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AB STUCT 

The westernmost  p a r t  of sou thwes t  China,  where many 
Cenozoic vo lcanoes  and geo thermal  a r e a s  e x i s t ,  l i e s ,  
on g e o l o g i c a l  and g e o p h y s i c a l  ev idence ,  a t  t h e  marg in  
of two a c t i v e  p l a t e s :  t h e  I n d i a n  and E u r a s i a n  p l a t e s .  

Volcanism, depending on chemica l  compos i t ion  and 
m i n e r a l  assemblage of t h e  v o l c a n i c  r o c k s ,  c a n  be 
d i v i d e d  i n t o  t w o  d i s t i n c t  b e l t s :  one b e l t  s t a r t s  i n  
Kashmir, runs  th rough  s o u t h e r n  T i b e t ,  and bends south-  
ward t o  t h e  Tengchonq-Burma a r c ;  t h e  o t h e r  b e l t  r u n s  
from Qiang tang  P l a t e a u  t o  t h e  Hengduan Mountains. 
These b e l t s  c o n s t i t u t e  a n  o u t e r  v o l c a n i c  b e l t  w i t h  
c a l c - a l k a l i n e  magmas and a n  i n n e r  b e l t  w i t h  a l k a l i n e  
magmas, r e s p e c t i v e l y .  

Near t h e  o u t e r  v o l c a n i c  b e l t  l i e s  t h e  Himalayan 
geo thermal  b e l t  behind t h e  Himalayan a r c ,  and t h e  
Tengchong geo thermal  b e l t  behind t h e  Burma a r c .  The 
h igh- tempera tu re  hydro thermal  sys tems  of bo th  geo- 
thermal  b e l t s  d i s c h a r g e  a lmos t  neutral- pH sodium 
c h l o r i d e  waters. However, t h e  T i b e t a n  w a t e r s  a r e  
r i c h  i n  boron,  whereas t h e  waters i n  Tengchong have 
low c o n c e n t r a t i o n s  of boron.  Near t h e  i n n e r  v o l c a n i c  
b e l t ,  t h e r e  i s  t h e  Qiangtang-Hengduan geo thermal  b e l t  
where h igh- tempera tu re  hydro thermal  sys tems  w i t h  
sodium b i c a r b o n a t e  w a t e r s  o c c u r ,  and which a r e  n o t  
r e l a t e d  t o  vo lcan i sm b u t  a r e  a s s o c i a t e d  w i t h  con- 
v e c t i o n  of h e a t e d  m e t e o r i c  w a t e r  a l o n g  f a u l t  p lanes .  

CENOZOIC VOLCANISM 

I n n e r  v o l c a n i c  b e l t  

The i n n e r  v o l c a n i c  b e l t  runs  from Qiang tang  P l a t e a u ,  
which i s  a n  unpopula ted  a r e a  i n  t h e  n o r t h e r n  p a r t  of 
t h e  T i b e t a n  P l a t e a u ,  t o  t h e  Hengduan Nountains.  On 
t h e  Qiangtang P l a t e a u ,  v o l c a n i c  a c t i v i t y  was l i m i t e d  
and produced some cones which a r e  s e p a r a t e d  from each 
o t h e r ;  t h e s e  a r e  c l e a r l y  v i s i b l e  i n  a e r i a l  photo-  
graphs .  

