
NOTICE CONCERNING COPYRIGHT 
RESTRICTIONS 

 
This document may contain copyrighted materials. These materials have 
been made available for use in research, teaching, and private study, but 
may not be used for any commercial purpose. Users may not otherwise 
copy, reproduce, retransmit, distribute, publish, commercially exploit or 
otherwise transfer any material. 

 
The copyright law of the United States (Title 17, United States Code) 
governs the making of photocopies or other reproductions of copyrighted 
material. 

 
Under certain conditions specified in the law, libraries and archives are 
authorized to furnish a photocopy or other reproduction. One of these 
specific conditions is that the photocopy or reproduction is not to be "used 
for any purpose other than private study, scholarship, or research." If a 
user makes a request for, or later uses, a photocopy or reproduction for 
purposes in excess of "fair use," that user may be liable for copyright 
infringement.

 
This institution reserves the right to refuse to accept a copying order if, in 
its judgment, fulfillment of the order would involve violation of copyright 
law.

 



Geotherma 2 Resources C o u d  2, TRANSACTIONS Vo 2. 4,  September 1980 
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ABSTRACT 

A d i p o l a r  s e l f - p o t e n t i a l  anomaly o f  about 500 mV 
peak-to-peak ampli tude and about 500 m peak-to- 
peak wavelength has been measured over  an area o f  
near-surface geothermal a c t i v i t y  a t  the Beowawe 
KGRA, Nevada. 
caused by topographic e f f e c t s ,  and shows l i t t l e  
c o r r e l a t i o n  t o  changes i n  surface s o i l  propertl’es 
such as moisture content, conduct iv i t y ,  pH, o r  
temperature. 

A source mechanism by which surface s e l f - p o t e n t i a l  
anomal i e s  are generated by subsurface f low o f  f l u i d  
o r  heat along f a u l t s  t h a t  separate regions o f  d i f -  
f e r e n t  e l  e c l r o k i n e t i c  o r  thermoelect r ic  coup1 i n g  
c o e f f i c i e n t s  was used t o  model the Beowawe anomaly. 
The model study r e s u l t s  ind ica ted  t h a t  the  measured 
anofialy could be generated by geothermal a c t i v i t y  
along a s e t  o f  n ine  s teep ly  d ipp ing f a u l t s  extend- 
i n g  from about 50 t o  250 m deep. S ix  o f  t h e  f a u l t s  
l i e  along the t rend o f  the  Malpais f a u l t  zone, a 
major s t r u c t u r a l  fea ture  o f  t h e  region, and two 
modelled f a u l t s  running perpendicular t o  t h i s  t rend 
may represent s i g n i f i c a n t  near-surface o f f s e t s  o f  
shal low geothermal a c t i v i t y  along the  Malpais f a u l t  
zone. However, the data sampl i n g  densi ty  was n o t  
s u f f i c i e n t  f o r  re1 i a b l  e determination o f  the  ex is-  
tence o f  these cross f a u l t s .  

The anomaly does no t  appear t o  be 

INTRODIJCTION AND SURVEY DESCRIPTION 

The Beowawe Known Geothermal Resource Area (KGRA) 
i s  loca ted  about 9 km southwest o f  t h e  town o f  
Beowawe, Nevada, w i t h i n  the  B a t t l e  Mountain heat 
f l o w  high. A zone o f  geysers, fumaroles, and ho t  
springs gives evidence o f  near-surface hydrothermal 
a c t i v i t y ,  and s tud ies by Chevron Resources Company 
present ly  are underway t o  determine whether an 
economic geothermal resource i s  present i n  the  
area. The geology and geophysics o f  the Beowawe 
geothermal s stem are discussed by S w i f t  (1979) , 
Zoback (1 97(il;, and Garside and S c h i l l  i n g  (1 979). 

The se l f -po ten t ia l  survey was run us ing a f i x e d  
base e lect rode and s u f f i c i e n t  cable t o  reach each 
survey po in t .  Copper-copper su l fa te  e lect rodes and 
a d i g i t a l  mult imeter having an i n p u t  impedance o f  
10 megohms were used t o  make the readings. No 
water was added t o  t h e  e lec t rode holes t o  reduce 
contact  res is tance,  as t h i s  procedure was found t o  

g ive  erroneous readings (Corwin, 1979). The 
survey was run  by Chevron Resources Company. 
data are p u b l i c l y  a v a i l a b l e  as p a r t  o f  the Depart- 
ment of Energy/Division o f  Geothermal Energy 
Indus t ry  Coupled Program Through t h e  Ear th Science 
Laboratory o f  the  U n i v e r s i t y  o f  Utah Research 
I n s t i t u t e .  

