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Tlie concen t ra t ion  of  ca rb ide  i n  lunar  f i n e s  ( es t ima ted  a s  CD from YE1 
d i s s o l u t i o n )  i s  r e l a t e d  t o  both  s o l a  wind exposure h i s t o r y  (1) 4and Pe 

56 
conteff  (2) of the  sample. The CD / A r  r a t i o  i s  p r o p o r t i o n a l  t o  the c o n t e n t  

4  
of Fe ( c a l c u l a t e d  a s  FeO) i n  f i n e s  from the  A l l ,  A12, A14, A15 and A16 
missions (2 ) .  Current  r e s u l r g  show t h a t  ca rb ide  i n  A17, L16 and L20 f i n e s  
has the  same exposure and Fe dependence. Limited d a t a  sugges t  t h a t  t h e  key 
i r o n  s p e c i e s  impl ica ted  i n  the  r e l a t i o n s h i p  i s  superparamagnetic i r o n ,  ~ e ? s ?  
( 2 ) .  An understanding of the  r o l e  of ~ e ' s ~  i s  now be ing  sought by a c i d  
d i s s o l u t i o n  s t u d i e s  and bf6ssbauer spec t roscoy jc  measurements (3) of a  
v a r i e t y  of s o i l s  s e l e c t e d  on the  b a s i s  of Fe concen t ra t ions  and s o l a r  wind 
exposure h i s t o r i e s .  

We have p rev ious ly  suggested t h a t  the  f i n e s t  (< 10 um) s o i l  g r a i n s  
r e p r e s e n t  the  main s i t e  f o r  i n i t i a l  s y n t h e s i s  of carbon compounds and t h a t  
the  r e a c t i o n s  occur r ing  i n  these  non-aggregated f i n e  g r a i n s  a r e  important  i n  
understanding lunar  carbon chemistry (4 ) .  Subsequent r e d i s t r i b u t i o n  of 
carbon s p e c i e s  and any f u r t h e r  r e a c t i o n s  which occur dur ing  the  r e c y c l i n g  (5 )  
of m a t e r i a l  the  format ion and comminution of complex p a r t i c l e s ,  such a s  
g lassy  a g g l u t i n a t e s  and n i c r o b r e c c i a s ,  must be considered s e p a r a t e l y .  

0 
Primary s y n t h e s i s  of Fe s p  and ca rb ide  i n  f i n e s t  f i n e s  could b e  the  r e s u l t  of 
s o l a r  wind i o n  implan ta t ion  and/or  m e t e o r i t e  impact cloud r e a c t i o n s  ( i n t e r  
a l i a ,  2,4,6-8). Each of the  two b a s i c  processes  may t ake  ?$ace by one o r  - 
more nlecllanisms. S o l a r  wind ions  could reduce s i l i c a t e  Fe t o  Peo by ( i )  
p r e f e r e n t i a l  s p u t t e r i n g  of the  more e l e c t r o n e g a t i v e  elements (e.g.  oxygen) o r  
( i i )  chemical r e a c t i o n s  occur r ing  dur ing d i f f u s i o n  of implanted s p e c i e s ,  
p a r t i c u l a r l y  hydrogen, wi th  o r  wi thou t  h e a t i n g  o r  o t h e r  a c t i v a t i o n .  Carbide 
s y n t h e s i s  might occur i n I ~ a c h  case  from simultaneously implanted carbon atnms . 

0 
Reduction of s i l i c a t e  Fe t o  Fe might occur i n  the  h o t  base  surge  accovpan-• 
y ing  a  meteor i t e  impact.  The reducing gas cloud could b e  ( i )  predominantly 
hydrogen and CO r e l e a s e d  by p y r o l y s i s  of the s o i l ,  o r  ( i i )  t h e  gas mixture i n  
( i ) , w i t h  a  g r e a t l y  inc reased  p ropor t ion  of C O Y  i f  t h e  m e t e o r i t e  i s  a  carbona- 
ceous chondr i t e .  The presence of carbon spec ies  i n  the  gas cloud might be 
expected t o  lead t o  t h e  simultaneous formation of ca rb ide .  

