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I N T R O D U C T I O N 

The purpose o f t h i s r e p o r t i s t o summar ize t h e r e s u l t s o f a f i e l d 
g e o p h y s i c a l i n v e s t i g a t i o n made d u r i n g summer 1971 t o s t u d y s e i s m i c n o i s e 
r e l a t e d t o p o t e n t i a l geo the rma l r e s o u r c e s i n Wash ing ton S t a t e . A m a j o r 
r e v i e w o f g e o t h e r m a l phenomena and i t s s i g n i f i c a n c e f o r e n e r g y 
p r o d u c t i o n i s g i v e n by K i e r s c h ( 1 9 6 4 ) . I t i s r e a s o n a b l e t o e x p e c t a t 
t h i s e m b r y o n i c s t a g e o f ou r u n d e r s t a n d i n g , t h a t many geo the rma l 
a n o m a l i e s e x i s t i n t h e e a r t h ' s c r u s t a t dep ths a c c e s s i b l e by d r i l l , 
p a r t i c u l a r l y i n t h e v o l c a n i c r e g i o n s o f t h e w e s t e r n U n i t e d S t a t e s . 
However , o n l y s c a t t e r e d s u r f a c e e v i d e n c e o f s u b s u r f a c e t h e r m a l anoma l i es 
e x i s t i n t h e fo rm o f h o t s p r i n g s and o t h e r f e a t u r e s . I t i s n a t u r a l t o 
t u r n t o g e o p h y s i c a l methods t o a s s i s t i n l o c a t i n g anoma l i es wh i ch may 
have no s u r f a c e e x p r e s s i o n . A number o f g e o p h y s i c a l t e c h n i q u e s have 
been a p p l i e d t o t h e p rob lem o f f i n d i n g and d e l i n e a t i n g geo the rma l 
r e s o u r c e s i n c l u d i n g g r a v i t y , m a g n e t i c , hea t f l o w , and s e i s m i c methods 
[ B o d v a r s s o n , 1 9 7 0 ] . No one method has p roven u n i v e r s a l l y a p p l i c a b l e and 
t h e p e r f e c t i o n o f t e c h n i q u e s f o r s t u d y i n g geo the rma l r e s o u r c e s i s s t i l l 
u n d e r g o i n g e x t e n s i v e r e s e a r c h and d e v e l o p m e n t . 

I n m a k i n g s e i s m i c measurements i n known g e o t h e r m a l r e g i o n s i t has 
been f o u n d t h a t m i c r o - e a r t h q u a k e s f r e q u e n t l y o c c u r i n l a r g e numbers 
[ B o d v a r s s o n , 1970 ; Lange and W e s t p h a l , 1969; Ward e t a l . , 1968 ; Ward and 
B j o r n s s o n , 1971; Ward and J a c o b , 1971 ; Kasuga, 1967] . One mechanism f o r 
such o c c u r r e n c e i s p resumab l y e x c e s s i v e f l u i d p r e s s u r e r e s u l t i n g f rom 
" h o t s p o t s " , r e d u c i n g e f f e c t i v e s t r e s s l e v e l s t o t r i g g e r f a u l t s l i p p a g e 
i n much t h e same manner as c u r r e n t l y b e l i e v e d t o o c c u r f rom f l u i d 
i n j e c t i o n [ H e a l y , e t a l . , 1 9 6 8 ] . Thus t h e p resence o f m i c r o - e a r t h q u a k e s 
may be an i n d i c a t o r o f a g e o t h e r m a l anomaly a t d e p t h . However , m i c r o -
e a r t h q u a k e a c t i v i t y may o c c u r i n many a reas due t o n o n - t h e r m a l t e c t o n i c 
a c t i v i t y [ W e s t p h a l and Lange , 1 9 7 0 ] . A l s o t h e r e i s no assu rance t h a t 
a l l g e o t h e r m a l a r e a s e x h i b i t m i c r o - e a r t h q u a k e a c t i v i t y . 

A second s e i s m i c t e c h n i q u e i s based on obse rved changes i n t h e 
s e i s m i c backg round n o i s e f i e l d o v e r geo the rma l a n o m a l i e s as r e p o r t e d by 
C l a c y (1968 ) and l a t e r G o f o r t h e t a l . ( 1 9 7 1 ) . These s t u d i e s i n d i c a t e 
t h a t t h e r e i s an i n c r e a s e i n n o i s e power i n t h e range f r o m 1 t o 10 Hz 
f r e q u e n c y o v e r g e o t h e r m a l r e s e r v o i r s . A l t h o u g h t h i s r e p o r t i s c o n c e r n e d 
w i t h t h e n o i s e measurement m e t h o d , much work rema ins t o be done t o f u l l y 
v e r i f y and u n d e r s t a n d t h e n a t u r e and use o f such d a t a . The e x a c t 
mechanism r e s p o n s i b l e f o r " n o i s e " g e n e r a t i o n a t h o t s p o t s i n t h e e a r t h ' s 
c r u s t i s n o t w e l l u n d e r s t o o d a l t h o u g h i t p resumab ly i n v o l v e s t i m e 
dependen t mechanisms o f h e a t t r a n s f e r such as s u g g e s t e d by C l a c y ( 1 9 6 8 ) . 
The g e o t h e r m a l anoma ly mus t be an a c t i v e source o f s e i s m i c n o i s e e n e r g y 
t o make t h e method v a l i d and t h e r e a r e s t i l l u n c e r t a i n t i e s , t o be 
d i s c u s s e d l a t e r , i n m a k i n g t h i s c o n n e c t i o n . An a s p e c t o f t h e s e i s m i c 
n o i s e measurements app roach w h i c h has made i t appear e x t r e m e l y 
a t t r a c t i v e i s t h e ease and r a p i d i t y w i t h wh ich measurements can be made. 
Thus n o i s e measurements may p o t e n t i a l l y be u s e f u l n o t o n l y f o r d e t a i l e d 
i n v e s t i g a t i o n s b u t a l s o f o r r e g i o n a l r e c o n n a i s s a n c e . 



The o b j e c t i v e o f t h e p r e s e n t s t u d y was t o o b t a i n a body o f s e i s m i c 
n o i s e da ta f r om a v a r i e t y o f g e o l o g i c a reas i n Wash ing ton S t a t e , 
i n c l u d i n g r e g i o n s wh ich have p o t e n t i a l f o r t h e e x i s t e n c e o f g e o t h e r m a l 
a n o m a l i e s . The d a t a was t o be a n a l y z e d f o r t h e t y p e o f a n o m a l i e s n o t e d 
by p r e v i o u s i n v e s t i g a t o r s and f o r p a r t i c u l a r n o i s e c h a r a c t e r i s t i c s wh ich 
m i g h t a s s i s t i n u n d e r s t a n d i n g and i m p r o v i n g t h e e x p l o r a t i o n t e c h n i q u e . 
The s t u d y i n c l u d e s a s u i t e o f measurements made i n t h e K lamath F a l l s 
r e g i o n , Oregon , f o r t h e purpose o f o b t a i n i n g c o n t r o l i n f o r m a t i o n i n a 
known g e o t h e r m a l a r e a . A l l measurements were made d u r i n g t h e p e r i o d 
J u l y t o O c t o b e r , 1971 . 

F I E L D MEASUREMENTS 

F i e l d measurements i n t h e s t u d y were made a t a number o f s i t e s i n 
W a s h i n g t o n , l a r g e l y i n , and wes t o f t h e Cascade Range. F i g . 1 i s an 
i ndex map i l l u s t r a t i n g t h e l o c a t i o n o f a l l Wash ing ton s t a t i o n s . Most 
s t a t i o n l o c a t i o n s were e s t a b l i s h e d on t h e b a s i s o f p r o x i m i t y t o known 
t h e r m a l s p r i n g s o r o t h e r s u r f a c e m a n i f e s t a t i o n o f geo the rma l a c t i v i t y . 
One w i d e r - s p a c e d p r o f i l e o f measurements was c o n d u c t e d a c r o s s S tevens 
Pass f o r t h e pu rpose o f e s t a b l i s h i n g backg round l e v e l s o f n o i s e , t o l o o k 
f o r s y s t e m a t i c v a r i a t i o n i n n o i s e l e v e l s a c r o s s t h e Cascades, and t o 
f i e l d t e s t t h e measurement e q u i p m e n t . The c e n t r a l t o s o u t h e r n Cascades 
o f Wash ing ton g i v e abundan t e x p r e s s i o n o f r e c e n t v o l c a n i c a c t i v i t y and 
p r o v i d e pe rhaps t h e b e s t p o s s i b i l i t y f o r s i g n i f i c a n t geo the rma l 
a n o m a l i e s i n W a s h i n g t o n . Tho rsen (1971 ) summar izes t h e p r i n c i p a l 
f e a t u r e s o f t h i s and o t h e r a reas i n a r e p o r t on geo the rma l p r o s p e c t s i n 
W a s h i n g t o n . Campbe l l e t a l . ( 1970 ) have g e o c h e m i c a l l y a n a l y z e d a number 
o f t h e r m a l s p r i n g s i n t h e s o u t h Cascade r e g i o n and found many o f them t o 
be o f d i r e c t v o l c a n i c o r i g i n . A c c o r d i n g l y , a c o n c e n t r a t e d s e r i e s o f 
measurements was o b t a i n e d i n t h e K l i c k i t a t - G o l d e n d a l e area o f K l i c k i t a t 
C o u n t y , where r e c e n t c i n d e r c o n e s , l a v a f l o w s , and t h e r m a l s p r i n g s 
a t t e s t t o above norma l t e m p e r a t u r e s a t d e p t h . The i ndex map shown i n 
F i g . 2 shows t h e d e t a i l e d s t a t i o n c o n f i g u r a t i o n i n t h e K l i c k i t a t a r e a . 

I n a d d i t i o n , a s e r i e s o f measurements was made i n t h e K lamath r e g i o n 
o f Oregon t o o b t a i n d a t a f rom a known g e o t h e r m a l r e g i o n . An 
a p p r o x i m a t e l y e a s t - w e s t p r o f i l e o f s t a t i o n s was e s t a b l i s h e d a c r o s s t h e 
K lamath H i l l s g e o t h e r m a l r e g i o n . The l o c a t i o n and d e f i n i n g c r i t e r i a f o r 
t h i s anomaly a r e d e s c r i b e d by P e t e r s o n and M c l n t y r e ( 1 9 7 0 ) . An i n d e x 
map o f s t a t i o n s o c c u p i e d i n t h i s a r e a i s g i v e n i n F i g . 3 . 

