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ABSTRACT 

... - . . . . . . .  - ............ - - . . . .  -. . . . . . . . . . . . . . . . . . . .  

The geology n o r t h  o f  Wells, Nevada i s  dominated by approx imate ly  2150 m 

o f  T e r t i a r y  l a c u s t r i n e  s i 1  t s t o n e s  and conglomerates. 

a h igh-ang le ,  range-boundi ng f a u l t  and severa l  assoc ia ted  s t e p  f a u l t s .  

thermal a l t e r a t f o n  and s i 1  i c i f i c a t i o n  a r e  assoc ia ted  w i t h  t h e  h igh-ang le  

f a u l t s .  

ments. 

The sediments a re  c u t  by 

Hydro- 

Two ages o f  Quaternary sediments l o c a l l y  o v e r l i e  t h e  T e r t i a r y  s e d i -  

L i t h o l o g i c  and w e l l  l o g  anaiyses de f i ne  numerous p o t e n t i a l  a q u i f e r s  i n  

t h e  T e r t i a r y  sediments. 

tu f faceous s i l t s t o n e  which appears t o  a c t  as an a q u i t a r d  f o r  h o t  water  moving 

th rough  t h e  a q u i f e r s .  

c o n s t r u c t e d  t o  e x p l a i n  t h e  s p a t i a l  r e l a t i o n s h i p s  o f  t h e  thermal water near 

We1 1s. 

The sha l l owes t  o f  these a q u i f e r s  i s  o v e r l a i n  by a 

Three p o s s i b l e  subsur face  h y d r o l o g i c  inodels can be 

C o s t - e f f e c t i v e  s teps  taken  t o  e x p e d i t e  geothermal development i n  t h e  area 

m igh t  i n c l u d e  deepening an e x i s t i n g  domestic well i n  t h e  c i t y  o f  Wel ls t o  a t  

l e a s t  180 m i n  o r d e r  t o  p e n e t r a t e  t h e  t u f f a c e o u s  s i l t s t o n e  a q u i t a r d ,  runn ing  

bo reho le  logs  f o r  a l l  e x i s t i n g  w e l l s ,  and conduc t ing  a s h a l l o w  tempera ture-  

?robe survey  i n  t h e  T e r t i a r y  sediments n o r t h  o f  Wells. 



INTRODUCTION 

Recent i n t e r e s t  i n  a l t e r n a t i v e  energy a p p l i c a t i o n s  has prcmpted a study 

o f  t h e  geology and geothermal resources near Wells, Nevada, a. smal l  town o f  

about 1200 peop le  i n  t h e  n o r t h e a s t e r n  p a r t  o f  t h e  s t a t e .  Hot s p r i n g s  have 

been known t o  e x i s t  a long t h e  western f l a n k  o f  t h e  Snake Mountains n o r t h  o f  

h 'e l l s  f o r  n e a r l y  a c e n t u r y  (Adams and Bishop, 1884, p .  192). Recent 

p u b l i c a t i o n s  d i s c u s s i n g  these h o t  s p r i n g s  i n c l u d e  Garside and S c h i l l i n g  (1979) 

and T r e x l e r  e t  a1 . (1979). 

The e x i s t e n c e  o f  two warm w e l l s  w i t h i n  1.5 km o f  t h e  c i t y  has come t o  

l i g h t  o n l y  r e c e n t l y .  R e l a t i v e l y  h i g h  temperatures i n  t h e  Da l ton  #1 o i l  t e s t  

w e l l  (113°C a t  1220 m) (236°F a t  4000 f t )  and a .shal lower domestic w e l l  (49°C 

a t  168 m) (120°F a t  550 f t )  a r e  n o t  mentioned i n  any p rev ious  p u S ? i c a t i o n  on 

t h e  geothermal resources o f  Mevada. 

Ea r th  Science L a b o r a t o r y l U n i v e r s i t y  o f  Utah Research I n s t i t u t e  by Mr. Joseph 

Reynolds, a rancher  near We1 1 s  and owner of t h e  168 m domestic we1 1. k s tudy  

t o  determine t h e  c o n t r o l s  o f  t h e  e n t i r e  geothermal system near  Wells was 

undertaken as a p a r t  o f  t h e  Department o f  Energy's User Ass is tance Program. 

They were brought  t o  t h e  a t t e n t i o n  o f  t h e  

Work on t h e  area  proceeded s p o r a d i c a l l y  over  a 16-month per iod .  An 

i n i t i a l  s i t e  v i s i t  by two  ESL s t a f f  members was made i n  mid-March, 198G t c  

make a reconnaissance examinat ion  o f  t h e  area and rneet Mr .  Reynolds and t h e  

mayor o f  Wells. Dur ing June, 1980, c u t t i n g s  f rom t h e  upper 869 m (2850 ft) of 

t h e  o i l  t e s t  were logged a t  t h e  Nevada Bureau o f  Mines and Geoloay i n  Reno t o  

h e l p  determine t h e  s t r a t i g r a p h y  o f  t h e  area. 

were spent mapping t h e  sur face  geology n o r t h  o f  ide l ls .  

L a t e r  t h a t  month, t h r e e  days 
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GEOLOGY 

Northeastern Nevada i s  a p a r t  o f  t h e  Basin and Range Province, a t e c t o n i c  

regime c h a r a c t e r i z e d  by r e l a t i v e l y  t h i n  c r u s t ,  h i g h  heat  f l ow ,  and h igh-angle 

f a u l t i n g .  

consp icuous ly  h igh  heat  f l o w  area known as t h e  B a t t l e  Mountain h i g h  (Sass e t  

a]., 1971). Geothermal systems w i t h i n  t h e  B a t t l e  Mountain heat  f l o w  h i g h  a r e  

r e l a t e d  t o  deep c i r c u l a t i o n  a long f a u l t s  and a r e  o f t e n  found t o  be rnoderate- 

tempera ture  (90-150°C) resources (Brook e t  a1 . , 1979). 

T h i s  p o r t i o n  o f  Nevada a l s o  c o n s t i t u t e s  a major  p o r t i o n  of  a 

The c i t y  o f  We? i s  1 i e s  near t h e  headwaters o f  t h e  Hurnboldt R i v e r  between 

t h r e e  Basin and Range f a u l t  b iocks  (F igu re  1). Rocks rang ing  i n  age f rom 

e a r l y  Paleozoic  t o  T e r t i a r y  a r e  found i n  t h e  Snake Mountains t o  t h e  n o r t h  

(Gars ide,  1968; Peterson, 1968), t h e  East Humboldt Range t o  t h e  southwest, and 

t h e  iJood Hi l ls -Windermere H i l l s  t o  t h e  eas t  (Thorrnan, 1970). A t h i c k  sequence 

o f  Eocene t o  P l iocene l a c u s t r i n e  sediments forms aprons around a l l  t h r e e  

ranges. 

and i n  t h e  bas ins  between t h e  ranges. 

Quaternary a1 l u v i  urn has accumulated a1 ong t h e  Hurnboldt R ive r  dra inage 

Te r t  i a ry Sediments 

Only rocks o f  T e r t i a r y  age and younger a r e  exposed i n  t h e  area o f  t h i s  

The T e r t i a r y  s e c t i o n  c o n s i s t s  l a r g e l y  o f  s i l t s t o n e s ,  

T e r t i a r y  sediments exposed through-  

s tudy  (F igures  2 and 3). 

tu f faceous s i 1  t s tones ,  and conglomerates. 

ou t  t h e  Great Basin a r e  b e l i e v e d  t o  range i n  age from Eocene t o  P l iocene (Van 

Routen, 1956). 

(Solomon e t  a;., 1979) and t h e  Eocene-Pliocene rocks of t h e  Car l i n -P inon  Range 

(Smi th and Ketner,  1976) have been dated and mapped i n  d e t a i l .  

The Eocene41 igocene sedimentary and vo i can ic  rocks rlear E l  ko 

Only recon- 

na issance s t r a t i g r a p h i c  work and no age de te rm ina t ion  have been made o f  t h e  

T e r t i a r y  sediinents n o r t h  o f  We1 1s (Van Houten, 1956; Garside, 1968; Psterson, 

3 
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1968 . 
High-angle Basin and Range f a u l t i n g  i n  Sec t ions  9 and 16, T38N, R62E 

( F i g u r e  1) has exposed 1524 m (5000 f t )  of t h e  T e r t i a r y  s e c t i o n  (Garside, 

2968). 

F i g u r e  2. The b e s t  ou tc rops  a r e  found i n  r a i l r o a d  c g t s ,  immedia te ly  south  o f  

t h e  Humbo!dt R ive r ,  where 82 m (270 f t )  o f  t h e  s e c t i o n  a r e  c o n t i n u o u s l y  

exposed. 

Humboldt R iver .  No outc rops  a re  found i n  t h e  p o r t i o n s  o f  Sec t ions  4 and 5, 

T37N, R62E hounded by t h e  r a i l r o a d  t r a c k s  and I n t e r s t a t e  80 ( F i g u r e  2). 

