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Department o f  Energy, no r  any Federal employees, nor  any o f  t h e i r  c o n t r a c t o r s ,  

subcontractors  o r  t h e i r  employees, makes any warranty,  express o r  imp1 ied,  o r  

assumes any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  t h e  accuracy, completeness, 

o r  usefulness o f  any i n fo rma t ion ,  apparatus, product o r  process d isc losed,  o r  

represents  t h a t  i t s  use would no t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  
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o f  Energy t o  t h e  exc lus ion  o f  o the rs  t h a t  may be s u i t a b l e .  
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ABS TRACT 

The i sotopic  composit i ons  o f  hydrogen and oxygen have been determined f o r  

s p r i n g  waters and thermal f l u i d s  from t h e  Roosevelt Hot Spr ings and Cove F o r t -  

Sulphurdale thermal areas, f o r  c l a y  mineral  separates from shal low a l t e r a t i o n  

o f  t h e  a c i d - s u l f a t e  type i n  t h e  Roosevelt Hot Spr ings area, and f o r  s p r i n g  and 

w e l l  waters from t h e  Goshen Va l l ey  area of c e n t r a l  Utah. The water analyses 

i n  t h e  Roosevelt Hot Spr ings thermal area con f i rm  t h e  o r i g i n  o f  t h e  thermal 

f l u i j d s  from meteor ic water i n  t h e  Minera l  Range. The water analyses i n  t h e  

Cove Fort-Sul  f u r d a l  e thermal area r e s t r i c t  recharge areas f o r  t h i  s system t o  

t h e  /upper e l e v a t i o n s  o f  t h e  Pavant and/or Tushar Ranges. 
I 

The l o w  l8O s h i f t  

obseirved i n  these thermal f l u i d s  (+0.7 p e r m i l )  i m p l i e s  e i t h e r  h i g h  water/rock 

r a t i o s  o r  incomplete i so tope  exchange o r  both, and f u r t h e r  suggests minimal 

i n t e r a c t i o n  between t h e  thermal f l u i d  and marble coun t ry  rock i n  t h e  system. 
~ 

Hydriogen and oxygen-i sotope data f o r  c l a y  minera l  separates f rom s h a l l  ow 
I 

a l t e / r a t i o n  zones i n  t h e  Roosevelt Hot Spr ings thermal system suggest t h a t  t h e  

f l u i b s  respons ib le  f o r  t h e  shal low a c i d - s u l f a t e  a l t e r a t i o n  were i n  p a r t  

d e r i v e d  from condensed steam produced by b o i l i n g  o f  t h e  deep r e s e r v o i r  

I 

I 
I 

f l u i d .  The i s o t o p e  evidence supports t h e  chemical model proposed by  Par ry  e t  

a l .  i(1980) f o r  o r i g i n  o f  t h e  ac id -su l fa te  a l t e r a t i o n  a t  Roosevelt Hot 

Springs. 

Val l e y  area i n d i c a t e  o n l y  a general c o r r e l a t i o n  o f  i s o t o p e  composit ion, 

s a l i n i t y  and chemical temperatures. 

i 

i 

The i s o t o p e  analyses o f  s p r i n g  and w e l l  waters f rom t h e  Goshen 

iii 
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INTRODUCTION 

Stable i so tope  s t u d i e s  o f  reg iona l  s p r i n g  waters and a v a i l a b l e  thermal  

f l u i d s  have been conducted i n  t h e  v i c i n i t y  o f  Roosevelt Hot Spr ings and Cove 

For t /Sulphurdale thermal areas. 

ex tens ion  o f  our e a r l i e r  work t h e r e  (Rohrs and Bowman, 1980) and have i n v o l v e d  

resampl ing o f  some o f  t h e  r e g i o n a l  s p r i n g  waters and r e a n a l y s i s  o f  most s p r i n g  

and thermal f l u i d  samples. The a d d i t i o n a l  sampling and a n a l y t i c a l  program was 

and 

The s tud ies  a t  Roosevelt Hot Springs a re  an 

G? 

be 

undertaken t o  c o n s t r a i n  f u r t h e r  recharge areas f o r  these two thermal areas 

t o  document any year- to-year changes i n  t h e  hydrogen and oxygen i so tope  

composi t ions of s p r i n g  waters. 

presented i n  P a r t  I .  

The r e s u l t s  of t h i s  p a r t  o f  t h e  study w i l l  

I n  add i t i on ,  hydrogen and oxygen i so tope  analyses were made o f  c l a y  

m ine ra l  separates from shal low a l t e r a t i o n  a t  t h e  Roosevelt Hot Springs t h e  

area. These analyses were made t o  see if low-temperature c l a y s  i n  the  sha 

p a r t s  o f  geothermal systems can be i s o t o p i c a l l y  d i s t i n g u i s h e d  f r a n  normal 

supergene c lays  which r e s u l t  from weathering. 

see i f  these c l a y s  would be use fu l  i n  e l u c i d a t i n g  processes o f  water-rock 

The analyses were a l s o  made 

'ma 

1 ow 

t o  

i n t e r a c t i o n  i n  the  uppermost zones of geothermal systems. 

be discussed i n  Par t  11. 

These r e s u l t s  w i l l  

We have a lso conducted hydrogen and oxygen i so tope  s tud ies  o f  s p r i n g  

waters from Goshen and Pavant Val leys i n  c e n t r a l  Utah. 

demonstrated t h a t  sp r ing  waters i n d i c a t i n g  chemical temperatures i n  excess o f  

100°C are w ide ly  d i s t r i b u t e d  throughout these areas o f  Utah. 

emphasized t h a t  a d d i t i o n a l  work would be requ i red  t o  evaluate t h e  e f f e c t s  o f  

b r i n e  mixing, c l a y  exchange and water m ix ing  on these thermometry r e s u l t s .  

C lea ry  (1978) 

Cleary a l s o  

1 



The iso tope analyses were performed i n  an at tempt t o  evaluate these e f f e c t s  so 

t h a t  a more r e a l i s t i c  eva lua t i on  o f  geothermal p o t e n t i a l  cou ld  be made i n  

these areas. These analyses w i l l  be discussed i n  P a r t  111. 

SamD1 e Select  i o n  and PreDarat i o n  

Spr ing  waters 

Waters from s u r f i c i a l  spr ings and a seep were c o l l e c t e d  f o r  hydrogen and 

oxygen analyses from t h e  v i c i n i t y  o f  Roosevelt Hot Spr ings and Cove 

FohJSulphurdale thermal areas by t h e  U n i v e r s i t y  o f  Utah du r ing  t h e  f a l l  o f  

19d7 and s p r i n g  o f  1978. This sampling was in tended t o  i d e n t i f y  t h e  probab le  

recharge a q u i f e r  f o r  t h e  geothermal f l u i d s  on t h e  bas i s  o f  i s o t o p i c  v a r i a t i o n s  

i n  s p r i n g  waters from d i s c r e t e  geographical  regions. Sampling was 

accompl i shed by standard water  c o l l e c t i o n  methods (Presser and Barnes, 1974; 

Nedr ing and Truesdel l ,  1977). 

I 

Gedt hermal we1 1 s 
I 

j Reservo i r  f l u i d s  were sampled by t h e  U n i v e r s i t y  o f  Utah d u r i n g  f l o w  t e s t s  
I 

by /Thermal Power Co. i n  May, 1978 a t  Roosevelt Hot Spr ings and d u r i n g  f l o w  

t e i t s  by Union Geothermal D i v i s i o n  i n  March, 1978 a t  Cove For t /Sulphurdale.  

I n  /order  t o  o b t a i n  rep resen ta t i ve  samples o f  d ischarged f l u i d s ,  a s t e a m / f l u i d  

min i -separa tor  o f  New Zealand des ign was used f o r  these c o l l e c t i o n s  (Nehr ing  

and Truesdel l ,  1977). 

