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GEOCHEMISTRY OF ACTIVE GEOTHERMAL SYSTEMS I N  THE NORTHERN BASIN AND RANGE PROVINCE 

R. E. MarinerL T. S. P r e s s e r ,  and W .  C. Evans 

U.S. Geological  Survey, Menlo Park ,  C a l i f o r n i a  

ABSTRACT 

Numerous thermal  s p r i n g s  occur  i n  the 
no r the rn  Basin and  Range Province due p r i m a r i l y  
t o  the  s t r u c t u r e  and h igh  r eg iona l  hea t  flow. 
Di lu t e  t o  s l i g h t l y  s a l i n e  (200 t o  3,000 mg/L 
TDS) Ca and/or  Na-HCO type waters ,  many 3 assoc ia t ed  wi th  t r a v e r t i n e ,  a r e  dominant in 
e a s t e r n  and n o r t h e a s t e r n  Nevada. 
Na-HCO waters  a r e  p a r t i c u l a r l y  common along the  
e a s t e r n  s i d e  of t h e  S i e r r a  Nevada from Long 
Val ley no r th  t o  Br idgepor t .  Moderately t o  ve ry  
s a l i n e  (3,000 t o  35,000 mg/L TDS) Na-C1 type 
waters  predominate n e a r  major topographic  lows. 
Na-SO type wa te r s  a r e  common i n  western Nevada 
and in n o r t h e a s t e r n  C a l i f o r n i a .  Na-mixed an ion  
waters  a r e  common a long  t h e  no r th  s i d e  of t h e  
Black Rock Deser t  in nor thwes tern  Nevada and t h e  
Alvord Deser t  i n  s o u t h e a s t e r n  Oregon. 

CO -charged 2 
3 

4 

Measured tempera tures  i n  deep geothermal 
w e l l s  i n  the n o r t h e r n  Bas in  and Range Province 
a r e  about 14OC coo le r  t han  t h e  average 
temperature  c a l c u l a t e d  us ing  two chemical and 
one i so tope  geothermometer on waters  d i scharged  
by nearby thermal  s p r i n g s  and shallow w e l l s  
( ( loom) .  I s o t o p i c  d a t a  (6D) f o r  thermal sp r ings  
i n  the  no r the rn  Bas in  and Range have t h e  same 
genera l  p a t t e r n  a s  modern p r e c i p i t a t i o n .  
However, t h e  few de t a i l e d  s t u d i e s  of recharge  
a r e a s  f o r  s p e c i f i c  sys tems have .gene ra l ly  found 
l o c a l  co ld  wa te r s  t o  be s l i g h t l y  more enr iched  
i n  deuter ium than  water  c u r r e n t l y  d ischarged  by 
the  thermal sp r ings .  This  probably i n d i c a t e s  
t h a t  the  water  c u r r e n t l y  be ing  d ischarged  by the 
hot  sp r ings  was recharged  dur ing  co lde r  time 
per iods ,  perhaps t h e  P le i s tocene .  

In t roduc t ion  

Although chemical ana lyses  of  a few ho t  
sp r ings  i n  the n o r t h e r n  Bas in  and Range were 
publ i shed  in t h e  l a t e  1800's (Pea le  1886, Church 
18781, t h e  f i r s t  d e t a i l e d  s t u d i e s  were begun by 
Don White a t  Steamboat Spr ings  i n  t h e  l a t e  4 0 ' s  
and cont inued i n t o  t h e  e a r l y  60's (White and 
Brannock, 1950, White and o t h e r s ,  1964). 
Research a c t i v i t i e s  exploded i n  t h e  70's a s  
i n t e r e s t  i n  t h e  geothermal  resource  inc reased .  
Most thermal s p r i n g s  i n  t h e  nor thern  Bas in  and 
Range Province have now been  sampled and one o r  
more ana lyses  a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e .  

Compilat ions of chemical da t a  f o r  thermal. 
s p r i n g s  i n  t h e  va r ious  s t a t e s  which inc lude  
p a c t s  oE t h e  no r the rn  Basin and Range Province 
have been p resen ted  by Mundorff (19701, and 
Goode (1978) f o r  Utah, Gars ide  and S c h i l l i n g  
(1979) f o r  Nevada, Majmundar ( i n  p r e s s )  f o r  
C a l i f o r n i a ,  and U.S. Geological  Survey and 
Oregon Department of Mineral I n d u s t r i e s  (1979) 
f o r  Oregon. Loca t ions  and temperatures  of 
thermal  sp r ings  and w e l l s  have a l s o  been 
compiled by Waring (1965) and Berry and o t h e r s  
(1980). Figure  1 shows t h e  o u t l i n e  of t h e  
no r the rn  p a r t  of t h e  Bas in  and Range Province 
(Grea t  Bas in)  a long wi th  phys ica l  f e a t u r e s  
mentioned i n  t h e  t e x t .  

Chemical ComDosition of Water 

Chemically, t h e  thermal wa te r s  of t h e  
Bas in  and Range Province range from d i l u t e  
((1,000 mg/L TDS) Na-HCO o r  Ca-HCO type 
w a t e r s  t o  ve ry  s a l i n e  (18,000-35,008 mg/L 
TDS) Na-C1 type waters  (Table  1). The chemical 
c o n s t i t u e n t s  i n  thermal  wa te r s  a r e  de r ived  
p r i m a r i l y  from t h e  count ry  rock by d i s s o l u t i o n  
o f ,  o r  exchange with,  t h e  rock-forming minera ls  
( E l l i s  and Mahon, 1964, 1967). I d e a l l y ,  
concen t r a t ions  of s i l i c a ,  sodium, potassium, 
calcium and magnesium a r e  c o n t r o l l e d  by mineral-  
water  e q u i l i b r i a .  However, o t h e r  c o n s t i t u e n t s  
such a s  ch lo r ide  don ' t  a t t a i n  concen t r a t ions  
s u f f i c i e n t  t o  reach  s a t u r a t i o n  wi th  r e s p e c t  t o  
any ch lo r ide  bear ing  minera ls .  

Na-C1 type thermal  wa te r s  of moderate 
s a l i n i t y  occur i n  nor thwes tern  Nevada and west- 
southwest of Tonopah ( F i g .  2). Na-C1 type 
thermal  waters  a l s o  d ischarge  a long  t h e  e a s t e r n  
edge of the  Bas in  and Range Province i n  Utah and 
sou theas t e rn  Idaho. These waters  r e s u l t  from 
the  ex tens ive  r e a c t i o n  of thermal f l u i d s  wi th  
sedimentary rocks depos i t ed  i n  a marine 
environment. S u l f a t e  i n  t h e  Na-C1 type water  of 
Utah i s  p r imar i ly  of marine o r i g i n  based on both 
the  oxygen and s u l f u r  i s o t o p i c  composi t ions of 
d i s so lved  s u l f a t e  (Nehring and Mariner, 1979, 
Cole,  1982). Local ly ,  chemical and i s o t o p i c  
da t a  i n d i c a t e  some admixture wi th  ch lor ide- r ich  
sa l ine- lake  o r  p laya  wa te r s  may have occurred .  
High ch lo r ide  concen t r a t ions  can  a l s o  be 
a t t a i n e d  by c i r c u l a t i o n  through some g r a n i t e s  
(Moore and o t h e r s ,  19831, however, the  e x t e n t  of 
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Figure  1. Locat ion map of the major population c e n t e r s  and features mentioned 
i n  t h e  t e x t .  

t h i s  p rocess  in t h e  Basin and Range is  unknown. 
High ch lo r ide  concen t r a t ions  a r e  an  i n d i c a t i o n  
t h a t  more ex tens ive  wate.r-rock r e a c t i o n  has  
taken  p l a c e ,  and t h i s  may i n f e r  l onge r  f low 
p a t h s  and gene ra l ly  deeper c i r c u l a t i o n .  Most 
high  temperature  geothermal w e l l s  i n  t h e  Grea t  

Figure 2. Distribution OF Na-Cl waters in the northern Basin and Range Province. 

Basin have encountered  Na-Cl waters .  

Bicarbonate  wa te r s  range from d i l u t e  t o  
s l i g h t l y  s a l i n e  depending l a r g e l y  on t h e  source  
of the  d i s so lved  C02. 
depth  and d i s so lved  under p re s su re  i n  t h e  
thermal water ,  then  a h igh  TDS CO -charged water  
w i l l  be produced. High TDS CO2-ciarged waters  
a r e  p a r t i c u l a r l y  common ad jacen t  t o  the  southern  
S i e r r a  Nevada. 
wa te r s  a r e  s l i g h t l y  r ad ioac t ive  due t o  t h e i r  
high radium and radon con ten t  (Femlee and 
Cadigan, 1982, and Wollenberg, 1974) .  Enough 
calcium i s  p r e s e n t  i n  most of t hese  wa te r s  t o  
form t r a v e r t i n e  mounds and t e r r a c e s .  F a l e s  and 
Trave r t ine  ho t  s p r i n g s ,  near  Bridgeport ,  
C a l i f o r n i a  d i scha rge  t h i s  type of water  a s  does 
Hyder Hot Spr ings ,  i n  Dixie Val ley,  Nevada. 
However, i f  t h e  C02 i s  d isso lved  from 
t h e  atmosphere, o r  s o i l  gas. then  t h e  d i s so lved  
carbon concen t r a t ions  and r e l a t e d  t o t a l  
d i s so lved  s o l i d s  w i l l  be v e r y  low. 
S o l d i e r  Meadows ho t  s p r i n g s  i n  c e n t r a l  and 
nor thwes tern  Nevada a r e  good samples of d i l u t e  
Na-BC03 waters. 
waters  a r e  p a r t i c u l a r l y  common i n  c e n t r a l  
and e a s t e r n  Nevada ( F i g ,  3 ) .  
water  w i l l  be produced i f  t h e  p r i n c i p a l  bedrock 
is a l imes tone  and these  waters  a r e  common i n  
e a s t e r n  Nevada where Pa leozoic  l imes tones  c rop  

I f  C02 i s  genera ted  a t  

The more s a l i n e  COZ-charged 

Darrough and 

D i l u t e  Na-HCO 3 and Ca-€ICO, type 

A d i l u t e  Ca-HC03 
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out .  The d i l u t e  Na-HCO waters  deve lop  in a r e a s  3 where t h e  rock  c o n t a i n s  apprec i ab le  sodium 
si1 i c a t e  o r  sodium a l u m i n o s i l i c a t e  mine ra l s  and 
only  small amounts of  C02 a r e  a v a i l a b l e .  

wa te r s  occur  p r i n c i p a l l y  i n  nor theas?ern  
Ca l i fo rn ia  and t h e  a d j a c e n t  p a r t  of Nevada 
( F i g .  4 ) .  High s u l f a t e  concen t r a t ions  can 
r e s u l t  from d i s s o l u t i o n  of  gypsum ( a n h y d r i t e )  i n  
sedimentry rocks  o r  d i s s o l u t i o n  of mine ra l s  such 
a s  a l u n i t e ,  j a r o s i t e ,  anhydr i te ,  or p y r i t e  from 
minera l ized  zones (Hem, 1970) .  Oxida t ion  of 
s u l f i d e  t o  s u l f a t e  can  a l s o  produce l a r g e  
s u l f a t e  concen t r a t ions  and a c i d  s u l f a t e  wa te r s  

D i lu t e  t o  s l i g h t l y  s a l i n e  Na-SO ( + C1) 

(White and o t h e r s ,  1971) b u t  t hese  a r e  r a r e  i n  
the  Bas in  and Range Province.  The oxygen 
i s o t o p i c  compositions of  marine and hydrothermal 
s u l f a t e  a r e  q u i t e  d i f f e r e n t  (Long ine l l i  and 
Craig,  1967, and McKenzie and Truesde l l ,  1977) 
thus  i t  i s  r e l a t i v e l y  easy  t o  d i f f e r e n t i a t e  
between them. S u l f a t e s  i n  t h e  waters  of  t h e  
western p a r t  of t h e  Grea t  Basin gene ra l ly  range 
from 0 t o  -10 o / o o  i n  oxygen-18 (Nehring and 
Mariner, 1979) an6 i :we  a poss ' ible  source i n  the 
s u l f a t e  mine ra l s  a s s o c i a t e d  wi th  o r e  d e p o s i t s  
and gossans. Gypsum and anhydr i t e  depos i t s  i n  
Mesozoic marine rocks  a r e  a l s o  f a i r l y  common i n  
wes tern  Nevada, however, on ly  one of the  ho t  
sp r ings  f o r  which i s o t o p i c  da ta  i s  a v a i l a b l e ,  

' h h l e  I .  Cliemi'.;il Comli~,slliun o f  SelecLed Thermdl Waters of  the Nortllern &?sin and Ilinge--cont i n t i r d .  
I(i)nceiit r a t i o n s  :ire i n  m):fl., temperat l l r rs  a r e  i n  O C ;  sodium (Na) v a l u e s  Followud hy K r ep resen t  
sodium p lus  potassium; d.ishrs ( - )  1ndic; l te  no d ; ~ t a . ]  

Name/l.oc.it ion Temp pH SiOz CJ Mg Na K H C 0 3  C 1  SO4 F Reference 

CALIFORNIA 
A I  p i  ne County 

Unn. sprs.  on t h e  Carson River 
SENESE. sec.  34, T. I 1  N..  R. 20 E. 84 

I lnn .  sprs.  on t h e  Carson River 
NWSU, sec.  26, T. I 1  N . ,  R. 20 E. 

I a s s e n  County 
Amdee Hot Spr ings  

k x a e t t  Hot Spr ings  

Kellofi Hut Spr ings  

Wendell Hot Spr ings  

%amhoni Hot Spr ing  

NESW. see.  OR, T. 28 N.. R. 16 E. 