The v o l c a n i c  rocks  of t h e  i n n e r  b e l t  a r e  h i g h l y  
a l k a l i n e  .and e s p e c i a l l y  h i g h  i n  po tass ium.  These 
rocks  can  be d i v i d e d  i n t o  two groups.  I n  t h e  nucleus 
of t h e  Qiang tang  P l a t e a u  - Bamao-Qiongzong a r e a ,  
h y p e r a l k a l i n e  t y p e  of rocks  o c c u r ,  i n c l u d i n g  l e u c i -  
t i t e ,  k e n y i t e ,  s h o s h i n i t e  and t r a c h y t e .  But t o  t h e  
n o r t h ,  a t r a n s i t i o n a l  a l k a l i - l i n e  s e r i e s  can be 
found ,  i n c l u d i n g  a n d e l a t i t e ,  two pyroxene a n d e s i t e  
and ( g e b r i t e )  d a c i t e .  T h e i r  e f f u s i v e  p e r i o d  was from 
Neogene t o  p r e s e n t .  A t  Kardax i  No.1 cone i n  t h e  
Kunlun Ranges, a r e c e n t  e r u p t i o n  occur red  on 19 May 
1952 (Tong e t  a l . ,  1981) .  I n  e a s t e r n  T i b e t ,  t h e  
vo lcan i sm was by f i s s u r e  e x t r u s i o n s ,  which occur red  
i n  t h e  Neogene. I n  Western Yunnan, a l k a l i n e  e f f u s i v e  
rocks and some hypabyssa l  rocks  o c c u r  a t  two p l a c e s .  
From Jian- chuan t o  Fengyi  a l o n g  t h e  Red F a u l t ,  Ceno- 
z o i c  a l k a l i n e  rocks  i n c l u d e  a l k a l i  a n d e s i t e  , t r ach-  
y t e ,  b a s a l t ,  lamprophyre,  g ran i te- porphyry  and 
p i c r i t e .  T r a c h y t e s  of Miocene age a r e  dominant. 
O l i v i n e  b a s a l t s  of  P l e i s t o c e n e  age  a t  P u e r  can be 
d i v i d e d  i n t o  s i x  f l o w  u n i t s .  

D i s t r i b u t i o n  
Volcanism and p l a t e  t e c t o n i c s  

Cenozoic vo lcan i sm i n  Sou thwes te rn  China occurs  i n  
two d i s t i n c t  b e l t s :  

O u t e r  v o l c a n i c  b e l t  

S t a r t i n g  from Kashmir, i t  runs  th rough  S o u t h e r n  T i b e t  
and bends southward i n t o  t h e  Tengchong-Burna arc. 

I n  s o u t h e r n  T i b e t ,  v o l c a n i c  rocks be long ing  t o  t h e  
Cre taceous  t o  Pa leogene  p e r i o d  e;upted on t h e  n o r t h  
s l o p e s  of t h e  Gandise Mountains t o  t h e  n o r t h  of t h e  
Yarlung Zangbo R i v e r .  The a r e a  covered  by v o l c a n i c  
rocks  i s  about  90000km2, e x t e n d i n g  o v e r  some thousand 
k i l o m e t e r s .  The rock t y p e s  p r e s e n t  i n c l u d e  r h y o l i t e ,  
d a c i t e ,  a n d e s i t e ,  b a s a l t ,  i g n i m b r i t e  and o t h e r  pyro- 
c l a s t i c s .  The c e n t r e s  a r e  w i t h o u t  obvious cones.  
Most of t h e  rocks  belong t o  t h e  c a l c - a l k a l i  s e r i e s .  

Behind t h e  Burmese a r c ,  t h e  a n d e s i t i c  and b a s a l t i c  
v o l c a n i c  a r c  ( P l i o c e n e  t o  P l e i s t o c e n e  i n  a g e ) ,  
e x t e n d s  from Tengchong i n  Western Yunnan t o  Burma. 
The v o l c a n i c  rocks  i n  Tengchong were formed d u r i n g  
f o u r  e r u p t i v e  phases : t h e  f i r s t  one produced 
a n d e s i t e s  and a l k a l i n e  d o l e r i t e s  i n  t h e  P l i o c e n e ,  t h e  
second  one  c a l c- a l k a l i  a n d e s i t e - d a c i t e s  of E a r l y  
P l e i s t o c e n e  a g e ,  t h e  t h i r d  a l k a l i  b a s a l t s  of Middle 
P l e i s t o c e n e  a g e ,  and t h e  youngest  one c a l c - a l k a l i  
a n d e s i t e- b a s a l t  of L a t e  P l e i s t o c e n e  age ( L i a o ,  1985).  
The a l k a l i n i t y  of v o l c a n i c  rocks  i n  Tengchong i s  
h i g h e r  t h a n  t h a t  i n  Burma, as Tengchong is f a r  away 
from t h e  s u b d u c t i o n  zone. 

