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We report on 8 crystalline rocks from the Apollo 16 rake samples (Table 
1): 1 possibly primary (plutonic) rock; 6 "melt" rocks; 1 mare basalt. In ad- 
dition, 20 anorthosites (mostly cataclastic, some granoblastic, none with ig- 
neous textures), and a wide variety of recrystallized and non-recrystallized 
breccias, including "poik" rocks [1,2] are among the 151 rake specimens ex- 
amined 131. 

Spinel Troctolite&ocL 65785is inhomogeneous, consisting of a fine- 
grained feldspar-rich main mass and a coarse-grained troctolitic area (%9 x 4 
mm) [ 3 ] .  The troctolitic part has plagioclase (65%, avg .An97 Y 0.1-1.0 mm) and 
one 1.0 mm grain of Mg-A1 spinel (5%, Cr203 2.6-12.6%), polkliitically en- 
closed in a large olivine crystal (30%, avg. Fo ) .  The texture may be ig- 83 neous, probably cumulate, but some metamorphic recrystallization cannot be 
ruled out. Accessories: very minor pyroxene (Fig. I), ilmenite, metallic 
Ni-Fe, troilite, zirconian rutile (3.8% ZrO ) ,  whitlockite, Cr-Zr-REE-armal- 
colite, K-feldspar , chromite, magnesium ortaophosphate (probably f arrington- 
ite). 

Melt Rocks. 60666 contains 1 very large relict plagioclase (An ) .  The 
melt portion consists of $0.2 mm phenocrysts or relicts of olivine (%g ) in 93 a fine matrix of feathery olivine and plagioclase (An ) with sparse Mg-A1 
spinel. Parts of the matrix may be glassy. ~etallic'di-~e (4.21% Ni, 0.4- 
1.3% Co), troilite, schreibersite and very sparse chromite are present. 
65779 is very fine grained, subophitic to intergranual; plagioclase needles 
are 'LO. 05 mm long. Relict plagioclase grains ($8.5%, An ) occur. Olivine 9 5 is Fo and pyroxene is magnesian pigeonite (Fig. 1). Accessories: ilmenite, 
~r-Z~%E-armalcolite, metallic Ni-Fe, troilite, schreibersite. 60615 is tex- 
turally similar to 65779, but somewhat coarser; elongate feldspars are $0.1 
mm long. A few large plagioclase relicts [$4%] are clearly distinguishable 
from the melt portion (both An ) Olivine is Fo pyroxene is somewhat 

6 86; similar to that in 60618,l-2 (%lg. 1). Accessories : ilmenite, Cr-Zr-REE- 
armalcolite, metallic Ni-Fe, troilite, schreibersite and Zr-rutile (to 6.0% 
Zr02). 60618,l is inhomogeneous; 60618,l-1 is cataclastic spinel-olivine 
anorthosite; 60618,l-2 is a melt rock containing abundant, irregular plagio- 
clase grains ($0.5 mm, apparently relicts), elongate crystals (Q0.5 x 0.1 mm, 
An ) , subophitic pyroxene (Mg-rich with limited Fe/Mg variation, Fig. 1) , 
9 5 minor olivine (Fo ) Accessories: ilmenite, Cr-Zr-REE-armalcolite, metaliic 

nickel-iron (2. 7%84i, 0.6-1.2% Co) ,troilite, schreibersite. 65795 is coarse- 
grained with abundant feldspar (An ), but grains are irregular and variable 

9 8 in size; some may be relicts. Pyroxenes are somewhat similar to those in 
60635 (Fig. I), and some are poikilitic; minor olivine is Fo . Accessories: 
ilmenite (%2.6% MgO) , metallic Ni-Fe (5-25% N i ,  0.5-0.8% CO) f9troilite, high 

-silica glass ($75% Si02, 7-10% K20). 60635 has abundant ($1.0 x 0.4 mm) 
laths or prisms of plagioclase (An ) ,  with pyroxene (predominantly low Ca, 
with zoning toward higher Ca and F B ~  Fig. I), plagioclase and accessories in 
the angular interstices. Accessories: nearly pure ulvuspinel ((0.7% Cr 0 ) ,  
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m e t a l l i c  Ni-Fe, t r o i l i t e ,  K-fe ldspar .  
Mare b a s a l t ,  l a r g e  l i t h i c  f ragment  i n  b r e c c i a  60639, has s u b o p h i t i c  t ex -  

t u r e  and m i n e r a l  compos i t i ons  t y p i c a l  of  Luna 16  b a s a l t s  141. P l a g i o c l a s e  
avg.  Ang8 , o l i v i n e  (Fo ) ,  pyroxene g e n e r a l l y  zones from high-Ti  a u g i t e  t o  

66 
s u b c a l c l c  f e r r o a u g i t e ,  and i l m e n i t e  h a s  low (0.5%) MgO. Low b u l k  FeO, h i g h  
A1,0,, and i n t e r m e d i a t e  TiO, are w i t h i n  t h e  r ange  o f  Luna 1 6  b a s a l t s .  

