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S o l a r  and g a l a c t i c  cosmic r a y  e f f e c t s  i n  lunar  samples r e s u l t i n g  i n  
induced r a d i o a c t i v i t y ,  s t a b l e  r a r e  gas i s o t o p e s  and p a r t i c l e  t r a c k s  have 
shown t h a t  most lunar  rocks have had complex exposure h i s t o r y .  Rocks wi th  
simple one- s t a g e  exposure h i s t o r y  can e a s i l y  be i d e n t i f i e d  from concordance 
o f  exposure ages based on d i f f e r e n t  methods l i k e  t r a c k s ,  c r a t e r s ,  v a r i o u s  
r a r e  gas  i s o t o p e s  and rad io - i so topes  wi th  d i f f e r e n t  h a l f - l i v e s .  Such rocks 
should be i d e a l  f o r  e s t i m a t i n g  t h e  long-term c h a r a c t e r i s t i c s  o f  s o l a r  and 
g a l a c t i c  cosmic r a d i a t i o n ,  but  ha rd ly  any rock e x i s t s  which s a t i s f i e s  t h e s e  
c r i t e r i a .  We have e a r l i e r  s t u d i e d  s u r f a c e  samples o f  s e v e r a l  rocks t o  o b t a i n  
t h e  average s o l a r  f l a r e  f l u x e s  ( I ) ,  based on rad ionuc l ide  A1-26. Of t h e s e ,  
rock 61016 i s  one where d iscordance i n  t r a c k s ,  r a r e - g a s  and c r a t e r  ages i s  
minimal. They a l l  g i v e  an exDosure age o f  n e a r l y  1 . 5  Myr. and t h e  t r a c k  
d e n s i t y  p r o f i l e  i s  s  i m i  1 a r  t o  t h e  product ion expected (1) . We have now 
s t u d i e d  A1-26 i n  t h i s  rock a t  f i n e r  depth  i n t e r v a l s  t o  o b t a i n  t h e  product ion 
p r o f i l e  wi th  a  b e t t e r  depth  r e s o l u t i o n .  Five samples taken a t 4 . 5 ,  6 . 6 ,  7 ,  
13 .5  and 14.7  + 2 mm &pth  were prepared.  The samples were processed 
chemical ly  for-A1203 which was counted on a  8-y coincidence spect rometer .  
By a  modi f i ca t ion  o f  o u r  e a r l i e r  count ing system and combination of  d i f f e r e n t  
energy channels we have been a b l e  t o  achieve a  counter  performance of 27% 
e f f i c i e n c y  wi th  1 . 4  x  10-2 cpm background. These d a t a  t o g e t h e r  wi th  t h e  
measurement i n  t h e  s u r f a c e  sample (0 -0 .3  mm) provide  t h e  A1-26 p r o f i l e  i n  t h i s  
rock.  The d a t a  a r e  c o n s i s t e n t  with t h e  p r o f i l e  given e a r l i e r  (1) and y i e l d  
s o l a r  f l a r e  f l u x  parameters ,  J = 125 p r o t o n s / ( s q .  cm. s e c .  4" s r ,  > 10 MeV), 
Ro = 150 blV. The Ne-21, Ye-22 d a t a  i n  t h i s  rock a r e  shown i n  Fig .  1, where 
measurements i n  rock 64435 a r e  a l s o  included.  The exper imenta l  d a t a  a r e  
compared wi th  p r o f i l e s  c a l c u l a t e d  wi th  va r ious  f l u x  parameters  i n  t h i s  f i g u r e  
which i n d i c a t e s  t h a t  t h e  Ne-21 and Ye-22 p o i n t s  f i t  b e s t  ( J ,  Roj = (110, 100). 
The helium-3 y i e l d s  s t i l l  lower f l u x  o f  (70, 100) (23, The lower f l u x e s  
ob ta ined  from r a r e  gas d a t a  thus  seem t o  r e f l e c t  gas l o s s  on t h e  lunar  s u r f a c e  
s i n c e  s e v e r a l  p r o c e s s e s ,  such a s  chipping,  shock and h e a t i n g  by micrometeor i te  
impacts,  a r e  known t o  occur  on t h e  moon which can r e s u l t  i n  severe  gas  l o s s ,  
a s  has  been demonstrated i n  case  of rock 68815 where over  97% of helium and 
30% neon has  been l o s t ( 3 ) ,  A1-26 a c t i v i t y  on t h e  o t h e r  hand i s  not  e f f e c t e d  
by such p rocesses  and t h u s  appears  t o  be t h e  b e s t  t r a c e r  f o r  e s t ima t ing  t h e  
long term average cosmic r a y  c h a r a c t e r i s t i c s .  

We have a l s o  s t u d i e d  two rocks 69935 and 69955 taken from t h e  t o p  and 
bottom face  of  a  boulder  wi th  complex exposure h i s t o r y  ( 4 , s ) .  Some s t u d i e s  
have a l r e a d y  been r e p o r t e d  on t h e s e  rocks .  Because of  t h e  p o s s i b i l i t y  of  
l o s s  o f  gas a s  d i scussed  above, we have made measurements of  A1-26 and t r a c k s ,  
Since  r a r e  gases  and t r a c k s  a r e  cumulative over  t h e  whole exposure p e r i o d  
whereas A1-26 a c t i v i t y  i s  on ly  r e p r e s e n t a t i v e  of  exposure dur ing  t h e  p a s t  
3  h a l f - l i v e s  (% 2 b l y r ) , i t  provides  some informat ion about t h e  most r e c e n t  
exposure of t h e  bou lde r ,  Various r e s u l t s  a r e  summarised i n  Table 1, The 
s e p a r a t i o n  of 69935 and 69955 i s  about 180 g,cm-*, The t r a c k  p r o f i l e  i n  
69935 shows a good plateauC71 and gave a  s u r f a c e  exposure of 0 , s  Myr, The 
bottom sample 69955 d i d  no t  r e v e a l  any t r a c k s  i n d i c a t i n g  a  s h o r t  exposure 
a t  shal low dep ths .  The t a b l e  shows t h a t  exposure ages ob ta ined  by d i f f e r e n t  
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Fig.  1. Calcu la ted  (SCR+GCR)  product ion p r o f i l e s  f o r  rocks 61016 and 64435. 
The e f f e c t s  due t o  e ros ion  and exposure geometry have been taken i n -  
t o  account i n  t h e  c a l c u l a t i o n s .  The d a t a  a r e  from ( 6 ) .  

Table 1 

Exposure ages of  rocks  69935 and 69955 (Myr) 

Rock 

* No t r a c k s  were seen i n  t h i s  rock g iv ing  a l i m i t  o f  Q 103 
p e r  cm2. 

9 A1-26 i n  t h i s  sample has  been measured t o  be about 120 dpm 
p e r  kg o f  rock .  
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methods a r e  d i scordan t  i n  both  t h e  rocks ,  Thus t h e  boulder  shows m u l t i p l e  
exposures wi th in  t h e  top  few meters o f  t h e  lunar  r e g o l i t h  and a t  l e a s t  f o u r  
even t s  a t  approximately 4,  2, 1 . 5  and 0 , s  Myr. pe r iod  must have taken p l a c e ,  
a s  i n d i c a t e d  by var ious  exposure ages  given i n  Table 1 ,  
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