The above-mentioned Cenozoic v o l c a n i c  b e l t s ,  bo th  
o u t e r  b e l t  and i n n e r  b e l t ,  a r e  c o n t r o l l e d  by t h e  
a c t i v i t y  of t h e  p l a t e s .  

The Gandise v o l c a n i c  b e l t  i n  s o u t h e r n  T i b e t  w a s  
formed by s u b d u c t i o n  of t h e  I n d i a n  P l a t e  benea th  t h e  
E u r a s i a n  P l a t e .  During convergence,  subducted 
o c e a n i c  c r u s t  was p a r t i a l l y  molten.  A t  a l a t e r  
p e r i o d  of s u b d u c t i o n ,  a s  s u b d u c t i o n  r a t e s  i n c r e a s e d ,  
t h e  d i p  of t h e  Ben iof f  Zone became s t e e p e r ,  l e a d i n g  
t o  an  i n j e c t i o n  of h e a t  i n t o  t h e  c r u s t  beneath t h e  
Gandise Ranges, and c a u s i n g  p a r t i a l  m e l t i n g  of t h e  
c r u s t .  Thus a mixed a n d e s i t i c  and d a c i t i c  magna was 
formed. A d e f i n i t e  c r u s t a l  con tamina t ion  can be 
a s s i g n e d  t o  t h e s e  v o l c a n i c  rocks ,  because of t h e  h igh  
i n i t i a l  87Sr /86Sr  v a l u e  of 0.708 (Tu Guang-Zhi e t  
a l . ,  1981).  

There  i s  a d i f f e r e n t  s i t u a t i o n  i n  t h e  Burma a r c ,  
where Eocene t o  Miocene v o l c a n i c  rocks a r e  s p a r s e . .  
T h i s  i m p l i e s  t h a t  t h e r e  was no subduccion,  o r  t h a t  
s u b d u c t i o n  was very  slow, o r  t h a t  some o c e a n i c  c r u s t  
was subduc ted ;  as t e c t o n i c  emplacement of ocean ic  
c r u s t  occur red  i n  t h e  Indo-Burma Ranges ( H i t c h e l l ,  
1975).  

S t r i c t l y  s p e a k i n g ,  vo lcan i sm i n  Tengchong, of which 
t h e  o l d e s t  i s  of P l i o c e n e  a g e ,  was no t  caused by 
s u b d u c t i o n ,  because t h e  convergence between I n d i a n  
P l a t e  and E u r a s i a n  P l a t e  occur red  d u r i n g  Oligocene.  
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A f t e r  t h e  c o l l i s i o n ,  t h e  c r u s t  movement was s t i l l  
v e r y  i n t e n s e ,  c a u s i n g  t h e  northwestward u p t h r u s t  of 
t h e  Indo-Burma Ranges. When Tengchong and t h e  su r-  
rounding a r e a  were i n  t e n s i o n ,  t h e  magma caused  by 
p a r t i a l  m e l t s  of upper  mant le  r o c k s ,  r o s e  a l o n g  
f a u l t s  t o  f o r n  a l k a l i n e  v o l c a n i c  rocks .  When t h e  a r e a  
w a s  i n  compression,  t h e  magma s u f f e r e d  con tamina t ion  
by c r u s t a l  m a t e r i a l  t o  form t h e  c a l c - a l k a l i  d a c i t e-  
a n d e s i t e  w i t h  h i g h  S r  i s o t o p e  v a l u e s  (0.706-0.715) 
(Xu e t  a l . ,  1985). 

