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C u r r e n t  i n t e r p r e t a t i o n s  o f  t h e  growing volume o f  c h e m i c a l  d a t a  on 
l u n a r  s a m p l e s  o f  a l l  t y p e s  r e v e a l  t h a t  i m p a c t  p r o c e s s e s  on t h e  Moon have 
l e f t  i n t a c t  t h e  c h e m i c a l  s i g n a t u r e s  o f  a r e l a t i v e l y  few s e q u e n t i a l  l a r g e  
s c a l e  magmatic e v e n t s  [1,2) , A n a l y s i s  o f  p e t r o g r a p h i c  d a t a ,  o n  t h e  o t h e r  
hand ,  r e v e a l s  a b e w i l d e r i n g  d i v e r s i t y  which r e f l e c t s  t h e  l o c a l  complex- 
i t y  o f  i m p a c t  p r o c e s s e s .  D e s p i t e  t n i s ,  t h e  p e t r o g r a p h i c  d a t a  have a i d e d  
i n  t h e  development  o f  a  g e n e r a l l y  a c c e p t e d  model f o r  t h e  o r i g i n  o f  t h e  
l u n a r  c r u s t .  P l a g i o c l a s e  f r a c t i o n a t i o n  i s  conceded t o  b e  t h e  dominan t  
mechanism f o r  t h e  f o r m a t i o n  o f  t h e  f e l d s p a t h i c  c r u s t .  T h i s  i m p l i e s  com- 
p l e m e n t a r y  c u m u l a t e s  a t  d e p t h ,  t h e  volume and m i n e r a l  a s s e m b l a g e s  o f  
which r e f l e c t  t h e  o r i g i n a l  b u l k  c o m p o s i t i o n  131. S u b s e q u e n t  magmatic 
e v e n t s  c o u l d  have  produced a v a r i e t y  o f  r o c k  s e r i e s  by  p a r t i a l  m e l t i n g  
o f  d i f f e r e n t  c u m u l a t e s  w i t h  o r  w i t h o u t  s u b s e q u e n t  d i f f e r e n t i a t i o n .  The 
f u n d a m e n t a l  p e t r o l o g i c  p rob lem i s  t o  r e c o g n i z e  t h e  t o t a l  d i v e r s i t y  o f  
r o c k s  and d i s t i n g u i s h  t h e  e a r l y  c u m u l a t e s  from younger  d e r i v e d  r o c k s .  

The c u r r e n t  l i t e r a t u r e  on t h e  p e t r o g e n e t i c  r e l a t i o n s h i p s  among 
h i g h l a n d s  r o c k s  i s  p a r t i c u l a r l y  c o n f u s i n g .  For example ,  t h e  s u g g e s t i o n  
h a s  b e e n  made t h a t  t h e  s p i n e l - t r o c t o l i t e s  and a n o r t h o s i t i c - n o r i t e s  a r e  
a11 p a r t  o f  a s i n g l e  r o c k  s e r i e s  [4J . However, e x p e r i m e n t a l  work c5J 
s u g a e s t s  t h a t  t h e  s p i n e l - t r o c t o l i t e s  a r e  n e a r - s u r f a c e  m e l t s  g e n e r a t e d  
from s o u r c e  r o c k s  which a r e  not s i m p l y  r e l a t e d  t o  t h e  a n o r t h o s i t i c -  
n o r i t e s .  To c l a r i f y  t h e s e  r e l a t i o n s h i p s  we have compi led  t e x t u r a l  i n f o r -  
ma t ion  and a p p l i e d  mass b a l a n c e  methods t o  m i n e r a l  c o m p o s i t i o n a l  d a t a  o n  
a v a r i e t y  o f  r e l e v a n t  l i t h i c  f r a g m e n t s  t o  p r o v i d e  c o n s t r a i n t s  on p ropos -  
ed g e n e t i c  r e l a t i o n s h i p s  be tween  s p i n e l - t r o c t o l i t e s  and  a n o r t h o s i t i c -  
n o r i t e s .  ive have  examined t h e  1 - 4 m m  f r a c t i o n  o f  s e v e r a l  l u n a r  s o i l  sam- 
