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Based on g e o l o g i c - p e t r o l o g i c  d a t a  from t e r r e s t r i a l  and ex-  
p e r i m e n t a l  impac t  c r a t e r s  and t h e i r  e j e c t a  f o r m a t i o n s  and on 
p e t r o g r a p h i c  and c h e m i c a l  d a t a  o f  r e g o l i t h  p a r t i c l e s  oC t h e  A p o l l o  
1 4 ,  1 5 ,  and 16 s i t e s  we h a v e  checked  t h e  r e l a t i o n s  be tween e j e c t a  
d e p o s i t s  and p r e - i m p a c t  s t r a t i g r a p h y  f o r  t h e  c r u c i a l  c r a t e r i n g  
e v e n t s  o f  t h e s e  s i t e s  (Cone, Nor th  and S o u t h  Ray c r a t e r s )  and 
t e n t a t i v e l y  a l s o  f o r  t h e  Imbrium e v e n t .  

The r e g o l i t h  c o n t a i n s  a  wide  r a n g e  o f  non-mare p a r t i c l e  
t y p e s  which r e v e a l  a  complex h i s t o r y  r e f l e c t i n g  m u l t i p l e  p r o c e s s e s  
of  shock-induced m e l t i n g ,  comminut ion ,  b r e c c i a t i o n ,  shock  l i t h i -  
f i c a t i o n  and p o s t - i m y a c t  t h e r m a l  a n n e a l i n g .  Us ing  t h e  i n f o r m a t i o n  
from hand s p e c i m e n s  ( 1 ,  2 )  we h a v e  e s t a b l i s h e d  t h e  f o l l o w i n g  
g e n e t i c  c l a s s i f i c a t i o n  f o r  0 . 5  - 2 mm p a r t i c l e s :  I .  Impact  p r o d -  
u s e d  d e r i v a t e s  o f  t h e  l o c a l  r e g o l i t h :  a )  g l a s s y  a g g l u t i n a t e s  
( c l a s s  I ) ,  b)  i r r e g u l a r  f r a g m e n t s  and r e g u l a r  b o d i e s  of  g l a s s  
( c l a s s  2 ) ,  r e g o l i t h  b r e c c i a s  ( c l a s s  3 ) .  11. Plonomict, c a t a c l a s t i c  
b r e c c l a s  o f  m a i n l y  a n o r t h o s i t l c  c o m p o s i t i o n  ( c l a s s  4 ) .  111. P o l y -  
m i c t  m e t a b r e c c i a s  w i t h  h o l o c r y s t a l l i n e  matrix- 5 ) .  IV. Crys -  
t a l l i z e d  i m p a c t  m e l t s  w i t h  x e n o l i t h i c  c l a s t s :  a )  d e v i t r i f i c d  o r  
u n d e v i t r i f i e d  g l a s s  f r a g m e n t s  ( c l a s s  Z ) ,  b) s e m i c r y s t a l l i n e  and 
h o l o c r y s t a l l i n e  i m p a c t i t e s  (class-V. I g n e o u s  r o c k  f r a g m e n t s  
( c l a s s  7 ) .  V I .  M i n e r a l  fragm-lass 8 ) .  

R e s u l t s  o f  p e t r o g r a p h i c  modal a n a l y s i s  and m i c r o p r o b e  b u l k  
a n a l y s i s  o f  t h e s e  p a r t i c l e  t y p e s  f rom A p o l l o  1 6  s o i l s  a r e  g i v e n  
i n  F i g s .  1 and 2 which  c o n t a i n  a l s o  a  number o f  p r e v i o u s l y  pub- 
l i s h e d ,  c o m p a r a t i v e  d a t a  from t h e  A p o l l o  14 and 15 and Luna 2 0  
s i t e s .  Modal a n a l y s e s  r e g a r d i n g  t h e  p r o p o r t i o n  of  t h e  two main 
t y ~ e s  o f  metamorphic  l i t h i c  f r a g m e n t s  f rom t h e  A p o l l o  1 4  s o i l s  
( c l a s s  5 = d a r k  m e t a b r e c c i a s  o f  (3 )  and c l a s s  6  = l i g h t  me ta -  
l ~ r e c c i a s  o f  ( 3 ) ) a r e  r ev iewed  i n  F i g .  4 .  

