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Concen t ra t i ons  o f  v o l a t i l e  t r a c e  elements such as Bi,T1 and I n  decrease 
w i t h  i n c r e a s i n g  metamorphic grade o f  c h o n d r i t e s .  It has been debated whether 
t h i s  f r a c t i o n a t i o n  was due t o  a  nebu la  condensat ion process o r  due t o  t h e  
metamorphism i n  p a r e n t  bodies.  We examined t h e  l a t t e r  p o s s i b i l i t y  i n  t h i s  
s tudy.  

The p a r e n t  body model used i n  t h i s  s tudy  i s  t h e  same as t h e  one adopted 
f o r  t h e  p o s s i b l e  t r a n s p o r t  o f  c a r b o n  ( 1 ) .  The model  i s  based on t h e  
e x p e r i m e n t a l l y  determined gas p e r m e a b i l i t y  o f  c h o n d r i t e s  and a  p l a u s i b l e  
t he rma l  h i s t o r y  o f  30-50 km r a d i u s  p a r e n t  bodies.  V a p o u r i z a t i o n  process i s  
assumed t o  be t h e  reve rse  r e a c t i o n  cons idered i n  condensat ion  models ( 2 ) .  
Trace elements, vapour ized f rom i n t e r i o r ,  condense near t h e  s u r f a c e  of t h e  
p a r e n t  body as t h e i r  p a r t i a l  p ressu re  exceeds t h e i r  vapour pressure .  The 
e f f e c t  o f  a  c a r r i e r  gas (carbon monoxide) on t h e  t r a n s p o r a t i o n  o f  t r a c e  
elements was a1 so examined. 

Vapour pressures  o f  t h e  t r a c e  e lements s t r o n g l y  depend on t h e  presence 
o f  pure  phases, which i n  t u r n  depends on t h e  s o l u b i l i t y  o f  t h e  elements i n  
s o l i d  s o l u t i o n  ( 2 ) .  Tab le  1 shows r e l a t i v e  v o l a t i l i t y  o f  some elements which 
i s  d e f i n e d  by t h e  r a t i o  o f  t h e  amount o f  t h e  element i n  t h e  vapour phase t o  
t h e  amount i n  t h e  s t a r t i n g  ( s o l i d )  m a t e r i a l .  Heat o f  s o l u t i o n  f rom ( 2 )  was 
used i n  t h e  c a s e  o f  s o l i d  s o l u t i o n .  C I  abundance was used f o r  t h e  
c o n c e n t r a t i o n  i n  t h e  s t a r t i n g  m a t e r i a l .  It i s  seen t h a t  pure  phases o f  
T I  ,B i , In  and Cd a r e  more v o l a t i l e  t h a n  carbon,  b u t  i f  these  elements a re  i n  
t h e  s o l i d  s o l u t i o n  they  a r e  l e s s  v o l a t i l e .  ( I n  i s  more v o l a t i l e  a t  1000 K 
b u t  becomes l e s s  v o l a t i l e  a t  h i g h e r  t e m p e r a t u r e s . )  I n  o u r  p r e v i o u s  
c a l c u l a t i o n  on t h e  carbon t r a n s p o r t  ( I ) ,  i t  was shown t h a t  carbon can be 
t r a n s p o r t e d  d u r i n g  metamorphism o n l y  i f  r a t h e r  s t r i n g e n t  c o n d i t i o n s  were  
met. The re fo re ,  i t  was expected t h a t  t r a n s p o r t  of t hese  e lements would be 
d i f f i c u l t  i f  t h e y  were i n  s o l i d  s o l u t i o n .  

Numer ical  s i m u l a t i o n  of t h e  t r a n s p o r t  of these elements, based on t h e  
thermodynamic d a t a  o f  ( Z ) ,  showed t h a t  t hese  elements were mos t l y  i n  t h e  
s o l i d  s o l u t i o n  d u r i n g  metamorphism, and t h e y  (except  f o r  Cd) c o u l d  no t  be 
removed f rom t h e  i n t e r i o r  o f  t h e  pa ren t  body. The e f f e c t  o f  a  c a r r i e r  gas 
was found t o  be r a t h e r  sma l l  i n  t h e  p r e s e n t  models. The thermodynamic d a t a  
(heat  o f  s o l u t i o n  (Tab le  1 )  and a c t i v i t y  c o e f f i c i e n t  which was assumed t o  be 
1 )  a re ,  however, v e r y  u n c e r t a i n .  W i t h i n  t h e  u n c e r t a i n t y  o f  t h e  thermodynamic 
data,  vapour p ressu res  o f  t hese  elements i n  e q u i l i b r i u m  w i t h  t h e i r  s o l i d  
s o l u t i o n  c o u l d  bes1000 t i m e s  h i g h e r  t h a n  those shown i n  t a b l e  1. I f  we 
assume such h i g h e r  vapour pressures ,  s u b s t a n t i a l  amounts o f  Cd, I n ,  T I ,  B i  
and Pb c o u l d  be t r a n s p o r t e d  i n  t h e  p a r e n t  body d u r i n g  t h e  metamorphism. 
F i g .  1 shows an example o f  t h e  t r a n s p o r t  o f  T I  w i t h  an assumed h e a t  o f  
s o l u t i o n  (30 k c a l l m o l ) .  
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Sugi ura et a1 . 
Table 1 

Mv : amount in the vapour phase 
Ms : amount in the starting material 

A H s  : Heat of solution from Larimer (1973) 

T1 
Bi 
Pb 

In 
Cd 
Zn 

C 

R A D I U S  

Fig.1 Concentration of TI as a function of radial distance at various 
time steps (in million years) in a 40km parent body. A rather high heat of 
solution (30kcal/mol) was assumed. Note the scale for the concentration is 
different at the surface. 

reaction 

Tl (s)=T1 ( g )  
Bi (s)=Bi (g) 
Pb(s)=Pb(g) 

Fe+2InS=FeS+In2S(g) 
Fe+CdS=FeS+Cd (g) 
Fe+ZnS=FeS+Zn (g) 

C+Olivine=Fe+Si02+CO 
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AHs(kcalImo1) 

14 
15 
15 

19 
9 
(9) 

- 

MvIMs at 1000°k 
' Solid-solution 

1.1 x 101; 
2.0 x 
1.6 x 10 

1 .  x 1 0  
6.5 x 
9.2 x 10 

- 

Pure phase 

1.9 x 10-I 
2.9 x 10:: 
1.0 x 10 

8.7 x 10" 
1.1 
2.1 x lo-6 

2.3 x 