p l e s  and r e p o r t  h e r e  t e x t u r a l  and m i n e r a l  c o m ~ o s i t i o n a l  d a t a  on l i t h i c  
f r a g m e n t s  c o n t a i n i n g  e i t h e r  Sp+P1+01(tOpx) and ~ 1 + 0 1 ( * - 0 ~ x ) .  S i m i l a r  d a t a  
on t h e  p o l y m i c t  b r e c c i a  67915 d i s c u s s e d  below a r e  p r e s e n t e d  i n  a compan- 
i o n  a b s t r a c t  [6] . The l i t h i c  f r a g m e n t s  e x h i b i t  t e x t u r e s  which r e f l e c t  a 
v a r i e t y  o f  p r o c e s s e s  i n c l u d i n g  d e e p - s e a t e d  and n e a r - s u r f a c e  magmatic 
c r y s t a l l i z a t i o n  as w e l l  a s  s e v e r a l  i m p a c t - r e l a t e d  p r o c e s s e s  s u c h  a s  
s h o c k ,  m e l t i n g ,  and t h e r m a l  metamorphism. We c o n s i d e r  f r a g m e n t s  w i t h  
b a s a l t i c  t e x t u r e s  t o  b e  o f  p a r t i c u l a r  i n t e r e s t  b e c a u s e  a common n e a r -  
s u r f a c e  env i ronment  o f  c r y s t a l l i z a t i o n  c a n  be  i n f e r r e d .  I n  o u r  s a m p l e s  
s u c h  m a t e r i a l s  f a l l  i n t o  two d i s t i n c t  t e x t u r a l  g r o u p s :  t h o s e  i n  which 
o l i v i n e  a p p e a r s  t o  p r e c e d e  p l a g i o c l a s e  i n  t h e  c r y s t a l l i z a t i o n  s e q u e n c e  
(Group A )  and t h o s e  i n  which p l a g i o c l a s e  p r e c e d e s  o l i v i n e  (Group B). I n  
Group A f r a g m e n t s  t h e  a s s e m b l a g e s  Sp<Ol>Opx< P1, Sp<O1< P1 and 014P1 were  
found.  I n  c o n t r a s t ,  Group B f r a g m e n t s  c o n t a i n  Sp<P1*0170px, P170170px, 
and Fl701!  Opx. 

Unusual  f e a t u r e s  found i n c l u d e  s u b h e d r a l  g r a i n s  o f  r u t i l e  i n  and 
i n t e r s t i t i a l  t o  o l i v i n e  i n  a  Group A f r a g m e n t ;  m e l t  i n c l u s i o n s  i n  s i n e l  
and  i n t e r s t i t i a l  g l a s s e s  which t e x t u r a l l y  s u g g e s t  two i m m i s c i b l e  rnef ts  
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i n  a Group B f ragment ,  I n  b o t h  g r o u p s  s p i n e l  o c c u r s  b o t h  2 and  i n t e r -  
s t i t i a l  & o l i v i n e ;  b u t  we o b s e r v e  t h a t  e u h e d r a l  s p i n e l s  a r e  most common 
i n  f r a g m e n t s  w i t h  r e l a t i v e l y  l a r g e  amounts o f  g l a s s ,  w h i l e  g l a s s  i s  l e s s  
abundan t  i n  f r a g m e n t s  c o n t a i n i n g  r e s o r b e d ,  r o u n d e d , o r  no s p i n e l .  Thus 
p r e s e r v a t i o n  o f  s p i n e l  i n  b o t h  g r o u p s  c a n  b e  a t t r i b u t e d  t o  r a p i d  c r y s t -  
a l l i z a t i o n .  Because  o f  a  similar env i ronment  o f  c r y s t a l l i z a t i o n  f o r  b o t h  
t e x t u r a l  t y p e s  w e  c o n c l u d e  t h a t  t h e  d i f f e r e n c e  i n  o l i v i n e ,  pyroxene ,  and 
m e s o s t a s i s  modal abundance6 must b e  r e l a t e d  t o  d i f f e r e n c e s  i n  composi-  
t i o n  o f  two d i s t i n c t  p a r e n t  m e l t s  o f  wha tever  o r i g i n .  

