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SOLID-SAMPLE GEOCHEMISTRY STUDY OF WESTERN 
D I X I E  VALLEY, CHURCHILL COUNTY, NEVADA -- PART 11, SOIL GEOCHEMISTRY 
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(l)Geothermal Development Associates 
251 Ra ls ton  S t r e e t  
Reno, Nevada 89503 

Abs t rac t  

Numerous thermal sp r ings  present  i n  no r the rn  
D i x i e  Va l l ey ,  Nevada, a r e  t h e  su r face  express ion 
o f  a deep-seated geothermal system. The s t r u c u r a l  
s e t t i n g ,  a complex asymmetric graben c o n t r o l s  t h e  
l o c a t i o n  o f  surface sp r ings  and m i g r a t i o n  o f  t h e r -  
mal f l u i d s  t o  t h e  sur face.  The d i s t r i b u t i o n  o f  
a rsen ic  and mercury i n  t h e  s o i l s  o f  t h e  v a l l e y  co r -  
r e l a t e s  w e l l  w i t h  t h e  occurrence o f  s t r u c t u r e s  
which may be i n  communication w i t h  t h e  under l y ing  
geothermal system. Genera l l y  anomalous a rsen ic  
values occur a long  s t r u c t u r e s  near t h e  p laya where 
f i ne -g ra ined  sediments and a h i g h  water t a b l e  
occur.  Mercury values a r e  u n i f o r m l y  low near t h e  
p laya b u t  a r e  t y p i c a l l y  anomalous a long s t r u c t u r e s  
i n  the  coa rse r  f a n  depos i t s .  

The complementary geochemical s igna tu res  o f  a r -  
sen ic  and mercury which a r i s e  f rom bas ic  d i f f e r e n -  
ces i n  elemental  chemical behavior  have been use- 
f u l  i n  d e l i n e a t i n g  t h e  s t r u c t u r a l  t rends o f  t he  
v a l l e y .  The s t r u c t u r a l  model i n d i c a t e d  by the  geo- 
chemist ry  and r e s u l t s  of  d r i l l  i n g  suggest f u t u r e  
t a r g e t s  should be se lec ted  e a s t  o f  t h e  D i x i e  Mea- 
dows f a u l t ,  w i t h i n  t h e  IIi nner graben". 

I n t r o d u c t i o n  

A general  a s s o c i a t i o n  o f  mercury (Hg) and arsen- 
i c  (As) w i t h  geothermal a c t i v i t y  has been demonstra- 
t e d  by many workers.  
s tudy was t o  determine t h e  s o i l  geochemical d i s t r i -  
b u t i o n  o f  these two elements i n  a p o r t i o n  o f  nor-  
t h e r n  D i x i e  V a l l e y  and t o  r e l a t e  t h e  observed d i s -  
tri b u t i o n  pa t te rns ,  where poss ib le ,  t o  t h e  geother-  
mal i n f l u e n c e .  The approximate ex ten t  o f  t he  s tudy  
area and genera l  back round i n f o r m a t i o n  a r e  g i ven  
i n  a companion paper !Bell and Juncal  , t h i s  volume). 

The purpose o f  t h e  present  

The complex s t r u c t u r a l  s e t t i n g  o f  D i x i e  V a l l e y  
has made t h e  geothermal system d i f f i c u l t  t o  char-  
a c t e r i z e .  Many s t r u c t u r e s  serve o r  have served as 
p r e f e r e n t i a l  condu i t s  f o r  f l u i d  m i g r a t i o n  as e v i -  
denced by a l ignments o f  spr ings,  seeps and fumar- 
o les,  and t h e  subsurface and su r face  concen t ra t i on  
o f  i n tense  hydrothermal a l t e r a t i o n  a long  these fea-  
tu res .  T h i s  i s  best  seen a long  t h e  range f r o n t  
f a u l t  where v e r y  i n tense  l o c a l i z e d  a l t e r a t i o n  i s  
observed, assoc iated w i t h  fumaroles and t h e  pres- 
ence o f  h o t  water  w i t h i n  30 m o f  t h e  surface, as 
i n d i c a t e d  by d r i l l  i n g .  

