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ABSTRACT 

About 300 s q u a r e  k i l o m e t e r s  of  P a i  d i s t r i c t  i s  
o c c u p i e d  by l a r g e  p l u t o n  of g r a n i t e  which is 
predominant ly  c o a r s e  g r a i n e d  b i o t i t e  g r a n i t e  
of Triassic  age.  The main j o i n t  p a t t e r n s  o f  
g r a n i t i c  body l i e  i n  NNE,  NE,  EW and NNW t r e n d i n g ,  
hav ing  t h e  a p p r o p r i a t e  p e r m e a b i l i t y  f o r  h o t  f l u i d  
a s c e n d i n g  t o  t h e  s u r f a c e  i n  some geothernial  areas 
i .e.  Ban Pong Mai (MHq) , Ban Muang Rae (MHg) and 
Huai Muang Paeng (ma). The o t h e r  t h e r m a l  a r e a s  
1.e. Pong Sak (MH3), Pong Pa (MH5) , Ban Mae N a  
(MH7), Ban Mae H e  ( M H l o )  and Pong Jaja (MH14) are 
associated w i t h  semimentary r o c k  and low-grade 
metamorphic rock  of P a l e o z o i c  E r a .  These 
P a l e o z o i c  r o c k s  which exposed a round  t h e  g r a n i t i c  
b a t h o l i t h  are composed of Cambrian q u a r t z i t e ;  
Ordovic ian  l i m e s t o n e ;  low-grade metamorphic r o c k s  
o f  S i lu r ian- Devonian  age;  conglomera te ,  s a n d s t o n e ,  
s i l t s t o n e  and  s h a l e  i n  C a r b o n i f e r o u s  a n d  Permian 
l i m e s t o n e .  T e r t i a r y  b e d s  exposed l o c a l l y  a l o n g  
t h e  edge o f  P a i  B a s i n  which i s  a l s o  f i l l e d  by 
Quate rnary  sed iments .  Old b a s i c  v o l c a n i c  rock  
l o c a l l y  d i s t r i 5 u t e s  and mos t ly  found u n d e r l a i n  
t h e  Permian l i m e s t o n e .  J o i n t  sys tems  o f  t h e  
geo thermal  a r e a s  found  i n  P a l e o z o i c  r o c k  are 
resemble w i t h  t h o s e  found i n  T r i a s s i c  g r a n i t e .  

Xost of  t h e  geo thermal  sys tems  i n  P a i  d i s t r i c t  can 
b e  d e f i n e d  as w a r m  and h o t  water sys tems  
(Hochs te in ,  1 9 8 5 ) .  The f l u i d s  are g e n e r a l l y  
c l e a r ,  low chemica l  and g a s  c o n s t i t u e n t s ,  and 
s l i g h t l y  a l k a l i n e  w i t h  p H  = 7.8 - 8.7 .  

The s u r f a c e  t e m p e r a t u r e  and t o t a l  h e a t  d i s c h a r g e d  
r a n g e s  from 40 - 91OC and 0.1 - 9 MW r e s p e c t i v e l y .  
S u p e r f i c i a l  a l t e r a t i o n s  around t h e  h o t  s p r i n g  
areas a r e  dominantly c a l c i t e ,  s i l i ca ,  c l a y  
m i n e r a l s  and sodium f l u o s u l p h a t e .  H e a t  s o u r c e s  
may b e  e f f e c t e d  by anomalously h i g h  h e a t  f low 
from h i g h  h e a t  g e n e r a t i n g  c a p a c i t y  of  g r a n i t e s .  

INTRODUCTION 

P a i  d i s t r i c t  of Mae Hongscn p r o v i n c e ,  i s  one Of 
t h e  t o p  n o r t h  d i s t r i c t  of  T h a i l a n d .  It i s  l o c a t e d  
a b o u t  137 km NNW of Chiangmai p r o v i n c e .  Most of 
t h e  a r e a  i s  c o v e r e d  by h i g h  mountainous r a n g e s  
w i t h  t h e  h i g h e s t  peak of Doi Chik Chong ( a b o u t  
1 ,972  m above MSL).  The. low t e r r a i n  of  P a i  b a s i n  
o c c u p i e s  a b o u t  35 sq. km wi th  t h e  a v e r a g e  a l t i t u d e  
of  550 m above MSL. The d r a i n a g e  p a t t e r n s  are 
g e n e r a l l y  d e n d r i t i c  t o  s u b- d e n d r i t i c  and sub- 
p a r a l l e l  sys tems  which a r e  dominant ly  f a u l t  
c o n t r o l l e d .  The major  d r a i n a g e  is P a i  r i v e r  
which f l o w s  southward th rough  P a i  d i s t r i c t  and 
t u r n s  t o  t h e  w e s t  n e a r  Ban Muang Rae. S e v e r a l  
h o t  s p r i n g s  i . e .  B a n  Muang Rae, Pong J a j a ,  Pong 
Sak, and Pong Pa a p p e a r  a long  t h e  bank of t h i s  
r i v e r  a s  h o t  pools and s e e p  t y p e s .  

