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Samples from the Apollo 16 site can be compared more closely with the 
products of large terrestrial impacts, which formed craters 20-60km in dia- 
meter, than those from other missions. As craters in this size range are 
common in this part of the lunar highlands, detailed comparison is encouraged. 
Here we concentrate on samples interpreted as impact melts from the highlands. 

The suite of impact melt products ranges from glasses to fine and medium 
grained igneous rocks with sub-ophitic and poikilitic textures. Xenocrysts, 
some partly digested, recrystallized or overgrown, are generally a conspicuous 
10 to 20% of the mode. The range in grain size and textures can be closely 
matched in samples from craters such as Lake Mistastin, Labrador and Clear- 
water Lake, Quebec, where the sheets of impact melt on the crater floor reach 
thicknesses of more than 100m. Field and laboratory studies at these and 
other craters demonstrate that extreme thermal metamorphism and partial 
melting play only a minor role in the formation of impact melts and breccias, 
and in contrast with other authors (1,2) we consider that this was also the 
case at the Descartes site. The principal mechanism in the formation of 
impact melts is the dynamic mixing of totally melted and locally homogenized 
materials from close to the point of impact with less strongly shocked rocks. 
The latter are incorporated into the melt during its movement across the 
floor of the expanding cavity. During movement, but mainly after coming to 
rest, assimilation and thermal metamorphism, including local partial melting, 
of the inclusions by the surrounding hot melt matrix takes place. Lunar ex- 
amples of partial melting processes have been noted in rocks 64455 and 65075 
(3) and in fragments from soil 12070 but appear to be relatively as rare on 
the moon as they are on earth. 

Representative compositions of lunar impact and partial melts are illus- 
trated in Figs. 1 - 3. Samples analysed include glasses, lithic fragments of 
impact melt and small, chondrule-like bodies with a fine granular matrix. The 
compositional array is roughly fan shaped with anorthositic rock compositions 
at the apex, and a base ranging from granitic to iron-rich partial melt comp- 
ositions. A tight cluster of compositions at 26-28% A1 0 (Figs. 1,2) is 

2 3 formed by the majority of the glasses, including all glass coatings on other 
fragments and by a few lithic fragments. Most of the latter, the chondrule- 
like fragments and a number of small glass chips have more varied compositions 
with less than 24% A1 0 . The high alumina cluster corresponds to glass com- 
positions named highlina basalt by Ridley et al. (4), while most of the less 
aluminous group are in the range of the Low K Fra Mauro basalt composition. 
A small number of more extreme mafic or siliceous compositions includes a 
granitic glass notable for having 2.5% Na 0 .  

2 Data from terrestrial analogs (5,6) Indicate that small glassy masses 
from craters with heterogeneous target rocks show a spread of compositions 
along various mixing lines, with a tendency to cluster about the mean compo- 
sition of the country rocks. Larger bodies of impact melt show a smaller 
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sp read  due t o  more comple te  mixing of  l a r g e r  volumes of c o u n t r y  r o c k s  ( 7 ) ,  
b u t  many s t i l l  f a l l  on mixing l i n e s  between coun t ry  rocks  of  d i v e r s e  compos- 
i t i o n s .  Only i n  v e r y  l a r g e  (~100km) impact  c r a t e r s  are t h e r e  l i k e l y  t o  b e  
bod ie s  of m e l t  s u f f i c i e n t l y  l a r g e  f o r  g r a v i t a t i o n a l  d i f f e r e n t i a t i o n  t o  b e  
i m p o r t a n t .  