The r e s u l t s o f measurements made i n each o f t h e s e a reas w i l l be 
d i s c u s s e d i n d e t a i l . S i t e d e s c r i p t i o n s and p e r t i n e n t d a t a a re r e c o r d e d 
i n T a b l e I f o r a l l s t a t i o n s f rom w h i c h u s a b l e d a t a were o b t a i n e d . I n 
a l l , 98 s t a t i o n s were o c c u p i e d o f w h i c h 15 s u f f e r e d e q u i p m e n t 
m a l f u n c t i o n o r o t h e r d i s t u r b a n c e w h i c h made t h e d a t a u n u s a b l e . On l y 
u s a b l e s t a t i o n s a r e l i s t e d i n T a b l e I . 

S i t e s e l e c t i o n i s based on two l e v e l s o f c r i t e r i a . The f i r s t i s 
r e g i o n a l and depends on g e n e r a l g e o l o g i c f e a t u r e s o f i n t e r e s t as 
d i s c u s s e d i n t h e i n t r o d u c t i o n . The second i s t h e l o c a l c r i t e r i a w h i c h 



i s a p p l i e d w h i l e t h e s u r v e y i s b e i n g c o n d u c t e d . The l o c a l c r i t e r i a a re 
a c c e s s i b i l i t y , remoteness f rom s p u r i o u s n o i s e s o u r c e s , goodness o f 
s e i s m i c c o u p l i n g , and a p p r o p r i a t e s t a t i o n s p a c i n g . The n o i s e 
measurement r e c o r d i n g a p p a r a t u s was n o t d e s i g n e d t o be c o m p l e t e l y 
p o r t a b l e so t h e f i r s t r e s t r i c t i o n i s access t o a g i v e n s i t e v i a f o u r -
wheel v e h i c l e . A l a r g e number o f p o s s i b l e s p u r i o u s sources o f n o i s e i s 
one o f t h e c h i e f d i f f i c u l t i e s o f s e i s m i c backg round measurements and 
j u d g m e n t must be a p p l i e d i n each case t o m i n i m i z e t h i s e f f e c t . Examples 
a r e w i n d c o u p l i n g t o t r e e s and d i r e c t l y t o t h e g r o u n d , r i v e r s , v e h i c l e 
t r a f f i c , t r a n s f o r m e r s , power s t a t i o n s , pumps, and l o g g i n g a c t i v i t i e s . 
O b s e r v a t i o n s were r e c o r d e d a t each s i t e wh i ch m i g h t i n d i c a t e s p u r i o u s 
n o i s e s o u r c e s and t h e s e are t a b u l a t e d i n Tab le I . The s e i s m i c c o u p l i n g 
a s p e c t m a i n l y c o n c e r n s t h e t ype o f s o i l t h e i n s t r u m e n t i s p l a c e d i n . 
H u m u s - r i c h , h i g h l y o r g a n i c s o i l s and v e r y l o o s e l y c o n s o l i d a t e d s o i l s a re 
e x t r e m e l y poor because o f t h e i r l o w v e l o c i t y c h a r a c t e r i s t i c s and 
t e n d e n c y t o a m p l i f y s u r f a c e m o t i o n . These t y p e s o f s o i l were a v o i d e d 
where p o s s i b l e . A s t a t i o n s p a c i n g o f 1 t o 5 km was sough t i n most 
i n s t a n c e s f o r r e g i o n a l c o v e r a g e . 

A l l measurements were made d u r i n g d a y l i g h t ( o r near d a y l i g h t ) hours 
and t h e d u r a t i o n o f r e c o r d i n g n o i s e d a t a a t each s t a t i o n i s o f t h e o r d e r 
o f 30 m i n u t e s t o 1 h o u r . S ince t h i s mode o f o p e r a t i o n i s a s i g n i f i c a n t 
d e p a r t u r e f r o m t h a t used by o t h e r i n v e s t i g a t o r s ( e . g . , C l a c y , 1968 ; 
G o f o r t h e t a l . , 1 9 7 1 ) , some j u s t i f i c a t i o n i s i n o r d e r . N i g h t 
measurements were u s e d , f o r e x a m p l e , by G o f o r t h e t a l . (1971) t o reduce 
t he i n f l u e n c e o f c u l t u r a l a c t i v i t y . I n most o f t h e r e g i o n s i n v e s t i g a t e d 
i n t h e p r e s e n t s t u d y , c u l t u r a l a c t i v i t y was n o t a m a j o r n o i s e s o u r c e due 
t o r e m o t e n e s s . A f a r g r e a t e r p rob lem was t h e i n f l u e n c e o f w i n d , t r e e s , 
and r u n n i n g w a t e r , w h i c h i s n o t n e c e s s a r i l y r e d u c e d a t n i g h t . Longer 
r e c o r d i n g i n t e r v a l s , up t o 8 h o u r s , were a l s o used by G o f o r t h e t a l . 
However , a f u n d a m e n t a l a s s u m p t i o n o f t h e method i s t h a t t h e n o i s e 
c h a r a c t e r i s t i c s a r e s t a t i o n a r y , t h a t i s , t h e i r s t a t i s t i c a l p r o p e r t i e s do 
n o t v a r y w i t h t i m e . S ince we a r e i n t e r e s t e d i n f r e q u e n c i e s f rom 
a p p r o x i m a t e l y 1 t o 30 Hz, t he s p e c t r u m o f t h e n o i s e s h o u l d , i n p r i n c i p l e 
be d e t e r m i n e d by a sample o f d a t a o f t h e o r d e r o f a m i n u t e i n l e n g t h . 
I n p r a c t i c e , p r e v i o u s i n v e s t i g a t o r s have u t i l i z e d o n l y a s m a l l segment 
o f t h e t o t a l r e c o r d i n g t i m e t o d e t e r m i n e t h e s p e c t r a l c h a r a c t e r i s t i c s o f 
n o i s e . T h u s , i f s t a t i o n a r i t y i s a r e a s o n a b l e a s s u m p t i o n , a 30 m i n u t e 
r e c o r d i n g i n t e r v a l i s s u f f i c i e n t t o o b t a i n a base n o i s e - l e v e l segment 
f o r a n a l y s i s . 

A b l o c k d i a g r a m o f t h e i n s t r u m e n t a t i o n r e q u i r e d f o r measurement and 
a n a l y s i s , f r om f i e l d r e c o r d i n g a p p a r a t u s t h r o u g h t he d i g i t a l p r o c e s s i n g , 
i s shown i n F i g . 4 . The senso r i s a 1 . 0 Hz n a t u r a l f r e q u e n c y , v e l o c i t y 
s e n s i t i v e s e i s m o m e t e r damped t o 0 . 7 c r i t i c a l . Ground v e l o c i t y response 
o f t h e sys tem i s n o m i n a l l y f l a t f rom 1 t o 30 Hz , t h e h i g h f r e q u e n c y 
r o l l o f f b e i n g d e t e r m i n e d by f i l t e r s i n t h e a m p l i f i e r and d i s c r i m i n a t o r 
s y s t e m s . A r e l a t i v e l y i n e x p e n s i v e c a s s e t t e t a p e r e c o r d e r i s used w i t h 
t h e t a p e speed c o m p e n s a t i o n sys tem shown i n F i g . 4 t o r e c o v e r a dynamic 
range o f b e t t e r t h a n 40 db. T h i s dynamic range was s u f f i c i e n t t o a l l o w 
a l l r e c o r d i n g s t o be made a t t h e same a m p l i f i e r s e t t i n g s p r o v i d i n g 
d i r e c t i n t e r n a l c a l i b r a t i o n among a l l s t a t i o n s i n t h e s u r v e y . The 



D e v e l c o Model 6202 s e i s m i c p r e a m p l i f i e r was s e t a t - 3 0 db a t t e n u a t i o n 
p r o v i d i n g a nom ina l maximum v o l t a g e - o u t / g r o u n d - v e l o c i t y m a g n i f i c a t i o n 
f a c t o r o f 1 v o l t pe r .32 m i c r o n s / s e c . W i t h o u t a shake t a b l e a p p a r a t u s 
a v a i l a b l e , p r e c i s e c a l i b r a t i o n was n o t a t t e m p t e d . 

A t each s i t e t h e s e i s m o m e t e r i s b u r i e d 6 t o 8 i n c h e s , l e v e l e d , and 
tamped f o r opt imum c o u p l i n g t o t h e g r o u n d . A s h a l l o w , f i r m s o i l c o v e r 
i s d e s i r a b l e . The r e c o r d e r i s p l a c e d a p p r o x i m a t e l y 15 m e t e r s f r o m t h e 
se i smome te r and p r o v i d e d w i t h a foam r u b b e r c u s h i o n t o e l i m i n a t e h i g h 
f r e q u e n c y "hum" f r o m t h e r e c o r d e r m o t o r . R e c o r d i n g was i n i t i a t e d when 
w i n d v e l o c i t y and o t h e r p o s s i b l e e x t r a n e o u s s o u r c e s o f n o i s e were 
o b s e r v e d t o be a t a min imum. V o i c e a n n o t a t i o n a t t h e b e g i n n i n g o f each 
t a p e was used t o r e c o r d s i t e d e s c r i p t i o n and o t h e r i n f o r m a t i o n . A s h o r t 
s e c t i o n o f s u b c a r r i e r was r e c o r d e d w i t h t he s e i s m o m e t e r u n p l u g g e d a t 
each s t a t i o n t o e n s u r e opt imum b a s e l i n e a d j u s t m e n t d u r i n g p l a y b a c k . 
F i e l d n o t e s were w r i t t e n d u r i n g t h e r e c o r d i n g p e r i o d w h i c h was n o m i n a l l y 
25 m i n u t e s pe r s t a t i o n . O c c a s i o n a l l y , two o r more da ta t a p e s were made 
a t a g i v e n s t a t i o n i f a l o n g e r r e c o r d i n g t i m e was deemed n e c e s s a r y . The 
norma l s t a t i o n s a r e numbered by m o n t h - d a y - s e q u e n c e and a d d i t i o n a l d a t a 
t a p e s are d e s i g n a t e d by ( 1 ) o r ( 2 ) f o l l o w i n g t h e s t a t i o n number as 
a p p r o p r i a t e . T y p i c a l s i t e o b s e r v a t i o n s i n c l u d e t i m e o f d a y , g e n e r a l 
w i n d speed , w e a t h e r c o n d i t i o n s , s o i l c o n d i t i o n , number and s i z e 
d i s t r i b u t i o n o f t r e e s , t o p o g r a p h y , r o c k e x p o s u r e s , p r o x i m i t y t o r i v e r s , 
and p r o x i m i t y t o c u l t u r a l f e a t u r e s such as h i g h w a y s , pumping s t a t i o n s , 
and m i l l s . I n a d d i t i o n , t h e s i t e e n v i r o n m e n t was p h o t o g r a p h e d whenever 
p o s s i b l e . 

