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ABSTRACT METHOD 

INPUT* a i rborne  electromagnet ic  (AEM) surveys were 
conducted during 1979 by the  U.S. Geological  
Survey (USGS), i n  cooperation with the  U.S. 
Department of Energy, Off ice  of Advanced 
Technology Pro jec ts ,  i n  f i v e  Known Geothermal 
Resource Areas (KGRA's). AEM work has not been 
s i g n i f i c a n t l y  u t i l i z e d  i n  the  pas t  f o r  geothermal 
purposes because It was thought tha t  a shallow 
explora t ion  technique would not be e f f e c t i v e .  
Extensive audio-magnetotelluric (AMT) work by t h e  
USGS in KGRA's showed t h a t  many geothermal systems 
do have a near-surface e l e c t r i c a l  s igna ture  which 
should be  de tec tab le  by an AEM system. 

INPUT responses i n  t h e  form of nested 
electromagnet ic  (EM) p r o f i l e s  and channel r a t i o  
maps defined t h e  same conductive zones mapped by 
AMT i n  f i v e  KGRA's, shqwing t h a t  AEM methods can 
be  usefu l .  i n  explora t ion  f o r  and def in ing  
geothermal systems. 

INTRODUCTION 

INPUT surveys flown i n  1979 over f i v e  ERA'S by 
t h e  USGS i n  cooperat ion with the  Department of 
Energy, Off ice  of Advanced Technology Pro jec ts ,  
have proven t o  be e f f e c t i v e  i n  mapping near- 
s u r f a c e  conductive zones which i n  some ins tances  
are r e l a t e d  t o  geothermal systems. These 
conductive regions had been previously mapped by 
t h e  USGS using t h e  AMI! method, and although AMll is 
considered a deeper-looking technique, It seemed 
l i k e l y  t h a t  t h e  e l e c t r i c a l  s igna ture  of t h e  
geothermal systems extends c lose  enough t o  the  
sur face  t o  be de tec tab le  by AEM methods. 

I n  a l l  f i v e  KGRA's t h e r e  is c o r r e l a t i o n  between 
conductive regions mapped by the  A?4T and those 
apparent  from INPUT responses. The f i v e  KGRA's 
flown were Surpr i se  Valley and Long Valley, 
C a l i f o r n i a ,  Steamboat Springs and Wabuska, Nevada, 
and Raft River, Idaho, Surpr i se  Valley and Wabuska 
are discussed I n  t h i s  paper. 

*Trademark Barringer Research Ltd. Use of t r a d e  
o r  brand names i n  t h i s  paper does not c o n s t i t u t e  
endorsement by t h e  U.S. Geological Survey. 

The AMT system used by the  USGS (Hoover, et al. 
1978) measures n a t u r a l  s i g n a l s  a t  12 f requenctes  
between 7.5 and 18,600 her tz .  Sca lar  apparent 
r e s i s t i v i t i e s  are ca lcu la ted  f o r  each frequency 
from a r a t i o  between e l e c t r i c  and magnetic f i e l d  
responses i n  orthogonal d i rec t ions .  For 
comparison purposes, t h e  deepest-looking 
frequency, 7.5 h e r t z ,  is used i n  t h i s  study. The 
INPUT surveys, operated at  a fundamental frequency 
of 144 h e r t z ,  measure ground response a t  s i x  t i m e  
delays (channels) t o  a time-domain s igna l .  
Comparison In t h i s  paper is made t o  nested 
p r o f i l e s  of channel 6 (deepest-looking of t h e  
channels) along t h e  f l i g h t  l i n e s .  

SURPRISE VALLEY, CALIFORNIA 

The Surpr i se  Valley, Cal i forn ia ,  KGRA l i es  in 
t h e  north-east corner of Cal i forn ia  I n  a v a l l e y  of 
about 4500-feet e leva t ion  bounded by Miocene and 
T e r t i a r y  volcanic  mountains t o  t h e  e a s t  and 
w e s t .  The v a l l e y  is covered by Quaternary 
alluvium and lake depos i t s  and t h e r e  are a few 
exposures of T e r t i a r y  i n t r u s i v e s .  Two p a r t i a l l y  
dry lakes ,  Upper and Middle Alkal i  Lakes, are 
prominent f e a t u r e s  i n  t h e  val ley.  Surface 
geothermal manifestat ions include numerous hot  
spr ings  along the  east s i d e  of the lakes  and mud 
volcanoes , j u s t  north of Lake City on the  southwest 
s i d e  of Upper Lake. 

The AMT apparent r e s i s t i v i t y  map at  7.5 h e r t z  
( f ig .  1, Hoover et. a l . ,  1975) defines  a major 
northwest t rending low (approximately 1 ohm-meter 
contour) which d i f f e r s  i n  o r i e n t a t i o n  from t h e  
lakes ,  which t rend more north and def ine  t h e  
c e n t r a l  p a r t  of t h e  basin.  

