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Sample 15555, 171,  a  r e l a t i v e l y  coarse-grained mare b a s a l t ,  
i s  d i s t i n c t i v e  amongst t h e  mare b a s a l t s  desc r ibed  to d a t e  i n  t h e  
v a r i e t y  of h o s t - i n c l u s i o n  minera l  combinations. The most abun- 
dan t  a r e  chromite i n  o l i v i n e  and pyroxene; u l v o s p i n e l  i n  o l i v i n e  
and pyroxene; and o l i v i n e  i n  pyroxene and p l a g i o c l a s e .  Most of  
t h e  i n c l u s i o n s  appear  t o  have been c r y s t a l l i z i n g  from t h e  mel t  
a t  t h e  time they  were inc luded i n  t h e  h o s t  minera l s .  Some 
chromi tes ,  f o r  which t h e  d a t a  a r e  ambiguous, may have c r y s t a l -  
l i z e d  be fo re  t h e  h o s t  phase.  

The evidence f o r  c o - c r y s t a l l i z a t i o n  of  i n c l u s i o n  and h o s t  
i s  most c l e a r  i n  t h o s e  c a s e s  where both  i n c l u s i o n  and a d j a c e n t  
h o s t  show zoning i n  t h e  same d i r e c t i o n .  This  r e l a t i o n s h i p  was 
found f o r  o l i v i n e  i n  pyroxene and f o r  chromite-ulvospinel  i n  
o l i v i n e .  The c o - c r y s t a l l i z a t i o n  of  t h e  h o s t  minera l  and un- 
zoned, smal l  i n c l u s i o n s  is  suggested by changes of  melt-  
composi t ion-sens i t ive  parameters  i n  t h e  h o s t s  versus  those  i n  
t h e  i n c l u s i o n s .  The b e s t  of t h e s e  composi t ional  parameters  i n  
both  t h e  chromite and t h e  u l v o s p i n e l  i s  weight  pe rcen t  MgO, 
because it zones smoothly,  wi thout  d i s c o n t i n u i t y ,  from chromite 
t o  u lvosp ine l .  For  e a r l y  pyroxene, p r i o r  t o  p l a g i o c l a s e  nucle-  
a t i o n ,  ~ 1 / ( ~ 1 + ~ i + ~ r )  i s  t h e  b e s t  composi t ional  parameter;  f o r  
l a t e  pyroxene and f o r  o l i v i n e ,  ~ g / ( ~ g + F e )  i s  t h e  b e s t .  

Based on 10 d a t a  p o i n t s  f o r  ulvospinel-pyroxene p a i r s ,  11 
f o r  chromite-pyroxene p a i r s ,  13 f o r  ol ivine-pyroxene p a i r s ,  and 
6 f o r  o l i v i n e - s p i n e l ,  and based on t h e  p rev ious ly  demonstrated 
dependence of t h e  r e l a t i v e  p ropor t ion  of A l ,  T i ,  and C r  i n  
pyroxene t o  t h e  presence  o r  absence of p l a g i o c l a s e  on t h e  
l i q u i d u s  (Wei l l ,  1970; H o l l i s t e r ,  1971; Bence and Papike ,  1 9 7 2 ) ,  
t h e  h i s t o r y  of  minera l  c r y s t a l l i z a t i o n  i n  15555 appears  t o  be 
a s  i l l u s t r a t e d  i n  F i g .  1 ( v e r t i c a l  l i n e s  connect  r e p r e s e n t a t i v e  
ad jacen t  hos t - inc lus ion  composi t ions;  we have neglec ted  t h e  l a t e  
c r y s t a l l i z a t i o n  phases f a y a l i t e ,  hedenberg i t e ,  c r y s t o b a l i t e  , 
i l m e n i t e  , e t c .  ) . 

It  appears  from t h e  r e l a t i o n s  i n  Figure  1 t h a t  t h e  t r a n s i -  
t i o n  from chromite t o  u l v o s p i n e l  c l o s e l y  co inc ides  wi th  t h e  
o n s e t  of  p l a g i o c l a s e  c r y s t a l l i z a t i o n  and t h a t  it does n o t  coin-  
c i d e  with e i t h e r  t h e  t r a n s i t i o n  o f  p i g e o n i t e  t o  a u g i t e  o r  wi th  
t h e  c e s s a t i o n  of  c r y s t a l l i z a t i o n  of o l i v i n e .   his conclus ion  
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Sample 15555 
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i s  f u r t h e r  i l l u s t r a t e d  i n  t h e  Al-Ti-Cr p l o t  ( H o l l i s t e r ,  -- e t  a l . ,  
1971) of  pyroxene ana lyses  a d j a c e n t  t o  chromite o r  u l v o s p i n e l  
i n c l u s i o n s  (F ig .  2 ;  an (X) i n d i c a t e s  t h e  opaque i s  u l v o s p i n e l ,  
a  ( a ) ,  c h r o m i t e ) .  C l e a r l y ,  t h e  t r a n s i t i o n  occurs  very c l o s e  t o  
t h e  peak i n  A l / ( A l + ~ i + c r )  i n  t h e  pyroxene, which i s  i n f e r r e d  t o  
r e f l e c t  o n s e t  of  p l a g i o c l a s e  c r y s t a l l i z a t i o n .  

Compositions o f  s p i n e l s  were found which spanned t h e  "gap" 
between u l v o s p i n e l  and chromite.  This  was a l s o  observed by 
Haggerty (1972) i n  15555 and by Busch, -- e t  a l .  (1972) i n  s e v e r a l  
Apollo 1 2  samples.  Thus, it appears  t h a t  t h e r e  may be no com- 
p o s i t i o n a l  gap ( so lvus )  between chromite and u l v o s p i n e l  under 
t h e  cond i t ions  of c r y s t a l l i z a t i o n  of t h e  l u n a r  b a s a l t s .  The 
rap id  change i n  composi t ion from t h e  one phase t o  t h e  o t h e r  i s  
probably r e l a t e d  t o  t h e  r a p i d  change i n  t h e  r e l a t i v e  c o n t e n t s  
of A l ,  T i ,  and C r  o f  t h e  mel t  wi th  o n s e t  o f  p l a g i o c l a s e  c r y s t a l -  
l i z a t i o n .  The l a t e r  t h a t  p l a g i o c l a s e  i s  delayed i n  t h e  c r y s t a l -  
l i z a t i o n  sequence,  t h e  more pronounced should be t h e  apparent  
gap i n  t h e  s e r i e s .  
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