DATA R E D U C T I O N AND A N A L Y S I S 

The o b j e c t i v e o f d a t a a n a l y s i s was t o o b t a i n power s p e c t r a l d e n s i t y 
e s t i m a t e s o f t h e n o i s e s i g n a l s r e c o r d e d a t each s i t e and compare t h e s e 
e s t i m a t e s q u a l i t a t i v e l y w i t h t h e r e s u l t s o b t a i n e d by C l a c y (1968 ) and 
G o f o r t h e t a l . ( 1 9 7 1 ) . The s p e c t r a l e s t i m a t i o n was u l t i m a t e l y c a r r i e d 
o u t i n a d i g i t a l c o m p u t e r . Howeve r , i n i t i a l l y d a t a t a p e s were p l a y e d 
back on a s t r i p c h a r t r e c o r d e d t o o b t a i n a q u a l i t a t i v e v i e w o f t h e d a t a , 
Low n o i s e l e v e l segments were n o t e d f o r subsequen t u s e . Obv ious 
t r a n s i e n t n o i s e p u l s e s were a p p a r e n t on t h e s t r i p c h a r t r e c o r d and i t 
was assumed t h a t t h e l o w e s t a m p l i t u d e r e c o r d segments r e p r e s e n t t h e t r u e 
r e s i d u a l b a c k g r o u n d n o i s e l e v e l . A l l t ape c a s s e t t e p l a y b a c k was done 
t h r o u g h t h e D e v e l c o Model 6203 d i s c r i m i n a t o r sys tem w i t h a model 6212 
t a p e speed c o m p e n s a t i o n channe l a t t a c h e d . 

The q u i e t p o r t i o n s o f each r e c o r d were t h e n d i g i t i z e d a c c o r d i n g t o 
t h e scheme i l l u s t r a t e d i n F i g . 4 . The da ta were band-pass f i l t e r e d f r o m 
0 . 1 t o 2 5 . 0 Hz and samp led a t a r a t e o f 100 samples p e r s e c o n d . Up t o 
two m i n u t e s o f d a t a p e r s t a t i o n were d i g i t i z e d i n t h i s manner and 
w r i t t e n o n t o d i g i t a l t a p e f o r l a t e r a n a l y s i s . 

D i g i t a l a n a l y s i s c o n s i s t e d o f e s t i m a t i n g t h e power s p e c t r a l d e n s i t y 
o f t h e da ta f r om each s t a t i o n t h r o u g h t h e use o f t h e f a s t F o u r i e r 
t r a n s f o r m method g i v e n by Welch ( 1 9 6 7 ) . I n i t i a l l y t h e da ta a r e r e a d 



into the spectral analysis program in blocks of 1024 sample values and 
scaled by an arbitrary but fixed scale value. Constant bias is removed 
from the data by an averaging scheme. Next, the array of data values 
are tapered over the end 100 points using a cosine bell tapering 
function. The 1024-point array is Fourier transformed using an FFT 
algorithm and the spectral estimates calculated using the modulus of the 
Fourier transform. Four such estimates are calculated for each record 
of data and averaged to yield the raw power spectral density values. 
The spectrum is then smoothed using a 9-point smoothing operator for the 
final estimates. Finally the data are scaled and plotted as log

10
 of 

the power density in units of [vel
2

/Hz] vs. frequency. The cataloged 
plots of power spectra for the Klamath Falls, Klickitat, and Tum Tum 
Mountain stations are examples of the computer plotted output graphs 
produced by this method. The frequency scale for these plots is linear 
from 0 to 50 Hz, the folding frequency for the analysis. The vertical 
amplitude scale is arbitrarily chosen but uniform for all plots. From 
approximate calibration information the base level of the plot 
amplitudes corresponds to a ground velocity in the center of the pass 
band of 0.22 mu/sec. From this value the vertical amplitude of all 
plots can be scaled appropriately. In addition, the average power 
density in the bands 0-5 and 5-10 Hz was calculated and printed out with 
each plot for comparative purposes. The scale factors for the plots is 
not indicated due to limitations in the digital plotting system, 
however, they are identical for all plots and only relative comparison 
is important. The spectral plots cataloged in this report do not 
include all the data analyzed for this study. For reasons of 
conciseness, the plots presented are representative and are believed to 
include the most important observations. 

Discussion of Spectral Data 

Several important questions immediately arise concerning the 
significance of the spectra for various stations. For example, what are 
the effects of environmental factors such as wind velocity, running 
water, and trees? Are the spectral estimates truly representative of 
stationary phenomena, and do their detailed character differences 
reflect different geologic controls? The measurements obtained in this 
study are not ideally suited to answer all of these questions, however, 
we have made an attempt to determine obvious environmental correlations. 
For example, if weather conditions, temperature, cultural activity, 
etc., contributed appreciably to the noise spectrum, we might expect to 
see some correlation of the average noise power with observation time 
during the day. Fig. 5 shows a plot of average power density in the 
bands 0-5 and 5-10 Hz band which is probably fortuitous since many 
midday values for this band fall significantly below the clustered value 
and extraneous noise can only add to the spectral density. The 0-5 Hz 
band values average almost an order of magnitude lower than the 5-10 Hz 
band values, in part due to the fact that the normal tendency is for the 
spectrum to peak in the 0-5 Hz band and in part due to estimates which 
are probably too high near zero frequency due to inadequate removal of 
linear and high order bias. When the average noise power values for the 
same stations are plotted as a function of station elevations (Fig. 6) 



t h e r e appears t o be a t e n d e n c y f o r t h e maximum v a l u e s t o dec rease 
s l i g h t l y w i t h i n c r e a s i n g e l e v a t i o n , p a r t i c u l a r l y i n t h e 0 - 5 Hz b a n d . 
T h i s e f f e c t i s n o t s t r o n g b u t c o u l d i n d i c a t e a s l i g h t t o p o g r a p h i c 
e l e m e n t o f n o i s e c o n t r o l . S i m i l a r l y , t h e da ta p l o t t e d v s . e s t i m a t e d 
w ind speed (< 6 m / s e c ) shows l i t t l e o b v i o u s i n f l u e n c e o f w ind v e l o c i t y 
on t h e n o i s e power i n e i t h e r t h e 0 - 5 o r 5 - 1 0 Hz bands ( F i g . 7 ) . 
I n s u f f i c i e n t d a t a were o b t a i n e d t o e s t i m a t e t h e i n f l u e n c e o f r u n n i n g 
w a t e r o r t r e e s on t h e n o i s e s p e c t r u m . S i m i l a r l y , t h e degree t o w h i c h 
t h e da ta a r e s t a t i o n a r y o v e r t h e sample i n t e r v a l s used i n t h i s s t u d y i s 
u n c e r t a i n . Howeve r , two s t a t i o n s i n t h e K l i c k i t a t a rea were o c c u p i e d a t 
d i f f e r e n t t i m e s and p r o v i d e a t l e a s t a m i n i m a l amount o f da ta t o t e s t 
s t a t i o n a r i t y . S t a t i o n numbers 9 - 9 - 3 and 9 - 2 2 - 2 r e p r e s e n t t h e same s i t e , 
as do 9 - 9 - 4 and 9 - 2 2 - 3 . These a r e b o t h low n o i s e s i t e s and t h e 
s i m i l a r i t i e s o f t h e two s e t s o f measurements can be d e t e r m i n e d d i r e c t l y 
by c o m p a r i s o n . 9 - 9 - 3 and 9 - 2 2 - 2 show g r e a t s i m i l a r i t y i n t h e s p e c t r u m 
be low 13 Hz t o t h e e x t e n t o f r e p r o d u c i n g s m a l l peaks . The 14 t o 25 Hz 
band o f 9 - 2 2 - 2 shows a h i g h e r l e v e l o f n o i s e p o w e r , howeve r , even i n 
t h i s band a peak a t 16 Hz i s c o r r e l a t e d between t h e two measu remen ts . 
9 - 9 - 4 has s i g n i f i c a n t l y h i g h e r n o i s e power l e v e l s o v e r t h e e n t i r e 
spec t rum t h a n does 9 - 2 2 - 3 w h i c h s u g g e s t s n o n - s t a t i o n a r i t y . D e s p i t e t h e 
o v e r a l l d i f f e r e n c e , h o w e v e r , s e v e r a l m i n o r peaks a re c o r r e l a t e d f rom one 
measurement t o t h e o t h e r and e x c e p t f o r an o v e r a l l v e r t i c a l s c a l i n g , t h e 
s p e c t r a l c h a r a c t e r between t h e two measurements i s v e r y s i m i l a r . 
C l e a r l y , t h e q u e s t i o n s o f s t a t i o n a r i t y and t h e f i d e l i t y w i t h w h i c h 
d e t a i l e d s p e c t r a l c h a r a c t e r r e p r e s e n t s a g i v e n s i t e need f u r t h e r 
i n v e s t i g a t i o n . I n a d d i t i o n , t o a v o i d t h e p o s s i b i l i t y o f s c a l i n g e r r o r s , 
a r e f e r e n c e s i g n a l f o r c a l i b r a t i o n s h o u l d be r e c o r d e d a t each s t a t i o n . 
I t i s p a r t i c u l a r l y d i f f i c u l t a t t h i s s t age o f i n v e s t i g a t i o n t o assess 
t h e i m p o r t a n c e o f m i n o r s p e c t r a l peaks t h a t appear i n v i r t u a l l y a l l t h e 
d a t a and may be a f u n c t i o n o f s i t e g e o l o g y . Due t o a h i g h e r d a t a 
s a m p l i n g r a t e , t h e f r e q u e n c y a n a l y s e s p r e s e n t e d he re cove r a b r o a d e r 
s p e c t r u m t h a n t h o s e c a l c u l a t e d by G o f o r t h e t a l . ( 1 9 7 1 ) . The r e s u l t s o f 
C l a c y (1968) c a n n o t be d i r e c t l y compared w i t h t h e p r e s e n t a n a l y s i s s i n c e 
C l a c y f a i l e d t o p r e s e n t a c t u a l s p e c t r a l p l o t s and he o m i t t e d t h e d e t a i l s 
o f h i s me thod o f a n a l y s i s . 

The s p e c t r a l p l o t s f o r two a r e a s i n W a s h i n g t o n , K l i c k i t a t and Tum Tum 
M o u n t a i n , and K lama th F a l l s i n Oregon a re p r e s e n t e d as c a t a l o g s i n t h i s 
r e p o r t . We w i l l d i s c u s s t h e d a t a f r om each o f t h e s e a reas i n s e q u e n c e . 

