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ABSTRACT 

I n  order t o  evaluate the  s u i t a b i l i t y  o f  the 
s o i l  mercury geochemical survey as a geothermal 
exp lo ra t ion  techni  que, soi 1 concentrat ions o f  mer- 
cury are compared t o  the d i s t r i b u t i o n  o f  measured 
geothermal gradients a t  D ix ie  Valley, Nevada; 
Roosevelt Hot Springs, Utah; and Noya, Japan. 
Zones containing h i  gh-mercury va l  ues are found t o  
c l  osely correspond t o  h i  gh geothermal gradient 
zones i n  a l l  three areas. Moreover, the highest 
mercury values w i t h i n  the anomalies are found near 
the  we l l s  w i t h  the highest geothermal gradient. 
Such close correspondence between soi 1 concentra- 
t i o n s  of mercury and high-measured geothermal gra- 
d ien ts  strongly suggests t h a t  re1 a t i v e l y  low-cost 
soi  1 mercury geochemical sampl i ng can De e f f e c t i v e  
i n i d e n t i  fy i  ng d r i  11 i ng ta rge ts  w i  t h i  n h i  gh- 
temperature areas. 

In t roduc t ion  

Several workers (Mat l i ck  and Buseck, 1976; 
Phelps and Buseck, 1978; Capuano and Bamford, 
1978) have i 11 us t ra ted  t h a t  anomalously h i  gh-mer- 
cury (Hg) concentrat ions e x i s t  i n  s o i l s  t h a t  over- 
1 i e  h i  gh-temperature geothermal systems, and t h a t  
the  Hg s o i l  mapping survey could successfully be 
u t i 1  i zed as a geothermal exp lo ra t ion  technique. 
A1 though a1 1 o f  these previous studies convincing- 
l y  demonstrate t h a t  Hg anomalies and geothermal 
a c t i v i t y  coincide, these e a r l i e r  workers were no t  
able t o  compare t h e i r  Hg s o i l  mapping r e s u l t s  w i t h  
the  r e s u l t s  o f  thermal g rad ien t  surveys, the  most 
widely accepted pos i t i ve  i n d i c a t o r  o f  a geothermal 
resource (Ward e t  a1 . , 1981 1. This repo r t  com- 
pares thermal gradient anomalies w i t h  Hg s o i l  
anomalies a t  two areas i n  the  USA (northern D ix ie  
Val 1 ey , Nevada ; Roosevel t Hot Springs , Utah) and 
one i n  Noya, Japan. I n  these areas i t  i s  possi ble 
t o  evaluate the  a p p l i c a b i l i t y  o f  the  Hg s o i l  
mapping technique i n  widely d i f f e r i n g  types o f  
geology and geothermal a c t i  v i  ty . 
Northern D i  x i  e Val 1 ey , Nevada 

Northern D ix ie  Valley, 1 ocated approximately 
75 mi les  northeast o f  Reno, i s  bounded by the 
S t i l l w a t e r  Range t o  the west and the Clan Alpine 
Mountains t o  the east. The va l l ey  appears t o  be a 
compl ex asymnetric graben conta i  n i  ng recent a1 1 u- 
v i a l  deposits whose known maximum thickness ex- 
ceeds 5,000 feet. The mountain ranges (devel oped 

on upfaul t ed  hors ts )  contain basal t, t u f f ,  gabbro, 
metasediments, and metavol canic rocks. Recent 
geological events i n  the area inc lude la rge  magni- 
tude earthquakes i n  1903, 1915, and 1954. Fau l t -  
i n g  associated w i t h  these earthquakes has exposed 
h igh l y  a l t e r e d  rocks along the  range f ron t .  Addi- 
t i o n a l  geothermal manifestat ions include ac t ive  
h o t  springs, ac t i ve  fumaroles, s i l i c a  s in te r  de- 
posi ts,  t r a v e r t i n e  mounds, and ac t ive  sul f u r  
deposit ion. 

