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ABSTRACT 

The Soda Lake geothermal area i s  l o c a t e d  i n  t h e  Carson Deser t ,  

wes t - cen t ra l  Nevada. 

i n  t h e  pas t ,  r e s u l t i n g  i n  su r face  d e p o s i t s  which have m o t i v a t e d  p resen t  

geothermal exp l  orat i .on. The geothermal anomaly i s i n  Qua te rna ry  c l  a s t i c  

sediments wh ich  a r e  as much as 4600 f e e t  t h i c k .  The sediments c o n s i s t  o f  

i n te rbedded  d e l t a i c ,  l a c u s t r i n e ,  and a1 1 u v i a l  sediments. 

Hot  s p r i n g s  a c t i v i t y  has occu r red  i n  t h e  Soda Lake area 

I 

Quate rna ry  b a s a l t i c  igneous a c t i v i t y  has produced c i n d e r  cones, p h r e a t i c  

exp los ions  t h a t  formed t h e  maar occupied by  Soda Lake, and p o s s i b l e  d i kes .  

Opal d e p o s i t i o n  and s o i l  a l t e r a t i o n  a r e  r e s t r i c t e d  t o  a smal l  area two 

m i l e s  n o r t h  o f  Soda Lake. The l o c a t i o n  o f  h o t  s p r i n g s  a c t i v i t y  and t h e  

surface thermal anomaly may be p a r t i a l l y  c o n t r o l  l e d  by nor th -no r theas t -  

t r e n d i n g  f a u l  t s .  
I 
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INTRODUCTION 

I 

The Soda Lake geothermal a r e a  i s  l o c a t e d  i n  the Carson Desert, i n  western 

C h u r c h i  11 County, wes t -cent ra l  Nevada (Figure 1 ) .  

Thermal waters were f i r s t  d iscovered  i n  the Carson Desert i n  1903 when a 

well d r i l l e d  a t  the s i t e  of  an e x t i n c t  h o t  s p r i n g  n o r t h e a s t  o f  Soda Lake h i t  

h o t  water  a t  a d e p t h  of  60 f ee t  (Gar s ide  and S c h i l l i n g ,  1979, P. 9 ) .  

mixture o f  steam and water  produced by the well was used t o  furnish steam t o  a 

bathhouse u n t i l  sometime a f t e r  1950. The U. S. Bureau of Reclamation and the 

U. S. Geological Survey d r i l l ed  seve ra l  t empera ture  g r a d i e n t  ho le s  over  the 

Soda Lake anomaly du r ing  1972 and 1973. These h o l e s  were d r i l l e d  t o  a d e p t h  

of about  33 m and tempera ture  and thermal g r a d i e n t s  were measured. 

and o t h e r s  (1975)  r e p o r t e d  the results o f  this program. 

Company became interested i n  the a r e a  i n  the e a r l y  1970s and has  d r i l l e d  

seve ra l  e x p l o r a t i o n  ho le s  i n  the Soda Lake a r e a  (Hi1 1 and o t h e r s ,  1979) .  

Chevron encountered tempera tures  i n  excess o f  365OF i n  e x p l o r a t o r y  ho le s  ( H i l l  

and others, 1979) .  

The 

Olmsted 

Chevron Resources 

The p r e s e n t  s t u d y  was u n d e r t a k e n  a s  p a r t  of  t h e  I n d u s t r y  C o u p l e d  C a s e  

S t u d i e s  Program of  the Department o f  Energy, D iv i s ion  o f  Geothermal Energy. 

The o b j e c t i v e s  of  this s tudy a r e  t o  present the geo log ic  set t ing of  the YGRA 

and the  subsu r face  informat ion  a v a i l a b l e  from the Chevron well  cu t t ings .  

GEOLOGIC SETTING 

T h e  rocks exposed w i t h i n  the Carson Desert c o n s i s t  of  Quaternary t o  

Recent , poor1 y consol i da ted  sediments and m i  nor basal  t i c  vol can i  c rocks .  