Sol i d  Samples 

A l l  c l a y  minera l  separates were obta ined from core  samples and r o t a r y  

d r i l l  c u t t i n g s  f rom U n i v e r s i t y  o f  Utah w e l l  #76-1. K-mica, k a o l i n i t e  and 

montmori l  1 on i  t e  c lays  f o r  oxygen and hydrogen i so tope  analyses were taken f rom 

2 



f e l d s p a r  pseudomorphs and/or rock m a t r i x  and then c e n t r i f u g e d  t o  o b t a i n  t h e  

f r a c t i o n  l e s s  than f i v e  micron s ize.  

A n a l y t i c a l  Procedures 

E x t r a c t i o n  techniques 

Water oxygen e x t r a c t i o n .  The 180/160 r a t i o s  of sp r ing  and thermal waters  

were determined by t h e  C02 e q u i l i b r a t i o n  technique (Epste in  and Mayeda, 

1953). 

1.0412 (O'Nei l  e t  al., 1975). 

The f r a c t i o n a t i o n  f a c t o r  between H20 and C02 a t  25°C was taken as 

Water hydrogen e x t r a c t i o n .  Hydrogen gas f o r  D / H  measurements was 

l i b e r a t e d  from water samples by r e d u c t i o n  o v e r  h o t  (800°C) uranium metal 

(Friedman, 1953). 

Si1 i c a t e  hydrogen e x t r a c t i o n .  A f t e r  t he  removal o f  adsorbed and 

i n t e r l a y e r  water by degassing i n  a vacuum a t  150°C overn ight ,  hydrogen and 

water  were 1 i berated from K-mica c l  ays by hea t ing  t o  approximately 900°C u s i n g  

a method s i m i l a r  t o  t h a t  o f  Suzuoki and Eps te in  (1976). 

converted t o  water i n  a CuO furnace a t  700°C p r i o r  t o  r e d u c t i o n  over h o t  

uranium metal a t  800°C. 

Hydrogen was 

f o r  12 t o  14 hours (C lay ton  and Mayeda, 1963). 

converted t o  C02 f o r  mass spect rometr ic  analys 

(Tay l  o r  and Epste i  n, 1962). 

b y  r e a c t i n g  5 t o  10 mg of c l a y  w i t h  BrF5 a t  550°C i n  n i c k e l  

The evolved 

s by combust 

Si1 i c a t e  oxygen ex t rac t i on .  Oxygen from s i 1  i c a t e  m ine ra l s  was e x t r a c t e d  

r e a c t  i o n  vessel s 

02 gas was t h e n  

on w i t h  g r a p h i t e  

3 



- Mass spectrometry 

I so top ic  measurements f o r  CO2 gas and H2 gas  were made w i t h  Micromass 

602 D mass spec t rometers ,  w h i c h  a r e  double c o l l e c t o r ,  90" s e c t o r  magnetic 

d e f l e c t i o n  instruments of 6 cm radius .  

oxygen are repor ted  re a t i v e  t o  SMOW (Cra ig ,  1961a) and f o r  carbon re la t ive t o  

the  Chicago PDB s tanda  d (Cra ig ,  1957). 

oxygen i so tope  r a t i o s  i s  between 0.1 and 0.2 permi l ,  while t h a t  f o r  hydrogen 

i s  between 1 and 2 permil 

The i s o t o p i c  da t a  f o r  hydrogen and 

Analyt ical  e r r o r  f o r  carbon and 

Not a t  i on 

A l l  i s o t o p i c  d a t a  a r e  reported i n  the d e l t a  no ta t ion ,  where 

6x = R A  - Rstd x 1000. 
d R s t d  

6Xirepresents the 6D, 6l80, or 613C of sample A, and R i s  the D/H, l80/l6O, o r  

13k/12C r a t i o  o f  the  sample or s tandard.  For c o e x i s t i n g  phases A and 6, 

where a i s  the f r a c t i o n a t i o n  f a c t o r ,  def ined  as 

1000 + 6XA 
A-B = - R A  - - a 

R B  1000 + 6XB 

4 



PART I. Analys is  of Spr ing and Thermal Waters from t h e  Roosevelt Hot Spr ings 

and Cove Fort /Sulphurdal  e Thermal Areas. 

water data 

moni t o  ri ng 

r e s u l t s  o f  

hyd r o l  og i c 

become enr 

our f i r s t  study, t o  prov ide 

s t a b i l  i t y  o f  t h e  geothermal 

ched i n  l80, t h i s  cou ld  i n d  

I n  our i n i t i a l  r e p o r t  on t h e  Roosevelt Hot Spr ings thermal area, we 

mentioned t h e  importance i n  f u t u r e  work of t h e  cont inued mon i to r i ng  o f  t h e  

water and steam from p roduc t i on  we l l s ,  a seep, and t h e  spr ings from t h e  

p o t e n t i a l  recharge areas. 

s i n c e  our submission o f  t h e  o r i g i n a l  repo r t ,  hence no new steam o r  thermal 

are ava i l ab le .  

o f  producing w e l l s  by i so tope  techniques i s  l i k e l y ,  based on t h e  

No f low t e s t s  access ib le  t o  us have been conducted 

This i s  q u i t e  unfor tunate,  because long-term 

s i g n i f i c a n t  i n f o r m a t i o n  on t h e  

system. For  example, should t h e  water  

ca te  t h a t  f l u i d s  from impermeable r o c k s  

a r e  m i g r a t i n g  i n t o  the  wel ls .  

sma l le r  i s o t o p i c  s h i f t s ,  imp ly ing  f a s t e r  m i g r a t i o n  o f  t h e  meteor ic  waters 

th rough  the  system. Changes i n  the f r a c t i o n a t i o n  between steam and water 

c o u l d  i n d i c a t e  e i t h e r  f l u c t u a t i o n s  i n  steam separat ion temperatures o r  t h e  

a r r i v a l  o f  c o o l e r  o r  h o t t e r  f l u i d s  i n t o  the  wel ls .  

possible changes i n  t h e  water i s o t o p i c  data t o  t h e  q u a n t i t i e s  o f  w a t e r  and 

steam produced by the  we l l s ,  f l u c t u a t i o n s  i n  t h e  hydrology o f  t h e  system, such 

as a decrease i n  pe rmeab i l i t y ,  might  be detected. 

A d e p l e t i o n  i n  l80 might  be evidence f o r  

By comparing these 

However, many o f  t h e  spr ings i n  p o t e n t i a l  recharge areas f o r  t he  

Roosevel t  Hot Springs and Cove For t /Sulphurdale thermal areas t h a t  were 

sampled f o r  our i n i t i a l  r e p o r t  (Rohrs and Bowman, 1980) were resampled d u r i n g  

t h e  f a l l  o f  1977 and t h e  summer o f  1978. 

sampled are provided i n  F igu re  1. 

Locat ions o f  t h e  s p r i n g  waters 

The hydrogen and oxygen i so tope  data a r e  

5 
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Figure 1. General ized topographic  map o f  the region inc luding  the Roosevelt  
Spring l o c a l i t i e s  Hot Spr ings  and Cove Fort-Sulphurdale Thermal Arease 

a r e  noted by number,  



compiled i n  Table 1. Isotope r e s u l t s  from our i n i t i a l  r e p o r t ,  determined by 

A. A. Truesdel l  o f  t h e  U.S. Geological  Survey and a t  t h e  U n i v e r s i t y  o f  Utah, 

a r e  a l so  shown f o r  ease o f  comparison. 

As w i t h  t h e  i n i t i a l  s u i t e  o f  sp r ing  water samples, t h e  meteor ic  waters 

from each geographical area c o n s i s t e n t l y  dev ia te  from t h e  meteor ic  water 1 i n e ,  

a s  shown i n  F i g u r e  2. F i t t i n g  a l i n e  o f  l i n e a r  reg ress ion  t o  t h e  new M ine ra l  

Mountains analyses provides a s lope o f  4.6, equ iva len t  t o  t h a t  c a l c u l a t e d  f o r  

t h e  o r i g i n a l  data se t  (Rohrs and Bowman, 1980). 

w i t h  m o d i f i c a t i o n  o f  these meteor ic  waters by k i n e t i c  e f f e c t s  accompanying 

Both data sets  a re  c o n s i s t e n t  

evaporat ion (Cra ig,  1961b; Cra ig  e t  al., 1963) or a b l a t i o n  o f  t h e  snow pack. 

