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We r e p o r t  h e r e  p re l iminary  d a t a  f o r  ' O B ~  = 1 . 6 ~ 1 0 ~  years )  and 26Al  
( 7 . 0 5 ~ 1 0 ~  years )  i n  18 r o c k l e t s  of c o r e  15011 determined by a c c e l e r a t o r  mass 
spectrometry ,  a long w i t h  53Mn (3  .7x106 years )  determined by a c t i v a t i o n .  We 
a l s o  r e p o r t  cosmic r a y  t r a c k  measurements of some of t h e s e  r o c k l e t s .  These 
d a t a  provide a  c o n t r a s t i n g  p i c t u r e  t o  t h e  bulk  s o i l  de te rmina t ions  of 26~1  
(1) and 5 3 ~ n  ( 2 ) ,  and t o  t h e  s e t  of r o c k l e t s  from c o r e  60010 f o r  which 53Mn 
measurements w e r e  r e p o r t e d  by Nishiizumi et a1 (3) .  The r e s u l t s  a r e  shown i n  
Figs .  1 t o  3. The most s i g n i f i c a n t  f e a t u r e s  seem t o  be: 

(1) The ''Be p r o f i l e  as expected,  shows no v i s i b l e  SCR (So la r  Cosmic 
Ray) e f f e c t .  No d a t a  a r e  a v a i l a b l e  f o r  bu lk  s o i l  ''Be measurements on t h i s  
core .  While t h e  group of r o c k l e t s  from 5-10 g/cm2 dep th  show lower t h a n  
o t h e r s  we a r e  n o t  s u r e  t h i s  i s  s t a t i s t i c a l l y  s i g n i f i c a n t .  I n  any c a s e ,  ' O B ~  
i s  n o t  f a r  from a  near-surface  s a t u r a t i o n  v a l u e  i n  a l l  samples. None have 
r e c e n t l y  come from g r e a t  depth.  

(2) The 5 3 ~ n  and 2 6 A l  v a l u e s  f o r  t h e  r o c k l e t s ,  whi le  e x h i b i t i n g  a  wide 
range,  a r e  coheren t  i n  two r e s p e c t s .  F i r s t ,  t h e  v a l u e s  range  between t h e  
l e v e l s  found i n  t h e  s o i l  a t  t h e  same d e p t h s  and lower v a l u e s  c h a r a c t e r i s t i c  of 
s a t u r a t i o n  GCR (Ga lac t i c  Cosmic Ray) product ion near  t h e  su r face .  High v a l u e s  
f o r  5 3 ~ n  and 2 6 ~ 1  c o r r e l a t e  we l l ,  except f o r  one probably erroneous po in t .  
Also, t h e r e  seems t o  be  a  c l e a r  m a s s  e f f e c t ,  t h e  l a r g e s t  r o c k l e t s  always d i s -  
p laying low (GCR only)  va lues .  

There i s  no s t r i k i n g  c o r r e l a t i o n  w i t h  rock  type.  

The t r a c k  d a t a  p rov ide  f u r t h e r  i n s i g h t .  One r o c k l e t ,  2267 (dep th  3.2 
g/cm2), shows a  h i g h  t r a c k  d e n s i t y  and s t e e p  g r a d i e n t ,  correspondin t o  a  
s u r f a c e  exposure. It a l s o  shows t h e  h i g h e s t  SCR-produced 5 3 ~ n  and 16Al. 
These v a l u e s  imply a  r e s i d e n c e  t ime of >5x106 y e a r s  i n  t h e  top  ~1 c m  of t h e  
r e g o l i t h ,  ending a t  most ~ 3 x 1 0 ~  y e a r s  ago. Another, 2269 (5.8 g/cm2), a l s o  
shows high SCR a c t i v i t y  and t r a c k  d e n s i t y ,  but  t h e  t r a c k  d e n s i t y  g r a d i e n t  i s  
smal l ,  i n d i c a t i n g  a  long exposure a t  a  dep th  on t h e  o rder  of one cm. 