NWSE, sec.  12, T. 38 N . ,  R. 7 E. 

SWSE, sec.  15, T. 38 N . ,  R. f l  E. 

NESU. sec.  23. T. 29 N . ,  R. 15 E. 

NWNW, sec.  24, T. 24 N . ,  R. 17 E. 

Elodoc County 
Hut Spr ings  Motel 

Kelly Hot Spr ings  

Leonards Hot Springs 

L l t t l e  Hot Spr ings  

Seyfo r th  Hot Spr ings  

Went Valley Rese rvo i r  ( s p r i n g )  

NESW, sec.  06. T. 42 N.,R.  17 E. 

NENU. see.  29, T. 42 N . ,  R. I 0  E. 

NENE, sec.  1 3 ,  T. 43 N . ,  R. 16 E. 

NWSW. sec.  9. T. 39 N. ,  R. 5 E. 

NUNU, sec.  12,  T. 39 N.. R. 5 E. 

WNE, sec.  29, T. '19 N . ,  R. 14 E. 

Flono Cnunty 
Henton Hot Spr ings  

Fa le s  Hot Spr ings  

Long Valley-Hot Creek Gorge 

Mono l a k e  - North Shore 

- South Shore 

SU, sec.  2 ,  T. 2 S., R. 31 E. 

SE, sec.  24, T. 6 N . ,  R. 23 E. 

N E ,  sec .  25. T. 3 S.. R. 28 E. 

s e c .  11,  T. 2 N., R. 26 E. 

s e r .  I R ,  T. I N., R. 27 E. 

SIJ, sec.  34, T. 5 N.. R. 25 E. 
Trave r t ine  Hot Spring 

1 UAllO 
Hear Like  County 

tle:ir Lake Hot Spr ing  
SW, sec .  13, T. I5  S., R. 44 E. 

c.lssi:l coun ty  -- 
URGE-I 

sec .  2 3 .  T. I5  S., R. 26 E. 

Frank I in Coiinty 
Maple Grove Hot Spr ings  

W ~ y 1 : i i d  Hut Spr ings  
NE. see.  7 ,  T. 13 S., R. 41 E. 

NE. see.  R ,  T. 5 S., R. 39 E. 

Oneida County 
Uoodruff Hot Spr lngs  

NE. sec.  10, T. 16 S., R. 36 E. 

65 
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78.4 

95.5 

41 
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91.5 

61.8 

75.7 

85 

77.3 

56.5 

61 

90 

66 

33 

69 

47.5 

95 

76 

77 

27 

6.63 

h.52 

8.36 

R.53 

8.63 

8.26 

9.37 

R.40 

8.08 

7.82 

7.59 

7.66 

7.79 

9.32 

6.55 

6.6 

7.68 

6.38 

6.73 

6.6 

R.9 

7.3 

7.0 

7.3 

17R 

I i n  

9R 

h5 

85 

125 

36 

100 

1 I O  

110 

A7 

1 IO 

130 

63 

I I4 

150 

76 

130 

IO0 

3 5  

144 

55 

80 

29 

76 

125 

15 

30 

30 

20 

2.2 

16 

20 

26 

44 

2R 

19 

1.4 

41 

1.6 

13 

120 

64 

210 

5fl 

89 

I 60 

130 

6.5 

4 .O 

< . I  

<.I 

<.I 

<.I 

.02 

<.m 

<.l 

.6 

.2 

< . I  

< . I  

< . I  

10 

. I  

2.9 

h l  

18 

55 

0 . 3  

24 

16 

45 

510 

4 An 

235 

220 

240 

2R0 

66 

2RO 

2 50 

330 

230 

300 

330 

an 

560 

400 

430 

410 

1100 

180 

50 5 

490 

3100 

910 

40 38R 355 550 6.3 Unpub. d a t a ,  Mariner and o the r s  

21 333 295 700 2.4 Unpub. d a t a ,  Mariner and o the r s  

5.7 57 155 2R0 4.6 Mariner and o t h e r s ,  1976a 

3.2 32 93 370 2.0 Reed, 1975 

5.9 35 110 370 2.6 Reed, 1975 

8.0 53 IR5 340 4.2 Mariner and o t h e r s ,  1976a 

.57 7 4  14 57 2.0 Unpub. d a t a ,  Mariner and o the r s  

5.5 61 201) 320 5.1 Reed. 1975 

6.5 47 160 300 2.1 Reed, 1975 

8.5 84 220 390 S.2 Reed, 1975 

5.2 49 120 400 1.9 Reed, 1975 

9.0 63 220 370 5.4 Reed, 1975 

11. 63 I50 510 4.0 Reed. 1975 

1.0 96 22 50 3.R Mariner and o t h e r s ,  1977 

37 1130 160 260 4.7 Mariner and o t h e r s ,  1977 

24 549 225 IO0 9.6 Mariner and Wlley, 1976 

8.8 454 350 LOO 4.8 Marlner and o t h e r s ,  1977 

34 1560 105 28 .4 Mariner and o t h e r s ,  1977 

55 1800 200 920 4.5 Mariner and o t h e r s ,  1977 

61 256 79 ROO 7.1 Young and Mi tche l l ,  1973 

35 46 896 59 6.2 Nathenson and others .  1982 

40 491 630 260 1.1 Young and Mi tche l l .  1973 

660 699 5400 50 I 2  Young and Mi tche l l ,  1973 

87 454 1600 58 .h Young and Mi tche l l ,  1973 
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T.ible I .  Clrrmirnl Composltlon uf Se lec t ed  Thermal Wnt8:rs o f  the  Northern Hnsln and R;infic--cont lniied. 
IIbincentrritlonv nrc i n  mg/l.. tempernfuren :Ire I n  'C; sodium (Na) value8 follnwed hy K r ep resen t  
sodium p l u s  poc:isslttm; dashes (-) i nd tcnee  nn rlnta. 1 

Reference Nme/Loc.i L i o n  Temp pH S102 Cn Mp, Na K HCn9 C l  SO,, F 

NEVADA 
Cnrsun C l t x  

Carson Hot Syr tngs ,  

Pinyun Hills Well 
SENE, S ~ C .  5 .  'r. 1 5  N., R. 20 E. 49 

s e c .  23, T. 15 N., R. 20 E. 46 

Church1 I I County 
i l i x i e  Val ley Hot SptillgS 
SE. sec.  5 ,  T. 22 N., R. 35 E. 72 

NE, sec. 18, T. 24 N., R. 37 E. b o f l l n g  
I) txle  Federal  52-18 

Brsdy's Hot Sprlng ( u e l l )  
S W ,  sec.  12. T. 22 N., R. 26 E. 

Eagle S a l t  Works Sprfng 

Soda Lake-Upsal Hogback 
sec .  34. T. 22 N., R. 26 E. 

SW. sec.  28. T. 20 N.. R. 28 E. b o i l i n g  

S t  i i l w a t e r  Area 

Lee Hot Spr lngs  
SU, sec. 07. T. 19 N., R. 31 E. 

Unsurveyed (39O12.N b 118°43'W)' 

Douglas County 
Hobo Hot Spr lng  

Ss ra togs  Hoc Spr ings  

Ual ley 'o  Hot Spring 

SESE. sec.  23, T. I4 N.. R. 19 E. 

SESE, sec .  23, T. 14 N., R. 20 E. 

NE, sec. 22, T. 13 N.,R 19 E. 

Elko County 
Nile Sprlng 

SW. sec. 3 0 .  T. 47 N., R. 70 E. 
Trout  Creek Rnnch we l l  

NUNU, sec .  23. T. 46 N., R. 69 E. 
San J a c l n t o  Ranch Sprlng 
NUNU. sec. 23, T. 46 N., R. 64 E. 

RLzzi Ranch Hot Spring 
s a c .  29. T, 45 N., R. 54 E. 

Hlneral  (Con tac t )  Hot Springs 
sec. 16, T. 45 N., R. 64 E. 

Uiid Horse Hot Spr lne  
SESE, sec. 4, T. 43 N.. R. 55 E. 

Hnt Creek Spr lngs  
NU, sec. 12. T. 2R N.. R. 52 E. 

Hot Creek Spr ings  
NU, sec. 34, T. 43 N., R. 60 E. 

lloc Sulphur Sprlng 
NE, sec. 8 ,  T. 6 1  N. , R. 52 E. 

Hlne Cup w n c h  Well 
WNW. sec. 25, T. 61 N., R. 64 E. 

Hot Lake 
NNU, sec.  25. T. 38 N., R. 46 E. 

Unnamed s p r l n g  on Rock Creek 
SUSU. sec. I.T. 39 N.. R. 47 E. 

HumboIdt UeILs Aren 
SE. sec. 20, T. 38 N., R. 62 E. 

HOC Hole 
NE, see. 21, T. 34 N.. R. 55 E. 

Hot Spring nea r  Carlin 
sec .  33, T. 33 N., R. 52 E. 

Sulphur Hot Spring 
NU, see. 11 ,  T. 31 N., R. 59 E. 

Smith Ranch (Unn. sp r .  - Ruby Hersh) 
Nu, sec. 2., T. 27 N., R. 58 E. 

EsrnetGlda COull tr 
Alka l i  Sp r ings  

S i l v e r  Peak (Wateruorka) Hot Springs 
NU, sec. 26, T. 01 S., R. 41 E. 

SE,sec. 15, T 02 S., R. 39 E. 

Eureka County 
Beouaue 
SU, sec. 08, T.. 31 N., R. 48 E.  

Hoc Spr ings  Pofnt  
NU, sec. 1 1 ,  T. 29 N., R. 48 E. 

Bruffey 's  (H lne ra l  Hill) Hot Spring 
3ee. 14,  f. 2? N.. R. 5'Z E. 

Walt1 Hot Spr ings  
SW,sec. 33, T. 24 N., R. 48 E. 

Shlpley Hot Springs 
NESE, sec. 23, T. 24 N., R .  52 E. 

Ktobe Hot Spr ings  Bartholorme) 
SE, sec.28, T. 18 N., R. 50 E. 

96 

88 

46 

50 

62 

43 

43 

26 

41 

60 

54 

26 

9.3 

8.6 

8.6 

8.27 
@3ZoC 

6.78 
/?24OC 

7.86 
@4Z°C 

7.57 

7 - 4  
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9.0 

8.8 
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18 

35 
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79 

93 
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60 
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66 

72 

39 

54 
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6.87 
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7.21 
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8.53 

8.0 

8.1 

7.18 
@19OC 

8.98 
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7.0 

6.47 
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20 

58 
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23 
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1 IO 

65 

70 
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50 
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67 

58 

68 

40 

85 
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3.2 

4.4 

45 

92 

R2 
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44 

6 
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IO 

40 

16 

25 

29 
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48 

46 
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49 

29 

41 

78 

60 

60 
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45 

46 
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53 

52 

56 

57 
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.02 
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.32 
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2. I 
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.6 

.7 

.Ol 
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8.6 

7.7 

<.01 

12 

23.5 

20 

.22 

17 
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1 1  

36 

15.5 

I5 

.03 

1 2  
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96 

2 54 
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A50 

R39 

I000 

l4RO 

I 50 
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I 6Ok 
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10 

24 

13 

I in 
75 
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IO 

23 

160 

139k 

33 

86 
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45 

I35 

58 

349k 

- 92 29 96 - Worts 6 Malmberg, 1966 

- 41 3 3  135 4.3 C W R R .  1973 

6.5 133 126 1 1 1  16.3 Mariner  and o t h e r s ,  1974 

36 379 307 127 7.0 llnpub. d a t a ,  Mariner  and oche r s  

36 ' 111 1140 120 5.8 Unpub. d a t a ,  Mariner and o t h e r s  

- 99 955 334 Adams, 1944 

48 144 I500 360 .6 Hnrlner  and o t h e r s ,  1975 

42 90 2200 190 5.0 Mariner and o t h e r s ,  1974 

26 114 380 470 7.9 Mariner and o t h e r s ,  1974 

1.7 85 74 109 7.1 Clancy end Kaczner ,  1975 

- 18 39 678 9.0 Clancy and Ka tzne r .  1975 

3.6 68 44 235 4.9 Har lne r  and o t h e r s ,  1974 

5.6 149 8.7 37 .4 

5.6 120 2 22 .6 

3.9 132 3.9 I 1  .5 

8.3 3RO 4.4 36 3.4 

2.2 108 15 45 8.9 

22 482 14 40 5.2 

2.1 228 4.6 27 <.I 

17 307 3 51 -73 

1 5  367 16 54 9.6 

- 426 30 69 - 
7.0 132 22 34 .4 

14 330 13 h2 2.4 

30 1210 26 24 6.1 

39 490 16 72 1.9 

16 335 1 2  52 - 
8.9 274 23 40 17.7 

14 377 6.5 24 - 

Har lne r  and o t h e r s ,  1974 

Moore and Eakln. 1968 

Moore and Eakln. 1968 

Moore and Fakin,  1968 

Harlner  and o t h e r s ,  1974 

Marlner  and o t h e r s ,  1974 

Marlner and o t h e r s ,  1974 

Hortner  and o t h e r s .  1975 

Marlner and o t h e r s ,  1975 

Rush, 1968b 

Unpub. d a t a ,  Marlner and o t h e r s  

Unpub. da t a .  Mariner  and o t h e r s  

Marlner snd o t h e r s .  1975 

Mariner and o t h e r s ,  1974 

Marlner nnd o t h e r s ,  1974 

Hortner  and o t h e r s ,  1976 

Mariner  and o t h e r s ,  1974 

- 34R 68 492 .. Rush, 19688 

7 1  10000 750 559 17000 410 4.1 Unpub. d s t a ,  Mariner  and o t h e r s  

< . I  230 16 383 69 130 17 HarIner  and o t h e r s ,  1974 

35 230 58 913 1 7 6.6 Mariner and o t h e r s ,  1974 

16 39 8.7 287 14 27 .7 Robercs, Monrgomery, and Lehner, 191 

12 44 14 264 12 64 2.5 Har lne r  and o t h e r s ,  1974 

21 29 5.9 279 21 35 .2 Enkin, 1962s 

< . I  64 .7 144 6.3 18 - Hsrlner and o t h e r s ,  1974 



Mariner et a l .  

