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Most i m p r e s s i v e  e x a m p l e s  o f  ' i n - s i t u '  c h a r n o c k i t i z a t i o n  
o c c u r  i n  t h e  P r o t e r o z o i c  c r u s t a l  s e g m e n t  s o u t h  o f  t h e  Achankov i l  
s h e a r  b e l t  ( P o n  Mudi  u n i t  ( 1  11, w h e r e  m i g m a t i c  g a r n e t - b i o t i t e  
g n e i s s e s  h a v e  been  p a r t i a l l y  c o n v e r t e d  t o  c o a r s e - g r a i n e d  c h a r n o -  
c k i t e  s.str. a l o n g  a s y s t e m  of  c o n j u g a t e  f r a c t u r e s  a b o u t  550 m.y. 
ago. To  charac te r i se  t h e  c o m p o s i t i o n  o f  pore  f l u i d s  a n d  t o  
u n d e r s t a n d  t h e i r  r o l e  i n  t h e  process o f  ' i n - s i t u '  c h a r n o c k i t e  
f o r m a t i o n ,  f l u i d  i n c l u s i o n s  i n  s p a t i a l l y  r e l a t e d  g n e i s s e s  a n d  
c h a r n o c k i t e s  w e r e  s t u d i e d  by  microther m e t r y ,  Raman-Laser-Probe 
a n a l y s i s  a n d  mass s p e c t r o m e t r y  ( 2 ) .  
work a n d  ( 3 ) )  a n d  f l u i d  i n c l u s i o n s  i n  q u a r t z  ( 4 )  as w e l l  a s  6 0 
whole rock data  provided i m p o r t a n t  i n f o r m a t i o n  on t h e  o r i g i n  o f  
t h e  f l u i d s .  

HS &*'C d a t a  on g r a p h i t e  ( t  

T h e  f l u i d  i n c l u s i o n  c h a r a c t e r i s t i c s  o f  t h e  g n e i s s e s  a n d  
associated c h a r n o c k i t e s  a re  s imi l a r  a n d  reveal a comparable a n d  
c o m p l e x  e v o l u t i o n  o f  t h e  pore f l u i d s .  Rare  b r i n y  i n c l u s i o n s  ( +  
s a l t )  a r e  c o n s i d e r e d  t o  r e p r e s e n t  r e l i c s  o f  e a r l y  metamorphic  
f l u i d s  w h i c h  s u r v i v e d  h i g h - g r a d e  r e g i o n a l  m e t a m o r p h i s m  and 
s u b s e q u e n t  c h a r n o c k i t i z a t i o n .  The common t y p e  of f l u i d  i n c l u s i o n s  
are medium- t o  l o w - d e n s i t y  c a r b o n i c  i n c  u s i o n s  (Th: +15 t o  +27 OC 
Tm: -60.0 t o  -56.6 OC; pO.70-0.86 g/cm ) w h i c h  o c c u r  i n  s eve ra l  
se t s  o f  h e a l e d  f r a c t u r e s .  T h e  m i c r o t h e r m o m e t r i c  d a t a  i n d i c a t e  
p a r t i a l  t o  comple te  p h y s i c a l  e q u i l i b r a t i o n  o f  these  f l u i d s  b y  
p r o g r e s s i v e  l e a k a g e  a n d  repeated r e e n t r a p m e n t  as  a c o n s e q u e n c e  
o f  n e a r - i s o t h e r m a l  u p l i f t  o f  t h e  r o c k  complex. The  c a r b o n i c  
f l u i d s  c o n t a i n  up  t o  1 4  m o l %  o f  n i t r o g e n  b u t  less 1 m o l %  hydro -  
c a r b o n s  (CH a n d  C2H6).  N i t r o g e n  i n c l u s i o n s  (Th -152 t o  -130 OC; 

b o t h  t h e  g n e i s s e s  a n d  c h a r n o c k i t e s  a n d  a t  severa l  l o c a l i t i e s  
p r e d o m i n a t e .  A g e n e r a t i o n  o f  t h e s e  f l u i d s  by  d e v o l a t i l i z a t i o n  of 
NH4-bearing K - f e l d s p a r  a n d  i o t i t e  i s  l i k e l y .  The p r e s e n c e  of 

