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W e  have measured cosmic ray  produced 2 6 ~ 1  (t l I2  = 7 . 2 ~ 1 0 5  y) i n  t h e  
Apollo 1 5  long c o r e  f o r  s tudy  of t h e  g a l a c t i c  cosmic r a y  (GCR) product ion pro- 
f i l e s  us ing  a c c e l e r a t o r  mass spectrometry .  26Al i n  t h e  c o r e  was p rev ious ly  
measured by t h e  B a t t e l l e  group 111, but  some of t h e  d a t a  inc lude  h igher  s t a t i s -  
t i c a l  e r r o r s  (up t o  ~ 2 5 % )  because of lower a c t i v i t y  l e v e l s  of deep c o r e  samples. 
A s  a p a r t  of a program t o  complete measurements of s w e r a l  cosmic r a y  produced 
n u c l i d e s  i n  t h e  long c o r e ,  we have re-measured 26~1. 

Al was chemical ly  separa ted  from t h e  s o i l  sample. Even though h i g h l y  
e n s i t f v e  a c c e l e r a t o r  mass spectrometry  r e q u i r e s  only  a smal l  sample s ; z e  f o r  

q 6 A l  measurements, we used r e l a t i v e l y  l a r g e  sample s i z e s  (50-350 mg) t o  p e r m ~ t  
a l s o  measurement of 3 6 ~ 1  and l o ~ e  i n  t h e  same samples 121 , The 26~1  measure- 
ments were performed on t h e  Univers i ty  of Pennsylvania FN tandem Van d e  Graaff 
a c c e l e r a t o r .  The 7+ charge s t a t e  was s e l e c t e d  a t  t h e  7 .5  MV t e rmina l  of t h e  
t ndem. W e  have measured 2 6 ~ 1 / 2 7 ~ 1  r a t i o s  of 4 ~ 1 0 ' ~ ~ - 2 x 1 0 - ~ ~  ($3-20x10'~ dpm 
28Al) I n  t h e s e  measurements we have reached a background l e v e l  % 7 x 1 0 - ~ ~  
2 6 ~ / i 7 ~ 1 .  F ig .  1 shows 2 6 A l  a c t i v i t y  i n  t h e  Apollo 15 long c o r e  a long wi th  
previous  measurements of 2 6 ~ 1  by decay count ing i n  t h e  same c o r e  [1 ,3 ,4]  . The 
exper imental  e r r o r  of a c c e l e r a t o r  mass spectrometry  i s  4-7%; however, t h e  
chemical  a n a l y s i s  i s  s t i l l  i n  a p re l iminary  s t a g e  so  t h a t  t h e  f i n a l  v a l u e s  may 
be changed by %lo%. I n  Fig .  1, a s o l i d  l i n e  shows t h e  Reedy-Arnold c a l c u l a t e d  
dep th  p r o f i l e  [5] normalized t o  our  p re l iminary  experimental  va lues .  The 
a b s o l u t e  c a l c u l a t e d  v a l u e s  a r e  about 20% h igher  than t h i s  l i n e .  However, t h e  
shape of t h e  p r o f i l e  i s  i n  good agreement w i t h  t h e  Reedy-Arnold p r o f i l e  except  
f o r  t h e  deepes t  sample (15001,361). Our p re l iminary  chemical  a n a l y s i s  i n d i c a t e s  
t h a t  15001,361 has  a d i s t i n c t  chemical composition from t h e  o t h e r  samples. The 
average A 1  con ten t  i n  t h e  c o r e  is  6.3%. On t h e  o t h e r  hand, 15001,361 c o n t a i n s  
4.9% of Al, and a l s o  lower Ca, K and h igher  Fe than t h e  o t h e r  samples. I f  we 
normal ize  t h e  2 6 A l  i n  15001,361 t o  t h e  average chemical composition and assume 
21.9% Si, us ing  t h e  e lemental  product ion r a t i o  c a l c u l a t e d  by Reedy-Arnold 151, 
t h e  2 6 ~ 1  conten t  w i l l  be  inc reased  by 11% and f i t  n i c e l y  on t h e  model curve.  

