 

01 05 54 



APPENDIX C (con.) 

O R I G I N  
1985 HR MN 

S E P  03 10 58 
03 1 1  58 

TIME 
S E C  
13.9 
19.1 
26.7 
22.8 
12.0 

33.7 
34.2 
42.7 
52.3 
46.9 

51.1 
20.2 
51.7 
0.5 
18.8 

52.0 
36.2 
41.3 
46.5 
19.3 

ALASKAN EARTHQUAKES: 
LAT N LONG W DEPTH 

DEG X I N  DEG MIN XM 
63 19.8 150 38.0 126.6 

JULY-SEPTEMBER.  1985 
MAG NP NS GAP Dl 

DEG K M  
2.1 7 0 190 96 
1 . 1  6 1 256 34 
3.8 10 0 327 134 
1.7 5 0 2 0 9  1 1  
2.6 7 1 151 162 

RMS 
S E C  
0.06 
0.17 
0.27 
0.21 
0.38 

0.23 
0.10 
0.28 
0.15 
0.24 

0.07 
0.30 
0.16 
0.15 
0.35 

0.10 
0.14 
0.13 
0.04 
0.15 

ERH 
KH 

10.7 
4.1 

99.0 
3.2 
5.1 

1.9 
13.3 
11.8 
10.7 
6.3 

18.0 
2.8 
1.6 
2.0 
4.0 

4.3 
2.5 
8.1 
9.5 
1.2 

CRZ Q 
XM 

12.1 D 
2.3 D 

23.5 D 
2.4 D 

97.9 D 

2.1 B 
17.7 D 
2.0 D 
8.7 D 
3.5 D 

99.0 D 
3.1 C 
5.4 B 
2.9 C 
5.6 C 

12.3 D 
99.0 D 
8.0 D 
13.0 D 
4.0 C 

4.3 16 0 153 175 243 0.30 3.4 7.6 D 
FELT ( 1 1 1 )  AT ANCHORAGE. PALMER AND B I G  LAKE 
2.3 7 0 208 12 59 0.05 6.2 14.8 D 
2.5 6 0 134 52 98 0.33 5.9 22.3 C 

1.5 6 1 249 23 62 0.15 2.8 
4.0'18 0 106 129 191 0.23 3.9 
N E I S  HB - 4.1: F E L T  ( 1 1 1 )  AT ANCHORAGE 
(11) AT PALMER AND B I G  LAKE 
4.3' 4 0 123 129 289 1.79 4.9 
N E I S  HB = 4.4; F E L T  ( 1 1 1 )  AT FAIRBANKS 
( I )  AT ANCHORAGE 
3.2 3 0 344 376 430 0.27 99.0 
1 . 1  7 4 130 13 42 0.23 0.8 

1.4 D 
11.7 C 

AND 

24.1 D 
AND 



APPENDIX C 

,ASKAN EARTHQUAKES: JULY-SEPTEMBER, 1985 
LONG W DEPTH HAG NP NS GAP Dl 

A L 
LAT N 

DEG UIN 
65 1.9 
65 2.2 
60 21.8 
62 36.3 
65 2.3 

64 18.5 
63 8.1 
62 4.8 
64 30.2 
64 43.7 

62 2.8 
62 52.3 
64 57.4 
99 42.0 
62 18.4 

65 59.7 
60 11.9 
56 56.0 
64 53.8 
63 27.2 

63 2.2 
63 1.9 
64 53.0 
64 49.1 
59 41.3 

64 17.0 
61 46.0 
64 48.1 
64 51.2 
64 38.0 

62 51.7 
64 37.1 
64 46.3 
58 57.7 
59 14.0 
60 44.7 
65 0.4 
59 11.9 
59 47.4 
64 15.8 