(2)Mackay School o f  Mines 
Mackay M i n e r a l s  Research I n s t i t u t e  

U n i v e r s i t y  o f  Nevada 
Reno, Nevada 89557 

Water chemis t r y  data show major  d i f f e r e n c e s  be- 
tween h o t  s p r i n g  systems a t  Sou, Hyder and D i x i e  
Meadows, i m p l y i n g  a l a c k  o f  communication between 
s t r u c t u r e s .  The exact  heat source and p r e c i s e  
s t r u c t u r a l  o r  s t r a t i g r a p h i c  f a c t o r s  c o n t r o l l i n g  
t h e  system have n o t  y e t  been de f i ned .  

Broad s c a l e  sampl ing (730 m x 305 m g r i d )  ou t -  
l i n e d  s p e c i f i c  areas f o r  more d e t a i l e d  work. Ad- 
d i t i o n a l l y ,  h i g h  d e n s i t y  sampling (30 - 180 m )  was 
performed i n  t h e  v i c i n i t y  of two e x p l o r a t o r y  w e l l s  
and across s p e c i f i c  s t r u c t u r a l  f ea tu res .  

S o i l  samples were c o l l e c t e d  frnm a depth o f  25 
t o  30 cm. 
randomly s e l e c t e d  v e r t i c a l  s o i l  p r o f i  1 es f rom t h e  
th ree  major  s o i l  environments: upper a l l u v i a l  f a n  
slopes, f a n  piedmont and playa. The p r o f i l e s  i n -  
d i ca ted  Hg and As values g e n e r a l l y  increased w i t h  
depth, w i t h  a zone f rom 15 t o  25 cm where va lues 
tended t o  i n c r e a s e  s u b s t a n t i a l l y  and then l e v e l  
o f f .  These r e s u l t s  were taken as r e p r e s e n t a t i v e  
o f  t h e  s t u d y  area, i n d i c a t i n g  much h ighe r  As and 
Hg va lues r o u g h l y  corresponding t o  t h e  B ho r i zon .  
Because i d e n t i f i c a t i o n  o f  s p e c i f i c  s o i l  ho r i zons  
i s  d i f f i c u l t  i n  many places and c o n s i d e r i n g  t h e  
study o f  Klusman and Landress (1978) which showed 
t h a t  v a r i a t i o n  o f  secondary s o i l  parameters d i d  
not  mask s i g n i f i c a n t  geothermal mercury anomalies, 
a s tandard sampl ing depth was chosen. 

T h i s  depth was chosen on t h e  bas i s  o f  

S o i l  mercury concentrat ions were determined by 
AAS u s i n g  bo rohydr ide  generat ion methods w h i l e  a r -  
senic  analyses were performed u s i n g  c o l o r i m e t r i c  
techniques. R e p l i c a t e  samples were analyzed f o r  
temporal and a n a l y t i c a l  var iance; however, n e i t h e r  
o f  these va r iances  were s i g n i f i c a n t .  

Resul ts  

The r e s u l t s  o f  t h e  broad g r i d  sampl ing o f  mer- 
cu ry  a r e  d e p i c t e d  by geochemical contours i n  F ig -  
u r e  1. Th is  geochemical sur face r e v e a l s  some i m -  
p o r t a n t  aspects  o f  t h e  d i s t r i b u t i o n  o f  mercury i n  
D i x i e  V a l l e y .  Most no tab le  a r e  t h e  i s o l a t e d  h i g h  
a t  t h e  D i x i e  Comstock Mine and t h e  somewhat broad- 
er  h i g h  t o  t h e  n o r t h  near a group o f  fumaroles.  
Both areas e x h i b i t  m e t a l l i c  m i n e r a l i z a t i o n  a l o n g  
the  range f r o n t .  A l s o  apparent i s  t h e  t r e n d  t o -  
ward l ower  mercury va lues away f rom t h e  range 
f r o n t  c l o s e r  t o  t h e  p laya.  
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F i g u r e  1. Mercury geochemical s u r f a c e .  
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F i g u r e  2 .  Arsenic geochemical s u r f a c e .  
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Log probability graphs of the mercury d a t a  sug- 
gest the presence of th ree  lognormal ly d is t r ibu ted  
populations. These three  groups probably a r i s e  
from three separate sources and/or dispersion 
mechanisms , t en ta t ive ly  identified as : background 
( ~ 2 0  ppb)  , a geothermally influenced population 
(20 - 600 p p b ) ,  and a mineralized population (>600 
ppb) . The background and intermediate populations 
of mercury values overlap considerably, while the 
values of the highest population, exclusively as- 
sociated w i t h  areas of mineralization, exhibit  
considerably less  overlap. 