T:ible  I .  Chr.m(c:il C h m l B o s i t i o i i  u t  S e l c c t e l l  Tliermnl Waters o f  thc. Northern Basin and U~iige--contiliilc~l. 
[Coi icci i t rnt ioi is  a r p  I n  m g / L ,  t empera tu res  a r e  i n  OC; sodium (Na) v a l u e s  followed by K represent  
sodium p l u s  potasslum; d a s h e s  (-) i n d i c a t e  no da ta . ]  

Name/l.osnt i o n  Temp pH S102 Ca Hg Na K HC03  C i  SO4 F Refe rence  

llumbol d t  County 
Cord r ro  Mercury Mine w e l l  

Hog Hot Spr ings  

Ba l t azo r  Hot S p r i n g s  ( w e l l )  

Howard Hoc Spr ings  

Dyke Hot Spr ings  

The Hot Spr ings  

S o l d i e r  Meadows Ilot S p r i n g s  

P i n t o  Hot Spr ings  

Oauble Hot Spr ings  

Hac fa r l ane ' s  Bath House S p r i n g  

W e l l  

Golconda Area 

Hot Pot  

Hot Spr ing  Ranch (T ip ton )  

SE, sec.  28. T. 47 N.. R. 37 E. 

SWNW, sec .  07,  T. 46 N.. R. 28 E. 

NU, sec.  11. T. 46 N., R. 28 E. 

NE, sec.  04,  T. 44 N.. R. 31 E. 

SE,  sec.  25. T. 43 N . ,  R. 30 E. 

NE, sec.  20, T. 41 N.. R. 41 E. 

s e c .  23, T. 40 N., R. 24 E. 

ESE.sec. 17, T. 40 N. ,  R. 28 E. 

sec.  4 ,  T. 36 N., R. 26 E. 

NW. sec.  27, T. 37 N., R. 29 E., 

SWSE. sec.  03 ,  T. 37 N . ,  R. 39 E. 

SE, s ec .  29, T. 36 N., R. 40 E. 

SW. sec.  11. T. 35 N., R. 43 E. 

SE, sec.  05. T. 33 N. ,  R. 40 E. 

Lander C o u l l r y  
B u f f a l o  Va l l ey  Hot S p r i n g s  

SE, s ec .  23, T. 28 N. ,  R. 41 E. 
I, I, I* I, I, 1, I, I, I, 

Hot Spr ings  Ranch ( V a l l e y  of  t h e  Moon) 

South Smith Creek Va l l ey  

Spencer Hot Springs 

Unnamed s w i n e  nea r  U a l t i  Hot S p r i n g s  

N E ,  s ec .  23, T. 27 N., R. 43 E. 

NE, sec.  25, T. 17 N., R. 39 E. 

SE, sec.  13, T. 17 N . ,  R. 45 E. 

1 16'40.8'W Unsurveyed 39'56.6" b 

Lyon C o u i i t ~  
Hazen Area 

SW, sec. 18. T. 20 N., 
Wabuska Hot Spr ings  

SE, sec. 16, T. 15 N., 
Hind's (Nevada) Hot Spr 

SE, sec.  16, T. 12 N., 
Wedell Sp r ings  
SU, sec .  07,  T. 12 N., 

Nye County 
Diana's Punch Bowl 

Darrough's Hot S p r i n a  
SE, sec.  22. T. 14 N.. 

R. 26 E. 

R. 25 E. 

R. 23 E. 

R. 34 E. 

rigs 

R. 47 E. 
. .. 

sec .  08, T. 11 N. ,  R. 4 3  E. 
Hot Creek Ranch S p r i n g s  

sec .  29, T. 08 N. ,  R. 5 0  E. 
Upper Hot Creek Ranch S p r i n g s  

NESB, sec.  29, T. 08 N . ,  R. 50 E. 
Warm (Nanny Goat) S p r i n g  

NWSU, sec. 20. T. 04 N.,  R. 50 E. 

P r r s h i n g  County 
Colado (wells) 

SE, sec. 33. T. 28 N., R. 32 E. 

Kyle Hut Spr ings  

Tre  o Area 

l a a c h  Hot Spr ings  

Humboldt House (Rye P a t c h )  

SW. sec.  01, T. 29 N., R. 36 E. 

40' 46" by 119' 7'U 

SE. sec.  36. T. 32 N., R. 38 E. 

SE, sec.  21. T. 31 N.. R. 33 E. 
a r t .  w e l l  

Sou Hot Spr ings  

Hyder Hot S p r i n g s  
SE, sec.  29. T. 26 N.,  R. 38 E. 

SU, sec. 28. T. 25 N., R. 38 E. 

60 

54 

90 

56 

66 

58 

54 

93  

80 

75 

70 

74 

57 

85  

49 
73 

53 

86 
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61 

60 

59 
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67 

61 

60 

77 

9.05 

7.50 

9.2 

8.86 

8.0 

8.53 

7.14 

7.93 

6.61 

7.4 

6.53 

6.95 

8.36 

6.53 

8.0 

7.72 

6.49 

6.51 

7.05 

8.06 

8.65 

7.83 
@5OoC 

7.14 

8.29 

8.0 

8.1 

8.1 

7.56 
@38OC 
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84.5 7.93 

92 7.4 

- -  
77 - - -  
70 7.3 

78 6.77 

57 

57 

150 

85 

85 

5 5  

63 

150 
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82 

66 

39 
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80 
71 

40 
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77 

83 
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52 
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46 

98 
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61 

60 

85 
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79 
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64 

63 

36 

.2 

i n  

3 

1 .8 

10 

3.1 

14 

4.8 

43 

30 

33 

18 

16 

45  
43 

20 

4.8 

43 

66 

70 

39 
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13 

50 

1.3 

51 

33 

43 

110 

95 

11 

8.8 

43 
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90 
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41 

10 

<.I 

. l  

< . I  

<.I 

8 

< . I  

.4 

.I 

11 

7.1 

6.8 

5.3 

.9 

4.9 
5.2 

9 

.06 

9.4 

I1  

1.5 

.1 

.01 

.2 

11 

.1 

15.1 

9.5 

24 

6.5 

25.5 

.4 

.5 

3.6 
7.2 
1 .o 

19.8 

IO 

99 

62k 

81 

1 8n 

88 

150 

296 

74 

330 

I 80 

1350 

4 50 

130 

660 
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2 50 
295 

118 

170 

2 00 

I35 

620 

300 

102 

270 

55 

I10 

197 

193 

175 

1450 

540 

430 

160 

1350 

2000 

167 

390 

1400 

1 .0 

8.2 

1.7 

4.3 

36 

1.1 

2 3  

4.5 

28 

26 

22 

20 

1 8  

34 
33 

21 

R.4 

36 

42 

38  

14 

2.5 

9.2 

15  

2.6 

13.4 

1.4 

24 

120 

80  

8.6 

1 3  

240 
240 
240 

26 

20 

195 

138 

156 

127 

277 

88 1 

98 

497 

265 

2050 

1240 

429 

1625 

385 

813 

333 

256 

672 

559 

100 

74 

69 

214 

277 

152 

54 5 

50 1 

714 

199 

544 

163 

368 

202 
380 

43 

324 

926 

34 

1 5  

47 

in  

21 

26 

I8 

160 

59 

870 

14 

18 

61 

41 

29 
29 

21 

22 

22 

32 

820 

55 

17 

78 

8 

12 

42 

37 

32 

2400 

770 

500 

29 

2250 
2300 
3600 

77 

45 

56 

45  

230 

62 

82 

36 

41 

120 

120 

210 

52 

56 

155 

140 

I IO 
104 

64 

102 

51 

58 

&on 

620 

169 

315 

59 

53 

1.7 

6 .8  

8.0 

12 

12 

IO 

2.6 

1.8 

9.4 

4.8 
4.6 

8.9 

4.7 

4.1 

4.2 

R.2 

3. I 

12 

2.8 

14 

86.4 8 

64 

120 

120 

51 

I80 

53 

18 
39 
90 

3 54 

120 

8.3 

4.6 

5.7 

4.1 

7.8 

6.2 
5.3 

5.5 

8.6 

V i s h e r ,  1957 

Mariner and o t h e r s ,  1974 

Mar ine r  and o t h e r s ,  1974 

Mar ine r  and o t h e r s ,  1974 

Mar ine r  and o t h e r s ,  1974 

Mar tne r  and o c h e r s ,  1974 

Mar ine r  and o t h e r s ,  1974 

Mar ine r  and o t h e r s ,  1974 

Mar ine r  and o t h e r s ,  1974 

Unpub. d a t a ,  Mariner and o t h e r s  

Cohen. 1962 

Mariner and o t h e r s ,  1974 

Unpub. d a t a ,  Mariner and o t h e r s  

Mariner and o t h e r s .  1974 

Mariner and o t h e r s ,  1974 
Unpub. d a t a ,  Mariner and o t h e r s  

Y a r i n e r  and o t h e r s ,  1974 

Mar ine r  and o t h e r s ,  1974 

Mar ine r  and o t h e r s ,  1974 

Unpub. d a t a ,  Mariner and o t h e r s  

Mar ine r  and o t h e r s ,  1975 

Mar ine r  and o t h e r s ,  1975 

Mar ine r  and o t h e r s ,  1974 

Unpub. d a t a ,  Mariner and o t h e r s  

Mar ine r  and o c h e r s ,  1974 

Mar ine r  and o t h e r s ,  1974 

Sande r s  and Miles, 1974 

USGS. 1977 

Mar ine r  and o t h e r s .  1974 

Mar ine r .  Brook, Swanson and 
Mabey, 1978 

Mar ine r  and o t h e r s ,  1974 

Mar ine r  and o t h e r s ,  1976 

Unpub. d a t a ,  Mariner and o t h e r s  

Unpub. d a t a ,  Mariner and o t h e r s  
Unpub. d a t a ,  Mariner and o t h e r s  
Beno i t .  1978 

Sande r s  and Mi le s ,  1974 

Mar ine r  and o t h e r s ,  1976 



Mariner et al. 

'T.lblv I .  C i i ~ m t r : i l  (hmpos i t inn  of Selected Tlwrma1 Waters of t h c  Northern Basin and Ilrnqe--contlnned. 
(Gtirvcntr . r r lons a r e  I n  mR/I., lemperetures arc l n  OC; sndlum (Na)  va lues  followed by K r ep resen t  
sodlum p l u s  pntasslrlm; dashes  (-) l n d l r n t e  no data.)  

N.mc I l .o1*81 L ion Temp pH Si02 Ca b@ Na K HC03 C1 SO4 F Re f ecence  

Washne County 
Fly K.inch (Wdrd's) 

Great  Molllng Sprfng 

San Emldto Deser t  

'The Nrrdle Rocks 

L;lwton llot Spr lngs  

Mo:ina Spr lngs  Area ( R t e l t n  Well) 

Steamboat Spr lngs  

Bowers Uanslon Hoc Spr lngs  

sec .  02. T. 34 N.. R. 23 E. 

NU, see. is, T. 32 N., R. 23 E. 

Unaurveyed - 40'23" 119'24'W 

MWSUSW. s e c .  06, T. 26 N., R. 21 E. 

SUNE, s e c .  13, T. 19 N. ,  R. I8 E. 

#Est:, see. 26, T. 19 N., R. 19 E. 

Nk:, uec. 33,  T. 18 N., R. 20 E .  

NU, see. 03, T. 16 N., R. 19 E. 

White Plne Coiriity 
Clirrry Creek Hoc Spr lngs  

Munte Neve Hot Spr ings  
SIX. 6, T. 23 N., R. hl E. 

set. 24, T. 21 N.. R. 63 E. 

OREGON 

SE, sec .  3 3 ,  T. 34 S . .  R. 34 E. 
Crane Hot Spr ings  

Mlckey Hot Spr lngs  

Trout  Creek Hot Spr lngs  

Uiin. Sprs .  nea r  Hot l a k e  

llnn. Sprs .  nea r  Harney l a k e  

SW, sec. 34, T.24 S., R. 33 E. 

SIX. 1 3 ,  T.33 S., R. 35 E. 

sec. 16,T. 39 S.. R. 37 E. 

SE, sec. 36, T. 27 S., R. 29 E .  

Lake County 
Barry Ranch Hot Springs 

Crump 

Fishe r  Hot Spr ings  

Hunters  Hot Spr ings  

Summer Lnke Hot S p r l n g s  

SE. set. 27, T. 39 S., R. 20 E. 

SU, sec. 34,T. 38 S., R. 24 E. 

NU, sec. 10, T. 38 S., R. 25 E. 

Nu. sec. 04, T.39 S., R. 20 E.  

NE, see. 12, T. 33 S . .  R. 17 E. 

u ' rm 
Meelver County 
Huosavcl t  Seep 

i toosevel t  Steam Well 
WSWSU, src. 34, T. 26 S . ,  R. 9 W 

NWSWNE, SCC. 03. T. 27 S., R. 9 W. 

Tlrermo Hot Spr  ltigs 
8ec. 28, T. 30 S., R. 12 W. 

Hox Elder Cqunt 
-n*s) Hot Spr ings  

SE, scc. 29, T. 11 N., R. 2 W. 

