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The t e c h n i q u e s  of n o n d e s t r u c t i v e  gamma-ray spec t rome t ry  have made i t  
p o s s i b l e  t o  s t u d y  i n  some d e t a i l  t h e  i r r a d i a t i o n  h i s t o r y  of l u n a r  samples by 
measuring 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 s o l a r  and g a l a c t i c  
cosmic-ray bombardment. Samples from t h e  Apol lo  17 mis s ion  proved t o  be  of 
g r e a t  s i g n i f i c a n c e  t o  such  i r r a d i a t i o n  s t u d i e s  because ,  p r i o r  t o  c o l l e c t i o n ,  
t h e s e  samples had been s u b j e c t e d  t o  bombardment by t h e  i n t e n s e  s o l a r  f l a r e  of 
4-9 August 1972,  t h e  l a r g e s t  s o l a r  cosmic-ray e v e n t  eve r  observed .  Addi t ion-  
a l l y ,  t h e  Apol lo  17  samples were o b t a i n e d  us ing  t h e  most advanced sampling 
and documenta t ion  p rocedures  of any l u n a r  mi s s ion .  

Beginning o n l y  s i x  days  a f t e r  splashdown, w e  ana lyzed  22 samples from 
Apollo 17 f o r  cosmogenic r a d i o n u c l i d e  c o n t e n t .  R e s u l t s  a r e  g i v e n  i n  Tab le  1. 
The equipment and methods of n o n d e s t r u c t i v e  gamma-ray spec t rome t ry  a r e  e s sen -  
t i a l l y  t h o s e  we developed f o r  u s e  i n  o t h e r  Apollo mis s ions  ( 1 , 2 ) .  

The p a t t e r n  o f  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  Tab le  1 i s  q u i t e  d i s t i n c t  
from t h a t  of any r e v i o u s  mis s ion .  The l a r g e  enhancement of t h e  y i e l d s  of  
2 2 ~ a ,  5 4 ~ n ,  and "Co is  due  t o  t h e  August ,  1972 s o l a r  f l a r e .  The h i g h  i n t e n -  
s i t y  of t h e  f l a r e  made i t  p o s s i b l e  f o r  u s  t o  i d e n t i f y  7 ~ e  i n  a  l u n a r  sample 
f o r  t h e  f i r s t  t i m e :  i n  skim s o i l  73221 w e  were a b l e  t o  d e t e c t  450+350 dpm/kg 
of 7 ~ e .  

Because chemica l  a n a l y s i s  d a t a  are l a c k i n g  f o r  most of  t h e  samples r e -  
po r t ed  h e r e ,  d e t a i l e d  i n t e r p r e t a t i o n s  canno t  be  made i n  some c a s e s .  However, 
t h e  chemica l  a n a l y s e s  r e p o r t e d  by t h e  P r e l i m i n a r y  Examination Team (3) show 
t h a t  t h e  major  e lement  composi t ions  of rocks  and s o i l s  a t  Taurus-Li t t row a r e  
similar t o  t h o s e  of t h e  Apollo 1 5  s i t e .  F u r t h e r ,  t h e  chemica l  behav io r  a t  t h e  
v a r i o u s  sampling s t a t i o n s  a p p e a r s  t o  be  s u f f i c i e n t l y  r e g u l a r  t o  pe rmi t  u s  t o  
e s t i m a t e  t a r g e t  e lement  c o n c e n t r a t i o n s  where needed t o  o b t a i n  semi-quant i ta -  
t i v e  i n t e r p r e t a t i o n s  of  r a d i o n u c l i d e  y i e l d s .  

Samples from p rev ious  m i s s i o n s  t y p i c a l l y  showed 2 6 ~ 1 / 2 2 ~ a  r a t i o s  1 2 ,  i f  
t h e  2 6 ~ 1  had ach ieved  i t s  s a t u r a t i o n  v a l u e .  The r a t i o  2 6 ~ 1 / 2 2 ~ a  i n  most 
Apol lo  17 samples i s  c l o s e  t o  u n i t y ,  because  t h e  s o l a r  f l a r e  bombardment more 
than  doubled t h e  amount of 2 2 ~ a  p r e s e n t  b e f o r e  t h e  f l a r e  occu r red .  Uncer ta in-  
t i e s  i n  chemica l  composi t ion  make i t  d i f f i c u l t  t o  i d e n t i f y  samples of low 
exposure  w i t h  r e s p e c t  t o  t h e  0.74 m.y. h a l f - l i f e  of 26~1 .  Some of t h e  samples 
show evidence  e i t h e r  of p a r t i a l  s h i e l d i n g  o r  un favorab le  o r i e n t a t i o n  w i t h  
r e s p e c t  t o  t h e  s o l a r  p r o t o n  f l u x .  Although complete documentat ion i s  l a c k i n g  
f o r  70185 and r a k e  sample 78597, t h e i r  low r a d i o n u c l i d e  c o n t e n t  s u g g e s t s  
p a r t i a l  s h i e l d i n g  from s o l a r  p r o t o n s .  A d d i t i o n a l l y ,  70135 and 76295 are 
bou lde r  c h i p s  whose o r i e n t a t i o n s  provided  p a r t i a l  s h i e l d i n g  from t h e  s o l a r  
f l a r e .  

