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GEOLOGY AND GEOCHEMISTRY OF REHAI (HOT SEA) GEOTHERMAL FIELD

I N TENGCHONG, YUNNAN PROVINCE, CHINA

L i a o Zhang Zh i- fe i , Guo Guo-ying

Geology Department, Peking Unive r s i t y , P.R. China

ABSTRACT

( H o t Sea) i n Tengchong is an important

hydrothermal area i n south-west China. It is a

Cenozoic v o l c a n i c area produced by t h e convergence

of Ind ian and Eurasian P l a t e .

The s u r f a c e a c t i v i t y is sp read ove r 7.5

and the n a t u r a l h e a t flow from t h e area is of

ca. 125 The ma jo r i t y o f s p r i n g s i n t h e area

d i scha rge nea r- neu t r a l

sodium water. The a l k a l i thermometers sugges t

g e n e r a l r e s e r v o i r base tempera ture o f about

Dissolved g a s i n t h e water is mainly

v a l u e s i n t h e water i n d i c a t e t h a t a high propor t i on

of h o t water is de r ived f r o m a meteoric sou rce ,

b u t might c o n t a i n a s m a l l amount of abyssa l water.

‘ F i n a l l y , we c a l c u l a t e the heat con ten t of the f i e l d

as ca. 8.1 x

INTRODUCTION

Rehai ( H o t Sea) geothermal f i e l d

26 .5 ’ ) is a h igh tempera ture h o t water system

in, W e s t Yunnan Province n e a r t h e border between

t h e Peop le ’ s Republic of China and Burma.

The a r r e s t i n g f e a t u r e o f Rehai ( H o t Sea) t o

t h e t r a v e l l e r v i s i t i n g , or pas s ing through, is t h e

mul t i t ude of vapour plumes ascending from t h e h o t

s p r i n g s . More t h a n yea r s ago, i n 1639, t h e

g r e a t Chinese geographer o f t h e Ming Dynasty,

Xu t r a v e l l e d a l l t h e way a c r o s s many

mountains and set foot t h e r e ; h i s d e t a i l e d account

of Tengchong Geothermics is given i n h i s book of

Xia-ke Travel Notes”.

I n w e made a reconnaissance of t h e

geology, volcanoes and geothermics i n d e t a i l , and

submit ted a repo r t ’ .

THE REGIONAL SETTING

Tengchong i s a Cenozoic vo lcan ic area including

basalt , andes i t e and dacite produced by t h e under-

t h r u s t convergence o f t h e Indian P l a t e and t h e

Euras ian plate. The Cenozoic volcanoes can be

subdivided i n t o fou r : P l iocene a l k a l i n e basalt

and d o l e r i t e , E. and M. P l e i s t o c e n e c a l c- a l k a l i

andesite and d a c i t e , Late P l e i s t o c e n e a l k a l i n e

basalt and Holocene c a l c- a l k a l i andes i t e- basa l t

(F ig . 1).

The basement of pre- volcanic rocks c o n s i s t s o f

a metamorphic Palaeozoic group and Mesozoic g r a n i t e .

The Molasse- like Neogene system is l o c a l l y

d i s t r i b u t e d .

The reg iona l t r e n d of t h e

mer id ian , b u t i s curved i n t o a

s t r u c t u r e s towards south- eas t ,

s l i p movement a long t h e

range i s tecton i c a l ly

series o f a rcua t e

because o f

f a u l t wi th an E-W

s t r i k e . Rehai geothermal f i e l d i s s i t u a t e d j u s t

a t t h e top of t h e Lianghe-Guyong a r c f a u l t zone.

The basement of t h e geothermal f i e l d i s L a t e

Cretaceous g r a n i t e wi th a K- Ar age o f 68.8

these were covered by t h e Miocene g ranopa t i c sand-

s t o n e s and conglomerates which are a l t e r e d i n t o

k a o l i n i t e and a mixture of i l l i t e and montmorillon-

i t e a t t h e su r f ace . An a n t i c l i n e wi th N-S s t r i k e

developed i n t h e Miocene, on t h e crest of which

t h e r e are many l o n g i t u d i n a l crest f a u l t s wi th

d e x t r a l r o t a t i o n , j o i n t s , f i s s u r e s , v e i n s , and so

on, which may be passages f o r thermal f l u i d s and

which are impor tant l o c a l l y i n c o n t r o l l i n g hydro-

thermal a c t i v i t y inc lud ing thermal s p r i n g s and

q u a r t z ve in s .

* 1979 Fellow of t h e Geothermal I n s t i t u t e ,
Un ive r s i t y o f Auckland
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SURFACE MANIFESTATIONS

The the rmal covers an a r e a of ca.