63 14.2 
59 17.3 
59 5.7 
59 2.1 

61 11.8 

63 4.6 
60 40.3 
60 21.9 
64 42.0 
64 44.9 

64 58.6 
59 56.5 
62 44.1 
67 32.1 
62 59.3 

66 9.8 
63 29.4 
60 54.3 
63 51.4 
64 15.7 

RHS 
SEC 

0.10 
0.07 
0.18 
0.26 
0.07 

0.09 
0.21 
0.18 
0.04 
0.09 

0.03 
0.21 
0.35 
0.34 
0.07 

0.25 
0.17 
0.24 
0.13 
0.07 

0.11 
0.23 
0.27 
0.36 
0.11 

0.08 
0.31 
0.25 
0.31 
0.29 

0.21 
0.20 
0.18 
0.24 
0.23 
0.21 
0.29 
0.25 
0.25 
0.18 

0.15 
0.16 
0.14 
0.20 

0.32 
2HORAI 

0.32 
0.29 
0.39 
0.08 
0.20 

0.22 
0.17 
0.12 
0.13 
0.14 

0.35 
0.01 
0.35 
0.24 
0.12 

ERH 
K H 
2.8 
4.0 
7.9 
18.0 
3.6 

1.4 
4.2 
22.9 
1 .8 
2.6 

29.3 
19.1 
6.3 
1.9 
4.0 

5.0 
5.1 

99.0 
1.9 

36.4 

19.5 
99.0 
3.0 
1.4 
2.9 

1.4 
3.6 
1.5 
1.4 
2.7 

73.5 
2.1 
1.5 
3.0 
3.4 
6.6 
4.0 
1.9 
3.0 
1.2 

70.3 
2.7 
2.4 
3.6 

7.5 
;E 

12.7 
4.3 
20.9 
2.1 
1.6 

7.0 
3.7 

99.0 
20.1 
99.0 

7.1 
99.0 
23.4 
2.7 
1.5 

ERZ Q 
KU 
2.5 D 
2.4 D 
13.2 D 
23.0 D 
2.2 D 

2.0 C 
1.9 D 
13.1 D 
6.3 C 
4.4 D 

37.8 D 
10.9 D 
1.0 D 
3.0 C 
32.9 D 

9.7 D 
1 1 . 1  C 
99.0 D 
27.0 D 
38.3 D 

9.7 D 
74.3 D 
8.5 D 
1.2 D 
4.5 C 

2.0 B 
24.4 D 
3.0 C 
1.0 D 
11.0 D 

36.7 D 
1.7 C 
1.3 C 
6.2 C 
3.1 D 
52.0 D 
2.7 D 
4.2 C 
3.8 C 
1.6 B 

65.7 D 
5.4 D 
7.2 D 
7.7 D 

99.0 D 

36.5 D 
6.0 D 
78.2 D 
2.4 C 

44.0 D 

15.3 D 
6.2 C 
73.3 D 
82.1 D 
99.0 D 

8.9 D 
95.3 D 
56.5 D 
1.9 D 
2.1 C 

ORIGIN 
1985 HR UN 

SEP 12 06 19 
12 08 14 
12 13 34 
12 15 17 
12 17 12 

TIHE 
SEC 
26.2 
53.5 
52.2 
4.5 
54.0 

48.0 
37.8 
39.2 
49.0 
29.1 

38.8 
36.6 
33.9 
51.2 
42.7 

20.8 
48.8 
21.8 
24.4 
49.8 

45.6 
50.1 
42.1 
53.8 
7.9 

13.4 
21.6 
45.3 
20.0 
8.5 

39.0 
2.1 
42.8 
16.8 
0.2 
10.9 
16.4 
22.2 
15.1 
27.3 

12.6 
23.9 
13.4 
59.4 

2.6 

27.5 
27.6 
25.7 
9.1 
29.5 

90.6 
2.6 
46.0 
57.9 
59.2 

24.0 
52.1 
9.8 
33.4 
54.5 

DEG UIH 
146 52.8 
146 52.8 
152 14.2 
151 32.2 
146 55.9 

DEG 
325 
31 1 
209 
257 
312 

2.0 7 
2.2 6 
2.3 8 
4.4 10 
FELT (I11 
3.0 8 
PALHER HL 

0 330 98 
2 185 56 
3 209 73 
0 200 55 

) AT HOMER 
0 249 164 
= 3.1 ; FELT 



APPEhQIX C (con. ) 

1985 
SEP 25 

2  5  

ORIGIN 
HR MN 
11 12 
16 29 

TIME 
SEC 

2 7 . 7  
1 9 . 6  

ALASKAN EARTHQUAKES: 
LAT N LONG w 'DEPTH 

DECMIN DECMIM EX 
64 4 7 . 7  147 37.7 15 2  

JULY-SEPTEMBER. 1985 
HAG NP NS CAP D l  D3 RMS ERH 

DEC EM KH SEC KX 
1 . 1  5  5  184 14 25 0 . 2 3  1 3 
4 . 4 '  8  o 296 97 619 o . i 4  9 9 . 0  
NEIS MB - 4 . 8 ;  FELT (11) AT SANDPOINT 
5 . 3 ' 1 4  0  188 37 78 0 . 2 2  5 . 5  
NEIS MB - 4 . 6 :  FELT AT KENAI (IV) AND ( 
HOMER, SOLWTNA AND SUTTON AND (11) AT 
ANCHORAGE, MOOSE PASS AND SEWARD 
3 . 1 '  11 0  105 38 105 0 . 3 7  3 . 0  
2 . 2  7 1  152 162 181 0 . 3 1  3 . 1  
3.2. 15 0  127 194 237 0 . 3 2  3 . 3  
2 . 4  6  0  333 74 140 0 . 0 8  71 .9  
1 . 1  5  2  243 28 42 0 . 1 4  . 1 .9  
2 . 1  7  0  194 205 237 0 . 1 6  12 .6  
2 . 3  5 0  147 166 176 0 .28  8 . 1  

