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Lunar rock 60015 is a w h i t e  coarse-gra ined a n o r t h o s i t i c  
rock which is  c o a t e d  w i t h  dark-brown v e s i c u l a r  g l a s s .  The 
i n t e r i o r  of t h e  a n o r t h o s i t i c  rock ( s e c t i o n  60015,127) c o n s i s t s  
of h i g h l y  s t r a i n e d  p l a g i o c l a s e  set  i n  a n  i n t e r g r a n u l a r  and 
i n t e r s t i t i a l  m a t r i x  of very  f ine -g ra ined  aggrega tes  of  p lag io -  
c l a s e  of t h e  same composi t ion.  The i n t e r g r a n u l a r  aggrega tes  of 
p l a g i o c l a s e  commonly a r e  ar ranged i n  p a l i s a d e - l i k e  s t r u c t u r e s  
o r i e n t e d  normal t o  t h e  margins of cont iguous  l a r g e  p l a g i o c l a s e  
c r y s t a l s ;  t h e  i n t e r s t i t i a l  pockets  of p l a g i o c l a s e  show near-  
c e n t e r  seams and voids  toward which c r y s t a l l i t e s  of  p l a g i o c l a s e  
apparen t ly  grew. Although t h e  o u t e r  p a r t  of  t h e  rock appears  
t o  be devoid of t h e  f ine-gra ined p l a g i o c l a s e  aggrega tes ,  a  zone 
of f  ine-grained p l a g i o c l a s e  commonly w i t h  p a l i s a d e  s t r u c t u r e  up 
t o  200-microns i n  t h i c k n e s s  occurs  a t  t h e  c o n t a c t  between t h e  
a n o r t h o s i t i c  rock and t h e  dark  g l a s s  ( s e c t i o n  60015,130).  The 
s t r u c t u r e  of  t h e  f ine -g ra ined  p l a g i o c l a s e  h a s  been i n t e r p r e t e d  
a s  t h e  r e s u l t  of d i r e c t i o n a l  c r y s t a l l i z a t i o n  from a r a p i d l y  
cooled  m e l t  of p l a g i o c l a s e  composi t ion ( 1 , 2 ) .  Such m e l t s  may 
have been produced by shook-induced i n t e r g r a n u l a r  me l t ing  o f  
e i t h e r  p r e - e x i s t i n g  a n o r t h o s i t e  o r ,  more probably,  porous 
a n o r t h o s i t i c  b r e c c i a  d e r i v e d  from t h e  r e g o l i t h  of  t h e  l u n a r  
h ighlands .  

A microscopic  s tudy  of  rock 60015 i n  r e f l e c t e d  l i g h t  re- 
vealed  t h e  p resence  of a  minute  q u a n t i t y  of m e t a l  p a r t i c l e s .  
The metal  g r a i n s  occur s o l e l y  i n  t h e  f ine -g ra ined  p l a g i o c l a s e  
aggrega tes  i n  t h e  form of a n g u l a r  i n t e r s t i t i a l  f i l l i n g s  less 
t h a n  1 5  microns i n  s i z e .  E l e c t r o n  probe a n a l y s i s  shows t h a t  
t h e  metal  g r a i n s  a r e  v i r t u a l l y  pure  i r o n  which c o n t a i n s  0.20 t o  
0.25 p e r  c e n t  c o b a l t  and 0.10 t o  0.15 p e r  c e n t  n i c k e l .  Cobalt  
is i n v a r i a b l y  dominant over  n i c k e l .  The composi t ion of t h e  
metal and i t s  Co/Ni r a t i o  are c o n s i s t e n t  w i t h  t h e  hypo thes i s  
t h a t  t h e  f ine-gra ined aggrega tes  of p l a g i o c l a s e  r e p r e s e n t  a  
quenched shock-induced m e l t  d e r i v e d  from the l a r g e  p l a g i o c l a s e  
c r y s t a l s  by i n t e r g r a n u l a r  me l t ing .  The metal  w a s  probably 
produced by r e d u c t i o n  of i r o n ,  c o b a l t ,  and n i c k e l  i o n s  i n  t h e  
shock-produced l i q u i d  of p l a g i o c l a s e  composi t ion,  and apparent1  y 
c r y s t a l l i z e d  from t h e  p l a g i o c l a s e  m e l t  as a r e l a t i v e l y  l a t e  
i n t e r s t i t i a l  phase.  Shock-induced reduc t ion  of i r o n  i o n s  t o  
m e t a l l i c  i r o n  i n  t h e  l u n a r  environment has  been sugges ted  
p rev ious ly  t o  e x p l a i n  t h e  occurrence  of m e t a l l i c  i r o n  i n  Luna 20 
p l a g i o c l a s e  ( 3 1 ,  subso l idus  r e d u c t i o n  of i l m e n i t e  xenocrys t s  i n  
shock-produced basaltic g l a s s  t o  i r o n  p l u s  r u t i l e  (1 ) , and t h e  
abundance of m e t a l l i c  i r o n  i n  shock-produced b a s a l t i c  g l a s s  (1 94). 