K lama th F a l l s Area 

Measurements o f g round n o i s e were o b t a i n e d i n t h e K lamath F a l l s , 
O regon , r e g i o n as c o n t r o l i n f o r m a t i o n f rom a known g e o t h e r m a l r e g i o n . 
A l t h o u g h c o m m e r c i a l power i s n o t b e i n g p roduced f r o m t h e K lamath F a l l s 
g e o t h e r m a l r e g i o n , s h a l l o w w e l l s d r i l l e d f o r space h e a t i n g and o t h e r 
uses a re numerous and s e r v e t o o u t l i n e t h e e x t e n t o f s h a l l o w t h e r m a l 
a n o m a l i e s . On t h e o t h e r h a n d , a p p a r e n t l y l i t t l e i s known o f t h e 
p o s s i b l e e x t e n t o f d e e p e r , h i g h e r t e m p e r a t u r e a n o m a l i e s . P e t e r s o n and 
M c l n t y r e ( 1 9 7 0 ) d e s c r i b e t h e g e o l o g y o f t h e r e g i o n and d i s c u s s t h e 
g e n e r a l c h a r a c t e r o f t h e known t h e r m a l r e g i o n s . F i g . 3 shows t h e 



l o c a t i o n o f two m a j o r anomalous zones d e s c r i b e d by Pe te rson and M c l n t y r e 
and c h a r a c t e r i z e d by s u r f a c e w a t e r t e m p e r a t u r e s g r e a t e r t h a n 38°C and 
s i l i c i f i c a t i o n o f s u r f a c e s e d i m e n t s . The dominan t s t r u c t u r e i s an 
a p p r o x i m a t e l y n o r t h w e s t t r e n d i n g g raben bounded by b l o c k s c o n s i s t i n g o f 
l a t e Cenozoic s e d i m e n t a r y r o c k s and v o l c a n i c s . The downdropped b l o c k s 
form a l l u v i a l v a l l e y s and t h e g e o t h e r m a l a n o m a l i e s a re i n t h e v a l l e y s 
near t h e bound ing f a u l t s . 

A s e r i e s o f n i n e u s a b l e s t a t i o n s was e s t a b l i s h e d i n a t h r e e - d a y 
p e r i o d a l o n g an E-W p r o f i l e normal t o t h e dominan t f a u l t s t r u c t u r e and 
ac ross t h e K lamath H i l l s anoma ly . Bo th bed rock s i t e s , u s u a l l y i n t h e 
u p l a n d s , and v a l l e y s i t e s were o c c u p i e d . The s o u t h e r n m o s t anomaly was 
chosen t o a v o i d h i g h c u l t u r a l n o i s e l e v e l s i n t h e v i c i n i t y o f K lamath 
F a l l s . Bedrock o f t h e K lamath H i l l s l i e s i m m e d i a t e l y t o t he e a s t o f t he 
s o u t h g e o t h e r m a l zone shown on F i g . 3 . The K lamath H i l l s a re a h o r s t -
l i k e f e a t u r e o f l i m i t e d l o n g i t u d i n a l e x t e n t i n t h e m i d d l e o f a l a r g e r 
g raben c o m p l e x . Two b a s i c t y p e s o f s p e c t r a a r e obse rved depend ing on 
w h e t h e r t h e s t a t i o n was s i t u a t e d i n t h e bedrock f o o t h i l l s o r t h e 
a l l u v i a l v a l l e y s . The bed rock s i t e s a r e c h a r a c t e r i z e d by low o v e r a l l 
n o i s e power and e x t r e m e l y s t e e p f a l l o f f o f n o i s e power d e n s i t y above 10 
Hz. S t a t i o n s 8 - 2 5 - 1 , 8 - 2 5 - 2 , and 8 - 2 6 - 5 are i n t h i s c a t e g o r y . The 
second c l a s s o f s t a t i o n s , i n t h e a l l u v i a l v a l l e y s , i s c h a r a c t e r i z e d by 
c o n s i d e r a b l e n o i s e power up t o and beyond 20 Hz and has much h i g h e r 
average n o i s e power t h a n t h e b e d r o c k s i t e s . Among t h e v a l l e y s t a t i o n s 
t h e r e a re t h o s e e x h i b i t i n g p r o m i n e n t n o i s e power peaks below 5 Hz such 
a s , f o r e x a m p l e , 8 - 2 7 - 2 . Such peaks a re o f t h e t y p e r e p o r t e d by G o f o r t h 
( 1971 ) and c o u l d be r e l a t e d t o g e o t h e r m a l n o i s e e x c i t a t i o n . On t h e 
o t h e r hand , t h e r e i s no o b v i o u s c o r r e l a t i o n o f such p r o m i n e n t peaks w i t h 
t h e l o c a t i o n o f t h e K lamath H i l l s g e o t h e r m a l zone a n d , f u r t h e r m o r e , some 
o f t h e v a l l e y s i t e s a re o f q u e s t i o n a b l e c h a r a c t e r and s u b j e c t t o 
p o s s i b l e e x t r a n e o u s n o i s e e x c i t a t i o n f rom c u l t u r a l a c t i v i t y . For 
e x a m p l e , s t a t i o n 8 - 2 6 - 3 i s a b o u t t h e h i g h e s t ave rage n o i s e s t a t i o n 
r e c o r d e d i n t h e e n t i r e s t u d y , and a l t h o u g h i t shows a 3 - 4 Hz p e a k , t h e 
h i g h n o i s e l e v e l s above 20 Hz a r e v e r y unusua l and l i k e l y due t o 
e x t r a n e o u s s o u r c e s . We c a n n o t be s u r e , o f c o u r s e , t h a t some o f t h e h i g h 
n o i s e l e v e l s and p r o m i n e n t low f r e q u e n c y peaks a re n o t r e l a t e d t o more 
e x t e n s i v e t h e r m a l a n o m a l i e s a t d e p t h n o t n e c e s s a r i l y w i t h n e a r - s u r f a c e 
e x p r e s s i o n . Such a p o s s i b i l i t y i s s p e c u l a t i v e a t ou r c u r r e n t s t a g e o f 
know ledge . The e f f e c t o f g e o l o g i c c o n t r o l i n a m p l i f y i n g and m o d i f y i n g 
normal r e s i d u a l backg round n o i s e m u s t c l e a r l y be i n v e s t i g a t e d more 
t h o r o u g h l y . 

K l i c k i t a t Area 

The most c o n c e n t r a t e d and e x t e n s i v e s e r i e s o f o b s e r v a t i o n s i n t h i s 
s t u d y was o b t a i n e d i n K l i c k i t a t C o u n t y , W a s h i n g t o n , near t h e towns o f 
K l i c k i t a t and G o l d e n d a l e . The l o c a l i t y i s o f i n t e r e s t because o f 
abundan t v o l c a n i c e v i d e n c e o f t h e r m a l a c t i v i t y as w e l l as ho t s p r i n g 
e v i d e n c e . F i g . 2 shows t h e l o c a t i o n o f s t a t i o n s o c c u p i e d i n t h e a r e a . 
U n f o r t u n a t e l y , a l l s t a t i o n s were o b t a i n e d d u r i n g a c o n c e n t r a t e d p e r i o d 
o f f i e l d work b e f o r e o u r a n a l y s i s p r o c e d u r e s were o p e r a t i o n a l , h e n c e , i t 



was not p o s s i b l e t o use t he r e s u l t a n t a n a l y s i s t o c o r r e c t o r change t h e 
o b s e r v a t i o n p r o g r a m . Such i n t e r a c t i o n wou ld be d e s i r a b l e i n f u t u r e 
i n v e s t i g a t i o n s . 

S t r u c t u r a l l y , t h e r e g i o n c o n s i s t s o f a t h i c k sequence o f f l o w s o f 
Yakima B a s a l t i n t e r b e d d e d l o c a l l y w i t h d i a t o m i t e and tu f faceous sands tone 
b e d s . The r o c k s have been de fo rmed i n t o g e n t l y E-W t r e n d i n g f o l d s wh ich 
have been f r a c t u r e d by NE-SW s t r i k e - s l i p f a u l t s . Geology o f s e l e c t e d 
p a r t s o f t h e r e g i o n has been d e s c r i b e d by Wise ( 1 9 7 0 ) , Sheppard ( 1 9 6 7 ) , 
and L u z i e r ( 1 9 6 9 ) . There i s a s t r o n g need f o r a d d i t i o n a l r e g i o n a l 
g e o l o g i c a l i n v e s t i g a t i o n o f t h e s o u t h e r n Cascades . 

U n c o n f o r m a b l y o v e r l y i n g t h e Yakima B a s a l t s a re o l i v i n e b a s a l t f l o w s 
o f l a t e Cenozo ic age wh i ch were a p p a r e n t l y e x t r u d e d t h r o u g h numerous 
v e n t s p e n e t r a t i n g t h e Yakima B a s a l t . S c o r i a cones a r e f r e q u e n t l y 
a s s o c i a t e d w i t h t h e s e v e n t s . L o c a l l y , f l u v i a l m a t e r i a l s have been 
d e p o s i t e d by t he L i t t l e K l i c k i t a t R i v e r . 

W i t h i n t h e a rea c o v e r e d by g r o u n d n o i s e m e a s u r e m e n t s , a number o f 
i n t e r e s t i n g s p r i n g s o c c u r . The K l i c k i t a t M i n e r a l S p r i n g s d i s c h a r g e 
c o l d , c a r b o n d i o x i d e c h a r g e d w a t e r . Nearby w e l l s have y i e l d e d C02 

c h a r g e d warm w a t e r i n d i c a t i n g t h e p o s s i b i l i t y o f deep o r i g i n . The 
B lockhouse S p r i n g s y i e l d warm w a t e r i n excess o f 6 0 ° F ( 1 5 . 5 ° C ) wh ich was 
used f o r m i n e r a l b a t h s . Most o f t h e t h e r m a l s p r i n g s s u g g e s t c o n t r o l by 
t h e m a j o r f a u l t s ys tem wh ich p e n e t r a t e s t h e Yakima B a s a l t . Thermal 
s o u r c e s a t d e p t h a r e s u g g e s t e d a l t h o u g h t h e e x i s t e n c e o f s t r u c t u r e s 
n e c e s s a r y f o r e n t r a p m e n t and p r o d u c t i o n o f g e o t h e r m a l steam i s unknown. 

