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Kobayashi , K. Yoshida , H. Yamashita , 
R. C. ReedyC6, M. Iionda2 and J. R. Arnold;  Dept. of  Chemistry,  8-017, Univ. o f  
C a l i f . ,  San Diego, La J o l l a ,  CA 92093 ( U .  S. A.) , ' 1ns t .  f o r  Nuclear  S  udy, 
Univ. of  Tokyo ( J a p a n ) ,  2 ~ e p t .  of  Chemistry,  Nihon Univ., Tok o  ( J a p a n ) ,  'Res. X Cente r  f o r  Nuclear  S c i .  and Tech. ,  Univ. o f  Tokyo ( J a p a n ) ,  Dept. o f  Che is- 'g t r y ,  Univ. of Tokyo ( J a p a n ) ,  5 ~ e p t .  of  P h y s i c s ,  Univ. o f  Tokyo ( Japan) ,  Los 
Alamos Na t iona l  Lab, Los Alamos, NM 87545 (U. S .  A . )  

The comparison of 2 6 ~ 1 ( t 1 1 2  = 7 . 0 5 ~ 1 0 ~  y e a r s )  and 53Mn(3.7x106 y e a r s )  
d e p t h  p r o f i l e s  i n  t h e  s u r f a c e s  of  t h r e e  l u n a r  r o c k s  (12002 [ I ]  , 14321 [ 2 ] ,  and 
68815[3])  w i t h  t h e  t h e o r e t i c a l  SCR(so1ar cosmic r a y s )  p roduc t ion  p r o f i l e s [ 4 ]  
i n d i c a t e s  t h a t  t h e  f l u x  of s o l a r  p ro tons  ove r  t h e  p a s t  f i v e  t o  t e n  m i l l i o n  
y e a r s  was similar t o  t h a t  du r ing  t h e  p a s t  m i l l i o n  y e a r s  and t h a t  t h e  ave rage  
SCR spectrum and f l u x  were c h a r a c t e r i z e d  by a r i g i d i t y  K = 100 MV and a  f l u x  
J = 70 pro tons /cm2 s e c  (E > 10 MeV, 4n).  These c a l c u l a t i 8 n s  assume 0.5 - 2.2 
m/My e r o s i o n  r t e s  f o r  t h e  t h r e e  r o c k s [ 3 , 5 ] .  I n  t h i s  p r e s e n t  work, we meas- 8 ured  ''Be ( 1 . 6 ~ 1 0  y e a r s )  i n  rock  68815 t o  unde r s t and  t h e  SCR p roduc t ion  of 
t h i s  n u c l i d e  and t o  v e r i f y  t h e  SCR parameters .  

Four t een  s ~ g l e s  w e r g  s e p a r a t e d  from a l i q u a n t  samples t h a t  we had used 
p r e v i o u s l y  f o r  Al and 3 ~ h  measurements[3] .  The samples measured h e r e  from 
t h r e e  d i f f e r e n t  z e n i t h  ang igs  (~ -45 ' ,  ~ -37 ' ,  and C-12') and fou r  d i f f e r e n t  
d e p t h s  ( 0  - 4  mm). The Be measurements were c a f h i e d  o u t  a t  t h e  U n i v e r s i t y  
of  Tokyo tandem Van d e  Graaff  a c c e l e r a t o r [ 6 ] .  T h f ~  Be c o n c e n t r a t i o n s  i n  Sam- 
p l e s  from f a c e  C a r  shown i n  t h e  f i g u r e .  The Be r e s u l t s  were a  u s t e d  t o  5 I f a  s a t u r a t i o n  us ing  t h e  K r - K r  exposure  age (2.G4 + 0.09 My)[7]. The Be pro- 
f i l e s  f o r  f a c e  A and B a r e  e s s e n t i a l l y  t h e  same a s  f o r  f a f g  C ,  w i t h i n  e r r o r .  
The f i g u r e  a l s o  shows d a t a  f o r  two deeper  samples.  The Be p r o f i l e s  a r e  
ex t remely  f l a t  f o r  a l l  t h r e e  phases  and show a 2 x e r y  s l i g h  i n c r e a s e  wi th  
i n c r e a s i n g  dep th .  T h i s  shape i s  i n  c o n t r a s t  t o  t h e  Al and 53Mn p r o f i l e s ,  
which show s h a r p  i n c r e a s e s  i n  a c t i v i t y  toward t h e  s u r f a c e  due t o  SCR produc- 
t i o n  o f  t h e s e  n u c l i d e s [ l , 2 , 3 ] .  

