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ABSTRACT

The r e s e r v o i r temperature o f Rehai geothermal

f i e l d has been est imated from v a r i o u s

mometers. The average temperature i n t h e sha l-

r e s e r v o i r , which occurs i n a weathered

y e r at t h e t o p of a Late Cretaceous g r a n i t e ,

is about deeper i n t h e t h i s g r a n i t e , i t

i s about The temperature of parent wa-

t e r i n t h e deep r e s e r v o i r i s about

INTRODUCTION

Geological and geochemical data from Rehai

Hot Sea) geothermal f i e l d (24

were f i r s t reported a t t h e 3 r d New Zealand

Geothermal Workshop by Liao e t Un-

no water d a t a were pre-

sen ted at t h a t time. Zhang e t (1989) pre-

sen ted chemical of some s p r i n g s and

discussed equi l ib r ium

Na-K-Ca), b o i l i n g and d i l u t i o n . I n t h i s paper ,

t h e r e s e r v o i r temperature of Rehai geothermal

f i e l d is re- assessed u s i n g a s e t of

chemical data submitted by Zhang e t al. .
CHARACTER

The r e s e r v o i r of t h e Rehai f i e l d c o n s i s t s of

a Late Cretaceous and has no

n a t u r a l capping s t r u c t u r e . The t o p of g r a n i t e

i s a t h i c k weathered l a y e r wi th a of

f r a c t u r e s , which c o n s t i t u t e s a shal low

d e p t h ) ; t h i s a q u i f e r is a l s o in-

d i c a t e d by a r e s i s t i v i t y anomaly There

a r e no deep w e l l s at shallow well

encountered an overpressured a n d

had t o be abandoned. Water samples f o r chemi-

were obta ined from 1 1 spr ings .

The l o c a t i o n s of t h e sample s i t e s a r e shown

on Fig.2 and r e s u l t s o f t h e a r e pre-

sented i n Table 1 .

t h e waters can be divided i n t o

t y p e s on t h e basis of t h e o f ma-

j o r c o n s t i t u e n t s ana concent ra t ion

of

1 ) h o t waters from s p r i n g s a r e g e n e r a l l y sodium

c ride-b i e waters

2 ) d i l u t e d sodium waters ;

3) steam heated sodium s u l p h a t e waters ;

4)

phate water (No i n Table 1 ) with low t o t a l

Di f fe ren t chemical and i s o t o p i c r e a c t i o n s can

be used as t o i n f e r

temperatures. The r e s e r v o i r temperature of the

Rehai geothermal f i e l d w a s est imated u s i n g t h e

steam loss)

and geothermorneters. The

r e s u l t s f o r t h e s p r i n g s a r e i n Table 2.

Di f fe ren t geothermometers g ive d i f f e r e n t tempe-

r a t u r e e s t i m a t e s s i n c e i s a t t a i n e d

at d i f f e r e n t dep ths ( tempera tures ) ;

i n a d d i t i o n , t h e r a t e of equi l ib r ium v a r i e s be-

tween t h e var ious

shows a comparison o f r e s e r v o i r tempera-

t u r e s estimated from t h e s t e m

l o s s ) and the geothermometer. Waters

t h a t on o r very near t h e

l i n e a r e l i k e l y t o be mixed waters o r waters

t h a t have a f t e r

n i e r e ' ,1979). Waters t h a t above the

l i n e have evapora-

t i o n conta in a d d i t i o n a l s i l i c a

t h e q u a r t z ) . Waters t h a t

below t h e equal- temperature l i n e mag have

( 1 ) mixed wi th another type of water without

s u f f i c i e n t time t o r e- e q u i l i b r a t e w i t h t he sur-

rounding rock ( i n mixed waters , s i l i c a

brium occurs more than

brium); ( 2 ) p r e c i p i t a t e d s i l i c a dur ing cool ing

( t h e ions remain ; o r

( 3 ) p r e c i p i t a t e d dur ing

l i n e due t o loss o f carbon diox ide (adjustment

of t h e Na K concent ra t ions through r e a c t i o n

with o r o t h e r minera l s has not

occurred, (Fourn ie r e t 1970). shows

t h a t all waters at Rehai below
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Table 1. Chemical of t he i n Rehai geothermal f i e l d

No 3 5 6 8 10 1 1 12 13 15

91 42 48.5 83 69.5 92

f i e l d 8 6 7.5 7.5 6.5 7 7.5 7.5

8 9.4 7 7 7.8

Na 840 58 680 133 180 420 380 440 340 450

C a 0.1 9.43 0.29 2.86 3.4 4.72 2.86 2.72 10.7 0.86

0.02 3.21 0.02 0.18 0.21 0.09 0.11 0.22 1.79 0.17

8.31 0.60 6.20 6.20 2.10 3.90 3.80 3.80 3.40 4.00

Rb 1.73 0.20 1.40 1.40 0.33 0.63 0.60 0.70 0.70

cs 0.96 0.15 0.96 0.74 0.15 0.44 0.22 0.44 0.37 0.15

K 120 23 110 25 30 55 50 61 4 3

0.8 4 0.9 - 0.2 0.5 0.2 0.8 0.8 0.2

- 261 37 22

1168 - 700 250 353 615

698 16 559 57 93 256 217 269 372

31 303 1 1 18 56 26 47 24 27

20 1.2 14 2.2 3.5 8.3 7 7.8 7

I 0.2

F
B r 2.2 0.05 1.8 0.4 0.4 0.9 1 1 0.9 0.8

1 1 17 16 18 143 42

0.9 0.8 0.1 0.32 0.35 0.22 0.13 0.23

sio, 450 195 340 108 175 163 180 170

23

6.4

5

4

6.43

1.83

0.04

0.03

0.15

44

1

16

0.05

0.05

TDS 2811 617 482 615

2.8 0.03 0.07

-8.8-8.1

Samples 5 and 19 have a 10% i on i c imbalance.

