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I NTRODUCT IO t4 
v '  

The San Emidio geothermal a rea  i s  ad jacen t  t o  the northern end o f  the 

Lake Range, approximately 15 miles south o f  Gerlach, Nevada (Figure 1). The 

Lake Range forms a t i l t e d  block, bounded on the west by steeply d ipp ing  Basin 

and Range f a u l t s .  Associated w i t h  one of  these f a u l t s  a r e  hydrogen sulfide 

seeps, acid a l t e r a t i o n ,  and ho t  water wells, i n d i c a t i v e  o f  an a c t i v e  

geothermal system (Garside,  1979). 

Y 

u 
During the mid-l970s, Chevron Resources Company i n i t i a t e d  a broad- 

based explora t ion  program of the San Emidio geothermal a rea  t h a t  included 

id d e t a i l e d  geophysical studies and deep explora tory  d r i l l i n g .  The ongoing 

i n t e r p r e t a t i o n  of these da ta  by the Earth Science Laboratory a s  p a r t  of the 

Department of Energy/Division o f  Geothermal Energy's Industry Coupled Case 

S tudies  Program p o i n t  o u t  the need f o r  addi t iona l  geologic  mapping, 

p a r t i c u l a r l y  on the eastern margin of the San Emidio Desert. T h i s  r e p o r t  

summarizes our  reconnaissance geologic work i n  this area .  

w 

Y 
GEOLOGIC SETTING 

The geology o f  the San Emidio a r e a  ( P l a t e s  I and 11) i s  dominated by a 

W t h i c k  sequence of  T e r t i a r y  volcanic  and sedimentary rocks t h a t  accumulated on 

an i r r e g u l a r  topographic surface cut into Mesozoic metamorphic rocks (Bonham, 

1969; Dixon, 1977). Bonham (1969) included the San Emidio a rea  i n  his 

a i ssance  of  Washoe County and assigned he metasedimentary and 0 
metavolcanic rocks t o  the Nightingale Sequence of T r i a s s i c  and J u r a s s i c  age. 

ocks i ncl ude an ol der volcanic  and sedimentary assemblage 
W 

1 
1 v 
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assigned t o  the Pyramid Sequence of Miocene age,  and a younger volcanic  and 

sedimentary assemblage t h a t  may be c o r r e l a t i v e  w i t h  the Truckee and Coal 

Valley Formations of l a t e  T e r t i a r y  age (Bonham, 1969). The regional 

d i s t r i b u t i o n  of the Tertiary assemblages, however, and their r e l a t ionsh ip  t o  

v 

Y cor re l  a t i v e  sequences is  not  y e t  we1 1 understood. 

The Night ingale  Sequence o f  the Lake Range c o n s i s t s  predominately o f  a 

t h i c k  succession o f  metamorphosed and folded a r g i l  1 aceous rocks i n t e r c a l a t e d  
W 

w i t h  carbonate ,  sandy, and volcanic  horizons.  Low-grade regional  metamorphism 

typical of  the g reensch i s t  f a c i e s  has converted the a rg i l l aceous  rocks t o  

sl a t e  and the o r i g i n a l  mineral ogy t o  mixtures  o f  c h l o r i t e  , muscovi t e  , b i o t i t e  , 
quartz, and plagioclase. Quar tz  veins, common i n  many p laces  a long the west 

f l ank  of the Lake Range, probably formed dur ing  this regional metamorphism. 

6 

The Pyramid Sequence of  the Lake Range con ta ins  a lower, largely 
CI, 

v o l c a n i c l a s t i c  assemblage of tuf faceous  sandstones,  mud flows, lava flows, and 

ash-flow tuffs, and a younger por t ion  cons i s t ing  of  in te rmedia te  composition 

l ava  flows. The upper and lower p a r t s  of  the Pyramid Sequence a r e  separated 

through most of the northern Lake Range by a succession of ash-flow tuffs.  

Evans (personal  comunica t ion ,  1979) ,  has  dated three samples of pumice-rich 

ash-flow t u f f  from the Lake Range (see P l a t e  I f o r  the loca t ions  of samples 

7c, 7d and 34, and Table 1). K-Ar da te s  of 17.9 f 0.7 m.y., 16.9 * 1.5 m + ,  

d 

Iw 

m.y. , e s t a b l i s h  the age of  Miocene. 