The INPUT survey was flown with north-northeast 
f l i g h t  l i n e s  about 1/4 m i l e  apar t .  Nested 
p r o f i l e s  of channel 6 ( f ig .  2) show increas ing  
conduct ivi ty  t o  the  r i g h t  of the  p r o f i l e s .  Lower 
r e s i s t i v i t i e s  occur Over t h e  lakes (as  would be 
expected) ( f ig .  l), but the  lowest values  occur  
j u s t  east and north of Middle Alka l i  Lake and 
t rend north-northwest. These low r e s i s t i v i t i e s  
could be t h e  r e s u l t  of c lay and s a l i n e  depos i t s  of 
an o lder ,  l a r g e r  lake  o r  could be the  r e s u l t  of 
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4 hot springs Oo_' ~3 nH dml . s t a t i o n  l o c a t i o n s  

Fig. 1 Audio-magnetotelluric apparent  r e s i s t l v i t y  
map a t  7.5 h e r t z ,  Surpr i se  Val ley,  
C a l i f  o r  n i a  KGRA. Lo g a r  i t hm i c c o n  t o u r  s 
i n  o h m - m e t e r s .  

I 

hot springs " / 
Fig. 2 Nested INPUT p r o f i l e s ,  Channel 6, Surpr i se  

Valley, C a l i f o r n i a  KGRA. 

geothermal a l t e r a t i o n .  Regardless, they represent  
the  major conductive areas and t rend i n  a s i m i l a r  
p a t t e r n  t o  t h e  AMT data. Other series of lows, 2 
to  3 miles long and t rending northwest, occur 
along t h e  southern edge of Upper Lake and t o  the  
nor theas t  of Middle A l k a l i  Lake. These low 
r e s i s t i v i t y  a reas  could be ind ica t ive  of f a u l t s  or 
l ake  depos i t s .  

WABUSKA, NEVADA 

The Wabuska KGRA lies i n  western Nevada south of 
Reno. Most of t h e  KGRA is f l a t  and covered by 
Quaternary p l u v i a l  and a l l u v i a l  sediments. Along 
t h e  northern part are h i l l s  of Ter t ia ry  sediments 
and J u r a s s i c  and T r i a s s i c  metavolcanics and 
metasediments. J u s t  nor th  of the  KGRA are 
exposures of Quaternary-Tertiary b a s a l t .  Hot 
spr ings  are i n  t h e  mid-northern p a r t  of t h e  E R A .  

h. h o t  s p r i n g s  LT<\ 

station locations 
-3w 3 nl 

l g .  3 Audio-magnetotelluric apparent r e s i s t i v i t y  
map a t  7.5 h e r t z ,  Wabuska, Nevada KGRA, 
logarithmic contours In  ohm-meters. 

Fig. 4 Nested INPUT p r o f i l e s ,  Channel 6, Wabuska, 
Nevada KGRA. 
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The 7.5 h e r t z  LWT apparent r e s i s t i v i t y  map ( f i g .  
3, Long et al., 1975) shows a major low ( l e s s  than 
10 ohm-meters) i n  the  middle of the  KGRA. The 4 
ohm-meter contour o u t l i n e s  a horseshoe-shaped 
region with the  lowest values  t o  the nor theas t  of 
Wabuska . 

Resul t s  of the  INPUT survey, wlth northeast-  
t rending f l i g h t  l i n e s  a t  d/4-mile spacing, are 
shown i n  f i g .  4 as  nested p r o f i l e s  of channel 6. 
Increasing conduct ivi ty  is t o  the  southeast  of t h e  
p r o f i l e s .  The major low occurs nor theas t  of 
Wabuska, near the  southern p a r t  of t h e  lowest AMT 
r e s i s t i v i t i e s .  The southern p a r t  of the  KGRA 
shows no major conductors. Lows t rending n o r t h  
and northwest i n  the  northern p a r t  of the  KGRA 
could be i n d i c a t i v e  of f a u l t  zones assoc ia ted  wi th  
metamorphic and volcanic  h i l l s .  

CONCLUSION 

I n  t h e  f i v e  KGRA's s tudied ,  the  INPUT AEM 
surveys proved very e f f e c t i v e  i n  de tec t ing  major 
conductors indicated by previous AMT work. A t  t h e  
same t i m e ,  t h e  AEM work provided a l a r g e r  d a t a  
base capable of denoting smaller conductors and 
b e t t e r  def in ing  conductive t rends.  For t h e s e  
reasons, air-borne techniques, such as INPUT, can 
be a u s e f u l  t o o l  f o r  l o c a t i n g  a r e a s  of low 
r e s i s t i v i t y  f o r  f u r t h e r  study within a geothermal 
region. 
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