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STATISTICAL ANALYSIS OF THE CORRELATION OF EARTHQUAKES WITH RADON 
CONCENTRATION IN WATER FROM SHALLOW WELLSNEAROROVILLE,CALIFORNIA 
B. Berlin 

INTRODUCTION 

T h i s r e p o r t i s an accoun t of work pe r fo rmed 
from J u n e 20 t o September 2 5 , 1978 , funded by 
Lawrence B e r k e l e y L a b o r a t o r y D i r e c t o r ' s D e v e l o p ­
ment f u n d s . T h i s work i s p a r t of an i n v e s t i ­
g a t i o n t o d e t e r m i n e whe ther a s t a t i s t i c a l 
r e l a t i o n s h i p e x i s t s between v a r y i n g r adon c o n ­
c e n t r a t i o n i n w e l l w a t e r s and the o c c u r r e n c e of 
nea rby e a r t h q u a k e s . I f such a dependence i s 
v e r i f i e d , t hen c e r t a i n p a t t e r n s of c h a n g i n g 
r adon a c t i v i t y may be u s e f u l fo r p r e d i c t i n g 
e a r t h q u a k e s . 

Radon c o n c e n t r a t i o n i n two w a t e r w e l l s n e a r 
O r o v i l l e , C a l i f o r n i a , t h e F r o s i s e and t h e G i l l e y 
w e l l s , were compared w i t h p e r i o d i c a f t e r s h o c k s 
of t h e August 1, 1975 , O r o v i l l e e a r t h q u a k e f o r a 
p e r i o d of a b o u t 600 d a y s . The d a t a a r e c o n s i s t e n t 
w i t h d a t a b e i n g g e n e r a t e d from a d i s t r i b u t i o n o f : 
( a ) a l l n o i s e , o r ; (b) l o n g - t e r m s e i s m i c i l u c t u a -
c i o n s c o r r e l a t e d w i t h changes i n t h e P r o s i s e w e l l , 
o r s h o r t - t e r m s e i s m i c f l u c t u a t i o n s w i t h c h a n g e s i n 
t h e G i l l e y w e l l , o r b o t h . I n bo th c a s e s , t h e 
dependence must be e x p r e s s e d w i t h d i f f e r e n t 
e q u a t i o n s i n d i f f e r e n t d i r e c t i o n s from :he 
w e l l s . A l so t h e d a t a a r e i n c o n s i s t e n t w i t h d a t a 
b e i n g g e n e r a t e d from a d i s t r i b u t i o n where t h e 
dependence be tween s e i s m i c a c t i v i t y and r adon 
a c t i v i t y i s v e r y s t r o n g i n a l l d i r e c t i o n s . 

DATA COLLECTION 

The c o l l e c t i o n of r adon d a t a s t a r t e d a few 
days a f t e r t h e Augus t 1, 1 9 7 5 , O r o v i l l e 
( C a l i f o r n i a ) e a r t h q u a k e of magn i tude 6 on t h e 
R i c h t e r s c a l e , and so c o i n c i d e s w i t h t h e s e r i e s 
of a f t e r s h o c k s . Sampl ing c o n s i s t e d of f i l l i n g a 
p a i r of 5 0 0 - m l - c a p a c i t y p o l y e t h y l e n e b o t t l e s a t 
t h e w e l l h e a d , s e a l i n g them i m m e d i a t e l y a g a i n s t 
gas l o s s , t r a n s p o r t i n g them t o LBL w i t h i n a few 
d a y s of c o l l e c t i o n time., and making d i r e c t 
measurement of t h e radon c o n t e n t of t h e w a t e r by 
l o w - l e v e l ganma-ray s p e c t r o m e t r y a t t h e LBL Low 
Background Coun t ing F a c i l i t y . 