The s p e c t r a c a l c u l a t e d f o r s t a t i o n s i n t h e K l i c k i t a t a rea a re 
c a t a l o g e d i n t h i s r e p o r t . Most o f t h e s t a t i o n s show l o w o v e r a l l n o i s e 
l e v e l s and a re s i m i l a r t o t h e b e d r o c k s i t e s measured near K lamath F a l l s . 
On t h e o t h e r h a n d , a w ide v a r i e t y o f d e t a i l e d c h a r a c t e r i s t i c s i s 
a p p a r e n t . M i n o r peaks a re p r e v a l e n t p o s s i b l y i n d i c a t i n g g e o l o g i c 
s t r u c t u r a l c o n t r o l . Many o f t h e s e peaks appear t o bear harmon ic 
r e l a t i o n s h i p s t o one a n o t h e r s u g g e s t i v e o f r e v e r b e r a t i o n phenomenon i n a 
l a y e r e d medium. S i m p l e t h e o r e t i c a l models s h o u l d be c o n s t r u c t e d t o t e s t 
t h i s p o s s i b i l i t y . S t r u c t u r a l i n f o r m a t i o n may be o b t a i n a b l e d i r e c t l y 
f rom n o i s e d a t a . I n a few i n s t a n c e s h i g h e r a v e r a g e n o i s e l e v e l s were 
r e c o r d e d . For e x a m p l e , 9 - 1 0 - 5 shows r e l a t i v e l y h i g h l e v e l s between 10 
and 20 Hz , p r o b a b l y a t t r i b u t a b l e t o w i n d n o i s e . 9 - 2 4 - 2 ( 1 ) shows a 
p r o m i n e n t low f r e q u e n c y peak a t a b o u t 2 Hz. G u s t i n g w inds were n o t e d 
f o r t h i s s t a t i o n , h o w e v e r . 9 - 2 4 - 5 and 9 - 2 5 - 1 b o t h show h i g h e r t h a n 
ave rage n o i s e l e v e l s i n t h e 0 - 1 0 Hz band. However , none o f t h e 
K l i c k i t a t s t a t i o n s a p p r o a c h t h e l o w f r e q u e n c y l e v e l s a t t a i n e d by t h e 
K lamath F a l l s o b s e r v a t i o n s . N e a r - s u r f a c e g e o l o g i c c o n d i t i o n s l i k e l y 
a c c o u n t f o r a t l e a s t p a r t o f t h i s d i f f e r e n c e . For e x a m p l e , most o f t h e 
K lamath F a l l s s p e c t r a do n o t show t h e f i n e s t r u c t u r e o f t h e K l i c k i t a t 
s p e c t r a , p r o b a b l y due t o d i f f e r e n c e s i n l a y e r i n g s t r u c t u r e and n e a r -
s u r f a c e wave v e l o c i t i e s . There appears t o be no s y s t e m a t i c a s s o c i a t i o n 
o f h i g h n o i s e l e v e l s w i t h t h e h o t s p r i n g and w e l l l o c a t i o n s i n t h e 
K l i c k i t a t a r e a , a n o t s u r p r i s i n g o b s e r v a t i o n i n v i e w o f t h e l o c a l and 
r a t h e r s c a t t e r e d d i s t r i b u t i o n o f s u r f a c e h o t w a t e r o c c u r r e n c e . I n f a c t , 



one o f t he q u i e t e s t s t a t i o n s , 7 - 2 7 - 1 , l i e s c l o s e t o t h e K l i c k i t a t 
S p r i n g s a r e a . 

S t a t i o n 9 - 1 1 - 1 l i e s c l o s e t o B l o c k h o u s e B u t t e , a young c i n d e r c o n e , 
and e x h i b i t s an u n u s u a l b road s p e c t r a l h i g h between 20 and 30 Hz. The 
h i g h f r e q u e n c y r o l l o f f o f t h i s peak i s s l i g h t l y s t e e p e r t h a n normal due 
t o t h e 25 Hz low pass f i l t e r , b u t i n any case t h e n o i s e power l e v e l a t 
25 Hz f o r t h i s s t a t i o n i s compa rab le t o the h i g h e s t n o i s e s t a t i o n s 
obse rved a l t h o u g h t h e ave rage n o i s e l e v e l i s v e r y low o v e r t h e e n t i r e 
s p e c t r u m . 

Tum Tum Moun ta in A rea 

The l a s t a rea f o r wh i ch d e t a i l e d power spec t rum d a t a a re p r e s e n t e d i s 
t h e Tum Tum M o u n t a i n a rea i n n o r t h e r n C l a r k C o u n t y , W a s h i n g t o n . Geology 
o f t h i s area i s s i m i l a r t o t h e K l i c k i t a t - G o l d e n d a l e a r e a . Tum Tum 
M o u n t a i n i s a young c i n d e r cone r e a c h i n g a p p r o x i m a t e l y 450 m e t e r s above 
t h e s u r r o u n d i n g t e r r a i n , s u g g e s t i n g v e r y r e c e n t v o l c a n i c a c t i v i t y . A 
s e r i e s o f e i g h t s t a t i o n s was o c c u p i e d a l o n g and E-W p r o f i l e near t he 
cone t o t e s t f o r anomalous n o i s e c h a r a c t e r p o s s i b l y a s s o c i a t e d w i t h 
v o l c a n i c a c t i v i t y . The s p e c t r a a r e i n c l u d e d because s e v e r a l a n o m a l o u s l y 
h i g h n o i s e l e v e l s were r e c o r d e d , s i m i l a r i n t o t a l n o i s e power t o t h e 
K lamath F a l l s o b s e r v a t i o n s . Some o f t h e h i g h n o i s e l e v e l s t a t i o n s a re 
c e r t a i n l y due t o s p u r i o u s c u l t u r a l n o i s e . 8 - 1 7 - 1 and 8 - 1 8 - 1 , f o r 
e x a m p l e , a re b o t h nea r l o g g i n g r o a d s w i t h heavy t r u c k a c t i v i t y . On t h e 
o t h e r hand , 8 - 1 8 - 2 and 8 - 1 8 - 3 a r e r e l a t i v e l y h i g h n o i s e s i t e s wh ich 
a re l o c a t e d remote f r o m o b v i o u s n o i s e s o u r c e s . 8 - 1 8 - 2 e x h i b i t s sha rp 
r e s o n a n t peaks a t 5 , 1 0 , and 15 Hz , ha rmon ics wh ich a re s t r o n g l y 
s u g g e s t i v e o f s t r u c t u r a l c o n t r o l . The same peaks appear i n 8 - 1 8 - 1 a t 
even a h i g h e r i n t e n s i t y p r e s u m a b l y due t o a r t i f i c i a l e x c i t a t i o n . 
S t a t i o n 8 - 1 8 - 3 shows a much b r o a d e r peak between 10 and 20 Hz w h i c h i s 
h i g h l y anomalous w i t h r e s p e c t t o t h e o t h e r o b s e r v a t i o n s made d u r i n g t h i s 
s u r v e y . Such a p r o n o u n c e d peak i s s u g g e s t i v e o f a l o c a l i z e d s o u r c e o f 
m o d e r a t e b a n d w i d t h n o i s e . 

C o n c l u s i o n s 

Any c o n c l u s i o n s r e g a r d i n g t h e use o f s e i s m i c n o i s e measurements t o 
l o c a t e and s t u d y g e o t h e r m a l a n o m a l i e s must a t t h i s t i m e rema in 
s p e c u l a t i v e . The s p e c t r a l c h a r a c t e r o f da ta o b t a i n e d i n t h i s s t u d y 
s u g g e s t s t h e p o s s i b i l i t y o f l o c a l i z e d n o i s e s o u r c e s , p a r t i c u l a r l y i n t h e 
K lamath F a l l s and Tum Tum M o u n t a i n a r e a s . G e o l o g i c c o n t r o l i s s t r o n g l y 
s u g g e s t e d by t h e c h a r a c t e r and v a r i a b i l i t y o f s p e c t r a l e s t i m a t e s t a k e n 
t o g e t h e r w i t h t h e f a c t t h a t nea rby s t a t i o n s o f t e n show s i m i l a r 
c h a r a c t e r . I t i s r e a s o n a b l e t o assume t h a t t h e n o i s e measurements we 
o b t a i n a t a p a r t i c u l a r s t a t i o n r e s u l t f rom broadband n o i s e e x c i t a t i o n as 
o b s e r v e d t h r o u g h t h e f i l t e r o f l o c a l g e o l o g i c s t r u c t u r e . I n c r e a s e i n 
a m p l i t u d e l e v e l , w i t h o u t c o r r e s p o n d i n g changes i n t h e s p e c t r a l shape , 
p r o b a b l y i n d i c a t e s and i n c r e a s e i n t h e broadband e x c i t a t i o n l e v e l . On 
t h e o t h e r hand , a l o c a l i z e d n a r r o w band source due perhaps t o g e o t h e r m a l 
a c t i v i t y wou ld s i g n i f i c a n t l y a l t e r one r e g i o n o f t h e spec t rum and be 
d e t e c t a b l e on t h a t b a s i s . 



S u g g e s t i o n s f o r F u r t h e r Work 

D e t a i l e d e x p e r i m e n t s s h o u l d be c a r r i e d o u t i n c o n t r o l a reas t o 
i n v e s t i g a t e t h e s t a t i o n a r i t y and e f f e c t o f g e o l o g i c s t r u c t u r e , w i n d , 
w a t e r , t r e e s , t o p o g r a p h y , and c u l t u r a l sou rces o f n o i s e o r n o i s e 
s i g n a l s . I n a d d i t i o n , t h e o r e t i c a l m o d e l s s h o u l d be c o n s t r u c t e d t o 
i n v e s t i g a t e t h e p o s s i b i l i t y t h a t body wave n o i s e r e v e r b e r a t i o n may 
p roduce s p e c t r a l peaks o f t h e t y p e o b s e r v e d . A denser g r i d o f s t a t i o n s 
i n a known g e o t h e r m a l a rea such as K lamath F a l l s i s r e q u i r e d t o 
d e t e r m i n e t h e d e t a i l e d s p a t i a l e x t e n t o f n o i s e a n o m a l i e s . U l t i m a t e l y , 
o t h e r t e c h n i q u e s mus t be b r o u g h t i n t o v e r i f y t h e a s s o c i a t i o n o f n o i s e 
a n o m a l i e s w i t h g e o t h e r m a l a n o m a l i e s . 
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Addendum t o R e p o r t - December 1973 

Recent advances i n s e i s m i c g r o u n d n o i s e s t u d i e s make a b r i e f addendum 
t o o u r r e p o r t a p p r o p r i a t e a t t h i s t i m e . Measurements t a k e n i n t h e 
I m p e r i a l V a l l e y by G o f o r t h , Douze and S o r r e l l s sugges t a p o s i t i v e 
c o r r e l a t i o n between peaks i n t h e p o i n t measurement n o i s e s p e c t r u m and 
known g e o t h e r m a l r e s e r v o i r s . I y e r and h i s c o - w o r k e r s a t t h e U . S . 
G e o l o g i c a l Su rvey i n Menlo P a r k , w h i l e n o t c o n f i r m i n g t h e r e s u l t s o f 
G o f o r t h , e t a l . , i n t h e I m p e r i a l V a l l e y have r e p o r t e d p o s i t i v e g r o u n d 
n o i s e c o r r e l a t i o n s w i t h s u r f a c e h o t s p r i n g and geyse r a c t i v i t y i n t he 
Y e l l o w s t o n e a r e a . Thus t h e r e i s an a c c u m u l a t i n g body o f da ta t h a t l i n k s 
g round n o i s e a n o m a l i e s w i t h a t l e a s t some geo the rma l r e s e r v o i r s . 
I n t e n s i v e f u r t h e r i n v e s t i g a t i o n o f t h i s phenomenon i s t hus w a r r a n t e d . 