a n d  c h a r n o c k i t e s  p o i n t s  t o  t h e  s e d i m e n t a r y  n a t u r e  of t h e  proto- 
l i t h s .  Medium-de s i t y  w a t e r y  i n c l u s i o n s  o f  l o w  s a l i n i t y  
( p 0 . 8 9  - 0.94 g/cm'; < 4 m o l %  e q u i v .  N a C l )  a r e  t h e  t e x t u r a l l y  
la tes t  e n t r a p p e d  metamorphic pore f l u i d s .  Where t h e y  cross t r a i l s  
o f  c a r b o n i c  i n c l u s i o n s ,  mixed HZ0-CO2 i n c l u s i o n s  ( f o r m i n g  
c l a t h r a t e  ices) developed. Bu lk  f l u i d  a n a l y s i s  b y  mass spectro- 
m e t r y  on  q u a r t z  c o n c e n t r a t e s ' s h o w e d  t h e  c h a r n o c k i t e s  t o  be h i g h e r  
i n  N 2 ,  CH4 and  H20 b u t  lower i n  H2 i n  c o m p a r i s o n  t o  t h e  g n e i s s e s .  
C 0 2  and  A r  h a v e  s imi l a r  abundances  i n  both rock t y p e s .  

The f l u i d  i n c l u s i o n  c h a r a c t e r i s t i c s  s u g g e s t  t h a t  t h e  compo- 
s i t i o n  of m e t a m o r p h i c  pore f l u i d s  i n v o l v e d  i n  h i g h - g r a d e  r e g i o -  
n a l  metamorphism a n d  s u b s e q u e n t  c h a r n o c k i t i z a t i o n  can '  be model led 
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u p  t o  1 6  m o  f % h y d r o c a r b o n s ,  n i l  c a r b o n  d i o x i d e )  commonly o c c u r  i n  

6 19 C -15 t o  -20 per m i l )  i n  t h e  g n e i s s e s  n i t r o g e n  a n d  g r a p h i t e  ( 
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by g r a p h i t e - f  l u i d  e q u i l i b r i a  i n  t h e  C-0-H-N sys t em.  A c c o r d i n g l y ,  
t h e  pore f l u i d s  i n  t h e  g n e i s s e s  a n d  c h a r n o c k i t e s  w e r e  i n t e r n a l l y  
b u f f e r e d  towards s t r o n g l y  water d e f i c i e n t  and  r e d u c e d  compos i -  
t i o n s .  Oxygen f u g a c i t i e s  c lose o r  l o w e r  t h a n  d e f i n e d  b y  t h e  QFM 
b u f f e r  are i n  a c c o r d a n c e  w i t h  t h e  s i l i c a t e - o p a q u e  m i n e r a l  assem- 
b l a g e s  a n d  m i n e r a l  c h e m i s t r y  data  ( 1 , 7 ) .  

F u r t h e r  e v i d e n c e  f o r  a n  i n t e r n a l  g e n e r a t i o n  and  b u f f e r i n g  o f  
t h e  pore f l u i d s  comes f r o m  t h e  6I3C d a t a  on g r a p h i t e  a n d  carbo- 
n i c  f l u i d  i n c l u s i o n s :  Grypite f r o m  t y p i c a l  g a r n e t - b i o t i t e - ( s i l l ,  
cord) g n e i s s e s  e x h i b i t  6 C v a l u e s  be tween  -14'/00 a n d  -17%0 
(see a l s o  ( 3 ) )  a n d  o b v i o u s l y  w a s  d e r i v e d  f r o m  t h e  d e g r a d a t i o n  
o f  r g a n i c  m a t t e r  (-2OVo0 t o  -35%0 ; d a t a  f o r  k e r o g e n ) .  Repor ted  
b ''C v a l u e s  f o r  c a r b o n  d i o x i d e  trapped i n  t h e  f l u i d  i n c l u s i o n s  