L 3 O r i g i n  of  t h e  s p i n e l  t 2 o c t o l i t e .  Rock 65785 i s  one  of  t h e  b e s t  p o s s i b l e  
c a n d i d a t e s  f o r  a pr imary  cumula te  from t h e  o r i g i n a l  d i f f e r e n t i a t i o n  of  t h e  
l u n a r  c r u s t ,  as sugges t ed  by i t s  o v e r a l l  composi t ion ,  minera logy and,  p o s s i b l y ,  
t e x t u r e .  However, i t s  o r i g i n  i s  s t i l l  u n c e r t a i n  because  of  t h e  low ( 4 . 0  AE) 
age  ob ta ined  w i t h  t h e  i o n  microprobe  on t h r e e  a r m a l c o l i t e  g r a i n s  151, some 
d i s s i m i l a r i t i e s  i n  composi t ion  and t e x t u r e  t o  t h e  o t h e r  s p i n e l  t r o c t o l i t e  
67435 [ 6 ] ,  i n t e r n a l  v a r i a t i o n s  i n  s p i n e l  and o l i v i n e  composi t ions ,  and wide 
v a r i e t y  of  a c c e s s o r y  m i n e r a l s .  The p o s s i b i l i t y  t h a t  i t  i s  a n  a l t e r e d  pr imary  
rock  o r  a  cumula te  from a l a t e r  pr imary  l i q u i d  o r  from a shock-melt ,  c anno t  
b e  r u l e d  o u t .  

O r i g i n  of t h e  m e l t  r o c k s .  Three  modes o f  o r i g i n  must b e  cons ide red :  (1)  
pr imary  l i q u i d s ;  (2) p a r t i a l  m e l t i n g  of  a s i n g l e  rock  t y p e  such  as "highland 
b a s a l t " ;  ( 3 )  m e l t i n g  w i t h  o r  w i t h o u t  d i f f e r e n t i a t i o n  of he t e rogeneous  r o c k s  
o r  b r e c c i a s .  The pr imary  l i q u i d  o r i g i n  can  b e  r u l e d  o u t  because  most of  t h e  
me l t  rocks  show ev idence  f o r  shock-melt o r i g i n ,  such  as p r e s e n c e  o f  r e l i c t s ,  
t e x t u r a l  and compos i t i ona l  i nhomogene i t i e s ,  s c h r e i b e r s i t e  and "excess" metal 
(whether  s c h r e i b e r s i t e  -metal  b l e b s  are m e t e o r i t i c  contaminants  o r  i n  s i t u  
shock-produced on t h e  moon i s  u n c e r t a i n ;  however, t hey  a r e  u s u a l l y  found o n l y  
i n  rocks  which o t h e r w i s e  appea r  t o  b e  shock me l t ed ,  and n o t  i n  presumed p r i -  
mary r o c k s ) .  Fur thermore ,  t h e  b u l k  composi t ions  do n o t  show any p a r t i c u l a r  
c o n c e n t r a t i o n  n e a r  t h e  proposed pr imary  l i q u i d  composi t ions  "Highland b a s a l t "  
[ 7 ]  o r  "VHA b a s a l t "  [ 8 ]  ( F i g .  2 ) .  The m e l t  rocks  cannot  a l l  b e  p a r t i a l  melts 
from a s i n g l e  p a r e n t  composi t ion ,  f o r  example, of "Highland b a s a l t "  [ 9 ] .  Par -  
t i a l  m e l t s  of  t h i s  composi t ion  a r e  r e s t r i c t e d  t o  t h e  dashed l i n e  i n  F i g .  3 
and only  one of t h e  r o c k s  (65779) approaches  t h i s  l i n e .  Thus,  t h e  m e l t  rocks  
a p p a r e n t l y  r e p r e s e n t  shock m e l t s  of  he terogeneous  h igh land  s o i l s ,  b r e c c i a s  o r  
rocks .  The most r e a s o n a b l e  e x p l a n a t i o n  f o r  t h e  h e t e r o g e n e i t y  o f  t h e  h igh land  
m a t e r i a l s  i s  t h a t  t h e y  a r e  composed p r i m a r i l y  of  he t e rogeneous ,  cumula te  r o c k s .  
I n  many c a s e s , t h e  m a t e r i a l  which was mel ted  was probably  b r e c c i a  o r  s o i l ,  and 
t h e r e  was e v i d e n t l y  some admix tu re  of KREEP-like m a t e r i a l  w i t h  t h e  cumulate 
ANT rocks  [ l o ] .  
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Fig. 2: MgO and FeO contents of melt 
rocks. Fields for "Highland basalt" 
and "VHA basalt" are after references 
[7] and [a]. 
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Fig. 1: Pyroxene compositions for crystalline rocks. 

Fig. 3: Liquidus diagram for system 
plagioclase-olivine-silica, at Mg/ 
(Mg+Fe) of about 0.7; phase boun- 
daries after Walker et al.[ll].Over- 
all compositions of the melt rocks 
are shown by the solid dots; compo- 
sitions corrected for the contents 
of relicts are shown by circles(the 
circle for 60666 represents a re- 
analysis of a portion of the rock 
with no relicts). The amount of 
feldspar relicts in 60635, 65795 
and 60618,l-2 is impossible to es- 
timate accurately, but is close to 
zero for 60635, and in the neighbor- 
hood of 10-30% for 65795 and 60618, 
1-2. 
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