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T R A C E  ELEMENT A N D  ISOTOPIC CHEMISTRY OF T H E  SURFICIAL HYDROTHERMAL WATERS 
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L a b o r a t o i r e  d e  S e d i m e n t o l o g i e  e t  G g o c h i m i e  M a r i n e s  
U n i v e r s i t ;  d e  P e r p i g n a n  6 6 0 2 5  P e r p i g n a n  ( F r a n c e  

T . J .  G a n j e  a n d  G . R .  B r a d f o r d  

U n i v e r s i t y  o f  C a l i f o r n i a  - R i v e r s i d e  CA 9 2 5 2 1  ( U . S . A . )  
D e p a r m e n t  o f  S o i l  a n d  e n v i r o n m e n t a l  S c i e n c e s  

T. C o p l e n .  
U.S. G e o l o g i c a l  S u r v e y  

D e p a r m e n t  o f  g e o c h e m i s t r y  - R e s t o n  C A  2 2 0 9 2  (U. S .  A.) 

C o l d  P o o l :  T h e s e  e m i s s i o n s  a r e  
c h a r a c t e r i z e d  by h i g h  v a l u e s  i n  S i 0 2  
(ma = 3 2 0  m g / l ) ,  B (ma = 1 1 0  m g / l )  F e  
(max = 1 4 6 8  m g / l )  a n d  Mn (max=1790 m g / l )  
a n d  l o w  c o n c e n t r a t i o n  i n  B a  ( 0 . 5  m g / l ) .  
T h e  i s o t o p i c  r a t i o s  a r e  g e n e r a l l y  c l o s e  

c/ 4-j /,&, 

I n  t h e  C e r r o  P r i e t o j G e o t h e r m a l  P - 1  F i e l d ,  
f i v e  k i n d s  o f  s u r f a c e / e m i s s i o n s  were 
d i s c o v e r e d  & w i n g ,  mud p o t ,  geyse r s ,  
f u m a r o l e  a n d  c o o l  p o o l .  

? t o  - 6 6 %  f o r  6D a n d  - 2 . 5 0 %  f o r  6 0 1 8 .  

T h e  m a j o r  e l e m e n t  c o m p o s i t i o n  o f  t h e  
1 6 3  f l u i d  s a m p l e s  c o l l e _ c t e d  i n  1 9 7 9 ,  w a s  
p r e v i o u s l y  p e r f o r m e d ?  

T h i s  s t u d y  r e c e n t l y  c o m p l e t e d  
b y  a d e t e r m i n a t i o n  o f  t r a c e  e l e m e n t  

i s o t o p e  r a t i o s  t~it+rr-++?- 
c o n c e n t r a t i o n s ,  d e u t e r i u m  a n d  o x y g e n  r( 

i T h i s  g e o c h e m i c a l  a n a l y s i s  sho$  as  t h e  
m a j o r  e l e m e n t s  d o ,  t h a t  e a c h  t y p e  o f  . 
s u r f i c i a l  e m i s s i o n  i s  c h a r a c t e r i z e d  b y  I. 
i t s  own u n i q u e  c h e m i s t r y .  ----___ 1 i 
H o t  S p r i n g :  H o t  s p r i n g  a r e  c h a r a c t e r i z e d  
by h i g h  B a  ( 1 4 . 5  m g / l ) ,  A 1  ( 2 7  p g / l ) ,  
Zn ( 0 .005  u g / l ) ,  V ( 0 . 3  u g / l ) .  
D e u t e r i u m  a n d  o x y g e n  i s o t o p e  r a t i o s  a r e  
a s  l o w  a s  - 7 . 6 5 %  f o r  6018 a n d  - 9 4 %  f o r  
6 D .  

Mud P o t :  I n  t h i s  c a t e g o r y ,  v a l u e s  e q u a l  2 .  
t o  42 m g / l  a r e  f r e q u e n t  f o r  S r ;  8 m g l l  
f o r  B ,  0 . 4 4  m g / l  f o r  Mn, 62 u g / l  f o r  A 1  
a n d  4 . 5  u g / l  f o r  Cu a r e  a l s o  v e r y  common 
T h e  i s o t o p i c  r a t i o s  a r e  o f t e n  a b o u t  - 
7 . 0 5 %  f o r  6 0 1 8  a n d  - 8 6 %  f o r  6D f o r  t h e  
f l u i d  s a m p l e d  i n  t h e  Mud P o t .  

F u m a r o l e s :  They  p r e s e n t s  c o n c e n t r a t i o n s  
i n  Mn a s  h i g h  a s  3 . 6 7  u g / l ,  A 1  c l o s e  t o  
1 7 5 8  u g / l  a n d  V o f  a b o u t  7 . 7 0  u g / l .  