The Hg concentrat ions i n  northern D ix ie  Valley 
s o i l s  (Runcal , 1980) range from 8 t o  1,720 ppb 
(Figure 1 1. Frequency d i s t r i  but ion ca lcu la t ion  o f  
t he  Hg concentrat ions i ndicates a b c  kground value 
o f  20 ppb. The 120 ppb Hg contour ou t l ines  one 
major and one minor Hg anomaly. The major Hg 
anomaly, which covers approximately two square 
miles, has a peak-to-background r a t i o  o f  43:l. 

Temperature gradient surveys, s i tua ted  i n  and 
near the Republic Geothermal, Inc. (RGI) "Lamb 
Ranch'' lease block, i nd i ca te  the existence o f  a 
NW-SE t rend ing  thermal gradient r idge  (Figure 2) 
Thermal gradients measured i n  s i x  holes whose 
depths range from 300 t o  1,850 f e e t  are between 
5.1"F and 13.0°F/100 feet.  The ,deepest hole, 
R G I  I s RDV-7, i 11 ustrates the  normal , near-surface, 
conductive-type gradient (Figure 3 )  encountered i n  
a l l  s i x  holes. This ho le ' s  gradient (10.1"F/100 
f e e t )  and bottom-hole temperature (300.2"F) con- 
firm t h a t  the  prospect i s  a v a l i d  high-temperature 
geothermal area. 

Northern D ix ie  Valley Hg and temperature gra- 
d i e n t  data e x h i b i t  a p o s i t i v e  cor re la t ion .  The 
major Hg anomaly coincides w i t h  the  thermal gradi-  
e n t  r idge. Further examination reveals tha t  the  
highest reported Hg value (1,720 ppb) occurs near 
the  highest gradient (1 3 .O"F/l 00 f e e t )  

Roosevel t Hot Springs KGRA, Utah 

The Roosevel t Hot Springs KGRA i s  s i tua ted  on 
the  western f l a n k  o f  the Mineral Mountains approx- 
imately t e n  mi les  northeast o f  M i l fo rd ,  Utah. 
Local l y  , a1 1 u v i  um mantles Te r t i a ry  g r a n i t i c  rock  
and Precambrian gneiss. A proven h i  gh-temperature 
(>500"F), 1 i quid-domi nated geothermal system, 
which appears t o  be s t r u c t u r a l l y  con t ro l led  & 
nor ther ly  t rend ing  fau l  ts, ex i  s t s  beneath the  
KGRA. Surface geothermal manifestat ions include 
s i l i c a  s i n t e r  and e x t i n c t  ho t  springs. 
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Hg s o i l  mapping a t  Roosevelt Hot Springs 
(Barnford e t  a1 ., 19801, though l i m i t e d  t o  the Opal 
Mound f a u l t  area, reveals h igh l y  anomalous con- 
cent ra t ions  of Hg. Hg s o i l  values exceed 3,200 
ppb w i t h  a calculated background value o f  29 ppb. 
Two separate Hg anomalies occur along the Opal 
Mound f a u l t  (Figure 4). The southern anomaly i s  
located i n  the  Opal Mound s i l i c a  s i n t e r  deposi t  
area, and the l a rge r  Hg anomaly i s  s i t e d  a t  the 
mouth o f  Negro Mag Wash, where i t  appears t o  be 
1 ocated near f a u l t  in te rsec t ions  

Thermal gradient data from 39 holes ( S i l l  and 
Bodell, 1977) reveal t h a t  the  thermal gradient 
anomalies i n  the Roosevelt Hot Springs KGRA are 
a lso  al igned along the Opal Mound f a u l t  and de- 
crease r a p i d l y  t o  the east and west of t he  f a u l t .  
The temperature gradients a t  330 f e e t  below the  
surface range from 1.2'F t o  23.2'F/100 fee t .  
Figure 4 shows t h a t  temperature gradients i n  the  

FIGURE 4 
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Hg s o i l  sampling area along the Opal Mound f a u l t  
exceed 17"F/100 f e e t  . 