The h i g h  y i e l d s  of 4 6 ~ c  i n  t h e  Apol lo  17 s u r f a c e  samples arise from t h e  
i n t e n s e  s o l a r  p r o t o n  i r r a d i a t i o n .  Concen t r a t ions  of  4 6 ~ c ,  c o r r e c t e d  f o r  ga- 
l a c t i c  cosmic-ray p roduc t ion  i n  i r o n ,  c o r r e l a t e  w e l l  w i t h  estimates and 
measurements of t i t a n i u m  t a r g e t  e lement  c o n c e n t r a t i o n s  i n  t h e s e  samples .  
Because over  f o u r  months e l a p s e d  a f t e r  t h e  August f l a r e  b e f o r e  c o l l e c t i o n  of 
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samples a t  Taurus-Lit t row, t h e  16-day 4 8 ~  had decayed t o  abou t  t h e  l e v e l  
expected  f o r  bombardment of  i r o n  by g a l a c t i c  p ro tons .  

Both 5 6 ~ o  and 5 4 ~ n  a r e  produced by s o l a r  p r o t o n  bombardment of i r o n .  The 
5 6 ~ o  c o n c e n t r a t i o n  i n  t h i n  s u r f a c e  samples i s  e s p e c i a l l y  u s e f u l  a s  a  moni tor  
of  t o t a l  p r o t o n  f l u x ,  s i n c e  t h e  t h r e s h o l d  f o r  t h e  5 6 ~ e ( p , n )  r e a c t i o n  is  o n l y  
about  6 MeV. I n f o r m a t i o n  on t h e  r i g i d i t y  of t h e  f l a r e  can  b e  d e r i v e d  from t h e  
y i e l d s  of 5 4 ~ n ,  a  p roduc t  of h i g h e r  energy  p r o t o n  bombardment, w i t h  a  t h r e s h -  
o l d  of  abou t  25 M e V .  Data on 71135 and 71136, c h i p s  from a b a s a l t i c  bou lde r ,  
skim s o i l  73221, and t r e n c h  t o p  79221 a l l  proved t o  be  u s e f u l  samples f o r  es- 
t i m a t i n g  t h e  p r o t o n  f l u x  and r i g i d i t y  of t h e  August 1972 f l a r e .  Although some 
u n c e r t a i n t i e s  e x i s t  concerning  chemica l  d a t a  f o r  some samples ,  we e s t i m a t e  t h e  
i n t e g r a t e d  p r o t o n  f l u x  f o r  t h e  August 1972 f l a r e  J (>10  MeV) = 1.9 x 1 0 l 0  ~ m - ~ .  
This  may b e  compared w i t h  a  r e c e n t  c o m p i l a t i o n  by King ( 4 ) ,  i n  which t h e  pro- 
t o n  f l u x  i n t e g r a t e d  f o r  August 4-9 i s  g i v e n  as 2.25 x 1 0 l 0  ~ m - ~ .  I f  t h e  pro-  
t o n  energy spec t rum i s  expres sed  as t h e  f u n c t i o n  E-", t h e  r i g i d i t y  parameter  
a i s  abou t  1 .8 .  Thus, t h e  August 1972 f l a r e  had a much h i g h e r  ave rage  energy  
t h a n  o t h e r  f l a r e s  of  c y c l e  20. 

Tab le  1 shows d a t a  on two s e r i e s  of t r e n c h  samples from s t a t i o n  3 and 
one series from s t a t i o n  9 .  These a l l  show t h e  expected  h i g h  c o n c e n t r a t i o n s  
of cosmogenic r a d i o n u c l i d e s  a t  t h e  s u r f a c e ,  d e c r e a s i n g  t o  l e v e l s  expected  f o r  
g a l a c t i c  cosmic-ray p roduc t ion  a t  dep th .  
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Table 1. Concentrations (dpm/kg) of Cosmogenic Radionuclides in Apollo 17 
Samples. Decay Corrected to 2300 GMT, 14 December 1972. 

Sample 
Number 

Rocks 

Soils 

137 + 20 218 + 20 15 + 5 
75 + 10 119 t 12 15 + 3 
26 + 8 20 t 10 10 + 5 
230 + 30 810 t 40 33 t 6 

80 + 8 9 5 t 1 0  1 0 + 3  

52 ? 12 5 t 10 8 + 5  

50 + 40 - - 
60 + 10 120 t 12 18 + 4 15 t 10 

96 10 150 + 10 30 + 6 10 + 8 
215 t 20 470 + 25 65 t 7 30 + 20 
44 + 6 26 t 10 15 + 4 
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