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ABSTRACT 

In  August, 1981, a l a r g e  scale e l e c t r o -  
magnetic sounding survey was c a r r i e d  o u t  i n  
t h e  v i c i n i t y  of t h e  Bruneau-Grandview Known 
Geothermal Resource Area of the  Snake River 
P l a i n  i n  Idaho t o  provide information on rock 
p r o p e r t i e s  t o  depths  a t  which geothermal 
r e s e r v o i r s  might e x i s t .  In  t h e  area of t h e  
survey,  the  s e c t i o n  t o  a depth of about one 
k i lometer  has a r e s i s t i v i t y  of approximately 3 
ohm-meters, a va lue  c h a r a c t e r i s t i c  of l a k e  bed 
sediments o r  p y r o c l a s t i c s .  This  is  under la in  
i n  t u r n  by a s e c t i o n  of about f i v e  k i lometers  
th ickness ,  wi th  a r e s i s t i v i t y  of 30 t o  70 ohm- 
meters ,  which may be pr imar i ly  volcanic  i n  
na ture .  High r e s i s t i v i t i e s ,  which may 
represent  t h e  presence of c r y s t a l l i n e  rocks of 
t h e  basement complex, e x i s t  a t  depths  below 
about 6 ki lometers .  

INTRODUCTION 

The Bruneau-Grandview area, l y i n g  a few 
miles southwest of Mountain Home, Idaho, has 
been c l a s s i f i e d  as a Known Geothermal Resource 
Area by t h e  U.S. Geological  Survey. Severa l  
deep o i l  tests d r i l l e d  i n  t h e  g e n e r a l  area of 
t h e  Bruneau-Grandview KGKA have encountered 
r e l a t i v e l y  high bottom hole  temperatures ,  
i n d i c a t i v e  of reg iona l  high hea t  f low. One 
example is  t h e  M.T. Halbouty, et a l ,  J . N .  
James ill, d r i l l e d  t o  a depth of 14009 f e e t  
near  Boise, i n  which the  temperature  a t  t h e  
time of logging was 346'F. (See Fig.  1 f o r  
t h e  l o c a t i o n  of t h e  Halbouty wel l . )  

The Bruneau-Grandview KGRA l ies on t h e  
western p a r t  of t h e  Snake River P l a i n ,  a n  area 
u n d e r l a i n  by a cons iderable  th ickness  of vol-  
c a n i c  rocks.  The b a s a l  l a y e r  i s  Miocene 
b a s a l t  , c o r r e l a t i v e  with t h e  Columbia River  
b a s a l t ,  which occurs  f a r t h e r  west. This  i s  
o v e r l a i n  by t h e  Owyhee r h y o l i t e ,  which 
comprises a series made up of b a s a l t  and 
a n d e s i t e  f lows interbedded with ash ,  f resh-  
water l imestone,  c l a y ,  s h a l e ,  sandstone and 
conglomerate l a y e r s .  Above t h e  Owyhee series 
i s  t h e  Snake River b a s a l t ,  of Pl iocene,  P l e i s  
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tocene and Recent ages.  The Snake River 
vo lcanic  f i e l d  covers  rocks of the Nevadan 
b a t h o l i t h i c  and orogenic  complex. The 
volcanic  p i l e  forming the Snake River  p l a i n  is  
w e l l  expressed as a g r a v i t y  high on t h e  U.S. 
Gravi ty  Map ( s e e  Fig.1) 

THE ELECTKOMAGNETIC SURVEY 

A magneto te l lur ic  survey of t h e  western 
Snake River  P l a i n  i n  t h e  area shown i n  Fig.  1 
had i n d i c a t e d  the  presence of a series of 
anomalies i n  r e s i s t i v i t y  a t  depths ranging 
from 10 t o  15 ki lometers .  I n  the anomalous 
areas, t h e  magneto te l lur ic  survey i n d i c a t e d  
the  e x i s t e n c e  of r e l a t i v e l y  low r e s i s t i v i t y  i n  
t h e  c r u s t .  Often,  such areas of low c r u s t a l  
r e s i s t i v i t y  are a s s o c i a t e d  with high h e a t  
flow. In order  t o  i n v e s t i g a t e  the  r e s i s t i v i t y  
anomalies seen  with t h e  magneto te l lur ic  method 
i n  more d e t a i l ,  a megasource electromagnet ic  
sounding survey was organized and c a r r i e d  out  
i n  and around t h e  Bruneau-Grandview KGRA. The 
layout  of t h e  survey is  shown on Fig.  2. 