2 
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F i g u r e  1. index m a p  of C h u r c h i l l  C o u n t y ,  N e v a d a .  
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V 

During the Quar te rnary  the Carson Desert was f i l l e d  w i t h  l a c u s t r i n e  

sediments, a l luvium, wind-blown sand ,  and i n  the southwest  p a r t  by d e l t a i c  and 

f l u v i a l  d e p o s i t s  r e l a t e d  t o  the Carson River. Morrison (1964)  r epor t ed  on the 

s u r f i c i a l  d e p o s i t s .  T h e  c u r r e n t  s tudy  emphasizes the subsu r face  deDosi ts  

w i t h i n  the b a s i n .  

Lake Lahontan and younger l a k e  sediments cover  most o f  the bas in .  Recent 

sand dunes, p l aya ,  and f l u v i a l  sediments have covered o r  reworked t h e  

1 a c u s t r i  ne d e p o s i t s  i n  some a r e a s .  Morri son ( 1964) d i v i d e d  the Lake Lahontan 

d e p o s i t s  i n t o  seve ra l  format ions .  T h e  Sehoo and Wyemaha formation c o n s i s t s  of  

l a c u s t r i n e  sand ,  s i l t  and c l a y ,  and the Fa l lon  format ions  c o n s i s t  o f  a l l u v i a l  

sand and s i l t  ( F i g u r e  2 ) .  These . format ions  could  n o t  be d i s t i n g u i s h e d  i n  

d r i  11 c u t t i n g s  from ol der Qua te rna ry  rocks pene t r a t ed  i n  the d r i  1 1  hol es. 

Bouguer g r a v i t y  studies (Wahl , 1965; E r w i n  and Berg, 1977) i n d i c a t e  t h a t  

the depth  o f  a l l u v i a l  f i l l  v a r i e s  cons ide rab ly  a c r o s s  the Carson Desert. Wahl 

(1965)  interpreted 1 ows o f  30 mil 1 i g a l  s amp1 i t u d e  w i t h i n  the Carson Sink 

(compared t o  g r a v i t y  va lues  a long the western f r o n t  o f  the S t i l l w a t e r  Range) 

t o  ind ica te  about  10,000 f e e t  of  a l luvium. A low o f  the  same ampli tude i s  

l o c a t e d  s o u t h  o f  Fa l lon  i n  the Carson Lake a r e a .  Between these two lows,  

g r a v i t y  and geo log ic  d a t a  i n d i c a t e  a bedrock ridge under thinner a l l u v i a l  

cover .  

Soda Lake 44-5 and Carson Sink #1 ( F i g u r e  2 1 ,  l o c a t e d  i n  the southwest  

p a r t  of the Carson Desert, pene t r a t ed  Quaternary sediments t o  a d e p t h  of 4600 

f e e t .  
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Figure 2. Geology of  the Soda bake area, Churchill Co., Nevada. 
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Subsurface i n f o r m a t i o n  i n  t h e  Soda Lake area comes f rom s i x  ho les,  

Chevron 's  Soda Lake 44-5, 1-29, 53-33, 11-33, 36-78 and t h e  Carson Sink W1 

uranium e x p l o r a t i o n  h o l e  ( F i g u r e  2 ) .  

Appendix. The sediments i n  t h e  d r i l l  h o l e s  a r e  p o o r l y  s o r t e d  l i t h i c  and 

a r k o s i c  sand, s i l t ,  t u f f a c e o u s  mudstone, c l a y ,  and g r a v e l .  The c o a r s e r  

sediments a r e  p r o b a b l y  d e l t a i c  and a l l u v i a l  f a n  d e p o s i t s  o f  t h e  Carson R i v e r ,  

whereas s It, wudstone, and c l a y  i n t e r b e d s  a r e  p r o b a b l y  l a c u s t r i n e  and p l a y a  

sediments 

Logs f o r  t h e  Chevron h o l e s  a r e  i n  t h e  

IGNEOUS A C T I V I T Y  

Igneous r o c k s  i n  t h e  Soda Lake area c o n s i s t  o f  b a s a l t i c  c i n d e r  cones and 

d i k e s  o r  f l  ows . 

Upsal Hogback, seven m i l e s  n o r t h e a s t  o f  Soda Lake, i s  composed o f  

o v e r l a p p i n g  b a s a l t i c  t u f f  cones. M o r r i s o n  (1964, p.  38)  suggested t h a t  t h e  

cones were o f  Wyemaha age (30,000 t o  45,000 y e a r s  o l d ) .  The b a s a l t i c  t u f f  i s  

o l i v i n e - r i c h ,  m o s t l y  sand t o  p e b b l e - s i t e ,  and was d e p o s i t e d  s u b a e r i a l l y  

(Mor r ison ,  1964, p. 38) .  

