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ABSTRACT 

An e lec t romagnet ic  (EH) sounding survey vas 
performcd over  a reg ion  encompassing t h e  Dix ie  
Val ley geothermol f i e l d  to map the  subsur face  
r e s i s t i v i t y  i n  t h e  geothermal f i e l d  and t h e  mr- 
rounding area. The EM survey ,  c o n s i s t i n g  of 19 
frequency-domain depth  rounding6 -de wi th  t h e  LBL 
EM-60 system, war undertaken t o  explore  a narrow 
reg ion  a d j a c e n t  t o  t h e  S t i l l w a t e r  Range t o  a depth 
o f  2 t o  3 km. 

L i t h o l o g i c  and vel1 log  r e s i s t i v i t y  informa- 
t i o n  from w e l l  66-21 show t h a t  f o r  EM i n t e r p r e t a -  
t i o n  the  s e c t i o n  can be reduced to a three- layer  
model c o n s i s t i n g  of moderately r e s i s t i v e  a l l u v i a l  
sediments ,  low r e s i s t i v i t y  l a c u s t r i n e  sediments, 
and high r e s i s t i v i t y  T e r t i a r y  volcanics  and o l d e r  
rocks.  This  t h r e e  l a y e r  model was used as a 
s t a r t i n g  poin t  i n  i n t e r p r e t i n g  EM rounding da ta .  
V a r i a t i o n s  i n  r e s i s t i v i t y  and t h i c k n e s s  p r w i d e d  
s t r u c t u r a l  information and c l u e s  t o  t h e  accumula- 
t i o n  of geothexnul f l u i d s .  

The i n t e r p r e t e d  soundings r e v e a l  a 1 t o  1.5- 
km-deep low-res i s t i v i t y  zone s p a t i a l l y  a s s o c i a t e d  
with the geothermal f i e l d .  The shal low depth 
s u g g e s t s  t h a t  t h e  zone d e t e c t e d  is e i t h e r  f l u i d  
leakage or hydrothermal a l t e r a t i o n ,  r a t h e r  than 
high-temperature reservoir f l u i d s .  Ihe p a i t i o n  of 
t h e  l o w - r e s i s t i v i t y  zone also conforma to changer 
i n  depth to t h e  high r e s i s t i v i t y  b a s a l  l a y e r ,  rug- 
g e s t i n g  t h a t  f a u l t i n g  is a c o n t r o l  on t h e  location 
o f  product ive i n t e r v a l s .  

INTRODUCTION 

During t h e  suamer of  1982, an e lec t romagnet ic  
sounding survey war made over a geothermol f i e l d  
loca ted  i n  t h e  nor thern  part of Dixie  Val ley,  
Nevada. Nineteen e l e c t r w g n e t  ic soundings were 
obta ined  us ing  t h e  Lawrence Berkeley Laboratory 
EM-60 syr tem (Morrison e t  a l . ,  1978; W i l t  e t  a l . ,  
1983). 
depth of  2 km over  a zone ad jacent  to t h e  S t i l l -  
water  Range and encompassing t h e  known geotheravl  
f i e l d .  
d e f i n e  t h e  geothermal f i e l d  boundaries and t h e  pos- 
s i b l e  s t r u c t u r a l  c o n t r o l s  on t h e  g e o t h e m a l  system. 

The soundings were designed to  explore  to a 

The purpose of t h e  survey vas to h e l p  
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GEOLOGIC SETTING 

Dixie Val ley,  a north-northeast- t rending b a s i n  
i n  c e n t r a l  Nevada, i r  about 80 km long and 15 km 
v i d e  a t  its wides t  po in t  (F igure  1 ) .  The reg ion  
is k n m  f o r  its high s e i r m i c i t y  ( R y a l l  and Vetter, 
1982) and nuuerous a c t i v e  h o t  s p r i n g s  (Sass  e t  a l . ,  
1971) and is thought to be a l o c u s  of  c r u s t a l  
spreading  i n  nor thern  Nevada (Wallace, 1977). 
Regional geologic  mapping h a s  been done by Page 
(19651, Speed (19701, and Wil lden and Speed (1974). 
Regional geophysical  s t u d i e s ,  inc luding  p a s s i v e  and 
a c t i v e  seismicr, g r a v i t y ,  and magnet ics ,  a r e  repor- 
t e d  by Smith (19681, Thompson and Burke (19741, 
Wallace (19771, and Ryal l  and Vetter (1982). 

