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Abstract 

Numerous thermal springs present i n  northern 
Dixie Valley, Nevada, a r e  the surface expression of 
a deep-seated geothermal system. The structural  
se t t ing ,  a complex asymmetric graben possibly bifur- 
cating to  the north, controls the location of sur- 
face springs and migration of thermal f lu ids  to  the 
surface. 

A large-scal e surface soil  geochemical survey 
for mercury and arsenic and petrochemical analysis 
for  selected t race  elements i n  subsurface samples 
from two deep exploratory wells allowed for iden- 
t i f i ca t ion  o f  steam and hot water en t r i e s  and de- 
l ineation of associated geochemical zonations. 

Data thus f a r  indicate the Dixie Valley geother- 
mal system i s  dynamic, w i t h  temperatures greater 
than 2OO0C a t  depths of 2500 m t o  3000 m and access 
t o  thermal f lu ids  controlled by s t ruc tura l  and 
temporal parameters. 

In troduc t i  on 

The spec i f ic  portion of the Dixie Valley geo- 
thermal prospect investigated for this study i s  
bounded by the S t i l lwater  Range and the Humboldt 
Sa l t  Marsh on the west and eas t ,  respectively,  
and extends northward from Dixie Meadows t o  the 
Boyer Ranch (Figure 1).  Two deep exploratory wells 

had bottom hole temperatures approaching or exceed- 
i n g  200OC (Denton and others,  1980). 

(DF 45-14, TD = 9022 f t ;  DF 66-21, TD = 9780 f t )  

Solid-sample geochemical investigations were 
undertaken to define the surface and subsurface 
d is t r ibu t ion  of hot water and/or steam and the asso- 
ciated geochemical zonations. The surface sampling 
was based on broad sca le  and detahled grid networks 
and traverse l i nes  w i t h i n  a 77 Km a rea ,  w i t h  464 
samples analyzed for  mercury and arsenic .  The so i l  
geochemistry i s  presented i n  a companion paper 
(Juncal and Bel l ,  this volume). Subsurface data 
were developed by analyzing whole rock and heavy 
mineral (+3.3) f rac t ion  samples fo r  representative 
interval s (optimal 1 y 100-ft composites) w i t h i n  each 
well for lead, zinc,  arsenic,  antimony and mercury. 

Geologic Se t t i ng  

The regional stratigraphy is  characterized by 
Mesozoic and younger 1 ithologies. Upper Triassic 

Figure 1. Location map of Northern Dixie 
Valley hot springs; BR=Boyer Ranch; H =  
Hyder Hot Spr ings ;  l=DF 45-14; 2=DF 66- 
21; HSM=Humboldt Sa l t  Marsh. 

metasediments, mostly phylli te and s l a t e ,  a r e  es- 
timated t o  be as much as 3000 m th ick ,  w i t h  the 
base unexposed. Locally, th is  complexly deformed 
u n i t  i s  overthrust by a n  upper Triassic massive 
1 imestone. The Jurassic metavolcanic sequence con- 
s i s t s  ch ief ly  of fine-grained s l a t y  andesite tuffs, 
breccias, and andesite flows, i n  excess of 1600 m 
thick.  
Lopolith of Speed, 1976) includes in t rus ive  phases 
of gabbroic t o  d i o r i t i c  composition and extrusive 
basalt  flows, t u f f s  and breccias. The Fencemaker 
thrus t  (Speed, 1976) transported Jurassic quartz- 
i t e s  over lower Jurassic units.  Four Jurass ic  to 
Miocene volcanic sequences 600 t o  1300 m thick i n -  
clude acidic tu f f s  and breccias and basal t i c  andes- 
i t e  flows. The lower units a re  intruded by l a t e  
Cretaceous gran i t ic  plutons which accentuated and 
coarsened the metamorphic fabr ic  of the intruded 
uni t s .  

The Humboldt grabbroic complex (Humboldt 

A widespread Miocene volcanic sequence, u p  t o  
1300 m thick,  includes tu f f s ,  breccias and flows 
r a n g i n g  in composition from l a t i t e  through rhyolite. 
Riehle and others (1972) have placed the Miocene 
volcanic center i n  the southern Clan Alpines. 

P1 io-P1 eistocene t o  Recent deposits include 
lacus t r ine  and f l u v i a l  sediments, loca l ly  i n t e r -  
bedded with ac id ic  ash, t u f f ,  and flows. Pliocene 
basalt  flows, u p  t o  500 m aggregate thickness, a re  
present i n  the 1 ower portions of the sequence. 
Large a l luv ia l  fans extend from mountain canyons 
t o  coalesce and form alluvial  plains.  The valley 
f loor  i s  dominated by a large playa and the  H u m -  
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boldt Sa l t  Marsh which serves a s  a regional drain- 
age sink. A lake contemporaneous w i t h  b u t  separate 
from Pleistocene Lake Lahontan reached an estimated 
depth of 73 m ,  with remnant shorelines,  bars and 
delta deposits loca l ly  preserved. Moderately t o  
poor1 y devel oped ar id  soi 1 s ref1 ec t  the geographic 
position of these young surfaces. 

