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Abstract 

Electrical c o n d u c t i v i t i e s  of s p r i n g  waters i n  
t h e  S t i l l w a t e r  Range, t h e  Augusta, Clan Alpine and 
Desatoya Mountains, i n d i c a t i n g  varying l e v e l s  o f  
i o n i c  concentrat ion,were compiled. Anomalously 
high i o n i c  concen t r a t ions  are l a r g e l y  l i m i t e d  t o  
t h e  no r the rn  S t i l l w a t e r  Range. High l e v e l s  of 
s u l f a t e ,  ch lo r ide ,  and b i ca rbona te  may to a 
c e r t a i n  e x t e n t  be de r ived  from mineral ized and 
s c a p o l i t i z e d  zones and l imestones i n  Mesozoic 
sedimentary and igneous rocks.  However, t h e  
h i g h e s t  b i ca rbona te  l e v e l s  are found i n  s p r i n g s  
emerging from igneous rocks.  Their close 
proximity to a major f a u l t  and t h e  occurrence of  
h igh  C02 p r e s s u r e s  i n  t h e  Dixie Val ley geothermal 
system may sugges t  a geothermal source of Cop 
beneath t h e  S t i l l w a t e r  Range. 

In t roduc t ion  

Geothermal exp lo ra t ion  i n  t h e  Dixie Val ley 
geothermal system i n i t i a t e d  i n  the la te  1970's has 
s t imu la t ed  i n t e r e s t  i n  t h e  hydrologic  system of 
t h e  Dixie  Val ley region.  A l a r g e  amount of hydro- 
chemical d a t a  from h o t  s p r i n g s ,  w e l l s  and mountain 
s p r i n g s  and c reeks  have been gathered (Bohm e t  
a l . ,  1980).  Anomalously h igh  concen t r a t ions  of 
i o n s  i n  mountain s p r i n g s  i n  t h e  S t i l l w a t e r  .Range 
l e d  to t h e  specu la t ion  t h a t  geothermal a c t i v i t y  
occurs  i n  some parts of t h e  Sti l lwater Range. 
However, t h e  evidence a v a i l a b l e  a t  t h a t  t i m e  
remained inconclusive.  S ince  then the  au tho r  has  
collected more f i e l d  d a t a  i n  o rde r  t o  s u b s t a n t i a t e  
t h e  presumptions made earlier. It  is t h e  purpose 
of  t h i s  paper to  preview ongoing r e sea rch  and 
compare t h e  area with r e g i o n a l  t r e n d s  of  mountain 
s p r i n g  chemisty around nor the rn  Dixie Valley.  

Discussion 

The chemical composition of t he  groundwaters 
i n  the  no r the rn  S t i l l w a t e r  Range is unusual i n  
t h a t  t h e  i o n i o  concen t r a t ions  are much h ighe r  than 
what would be expected i n  a high mountain recharge 
area. c h l o r i d e  ranges between 28 and 605 mg/l, 
s u l f a t e  ranges between 20 and 725 mg/l and bicar- 
bonate a l k a l i n i t y  ranges between 134 and 436 mg/l. 
These concen t r a t ion  ranges were compared with 

va lues  f a l l  w i th in  t h e  14 to 68 p e r c e n t i l e ,  
s u l f a t e  w i th in  the 7 8  to 89 p e r c e n t i l e  and 
b i ca rbona te  wi th in  t h e  51 to 87 p e r c e n t i l e .  This  
is  indeed unusual s i n c e  l e v e l s  of c h l o r i d e ,  sul-  
f a t e  and b i ca rbona te  i n  recharge areas i n  western 
and c e n t r a l  Nevada g e n e r a l l y  were found to be 
below 3, 21 and 245 mg/l, r e s p e c t i v e l y  (Bohm, 
1982). 

E l e c t r i c a l  c o n d u c t i v i t i e s  measured i n  ground- 
waters i n  mountain r eg ions  were gathered by t h e  
Bureau of  Land Management i n  1982 (B. S u l a r i a  and 
D. Schafersman, pe r sona l  communication, March 
1984). These d a t a  were augmented with d a t a  col- 
l e c t e d  by t h e  au tho r  du r ing  f i e l d  work i n  1983/84. 
The d a t a  were normalized to a temperature of 25OC 
and p l o t t e d  on a map i n  Figure 1, covering t h e  
no r the rn  S t i l l w a t e r  Range, t h e  Augusta, Clan 
Alpine and Desatoya Mountains. The no r the rn  
S t i l l w a t e r  Range and a small s e c t i o n  i n  t h e  Clan 