One sample p e r day was c o l l e c t e d from each 
of s i x w e l l s i n t h e r e g i o n of a f t e r s h o c k o c c u r ­
r e n c e , i n c l u d i n g w e l l s d r i l l e d i n t o poor Jy 
c o n s o l i d a t e d s e d i m e n t s and i n t o b e d r o c k fo rma­
t i o n s . The l o c a t i o n of t h e s e w e l l s i s g i v e n i n 
F i g u r e I . Subsequen t e x p e r i e n c e showed t h a t 
o n l y b e d r o c k w e l l s showed a s i g n i f i c a n t r adon 
v a r i a t i o n . Sampl ing a t o t h e r w e l l s was t h e n 
c u r t a i l e d , and our e f f o r t s were c o n c e n t r a t e d on 

a c q u i r i n g d e t a i l e d d a t a f r o a t h r e e b e d r o c k 
w e l l s . The s h a l l o w e s t of t h e s e ( t h e Norman 
w e l l , 6 5 - t t d e e p ) I s b e l i e v e d i o have s u f f e r e d 
o c c a s i o n a l i n v a s i o n of I r r i g a t i o n w a t e r a p p l i e d 
t o n e a r b y p a s t u r e l a n d . Da ta f r o r t h i s w e l l a r e 
t h e r e f o r e of q u e s t i o n a b l e v a l u e . Da ta from t h e two 
r e m a i n i n g b e d r o c k w e l l s ( t h e G i l l e y and P romise 
w e l l s , e a c h a b o u t 2 0 0 - f t deep and d e d i c a t e d t o 
d o m e s t i c u s e o n l y ) c o v e r t h e t i n e from Augus t 12 , 
1975 , t o A p r i l 6 , 1977—a s t r e t c h of 604 d a y s . For 
e a c h of t h e s e w e l l s , t h e r e a r e fewer t h a n ' 0 d a y s 
of m i s s i n g o b s e r v a t i o n s . V a l u e s were s i m u l a t e d 
f o r t h e m i s s i n g d a y s by l i n e a r o r c u b i c i n t e r p o l a t i o n 
fror> n e i g h b o r i n g v a l u e s . T y p i c a l d a t a o b t a i n e d 
f ror . t h e G i l l e y and P r o s i s e w e l l s a r e i l l u s t r a t e d 
i " " t u r e 2 . 

. he s e i s m i c d a t a i n c l u d e e a r t h q u a k e t i m e ( t o 
t h e s e c o n d ) , e p i c e n t e r c o o r d i n a t e s , d e p t h , and 
R i c h t e r m a g n i t u d e . T h i s i n f o r m a t i o n was 
o b t a i n e d from l i s t s compi l ed by t h e C a l i f o r n i a 
S t a t e Depar tmen t of Water R e s o u r c e s (SWR), 
S a c r a m e n t o , C a l i f o r n i a , and t h e U n i t e d S t a t e s 
G e o l o g i c a l S u r v e y N a t i o n a l C e n t e r fo r E a r t h q u a k e 
R e s e a r c h (USGS), Menla P a r k , C a l i f o r n i a . 

STATISTICAL ANALYSIS 

The o b j e c t i v e i s t o measure t h e e x t e n t t o 
which v a r i a t i o n s i n t h e e a r t h q u a k e p r o c e s s 
( t i m e , m a g n i t u d e , d i s t a n c e from w e l l s ) a r e c o r ­
r e l a t e d w i t h c h a n g e s i n r adon a c t i v i t y . The 
t e c h n i q u e used i s d e s c r i b e d i n d e t a i l by 
B r i l l i n g e r ( 1 9 7 5 ) . A more e l e m e n t a r y i n t r o d u c ­
t i o n t o t h i s t o p i c i s g i v e n by K e n d a l l ( 1 ° 7 3 ) . 