The 

Survey data p o i n t s  f o r  the  area o f  d e t a i l e d  s e l f -  
p o t e n t i a l  coverage are shown i n  F ig .  2. Because 
geothermal a c t i v i t y  was known t o  reach t h e  sur- 
face, t h e  readings were made w i t h  small s p a t i a l  
separation i n  an e f f o r t  t o  proper ly  de l ineate  
short-wavelength anomalies. Most o f  t h e  nor th -  
south survey l i n e s  were separated by 200 m and 
most readings along t h e  survey l i n e s  were taken a t  
50 m i n t e r v a l s .  As  discussed below, an even f i n e r  
g r i d  may have been necessary f o r  unambiguous de- 
terminat ion o f  near-surface f a u l t  trends. 

So i l  condi t ions var ied  w ide ly  throughout t h e  
survey area, w i t h  c l a y - r i c h  s o i l  found i n  t h e  f l a t  
areas; loose, d r y  s i n t e r  on t h e  steep slopes; and 
s i n t e r  soaked w i t h  geothermal f l .uids i n  t h e  v i c i n -  
i t y  o f  t h e  surface geothermal a c t i v i t y .  I n  an 
e f f o r t  t o  determine how these changes i n  s o i l  con- 
d i t i o n s  may have a f fec ted  the  s e l f - p o t e n t i a l  read- 
ings, s o i l  temperature was measured and s o i l  sam- 
p les were taken from a number o f  survey s t a t i o n s  
and analyzed f o r  mois ture content, e l e c t r i c a l  con- 
d u c t i v i t y ,  and pH (Morrison e t  a., 1979). Except 
f o r  a few readings i n  wet s o n  c lose t o  the  gey- 
sers, the  e f f e c t  o f  these s o i l  proper ty  changes 
was l e s s  than about 10 mV, and no o ther  s i g n i f i -  
cant c o r r e l a t i o n  was seen between any o f  these 
s o i l  p roper t ies  and the  magnitude o r  p o l a r i t y  o f  
t h e  s e l f - p o t e n t i a l  readings w i t h i n  the  anomalous 
reg ion,  

DATA ANALYSIS 

The contoured s e l f - p o t e n t i a l  f i e l d  data are shown 
i n  Fig. 3.  The major f e a t u r e  o f  the  contours i s  a 
d i p o l a r  anomaly, p o s i t i v e  t o  the northwest and 
negative t o  the  southeast, w i t h  the zero mV con- 
t o u r  roughly  f o l l o w i n g  t h e  nor theast  t rend o f  the 
topography. S i g n i f i c a n t  o f f s e t s  of the major d i -  
po la r  t rend are seen i n  the cent ra l  p o r t i o n  o f  t h e  
survey area. However, i t  must be noted t h a t  t h e  
data sampling dens i ty  i n  t h i s  area was n o t  s u f f i -  
c i e n t  t o  a l l o w  unambiguous contouring, and t h a t  
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d i f f e r e n t  contours, lead ing  t o  d i f f e r e n t  i n t e r p r e -  
t a t i o n s  of f a u l t  pat terns i n  t h i s  reg ion,  could 
have been i n f e r r e d  from t h e  same data. 

