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ABSTRACT 

During t h e  summer of 1981, a la rge-sca le  
e lec t romagnet ic  sounding survey was c a r r i e d  
out  nor theas t  of The Geysers steam f i e l d  i n  
nor thern  C a l i f o r n i a ,  a long  t h e  nor th  and south 
s i d e s  of Clear Lake. The f i e l d  d a t a  were 
i n t e r p r e t e d  t o  determine t h e  probable  resis- 
t i v i t y  d i s t r i b u t i o n  t o  a depth of about  15 
ki lometers .  The normal behavior of t h e  resis- 
t i v i t y  vs  depth p r o f i l e  i s  t h a t  t h e  r e s i s t i v -  
i t y  decrease from va lues  between 30 and 100 
ohm-meters i n  t h e  f i r s t  k i lometer  of t h e  sub- 
s u r f a c e  t o  values  as low as 3 t o  5 ohm-meters 
a t  depths  t h a t  vary from a few k i lometers  t o  
as g r e a t  as 12 ki lometers .  The r e s i s t i v i t y  a t  
g r e a t e r  depth i s  high.  This type of resis- 
t iv i ty-depth  p r o f i l e  does not  support  t h e  con- 
c e p t  of a p a r t i a l l y  molten b a t h o l i t h  being 
present  a t  t h e s e  depths .  

INTRODUCTION 

The Geysers steam f i e l d  l ies approximate- 
l y  55 miles nor th  of San Francisco,  
C a l i f o r n i a ,  on t h e  south  edge of t h e  Clear 
Lake Volcanic F ie ld .  Up t o  t h e  present  t i m e ,  
product ion of steam i n  commercial q u a n t i t i e s  
has  been obtained only from a small por t ion  of 
t h e  area with e leva ted  h e a t  flow. D r i l l i n g  
and geophysical  e x p l o r a t i o n  has  been c a r r i e d  
o u t  t o  t h e  nor theas t  of t h e  i n i t i a l  producing 
area i n  hopes of f i n d i n g  a d d i t i o n a l  produc- 
t i o n .  

It has been hypothesized t h a t  t h e  hea t  
f o r  the Geysers f i e l d  is  der ived  from a 
shallow, young b a t h o l i t h  l y i n g  immediately 
nor th  of t h e  present  producing area. Evidence 
f o r  the  l o c a t i o n  of t h e  h e a t  source  is 
provided not only by h e a t  f low d a t a ,  bu t  a l s o  
by t h e  presence of a w e l l  def ined ,  high ampli- 
tude g r a v i t y  low (see Fig.  1 f o r  a p o r t i o n  of 
the-  U.S. Nat ional  Gravi ty  Map showing t h i s  
f e a t u r e ) .  This  b a t h o l i t h i c  mass g i v i n g  rise 
t o  the  g r a v i t y  low may s t i l l  be a t  least par- 
t i a l l y  molten. 
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Because of t h e  importance of t h e  hypothe- 
t i ca l  b a t h o l i t h  t o  models of h e a t  f low i n  t h e  
area nor theas t  of t h e  Geysers, a deep penetra-  
t i o n  e lec t romagnet ic  sounding survey was 
planned and c a r r i e d  out  in t h e  summer of 
1981. It was expected t h a t  p a r t i a l l y  molten 
b a t h o l i t h i c  rock would have a r e s i s t i v i t y  i n  
t h e  range from 5 t o  50 ohm-meters, and t h a t  
such a low r e s i s t i v i t y  would be recognizable  
a t  depths  between t e n  and twenty k i lometers  i n  
t h e  c r u s t ,  where rocks a t  normal temperature  
would have r e s i s t i v i t i e s  many orders  of magni- 
tude g r e a t e r .  

ORGANIZATION OF THE SURVEY 

The e lec t romagnet ic  sounding method used 
was one i n  which t h e  e lec t romagnet ic  f i e l d  was 
generated by pass ing  a c u r r e n t  square wave 
through a grounded l e n g t h  of cable ,  and a t  a 
r e c e i v e r  si te,  the  v e r t i c a l  component of mag- 
n e t i c  induct ion  was measured. In  o r d e r  t o  
provide coverage of t h e  very l a r g e  area of in -  
terest, an i n t e n s e  source system was used; i t  
provided c u r r e n t  s t e p s  with a n  amplitude of 
2000 amperes t o  a grounded wire 1.1 ki lometers  
i n  length.  With t h i s  source  system, s i g n a l s  
could be recorded r e l i a b l y  a t  r e c e i v e r  s d t e s  
a t  d i s t a n c e s  of 50 ki lometers  and more. 

