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O N  O R I G I N  OF Ne-E I N  CHONDRITES; A,K,Lavrukhina and G & , u ~ -  
t inova ,  Vernadsky I n s t i t u t e  of  Geochemistry and Analyt ical .  Che- 
m i s t r y ,  USSR Academy of Sc iences ,  Moscow, 117334 USSR 

Detec t ion  o f  i s o t o p i c  anomalies i n  carbonaceous chondr i t e s  
h a s  chaaged o u r  n o t i o n  about t h e  n a t u r e  of t h e  p r imord ia l  m a t t -  
e r  of t h e  s o l a r  system, i n  p a r t i c u l a r ,  i t  has  l e d  u s  t o  t h e  
concept ion o f  i s o t o p i c  and chemical h e t e r o g e n e i t y  o f  t h e  proto- 
p l a n e t a r y  nebula  /I /. One o f  t h e  e a r l i e s t  anomaly found ir car- 
bonaceous chondr i t e s  i s  Ne component enr iched i n  me-22 that fa- 
i l e d  t o  be a s s o c i a t e d  wi th  some source  i n  t h e  s o l a r  system and 
probably had a p r e s o l a r  o r i g i n  /2/, The Ne-22 enr iched f r a c t i -  
ons,  o r  Ne-E, have been s e p a r a t e d  by s t e p - w i s e  h e a t i n g  when t h e  
gas  components i n  d i f f e r e n t  minera l  phases  a r e  r e l e a s e d  i n  t h e  
d i f f e r e n t  temperature range. Indeed N ~ - E ( L )  (Ne-20/~e-22<0.01; 
Ne-21 /Ne-22<0.001) , t h e  c a r r i e r s  ( a d )  of  which a r e  g r a p h i t i c  
g r a i n s  , is r e l e a s e d  a t -  T < 800-IOOOOC, and Ne-E(H) (Ne-20/Ne-22 < 
0 ,2; Ne-21 /~e-22<0,003)  wi th  S i c  as a c a r r i e r  a s s o c i a t e d  wi th  
s p i n e l  i s  r e l e a s e d  at  T > 1 200°C /3/* Such p u r i t y  o f  t h e  Ne-E 
components could  be condi t ioned on ly  t o  t h e i r  o r i g i n  due t o  
decay o f  r a d i o a c t i v e  Na-22 ( ~ ~ 1 ~  = 2.6 y )  . 

I n  /4,5/ t h e  ~ e - E ( L )  and ~ e - E ( H )  con ten t s  have been measur- 
ed i n  t h e  h igh  temperature s e p a r a t i o n s  of t h e  Murray  a d  Murch- 
i s o n  C2 chondr i t e s ,  and Ne-E(H) v a r i a t i o n s  i n  dependence on T 
and s i z e  o f  S i c  g r a i n s  have been der ived ,  The r e f r a c t o r y  f rac-  
t i o n s  of  t h e  p r i m i t i v e  carbonaceous chondr i t e s  a r e  supposed t o  
be t h e  most probable  r e l i c s  of t h e  p r e s o l a r  m a t t e r  / 6 / ,  Because 
S i c  i s  condencad from a gaa only  if C/O > 0.83 /7/ and is conse- 
quent ly  observed in C-rich s t e l l a r  outf lows /8/, carbon-rj.ch 
r e d  g i a n t s  and OyB stars of  t h e  second g e n e r a t i o n  on  t h e  Wolf- 
Rayet s t a g e  could be considered as i t s  p o t e n t i a l  sources  /5/, 
It i s  p r e c i s e l y  that  s t a g e  o f  t h e  s t e l l a r  evo lu t ion  t h a t  is  
c h a r a c t e r i z e d  by C/O> 1 and by t h e  i n t e n s i v e  s t e l l a r  out f lows 
and winds, I n  add i t ion ,  t h e  observed i s o t o p i c  anomalies o f  C, N 
and S i  i n  t h e  carbon g r a i n s  and S i c  a r e  r e l i c s  o f  n u c l e a r  reac- 
t i o n s  on  t h a t  s t a g e ,  It i s  n a t u r a l ,  t he re fo re ,  t o  b e l i e v e  
t h a t  t h e  supernova t h a t  had l e d  t o  t h e  formation o f  t h e  s o l a r  
system w a s  0 ,B-star  of  t h e  second g e n e r a t i o n ,  