A p o l l o  16 s o i l  p a r t i c l e s  show a  r a t h e r  u n i f o r m  and d i s t i n c t  
c h e m i c a l  c o m n o s i t i o n  ( F i g .  1 )  which  f i t s  i n t o  a d i f f e r e n t i a t i o n  
s e r i e s  c a l l e d  a n o r t h o s i t i c - n o r i t i c - t r o c t o l i t i c  (ANT). The main 
c h a r a c t e r i s t i c s  o f  t h e  modal c o m p o s i t i o n  of  s o i l s  a r e  t h e  h i g h  
c o n c e n t r a t i o n  o f  c l a s s  5  and 4  p a r t i c l e s  a t  t h e  r i m  o f  Nor th  Ray 
c r a t e r ,  S o u t h  Ray i n f l u e n c e d  c o m p o s i t i o n  a t  s t a t i o n  8 and l a c k o f  
d i f f e r e n c e  be tween  C a y l e y  d e r i v e d  and D e s c a r t e s  m o u n t a i n s - d e r i v e d  
m a t e r i a l .  The c h e m i c a l  c o m p o s i t i o n  of  A p o l l o  1 4  l i t h i c  p a r t i c l e s  
d i f f e r s  d i s t i n c t l y  from t h e  A p o l l o  16 s u i t e  a s  w e l l  a s  from Luna 
2 0  and A p o l l o  1 5  h i g h l a n d  m a t e r i a l  by s m a l l e r  A l -  and Ca-, and  
h i g h e r  Fe -abundances  ( F i g .  1 ) .  P e t r o g r a p h i c a l l y  t h e y  a r e  l e s s  
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f e l d s p a t h i c .  Only  p a r t i c l e s  o f  c l a s s  5 and 6  a r e  p r e d o m i n a n t  
( 3 ,  3 ) .  The few A p o l l o  15  h i g h l a n d  r o c k s  sampled a r e  members o f  
t h e  ANT-suite  a g a i n .  P e t r o g r a p h i c a l l y ,  t h e y  a r e  c l o s e l y  r e l a t e d  
t o  some r o c k  t y p e s  o f  A p o l l o  16 ( 2 )  and d i s t i n c t l y  d i f f e r e n t  f rom 
t h e  A j ~ o l l o  14 m e t a b r e c c i a s  ( F i g .  1 ) .  A c c o r d i n g  t o  (5 )  t h e r e  a r e  
s t r o n g  s i m i l a r i t i e s  be tween Luna 2 0  and  A p o l l o  16 l i t h i c  f r a g -  
ments  ( F i g .  1 ) .  

F i g s .  3 and 4 show model  c a l c u l a t i o n s  f o r  t h e  r a d i a l  d i s -  
t r i b u t i o n  o f  Nor th  and S o u t h  Ray and  Cone ( F i g .  4 )  c r a t e r  e j e c t a .  
T h i c k n e s s e s  a r e  c a l c u l a t e d  a f t e r  ( 6 )  and ( 7 ) ( s o l i d  and b roken  
c u r v e s  r e s p . ) .  D o t t e d  and b r o k e n - d o t t e d  l i n e s  i n d i c a t e  a  l i n e a r  
s u b d i v i s i o n  o f  t h e  e j e c t a  t h i c k n e s s  ( p e r c e n t a g e w i s e )  i n t o  l a y e r s  
o r i g i n a t i n g  f rom d i f f e r e n t  p r e - i m p a c t  d e p t h s  ( c a l c u l a t e d  a f t e r  
( 7 ) ) .  On t h e  b a s i s  o f  t h r e e  mode l s  - s u e v i t e  and Bunte  B r e c c i a  
a t  R i e s  c r a t e r ,  Coconino s a n d s t o n e  and Kaibab l i m e s t o n e  a t  A r i -  
zona c r a t e r  and  e x p e r i m e n t a l  c r a t e r s  i n  s a n d  (7)  - i t  seems h i g h -  
l y  p r o b a b l e  t h a t  e j e c t a  a t  s t a t i o n  11 o r i g i n a t e  f rom t h e  u p p e r  
70 :n o f  t h e  C a y l e y  basement  a s suming  a  r e g o l i t h  t h i c k n e s s  o f  l o  m 

S i m i l a r l y  Cone c r a t e r  h a s  p r o b a b l y  n o t  sampled  d e e p e r  
t h a n ~ 2 o  m o f  t h e  F r a  Fi.lauro basement  assuming a  8 . 5  m t h i c k  r e g o -  
l i t h  ( F i g .  4 ) .  The l a r g e  b o u l d e r s  n e a r  t h e  c r a t e r  rims and i n  t h e  
b o u l d e r  f i e l d s  o f  b o t h  l a n d i n g  s i t e s  a r e  c o n s i d e r e d  t o  o r i g i n a t e  
from t h e  upper  few m e t e r s  o f  t h e  basement  r a t h e r  t h a n  from d e e p e r  
l e v e l s  a s  commonly assumed.  E v i d e n c e  f o r  t h i s  comes from t e r r e s -  
t r i a l  e j e c t a  f o r m a t i o n s  ( R i e s ,  A r i z o n a )  and e x p e r i m e n t a l  c r a t e r s  
( 7 )  