I n  t h e  c e n t r e  of Qiangtang P l a t e a u ,  v o l c a n i c  rocks 
have h i g h  po tass ium v a l u e s .  The p r o t o  magma was no t  
d i r e c t l y  a s s o c i a t e d  w i t h  t h e  u p t h r u s t  of t h e  T i b e t a n  
c r u s t  b u t  o r i g i n a t e d  from p a r t i a l  m e l t i n g  of upper  
mant le  rocks .  These e r u p t e d  a l o n g  r e- a c t i v a t e d  
f a u l t s  and formed a l k a l i  v o l c a n i c  rocks.  

PRESENT HYDROTHERMAL ACTIVITY 

O u t l i n e  of geo thermal  b e l t s  

There  are about  1600 the rmal  a r e a s  of d i f f e r e n t  s i z e  
i n  s o u t h w e s t e r n  China n e a r  b o t h  t h e  Oute r  and t h e  
I n n e r  v o l c a n i c  b e l t s .  These the rmal  a r e a s  can  be 
grouped i n t o  f o u r  geo thermal  b e l t s  where the rmal  ares 
have a common g e o l o g i c a l  s e t t i n g  and e x h i b i t  s i m i l a r  
c h e m i s t r y  (F ig .  1). 

1. The Himalayan geothermal  b e l t  c o v e r s  t h e  narrow 
r e g i o n ,  i n c l u d i n g  t h e  n o r t h  ,of t h e  High Hima- 
l a y a s  and t h e  s o u t h  of Qiangtang P l a t e a u ,  where 
i n t e n s e  L a t e  ' Mesozoic i n t e r m e d i a t e  t o  a c i d i c  
i n t r u s i o n s ,  Paleogene vo lcan i sm and odd Neogene 
a c i d i c  i n t r u s i o n s  occur .  Geothermal  mani fes t-  
a t i o n s  a r e  v e r y  impress ive .  The deep the rmal  
w a t e r s  from h i g h  t empera tu re  hydro thermal  
sys tems  c o n t a i n  sodium c h l o r i d e  and a r e  r i c h  i n  
b o r i c  a c i d .  

2. The Tengchong geothermal  b e l t  i s  l o c a t e d  between,, 
t h e  Nuj iang  F a u l t  and t h e  Indo-Burma Ranges, and 
is  a s s o c i a t e d  w i t h  i n t e n s e  Mesozoic i n t r u s i o n s ,  
Pa leogene  metamorphism, P l i o c e n e  t o  P l e i s t o c e n e  
vo lcan i sm a s  w e l l  as f r e q u e n t  e a r t h q u a k e s .  The 
t h e r m a l  m a n i f e s t a t i o n s  a r e  a l s o  impress ive .  
S ome h i g h- t empe r a  t u  r e  s y s t ems 
d i s c h a r g e  sodium c h l o r i d e  w a t e r s  bu t  have low 
c o n c e n t r a t i o n s  of boron. 

h y d r o t  he rmal 

F i g u r e  1: 

Ske tch  map showing t h e  
geo thermal  b e l t s  and 
Neogene-Pleis tocene  
vo lcanoes  of South-  
w e s t e r n  China. 

I .  Himalayan geo- 
thermal  b e l t  

11. Tengchong geo- 
t h e  m a l  b e l t  

111. Qiangtang-Hengduhn 
g e o t h e r n a l  b e l t  

IV. Himalayan South  
s l o p e  geo thermal  
b e l t .  

3. The Oiangtang-Hengduan a e o t h e r n a l  b e l t  c o v e r s  
t h e  Qiang tang  P l a t e a u  and t h e  Hengduanshan 
Mountains,  where t h e  n e o t e c t o n i c  movements were 
v e r y  s t r o n g ;  f a u l t i n g  developed,  P l i o c e n e  t o  
r e c e n t  vo lcanoes  o c c u r  now and t h e n ,  and 
e a r t h q u a k e s  a r e  f r e q u e n t .  Most the rmal  w a t e r s  
c o n t a i n  HC03-Na and HC03-Ca w i t h  low boron. 