Although t h i s  phenomenon cou ld  be a cmmon f e a t u r e  o f  meteor ic waters i n  t h e  

a r i d  Basin and Range environment o f  t h e  southwestern Uni ted States,  1 ong-range 

s t u d i e s  a re  c e r t a i n l y  r e q u i r e d  t o  s u b s t a n t i a t e  t h i s  hypothesis.  

1 A comparison o f  t h e  i s o t o p i c  c m p o s i t i o n  o f  s p r i n g  waters c o l l e c t e d  i n  

1976 w i t h  those o f  t h e  r e c o l l e c t e d  samples i n  1977-1978 i n d i c a t e  l i t t l e  o r  no 

systemat ic s h i f t  i n  hydrogen o r  oxygen i so tope  composit ion. The data suggest 

t h a t  storm-to-storm f l u c t u a t i o n s  i n  6D and 6 0 values a r e  we l l  i n t e g r a t e d  18 

l u r i n g  sp r ing  r u n o f f  and t h a t ,  a t  l e a s t  f o r  two years, ground waters have been 

i s o t o p i c a l l y  uniform. Although no t  conc lus ive,  t h e  r e s u l t s  g i v e  some 

conf idence t h a t  t h e  SD and S1*0 values o f  mountain recharge areas a r e  

comparat ive ly  un i form from year  t o  year  and can be used t o  evaluate whether 

s p e c i f i c  areas can c o n t r i b u t e  f l u i d  t o  a geothermal system. 

The r e l a t i o n s h i p  o f  t h e  thermal f l u i d s  i n  each thermal area t o  t h e  s p r i n g  

waters i s  a l s o  shown i n  F igu re  2. The SD value o f  t h e  thermal waters a t  

Roosevelt Hot Springs, -116, i s  w i t h i n  t h e  range e x h i b i t e d  by spr ings f rom t h e  
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Table 1. I s o t o p i c  analyses o f  sp r ing  and then ia l  waters from t h e  Roosevel t  
Hot Springs and Cove For t fSu lphurda le  regions. 

Oa t e  
Co l l ec ted  60 5180 

Minera l  Mtns. Springs 
K i r k  

B a i l e y  

Wi l low 

Vathew 

Jack Rabbit 

Tushar Mtns. Springs 
Sulphurdale Nor th  

Sulphurdale South 

Dead Cow 

Xud 

Spr ings between Tushar 
and Minera l  Mtns. 

Four M i l e  

Wiregrass 

cowboy 

Pavant Range Springs 
Nor th  Creek 

Magpie 

Thernial Waters 
Rooscvel t KGRA, Utah State 
Wel l  14-2 

Water 

Steam 

Roosevel t  Secp 

Cove Fo r t /Su l fu rda le  Union 
Well 42-7 

Water 
Stearn 

S u l f u r d a l e  Mine 

10/6/7 7 
*8/76 

10/5/77 
*8/76 

10/6/77 
*8/76 

10/6/ 7 7 
+1Q /6 /7 7 
10/5/77 

+lo/ 6 /  7 1  

? /  2217 7 
*SI76 

7 / 2 2 / 7 7  
9 / 7 6  

10 /3/77 
*Of76 

10/3/ 7 7 
+?/76 

10/5/!7 
‘8176 

1@/5/77 
*3/76 

10/5/71 
*3/76 

io/3/7r 
*?/76 

10/3/71 
*3/76 

51i31ia 
+5/13/78 
5/13/78 

+5/13/ia 
5/11/78 

+5/11/78 

1 / 2 2 / ? 7  

-115 
-110 
-114 
-111 
-115 
-1 14 
-115 
-117 
-114 
-116 

-1  16 
-118 
-115 
-1 16 
-116 
-1 14  
-123 
-126 

-113 
-114 
-116 
-115 
-118 
-1 IS 

-1 21 
-120 
-1 19 
-1 20 

-1 15 
-116 
-113 
- 1  14 
-111 
-111 

-121 
-135 

-85 

8 

-14.3 
-14.2 
-15.@ 
-1.1.5 
-14.5 
-14.9 
-15.4 
-15.6 
-16.0 
-15.8 

-15 .4  
-15.6 
-15.5 
-15.6 
-14 .8  
-14.6 
-16.3 
-15.5 

-14.4 
-14.2 
-1 5.0 
-15.2 
-15.1 
-15.2 

-15.0 
-15.0 
-15.3 
-15.6 

-13.4 
-13.6 
-i5.1 
-15.4 
-12.4 
- 1 2 . 7  

-15.7 
-19.3 

-1?.3 
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18 Figure 2. Plot o f  the 6D and 6 0 values of spring waters and geothermal 

f lu ids  from the Roosevelt Hot Springs and Cove Fort-Sulphurdale Thermal 
Areas and surrounding region. 
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Mineral  and Tushar Mountains. 

conf i rms t h e  conclus ion by Rohrs and Bowman (1980) t h a t  t h e  Minera l  Range i s  

t h e  most l i k e l y  recharge area f o r  t h e  geothermal f l u i d s  a t  Roosevelt Ho t  

Springs. 

t he  percentages o f  steam and water  produced by w e l l  14-2 (A. H. Truesdel l ,  

personal communication). An average 6l80 value f o r  s p r i n g  waters from t h e  

Minera l  Mountains i s  -14.9, w h i l e  t h e  6l80 value f o r  s p r i n g  waters w i t h  a 6D 

o f  -116 i s  about -15.6 These values p rov ide  an i s o t o p i c  s h i f t  o f  +1.2 t o  +1.9 

f o r  t h e  thermal waters o f  w e l l  14-2. These s h i f t s  compare t o  a minimum 

i s o t o p i c  s h i f t  a t  Wairakei o f  +0.5 (Clayton and S te ine r ,  1975) and a maximum 

s h i f t  o f  +13.0 a t  S a l t o n  Sea (C lay ton  e t  a1 , 1968). 

This  s i m i l a r i t y  w i t h i n  t h e  new da ta  s e t  

The 6l80 value i s  approximately -13.7, which has been est imated f rom 

The reanalyzed 6l80 and 6D values of t h e  thermal waters f rom t h e  

Roosevelt seep a re  about -12.6 and -111, r e s p e c t i v e l y ,  i n  good agreement 

t h e  o l d  values. The enrichment o f  6l80 and 6D i n  t h e  seep suggests 

w i t h  

m o d i f i c a t i o n  o f  t he  deep thermal waters by evaporat ion a t  t h e  su r face  o r  

b o i l i n g  i n  t h e  subsurface. 

The l o c a t i o n  o f  Union Well 42-7 t o  sur face geology i n  t h e  Cove F o r t /  

Sulphurdale area i s  shown on P l a t e  I f rom t h e  DOE Technical Report f o r  t h e  

geology o f  t h i s  area (Moore and Samberg, 1979). Also shown a r e  two l o c a l  

s p r i n g s  (Sulphurdale Nor th and South) p lus  t h e  Sulphurdale mine seep. 

values o f  thermal wat.er from t h e  Cove For t /Sulphurdale thermal area equal 

-123. 

May, 1978, complete steam/water separat ion was no t  p o s s i b l e  t o  achieve. 

hydrogen and oxygen i s o t o p e  composi t ion o f  t h e  steam and water separates a l s o  

i n d i c a t e  incomplete separat ion,  a l though t h e  steam separate i s  l i g h t e r  i n  b o t h  

The 6D 

A t  t h e  low temperatures (110OC) and low f low r a t e s  o f  t h e  f l o w  t e s t  o f  

The 

10 
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6D and 6 l 8 0  as would be p red ic ted  from known f r a c t i o n a t i o n  f a c t o r s  (Friedman 

and O'Nei l ,  1977). 

hydrogen and oxygen i so tope  f r a c t i o n a t i o n  f a c t o r s  a re  100 and 250°C, 

r e s p e c t i v e l y .  