The Hg s o i l  anomalies occur e n t i r e l y  w i t h i n  
the  higher gradient area. The northern Hg anomaly 
coincides w i t h  hole UU 76-1 which has the hot- 
t e s t  measured temperature ( S i  11 and Bode1 1 , 
1977) Utah Sta te  #72-16, a 1,254-foot-deep we1 1 , 
produces a t o t a l  mass f low of 1 m i l l i o n  pounds/ 
hour w i t h  a wellhead temperature o f  432°F w i t h i n  
the  southern Hg anomaly. 

Noya , Japan 

The Noya geothermal prospect i s  located on the 
southern Japanese i s land  of Kyushu i n  a la rge  
g r a b  f i l l e d  w i t h  Neogene volcanics and volcanic- 
der ived sediments. Several recen t l y  ac t i ve  volca- 
noes, i nc lud ing  Kuju and Tsurumidake, e x i s t  i n  the 
imnedi a te  area. Geothermal manifestat ions w i t h i n  
the  Noya prospect comprise hydrothermal l y  a1 tered 
rocks and two shal l  ow (x l50-foot we1 1 s t h a t  
vent steam. 

The Noya Hg concentrat ions range from 4 t o  
1,000 ppb w i t h  a background value near 25 ppb 
(Sh i rak i  , 1980) . The Hg values o u t l i n e  an anoma- 
lous  area t h a t  covers approximately f i v e  square 
m i les  (Figure 5). This anomaly contains ten  s o i l  
samples whose Hg concentrat ions exceed a 4:l peak- 
to-background r a t i o .  

Thermal gradients a t  500 f e e t  below the sur- 
face range between 0°F and 32.8"F/100 f e e t  i n  nine 
temperature gradient holes d r i l l e d  a t  Noya by 
Idemi t s u  Geothermal Co., Ltd. The gradient 
contours out1 i ne a coma-shaped anomalous area 
(Figure 61, and f i v e  o f  the nine gradients w i t h i n  
t h i s  anomaly exceed 8.O0F/1O0 fee t .  The highest 
absolute temperature recorded i n  the  Noya holes i s  
351°F a t  a subsurface depth o f  2,300 f e e t  
(Shi r a  k i  , 1980 1. 

The Noya Hg anomaly d i r e c t l y  ove r l i es  the Noya 
thermal g rad ien t  anomaly. The shapes of both Noya 
anomalies appear t o  be s i m i l a r  w i th  a main NNE-SSW 
ax i s  and a pro t rus ion  t o  the  south. The highest 
Hg s o i l  concentrat ions occur i n  the  highest ther -  
mal g rad ien t  area. It i s  important t o  note t h a t  
both o f  the Noya shallow steam we l l s  are a lso  
s i t e d  w i t h i n  the  highest Hg value contours. 

D i  scussi ons and Concl u s i  ons 

I n  a l l  th ree  study areas, Hg anomalies t h a t  
exceed the  background Hg value ly a r a t i o  o f  4:l 
were detected. The highest observed Hg peak-to- 
background r a t i o  was 11O:l . a t  Roosevelt Hot 
Springs KGRA. The existence o f  such Hg anomalies 
i n  geothermal areas i s  consistent w i t h  and sup- 
po r t s  the conclusions o f  Mat l i ck  and Buseck (1976). 

Subsurface temperature measurements ind ica te  
t h a t  anomalously high thermal gradients e x i s t  i n  
a1 1 three areas. Subsurface s t a t i c  temperatures 
exceeding 300°F i nd ica te  t h a t  h i  gh-temperature 
geothermal systems e x i s t  w i t h i n  a1 1 three areas. 
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' The Hg and thermal gradient anomalies in a l l  
three areas always overlap, with the highest Hg 
soi 1 concentrations occurri ng near the highest 
measured gra di en t . 

The coincidence of Hg soil anomalies and high 
thermal gradients, combined with low survey costs, 
appears t o  make Hg soil mapping a very cost- 
effective geothermal exploration method. 

I t  should, however, be noted that minor varia- 
tions i n  sampling and analytical procedures can 
severely affect the outcome of Hg soil mapping 
surveys; therefore, the services of a qualified 
field geochemist are required t o  insure success. 
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