A t  t h e  beginning of the  survey, t h e  
source  was e s t a b l i s h e d  50 ki lometers  t o  t h e  
east of Clear Lake (see Locations on Fig.  2) ,  
j u s t  west of Sacramento. However, s i g n a l s  
from t h i s  source  were s e v e r e l y  d i s t o r t e d  by a 
l a r g e  mass of conduct ive rock i n  t h e  h i l l s  t o  
t h e  west of t h e  source,  genera l ly  i n  t h e  area 
of Knoxville.  A second source was e s t a b l i s h e d  
a t  t h e  northwest  end of Clear Lake, bu t  again,  
s i g n a l s  were s e v e r e l y  d i s t o r t e d ,  t h i s  t i m e  by 
induct ion  on a power l i n e  t h a t  passed near  t h e  
source.  A u s e f u l  source,  shown as Source No. 
3 on Fig.  2, w a s  f i n a l l y  obtained a t  t h e  
southeas t  end of Clear Lake. 

A t y p i c a l  sounding curve f o r  t h e  north- 
east Geysers area is shown i n  Fig. 3. The 
apparent  r e s i s t i v i t y  decreases  gradual ly  f o r  
both e a r l y  and la te  t i m e  p resenta t ions ,  wi th  
t h e r e  being r e l a t i v e l y  - l i t t l e  express ion  of 
r e s i s t a n t  basement rock even a t  t h e  latest 
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times f o r  which measurements were made. I n  
areas well away from the Geysers producing 
area, and p a r t i c u l a r l y  t o  t h e  northwest of 
Clear Lake, t h e  presence of r e s i s t a n t  basement 
was c l e a r l y  expressed on t h e  sounding curves.  

I n  t h e  processing of f i e l d  curves  such as 
t h e  one shown in Fig. 3, a n  equiva len t  resis- 
t iv i ty-depth  p r o f i l e  w a s  obtained by assuming 
t h a t  only one-dimensional v a r i a t i o n s  of resis- 
t i v i t y  were present  i n  the  subsur face  (only a 
v a r i a t i o n  with depth) .  The response €or  t h i s  
e lectromagnet ic  sounding system can be calcu-  
l a t e d  e a s i l y  f o r  such a model. A rough esti- 
mate would be made of t h e  r e s i s t i v i t y  and 
th ickness  of l a y e r s  f o r  each sounding s i t e ,  
and a curve would be c a l c u l a t e d  f o r  comparison 
wi th  t h e  f i e l d  data .  Then, each of t h e  para- 
meters would be per turbed t o  f i n d  i f  t h e  mis- 
match could be reduced. A f t e r  numerous calcu-  
l a t i o n s ,  a good match between a f i e l d  d a t a  se t  
and a computed model curve could u s u a l l y  be 
obtained.  By good, w e  mean t h a t  t h e  u s u a l  rms 
e r r o r  b_etween t h e  f i e l d  d a t a  and t h e  
c a l c u l a t e d  curve would f a l l  between 2 and 5 
percent  . 

PRESENTATION OF RESULTS 

Only some summary r e s u l t s  can be 
presented here  because of space l i m i t a t i o n s .  
The c h a r a c t e r  of the r e s u l t s  is  demonstrated 
by t h e  sets of r e s i s t i v i t y - d e p t h  p r o f i l e s  
shown i n  Figs.  4 through 6. Each of these  
p l o t s  has superimposed t h e  i n t e r p r e t e d  resis- 
t iv i ty-depth  r e l a t i o n s h i p s  observed w i t h i n  a n  
area of one o r  two townships. They are 
p l o t t e d  toge ther  because i t  is t o  be expected 
t h a t  t h e  lateral reso lv ing  c a p a b i l i t y  of t h e  
e lec t romagnet ic  sounding method a t  10 t o  20 
k i lometers  depth should be no b e t t e r  than  f 10 
ki lometers  ( t h e  s i d e  dimension of a township),  
and so, a l l  soundings wi th in  a s i n g l e  township 
should have much t h e  same c h a r a c t e r .  