Much of the  l i t h o l o g i c  information f o r  rocks 
underlying Dix ie  Val ley has  been der ived  from expo- 
r u r e s  in t h e  S t i l l w a t e r  Range (F igure  1). The 
range is capped by T e r t i a r y  b a r a l t  and a n d e s i t e  
f l w s  and b r e c c i a s  o v e r l y i n g  s e v e r a l  deformed Meso- 
z o i c  u n i t s  (mainly sand8 tones,  vo lcanic  b r e c c i a s ,  
and t h i n  l i n e r t o n e r )  repara ted  by t h r u s t  f a u l t s .  
The range is also t h e  c e n t e r  of a l a r g e  Mesozoic 
complex of mafic  igneous rocks  c a l l e d  t h e  Humboldt 
gabbroic  complex (Speed, 1970). The S t i l l w a t e r  
Range ir  a h o r s t  bounded by normal f a u l t s  with 
l a r g e  ver t ical  displacements;  normal f a u l t s  with 
s m a l l e r  d i s p l a c e n e n t s  c u t  across t h e  a x i s  of t h e  
block. "ha S t i l l w a t e r  F a u l t  is the  main f a u l t  
a y r t a  i n  Dixie Valley. It bounds t h e  S t i l l w a t e r  
Range on t h e  r o u t h e a r t ,  d i p s  50 t o  60' a t  the  sur-  
face and t r e n d r  N36'E from Dixie Meadows, uhich is 
i n n d i a t e l y  south  o f  the survey area, i n t o  P leasant  
Valley, j u s t  n o r t h  of  t h e  survey area .  

D i x i e  Val ley ,  s i t u a t e d  t o  t h e  east of t h e  
S t i l l w a t e r  Range, is an e a r t w a r d - t i l t e d  b a s i n  
f i l l e d  predominantly with Quaternary a1 luvium and 
l a c u r t r i n e  sediments (Smith, 1968; Speed, 1970). 
The v a l l e y  is a complex graben bounded by high- 
a q l e  noma1 f a u l t r  t y p i c a l  of  the  Basin and Range 
Province. The T e r t i a r y  s e c t i o n  underlying t h e  
Quaternary v a l l e y  f i l l  i r  similar t o  t h a t  observed 
i n  t h e  ad jacent  S t i l l w a t e r  and Clan Alpine Ranges: 
mainly b a r a l t  and a n d e r i t e  f l w s  and brecc ias ,  
r h y o l i t i c  t u f f ,  and aasoc ia ted  sedimentary i n t e r -  
beds. The T e r t i a r y  s e c t i o n  probably a t t a i n s  a 
maximum t h i c k n e s s  of  1 km. Underlying t h e  T e r t i a r y  
rocks and c r o s s i n g  beneath the  nor thern  p a r t  of the  
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Dixie  Va l e y  i s  t h e  downfaulted ex tens ion  of the 
Humboldt gabbro ic  l o p o l i t h .  
t i o n  of t h i s  igneous i n t r u s i v e  has  been determined 
by i n t e r p r e t i n g  aeromagnetic data (Smith, 1968; 
Speed, 1970). Gravi ty  and magnetic evidence i n  t h e  
nor thern  p a r t  of Dix ie  Val ley s u g g e s t s  a concealed 
north-northcart-trending c e n t r a l  graben where redi-  
menta a t t a i n  a maximum t h i c k n e s s  of  about 1.8 km 
(Speed, 1970; Smith, 1968). 