7.5 e s t i m a t e d from t h e d i s t r i b u t i o n of

hydrothermal minera l s .

There are t h r e e main thermal a r e a s i n Rehai:

Liuhuang T a n g , Huanggua Qing and Zaotang H e F a l l s

which are l o c a t e d j u s t a t t h e crest of t h e

a n t i c l i n e . The h o t sp r ings emerge from t h e

f a u l t on t h e crest. Other a r e a s appear on t h e

f l a n k s and emerge from some minor l o n g i t u d i n a l

f a u l t s.
Huanggua (Cucumber Gul ly ) ,

t h e h i g h e s t a l t i t u d e , i n r e a l i t y merely repre-

s e n t s a zone of steam condensation without any

h o t s p r i n g s . Many needle- l ike sulphur c r y s t a l s

are f r e q u e n t l y found around t h e smal l fumaroles.

The temperature grad ien t reaches i n

shal low h o l e o f 3.63 m depth.

Liuhuang Tang (Sulphur Pool) is ce leb ra ted

f o r i t s b i g b o i l i n g pool with a temperature o f

which has a s m a l l outf low of 0.91 l/s and which

h a s been chemical ly enr iched. On t h e o t h e r hand,

t h e thermal a r e a is charac te r i sed by steaming

ground, over which widespread sur face and near-

s u r f a c e su lphur d e p o s i t and white alunogen and

gypsum occur .

Zaotang H e (Bathing River ) , a t t h e lowest

a l t i t u d e , i s a st ream from e a s t t o west across t h e

f i e l d . There a r e v a r i e t i e s of ho t s p r i n g s of

d i f f e r e n t s i z e s along t h e shore . Viewed from t h e

floor of t h e v a l l e y t h e f a l l s , formed by a q u a r t z

v e i n m t h i c k , with s p r i n g s , is indeed a

s p e c t a c l e . The Bathing River i s r a i s e d i n temp-

e r a t u r e by about 7.5 or pass ing over t h e F a l l

i n t h e monsoon season with a flow r a t e of

o r 340 i n t h e dry season, and an equ iva len t

h e a t i n p u t of 31 The n a t u r a l heat flow from

t h e f i e l d has been measured and found t o be of

ca. 125 MW.

CHEMISTRY

The m a j o r i t y of s p r i n g s i n  t h e  a r e a discharge

near- neu t ra l bicarbonate- chloride- sodium water 

con ta in ing g e n e r a l l y between 57 and 295 ppm

c h l o r i d e , 250 and 637 ppm bica rbona te , 18 and

Liao Zhi- j i e e t a l .

56 p p m su lpha te , and 130 and 440 ppm sodium. With 

a few except ions , t h e carbonate concen t ra t ions are

i n t h e range 770 t o 1168 ppm and c h l o r i d e s are i n t h e

range 559 t o 698 ppm i n t h e No. 3 (Sulphur Pool) and

N o . 6 , r e spec t ive ly . Acid su lpha te s p r i n g with

16 ppm chlo r ide and 303 ppm su lpha te are loca ted a t

h igher a l t i t u d e s .

44 ppm bicarbonate and 16 ppm su lpha te (Fig.

Low ppm i n Tengchong's h o t water is

q u i t e unl ike f i e l d s i n Xizang ( T i b e t ) .

The c o l d water a t con ta ins

and

t h e

of f

The l i n e a r  r e l a t i o n s h i p  between t h e temperature

ch lo r ide is obtained from a least square f i t :

0.2 + 30.3 which could reflect t h e degree of 

mixing of h o t and co ld waters.

On t h e o t h e r hand, 3 p o i n t s enormously dev ia te

t h e obl ique l i n e , as t h e No. 5 is steam heated

low-chloride water, and No. 3 and N o . 6 have 

en r i ched chemical con ten t s due t o s u r f a c e evapora-

t i o n and impediment of running w a t e r (Fig.

The l i n e a r r e l a t i o n s h i p is p r e s e n t inbetween

temperature and TDS. The TDS of co ld water is about

107 ppm, bu t t h e TDS of t h e h o t t e s t s p r i n g s has a

maximum value above 1300 ppm. I t goes without

say ing t h a t t h e TDS of concentra ted w a t e r i n t h e

b o i l i n g pool (No. 3) i s considerably h igher with

2799.4 ppm.

The con ten t s  o f  and t h e r a t i o were
2

used t o determine t h e minimum underground temperature.

