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The Apol lo  1 7  mis s ion  provided  samples o f  unique v a l u e  f o r  
t h e  s t u d y  of  t h e  i n t e r a c t i o n  o f  s o l a r  p r o t o n s  w i t h  t h e  l u n a r  s u r -  
f a c e .  Th i s  was,  of  c o u r s e ,  due t o  t h e  f a c t  t h a t  p r i o r  t o  t h e  
Apol lo  17 m i s s i o n  a  p a i r  of g i a n t  s o l a r  f l a r e s  o c c u r r e d ,  August 
4-7, 1972, p roducing  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  b o t h  
s h o r t  and l o n g - l i v e d  cosmogenic r a d i o n u c l i d e s  i n  t h e  l u n a r  s u r -  
f a c e  which could  b e  a c c u r a t e l y  measured i n  t h e  samples r e t u r n e d  
from t h e  m i s s i o n .  The i n i t i a l  o b s e r v a t i o n s  based  on t h e  observed  
c o n c e n t r a t i o n s  of  7 ~ e ,  2 2 ~ a ,  2 6 ~ 1 ,  4 6 ~ c f  4 8 ~ ,  5 1 ~ r ,  5 4 ~ n f  5 6 ~ ~ t  
5 7 ~ o ,  5 8 ~ ~  and 6 0 ~ o  were p r e s e n t e d  a t  t h e  Four th  Lunar Sc i ence .  
(l) B r i e f l y ,  t h e y  e s t a b l i s h e d  an  e n e r g y - i n t e n s i t y  r e l a t i o n s h i p  
and d e f i n e d  t h e  i n t e r g r a t e d  p r o t o n  f l u x  above 1 0  MeV a s  7 .9  x l o 9  
p/cm2-sec. ( * )  T h i s  exceeded t h e  t o t a l  i n t e g r a t e d  f l u x  i n c i d e n t  
a t  t h e  l u n a r  s u r f a c e  f o r  t h e  p a s t  s e v e r a l  years .The  August f l a r e s  
were f a r  more r i q i d  ( a  % 3 .1 )  t h a n  t h e  ave raqe  r e c e n t  r i q i d i t v  o r  
t h e  ave rage  r i  i d i t y  f o r  t h e  p a s t  m i l l i o n  y e a r s  ( a  5 3.1)  a s  in -  
d i c a t e d  from 2qNa and 2 6 ~ 1  d e p t h  p r o f i l e  measurements. The 
r a d i o n u c l i d e  c o n t e n t  of  a  un ique  Apol lo  sample 76240, a  shadowed 
s o i l  from b e n e a t h  a  b o u l d e r ,  sugges t ed  t h a t  t h e  r i g i d i t y  of  
s o l a r  p r o t o n  f l u x  was a  f u n c t i o n  o f  t h e  i n c i d e n t  a n g l e .  Th i s  
sample which was s h i e l d e d  from s o l a r  f l a r e  p r o t o n s  from a l l  d i r -  
e c t i o n s  e x c e p t  t h e  n o r t h e r n  h o r i z o n  by a l a r g e  b o u l d e r  i n d i c a t e d  
t h a t  a  l a r g e r  p r o p o r t i o n  of h i g h  energy i n c i d e n t  p ro tons  a r r i v e d  
a t  t h e  l u n a r  s u r f a c e  from lower a n g l e s  t h a n  from t h e  normal i n -  
c i d e n t  d i r e c t i o n .  However, u n c e r t a i n t i e s  i n  t h e  dep th  o f  b u r i a l  
of  t h e  s o i l  and t h e  p r e c i s e  d e g r e e  of  s h i e l d i n g  imposed by t h e  
o v e r l y i n g  b o u l d e r  p reven ted  us  from p r e c i s e l y  d e s c r i b i n g  t h e  
a n i s o t r o p i c  p r o p e r t i e s  o f  t h e  August 1972 s o l a r  f l a r e s .  We have 
s i n c e  been a b l e  t o  d e s c r i b e  t h i s  a n i s o t r o p y  by a n a l y z i n g  t h e  
5 6 ~ o  and 5 4 ~ n  c o n t e n t  o f  4 s o i l  and 7  b o u l d e r  c h i p s  which had 
w e l l  known l u n a r  s u r f a c e  o r i e n t a t i o n s .  54Mn and 5 6 ~ o  a r e  an ex- 
c e l l e n t  p a i r  o f  r a d i o n u c l i d e s  fox  de t e rmin ing  t h e  r i g i d i t y  o f  
t h e  August 1972 s o l a r  f l a r e s .  Both of  t h e s e  a r e  produced a l m o s t  
e n t i r e l y  from i r o n ,  y e t  5 6 ~ o  i s  a  ve ry  low energy p roduc t ,  
whereas  54Mn i s  a  r e l a t i v e l y  h igh  energy  p roduc t  w i t h  a  t h r e s h o l d  
o f  25 MeV. 