Only l i m i t e d  p o r t i o n s  o f  t h i s  s e c t i o n  a r e  exposed i n  t h e  area of 

Smal le r  ou tc rops  a r e  found over  a much broader  area n o r t h  o f  t h e  

Mapping f o r  t h i s  r e p o r t  ernphasi zed s t r u c t u r a l  r e l a t i o n s h i p s  r a t h e r  than 

t e x t u r a l  and l i t h o i o g i c  d e t a i l s .  Logging o f  c u t t i n g s  f rom t h e  Da l ton  w e l l  

p rov ided  a rough p i c t u r e  o f  t h e  o v e r a l l  s t r a t i g r a p h y ,  t e x t u r e s ,  a n d  

l i t h o l o g i e s  t h a t  c o u l d  n o t  be deduced by s u r f a c e  mapping. 

column and b r i e f  d e s c r i p t i o n s  shown on t h e  l i t h o l o g i c  l o g  ( P l a t e  1) a r e  a 

condensatfon o f  t h e  da ta  c o l l e c t e d .  

The s t r a t i g r a p h i c  

L i t h o l o g i e s  of t h e  T e r t i a r y  sediments range from f i n e - g r a i n e d  s i 1  t s t o n e s  

and mudstones t o  coarse pebbie congl omerates. I n  general  , t h e  t w o  end members 

o f  t h i s  spectrum a r e  dominant w i t h  much o f  t h e  s e c t i o n  hav ing  a bimodal 

compos i t ion  o f  s i l t s t c n e  and c o n g l o w r a t e .  The amount o f  c l a s t s  irr t h e  m a t r i x  

o f  s i l t s t o n e  ranges f rom a t r a c e  t o  about 90 percent .  

q u a r t z i t e s  and s i l i c i f i e d  conglomerates -- t y p i c a l  l i t h o l o g i e s  o f  t h e  

M i s s i s s i p p i a n - P e n n s y l v a n i a n  Diamond Peak Format jon which crops o u t  e x t e n s i v e l y  

i n  t n e  Snake Mountains. A smal l  number o f  s i l i c e o u s  vo lcar? ic  c l a s t s  a r e  a l s o  

Observed, 

Many of t h e  c l a s t s  a r e  

I n  ou tc rop ,  %he c l a s t s  a r e  poorly s o r t e d  and sub-angular t o  w e l l -  

pebble g rave l  

ng o f  t f i e  c l a s t s  are 

rounded. S i z e  ranges from very  

(app rox ima te l y  2-75 mni). The s 

f i n e  grave l  t o  coarse 

ze, s o r t i n g  and round 
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undeterminab le  i n  t h e  Da l ton  w e l l  c u t t i n g s  because o f  ab ras ion  d u r i n g  d r i l l i n g  

and c i r c u l a t i o n .  

The s i l t s t o n e s  a r e  g e n e r a l l y  f i ne -g ra ined ,  w h i t e  t o  b u f f ,  and commonly 

have a ca lcareous  cement. A darke r  c l a y  component v i s i b l e  i n  p o r t i o n s  o f  t h e  

s e c t i o n  g i v e s  t h e  s i l t s t o n e s  a f i s s i l e  cha rac te r .  

g e n e r a l l y  sub-angular t o  rounded, modera te ly  we1 1 - so r ted  q u a r t z  and f e l d s p a r .  

The s i l t s t o n e  g r a i n s  a r e  

Only t h e  most s a l i e n t  p o r t i o n s  o f  t h e  l i t h o l o g i c  l o g  shown on P l a t e  1 

w i l l  be discussed. A ve ry  impor tan t  p o r t i o n  o f  t h e  l o g  i s  t h e  upper 70 m 

(230 f t )  which c o n s i s t s  o f  27 m o f  tuf faceous s i l t s t o n e  o v e r l a i n  by  43 m o f  

c l e a n  ca lcareous  s i l t s t o n e .  

a s  20% g l a s s  shards. The s i l t s t o n e  i s  unique t o  t h e  e n t i r e  s e c t i o n  of t h e  

Da l ton  w e l l  and t h e r e f o r e  made an e x c e l l e n t  marker h o r i z o n  w i t h  which t o  map 

t h e  s t r u c t u r a l  r e l a t i o n s h i p s  shown i n  F igu res  2 and 3. 

desc r ibes  o n l y  one i n t e r v a l  o f  t u f f a c e o u s  sediment i n  t h e  Snake Mountains. I n  

h i s  T e r t i a r y  s t r a t i g r s p h i c  sec t i on ,  a 120 m (380 f t )  i n t e r v a l  o f  t u f f a c e o u s  

sandstone i s  o v e r l a i n  by  an a d d i t i o n a l  865 m (2766 f t )  of sediment. 

genera l i zed  comparison o f  Gars ide ' s  s e c t i o n  and t h e  Da l ton  w e l l  s e c t i o n  i s  

shown i n  F i g u r e  4. 

e q u i v a l e n t  t i m e - s t r a t i g r a p h i c  member o f  t h e  two sec t i ons ,  then an o v e r a l l  

t h i c k n e s s  o f  2125-2185 m (6800-7000 f t )  i s  e s t a b l i s h e d  f o r  t h e  T e r t i a r y  

sediments n o r t h  o f  Wells. On t h e  o t h e r  hand, i f  t h e  t u f f a c e o u s  sediment i n  

Gars ide ' s  s e c t i o n  and t h e  t u f f a c e o u s  s i l t s t o n e  found i n  t h e  area o f  t h i s  s tudy  

a r e  t h e  r e s u l t  o f  l o c a l i z e d  rework ing  o f  v o l c a n i c  m a t e r i a l ,  then c o r r e l a t i o n  

between t h e  two s t r a t i g r a p h i c  sec t i ons  i n  F i g u r e  4 cannot be made and t h e  

The tu f faceous  s i l t s t o n e  i s  composed o f  a s  much 

Garside (1968) a l s o  

A 

I f  one assumes t h a t  t h e  t u f f a c e o u s  s i l t s t o n e  i s  an 

exac t  t h i c k n e s s  o f  t h e  T e r t i a r y  s e c t i o n  i s  unknown 

?he remainder o f  t h e  Da l ton  w e l l  i s  cha rac te r  

8 
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t o  150 m )  o f  l o o s e l y  conso l i da ted  cong lomera t ic  sediment separated by i n t e r -  

v a l s  o f  ca lcareous  s i l t s t o n e s  and mudstones and minor  graywacke. Two c y c l e s  

o f  d e p o s i t i o n ,  each approx ima te l y  300 rn (984 f t )  t h i c k  a r e  i n f e r r e d  from t h e  

l i t h o j o g i c  and gamma r a y  l o g s  ( P l a t e  1). 

i n c r e a s i n g l y  c l a y - r i c h ,  r a d i o a c t i v e  sedfments toward t h e  bottom. 

Each c y c l e  i s  c h a r a c t e r i z e d  by 

Mapping i n  t h e  Wells area was n o t  e x t e n s i v e  enough t o  d e f i n e  l a t e r a l  

F igu re  4 suggests t h a t  f ac ies  change v a r i a t i o n s  o f  s p e c i f i c  l i t h o l o g i e s .  

d r a m a t i c a l l y  ove r  a d i s t a n c e  o f  seve ra l  k i l omete rs .  Van Houten (1956) 

c h a r a c t e r i z e s  t h e  T e r t i a r y  sediments o f  n o r t h e a s t e r n  Nevada as hav ing  a 

l a c u s t r i n e  o r i g i n ,  a c o n c l u s i o n  t h a t  has been s u b s t a n t i a t e d  by  subsequent 

workers i n  t h e  area  (e.g., Solomon e t  a l . ,  1979). 

Quaternary  A1 1 uvium 

Unconsol idated Quaternary sands and g r a v e l s  a r e  %he youngest g e o l o g i c  

u n i t s  i n  t h e  Wel ls a rea  ( F i g u r e  2) .  

r a i l r o a d  and highway c u t s  near t h e  Humboldt R i v e r  drainage. 

u n i t s  a r e  recognized. 

o f  the Snake Mountains. It i s  c h a r a c t e r i z e d  by g e n t l e  topography which has 

been d i s s e c t e d  by  rninor drainages. 

west o f  t h e  Snake Mountains and as such p robab ly  has a cons ide rab le  t h i c k -  

ness. 

i n  t h e  area. 

t h e  Humboldt R i v e r  drainage. 

T e r t i a r y  sediments between t h e  u p l i f t e d  East Humboldt Range and Snake 

Mountains f a u l t  b;ocks, a l l u v i u m  depos i ted  by t h e  r i v e r  i s  p robab ly  very  t h i n .  

The bes t  exposures were observed i n  

Two Quaternary 

An o l d e r  a l l u v i u m  (Goal)  i s  mapped a long t h e  west s i d e  

The a l l u v i u m  c o n s t i t u t e s  t h e  v a l l e y  f i l l  

A young Quaternary  a l l u v i u m  ( Q a l )  rep resen ts  t h e  most r e c e n t  d e p o s i t s  

I t  i s  und issec ted  and l a r g e l y  con f ined  t o  t h e  l o w - l y i n g  areas o f  

S ince  t h e  Humboldt R i v e r  i s  downcu t t i ng  t h e  

S t r u c t u r e  

The s t r u c t u r e  o f  t h e  rocks  n o r t h  o f  Wells i s  dominated by h igh -ang le  



Bas in  and Range f a u l t i n g .  

f a u l t  o f  t h e  Snake Mountains which m a n i f e s t s  i t s e l f  as h i g h l y  s i l i c i f i e d ,  

p a r a l l e l  f a u l t s  a long t h e  Sec t ion  20-21 boundary and t h e  Sec t ion  32-33 

O f  p a r t i c u l a r  importance i s  t h e  western range f r o n t  

boundary ( F i g u r e  2). Poor exposures and s i l i c i f i c a t i o n  which obscures bedding 

have made exac t  de te rm ina t ion  o f  t h e  f a u l t  t r a c e s  and t h e  amount o f  

d isplacement imposs ib le .  