4 .  The Himalayan Southern  s l o p e  geothermal  b e l t  
occup ies  t h e  narrow r e g i o n  between t h e  High 
Himalayas and t h e  Main Boundary F a u l t  c r o s s i n g  
I n d i a ,  Nepal ,  Bhutan, Sikkim and China. I n  t h i s  
a r e a ,  t e c t o n i c  novement i s  v e r y  s t r o n g  and 
s h a l l o w  e a r t h q u a k e s  a r e  c l o s e  t o g e t h e r ,  but  
geo thermal  a c t i v i t i e s  a r e  much weaker. The 
deeper  the rmal  w a t e r s  a r e  a l s o  of t h e  HC03-Na 
t y p e  w i t h  low boron. 

Types of h i g h  t empera tu re  w a t e r  

Using Na-K-Ca geothermometers  c o r r e c t e d  f o r  Mg and 
S i02  conduc t ive  c o o l i n g  t o  e s t i m a t e  minimum r e s e r v o i r  
t e m p e r a t u r e s ,  a l a r g e  number of h igh  t empera tu re  
geothermal  sys tems  a r e  i n d i c a t e d .  More t h a n  30 of 
them o c c u r  i n  t h e  Himalayan b e l t ,  9 i n  t h e  Tengchong 
b e l t ,  and 30 i n  t h e  Qiangtang-Hengduanshan b e l t .  

The c h e m i s t r y  of w a t e r  found i n  high- temperature 
hydrothermal  sys tems  i n  s o u t h w e s t e r n  China can  be 
c l a s s i f i e d  a s  fo l lows :  

( a )  Sodium c h l o r i d e  w a t e r s  i s s u e  i n  t h e  Himalayan 
b e l t  and t h e  Tengchong b e l t .  These change i n t o  
HC03-Cl-Na w a t e r s  when h o t  w a t e r  i s  d i l u t e d  w i t h  
s u r f a c e  c o l d  wate r .  T h i s  t y p e  of w a t e r  has  been 
c a l l e d  v o l c a n i c  w a t e r  o r  magmatic w a t e r  by D.E. 
White (1957).  According t o  t h e  c o n t e n t  of HBO?, 
t h e  sodium c h l o r i d e  w a t e r s  can be C l a s s i f i e d  
i n t o  two s u b t y p e s .  A l l  Cl- Na w a t e r s  w i t h  h igh  
boron on ly  emerge from the rmal  systems i n  t h e  
Himalayan b e l t .  The c o n t e n t  of HB02 may amount 
t o  200-500ppm; t h e  h i g h e s t  v a l u e  found was 1965 
ppm. Another  sub type  i s  Cl-Na w a t e r  wi th  low 
boron,  which emerges from some the rmal  systems 
i n  t h e  Tengchong b e l t .  The HB02 c o n t e n t  h e r e  i s  
less t h a n  20 ppm. 
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( b )  HC03-Na w a t e r s  a p p e a r  mainly i n  the rmal  sys tems  
i n  Khe Qiangtang-Hengduan b e l t .  The c o n t e n t  of 
Ca and Mg i n c r e a s e s  w i t h  d e c r e a s i n g  t empera tu re .  
The C1-content i s  v e r y  low, be ing  40-70 pprn i n  
West S ichuan  and l e s s  t h a n  10 ppm i n  West Yunnan. 
The water i s  a l s o  low i n  HBO2 ( > 2 0  ppm) and i n  
TDS ( < l g / & ) .  There i s  no s i g n i f i c a n t  d i f f e r e n c e  
i n  chemical  c o n s t i t u e n t s  between HOC3-Na thermal  
w a t e r  and groundwater .  Of c o u r s e ,  t h e  b ica rb-  
o n a t e  c o n t e n t  of t h e s e  the rmal  w a t e r s  i s  h i g h e r  
t h a n  t h a t  of c o l d  water. 