The s u b r u r f a c e  posi- 

In F igure  2 l i t h o l o g i c ,  temperature ,  and deep 
induct ion  log r e s i s t i v i t y  d a t a  a r e  g iven  f o r  w e l l  
Dixie Federa l  66-21, loca ted  about 3 km r o u t h  of  
t h e  k n v n  geothermal f i e l d .  The w e l l  war d r i l l e d  
by T h e d l  Power Inc. i n  1979 and encountered high 
temperatures  a t  depth  but  d i d  not produce f l u i d .  

The w e l l  provides  a benchmark r e s i s t i v i t y  vr .  
l i t h o l o g y  s e c t  ion with which t o  compare sounding 
i n t e r p r e t a t i o n s .  The r e s i s t i v i t y  log from 66-21 
can  be reduced to  a 3 o r  0 l a y e r  s e c t i o n .  The 
upper l a y e r  c o n s i s t s  c h i e f l y  of a l l u v i a l  outwash 
sedimcnts wi th  a r e s i s t i v i t y  of 3-15 ohm-m. EM 
.soundings show t h a t  the  r e s i s t i v i t y  of  t h i s  u n i t  is 
h igher  a t  h igher  e l e v a t i o n  and towards the nor thern  

p a r t  of t h e  v a l l e y .  A t  dep ths  from 200-400 meters 
t h e  outwash redimentr grade i n t o  s i l ts  and c l a y s  
w i t h  r e s i s t i v i t y  from 1-3 ohm-m. These more 
l a c u s t r i n e  d e p o s i t s  probably r e p r e s e n t  an e a r l i e r  
northward expansion of  t h e  Humboldt S a l t  Marsh. 
The low r e r i s t i v i t y  is probably mainly due t o  high 
s a l i n i t y  pore f l u i d .  The T e r t i a r y  s e c t i o n ,  encoun- 
t e r e d  i n  w e l l  66-21 a t  a depth  of  1400 m, i s  marked 
by a n  increare i n  n s i r t i v i t y  t o  10 ohm-m. The 
r e r i s t i v i t y  i n c r e a s e s  wi th  depth  t o  more than 100 
ohmem as t h e  Mesozoic g r a n i t e s  and metamorphic 
rocks are penet ra ted .  A6 product ion i n  t h e  Dixie  
Val ley geothermal f i e l d  is thought t o  o r i g i n a t e  i n  
f r a c t u r e s  w i t h i n  t h e  T e r t i a r y  and underlying rocks,  
we expect  t h a t  t h e  r e s i s t i v i t y  of  deeper  l a y e r s  
would be much lower where geothermal f l u i d s  a r e  , . 
p r e s e n t .  The goa l  of the  EM rurvey is t o  map v a r i -  
a t i o n s  in t h e r e  l a y e r s  i n  o r d e r  t o  map s t r u c t u r e  
and l o c a t e  concent ra t ions  of geothermal f l u i d s .  

r( 

%. 

FIELD SURVEY 

Electr-gnet ic  sounding masurements  were 
made w i t h  the  frequency-domain EM-60 system devel- 
oped a t  Lawrence Berkeley Laboratory (Wil t  e t  a l . ,  

2 
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Figure  2.  General ized l i t h o l o g y ,  vell log  
r e s i s t i v i t y  and temperature  f o r  vel1 
Dixie  Federa l  66-21. 

1983) (F igure  3 ) .  The t r a n s m i t t e r  is a h o r i z o n t a l  
loop, u s u a l l y  t w o  t u r n s  of  16 welding c a b l e ,  l a i d  
o u t  i n  a square  100 m on a s i d e .  The En-60 impres- 
ses a square vave c u r r e n t  of more than 60 A i n t o  
t h e  loops a t  f requencies  from .05 t o  500 Hz. The 
waveform i s  c o n t r o l l e d  by one of a pair of eyynchro- 
n ized  q u a r t z  c l o c k s ;  t h e  o t h e r  c lock ,  loca ted  a t  
t h e  r e c e i v e r  t r u c k ,  is used f o r  phase r e f e r e n c e  
between t r a n s m i t t e r  c u r r e n t  and de tec ted  f i e l d s .  

