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Abstract 
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Numerou s thermal springs pr es ent in northern 
Dixie Valley, Nevada, are the surface expression 
of a deep-seat ed geothermal sy s tem. The strucural 
setting, a complex asymmetric graben controls the 
location of surface springs and migration of ther
mal fluids to the surface. The distribution of 
ar senic and mercury in the soil s of the valley cor
relates well with the oc currence of structures 
which may be in communication with the und erlying 
geothermal sys tem. Genera lly anomalou s arsenic 
value s occur along struc tur es near the playa wh ere 
fine-grained sediments and a high water table 
occur . Mercury value s are uniformly low near the 
playa but are typically anomalou s along structures 
in the coar ser fan deposit s . 

The complementary geoch emi cal signatures of ar
senic and mercury which ari se from ba s ic differen
ce s in elemental chemical behavior hav e been use
ful in delineating the structura l trend s of the 
vall ey. The s tructural mod el indi cated by the geo
chemi s try and re sults of dr illing sugg es t futur e 
targ et s should be selected eas t of the Di xie Mea
dO\~ s fault, within th e "inner graben" . 

Introduction 

A general association of mercury (Hg) and arsen
ic (As ) with geothermal ac tivity ha s bee n demonstra
ted by many workers. The purpo se of the present 
s tudy was to determine the soil geoch emical di s tri
buti on of th ese two el ement s in a porti on of no r 
th er n Di xi e Valley and to r el a t e th e ob served di s 
tribution patt ern s , wh er e pos s ible, to th e geoth er 
ma l in f lu ence . The approximate exte nt of the s tudy 
area and gener al background informat ion ar e giv en 
in a companion paper (Bell and Juncal, thi s volume ) . 

Th e com pl ex s tructu ra l sett ing of Di xi e Vall ey 
has made th e geo th ermal sys t em di ff i cult to cha r
acte ri ze . Ma ny s tru c tu re s serve or have served as 
prefer ent i al condu it s for flui d mi gra ti on as ev i 
denced by a li gnment s of springs , seep s a nd fu mar 
ol es , and t he s ub sur fa ce and s ur f ace co ncent r ation 
of in te nse hydro th erma l a l terat ion a long thes e f ea
t ur es . Thi s i s bes t see n a l ong th e r ange f ro nt 
fa ul t wh ere very i ntens e l ocali zed al t erat ion i s 
ob served, assoc i at ed with fu maro les and the pr es 
ence of hot wat er wi t hi n 30 m of t he surfa ce , as 
indi cated by dr i l l ing. 
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Water chemistry data s how major differences be
tween hot spring systems at Sou, Hyd er and Dixie 
MeadO\~ s , implying a lack of comm unication behleen 
structures . The exact heat sourc e and precise 
structural or stratigraphic factor s controlling 
the system have not yet been defined. 

Broad scale sampling (730 m x 305 m grid) out
lined s pecific area s for more detailed work. Ad
ditionally, hig~ density sampling (30 - 180 m) wa s 
performed in the vicinity of t~IO exploratory ~Iell s 
and acro ss spec ific structural featur es. 

Soil samples were collected frnm a depth of 25 
to 30 cm. This depth wa s cho sen on the ba s is of 
randomly selected verti cal soil profiles from the 
three major soil environments : upper alluvial fan 
slopes , fan piedmont and playa. The profile s in
dicated Hg and As value s generally increased with 
depth, with a zone from 15 to 25 cm where valu es 
tended to increase subs tantially and then lev el 
off. The se results were taken as r epresentativ e 
of the s tudy area, indicating mu ch higher As and 
Hg valu es roughly corre sponding to th e B horizon. 
Bec ause id entification of s pec ifi c soil horizons 
i s difficult in many places and con s idering the 
study of Klusman and Landre ss (1978 ) which showed 
that variation of secondary soil parameters did 
not mas k s ignificant geothermal mercury anomali es , 
a standard sampling depth wa s cho sen . 