The geochemical thermometer, as i n d i c a t e d by

and r a t i o s , which is g e n e r a l l y found t o be

higher than t h a t i n d i c a t e d by sugges t s a

genera l r e s e r v o i r base  temperature  of

Obviously, t h e changes of t h e chemical composition

i n t h e s p r i n g waters are mainly due t o d i l u t i o n and

coo l ing by mixing with cold water  e n t e r i n g near-

s u r f a c e  a q u i f e r s  from t h e margin of t h e thermal

area. Mixture with co ld water has a considerable

e f f e c t on s i l i c a content .

The g r e a t e r p a r t o f t h e non-condensable gases

accompanying t h e h o t sp r ing f l u i d c o n s i s t s of CO

being approximately 40-85.6% by volume. The average

H S concentra t ion is approximately 10-30%by volume.

Other gases inc lude N

2

and
2

Fig. 4 shows t h e  r e s u l t s  ob ta ined from a survey

of t h e D:H and : r a t i o s i n h o t and cold
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w a t e r s i n and around Rehai f i e l d . S imi la r ly , t h e

and D c o n t e n t s inc rease with TDS (Fig.

F igure 4 also reports t h e i s o t o p i c composi-

t i o n of t h e l o c a l co ld w a t e r s and shows a s t r a i g h t

l i n e wi th a slope of 8, which represen t s t h e

waters f a l l i n g i n Tengchong region.

The fo l lowing l i n e a r r e l a t i o n s h i p i s obeyed by 

p r e c i p i t a t i o n and by m o s t su r face waters :

= +

The hot w a t e r s f a l l on a l i n e which approxi-

mately i n t e r s e c t s t h e local meteoric water compo-

s i t i o n and has a s lope of t h e value of 3 , i n d i c a t i n g

s i g n i f i c a n t  b o i l i n g  and condensation e f f e c t s . The

f a c t t h a t t h e va lue f o r t h e co ld water sp r ings is

larger t h a n t h a t of recharge water shows t h a t the

l o c a l w a t e r catchment area of t h e ho t water is

f a r away.

I n t e r m s of t h e p o s i t i v e  c o r r e l a t i o n  between

c o n t e n t s and v a r i a t i o n s o f of t h e ho t

w a t e r (Fig . , t h e waters a r e predominantly

meteoric i n o r i g i n b u t might con ta in a smal l

amount of deep f l u i d with a h igher ,

heav ie r isotopic rat io .

S t u d i e s of su lphur  i so tope  have been made

on 9 samples t a k e n from n a t u r a l sulphur i n t h e

hydrothermal area. The r e s u l t s of t h e s e analyses

are p l o t t e d i n Fig. 7 and i n d i c a t e t h a t t h e

of CDT. There might e x i s t , t h e r e f o r e , abyssal

h e a t f o r t h e high temperature hydro-

34
of t h e s e samples are very c lose t o t h e

the rmal system.

ROUGH ASSESSMENT OF HEAT CONTENT

informat ion t h a t w i l l enable  us  t o

assess r e s e r v o i r s should come from t h e following

series of measurements: s c i e n t i f i c exp lo ra t ion ,

geochemistry and geophysics; we l l d r i l l i n g -
downhole measurement; w e l l d ischarge and f i e l d

product ion r e s u l t s .

Liao e t al.

The subsurface area, assumed t o be under la in by a

r e s e r v o i r of t h e ind ica ted average temperature of 

is about 7.5 and is der ived from t h e

fol lowing d a t a which inc ludes t h e s u r f a c e area

con ta in ing s p r i n g s , spring d e p o s i t s and hydrothermal

a l t e r a t i o n .

The h e a t  r e s e r v o i r  f o r t h e Rehai convection

system is a r b i t r a r i l y assumed t o extend t o 3 km

i n dep th , which i s t h e c u r r e n t l i m i t of geothermal

d r i l l i n g . Though t h e r e is no d a t a on depth

a v a i l a b l e about t h e  t o p  of t h e convect ive r e s e r v o i r ,

t h e top i s genera l ly assumed t o have a n average

depth of 1 km.

If t h e volumetr ic s p e c i f i c h e a t i s assumed

t o be 0.6 and t h e mean annual su r face

temperature is about t h e h e a t content of

Rehai ( H o t Sea) geothermal system w i l l be

8.1 x
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It i s a p i t y  t h a t  t h e geophysical measure-

ments and d r i l l i n g have n o t y e t been done i n t h i s

f i e l d . But based upon t h e method of assessment

o f geothermal resources of t h e United S t a t e s 2 ,

w e can t r y t o roughly a s s e s s t h e hea t content

o f t h e Rehai F i e l d .