Topography i s  known t o  sometimes a f f e c t  self-po- 
t e n t i a l  data , w i t h  more negative readings usual iy  
found a t  higher e leva t ions  (Corwin and Hoover , 
197 9 ) .  
by streaming p o t e n t i a l s  generated by t h e  downhi I1 
movement o f  ground water. 
shown i n  Fig. 3 obvious ly  fol lows t h e  general 
t rend o f  t h e  topography, and readings a r e  more 
negat ive a t  higher e levat ions.  However several 
arguments may be made against  a topographic o r i g i n  
f o r  t h i s  anomaly. 
anomaly i s  no t  t y p i c a l  o f  s e l f - p o t e n t i a l  anomalies 
caused by topography, which u s u a l l y  f o l l o w  topo- 
graphic contours q u i t e  c lose ly .  Also, topographic 
anomalies o f  t h i s  ampli tude u s u a l l y  a r e  no t  found 
i n  a r i d  regions such as n o r t h  cent ra l  Nevada. 
F i n a l l y ,  t h e  topographic t rend o f  t h e  Malpais 
escarpment continues f a r  t o  t h e  southwest and 
nor theast  o f  t h e  sel f - p o t e n t i a l  anomaly. There- 
fore, we conclude t h a t  t h e  s e l f - p o t e n t i a l  anomaly 
i s  n o t  d i r e c t l y  r e l a t e d  t o  topography, although, 
as discussed below, they both probably have a 
common s t r u c t u r a l  o r i g i n  i n  t h e  geothermally ac- 
t i v e  Malpais f a u l t ,  

A mechanism by which d i p o l a r  surface se l f -poten-  
t i a l  anomalies may be generated by t h e  f l o w  o f  
f l u i d  o r  heat along f a u l t  planes t h a t  separate 
regions o f  d i f f e r i n g  e l e c t r o k i n e t i c  o r  thermo- 
e l e c t r i c  coupl i n g  c o e f f i c i e n t s  has been proposed 
by Fit terman (1979). B r i e f l y ,  t h e  change i n  coup- 
1 i n g  c o e f f i c i e n t  across the boundary o f  t h e  fau'l t 
plane i n  t h e  presence o f  a component o f  f l o w  
p a r a i l e l  t o  t h e  boundary produces a jump i n  a 
c u r r e n t  producing po ten t ia  I across t h e  boundary. 
This p o t e n t i a l .  jump, which i s  t h e  mathematical 
equiva lent  o f  a d i p o l a r  cur ren t  d i s t r i b u t i o n  along 
t h e  boundary, produces t h e  surface s e i f - p o t e n t i a l  
a noma 1 y . 

This  topographic e f f e c t  probably i s  caused 

The s e l f - p o t e n t i a l  data 

F i r s t ,  t h e  d i p o l a r  form o f  t h e  

For computational f l  e x i  b i l  i t y ,  t h e  equiva lent  
continuous cur ren t  d i s t r i b u t i o n  can be replacea by 
a d i s t r i b u t i o n  o f  d i s c r e t e  p o i n t  cur ren t  sources 
and s inks along a p a i r  o f  c l o s e l y  spaced p a r a l l e l  
planes, 
successful l y  t o  s e l f - p o t e n t i a l  data from .the Cerro 
P r i e t o  (Corwin e t  a1 ., 1978) and East Mesa 
[Morrison e t  a l z  m9) geothermal f i e l d s .  

Assuming t h a t  t h i s  mechanism app l ies  t o  t h e  
Beowawe anomaly ( i  .e. 
ated by t h e  f l o w  o f  f l u i d  o r  heat p a r a l l e l  t o  a 
number of f a u l t  planes t h a t  separate reg ions o f  
d i f f e r i n g  coupl ing c o e f f i c i e n t s )  , a s e t  o f  n ine  
s teep ly  d ipp ing source planes g i v i n g  a p o t e n t i a l  
f i e l d  t h a t  i s  a reasonable approximation t o  t h e  
measured anomaly was Pound by t r i a l  t h e  e r r o r .  
The l o c a t i o n s  o f  t h e  source planes a r e  shown i n  
F ig ,  4, along with mapped f a u l t s  shown by Zoback 
(1 979). Current d i s t r i b u t i o n s  and geometrical 
parameters o f  t h e  source planes are  shown i n  Fig. 
6. The ca lcu lated anomaly produced by t h e  source 
planes i s  shown i n  Fig. 5, f o r  comparison w i t h  
t h e  measured anomoly shown i n  Fig. 3 .  

This type  o f  analys is  has been app l ied  

t h a t  t h e  anomaly i s  gener- 

. 

RELATION OF SELFePOTENTIAL SOlfRCE PLANES AND 
GEOTHERMAL ACTIVITY . 