Hiqh-temDerature h y d r o t h e r z a l  sys tems  and Cenozoic 
magma t I s m 

HC03-Na waters emerge i n  t h e  Qiangtang-Hengduan b e l t  
where t h e  vo lcanoes  a re  young, i.e. from Miocene t o  
P r e s e n t .  The v o l c a n i c  rocks  belong t o  a n  a l k a l i  o r  
a l k a l i - l i m e  series w i t h  a h i g h  po tass ium c o n t e n t ,  
which i m p l i e s  t h a t  t h e  magmatic s o u r c e  i s  deep i n  t h e  
Upper Mantle .  The vo lcanoes  are d i s t r i b u t e d  a l o n g  
major  f a u l t s .  When t h e  magma ascended  a long  t h e  
f a u l t s ,  con tamina t ion  of magma w i t h  c r u s t a l  rocks  d i d  
n o t  occur  and t h e  magma d i d  no t  i n t r u d e  i n t o  t h e  
s h a l l o w  c r u s t  t o  become t h e  h e a t  s o u r c e  of geothermal  
sys tems .  Volcanism i n  t h e  Qiangtang-Hengduanshah 
b e l t  appea r s  n o t  t o  be  a s s o c i a t e d  w i t h  deep geo- 
the rmal  systems.  The h o t  s p r i n g s  d i s c h a r g i n g  HC03-Na 
t y p e  w a t e r  are d i s t r i b u t e d  a l o n g  major  f a u l t s ,  and 
c a n  be main ta ined  by groundwater  c i r c u l a t i o n  a l o n g  
f a u l t  p l anes .  High t e m p e r a t u r e s  between 150 and 200°C 
c a n  occur  between 4 and 5 km d e p t h  benea th  t h e s e  
h igh- tempera tu re  h y d r o t h e m a l  sys tems ,  which a r e  
a s s o c i a t e d  w i t h  b o i l i n g  s p r i n g s  on t h e  s u r f a c e ;  t h e  
a c t i v e  area, however, i s  small .  F o r  example, t h e  
Dakongbeng the rmal  area w i t h  fumaro les  cover s  o n l y  
1-2 kn2. 

Most of t h e  h i g h  t empera tu re  HC03-Na waters c c c u r  i n  
West Yunnan. T h e i r  d i s t r i b u t i o n  i s  c o n t r o l l e d  by a n  
a n t i c l i n o r i u m  of metamorphic rocks and g r a n i t e s .  
Younger metamorphism cou ld  produce C02 t o  e n r i c h  
t h e s e  waters i n  HCO3. G r a n i t e s  w i t h  a h i g h  hea t-  
g e n e r a t i n g  c a p a c i t y  can  produce t h e  h e a t  f o r  t h e  
d e e p l y  c y c l i n g  waters.  

Thermal C l- N a  w a t e r  w i t h  low HE02 emerges from two 
areas i n  t h e  Tengchong b e l t :  t h e  Hot Sea F i e l d  and 
t h e  Langpu Hot poo l  a r e a .  Both a r e a s  a re  s i t u a t e d  i n  
a c i r c u l a r  s t r u c t u r e  w i t h  a n  a r e a  of 200km2, around 
and w i t h i n  which t h e r e  a r e  P l e i s t o c e n e  vo lcanoes .  I n  
t h e  v i c i n i t y  of t h e  c i r c u l a r  s t r u c t u r e ,  ea r thquakes  
are  v e r y  f r e q u e n t .  Althougn numerous micro-ear th-  
quakes o c c u r  around t h e  c i r c u l a r  s t r u c t u r e ,  t h e r e  i s  
a non- seismic zone i n s i d e  ( F i g .  2 ) .  T h i s  cou ld  imply 
t h a t  t h i s  f i e l d  i s  r e l a t e d  t o  magmatism. A s  . s t a t e d  
above,  t h e  p r o t o  magma of t h e  Tengchong vo lcanoes  
p robab ly  o r i g i n a t e d  from t h e  upper  mant le .  Under 
compression,  magma d i d  n o t  a scend  f r e e l y  and might  
have  i n t r u d e d  i n t o  t h e  s h a l l o w  c r u s t  t o  form t h e  h e a t  
s o u r c e .  