For t h e  e lec t romagnet ic  survey, an e lec-  
t romagnet ic  f i e l d  was generated by pass ing  a 
square-wave c u r r e n t  through a grounded source 
wire. The source  was loca ted  about halfway 
between t h e  towns of Bruneau and Grandview, as 
shown on Fig.  2. The source was approximately 
one k i lometer  i n  length ,  and energized wi th  a 
square wave c u r r e n t  wi th  a peak t o  peak ampli- 
tude  of 2000 amperes, a t  a per iod of 40 
seconds 

The t r a n s i e n t  e lectromagnet ic  f i e l d  w a s  
recorded a t  237 r e c e i v e r  sites, a s  i n d i c a t e d  
on Fig.  2. The f i e l d  w a s  sensed us ing  a sen- 
s i t i v e  cryogenic  magnetometer t o  d e t e c t  t h e  
v e r t i c a l  component of magnetic induct ion.  The 
output  of t h e  magnetometer was d i f f e r e n t i a t e d  
t o  provide a s i g n a l  i n  the  proper form f o r  re- 
cording.  This  s i g n a l  was f i l t e r e d  t o  reject 
non-related n o i s e ,  amplif ied,  and recorded 
with a d i g i t a l  recording system. I n  o r d e r  t o  
f u r t h e r  improve t h e  s i g n a l  t o  noise  r a t i o ,  
many success ive  t ransmiss ions  were added syn- 
chronously.  1024 samples were taken from t h e  
sensor  over  a time i n t e r v a l  of approximately 
20 seconds,  a t  a rate of one sample per  20 
mil l i seconds .  The r e s u l t i n g  t r a n s i e n t  v o l t a g e  
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curve  was then i n t e r p r e t e d  by s imula t ion  us ing  
a simple model of t h e  e a r t h  beneath a receiver 
s ta t  i o n  . 

INTERPRETATION OF SURVEYS 

A random walk process  f o r  s imula t ing  the  
observed curves was used. Tn t h i s  approach, 
it was f i r s t  assumed t h a t  t h e  r e s i s t i v i t y  d i s -  
t r i b u t i o n  beneath a r e c e i v e r  s t a t i o n  could 
reasonably be represented  by a series of ho r i -  
z o n t a l  l aye r s .  S t a r t i n g  from an i n i t i a l  esti- 
mate of t he  probable sequence of r e s i s t i v i t i e s  
and th i cknesses  i n  t h e s e  l a y e r s ,  a t h e o r e t i c a l  
curve  was ca l cu la t ed  f o r  comparison with t h e  
observed f i e l d  curve a t  each s t a t i o n .  The re- 
s i s t i v i t y  and t h e  th i ckness  of each l a y e r  was 
then  per turbed  t o  f i n d  i f  t h e  mismatch would 
be reduced o r  increased .  By r epea t ing  t h i s  
process  over and over,  a set of r e s i s t i v i t i e s  
and th i cknesses  was a r r i v e d  a t  which provided 
a c l o s e  f i t  t o  t h e  observed da ta .  Typica l ly ,  
a 3 t o  5% root-mean square  mismatch could be 
obta ined .  

A match between an  assumed model and a 
set  of f i e l d  d a t a  does not a s su re  t h a t  a 
unique i n t e r p r e t a t i o n  has been achieved. How- 
ever ,  t h e  s t a b i l i t y  of t h e  i n t e r p r e t a t i o n s  of 
t h e  survey da ta  is i n d i c a t e d  by t h e  t h r e e  re- 
s i s t i v i t y  p r o f i l e s  shown i n  Fig. 3. These a r e  
p r o f i l e s  ob ta ined  f o r  a f i e l d  curve recorded 
a t  a s i n g l e  si te,  s t a t i o n  1015. A d i f f e r e n t  
sequence of r e s i s t i v i t y  and th ickness  va lues  
f o r  f o u r  l a y e r s  was assumed as a s t a r t i n g  
po in t  f o r  each of t h e  t h r e e  s imula t ions .  
Despi te  t he  d i f f e r e n t  s t a r t i n g  po in t s ,  very  
similar f i n a l  i n t e r p r e t a t i o n s  were a r r i v e d  a t .  

The form of t h e  i n t e r p r e t a t i o n  shown i n  
Fig. 3 i s  similar t o  t h a t  ob ta ined  f o r  most of 
t h e  sounding l o c a t i o n s  from which r e s u l t s  
could  be obtained. In each case ,  a s u r f a c e  
l a y e r  with a r e s i s t i v i t y  of about 3.4 ohm- 
meters w a s  determined t o  be present .  The 
th i ckness  of t h i s  su r f ace  l a y e r  was least 
a long  t h e  a x i s  of t h e  Snake River,  but was 
q u i t e  l a r g e  t o  t h e  no r theas t  and southwest.  A 
c r o s s  s e c t i o n  a long  t h e  p r o f i l e  A-A' as ind i -  
ca t ed  on the  map i n  Fig.  2 is  shown i n  
Fig.  4. The th i ckness  of t h e  s u r f a c e  l a y e r  is  
a k i lometer  o r  less beneath the  c e n t r a l  p a r t  
of t h e  Snake River P la in ,  but i s  as g r e a t  as 4 
k i lome te r s  a t  t h e  ends of t h e  t r a v e r s e  A-A'. 
The numbers shown on t h e  c r o s s  s e c t i o n  are re- 
s i s t i v i t y  va lues .  

rence  curves  f o r  t h e  i n t e r p r e t e d  va lues  f o r  
t h e  r e s i s t i v i t y  of t he  top two l a y e r s ,  whi le  
Fig.  6 shows a histogram f o r  t he  th i ckness  of 
t h e  second l a y e r .  