Temperatures of separat ion determined from t h e  known 

Because steam/water r a t i o s  a r e  very low, we can approximate t h e  6D va lues 

o f  t h e  thermal f l u i d  a t  Cove For t /Sulphurdale t o  be equal t o  t h a t  o f  t h e  wa te r  

separate, o r  -123 permi l .  

a c t u a l  values o f  t o t a l  f l u i d  w i l l  be somewhat l i g h t e r .  Comparison o f  t h i s  

va lue w i t h  those o f  spr ings i n  t h e  Pavant and Tushar Mountains i n d i c a t e s  t h a t  

t h e  sp r ings  i n  t h e  v i c i n i t y  o f  Cove For t /Sulphurdale (Sulphurdale North and 

South sp r ings )  have 6D values t o o  heavy (-116 and -115 permi l ,  r e s p e c t i v e l y )  

t o  be t h e  pr imary recharge f o r  t h e  thermal f l u i d s .  Only t h e  sp r ings  a t  h i g h e r  

e l e v a t i o n s  i n  t h e  Pavant and Tushar Mountains (e.g., Nor th Creek, Magpie, Mud) 

have 6 D  values cons is ten t  w i t h  those o f  t h e  thermal f l u i d s  from w e l l  42-7. 

The presence o f  h igh-e l  e v a t i o n  recharge areas combined w i t h  l ower  e l  e v a t i o n  

sp r ings  o f  d i v e r s e  o r i g i n  imply  r e l a t i v e l y  deep c i r c u l a t i o n  o f  recharge f l u i d s  

and/or t h e  presence o f  d i s c r e t e ,  and s t r u c t u r a l  l y  c o n t r o l l e d ,  a q u i f e r s  i n  t h e  

Cove For t /Sulphurdale area. 

Because t h e  steam f r a c t i o n  i s  depleted i n  6D, t h e  

The l 8 0  s h i f t  i n  t h e  thermal f l u i d s  o f  +0.7 p e r  m i l  i s  q u i t e  small and 

r e f l e c t s  e i t h e r  h i g h  water/rock r a t i o ,  incomplete exchange due t o  l o w  

temperatures ( < 2 O O 0 C ) ,  incomplete exchange due t o  r a p i d  t r a n s i t  through t h e  

geothermal system, o r  a combinat ion of these mechanisms. 

i n d i c a t i o n  i n  t h e  oxygen-isotope da ta  o f  f l u i d  i n t e r a c t i o n  w i th  t h e  h i g h  l 8 0  

carbonate rocks known t o  be a t  depth i n  t h i s  system. 

There i s  no 
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Water from t h e  Sulphurdale mine seep ( T  = 65OC) has s i g n i f i c a n t l y  h i g h e r  

60 (-96) and Sl80 values (-12.9) r e l a t i v e  t o  t h e  thermal f l u i d s  and any s p r i n g  

water  i n  t h e  v i c i n i t y .  These anomalous values r e s u l t  from t h e  k i n e t i c  e f f e c t s  

o f  evaporat ion a t  temperatures between 50 and 90°C (Cra ig,  1963). 
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PART 11. S tab le  Isotope Studies of Clays and C a l c i t e  f rom Shallow A l t e r a t i o n  

a t  Roosevelt Hot Springs 

I n  our f i r s t  study (Rohrs and Bowman, 1980), we repor ted carbon, oxygen 

and hydrogen i so tope  analyses of whole rock and mineral  separates f rom w e l l  

c u t t i n g s  from t h e  Roosevelt Hot Springs thermal area. 

u t i l i z e d  i n  t h a t  study were a l l  from deep wel ls ,  and t h u s  t h e  s tudy concen- 

t r a t e d  on t h e  i s o t o p i c  c h a r a c t e r i s t i c s  of deep and in te rmed ia te  hydrothermal 

a l t e r a t i o n  i n  t h e  Roosevelt Hot Springs system. 

i so tope  c h a r a c t e r i s t i c s  i n  the  deep w e l l  m a t e r i a l s  were t h e  r e s u l t  o f  i n t e r -  

a c t i o n  o f  rocks o f  q u a r t z  monzonite composit ions w i t h  ascending h o t  (-250°C) 

f l u i d s .  However a l t e r a t i o n  and geochemical s tud ies  by Parry e t  a l .  (1980) o f  

t h e  shal low and sur face a l t e r a t i o n  mineralogy suggests t h a t  these assemblages 

d i d  not r e s u l t  from simple i n t e r a c t i o n  o f  quar tz  monzonite w i t h  t h e  cooled 

e q u i v a l e n t  o f  t h e  deep geothermal r e s e r v o i r  f l u i d .  Rather, a d d i t i o n a l  e f f e c t s  

o f  b o i l i n g  and/or o x i d a t i o n  were suggested. 

s i g n i f i c a n t  changes on t h e  hydrogen, oxygen and carbon i s o t o p e  composi t ions o f  

t h e  system. 

s u l f a t e  a l t e r a t i o n  and t h e  deeper p r o p y l i t i c  a l t e r a t i o n ,  we recommended i n  o u r  

f i r s t  study t h a t  t he  m ine ra l s  from the a c i d - s u l f a t e  a1 t e r a t i o n  be i s o t o p i c a l l y  

analyzed. 

c l a y  minera ls ,  k a o l i n i t e ,  mon tmor i l l on i te ,  and K-mica, might  shed l i g h t  upon 

whether t h e  f l u i d s  respons ib le  f o r  t h e  a c i d - s u l f a t e  a l t e r a t i o n  a re  d e r i v e d  

f rom steam which condenses i n  the  al luvium. Th is  study was i n i t i a t e d  i n  p a r t  

t o  see i f  i s o t o p i c  e f f e c t s  r e l a t i n g  t o  t h i s  process c o u l d  be i d e n t i f i e d .  

The s o l i d  samples 

The a l t e r a t i o n  mineralogy and 

Both processes may impose 

I n  order  t o  study t h e  r e l a t i o n s h i p  between t h e  shal low ac id -  

S p e c i f i c a l l y ,  we suggested t h a t  t h e  i s o t o p i c  composi t ion o f  t h e  

13 



I n  t h i s  study we r e p o r t  hydrogen and oxygen isotope analyses o f  c l a y  

minera l  separates from a l t e r a t i o n  assemblages a t  l e s s  t h a n  60 m depth i n  t h e  

U n i v e r s i t y  o f  Utah Well 76-1. The o b j e c t i v e s  o f  t h e  study were t o  determine 

i f  c l a y s  formed i n  shal low, low-temperature p a r t s  o f  geothermal systems a r e  

i s o t o p i c a l l y  d i s t i n c t  from c lays  formed i n  noma1 low-temperature weather ing 

environments; t o  determine i f  i s o t o p i c  data from c l a y  m ine ra l s  cou ld  h e l p  

e l u c i d a t e  processes o f  f l  u id / rock  i n t e r a c t i o n  a t  t he  low temperatures 

c h a r a c t e r i s t i c  o f  t h e  upper p a r t s  o f  geothermal systems; and t o  see if c l a y  

m ine ra l s  a t  Roosevelt reco rd  e f f e c t s  o f  b o i l i n g  and/or o x i d a t i o n  which appear 

t o  have compl icated i n t e r p r e t a t i o n  o f  t h e  shal low a l t e r a t i o n .  

General Geology 
... 

The d e t a i l e d  geol ogy, s t r u c t u r e ,  and hydrothermal a1 t e r a t i o n  o f  t h e  

Roosevelt Hot Springs thermal area have been repo r ted  i n  several  sources (Ward 

e t  a1 ., 1973; Rohrs and Bowman, 1980) and t h e r e f o r e  o n l y  a summary w i t h  per-  

t i n e n t  f a c t s  w i l l  be presented here. The Roosevelt Hot Springs thermal area 

i s  l oca ted  on the western f l a n k  o f  t h e  Mineral  Mountains range i n  southwestern 

Utah, about 2 1  km nor theast  o f  M i l f o r d ,  Utah (Fig. 3) .  Forming a northward- 

t r e n d i n g  h o r s t  near t h e  eastern ex ten t  o f  t h e  B a s i n  and Range province, t h e  

mountains near t h e  geothermal area a r e  composed p r i m a r i l y  o f  a g r a n i t i c  i n t r u -  

s i v e  complex o f  approximately 250 km 2 w i t h  K - A r  dates from 3.4 t o  14.0 m.y. 