The a v e r a g e  r a i n f a l l  is  of 1 , 2 5 3  mm p e r  y e a r  
( d a t a  d u r i n g  1951-1975, t a k e n  from Mae Hongson 
s t a t i o n ,  M e t e o r o l o g i c a l  Department ,  M i n i s t r y  of 
Communications, Bangkok) and t h e  mean maximum 

r a i n f a l l  i s  of  262.8 mm i n  August. The mean 
e v a p o r a t i o n  is  662.2 mm p e r  y e a r .  The h o t t e s t  
p e r i o d  i s  i n  A p r i l  w i t h  t h e  mean maximum t e m p e r a t u r e  
o f  37.7OC and t h e  c o l d e s t  p e r i o d  i s  i n  J a n u a r y  w i t h  
t h e  mean maximum t e m p e r a t u r e  of 14.OoC w h i l e  t h e  
a v e r a g e  annua l  t e m p e r a t u r e  is of 25.4OC. 

The i n v e s t i g a t i o n s  of P a i  d i s t r i c t  a r e  aimed a t  
g e o l o g i c a l  and geochemical  work. B e s i d e s  , t h e  
g e o p h y s i c a l  survey  might  have been conduc ted  i n  
t h e  f u t u r e .  

GEOLOGY OF PA1 DISTRICT 

The g e o l o g i c a l  map o f  P a i  d i s t r i c t  ( F i g .  1) d i s p l a y s  
a wide d i s t r i b u t i o n  of v a r i o u s  rock  types i n  
d i f f e r e n t  a g e s .  S t r a t i g r a p h i c a l l y ,  t h e  P a i  d i s t r i c t  
exposed the t h i c k  sequence o f  sed imenta ry  and  low 
g r a d e  metamorphic r o c k s  r a n g i n g  i n  a g e s  from 
Cambrian t o  Q u a t e r n a r y .  
i n g  of g r a y  q u a r t z i t e ,  q u a r t z  s c h i s t  and l o c a l l y  
s k a r n  rock  a r e  d i s t r i b u t e d  a t  t h e  east and w e s t  
margin of  g r a n i t i c  p l u t o n  and p a r t l y  formed as t h e  
r o o f  p e n d a n t s  i n  g r a n i t e .  The f o l i a t i o n  of  t h e s e  
r o c k s  o b v i o u s l y  l i e  i n  t h e  NS t r e n d i n g s .  The 
Ordovic ian  r o c k s  are composed c h i e f l y  o f  massive t o  
t h i n  bedded l i m e s t o n e  w i t h  a r g i l l a c e a n s  bands ,  
s la te  and s h a l e  i n t e r b e d z e d , ,  o v e r l y i n g  conformably 
t h e  Cambrian sequences .  The S i l u r i a n  Devonian 
r o c k s  expose on t h e  w e s t e r n  and e a s t e r n  parts  o f  
t h e  area. They are c h a r a c t e r i z e d  by t h e  low-grade 
metamorphic r o c k s  i . e .  q u a r t z i t e ,  p h y l l i t e  and 
s la te  w i t h  o c c a s i o n a l l y  l i m e s t o n e  and c h e r t  i n t e r -  
c a l a t e d .  
d i s t r i b u t e d  i n  t h e  n o r t h  of  t h e  i n v e s t i g a t e d  area. 
The sequences  are mainly c las t ic  sed iments  o f  
conglomera te ,  s a n d s t o n e ,  s i l t s t o n e ,  s h a l e  w i t h  
p a r t l y  l a m i n a t e d  l i m e s t o n e  c h e r t  and s l a t e  i n t e r -  
c a l a t e d .  
bedded t o  mass ive  l i m e s t o n e  wi th  l o c a l l y  s a n d s t o n e ,  
s h a l e  and c h e r t  i n t e r b e d d e d .  Most of  them are 
exposed i n  t h e  n o r t h e a s t e r n  p a r t  of t h e  area and 
l i e  conformably on t h e  C a r b o n i f e r o u s  r o c k s .  The 
T e r t i a r y  sed iments  a r e  l o c a l l y  e x h i b i t e d  a l o n g  the 
edge of  P a i  b a s i n .  The sequences  a r e  made of  
conglomera te ,  s a n d s t o n e ,  s i l t s t o n e ,  and c l a y s t o n e .  
The Quate rnary  terraces and a l l u v i u m  a r e  developed 
i n  P a i  b a s i n ,  and mos t ly  l i e  unconformably o v e r  t h e  
o l d e r  r o c k s .  