Soil mercury concentration s wer e determin ed by 
AAS us ing bo r ohydride genera tion method s while ar 
senic ana lyses were performed us ing colorimetri c 
t ec hniqu es . Replicate sampl es were analyzed for 
temporal and ana ly ti ca l vari ance ; however, neither 
of th ese vari ances wer e s i gnifi ca nt . 

Res ult s 

Th e r esults of th e broad gri d sampling of mer 
cu ry are depi c t ed by geochem i ca l contours in Fig 
ur e 1. Thi s geoc hemi ca l surface r evea l s some im 
po rtant as pec t s of th e di s t ribu tio n of me rcury in 
Di xi e Vall ey. Mos t no ta bl e ar e th e i sol at ed hi gh 
a t th e Di xi e Coms tock Min e and th e somewha t broad 
er hi gh t o th e north .nea r a gro up of fumar ol es . 
Both areas ex hib i t me talli c min era l i za t ion al ong 
the rang e front . Al so apparent i s th e trend to 
ward lower mercury va l ues awa y f r om th e r ang e 
front cl oser to t he pl aya . 
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EXPLANATION 

120 to 600 ppb t~ercury 

> 600 ppb Mercury 

Bernice Creek Fault 

Buckbrush Fault 

Dixie Meadows Fault 

Marsh Fault 

StillwaLer Fault 

White Rock Canyon Fault 

Figure 1, Mercury geochemical surface. 

S2 

I 

t, 
j 

! 
" 

\. 

'<' 
'::,. 

.,/ --" 

-"~ = 



Juncal and Bell 

'0, I 

" '-

"" 
, 

-'/. 
{ .-: 

/. 

EXPLANATION 

J 
16 to 30 ppm Arsenic 

j f 
> 31 ppm Arsenic 

,,',! i 
I I / BCf Bernice Creek Fault 
I ',I Bf Buckbrush Fault 

/ 
.,' ;, DMf Dixie Meadovis Fault 

7} 
.'!! ""IV Mf r~arsh Fault 

11 ' , I"~' \; Sf Stilhlater Fault 

'--_.j _______ '_ •. :'_~:'_"j_,r{o_I_,~_.;_'/_'/_._' ______ '_' ____ /_.'_"_~._~_'~ _____ W_R_C_f __ w_h_i_t_e_RO_c_k_c_a_n_y_O_n_F_a_u_l_t ___ J 
Figure 2. Arsenic geochemical surface, 
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Figure 1. Mercury geochemical surface. 
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Figure 2, Ar~enic geochemical surface. 
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Log probability graphs of the mercury data su g
gest th e presence of three l ognorma ll y distributed 
popu lati ons . These three groups probab ly arise 
from three separate sources and/o r dispersion 
mechan i sms , tentatively i dent ifi ed as: background 
« 20 ppb), a geotherma lly influenced population 
(20 - 600 ppb), an d a mineralized population (>600 
ppb). Th e background and intermed i ate populations 
of merc ury values overlap considerab ly, whil e the 
values of the high est population, exc lu sive ly as
soc iated with areas of mineralization, ex hibit 
cons i dera bly l ess overlap. 

The arsenic geochemi ca l surface i s depicted on 
Figure 2. Arse ni c highs occ ur nea r the Di xie Com
stock Mine and fumarole area to the north, but ar e 
not as strongly an oma lou s as the mercury. In co n
trast to the mercury distr ibution , high so il arsen
ic l eve l s are more prevalent towards the playa, 
particularly right at the playa margin. 