The C1-Na w a t e r s  w i t h  h i g h  boron  c o n t e n t  o n l y  emerge 
f rom thermal  sys tems  i n  t h e  Himalayan Geothermal 
b e l t .  The c o n t e n t  of HB02 i n  tbe rmal  waters from 
t h i s  b e l t  i s  abou t  500 ppm. Outs ide  t h e  b e l t ,  t h e  
c o n t e n t  of HB02 d e c r e a s e s .  T h i s  a l s o  a p p l i e s  t o  
sys tems  i n  I n d i a ;  t h e  c o n t e n t  of B i s  116-145 ppm i n  
Puga, but i s  on ly  1 pprn i n  Manikaran (Gupta ,  1974) .  

We b e l i e v e  t h a t  t h e  C1-Nn the rmal  waters i n  t h e  
Himalayan B e l t  which a r e  r i c h  i n  boron a r e  a d i s t i n c t  
p roduc t  caused  by t h e  c o n t i n e n t- c o n t i n e n t  collision:.' 
A f t e r  t h e  I n d i a n  c o n t i n e n t a l  c r u s t  c o l l i d e d  w i t h  t h e  
E u r a s i a n  C o n t i n e n t  i n  t h e  Eocene,  t h e  p l a t e  conver-  
gence con t inued  t o  c r e a t e  a t h i c k  c r u s t  and many 
l a r g e  t h r u s t s .  T h i s  produced i n t r u s i v e  g r a n i t e s  i n  
Sou th  T i b e t  and which t h e n  b rough t  abou t  f u r t h e r  
h e a t i n g  of t h e  T i b e t a n  c r u s t .  These g r a n i t e s  c o n t a i n  
a h i g h  B2O3 component of 2200 t o  6400 ppm (Gansse r ,  
1964 ). The h o t ,  boron- bearing,  b u r i e d  g r a n i t e s  a r e  
p robab ly  t h e  h e a t  s o u r c e  f o r  geothermal  a c t i v i t y  i n  
t h i s  b e l t .  

--- 
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F ig .  2: Ske tch  map showing t h e  d i s t r i b u t i o n  of 
ea r thquakes  i n  Tengchong and su r round ing  
r e g i o n  from 1965 t o  1975. (Data  f rom 
Yunnan Se i smic  Bureau. ) 

S U m Y  

Cenozoic  vo lcan i sm and geo the rmal  a c t i v i t i e s  i n  
sou thwes t  China are  caused by t h e  c o l l i s i o n  between 
t h e  E u r a s i a n  P l a t e  and t h e  I n d i a n  P l a t e .  

Behind t h e  Himalayan a r c  t h e r e  i s  t h e  Himalayan geo- 
the rmal  b e l t  d i s c h a r g i n g  C1-Na the rmal  waters r i c h  i n  
boron. The l i k e l y  h e a t  s o u r c e s  f o r  t h e s e  sys tems  are  
h o t ,  boron- bearing, b u r i e d  Neogene . g r a n i t i c  i n t r u s-  
i o n s ;  geo the rmal  a c t i v i t y  a p p e a r s  t o  be  independent  
of Paleogene volcanism.  Behind t h e  Burmese arc  t h e r e  
i s  t h e  Tengchong geo the rmal  b e l t  where C1-Na waters 
a r e  i s s u e d  which a re  low i n  boron, and where t h e  h e a t  
s o u r c e  of h igh  t empera tu re  hydrothermal  sys tems  i s  
p robab ly  concea led ,  contaminated,  a n d e s i t i c  
i n t r u s i o n s .  