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Lunar rock 77017 is a coarse-grained a n o r t h o s i t i c  gabbro 
which i n  s e c t i o n  77017,65 is almost  completely surrounded by a 
t h i n  r i n d  of pale-brown v e s i c u l a r  g l a s s .  The gabbro con t a in s  
o l i v i n e  w h i c h  occurs  as euhedral  t o  subhedral  c r y s t a l s  surround- 
ed by s i ng l e - c ry s t a l  mantles of pyroxene and as r e l a t i v e l y  s m a l l  
round g r a i n s  enclosed i n  p l ag ioc l a se .  The pyroxene occurs as 
l a r g e  p o i k i l i t i c  p l a t e s  w h i c h  enclose  euhedral  t o  subhedral 
p l ag ioc l a se  and w h i c h  a r e  commonly i n  o p t i c a l  c o n t i n u i t y  w i t h  
the pyroxene mantles of the o l i v i n e .  The pyroxene i s  p igeon i t e  
w h i c h  con t a in s  coa r se  exso lu t i on  l amel lae  of a u g i t e  p a r a l l e l  t o  
(001) .  T h e  rock a l s o  con t a in s  a r e l a t i v e l y  l a r g e  amount of 
metal (perhaps one o r  two pe r  cen t  by weigh t )  which i s  commonly 
a s soc i a t ed  w i t h  t r o i l i t e .  The m e t a l  occurs  as very l a r g e  
i r r e g u l a r  g r a i n s  up t o  300 microns i n  s i z e  w h i c h  form void-free 
i n t e r s t i t i a l  f i l l i n g s  between the si l icate g r a i n s .  The t e x t u r a l  
r e l a t i o n s h i p s  suggest  that  it is  a late-magmatic c o n s t i t u e n t .  
The composition of the m e t a l  as determined by e l e c t r o n  probe 
a n a l y s i s  is  87-95 p e r  c e n t  i r on ,  7-13 p e r  c en t  n i cke l ,  and 0.5- 
1 . 0  pe r  c e n t  c o b a l t .  The gabbro appears t o  have been shocked a s  
based on undula tory  e x t i n c t i o n  and mosaicism of the p l ag ioc l a se  
and the very i n t e n s e  f r a c t u r i n g  of the p l ag ioc l a se .  I n  
a d d i t i o n ,  the rock con ta ins  narrow zones of r e l a t i v e l y  f i n e -  
g ra ined  crushed ma te r i a l  of the same minera l  composition as the 
main body of coarse-grained rock.  There is no t e x t u r a l  evidence 
f o r  movement o r  t r a n s p o r t  of the cominu ted  ma te r i a l  of the  
kind which is characteristic of c a t a c l a s t i c  t e c t o n i t e s  and the 
crushed zones are considered t o  be produced by shock. A 
d e t a i l e d  s tudy  of the mic ros t ruc tu r e  of the metal i n  t h i s  rock 
is i n  progress  inasmuch a s  the  i n f e r r e d  shock h i s t o r y  of the 
rock should be recorded i n  the m e t a l .  

There a r e  about  s i x  r epo r t ed  occurrences of a r e g u l a r  
micro-intergrowth of K-feldspar and qua r t z  i n  the re tu rned  l u n a r  
samples. One of the l a r g e s t  occurs  as a clast about one square  
mm i n  diameter  i n  glassy-matrix breccia 12057,22 ( 5 ) .  Such 
g r a n i t i c  ma te r i a l  is  of cons iderab le  importance i n  the develop- 
ment of pe t rogene t i c  models of l u n a r  evo lu t ion .  Accordingly, 
i n  c o l l a b o r a t i o n  w i t h  M. P r i nz  and K. K e i l ,  an  e l e c t r o n  micro- 
probe study of the  phase chemistry of  the g r a n i t i c  c l a s t  i n  
12057,22 has  been completed, and the  p e t r o l o g i c a l  impl ica t ions  
of the r e s u l t s  a r e  under cons idera t ion .  
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