---> As- p r o p o s e d - p r  ev i u o s la s a c  h 
c a t e g o r y  o f  s u r f a c e  e m i s s i o n  X p p e a r s  t o  
r e s u l t  f r o m  d i f f e r e n t  p r o c e s e s ;  t r a c e  
c h e m i s t r y  a s  w e l l  a s  i s o t o p e  c o m p o s i t i o n  
c o n f i r m  t h e  v a r i o u s  o r i g i n s  o f  t h e  
d i f f e r e n t  s u r f a c e  h y d r o t h e r m a l  f lu id , :  / 
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Trace element and isotopic compositions of surface emission hydrothermal fluids. 
Si02 B Ba Sr Al; :  Fe Nn C u- z n- V- Rb Cs F 
116 2 0.8 2.6 32 0.82 0.12 4 0 L.25 1.Y6 4 . 8  1 . Y  

Tab 1 e 
Sample 
N1 
N2 
N 3  
N3b 
N 4 
N 5 
N6 
N7 
N8 
9 
9bis 
9ter 
10-473 
1 1  
12POOL 
12 M P 
13 
14 
15 
16 
17 
18 
19 
19 FlP 
20 
21 M P  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32A 
32B 
33 
34 
35 
36 
37 l'i P 
38B 
3 8A 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50B 
50N 
51V 
51B 
52s 
52 M P 
53 . 
A- 54 
55-101 
60 
61 

103 
91 
97 
104 
200 
I48 
86 
70 

32 
124 
130 
157 
2 85 
285 
131 
248 
190 
46 
133 
23 1 
81 
18 
89 
30 
117 
59 
76 
200 
121.5 
108 
82 
73 
137 
173.5 
264 

320 
267 
260 
116 
23 
185 
66 
25 
147 
40 
39 
77 
228 
22 1 
190 
261 
117 
192 
143 
125 
101 
10 1 
1 I O  

75 
266 
I22 
104 

- 

- 

- 

24 8.0 40.0 141 
20 1.0 27.0 77 
20 0.8 22.0 205 
22 6.0 28.0 105 
2 0.5 3.4 93510 

37 9.8 37.0 76141 
85 4.3 >I20 246 
75 4.6 32.0 27 

62 
57 
75 

17 3.7 21.0 30 
20 4.0 33.0 62 
20 0.5 14.0 67907 

110 1.5 >120 28234 
27 1.0 43.0 57338 
61 0.7 105.0 87378 
72 1.3 >120 1481 
21 0.7 31.0 45 
50 0.8 48.0 922890 
47 1.6 72 57.5 

104 
21 2.5 15 43 

16 1.2 17 79.5 
19 1.0 24 63 

36 
19 0.8 26 10354 
18 3.5 16 46 
16 4.7 14 47 
19 1.7 17 45 
19 3.0 17 34 
18 2.7 12 38 

- - - 
- - - 
- - - 

8 -  - 126466 

- - - 
- - - - 

- - - 

0.93 0.96 
3.40 0.34 
1.63 3.10 
2.40 2.0 

53.00 1.76 
89.00 2.50 
2.40 3.72 
0.49 1.34 - 0.14 
0.79 0.01 
2.34 2.00 
0.78 0.44 
0.65 1.32 
52.50 13 
185 1 1  
26.60 6.11 
40.20 1.78 
66.70 7.42 
9.38 2.25 
0.65 4.00 

1.4 4.60 
0.12 0.64 
0.34 0.26 
0.20 0.04 
0.35 0.86 
0.50 0.82 
0.45 1.36 
6.20 1.21 
0.18 0.04 
0.50 1.24 
0.22 1.02 
0.35 0.08 
0.41 0.11 