0 

cumulative frequency d i s t r i b u t i o n s  of groundwaters FIGURE 1 
from the S i e r r a  Nevada and western and c e n t r a l  ELECTRICAL CONDUCTIVITIES OF SPRING WATERS I N  THE 
Nevada ( l i t e r a t u r e  d a t a  gathered by Bohm, 1982). STILLWATER RANGE AND THE CLAN ALPINE AND DESATOYA 
w i t h i n  t h e s e  frequency d i s t r i b u t i o n s  t h e  c h l o r i d e  MOUNTAINS. GEOLOGY AFTER SPEED (1976) .  
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Alpine Mountains c l e a r l y  s tand  o u t  a s  areas of 
h igh ly  concent ra ted  groundwaters, i .e., e l e c t r i c a l  
c o n d u c t i v i t i e s  g r e a t e r  than 1000 micromhos . These 
waters seem t o  occur i n  c l o s e  proximity to out- 
c rops  of t he  Humboldt Lopolith.  However, they  
also occur i n  areas under la in  by T r i a s s i c  and 
J u r a s s i c  pelites. I n  some ins t ances  these  a r g i l -  
l i t e s  conta in  i n t e r c a l a t e d  l imestones and 
dolomites.  

The high anion l e v e l s  can be explained i n  
s e v e r a l  ways. Stable i so tope  d a t a  i n d i c a t e  some 
evapora t ion  i n  the  mountain c reeks  (Ingraham, 
1982). Evaporation from shallow ground water 
tables i n  the  v i c i n i t y  of sp r ing  o r i f i c e s  is  un- 
l i k e l y  t o  happen, s i n c e  t h e  l e v e l s  of p H  and tem- 
p e r a t u r e  (below 7.9 and 10°C, r e s p e c t i v e l y )  i n  the  
mountain sp r ings  appear to  be too low t o  i n d i c a t e  
evaporation. Even i f  some evaporation may occur,  
it could not  exp la in  why it would raise ion  con- 
c e n t r a t i o n s  i n  only  one l imi t ed  area i n  such a 
p e r s i s t e n t  and d r a s t i c  manner. Ins tead ,  scapol- 
i t i z e d  zones (Speed, 1976) i n  t h e  Humboldt gab- 
broic complex could provide h igh  l e v e l s  of chlor- 
i de ,  and weathering r e a c t i o n s  may be enhanced sig- 
n i f i c a n t l y  by a c i d i t y  provided by the  ox ida t ion  of 
s u l f i d e s  i n  mineralized zones. Anomalous concen- 
t r a t i o n s  of b icarbonate  a l k a l i n i t y  could be 
der ived  from d i s s o l u t i o n  of intercalated l i m e -  
s t ones ,  p a r t i c u l a r l y  i n  the  very nor thern  end of 
t h e  nor thern  S t i l l w a t e r  Range. 

FIGURE 2 
MOLAR RATIOS OF HCO3/Cl I N  SPRINGS AND GEOTHERMAL 

WATERS I N  DIXIE VALLEY AND THE STILLWATER RANGE 
GEOLOGY AFTER WILLDEN AND SPEED (197 41, JOHNSON 

(1977) AND SPEED (1976).  

The molar r a t i o s  of HCOj/Cl of s p r i n g  waters 
from the  S t i l l w a t e r  Range were p l o t t e d  on a map i n  
F igure  2.  Rat ios  of 1.4 and g r e a t e r  occur  on ly  i n  
s p r i n g  waters i n  the  v i c i n i t y  of t h e  White Rock 
Canyon Fau l t .  These sp r ings  have the  h i g h e s t  
b i ca rbona te  a l k a l i n i t i e s  i n  the  no r the rn  
Sti l lwater Range (more than 400 mg/l a t  7000 f e e t  
around White Rock Canyon). This is somewhat 
unusual s i n c e  they are a l l  loca ted  i n  igneous 
rocks of t he  J u r a s s i c  Humboldt Lopol i th  and 
T e r t i a r y  r h y o l i t e s .  Der iva t ion  of a l k a l i n i t y  from 
d i s s o l u t i o n  of l imestones i n  surrounding forma- 
t i o n s  seems un l ike ly ,  s i n c e  the  r a t i o s  of 
(Ca+Mg)/HC03 are too low. Addi t iona l ly ,  bicarbon- 
ate a l k a l i n i t i e s  der ived  from biogenic  C 0 2  i n  t h e  
s o i l  zone of an a r i d  environment are n o t  expected 
to be t h a t  high. 

The White Rock Canyon F a u l t  (Whitney, 1980) 
is be l ieved  t o  provide a barrier f o r  f l u i d  flow 
wi th in  t h e  Dixie Valley geothermal system ( B e l l  e t  
al., 1980) . It could exp la in  why Dixie  H o t  
Spr ings ,  loca ted  west of t h e  f a u l t ,  produces sul-  
f a t e -ch lo r ide  waters,  whereas Sou Hot Spr ings ,  
McCoy H o t  Springs and Hyder Hot Spr ings  located 
east of t he  f a u l t  produce b icarbonate  waters. The 
geothermal w e l l  DF6621, located east of t h e  f a u l t  
and completed i n  igneous rocks of t h e  HGboldt 
Lopo l i th ,  w a s  a s t rong  C 0 2  and HCO3 producer (up  
t o  1100 mg/l HCO3), whereas DF4514, completed i n  
metasediments w e s t  of t he  f a u l t  produced very  
l i t t l e  C 0 2  and HCO3. This i n d i c a t e s  t h a t  t he  
e a s t e r n  part of t he  geothermal r e s e r v o i r ( s 1  is i n  
many i n s t a n c e s  r i c h  i n  Cop. Even DF5218, com- 
p l e t e d  east of t he  f a u l t ,  produced around 400 ppm 
HCO3 (Mariner e t  al., 1983) . 