V i r t u a l l y a l l p r e v i o u s n o i s e measurements have been made w i t h 
c o n v e n t i o n a l se i smographs d e s i g n e d p r i m a r i l y f o r e a r t h q u a k e r e c o r d i n g . 
Hence t h e f r e q u e n c y and a m p l i t u d e response p r o p e r t i e s o f t hese 
i n s t r u m e n t s a r e n o t n e c e s s a r i l y o p t i m i z e d t o p r o p e r l y r e c o r d l o w l e v e l 
n o i s e i n f o r m a t i o n . To c o r r e c t t h i s s i t u a t i o n we have c o n s t r u c t e d a 
h i g h l y a c c u r a t e " d i g i t a l " s e i s m o g r a p h wh i ch i s p o r t a b l e and d e s i g n e d 
s p e c i f i c a l l y f o r a n a l y z i n g a w ide range o f n o i s e p r o p e r t i e s . F u t u r e 
r e s e a r c h a t t h e U n i v e r s i t y o f Wash ing ton w i l l i n c l u d e u t i l i z i n g t h i s new 
sys tem w h i c h w i l l p e r m i t r e l i a b l e , w ide dynamic range da ta t o be 
o b t a i n e d . I n p a r t i c u l a r , d e f i n i t i v e r e s e a r c h must be c a r r i e d o u t on t h e 
p r o p e r t i e s o f normal g round n o i s e i n n o n - g e o t h e r m a l r e g i o n s and on t h e 
p r o p e r t i e s o f d i f f e r e n t n o i s e g e n e r a t i n g mechanisms as s u g g e s t e d i n ou r 
r e p o r t . T h i s i s n e c e s s a r y so t h a t g e o t h e r m a l a n o m a l i e s may be p r o p e r l y 
i d e n t i f i e d . Our f u t u r e r e s e a r c h p l a n s i n c l u d e more e x t e n s i v e , h i g h e r 
q u a l i t y measurements i n known g e o t h e r m a l r e g i o n s as w e l l as i n non-
g e o t h e r m a l c o n t r o l r e g i o n s . I n a d d i t i o n , t h e o r e t i c a l m o d e l i n g o f t h e 
e a r t h as a t r a n s m i s s i o n system f o r s e i s m i c waves as w e l l as m o d e l i n g o f 
s o u r c e s i s f e a s i b l e . We have a l r e a d y d e m o n s t r a t e d t h a t s i m p l e l a y e r i n g 
can cause s h a r p s p e c t r a l peaks o f t h e t y p e obse rved a t s t a t i o n s near Tum 
Tum M o u n t a i n i n o u r r e p o r t . The r e l a t i v e a m p l i t u d e l e v e l s and t h e 
ha rmon ic r e l a t i o n s h i p s o f t h e s e s p e c t r a l peaks agree q u i t e w e l l w i t h a 
s i m p l e o n e - l a y e r m o d e l . I t i s p o s s i b l e t h a t o t h e r mode ls may be used 
s u c c e s s f u l l y i n a n a l y z i n g more comp lex s p e c t r a . Se i sm ic n o i s e 
measurements appear t o h o l d p r o m i s e i n geo the rma l e x p l o r a t i o n ; h o w e v e r , 
much r e s e a r c h rema ins t o be done b e f o r e adequa te i n t e r p r e t a t i o n o f da ta 
can be c a r r i e d o u t on a r o u t i n e b a s i s . 

R o b e r t S . Crosson 
Geophys i cs Program 
U n i v e r s i t y o f Wash ing ton 

December 1973 

[ P a g i n a t i o n c o n t i n u e s on p . 17 ] 



TABLE I - STATION DESCRIPTIONS 

S t a t i o n 

7 - 2 7 - 1 

T i m e 

1 0 0 0 - 1 0 3 0 

L a t 

4 5 * 4 8 . 5* 

Lon 

1 2 1 ° 0 6 . 5 ' 

E l e v 
(M) 

5 0 0 

Wind 
V e l . 
( M / S ) 

0 - 2 

R e g i o n a l 
Rock 
T y p e 

B a s a l t 

S e i s m i c 
C o u p l i n g 

Klickitat A r e a 

Good 

S i t e 
P h o t o 

N 

Comments 

G r a s s l a n d ; 0 . 8 km S . o f K l i c k i t a t R i v e r 
9 - 8 - 3 1 9 3 0 - 2 0 0 0 4 5 " 4 9 . 5 ' 1 2 1 ° 1 4 . 7 ' 6 9 0 4 - 7 B a s a l t Good H 30 m f r o m s m a l l s p r i n g ; some t r e e s 
9 - 9 - 2 0 9 5 5 - 1 0 2 5 4 5 * 4 8 . 3 ' 1 2 1 ° 1 3 . 1 * 510 4 - 7 B a s a l t Good Y Near b l u f f on K l i c k i t a t Canyon; f e w t r e e s 
9 - 9 - 3 1 1 2 0 - 1 1 5 0 4 5 * 4 9 . 3» 1 2 1 ° 0 3 . 4 ' 450 2 - 7 B a s a l t Good Y H i g h g r a s s l a n d s i t e 
9 - 9 - 4 1 2 4 0 - 1 3 1 0 4 5 ° 4 9 . 6 ' 1 2 1 ° 0 1 . 9 ' 4 8 0 0 - 3 B a s a l t Good Y South o f L i t t l e K l i c k i t a t R i v e r ; h i g h g r a s s l a n d 
9 - 9 - 5 1 5 5 5 - 1 6 2 5 4 5 ° 4 6 . 0 ' 1 2 1 * 0 9 . 2 ' 650 0 - 5 B a s a l t Good Y H i g h g r a s s l a n d ; 0 . 3 km N. o f gas p i p e l i n e s t a t i o n 
9 - 9 - 6 1 7 1 0 - 1 7 4 0 4 5 ° 4 7 . 1 ' 1 2 1 ° 0 6 . 8 ' 575 0 - 5 B a s a l t Good N H i g h g r a s s l a n d ; c a t t l e as c l o s e as 0 . 2 km 
9 - 9 - 7 1 8 4 0 - 1 9 1 0 4 5 ° 50 . 8 ' 1 2 1 * 0 6 . 0 ' 4 8 0 0 B a s a l t Good Y Wooded n o r t h s l o p e o f K l i c k i t a t R i v e r g o r g e 
9 - 9 - 8 1 9 5 0 - 2 0 2 0 4 5 ° 5 1 . 0 ' 1 2 1 * 0 8 . 5 ' 600 2 - 7 B a s a l t Good Y S m a l l c l e a r i n g i n P o n d e r o s a P i n e w o o d s ; l i e s o n W a r w i c k f a u l t 
9 - 1 0 - 1 0 8 0 0 - 0 8 3 0 45° 4 9 . 6 ' 1 2 1 * 1 1 . 1 ' 550 0 B a s a l t Good Y 2 km f r o m K l i c k i t a t ; c u l t u r a l n o i s e a u d i b l e ; n e a r woods 
9 - 1 0 - 2 0 9 3 0 - 1 0 0 0 45° 4 9 . 7 ' 1 2 1 * 1 3 . 1 * 680 0 - 3 B a s a l t Good Y D r y c r e e k b e d ; d e n s e woods 
9 - 1 0 - 3 1 1 5 5 - 1 2 2 5 4 5 * 4 8 . 2 ' 1 2 1 * 0 . 0 ' 485 0 - 6 B a s a l t Good Y H i g h g r a s s l a n d 
9 - 1 0 - 4 1 3 3 6 - 1 4 0 6 4 5 ° 4 7 . 8* 1 2 0 * 5 6 . 8 ' 515 0 - 7 B a s a l t Good Y H i g h g r a s s l a n d 
9 - 1 0 - 5 1 5 5 5 - 1 6 2 5 4 5 ° 5 3 . 0 ' 1 2 0 * 5 6 . 8 ' 595 5 - 9 B a s a l t Good Y N e a r e s t woods 0 . 1 km; g u s t y w i n d s 
9 - 1 0 - 6 1 7 1 7 - 1 7 4 7 45° 52 . 2 ' 1 2 0 * 5 9 . 2 ' 505 4 - 7 B a s a l t Good N N e a r e s t woods 0 . 3 km; g u s t y w i n d s 
9 - 1 0 - 8 1 9 4 4 - 2 0 1 4 45° 50. 8 ' 1 2 0 ° 5 2 . 5 ' 515 4 - 8 B a s a l t Good N H i g h g r a s s l a n d 
9 - 1 1 - 1 0 7 3 0 - 0 8 0 0 45° 51 . 0" 1 2 0 * 5 6 . 3 ' 500 0 - 2 B a s a l t Good N N e a r B l o c k h o u s e B u t t e c i n d e r c o n e ; r o a d 0 . 8 km 
9 - 1 1 - 2 0 3 3 0 - 0 9 0 0 4 5 ° 5 0 . 1 ' 1 2 0 * 5 7 . 4 ' 480 0 - 2 B a s a l t Good Y Open g r a s s l a n d ; c u l t u r a l a c t i v i t y 1 . 8 km 

9 - 2 1 - 1 ( 2 ) 1 3 3 8 - 1 4 0 8 4 5 ° 4 2 . 3* 1 2 1 * 1 1 . 4 ' 460 2 - 7 B a s a l t Good Y S c a t t e r e d woods 
9 - 2 1 - 2 1 6 3 2 - 1 7 0 7 4 5 * 4 3 . 8 ' 1 2 1 * 0 9 . 3 ' 610 2 - 4 B a s a l t Good Y H i g h g r a s s l a n d 
9 - 2 1 - 3 1 8 1 0 - 1 8 4 0 45° 43 . 2* 1 2 1 * 0 6 . 8 * 615 2 B a s a l t Good Y Edge o f h i g h p r a i r i e g r a s s l a n d ; t r e e s 0 . 1 km ( c l o s e s t ) 
9 - 2 1 - 4 1 9 2 0 - 1 9 5 0 4 5 * 4 5 . . 2 ' 1 2 1 * 0 7 . 9 ' 660 0 - 2 B a s a l t Good N H i g h g r a s s l a n d 
9 - 2 2 - 1 0 7 5 5 - 0 8 2 5 4 5 * 4 9 . . 1 ' 1 2 1 * 0 6 . 0 * 275 0 B a s a l t Good Y 0 . 7 km f r o m K l i c k i t a t R i v e r ; some t r e e s ( l i e s on W a r w i c k f a u l t ) 
9 - 2 2 - 2 1 0 0 0 - 1 0 3 0 4 5 ° 4 9 . . 3 ' 1 2 1 * 0 3 . 4 ' 4 5 0 0 B a s a l t Good Y H i g h g r a s s l a n d s i t e 
9 - 2 2 - 3 1 1 1 8 - 1 1 4 8 4 5 ° 4 9 . , 6 ' 1 2 1 * 0 1 . 3 ' 480 0 - 2 B a s a l t Good Y S o u t h o f L i t t l e K l i c k i t a t R i v e r ; h i g h g r a s s l a n d 
9 - 2 2 - 4 1 4 2 0 - 1 4 5 0 4 5 ° 4 7 . .4* 121° 0 1 . 9 ' 525 2 - 3 B a s a l t Good Y H i g h p r a i r i e 
9 - 2 2 - 5 1 5 5 5 - 1 6 2 5 4 5 ° 4 6 . . 9 ' 120° 5 8 . 0 ' 570 2 - 5 B a s a l t Good Y H i g h p r a i r i e ; i n s m a l l d r y v a l l e y 
9 - 2 2 - 6 1 7 3 5 - 1 0 0 5 4 5 * 4 7 . . 8 ' 120° 5 1 . 5 ' 520 0 - 2 B a s a l t Good Y G r a s s l a n d ; 3 km f r o m G o l d e n d a l e 
9 - 2 2 - 7 1 8 4 0 - 1 9 1 0 45° 52. . 3 ' 1 2 0 * 5 2 . 5 ' 585 0 B a s a l t Good N Open f i e l d 