NOTATION AND MODEL 

Time i s d i s c r e t i z e d i n d a y s . Tha t i s , b o t h 
r adon s a m p l i n g t imes and e a r t h q u a k e e v e n t t i m e s 
a r e t r u n c a t e d t o t h e n e a r e s t day . The d a y s a r e 
numbered: t = 1, 2 , 3 , . . . , N = 6 0 0 . Th-: 
number of d a y s s t u d i e d , 6 0 0 , was chosen b e c a j . " 
c o m p u t a t i o n s i n v o l v e d i n t h e a n a l y s i s a r e much 
l e s s time—consuming when N can be f a c t o r e d i n 
many s m a l l p r i m e s (600 = 2 3 . 3 . 5 2 ) . 

E a r t h q u a k e c*-ta a r e t h o u g h t o f a s t h e 
d e p e n d e n t v a r i a b l e w h e r e : Y i ( t ) - 1 i f an 
e a r t h q u a k e o c c u r s on day t , and where 
Y | ( t ) = 0 , i f n o t . I t would have been v e r y 
d e s i r a b l e t o d e a l s i m u l t a n e o u s l y w i t h t h e 
e p i c e n t e r - w e l l d i s t a n c e , t h u s : Y 2 ( t ) = 
1 / d i s t a n c e , i f t h e e a r t h q u a k e o c c u r s on day t , 



*8L 775-956 
Figure 1. Simplified map of the OroviHe, California, area, showing surface 
geology and the locations of sampled wells in re la t ion to the August 1, 1975, 
earthquake. 

and Y2(t) * 0, if not. However, a problem 
ar ises here because Y2 • 0 usually means that 
there was no earthquake. In the assumed model, 
Y2 * 0 is contused with having a very dis tant 
earthquake; therefore, Y2 is not used. 

The appropriate model for simultaneous 
analysis of occurrence, location, and magnitude 
ia a marV.ed-T>oiTA ptoceaft i.n sftiidn tVift a t t r i ­
bution of the location and magnitude is defined 
only when an earthquake occurs. 

W..-11 data are the independent variable 
whe re: 

Xj(t) = ra^jn ac t iv i ty in Prosise on day t ; 

X2(t) - radon ac t iv i ty in Gilley on day . t ; 

Many subsets of earthquakes have been f i t ted 
1© -mwle-ls of the folluwvng type^ 

Y(t) - Yj( t ) , and X(t) - [XjU) , X 2 ( t ) ] . 



4 0 0 
r 3 0 O 

; 2 0 O 
: 150 

.V 
Gilley 

eoo 

100 

50 
• 

• 
• 

S / 

• 
-•• 

• 
• •• 
• • 

••• * 
• •• 

Prosise 

V . 
• 

" 

?o 
HI I m i II ) 111 1) i l II 1 I) l i 

Earthquakes 
_!__ - J _ _ l _ 

0 10 2 0 3 0 4 0 5 0 6 0 
Time (days) 

XBL 794-1239 

F i g u r e 2 . T y p i c a l d a t a from t h e G i l l e y and 
p r o m i s e w e l l s fo r t h e p e r i o d O c t o b e r t o November 
1 9 7 5 , showing d a i l y radon a c t i v i t y and the 
o c c u r r e n c e t imes f o r a l l e a r t h q u a k e s w i t h 
m a g n i t u d e s g r e a t e r t han --2 on the R i c h t e r s c a l e . 

T h e s j a r e assumed t o b e s t a t i o n a r y t u n e s e r i e s . 
T h e r e f o r e , we can c o n c l u d e t h e f o l l o w i n g . 