East Humbo 

( F i g u r e  1) 

geot he m a l  

covered by 

The Bas in  and Range f a u l t s  mapped i n  t h i s  s tudy  appear t o  c o n t r o l  

Threemile Hot Spr ings, Sulphur Hot Spr ings, and t h e  h o t  s p r i n g s  i n  Sec t i on  

17. The f a u l t s  a r e  on t h e  t r e n d  o f  t h e  eas te rn  Bas in  and Range f a u l t  o f  t h e  

d t  Range which, i n  t u r n ,  appears t o  c o n t r o l  R a i l r o a d  Spr ings  

If t h e  two f a u l t s  a r e  connected a t  depth, t hen  a d d i t i o n a l  

f l u i d s  may e x i s t  west o f  Wells where t h e  f a u l t  i s  p o o r l y  exposed or 

a1 luvium. F u r t h e r  d i s c u s s i o n  o f  t h i s  hypo thes i s  i s  g i v e n  below. 

Geologic mapping f o r  t h i s  s tudy  revea led  a s e r i e s  o f  s t e p  f a u l t s  t h a t  

p a r a l l e l  t h e  s i l i c i f i e d  Basin and Range f a u l t s  ( F i g u r e  2). Step f a u l t s  i n  t h e  

n o r t h e a s t  q u a r t e r  o f  Sec t i on  32 and t h e  m idd le  o f  Sec t i on  33 a r e  mapped on t h e  

b a s i s  o f  l i n e a r  d ra inage p a t t e r n s  and changes i n  t h e  d i p  o f  t h e  sediments. 

Both f a u l t s  t r e n d  N5OE. 

: i n e a r  d ra inage between Sect ions  33 and 34. The general  decrease o f  t h e  d i p  

o f  t h e  sediments i n  each succeeding f a u l t  b lock  f rom west t o  eas t  and t h e  

A t h i r d  s t e p  f a u l t  i s  i n f e r r e d  on t h e  b a s i s  o f  a 

p a r a l l e l  n o r t h - t r e n d i n g  n a t u r e  o f  t h e  f a u l t i n g  suggest t h a t  t h e  s t e p  f a u l t s  

a r e  g e n e t i c a l l y  r e l a t e d  t o  t h e  Bas in  and Range f a u l t  t o  t h e  west. I f  so, t h e  

sediments i n  t h e  v i c i n i t y  o f  t h e  Da:ton w e l l  a r e  p robab ly  f l a t - l y i n g .  

A f a u l t  t h a t  s t r i k e s  N66"W i s  mapped i n  t h e  nor ther r :  h a l f  of Sec t ion  

32. I t s  eas te rn  end te rm ina tes  a g a i n s t  t h e  westernmost s t e p  f a u l t .  

f a u l t s  i s o l a t e  a sma71 h i l l  capped by h o r i z o n t a l  beds o f  t h e  t u f f a c e o u s  

These two 
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s i 1  t s t o n e  marker hor izon .  Another no r thwes t - t rend ing  f a u l t  i s  mapped 

immedia te ly  southeas t  o f  Sulphur Hot Spr ings. 

F a u l t s  u n r e l a t e d  t o  Bas in  and Range t e c t o n i c s  a r e  more d i f f i c u l t  t o  

recognize.  A major  west -nor thwest- t rending,  r i g h t - l a t e r a l  s t r i  ke -s l  i p  f a u l t  

o f  p robab le  Mesozoic age has been p o s t u l a t e d  by Thorman and Ketner (1979) t o  

e x i s t  near  Wells. Named t h e  Wel ls f a u l t ,  i t s  e x i s t e n c e  i s  i n f e r r e d  on t h e  

b a s i s  o f  r e g i o n a l  s t r a t i g r a p h i c  and s t r u c t u r a l  t rends .  I n  t h e  Wells area, t h e  

course  o f  t h e  Humboldt R i v e r  matches t h e  hypothesized t r e n d  o f  t h e  Wel ls 

f a u l t ,  suggest ing  e r o s i o n  a long a zone o f  p r e - e x i s t i n g  weakness. The 

o f f s e t t i n g  h o r s t  and graben c o n f i g u r a t i o n  between t h e  Snake Mountains and t h e  

East Humboldt Range may a l s o  be due t o  a zone o f  weakness caused by t h e  Wel ls 

f a u l t  (C.  Thorman, o r a l  communication, 1980) ( F i g u r e  1) .  I f  t h e  Wel ls  f a u l t  

e x i s t s  near t h e  Humboldt R i v e r  drainage, i t  may p r o v l d e  a pathway f o r  t h e  

geothermal f l u i d s .  The exac t  l o c a t i o n  o f  t h e  Wel ls f a u l t  i s  specu la t i ve ,  

however, and i t s  e x i s t e n c e  has r e c e n t l y  been ques t ioned (Stevens, 1981). 

An a t tempt  was made t o  c o r r e l a t e  t h e  s t r u c t u r e  and s t r a t i g r a p h y  o f  t h e  

T e r t i a r y  sediments n o r t h  and south  o f  t h e  Humboldt R i v e r  and thus  e s t a b l i s h  

movement o f  p o s s i b l e  p o s t - T e r t i a r y  f a u l t i n g  th rough  t h e  Humboldt R i v e r  

drainage. Exposures a long a r a i l r o a d  c u t  i n  Sec t i on  5, T37N, R62E show 

eas tward-d ipp i  ng sediments c u t  by numerous westward-dipping f a u l t s  w i t h  smal 1 

displacements,  These a r e  shown a s  a s i n g l e  f a u l t  on F i g u r e  2. Exposures i n  

t h e  r a i l r o a d  c u t  show 27 m (88 f t )  o f  v i t r i c  t u f f  and tu f faceous  s i l t s t o n e  

t h a t  a r e  on s t r i k e  w i t h  t h e  t u f f a c e o u s  s i l t s t o n e s  n o r t h  o f  t h e  Humboldt 

R iver .  I f  these u n i t s  a r e  s t r a t i g r a p h i c a l l y  e q u i v a l e n t ,  t h e n  t h e r e  has been 

no a p p r e c i a b l e  east-west f a u l t i n g  a long  t h e  Humboldt River dra inage  since 

T e r t i a r y  t ime .  
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A7 t e r a t  i on 

Varying degrees o a1 t e r a  i o n  o f  t h e  T e r t i a r y  sediments a r e  observed 

l o c a l l y  a long t h e  t r e n d  of t h e  Bas in  and Range f a u l t s  n o r t h  o f  Wells. 

form o f  t h e  a l t e r a t i o n  i s  a pe rvas i ve  green t o  g ray ish-green c o l o r a t i o n  o f  t h e  

One 

s i l t s t o n e s  and t u f f a c e o u s  s i l t s t o n e s .  The l a c k  o f  t h i s  c o l o r a t i o n  i n  o t h e r  

ou tc rops  o f  t h e  s tudy  area or i n  t h e  upper p o r t i o n  o f  t h e  Da l ton  w e l l  

i n d i c a t e s  t h a t  t h i s  i s  a l t e r a t i o n  r a t h e r  than a d i a g e n e t i c  or weather ing  

phenomenon. L i t h o l o g i c  d i s t r i b u t i o n  o f  t h i s  t y p e  o f  a l t e r a t i o n  i s  i r r e g u l a r  

b u t  appears t o  be most common i n  c l a y - r i c h  sediments. 

S i l i c i f i c a t i o n  o f  t h e  T e r t i a r y  sediinents i s  t h e  most common t y p e  o f  

hydrothermal a l t e r a t i o n .  The general  e x t e n t  o f  observed s i 1  i c i f i c a t i o n  i s  

shown ' i n  F i g u r e  2, Tex tu ra l  m o d i f i c a t i o n  ranges from minor  a d d i t i o n s  o f  

s i l i c a  i n  t h e  m a t r i x  t o  o b l i t e r a t i o n  o f  most p r imary  t e x t u r e s .  Some o f  t h e  

sedimentary beds have nodu la r  s i 1  i ceous  c o n c r e t i o n s  i n  a m a t r i x  of modera te ly  

s i l i c e o u s  s i l t s t o n e .  Other beds have a porcelaneous l u s t e r  and a r e  

b recc ia ted .  F rac tu res  i n  t h e  b r e c c i a t e d  beds a r e  commonly hea led  by 

secondary, euhedral q u a r t z  overgrowths. 