The presence  of g r a i n s  o f  condenced carbon and SiC i n  t h e  
p r o t o s o l a r  matter prompts a n a t u r a l  w a y  t o  s o l v e  t h e  problem of 
Ne-E: o r i g i n ,  Indeed, one may assume that i t s  r a d i o a c t i v e  pre- 
c u r s o r  Na-22 had been produced i n  n u c l e a r  r e a c t i o n s  wi th  ener- 
g e t i c  p a r t i c l e s  a c c e l e r a t e d  at t h e  supernova explos ion  4.7e10 9 
y r  ago, A t  t h a t  f i n a l  s t a g e  of  nucleosynthes is  t h e  l i g h t - i s o t o -  
pes  L i ,  Be and B had been produced too that allowed u s  us ing  
t h e i r  observed abundances /9 /  t o  determine t h e  i r r a d i a t i o n  pa- 
rameters  /10,11/, ,According t o  t h e  most adequate i r r a d i a t i o n  
model / l o / ,  t h e  g e n e r a t i o n  o f  t h e  elements w i t h  e n e r g e t i c  pa r -  
t i c l e s  took p l a c e  during t h e i r  a c c e l e r a t i o n  at t h e  f r o n t  of a 
shock wave f r o m  t h e  supernova explos ion  when i t  w a s  pass ing  
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Component Obsem ./4,5/ Gdcul .  ---------------------------------- Tcble. Observed and calcu- - 
l a t e d  mounts of Ne-E(L) 

Ne-E(L) 51 50-1 3600 11000 and He-E(H) i n  the Murchi- 

Ne-E(H) 1953- 3780 2422 son C 2  chondrite ( i n  10-8 
-----------------I----------- mllg).  

through i t s  expanding s h e l l .  I n  such conditions the nuclear 
reactions over the  whole s h e l l  a re  supposed to  be excited by 
the accelerated p a r t i c l e s  with some average energy spectrum 
and in teg ra l  i n t e n s i t y ,  The following values of the  parameters 

have been derived /11/: 1,(>15 M ~ v ) =  1.62 *ID '  cmW2; = 
.t? 

1.17*10-~; 1&(>15 ~ e ~ / n u c l . ) =  1.89.10'~ cm4; t = 2 . 5  as well 
as the  s t a t i s t i c a l l y  weighted according t o  the  spectrum Na-22 
production cross sect ions  from the  main t a rge t  elements, 

We considered the Ha-22 production on Ra, Mg, Al, S i  and 3 
and using t h e i r  cosmic abundances / 9 /  obtained: (Na-22/Na-23), 

p e r  one C atom. It means t h a t  3.10 l 5  Na-22 atoms and a f t e r  the- 

i r  decay - 11000*10-~ m l  of Ne-22 per  1 g of carbon were fom-  
ed, This value corresponds to  ~ e - E ( L )  meximum content i n  i t s  
c a r r i e r  (see  the   able), Therefore, one may suppose tha t  the 
N~-E(L) component was formed owing t o  capture of Na-22 produc- 
ed i n  nuclear reactions with accelerated p a r t i c l e s  by the gra- 
i n s  of condenced carbon i n  the outer  s h e l l  of the  supernova, 

To ascer ta in  the Ne-E(H) o r ig in  Sit3 grains  i r r a d i a t i o n  i n  
the a imilar  model i s  considered, A s  obtained, due t o  the decay 
of Na-22 produced on SiC i n  nuclear reactions with energetic 
particles 2422 .log8 ml/g of Ne-22 were generated. This magni- 
tude i s  i n  the range of-Ne-E(H) values observed i n  SiC of diff- 
e ren t  gra in  s i z e s  i n  the C2 chondrites (see the  able) . It pro- 
vea the ~e-E(H)  o r i g i n  i n  the  scenario examined. I n  addition, 
we believe tha t  much grea ter  mounts of He-E(H) i n  SiC should 
be observed. Indeed, a t  the f ron t  of the shock waves with high 
extent  of pressure the spectrum- index strongly depends on 
energy and decrewes:  J'<2 /12/, The Ne-E(H) production increa- 
ses  with reducing k and t o t a l s  91 ml/g i f  r= 2 ,  E,b10 

A.K. 
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