NU,  sec.  23, T. 13 N.. R. 3 W. 
Udy Hoc Sprlngs 

Juab  County 
Brtter Hot Spr ings  

SE, sec. 10, T. 14 S., R. 8 W. 

N i l l a r d  Countr 
Mendow Hot Sprlngs 
SW, sec. 26, T. 2 S., R. 6 W. 

S a l t  t a k e  County- 
Becks Hot Spr ing  
SE, sec. 14, T. I N., R. 1 U. 

Toole County 
Wilson Spr ings  

see .  33, T. 10 S., R. 14 W. 

Weber County 
Ogden Hot Spr ings  

SU. sec. 23, T. 6 N.. R. 1 W. 
Utah Hot Spr ings  
SE, sec. 14, T. 7 N., R. 2 W. 
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6.77 
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7.93 
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5.80 
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5900 
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1 1  

7.9 
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2 60 
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52 
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118 

58 

13.8 

156 

18 
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83 

I02 
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52 

86 
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7h 
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1230 
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814 

44 1 
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81 
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37 1 
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150 
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22 1 
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196 
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2200 

2 300 
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57 

48 

837 
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16 
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79 
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24 

2 50 
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56 

120 

2 80 

31 50 

3400 
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22600 

4470 

1550 

1800 

7470 

11900 

4950 

1 1500 

46 

400 

220 

340 

144 

455 

73 

38 

I 

26 

I RO 

86 

220 

204 

434 
I40 

240 

200 

59 

2 60 

120 

I 10 

61 

4 80 

444 

90 

720 

1130 

985 

1560 

93 

I80 

7.0 

4.5 

5.1 

3.0 

2.5 

5.1 

2. I 

2.R 

t .2 

1 .o 

1 1  

9.0 

17 

12.8 

7.2 
3.3 

5.4 

4.9 

3.5 

4.4 

2.2 

3.5 

5.7 

6.6 

19 

I .5 

2.9 

3.3 

4.0 

3.3 

3.7 
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Figure  3. D i s t r i b u t i o n  of Na-HCO 
Prov ince .  

w a t e r s  i n  t h e  no r the rn  Basin and Range 

discharges  s u l f a t e  a s  enr iched  i n  oxygen-18 a s  
gypsum of marine o r i g i n  (+15 o / o o ) .  E i t h e r  
marine gypsum i s  n o t  a v a i l a b l e  i n  a r e a s  where 
thermal  sp r ings  deve lop  o r ,  more l i k e l y ,  t h e  
oxygen i s o t o p i c  composi t ion of t h e  s u l f a t e  i s  
be ing  o r  has  been  r e s e t  i n  h i g h  temperature  
thermal-environments such a s  t h e  i n t r u s i o n  of 
the  S i e r r a  Nevada B a t h o l i t h  o r  t h e  development 
of mine ra l i zed  zones.  Su l f a t e - r i ch  wa te r s  i n  
some a r e a s ,  such a s  n o r t h e a s t e r n  C a l i f o r n i a ,  are  
very  cons t an t  i n  chemical composition (Table  
1 ) .  The d i s so lved  s u l f a t e  concen t r a t ion  i n  t h e  
water  i s  appa ren t ly  c o n t r o l l e d  by t h e  s o l u b i l i t y  
of a common mine ra l ,  probably hydrothermal 
anhydr i t e .  

Mixed an ion  waters  commonly develop i n  
a r e a s  where the  predominant bedrock o r  depth  of 
c i r c u l a t i o n  i s  changing. For i n s t a n c e ,  t h e  Na- 
mixed an ion  waters  common i n  nor thwes tern  Nevada 
west and northwest  of t h e  Black Rock Deser t ,  
r ep resen t  a t r a n s i t i o n  zone where rock  type and 
depth  of c i r c u l a t i o n  of t h e  thermal  waters  i s  
changing‘. I n s t e a d  of deep c i r c u l a t i o n  i n  
Mesozoic marine s t r a t a ,  which i s  common t o  t h e  
e a s t  and sou theas t ,  shal lower c i r c u l a t i o n  i n  
predominant ly  una1 t e r e d  vo lcan ic  rocks of 
Cenozoic age i s  more p reva len t .  The suppos i t i on  
of shal lower c i r c u l a t i o n  i s  evidenced by cooler  
sp r ing  tempera tures  and lower geothermometer 
tempera tures .  S u l f a t e  i s  a major  anion only 
l o c a l l y  where f a u l t s  i n t e r s e c t  mine ra l i zed  
a r e a s ,  probably i n  t h e  Mesozoic rock.  

Many of t h e  s p r i n g s  i n  t h e  Bas in  and Range 
Province have been ana lyzed  s e v e r a l  times over  
t h e  l a s t  100 yea r s .  These ana lyses  a r e  always 
s l i g h t l y  d i f f e r e n t  and i t  i s  n o t  p o s s i b l e  t o  
determine how much of t h e  v a r i a t i o n  i s  due t o  
improved a n a l y t i c a l  t echniques  and how much t o  
a c t u a l  changes i n  the  chemical composi t ion with 

Figure 4 .  D i s t r i b u t i o n  of Na-SO 
Prov ince .  

wa te r s  in t h e  no r the rn  Basin and Range 

t ime.  Cole (1982) demonstrated t h a t  the major 
c o n s t i t u e n t s  of Becks Hot Spr ings  and Wasatch 
Hot Springs i n  Utah v a r i e d  by a s  much a s  15 46 
dur ing  a s i n g l e  y e a r .  This  v a r i a t i o n  was caused 
by d i l u t i o n  on s i x  and t h r e e  month c y c l e s .  
term v a r i a t i o n s  c e r t a i n l y  occur  i n  many ho t  
sp r ings  b u t  t hese  have not  been documented. 

Chemical Comvositions of Gases 

Long- 

Most thermal  sp r ings  d ischarge  gas  a long 
w i t h  t h e  water  a t  r a t e s  which range from low t o  
h igh .  Chemically these  d i scha rges  inc lude  
n i t r o g e n  and/or  carbon d ioxide  wi th  l e s s e r  
amounts of argon, methane, hydrogen, helium, and 
hydrogen s u l f i d e  (Table  2 ) .  These gases  
probably  o r i g i n a t e  from the  atmosphere (N2  and 
and A r  ) ,  s o i l  ( C 0 2 ) ,  r ad iogenic  processes  (He 
and A r ? ,  and metamosphic o r  vo lcan ic  processes  
(CO 1 .  R a t i o s  of n i t rogen  t o  argon range from 
13731 t o  33 /1  al though most have N 2 / A r  r a t i o s  
a r e  near  t h e  50/1  expected from an  atmospheric 
source .  Organic decay product  n i t r o g e n  i s  
p r e s e n t  i n  a t  l e a s t  one sample (Wedell Spring - 
N 2 / A r  = 131 /1 ) .  Methane concen t r a t ions  a r e  low, 
i n d i c a t i n g  t h a t  breakdown of  organic  ma te r i a l  i s  
c o n t r i b u t i n g  r e l a t i v e l y  l i t t l e  a t  most s p r i n g s .  
Hydrogen concen ta t ions  a r e  occas iona l ly  wel l  
above t h a t  expected from an atmospheric  source 
and i n d i c a t e  t h a t  hydrogen i s  be ing  genera ted  a t  
depth .  Detec tab le(>0 .005  W )  hydrogen concen- 
t r a t i o n s  occur  on ly  where h igh  temperature  
systems a r e  ind ica t ed  by geothermometry. Helium 
concen t r a t ions  a r e  more than  a n  o rde r  of magni- 
t ude  h ighe r  than  expected from an  atmospheric 
source  i n  most s p r i n g s  and a r e  a lmost  c e r t a i n l y  
due t o  r ad iogen ic  decay of uranium, thorium, 
and/or  t h e i r  daughter  products .  Carbon d ioxide  
makes up 99% o r  more of the  gas phase i n  the 
CO -charged s l i g h t l y  t o  moderately s a l i n e  Na- 
H C ~ ,  ( 5 C I )  waters .  
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Table  2. Composi t ions  o f  g a s  d i s c h a r g i n g  from thermal  s p r i n g s .  f m a r o l e s  and wells i n  t h e  
Nor thern  Basin and Range. 

[Composi t ions  r e p o r t e d  i n  volume Z ]  

_I_ 

C02 CH4 C2H6 He H2 H2S T o t a l  O2 A r  N2 Name 

CALIFORNIA 

Alp tne  County 
Unnamed Spr. E. Fk. 
of t h e  Carson R i v e r  

(913181) 

Lassen County 

(9 /3 /81)  
Zamboni Hot S p r i n g s  

Hono County 
Hot Creek Gorge 

(S/29/80> 
F a l e s  Hot S p r i n g s  

( 1  1/5 /77)  
.\(ammoth Mountain 

€ uma role 
(7 /28 /82 )  

T r a v e r t i n e  Hot 

(11/5 /77)  
S p r i n g s  

Unn. S p r i n g  S. Hono 
Lake 

(1115177) 

.?JEVADA 

C h u r c h i l l  County 

(7 16/79 
Brady 18 

D i x i e  V a l l e y  well 
Lamb 4 

(5 /29/80)  

Elko County 
Hot Sulphur  S p r i n g s  

( T u s c a r o r a )  
( 5 /30/80 1 

Sulphur  Hot S p r i n g s  
(Elko)  
( 5 13  1 /80)  

Unnamed S p r i n g  on 
Xary's R i v e r  

(8 /11/82)  

Eureka County 
Beowawe 

(7131182) 
Hot S p r i n g  near  

(7 /31/82)  
U a l t i  

H ~ b o l d t  County 
GoLconda Hot S p r i n g  

( 8 / 4 / 8 2 )  
Hot Pot 

(813/82)  
Macfar lanee  Hot 

(813 i'82 1 
S p r i n g  

Lander County 
Smith Creek V a l l e y  

(7f31182)  

H i n e r a l  County 
Wedell  S p r i n g e  @ 

( 7  /30/82 1 

P e r s h i n g  County 
Leach Hot S p r i n g s  

15/--/77) 

.31 

.93 

c.02 

-23 

.01 

.02 

.18 

.1 

< .02 

< .02 

<.44 

e03 

<.02 

.03 

.15 

.07 

.02 

(I 20 

<.5 

e03 

.33 

1.26 

.02 

.08 

. l l  

<.02 

.02 

1.31 

.04 

I12 

*46 

.91 

1 e69 

.54 

.84 

.74 

<.02 

1.95 

.7 

1.57 

30.51 

97.45 

1.00 

4.27 

8.27 

.15 

1 e 0 5  

90.14 

2.15 

3.95 

25.31 

60.88 

85.40 

27.85 

39.58 

48.74 

.09 

90.31 

92 

73.49 

68.59 

.007 

99.83 

94.86 

91.22 

99.17 

99.27 

* 2.48 

97.14 

95.54 

74 * 58 

37.84 

7.67 

70.71 

58.09 

50.06 

99.26 

6.13 

8.1 

24.53 

.52 

.34 

.02 

<.005 

.008 

< e 0 0 5  

<.005 

2.63 

-99  

.34 

.60 

.014 

4.72 

-47 

.97 

.16 

.034 

1.32 

.95 

* 90 

<.Ol 

<.01 

<.O1 

<.os 
<.01 

<.Or 

< .05 

.03 

.03 

<.01 

< a 0 1  

<.01 

. l l  

<.01 

<.01 

<.01 

<.01 

<.01 

<.2 

< * O f  

.03 

6025 

.005 

<.a2 

<SO05 

(0.02 

<0.02 

.01 

,005 

.005 

.02 

,370 

130 

,020 

a030 

. I 1  

4005 

c 

,050 

.08 

.os 

<.Of25 

< .005 

,005 

<.01 

.010 

<.01 

<.01 

2.94* 

.os 

.02 

<.005 

<.005 

290 

< e 0 0 5  

< e 0 0 5  

< e 0 0 5  

-005 

.045 

<.05 

<.01 

100.29 

100.01 

100.88 

99.44 

99.63 

99.34 

100.52 

99.54 

100.80 

100.71 

100.41 

99 84 

100.01 

99.62 

99.66 

99.88 

99 40 

100.00 

101.83 

100.57 

@ Very low p r e s s u r e  sample  
* Hydrogen probably  from h i g h  t e m p e r a t u r e  steam r e a c t i o n  w i t h  s teel  p i p e  
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"Fumaroles" occur  along t h e  west s i d e  of 
Dix ie  Val ley,  a t  Fumarole But te  near  Baker Hot 
Spr ings  i n  Utah, and a t  Mammoth Mountain and 
Casa Diablo i n  Long Val ley,  Ca l i fo rn ia  (Berry  
and o t h e r s ,  1980) .  The fumaroles  i n  Dixie  
Val ley  i n  Nevada d i scha rge  water  vapor 
mixed wi th  a i r  (Mariner  and Evans, unpubl ished 
d a t a ) .  The fumarole  on Mammoth Mountain 
d ischarges  most ly  C 0 2  wi th  minor amounts of  
n i t r o g e n  and t r a c e s  of hydrogen (Table  2 ) .  
Chemically t h e  gas d ischarged  by the  
"fumarole" i s  more l i k e  t h e  gases  d i scha rged  
from ho t  s p r i n g s  i n  the  Hot Creek Gorge p a r t  of 
Long Val ley  than  a fumarole  a s s o c i a t e d  wi th  a 
volcano ( a n a l y s i s  of a fumarole on M t .  Hood i s  
included i n  Table  2 f o r  comparison). 