The e x p e c t e d v a l u e s of Y ( t ) and X ( t ) r emain 
c o n s t a n t i n t i m e , so t h a t f l u c t u a t i o n ^ a r e 
o b s e r v e d t o o c c u r abou t a f i xed mearw l e v e l . 
T h i s i s , s t r i c t l y s p e a k i n g , f a l s e . Bo th t h e 
s e i s m i c a c t i v i t y and t h e radon measu remen t s i n 
the two w e l l s show t r e n d s . L i n e a r components of 
a l l t r e n d s have been removed a s a f i r s t s t e p t o 
t r e a t the d a t a . Al though t h e r a t e of s e i s m i c 
e v e n t s d e c r e a s e s , a s d u r i n g t h e t i m e i n t e r v a l 
s t u d i e d , r a d o n a c t i v i t y in the P r o s i s e w e l l 
shows a p o s i t i v e t r e n d and fo r t h e G i l l e y w e l l 
i t i s n e g a t i v e . The change i n a v e r a g e radon 
l e v e l i s c o n s i d e r a b l e . The P r o s i s e r adon l e v e l 
i s 40% h i g h e r toward the end of t h e 6 0 0 - d a y 
p e r i o d compared w i t h t h e b e g i n n i n g ; f o r t h e 
G i l l e y w e l l the d e c r e a s e i s a l s o 4021 o v e r the 
same t i m e p e r i o d . The removal of such a t r e n d 
i s a c o n c e s s i o n t h a t only changes can be a n a ­
l y z e d , f o r which s e v e r a l c y c l e s a r e o b s e r v e d i n 
t h e 600 d a y s a v a i l a b l e . 

Any dependence w i t h i n and between p r o c e s s e s 
r e l a t e s on ly t o t h e l e n g t h of t ime b e t w e e n t h e 
two p o i n t s c o n s i d e r e d , r a t h e r than to t h e i r 
a b s o l u t e l o c a t i o n on t h e t ime s c a l e . T h u s , 
F e b r u a r y and A p r i l of 1976 a r e assumed t o ** 3 j i 

s t r r n g l y r e l a t e d a s September and November o f 
1977 (two months a p a r t in b o t h c a s e s ) . 

These a s s u m p t i o n s 
the c o v a r i a n c e e : 

C o v t X i C t i . X j U 4 u ) ] = c x . ( X . ( u ) 

f o r a l l t , 

r e e x p r e s s e d i n t e r m s of 

covmo.nt + «>> - ^ ( u ) 
f o r a l l t , i , J • 1 , 2 . 

C o v l « t > , X j ( t • u > ) - C X - Y ( U > 

f o r a l l t , i , j • 1 , 2 . 

The a o d e l c o a e o n l y used t o r e l a t e Y and X i s 
l i n e a r : 

Y ( t ) - u + ^ a ( u ) X ( t - u ) * e ( t ) , ( 1 ) 

meaning that the probability of an earthquake on 
day t, given a particular pattern of X around t, 

a(u) X(t - u) 

H e r e , U i s t h e l o n g - t e r n p r o b a b i l i t y of an 
e a r t h q u a k e , and a ( u ) i s a f u n c t i o n o f t h e t ime 
l a g u . For e a c h u = 0 , i l , ±2, . . . . a ( u ) i s 
a v e c t o r w i t h two e l e m e n t s o f unknown c o n s t a n t s 
and tit) i s t h e e r r o r s e r i e s . Which a l s o i s 
s t a t i o n a r y . I f t h e v a r i a t i o n s i n Y a r e w e l l 
a c c o u n t e d f o r by e q u a t i o n ( 1 ) f o r s o a e v a l u e s 
of u and a_(u), t h e n the v a r i a t i o n i n z(t) w i l l 
b e c o n s i d e r a b l y l e s s t h a n i n Y ( t ) . Note t h a t 
when u i s a l l o w e d t o assume v a l u e s s o a l l e r t h a n 
z e r o , t h e f u t u r e o f X (beyond t ) i s i n v o l v e d , so 
a good f i t fo r e q u a t i o n ( 1 ) d o e s no t n e c e s s a r i l y 
imply t h a t a p r e d i c t i o n b a s e d on p a s t X o n l y 
w i l l be s u c c e s s f u l . — 