The s p r e a d  of  a n a l y s e s  i n  t h e  Apol lo  16  samples i s  remarkable  cons ide r -  
i n g  t h e  ev idence  f o r  many l a r g e  impac t s  i n  t h e  h i s t o r y  of t h e  l u n a r  h ighlands .  
I n  keeping  w i t h  t h e  t e r r e s t r i a l  o b s e r v a t i o n s ,  t h e  d i v e r s i t y  of g l a s s  a n a l y s e s  
i s  g r e a t e r  t han  t h a t  of  t h e  c r y s t a l l i n e  impact  m e l t s .  The extreme g l a s s  com- 
p o s i t i o n s ,  by t h i s  ana logy,  p robab ly  approach t h e  composi t ions  of  pr imary  
c r u s t a l  r o c k s ,  w h i l e  l i t h i c  f ragment  composi t ions  a r e  c l o s e r  t o  l o c a l  o r  r e -  
g i o n a l  a v e r a g e s .  I t  i s  l i k e l y  t h a t  t h e  t i g h t  c l u s t e r  around t h e  h igh land  ba- 
s a l t  composi t ion  i s  a good a v e r a g e  composi t ion  f o r  t h e  dominant components 
of t h e  upper l u n a r  h i g h l a n d  c r u s t  ( 4 ) .  I n  t h i s  c a s e  r e p e a t e d  bombardment h a s  
a p p a r e n t l y  produced a s i g n i f i c a n t  homogenizat ion of  pr imary  r o c k  t y p e s  which 
may be  r e p r e s e n t e d  by coa r se r -g ra ined  components of some Apol lo  16  r o c k s ,  an- 
o r t h o s i t e s  and l e s s  aluminous,  more maf i c  r o c k s ,  such as t r o c t o l i t e s  ( 8 ) .  The 
wide compos i t i ona l  s c a t t e r ,  p a r t i c u l a r l y  in Fe0,MgO (F ig .  3) and K20, of t h e  
l e s s  aluminous r o c k s  and g l a s s e s  i n d i c a t e s  t h a t  i n  t h i s  r a n g e  convergence 
towards a  homogeneous composi t ion  i s  much l e s s  complete.  The d a t a  a r e  consis-  
t e n t  w i t h  t h e  view t h a t  t h e r e  are no l a r g e  b o d i e s  of  s p e c i f i c  F r a  Mauro m e l t  
composi t ion ,  and t h a t  each  m e l t  i n t h i s  r ange  r e p r e s e n t s  a mix of l o c a l  r o c k s  
of  extreme composi t ion ,  l y i n g  n e a r  t h e  low-alumina b a s e  of  t h e  f a n - l i k e  a r r a y  
( F i g s .  1-3) ,  w i t h  m a t e r i a l  from t h e  dominant a n o r t h o s i t e - t r o c t o l i t e  s u i t e .  

The h igh land  model t h u s  d e r i v e d  i s  i n  s u b s t a n t i a l  agreement w i t h  some 
p rev ious  s u g g e s t i o n s  ( 9 , l O ) ;  a n  upper h igh land  c r u s t  approximate ly  20km t h i c k  
of h igh land  b a s a l t  composi t ion ,  d i f f e r e n t i a t e d  i n t o  a n  a n o r t h o s i t i c  upper 
l a y e r  w i t h  more m a f i c  rocks  below, s tudded  w i t h  s m a l l  p o c k e t s  of r o c k s  of 
v a r i a b l e  r e s i d u a l  composi t ions ,  i n c l u d i n g  g r a n i t e s  and r o c k s  h igh  i n  Fe-Ti-K. 
I n  t h i s  model t h e r e  i s  no requi rement  f o r  magmas of  F r a  Mauro composi t ion  t o  
be  gene ra t ed  i n t e r n a l l y .  However t h e  model does  r e q u i r e  a p e r i o d  i n  e a r l y  
l u n a r  h i s t o r y  when igneous  d i f f e r e n t i a t i o n  p r o c e s s e s  dominated ove r  t h e  homo- 
g e n i z i n g  e f f e c t  of  impact .  Th i s  may p l a c e  some r e s t r a i n t s  on t h e  d u r a t i o n  of 
t h e  p o s t u l a t e d  i n t e n s e  p e r i o d  of  bombardment-4 AE (11 ) .  
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