The f e a s i h i i j t y  of each mechanism i s IQe ing  i n v e s t i g a t e d  by s i v u l a t i o n  
s t u d i e s  us ing Fe - r i c h  g l a s s  samples (Fe i n  the  range 0-20% PeO, supp l i ed  
by P.S. Ir lam, P i l k i n g t o n  Bros. Ltd.)  under t h e  a p p r o p r i a t e  r e a c t i o n  condi- 
t i o n s .  The D C 1  d i s s o l u t i o n  method i s  used t o  d e t e c t  the  formation of e i t h e r  
FeO o r  FeO w i t h  a s s o c i a t e d  ca rb ide .  I n  a  p r e l i m i n a v  s tudy ,  g l a s s  
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con ta in ing  4% Fel' and 72 ~ e " '  was implanted wi th  13c+ i o n s .  No conclus ive  
evidence f o r  the  f o r r a t i o n  of I?e0 o r  ca rb ide  was found, even j~fjter hea  'np, 

0 £ 3 
a t  t e q e r a t u r e s  up t o  1000 C .  lfgwever, dur ing t h e  p y r o l y s i s  CO and C02 
were r e l e a s e d ,  i n d i c a t i n g  t h a t  C-implanted i ron- r i ch  g l a s s e s  e x h i b i t  some+ 
c h a r a c t e r i s t i c s  of l u n a r  s o i l s  (9 , lO) .  A s u i t e  of sarrples i r r a d i a t e d  by D 
ions  i s  now under i n v e s t i g a t i o n .  2 

To s imula te  the  e f f e c t s  of m e t e o r i t e  impact gas c louds ,  ?owdered g l a s s  
samples (average p a r t i c l e  s i z e  l e s s  than 20 um) have been e q u i l i b r a t e d  a t  
f i x e d  temperatures ( i n  the  range 5 0 0 ' ~  - 1 0 0 0 ~ ~ )  i n  c o n t r o l l e d  112 /CO o r  
CO/CO atmospheres. These exper imenta l  cond i t ions  a r e  probably more 

2 
favourable  f o r  the  reduc t ion  and ca rb ide  s y n t h e s i s  r e a c t i o n s  than those  
p r e v a i l i n g  a t  t h e  l u n a r  s u r f a c e .  However, pre l iminary  r e s u l t s  from samples 

0 0 
hea ted  i n  CO/CO a t  1000 C show no measurable Fe130; ca rb ide .  S i m i l a r l y ,  

2  
n e i t h e r  s p e c i e s  has  been d e t e c t e d  i n  Sam l e s  of C -implanted g l a s s  which B 
had been hea ted  i n  a  s t r eam of ll a t  500 - 7 0 0 ~ ~ .  

2  0 
A f t e r  t h e  i n i t i a l  formation of Fe i n  f i n e  lunar  g r a i n s ,  ca rb ide  could 

be genera ted by ( i )  subsequent implan ta t ion  of s o l a r  wind carbon,  o r  ( i i )  
gas cloud r e a c t i o n s  i n  which CO chemisorbed on exposed metal  i s  c a t a l y t i c a l l y  
decomposed. Indeed, l abora to ry  s t u d i e s  have a l ready  shown bo th  processes  t o  
be p o s s i b l e o ( l l ,  12) .  

Any Fe syn thes ized  i n  lunar  s o i l  by s o l a r  wind i o n  bombardment should  
be d i s t r i b u t e d  only i n  the  range of p e n e t r a t i o n  of t h e  i0ns:e .g .  2000 + 5002 

0 
f o r  hydrogen (13) .  The p ropor t ion  of Fe exposed a t  t h e  "very surfaceT 
should be  smal l .  Conversely, r e a c t i o n s  occur r ing  i n  a  gas cloud would be  
expected t o  genera te  only "very su r face"  m a t e r i a l .  Housley e t  a 1  (14) have 

0 - 
shown t h e  presence of i r o n  p a r t i c l e s  (presumably Fe s p )  w i t h i n  the  s u r f a c e  
region and w e  a r e  a t t empt ing  t o  e s t a b l i s h  the  r e l a t i o n s h i p  between these  
p a r t i c l e s  and the s p e c i e s  which produce CD on D C 1  d i s s o l u t i o n .  P re l iminary  

4  
r e s u l t s  wi th  a  v a r i e t y  of s u r f a c e - s p e c i f i c  reagents  suggest  t h a t  most of t h e  

0 
Fe and ca rb ide  i s  not  d i r e c t l y  a c c e s s i b l e  t o  these  reagen t s .  About 902 of 

0 
the  Pe i s  n o t  a t t a c k e d  wi thou t  concurrent ly  des t roy ing  p a r t  of t h e  s i l i c a t e  

0 
matr ix ,  implying t h a t  s o l a r  wind implan ta t ion  i s  the  n:ajor mechanism f o r  Fe 
reduct ion.  

P r e c i s e  l o c a t i o n  s t u d i e s  should prove informat ive  i n  regard  t o  the  
r e d i s t r i b u t i o n  p rocesses  occur r ing  dur ing  the  formation of complex p a r t i c l e s  
from f i n e r  m a t e r i a l .  The ca rb ide  and CII con ten t s  of a  s e r i e s  of f r a c t i o n s  

4 obta ined by d i saggrega t ing  g lassy  agglutinates a r e  be ing  measured. 
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