As mentioned p r e v i o u s l y ,  t h e  s i 1  i c i f i c a t i o n  i s  s p a t i a l l y  r e l a t e d  t o  t h e  

ma jo r  Bas in  and Range f a u l t  ( F i g u r e  2). 

observed a long t h e  Sec t ion  20-21 boundary, j u s t  n o r t h  o f  Sulphur Hot 

Spr ings. Immediately t o  t h e  south, l e s s  i n t e n s e  s i l i c i f i c a t i o n  i s  found i n  

c o n j u n c t i o n  w i t h  a no r thwes t - t rend ing  f a u l t  i n  Sec t i on  28. Hydrothermal 

The most i n t e n s e  s i l i c i f i c a t i o n  i s  

a l t e r a t i o n  found i n  a n o r t h - t r e n d i n g  zone a lon3  t h e  Sec t ion  32-33 boundary is 

ex t reme ly  v a r i a b l e ,  rang ing  from green s i 1  t s t o n e s  t o  b r e c c i a t e d  p o r c e l a n i t e .  
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GEOPHYSICAL WELL LOGS 

I 

Geophysical we1 1 1 ogs can be ex t remely  v a l u a b l e  t o o l s  f o r  i n t e r p r e t i n g  

subsur face  geology. 

n a t u r a l  gamma ray l o g s  f o r  t h e  Da l ton  #I t e s t  we17 were ob ta ined  from Rocky 

Mountain Well Log Serv ice ,  Denver, Colorado. A tempera ture  l o g  was p rov ided  

b y  M r .  Joseph 2eynolds. A p o r o s i t y  l o g  was c a l c u l a t e d  from t h e  d e n s i t y  log .  

A l l  l o g s  were d i g i t i z e d  on t h e  E a r t h  Science L a b o r a t o r y ' s  Prime 400 

computer. The r e s u l t i n g  p r i n t o u t  was d r a f t e d  and i s  shown as P l a t e  1. 

Ca l i pe r ,  d e n s i t y ,  r e s i s t i v i t y ,  spontaneous p o t e n t i a l ,  and 

Several  d i f f i c u l t i e s  were encountered i n  i n t e r p r e t i n g  and c o r r e l a t i n g  

t h e s e  data. A t l a n t i c  I n t e r n a t i o n a l ,  t h e  company t h a t  d r i l l e d  t h e  Da l ton  81 

we:l, has e i t h e r  gone o u t  o f  business o r  merged s i n c e  t h e  w e l l  was spudded i n  

l a t e  1973. Therefore,  d e t a i l s  o f  t h e  d r i l l i n g  h i s t o r y  c o u l d  n o t  be ob ta ined  

from a person w i t h  f i r s t h a n d  knowledge o f  t h e  p r o j e c t .  

a r e  no a v a i l a b l e  d r i l l i n g  r a t e ,  acous t i c ,  o r  neu t ron  p o r o s i t y  logs ,  a l l  o f  

which c o u l d  have a ided  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  w e l l .  

of t h e  a v a i l a b l e  w e l l  l o g s  fo l lows. 

Also, t h e r e  a p p a r e n t l y  

A b r i e f  d i s c u s s i o n  

Temperature Log 

?he tempera ture  l o g  i s  t h e  most d i f f i c u l t  o f  t h e  l o g s  t o  i n t e r p r e t  f o r  

seve ra l  reasons. F i r s t  o f  a l l ,  t h e  Da l ton  w e i l  was d r i l l e d  f o r  o i l  r a t h e r  

t h a n  geothermal f l u i d s .  

t m p e r a t u r e  was n o t  g i ven  s u f f i c i e n t  t i m e  t o  e q u i l i b r a t e  b e f o r e  t h e  l o g g i n g  

was performed. 

a t  t h e  same t i m e  as a l l  t h e  o t h e r  w e l l  l o g s ,  8-12 hours a f t e r  f i n a l  

c i r c u l a t i o n .  Several tempera ture  l o g s  run  a t  i n t e r v a 7 s  up t o  a month or more 

f o l l o w i n g  c i r c u l a t i o n  a r e  common i n  geothermal e x p l o r a t i o n  and can a i d  g r e a t l y  

i n i n t e r p r e t a t i o n  o f  a p o t e n t i a l  geotherma r e s e r v o i r  (G1 enn and Hul on, 1979).  

Therefore,  upon comple t ion  of t h e  w e l l ,  t h e  bo reho le  

Although n o t  s p e c i f i e d ,  t h e  tempera ture  l o g  was probab!y r u n  
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The tempera ture  l o g  was n o t  run  i n  t h e  upper 55 rn (180 f t )  o f  t h e  Da l ton  

we1 1, SKY t h e  t e m p e r a t w e  p r o f i l e  i n  t h i s  i n t e r v a l  i s  a m a t t e r  o f  

specu la t i on .  

a r e  ex t remely  e r r a t i c  (e.g., Glenn and Hulen, 1079; Glenn e t  a l . ,  1980) and 

o f t e n  r e f 1  e c t  su r face  temperature and sha l low groundwater c o n d i t i o n s .  

Temperature p r o f i l e s  i n  t h e  upper p o r t i o n s  o f  o t h e r  w e l l  bores 

The temperature p r o f i l e  below 55 m seems t o  represent  two subsur face 

thermal regimes. The i n t e r v a l  between 55 and 1067 m (180 and 3500 f t )  shows a 

f a i r l y  un i fo rm tempera ture  g rad ien t  o f  56"C/km (3. l0F/1O0 f t )  w i t h  a 

n o t i c e a b l e  tempera ture  i nc rease  a t  168 rn (550 f t ) .  Since t h e  Reynolds w e l l  i s  

f l o w i n g  a r t e s i a n  a t  approx imate ly  t h e  same depth and temperature (49°C) as 

t h i s  p o r t i o n  o f  t h e  Da l ton  w e l l ,  t h i s  d i s tu rbance  probab ly  i n d i c a t e s  a ho t  

water e n t r y  hor  i zon . 
From 1067 m t o  t h e  bottom o f  t he  ho le ,  t h e  temperature g r a d i e n t  i s  

approx imate ly  85"C/km (4.7"F!100 ft.). 

seen i n  t h e  p o r o s i t y  l o g  which shows v a r i a b l e  b u t  g e n e r a l l y  unporous 

l i t h o l o g i e s  i n  t h e  1067 m t o  t o t a l  depth i n t e r v a l .  A decrease i n  rock 

p o r o s i t y  causes a corresponding decrease i n  thermal  c o n d u c t i v i t y  which i n  t u r n  

i nc reases  t h e  geothermal g rad ien t  (Olmsted e t  a l . ,  1975). Geothermal 

The reason f o r  t h i s  h i g h e r  g rad ien t  i s  

/ / -.- 

g r a d i e n t s  o f  56-85"C/km a r e  considered f a i r l y  hicjh f o r  t h e  n o r t h e r n  Basin and 

Range Prov ince,  a l t hough  they  a r e  n o t  anomalous f o r  t h e  B a t t l e  Mountafn heat  

f l o w  h i g h  (C.  Smith and D. Nielson,  o r a l  communication, 1981). 

C a l  i p e r  Log 

C a l i p e r  l o g s  show t h e  d iameter  of a completed w e l l  and a r e  va luab le  i n  

d e s c r i b i n g  t h e  d r i l l i n g  h i s t o r y  o f  a ho le,  as w e l l  a s  l i t h o l o g y  and p o s s i b l e  

f r a c t u r e  zones (Keys and MacCary, 1971). 

a long w i t h  cas ing  d iameter  and d r i l l i n g  b i t  s i ze .  

The c a l i p e r  l o g  i s  shown on P l a t e  1 

Between 98 m ( t h e  depth o f  
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the casing) and 350 m ,  the i r regular  ca l iper  log i s  probably caused by 

variable l i thologies  and variations i n  degrees of sediment consol idation. 

licrge washout indicated between 350 and 448 m (1150 and 1470 f t )  r e f l ec t s  a 

A 

thick interval of  poorly consolidated conglomerates. The remainder o f  the  

ca l iper  log i s  re la t ive ly  uniform and probably indicates t h a t  the Tertiary 

sediments are  well-cemented or highly l i t h i f i e d .  

Dens i ty/  Poros i t y  Log 

The density log was used t o  compute the porosity log ( P 1  a t e  l ) ,  according 

t o  the equation 

$ = ( P b  - P g ) / ( P f  -' P g )  

where 4 i s  the porosity, Pb i s  the bulk densit,y from the  density log, p f  i s  

the f luid density,  and pg = 2.65 g/cm3 (the density of quartz and feldspar) 

(Glenn and Hulen, 1979).  

porosity logs have a reciprocal pattern. 

As a resu l t  of this equat ion ,  the density and 

The density log shows i r regular  b u t  s tead i ly  increasing dens i t ies  t o  a 

depth of about 915 m (3000 f t ) ,  indicating increasing sediment canpaction and 

decreasing pore space w i t h  depth. 

there i s  a marked density decrease. 

unknown due t o  t he  lack of a l i thologic  l o g  below 869 m. 

i nterval a1 so shows anomalously high r e s i s t i v i t y  and natural gamma Val ues, the 

Between 915 and 1006 m (3000 and 3300 f t )  

The cause o f  t h i s  low-density interval i s  

The 915-1006 m 

interpretat ions of which a re  discussed below. 

vaiues loca l ly  approach zero. 

apwoaches zero. 