(Armstrong, 1970; Park, 1971; Ward e t  al., 1978). 

metamorphic rocks exposed i n  the  Mineral  Mountains prov ides an apron of 

a l l u v i u m  along t h e  base o f  t h e  range. These sediments a re  p r i m a r i l y  l i t h i c  

sandstones and conglomerates, a r k o s i c  i n  composit ion, composed p r i m a r i l y  of 

g r a n i t i c  d e t r i t u s  w i t h  sparse c l a s t s  o f  pumice, r h y o l i t e ,  obs id ian  and gneiss.  

Eros ion o f  t h e  igneous and 
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Figure  3. Geologic mao of th? Roosevelt Hot Springs thermal area,  Utah 
(adapted f rom Parry e t  a l . ,  198G). 
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Extensive f a u l t  systems w i t h i n  t h e  basement and a l l uv ium have been 

u t i l i z e d  by t h e  ascending geothermal f l u i d s  and are  t h e  s i t e s  o f  hydrothermal 

a l t e r a t i o n  i n  the  area. Two types  o f  a l t e r a t i o n  have been encountered i n  t h e  

thermal area. An a c i d - s u l f a t e  a l t e r a t i o n  i s  conf ined p r i m a r i l y  t o  sha l l ow  

depths, w h i l e  a p r o p y l i t i c  a l t e r a t i o n ,  c h a r a c t e r i s t i c  o f  t h e  deep r e s e r v o i r ,  

extends t o  a t  l e a s t  2 km beneath t h e  surface. 

was t h e  focus o f  our  e a r l i e r  s tudy (Rohrs and Bowman, 1980). 

a l t e r a t i o n ,  produced by  proposed a c i d - s u l f a t e  waters (Par ry  e t  al . ,  1980), i s  

v e r t i c a l l y  zoned. Near t h e  surface, a l l u v i u m  i s  a l t e r e d  t o  opal and a l u n i t e ,  

and o n l y  qua r t z  remains unaf fec ted  i n  t h e  most h i g h l y  a l t e r e d  rocks. 

P a r t i c u l a r l y  no tab le  i s  t h e  Opal Mound, a small  h o r s t  composed o f  v a r i c o l o r e d ,  

laminated opal (Ward e t  al., 1978). 

depos i t s  along t h e  Opal Mound f a u l t  (F igu re  3). 

k a o l i n i t e ,  kaolinite-montmorillonite, and rnuscovi te-pyr i te  extend t o  70 rn 

beneath t h e  sur face (Par ry  e t  a1 ., 1980). 

The deep p r o p y l i t i c  a l t e r a t i o n  

The s u r f i c i a l  

Th is  i s  one of several  ho t  sp r ings  

Successive zones o f  a l u n i t e -  

A n a l y t i c a l  Resul ts  

The hydrogen and oxygen i so tope  analyses and a summary o f  a l t e r a t i o n  

minera logy from Parry e t  a l .  (1980) a r e  tabu la ted  as a f u n c t i o n  o f  depth i n  

Well  76-1 i n  Table 2. The i s o t o p i c  data a r e  p l o t t e d  i n  F igu re  4 along w i t h  

t h e  kaolinite-montmorillonite l i n e s  de f ined by Savin and Eps te in  (1970). 

These l i n e s  represent  t h e  hydrogen and oxygen i so tope  composi t ions o f  

k a o l i n i t i c  and m o n t m o r i l l o n i t i c  c lays,  r e s p e c t i v e l y ,  t h a t  have formed i n  

e q u i l i b r i u m  w i t h  sur face  waters i n  t h e  low-temperature (5 t o  25OC) s u r f a c e  

we a t  her  i ng env i ronment . 
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Table 2. 6l80 and 6D values o f  s i l i c a t e s  f rom w e l l  DDH 1976-1 w i t h  l i t h o l o g i c '  and a l t e r a t i o n  mineralogy' 
d e s c r i p t i o n s  

Depth 
(meters) L i tho logy1 

4.0 Qa 1 

11.7 Qa 1 

21.7 Qal  

31.7 Qa 1 

33.3 Qa 1 

38.3 qrn 

41.7 qm 
53.3 qm 

56.1 qrn 

A1 t e r a t i o n  
I n t e n s i t y  

s t rong  

moderat e 

weak 

moderate 

weak 
weak 

moderat e 

moderate 

v. weak 

A1 t e r a t  i on2 
Minera logy 

Op + A1 

A1 + K + Op + Hm 
K + Mo + Op + Hm 
K + Mo + Op + Hm 

K + Mo + Py 

K + Mo + Py 

K + Mo 
K + Mo 

Km + Ca + Py 

Minera l  
Analyzed 

Opal 

K a o l i n i t e  

Montmori l  l o n i t e  

K a o l i n i t e  

Kaol i n i t e  

Mon tmor i l l on i te  

Kaol i n i  t e  

Mon tmor i l l on i te  
Montmori 1 1 o n i  t e  

K a o l i n i t e  

K-mi  c a 

K - f e l  dspar 
B i o t i t e  

Quar tz  

Whole Rock 

6180 

11.8 

8.1 

7.4 

7.7 

6.4 

4.9 

5.9 

5.0 

4.9 
4.6 

4.7 

7.5 

4.2 
10.2 

7.4 

6D 

-1 29 
-143 

-126 

-133 
-115 

-1 18 

-129 

1. Abbrev ia t ions  are:  Q a l  = quar tz  monzonite a l luv ium;  qm = quar t z  monzonite 

2. Abbrev ia t ions  are: A1 = a l u n i t e ;  Ca = c a l c i t e ;  Hrn = hemati te;  K = k a o l i n i t e ;  Mo = mon tmor i l l on i te ;  
Op = opal; Py = p y r i t e  



The c lays  f rom Well 76-1 have d1*0 values from 4.0 t o  8.1 permi l  and 6D 

values from -115 t o  -144 permi l .  

apparent f rom t h e  f i gu re .  F i r s t ,  a l l  6D and 6l80 values o f  t h e  c l a y  m ine ra l s  

p l o t  s i g n i f i c a n t l y  above and t o  t h e  l e f t  o f  bo th  t h e  k a o l i n i t e  and montmor i l -  

l o n i t e  l i n e s ,  as would be expected from t h e i r  fo rmat ion  a t  temperatures above 

25OC. It i s  apparent from t h i s  p l o t  t h a t ,  a t  l e a s t  i n  t h e  Roosevelt Hot 

Spr ings thermal area, near-surface c lays  formed by vent ing  o f  geothermal 

f l u i d s  a re  i s o t o p i c a l l y  d i s t i n c t  from normal weather ing o r  supergene c lays .  

Secondly, t h e  c lays  from below 115 ft (38.3 m) a r e . s i g n i f i c a n t l y  heav ie r  i n  

deuter ium ( S D  values grea ter  than -129 p e r m i l )  and genera l l y  l i g h t e r  i n  6l8O 

(6l80 values l e s s  than 5.0 perm i l )  t han  the  c lays  formed i n  t h e  g r a n i t i c  

a l l u v i u m  above 115 ft (38.3 m). The c l a y  separates below 38.3 meters a r e  a l l  

f rom t h e  quar tz  monzonite and t h e  c lays  from l e s s  than 38.3 meters a re  

hydrothermal c l a y s  formed i n  t h e  opal-cemented g r a n i t i c  a l luv ium. 