- : below d e t e c t i o n l i m i t .

Chemical data a f t e r Zhang e t

I s o t o p i c data a f t e r Xia J. (1984).

Table 2. Estimated equi l ibr ium Rehai (Hot Sea) f i e l d ( i n
6 7 10 1 1 12 13 15No 3 5

243 178 219 140 142 171 166 173 169 147

250 262 283 265 241 242 250 272 211

292 234 230 229 233 243

262 274 293 277 255 255 263 4
272 103 267 154 195 187 182 142 171

6 212 204 202

(Giggenbach, 1986); o t h e r tempera ture es t imated u s i n g Fournier 1981

1,2 and 3 a f t e r Zhang e t a l . 1989; 6 a f t e r X i a J. (1984).

E

100

10
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t h e l i n e a mixed

wate r t h a t h a s not aqui-

f e r minera l s a f t e r mixing ( r a p i d ascent of hot

.

When t h e

we f i n d t h a t : ( 1 ) t h e of

3 and 6 a r e h igher than t h e by

about 29 and r e s p e c t i v e l y ; ( 2 ) t h e

d a t a of 10, 1 1 , and 15 a r e

t o t h e va lue i n d i c a t i n g t h a t

t i o n of s i l i c a occurs a t shallow but

some i s i n d i c a t e d ; t he

data p o i n t s f o r 5, above

t h e l i n e . I f we use f o r sa-

13 t h e t h e

is which i s t o the

value. N e i t h e r t h e t h e

amorphous q u a r t z geothermometers be used

t o t h e content i n but

it i s t h a t t h i s some

amorphous s i l i c a . 3 con-

c e n t r a t i o n s of C a and (Table and have

t h e h i g h e s t concen t ra t ions of non- rezctive con-

s t i t u e n t s and HCO ). Since Ca and

a r e i n d i c a t i v e of mixing

ower wate rs t h e very

C a and (Table 1 ) and high

e q u i l i b r i u m temperature (Table 2 ) f o r

3 and 6 suggest t h a t t h e s e come from

deep i n t h e system ( s e e and 4

I t i s t h a t 3 a n d 6 have enr i-

ched chemical c o n t e n t s due t o sur face evapora-

t i o n and impediment o f running water (Liao e t

and Zhang e t o t h e r

a r e a f f e c t e d by mixing.

d a t a a r e compared with t h e
2

3

i s o t o p i c geothermometer stud:. of the

-water (h igh temperature systems

i n Province w a s made by

1984). I n t h e range of t h e o f t he deep

geothermal wate rs s t u d i e d , t h e r a t e of oxygen

i s o t o p e exchange between and water i s

cornpared wi th t h e chemical exchange between

s i l i c a , c a t i o n s and water. This can advan-

tageous f o r geothermometery because once equi-

is a t t a i n e d a f t e r a residence

t i m e i n a r e s e r v o i r a t high the r e

is of t h e oxygen iso to-

p e s of as t h e water as-

c e n t t o t h e The temperatures

t e d wi th t h e ( see

Table 2 ) a r e lower than t h e l i k e l y r e s e r v o i r

tempera ture of 230 C ; t h i s is caused

by o x i d a t i o n of at temperature

3 and 6 ) , o r by mixing with cold water

1 1 , 12 and 13) .

18

The and o f most a r e

about which i n d i c a t e s t h e l i k e l y

temperature of t h e deep r e s e r v o i r ; t h i s i s

t h e temperature, range predicated

a graph by Zhang e t al .

CONCLUSION

The r e s e r v o i r temperatures est imated f o r t h e

Rehai hot water system u s i n g t h e potassium-man-

nesium, and sodium/

potassium a r e considered t o be

r e p r e s e n t a t i v e The i n d i c a t e

the temperature i n t h e shallow r e s e r v o i r while

t h e d a t a i n d i c a t e t h e temperature range of

parent water i n the deep r e s e r v o i r because t h e

concent ra t ions r e- e q u i l i b r a t e and

t h e e q u i l i b r i a a d j u s t

1986). The r e s e r v o i r temperature i n the study

f i e l d could be t o t h a t ca lcu la ted by t h e

Na-K-Ca geothermometer. The equi l ibr ium tempe-

r a t u r e s c a l c u l a t e d from t h e s i l i c a and the sul-

phate oxygen e r s a r e

t o be a f f e c t e d by mixing of hot and

waters o r by o x i d a t i o n of

I very thank Prof . Hochstein and Prof. Browne

f o r t h e i r i n i n t e r p r e t a t i o n of the r e s u l t s

and Prof . Zhang f o r a l lowing use of t h e chemical

data.
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i n s e r t : 1 ) 2 ) Lower Ple i s tocene a n d e s i t e , P l e i s t o c e n e basalt,

4) Late Cretaceous g r a n i t e , 5 ) steaming ground, 6 ) thermal ground and p y r i t e ,

7 ) b o i l i n g sp r ing , 8) hot spr ing , w a r m sp r ing , 10) t e p i d

1 1 ) p y r i t e- b i n a r i t e vein.

Explanat ion of i n
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P l o t o f s i l i c a and geothermometers.
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Fig.4 Plot of s i l i c a and geothermometers.