The structural  complexity of Dixie Valley i s  a 
product of l a t e  Cenozoic fault ing superimposed on 
older geologic relationships.  Figure 2 depicts a 
structural  model of northern Dixie Valley indica- 
t i n g  the various tectonic elements, including 
major basement f a u l t s  and Basin-and-Range normal 
and arcuate f au l t s .  
trending graben i s  probably present just south o f  
the Tobin Range. These fau l t s  a r e  s t i l l  active as 
evidenced by seismicity and su r f i c i a l  geomorphic 
expression i n  Holocene age a l luv ia l  deposits 
(Whitney, 1980). Recent seismic a c t i v i t y  includes 
not only microseismic events b u t  a l so  a major 
earthquake i n  1954 of M = 6.8 t h a t  produced u p  to 
3 m of vertical  o f f s e t .  H i g h  heat flow values u p  
t o  3 HFU (Sass  and o thers ,  1971), maximum focal 
depths of approximately 16 km, a r e l a t ive ly  t h i n  
c rus t  (16-18 km; S m i t h ,  1978) and h i g h  r a t e s  of 
crustal  extension (0.4 mm/yr; Thompson and Burke, 
1973) characterize Dixie Valley. 

Additionally, a northeast 

T O B I N  
RANGE 

Figure 2. Structural  model of northern 
Dixie Valley, w i t h  alluvium removed and 
bedrock surfaces restored (from Whi tney, 
1980). 

Petrochemistry 

Lead ( P b ) ,  zinc ( Z n ) ,  arsenic (As), mercury (Hg) 
and antimony (Sb)  concentrations w i t h i n  whole rock 
and ,  i n  par t icu lar ,  heavy mineral f rac t ions  were 
examined as indicators of ac t iv i ty  of the geother- 
mal system encountered by wells DF 45-14 and DF 66- 
21. Specific values and depth in te rva ls  a r e  given 
i n  Denton and others (1980, App. F-2, p.  85-88). 
Trace element data were compared w i t h  temperature, 
depth, mineralogy , 1 i tho1 ogy and known or inferred 
fracture systems. 

The reservoir , se l  f-seal ed and peri pheral zone 
concepts of Bamford and others (1980) can be a p -  

plied t o  the  d is t r ibu t ion  of t race  elements and  
known physical parameters of the wells. S t a t i s t i -  
cal  b ivar ia te  scattergram analyses were used to  
d i s t i n g u i s h  zone depths. 
vo i r  zoning models for DF 45-14 and DF 66-21. 

Figure 3 depicts reser- 
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Figure 3. Reservoir zoning  model for  DF 45-14 
and DF 66-21. 

In DF 45-14, a peripheral zone i s  characterized 
by low Pb and Zn values, w i t h  A s ,  Sb and Hg con- 
centrations associated w i t h  a localized se l f -  
sealed zone. The se l  f-seal ed zone i s  characterized 
by h i g h  Pb concentrations w i t h  Zn.  
h i g h  b u t  decreases somewhat w i t h  depth as  Sb i n -  
creases;  Hg increases w i t h  depth. A t rans i t iona l  
boundary from outer t o  inner self-sealed zone i s  
defined by As and Sb enrichment; Pb and Zn remain 
f a i r l y  constant. 

Arsenic i s  

In DF 66-21, the peripheral zone is  characterized 
by low Pb and constant concentrations of Zn,  As, 
Sb and Hg. Mercury, zinc, and arsenic concentra- 
t ions  characterize the outer sel f-sealed zone w i t h  
broad gradation to  a n  inner self-sealed zone i n  
which Hg and As increase somewhat and Zn remains 
f a i r l y  constant. Encroachment on the reservoir 
zone a t  depth i s  evidenced by a general increase 
i n  Hg, high As and Pb ,  and s ign i f icant  concentra- 
t ions  o f  Zn.  Active and self-sealed f rac tures  a re  
present w i t h i n  the self-sealed zones of both wells. 

In cont ras t ,  anomalous concentrations of these 
t r ace  elements as determined by the use of log 
probabili ty graphs exhibit  a d i s t i nc t ly  d i f f e ren t  
d i s t r ibu t ion  w i t h  depth i n  each well. Comparison 
o f  the anomalous t r ace  element values w i t h  mineral 
occurrences and selected physical parameters of the 
wells a re  depicted as composite logs i n  Figures 4 
and 5. 

The pyr i te  dominated portion o f  DF 45-14 r e f l ec t s  
the  pervasive influence o f  the geothermal system, 
w i t h  in te rva ls  characterized secondarily by epi- 
dote and/or ba r i t e ( ? )  correlating w i t h  f rac tures  
and indicating localized intense hydrothermal a c t i -  
v i t y  associated w i t h  the f rac ture  systems. 
400- t o  1600-foot interval i s  characterized by h i g h  

The 
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Figure 4. Composite of logs for  DF 45-14 indicating selected physical parameters, mineral 
occurrences and anomalous element concentrations i n  heavy mineral fraction samples. 

