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An a n o r t h o s i t i c  b r e c c i a ,  60015,126, c o n s i s t s  main ly  of p l a g i o c l a s e  
(82%) w i t h  minor amounts of  c l i nopyroxene  (2%) set i n  a f i n e - g r a i n e d  
d e v i t r i f i c d  g l a s s y  m a t r i x  (16%) .  The r o c k  h a s  a h i g h l y  c a t a c l a s t i c  
t ex ture ' .  P r e f e r r e d  o r  i t n t a t i o n  of def  orrned p l a g i o c l a s e  g r a i n s  h a s  been 
observed .  The p l a g i o c l a s e  m i n e r a l s  are conunonly s h a t t e r e d ,  f r a c t u r e d  
and p u l v e r i z e d .  Elending and d i s l o c a t i o n  of t h e  o r i g i n a l  tw in  l a m e l l a e  
are a l s o  observed .  Some g r a i n  bounda r i e s  i n  t h e  r o c k  are obscured  due 
t o  m e l t i n g  caused  by stress. The g l a s s y  m a t r i x ,  showing c r y p t o c r y s t a l -  
l i n e  s t r u c t u r e ,  may r e p r e s e n t  m e l t i n g  p roduc t  of p l a g i o c l a s e  now 
p a r t i a l l y  d e v i t r i f i e d .  

An a n o r t h o s i t i c  g a b b r o i c  breccia, 61016,217, c o n t a i n s  t w o  p a r t s .  
The upper  two t h i r d s  is composed o f  a n o r t h o s i t i c  gabb ro i c  b r e c c i a  w h i l e  
t h e  lower one t h i r d  i s  composed o f  a s i n g l e  p i e c e  of  maske lyn i t i zed  
f e l d s p a r .  The b r e c c i a  p o r t i o n  c o n s i s t s  of 40% shocked mine ra l  c l a s t s  
( i n c l u d i n g  38% maske lyn i t e  and 2% m a f i c s )  and 60!% m a t r i x .  The o r i g i n a l  
zoning  and  twinning  of p l a g i o c l a s e  have bean  comple t e ly  d e s t r o y e d .  
Some (14%) m a s k e l y n i t e s  show rel ict  f e l d s p a r  i n  t h e  c e n t r a l  p o r t i o n s  
of t h e  g r a i n s  s u g g e s t i n g  weakening of t h e  shock i n t e n s i t y  f rom t h e  
o u t e r  r i m  toward t h e  i n t e r i o r .  The m a t r i x  c o n s t i t u t i n g  60% of t h e  
b r e c c i a  p o r t i o n  is composed main ly  (50%) of  f i n e - g r a i n e d  pyroxenes and 
opaques and minor ( l o !%)  m a s k e l y n i t e ,  r e c r y s t a l l i z e d  maske lyn i t e  and 
p l a g i o c l a s e .  The pyroxenes  a r e  c h a r a c t e r i s t i c a l l y  equant  and show 
wavy e x t i n c t i o n  s u g g e s t i n g  c o n s i d e r a b l e  r e c r y s t a l l i z a t i o n .  The paren-  
t a l  r o c k  of 61016,217 nay  b e  a he t rogeneous  a n o r t h o s i t i c  gabbro  which 
has  been  i n t e n s e l y  shocked. 

The s e c t i o n  of a gabbro i c  breccia, 67015,88, hav ing  a complex 
modal compos i t ion  c a n  be devided  i n t o  two p a r t s ,  t h e  upper h a l f  cons i s t s  
of 7m l i t h i c  and m i n e r a l  clasts and 30!% m a t r i x  and t h e  lower h a l f  con- 
t a i n s  35% m i n e r a l  clasts,  5% l i t h i c  clasts and 60% m a t r i x .  As a whole 
t h e  s e c t i o n  c o n s i s t s  of 3096 l i t h i c  c l a s t s  and 25% mine ra l  c l a s t s  set i n  
a f i n e - g r a i n e d  g l a s s y  matrix (45%). The l i t h i c  clasts r a n g i n g  from 
0.1 x 0.2 mm t o  4.3 x  3.0 mm i n c l u d e  ( 1 )  p r e - e x i s t i n g  b r e c c i a s  (12%) 
( 2 )  a n o r t h o s i t e s  (12%) (3 )  non-mare t ype  b a s a l t s  (4%) and ( 4 )  gabbros 
(2%).  The m i n e r a l  clasts i n c l u d e  7m p l a g i o c l a s e ,  15% o l i v i n e ,  10% 
pyroxene and 5% opaques.  Many m i n e r a l  clasts show f r a c t u r e s ,  secdonary  
lamellar t w i n s  and g r a d a t i o n a l  boundary i n d i c a t i n g  t h a t  t h e y  have been  
s u b j e c t e d  t o  stress. The rock  h a s  a complex h i s t o r y  r e v e a l i n g  t h r e e  
g e n e r a t i o n s  of b r e c c i a t i o n  and a n n e a l i n g .  

60015,67 and 61016,146 have been c h e m i c a l l y  ana lyzed  (Table  1 )  b y  
means of AAS and c o l o r e m e t r i c  methods. The chemica l  d i f f e r e n c e  e x i s t -  
i n g  between 61016,146 ( t h i s  r e p o r t )  and 61016,3 ( 1 )  is due  t o  modal 
h e t e r o g e n e i t y .  The Apol lo  16 r o c k s  are g e n e r a l l y  c h a r a c t e r i z e d  by 
t h e i r  h i g h  aluminum and ca l c ium b u t  low i r o n ,  t i t a n i u m ,  sodium and 
potass ium c o n t e n t s .  