9 - 2 3 - 1 ( 1 ) 0 9 0 7 - 0 9 3 7 4 5 ° 4 8 , . 6 ' 1 2 1 * 1 4 . 5 ' 700 0 - 3 B a s a l t Good Y N e a r power p y l o n s ; l o g g i n g t r u c k s i n a r e a 
9 - 2 3 - 2 1 0 5 5 - 1 1 2 5 4 5 * 4 6 , . 8 ' 1 2 1 * 1 4 . 3 ' 6 5 0 0 - 2 B a s a l t Good Y N o r t h edge o f l a r g e c l e a r i n g 

9 - 2 3 - 3 ( 1 ) 1 2 3 0 - 1 3 0 6 4 5 * 4 5 . 4 ' 1 2 1 * 1 3 . 6 ' 4 9 0 2 - 7 B a s a l t Good Y B l u f f o v e r K l i c k i t a t R i v e r ; 0 . 7 km f r o m r i v e r 



S t a t i o n 

8 - 6 - 1 

T i m e 

1 0 0 0 - 1 0 3 0 

Lat 

47° 3 2 . 4 ' 

Lon 

1 2 1 * 2 4 . 2 ' 

E l e v 
(M) 

3 3 0 

Wind 
V e l . 

(M/S) 

0 - 2 

R e g i o n a l 
Rock 
T y p e 

G r a n i t i c 

S e i s m i c 
C o u p l i n g 

F a i r / G o o d 

S i t e Comments 
P h o t o 

Y Logged c l e a r i n g ; humus r i c h s o i l 
8 - 6 - 2 1 5 3 6 - 1 6 0 6 47° 2 6 . 5 ' 1 2 1 * 2 5 . 4 ' 955 0 - 2 G r a n i t i c Poor Y S m a l l s t r e a m , 30 m; m o i s t s o i l 
9 - 3 - 2 1 2 0 8 - 1 2 3 8 4 7 - 3 9 . 3 ' 1 2 1 * 2 2 . 1 ' 5 2 0 0 - 2 G r a n i t i c F a i r Y t o g g e d h i l l s i d e ; 0 . 5 km E . o f M i l l e r R i v e r 

G a r l a n d [ H o t S p r i n g s 

8 - 1 0 - 1 0 9 0 0 - 0 9 3 0 4 7 * 5 0 . 0 ' 1 2 1 * 2 9 . 7 ' 520 0 - 2 G r a n i t i c F a i r / G o o d Y P a r t i a l l y wooded h i l l s i d e 
8 - 1 0 - 3 1 2 4 0 - 1 3 1 0 4 7 * 5 4 . 9 ' 1 2 1 * 2 6 . 2 ' 4 9 0 2 - 4 S a n d / S i l t s t o n e Poor Y S t e e p r e c e n t l y l o g g e d h i l l s i d e ; 30 m W. o f s w i f t c r e e k 
8 - 1 0 - 4 1 4 1 5 - 1 4 4 5 4 7 ° 5 5 . 6 ' 1 2 1 * 1 6 . 6 ' 7 6 0 2 - 4 G n e i s s F a i r N L a r g e t r e e s (> 30 m ) ; 0 . 4 km N . S n o q u a l m i e R i v e r 
8 - 1 0 - 5 1 5 4 0 - 1 6 1 0 4 7 * 5 4 . 5 ' 1 2 1 * 1 6 . 0 ' 9 7 0 2 - 4 G n e i s s F a i r Y Logged h i l l s i d e ; 0 . 8 km t o s w i f t c r e e k 
8 - 1 0 - 6 1 6 5 3 - 1 7 2 3 4 7 * 5 3 . 2 ' 1 2 1 * 2 0 . 0 ' 485 2 - 4 G r a n i t i c F a i r N A l l u v i a l f l o o d p l a i n o f Skykomish R i v e r ; 50 m f r o m r i v e r 
9 - 3 - 1 1 0 2 5 - 1 0 5 5 4 7 * 4 5 . 8 * 1 2 1 * 2 7 . 3 ' 5 5 0 0 M e t a s e d i m e n t s F a i r / G o o d N N e a r l o g g i n g a c t i v i t y ; p o s s i b l e c u l t u r a l n o i s e 
9 - 3 - 3 1 2 2 5 - 1 2 5 5 4 7 * 4 7 . 3 * 1 2 1 * 1 6 . 7 ' 8 1 0 0 M e t a s e d i m e n t s Poor N S t e e p , l o g g e d h i l l s i d e ; n e a r b e d r o c k 
9 - 3 - 4 1 5 4 5 - 1 6 1 5 4 7 * 5 1 . 3 ' 1 2 1 * 1 9 . 0 ' 805 0 M e t a s e d i m e n t s Poor N New g r o w t h ; r a i n i n g 
9 - 3 - 5 1 7 4 0 - 1 8 1 0 4 7 * 5 3 . 7 * 1 2 1 * 1 7 . 3 ' 915 0 M e t a m o r p h i c Poor N 0 . 4 km s o u t h o f s w i f t c r e e k ; n e a r b e d r o c k 

G r e e n R i v e r H o t S p r i n g s 

8 - 6 - 3 1 8 0 0 - 1 8 3 0 4 7 * 1 2 . 6 ' 1 2 1 * 3 1 . 7 ' 500 2 - 4 A n d e s i t e F a i r N C l e a r i n g ; s m a l l c r e e k 20 m d i s t a n c e 
8 - 6 - 4 1 9 1 0 - 1 9 4 0 4 7 * 1 3 . 2 ' 1 2 1 * 3 4 . 9 ' 435 0 - 2 A n d e s i t e F a i r / G o o d N 0 . 2 km N. o f G r e e n R i v e r 
8 - 1 2 - 1 1 1 4 5 - 1 2 1 5 4 7 * 1 1 . 5 ' 1 2 1 * 2 2 . 7 ' 1070 2 - 6 A n d e s i t e Good Y Logged h i l l s i d e ; v e g e t a t i o n i n s o i l 
8 - 1 2 - 2 1 3 3 0 - 1 4 0 0 4 7 * 1 6 . 3 ' 1 2 1 * 2 4 . 1 ' 830 4 - 6 A n d e s i t e F a i r / G o o d Y Numerous s m a l l c r e e k s i n a r e a 
8 - 1 2 - 3 1 5 3 0 - 1 6 0 0 4 7 * 1 3 . 0 ' 1 2 1 * 2 5 . 9 ' 615 2 - 4 A n d e s i t e Good N Heavy woods; 0 . 4 km t o Green R i v e r and l a r g e c r e e k 
8 - 1 2 - 4 1 6 2 5 - 1 6 5 5 4 7 * 1 2 . 9 ' 1 2 1 * 2 8 . 0 ' 510 2 - 6 A n d e s i t e F a i r Y N.W. end o f a i r s t r i p ; 70 m t o G r e e n R i v e r 
8 - 1 2 - 5 1 8 0 0 - 1 8 3 0 4 7 * 1 3 . 2 ' 1 2 1 * 4 1 , 1 ' 635 0 - 4 A n d e s i t e V e r y Good Y Logged h i l l s i d e ; n e a r b e d r o c k 
8 - 1 2 - 6 1 9 0 0 - 1 9 3 0 4 7 * 1 4 . 9 ' 1 2 1 * 4 3 . 8 ' 360 0 - 2 A n d e s i t e Good Y N e a r G r e e n R i v e r ( 0 . 3 km) 

S t e v e n s Pass P r o f i l e 

7 - 2 3 - 1 0 9 4 0 - 1 0 1 0 4 7 * 5 3 . 6 ' 1 2 1 * 4 9 . 9 ' 60 2 - 5 F a i r Y 0 . 4 km N . o f power l i n e ; c l e a r e d a r e a 
7 - 2 3 - 2 1 1 0 5 - 1 1 3 5 4 7 * 5 0 . 6 ' 1 2 1 * 3 6 . 4 ' 244 3 - 6 G r a n i t i c F a i r / G o o d N Wooded h i l l s i d e ; s w i f t c r e e k 30 m 
7 - 2 3 - 3 1 3 2 0 - 1 3 4 5 4 7 * 4 4 . 4 * 1 2 1 * 2 0 . 2 ' 455 2 - 5 A n d e s i t e / B a s a l t F a i r N S c a t t e r e d t r e e s ; 0 . 6 km f r o m r i v e r 
7 - 2 3 - 4 1 5 2 9 - 1 5 4 8 4 7 * 4 6 . 2 ' 1 2 1 * 0 4 . 8 * 1 3 4 0 5 G r a n i t i c F a i r Y 0 . 3 km f r o m h i g h w a y ; s w i f t c r e e k 2 0 m f r o m s i t e 
7 - 2 3 - 5 1 6 4 5 - 1 7 2 0 4 7 * 4 6 . 5 ' 1 2 0 * 4 9 . 8 ' 6 7 0 5 G n e i s s F a i r Y Open f i e l d 
7 - 2 3 - 6 1 9 0 5 - 1 9 4 0 4 7 * 3 6 . 5 ' 1 2 0 * 4 1 . 1 ' 6 1 0 0 - 2 C o n g l o m e r a t e F a i r N I r r i g a t i o n pump 3 0 0 m e a s t o f s i t e 



S t a t i o n T i m e L a t Lon E l e v 
(M) 

Wind 
V e l . 
( M / S ) 

R e g i o n a l 
Rock 
T y p e 

S e i s m i c S i t e 
C o u p l i n g P h o t o 

Comments 

9 - 2 3 - 4 ( 3 ) 1 7 4 0 - 1 8 1 0 45" 5 0 . 9 * 1 2 0 * 5 9 . 2 ' 4 7 0 2 - 7 B a s a l t Good N 0 . 9 km f r o m h e a v y h ighway t r a f f i c 
9 - 2 4 - 2 ( 1 ) 1 2 0 4 - 1 2 3 4 4 5 * 5 2 . 0 ' 1 2 1 * 0 1 . 5* 4 8 5 2 - 6 B a s a l t Good Y Edge o f c l e a r e d a r e a 

9 - 2 4 - 5 1 9 1 3 - 1 9 4 3 4 5 * 5 2 . 0 * 1 2 0 * 5 4 . 3* 555 2 B a s a l t Good N Open f i e l d s ; power p y l o n s 0 . 8 km n o r t h 
9 - 2 5 - 1 0 8 0 6 - 0 8 3 6 4 5 * 4 9 . 6 * 1 2 0 * 5 6 . 1* 4 9 0 0 - 2 B a s a l t Good N I r r i g a t i o n s y s t e m 0 . 6 km S . E . 