The arsenic geochemical surface i s  depicted on 
Figure 2 .  Arsenic h i g h s  occur near the Dixie Com- 
stock Mine and fumarole area to  the n o r t h ,  b u t  a r e  
not as strongly anomalous as  the mercury. In con- 
t r a s t  t o  the mercury d is t r ibu t ion ,  h i g h  so i l  arsen- 
i c  levels a re  more prevalent towards the playa, 
par t icu lar ly  r i g h t  a t  the playa margin. 

A log probabili ty graph of the arsenic values 
indicates an apparent bimodal distribution w i t h  a 
large population ranging from 5 ppm t o  approximate- 
ly  35 ppm and a smaller population of values great-  
er t h a n  35 ppm. Unlike the mercury d a t a ,  the h i g h -  
e s t  population of arsenic i s  not as c lear ly  assoc- 
iated w i t h  mineralization. 
h i g h  values are associated w i t h  drainage from m i n -  
eralized areas and may be hydromorphic dispersion 
halos. This i s  consistent w i t h  the a f f in i ty  o f  
arsenic fo r  the l iqu id  phase, particularly i n  com- 
parison w i t h  mercury. A t  l e a s t  four re la t ive ly  
h i g h  arsenic values a re  associated w i t h  springs, 
and another possibly w i t h  d r i l  lhol e discharge d u r -  
ing well t es t ing .  Thermal f lu ids  from d r i l l ho le s  
OF 45-14 and OF 66-21 showed rather h i g h  As con- 
ten ts  (0.59 and 2.1 ppm, respectively; Bohm and 
others, 1980) making source implications for  these  
l a t t e r  anomalies c l ea r .  

However, many of the  

of the Buckbrush f au l t  i n  the northern portion of 
the study area ,  a t  l ea s t  partly associated with a 
group of s t ruc tu ra l ly  control 1 ed springs. 
chemical trends west of the the Dixie Meadows 
f a u l t  a l so  suggest some s t ruc tura l  control.  
association of geochemical anomalies w i t h  the more 
eas te r ly  f a u l t  traces i s  s ign i f icant .  
production wells have been d r i l l ed  to  the west of 
these ' i nne r '  f au l t s ,  whereas a t  l ea s t  f i v e  pro- 
ductive wells have been d r i l l ed  basinward o f  them. 

Geo- 

The 

Two low- 

A1 though anomalous arsenic and mercury values 
do occur along the Sti l lwater (range f ron t )  f a u l t ,  
they a r e  generally associated w i t h  mineral de- 
posits and are  more d i f f i c u l t  t o  in te rpre t .  
Based on the  available data i t  appears t h a t  the 
geothermal reservoir i n  Dixie Valley l i e s  eas t  of 
the Dixie Meadows f au l t  and t h a t  communication via 
the S t i l lwa te r  f a u l t  and other s t ruc tures  to  the 
west i s  generally poor,  perhaps due t o  sealing by 
mineral deposition. Where follow-up sampling a t  
30 m in te rva ls  has been performed, a cor re la t ion  
w i t h  s t ruc tures  has been observed, par t icu lar ly  
along the Dixie Meadows f au l t .  

Because the nature of the Dixie Valley geo- 
thermal system i s  s t i l l  not completely understood, 
i t  i s  d i f f i c u l t  t o  evaluate the effectiveness o f  
mercury and arsenic soil geochemistry a s  an ex- 
ploration too l .  Tentatively i t  appears t h a t  so i l  
sampling together w i t h  previous s t ruc tura l  i n -  
t e rpre ta t ions  has provided a plausible explanation 
for much of the observed d r i l l i n g  d a t a .  I t  would 
also appear as though the broad g r i d  sampling 
w i t h  follow-up work in close center could be use- 
ful i n  se lec t ing  d r i l l i ng  t a rge t s .  Clearly, i t  
res t s  w i t h  fu r ther  deep d r i l l i n g  t o  confirm, mod- 
i fy  or possibly contradict the conclusions of 
t h i s  work. 
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