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THE PARTICLE T R A C K  RECORD OF FRA M A U R O ,  H . R .  H a r t ,  J r . ,  

G . M .  Coms tock ,  and  R.L. F l e i s c h e r ,  G e n e r a l  E l e c t r i c  R e s e a r c h  a n d  

Deve lopmen t  C e n t e r ,  S c h e n e c t a d y ,  New York 1 2 3 0 1 .  

A p o l l o  1 4  b r e c c i a s ,  i g n e o u s  r o c k s ,  a n d  s o i l s  a n d  two 

A p o l l o  1 5  s o i l s  h a v e  b e e n  a n a l y z e d  by means o f  c o s m i c  r a y  t r a c k s .  

The m o s t  a b u n d a n t  A p o l l o  1 4  r o c k s ,  t h e  b r e c c i a s ,  h a v e  a  m i x t u r e  

o f  h i g h  and  low t r a c k  d e n s i t i e s  a t  m o s t  p o s i t i o n s  i n  t h e i r  i n t e r -  

i o r .  The o b s e r v e d  t r a c k  a b u n d a n c e s  make i t  c l e a r  t h a t  m o s t  of  

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

b r e c c i a s .  Measu remen t  o f  t h e  minimum t r a c k  d e n s i t y  a t  a  known 

d e p t h  a l l o w s  a maximum s u r f a c e  e x p o s u r e  t i m e  a t  t h a t  d e p t h  t o  

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

t h e s e  b r e c c i a s  - d o e s  e r a s e  t r a c k s  i n  some o f  t h e  c r y s t a l s ,  i t  i s  

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

v a l u e s  f o r  t h e  number o f  t r a c k s  c r e a t e d  s i n c e  f o r m a t i o n  o f  t h e  

b r e c c i a s .  The o b s e r v e d  maximum s u r f a c e  r e s i d e n c e  t i m e s  ( s e e  

T a b l e  I ) ,  0 . 0 5  t o  8 . 2  m.y.  w i t h  a  med ian  o f  1 . 3 5  m . y . ,  a r e  

t y p i c a l l y  a  f a c t o r  of  t e n  l e s s  t h a n  t h o s e  o b s e r v e d  f o r  A p o l l o  11 

a n d  1 2  i g n e o u s  r o c k s .  The low s u r f a c e  e x p o s u r e s  a p p e a r  t o  b e  

t h e  n a t u r a l  r e s u l t  o f  t h e  f r i a b l e  n a t u r e  o f  t h e s e  r o c k s ,  w h i c h  

a l l o w s  more  r a p i d  l a r g e  s c a l e  e r o s i o n  a n d  more  c a t a s t r o p h i c  

b r e a k - u p  f rom i m p a c t s .  
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The o n l y  i g n e o u s  A p o l l o  1 4  r o c k  of  i n t e r e s t  i s  14310 .  

Our d a t a  on a  s e c t i o n  e x t e n d i n g  f rom t h e  c e n t e r  of  t h e  r o c k  t o  

t h e  b o t t o m  would b e  c o m p a t i b l e  w i t h  1 m.y. s u r f a c e  e x p o s u r e  of 

t h e  b o t t o m  f o l l o w e d  by a  20 m.y.  e x p o s u r e  i n  t h e  u p r i g h t  p o s i t -  

i o n .  Da ta  f rom o t h e r  members o f  t h e  14310 c o n s o r t i u m ,  however ,  

make i t  c l e a r  t h a t  a  more c o m p l i c a t e d  h i s t o r y  mus t  have  o b t a i n e d .  

One p o s s i b i l i t y  i s  t h a t  t h e  m a j o r  s u r f a c e  e x p o s u r e  o c c u r r e d  o v e r  

a  l o n g e r  t i m e  w i t h  t h e  p r e s e n t  r o c k  14310 a s  t h e  i n t e r i o r  of  a  

c o n s i d e r a b l y  l a r g e r  r o c k  ( a t  l e a s t  2 0  cm i n  r a d i u s ,  f o r  a t  l e a s t  

400 m . y . ) .  T h r e e  i g n e o u s  r o c k s  i n  t h e  s i z e  r a n g e  2-4 mm g i v e  

s u r f a c e  a g e s  of  3 ,  3 ,  and 5  m.y. 

E x a m i n a t i o n  o f  g r a d i e n t s  i n  a g r o u p  of  s o i l  s a m p l e s  

r e v e a l s  v a r i a b l e  s l o p e s ,  mos t  o f  which  a r e  a r t i f i c i a l l y  low 

b e c a u s e  t h e  s a m p l e s  were  c u t  a t  random - i . e . ,  w i t h o u t  knowledge 

of  t h e  d i r e c t i o n  o f  t h e  o r i g i n a l  n e a r e s t ,  s p a c e - e x p o s e d  s u r f a c e .  

The s t e e p e s t  s l o p e  i s  c o n s i s t e n t  w i t h  t h e  s p e c t r u m  i n f e r r e d  from 

t h e  S u r v e y o r  I11 f i l t e r  g l a s s ,  and y i e l d s  a  s u r f a c e  r e s i s t a n c e  

+ t i m e  o f  4500 y e a r s  ( - 3 5 % ) .  

S o i l s  a r e  e x t r e m e l y  v a r i a b l e  - median t r a c k  d e n s i t i e s  

r a n g i n g  o v e r  a t  l e a s t  a  f a c t o r  o f  200.  S o i l  f rom t h e  b o t t o m  of 

t h e  t r e n c h  a t  s i t e  G ( A p o l l o  1 4 )  h a s  t r a c k  d e n s i t i e s  t y p i c a l l y  

a  f a c t o r  o f  2 0  t o  60 l e s s  t h a t  o f  n e a r b y  s u r f a c e  s o i l s  14259 and 

14163.  The y o u n g e s t  s o i l  we have  examined i s  1 5 4 0 1 ,  which  i s  

r i c h  i n  c l e a r ,  d e f e c t - f r e e  g r e e n  g l a s s  s p h e r u l e s  and e l l i p s o i d s .  
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Median track densities in the green glass and pyroxenes suggest 

that most of this soil is unusually young. Assuming it was 

scooped from depths ranging from 0 to 3 cm, we infer a 

deposition not more than lo6 years ago. 

S U R F A C E  AGES OF B R E C C I A S  

MIN. TRACK 
ROCK DENSITY 

NUMBER [X  106/crn2] 

MAXIMUM MAXIMUM 
DEPTH SURFACE AGE 

0.15 

0.08 
0.09 
0.13 

M E D I A N  

MEDIAN FOR APOLLO II AND 12 
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