F ig .  1 i l l u s t r a t e s  t h e  c o r r e l a t i o n  o f  A1203 abundance o f  CaO, 
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IF& and MgO i n  t h e  Apo l lo  1 6  rocks .  14310,197 ( 2 )  and ave rage  YREEP 
( 1 )  a r e  a l s o  p l o t t e d  f o r  comparison. The c o r r e l a t i o n  may b e  a t t r i b u t e d  
t o  t h e  f a c t  t h a t  most o f  t h e  r o c k  forming  e l emen t s  are e i t h e r  s t r o n g l y  
c o n c e n t r a t e d  i n  o r  exc luded  from p l a g i o c l a s e .  It  is e v i d e n t  t h a t  t h e  
r e g u l a r  c o r r e l a t i o n s  between Ca, Fe,  Mg and A 1  i n  t h e  Apo l lo  16  b recc i a s  
a r e  due t o  t h e  p r e s e n c e  of r o c k s  w i t h  compos i t ion  similar t o  t h o s e  of 
KREEP b r e c c i a  ( o r  14310)  and a n a r t h o s i t i c  b r e c c i a  (60015,67) .  

The Apol lo  1 6  b r e c c i a s  s t u d i e d  are d i s t i n c t l y  more r i c h  i n  p l a g i o -  
clase i n  clasts and  i n  t h e  matrix t h a n  Apo l lo  14 b r e c c i a s  ( 2 ) .  The 
comnon occu r r ence  of  p l a g i o c l a s e - r i c h  c l a s t s  and  abundant  shock  f e a t u r e s  
i n  t h e  b r e c c i a s  of  t h e  Cayley  f o r m a t i o n  i n  t h i s  par t  of l u n a r  h igh l and  
i r l d i c a t e  n o t  o n l y  t h e  a n o r t h o s i t i c  n a t u r e  of t h e  l u n a r  c r u s t  b u t  a l s o  
t h e  mechanism of impact  p roces s .  The s u r f a c e  and n e a r  s u r f a c e  ma te r i a l s  
may r e p r e s e n t  m i x t u r e  of major  impact  i n  a n  a n o r t h o s i t i c  t e r r a n e  (3) 
w i t h  local i n g r e d i e n t s  produced from r e p e a t e d  secondary  impact  craters 
( 4 )  
Table  1. Chemical a n a l y s e s  of b r e c c i a s  T a y l o r ,  e t  a l .  ( 5 )  

A n o r t h o s i t i c  A n o r t h o s i t i c  gabb ro i c  sugges t ed  t h a t  h i g h l a n d s  
b r e c c i a  b r e c c i a  are composed main ly  of 

60015,67 61016,146 gabbr o i c  anor  t hos i tc low 
SiO2 ( )  43.97 44.00 K and medium K Fra-Ffauro 
T i02  ( )  0.02 0.66 b a s a l t s  and s u b o r d i n a t e  
A1203 (9%) 35.83 24 9 0  a n o r t h o s i t e .  Rocks w i t h  
ZFeQ ( %  0.36 4.50 modal compos i t ion  s imilar  
MnO (95) 0.00 0.0.1. t o  t h a t  of 68416,77 ( 6 )  
MgO (9%) 0.25 11.00 might  be  abundant  i n  t h e  
CaO (%) 18.95 14 .80  l u n a r  h i g h l a n d s  and they  
N a 2 0  ( )  0.34 0.40 c o u l d  b e  t h e  p a r e n t a l  
K20 ( X )  0.01 0.07 r o c k s  f o r  t h e  f e l d s p a r  

99.73 100.37 c l a s t s  i n  the Apo l lo  16  
CO ( P P ~ )  44  5 1 b r e c c i a s .  
C r  (ppm) (15 600  Juan ,  et a l .  ( 2 )  have 

( P P ~ )  2 2 cmphas i z e d  t h a t  14310 
L i  (PP) L 6  c 6 might r e p r e s e n t  a primary 
N i  (ppm) 3 0  268 high-A1 b a s a l t i c  m a g m a  
Rb ( P P ~ )  L.2 2 . 1  t h a t  p l ayed  an  ex t r eme ly  
S r  (pprn) 156 180  impor t an t  r o l e  of develo-  

p i n g  a whole spec t rum of  
d i f f e r e n t i a t e s  i n  t h e  e a r l y  s t a g e  of  l u n a r  e v o l u t i o n .  Rocks w i t h  com- 
p o s i t i o n s  s i m i l a r  to  14310 and i ts d i f f e r e n t i a t e s  shou ld  be  c o n s i d e r e d  
a s  impor t an t  i n g r e d i e n t s  i n  t h e  f o r m a t i o n  of Apo l lo  1 6  r e g o l i t h s .  
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X Ale08 
~ i o .  1 A1203 v8 C.0, PeO a d  WpO for  Apolld 16 racks (numbered) and 

Apollo 16 s o i l s  ( c i r c l s s ,  data from WFET 1973) .  Avcrap. KIlEEP 
and 14310,197 are a l s o  p l o t t d  f o r  c a p a r i s o n .  
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