
SII'WLATED CCSMIC-RAY INDUCED U-FISSION TRACKS I N  
AHTIFICIAL LUNAR SOIL AND IMPLICATIONS FOR THE U-238 FISSION 
TRACK DATING OF LUNAR SURFACE SAMPLES,K.Thiel,G.Damm,W.Herr, 
K.Baer, I n s t i t u t  f u r  Kernchemie d e r  U n i v e r s i t z t  zu Kgln. 

Cosmic ray-bombardment of t h e  l u n a r  s u r f a c e  was s imula ted  by 
a  ~ C . C  MeV-proton- i r rad ia t ion  of-170 kg a r t i f i c i a l  l u n a r  s o i l ( 1 ) .  
The pro ton  f l u x  w i t h i n  t h i s  t h i c k  t a r g e t  was c o n t r o l l e d  by means 
of t n e  s p a l l a t i o n  r e a c t i o n s  ~ l - 2 7 ( p , 3 p  3 n ) ~ a - 2 2  and 
~ l - 2 7 ( p , 3 p n ) ~ a - 2 4  induced i n  h i g h  p u r i t y  Al-monitor f o i l s .  
Using U-glasses  c o n t a i n i n g  0 .1  % U02 as f i s s i o n  t r a c k  d e t e c t o r s ,  
p -  and secondary n-induced U - f i s s i o n  t r a c k s  were recorded  a s  a  
f u n c t i o n  o f  d e p t h  w i t h i n  t h e  t a r g e t  and t h e  d i s t a n c e  from pro ton  
beam c e n t e r  r e s p e c t i v e l y .  The p ro ton  f l u x  and f i s s i o n  t r a c k  d a t a  
ob ta ined  a t  normal p- inc idence  d u r i n g  t h e  experiment  were t r a n s -  
formed under s imple assumptions t o  an  i s o t r o p i c  2 r - i n f l u x  of 
~ C C  MeV -p ro tons  on t h e  l u n a r  s u r f a c e .  The p roduc t ion  r a t e  of 
p- ar,d n-induced U - f i s s i o n  t r a c k s  t rned  ou t  t o  be s t r o n g l y  
depth  dependent .  A t  d e p t h s  <50 g/cm3 t h e  p roduc t ion  r a t e  i of 
indsced  U - f i s s i o n  t r a c k s  i n  t h e  g l a s s  was > 10-10 t r a c k s  
(;a-2 sec-l/(p;oton cm-2- s e c - I  ppm u ) .  For comparison t h e  pro-  
d u c t i o n  r a t e  Ss of U-238 spontaneous f i s s i o n  t r a c k s  was c a l -  
c u l a t e d  from t h e  known d a t a  o f  our  mon ' tor  g l a s s  t o  be 
1 1  t r a c k s  cm-2.sec-1 (ppm U)-i. Using t h i s  f i g u r e  and 
t h e  f i s s i o n  t r a c k  r e s u l t s  from t h e  s i m u l a t i o n  experiment  
tile f r a c t i o n  P i / (  9 i + js) of induced U - f i s s i o n  t r a c k s  was 
c a l c u l a t e d  as a f u n c t i o n  of dep th  ( f i g . 1 ) .  T h i s  f r a c t i o n  does  
n o t  depend on t h e  s p e c i f i c  p r o p e r t i e s  of t h e  t r a c k  r e g i s t e r i n g  
m a t e r i a l .  I n  f i g . 1  t h e  f r a c t i o n  .Pi/( Pi + f s ) i s  g iven  f o r  t h r e e  
d i f f e r e n t  p - f l u x e s  a t  t h e  l u n a r  s u r f a c e  cor responding  t o  t h e  
maximum, minimum and t ime average  s o l a r  a c t i v i t y .  Adopting t h e  
energy spectrum of cosmic r a y  p r o t o n s  having  a maximum around 
~ C G  MeV (2-3)  t h e s e  expe r imen ta l  r e s u l t s  r e p r e s e n t  a  good 
approximation t o  t h e  i r r a d i a t i o n  c o n d i t i o n s  on t h e  a c t u a l  l u n a r  
s u r f a c e .  The p o r t i o n  of cosmic-ray induced U - f i s s i o n  t r a c k s  i n  
arly U-containing t r a c k  r e c o r d i n g  m a t e r i a l  a t  t h e  l u n a r  s u r f a c e  
v a r i e s  between 40 $ and ?95 $ of t h e  t o t a l  of t h e  U- f i s s ion  
t r a c k s .  The c o n t r i b u t i o n  of induced t r a c k s  t o  spontaneous 
U - f i s s i o n  t r a c k s  on ly  becomes n e g l i g i b l e  a t  d e p t h s 2 2 0 0  g/cm . 
A h igh  f r a c t i o n  of cosmic-ray induced t r a c k s  can e x p l a i n  un- 
r e a l i s t i c  h i g h  ages  of g l a s s  s p h e r u l e s  from s o i l  samples of 
Apollo 14-17 and Luna 16 and 20 (4-6)  which went up t o  
6.109a (5 ) .  

The importance of a c l e a r  d i s t i n c t i o n  between p- and 
n-induced U - f i s s i o n  t r a c k s  i n  e x t r a t e r r e s t r i a l  t r a c k  d e t e c t o r s  
and spontaneous f i s s i o n  t r a c k s  as proved by our  experiment 
demands a  c a r e f u l  r e v i s i o n  of a l l  U- f i s s ion  t r a c k  ages  of 
l u n a r  s u r f a c e  samples s o  f a r  pub l i shed .  
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Tr! the same experiment the depth dependence of radiation 
induzed thermolumiiiescence (TL)-intensity was measured in 
plagioclases. The data which were corrected for an isotropic 
2Tp-influx, too, give thethermally "undisturbed" TL-depth 
prcfile for artificial lunar soil. Using temperature gradients 
which were k n o w  from two Apollo landing sites (7), it was 
possible to calculate two temperature disturbed TL-depth 
profiles from the simulation experiment (fig.2). 
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TL-intensity versus 
depth for an isotropic 
600 MeV p-irradiation 
of artificial lunar soil. 
 h he abszissa gives the 
depth considering the 
increase of lunar soil 
density with depth(8).) 
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