Soda and L i t t l e  Soda Lakes occupy c r a t e r s  formed b y  r n u l t i o l e  p h r e a t i c  

e x p l o s i o n s  and v o l c a n i c  e r u p t i o n s .  

l a p i l l i ,  and l a c u s t r i n e  d e p o s i t s  (Mor r ison ,  1964, u .  71) .  

was s u b a e r i a l  and pos t -da ted  t h e  l a s t  l a k e  r i s e  t o  t h a t  l e v e l .  

The c r a t e r  r i m  c o n s i s t s  o f  v o l c a n i c  sand, 

The l a s t  e r u p t i o n  

A sample o f  b a s a l t  f rom R a t t l e  Snake H i l l  , n o r t h  o f  F a l l o n  ( F i g u r e  11, 

y i e l d e d  a whole-rock potassium-argon age o f  1.05 

personal  communication , 1979). 

0.05 m.y. ( S t a n  Evans, 
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Subsurface b a s a l t i c  rocks w i t h i n  the Quaternary a l luv ium were o e n e t r a t e d  

9 ’  
i n  Soda Lake 1-29, 11-33, and 63-33. The igneous rocks consist  of 

non-porphyri t i c  pyroxene b a s a l t  w i t h  t r a c h y t i c  texture.  No evidence  o f  

vesicles or amygdaloids i n  the b a s a l t  was found i n  the c u t t i n g s ,  and the 

sediments  i n  c o n t a c t  w i t h  the t h i c k  b a s a l t  intercept i n  Soda Lake 1-29 a r e  
\ 

a l t e r e d  above and below the b a s a l t .  T h i s  sugges t s  t h a t  the b a s a l t  occu r s  as 

d i k e s  rather t h a n  f lows.  The b a s a l t s  i n  Soda Lake 63-33 and 11-33 are 

p e t r o l o g i c a l l y  i d e n t i c a l  t o  the basal ts  i n  Soda Lake 1-29 and d i f f e r e n t  from 

the b a s a l t  of  the P l e i s t o c e n e  b a s a l t  f lows pene t r a t ed  i n  Soda Lake 44-5. 

SUBSURFACE INFORMATION 

Subsurface s t r a t i g r a p h i c  informat ion  i n  the Soda Lake a r e a  i s  based on 

i n t e r p r e t a t i o n  o f  d r i l l  c u t t i n g s  from six holes: Soda Lake 44-5, 1-29, 11-33, 

56-33, and 36-78, d r i l l e d  by Chevron (Earth Sc ience  Labora tory ,  1979) ,  and 

Carson Sink #1 (Hor ton ,  1978) .  

11-33, and 66-33 a r e  inc luded  i n  the Appendix and a l og  summary i s  presented  

on Plate  1. 

C i  thology l o g s  f o r  Soda Lake 44-5, 1-29, 

Soda Lake 44-5 and Carson S i n k  #1 each penetrated 4,600 f e e t  o f  

Quaternary sed iments  ( P l a t e  1) .  Below t h e s e  sed iments  i s  a sequence of t h i c k ,  

v e s i c u l a r ,  o l i v i n e  and a u g i t e  b a s a l t  f lows.  

the P1 iocene t o  e a r l y  P l e i s t o c e n e  Bunejug formation (Morrison,  1964, p .  1 4 ) .  

The Carson Sink f l  hole pene t r a t ed  over 3000 feet  of  b a s a l t  and a n d e s i t e  f lows  

(Horton,  1978) .  

These f lows  a r e  i n t e r p r e t e d  t o  be 

Below the b a s a l t  f lows i s  an a l t e r e d ,  welded ash-flow t u f f .  

Soda Lake 1-29 encountered a pyroxene gabbro below the sediments  a t  a depth o f  

3940 f e e t .  