E q u a t i o n ( 1 ) i s r e m i n i s c e n t of m u l t i p l e 
l i n e a r r e g r e s s i o n , but h e r e o b s e r v a t i o n s a r e 
c o r r e l a t e d even when t h e y a r e made a t d i f f e r e n t 
t u n e s . T h i s c o m p l i c a t e s t h e a n a l y s i s q u i t e a 
b i t ; s t a t i s t i c i a n s p r e f e r t o work w i t h F o u r i e r 
t r a n s f o r m s of t h e s e r i e s and t h e i r c o v a r i a n c e 
f u n c t i o n s b e c a u s e i t i s much e a s i e r t o d e r i v e 
c r i t e r i a t o check i f any p a t t e r n s in t h e d a t a 
a r e s t a t i s t i c a l l y s i g n i f i c a n t , t h a t i s , i f t h e y 
a r e u n l i k e l y t o have a r i s e n o n l y from random 
n o i s e . I n t h e c o v a r i a n c e f u n c t i o n s g iven a b o v e , 
dependence i s d e s c r i b e d f o r o b s e r v a t i o n s u days 
a p a r t . The F o u r i e r t r a n s f o r m s of t h e s e f u n c ­
t i o n s t e l l t h e same m e s s a g e , bu t t h e a rgument i s 
a f r equency I, r a t h e r t h a n t h e t i m e l a g u . I n 
F o u r i e r a n a l y s i s , t h e t i m e s e r i e s i s decomposed 
i n a l i n e a r c o m b i n a t i o n of many t r i g o n o m e t r i c 
f u n c t i o n s ( s i n e s and c o s i n e s ) o f v a r y i n g a m p l i ­
t u d e s . The d i f f e r e n t components have f r e q u e n ­
c i e s v a r y i n g be tween 0 and TT, where t h e h i g h e s t 
f r e q u e n c y c o r r e s p o n d s t o u = 1, o r c y c l e s o f 1 
day . Here u and A c o r r e s p o n d to t h e same wave 
and a r e i n v e r s e l y p r o p o r t i o n a l . 

DISCUSSI0W OF RESULTS 

S p e c t r a fo r radon d a t a a l o n e r e v e a l two 
t h i n g s . F i r s t , t h e l o n g - t e r m v a r i a t i o n s 
( p e r i o d s g r e a t e r t han 15 d a y s ) have much l a r g e r 
a m p l i t u d e t h a n components w i t h p e r i o d s o f a few 
d a y s . T h i s phenomenon a p p e a r s d e s p i t e t h e f a c t 
t h a t J l i n e a r t r e n d has been removed. S e c o n d , 



the correlation between the two wells i s negl i ­
gible . This suggests that any effect that in ­
creased stress has on radon activity is very 
local. The wells are 3.7 lot apart. 

It is more dif f icult to find a consistent 
pattern in the earthquake spectra. Whereas each 
attempt to f i t the data involves the complete 
set of well observations, the set of selected 
earthquakes changes. This is done by including 
al l earthquakes within some distance of the well 
considered. 

Of course, the criteria for * significance 
are calculated for one particular run. Where 
•any s ta t i s t i ca l teats are tried, the s ign i f i ­
cance statements lose their power for drawing 
conclusions. Rather, attention is drawn here to 
the subsets of earthquakes with the highest 
correlation, without stating that i t wi l l hold 
up in the long run. 

Likewise for the Gilley well, the earthquakes 
within circlea show faint dependence with the 
radon data. The sane is true for seadcircles. 

Also, only earthquakes with a magnitude 
greater than 1.5 are included. For some se lec ­
tions, there is a tendency for the events to 
occur in cycles; in other cases the estimated 
dependence is weak, more like a Poisson 
process. This is a matter to which l i t t l e 
attention has been given during this search for 
a relation between earthquakes and radon data. 
It is worth furCher investigation. 

Finally, we considered the dependence 
between seismic events and radon act ivi ty . The 
extent to which the data f i t the model 
(equation 1) is measured by the coherence 
R^x(X), a generalization of the usual corre­
lation coefficient used in simple linear 
regression. For a particular A, i t measures the 
dependence of the trigonometric wave in earth­
quake occurrence (frequency) on the linear 
expression of radon data, as in equation (1) . 