Two c h a r a c t e r i s t i c s  o f  t h e  c l a y  data a r e  

D iscuss ion  

The h ighe r  oxygen-isotope composi t ions of c lays  above 38.3 meters may be  

exp la ined as t h e  r e s u l t  o f  lower  temperature o f  fo rmat ion  and o f  a p r e v i o u s l y  

weathered p r o t o l  i t h  , i .e., g r a n i t i c  a1 luvium, w i t h  h ighe r  6l80 value. 

d i f f e r e n c e  i n  6D values between t h e  sha l low (<38.3 m) and deep (>38.3 m) c l a y s  

i s  a l so  re ta ined  i n  t h e  6D values of water  i n  e q u i l i b r i u m  w i t h  t h e  c lays  

( F i g u r e  5 ) ,  c a l c u l a t e d  a long t h e  measured thermal gradient ,  as tabu la ted  i n  

Table 3. 

t hese  low temperatures, b u t  t h i s  w i l l  n o t  a f f e c t  t h e  r e l a t i v e  d i f f e r e n c e  

between t h e  deep and shal low c lays.  

t h e  shal low and deep c l a y s  i n  w e l l  76-1 d i d  no t  d i r e c t l y  e q u i l i b r a t e  wi th  and 

The 

There are  u n c e r t a i n t i e s  i n  our es t imate  of 10 3 I n  a (clay-H20) a t  

The hydrogen-isotope data i n d i c a t e  t h a t  
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Table 3. Calculated 6D-6l80 of Fluid in Equilibrium with Shallow Clays 

A. T control - Drill hole measured T from Sill and Bodell (1977). 

1. O-isotope fractionation data. 
a. Kaolinite: l o 3  In a = 2.05x106/T2 = 3.85 (Yeh and Savin, 

1977). 

b. Montmorillonite: 10 3 In a = 2.67x106/T2 - 4.82 (Yeh and Savin, 
1977). 

2. H-isotope fractionation data: Figure 4, Rohrs and Bowman (1980). 

B. Calculations 

Depth Clay Mineral T 6 l 80  ( H20) AH 6D(H20) 
( met e rs ) 

11.7 
21.7 

31.7 
33.3 

38.3 

38.3 

41.7 

5 3 .'3 
53.3 
56.1 

Kaolinite 
Montmorillonite 

Kaolinite 
Kaol i ni te 
Kaol i nite 

Montmori 1 1 oni te 
Montmorillonite 
Montmori 1 1  oni te 

Kaolinite 
Biotite 

5 1  O C  
67OC 

81  "C 
84°C 

88°C 

88°C 

92°C 

101°C 

101°C 
104OC 

-7.58 

-12.08 

-5.71 
-5.84 

-6.98 

-9.76 

-10.22 

-9.37 

-6.80 
-9.76 

-28.8 

-28.1 

-27.6 
-27.4 

-27.3 

-27.3 

-27.1 

-2 7 
-27 
-26.5 

-104 

-101 

-11 5 
-108 

-99 

-106 

-88 

-91 
-8 7 
- 94 
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forni from a common hydrogen rese rvo i r .  

e q u i l i b r i u m  w i t h  t h e  c l a y s  below 38.3 m are c o n s i s t e n t  w i t h  those o f  s t i l l  

deeper c l a y  m ine ra l s  ( s e r i c i t e )  i n  Thermal Power Co. w e l l  14-2, which appear 

t o  reco rd  some e f f e c t s  of evaporat ion (Rohrs and Bowman, 1980). The 

deuter ium-depleted f l u i d s  responsib le  f o r  c l a y  fo rma t ion  i n  t h e  g r a n i t i c  

a l l u v i u m  may be t h e  r e s u l t  of m ix ing  of deep geothermal r e s e r v o i r  w i t h  c o l d  

meteor ic  water, o r  more l i k e l y ,  samples c o n t a i n i n g  a s i g n i f i c a n t  component o f  

condensed steam from t h e  geothermal r e s e r v o i r .  The l a t t e r  mechanism would be  

The c a l c u l a t e d  6D values o f  f l u i d  i n  

c o n s i s t e n t  w i t h  t h e  type o f  f l u i d  proposed by Parry e t  a l .  (1980) t o  be 

respons ib le  f o r  t h e  shal low a l t e r a t i o n  i n  w e l l  76-1. 

Water/Rock Rat ios 

The oxygen-isotope s h i f t s  recorded i n  the  thermal f l u i d s  and c l a y  m i n e r a l  

a l t e r a t i o n  products can be used t o  es t ima te  minimum water/rock r a t i o s  (a tomic 

oxygen) a t tendan t  w i t h  t h e  shal low a l t e r a t i o n  i n  the  Roosevelt Hot Spr ings 

thermal area. 

The amount o f  water i nvo l ved  i n  t h e  c l a y  a l t e r a t i o n  d u r i n g  t h e  

c i r c u l a t i o n  o f  thermal w a t e r s  can be ca lcu la t ed  f rom t h e  f o l l o w i n g  mass 

ba lance equat ion (Tay lor ,  1974): 

18 i 18 f 18 f W 6 Ow + R 6l80: = W 6 0, + R 6 0, 

where i and f r e f e r  t o  t h e  i n i t i a l  and f i n a l  i s o t o p i c  composi t ion o f  t h e  water  

and the  rock, and W and R represent  t h e  atom percent  o f  exchangeable oxygen i n  

t h e  t o t a l  system f o r  t h e  water and t h e  rock. 
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To obtain an estimate of the W / R  atomic oxygen ra t io ,  t h i s  equation can 

be rearranged t o  

18 f 18 i 

18 f 
6 or  - 6 or 
6 ow - 6 ow 

W/R = 18 i 

By determining the quantity of exchangeable oxygen in the rock through chcm- 

ical analysis or by estimating the mineralogy and density of the rock, a 

water/rock mass r a t io  can be obtained. 

average fresh or a1 tered rock a t  Roosevelt Hot Springs contains approximately 

29 moles of exchangeable oxygen per kilogram of rock. Multiplying by the W/R 

atomic oxygen ra t io  and by the molecular weight of water, the r a t io  kg 

Rohrs and Bowman (1980) estimated t h a t  

water/kg rock i s  obtained, which represents the water/rock 

For these calculations an  i n i t i a l  6l80 value for the 

chosen as 7.4, a value corresponding to  t h a t  o f  an unalter-  

mass ra t io .  

gneous rock was 

d quartz monzonite 

a t  56.1 meters in UU well 76-1 (Rohrs and Bowman, 1980). 

values of f luid were chosen: 

average of a l l  Mineral Mountains spring waters, and a value of -15.6, an 

average o f  tj1*0 values o f  s p r i n g  waters from higher elevations i n  the  Mineral 

Mountains. Water/rock ra t ios  calculated using each value are isted under A 

and B ,  respectively, i n  Table 4. 

chosen: A value of -13.7 permil measured for  the reservoir f luid from Thermal 

Power Co. well 14-2 and a value o f  -13.0 permil which was proposed by Rohrs 

and Bowman (1980) t o  represent average thermal fluid for  the geothermal 

system. 

and B, respectively. 

Two in i t i a l  6l80 

a value of -14.9 permil corresponding t o  the  

Two f inal  6l80 values of f luid were a l s o  

These values were used in calculations of water/rock ra t ios  labeled A 
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Table 4. Data and r e s u l t s  f o r  water/rock r a t i o  c a l c u l a t i o n s .  

Depth 6180 MI R w/ R 
(meters) ( c l a y )  T ( k )  (atomic r a t i o )  (mass r a t i o )  

A B A B 

11.7 7.1 324 0.2 0.1 0.1 0.05 

21.7 6.2 34 0 1.0 0.5 0.6 0.3 

31.7 6.5 3 54 0.5 0.2 0.3 0.1 

33.3 6.4 35 7 0.8 0.4 0.4 0.2 

38.3 4.9 361 2.1 1.0 1.2 0.6 

41.7 5.0 36 5 2.0 0.9 1.1 0.5 

53.3 4.9 3 74 2.1 1.0 1.2 0.6 
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Minimum water/rock r a t i o s  the re fo re  have been c a l c u l a t e d  f o r  two i s o t o p i c  

s h i f t s  -- one o f  +1.2 and a l a r g e r  s h i f t  o f  +2.6. 

these c a l c u l a t i o n s  a r e  presented i n  Table 4. 