K l a m a t h F a l l s A r e a 

8 - 2 5 - 1 1 0 5 2 - 1 1 2 2 4 2 * 0 3 . 8 * 1 2 1 * 4 3 . 4 ' 1 3 8 5 0 - 2 B a s a l t F a i r Y I n K l a m a t h H i l l s ; d r y s l i t t o p s o i l ; s a g e b r u s h ; ~1 km f r o m 
g e o t h e r m a l a r e a 

8 - 2 5 - 2 1 4 5 0 - 1 5 2 0 4 2 * 0 7 . 3 ' 1 2 1 * 3 5 . 7* 1445 0 - 5 V o l c a n i c B r e c c i a F a i r N S a g e b r u s h ; few p i n e t r e e s ; s i l t y loam t o p s o i l ; n e a r b e d r o c k 
8 - 2 5 - 3 1 7 3 6 - 1 8 0 6 4 2 * 0 5 . 0 ' 1 2 1 * 3 3 . 9 ' 1 2 9 1 2 S a n d s t o n e F a i r / G o o d Y G r a s s l a n d , n e a t b e d r o c k 
8 - 2 5 - 4 2 0 1 7 - 2 0 4 5 4 2 * 0 1 . 9 ' 1 2 1 * 4 3 . 9* 1245 0 - 3 A l l u v i u m Poor Y G r a s s l a n d 
8 - 2 6 - 3 1 2 0 0 - 1 2 3 0 4 2 * 0 2 . 2 ' 1 2 1 * 5 0 . 5 ' 1 2 4 5 0 - 5 A l l u v i u m Good Y S h a l l o w w a t e r t a b l e ; h i g h w a y 2 . 3 km w e s t 
8 - 2 6 - 5 1 8 3 5 - 1 9 0 5 4 2 * 0 2 . 2 ' 1 2 1 * 5 5 . 8 ' 1 4 3 0 0 B a s a l t / B r e c c i a F a i r N P o n d e r o s a P i n e v e g e t a t i o n ; b e d r o c k n e a r s u r f a c e 
8 - 2 6 - 6 2 0 0 0 - 2 0 3 0 4 2 * 0 3 . 3 ' 1 2 1 * 4 4 . 8 ' 1 2 5 0 2 - 5 A l l u v i u m F a i r N Open f i e l d n e a r K l a m a t h H i l l s g e o t h e r m a l a r e a 
8 - 2 7 - 1 0 8 1 5 - 0 8 4 5 4 2 * 0 4 . 0 ' 1 2 1 * 4 0 . 6 ' 1 2 5 0 0 A l l u v i u m Good N F i e l d , e a s t edge o f K l a m a t h H i l l s , n e a r b e d r o c k 
8 - 2 7 - 2 1 0 3 0 - 1 1 0 0 4 2 * 0 8 . 0 ' 1 2 1 * 3 1 . , 2 ' 1 2 5 3 0 - 3 A l l u v i u m F a i r N P r o b a b l y s h a l l o w w a t e r t a b l e ; c u l t u r a l a c t i v i t y 

Tum Tum M t . A r e a 

8 - 1 7 - 1 1 6 0 0 - 1 6 3 0 4 5 * 5 7 . 2* 1 2 2 * 1 8 . , 4 ' 2 2 0 0 - 4 B a s a l t / A n d e s i t e V e r y Good N Wooded a r e a ; 0 . 6 km f rom a c t i v e l o g g i n g r o a d 
8 - 1 7 - 2 1 7 5 0 - 1 8 2 0 4 5 * 5 5 . 8 ' 1 2 2 * 1 1 . . 2 ' 6 1 0 0 - 4 B a s a l t / A n d e s i t e F a i r / G o o d N B o t t o m o f s m a l l s t e e p v a l l e y ; 2 m c o n i f e r g r o w t h 
8 - 1 7 - 3 1 9 2 0 - 1 9 5 0 4 5 * 5 6 . 0 * 1 2 2 * 1 4 . , 7 ' 390 0 - 2 B a s a l t / A n d e s i t e F a i r N H i l l s i d e ; 0 . 3 km n o r t h o f s w i f t c r e e k 
8 - 1 7 - 4 2 0 4 0 - 2 1 1 0 4 5 * 5 5 . 9 ' 12.2*20. , 0 ' 336 0 D i a b a s e / A n d e s i t e P o o r / F a i r N S o u t h s l o p e o f Tum Tum M t . ; wooded 
8 - 1 8 - 1 0 3 2 5 - 0 3 5 5 4 5 * 5 6 . 3 ' 1 2 2 * 2 0 . . 7 ' 220 0 D i a b a s e / A n d e s i t e Good N N .W. s l o p e o f Tum Tum M t . ; v e r y n e a r a c t i v e l o g g i n g r o a d 
8 - 1 8 - 2 0 9 4 5 - 1 0 1 5 4 5 * 5 6 . 8 ' 1 2 2 * 2 3 . .8* 214 0 B a s a l t / A n d e s i t e Good N S m a l l wooded h i l l ; l o g g i n g r o a d w i t h t r a f f i c 2 . 4 km s o u t h 
8 - 1 8 - 3 1 1 2 0 - 1 1 5 0 4 5 * 5 6 . 4 * 1 2 2 * 2 5 , . 8 ' 342 0 - 2 B a s a l t / A n d e s i t e F a i r N Logged a r e a ; s e c o n d a r y g r o w t h o f t i m b e r 
8 - 1 8 - 4 1 3 0 0 - 1 3 3 0 4 5 * 5 6 . 5 * 1 2 2 * 2 9 , . 7 ' 320 0 - 2 B a s a l t / A n d e s i t e F a i r N H i l l t o p ; g r a s s l a n d and s c a t t e r e d t r e e s 

Goldmeyer Hot S p r i n g s 

8 - 3 - 1 1 2 2 5 - 1 2 5 5 4 7 * 2 9 . 3 * 1 2 1 * 2 4 . 7 ' 4 9 0 0 - 2 G r a n i t i c P o o r / F a i r Y Dense woods; 0 . 3 km N. S n o q u a l m i e R i v e r ; poor s o i l 
8 - 3 - 2 13 5 0 - 1 4 2 0 4 7 * 3 1 . 2 ' 1 2 1 * 2 7 . 4 ' 4 2 0 2 - 4 G r a n i t i c F a i r H Dense wooded h i l l s i d e ; s m a l l w a t e r f a l l 0 . 4 km t o e a s t 
8 - 3 - 3 1 5 0 0 - 1 5 3 0 4 7 * 3 3 . 2 ' 1 2 1 * 3 1 . 5 ' 415 0 - 6 B a s a l t / A n d e s i t e Good N Dense woods; 0 . 6 km f r o m T a y l o r / S n o q u a l m i e R i v e r j u n c t i o n 
8 - 3 - 5 1 8 0 0 - 1 8 3 0 4 7 ° 3 4 . 7 ' 121° 26 . 6 ' 600 0 - 3 G r a n i t i c Good N S t e e p , s p a r s e l y wooded h i l l s i d e ; 0 . 3 to t o T a y l o r R i v e r 
8 - 3 - 6 1 9 4 5 - 2 0 2 0 4 7 * 3 0 . 6 ' 1 2 1 * 2 1 . 3 ' 8 2 0 0 - 2 G r a n i t i c F a i r Y Logged h i l l s i d e ; 0 . 3 km t o S n o q u a l m i e R i v e r 









SE I SM IC GROUND NOISE DATA ACQU I S I T ION 



ESTIMATED AVERAGE WIND SPEED IN M/SEC 

AVERAGE NOISE POWER IN SPECIFIED FREQUENCY BAND 



ELEVATION IN METERS 

AVERAGE NOISE POWER IN SPECIFIED FREQUENCY BAND 



AVERAGE NOISE POWER IN SPECIFIED FREQUENCY BAND 



KLICKITAT 7 - 2 7 - 1 KL ICKITAT 9 - 8 - 3 



KLICKITAT 9-9-2 KL ICKITAT 9-9-3 



KLICKITAT 9-9-4 KL ICKITAT 9-9-5 



KLICKITAT 9-9-6 KL ICKITAT 9-9-7 



KLICKITAT 9-9-8 KL ICKITAT 9-10-1 



KLICKITAT 9-10-2 KLICKITAT 9-10-3 



KLICKITAT 9-10-4 KL ICKITAT 9-10-5 



KLICKITAT 9-10-6 KLICKITAT 9-11-1 



KL ICKITAT 9-11-2 KL ICKITAT 9-21-1(2) 



KLICKITAT 9-21-2 KLICKITAT 9-21-3 



KLICKITAT 9-21-4 KL ICKITAT 9-22-1 



K L I C K I T A T 9-22-2 KL ICKITAT 9-22-1 



KLICKITAT 9 -22-4 KLICKITAT 9-22-5 



KLICKITAT 9 - 2 2 - 6 KL ICKITAT 9 -22 -7 



KLICKITAT 9-23-1(1) KL ICKITAT 9-23-2 



KLICKITAT 9-23-3(1) KLICKITAT 9-24-2(1) 



KLICKITAT 9 -24 -5 KL ICKITAT 9 -25 -1 



KLAMATH FALLS 8-25-1 KLAMATH FALLS 8 -25 -2 



KLAMATH FALLS 8 -25 -3 KLAMATH FALLS 8-25-4 



KLAMATH FALLS 8-26-3 KLAMATH FALLS 8-26-5 



KLAMATH FALLS 8-26-6 KLAMATH FALLS 8-27-1 



KLAMATH FALLS 8 -27 -2 



TUM TUM MT. 8-17-1 TUM TUM MT. 8-17-2 



TUM TUM MT. 8-17-3 TUM TUM MT. 8-17-4 



TUM TUM MT. 8-18-1 TUM TUM MT. 8-18-2 



TUM TUM MT. 8-18-3 TUM TUM MT. 8-18-4 