A l og probability graph of the ar senic values 
ind icates an apparent bimodal distribution with a 
l arge population ranging from 5 ppm to approx i mate
ly 35 ppm and a smal l er population of va lues great
er than 35 ppm. Unli ke the merc ury data, the high
es t population of ar senic i s not as cl ear ly assoc
i ated with minera li zat ion . However , many of the 
high values are associated with dra inage from min
era li zed areas and may be hydromorph ic di spers ion 
halos. Thi s is cons i stent I~ith the affin ity of 
ar s enic for the liquid phase, part i cul arly in com
parison with mercury. At l eas t four relatively 
high arsen ic values are associated with springs , 
and another possibly with drillhole di scharge dur
ing I-Iell te sting. Thermal fluid s from drillholes 
DF 45-14 and DF 66-21 showed rather high As co n
tents (0.59 and 2. 1 ppm, r espective ly; Bo hm and 
others, 1980) mak ing source implications for these 
l atter anoma li es cl ear. 

Di scuss ion 

The rather poor corre lat ion between merc ury and 
arsenic va lu es for the broad gr id sampl ing (Pear
so n' s r = 0.14) i s indi cated by the distinct di s
tribution patterns s hown in Figures 1 and 2, and i s 
a reflectio n of the ir differing geoc hemica l be
haviors in the surface environme nt . Arsenic is 
capab l e of forming strong hydromor phi c anoma li es 
suc h as tho se al ong the playa margin. However, 
mer cury anomali es will not t end to coin cide with 
th es e since it is sparing l y sol ub l e, particu l ar ly 
in waters typical of Dixie Vall ey, and vapor anom
ali es common ly formed by mercury are limit ed by the 
great vert i cal ex t ent of f in e-grained pl aya sedi 
ments. 

With the abov e con s id era t ion s in mind, a co rr e
l ati on be twee n geoc hemi cal a nomali es and geo l og i c 
s t r ucture becomes more appar ent. Th e st ronges t 
corr el ation occ urs along the Di xie Mea dows fault, 
wi th num erou s zones of high anomalou s arse nic and 
merc ury al ong it s trend. High anomal ou s ar seni c 
values al ong the apparent l y s tructu r all y cont roll ed 
pl aya marg in , including sever al associated I-lith 
spr in gs , sugges t some commun icat i on wi t h arse ni c
ri ch t her ma l wate r s at de pt h. Low anomal ous valu es 
of mercury and arse nic also occur along the trace 
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of the Buckbrush fault in the nort hern portion of 
the st udy area, at l east partly assoc iat ed with a 
group of structura ll y contro ll ed spr ings. Geo
chem i ca l trends west of the the Di xi e Meadows 
fault al so s ug gest some structural co ntrol. The 
assoc i at ion of geoc hemi ca l anoma li es with the more 
easter ly fault traces i s sig nifi ca nt. Two low
production wells have been drilled to the wes t of 
these 'inner' f au l ts , whereas at l eas t fiv e pro
ductive wells have been dr ill ed basinward of them. 

Althoug h anoma l ous arse nic and merc ury values 
do occ ur along the St illwater (rang e front) fault, 
t hey are genera ll y associated with minera l de
posits and are more difficult to interpret. 
Based on the ava il ab le data it appears that the 
geotherma l reservoir in Dixie Vall ey lies eas t of 
the Di xi e Meadows fau lt and that communi cat i on via 
the Stillwater f au lt and other structures to the 
west i s generally poor, perhaps due to sealing by 
mi nera l deposit ion. Where follow-up samp ling at 
30 m intervals has been performed, a correlation 
with struct ur es ha s bee n observed , particularly 
al ong the Dixie Meadows fault. 

Because the nature of the Dixie Valley geo
therma l system i s st ill not compl etely und erstood, 
it is difficult to eva luate the effectiveness of 
me rcury and arsenic so il geochemistry as an ex
ploration tool. Tentat iv ely it appears that so il 
samp ling together with previous s tructural in
terpretations has provided a plau s ibl e explanation 
for much of the ob served drilling data. It would 
al so appear as though th e broad grid sampling 
with foll ow-up work in clo se ce nter cou ld be use
ful in selec ting drilling targets. Cl ear ly, it 
rests with further deep drilling to co nfirm, mod
ify or pos s ibly contradic t the co nc lu s ion s of 
thi s I-Iork. 
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