The data and r e s u l t s  f o r  

Water/rock mass oxygen r a t i o s  vary f rom 0.05 t o  1.20, and average 0.81. 

Th is  average i s  somewhat lower  than t h a t  ca l cu la ted  f o r  deep hydrothermal 

a1 t e r a t i o n  (1.23) a t  Roosevelt (Rohrs and Bowman, 1980). I n  comparison, 

average water/rock mass r a t i o s  f o r  t h e  Sa l ton  Sea and Wairakei  have been 

es t imated as 0.45 and 4.3, r e s p e c t i v e l y  (Clayton e t  al., 1968; Clayton and 

S te ine r ,  1975). 

l a c k  o f  pervas ive hydrothermal a l t e r a t i o n  i n  UU w e l l  76-1. The v a r i a t i o n s  i n  

water / rock r a t i o  w i t h  p o s i t i o n  w i t h i n  1IU w e l l  76-1 a r e  s i m i l a r  t o  t h e  

v a r i a t i o n s  found i n  t h e  deep a l t e r a t i o n  a t  Roosevel t  Hot Springs. 

v a r i a t i o n s  i n d i c a t e  s i g n i f i c a n t  v a r i a t i o n s  i n  pe rmeab i l i t y  and imp ly  t h a t  i n  

zones w i t h  low water/rock r a t i o s ,  t h e  i s o t o p i c  composi t ion o f  t h e  ascending 

thermal f l u i d  has been s i g n i f i c a n t l y  modi f ied.  The sharp drop i n  water / rock 

r a t i o  above 38.3 meters may be r e l a t e d  t o  t h e  presence o f  low-dens i ty  f l u i d  

(steam) i n  the  rock voids,  as suggested by t h e  hydrogen-isotope data. 

These general l y  1 ow water / rock r a t i o s  a r e  c o n s i s t e n t  w i t h  t h e  

These 

As i n  t h e  deep a l t e r a t i o n  a t  Roosevelt, water/rock r a t i o s  vary wide ly ,  

i n d i c a t i n g  wide f l u c t u a t i o n s  i n  permeab i l i t y .  The v a r i a b i l i t y  o f  water / rock 

r a t i o s  a t  Roosevelt Hot Spr ings has impor tant  i m p l i c a t i o n s  f o r  t h e  geothermal 

system. Moderately t o  s t r o n g l y  a1 t e r e d  rocks possess h i g h  water / rock r a t i o s ,  

i n d i c a t i n g  t h e i r  importance as condu i t s  f o r  t h e  thermal waters a t  some p o i n t  

i n  t h e  a l t e r a t i o n  h i s t o r y  o f  t h e  rock. 

subsequent low water/rock r a t i o s  a r e  c h a r a c t e r i s t i c s  o f  l e s s  permeable 

rocks.  

Conversely, weak a l t e r a t i o n  and 

Since pe rmeab i l i t y  i s  f r a c t u r e - c o n t r o l l e d  w i t h i n  t h e  r e s e r v o i r ,  
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a1 teration intensity and water/rock ratios emphasize the importance of 

fractures and fissures i n  directing fluid mov'ement. 

ratios cannot d i  s t i  ngui sh between present and pal eo- condui ts .  

However, water/rock 
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PART 111. Analys is  o f  Spr ing and Therma 

Centra l  Utah 

Waters from t h e  Goshen V a l l e y  Area, 

Cleary (1978) demonstrated t h a t  sp r ing  waters i n d i c a t i n g  chemical tem- 

peratures i n  excess o f  100°C a r e  w i d e l y  d i s t r i b u t e d  i n  t h e  Goshen and Pavant 

Val leys o f  c e n t r a l  Utah. These temperatures were c a l c u l a t e d  by use o f  t h e  

standard Na-K-Ca and Si02 thermometers. However Cleary (1978) emphasized t h a t  

f u r t h e r  work would be requ i red  t o  evaluate t h e  e f f e c t s  o f  b r i n e  mix ing,  c l a y  

exchange, and m ix ing  l a r g e  volumes o f  cool  water w i t h  thermal water on these 

thermometer r e s u l t s .  Hydrogen and oxygen i s o t o p i c  composi t ions o f  these 

waters may reco rd  t h e  e f f e c t s  o f  f l u i d  m ix ing  o r  c l a y  exchange. Hydrogen and 

/oxygen i so tope  analyses were t h e r e f o r e  performed i n  an at tempt t o  evaluate 

lthese e f f e c t s  so t h a t  a more r e a l i s t i c  e v a l u a t i o n  of thermal p o t e n t i a l  can be 

'made i n  these areas. 

, 
I 

I 

1 

i 

/The data f a l l  i n t o  t h r e e  d i s t i n c t  groups. One group, i n c l u d i n g  a l l  t h e  Goshen 

/ V a l l e y  A-ser ies o f  samples, p l o t  c l o s e  t o  and a t  s l  i g h t l y  g rea te r  ,l80 values 

jthan t h e  meteor ic  water l i n e .  

The i s o t o p i c  data a re  compiled i n  Table 5 and i l l u s t r a t e d  i n  F i g u r e  6. 
I 
I 

~ 

I 
A l l  b u t  one o f  t hese  (Goshen Va l l ey  Warm 

;Springs) are  c o l d  spr ings w i t h  c a n p a r a t i v e l y  l o w  t o t a l  d i sso l ved  s a l t  contents  

(Cleary,  1978). 

ex tens i ve  i n t e r a c t i o n  w i t h  a d d i t i o n a l  hydrogen and oxygen rese rvo i r s .  

However, Na-Ca-K and Si02 temperatures f o r  most o f  these waters exceed 80 and 

106"C, r e s p e c t i v e l y ,  i n d i c a t i n g  t h a t  a d d i t i o n a l  processes o f  c l a y  exchange, 

i n t e r a c t i o n  w i t h  evapor i t e  sequences, e tc .  a r e  operat ive.  

t h a t  exchange/ in teract ion processes a c t i n g  s u f f i c i e n t l y  t o  modi fy  chemical 

The i s o t o p e  da ta  f o r  these s p r i n g s  do n o t  r e f l e c t  any 

These data i n d i c a t e  

thermometers may produce no obvious e f f e c t s  i n  t h e  hydrogen and oxygen-i sotope 
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Table 5. Isotope ana lyses  o f  sp r ing  waters from the Goshen and Pavant a r e a s ,  
central  U t a h .  