Below 1006 m the porosity 

Porosity below 1006 m is  variable,  b u t  often 

Resis t ivi ty  Log 

Two r e s i s t i v i t y  curves obtained from a Dresser At1 as Induction El ectro! og 

The t races  are from the 16" normal spacing ( s o l i d  l i ne )  are  shown on Plate 1. 
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1 

and t h e  40" i n d u c t i o n  r e s i s t i v i t y  spacing (daished I i n e ) .  No c o r r e c t i o n  has 

been made f o r  temperature,  a l though a r igorou!s,  q u a n t i t a t i v e  a n a l y s i s  r e q u i r e s  

t h a t  t h i s  be done (Keys and MacCary, 1971). ,4 q u a l i t a t i v e  examinat ion  o f  t h e  

l o g  r e v e a l s  severa l  f ea tu res .  R e s i s t i v i t y  i s  i r r e g u l a r  i n  t h e  upper 350 m of 

t h e  h o l e  and may i n d i c a t e  v a r i a b l e  l i t h o l o g i e s  and amounts o f  water  w i t h i n  t h e  

s t r a t a .  R e s i s t i v i t y  i s  g e n e r a l l y  l ow  from 3510 t o  884 n! (1150 t o  2900 f t ) ,  

w i t h  l o c a l l y  h i g h  r e s i s t i v i t y ,  h i g h  p o r o s i t y  zones a t  534 m (1750 f t) ,  625-655 

m (2050-2150 f t )  and 777-835 m (2550-2750 f t ) .  

915 and 1006 m (3000 and 3300 f t )  i s  h i g h l y  r e s i s t i v e .  Below 1006 m, t h e  

r e s i s t i v i t y  l o g  i s  v a r i a b l e  and probab ly  r e f l e c t s  d i ve rse ,  impermeable 

l i t h o l o g i e s .  Throughout much o f  t h e  r e s i s t i v i t y  l og ,  t h e r e  i s  an i n v e r s e  

r e l a t i o n s h i p  between r e s i s t i v i t y  and p o r o s i t y ,  i n d i c a t i n g  t h a t  t h e  porous 

sedimentary rocks  c o n t a i n  app rec iab le  amounts o f  water  (Key and MacCary, 

1971). 

A t h i c k ,  porous zone between 

Spontaneous P o t e n t i a l  (SP) Log 

The SP l o g  shown i n  P l a t e  1 i s  from t h e  same I n d u c t i o n - E l e c t r o l o g  as t h e  

r e s i s t i v i t y  l o g .  

mud used t o  d r i l l  t h e  ho le ,  t hen  SP d e f l e c t i o n s  t o  t h e  l e f t  rep resen t  

impermeable sha le  w h i l e  d e f l e c t i o n s  t o  t h e  r i g h t  rep resen t  permeable 

Assuming t h a t  t h e  fo rma t ion  water i s  more s a l i n e  than  t h e  

sandstones and conglomerates. A sha le  base l i n e  i s  drawn on P l a t e  1 t o  a l l o w  

q u a l s t a t i v e  i n t e r p r e t a t i o n s  t o  be made; t h e  exac t  va lue  o f  t h e  s h a l e  l i n e  has 

no p a r t i c u l a r  s i g n i f i c a n c e  (Schlumberger, 1972). The SP ca rve  shows ve ry  

l i t t l e  cha rac te r  i n  t h e  upper 945 m (3100 f t )  o f  t h e  hole.  

(3130-3300 f t )  t h e r e  i s  a pronounced s h i f t  towards the  sha le  l i n e .  

i n t e r v a l  corresponds t o  a zone o f  h i g h  p o r o s i t y  and r e s i s t i v i t y  which was 

mentioned above. Combined i n t e r p r e t a t i o n  o f  t h e  d e n s i t y ,  r e s i s t i v i t y ,  and SP 

Between 945-1006 m 

This 

l o g s  suggests t h a t  t h e  945-1006 ill i n t e r v a l  i s  a porous, b u t  n o t  n e c e s s a r i l y  
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permeable, sha le  hor izon ,  

s h i f t  towards t h e  sha le  l i n e .  Th is  seems t o  Ibe f u r t h e r  c o n f i r m a t i o n  t h a t  t h e  

1006 m t o  t o t a l  depth  i n t e r v a l  o f  t h e  h o l e  i s  composed o f  compacted, nonporous 

sediments. 

Below 1006 m t h e r e  i s  a gradual  b u t  pronounced 

Natura l  Gamma Ray Log 

A n a t u r a l  gamma ray l o g  measures v a r y i n g  amounts o f  r a d i a t s o n  from 

uranium, thor ium,  and potassium i n  t h e  rock.  I n  sedimentary rocks  such as 

those  of t h e  D a l t o n  # 1  w e l l ,  a h i g h e r  r a d i a t i o n  response would be expected 

from s t r a t a  c o n t a i n i n g  v o l c a n i c  ash, o rgan ic  m a t e r i a l ,  o r  c e r t a i n  types  o f  

c l a y  m ine ra l s .  The gamma l o g  on P l a t e  1 shows r e l a t i v e l y  good c o r r e l a t i o n  

w i t h  t h e  geo log ic  l og .  

p r e v i o u s l y  shows as an anomaly o f  about 90 A P I  u n i t s ,  

(250 and 1150 f t )  t h e r e  i s  a steady i n c r e a s e  i n  gamma r a y  values. 

sharp d r o p - o f f  seems t o  correspond t o  a zone ( o f  l o o s e l y  c o n s o l i d a t e d  

conglomerate seen i n  t h e  geo log ic  l o g  and t h e  l a r g e  washout observed i n  t h e  

The t u f f a c e o u s  sedimentary h o r i z o n  mentioned 

Between 78 and 350 m 

A t  350 m, a 

c a l i p e r  log .  

c y c l e  o f  t h e  T e r t i a r y  sediments which was dislcussed above. 

shows s t e a d i l y  i n c r e a s i n g  b u t  h i g h l y  i r r e g u l a r  va lues  from 350 t o  1006 m 

(1150-3300 f t ) .  

n o l e  (average va lues  o f  200 A P I  u n i t s ) .  

s h a r p l y ,  i n d i c a t i n g  t h e  bottom o f  t h e  second d e p o s i t i o n a l  cyc le .  

The 350 m depth  a l s o  marks t h e  lend o f  t h e  f i r s t  d e p o s i t i o n a l  

The gamma r a y  l o g  

The 945-1006 m i n t e r v a l  i s  t h e  most r a d i o a c t i v e  of t h e  e n t i r e  

Below 1000 TI r a d i a t i o n  va lues  drop  

Summa ry 

The Da?ton  w e l l  l o g s  r e f l e c t  t h e  n a t u r e  o f  t h e  T e r t i a r y  sediments and 

t h e i r  bea r ing  on t h e  geothermal p o t e n t i a l  o f  t h e  Wel ls area. A hot -water  

e n t r y  zone i s  hypothesized a t  168 m (550 f t )  depth. The porous, w n l i t h i f i e d  

n a t u r e  o f  t h e  sediments between 168 and 350 m (550-1150 f t )  does n o t  p rec lude  
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t h e  p o s s i b i l i t y  o f  a number o f  h o t  or c o l d  water e n t r y  p o i n t s  which were n o t  

s i g n i f i c a n t  enough t o  i n d i v i d u a l l y  r e g i s t e r  on t h e  tempera ture  1 og b u t  which 

do show up as r e s i s t i v i t y  lows. 

between 350-448 m (1150-1470 f t )  appears t o  have l i t t l e  b e a r i n g  on t h e  

geothermal system. Sediments between 448 and 1006 m a r e  porous b u t  w e l l -  

cemented and probab ly  c o n t r i b u t e  o n l y  minor  amounts o f  f l u i d  t o  t h e  system. 

Sediments below 1006 m a r e  non-porous, non- t ransmiss ive  s t r a t a  which show a 

h i g h e r  conduc t i ve  tempera ture  g r a d i e n t  t h a n  t h e  r e s t  o f  t h e  hole.  

A v e r y  t h i c k ,  porous zone o f  conglomerate 

GEOTHERMAL RESOURCES 

Sur face  M a n i f e s t a t i o n s  

As mentioned p r e v i o u s l y ,  t h e  Reynolds geothermal w e l l  and t h e  anomalously 

warm Da l ton  o i l  t e s t  w e l l  c o n s t i t u t e  t h e  known geothermal m a n i f e s t a t i o n s  i n  

t h e  immediate v i c i n i t y  o f  Wells. I n  a d d i t i o n ,  seve ra l  sha l l ow  c o l d  water 

w e l l s  have been d r i l l e d  c l o s e r  t o  t h e  c i t y  c e n t e r  ( F i g u r e  5) .  

bot tom h o l e  temperature,  and s t a t i c  water  l e v e l  ( i f  known) a r e  g i ven  i n  Table 

1. 

