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Dun i t e  and c a t a c l a s t i c  a n o r t h o s i t e  from t h e  Apo l lo  16 and 17 s i t e s  a r e  
among t h e  most s i g n i f i c a n t  o f  t h e  r e t u r n e d  l u n a r  rock  types ,  because o f  t h e i r  
p robab le  p l u t o n i c  f o r m a t i o n  and because  of  a  p o s s i b l e  o r i g i n  a s  e a r l y  d i f -  
f e r e n t i a t e s  i n  t h e  f o r m a t i o n  of  t h e  moon. Samples 72415 ( d u n i t e )  and 64589, 
61576 ( a n o r t h o s i t e s ) ,  a r e  n e a r l y  monomineral ic .  The g r a i n  s i z e s  range  up t o  
a n  i nch  i n  d i a m e t e r  h a v i n g  e v i d e n t l y  s u r v i v e d  e x c a v a t i o n  from g r e a t  d e p t h s  
i n  t h e  moon d u r i n g  t h e  impac t ing  o f  l a r g e  l u n a r  b a s i n s .  L a t e r  thermal  meta- 
morphism h a s  a f f e c t e d  t h e s e  rocks  t o  a  moderate  e x t e n t ,  b u t  much of  t h e i r  
e x i s t e n c e  was s h i e l d e d  from d e t e r i o r a t i o n  i n  t h e  l u n a r  r e g o l i t h .  V e s t i g e s  
of  t h e  former  c h a r a c t e r  of  t h e s e  r o c k s  a r e  a p p a r e n t  i n  t e x t u r a l  f e a t u r e s  
and i n  i n c l u s i o n s  t h a t  have c l e a r l y  responded chemica 1 l y  t o  c o n d i t i o n s  t h a t  
a r e  a l i e n  t o  t h o s e  unde r  which t h e y  o r i g i n a l l y  formed. It i s  t h e s e  t e x t u r e s ,  
and inc luded  assemblages  t h a t  p rov ide  conv inc ing  ev idence  of  a  p a s t  h i s t o r y  
i n  t h e  l u n a r  i n t e r i o r  o r  man t l e .  

Dun i t e  (72415). The d u n i t e  sample from Apo l lo  17 bou lde r  112 was ex- 
t r a c t e d  from a  "blue-gray" a n o r t h o s i t i c  b r e c c i a  (72435). The age  h a s  been 
c o n f i d e n t l y  r e p o r t e d  a s  4.6 b.y., making i t  t h e  o l d e s t  r e t u r n e d  l u n a r  rock .  
This  age  i s  deduced p a r t l y  w i t h  r e f e r e n c e  t o  t h e  r o c k ' s  p e t r o l o g y ,  b u t  i t  
would n o t  be e n t i r e l y  c i r c u l a r  r e a s o n i n g  t o  no t e  t h a t  l a t e r  e v e n t s  have n o t  
c louded  i n t e r p r e t a t i o n  of t h e  i s o t o p i c  d a t a  (1) . 

The t e x t u r e  of c o a r s e - g r a i n e d  o l i v i n e  a p p e a r s  r e l a t i v e l y  undeformed. 
The rock  a l s o  c o n t a i n s  r o s e t t e s  of  a  chromate-twopyroxene-plagioclase sym- 
p l e c t i t e  ( 2 ) .  A t  f i r s t  g l a n c e  t h e  t o t a l  assemblage seems t o  fo l l ow a  low 
p r e s s u r e  c r y s t a l l i z a t i o n  sequence  (3 ) ,  b u t  ev idence  ob ta ined  i n  t h e  p r e s e n t  
s t u d y  s u g g e s t s  t h a t  t h e  r o c k  formed under  h i g h  p r e s s u r e s  and t empera tu re s .  
Th i s  ev idence  main ly  i n c l u d e s  t h e  e x i s t e n c e  of  mic rosymplec t i t e  assemblages  
( ave rage  10 pm i n  d i a m e t e r )  t o t a l l y  i nc luded  i n  l a r g e  o l i v i n e  c r y s  t a  1s. 

