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cosmogenic Ne-21 conten ts  of 9 s i n g l e  p a r t i c l e s  (500-1000ym) 
from 67701 range from 1 t o  7 Paneth (1) with  an average value of 
4.0 Paneth. The cosmogenic Ne-21 contents  of 6 s i z e  f r a c t i o n s  
from 67701 range from 3.4 t o  5.4 Paneth wi th  an average value of 
4.2 Paneth. I n  c o n t r a s t ,  t h e  cosmogenic Ne-21 contents  of s i z e  
f r a c t i o n s  from 61221 and 61241 show averages of approximately 
45 Paneth. From t h i s  we conclude t h a t  t he  t h i n  s o i l  cover a t  
S t a t i on  11 comes e s s e n t i a l l y  from only one source: N . R .  Cra te r  
e j e c t a ,  wi th  l i t t l e  contamination by ma te r i a l s  from elsewhere. 
The age of N . R .  Cra te r  has been repor ted a s  about 50 rnyr ( 2 )  
and a s  about 30 rnyr ( 3 ) .  The Ne-21 production r a t e  i n fe r r ed  
from t h e  f i r s t  age of 0.08 Paneth per rnyr i s  a t  l e a s t  one-half 
t h e  expected r a t e .  The second age gives  production r a t e s  more 
i n  l i n e  wi th  t h e  expected value.  We have considered t h e  follow- 
ing explanat ions  f o r  t h i s  paradox: 
a The age of N . R .  Cra te r  i s  50 myr. The r e g o l i t h  a t  S t a t i on  11 - 
contains  some deb r i s  from t h i s  time. However most of t he  rocks 
and the  s o i l  a t  S t a t i on  11 come from a younger c r a t e r  (younger 
than 30 myr) nearby, 
b The su rv iva l  time of <1 mm p a r t i c l e s  i n  a s o i l  cover of a few - 
cm i s  s u b s t a n t i a l l y  l e s s  than 50 myr, 
c The low Ne-21 production r a t e  i s  a "memory1 of sh ie ld ing  i n  - 
r e l a t i v e l y  l a r g e  boulders f o r  mi l l ions  of years .  

The over -a l l  t rapping e f f i c i ency  of the  s o i l  cover,  assumed 
5 cm t h i c k ,  f o r  solar-wind He-4 i s  only 0.0003. This implies 
t h a t  t he  t h i n  cover had been " sa tu ra t ed"  with trapped ~ e - 4  on a 
time-scale of t e n  thousand years .  An a l t e r n a t i v e  i n t e r p r e t a t i o n  
i s  t h a t  t he  r i m  of N.R .  Cra te r  has always been an a c t i v e  - ero- 
s iona l  sur face .  An i n i t i a l  s o i l  th ickness  of severa l  meters,  
wh i t t l ed  down t o  a few cm i n  50 rnyr would br ing  the  over-a l l  
t rapping e f f i c i ency  of solar-wind He-4 more i n  l i n e  with pre- 
vious es t imates  and would a l l e v i a t e  t h e  problem ( 4 ) .  

Table 1 gives  n-values fo r  67701, 61221, and 61241 together  
with Ne-21 ages ,  agg lu t ina t e  contents  ( 5 )  and mean g ra in  s i ze (5 ) .  
There i s  no c o r r e l a t i o n  between n and any of t he  other  e n t i t i e s ,  
which shows t h a t  n-values cannot be used a s  an index of matura- 
t i o n  of a s o i l .  Comparison of Ne-21 ages ,  agg lu t ina t e  contents ,  
and gas-loading (number of trapped gas atoms per cm2 of sur face)  
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a r e  i n d i c a t i v e  of t h e  r e s i d e n c e  t ime of a  s o i l  i n  an  upper ,  ac -  
t i v e  zone of t h e  r e g o l i t h ,  perhaps on ly  a  few rnm t h i c k .  The 
r a t e  of a g g l u t i n a t e  product ion  and gas  loading dec reases  r a p i d l y  
w i t h  dep th ,  b u t  Ne-21 product ion  i s  s t i l l  s u b s t a n t i a l  a t  one 
meter depth ( 6 )  . 

