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The pe t rograph ic  d e s c r i p t i o n  and microprobe d a t a  have been ob ta ined  by 
one of us (B. M.) on s e p a r a t e  fragments of b r e c c i a  64435: l i g h t  g ray  m a t r i x ,  
white a n o r t h o s i t i c  c l a s t s  and dark g l a s s  coa t ing .  Bulk and +race  element 
d a t a ,  inc lud ing  9 FEE, have been ob ta ined  v i a  INAA by J.C.L. and R.A.S. i n  
t h e s e  64435 separa ted  fragments and i n  b r e c c i a s  63335 and 63355. The chemical 
d a t a  f o r  30 elements a r e  r e p o r t e d  i n  Table 1. The c h o n d r i t i c  normalized K ,  
Ba, REE, Hf, Ta and Th p a t t e r n s  of t h e s e  samples a r e  shown i n  Figure  1. 

64435: The l i g h t  gray mat r ix  is  a f i rmly  welded rock with a c a t a c l a s t i c  
t e x t u r e .  It  c o n s i s t s  l a r g e l y  o f  a n o r t h i t e  (An  95-100) wi th  minor amounts of 
orthopyroxene and o l i v i n e ,  i n  a ground mass of p a l e  brown p a r t l y  d e v i t r i f i e d  
g l a s s .  Based on chemical d a t a ,  t h e  m a t r i x  is  gabbroic a n o r t h o s i t e  wi th  88% 
P1.  The REE p a t t e r n  is  f l a t  l i k e  t h e  a n o r t h o s i t i c  gabbroic b r e c c i a  15418 (1) 
with a p o s i t i v e  Eu anomaly (Sm/Eu=0.92). The 64435 a n o r t h o s i t i c  c l a s t  con- 
s ists  of %97% P1 wi th  minor c o n t e n t s  of o t h e r  minera l s ,  o l i v i n e ,  orthopyroxene 
and a u g i t e .  Higher REE (except  Eu) abundances i n  t h e  64435 a n o r t h o s i t i c  c l a s t  
r e l a t i v e  t o  15415 and 60015 ( 2 )  a r e  n o t  a t t r i b u t e d  t o  contamination by t h e  
mat r ix  o r  t h e  g l a s s y  phases o f  64435. Differences  i n  t h e  a b s o l u t e  REE abun- 
dances (except  Eu) i n  t h e  a n o r t h o s i t e  phases o f  rocks such a s  61016 ( 3 ) ,  15415 
and 60015 ( 2 ) ,  and 64435 may i n d i c a t e  t h a t  t h e s e  four  a n o r t h o s i t i c  phases 
c r y s t a l l i z e d  from t h e  same magma b u t  a t  d i f f e r e n t  t imes;  i . e . ,  61016 f i r s t ,  
15415 and 60015 middle and 64435 l a s t .  A low FeO/MnO r a t i o  o f  55 i n  t h e  64435 
a n o r t h o s i t i c  c l a s t  merely r e f l e c t s  p r e f e r e n t i a l  p a r t i t i o n i n g  of Mn r e l a t i v e  t o  
Fe i n  pure  p l a g i o c l a s e .  

The 64435 g l a s s  coa t ing  is  gray-black and l u s t r o u s  and shows no s i g n s  of 
d e v i t r i f i c a t i o n .  The s i d e r o p h i l e s  Au, Ir and N i ,  which a r e  i n d i c a t o r s  f o r  
m e t e o r i t i c  impact,  and even Co i n  this g l a s s  a r e  more abundant than observed 
i n  any o t h e r  l u n a r  rock o r  s o i l  (Table 1). Based on t h e  low Ir/Au cosmic 
normalized r a t i o ,  an a n c i e n t  m e t e o r i t i c  p lane tes imal  of LN type is  a s s o c i a t e d  
wi th  t h e  g l a s s  f r a c t i o n  o f  rock 64435. The REE d i s t r i b u t i o n  i s  about 25 t imes  
c h o n d r i t i c  and has  a nega t ive  Eu anomaly. The KREEP p a t t e r n  (Sm/Eu=4.7) l i e s  
below t h e  p a t t e r n  f o r  t h e  Apollo 16 s o i l s  S. of t h e  LM. This  b r e c c i a ,  c o l l e c -  
t e d  near  Cinco B c r a t e r ,  was probably e j e c t e d  from S. Ray c r a t e r .  