The a b s o l u t e  2 6 ~ 1  a c t i v i t y  observed i n  t h i s  experiment i s  about 25% lower 
s y s t e m a t i c a l l y  than t h a t  measured by R a n c i t e l l i  e t  a 1  [ I ]  by non-dest ruct ive  
y-y coincidence count ing.  The 2 6 A l  con ten t  of one s u r f a c e  sample, 15006,267, 
i s  i n  good agreement w i t h  Fruch te r  e t  a 1  141 w i t h i n  e r r o r .  Kohl 131 measured 
2 6 A l  i n  f o u r  samples by B-y coincidence a f t e r  radiochemical  s e p a r a t i o n .  Even 
though h e r  r e s u l t s  have a l a r g e  e r r o r ,  t h e  v a l u e s  a r e  i n  f a i r l y  good agreement 
wi th  thds  experiment.  The discrepancy between nondes t ruc t ive  and d e s t r u c t i v e  
methods i s  n o t  y e t  understood. 

For comparison w i t h  26~1, t h e  5 3 ~  (t112 = 3 . 7 ~ 1 0 ~  y) dep th  p r o f i l e  i s  
shown i n  Fig .  2. Twenty-three 53Nn d a t a  (below 20 g/cm2) a r e  s e l e c t e d  from 
f o u r  c o r e  samples [6-91 . Using u n i t s  of dpm 53Mn/kg Fe, t h e  53Mn a c t i v i t y  can 
be d i r e c t l y  compared t o  o t h e r  samples of d i f f e r e n t  chemical composit ion,  because 
Fe i s  t h e  only  s i g n i f i c a n t  t a r g e t  element from t h e  product ion of 53Mn i n  l u n a r  
samples. 

High energy GCR, 1 GeV o r  h igher ,  produce secondary p a r t i c l e s  wi th  v a r i o u s  
energ ies  by n u c l e a r  i n t e r a c t i o n  i n  t h e  moon'. The product ion r a t e s  of cosmo- 
genic  n u c l i d e s  change w i t h  depth  due t o  t h e  changing f l u x  of secondary p a r t i c l e s .  
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Below 50 g/cm2, t h e  production r a t e  decreases approximat~ly  exponentially with 
increasing depth. Both 2 6 ~ 1  and 53Mn a r e  low energy products,  which a r e  pro- 
duced by s imi l a r  nuclear  reac t ions  such a s  2 7 ~ ~ ( n ,  2n) , 2 8 ~ i ( n , p 2 n )  , (n,  3n) . . . . 
and 5 4 ~ e ( n , p n )  , (n,  2n) , 5 6 ~ e ( n  3np) , . . . From t h i s  experiment t h e  half  - 
a t tenuat ion  length  (dl/2) f o r  2 6 ~ 1  production can be ca lcu la ted  t o  be 122 g/cm2 
(150-400 g/cm2 region) o r  133 g/cm2 (100-400 g/cm2 region) a f t e r  normalizing 
t h e  da t a  t o  average chemical composition. On t he  other  hand, Imamaura e t  a 1  
reported t h a t  t he  half-at tenuat ion length  (all2) f o r  53Eh, of A 0110 15 d r i l l  
core was 162 g/cm2 161. However, i f  we combine a l l  ava i l ab l e  j311n da t a ,  d1/2 
is  ca lcu la ted  t o  be 123 g/cm2 (150-400 g/cm2 region) o r  134 g/cm2 (100-400) 
and is i n  exce l len t  agreement with 26~1. 

Because of t h e  small sample s i z e  now required f o r  measiirements of 2 6 ~ 1  
and o ther  long-lived radionucl ides ,  it i s  now poss ib le  t o  reso lve  experi-  
mentally t h e  production r a t e s  i n  important t a r g e t  elements, using mineral 
f r a c t i o n s  of d i s t i n c t  composition, 
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