Looking fir^t at the vicinity of the Prosise 
well, a l l earthcl'ttKes were picked within radii 
of 2, 3, and 4 km. In each case, the estimated 
coherence was low enough t? be consistent with 
no dependence at a l l . Thereafter, semicircles 
snd quadrants were tried with 3-km radii, or a 
total of eight different tests . In two cases 
the coherence assumed significant values. These 
are presented in Figure 3. 

Quadrant* look better, as shown in 
Figure 4. Mote that R^CA) - 0.16 is the 
5Z rejection limit. Why do al l four quadrants 
•how some dependence, but none of the sead­
circles? The reason is that the best f i t t ing 
constants [a_(u) in equation (1)1 are quite 
different for the four quadrants, and compromise 
values necessary for semicircles fail to explain 
the variation in seismic activity. 

Figure 5 is a plot of a_(u) vs. u for the 
four quadrant zones around the Gilley well that 
showed some promise with respect to coherence. 
The horizontal u-axis has been reversed, putting 
negative u's to the right. The advantage is 
that the positive u's (corresponding to preced­
ing days) wil l be to the left of the origin. 
The plots of a(u) a l l show strong osci l lat ions 
from high to low values. What does this mean? 
A first idea would be to reconstruct what 
pattern of radon changes makes the ripM-r.and 
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Figure 3. Geographical selections of seismic events 
within a 3-km radius of the Prosise well showing the 
correlation between seismicity and radon activity. 

Figure 4, Geographical selections of seismic events 
within a 3-kin radius of the Gilley well showing the 
correlation between seismicity and radon activity. 
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Figure 5. Profile of values for the constant 
dCu) in equation (1) , computed for the 3-kfa-
radius quadrant northwest of the Gilley welt. 
Previous days are plotted to the left of the 
origin; future days, to the r i gh t . The ordinate 
scale is in terras of the estimated standard 
deviation on a(u) values. 

anplitude are noise that Must be filtered away 
by the coeff icients a_(u). This is actually 
achieved with high and low a_(u) following each 
other. 

An object for further investigation is to 
study the quickly varying radon signal that 
renains after f i l ter ing , which actually serves 
as a precursor. 

The combined predictive abi l i ty for the two 
wells was also tried by selecting earthquakes 
within e l l ip se s that had rhe wells as foci* as 
i l lustrated in Figure 6(a) . 

As expected from the weak dependence of the 
two radon ser ies , i t turned out that for these 
subsets, the Prosise we 11Jhad negligible depen­
dence with the earthquake'?, while the largest 
coherence observed so far; occurred between the 

side of equation (1) large for the given e s t i ­
mated ji(u). That i s , what makes the chance for 
an earthquake large? Also, what pattern makes 
the chance small? 

Obviously, a day with a large positive _a(u) 
ca l ls for a posit ive radon count to contribute 
to a large probabi l i ty . If a(u.) has a large 
negative value, the radon count should be un­
usually small. Therefore, a strongly o s c i l l a t ­
ing radon pattern would serve as a precursor. 
Further, an osc i l l a t ing pattern out of phase 
with the former type would be an "antiprecursor" 
and make the chance small. 

However, th i s idea is a dead end because the 
radon record simply does not have any such rapid 
osc i l l a t ions . As mentioned ea r l i e r , the 
variat ion in radon ac t iv i ty is dominated by slow 
osc i l l a t ions . 

A more believable interpretat ion of the 
rapid fluctuations of a/u) is that the predic­
t ive effect of radon changes is very short term, 
about 1 to 2 days. 

From the point of view of earthquake 
predict ion, the long-term var ia t ions with large 

-9km-
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-H 
XBL794-1242 

Figure 6. Configurations to test the combined 
predict ive ab i l i t y for Prosise and Gilley wells 
(shaded areas indicate regions in which 
earthquakes occurred). 