As (1800-4500 ppm) concentrations and an overlying 
halo of h i g h  H (2.3-14.2 ppm) concentration, w i t h  
Sb  (88-586 ppms f a i r l y  uniformly distributed 
throughout the  in te rva l .  T h i s  interval is  a pro- 
duct of fracture-control 1 ed permeabi 1 i t y  w i t h  
f l u ids  migrating from depth through fractures as- 
sociated w i t h  tuffaceous units between 1300 and 
1800 f ee t .  The anomalous concentrations of Pb in 
three in te rva ls  (700, 700-1500, and 1000-2200 ppm) 
in the lower portions of the  well a r e  interpreted 
as lead halos overlying the reservoir a t  depth and 
a r e  i n  association w i t h  ba r i t e ( ? )  i n  f rac ture  
zones i n  these in te rva ls .  The magnitude o f  the Pb 
anomalies suggests development over a re la t ive ly  
long time period, w i t h  possible secondary enrich- 
ment by halo migration toward the heat source as i t  
cooled or by f lu id  migration through f rac ture  
zones w i t h i n  the interval from 8100 to  9022 fee t .  
The degree of cementation and f r ac tu re - f i l l  i n g  
within most f a u l t  zones and f rac tures  encountered 
i n  the well above 8100 f e e t  i s  indicative of sig- 
n i f ican t  decrease i n  connection w i t h  the reser- 
voir a t  depth. 

DF 66-21, however, i s  interpreted as a more 
dynamic system w i t h  s ign i f icant  connections w i t h  
the  reservoir and a developin geochemical s igna -  
tu re .  Anomalous Pb (2500 ppm! and Hg (9ppm) con- 
centrations from 2200 to  2400 f ee t  a r e  associated 
w i t h  the low permeability boundary a t  the top of a 
red clay-alluvial  sequence; the  source of the lead 
and mercury i s  uncertain. From the lowermost por- 
t ion of the clay-alluvial sequence to  to ta l  depth, 
the  rocks show an increasingly pervasive influence 
of the geothermal system: si 1 i ca t e  minerals (pri - 
marily epidote) w i t h  minor pyrite a re  replaced by 
a pyrite dominated assemblage. A major f a u l t  zone 

between 4800 and 5400 fee t  is  marked by a Zn ano- 
maly (10,800 ppm) i n  the most active portion of 
t he  f a u l t  zone where, d u r i n g  d r i l l i n g ,  hot f lu ids  
under h i g h  pressure were encountered. The most 
s ign i f i can t  indication of mineralization i n  th is  
in te rva l  is the presence o f  f lakes of  native gold 
i n  the  heavy mineral f rac t ion .  A halo of Hg 
(6.3 t o  39 ppm) over l ies  the f au l t  zone, the re- 
sult  of adsorption of mercury on the low permeabil- 
i t y  clays.  The lower portion of the well i s  
marked by four zones of anomalous trace element 
concentrations, each a r e su l t  of active f lu id  m i -  
gration through a f rac ture  system. The range of 
concentrations fo r  lead (4000 to  11,500 ppm), zinc 
(250 t o  10,800 ppm) , and mercury (3.2 t o  39 ppm) i s  
believed related t o  possible variations i n  f lu id  
compositions and may a l so  r e f l ec t  the significance 
of the f rac ture  zone as  a conduit. 

Discussion 

The reservoir zoning and petrochemical analysis 
techniques generate models of the two deep wells 
t h a t  a r e  generally consistent and s igni f icant  w i t h  
respect t o  developing a n  understanding of the his- 
to ry  of the Dixie Valley Geothermal System. 
general ,  DF 45-14 represents a longer history of 
geothermal ac t iv i ty :  the reservoir zones a re  more 
d i s t i n c t  and extend over larger depth in te rva ls ;  
self-sealing i s  more complete; a halo of anomalous 
lead concentrations has developed i n  the lower por- 
t i ons  of the well t h a t ,  while i t  may be secondarily 
enriched by fracture-controlled f lu ids ,  i s  a per- 
vasive concentration; and f lu id  migration through 
f r ac tu re  systems i s  limited. DF 66-21 exhibits a 
younger, more dynamic history of geothermal activity:  
while the  peripheral zone i s  well defined, the se l f -  

In 
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Figure 5. Composite of logs for DF 66-21 indicating selected physical parameters and  the 
mineral occurrences and anomalous concentrations of elements i n  heavy mineral fraction 
sampl es . 

sealed zone extends over a r e l a t ive ly  narrow depth 
interval and  has not yet developed geochemical 
signatures w h i c h  d i f f e ren t i a t e  well-defined outer 
and  inner self-sealed zones; the inner s e l f -  
sealed zone encroaches on the  reservoir a t  depth; 
f rac ture  zones a re  general l y  not sel  f-seal ed and 
ac t ive ly  conduct s ign i f icant  volumes o f  thermal 
f lu ids ;  and  anomalous t r ace  element concentrations 
ex i s t  i n  f a i r l y  narrow in te rva ls  associated p r i -  
marily w i t h  ac t ive  f r ac tu re  systems. 
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