It i s  n e c e s s a r  t o  s u b t r a c t  t h e  GCR ( g a l a c t i c  cosmic r a y s )  produced ' O B ~  Yo from t h e  observed  Be t o  s e e  t h e  SCR component. The expected  GCR p roduc t ion  
p r o f i l e  was c a l c u l a t e d  based on t h e  Reedy-Arnold model[4]  and i s  shown i n  t h e  
f i g u r e .  The o r i g i n a l  model[4]  and new c r o s s  s e c t i o n s [ 8 ]  were used f o r  bo th  GCR 
and SCR c a l c u l a t i o n s .  The Reedy-Arnold GCR p r o f i l e  f i t s  t h e  68815 d a t a  v e r y  
w e l l .  However, t h e r e  is no s i g n  of SCR produced "Be i n  this l t ;ock.  The 
Reedy-Arnold SCR model p r e d i c t s  an  SCK produc t ion  of about  2 dpm ~ e / k g ~  i n  
t h e  s u r f a c e  l a y e r  u s ing  a  f l u x  w i t h  R = 100 MV and J ( > 1 0  MeV) = 70 p/cm s ,  
t h e  v a l u e s  w e  had o b t a i n e d  f r m  2 6 ~ 1  an8 53Mn. There  a r e  s e v e r a l  p o s s i b l e  
e x p l a n a t i o n s  f o r  t h e  d i s c r e p a n c y  between t h e  model and t h e  d a t a :  ( 1 )  The Be 
p ro ton  induced c r o s s  s e c t i o n s  a r e  t o o  h i g h ,  e s p e c i a l l y  a t  t h e  low e n e r g i e s  
t h a t  dominate t h e  SCR f l u x .  There  a r e  no c r o s s  s e c t i o n  measurements below 135 
l&V f o r  p ro tons  on oxygen, which i s  t h e  main t a r g e t  lement  f o r  t he  p roduc t ion  

Be i n  our sample. Low energy c r o s s  s e c t i o n s  f o r  ''Be product ion  from oxygen 
and o t h e r  e lements  should  be measured by AMS ( a c c e l e r a t o r  mass spec t rome t ry ) .  
( 2 )  The average  SCR f l u x  and mean r i g i d i t y  over  t h e  l a s t  two m i l l i o n  y e a r s  
d i f f e r e d  from t h t  above va lues .  In  pa f / j i cu l a r ,  t h e  R was lower than  100 MV. 
The Reedy-Arnold model shows t h a t  t h e  Be p r o d u c t i  q g O r a t e s  5ge v a r y  s e n s i t i v e  
t o  changes i n  K . 4 l though  t h e  p roduc t ion  r a t e s  of  A1 and Mn a r e  l e s s  sen- 
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s i t i v e  at near i u r f a c r  d e p t h s  t o  changes i n  R a  h i g h e r  SCR f l u x  and l a r g e r  
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e r o s i o n  r a t e s  would b c  r e q u i r e d  t:.) i1.t t h o s e  p q o f i l e s  i f  we use  a  lower  R . 
I t  i s  ~iown that. h = 1l_iijF1V <:r,< J = 70 p/cm" s a r e  n o t  unique pa rame te r s  t o  .> 3, 0 
f i t  t h e  "Ai and 'm p r o f i l e s  i n  lunar s u r f a c e  rocbs151.  However, l ower ing  
t h e  R c o n f l i c t s  ~ i t h  t h e  argument by Bhandari  e t  a 1 . [ 9 ]  who proposed a  h i g h e r  

0 
Ro than  100 MV. Reedy [ l U ] ,  u s i n g  d i a  of Yaniv e t  e l .  [ 1 1 ] ,  a l s o  found a  3 somewhat h i g h e r  R f o r  the  period 3x10 y e a r s ,  b u t  t h i s  i s  n o t  n e c e s s a r i l y  a  
c o n t r a d i c t i o n .  ( 3 ) O ~ h e  c a l c u l a t e d  GCR p roduc t ion  r a t e s  a r e  t o o  h i g h  n e a r  t h e  
s u r f a c e  due t o  t h e  d i t f i c u l t y  of e s t i m a t i n g  t h e  Reedy-Arnold f l u x e s .  2This  
r e q u i r e s  t h a t  t h e  GCR yroducfhon p r o f i l e  d e c r e a s e  abou t  29% from 1  g/cm t o  
t h e  s u r f a c e  t o  o b t a i n  2 dpm Be/kg SCR p r o d u c t i o n  i n  t h i s  r eg ion .  The re  i s  no 
t h e o r e t i c a l  and expe r imen td l  suppor t  f o r  such an a b r u p t  change. 

P rev lous  ''Be rneasureiicnt2 I* !iiOi, 14310, and 14316 u s i n g  decay  count-  
ing t e c h n l q u e s [ l , 2 1  a r e  Ln good agreement k i t h  t h e  Ee a c t i v i t y  found i n  
68815 by AMS measurements  a n d  shaw no i n c r e a s e  a t  t h e  s u r f a c e .  S ince  s u b s t a n -  
t i a l l y  a l l  t h e  "E, was produced by GCR, we can conclude  t h a t  no s i g n i f i c a n t  
changes i n  t h e  GCR f l u x  be re  o b s s ~ v e d  d u r l n g  t h e  l a s t  few m i l l i o n  y e a r s .  

We k i s h  t o  t hank  T .  Inoue for h i s  h e l p  w i t h  t h e  expe r imen t .  T h i s  work 
was suppor ted  by NASA Grant M G  9-33 and NASA Order T-294M. - - 
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