The Cambrian r o c k s  c o n s i s t -  

The C a r b o n i f e r o u s  r o c k s  are wide ly  

The Permian r o c k s  are predominant ly  

The igneous  r o c k s  which a r e  mainly b i o t i t e  g r a n i t e  
o f  T r i a s s i c  age  a r e  formed as t h e  b a t h o l i t h  i n  t h e  
c e n t r a l  p a r t  of t h e  a r e a  and d i s t r i b u t e d  t o  t h e  
s o u t h .  B e s i d e s ,  t h e  minor hornblende  b i o t i t e  g r a n i t e ,  
l e u c o c r a t i c  g r a n i t e  and q u a r t z  dykes a r e  a l s o  found 
s c a t t e r i n g  i n  t h i s  b a t h o l i t h .  The o l d  b a s i c  vo lca-  
n i c  r o c k ,  forming a s  f i s s u r e  e r u p t i o n ,  l o c a l l y  found 
u n d e r l a i n  t h e  Permian l i m e s t o n e .  But some of them 
are a s s o c i a t e d  w i t h  t h e  C a r b o n i f e r o u s  r o c k s .  

...’ 

S t r u c t u r a l l y ,  t h e  main normal f a u l t  p a t t e r n s  l i e  i n  
N N E ,  NNW, NE and NS t r e n d i n g s  w h i l e  t h e  major  j o i n t  
sys tems  a r e  p redominant ly  i n  NNW and ENE d i r e c t i o n  
(Udomratn e t  a l . ,  1985) and t h e  o t h e r  j o i n t  p a t t e r n s  
l i e  i n  NW NNE and W N W  d i r e c t i o n .  All of t h e  h o t  
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s p r i n g s  a r e  a s s o c i a t e d  w i t h  t h e s e  s e t s  of f a u l t i n g s  
and f r a c t u r i n g  which p robab ly  o c c u r r e d  i n  p o s t -  
T e r t i a r y  p e r i o d .  

GEOTHERMAL RESOURCES 

E i g h t  the rmal  s p r i n g s  t h a t  m a n i f e s t  on t h e  ground 
s u r f a c e  of P a i  a r e a ,  can  be c l a s s i f i e d  i n t o  two 
groups  due t o  t h e  a s s o c i a t e d  r o c k s .  
group i .e .  Ban Pong Mai (MH4) , Ban Muang Rae (MH6) 
and Huai Muang Paeng (MH8) occur  i n  t h e  T r i a s s i c  
g r a n i t i c  t e r r a i n .  The o t h e r  group i . e .  POW Sak 
(MH3) , Pong Pa (MH5) ,  Ban Mae Na (MH7)  , Ban Mae H e  
(MH10) and Pong J a j a  (MH14),  a r e  a s s o c i a t e d  with 
sed imenta ry  rock and low-grade metamorphic rock of 
P a l e o z o i c  E r a .  The major j o i n t  systems of  t h e  r o c k s  
exposed i n  bo th  group l i e  i n  t h e  d i r e c t i o n  of NNE,  
NE, EW and NNW t r e n d i n g s .  Most of t h e  geothermal  
s y s t e m s  c a n  be d e f i n e d  a s  warm and h o t  wa te r  
sys tems .  The s u r f a c e  d i s c h a r g e d  f e a t u r e s  a r e  
c l e a r  h o t  p o o l ,  warm pool  and seep  t y p e s .  The 
c h e m i s t r y  of t h e  warm and h o t  wa te r  systems des-  
c r i b e d  i n  t h i s  p a p e r  h a s  been summarized i n  Tab le  1. 
Most o f  t h e  the rmal  f l u i d s  a r e  c l e a r ,  low chemical  
and g a s  c o n s t i t u e n t s ,  and s l i g h t l y  a l k a l i n e  wi th  
pH = 7.8 - 8.7 .  The s u r f a c e  t empera tu re  ranges  
from 40 - 91OC and t h e  t o t a l  h e a t  d i s c h a r g e d  l ies  
w i t h i n  t h e  range  of 0.1 - 9 MW (Table  1). 