- 

Chemical Geothermometers 

The pr imary  use  of chemical da ta  i n  
geothermal e x p l o r a t i o n  has  been t o  e s t ima te  t h e  
temperature  of t h e  deep thermal-aquifer  asso- 
c i a t e d  wi th  a h o t  sp r ing .  The most u s e f u l  
geothermometers f o r  e s t ima t ing  aqui fe r -  
temperatures  a r e  e i t h e r  t h e  qua r t z  geother-  
mometer of Fourn ier  and Rowe (19661, t h e  
Ne-K-Ca geothermometer of Fourn ier  and Truesde l l  
(19731, o r  t h e  Mg-corrected Na-K-Ca geother- 
mometer of Fourn ier  and P o t t e r  (1979) .  Other  
means of e s t ima t ing  aquif er- temperatures  inc lude  
t h e  su l fa te -water  i so tope  geothermometer 
(McKenzie and Truesde l l ,  19771, t h e  gas  
geothermometer (D'Amore and Panich i ,  19801, t h e  
Na/K geothermometer (Fourn ier ,  1979) .  and i n  a 
ve ry  few systems, t h e  s o l u b i l i t i e s  of mine ra l s  
such a s  anhydr i t e  (Sakai  and Matsubaya, 1974) .  

Geothermometer temperatures  based on t h e  
chemical composi t ion of water  d i scharged  f r o m .  

.ho t  sp r ings  and shal low w e l l s  a r e  shown on Table 
3 .  The h igh  tempera ture  a r e a s  i n  t h e  n o r t h e r n  
Bas in  and Range Province (>15OoC i n  Table  3 )  
inc lude :  Long Val ley ,  Seyfer th  Hot Spr ings ,  
unnamed s p r i n g s  on t h e  Eas t  Fork of t h e  Carson 
River  i n  Ca l i fo rn ia ;  Raf t  River ,  Idaho; Ba l t azo r  
Hot Spr ings ,  Beowawe, Grea t  Boi l ing  Spr ings ,  
Hazen, Hot Spr ings  Ranch (T ip ton ) ,  Hot Sulphur 
Spings (Tusca ro ra ) ,  Humboldt House, Leach Hot 
Spr ings ,  Lee Hot Spr ings ,  P i n t o  Hot Spr ings ,  San 
Emidio Deser t ,  Soda Lake-Upsal Hogback, 
Steamboat Spr ings ,  S t i l l w a t e r  and Sulphur Hot 
Spr ings  in Nevada: Alvord Hot Spr ings ,  Crump, 
Hot Lake, Hunters  Hot Spr ings ,  and Mickey Hot 
Spr ings  i n  Oregon; and Roosevel t  Hot Spr ings  i n  
Utah. By types  of wate r s ,  10 a r e  Na-C1, 8 a r e  
Na-HC03, 4 a r e  Na-mixed an ion  waters ,  and 3 a r e  
Na-SO waters .  " Successfu l"  geothermal w e l l s  
have t e e n  d r i l l e d  a t  roughly h a l f  of t h e  Na-C1 
d ischarg ing  sp r ings  but  on ly  a t  one of t h e  
Na-HC03 d i scha rg ing  s p r i n g s  (Table  4 ) .  
' 'Successfu l  ' ' high-temperature geothermal w e l l s  
have not  been d r i l l e d  nea r  any of t h e  Na-mixed 
anion or Na-S04 sp r ings .  

t P l o t s  of t s i l i c a  and Na-K-Ca ( F i g . 5  ) show 
gene ra l ly  good agreement, with r e l a t i v e l y  few 
l a r g e  d i s p a r i t i e s .  A r b i t r a r i l y ,  the  q u a r t z  

e 
a 

-/ . 
t - NO-K-CO 

Piguru 5 .  Comparison of temperatures estimated from 'silica and tS~-K-C,.  

geothermometer was used when t h e  Na-K-Ca geo- 
thermometer i n d i c a t e d  a temperature of 100°C 
o r  more, t h e  chalcedony geothermometer was used 
when t h e  Na-K-Ca geothermome t e r  i nd ica t ed  a 
temperature  of l e s s  than  100°C. 
d i s p a r i t i e s  occur  where waters  d i scharge  from 
s i l i c i c  t u f f s ,  CO -charged waters ,  wa te r s  
contaminated wi th  high-chlor ide s a l i n e  l a k e  o r  
p laya  waters ,  and d i l u t e  high-pH waters .  
Spr ings  i s s u i n g  from s i l i c i c  t u f f s  such a s  Hot 
Creek Ranch Spr ings  i n  Nye County, Nevada and 
C02-charged wa te r  such a s  t h e  water  d i scharged  
by Trave r t ine  and Fa le s  hot  sp r ings  i n  
C a l i f o r n i a  have h igher  temperatures  e s t ima ted  
from t h e  s i l i c a  geothermometer than  from t h e  Na- 
K-Ca geothermometer. S i l i c a  i s  appa ren t ly  being 
taken  i n t o  s o l u t i o n  f a s t e r  than  quar tz  o r  
chalcedony can be p r e c i p i t a t e d ,  supe r sa tu ra t ion  
wi th  r e spec t  t o  qua r t z  o r  chalcedony i s  
maintained and t h e  qua r t z  (or chalcedony)  
geothermometer g ive  excess ive ly  high subsur face  
temperature  e s t i m a t e s .  The magnesium cor rec t ed  
Na-K-Ca geothermometer i n  these  waters  gene ra l ly  
g ixes  es t imated  aquifer- temperatures  w i t h i n  
25  C of t h e  measured sp r ing  temperature .  High 
CO concen t r a t ions  gene ra l ly  r equ i r e  h i g h  
temperatures  f o r  genera t ion ,  bu t  these 
cond i t ions  may be ve ry  deep (Barnes and o t h e r s ,  
1978) .  Some of  t h e  Na-C1 waters  i s s u e  n e a r  
s a l i n e  lakes  or p layas  and may con ta in  some 
admixed s a l i n e  l ake  waters  (Utah Hot Spr ings  
ad jacen t  t o  Grea t  S a l t  Lake i s  an  example). 
S ince  t h e  s a l i n e  water  conta ins  a lmost  no 
calcium or magnesium, abnormally high Na-K-Ca 
geothermometer tempera tures  a r e  c a l c u l a t e d .  The 
Na/K geothermometer i s  no b e t t e r  s ince  t h e  
p ropor t ion  of  Na t o  K i n  t h e  s a l i n e  wa te r  was 
c o n t r o l l e d  i n i t i a l l y  by r e a c t i o n s  which included 
calcium. F i n a l l y ,  t h e  d i l u t e  high-pH wa te r s  

The few l a r g e  

2 

2 
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Tab le  3 .  Geotkrmometer  tempera tures  for s p r i n g s  of  t h e  Northern Basin and Range. 

[ A l l  t empera tures  in OC. 1 

Name 
Mea s u r e d Geo thermome ters 

S i l i c a  Na-K-Ca S04-H20 Surface  Depth 

CALIFORNIA 

Unn. s p r s .  on the  Carson River  172 175 
Unn. s p r s .  on the  Carson River  146 140 

Alpine County 

Lassen County 
Amadee Hot Spr ings  
Basset t Hot Spr ings  
Kellog Hot Spr ings  
Wendell Hot Spr ings  
Zamboni Hot Spr ings  

Modoc County 
Hot Spr ings  Motel 
Kel ly  Hot Spr ings  
Leonards Hot Spr ings  
L i t t l e  Hot Spr ings  
Seyfo r th  Hot Spr ings  
We s t V a 1 1 e y Re s e rvo i r 

Mono County 
Benton Hot Spr ings  
Fa le s  Hot Spr ings  
Long Valley-Hot Creek Gorge 
Xono Lake - North Shore - South Shore 
T r a v e r t i n e  Hot Spr ings  

IDAHO 

Bear Lake Hot Spr ings  
Unn. s p r i n g  

Bear Lake County 

Cassia County 
RRGE- 1 

F rank l in  County 
Maple Grove Hot Spr ings  
W a y l ~ n ~  ffot Spr ings  

Oneida County 
Woodruff Hot Spr ings  

NEVADA 
Carson C i ty  

Carson Hot Spr ings  
Pinyon H i l l s  Well 

Church i l l  County 

Brady's Hot Spring ( w e l l )  
Dixie Val ley  Hot Spr ings  
Dixie Federa l  52-18 
Eagle  S a l t  Works Spr ing  
Lee Hot Spr ings  
Soda Lake-Upsal Hogback 
S t i l l w a t e r  Area 

109 
86 

101 
150 , 

(65) 

95 
62 
78 

121 
5 1  

84 
65 

96 
79 
78 
96 122 
41 

110 96 200 98 
116 95 198 92 
143 124 62 
102 69 79 
143 129 205 85 
152 129 24 7 77 

40 79 56 
118 81  684 61 
161 191 224 90 
94 79 66 

126 28 33 ' 

110 71 173 69 

55 73 
39 44 

48 
42 

159 171 145 142 

77 64 
125 105 

76 
77 

47 57 27 

i n s u f f i c i e n t  data 
i n s u f f i c i e n t  data 

49 
46 

167 157 165 - 188 
145 144 127 72 
229 207 268 191 gas geot. 
198 
173 162 2 82 88 
165 161 127 100 188 
169 140 177 96 178 

- - 
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Table  3. Geothermometer tempera tures  f o r  sp r ings  of the  Northern Basin and Range - 
cont inued.  

[AII tempera tures  i n  OC. 1 

Name 
Geo thermome t ers Mea s u r  ed 

S i l i c a  Na-K-Ca S04-H20 Surface  Depth 

Douglas County 
Hobo Hot Spr ing  
Sara toga  Hot Spr ings  
Walley' s Hot Spring 

Elko County 
Hot Creek Spr ings  
Hot Creek Spr ings  
Hot Hole 
Hot Lake 
Hot Spring near  C a r l i n  
Hot Sulphur Spr ing  
Humboldt Wells Area 
Mineral  (Contac t )  Hot Spr ings  
N i l e  Spr ing  
R i z z i  Ranch Hot Spr ing  
San J a c i n t o  Ranch Spring 
Sulphur Hot Spr ing  (Ruby Val ley)  
Smith Ranch 
Trout  Creek Ranch W e l l  
Unnamed sp r ing  (Rock Creek) 
Wild Horse Hot Spring 
Wine Cup Ranch Well 

69 70 
31 - 
80 84 

31 17 
132 66 
86 85 
79 67 
90 75 
167 183 
117 34 
127 129 
50 43 
37 71 
27 44 
183 181 
72 71 
33 69 
37 69 
61 73 

i n s u f f i c i e n t  d a t a  

Esmeralda County 
A l k a l i  Spr ings  i n s u f f i c i e n t  d a t a  
S i l v e r  Peak (Waterworks) Hot Spr ings  140 142 

Eureka County 
Beowawe 196 194 
Bruffey 's  (Mineral  H i l l )  Hot Spring 80 64 
Hot Spr ings  Po in t  87 36 
Klobe Hot Spr ings  69 72 
Ship ley  Hot Spr ings  61 48 
Walti Hot Spr ings  88 78 

Humbo I d  t County 
Ba l t azo r  Hot Spr ings  ( w e l l )  
Bog Hot Spr ings  
Corder0 Mercury Mine wel l  
Double Hot Spr ings  
Dyke Hot Spr ings  
Golconda Area 
Hot Pot  
Hot Spring Ranch (Tip ton)  
Howard Hot Spr ings  
Macfar lane 's  Bath House Spr ing  
P i n t o  Hot Spr ings  
So ld ie r  Meadows Hot Spr ings  
The Hot Spr ings  
Well 

161 
65 
108 
140 
128 
86 
59 
150 
71 
99 
161 
84 
77 - 

148 
88 

126 
137 
92 
81 
162 
80 
71 
176 
64 
54 
81 

- 

Lander County 
Buffa lo  Va l l ey  Hot sp r ings  119 126 
Hot Spr ings  Ranch(Va1ley-of t h e  Moon) 61 51 
South Smith Creek Val ley  143 156 
Spencer Hot Spr ings  95 95 
Unn. s p r i n g  near  Walti Hot Spring 127 129 

175 

161 

251 

158 

207 

140 

143 

46 
50 
62 

26 
37 
56 
18 
79 
92 117 
60 
60 
43 
41 

93 
65 
43 
35 
54 
59 

- 

60 
40 

98 20 1 
66 
54 
54 
39 
72 

90 
54 
60 
80 
66 
74 
57 
85 
56 
75 
93 
54 
58 
70 

73 
53 
86 
72 
64 
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Table 3. Geothermometer temperatures f o r  spr ings  of the  Northern Basin and Range - 
continued. 

  AI.^ temperatures i n  OC.] 