7 
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Tuffs and tuffaceous sand and  mudstone are  Dredominant below a depth of 

2400 fee t .  The basal e ight  hundred f e e t  of Quaternary sediments are  poorly 

sorted mudstone, sand, s i l t ,  and tu f f .  These a re  overlain by organic-rich, 

laminated mudstone which may represent the f i r s t  lake event or  a del ta ic  

swamp. A channel gravel has replaced most of the mudstone u n i t  i n  Soda Lake 

44-5 (P la t e  1) .  Above the organic-rich mudstone i s  250 f e e t  of  sand and 

mudstone, which may also be lacustr ine,  overlain by 230 f e e t  of mudstone, 

s i l t s tone ,  and  shale with organic carbon. In the next 2000 f e e t ,  between a 

depth o f  3000 f e e t  and 1000 f ee t ,  individual beds cannot be correlated.  In 

general, sand and gravel predoqinate i n  the Carson S i n k  #1 hole and 

finer-grained sand t o  clay are  present i n  the holes no r th  of Soda Lake. 

The basal t  intercepts  between 1300 and 2000 f e e t  i n  Soda Lake 1-29, 

11-33, and 63-33 are petrographically ident ical .  

be dikes and were discussed in the Igneous A c t i v i t , y  section of  t h i s  report. 

The basa l t ic  crystal  ash a t  1520 f ee t  i n  Soda Lake 44-5 has tabular p l a g i o -  

c lase  phenocryst and i s  d i s t i n c t  from basal t  dikes. 

These basal ts  are thought t o  

A uni t  consisting o f  shale,  mudstone, and f ine sand occurs between a 

depth o f  700 and 1000 f ee t  i n  the four d r i l l  holes i n  which cut t ings are  

available for t h i s  interval (P la te  1). These rocks probably formed i n  a deep 

lake environment. The Lake Lahontan formations probably account for  only the 

upper 400 f ee t  of sediments (Morrison, 1964) .  

SURFACE ALTERATION AND SINTER DEPOSITS 

Hot springs deposits and a l te ra t ion  are  r e s t r i c t ed  t o  several small areas 

8 



two miles n o r t h  of Soda Lake (Figure 2 ) .  

kaol ini te ,  i r o n  oxides, and hydroxides (Olmsted and others ,  1975, p .  103). 

The a l te ra t ion  extends a b o u t  two hundred f e e t  t o  the section l i n e  road west of 

an abandoned steam well and  approximately one hundred f e e t  t o  the eas t  where 

i t  i s  covered by a sand dune. 

Here the soil  has been a1 tered t o  

Shallow hand-dug p i t s  have exposed b r i g h t l y  

colored a l te ra t ion  a few inches be 

steam we1 1 . 

The hot springs deposits cons 

ow the surface i n  the low area around the 

s t  of small areas o f  opal-cemented sand i n  

the SE 1 /4  of  section 29 and the NE 1/4  of  section 32 (Figure 2 ) .  

replaced grass stems are abundant local ly  and opallized b r u s h  stems are also 

present, while opal-f i l led fractures  were found a t  one location. 

opal-cemented sand i s  deeply eroded and sand dunes have par t ly  covered some 

outcrops. 

Opal 

The 

Alteration coloration was n o t  evident i n  the sinter-cemented 

outcrops. 

STRUCTURE 

The dominant f a u l t  trend around the Carson Desert i s  northeast. Linears 

on aer ia l  photographs o f  the Soda Lake area have a north-northeast trend 

(Figure 21, and several short  l inears  were found near Soda Lake 1-29 and 

11-33. 

o l d  steam well (Figure 2 ) .  T h i s  photo l i nea r  coincides w i t h  the thermal plume 

and a NE-SW-trending f a u l t ,  defined from seismic ref lect ion (Hill  and others,  

1979) .  

(Figure 2 ) .  

formed the boundary of a NE-trending graben. 

One l inear  extends from opa1;cemented sand t o  the al tered area of the 

The surface expression indicates r e l a t ive  movement down t o  the SE 

vi1 1 and others ( 1979) concl uded t h a t  the f a u l t  dipped SE and  

Offset  on the pho to  l inears  

9 
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appears t o  be a few f e e t  a t  most. 

c u t t i n g s  i n  t h e  fo rm o f  gouge and s l i c k e n s i d e  su r faces  on ch ips ;  l o c a t i o n s  of 

t h e  p o s s i b l e  f a u l t  i n t e r c e p t s  a r e  shown on P l a t e  1. There a re  no marker beds 

which c o u l d  be used t o  demonstrate o f f s e t  between ho les .  The sedimentary 

f a c i e s  c o r r e l a t e d  between h o l e s  c o u l d  be o f f s e t  a few t e n s  o f  feet .  