ERZ Q 
KM 

2.4 C 
9 9 . 0  D 

8 . 4  D 
111) AT 
PALHER, 



E x p l a n a t i o n  f o r  Appendixes B and C 

Ear thquakes  a r e  l i s t e d  i n  c h r o n o l o g i c a l  o r d e r .  The f o l l o w i n g  d a t a  a r e  g iven  
f o r  each ea r thquake .  

O R I G I N  TIME i n  U n i v e r s a l  Time (UT):  d a t e ,  hour ( H R ) ,  minu te  (MN), 
and second (SEC). To c o n v e r t  t o  Alaska S tandard  Time ( A S T ) ,  
s u b t r a c t  9  h r .  
LAT N ,  LONG W :  e p i c e n t e r  i n  d e g r e e s  and minu tes  of n o r t h  l a t i t u d e  
and w e s t  l o n g i t u d e .  
DEPTH: d e p t h  of f o c u s  (measured i n  k i l o m e t e r s ) .  
MAG: l o c a l  magnitude from maximum t r a c e  ampl i tude .  An a s t e r i s k  
i n d i c a t e s  t h a t  t h e  v a l u e  de te rmined  by t h e  Alaska Tsumani Warning 
System (Palmer) was used .  Sometimes t h e  Palmer magni tude i s  g i v e n  
a s  a n  a d d i t i o n a l  magnitude i n  a  s e p a r a t e  l i n e  f o l l o w i n g  t h e  para-  
meter  l i s t i n g s .  I f  a v a i l a b l e ,  N a t i o n a l  Environmental  I n f o r m a t i o n  
S e r v i c e  (NEIS) body wave (MB) o r  surfacewave (MS) magni tudes ,  o r  
b o t h ,  a r e  g i v e n  i n  a  s e p a r a t e  l i n e  f o l l o w i n g  t h e  even t  pa ramete r  
l i s t i n g s  , 
NP: number of P a r r i v a l s  used t o  l o c a t e  e a r t h q u a k e .  
NS: number of S a r r i v a l s  used t o  l o c a t e  e a r t h q u a k e .  
GAP: l a r g e s t  a z i m u t h a l  s e p a r a t i o n  between s t a t i o n s  (measured i n  
d e g r e e s ) .  
D l :  d i s t a n c e  from t h e  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  (measured i n  
k i l o m e t e r s ) .  
D3: d i s t a n c e  from 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  
(measured i n  k i l o m e t e r s )  . 
RMS: root-mean-square e r r o r  of t h e  t r a v e l - t i m e  r e s i d u a l s  (measured 
i n  s e c o n d s ) .  
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  (measured i n  k i l o m e t e r s ) ,  from 
t h e  hypocen te r  w i t h i n  t h e  one-s tandard-dev ia t ion  c o n f i d e n c e  
e l l i p s o i d .  The q u a n t i t y  measures  t h e  e p i c e n t r a l  p r e c i s i o n  f o r  an 
e a r t h q u a k e .  Values of ERH >99 km a r e  l i s t e d  a s  99 km. 
ERZ:  l a r g e s t  v e r t i c a l  d e v i a t i o n  (measured i n  k i l o m e t e r s ) ,  from t h e  
hypocen te r  w i t h i n  t h e  one-s tandard d e v i a t i o n  c o n f i d e n c e  e l l i p s o i d .  
Th is  q u a n t i t y  measures  t h e  p r e c i s i o n  of t h e  h y p o c e n t r a l  d e p t h .  
Values  of ERZ t h a t  >99 km a r e  l i s t e d  a s  99 km, 
Q :  r e l i a b i l i t y  of t h e  h y p o c e n t e r .  T h i s  index  measures  p r e c i s i o n  of 
t h e  hypocen te r  l o c a t i o n  and a l s o  r e f l e c t s  t h e  q u a l i t y  o f  t h e  d a t a  
used t o  d e r i v e  t h e  hypocen te r  p a r a m e t e r s .  