Rocks 60017, 63335 and 63355 a r e  d i f f e r e n t  ch ips  from a 5 m boulder  
(STA 1 3 ) .  Rocks 60017 and 63335 a r e  (85% P1) gabbroic a n o r t h o s i t e s  and a r e  
s i m i l a r  i n  composition (Table 1). Brecc ia  60017 i s  a B4 dark mat r ix - l igh t  
c l a s t  ( 4 ) ,  and i s  p a r t i a l l y  molten,  type I V  rock and a product  of p a r t i a l  
mel t ing o f  a c l a s t i c  rock ( 5 ) .  Rock 67031 (STA 11), a fragment of b r e c c i a  
67035, while gray i n  c o l o r  and c o l l e c t e d  from S. E. r i m  of N .  Ray c r a t e r ,  i s  
chemically s i m i l a r  ( 2 )  t o  b r e c c i a  60017 i n  our  s u i t e  o f  30 elements ( F i g u r e l ) .  
This sugges t s  t h a t  t h e  5 m boulder ,  though 0.7 km d i s t a n t  from STA 11, was 
most l i k e l y  e j e c t e d  from t h e  N. Ray c r a t e r .  S imi la r  Ni/Ir/Au r a t i o s  i n  rock 
63355 and i n  t h e  g l a s s  f r a c t i o n  o f  64435 i n d i c a t e  a s s o c i a t i o n  wi th  s i m i l a r  
types  of a n c i e n t  m e t e o r i t i c  p r o j e c t i l e s .  Rock 63355 is a medium K KREEP type 
rock s i m i l a r  t o  Apollo 17 boulder-2 rocks of t h e  S. Massif ( 6 ) .  From t h e  REE 
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Table 1. Bulk and  t r ace  element abundances  in  brecc ias  64435, 63335, 63355 
and 60017. 

64435+ 63335* 63355* 

Matrix G l a s s  Anorthosite 
Element 271mg 3 8 m q  5 3 m q  115  mg 137 mg 

Ti02(%)  0.2 0 . 5  CO. 1 0.34 0 .88  

A4203  32 .1  24 .5  35 .5  31 .5  21.5 
FeO 3 .0  8 . 0  0.61 2.6 8 . 3  
MgO 3 8 2 8 - 
CaO 1 7 . 0  13.3 19 .0  17 .6  12  . O  
Na 2 0 0.34 0.55 0.29 0 .69  0 .50  
K20 0.024 0.086 0.025 0.049 0.22 
MnO 0.040 0 .105  0 .011  0.035 0.089 

Cr203  0.064 0.170 0.0083 0.035 0.169 
Sc(ppm) 5.2 6 . 9  0.90 4.4 12  
V 1 5  20 <4 1 0  35 
C o  7 100  1 . 3  5 6 2 
Zr - 100 - - 2 80 
Ba 20 9 0 c9 40 280 
La 1 . 5  9 .6  0.16 2 . 6  30 
C e  4 24 - 6 7 4 
Nd 3 1 5  c 0 . 4  4 4 7 
Sm 0.70 4 .3  0.086 1 .2  12 . O  
Eu 0.76 0.91 0.69 1 .32  1.51 
Tb c 0 . 2  0.80 0.03 0.2 2.5 
DY 0 .8  5 .1  0.2 1 . 5  1 6  
Yb 0 .58  2 . 8  0.06 0 . 9  8 .8  
Lu 0.082 0.43 0 .008  0 .13  1 . 3  
H f 0 .41 3.2 CO. 03 0.60 8 .9  
Ta 0.07 0.35 <O. 02 0 .10  1 .2  
Th 0.25 1.1 - 0 .25  4.2 
U <0 .1  0 .4  CO. 02 cO.1 1 .2  
Ni - 1800 - - 94 0 

I ~ ( P P ~ )  - 5 0 - c 3  2 4 
Au ( P P ~ )  - 30 - 4 1 6  

+This rock h a s  been  a s s igned  t o  t he  Mason consortium. 
*These three rocks  a r e  ch ips  from the  w5m Shadow Rock a t  Station 1 3 .  
for 60017 were reported by Laul and  Schmitt ( 2  ), 
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c o n t e n t s  and p a t t e r n s ,  it is  clear t h a t  t h e  b r e c c i a s  a r e  n o t  compacted s o i l s  - 
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