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The mechanism o f  m e t e o r i t i c  impact has been a  dominant one i n  t h e  
format ion and e v o l u t i o n  of t h e  l u n a r  r e g o l i t h .  A t  a  g iven p o i n t  on t h e  
l u n a r  s u r f a c e ,  smal l  c o l l i s i o n s  have occurred many t i m e s ,  those  of i n t e r -  
mediate s c a l e  a  few t i m e s ,  whi le  t h e  p r o b a b i l i t y  o f  t h e  l a r g e s t  even t s  i s  
l e s s  than  one.  Such a  s i t u a t i o n  i n v i t e s  t h e  use  of a  Monte Car lo  approach.  
The p r e s e n t  model a t t empts  t o  account f o r  a  very wide range of s o i l  
p r o p e r t i e s .  Among them a r e  t h e  observed smoothness of t h e  s o i l  s u r f a c e ,  
t h e  presence and d i s t r i b u t i o n  of  l a y e r s  i n  t h e  c o r e s ,  d i s tu rbance  of t h e  
depth  p r o f i l e s  of cosmogenic n u c l i d e s ,  and t h e  observed nuc lea r  t r a c k  
d e n s i t y  d i s t r i b u t i o n s .  

The b a s i c  i n p u t  d a t a  ( r a t e s  of impact ,  c r a t e r  s i z e  and shape,  e t c . . )  
a r e  t aken  mainly from t h e  work of Gault  and co-workers (1973) .  Above one 
gram, t h e  mass d i s t r i b u t i o n  law (m-lSo6 i n t e g r a l )  i s  t aken  from Neukum 
(1971) .  I t  i s  t h e  f l a t t e s t  p l a u s i b l e  d i s t r i b u t i o n .  C o l l i s i o n s  a r e  assumed 
random i n  t ime and space .  The depth/diameter  r a t i o  of c r a t e r s  i s  taken a s  
1 / 8  f o r  m a t e r i a l  e j e c t i o n .  C r a t e r s  formed by p a r t i c l e s  >1 g a r e  assumed t o  
have e j e c t a  b l a n k e t s  whose diameter  i s  t h r e e  t imes  t h a t  of t h e  c r a t e r .  
Smal ler  c r a t e r s  a r e  assumed t o  e j e c t  m a t e r i a l  wi th  a  mean v e l o c i t y  of 
1 mete r / sec  ( G a u l t ,  D .  E . ,  p r i v a t e  communication), and a  Maxwell d i s t r i b u t i o n .  
C r a t e r  d iametem.in  cm a r e  r e l a t e d  t o  p r o j e c t i l e  mass i n  grams by t h e  law:  
D = 3 0 . 9 x m l / ~ .  The r a t i o  of mass e  ' e c t e d  t o  p r o j e c t i l e  mass i s  t h e r e f o r e  
c o n s t a n t .  P a r t i c l e  masses from g (below which impact i s  e f f e c t i v e l y  
on "rock" r a t h e r  than  s o i l )  t o  1 0 l 0  g a r e  considered.  

Three s o r t s  of motion r e s u l t  from such impacts.  F i r s t ,  t h e r e  i s  t h e  
d i r e c t  e j e c t i o n  of s o i l  from t h e  c r a t e r .  Second, when s l o p e s  exceed t h e  
s t a t i c  ang le  of r e p o s e ,  slumping may occur .  F i n a l l y ,  because of t h e  low 
v e l o c i t y  of most of t h e  e j e c t e d  m a t t e r ,  t h e r e  i s  a  marked b i a s  toward 
downhil l  motion which t e n d s  t o  smooth t h e  s u r f a c e  and t o  keep t h e  exposed 
rocks  c l e a n .  About 2 - 3 x 1 0 - ~  cm/year of m a t e r i a l  i s  moved about a t  t h i s  
v e l o c i t y .  The model, u n l i k e  an e a r l i e r  ve r s ion  (Arnold,  1975) , reproduces  
t h e  observed mean s l o p e s .  The r e s u l t s  a r e  c o n s i s t e n t  wi th  Crozaz, e t  a 1  -- 
(1975) f o r  t h e  r a t e  of f i l l i n g  of meter-s ize  grooves i n  t h e  ~ . o i l .  