Fa r  beyond t h e  s u t u r e  l ies  t h e  Qiangtang-Hengduan 
geo the rmal  b e l t ,  w i t h  Neogene t o  P r e s e n t  a l k a l i  
volcanism.  The HC03-Na waters d i scharged  f r o a  
high-  t empe r a t u r e  hydro t h e m a l  s ys  tems have no 
magmatic h e a t ,  bu t  are a s s o c i a t e d  w i t h  convec t ion  Of 
h e a t e d  m e t e o r i c  w a t e r  moving a l o n g  f a u l t  p l anes .  



200 

LIAO e t  a l .  

UFERENCES 

Gansser ,  A. ,  (1964) :  Geology of t h e  Himalayas,  
I n t e r s c i e n c e  P u b l i s h e r s .  

Gupta,  M.L., (1974) :  Geothermal Xesource of some 
Himalayan Hot S p r i n g  Areas ,  Himalayan Geology, 
4 . ,  493-415. 

L i a o  Zhi j i e ,  (1985): L a t e  Cenozoic Volcanoes i n  
Tengchong. 2: Tong W e i ,  Zhang Xingtao (Eds.)  
"Geothermics i n  Tengchong, " Sc ience  P r e s s ,  
B e i j i n g  ( i n  Ch inese ,  w i t h  E n g l i s h  a b s t r a c t ) .  

Mu Zhiguo and C u r t i s ,  G.H., (1985): The s t u d i e s  on 
K-Ar ages  and s t r o n t i u m  i s o t o p i c  composi t ions  of 
Tengchong Vo lcan ic  rocks  i n  Tengchong" , Science  
P r e s s ,  B e i j i n g  ( i n  Chinese  w i t h  Eng l i sh  
a b s t r a c t ) .  

M i t c h e l l ,  A.H.G.; McKerrow, W.S. (1975): Analogous 
E v o l u t i o n  of t h e  Burma Orogen and t h e  S c o t t i s h  
Ca ledon ides .  B u l l .  Geol.  SOC. of America, 86, 
No.3, 305-314. 

Tong Wei; Zhang Mingtao; Zhang Z h i f i e ;  L i a o  Z h i j i e ;  
You Maozheng; Zhu Meixiang; Guo Guoying and L iu  
S h i b i n  (1981): G e o t h e m a l s  beneath  Xizang 
( T i b e t a n )  P l a t e a u ,  Sc i ence  P r e s s ,  B e i j i n g ,  p.170 
( i n  Chinese) .  

Tu Guangzhi;  Zhang Yuquan; Zhao Zhenhua; Wang 
Zhonggang (1981): C h a r a c t e r i s t i c s  and e v o l u t i o n  of 

g r a n i t o i d s  of Sou the rn  Xizang. Proceedings  of 
Symposium on Qinghai-Xizang ( T i b e t )  P l a t e a u ,  
Geo log ica l  and E c o l o g i c a l  s t u d i e s  of Qinghai- 
Xizang ( T i b e t )  P l a t e a u ,  Vol. 1, 353-362. 

White,  D.E. ,  (1957): Thermal w a t e r s  of v o l c a n i c  
o r i g i n .  B u l l .  Geol.  SOC. America, 68,  
1637-1658. 

Zhang Z h i f i e  and Zhang Mingtao, (1985): Assessment 
of Geothermal Resources  w i t h i n  hydrothermal  
sys t ems  i n  Xizang ( T i b e t ) .  I n :  Liu  Diangun; Wu 
Fangzhi ;  L i a o  Z h i j i e ,  and QU Shuigen,  (Eds.):  
"Research on t h e  Yangbaja in  Geothermal Power 
S t a t i o n " ,  160-176. P u b l i s h i n g  House Chongqing 
Branch f o r  S c i e n t i f i c  and Techn ica l  Documents. 