The f i r s t  

The two most impress ive  o u t  o f  t h e  e i g h t  the rmal  
a r e a s  i n  P a i  d i s t r i c t  a r e  Huai Muang Paeng and 
Pong Mai. A t  Huai Muang Paeng, t h e  the rmal  a r e a  
c o v e r s  a b o u t  100 x 30 sq. m, and most of t h e  
s u r f a c e  a c t i v i t i e s  a r e  c l e a r  h o t  poo l  and seep  
t y p e s  wi th  t h e  maximum t e m p e r a t u r e  = 91OC. Gases 
d i s c h a r g e  c o n t i n u o u s l y ,  and l a r g e  amount of steam 
s e p a r a t i o n  can be  observed .  The s u p e r f i c i a l  
a l t e r a t i o n s  a r e  amorphous s i l i c a ,  sodium- 
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f l u o s u l p h a t e ,  c l a y  m i n e r a l s  and c a r b o n a t e  wh ich  
formed a s  t h e  t r a v e r t i n e  t e r r a c e ,  c f .  F i g .  2 .  

Bou lders  of p o r p h y r i t i c ,  b i o t i t e  g r a n i t e  can b e  
found around t h e  the rmal  a r e a .  
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For  Pong mai h o t  s p r i n g ,  it c o v e r s  an a r e a  of 
150 x 35 sq. m and t h e  the rmal  c h a r a c t e r i s t i c s  
a r e  s i m i l a r  t o  Huai Muang Paeng h o t  s p r i n g .  ( F i g .  3)  
The maximum tempera tu re  i s  78OC. Gases a r e  p r e s e n t  
i n  i n t e r m i t t e n  d i s c h a r g e  and l a r g e  amount of s team 
s e p a r a t i o n  can a l s o  be observed .  The s u p e r f i c i a l  
a l t e r a t i o n s  a r e  s i l i c a  and c a r b o n a t e .  Outcrop 
of p o r p h y r i t i c ,  b i o t i t e ' g r a n i t e  a r e  exposed n e a r  
t h e  the rmal  a r e a .  
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i n  P a i  d i s t r i c t ,  c o n s t i t u e n t s  i n  Table 1 Chemical a n a l y s e s  of w a t e r s  from thermal  s p r i n g  
-1 -1 

mg L I f low i n  L s e c  ; nd = n o t  de te rmined ,  THD = T o t a l  h e a t  d i s c h a r g e d ,  

MM3 = Pong Sak; MI14 = Pong Mai; M H 5  = Pong Pa ;  MH6 = Ban Muang Rde; M H 7  = Ban Mae Na; 

MH8 = Huai Muang Paeng; MHIO = Ban Mae He; MH14 = Pong J a j a .  

T ( c )  geothermometer r e f e r  t o  the e q u a t i o n  from F o u r n i e r  ( 1981 ) .  
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F ig .  3: The ground  s u r f a c e  m a n i f e s t a t i o n  o f  
Pong M a i  (MH4) 

CONCLUSION 

H o t  s p r i n g  sys tems i n  P a i  d i s t r i c t  a r e  a s s o c i a t e d  
w i t h  T r i a s s i c  g r a n i t e  and t h e  P a l e o z o i c  rocks .  
Most o f  them are f a u l t  c o n t r o l l e d  a n d . l i k e l y  t o  
be formed as  t h e  f r a c t u r e  reservoir. .Hea t  s o u r c e s  
o f  t h e s e  t h e r m a l  sys tems may b e  e f f e c t e d  by t h e  
anomalous h i g h  h e a t  f low from h i g h  h e a t  g e n e r a t i n g  
c a p a c i t y  o f  g r a n i t e .  The c h e m i s t r y  o f  t h e  thermal  
w a t e r s  a r e  q u i t e  s i m i l a r  and  m o s t  o f  them have 
low t o t a l  d i s s o l v e d  s o l i d s .  The r a t i o  of Na:k, 
a b o u t  21 :1 ,  r e v e a l s  t h a t  most  of t h e  h o t  w a t e r  
may come from the same s o u r c e s  e x c e p t  a t  MH6, 
MH7 and M H l O  which may be  e f f e c t e d  by t h e  
mixing p r o c e s s .  I n  a d d i t i o n ,  t h e  s u b s u r f a c e  
t e m p e r a t u r e  c a l c u l a t e d  by v a r i o u s  geothermometer  
f a l l  w i t h i n  t h e  r a n g e  o f  130" - 180OC. The 
n a t u r a l  h e a t  d i s c h a r g e  of  t h e  t h e r m a l  a r e a s  i n  
P a i - d i s t r i c t  l i e s  w i t h i n  t h e  r a n g e  of  0.1 - 9 M W t  
( n o t  i n c l u d i n g  h e a t  t r a n s f e r  by e v a p o r a t i o n  and 
c o n d u c t i o n ) .  The low t o t a l  d i s s o l v e d  s o l i d  and 
l o w  n a t u r a l  h e a t  o u t p u t  may s u p p o r t  t h e  f i g u r e  
t h a t  t h e  h e a t  f l o w  w i t h i n  t h e  g r a n i t e  l i k e l y  t o  
be  t h e  h e a t  s o u r c e  of  t h o s e  thermal  sys tems.  
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