An FeO-MgO v a r i a t i o n  d iagram p r o v i d e s  a c o n v e n i e n t  franiework in 
which t o  summarize and d i s c u s s  some o f  t h e  c o m p o s i t i o n a l  ?ata ( F i g .  1 1 ,  
There  a p p e a r s  t o  b e  a cont inuum o f  o l i v i n e  c o m p o s i t i o n s ,  b u t  Group A 
o l i v i n e s  f a l l  i n  t h e  r a n g e  o f  t h e  VHA b a s a l t s  (e.g.  62295) (FO 94-80) 
a n d  do n o t  o v e r l a p  w i t h  t h o s e  f rom Group B (Fo 80-70).  Group B low-Ca 
pyroxenes  and  o l i v i n e s  f a l l  i n  t h e  r a n g e  o f  t h o s e  o f  p o i k i l i t i c  n o r i t e s  
[7 and  t h i s  study]. The most Mg-rich s p i n e l s  o c c u r  i n  Group A f r a g m e n t s  
and t h e  most F e - r i c h  p l e o n a s t e s  a r e  found i n  Group B f ragments .  The com- 
p o s i t i o n s  o f  a l i v i n e s  i n  p o l y m i c t  b r e c c i a  67915 s p a n  t h o s e  o f  Groups  A 
and B and e x t e n d  t o  more F e - r i c h  c o m p o s i t i o n s .  Low-Ca pyroxene and  s p i n -  
e l  i n  t h e  p e r i d o t i t e  and s o d i c  f e r r o g a b b r o  c l a s t s  i n  67915 a r e  a l l  more 
F e - r i c h  t h a n  t h o s e  i n  Group B f r a g m e n t s .  Thus,  a l t h o u g h  t h e  t e x t u r a l  
d a t a  s u g g e s t  p o s s i b l y  two d i s t i n c t  p a r e n t  l i q u i d s  f o r  t h e  f r a g m e n t s  
s t u d i e d ,  t h e  mafic  phase  c h e m i s t r y  a p p e a r s  t o  b e  i n t e r p r e t a b l e  i n  t e r m s  
o f  a s i m p l e  d i f f e r e n t i a t i o n  s e q u e n c e .  T h i s  con t inuum and o v e r l a p  i n  Fe- 
Mg d a t a  f o r  p o s s i b l e  l i q u i d  c o m p o s i t i o n s  as w e l l  as m i n e r a l s  h a s  b e e n  
i l l u s t r a t e d  by S t e e l e  and Smi th  [8]. 

From t h e  s i m i l a r i t y  o f  t h e  p h a s e  c h e m i s t r y  o f  t h e  VHA b a s a l t  62295 
[9]  t o  t h a t  o f  Group A f r a g m e n t s  and  a similar r e l a t i o n s h i p  be tween  
Group B f r a g m e n t s  and p o i k i l i t i c  a n o r t h o s i t e  60315 171 (Fig. 1 )  , i t  
a p p e a r s  t h a t  o u r  d a t a  a r e  p e r t i n e n t  t o  t h e  q u e s t i o n  o f  t h e  r e l a t i o n s h i p s  
be tween  t h e s e  two f e l d s p a t h i c  r o c k  t y p e s .  c o u l d  a m e l t  o r  c u m u l a t e s  o f  
t h e  c o m p o s i t i o n  of 60315 be  g e n e r a t e d  from a VHA b a s a l t ?  Mass b a l a n c e  
f o r  s i , - ~ l ,  T i ,  Fe ,  Mg, C a ,  Mn, and  N a  show t h i s  t o  b e  p o s s i b l e  by p l a g -  
i o c l a s e  and o l i v i n e  f r a c t i o n a t i o n .  However, s u c h  f r a c t i o n a t i o n  d o e s  not 
produce  a d e q u a t e  e n r i c h m e n t  o f  K (62295 c o n t a i n s  0.11% K20 c . f .  0.4% i n  
60315 DO]) .  ( I t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  most abundan t  o c c u r r e n c e  
o f  p o s s i b l e  high-K m e s o s t a s i s  w a s  found i n  Group B f r a g m e n t s , )  F u r t h e r -  
more, t h e  o b s e r v e d  Fe-Mg t r e n d s  i n  a n a l y z e d  m e l t  c o m p o s i t i o n s  f rom 62295 
C5,9,10 do n o t  show t h e  n e c e s s a r y  Fe enr ichment  ( F i g . 1 ) .  The o b s e r v e d  
t r e n d s  a r e  c o n s i s t e n t  w i t h  t h e  e a r l y  and abundan t  o l i v i n e  c r y s t a l l i z a t i o n  
i n  Group A f ragments .  The concave upward t r e n d  f o r  Fe enr ichment  r e q u i r e s  
e a r l y  and abundan t  p l a g i o c l a s e  s e p a r a t i o n ,  b u t  t h i s  i s  ev idenced  o n l y  i n  
Group B f r a g m e n t s ,  i n  which t h e  o l i v i n e  c o m p o s i t i o n s  a r e  n o t  a p p r o p r i a t e .  