701.00 32.3 

4 
5 
2 
6 
12 
81 
2 
3 
- 
- 
- 
3 
9 
20 

4 
8 
4 
26 
4 
26 
2 

8.5 

- 

- 
- 
15 
n 
- 
45 
6 
6 

89 
4 
27 

144 
1 
4 
16 

300 
725 

1 
4 

0.55 - 
1.17 - 
1.26 - - 
1.43 4.47 1.11 1.5 

171.00 - - 
116.00 - , - - 

- - 
- - 

- 

- 

1.54 - 
1.67 - - 

- - 
- 

- 3.87 - - 
- 16.30 - - 
- 2.20 - - 
2 1.40 - - 
9 0.71 - - 

- 135.00 - - 
1922 60.00 - 

192 37.00 - 
290 100.00 - 
.600 102.00 - - 
75 6.10 - - 
16 4.00 - - 

2900 1340.00 - - 
9 3.10 - - 

4.27 - - 
9 3.43 - - 

4 2.61 - - 
2 1.22 - - 

1.43 - - 
62 15.60 - - 

- 

- 
- 

- 

- - - - 

- 

6 1.02 2.20 0.4 
9 0.28 2.2 

2 4.05 2.3 
32 0.31 2.8 

236 0.30 - 

- - - 29 0.63 0.42 <0.10 4 0.11 2.9 
75 1.5 84 282369 134.00 12.50 7 
- - - 126 - 22.21 3 
- - - - 1468.00 31.20 - 
28 1.4 27 2583 38.8 2.58 1 1  
56 2.7 96 48.5 1.61 3.40 6 
5 1.0 < 0.1 1471 3.71 0.40 3 - - - 54 1.15 0.44 - 
- - - 153 111.0 4.08 - 

8145 1.49 0.15 - 
- - - 57 0.52 0.26 - 
13 0.6 13 29024 11.80 1.30 202 
- - - 0.19 0.16 - 57 
- - - 31744 4.04 0.45 - 
15 3.1 13 32 0.74 0.21 9 
36 0.8 23 171468 54.30 20.38 12 
5.0 0.6 < 0.1 50570 3.53 0.15 9 
15 0.7 12 12781 141.0 2.52 21 
30 0.8 44 83538 68.30 0.92 67 
5 0.6 < 0.1 125 . 1.26 0.18 14 
18 1.6 17 4616 6.70 0.98 34 

- - - 

- - - 102 0.54 0.50 - 
47 1.35 0.56 - 

27 2.3 21 96 0.71 0.14 8 
- - - 42 0.71 0.09 1 
14 1.3 4.4 72 0.95 0.98 23 

3597 - 3.24 - 
13 1 . 1  11.0 55 0.54 1.94 59 
8 0.8 11.0 61826 492 1790 297 
13 6.4 13.0 67.5 0.97 O.>L 4 
12 9.1 16.0 204 0.36 0.35 2 

- - - 

- - - 

957 172 - 
970 2.41 - 

47 11.93 - 
2 5.75 - 
23 7.90 - - 12.14 - 
- 2.74 - - 8.65 - 
- 4.34 - 
144 24 - 
- 2.40 - 
- 153 - 
3 0.46 - 

606 33 - 
145 31 - 
422 79 - 
537 51 - 
32 2.10 - 
59 2.10 - 

0.32 - 
- 0.44 - 
13 2.2 - 
12 1.6 - 
81 0.86 - 
- 12 - 
237 1.15 - 
1935 829 - 

9 0.76 - 
7 1.02 - 

- - - 

- 

I60 15 14.5 22.0 4616 3.83 1.04 7 38 0.35 - 
t i  - Cr G.10 mg/l ; Trace element values in mg/l ; :: Values in ug/l ; 6D 

- 
u - 1.13  

- 88.0 - 7.15 
- 92.5 - 7.45 

- 92.5 - 7.45 
- 68.0 - 3.70 
- 69.0 - 2.50 
- 60.5 - 2.60 
- 89.0 - 7.65 

- 

- - 

- - 
- -  - 

- ,  - -  
- 94.5 - 8.60 
- 86.0 - 8.85 
- 94.5 -10.50 
- 35.5 + 5.75 
- 66.5 - 2.25 
- 51.0 + 0.80 
- 23.0 + 2.85 

- 45.0 + 1.15 
- 92.5 - 5.15 

- 94.0 - 8.70 
- 93.5 - 5.80 - 95.5 - 8.40 

- - 

- - 

- - 

- 64.0 - 1.15 
- 97.0 - 8.50 - 94.0 - 8.30 
- 93.5 - 7.85 - 96.5 - 9.30 

- 31.5 + 5.90 

- 55.5 + 0.55 
- 35.0 + 3.35 
- 61.0 + 2.55 - 66.0 + 0.05 
- 86.0 - 7.05 

- - 
- 96.5 -10.35 
- 93.5 - 9.35 
-122.5 -14.50 
- 94.0 - 9.50 
- 51.0 + 1.35 - 95.0 - 2.70 
- 59.5 - 5.45 - 69.0 - 3.45 
- 50.5 + 5.40 - 88.0 - 6.85 
- 97.5 - 9.10 
- 94.0 - 7.95 
- 82.5 - 3.45- 

- - 
- - 

-102.0 ;11.0 - 73.5 - 3.45 - 94.0.- 7.85 
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