The m i c r o s y m p l e c t i t e s  have t h e  b u l k  composi t ion  of  g a r n e t  ( app rox i -  
ma t e l y  i d e a l i z e d :  (Gal gMgO ,6Fe0.5) (Crl ,3A10. 7 )Si3012) .  They may a c t u a l l y  
c o n t a i n  g a r n e t ,  b u t  u s u a l l y  c o n s i s t  o f  a  e u t e c t o i d  i n t e r g r o w t h  o f  s p i n e l  
and pyroxene w i t h  o c c a s i o n a l  p l a g i o c l a s e .  C o n s i s t e n t  w i t h  t h e i r  h i s t o r y  of  
forma t i o n  a t  h i g h  p r e s s u r e ,  t h e  o l i v i n e  h o s t  h a s  k e p t  t h e i r  composi t ion  
uni form.  The r o s e t t e s  mentioned above a r e  n o t  uniform i n  composi t ion ,  b u t  
p robab ly  have t h e  same o r i g i n .  They may have r e a c t e d  w i t h  su r round ing  
pyroxene o r  p l a g i o c l a s e .  The impor t an t  c o n c l u s i o n  i s  t h a t  t h e  d u n i t e  formed 
a t  h i g h  p r e s s u r e  and con ta ined  g a r n e t .  Th i s  i s  t h e  f i r s t  s u b s t a n t i a l  e v i -  
dence f o r  t h e  e x i s t e n c e  o f  g a r n e t  i n  l u n a r  rocks .  

I t  is a l s o  l i k e l y  t h a t  g a r n e t  e x i s t e d  i n  many o t h e r  Apo l lo  samples and 
t h a t  t h e  rocks ,  o r  t h e i r  phenoc rys t s ,  d i d  n o t  form a t  t h e  moon's s u r f a c e .  
S i m i l a r  microsymplec t i t e s  o c c u r  i n  n e a r l y  e v e r y  o l i v i n e - b e a r i n g  rock  r e -  
t u rned  from t h e  moon. The i n d i v i d u a l  m i c r o s y m p l e c t i t e  c r y s t a l s  a r e  sma 11 
(<1 pm i n  d i a m e t e r ) ,  and n o t  e a s i l y  recognized  o r  ana lyzed  ( i . e .  12018 (4)) 
b u t  t h o s e  t h a t  have been ana lyzed  a r e  now r e a l i z e d  t o  be of  g a r n e t  com- 
p o s i t i o n .  
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C a t a c l a s t i c  A n o r t h o s i t e s  (64589, 61576). These a n o r t h o s i t e  samples 
were c o l l e c t e d  by r ake ,  and c o n s i s t  e s s e n t i a l l y  of  shocked s i n g l e  c r y s t a l s  
o f  a n o r t h i t e .  T h e i r  c r y s t a l  s i z e  s u g g e s t s  t h a t  t hey  have coo led  a t  d e p t h ,  
a l t h o u g h  r e s u l t s  o f  a n a l y s e s  o f  t h e i r  abundant  i n c l u s i o n s  a r e  n o t  y e t  s u f -  
f i c i e n t l y  comple te  t o  s u b s t a n t i a t e  a  h i g h  p r e s s u r e  o r i g i n ,  The c o a r s e  
g r a i n e d  t e x t u r e  and narrow compos i t i on  s imply  s u g g e s t  a  p l u t o n i c  o r i g i n .  

D i s c u s s i o n .  The p r e s e n t  d i s c o v e r y  o f  r e l i c t  h i g h  p r e s s u r e  assemblages  
a f  t e r  g a r n e t  i n  d u n i t e  and i n  o t h e r  l u n a r  rocks  s u g g e s t s  t h a t  t h e  popu la r  
n o t i o n  t h a t  Apo l lo  rocks  have  comple t e ly  c r y s t a l l i z e d  on the  l u n a r  s u r f a c e  
i s  i n c o r r e c t .  It w i l l  be n e c e s s a r y  t o  reexamine t h e o r i e s  of  t he  igneous  
h i s t o r y  o f  t h e  l u n a r  s u r f a c e  i n  c o n j u n c t i o n  w i t h  p r e v i o u s  d a t a  on the  
c r y s t a l l i z a t i o n  of  phenoc rys t s  (5) .  

Ca t a c l a s t i c  a n o r t h o s i t e s  r e p r e s e n t  a  r e l a t e d ,  b u t  d i f f e r e n t ,  type  of  
ev idence  o f  t h e  c h a r a c t e r  o f  e a r l y  l u n a r  c r y s t a l l i z a t i o n  t h a t  h a s  n o t  been 
o b l i t e r a t e d  by impact  metamorphism i n  t h e  r e g o l i t h .  
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