The n-values i n  Table 1 a r e  a l l  l e s s  than  u n i t y .  We con- 
c lude  t h a t  t h i s  r e f l e c t s  mainly a  s u b s t a n t i a l  and cont inuous  pro- 
duc t ion  of f r e s h ,  unexposed ( t o  s o l a r  wind) s u r f a c e s .  We do n o t  
know whether t h e  g r a i n - s i z e  d i s t r i b u t i o n  of 67701 h a s  reached a  
s t eady  s t a t e ,  b u t  i f  it h a s ,  t h e n  t h e  r a t e  of product ion  of 
f r e s h  unexposed s u r f a c e s ,  when expressed a s  R = ~ D - P  (R=ra te ,  
k = p r o p o r t i o n a l i t y  c o n s t a n t ,  D = p a r t i c l e  d iameter )  must be such 
t h a t  p  i s  g r e a t e r  than  1, because t h e  s p e c i f i c  s u r f a c e  a r e a  i s  
p r o p o r t i o n a l  t o  D.  Th i s ,  i n  t u r n ,  would seem t o  imply t h a t  t h e  
mean l i f e t i m e  a g a i n s t  r u p t u r e  of p a r t i c l e s  <1 mm depends s t rong-  
l y  on p a r t i c l e  s i z e .  For a  s imple model, i n  which t h e  mean l i f e  
t imes  a r e  p r o p o r t i o n a l  t o  D9, we c a l c u l a t e  from t h e  n-values i n  
Table 1 t h a t  t h e  mean l i f e t i m e  of p a r t i c l e s  i n  67701, 61221, and 
61241 dec reases  roughly by a f a c t o r  of 5  f o r  a  dec rease  by a  f ac -  
t o r  of 10 i n  d iameter .  

The f i n e s  from t h e  t r e n c h  a t  S t a t i o n  1: 61221 and 61241 a r e  
d e f i n i t e l y  N.R.  C r a t e r  e j e c t a .  Thei r  cosmogenic Ne-21 con- 
t e n t s  show t h a t  t h e s e  f i n e s  have been on t h e  s u r f a c e  much longer  
than  50 myr. F i n e s  61221 a r e  unique i n  a t  l e a s t  one r e s p e c t .  
I t s  t r apped  gas  c o n t e n t  dec reases  normally w i t h  i n c r e a s i n g  g r a i n  
s i z e  u n t i l  about  150 pm, then  i n c r e a s e s  s i g n i f i c a n t l y  up t o  1 mrn. 
These f i n e s  seem t o  c o n t a i n  a  r e l a t i v e l y  g a s - r i c h ,  coarse-  
g ra ined  component. The o r i g i n  of t h i s  component i s  s t i l l  unde- 
termined.  
(1) The u n i t  I1Paneth" i s  l o v 8  cm3 S T P / ~ .  
( 2 )  K. ~ a r t i ,  D.B.  L igh tne r ,  T . W .  Osborn, Proc. Fourth Lunar 

S c i .  Conf., Vol. 2, pp. 2037-2048 (1973) .  
( 3 )  T .  K i r s t e n ,  P.  Horn, J.  Kiko, Proc. Fourth Lunar S c i .  Conf., 

Vol. 2, pp. 1757-1784 (1973) .  
( 4 )  P .  Eberhardt ,  J. Ge i s s ,  H. Graf ,  N.  ~ r & ~ l e r ,  U. ~rShenbGh1,  

H. Schwaller ,  J. ~ c h w a r z m ~ l l e r ,  A .  S t e t t l e r ,  Proc. A p o l l o l l  
Lunar S c i .  Conf., Vol. 2, pp. 1037-1070 (1970) .  

( 5 )  G.H. Heiken, D. S. McKay, R.M. Fruland,  Proc. Fourth Lunar 
S c i .  Conf., Vol. 1, pp. 251-265 (1973) .  

( 6 )  D. Heymann, W.  ~ i b n e r ,  T.  K i r s t e n ,  Proc. Fourth Lunar Sc i .  
conf .  , Vol. - 2,  pp. 2021-2036 (1973) . 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



R I M  O F  N.R. CRATER: A RELATIVELY YOUNG REGOLITH 

J . L .  Jordan, e t  a1  

T a b l e  1 
n-values CD = s ( D / D ~ ) - ~ ,  N e 2 1  exposure ages, a g g l u t i n a t e  

con ten t s ,  and m e a n  g r a in  s i z e .  

S a m p l e  n ( ~ e $ ' )  N e 2 2 - a g e  A g g l u t i n a t e  content  M e a n  g ra in  s i z e  

m y r  % ( 4 )  r_lm ( 4 )  
6 7 7 0 1  - 7 2  2 5  15.6 91 
6 1 2 2 1  -69  250 6.3  66 
6 1 2 4 1  .70 250 2 7 . 1  70  
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