Geothemometers Me a s  ur e d 
S i l i c a  Na-K-b SO4-H2O Surface Depth 

Lyon County 
Hazen Area 
Hind's (Nevada) Hot Springs 
Wabuska Hot Springs 
Wedell Springs 

Nye County 
Darrough's Hot Spring 
Diana's Punch Bowl 
Hot Creek Ranch Springs 
Upper Hat Creek Ranch Springs 
Warm (Nanny Goat) Spring 

Pershing County 
Colado 
Humboldt House (Rye Patch Reserv.) - a r t e s i a n  w e l l  
Hyder Hot Springs 
Kyle Hot Springs 
Leach €io t Springs 
Sou Hot Springs 
Trego Area 

Washoe Countv 
Bowers Mansion Hot Springs 
Fly Ranch (Ward's) 
Great Boi l ing Spring 
Lawton Hot Springs 
Moana Springs Area (Big l in  well) 
San Emidio Desert 
Steamboat Springs 
The Needle Rocks 

White Pine County 
Cherry Creek Hot Springs 
Monte Neva Hot Springs 

OREGON 

Alvord ~ W S p r i n g s  
Crane Hot Springs 
Mickey Ho t Springs 
Trout Creek Hot Springs 
Unn. spr .  near  Hot Lake 
Unn, s p r *  near  Harney Lake 

Lake County 
Barry Ranch Hot Springs 
C r  ump 
Fisher  Hot Springs 
Hunters Hot Springs 
Summer Lake Hot Springs 

UTAH 
Beaver Countv 

Roosevclt Seep 
Roo s eve 1 t S team We 1 1 
Thermo Hot Springs 

161 
74 

143 
162 

136 
67 

130 
143 
81 

128 
219 
166 
84 

137 
1 55 
85 

124 

38 
126 
167 
84 

114 
185 
20 1 
143 

114 
74 

152 
124 
185 
140 
165 
133 

152 
172 
123 
157 
107 

167 
238 
144 

166 
86 

146 
139 

126 
80 
62 
36 
29 

169 
2 52 
2 38 
70 
81 

176 
84 

124 

45 
105 
205 
145 
98 

189 
207 
214 

90 
60 

157 
124 
197 
143 
176 
105 

139 
173 
123 
143 
112 

142 

220 

140 

176 

154 
176 

93 

207-220 

231 

273 
235 
231 

202 

158 
189 

216 

86 
63. 
94 108 
60 

95 129 
59 
63 
67 
61 

61 155 
* 156 

77 

77 
92 126 
70 
84 

78 

46 
80 
86 
49 
85 
89 115 

56 
94 208 

61 
79 

7a 
78  
86 
52 
96 
68 

88 
78 
68 
96 
4 3  

25 208 
234Na-K 278 208 
120 142 90 
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Table  3.  Geothermometer tempera tures  for sp r ings  of t h e  Northern Basin and Range - 
cont inued.  

[ A l l  t empera tures  i n  OC.] 

Name 
Mea sur ed Geothemometers 

S i l i c a  Na-K-Ca S04-H20 Surface  Depth 

Box E lde r  County 
C r y s t a l  (Madsen's) Hot Spr ings  42 84 56 
Udy Hot Spr ings  42 68 43 

Juab  Countv 
Baker Hot Spr ings  

Mi l l a rd  County 
Meadow Hot Spr ings  

S a l t  Lake County 
Beck's Hot Spr ings  

Toole  County 
Wilson Hot Spr ings  

Weber Countv 
Ogden Hot Spr ings  
Utah Hot Spr ings  

86 91 22 85 

69 63 41 

51 82 56 

52 60 61 

104 218 56 
90 219 57 

Table  4. Geothermal Systems wi th  Est imated Reservoir-Temperatures >15OoC 

Na-HC03 Waters 

* Beowawe 
Hot Spr ings  Ranch 
Hot Sulphur Spr ings  

Leach Hot Spr ings  
Long Val ley  
Mickey Hot Spr ings  
P in to  Hot Spr ings  
Sulphur Hot Spr ings  

(Tuscarora)  

(Ruby Val ley)  

Na-Mixed Anion Waters 

Alvord Hot Spr ings  
Hot Lake (Alvord Deser t )  
Lee Hot Spr ings  
Unn. Springs-Carson River 

Na-S04 Waters 

B a l t a z a r  Hot Spr ings  
Hunters  Hot Spr ings  
Se yf er t h  Ho t Spr ings  

Na-C1 Waters 

Crump 
Great Boi l ing  Spring 
Hazen 

*Humbold t House 
*Raft River  
*Roosevelt 

San Emidio Deser t  
*Soda Lake-Upsal Hogback 
*Steamboat Spr ings  
* S t i l l w a t e r  

*Locat ions of "successfu l1 '  geothermal  wells. 

such a s  Zamboni or Benton h o t  s p r i n g s  which 
d ischarge  from g r a n i t e s  n e a r  the  c o n t a c t  of t h e  
Bas in  and Range wi th  the  S i e r r a  Nevada c o n t a i n  
unusual ly  l a r g e  s i l i c a  concen t r a t ions  due t o  
d i s s o c i a t i o n  of s i l i c i c  a c i d  (H Si0 t o  H S i 0  - 4 4  3 4  
and H2Si0 =).  
such a s  S8LMINEQ (Kharaka and Mariner, 1977) the  
temperature a t  which the  thermal water  i s  i n  
equ i l ib r ium w i t h  chalcedony or qua r t z ,  a s  
appropr i a t e ,  can be determined. These va lues  
a r e  enc losed  i n  pa ren theses  i n  Table  3 ;  

With one of the  computer codes 

The apparent  agreement between t h e  
tempera tures  e s t ima ted  from t h e  s i l i c a  and 
c a t i o n  geothermometers in most wa te r s  of the 
Grea t  Basin could  be f o r t u i t o u s .  A more 
important ques t ion  i s ,  how do the  e s t ima ted  
tempera tures  compare wi th  measured tempera tures  
i n  geothermal we l l s?  Deep-well temperature data 
a re  a v a i l a b l e  f o r  on ly  15 systems (Table  5 ) .  
Surp r i s ing ly ,  when measured and e s t ima ted  
tempera tures  a r e  compared f o r  a l l  15, t h e  
measured tempera tures  a re ,  on t h e  average, 
only 1 4 O C  coo le r  t han  t h e  e s t ima ted  tempera- 
t u r e s .  The s t anda rd  d e v i a t i o n  i s  however, 
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Table  5. Expected and Measured Temperatures of Geothermal Systems 
i n  t h e  Northern Basin and Range. 

Temperatures 
Name Expected* Me as u r  ed 

High Discharge Spr ings  
Beowawe 
Hot Su l fu r  Spr ings  (Tuscarora)  
Leach Hot Spr ings  
Long Val ley 
Steamboat Spr ings  
Wendel Hot Springs 

Low Discharge Spr ings  
Humbold t House 
Roosevel t  Hot Spr ings  
San Emidio Desert 

Wells 
Brady's Hot Spr ings  
Colado 
Raf t  River  
Soda Lake 
S t i l l w a t e r  
Wabuska 

214 
175 
167 
196 
205 
136 

184 
175 
187 

162 
148 
161 
15f 
162 
143 

20 1 
117 
126 
170 
204 
122 

156 
208 
115 

155 
155 
150 
188 
178 
108 

*Average o f  t s i l i ca ,  % a t i o n ,  and 

r a t h e r  l a r g e  2 28 C). The e s t i m a t e d  
temperature  f o r  each system i s  a n  average which 
inc ludes  va lues  from t h e  quar tz  o r  chalcedony 
geothermometer, a s  a p p r o p r i a t e ,  t h e  Na-K-Ca 
g e o t h e ~ o m e t e r ,  and when a v a i l a b l e ,  t h e  SO -H 0 
i so tope  geothermometer. S u r p r i s i n g l y ,  the 
average d i f f e r e n c e  between expected temperatures  
c a l c u l a t e d  from geothermometry and t h e  measured 
temperatures  €or  low d ischarge  r a t e  (<IO0 Ltmin) 
and high d ischarge  r a t e  h o t  s p r i n g s  a r e  n e a r l y  
t h e  same (22OC v s  26'C), 
d i scharge  r a t e  s p r i n g s  should g ive  b e t t e r  
e s t i m a t e s  of subsur face  temperature  than low 
d ischarge  r a t e  s p r i n g s  (Fourn ier  and o t h e r s ,  
1974) .  This apparent  anomaly may be due, i n  
p a r t ,  t o  t h e  small  number of systems f o r  which 
d a t a  i s  a v a i l a b l e ,  and, in p a r t ,  may i n d i c a t e  
t h a t  the  a c c e s s i b l e  p a r t  of t h e  thermal 
r e s e r v o i r s  may be smal le r  than previous ly  
thought .  Long Val ley  i s  t h e  b e s t  example of a n  
a r e a  where r e c e n t  d r i l l i n g  has  shown t h a t  t h e  
a c c e s s i b l e  p a r t  of t h e  thermal r e s e r v o i r  is  
smal le r  than p r e d i c t e d  i n  t h e  l a s t  assessment of 
high-temperature of geothermal r e s o u r c e s  of t h e  
United S t a t e s  (Brook and o t h e r s ,  1978) .  I f  
geothermal r e s e r v o i r s  a r e  apprec iab ly  smal le r  
than  a n t s c i p a t e d  b y  Brook and o t h e r s  11978), 
geothermal development in t h e  n o r t h e r n  Great  
Basin may be s e r i o u s l y  c u r t a i l e d .  The s i x  a r e a s  
where thermal waters  were c o l l e c t e d  from shallow 
w e l l s  (SO - 1000 f e e t  deep) gave remarkably good 
agreement between e s t i m a t e d  and measured temp- 
e r a t u r e s  ( l e s s  t h a n  2OC average d i f f e r e n c e ) .  

4 2  

Normally, h igh  

'SG4-H20 when a v a i l a b l e .  

The d i s p a r i t y  between es t imated  and observed 
tempera tures  i s  considerably l a r g e r  f o r  t h e  
a r e a s  where d a t a  i s  a v a i l a b l e  only  from h o t  
spr ings ,  measured temperatures  i n  geothermal 
w e l l s  average 24OC cooler  than  t h e  e s t i m a t e d  
temperatures .  

f s o t o u i c  Data 

Cra ig  (1963) demonstrated t h a t  f o r  high- 
temperature  c h l o r i d e - r i c h  w a t e r s  o r  steam 
discharges ,  t h e  deuterium content  i s  
approximately equal  t o  t h a t  of t h e  l o c a l  
meteor ic  water .  Nehring I19791 reached a 
s i m i l a r  conclus ion  i n  a r e s t u d y  of t h e  high- 
temperature  ch lor ide- r ich  system a t  Steamboat 
Spr ings  a s  d i d  Mariner and Wiley f1976) i n  a 
s tudy of t h e  Long Val ley  area.  However, o t h e r  
d e t a i l e d  s t u d i e s  of recharge a r e a s  f o r  s p e c i f i c  
systems i n  t h e  nor thern  Bas in  and Range Province 
have g e n e r a l l y  had d i f f i c u l t y  l o c a t i n g  co ld  
s p r i n g  waters  i n  t h e  a d j a c e n t  h ighlands  which 
were a s  d e p l e t e d  i s o t o p i c a l l y  a s  water  
d i scharged  by t h e  thermal s p r i n g s .  Welch and 
o t h e r s  (19811 concluded t h a t  t h e  water  
d i scharged  a t  Leach Hot Spr ings  was paleo-water 
which recharged during a c o l d e r  t ime-period 
s i n c e  i t  was more deple ted  in t e r n s  of deuterium 
than  any of t h e  water  discharged by co ld  s p r i n g s  
in the  a d j a c e n t  mountain ranges.  Summit Spring 
(Table  6; SI3 = -126.8 o f o o l ,  a p e r e n i a l  spr ing  
on the  n o r t h  s i d e  of M t .  Tobin near  Leach Hot 
Spr ings ,  is a s  d e p l e t e d  i n  deuter ium a s  t h e  

5.08 
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thermal  water  d i s c h a r g i n g  a t  Leach i f  yof8assume 
t h a t  the small  oxygen s h i f t  (+0.3 o / o o  S 0 )  
observed i n  t h e  co ld  s p r i n g  water  i s  due t o  
nonequi l ibr ium evapora t ion  (F ig .  6 ) .  T h i s  
evapora t ion  cou ld  have t aken  p l ace  p r i o r  t o  
recharge,  o r  i n  an unconfined a q u i f e r .  Although 
M t .  Tobin i s  t h e  h i g h e s t  mountain i n  t h e  r eg ion ,  
and could be t h e  r echa rge  a r e a  f o r  Leach Hot 
Springs,  t h i s  i n t e r p r e t a t i o n  f o r c e s  t h e  d a t a  t o  
t h e  l i m i t s  of c r e d i b i l i t y ,  only a small  summit 
a r e a  on M t .  Tobin e x i s t s  a s  a catchment b a s i n  
and, most damaging, two t r a v e r t i n e  d e p o s i t i n g  
s p r i n g s , . B u f f a l o  Va l l ey  Hot Springs e a s t  of M t .  
Tobin and Hyder Hot Spr ings  i n  Q i x i e  Va l l ey  
south of M t .  Tobin a r e  even more d e p l e t e d  i n  
deuterium (-132 p e r  m i l  and -133 pe r  m i l ,  
r e s p e c t i v e l y ) .  

-110 

0 
9 

- 1 2 0 1  

t / 
I 
I I I I 

- 17 -16 -I5 

b"0 

A d e t a i l e d  s t u d y  of t h e  Tuscarora  Area (Hot 
Sulphur Spr ings )  a t  t h e  west  end of t he  
J a r b r i d g e  Mountains (Bowman and Cole, 1982) a l s o  
d i d  no t  f i n d  any c o l d  s p r i n g s  a s  dep le t ed  i n  
deuterium a s  t h e  ho t  s p r i n g s .  Most of t h e  co ld  
s p r i n g  water  however, appear  t o  have undergone 
some nonequi l ibr ium evapora t ion .  A s tudy of 
Ogden and Utah ho t  s p r i n g s  near  Great  S a l t  Lake 
by Cole (1982) a l s o  showed t h a t  t h e  thermal 
wa te r s  were more d e p l e t e d  i n  deuterium than  
nearby co ld  s p r i n g s .  