Se l f -po ten t ia l  source plane sets A through F (F ig.  
4) c l o s e l y  cofnc ide w i t h  t h e  l o c a t i o n  o f  t h e  geo- 
thermally a c t i v e  Malpais f a u l t  (Zoback, 1979)'. 
seems reasonable t o  assume, then t h a t  t h e  major 
d i p o l a r  s e l f - p o t e n t t a l  anomaly f s  generated by t h e  
upward f l o w  o f  f l u i d  and/or heat along t h e  Valpais 
f a u l t  zone i n  t h e  depth range from about 50 t o  250 
m. The necessary d i f fe rence i n  coupl ing c o e f f i -  
c i e n t s  across t h e  f a u l t  zone could be caused by 
t h e  f a u l t  contacts  between a l l u v i u n  and b a s a l t i c  
anaesi te  o r  by a l t e r a t i o n  produced by t h e  f l o w  o f  
thermal f l u i d s .  The l a r g e  magnitude o f  the  anom- 
a l y  i s  no t  s u r p r i s i n g  i n  view o f  t h e  shal low depth 
t o  t h e  source and t h e  r e l a t i v e  freshness o f  t h e  
thermal f l u i d s  (coup] i n g  coef f i c ien ts  a r e  inverse- 
l y  propor t ional  t o  pore f l u i d  conduct iv i t y ,  and 
t h e  1400 ppm .value f o r  t o t a l  d isso lved s o l i d s  (C. 
M, S w i f t ,  Jr,, .personal communication.j- far Reowawe 
f lufds  imp1 i'es a low f l u i d  conductivi ty). .  

It 

Evidence o f  fau i t i n g  rough ly  perpendicular t o  t h e  
main Mal.pais t rend i s  provided by source planes G 
and H, 
dens i ty  was n o t  s u f f i c i e n t  f o r  unambiguous de l ine-  
a t i o n  o f  these f a u l t s .  
n a t i o n  o f  t h e  se l  f -potent fa  1 anomaiy.to t h e  nor th-  
west and southeast a Is0 imp l ies  t h a t  major s t ruc-  
tural features perpendicular t o  the Malpais f a u l t  
tend t o  l i m i t  shal low hydrothermal c i r c u l a t i o n  t o  
t h e  area roughly  defined by t h e  sur face geothermal 
a c t i v i t y  mapped on Zoback, 

However, as noted e a r l i e r ,  aata sampling 

The r a t h e r  abrupt te rmi -  

No long-wavelength (1 km o r  g rea ter  sel f - p o t e n t i a l  
anomaly such as those seen over t h e  Cerro P i r e t o  
(Corwin e t  fi., 1978) and East Mesa (Morrison e t  
- a1 . , 1 9 7 g  geothermal r e s e r v o i r s  i ' s  ev ident  at- 
Reowawe. 
major geothermal a c t i v i t y  a t  depth along t h e  
Malpais f a u l t  zone ( i .e.,  i n s u f f i c i e n t  f l u i d  and/ 
o r  heat f low) ,  o r  t h a t  coupl ing c o e f f i c i e n t  con- 
t r a s t s  a t  depth are  n o t  l a r g e  enough t o  generate 
measureable surface anomalies even i n  t h e  presence 
o f  l a r g e  f l u i d  o r  heat  f lows.  

This imp l ies  e i t h e r  t h a t  there  i s  no 
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F igure 2 . Sel f -po ten t ia l  survey s tat ions,  
topography, and surface geothermal 
a c t i v i t y ,  Beowawe KGRA. 
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Figure 1. Map showing l o c a t i o n  of surveyed area. 
Section corner  7-8-18-17 i s  the 
reference l o c a t i o n  i n  f igures  2-5, 

0' 

Figure 3 ,  Measured se l  f -po ten t ia l  contours, 
Beowawe KGRA. Contour i n t e r v a l  i s  
50 mV. 
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Figure 4. Northeast trending Malpais fault zone 
with cross-faul t s ,  dashed where ques- 
tionable, (Zoback, 1979) and self- 
potential source planes, Beowawe KGRA, 

Figure 5 ,  Sel f-potential anomaly generated 6y 
source planes shown i n  figures 4 and 
6. Contour interval i s  50 mV. 
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Figure 6. Geometry and current distribution o f  self-potential source planes. Model resistivity i s  50 

ohm-meters. Arrows show direction o f  posttive current flow across source planes, 
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