G i l l e y w e l l and t h e e a r t h q u a k e s . E l l i p s e s o f 
d i f f e r e n t s i z e s were t r i e d and the f i t improves 
f u r t h e r i f an inner e l l i p s e i s e x c l u d e d , a s 
shown i n F i g u r e 6 ( b ) . 

F u r t h e r work s h o u l d be done t o i d e n t i f y a 
more r e a s o n a b l e l o o k i n g zone where t h e G i l l e y 
w e l l i s s e n s i t i v e . The s u b s t a n t i a l coherence 
a p p e a r e d a t a f r e q u e n c y c o r r e s p o n d i n g t o a 
p e r i o d of 2 - 1 / 2 d a y s . 

RECOMMENDATIONS 

To pu t the above i n c o n c l u s i v e f i n d i n g s to a 
t e s t , we recommend t h e f o l l o w i n g . 

More d a t a a r e n e e d e d , p a r t i c u l a r l y from t h e 
G i l l e y w e l l , which a p p e a r s most p r o m i s i n g . In 
t h e p r e s e n t d a t a , t h e r adon samples a r e no t 
e x a c t l y 24 h o u r s a p a r t ; t h e y were t a k e n a t 
d i f f e r e n t t i m e s i n t h e a f t e r n o o n . To check t h e 
o n e - to f o u r - d a y f l u c t u a t i o n s , i t would be u s e ­
ful to have r adon a c t i v i t y recorded a t e x a c t 
12 -h r i n t e r v a l s . 

With the s t a t i s t i c a l n e t h o d s used h e r e 
( c o n t i n u o u s t ime s e r i e s ) t h e r e i s no s a t i s ­
f a c t o r y way t o t a k e e p i c e n t e r - t o - w e l l d i s t a n c e 
and m a g n i t u d e i n t o accoun t s i m u l t a n e o u s l y , a s 
p o i n t e d o u t e a r l i e r w i t h r e g a r d t o t h e v a r i a b l e 
Y 2 . A s t a t i s t i c a l method r e l a t i n g ? marked-
p o i n t p r o c e s s t o a c o n t i n u o u s t ime s e r i e s should 
be d e v e l o p e d . 

I t i s u s e f u l t o t e s t the radon data a g a i n s t 
a model i n which two t y p e s of e a r t h q u a k e 
p r e c u r s o r s a r e p o s t u l a t e d : 

1. S i g n a l s whose appearance i n p r i o r - t i m e a r e 
r e l a t e d t o the magnitude o f an u p e n d i n g 
e a r t h q u a k e — s i g n a l s tha t may encompass t h e 
t ime domain o f days to y e a r s 

2 . S i g n a l s whose appearance i n p r i o r - t i m e a r e 
u n r e l a t e d t o the magnitude o f an impending 
e a r t h q u a k e — s i g n a l s tha t m*y encompass t h e 
t ime domain o f hours to a few days 
( f o r e s h o c k ? ) 

The s t a t i s t i c a l method employed here should 
be w e l l s u i t e d f o r i d e n t i f y i n g p r e c u r s o r s o f the 
second k i n d — t h o s e tha t occur a t a ( r e l a t i v e l y ) 
f i x e d time b e f o r e an earthquake. However, i n 
i t s p r e s e n t form, t h e method i s not w e l l s u i t e d 
for i d e n t i f y i n g p r e c u r s o r s o f t h e f i r s t k i n d — 
t h o s e tha t may occur over a few days t o a few 
10s o f days f o r the a f t e r s h o c k magnitudes e n ­
countered dur ing the O r o v i l l e s t u d y . Hence, 
adapt ing the p r e s e n t method or adopt ing some 
o t h e r approach, i * important i n order t o i n c l u d e 
t i m e / m a g n i t u d e / d i s t a n c e parameters f o r i n d i v i d ­
u a l ear thquakes i n t h e a n a l y s i s procedure . 
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