Are t h e s e  c a s e s  t h e  excep t ion  o r  t h e  r u l e ?  
When the deuter ium c o n t e n t s  of h o t  s p r i n g s  i n  
t h e  n o r t h e r n  Bas in  and Range Province (Table  6 )  
a r e  p l o t t e d  and contoured,  t he  map produced 
(F ig .  7 )  i s  s i m i l a r  t o  t h e  map f o r  me teo r i c  
wa te r s  of North America a s  p re sen ted  i n  Taylor  
(1974) .  However, based on t h e  map of Taylor  
(19741, most p r e c i p i t a t i o n  i n  t h e  no r the rn  Great 
Basin should range i n  deuter ium composition from 
about -110 t o  -130 0100.  Most of the h o t  
sp r ings  however a r e  i n  t h e  -120 t o  -140 o / o o  
range ( f i g u r e  71, and a few near  Elk0 a r e  even 
more de2 le t ed  (-145 o / o o  6D). Appealing t o  t h e  
presence of r e g i o n a l  a q u i f e r s  i s  not  v a l i d  s i n c e  

t h e  n e a r e s t  a r e a  w i t h  p r e c i p i t a t i o n  a s  dep le t ed  
a s  -145 o / o o  i s  i n  wes te rn  Montana. Since the 
i s o t o p i c  composition of p r e c i p i t a t i o n  i s  a 
f u n c t i o n  of temperature ,  6D = 5 .56 t  - 98.5 
(Dansgaard, 1964) ,  t he  water  being d i scha rged  by 
most of t h e  ho t  s p r i n g s  i n  the no r the rn  Basin 
and Range Province appa ren t ly  recharged during 
t imes of c o l d e r  c l ima te  ( 2  t o  3OC c o l d e r  than 
a t  p r e s e n t ) .  Although t h e r e  have been r e c e n t  
f l u c t u a t i o n s  i n  mean annual a i r  temperature  with 
a maximum about 1930, and s e v e r a l  r e c e n t  pe r iods  
of co lde r  c l ima tes  (1900-1800, 1700-1575, and 
1525-1400) t h e  temperatures  were not  c o l d  enough 
t o  account  f o r  t h e  15 o / o o  d i f f e r e n c e  i n  
deuterium observed i n  most of t h e  Basin and 
Range. The work of Dansgaard and o t h e r s  (1969) 
and Johnson and o t h e r s  (1970) has  shown t h a t  t he  
i s o t o p i c  composi t ion of p r e c i p i t a t i o n  changed 
from more d e p l e t e d  v a l u e s  t o  roughly modern 
v a l u e s  a b r u p t l y  about  10,000 y e a r s  ago a t  the 
"end" of t h e  P l e i s t o c e n e .  Thus most of t h e  
water  c u r r e n t l y  discharged by h o t  s p r i n g s  i n  the 
no r the rn  Great  Basin,  appa ren t ly  recharged a t  
l e a s t  10,000 y e a r s  ago. 

F igure  7.  Contour map of t h e  deuterium composition of thermal sp r ings  
i n  t h e  no r the rn  Basin and Range Province.  

Unfo r tuna te ly ,  t imes of c i r c u l a t i o n  f o r  
geothermal w a t e r s  a r e  g e n e r a l l y  unknown, due i n  
p a r t  t o  t h e  d i f f i c u l t y  and u n c e r t a i n t y  i n  
i n t e r p r e t i n g  tritium o r  carbon-14 v a l u e s .  
T r i t i um has a h a l f - l i f e  of only 12.3 y e a r s  and 
g e n e r a l l y  c o n c e n t r a t i o n s  of tritium i n  thermal 
wa te r s  a r e  l e s s  t h a n  0.1 TIT. T h i s  merely shows 
t h a t  t he  wa te r s  a r e  more than 60 y e a r s  o l d  
(Barnwell ,  1963; Wilson, 1963) .  Carbon-14 has a 
h a l f - l i f e  of 5,670 y e a r s  and should be much more 
u s e f u l  than tritium. However, carbon-14 r e a d i l y  
exchanges w i t h  r e s e r v o i r  carbon a t  h i g h  
temperatures  (Cra ig ,  1963) .  

In c o n t r a s t  t o  deuterium, which g e n e r a l l y  
does no t  change i n  c o n c e n t r a t i o n  d u r i n g  passage 
through a geothermal system ( b o i l i n g  excep ted ) ,  
t h e  oxygen i s o t o p i c  composition uf t h e  water  
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Tab le  6. I s o t o p i c  d a t a  f o r  thermal  s p r i n g s  of t h e  no r the rn  Basin and 
Range. 

d e l  D d e l  180 

CALIFORNIA 

Alpine County 
Unn. sp r s .  E.Fk. Carson River  

(84OC s p r i n g )  
(65OC s p r i n g )  

Lassen County 
Amadee Hot Springs 
Bassett Hot Springs 
Kel log Hot Springs 
Wendell Hot Springs 
Zamboni Hot Springs 

Modoc County 
Lake C i t y  Mud Erup t ion  
Kel ly  Hot Springs 
L i t t l e  Va l l ey  Hot Springs 
Hot Spr ings  Motel (we l l )  
Menlo Hot Springs 
Se y f o r  t h 

Mono County 
Benton Hot Springs 
F a l e s  Hot Springs 
Long Va l l ey  (Hot Creek Gorge) 

Mono Lake - North Shore 
- South Shore 

The Hot Springs 
T r a v e r t i n e  Hot Spr ings  

- LDMW 

NEVADA 

C h u r c h i l l  County 
Brady's Hot Spring (we l l )  
Dixie  Fede ra l  52-18 
Dixie  Val ley Hot Springs 

Lee Hot Springs 
S t i l l w a t e r  Area (we l l )  

- LDMW 

Douglas County 
Walley's Hot Springs 

Elko County 
Hot Creek 

- LDMW 
Hot Creek Springs - LDMW 
Hot Hole 
Hot s p r i n g  near  C a r l i n  
Hot S u l f u r  Spring (Tuscarora)  
Humboldt Wells 

Mineral  (Contact)  Hot Spring 
Nile Spring 
Smith Ranch Hot Spring 
Sulphur Hot Spring (Ruby V.) 

Sulphur Hot Spring ( E l k o )  

- LDMW 

- LDMW 

-126.5 
-125.3 

-120.0 
-115.1 
-115.5 
-120.8 
-118.1 

-113.0 
-115.1 
-116.9 
-117.0 
-112.3 
-121.2 

-135.5 
-132.8 
-120.3 
-115 t o  -130 
-126.6 
-126.9 

-139.3 
-137.3 

-121 02 
-133.9 
-126.1 
-120.0 
-125.8 
-110.0 

-119.5 

-126.7 
-121.4 
-135.7 
-128.9 
-144.7 
-132.7 
-138.6 
-134.7 
-122.1 
-139.0 
-139.1 
-132.8 
-130.1 
-124.6 
-145.9 

-15.56 
-15.54 

- 
-13.54 
-14.09 
-14.04 
-15.34 

-14.79 
-13.54 
-14.20 
-13.81 
-15.30 
-14.05 

-17.46 
-17.46 
-14.83 

-16.91 
-15.69 
-16.29 
-16.64 

-14.22 
-14.72 
-15.89 
-15.22 
-13.34 
-12.36 

-15.55 

-16.28 
-1 5 -69 
-17.40 

-15.31 
-16.64 
-16.65 

-16.20 

-15.81 
-17.61 
-18.24 
-16.24 

-1 6.87 
-17.67 

-16.09 
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Tab le  6. I s o t o p i c  d a t a  f o r  thermal  s p r i n g s  of t h e  no r the rn  Basin and 
Range--continued. 

d e l  D 

Esmeralda County 
S i l v e r  Peak (Water Works spr.)  

Eureka County 
Be owawe 
Hot Spr ings  Po in t  
Klobe Hot Springs 
Wal t i  Hot Springs 

Humboldt County 
Ba l t azo r  Hot Springs 
Bog Hot Spr ings  
Double Hot Springs 
Dyke Hot Springs 
Hot Po t  
Hot Springs Ranch (Tipton)  
Howard Hot Spring 
Macfar lanes  Hot Springs 
P i n t o  Hot Springs 
S o l d i e r  Pleadows Hot Springs 
The Hot Springs 

Lander County 
Buf fa lo  Va.lley Hot Springs 

- LDMW 

(Va l l ey  o f  the  Moon) 
Hot Springs Ranch 

Smith Creek Valley 
Spencer Hot Spring 
Unn. Spr. (Grass V. n r  Wal t i )  

Lyon County 
Hazen Area 
Hinds (Nevada) Hot Spr ings  
Wabuska Hot Springs . 
Wedell 

Mineral  County 
Soda Springs 

Nye County 
Diana's Punchbowl 
Darroughs Hot Springs 

Pershing County 
Colado 
Hyder Hot Springs 
Humboldt House - deep w e l l  

- sha l low w e l l  
- LDMW 

- LDMW 
Kyle Hot Springs 

Leach Hot Springs 
Summit Spring - LDMW 
Trego Hot Springs 

-118.2 

-130.0 
-136.1 
-127.9 
-129.8 

-125.3 
-124.3 
-128.8 
-128.0 
-136.7 
-131.4 
-127 . 1 
-127.2 
-129.2 
-129.2 
-134.6 

-131 06 
-135.2 
-117.3 

-127.8 
-130.4 
-135.8 
-134.8 

-121 .5 
-123.2 
-129.7 
-131 .9 

-130.3 

-124.9 
-122.5 

-125.5 
-133.2 
-130.6 
-127.2 
-119.9 
-130.0 
-121.1 
-128.6 
-126.8 
-124.5 

d e l  180 

-13.50 

-14.76 
-15.97 
-16.28 
-16.87 

-15.26 
-15.30 
-15.93 
-16.29 
-16.70 
-15.74 
-16.17 
-12.54 
-14.48 
-16.56 
-16.44 

-15.85 
-13.61 
-14.95 

-16.28 
-16.68 
-16.01 
-16.73 

-13.30 
-16.01 
-15.38 
-15.90 

-16.13 

-16.24 
-15.50 

-14.01 
-15.66 
-14.64 
-1 4.09 
-15 i25 
-15.50 
-14.71 
-15.70 
-16.80 
-14.40 
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Table 6. I s o t o p i c  d a t a  for thermal  s p r i n g s  of t h e  no r the rn  Basin and 
Range--continued. 

d e l  D d e l  180 

Washoe County 
Bowers Mansion Hot Springs 
Fly Ranch 
Great  Bo i l ing  Spr ings  
San Emidio Desert 
Steamboat Springs 
The Needle Rocks 

White Pine  County 
Cherry Creek Hot Springs 
Monte Neva Hot Spr ings  

OREGON 
Harney County 

Alvord ( Ind ian )  Hot Springs 
Crane Hot Spr ings  
Mickey Hot Springs 
Pike Creek - LDMW 
Trout  Creek Hot Spring 
Trout Creek- LDMW 
Unn. Sprs. near  Hot Lake 
Unn. H. Sprs  nea r  Harney Lake 

Lake County 
Barry Ranch Hot Springs . -  

Crane Creek- LDMW 
Crump 
Deep Creek - LDMW 
F i s h e r  Hot Springs 
Hunters  Hot Spr ings  
Summer Lake Hot Springs 

Malheur County 
Unn. Spr. nr .  McDermitt 

UTAH 
Beaver Countv 

Roosevel t  Seep 
Thermo Hot Spr ings  
Steam Well a t  Roosevelt  H.S. 

Crate J; ab  County 
Baker ,Abraham) Hot S. 

changes due t o  exchange w i t h  m i n e r a l s  i n  t h e  
conf in ing  rock (Craig,  1963). In t h e  n o r t h e r n  
Great  Basin,  d i l u t e  Na-HC03 waters  and Na-S04 
waters  g e n e r a l l y  have l e s s  oxygen enrichment 
than Na-Cl waters  (F igs .  8 ,  9 ,  and 10). 
Bicarbonate-r ich waters ,  however, o c c a s i o n a l l y  
have v e r y  l a r g e  oxygen shifts (up t o  4 o/oo:  
Fig .  8 ) .  
u s u a l l y  +20 t o  +30 p e r  m i l  i n  6 0 while  
s i l i c a t e s  i n  most igneous rocks  range from +5 t o  
+15 o / o o .  Larger  oxygen s h i f t s  a r e  observed i n  
water a s s o c i a t e d  wi th  l imes tones  than  i n  waters  

Carbonates i n  l imetsofgs  a r e  

-102.3 
-120.7 
-100.5 
-108.3 
-116.7 
-106.5 

-127.8 
-127.8 

-123.6 
-133.3 
-124.3 
-108.4 
-127.4 
-115.3 
-125.4 
-128.5 

-119-4 
-101.2 
-115.5 
-106.6 
-117.0 
-119.0 
-115.0 

-134.6 

-113.0 

-115.9 
-118.3 

-126.3 

-14.79 
-14.72 
-10.83 
-12.05 
-12.16 
- 6.33 

-16.20 
-16.68 

-13.23 
-16.17 
-13.42 
-14.05 
-16.17 
-15.50 
-14.36 - 

-13.72 
-13.40 
-13.28 
-1 3 -46 

-14.32 
- 

-13.32 

-16.95 

-12.95 
-14.32 
-12.99 

-16.0 

a s s o c i a t e d  w i t h  s i l i c a t e  rocks because of t h e  
concent ra t ion  d i f f e r e n c e  and t h e  f a s t e r  exchange 
r a t e s  between carbonates  and waters .  The l a c k  
of c o r r e l a t i o n  between oxygen s h i f t  and amount 
of d i sso lved  s o l i d s  i n  t h e  Na-C1 waters  i s  a n  
i n d i c a t i o n  t h a t  a l though these  waters  g e n e r a l l y  
occur where most water-rock r e a c t i o n  h a s  taken  
p lace ,  the c h l o r i d e  c o n c e n t r a t i o n  i s  a t  l e a s t ,  
i n  p a r t ,  a f u n c t i o n  o f  ch lor ide  a v a i l a b i l i t y .  