Y The l ava  flows of  the Pyramid Sequence r 

i n  the lower p a r t  o f  the sequence t o  andesite 

(Table 2 ) .  Most of  the flows a r e  sparsely porph 

e i n  composition from andes i te  

d d a c i t e  i n  the upper p a r t  

c ,  conta in ing  a few 

0 
I 

2 r, 
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TABLE 1 

Mol es/gm %Ar4' Age (M.Y.)  Sample No. Mater ia l  Oated Weight (gms.1 %K 
Y Ar40 ( X l O l l l  atm 

Rad 

16 Amphi bo1 e 1.01336 2.41 

7D Amphi bo1 e 1.93671 0.54 
Gu 34 P1 agiocl  ase 3.09707 0.66 

7c Amphi bo1 e 1.92342 0 3 5  

Constants Used: 

= 4 .962X10-10/yr 

3 x E = 0 .581X10-10/yr 

K40/KTot. = 1. 167X10r4Mol e/Mol e 
40 Ar- 

m8 spike = 0.0525 W 
36 Ar- m8 spike =0.0306 1 

3 

+ 6.68 66 15 -9~0.7 
1.73 50 17.9; 0.7 
1.60 84 16.9~1.5 
1.88 28 16.2-0.5 

3 
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TABLE 2 
CHEMICAL COMPOSITIONa AND TRACE ELEMENT ARUNDANCES ( w m )  

OF LAVA FLOWS FROM THE PYRAMID SEQUENCE 

1.30 1.19 

59.62 62.72 

.65 .76 .60 

S i O 2  57.02 55.54 61.55 

T i  O2 

A' 2'3 

Fe203 
M n 0  .17 .ll .16 .10 .13 

2.12 2.57 2.49 1.99 1.53 MgO 

16.96 18.21 16.89 17.30 17.21 u 

8.04 6.79 6.03 6.63 4.85 

ik 

CaO 5.35 7.05 4.66 4.82 4.10 

1.97 2.72 2.37 2.53 2.58 K2° 
0 Na20 3.99 4.62 4.31 4.62 4.86 
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phenocrysts of  p lag ioc lase  and hypersthene accompanied i n  p laces  by o l iv ine .  

The accompanying c r o s s  sec t ion  ( P l a t e  11) i l l u s t r a t e s  the general  d i s t r i b u t i o n  

of the flows w i t h i n  the northern p a r t  of the Lake Range. Although l ava  flows 

from the lower p a r t  of  the sequence wedge o u t  a g a i n s t  topographic h i g h s  i n  the 

underlying Night ingale  Sequence, the upper p a r t  of  the Pyramid Sequence is  

continuous throughout most of  the San Emidio a rea .  About 15.9 0.7 m.y. ago 

( Evans personal comrnunicati on,  1979, Tab1 e 1.1 these 1 ava f l  ows were over1 a i  n 

by the porphyr i t i c  l ava  flows t h a t  form Falcon ' s  Ridge. 

v i  

u 

irs, 

Intermediate  composition volcanism continued sporad ica l ly  a f t e r  

depos i t ion  of  the Pyramid Sequence, produci ng 1 oca1 flows t h a t  a r e  i nterbedded 

w i t h  the l a t e  T e r t i a r y  c l a s t i c  rocks. Along the northwestern margin of  the 

Lake Range these rocks o v e r l i e  the Pyramid Sequence and the metasedimentary 

rocks o f  the Night ingale  Sequence. Lake sediments r e l a t e d  t o  Lake Lahontan 

(Bonham, 1969) and, l o c a l l y ,  a t h i n  veneer of  alluvium o v e r l i e  T e r t i a r y  rocks 

on the western margfn of  the Lake Range. 