Receiver si tes vere l o c a t e d  a t  d i s t a n c e s  rang- 
ing from 1 t o  5 km from t h e  t r a n r m i t t e r .  The depth 
of  i n v e s t i g a t i o n  is a f u n c t i o n  of bo th  frequency 
and t r a n s m i t t e r r e c e i v e r  r e p a r a t  ion, t h e  c l o r e r  
si tes provide a s h a l l o v  depth of  i n v e s t i g a t i o n  and 
t h e  more d i s t a n t  sites provide i n f o m a t i o n  to 
g r e a t e r  depths .  As a genera l  r u l e ,  t h e  depth of  
i n v e s t i g a t i o n  v a r i e s  from one-half t o  one times the 
source- rece iver  separa t ion .  

A t  each r e c e i v e r  r i t e  t h r e e  or thogonal  compo- 
nents  of  the  magnetic f i e l d  were measured v i t h  
SQUID ~ ~ g n e t o m e t e r r  o r i e n t e d  t o  o b t a i n  v e r t i c a l  , 
r a d i a l  and t a n g e n t i a l  f i e l d s  v i t h  respect to the 
loop. Data vere taken wet t h e  frequency range .OS 
t o  500 Hz a t  tvo sites simultaneously.  S igna ls  
from one magnetometer (" local")  a r e  brought to t h e  
process ing  van v i a  a 100-ft cab le .  The o t h e r  u g -  
netometer  ("remote") i s  l o c a t e d  1 to 3 ka f rsm t h e  

background geomagnetic f i e l d s  are r imultaneously 
measured f o r  t h e  purpose of n o i s e  c a n c e l l a t i o n .  
S i t e s  fo r  background measuremxtts vere loca ted  15 
km o r  more from t h e  trarumitters and t h e  r i g n a l s  
s e n t  to van v i t h  PI4 te l - t ry .  F i e l d  data vere 
processed on s i te ,  i n  real t h e ,  by a n  HP 9835 
desktop computer. F i e l d  proceasing r e s u l t e d  i n  
i n i t i a l  EM parameter estimates, d a t a  q u a l i t y  eva l -  
u a t i o n s  and apparent  r e s i s t i v i t y  c a l c u l a t i o n s .  One 
dimensional ( l a y e r e d  model) r e s i s t i v i t y  vs  depth 

C van and l inked to  t h e  van v i a  FFI r a d i o  te lemet ry ;  
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Figure  3. Schematic diagram of the FA-60 s y s t e m .  

s e c t i o n s  are obtained f o r  each s t a t i o n  by f i t t i n g  
observed f i e l d  spectra t o  computer generated data 
by i t e r a t i v e  leas t - squares  invers ion .  

WTERPRETATION 

The l o c a t i o n s  o f  the  t h r e e  loop t r a n s m i t t e r s  
and 19 receiver sites used i n  t h e  En survey a r e  
g iven  i n  F igure  4. The s t a t i o n s  form a narrow b e l t  
10 km long along t h e  v e s t e r n  margin of the  v a l l e y  
t h a t  encompasses the known geothermal f i e l d .  
R e s i s t i v i t y  i n t e r p r e t a t i o n s  a r e  presented i n  a 
NE-SW p r o f i l e  and tvo  contour  p l o t s  of  s p e c i f i c  
parameters (Figure  5-7). 

A three- layer  s t a r t i n g  nodel ,  obtained from 
t h e  r e s i s t i v i t y  l o g  i n  ve l l  6 6 2 1  was taken a s  a 
f i r s t  guess  f o r  the 1-D invers ions .  The s t a r t i n g  
model is a m r f a c e  l a y e r  of r e s i s t i v i t y  20 ohm-m 
and t h i c k n e s s  200 m, a middle l a y e r  of r e s i s t i v i t y  
3 ohm-m and th ickness  500 m, and a basa l  l a y e r  of 
res i r t iv i ty  100 o h m - m  and i n f i n i t e  th ickness .  Most 
f i e l d  soundingr could be f i t t e d  to  t h i s  type sec- 
t ion ,  a l though t h e  ind iv idua l  l a y e r  parameters  
v a r i e d  f r o a  sounding t o  sounding. For s e v e r a l  
roundingo, a t u c r l a y e r  model vas more a p p r o p r i a t e ;  
the receiverr vere e i t h e r  t o o  c l o s e  to t h e  t rans-  
mitter to  provide  information on t h e  bottom l a y e r  
or too f a r  from t h e  transmitter t o  resolve t h e  
t o p  l a y e r .  For o t h e r  soundings, p a r t i c u l a r l y  those  
taken  v i t h i n  t h e  geothermal f i e l d ,  t h e  basa l  l a y e r  
was less r e s i s t i v e .  A good f i t  was achieved 
b e m e e n  observed and c a l c u l a t e d  f i e l d  va lues  a t  a l l  
rounding locations. 