o f  comparable g n e i s s  a m p l e s  v a r y  b e t w e e n  -100/oand -15%0 ( 4 ) .  The 
d i f f e r e n c e  i n  t h e  S C v a l u e s  o f  g raph i t e  and  c a r b o n i c  f l u i d s  (5 
t o  7%0 1, i n  a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  f r a c t i o n a t i o n  data  
f o r  t h e  g r a p h i t e - C 0 2  s y s t e m  (51 ,  i n d i c a t e s  a t t a i n m e n t  o f  i s o t o p i c  
e q u i l i b r i u m  n e a r  p e a k  m e t a m o r p h i c  t e m p e r a t u r e s  ( <  7 0 0  O C ) .  
G r a p h i t e  a n d  c a r b o n i c  f l u i d s  i n  c o a r  e - g r a i n e d  m a s s i v e  
' i n c i p i e n t '  c h a r n o c k i t e s  s h o w  s i m i l a r  6 f 3 C  s y s t e m a t i c s .  T h e  
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g r a p h i t e s  a r e  i s o t o p i c a l l y  l i g h t e r  (-19Y00 -22%0 ) t h a n  t h e  
c a r b o n i c  f l u i d s  (-7%0 t o  -15%0 ; d a t a  r e p o r t  i n  ( 4 ) ) .  G r a p h i t e  
o f  o n e  c h a r n o c k i t e  sample, however ,  h a s  a 6 v a l u e  o f  - 1 2 Y 0 0 ,  
much s i m i l a r  t o  t h e  v a l u e s  o b t a i n e d  f o r  g r a p h i t e  (-10%0 t o  
-13%0 t h i s  w o r k  a n d  ( 3 ) )  f r o m  g a r n e t  a n d  c o r d i e r i t e - b e a r i n g  
pegmatites which  c u t  across t h e  g n e i s s e s  b u t  are older t h a n  t h e  
c h a r n o c k i t e s .  T h e  d a t a  c o u l d  i n d i c a t e  t h a t  g r a p h i t e s  i n  t h e s e  
samples c r y s t a l l i s e d  from i s o t o p i c a l l y  h e a v i e r  c a r b o n i c  f l u i d s  ( <  
- 5 % 0  1. m e a n i n g f u l  i n t e r p r e t a t i o n ,  h o w e v e r ,  i s  n o t  p o s s i b l e  
u n l e s s  6 C da t a  o n  t h e  associated f l u i d s  are  avai lable .  e 3  

A de t a i l ed  s t u d y  o f  oxygen  isotopes w a s  carried o u t  on  o n e  
t y p i c a l  e x p o s u r e  o f  ' i n - s i t u '  c h a r n o c k i t i z a t i o n  ( K o t t a v a t t a  
G n e i s s e s  a n d  a s s o c i a t e d  c h a r n o c k i t e s  e x h i b i t  i d e n t i c a l  6 
v a l u e s  o f  l O . 3  YOO which  are  t y p i c a l  o f  psammo-pelitic m e t a s e d i -  
m e n t s .  T h i s  f i n d i n g s  p r o v i d e  f u r t h e r  e v i d e n c e  o n  t h e  i n t e r n a l  
n a t u r e  o f  c a r b o n i c  f l u  I n f l u x  o f  c a r b o n i c  f l u i d s  w i t h  m a n t l e  
is@opic s i g n a t u r e  ( 6 i0E*w8)  would  have  s h i f t e d  t h e  c h a r n o c k i t e  
6 0 t o  lower v a l u e s .  

I n  t h e  l i g h t  o f  t h e  f l u i d  i n c l u s i o n  a n d  s tab le  isotope da ta  
it t h u s  a p p e a r s  u n l i k e l y  t h a t  c h a r n o c k i t i z a t i o n  i n  s o u t h e r n  
Kerala w a s  c a u s e d  b y  t h e  i n f l u x  o f  e x t e r n a l l y  d e r i v e d  c a r b o n i c  
f l u i d s  a n d  t h e  concommi tan t  decrease i n  water a c t i v i t y  a s  sugges -  
t e d  b y  t h e  p r o p o n e n t s  o f  t h e  C 0 2 - s t r e a m i n g  h y p o t h e s i s  (6). An 
a l t e r n a t i v e  m e c h a n i s m  h a s  b e e n  r e c e n t l y  proposed f o r  ' i n - s i t u '  
c h a r n o c k i t i z a t i o n  i n  s o u t h e r n  Kerala ( 1 )  a n d  i s  d i s c u s s e d  i n  a n  
other c o n t r i b u t i o n  t o  t h e  workshop  ( 7 ) .  
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