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Abs t rac t  

The g a l a c t i c  cosmic ray and s o l a r  wind exposure of lunar  

samples has  been i n v e s t i g a t e d  by means of r a r e  gas and Gd i s o t o p i c  

measurements. 

Neutron exposures obta ined from Gd i s o t o p i c  measurements 

f o r  va r ious  Apollo 11 and Apollo 12 s o i l  samples a r e  the  same t o  

w i t h i n  10%. This  i s  d i f f i c u l t  t o  understand i n  view of s t a t e d  

d i f f e r e n c e s  i n  t h e  r e g o l i t h  th ickness  a t  t h e  Apollo 12 and Apollo 11 

s i t e s .  The r e g o l i t h s  a t  d i f f e r e n t  mare s i t e s  appear t o  be well-mixed 

seas  from t h e  po in t  of view of nuc lea r  bombardment. 

The measured neutron exposures f o r  s o i l  samples permit 

r e g o l i t h  mixing depths  t o  be c a l c u l a t e d  f o r  t h e  Apollo 11 and 

Apollo 12 s i t e s .  Assuming t o t a l  mixing down t o  a  depth ,  L ,  va lues  

of L = 10-20 mete r s  a r e  obta ined us ing  new t h e o r e t i c a l  c a l c u l a t i o n s  

of t h e  neu t ron  f l u x  g r a d i e n t  by L i n g e n f e l t e r  and Canf ie ld .  This  

i s  d i s t i n c t l y  h i g h e r  than r e g o l i t h  th icknesses  es t imated  from 

c r a t e r  dep ths .  Use of p a r t i a l  mixing models and t h e  e f f e c t  of 

known u n c e r t a i n t i e s  i n  t h e  c a l c u l a t i o n s  would tend t o  make t h e  

d i s c r e p a n c i e s  l a r g e r .  Smaller  mixing depths  a r e  obta ined from 
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s p a l l a t i o n  Xe i n  s o i l  samples f o r  a  t o t a l  mixing model. 

The Apollo 1 2  double core  shows only a  smal l ,  but  

s i g n i f i c a n t ,  g r a d i e n t  i n  neu t ron  exposure (- 10% l a r g e r  a t  t h e  

bottom).  The observed s t r a t i f i c a t i o n  i s  thus  comparatively recen t  

(wi th in  t h e  l a s t  50 m.y.). L imi t s  on d e p o s i t i o n  t imes can be s e t  

f o r  v a r i o u s  l a y e r i n g  models. 
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  pol lo 12 rocks  have neutron exposures which a r e  s i m i l a r  t o  

the  Apollo 11 rocks .  No v a r i a t i o n s  i n  neu t ron  exposure a r e  

observed f o r  samples from d i f f e r e n t  depths  i n  12002. 

S t rong  evidence f o r  a  range i n  i r r a d i a t i o n  depths  

f o r  l u n a r  rocks  i s  ob ta ined  both  from t h e  r e l a t i v e  y i e l d s  

of r a r e  gas  s p a l l a t i o n  products  and from neu t ron  f l u x e s  c a l c u l a t e d  

from t h e  measured Gd i s o t o p i c  v a r i a t i o n s .  The f r a c t i o n  of t h e  

t o t a l  exposure time spen t  on t h e  lunar  s u r f a c e  i s  small  f o r  

most of t h e  Apollo 11 r o c k s .  

Cosmic ray  exposure ages  c a l c u l a t e d  f o r  d i f f e r e n t  

s p a l l a t i o n  products  wi th  product ion r a t e s  obta ined from measurements 

of r a d i o a c t i v e  n u c l e i  i n  l u n a r  samples a r e  i n  b e t t e r  agreement 

than those  c a l c u l a t e d  wi th  m e t e o r i t i c  product ion r a t e s .  Th i s  

sugges t s  t h a t ,  a l though f i n i t e ,  t h e  average i r r a d i a t i o n  dep ths  

were no t  l a r g e  (probably 4 60 cm) . 
An i n t e r n a l l y  c o n s i s t e n t  s e t  of s p a l l a t i o n  product 

exposure ages  has  been c a l c u l a t e d  f o r  14 T r a n q u i l l i t y  Base 

rocks .  Four, poss ib ly  f i v e ,  of seven "low-K" rocks  appear t o  

be grouped wi th  an  exposure age of around 100 m.y. A t  l e a s t  f i v e  

major impacts a r e  requ i red  t o  produce t h e  14 rocks .  

High p r e c i s i o n  ( b e t t e r  than  0.1% f o r  t h e  major i s o t o p i c  

r a t i o s )  Xe and K r  ana lyses  of g r a i n  s i z e  f r a c t i o n s  from Apollo 11 

and Apollo 12 s o i l s  have been c a r r i e d  o u t .  These d a t a  a r e  

i n t e r p r e t e d  i n  terms of a  "SUCOl!'(surface c o r r e l a t e d ;  p r imar i ly  s o l a r  

wind) and a  volume c o r r e l a t e d  (p r imar i ly  s p a l l a t i o n )  component. 

The Apollo 11 d a t a  have been analyzed i n  d e t a i l  and a r e  c o n s i s t e n t  

wi th  t h i s  model. The d e r i v e d  s p a l l a t i o n  Xe spectrum i s  i n  good 

accord wi th  t h a t  observed f o r  lunar  r o c k s ;  however, t h e  K r  
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s p a l l a t i o n  spectrum has  excess  ~r~~ and K r  compared t o  lunar  

rocks o r  m e t e o r i t e s .  Independent evidence e x i s t s  f o r  a  K r  s p a l l a t i o n  

spectrum of t h i s  t y p e .  SUCOR K r  i s  r e l a t e d  t o  atmospheric K r  by 

a  mass f r a c t i o n a t i o n  of 0.7% per  mass u n i t  f a v o r i n g  the  l i g h t e r  

i s o t o p e s  i n  t h e  atmosphere.  SUCOR Xe appears  t o  be complex and may 

c o n t a i n ,  i n  a d d i t i o n  t o  s o l a r . w i n d ,  a d d i t i o n a l  components from 

t h e  lunar  atmosphere ( f o r  example, f i s s i o n  X e )  which have been 

implanted by s o l a r  wind a c t i o n .  
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