F igure  5 is a NE-SW p r o f i l e  of i n t e r p r e t e d  
r c r i a t i v i t i e s  and depth8 f o r  i t a t  ions l o c a t e d  along 
t h e  v e s t e r n  margin of t h e  v a l l e y .  Layered model 
r e s i s t i v i t y  s e c t i o n s  are p l o t t e d  a t  a p o s i t i o n  
ha l fvay  betveen the  t r a n s m i t t e r  and r e c e i v e r .  The 
r e s i s t i v i t y  va lues  are p l o t t e d  i n  t h e  c e n t e r  of 
each l a y e r ;  va lues  f o r  the  bottom l a y e r  a r e  p l o t t e d  
100 mcters below t h e  upper s u r f a c e  of the l a y e r .  

3 
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Figure  4. Transmi t te r  and r e c e i v e r  l o c a t i o n s  f o r  t h e  EM s u k y  i n  Dix ie  Val ley.  

'Ihe p r o f i l e  p r e s e n t s  a f a i r l y  c o n s i s t e n t  
s e c t i o n  from sounding t o  sounding of a type similar 
t o  t h e  ve l l  log s e c t i o n .  I n  t h e  a r e a  of producing 
wells t h e  p r o f i l e  i n d i c a t e s  a law r e s i s t i v i t y  zone 
a t  a depth  of  about 1 km. Aa t h i s  is only  h a l f  o f  
t h e  repor ted  product ion  depths ,  t h e  low-res i s t iv i ty  
zone is probably a m e n i f e s t a t i o n  of f l u i d  leakage 
along t h e  plumbing system or hydrothermal a l t e r a -  
t ion,  r a t h e r  than the  high-temperature r e s e r v o i r  
i t s e l f .  
i n c r e a s e s  from about  1 km a t  t h e  southern  edge of 
t h e  p r o f i l e  to 1.5 km towards t h e  north.  The tran- 
s i t i o n  from shal low t o  deeper  basa l  high resist- 
i v i t y  also c o r r e l a t e s  with t h e  low r e s i s t i v i t y  
anomclly. 'Ihis sugges ts  t h a t  t h e  low r e s i s t i v i t y  
zone may a l s o  be a p o r o s i t y  e f f e c t ,  r e l a t e d  t o  a n  
i n c r e a s e  i n  f r a c t u r e  d e n s i t y  caused by changes in 

The depth  t o  t h e  basa l  r e s i s t i v e  l a y e r  

strike o r  d i p  o f  t h e  S t i l l w a t e r  f a u l t  system or t h e  
e x i s t e n c e  of c r o s s  f a u l t s .  

Figures  6 and 7 are contour  p l o t s  of  t h e  
cumulative t h i c k n e s s  of  t h e  upper two l a y e r s  and 
t h e  r e s i s t i v i t y  of  the basa l  l a y e r .  The th ickness  
contours  show a s t e e p  dropoff  i n  t h e  depth t o  the  
b a s a l  l a y e r  from t h e  S t i l l w a t e r  Range eastward i n t o  
t h e  v a l l e y  (F igure  6 ) .  The depths  i n c r e a s e  from 
about 400-600 m t o  1 .5  km o r  more oyer a d i s t a n c e  
o f  about 1.5 km. 
v i t h  t h e  i n t e r b a s i n  graben proposed by Smith ( 1 9 6 8 )  
and Wallace (1977). The wes tern  edge zone of s t e e p  
dropoff  t rends  roughly p a r a l l e l  to t h e  range f r o n t  
throughout the  survey area. 
basinward ex tens ion  of t h e  range f r o n t  f a u l t i n g .  