A l l  p r o f i l e s  show approximately t h e  same 
behavior.  
v i t y ,  i n  t h e  range from 30 t o  100 ohm- 
meters. A t  g r e a t e r  depth,  t h e  r e s i s t i v i t y  de- 
creases, o f t e n  t o  values  less than  10 ohm- 
meters. The lowermost reg ion  seen  with t h e  
soundings has a r e l a t i v e l y  high r e s i s t i v i t y .  

Surface rocks have high resisti- 

Soundings in R7W-T12NS which are loca ted  
c l o s e s t  t o  t h e  producing area of t h e  Geysers 
are shown i n  Fig.  4. These soundings show t h e  
least  depth t o  t h e  conduct ive p o r t i o n  of t h e  
s e c t i o n  -- with the  presence of r e s i s t a n t  rock 
beginning a t  3 t o  4 ki lometers  depth.  

Conductive rocks l i e  a t  g r e a t e r  depths  
a long  t h e  south  shore of Clear Lake ( i n  T8&9W, 
R 1 3 N ) ,  and nor th  of Clear Lake (T8W, R15N) 
(see Figs .  5 and 6, r e s p e c t i v e l y ) .  Low resis- 
t i v i t i e s  begin a t  depths  of 6 t o  10 
k i lometers ,  and r e s i s t a n t  rocks are present  

aga in  a t  depths  beyond 12 t o  16 ki lometers .  

EVALUATION 

The e lectr ical  u n i t  of most i n t e r e s t  i n  
terms of geothermal p o t e n t i a l  is probably t h e  
zone wi th  r e s i s t i v i t y  of 2 t o  10 ohm-meters 
which l i e s  between 1 and 4 ki lometers  depth 
j u s t  n o r t h e a s t  of t h e  present  producing 
f i e l d .  A t  these  shal low depths ,  i t  is most 
l i k e l y  t o  c o n s i s t  of h o t ,  f r a c t u r e d ,  and water 
s a t u r a t e d  rock. Fur ther  t o  t h e  nor th ,  east 
and west, t h e  same u n i t  appears  t o  be present  
a t  g r e a t e r  depths ,  ranging up t o  16 
ki lometers ,  but wi th  t h e  same th ickness  and 
r e s i s t i v i t y .  I n  t h i s  area a l s o ,  t h e  conduc- 
t i v e  u n i t  is under la in  by highly r e s i s t a n t  
rock. 

The low r e s i s t i v i t y  u n i t  has a n  appro- 
p r i a t e  r e s i s t i v i t y  f o r  p a r t i a l l y  molten batho- 
l i t h i c  rock, bu t  t h e  form of t h e  u n i t  does not  
favor  t h e  i n t e r p r e t a t i o n  t h a t  i t  is molten. A 
more reasonable  i n t e r p r e t a t i o n  would be t h a t  
the  conduct ive u n i t  is f r a c t u r e d  and s a t u r a t e d  
with hot  s a l i n e  water. The underlying resis- 
t i v e  rock can w e l l  be a b a t h o l i t h ,  bu t  i n  view 
of its high r e s i s t i v i t y ,  i t  is not l i k e l y  t o  
be p a r t i a l l y  molten. A t  depths  reached by t h e  
e lec t romagnet ic  survey, i t s  temperature  is 
probably less than 600'C. 
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Figure 1 .  Gravity Map of the Greater Geysers Area (from U . S .  National Gravity Map) 
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Figure 2 .  Layout of the Electromagnetic Sounding Survey of the Greater Geysers Area 
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Figure 3.  Example of a Processed Electromagnetic Sounding Curve from the Greater Geysers Area 

G E Y S E R S  S U R V E Y  ( R 7 W , T 1 2 N )  
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Figure 4. Summary Presentation of Interpreted Resistivity-depth Profi les  for Sounding made in 
R7W- T12N (near the Geysers Producing Field) 
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G E Y S E R S  A R E A  ( T 1 3 N , R 8 & 9 W )  
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Figure 5. Summary Presentation of Interpreted Resistivity-depth Profiles for Soundings Made in 
T13N, R8&9W (Vicinity of Mt. Konocti) 
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Figure 6. Summary Presentation of Interpreted Resistivity-depth Profiles for Soundings 
T15N, R8W (North of Clear Lake). 
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