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We have heated n a t u r a l  o l i v i n e  s i n g l e  c r y s t a l s  from San Carlos, 
Ar izona and d u n i t e  f rom A n i t a  Bay, New Zealand, i n  reduc ing atmospheres of 
C02 and CO a t  temperatures f rom 1150 t o  1400°C i n  o rder  t o  compare t h e  
d i s t r i b u t i o n  o f  m e t a l l i c  phases produced exper imen ta l l y  due t o  r e d u c t i o n  
w i t h  those observed i n  meteor i tes  (Rambaldi & Wasson, 1981). I n  s i n g l e  
c r y s t a l s ,  t h e  i n i t i a l  stages o f  t h e  r e d u c t i o n  r e a c t i o n  i s  c o n t r o l l e d  by t h e  
gas -so l id  i n t e r f a c e .  The h i g h  concen t ra t ion  o f  m e t a l l i c  p r e c i p i t a t e s  
observed w i t h i n  t h e  f i r s t  o f  t h e  su r face  decreases r a p i d l y  w i t h  depth 
i n  t h e  c r y s t a l s  (F ig .  1). Dur ing t h e  i n i t i a l  stages of t h e  r e d u c t i o n  
r e a c t i o n  i n  p o l y c r y s t a l l i n e  dun i te ,  bo th  t h e  gas -so l id  i n t e r f a c e  and g r a i n  
boundaries serve as n u c l e a t i n g  s i t e s  f o r  t h e  m e t a l l i c  phases (F ig .  2) .  A t  
t imes g r e a t e r  than about 10 hours a t  1300' and 1400°C, r e d u c t i o n  produces 
Fe-Ni p r e c i p i t a t e s  o f  1  t o  2  MI diameter throughout t h e  o l i v i n e  
c r y s t a l s .  The Ni/Fe r a t i o  i n  t h e  p r e c i p i t a t e s ,  produced by hea t ing  o l i v i n e  
i n  CO/C02 mix tu res  o u t s i d e  i t s  s t a b i l i t y  f i e l d ,  i s  d i r e c t l y  p r o p o r t i o n a l  
t o  t h e  i n i t i a l  Ni/Fe r a t i o  o f  t h e  o l i v i n e  and t h e  oxygen f u g a c i t y  (f02), 
a n d . i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  d u r a t i o n  o f  t h e  r e d u c t i o n  episode. 
Thus, t h e  h ighes t  Ni/Fe r a t i o s  i n  t h e  p r e c i p i t a t e s  are observed d u r i n g  t h e  
i n i t i a l  phase o f  t h e  r e d u c t i o n  a t  f 0 2  j u s t  o u t s i d e  t h e  o l i v i n e  s t a b i l i t y  
f i e l d .  

There i s  an a s s o c i a t i o n  o f  vo ids  w i t h  these p r e c i p i t a t e s  as shown i n  
F ig .  3. These vo ids  a re  l i k e l y  t h e  r e s u l t  o f  t h e  r e d u c t i o n  reac t ion ,  
a l though i t  i s  p o s s i b l e  t h a t  t h e  r e d u c t i o n  e x p l o i t s  reg ions  of t h e  s i n g l e  
c r y s t a l  which conta ined gas bubbles p r i o r  t o  our  experiment. 

The r e d u c t i o n  o f  Ni/Fe i n  o l i v i n e  produces excess s i l i c a  which a t  t h e  
temperatures o f  ou r  experiments should r e a c t  w i t h  t h e  more magnesian 
o l i v i n e  res idue  t o  produce some pyroxene, however, i n  none o f  t h e  o l i v i n e s  
s tud ied  cou ld  we f i n d  s u f f i c i e n t  pyroxene t o  account f o r  t h e  amount o f  
Ni/Fe produced. We i n t e r p r e t  t h i s  nega t i ve  r e s u l t  as an i n d i c a t i o n  t h a t  
o l i v i n e  can t o l e r a t e  a  s l i g h t  excess o f  s i l i c a .  STEM r e s u l t s  c o n f i r m  t h a t  
excess s i l i c a  i s  present  i n  t h e  i n t e r i o r  reg ions  o f  these reduced o l i v i n e s .  

An i n t e r e s t i n g  f e a t u r e  i s  observed i f  p la t inum metal  i s  i n  con tac t  
w i t h  t h e  o l i v i n e  s i n g l e  c r y s t a l s  d u r i n g  r e d u c t i o n  episodes a t  temperatures 
of 1300°C and g rea te r .  Some o f  t h e  i r o n  i s  l o s t  t o  t h e  p la t inum d u r i n g  t h e  
r e d u c t i o n  process, and t h e  sur face o f  t h e  o l i v i n e  i n  con tac t  w i t h  t h e  
p la t inum serves as a  s i t e  f o r  t h e  n u c l e a t i o n  and growth o f  a  magnesian 
pyroxene. Deeper than about .2 MI i n  these c r y s t a l s  t h e r e  i s  no evidence 
of a  pyroxene a l though t h e r e  are  Ni/Fe p a r t i c l e s  throughout t h e  c r y s t a l .  

Our exper imental  observat ions suggest t h a t  t h e  N i  /Fe p r e c i p i t a t e s  
observed i n  m e t e o r i t i c  o l i v i n e s ,  c o u l d  be due t o  some r e d u c t i o n  processs 
d u r i n g  t h e  c h o n t t l e  format ion.  
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F ig .  1. S i n g l e  c r y s t a l  o f  reduced F ig .  2. Reduced A n i t a  Bay dun i te .  
San Car los  o l i v i n e :  Bottom o f  photo 
i s  sur face o f  t h e  c r y s t a l .  

F i g .  3. Reduced San Car los  
s i n g l e  c r y s t a l .  Voids a re  
l a b e l e d  "B", "P"  i s  Fe/Ni 
p r e c i p i t a t e .  
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