One explana t ion  could be t h a t  f r a c t u r e  zones 
associated wi th  the  White Rock Canyon F a u l t  s e rve  
a s  condu i t s  f o r  geothermal waters to emerge from 
depth .  A similar mechanism has been proposed by 
Barnes e t  al .  (1981) f o r  carbon d iox ide  r i c h  soda 
s p r i n g s  i n  the  S i e r r a  Nevada. However, t h e  l e v e l s  
of si l ica never exceed 25 mg/l and t h e  tempera- 
t u r e s  do no t  appear t o  i n d i c a t e  geothermal waters. 
Rather,  it is  suggested t h a t  C02  emerges from t h e  
geothermal r e s e r v o i r  a t  depth and is d i s s o l v e d  i n  
shallow ground waters i n  t h e  mountain ranges .  A t  
s l i g h t l y  a l k a l i n e  pH l e v e l s  the  C02  i s  i n  p a r t  
converted to bicarbonate .  This would r e a d i l y  
exp la in  t h e  h igh  carbon d ioxide  r e s s u r e s  computed 
f o r  t hese  sp r ings  (more than lo-' a tmospheres) .  
Therefore  the  apparent  a s s o c i a t i o n  of h i g h  bicar- 
bonate a l k a l i n i t i e s  i n  sp r ing  waters wi th  a deep  
reaching  f a u l t  s t r u c t u r e  may sugges t  geothermal 
a c t i v i t y  below the  nor thern  S t i l l w a t e r  Range. 

The source  of COP a t  depth  could be metamor- 
ph ic  r e a c t i o n s  i n  sediments,  e.g. t h e  l imes tones  
of t he  Boyer Ranch Formation. The Boyer Ranch 
Formation is i n  p a r t  o v e r l a i n  by and i n  part in t e -  
g ra t ed  i n t o  t h e  Humboldt Lopol i th  (Speed, 1976). 
The Humboldt Lopol i th  is be l ieved  to act p a r t i a l l y  
as a r e s e r v o i r  rock f o r  t h e  Dixie Val ley  geother- 
m a l  system ( B e l l  e t  al., 1982). It  is l i k e l y  t h a t  
e f f e c t s  s i m i l a r  t o  those  suggested f o r  t h e  White 
Rock Canyon F a u l t  occur to a much lesser e x t e n t  
throughout t he  nor thern  S t i l l w a t e r  Range. 
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Summary and Conclusions 

I n  summary, it can be s a i d  t h a t  t h e  s p r i n g  
water chemistry i n  t h e  nor thern  S t i l l w a t e r  Range 
s t a n d s  o u t  as an  anomalous f e a t u r e  r e l a t i v e  to 
o t h e r  groundwater c h e m i s t r i e s  i n  h igh  mountain 
ranges around the  Dixie Val ley geothermal sys  tem . 
The anomaly can n o t  be expla ined  f u l l y  a t  t h i s  
s tage .  I t  appears  t h a t  i n  some i n s t a n c e s  par t icu-  
lar rock types  may c o n t r i b u t e  h igh  l e v e l s  of sul-  
f a t e  and c h l o r i d e .  Addi t iona l ly ,  evapora t ion  may 
raise i o n i c  concent ra t ions  i n  c reek  waters. How- 
ever ,  the  high l e v e l s  of b icarbonate  a l k a l i n i t y  
are d i f f i c u l t  to expla in  wi th  t h e s e  processes .  It  
appears  as though some of t h e  h igh  b icarbonate  i n  
t h e  spr ing  waters is a s s o c i a t e d  with a major f a u l t  
s t r u c t u r e  i n  t h e  Dix ie  v a l l e y  geothermal system. 
It is thus  concluded t h a t  t h e  anomalous spr ing  
water chemistry i n  t h e  nor thern  S t i l l w a t e r  Range 
may i n d i c a t e  geothermal a c t i v i t y  a t  depth.  

The same e f f e c t s  are probably masked i n  t h e  
Dixie Val ley graben by l a r g e  accumulations of co ld  
groundwater i n  t h e  a l l u v i a l  d e p o s i t s .  The h o t  
s p r i n g s  i n  t h e  v a l l e y  appear  t o  be except ions.  I n  
o t h e r  words, c e r t a i n  geothermal phenomena may i n  
some cases be d e t e c t a b l e  i n  a mountain range. The 
hypothes is  should be t e s t e d  wi th  d e t a i l e d  col lec-  
t i o n  of environmental  i s o t o p e  d a t a .  This under- 
s tanding  may e v e n t u a l l y  l e a d  t o  new approaches i n  
t a r g e t i n g  geothermal e x p l o r a t i o n  w e l l  sites. 
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