Most of t he  i n t e r p r e t a t i o n s  i n d i c a t e d  t h e  
presence  of a h ighly  r e s i s t i v e  zone beneath 
t h e  second l a y e r ,  and a t  s t i l l  g r e a t e r  dep ths ,  
u sua l ly  beyond 12 k i lometers ,  a zone wi th  a 
moderately low r e s i s t i v i t y .  

SIGNIFICANCE OF INTERPRETATIONS 

Seve ra l  deep wells have been d r i l l e d  i n  
t h e  area, as ind ica t ed  on t h e  map of F ig .  1. 
R e s i s t i v i t y  p r o f i l e s  from t h r e e  of t hese  wells 
-- The G r i f f i t h  1A (sec. 25, T4S, R l E ) ,  t h e  
Anschutz Fede ra l  60-13, no. 1 (sec. 13, T5S, 
R l E ) ,  and t h e  Halbouty, e t  a l a  James No. 1 
(sec. 27, T4N, R1W) -- a r e  shown i n  Fig. 7. 
These cu rves  a r e  block diagrams taken from the  
induc t ion  and s h o r t  normal logs  run i n  t h e  
t h r e e  w e l l s .  A l l  t h r e e  wells show the  
presence  of low r e s i s t i v i t y  rock i n  t h e  f i r s t  
k i lome te r  of s ec t ion ,  which i n  t u r n  is  under- 
l a i n  by rock with a r e s i s t i v i t y  ranging from 
t ens  t o  hundreds of ohm-meters. It appears  
t h a t  t h e  low r e s i s t i v i t y  s u r f a c e  l aye r  s een  
wi th  t h e  e lec t romagnet ic  sounding survey pro- 
bably c o n s i s t s  of l ake  beds and/or pyroclas- 
tics. The second l a y e r  is  probably l a r g e l y  
vo lcan ic  wi th  in t e rbeds  of more porous rock so 
t h a t  t h e  average  r e s i s t i v i t y  is only moderate- 
l y  h igh ,  on t h e  average, 40 ohm-meters. The 
very h igh  r e s i s t i v i t y  zone seen  a t  g r e a t e r  
depths  might be dense volcanic  rock, o r  c rys-  
t a l l i n e  rock of t h e  basement complex. The 
lowermost zone of r e l a t i v e l y  low r e s i s t i v i t y  
may poss ib ly  r e f l e c t  t he  e f f e c t  of high t e m -  
p e r a t u r e s  i n  t.he c r u s t .  

The s u r f a c e  l a y e r  i s  unde r l a in  by a l a y e r  
wi th  moderately h igh  r e s i s t i v i t i e s ,  averaging  
41 ohm-meters. The second l a y e r  has a th ick-  
ness  of a t  least s e v e r a l  k i lome te r s ,  and i n  
p l aces  has a t h i ckness  of nea r ly  t e n  
k i lome te r s .  A s t a t i s t i c a l  summary of t h e  in-  
t e r p r e t a t i o n s  of t he  p r o p e r t i e s  of t he  f i r s t  
and second l a y e r s  is  shown i n  Figs.  5 and 6. 
Fig.  5 shows cumulative frequency of occur- 
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Figure 1. Gravity Map of the Lower Snake River Plain (from U.S. National Gravity Map) 

20 KY 

Figure 2. Layout of an Electromagnetic Sounding Survey in and Around the Bruneau-Grandview KGRA 
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Figure 3 .  Comparison on Three Interpretations of the same EM sounding curve, using 3 
Different Starting Models 

A A' 

Figure 4. Interpreted Res is t iv i ty  Cross Section Along A-A' on Figure 2 
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Figure 5. Cumulative Frequency of Occurrence Curves for Interpreted Resistivities in the 
Upper Layer (Lake Beds, etc.) and in the Intermediate Layer (Volcanics) 
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C A S T L E  C R E E K  A R E A  
THICKNESS OF SECOND L A Y E R  
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Figure 6. Histogram of Interpreted Thicknesses for the Intermediate Layer (Volcanics) 
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Figure 7. Block-averaged Resistivity-depth Profiles from 3 deep Wells in the General Area 
of the Survey 
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