The oxygen i s o t o p i c  composi t ions of a few 
s u l f a t e s  i n  thermal  waters  of t h e  Basin and 
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M e q .  c a t i o n s  
Figure 8 .  Oxygen s h i f t  of  HCO - r i ch  thermal water a s  a function o f  m i l l i e q u i v a l e n t s  c a t i o n s  ( s p e c i f i c  

c o n d u c t i v i t y ) .  

M e q .  c a t i o n s  
Figure 9 .  Oxygen s h i f t  o f  S04-rich thermal waters  a s  a function o f  mi l l i equ iva lent s  c a t i o n s  ( s p e c i f i c  

c o n d u c t i v i t y ) .  
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Figure 10. Oxygen s h i f t :  of C1-r ich  thermal  w a t e r s  DS D f u n c t i o n  of m i l l i e q u i v a l e n t s  c a t i o n s  ( s p c c i f i c  

c o n d u c t i v i t y ) .  

Range Province have been r e p o r t e d  by Nehring and 
Mariner (1979). Our i n t e n t  was t o  e s t i m a t e  t h e  
thermal-aquifer  temperature us ing  t h e  s u l f a t e -  
water  i so tope  geothermometer. of McKenzie and 
T r u e s d e l l  (1977). The su l fa te -water  i so tope  
ge othermome t e r gene r a1 l y  g i v  e s c a 1 c u l  a t  ed 
temperatures  t h a t  a re  s l i g h t l y  h o t t e r  than 
those  obta ined  from t h e  quar tz  o r  Na-K-Ca 
geothermometers. However, i n  some a r e a s ,  t h e  
s u l f  ate-water i so tope  geothermome t e r  gives  
temperatures  cons iderably  lower than  the  
measured s u r f a c e  temperatures  o r  considerably 
h igher  than the  temperatures  e s t i m a t e d  from t h e  
o t h e r  geothennometers (Table 3 ) .  It i s  p o s s i b l e  
f o r  s u l f a t e  t o  be d isso lved  from t h e  country 
rock a f t e r  t h e  thermal f l u i d  l e a v e s  t h e  thermal  
a q u i f e r  o r  t h e  thermal f l u i d  may mix w i t h  
s u l f a t e - r i c h  nonthermal water before  i t  
d i s c h a r g e s  a t  the sur face .  T h i s  added s u l f a t e  
probably w i l l  have a d i f f e r e n t  o r i g i n a l  i s o t o p i c  
composition and could s i g n i f i c a n t l y  change the  
i s o t o p i c  composition of t h e  t o t a l  s u l f a t e  i n  t h e  
d ischarge .  

In t h e  n o r t h e r n  Basin and Range Province, 
the  su l fa te -water  i so tope  geothermometer 
i n d i c a t e s  aqui f  e t - tgmperatures  which a r e  
g e n e r a l l y  50 t o  100 C higher  than  t h o s e  e s t i -  
mated from t h e  s i l i c a  or  c a t i o n  geother-  
mometers. A p o s s i b l e  explana t ion  f o r  these  
h i g h e r  apparent  temperatures  i s  t h a t  t h e  
d e p l e t e d  s u l f a t e  i s  from d i s s o l u t i o n  of minera ls  
formed dur ing  previous  high temperature  

h y d r o t h e ~ a l  o r  metamorphic events .  However, 
t h e s e  m i n e r a l s  must be s i t u a t e d  along the  flow 
p a t h  from t h e  r e s e r v o i r  t o  t h e  s u r f a c e  o r  t h e  
res idence  times of f l u i d s  i n  t h e  thermal 
r e s e r v o i r  must be v e r y  s h o r t .  The l a t t e r  
p o s s i b i l i t y  does not  appear l i k e l y  due t o  t h e  
o l d  apparent  age of most of t h e  waters .  
However, i n  minera l ized  a reas ,  t h e r e  i s  the 
p o s s i b i l i t y  of d i s s o l v i n g  i s o t o p i c a l l y  d e p l e t e d  
s u l f a t e  which does not  have enough time t o  
a t t a i n  e q u i l i b r i u m  wi th  t h e  d i s s o l v i n g  f l u i d .  
For example, p i c k e r i n g i t e  ( i d e a l  formula 
MgAl2(SO4l4 22H20) from a s i t e  near  Lahontan 

Reservoi r  west of F a l l o n  was -6.53 oloo 6 0. 
D i s s o l u t i o n  of  such a minera l  without  
concomitant r e e q u i l i b r a t i o n  would r e s u l t  i n  
e x c e s s i v e l y  h igh  apparent  SO -H 0 i s o t o p i c  
equi l ibr ium temperatures .  S u l f a t e  m i n e r a l s  a r e  
o f t e n  a s s o c i a t e d  with o r e  d e p o s i t s  i n  western 
Nevada and so i s o t o p i c a l l y  deple ted  s u l f a t e  i s  
r e a d i l y  a v a i l  ab le .  

18 

4 2  

A l t e r n a t i v e l y ,  although t h e  su l fa te -water  
i s o t o p e  temperatures  a re  no c l o s e r  t o  t h e  
measured tempera tures  i n  t h e  deep w e l l s  then  t h e  
temperatures  c a l c u l a t e d  from the  c a t i o n  o r  

. s i l i c a  geothermometers, the apparent  s u l f a t e -  
water  e q u i l i b r i u m  temperatures  could be 
c o r r e c t .  C a l c u l a t i o n s  with t h e  computer code 
SOLBfNEQ (Kharaka and Barnes, 1973, a s  modif ied 
by Kharaka and Mariner, 1977) i n d i c a t e  
s a t u r a t i o n  w i t h  r e s p e c t  t o  anhydr i te  (CaS04) a t  
tempera tures  near  those es t imated  from the  
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su l fa te -water  i so tope  geothermometer i n  s e v e r a l  
of t h e  systems i n  n o r t h e a s t e r n  C a l i f o r n i a  (Table  
7 ) .  Th i s  may be an  i n d i c a t i o n  t h a t  the 
tempera tures  c a l c u l a t e d  from t h e  su l fa te -water  
i so tope  geothermometer a r e  accu ra t e  i n  t h i s  
a r e a .  The coo le r  tempera tures  e s t ima ted  from 
t h e  qua r t z  and Na-K-Ca geothermometer may 
i n d i c a t e  t h a t  chemical equ i l ib r ium was 
approached i n  a sha l low a q u i f e r  a t  t empera tures  
near  t h e  sp r ing  temperature  b u t  t h e  i s o t o p i c  
composi t ion remained unchanged. Anhydri te  
s a t u r a t i o n  tempera tures  (Table  7)  f o r  T rave r t ine  
Hot Spr ings ,  Hot Lake (Oregon), S t i l l w a t e r ,  Soda 
Lake-Upsal Hogback, Hazen and Alvord Hot Spr ings  
a r e  a l s o  reasonably  nea r  t h e  su l f a t e -wa te r  iso-  
tope  equi l ibr ium tempera tures .  The d i f f e r e n c e s  
i n  tempera tures  e s t i m a t e d  from t h e o r e t i c a l  
anhydr i t e  s a t u r a t i o n  (175OC) and su l fa te -water  
i s o t o p i c  da t a  (127OC) a t  t h e  Soda Lake-Upsal 
Hogback a rea  may i n d i c a t e  t h a t  r e e q u i l i b r a t i o n  
or mixing has  taken  p l a c e  i n  a shal low a q u i f e r  
s i n c e  deep w e l l s  have encountered  tempera tures  
more t h a n  5OoC h o t t e r .  
south  of Fa l lon ,  h a s  an apparent  anhydr i t e  
s a t u r a t i o n  temperature  of on ly  173OC, almost 
100°C cooler  than  t h e  su l f a t e -wa te r  i s o t o p i c  
equi l ibr ium temperature .  The s u l f a t e  a t  Lee 
must be from a nea r  s u r f a c e  hydrothermal  minera l  
source.  A t  the  o t h e r  extreme, Abraham Hot 
Spr ings  i n  Utah had a su l fa te -water  i s o t o p i c  
equi l ibr ium temperature  l e s s  t han  the  measured 
sp r ing  temperature .  Apparent ly ,  t h e  s u l f a t e  

Lee Hot Spr ings ,  l oca t ed  

d ischarged  a t  Abraham Hot Spr ings  i s  marine 
o r i g i n  ( i n i t i a l l y  about  +15 o / o o  i n  8"O) and 
i t  never  a t t a i n e d ,  i s o t o p i c  equ i l ib r ium w i t h  t h e  
thermal  water .  
Summary 

Thermal wa te r s  i n  t h e  Bas in  and Range 
Province range from d i l u t e  Na-HC03and Ca-HC03 
wa te r s  t o  very  s a l i n e  Na-C1 waters .  The 
most s a l i n e  Na-C1 waters  occur  near  Grea t  S a l t  
Lake or near t h e  s inks  and p l ayas  of 
northwestern Nevada. S l i g h t l y  s a l i n e  CO - 
charged Na-HCO wa te r s  a r e  common near  t i e  
S i e r r a  N e ~ a d a . ~  Na-SO ( 5 C 1 )  waters  occur  i n  4 nor theas t e rn  C a l i f o r n i a  and wes tern  Nevada. 
S u l f a t e  i n  these  wa te r s  may be from s u l f a t e  
miner a1  s , i n i t i a l  l y  depos i t ed  dur ing  p rev ious  
hydrothermal even t s .  

Meteoric  wa te r s  i n  t h e  probable  recharge  
a r e a s  f o r  most h o t  s p r i n g s  i n  t h e  Northern Basin 
and Range Province a r e  gene ra l ly  not  a s  dep le t ed  
i n  deuter ium a s  t h e  wa te r s  c u r r e n t l y  d ischarged  
by t h e  hot  sp r ings .  Th i s  d i f f e r e n c e  i s  l a r g e s t  
f o r  wa te r s  a s s o c i a t e d  wi th  t r a v e r t i n e  and i s  
almost c e r t a i n l y  an i n d i c a t i o n  t h a t  the  thermal  
wa te r s  recharged dur ing  t imes of co lde r  c l imate ,  
probably the P le i s tocene .  

Measured tempera tures  i n  deep,  w e l l s  a r e ,  on 
the  average,  14OC coo le r  than  expec ted  from t h e  
chemical geothermometry on wate r s  from nearby 

Table  7. Anhydri te  s a t u r a t i o n  tempera tures  and su l fa te -water  i so tope  
equ i l ib r ium tempera tures  f o r  thermal  waters  of t h e  no r the rn  
Basin and Range. 

N a m e  of Sample T - Anhydrite S a t u r a t i o n  T - S04-H20 

C a l i f o r n i a  
Fa le s  Hot Spr ings  
Hot Spr ings  Motel (Surp r i se  Val ley)  
Kel ly  Hot Spr ings  
Seyfe r th  Hot Spr ings  
T r a v e r t i n e  Hot Spr ings  
West Val ley  Reservoi r  (Hot Spr ing)  

Nevada 
Hazen (Hot Spr ings)  
Lee Hot Spr ings  
Soda Lake - Upsal Hogback ( w e l l )  
S t i l l w a t e r  ( w e l l )  
Wabuska ( sha l low we l l )  

Oregon 
Alvord Hot Spr ings  
Spring n e a r  Hot Lake (Alvord Dese r t )  

Utah 
Abraham (Baker) Hot Springs 
Thermo Hot Spr ings  

310 
21 1 
193 
189 
190 
220 

185 
173 
125 
180 
176 

27 5 
215 

159 
172 

184 
200 
198 
205 
173 
247 

220 
282 
127 
177 
140 

231 
230 

2 2  
142 
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h o t  s p r i n g s  and 's'hallow we l l s .  
t empera tures  i n  the  geothermal r e s e r v o i r s  a r e ,  
on t h e  average, 22OC coo le r  t han  expec ted  when 
s p r i n g  wa te r s  a r e  used t o  e s t i m a t e  t h e  deep 
aqui fe r - tempera ture ,  hgwever measured 
temperature a r e  only 2 C lower than expec ted  
when wa te r s  from shallow w e l l s  a r e  used t o  
e s t i m a t e  t h e  temperature of t h e  deep a q u i f e r ,  

The measured 

Anhydrite s a t u r a t i o n  tempera tures  a r e  
s i m i l a r  t o  su l f a t e -wa te r  i so tope  equ i l ib r ium 
tempera tures  f o r  t he  more s a l i n e  thermal waters  
of t h e  no r the rn  Bas in  and Range Province. 
However, some systems in n o r t h e e s t e r n  C a l i f o r n i a  
have aqui fe r - tempera tures  of  200 t o  220 C based 
on anhydr i t e  s a t u r a t i o n  and SO4- 

a r e  roughly 100 C above t h e  tempera tures  
e s t ima ted  from s i l i c a  o r  Na-IC-Ca 
~ e o t h e r m o ~ e t e r s .  

0 i s o t o p i c  
equ i l ib r ium tem e r a t u r e s .  These 7 emperatures 8 

The oxygen-18 enrichment of Na-HC5 thermal 
wa te r s  g e n e r a l l y  i n c r e a s e s  a s  t he  t o t a j  

d i s s o l v e d  s o l i d s  i n  Na-C1 wa te r s  g e n e r a l l y  a r e  
h ighe r  t han  e i t h e r  Na-HC03 o r  Na-SO4 waters .  
Although Na-Ct wa te r s  a r e  g e n e r a l l y  more 
en r i ched  i n  oxygen-18, no c o r r e l a t i o n  seems t o  
e x i s t  between t h e i r  oxygen-38 enrichment and 
amount of d i s so lved  s o l i d s .  

' d i s s o l v e d  s o l i d s  i n c r e a s e ,  Concent ra t ions  of 
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