The depths, 

A number of warm s p r i n g s  a r e  found along t h e  western f l a n k  o f  t h e  Snake 

Mountains i n  T38N, R62E (F igu re  1) .  

s p r i n g s  i n  t h e  nor thwest  c o r n e r  o f  Sec t ion  17' ( h e r e a f t e r  r e f e r r e d  t o  as 

Sec t ion  17  Hot Spr ings) ,  Threemile Hot Spr ings i n  t h e  ncrrtheast co rne r  of t h e  

southeas t  co rne r  of Sec t i on  20, and t h e  h o t  s p r i n g s  i n  t h e  extreme southeast 

c o r n e r  of Sec t i on  20 ( h e r e a f t e r  r e f e r r e d  t o  as  Sulphur Hot Spr ings) .  

s p r i n g s  a r e  shown i n  t h e  southeast q u a r t e r  o f  Sec t i on  29 on U.S. Geological  

Survey topograph ic  maps, a l t hough  o n i y  c o l d  water s p r i n g s  were found a t  t h i s  

l o c a t i o n  by t h e  au thor .  

Humboldt Range ( n o t  t o  be confused w i t h  R a i l r o a d  w e l l  i n  t h e  town of Wel l s )  

From n o r t h  t o  south these  a r e  the h o t  

Hot 

R a i l r o a d  Spr ings a long t h e  eas t  f l a n k  of t h e  East 
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FIGURE 5 - Location OF shallow water wells in and 
around Wells Nevada (T37N,R62E> 

U.S. Highway 93 



TABLE 1. D a t a  .for we1 Is i n  the We1 Is, Nevada area. 

Name El evati on Depth Bottom temp. Stat ic  level (below Stat ic  level ( t rue  
m ( f t )  m ( f t )  "C ( O F )  surface col lar)  m ( f t )  elevation m ( f t )  

Reynolds 1710 168 49 F1 owi ng 
We1 1 (5610) (550 1 (120) artesian 

Dalton 
we1 1 

Section 34 
shallow well 

172 5 1282 113 2 ( ? I  
(5660) (4205) (236 1 (6) 

1718 79 "cold" 2 
(5635) (260) (6 )  

Rai 1 road we1 1 1714 62 --I 

(SP well) (5622) (202) 

Football f iel d 1718 105 " w a n "  
we1 1 (5636) (343) 

Reservoir 1744 111 14 
we1 1 (5722) (365) (58) 

8 
(25 1 

35 
(115) 

F 1 ow i ng 
artesian 

1723 
(5654) 

1716 
(5629) 

1706 
(5597 ) 

1711 
(5614) 

1709 
(5607) 



are  repor ted  t o  be warm (Oester l ing ,  1960). A b r i e f  f i e l d  check revealed on ly  

c o l d  water a t  t h i s  l o c a t i o n .  Temperatures, f l o w  ra tes ,  and water chemistry 

measurements a re  presented i n  Table 2 f o r  a l l  o f  these spr ings  and . the  

Reynol ds we1 1 .  

Warm water i s  repor ted  from a mineral  explorat i .on ho le  d r i l l e d  i n  

T e r t i a r y  sediments along t h e  west f l a n k  o f  t h e  Snake Mountains n o r t h  of t h e  

Sect ion 17 Hot Springs. Due t o  t h e  p r o p r i e t a r y  na ture  o f  t h e  hole, i t s  exact 

l o c a t i o n  and temperature a re  unknown. 

so t h e  l i t h o l o g y ,  po ros i t y ,  a l t e r a t i o n  and s t r u c t u r e  o f  t he  rock associated 

w i t h  t h e  warm water were n o t  determined. However t h i s  r e p o r t  o f  warm water 

suggests t h a t  thermal f l u i d s  may be common i n  t h e  u p l i f t e d  f a u l t  b lock  of t h e  

Snake Mountai ns. 

This area was n o t  mapped by t h e  author, 

Chemistry 

The chemical analyses OT Table 2 are  p l o t t e d  on t h e  Piper diagram o f  

The Piper p l o t  seems t o  rough ly  de f i ne  a thermal and nontherrnal F igure  6. 

f i e 1  d w i t h  t h e  thermal water c h a r a c t e r i s t i c a l l y  having a h iaher  (Na+K)/(Ca+Mg) 

r a t i o  than t h e  nonthermal water. The chemical ana lys i s  o f  t h e  Reynolds we l l  

l i e s  between t h e  thermal and nontherrnal values and suggests t h a t  t h i s  water 

has bo th  thermal and nonthermal components. 

Geothermometers were c a l c u l a t e d  f o r  t h e  Reynolds we1 1 and a1 1 ho t  spr ings  

w i t h  pub l i shed chemical analyses (Table 3). As w i t h  a l l  geothermometry 

c a l c u l a t i o n s ,  i t  i s  assumed t h a t  chemical e q u i l i b r a t i o n  was achieved between 

water and wal l rock  a t  depth, t h a t  t h e r e  was an adequate supply of reac tan ts ,  

and t h a t  t he re  was no r e e q u i l i b r a t i o n  du r ing  ascent o f  t h e  ho t  water (Fourn ie r  

e t  a l . ,  1974). 

water i n  t h e  Reynolds w e i l ,  s i l i c a  geothermometers from the Reynolds we l l  a re  

Note t h a t  al though mix ing  has been hypothesized f o r  therrnal 
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o - Hot sprhgs 

A - Reynolds w e l l  

o - Nan- thermal w a t e r  from 

ANIONS CATIONS PERCENTAGE REACTING VALUES 

FIGURE 6 - PIPER PLOT OF THERMAL AND NON-THERMAL WATERS 
IN THE WELLS,NEVADA AREA. 
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TABLE 2. Chemistry o f  t h e  thermal water near Wells, Nevada. 
2 

Name Temp. F7 ow Rate Si02 Na K Ca Mg HCO3 SO4 C 1  TDS Reference 
- "C ( O F )  l / m  (gpm) P P ~  P P ~  P P ~  P P ~  P P ~  P P ~  P P ~  P P ~  P P ~  

Rcynol ds 
We1 1 

Su 1 p hur Hot 
Spr i  ngs 
( S E  Sec. 20) 

3 m i l e  
Hot Spr i  ngs 
(SE Sec. 20) 

Sec. 17 
Hot Springs 

p3 

1 2 - m i l  e Hot 
Springs, Sec. 27 
T37N, R62E 

Ra i l  road 
Spr i  ngs 

Spring, Sec. 29 

Water from 
i r r i g a t i o n  we1 1 
(Sec. 25) 

Humbol d t  we1 Is 
(Sec. T27N, R62E) 

49 (120) 

60 (140) 
50 (122) 

36 (97)  
46 (115) 

50 (122) 
55 (131) 
61 (142) 

39 (102) 

15 (60) 

Col d 

Cold 

189 (50) 
4 (1) 

38 (10) 
57 (15) 

3028 (800) 

88 58 

110 300 
165 160 

76 340 

86  370 
105 300 

18 27 

19 384 

5 3  34 

46 93 

20 33 5 259 20 16 270 ESL a n a l y s i s  (see 
Appendix A) 

30 78 36 1210 24 26 Garside and Schi 11 i ng 
16 12 0.3 345 61 22 (1979) 

36 51 1 3  1150 29 34 GEOTHERM 
Garside and S c h i l l i n g  
(1979) 

46 48 1 3  1230 12 37 Garsi de and Shi 1 1 i ng 
31 75 37 1135 32 27 (1979) 

Garside and Schi 11 i n g  
(1979) 

6 48 15 234 27 21 239 ESL a n a l y s i s  

6 7 6  1040 13 39 1172 ESL a n a l y s i s  

9 36 16 234 20 17 342 ESL a n a l y s i s  

12 68  30 55 136 ,708 ESL a n a l y s i s  



TABLE 3. Geothermometers o f  t h e  thermal water near Wel ls,  Nevada. Given as "C ( O F ) .  

Name Surface Chalcedony Quar tz  Quar tz  Na -K-Ca Na -K-Ca 
Temp. (conductive)  ( a d i a b a t i c )  (Mg c o r r . )  

Reynolds we1 1 49 (120) 103 (217) 130 (266) 127 (260) 228 ('442) 137 (279) 

Sulphur Hot 
Springs (Sec. 20 
T38N, R U E )  

3 -mi le  Hot 
Springs (Sec. 20) 

Sec. 17 
Hot Spri  nqs 

60 (140) 116 (241) 143 (289) 137 (279) 178 (352) 41 (106) 
50 (122) 144 (291) 162 (324) 158 (316) 184 (363) 184 (363) 

37 (97) 94 (202) 122 (252) 120 (248) 187 (369) 92 f198) 

55 (131) 101 (214) 129 (264) 126 (258) 199 (390) 100 (212) 
61 (142) 114 (237) 140 (284) 135 (275) 181 (358) 40 (104) 
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I t h e  Mg-corrected Na-K-Ca geothermometer precl i ides i t s  use. Assuming t h a t  

i n i t i a l  water temperature equaled mean annual sur face temperature (7.2OC), t h e  

i n  good agreement w i t h  those o f  t h e  ho t  spr ings.  

a r e  var iab le ,  p a r t i c u l a r l y  when t h e  Mg c o r r e c t i o n  i s  ca lcu la ted .  

f o r  t h i s  v a r i a b i l i t y  i s  unknown and beyond t h e  scope of t h i s  study. 