Some evidence f o r  f a u l t i n g  was found i n  t h e  

HEAT FLOW AND TEMPERATURE 

Olmsted and o t h e r s  (1975, p. 115) es t ima ted  a conduc t i ve  hea t  d ischarge 

o f  3.2 x 106 c a l / s e c  as a minimum f rom t h e  Soda Lake thermal anomaly enclosed 

by t h e  2OOC i so the rm a t  a depth o f  30 m. 

severa l  water  samples f rom two i n t e r v a l s  i n  Chevron 's  Soda Lake 1-29 t e s t  h o l e  

( E a r t h  Science Labora to ry ,  1979).  Cal c u l  a t e d  r e s e r v o i  r t e m e r a t u r e s  u s i n g  t h e  

s i l i c a  geothermorneter averaged 183oC f o r  b o t h  t e s t  i n t e r v a l s  w i t h  a range o f  

176' t o  192OC f o r  6 samples. The measured temperature i n  t h e  l ower  i n t e r v a l ,  

1008-1531 f e e t  deeo, averaged 174OC. 

r e s e r v o i r  tempera ture  i n  excess o f  4 0 0 0 ~  ( 1 9 0 0 ~ ) .  

Chemical analyses were made o f  

H i l l  and o t h e r s  (1979) es t ima ted  a 

CONCLUSIONS 

The Soda Cake thermal anomaly i s  l o c a t e d  i n  t h i c k  Qua te rna ry  c l a s t i c  

sediments. I n  general  t h e  sediments a r e  coa rse r  t o  t h e  southwest and f i n e r  t o  

t h e  n o r t h  and n o r t h e a s t .  The g r a v e l s  found i n  Soda Lake 44-5 and Carson S ink  

Y 1  a r e  p robab ly  channel d e p o s i t s  w h i l e  t h e  few c l e a n  sand zones may be beach 

depos i t s .  

44-5, which a r e  f i v e  m i l e s  a p a r t ,  than between Soda Lake 44-5 and Soda Lake 

1-29, which a re  o n l y  2 m i l e s  apar t .  T h i s  i s  p robab ly  because Carson Sink #1 

There i s  a g r e a t e r  s i m i l a r i t y  between Carson Sink f l  and Soda Lake 

10 



# 

and Soda Lake 44-5 a r e  both i n  the d e l t a - a l l u v i a l  f an  f a c i e s ,  b u t  Soda Lake 

1-29, 11-33, and 63-33 a r e  i n  the lake-p laya  f a c i e s  o f  d e p o s i t i o n .  The a rea  

of d e l t a i c  o r  l a c u s t r i n e  depos i t i on  s h i f t e d  a t  times due t o  rise and f a l l  o f  

the bas in  l a k e ,  b u t  the d e l t a - a l l u v i a l  f an  g e n e r a l l y  extended from the 

southwest  t o  just  nor th  of  Soda Lake. 

3 '  

I 

Soda Lake 1-29, 63-33, and 11-33 a r e  i n  f iner sediments than  Soda Lake 

44-5 and Carson S i n k  #1 t o  the south .  Most of the c u t t i n g s  from Soda Lake 

1-29 a r e  of  s i l t y  and sandy mudstone derived from t u f f a c e o u s  m a t e r i a l .  All of  

the t u f f s  intercepted have undergone f l  u v i  a1 t r a n s p o r t .  

The Qua te rna ry  sediments a r e  4600 feet  t h i c k  and ove r l ay  b a s a l t  f low 

under Soda Lake and t o  the west. 

over1 a i  n by the sediments. 

Two miles nor th  of  Soda Lake gabbro i s  
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APPEND I X 

LITHOLOGIC LOGS 

OF 

CHEVRON RESOURCES COMPANY WELLS 

Soda Lake 44-S 
Soda Lake 1-29 
Soda Lake 11-33 
Soda Lake 63-33 
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