The f a c t  t h a t  t h e  young c r a t e r s  a t  t h e  A p o l l o  14 and 16 s i t e s  
have  e j e c t e d  m a t e r i a l  from much s h a l l o w e r  l a y e r s  t h a n  assumed s o  
f a r  q u e s t i o n s  t h e  v a l i d i t y  o f  t h e  s t a t i g r a p h y  o f  t h e  F r a  bfauro 
and Cay ley  f o r m a t i o n s  p r o p o s e d  by s e v e r a l  a u t h o r s  ( 1 ,  2 ,  8 ,  9 ) .  
We c o n c l u d e  t h e r e f o r e  t h a t  t h e  o r i g i n a l  F r a  Mauro f o r m a t i o n  
e j e c t e d  from t h e  Imbrium b a s i n  was h a r d l y  sampled  by Cone c r a t e r .  
Assuming s t e a d y  s t a t e  f o r  1  km c r a t e r s  on t h e  o r i g i n a l  F r a  Mauro 
f o r m a t i o n  we h a v e  t o  e x p e c t  a t  l e a s t  15-20 m o f  reworked F r a  biauro 
( 1 )  p l u s  8.5 rn of  r e g o l i t h  ( s a m p l i n g  d e p t h  o f  Cone c r a t e r - 3 0  m)  . 
l l ence ,  t h e  observecl  c o m p l e x i t y  o f  b r e c c i a  t e x t u r e s  may b e ,  i n  
p a r t  due  t o  l a t e r  reworkincr ,  Thermal  metamorphism migh t  have  
t a k e n  p l a c e  i n  s i t u  b u t  a t  a  d e e p e r  l e v e l  and  i n  a  t h i c k e r  F r a  
blauro f o r m a t i o n  o r  o t h e r w i s e  i n  t h e  p re - Imbr iwn  t e r r a n e  ( l o ) .  I f  
we admi t  a n y  a n a l o g y  t o  t e r r e s t r i a l  and e x p e r i m e n t a l  c r a t e r s  we 
s h o u l d  assume t h a t  t h e  o r i g i n a l  F r a  Vauro f o r m a t i o n  was e j e c t e d  
from a n  i n t e r m e d i a t e  t o  u p p e r  l e v e l  o f  t h e  p re - Imbr ium c r u s t  which  
i s  c h e m i c a l l y  c h a r a c t e r i z e d  b y  a  g a b b r o i c - n o r i t i c  c o m p o s i t i o n  
whereas  t h e  r o c k s  o f  A p o l l o  16 and  Luna 2 0  r e p r e s e n t  t h e  u p p e r ,  
e a r l y  f e l d s p a t h i c  c u m u l a t e s  of  t h e  l u n a r  c r u s t .  The A p o l l o  15  
h i g h l a n d  s u i t e  p r o b a b l y  b e l o n g s  t o  t h e  same c r u s t a l  l e v e l  r e p r e -  
s e n t i n g  t h e  r i m  a r e a  o f  e i t h e r  Imbrium o r  S e r e n i t a t i s  p r e d o m i n a n t -  
l y  composed o f  huge d i s p l a c e d  c r u s t a l  b l o c k s  r a t h e r  t h a n  o f  e j e c t a  
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thrown o u t  b a l l i s t i c a l l y  from d e e p e r  l e v e l s .  The c o n s t i t u e n t s  o f  
the  C a y l e y  f o r n l a t i o n  may b e  o f  r a t h e r  l o c a l  o r i g i n  (1 1 )  d e r i v e d  
from monomict b e d r o c k  b r e c c i a s  and i m p a c t  m e l t s  o f  l a r g e  i m p a c t  
c r a t e r s .  I t  seems i m p r o b a b l e  t h a t  t h e  q u i t e  megascop ic  f e a t u r e s  
o f  t h e  C a y l e y  b r e c c i a s  b e  p r o d u c e d  b y  g l o b a l  h i g h  v e l o c i t y  e j e c t a  
t r a v e l l i n g  n e a r  t h e  e s c a p e  v e l o c i t y  o f  t h e  moon ( 1 2 ) .  I n  s u c h  a  
c a s e  one s h o u l d  e x p e c t  more f i n e l y  c r u s h e d  m a t e r i a l .  
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