Both o f  t h e s e  o b s e r v a t i o n s ,  which a r g u e  a g a i n s t  a s i m p l e  f r a c t i o n a t i o n  
r e l a t i o n  be tween  60315 and  62295 r o c k  c o m p o s i t i o n s ,  a r e  i n  agreement  w i t h  
t h e  i n t e r p r e t a t i o n  o f  REE and S r  s y s t e m a t i c s  o f  t h e s e  samples  [ 2 ] .  Thus 
o u r  d a t a  s u p p o r t  t h e  c o n c e p t  t h a t  two d i s t i n c t  f e l d s  a t h i c  l u n a r  r o c k  F s e r i e s  have b e e n  sampled.  One i s  i n h e r e n t l y  low i n  L L e l e m e n t s  and  is 
e x e m p l i f i e d  by a v a r i e t y  of  t r o c t o l i t e s  and s p i n e l - t r o c t o l i t e s  ( ~ r o u ~  A). 
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The o t h e r  may i n c l u d e  s i m i l a r  r ock  types  ( b u t  Group B v a r i e t i e s )  b u t  i s  
dominated by a n o r t h o s i t i c - n o r i t e s  which c o n t a i n  h i g h e r  LIL element and 
Fe c o n t e n t s  t h a n  t h e  former.  The i d e a  t h a t  t h e  two r o c k  s e r i e s  could  be 
de r ived  from r e l a t e d  cumulates  of  a n  u n s p e c i f i e d  l i q u i d  a s  sugges t ed  by 
Hubbard et a m i d  Walker et g. [33 is  suppor t ed  by ou r  d a t a  and i m -  
p l i c i t  i n  ou r  i n t e r p r e t a t i o n .  Mass ba lance  c a l c u l a t i o n s  i n d i c a t e  t h a t  
t h e  p e r i d o t i t e  and s o d i c  f e r rogabbro  c l a s t s  i n  67915 could  be de r ived  
from a  60315 melt  b u t  - not  from a 62295 melt .  Th i s  i s  due t o  t h e  h igh  
Fe/Mg r a t i o s  and K c o n t e n t s  of t h e s e  c l a s t s .  The t r o c t o 1 i t . e  c l a s t s  i n  
67915 on t h e  o t h e r  hand could  be de r ived  from a 62295 l i q u i d .  Thus we 
s e e  ev idence  t h a t  po lymic t  b r e c c i a  67915 c o n t a i n s  c l a s t s  which could  be 
p a r t  of a sequence of p o s s i b l e  s o u r c e  rocks  which gave r i s e  t o  t h e  two 
p o s t u l a t e d  magma s e r i e s .  

FIGURE L FeO-MgO w t , %  v a r i a t i o n  
diagram. Microprobe compos i t i ona l  
d a t a  f o r  o l i v i n e ,  low-Ca (<3ObaO) 
pyroxene, low-Ti (<6%Ti02) s p i n e l s  
and melt  i n c l u s i o n s ;  a l s o  some 
b u l k  composi t ions .  L ight  a r rows  
i n d i c a t e  p o s s i b l e  62295 f r a c t i o n -  
a t i o n  t r e n d ;  heavy l i n e  i s  a pos- 
s i b l e  t i e  l i n e  between a n  observed 
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