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ABSTRACT 

Two gamma-ray s p e c t r o m e t e r s  w i t h  low backgrounds were u sed  t o  
d e t e r m i n e  r a d i o a c t i v i t y  o f  a  s u i t e  o f  l u n a r  s ample s  from t h e  
Ayo l lo  11 and Apo l lo  12 m i s s i o n s .  A s p e c t r o m e t e r  i n s t a l l e d  a t  
t h e  Lunar R e c e i v i n g  L a b o r a t o r y  p e r m i t t e d  r a p i d  a n a l y s i s  of s ample s  
d u r i n g  t h e  q u a r a n t i n e  p e r i o d ,  s o  t h a t  r a d i o n u c l i d e s  o f  s h o r t  h a l f -  
l i f e  c o u l d  be d e t e r m i n e d .  S t u d i e s  a t  l a t e r  t i m e s  were c a r r i e d  o u t  
on a  s p e c t r o m e t e r  o f  s i m i l a r  s e n s i t i v i t y  a t  Oak Ridge N a t i o n a l  
L a b o r a t o r y .  Data  a c q u i s i t i o n  and a n a l y s i s  methods were t h e  same 
a s  t h o s e  p r e v i o u s l y  d e s c r i b e d  f o r  s t u d i e s  o f  Apo l lo  11 samples .  

C o n c e n t r a t i o n s  were de t e rmined  f o r  t h e  p r i m o r d i a l  r a d i o e l e m e n t s  
K ,  Th, and U ,  and f o r  e i g h t  r a d i o n u c l i d e s  p roduced  th rough  
bombardment by g a l a c t i c  cosmic-ray and s o l a r - f l a r e  p r o t o n s .  
D e t e c t i o n  l i m i t s  were s e t  f o r  o t h e r  n u c l i d e s  i n  some c a s e s .  
Rapid a c c e s s  t o  Apo l lo  12 s amples  p e r m i t t e d  t h e  d e t e r m i n a t i o n  of 
16-day 4 8 ~  i n  s i x  s amples  and 5.7-day 5 2 ~ n  i n  two samples .  These  
c o n c e n t r a t i o n s  a r e  c o r r e l a t e d  w i t h  s o l a r - f l a r e  a c t i v i t y  and w i t h  
chemica l  compos i t i on .  

The c o n c e n t r a t i o n s  of  K ,  Th, and U f o r  11 c r y s t a l l i n e  r o c k s  
examined from t h e  Apo l lo  12 m i s s i o n  a r e  r e l a t i v e l y  c o n s t a n t  a t  
abou t  500, 1 . 0 ,  and 0.24 ppin, r e s p e c t i v e l y .  These  Apol lo  12 
r o c k s  do n o t  s5ow t h e  l a r g e  v a r i a t i o n s  n o t e d  f o r  t h e  c r y s t a l l i n e  
r o c k s  of Apol lo  11 b u t  a r e  s i m i l a r  t o  t h e  low-potassium r o c k s  of  
Apol lo  11. The f i n e s  and b r e c c i a  t o g e t h e r  a r e  r e l a t i v e l y  un i fo rm 
i n  compos i t i on ,  b u t  because  o f  t h e i r  much h i g h e r  c o n c e n t r a t i o n s  
of  r a d i o a c t i v e  e l e m e n t s ,  t h e y  c o u l d  n o t  have been formed d i r e c t l y  
from t h e  c r y s t a l l i n e  r o c k s  examined.  These s t u d i e s  a l s o  show 
t h a t  t h e  r a t i o  K/U e x h i b i t s  l i t t l e  v a r i a t i o n  o v e r  a  r ange  of 
abou t  4 0  i n  K o r  U c o n c e n t r a t i o n .  Now t h a t  more e x t e n s i v e  d a t a  
a r e  a v a i l a b l e ,  i t  a p p e a r s  t h a t  t h e  K/U r a t i o s  f a l l  i n t o  c h a r a c -  
t e r i s t i c  g roups .  

The h i g h  c o n c e n t r a t i o n s  of  K ,  Th,  and U i n  r o c k  12013 which we 
r e p o r t e d  d u r i n g  t h e  p r e l i m i n a r y  examina t ion  have been conf i rmed 
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by f u r t h e r  s t u d i e s .  Rock 12013 n o t  on ly  has  t h e  h i g h e s t  concen- 
t r a t i o n s  of t h e s e  r a d i o a c t i v e  e lements ,  bu t  t h e  r a t i o  Th/U is 
anomalously low, namely, 3.3 compared wi th  t h e  u s u a l  v a l u e  of 
about 3.9 f o r  most l u n a r  m a t e r i a l .  

Rock 12034 was dug from a  t r e n c h  and c o n c e n t r a t i o n s  of  cosmo- 
g e n i c  r a d i o n u c l i d e s  show evidence  of a t t e n u a t i o n  of t h e  bom- 
ba rd ing  p a r t i c l e  f l u x .  

The h igh c o n c e n t r a t i o n  g r a d i e n t s  of r a d i o n u c l i d e s  produced by 
s o l a r - f l a r e  p r o t o n s  were used t o  i d e n t i f y  t h e  t o p s  of s e v e r a l  
rocks .  T h i s  in fo rmat ion  al lowed u s  t o  deduce t h e  se lenograph ic  
o r i e n t a t i o n  of t h e s e  r o c k s .  

The v a r i a t i o n  w i t h  depth  f o r  t h e  c o n c e n t r a t i o n s  of r a d i o n u c l i d e s  
produced by cosmic-ray and s o l a r - f l a r e  p ro ton  bombardment was 
s t u d i e d  i n  two r o c k s .  The r e s u l t s  a r e  i n  q u a l i t a t i v e  agreement 
wi th  t h e o r e t i c a l  c a l c u l a t i o n s .  

Concen t ra t ions  of p r i m o r d i a l  r ad ioe lements  and of 2 2 ~ a  and 2 6 ~ 1  
were combined w i t h  r a r e  g a s  d a t a  from o t h e r  workers t o  o b t a i n  
gas  r e t e n t i o n  ages  and cosmic-ray exposure ages .  
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