
COSMIC RAY PRODUCED Mn AND Be RADIONUCLIDES I N  THE LUNAR REGOLITH; 
R.  C .  F inke l ,  Univers i ty  of Bern, Phys ika l i sches  I n s t i t u t ,  Bern, Swi tze r l and ;  
M .  Imamura, Dept . o f  Chemistry, Facul ty  of  S c i .  , Univ. o f  Tokyo, Tokyo, Japan;  
M .  Honda, K. Nishiizurni ,  I n s t .  f o r  S o l i d  S t a t e  P h y s i c s ,  Univ. o f  Tokyo, 
Tokyo 106 ,  Japan;  C .  P. Kohl, S. M .  Kocimski, and J .  R .  Armold, Univ. o f  

C a l i f .  , San Diego, La J o l l a ,  C a l i f .  92037. 

Once t h e  depth  p r o f i l e s  f o r  t h e  v a r i o u s  e f f e c t s  produced by high energy 
p a r t i c l e  bombardment of  t h e  und i s tu rbed  l u n a r  s u r f a c e  a r e  measured and 
understood,  they  can be used a s  probes f o r  t h e  r a t e s  of  s u r f a c e  p r o c e s s e s ,  
i n  p a r t i c u l a r  of  t h e  mixing of  t h e  l u n a r  r e g o l i t h .  The long- l ived r a d i o -  
n u c l i d e s  a r e  e s p e c i a l l y  u s e f u l  because of t h e i r  we l l - es tab l i shed  t i m e s c a l e s .  

5  3  6  
Mn (t1/2 = 3 . 7 ~ 1 0  y e a r s )  i s  t h e  most important  of  t h e s e .  It is 

measured us ing  a  s e n s i t i v e  neu t ron  a c t i v a t i o n  technique ( 1 )  which a l lows  u s  
t o  o b t a i n  a c t i v i t i e s  us ing f a i r l y  smal l  samples. The f a c t  t h a t  it i s  pro- 
duced mainly from Fe e l i m i n a t e s  complicating e f f e c t s  due t o  v a r i a t i o n s  i n  
t h e  chemical composit ion of  d i f f e r e n t  samples. Measurements have been made 
on a  s e r i e s  of samples t aken  from t h e  ends o f  s e c t i o n s  of  t h e  Apollo 16  
d r i l l  stem. These measurements agree  very  w e l l  wi th  our  e a r l i e r  d a t a  f o r  
t h e  Apollo 15 long c o r e  ( 2 )  and l i k e  our  Apollo 15  measurements a r e  i n  good 
agreement wi th  t h e  t h e o r e t i c a l  a c t i v i t y  p r o f i l e  c a l c u l a t e d  us ing  t h e  model 
of Reedy and Arnold (3). Thus it appears  t h a t  t h e  l u n a r  r e g o l i t h  a t  t h e  
s i t e s  of  both  t h e  Apollo 15  and 16  long cores  has  been undis turbed on a  
meter  s c a l e  f o r  t h e  p a s t  f i v e  m i l l i o n  y e a r s .  According t o  a  Monte Car lo  
model of mixing by m e t e o r i t i c  impact,  being developed by one of  u s  (J .R.A.) ,  
mixing of t h e  l u n a r  s u r f a c e  i n  t imes  comparable t o  t h e  ~n~~ h a l f - l i f e  
(us ing  present-day bombardment f l u x e s )  has  u s u a l l y  been confined t o  a  depth  
of t h e  o r d e r  of  cen t ime te r s .  The ~n~~ d a t a  a r e  c o n s i s t e n t  wi th  expec ta t ions  
on t h i s  model and a l s o  wi th  evidence from o t h e r  p r o p e r t i e s ,  such a s  Gd 
i so tope  anomalies.  One s e c t i o n  (60005) of t h e  Apollo 16 d r i l l  stem was 
not  completely f u l l  when r e t u r n e d  from t h e  moon. I t  was n o t  known i f  
m a t e r i a l  had been l o s t  from t h i s  s e c t i o n  o r  i f  t h e  d r i l l  stem had no t  been 
com l e t e l y  f i l l e d  and some o f  t h e  m a t e r i a l  had s l i d  up c r e a t i n g  a  gap.  The 
Mn5' a c t i v i t i e s  we measured g i v e  a  b e t t e r  f i t  wi th  t h e  previous  p r o f i l e  i f  
Q180 g  of  m a t e r i a l  i s  assumed t o  have been l o s t  from s e c t i o n  60005. 

~n~~ was a l s o  measured i n  s o i l  sample 63321, a  "permanently shadowed" 
s o i l .  The high a c t i v i t y  of  ~n~~ i n d i c a t e s  t h a t  it was n o t  sh ie lded  from 
cosmic-ray bombardment t o  an apprec iab le  e x t e n t .  

Various cosmogenic r a d i o n u c l i d e s  were measured i n  Apollo 17 t r e n c h  s o i l s  
78481 (0-1 cm dep th )  and 78421 (10-25 cm dep th ) .  Included were ~ e ~ ~ ,  ~ 1 ~ ~ ,  
Na22 and ~ e ~ .  These n u c l i d e s  have high a c t i v i t i e s  i n  t h e  s u r f a c e  sample 
r e f l e c t i n g  t h e  i n t e n s e  s o l a r  f l a r e  of August 4 ,  1972 and decrease  t o  t h e  
expected va lues  f o r  GCR bombardment i n  t h e  deep sample. 
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R. C .  F i n k e l  e t  a l .  -- 

The r a t i o  of  t h e  product ion r a t e s  of  t h e  r a d i o a c t i v e  Be i s o t o p e s  
( ~ e l O ,  1 . 5 ~ 1 0 ~  y e a r s ;  ~ e ~ ,  53 days)  i s  of  i n t e r e s t  f o r  l u n a r  s t u d i e s  and 
a l s o  f o r  broader r e a s o n s .  For example, it e n t e r s  i n t o  t h e  ques t ion  of  t h e  
mean l i f e t i m e  o f  " g a l a c t i c "  cosmic r a y s .  Because t h e  product ion r a t e s  
depend s i m i l a r l y  on t h e  energy of  t h e  bombarding p a r t i c l e ,  and because t h e  
GCR f l u x  appears  t o  have been c o n s t a n t ,  t h e  observed a c t i v i t y  r a t i o  should  
be c l o s e  t o  t h e  product ion r a t e  r a t i o .  The d i r e c t  measurements of  t h e  
French group ( 4 )  sugges t  a r a t i o  c l o s e  t o  0.08.  Radiochemical measurements 
( 5 )  have given a much h igher  va lue .  Cor rec t ion  f o r  t h e  new ~ e l o  h a l f - l i f e  
( 6 )  reduces  t h e  radiochemical  r a t i o  t o  about 0.15. Our measurements of  t h e  
r a t i o  i n  an Apollo 17  t r e n c h  s o i l  78421 (10-25 cm d e p t h ) ,  and a l s o  i n  t h e  
chondr i t e  Canon C i t y ,  g i v e  v a l u e s  c l o s e  t o  0.14.  I t  appears  t h a t  e i t h e r  
t h e  radiochemical  measurements a r e  more a c c u r a t e ,  o r  t h e  assumptions a r e  
v i o l a t e d .  Dependence on t h e  n a t u r e  of  t h e  bombarding p a r t i c l e  (p ro ton  o r  
neu t ron)  may be important .  
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