Three r o c k l e t s ,  2264, 2268, and 1201 (2.7, 4.5 and 11.3 g/cm2), show low 
t r a c k  d e n s i t y  and n u c l i d e  a c t i v i t y .  Rocklet 2264, i n  p a r t i c u l a r ,  cannot have 
been long a t  a  p o s i t i o n  neare r  t h e  s u r f a c e  than it i s  now. Two r o c k l e t s ,  
409 and 2038 (12.0 and 16.7 g/cm2), a r e  b recc ia ted .  They show evidence of 
s u r f a c e  exposure b e f o r e  b r e c c i a t i o n ,  w i t h  high concen t ra t  ions  and g r a d i e n t s  
i n  what a r e  now i n t e r i o r  p o s i t i o n s .  None show s i g n i f i c a n t  SCR-produced 
a c t i v i t y .  The l a s t  r o c k l e t ,  2274 (21.5 g/cm2), c o n t a i n s  uniform h i g h  t r a c k  
dens i ty .  The d u r a t i o n  of exposure a t  a  near-surface  dep th  i s  more than  1 0  7  
Y r -  This exposure occurred more than  l o 7  y e a r s  ago. 

The bu lk  s o i l  measurements were e a r l i e r  i n t e r p r e t e d  by Langevin e t  a1 ( 4 )  
and Nishiizumi e t  a 1  ( 2 ) ,  i n  l i g h t  of t h e  l o c a l  topography (13O s l o p e  near  
t h e  r i l l e )  and Monte Car lo  models. It was concluded t h a t  t h e  l a r g e  SCR 
excesses  i n  5 3 ~ n  and 2 6 ~ 1  r e s u l t e d  from downslope motion of i n d i v i d u a l  g r a i n s  
produced by v e r y  smal l  s u r f a c e  impacts, f i l l i n g  a  l o c a l  topographic depres- 
s i o n  most l i k e l y  formed by impact c r a t e r i n g .  Fruchter  e t  a 1  (1) had e a r l i e r  
reached s i m i l a r  conc lus ions  from t h e i r  2 6 ~ 1  d a t a .  

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



COSMOGENXC NUCLIDES I N  15011 ROCKLETS 621 

Nishiizumi,  K. e t  a l .  

The p resen t  r e s u l t s  seem t o  u s  t o  g i v e  s t rong  support  t o  t h i s  i n t e r p r e -  
t a t i o n .  Rocklets  should be l e s s  r e a d i l y  moved downslope by smal l  c o l l i s i o n s ,  
and t h i s  d i f f e r e n c e  of behavior should i n c r e a s e  wi th  mass. The l a r g e r  ones  
seem t o  come from l a y e r s  a few cm o r  more below t h e  s u r f a c e .  Rocklet 2267, 
t h e  p o s s i b l e  excep t ion ,  was most l i k e l y  exposed i n  s i t u .  They must have been -- 
t r anspor ted  i n  one o r  a  few s t e p s  over longer  d i s t a n c e s ,  by r a r e r ,  l a r g e r  
s c a l e  events .  

There seems t o  be a t rend  downward w i t h  depth  i n  2 6 ~ 1 / 5 3 ~ n  f o r  t h e  
"ho t te r"  r o c k l e t s .  This  i s  c o n s i s t e n t  w i t h  r o c k l e t  410 (2.1 g/cm2) n e a r e s t  
t h e  s u r f a c e ,  having rece ived  much of i t s  2 6 A l  - i n  s i t u ,  whi le  t h e  deeper ones ,  
such a s  2269 (5.8 g/cm2) and perhaps 413 (8.3 g/c- have had enough t ime 
s i n c e  d e p o s i t i o n  f o r  a p p r e c i a b l e  decay.  

I n  c o r e  15011, a s  i n  60010 prev ious ly ,  t h e  r o c k l e t  d a t a  have been very  
u s e f u l  i n  unders tanding i t s  h i s t o r y .  

Wewishto  thank R. M. Lindstrom f o r  t h e  neutron i r r a d i a t i o n s ,  M. Imamura 
f o r  t h e  atomic a b s o r p t i o n  spectrometry ,  and J.  S. Nagle f o r  h i s  h e l p  i n  
s e l e c t i n g  and d e s c r i b i n g  t h e  r o c k l e t s  . 
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Figure  2. F igure  3.  