I n  Tab le  1 w e  have summarized a l l  of  ou r  observed  5 6 ~ o  t o  
4Mn r a t i o s  c o r r e c t e d  f o r  g a l a c t i c  p r o t o n  p roduc t ion  ( 3 )  f o r  t h e  

Apol lo  17 samples  and t h e  approximate  a n g l e  o f  t h e  s u r f a c e  o f  
t h e  rock  samples  r e l a t i v e  t o  t h e  h o r i z o n t a l .  The s u r f a c e  a n g l e  
of t h e s e  samples  i s  an  e s t i m a t e  from t h e  In t e ragency  Report :  
As t rogeology  71  ( 4 )  , however it i s  s u f f i c i e n t  t o  i n d i c a t e  t h e  
extreme dependence o f  t h e  r a t i o  o f  t h e s e  i s o t o p e s  on t h e  s u r f a c e  
sample ' s  o r i e n t a t i o n .  The samples  t h a t  had t h e i r  s u r f a c e  a t  t h e  
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g r e a t e s t  a n g l e  r e l a t i v e  t o  t h e  h o r i z o n t a l  p l a i n  showed t h e  low- 
e s t  5 6 ~ o  t o  54Mn r a t i o .  T h i s  r a t i o  i s ,  o f  c o u r s e ,  very  s e n s i -  
t i v e  t o  t h e  ha rdness  o f  t h e  i n c i d e n t  s o l a r  f l a r e  energy spec-  
trum. ( 2 )  For example, t h e  3  c h i p s  from t h e  same b o u l d e r ,  
76255, 76275 and 76295, which had h igh  s u r f a c e  a n g l e s  r e l a t i v e  
t o  t h e  h o r i z o n ,  had very  low 5 6 ~ o  t o  54Mn r a t i o s .  Unshie lded  
s o i l  samples  71041, 75061, 76261 and 78481 a s  w e l l  a s  rock  
sample 78135 were  e s s e n t i a l 1  h o r i z o n t a l  t o  t h e  l u n a r  s u r f a c e .  
A l l  t h e s e  samples  had h igh  58Co t o  54Mn r a t i o s  i n d i c a t i v e  of  a  
l e s s  r i g i d  i n c i d e n t  p r o t o n  spec t rum t h a n  t h o s e  samples  which 
w e r e  i n c l i n e d  t o  t h e  l u n a r  s u r f a c e .  The i m p l i c a t i o n  o f  t h e s e  
o b s e r v a t i o n s  i s  t h a t  t h e r e  was a  much lower  r a t i o  o f  low t o  h igh  
energy p r o t o n s  a r r i v i n g  a t  t h e  l u n a r  s u r f a c e  a t  low a n g l e s .  Thus 
a  h igh  d e g r e e  of a n i s o t r o p y  e x i s t s  which i s  a  f u n c t i o n  of  t h e  
i n c i d e n t  a n g l e .  Sample 76295,O was t a k e n  from an  e s s e n t i a l l y  
v e r t i c a l  s u r f a c e  and had one of  t h e  l owes t  obse rved  5 6 ~ o  t o  
54Mn r a t i o s ,  1 .85 .  Th i s  would b e  comparable t o  an a l p h a  v a l u e  
o f  less t h a n  1, t h u s  an  ex t remely  r i g i d  spec t rum.  Aniso t ropy  
i s  a l s o  i n d i c a t e d  i n  s o i l  sample 76240 t aken  from benea th  t h e  
overhang of t h e  v e r y  l a r g e  b o u l d e r  a t  S t a t i o n  6. Here, t h e  
56po  t o  54Mn r a t i o  of 2.54 i s  much lower t h a n  t h e  v a l u e  o f  6  i n  
t h e  a d j a c e n t  s o l a r  sample 76261.1. S i n c e  o n l y  p r o t o n s  of  low 
i n c i d e n t  a n g l e  cou ld  s t r i k e  s o i l  sample 76240,2,  t h i s  i s  sub- 
s t a n t i a t i n g  ev idence  on a n i s o t r o p y  f a v o r i n g  h i g h  energy p r o t o n s  
a t  low a n g l e s .  While a l l  o f  t h e  bou lde r  c h i p  samples  were  t aken  
from s o u t h e a s t  o r  e a s t  f a c e s  o f  l u n a r  s u r f a c e  b o u l d e r s ,  s o i l  
sample 76240 was s h i e l d e d  e x c e p t  from t h e  n o r t h .  Thus a n g u l a r  
a n i s o t r o p y  a p p e a r s  t o  b e  independent  o f  compass d i r e c t i o n .  
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T a b l e  1. R e l a t i o n s h i p  o f  s o l a r  cosmic- ray- induced 5 6 ~ o  and 5 4 ~ n  
t o  l u n a r  s u r f a c e  o r i e n t a t i o n *  

Sample No. 
(Type) 

71035,O 
(Boulder  c h i p )  

71041,4 
( s o i i )  

71155,O 
(Boulder  c h i p )  

75055,2 
(Boulder  c h i p )  

75061,5  
( S o i l )  

76240,2 
( S o i l )  

76255,O 
(Boulder  chi,) 

76261 , l  
( S o i l )  

76275,O 
(Boulder  c h i p )  

76295,O 
(Boulder  c h i p )  

78135,O 
(Rock) 

7 8 4 8 1 , l  
( S o i l )  

Lunar s u r f a c e * *  
o r i e n t a t i o n  

SE, 15' 

0" 

.SE 30' 

.SE 45O 

0 O 

N ,  o 0  

SE, 60' 

0  O 

SE, 60' 

SE, 90° 

0 O 

0 O 

* Decay c o r r e c t e d  t o  August  7 ,  1972 

**  Lunar compass d i r e c t i o n  o f  sample s u r f a c e  and a n g l e  o f  
s u r f a c e  t o  h o r i z o n t a l  
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