A l l  Na-K-Ca geothermometers 

The reason 

Using an average va lue o f  a s p e c i f i c  geothermometer from t h e  nearby hot  

spr ings (see Table 3), and assuming t h a t  t h e  geothermal gradients  determined 

fo r  t h e  Dal ton we l l  apply  throughout t h e  area, ca1cu:ations can be made 

concerning p o s s i b l e  depth o f  c i r c u l a t i o n  o f  t h e  thermal water near Wells. 

chalcedony or Na-K-Ca geothermometers a re  t h e  most appropr ia te fo r  

cal  cu l  a t i o n s  i n  moderate-temperature ( <150°C) geothermal systems (Fourn ier ,  

1973; Fourn ier  and Truesdel l ,  1973). However, t h e  wide range of values f o r  

The 

depth o f  ' c i r c u l a t i o n  i s  approximately 1.7 km i i s  c a l c u l a t e d  from an average o f  

t h e  chalcedony geothermorneters o f  Threemile and Sulphur - Hot Springs, t h e  

nearest  sur face  thermal waters. This i s  somewhat shal lower  than t h e  2-6 km 

considered t y p i c a l  o f  Basin and Range geotherrnai systems (Olmsted e t  al. ,  

1975, p. 51) .  

t tydrology and Hydrothermal Models 

The c e n t r a l  quest ion concerning t h e  geothermal resources n o r t h  o f  We1 1 s 

i s  whether t h e  ho t  spr ings  aiong t h e  western edge o f  t h e  Snake Mountains a r e  

r e l a t e d  h y d r o l o g i c a l l y  t o  t h e  warm w e l l s  immediately n o r t h  of t h e  c i t y  or 

whether t h e  ho t  spr ings  and w e l l s  a r e  separatie hydrothermal systems. 

t o  t h i s  quest ion would he lp  d e f i n e  t h e  depth and ex ten t  o f  geothermal 

e x p l o r a t i o n  t a r g e t s  i n  t h e  Wells area. 

Answers 

Figures 7, 8, and 9 p o r t r a y  poss ib le  

subsurface hydrothermal regimes. It rnust be emphasized t h a t  these t h r e e  

models a re  no t  m u t u a l l y  exclusive.  A combination o f  features from any of them 

26 



27 



28 



Figure 9. 

Sec.  2 9  N 

Subsurface model in wich separate sources are hypothesized 
for the thermal water. Hot springs are controlled by a Basin 

and Range fault. Water in the Dalton and Reynolds wells 

comes from an unknown source to the east. Symbols and unit 

designations a s  in Figure 2. 



I 

m igh t  be poss ib le .  
~ 

I n  F i g u r e  7 h o t  water  i s  hypothes ized t o  r i s e  up t h e  Basin and Range 

f a u l t  a f t e r  be ing  heated a t  a depth o f  approx imate ly  1.7 km. 

Range f a u l t  e x h i b i t s  hydrothermal a l t e r a t i o n  and an undetermined amount of  

d isplacement.  

hydrothermal f l u i d s  i n  t h e  upper p o r t i o n  o f  t h e  f a u l t  has r e s u l t e d  i n  s i l i c a  

d e p o s i t i o n  and format ion o f  a r e l a t i v e l y  impermeable zone. Upon encounter ing  

t h i s  r e l a t i v e l y  impermeable zone, t h e  water i s  f o r c e d  t o  m i g r a t e  l a t e r a l i y .  A 

p o s s i b l e  pa th  f o r  m i g r a t i o n  would be a porous conglomerate a q u i f e r  immediate ly  

beneath t h e  zone o f  hydrothermal a l t e r a t i o n .  ?he tu f faceous  s i l t s t o n e  which 

o v e r l i e s  these conglomerates i s  b e l i e v e d  t o  form an a q u i t a r d  which prevents  

t h e  thermal  water  from escaping t o  t h e  surface. 

Th is  Basin and 

(The amount shown i n  F igu re  7 i s  s p e c u l a t i v e ) .  Coo l ing  o f  t h e  

The thermal  water  m ig ra tes  th rough f a u l t  blocks t o  t h e  eas t  and west 
- 

( F i g u r e  7 ) .  

about 150 m (492  f t ) ,  t h e  l a r g e  th icknesses  and abundance o f  t h e  conglomerates 

r e l a t i v e  t o  l e s s  permeable sediments p e r m i t  t h e  water  t o  be t r a n s m i t t e d  

between f a u l t  b locks.  The thermal  water  t h a t  t r a v e l s  t o  t h e  e a s t  moves down 

d i g  th rough success ive f a u l t  b locks ,  c o n t r a r y  t o  t h e  shal low,  east - to-west  

f l o w i n g  ground water  regime o f  t h e  Humboldt R iver .  On t h e  o t h e r  hand, t h e  

thermal  water t h a t  t r a v e l s  t o  t h e  west moves up d ip ,  p a r a l l e l  t o  t h e  sha l l ow  

Al though d isp lacement  a long each s tep  f a u l t  i s  es t imated  t o  be 

ground water regime. 

thermal water moving west t han  f o r  t h e  water moving east .  

The r e s u l t  i s  a s t ronger  h y d r a u l i c  head f o r  t h e  geo- 

The v a r i a b l e  

h y d r a g l i c  head may e x p l a i n  t h e  l a c k  o f  ho t  sp r ings  eas t  of t h e  Basin and Range 

f a u l t .  

A second hydrothermal model (F igu re  8) shows thermal  water r i s l n g  f rom 

The movement o f  t h e  water i s  n o t  depth th roughout  t h e  area n o r t h  o f  Wells. 
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s t r u c t u r a l  ly  c o n t r o l  led .  Instead,  t h e  g e n e r a l l y  unporous 1 i t h o l o g i e s  o f  t h e  

T e r t i a r y  sediments a l l o w  v e r t i c a l  t ransmiss ion  o f  t h e  thermal  water. The 

t u f f a c e o u s  s i l t s t o n e  h o r i z o n  a c t s  as aqu ic lude and prevents  much o f  t h e  h o t  

water from reach ing  t h e  sur face.  

The t h i r d  hydrothermal model presumes t h a t  thermal  water  f o r  t h e  h o t  

s p r i n g s  and t h e  two w e l l s  were de r i ved  from separate sources (F igu re  9). Hot 

sp r ings  a r e  d e r i v e d  from thermal  water  f l o w i n g  up t h e  Basin and Range f a u l t  

( F i g u r e  2). Thermal water from t h e  Da l ton  and Reynolds w e l l s  o r i g i n a t e s  from 

an eas te rn  source which has no known su r face  m a n i f e s t a t i o n s .  Note t h a t  i n  

t h i s  model, c i r c u l a t i o n  o f  t h e  thermal water conforms t o  t h e  sha l l ow  ground 

water  g r a d i e n t  o f  t h e  Humboldt River .  

L e g i t i m a t e  o b j e c t i o n s  can be r a i s e d  t o  each o f  t hese  models. The f i r s t  

model i m p l i e s  t h a t  t h e  thermal water f lows i n  a d i r e c t o r  oppos i te  t o  t h e  

sha l l ow  ground w a t m .  

v e r t i c a l l y  t h rough  d i v e r s e  l i t h o l o g i e s ,  some o f  which ( p a r t i c u l a r l y  those 

below 1060 m) a r e  non-permeable s i l t s t o n e s .  

t h e  neares t  ho t  s p r i n g s  t o  t h e  eas t  of Wel ls a r e  l o c a t e d  40 km (25 m i l e s )  away 

( T r e x l e r  e t  al., 1979) i n  a d i f f e r e n t  h y d r o l o g i c  b a s i n  (Eakin and Lamke, 

1966). 

t h e  s t e p  f a u l t s .  

t h e  f a c t  t h a t  t h e  upper p o r t i o n s  o f  these s t r u c t u r e s  arG found i n  t h e  u p l i f t e d  

Snake Mountains f a u l t  b lock  where they  a r e  above t h e  p o t e n t i o m e t r i c  surface. 

The second model r e q u i r e s  t h a t  t h e  h o t  water move 

The t h i r d  model i s  weak because 

A l l  t h r e e  models suggest t h e  p o s s i b i l i t y  o f  warm water c i r c u l a t i o n  i n  

That no h o t  sp r ings  a r e  seen a long  these f a u l t s  i s  due t o  

Another h y d r o l o g i c  enigma i s  t h e  general  absence o f  warm water i n  and 

around t h e  town o f  Wel ls (Tab le  I ,  F igu re  5 ) .  Two p o s s i b l e  exp lana t ions  a re  

o f fe red .  F i r s t ,  t h e  deepest o f  t h e  domestic w e l l s  i n  t h e  town i s  111 m (364 

f t ) ,  n e a r l y  57 m (187 f t )  above t h e  p o s t u l a t e d  h o t  water e n t r y  zone i n  t h e  
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Reynolds and Da l ton  we l ls .  

t h e  presence o f  warmer water. 

o f  t h e  East Humboldt Range and f a r t h e r  away from t h e  hypothes ized Basin and 

Range f a u l t  t h a n  i s  t h e  Reynolds proper ty .  

Range, the re fo re ,  makes t h e  r a t i o  o f  c o l d  water  t o  h o t  water  h i g h e r  a t  Wel ls 

than a t  t h e  Reynolds proper ty .  

