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" D a t i n g "  o f  m e c h a n i c a l  e v e n t s  by d e f o r m a t i o n - i n d u c e d  

e r a s u r e  o f  p a r t i c l e  t r a c k s  i s  made p o s s i b l e  by v i r t u e  o f  t h e  

f a c t  t h a t  n a t u r a l ,  f i n e  s c a l e  p l a s t i c  d e f o r m a t i o n  c a n  f r a g m e n t  

p r e - e x i s t i n g  c h a r g e d  p a r t i c l e  t r a c k s  i n  l u n a r  c r y s t a l s ,  a s  

s k e t c h e d  i n  F i g u r e  1. Many e x a m p l e s  o f  s u c h  e f f e c t s  h a v e  b e e n  

i d e n t i f i e d  i n  e l e c t r o n  m i c r o g r a p h s  o f  e t c h e d  l u n a r  s o i l  g r a i n s .  

I n  o n e  c a s e ,  s a m p l e  1 2 0 2 8 ,  111, 3 0 . 3 ,  2 ,  s l i p  l i n e s  c o v e r  t h e  

f i e l d  o f  v i e w  a n d  a r e  c o r r e l a t e d  w i t h  t h e  t r a c k  l e n g t h s :  Where 

t h e  s l i p  s p a c i n g  i s  r e l a t i v e l y  w i d e  (%0 .7  m i c r o n s )  t h e  t r a c k s  

a r e  t y p i c a l l y  $0 .7  m i c r o n s  l o n g ;  where  t h e  s l i p  s p a c i n g  i s  r e d u c e d  

t o  $0.07 m i c r o n s ,  t h e  t r a c k  l e n g t h  i s  c o r r e s p o n d i n g l y  l e s s .  I n  

t h e  l i g h t  m i c r o s c o p e  ( L e i t z  O r t h o l u x  a t  1350X m a g n i f i c a t i o n )  no  

t r a c k s  a r e  v i s i b l e  i n  t h e  r e g i o n  o f  f i n e  s l i p ,  a n d  r e c o g n i z a b l y  

s h o r t  t r a c k s  a r e  j u s t  d i s c e r n i b l e  i n  t h e  r e g i o n  o f  c o a r s e r  s l i p .  

8 S u p e r i m p o s e d  o n  t h e  a p p r o x i m a t e l y  3 x  1 0  /cm2 s h o r t  t r a c k s  a r e  

$3 x  l o 5  l o n g e r  t r a c k s  t h a t  a r e  u n i f o r m l y  d i s t r i b u t e d  w i t h  no  

d i f f e r e n c e s  b e t w e e n  t h e  r e g i o n s  o f  f i n e  a n d  c o a r s e  s l i p .  T h e s e  

l o n g e r  t r a c k s  p r e s u m a b l y  c o r r e s p o n d  t o  i r r a d i a t i o n  o f  t h e  s a m p l e  

by c o s m i c  r a y s  s u b s e q u e n t  t o  t h e  e v e n t  wh ich  f r a g m e n t e d  t h e  
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original tracks and hence should allow the deformation history to 

be inferred. 

Since deformation markings are abundant features in 

lunar soil, their effects provide a powerful tool for construct- 

ing deposition histories for stratified soil samples. When 

many crystals are examined in a given soil layer, it is likely 

that several of these have been "reset" by the impact that laid 

down that layer. If we assume that the lowest track density 

observed in a layer came from near the bottom of that layer, we 

can compute a surface exposure time. For the long Apollo 12 

core (12025 + 120281, we compute intervals ranging from 2 to 60 

million years for various sublayers, with an accumulated time of 

220 million years for samples for which Arrhenius inferred 

a 310 million year surface exposure. The difference may be 

attributed to Arrhenius et al's using the lower quartile of their -- 
track density distribution instead of the lowest track density 

observed. Their assumption of no predepositional surface resi- 

dence for these samples yields a higher age. A similar analysis, 

assuming that Apollo 11 core 10005 is composed of three layers, 

gives an integrated surface age of 40 to 75 million years for its 

10.5 cm depth. 
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