13 

W 

u The s t r u c t u r a l  setting of  the San Emidio a r e a  reflects a p a t t e r n  of 

north- and eas t - t rending  f a u l t s  r e l a t e d  t o  Basin and Range tectonism. Major 

north- t rending fau l t s  have r o t a t e d  the Tertiary rocks eastward and appear t o  

have loca l i zed  the hydrothermal a1 

Lake Range. The d i s t  

r a t i o n  along the western margin of the u 
t i o n  of fau l t s  on the eastern margin of the San 

* Emidio Desert is i l lu  l a t e s  I and I1 A prel iminary i n t e r p r e t a t i o n  

of seismic r e f l e c t i o n  d a t a  obtained by Chevron Resources Company suggests t h a t  

vertical displacements a s  g r e a t  as lorn may have occurred i n  this a rea  s ince  

deposi t ion of the 1 a t e  P le i s tocene  lake beds (Worthen, personal communication, 

1979). 

0 

Y 
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ALTE RAT I ON 

3' 
Since t h e  l a t e  T e r t i a r y ,  widespread hydrothermal a c t i v i t y  has ex tens ive ly  

a l t e r e d  the Cenozoic and Mesozoic rocks along the eas t e rn  f lank  of the San 

Emidio Desert and has deposi ted minor amounts o f  opal i n  f r a c t u r e  zones 

throughout much of  the LaJte Range. Bold, deeply dissected outcrops of 

f n tense ly  silicified and a r g i l l i c a l l y  a1 tered T e r t i a r y  rocks,  exposed along 

the northwest margin of  the Lake Range, represent the o l d e s t  phase of  Cenozoic 

a1 t e r a t f  on. The a r g i l 1  i c a l l y  a1 tered horizons conta in  v a r i a b l e  proport ions of 

si 1 ica , montmoril 1 oni te,  j a r o s i  t e  and cl i nopti  lo1 i t e  (Papke , 1969). These 

rocks may, i n  par t ,  be a l t e r e d  volcanics .  

w 

id 

cics 
A younger per iod of hydrothermal a c t i v i t y  i s  represented by numerous 

calcium carbonate  depos i t s  t h a t  l o c a l l y  conta in  fragments of  s i l ic i f ied rocks. 

These depos i t s  a r e  charac te r ized  by a pronounced norther1 y or e a s t e r l y  

t rending ,  nearly v e r t i c a l  f a b r i c  t h a t  d i s t i ngu i shes  them from the more 
w 

widespread t u f f a  mounds of the region. These calcium carbonate  depos i t s  may 

represent the feeder zones of  ho t  sp r ing  depos i t s  t h a t  were a c t i v e  i n  the 

pas t .  Locally,  quar tz  has f i l l ed  the interstices between the c a l c i t e  c r y s t a  s 

i n  these depos i t s .  

0 

Y An even younger hydrot ermal event  i s  assoc ia t ed  w i t h  a broad thermal 

anomaly on the e a s t e r n  edge o f  the San Emidio Desert (Ear th  Science Labora- 
- t o ry ,  1979).  Hydrogen sulfide seeps re1 a t e d  t o  this hydrothermal system have 

Y produced na t ive  s u l p h u r  occurrences (see f o r  example the model of  Schoen and 

o the r s ,  1974) and zones of  intense ac id  leaching  aligned along one of the 

steeply df pp ing  range f r o n t  faults.  Shallow excavat ions along the f a u l t  have 

a 

1 

v 

I 
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exposed coarsely c r y s t a l l i n e  caps o f  gypsum, formed by the c i r c u l a t i o n  o f  

w '  meteoric water, above the nat ive sulphur. Local ly the sulphur i s  accompanied 

by traces o f  mercury (Bonham, 1969). 

CONCLUSIONS 
w 

Since mid-Tert iary time, the rocks on the eastern edge o f  the San Emidio 

Desert have undergone extensive hydrothermal a l terat ion.  The most recent 

a l t e r a t i o n  has produced intense acid leaching and small nat ive sulphur 

deposits along a steeply dipping range f r o n t  f a u l t .  These deposits r e f l e c t  

the continued evolut ion of hydrogen s u l f i d e  f rom near-surface thermal f l u i d s  

v 

69 re la ted  t o  a presently act ive hydrothermal system. The absence o f  recent 

igneous a c t i v i t y ,  the close association between the thermal f l u i d s  and range 

f r o n t  faults, and the l i m i t e d  d i s t r i b u t i o n  o f  act ive thermal features suggest 

t ha t  the thermal f l u ids  represent deep c i r c u l a t i o n  o f  meteoric water. Y 
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Correlation of Map Units 
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