The s t e e p  dropoff  a l i g n s  ve l l  

,, 

It may r e p r e s e n t  t h e  

1BL 8ss-losn 
. Figure  5 .  R e s i s t i v i t y  vs  depth c ross -sec t ion  fo r  p r o f i l e  A-A' .  Sounding 

parameterr a r e  p l o t t e d  ha l fvay  betveen t r a n s m i t t e r s  and r e c e i v e r s .  
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F i g u r e  6. Thickness of  t h e  upper tvo ( red imzntary)  l a y e r s .  

Figure 7 shows the  r e s i r t i v i t y  of  the  basa l  
l a y e r .  Ibis map i n d i c a t e s  a narrow, e longated 
reg ion  of low r e s i s t i v i t y  i n  t h e  basal l a y e r  
s t r e t c h i n g  from t h e  Lamb Ranch northward along t h e  
S t i l l w a t e r  Range f r o n t  f o r  alaort 5 km. Resis t iv-  
i t i e s  in  t h i s  anomalous zone range fram 2 to  50 
ohm-m. Outside t h i s  b e l t  t h e  basa l  l a y e r  is more 
r e s i s t i v e .  Figures  6 and 7 show t h a t  t h e  lor 
r e s i s t i v i t y  r e g i o n  a l s o  c o r r e l a t e s  v i t h  t h e  wes tern  
margin of t h e  graben descr ibed  by Smith (1968) and 
Speed (1970). hence it is l i k e l y  t h a t  the  graben 
f a u l t s  a r e  important in providing f l u i d  condui t s  
and p e r m a b i l i t y  f o r  t h e  system. Ihe e x i s t e n c e  of  
a c lay-r ich middle l a y e r  may l o c a l l y  provide a 
s e a l i n g  cap f o r  t h e  system. 

SUMMARY AND CONCLUSIONS 

Electromagnet ic  sounding mcarurements were 
ured in  mapping t h e  subsurf  ace  res is t i v i  cy d i e  t r  i- 
b u t i o n  in t h e  nor thern  p a r t  of  Dix ie  Val ley t o  a 
depth  of  about 1 .5  km. Based on w e l l  log informa- 
t i o n  a th ree- layer  model w a s  used t o  h e l p  i n t e r p r e t  
t h e  sounding curves. The upper l a y e r  r e p r e s e n t s  
a l l u v i a l  sediments; t h e  middle l a y e r ,  l a c u s t r i n e  
d e p o s i t s ;  and t h e  basa l  l a y e r ,  T e r t i a r y  and o l d e r  
rocks. V a r i a t i o n s  i n  r e s i s t i v i t y  and th ickness  of 
t h e s e  l a y e r s  f o r  ind iv idua l  soundings provided 
s t r u c t u r a l  information and c l u e s  t o  t h e  d i s t r i b u -  
t i o n  of geothermal f l u i d a  . 

c 

Figure  7 .  R e s i s t i v i t y  of t h e  b a s a l  l a y e r  (ohwm). 
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A 1 t o  1.5-km-deep l o w - r e s i s t i v i t y  zone is 
s p a t i a l l y  a s s o c i a t e d  wi th  the  known geothermal 
f i e l d .  Because known f l u i d  product ion  comes from a 
deeper  i n t e r v a l ,  t h i s  zone is probably due to leak- 
age andfor  hydrothermal a l t e r a t i o n .  The l o c a t i o n  
of  the  low r e s i s t i v i t y  zone a l s o  c o r r e l a t e s  with 
change i n  t h e  depth t o  the  high r e s i s t i v i t y  b a s a l  
l a y e r ,  sugges t ing  t h a t  f a u l t  induced f r a c t u r i n g  may 
play a n  important r o l e  i n  f l u i d  product ion.  
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