The modei has  been used t o  c a l c u l a t e  va lues  and d i s t r i b u t i o n s  f o r  
a  number of p r o p e r t i e s  of  t h e  s o i l ,  e s p e c i a l l y  those  which measure t h e  
bombardment by e x t e r n a l  p a r t i c l e s .  The r e s u l t s  a r e  i n  g e n e r a l  accord wi th  
obse rva t ion .  For example, t h e  ve ry  broad d i s t r i b u t i o n s  of t r a c k  d e n s i t y  
a r e  w e l l  accounted f o r .  
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D i s t i n c t  l a y e r s  o f  0.5 cm o r  more make up a  l a r g e  f r a c t i o n  of  t h e  
r e g o l i t h .  T h i s  i s  i n  q u a l i t a t i v e  agreement  w i th  o b s e r v a t i o n s  o f  s o i l  c o r e s .  
The p r e d i c t e d  mean d i s t u r b e d  d e p t h  on a  m i l l i o n  y e a r  ( ~ 1 ~ ~ )  t i m e  s c a l e  i s  
2 cm, w i t h  a  v e r y  wide d i s t r i b u t i o n  from p l a c e  t o  p l a c e  ( s e e  G a u l t ,  e t  a 1  
C19741 f o r  a  d i f f e r e n t  app roach ) .  

One p r o p e r t y  is  n o t  reproduced  by t h e  model:  t h e  observed  bombardment 
a g e s  a r e  s h o r t e r ,  by f a c t o r s  o f  2  t o  1 0 ,  t h a n  we can accoun t  f o r .  F i r eman ' s  
(1974)  e x p l a n a t i o n ,  mass ive  e j e c t i o n  from t h e  moon by c o l l i s i o n s ,  seems 
i n c o n s i s t e n t  w i t h  impact  d a t a  ( S c h n e i d e r ,  1 9 7 5 ) .  Most o t h e r  s imp le  
e x p l a n a t i o n s  o f  t h e  d i s c r e p a n c y  can  be  r u l e d  o u t .  E x p l a n a t i o n s  worth 
e x p l o r i n g  f u r t h e r  i n c l u d e  ( 1 )  t h e  n o n - s e l e c t i v e  l o s s  of  s p a l l a t i o n  r a r e  
g a s e s  from t h e  l u n a r  s o i l  by some mechanism and ( 2 )  removal  c f  m a t e r i a l  
from t h e  l u n a r  s u r f a c e  by s o l a r  wind i o n  s p u t t e r i n g  ( ~ o u s l e y ,  1 9 7 5 ) .  

The mixing of  a  mare b a s a l t  component i n t o  t h e  l u n a r  h i g h l a n d s ,  and 
o f  h i g h l a n d  m a t e r i a l  i n t o  t h e  m a r i a ,  p r e s e n t s  a  problem on a  l a r g e r  d i s t a n c e  
s c a l e  t h a n  we d e a l  w i t h .  I t  might  b e s t  be examined u s i n g  t h e  Monte C a r l o  
model o f  Qua ide  and Overbeck ( 1 9 7 5 ) .  

Although t h e  r e s u l t s  o f  t h e  model c a l c u l a t i o n s  do n o t  c o n t r a d i c t  
t h e  e x i s t e n c e  of  non-impact mechanisms o f  s o i l  t r a n s p o r t  ( C r i s w e l l ,  1973 ;  
Gold,  1 9 6 0 ) ,  t h e y  s u g g e s t  t h a t  such  p r o c e s s e s  p l a y  a  minor r o l e .  P a r t i c l e  
s i z e  s o r t i n g  i n  c o r e  l a y e r s  may b e  t h e  most u s e f u l  t o o l  i n  c l a r i f y i n g  t h i s  
q u e s t  i o n .  
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