Date 
Col 1 e c t e d  6 D  61 8o 

~~~ ~ 

B1 ack 
Cinder 
Coyote North 
Coyote South 
E L B  
Goshen Valley A-1 

II 

II 

I t  

II 

I 1  

A-2 
A- 3 
A-4 
A- 5 
A- 6 

II A-7 
I1 A- 8 
I t  Warm Springs 

Meadow 
Me ad ow Ea s t  
North Twi n 
Sul p h u r  Spring North 
Sulphur S p r i n g  South 
Squidi ke 

7120177 
7/19/77 
7/15/77 
7/20/77 
7120177 
7/27/77 
7 12717 7 
7/27/77 
7 127 17 7 
7/28/77 
7 128 1-7 7 
712817 7 
7/28/77 
7/28/77 
7/15/77 
712317 7 
7/20/77 
7/22/77 
7/22/77 
7/14/77 

-100 - 95 
-110 
-1 18 

-1 20 
-118 
-1 21 
-122 
-126, -126 - 125 
-1 19 
-117, -117 
-1 24 
-104 - 91 
-105 - 91 - 97 
-1 19 

-15.1 
-14.0 
-15.3 
-15.7 
-15.3 
~ 1 5 . 9  
-15.7 
-16.3 
-16.3 
-16.4 
-16.8 
-15.8 
-15.1 
-16.1 
-15.2 
-15.6 
-15.9 
-15.6 
-16.2 
-15.4 
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campos 

oxygen 

f l  u ids  

t i o n s  o f  t h e  water. 

and hydrogen are  t h e  most abundant elements i n  low-dens i ty  aqueous 

Th is  i s  an expectable r e s u l t  o f  mass-balance, as 

Meadow East Spr ing  c o n s t i t u t e s  t h e  second group which p l o t s  we l l  t o  t h e  

r i g h t  o f  t h e  meteor ic  water l i n e .  The s p r i n g  has probably  undergone e i t h e r  

evapora t ion  e f f e c t s  o r  mix ing  w i t h  s a l i n e  b r i n e  t o  produce t h e  observed l80 

bu t  con- 

PPm), and 

enrichment. The s p r i n g  i s  a c o l d  s p r i n g  -- 24°C (Cleary,  1978) -- 
t a i n s  h i g h  concent ra t ions  o f  SO; (1400 ppm), Na (1200 ppm), Ca (48 

C1' (2000 ppm) and Na-Ca-K and Si02 temperatures o f  208 and 113"C, 

r e s p e c t i v e l y ,  suggest ive o f  i n t e r a c t i o n  w i t h  sal i n e  evapora t ive  b r  nes o r  

The combined evidence o f  water and i s o t o p e  chemis t ry  evapor i t e  deposi ts.  

suggests t h e  a c t i o n  o f  f l u i d  mix ing  o r  f l u i d - e v a p o r i t e  i n t e r a c t i o n  t o  produce 

t h e  observed i s o t o p i c  and chemical c h a r a c t e r i s t i c s  o f  Meadow Eas t  Spr ing  

water. 

The t h i r d  group o f  waters a re  q u i t e  unusual i n  t h a t  t hey  p l o t  above and 

t o  t h e  l e f t  o f  t h e  meteor ic  water l i n e .  

p r e f e r e n t i a l l y  enr iched i n  D o r  depleted i n  l80, o r  both. 

examples o f  na tu ra l  waters d e v i a t i n g  f rom t h e  meteor ic  water l i n e  i n  t h i s  

manner (Frape and F r i t z ,  1981) and t h e  processes producing such waters a r e  no t  

That i s ,  t h e  waters a r e  

There a r e  few 

c lear .  

temperatures i n  excess o f  3OoC, a r e  SOi - r i ch  0 4 0 0  ppm), and are u s u a l l y  ( w i t h  

t h e  except ions o f  Sulphur Spr ing Nor th  and South) s a l i n e  (C1' con ten ts  i n  

Nevertheless, a l l  t h e  s p r i n g  waters p l o t t i n g  i n  t h i s  group were a t  

excess o f  1800 ppm). 

excess o f  93 and 89"C, respec t i ve l y .  

I n  add i t i on ,  a l l  have Na-Ca-K and Si02 temperatures i n  
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Conclusions 

The main conclus ions o f  t h i s  s tudy may be summarized as f o l l o w s :  

1) R e c o l l e c t i o n  o f  s p r i n g  waters from t h e  Minera l ,  Tushar, and Pzvant Ramges 

and t h e i r  hydrogen and oxygen-isotope analyses i n d i c a t e  t h a t  t h e  ground- 

water supply i n  these p o t e n t i a l  recharge areas has been i s o t o p i c a l l y  un i fo rm 

f o r  a t  l e a s t  two years. This  consis tency i m p l i e s  t h a t  one can c o n f i d e n t l y  

evaluate whether s p e c i f i c  recharge areas can c o n t r i b u t e  f l u i d  t o  a 

geot h e m a l  system w i thou t  1 ong-term, i .e . mu1 t i  -year , moni t o r i  ng o f  t h e  

p o t e n t i a l  areas. 

2) The hydrogen and oxygen-isotope analyses o f  t h e  new s p r i n g  samples 

con f i rm  t h e  conc lus ion  by Rohrs and Bowman (1980) t h a t  t h e  thermal f l u i d s  a t  

Roosevelt Hot Spr ings o r i g i n a t e  as meteor ic  water i n  t h e  Minera l  Mountains 

and become enr iched i n  l80 by exchange w i t h  t h e  c r y s t a l l i n e  c o u n t r y  rock. 

3) The thermal f l u i d s  i n  t h e  Cove For t -Sulphurdale Thermal Area o r i g i n a t e  as 

meteor ic waters a t  h i g h  e l e v a t i o n  i n  t h e  Tushar and/or Pavant Ranges and a r e  

i s o l a t e d  from low-e leva t i on  sp r ings  i n  t h e  v i c i n i t y  o f  Union w e l l  #42-7. 

4 )  The thermal f l u i d s  a t  Cove For t -Sulphurdale d i s p l a y  o n l y  a small  l80 

s h i f t  o f  tO.7 per  m i l ,  i m p l y i n g  h igh  water/rock r a t i o s ,  incomplete oxygen- 

i so tope  exchange, o r  both. 

between t h e  thermal f l u i d s  and h i g h  l80 marble coun t ry  rock i n  t h e  

geothermal system. 

These da ta  do no t  i n d i c a t e  extens ive i n t e r a c t i o n  
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5 )  Hydrogen and oxygen-isotope analyses o f  c l a y  minera l  separates from t h e  

shal low a l t e r a t i o n  a t  Roosevelt Hot Spr ings (UU w e l l  #76-1) i n d i c a t e  t h a t  

c lays  formed by v e n t i n g  o f  low-temperature thermal f l u i d s  a r e  d i s t i n c t  

i s o t o p i c a l l y  from c l a y s  formed i n  t h e  sur face weather ing env i ronrent .  Such 

a d i s t i n c t i o n  prov ides an e f f e c t i v e  e x p l o r a t i o n  t o o l  f o r  near-surface 

man i fes ta t i ons  o f  geothermal a c t i v i t y .  However t h e  c o s t  and turn-around 

t ime  c o n s t r a i n t s  o f  t h e  method would sharp ly  l i m i t  i t s  u t i l i t y .  

6 )  F l u i d  i n  e q u i l i b r i u m  with t h e  a c i d - s u l f a t e  a l t e r a t i o n  above 38.3 meters 

i s  d i s t i n c t  i s o t o p i c a l l y  from t h a t  i n  e q u i l i b r i u m  w i th  shal low a l t e r a t i o n  

below 38.3 m and deep a l t e r a t i o n  i n  t h e  Roosevelt Hot Spr ings geothermal 

system. E v o l u t i o n  o f  these shal low f l u i d s  from h o t t e r  r e s e r v o i r  f l  u i d s  

r e q u i r e s  s i g n i f i c a n t  b o i l i n g  and recondensat ion o f  steam i n  these upper 

zones t o  e x p l a i n  t h e  hydrogen-isotope data. The i so tope  evidence i s  t h u s  

c o n s i s t e n t  w i t h  t h e  proposal b y  Parry  e t  a l .  (1980) t h a t  t h e  f l u i d  

chemis t r i es  requ i  red  t o  produce ac id-su l  f a t e  a1 t e r a t i o n  assemblages would 

r e s u l t  from b o i l i n g  and steam recondensation, w i t h  o x i d a t i o n  o f  S= t o  SO4=, 

o f  t h e  deep thermal f l u i d .  
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7 )  Fresh o r  low-sal i n i t y  spr ng waters from t h e  Goshen V a l l e y  area o f  

c e n t r a l  Utah a r e  d i s t i n c t  i s o t o p i c a l l y  and chemica l l y  (Cleary, 1978) f rom 

more s a l i n e  s p r i n g  o r  w e l l  waters i n  t h e  area. 

d e t a i l e d  c o r r e l a t i o n s  ev ident  between e i t h e r  t h e  hydrogen o r  oxygen-isotope 

composi t ion o f  t he  waters and s a l t  content,  species concentrat ions,  o r  

chemical thermometry. Th is  reconnaissance study would c a u t i o n  expec ta t i ons  

o f  d e t a i l e d  t r a c k i n g  o f  groundwater e v o l u t i o n  w i t h  i so tope  techniques ’ 

alone. 

long-term mon i to r i ng  (sampling) of t h e  groundwater systems, i s  c e r t a i n l y  

warranted. 

However, t h e r e  a r e  io good 

However, c l o s e r  examination o f  t h i s  approach, e s p e c i a l l y  i n v o l v i n g  
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