A deeper we l l  w i t h i n  t h e  c i t y  l i m i t s  migh t  show 

Secondly, t h e  town i s  c l o s e r  t o  t h e  f o o t h i l l s  

Runoff  f rom t h e  East Humboldt 

Suggested Expl  o r a t i o n  Techniques 

Several geothermal e x p l o r a t i o n  techn iques  c o u l d  be a p p l i e d  t o  l o c a t e  

a d d i t i o n a l  geothermal resources o r  t o  t e s t  t h e  subsur face models hypothes i  zed 

i n  t h e  p rev ious  d iscuss ion .  The s p e c i f i c  methods a p p l i e d  would depend on t h e  

e x p l o r a t i o n  budget and t h e  n a t u r e  o f  t h e  geothermal t a r g e t .  

Poss ib l y  t h e  most c o s t - e f f e c t i v e  techn ique would be temperature p r o f i l i n g  

o f  t h e  e x i s t i n g  we l l s .  

very  h e l p f u l  i n  d e f i n i n g ' t h e  source o f  t h e  geothermal water,  p rov ided  t h e  

f l o w i n g  a r t e s i a n  w e l l  c o u l d  be shut  i n  and a l lowed t o  ach ieve  thermal  

e q u i l i b r i u m .  

w o u l d  make an i n t e r e s t i n g  and c o s t - e f f e c t i v e  companion t o  the temperature l o g  

shown in P l a t e  1. Temperature p r o f i l e s  o f  t h e  sha l l ow  w e l l s  i n  Wel ls migh t  

a l s o  be va luab le  i n  e v a l u a t i n g  t h e  thermal  ground water regime near t h e  c i t y .  

A temperature p r o f i l e  o f  t h e  Reynolds w e l l  would be 

I f  t h e  Da l ton  w e l l  has n o t  caved, then a new temperature l o g  

An a d d i t i o n a l  ex t remely  v i a b l e  e x p l o r a t i o n  techn ique i s  a temperature 

survey us ing  s h a l l  ow, narrow d iameter  boreholes.  

used i n  o t h e r  geothermal areas o f  Nevada and t h e  western Un i ted  States.  

E x c e l l e n t  accounts of t h e  advantages and l i m i t a t i o n s  o f  t h i s  techn ique a r e  

g i v e n  by Olmsted (1977) and Murphy and Gwynn (1979). 

S i m i l a r  surveys have been 

Systemat ics o f  a sha l low boreho le  s i l rvey a r e  r e l a t i v e l y  s t r a i g h t -  
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forward. 

p i p e  i s  i n s e r t e d ,  capped, f i l l e d  w i t h  water, and a l lowed t o  e q u i l i b r a t e  

the rma l l y .  A tempera ture  probe I s  then  run  down t h e  PVC p ipe .  

which t h e  holes a r e  d r i l l e d  depends upon t h e  t ype  o f  geology o f  t h e  t a r g e t  

area and t h e  hypothes ize4 temperature o f  t h e  geothermal resource. I n  general  , 
sha l l ow  bore  surveys a r e  most e f f e c t i v e  where t h e  u n d e r l y i n g  thermal  anomaly 

i s  l a r g e  and t h e  p e r t u r b i n g  i n f l u e n c e  o f  sha l low ground water  i s  smal l .  

Reasonably good r e s u l t s  have been ob ta ined from surveys as sha l l ow  as 1 meter,  

a l t hough  deeper surveys g e n e r a l l y  g i v e  b e t t e r  r e s u l t s  (Olmsted, 1977). The 

techn ique  m igh t  be ve ry  usefu l  f o r  d e f i n i n g  t h e  presence o f  a thermal  anomaly 

below t h e  s i l i c i f i e d  zone mapped between Sect ions  32 and 33 ( F i g u r e  2) o r  f o r  

A narrow-d iameter  h o l e  i s  d r i l l e d  t o  predetermined depth  and PVC 

The depth t o  

any e x p l o r a t i o n  i n  t h e  f o o t h i l l s  of t h e  East Humboldt Range. 

be used i n  app ly ing  i t  near t h e  Reynolds w e l l  s i nce  t h e  Humboldt R ive r  

p robab ly  dominates t h e  ground water  regime i n  t h e  Quaternary a l l u v i u m  and 

t h e r e f o r e  masks any thermal  anomal’y. 

Caut ion shou ld  

A d d i t i o n a l  geophysica l  methods c o u l d  be brought  t o  bear on t h e  Wel ls 

geothermal resource  a l though  t h e i r  use i n  t h i s  t ype  o f  geo log i c  s e t t i n g  i s  

somewhat r e s t r i c t e d .  Resi s t i v i  ty surveys a r e  sometimes u s e f u l  i n  recogn iz ing  

subsur face  a q u i f e r s  o r  s t ream channels. 

i n v o l v i n g  t h e  successful  a p p l i c a t i o n  o f  t h e  techn ique i s  g iven  i n  Zohdy e t  a l .  

(1974). Grav i t y  surveys a r e  a1 so popu lar  i n  geothermal e x p l o r a t i o n  , b u t  t h e i  r 

use i s  l a r g e l y  r e s t r i c t e d  t o  d e l i n e a t i n g  h idden f a u l t s .  The techn ique m igh t  

be u s e f u l  i n  t h e  Wel ls area where t h e  t r a c e  o f  t h e  Basin and Range f a u l t  i s  

marked by a d e n s i t y  c o n t r a s t  such as would be observed between Quaternary  

a l l u v i u m  and t h e  T e r t f a r y  sediments. 

A good account o f  a case h i s t o r y  

An a c t i v e  se ismic survey was completed p r i o r  t o  d r i l l i n g  the  Da l ton  #1 
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ho le .  Such surveys can sometimes be used t o  d e l i n e a t e  deep subsurface 

f a u l t s .  

t i o n a b l e  whether b e n e f i t s  would j u s t i f y  t h e  quoted c o s t  of $8400/1 ine-mi le .  

It i s  p o s s i b l e  t o  o b t a i n  these  se ismic data,  a l though i t  i s  ques- 

SUMMARY AND RECOMMENDATIOMS 

The Wells geothermal system resembles many Basin and Range systems. It 

i s  c o n t r o l l e d  by a major  h igh-ang le  f a u l t ,  l o c a t e d  i n  an area of h i g h  heat  

f low,  and has geotherrnometer temperatures which i n d i c a t e  a moderate- 

tempera ture  (90-150°C) resource  a t  depth. It d i f f e r s  from o t h e r  geothermal 

systems i n  t h a t  some o f  t h e  resource may be moving i n  t h e  oppos i te  d i r e c t i o n  

of  t h e  p r e v a i l i n g  h y d r a u l i c  g r a d i e n t  and t h e  c a l c u l a t e d  depth of  f l u i d  

c i r c u l a t i o n  i s  o n l y  1.7 km. 

The f o l l o w i n g  s teps  ( n o t  n e c e s s a r i l y  g i ven  i n  o rde r  o f  importance) may 

b e t t e r  d e f i n e  t h e  resource:  

1) Deepen an e x i s t i n g  w e l l  w i t h i n  t h e  Wel ls c i t y  l i m i t s  o r  d r i l l  a new 

w e l l  t o  a depth o f  180-240 m (590-787 f t) .  

whether o r  n o t  t h e  168 m h o t  water  e n t r y  h o r i z o n  hypothes ized i n  t h e  

Reynolds and Da l ton  w e l l s  extends t o  t h e  south. 

Th is  would e s t a b l i s h  

2) Run a s u i t e  o f  temperature,  e l e c t r i c ,  and neut ron  l o g s  on a1 1 

e x i s t i n g  we l l s ,  warm and co ld ,  i n  t h e  Wel ls  area. 

If e x p l o r a t i o n  on a w ider  s c a l e  appears j u s t i f i a b l e ,  a sha l l ow  probe 

temperature survey aimed a t  d e f i n i n g  t h e  major  Basin and Range f a u l t  

might, be a c o s t - e f f e c t i v e  e x p l o r a t i o n  technique.  

3) 
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Appendix A. Major and t r a c e  element chemical ana lys i s  of water 
from t h e  Reynolds we l l ,  Wells, Nevada. 

103 NV-WIS-1  

ELEMENT 

NA 
K 
C A  
MG 
FE 
AL 
SI 
TI 
P 
SR 
BA 
V 
CR 
MN 
co 
N! 
cu 
MO 
PB 
ZN 
CD 
AG 
AU 
AS 
SB 
BI 
U 
TE 
SN 
bJ 
L I  
BE 
B 
ZR 
LA 
CE 
TH 
TDS 
c1- 
F- - 
so 4- 

CONCENTRATION (PPM) 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

58 
20 
33 
5 
0.025 
0.625 

0.125 
0.625 
0.31 
0.625 
1.25 
0.050 
0.250 
0.025 
0.125 
0.125 
1-25 
0.250 
0.125 
0. i25 
0.050 
0.100 
0.625 
0.750 
2.50 
6.25 
1.25 
0.125 
0.250 
0.050 
0. GO5 
0.1 
0.125 
0.125 
0.250 
3.75 
270 
16 
0.8 
20 

41 
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