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Noble gases i n  meteor i tes  f a l l  i n t o  two broad classes: nob le  gases o r i g i n a t i n g  from 
s i t u  nuc lear  processes; and t rapped nob le  gases. Trapped noble gases a l s o  con ta in  two com- - 
ponents: Solar  noble ases, which were implanted i n t o  m e t e o r i t i c  m a t e r i a l  from s o l a r  wind; and 
P lane ta ry  nob le  gases q l ) .  

P lane ta ry  nob le  gases are present  i n  va ry ing  amounts i n  a l l  c h o n d r i t i c  meteor i tes  (1).  
The p lane ta ry  abundance p a t t e r n  i s  charac te r i zed  by a  s t r o n g  f r a c t i o n a t i o n  compared t o  s o l a r  
system abundances, w i t h  l i g h t  elements more s t r o n g l y  depleted than heavy elements (F ig.  a). 
P lane ta ry  noble gases i n  meteor i tes  a re  c a r r i e d  by HF-HC1 i n s o l u b l e  phases, most ly  carbonaceous 
m a t e r i a l ,  which comprise a  very sma l l  f r a c t i o n  o f  t h e  b u l k  meteor i tes  (2,3,4,5,6,12). Plane- 
t a r y  noble gases c o n s i s t  o f  severa l  separable components, i n c l u d i n g  Ne-E, s-process Xe, CCFXe, 
and normal p lane ta ry  gases. Normal p lane ta ry  gas (60-90% o f  t h e  p lane ta ry  gas) i s  l o c a t e d  i n  
t h e  N O 3  so lub le  p o r t i o n  o f  t h e  a c i d  res idues  (2,3,4,5,6,12). 

Average nob le  gas abundance p a t t e r n s  f o r  th ree  meteor i te  c lasses a re  shown i n :  F ig .  a  f o r  
b u l k  a c i d  res idues;  F ig.  b  f o r  a c i d  res idues  t r e a t e d  w i t h  fuming W03, and Fig.  c  for  t h e  W03 
s o l u b l e  f r a c t i o n  as determined by d i f f e r e n c e  (3,4,5). The component labe led  "exo t i c  p lane ta ry "  
(F ig.  b )  con ta ins  on ly  about 5% o f  the  t o t a l  noble gases, and d i s p l a y s  e x o t i c  i s o t o p i c  com- 
p o s i t i o n s  such as CCFXe. Comparison o f  t h e  e lementa l  p a t t e r n s  and i s o t o p i c  composit ions o f  the  
nob le  gas components, as w e l l  as t h e  temperature re lease  p r o f i l e s  (4,7), i n d i c a t e s  t h a t  
"p lanetary Ne" (Neon-A), and most o f  t h e  He, a re  associated w i t h  CCFXe, n o t  w i t h  normal plane- 
t a r y  noble gases. The i s o t o p i c  c h a r a c t e r i s t i c s  o f  gases i n  t h e  e x o t i c  p lane ta ry  component, as 
w e l l  as those o f  the  "normal p lane ta ry "  component (Fig. c) ,  a re  l i s t e d  i n  Table 1. 

Severa l  components o f  t h e  p lane ta ry  nob le  gases are now be l ieved  t o  be pre-so lar  (e.g. Ne- 
E, s-process Xe, CCFXe). The d i r e c t  exper imenta l  c o r r e l a t i o n  between CCFXe and t h e  o ther  noble 
gases i n  t h e  e x o t i c  component suggests a  pre-so lar  o r i g i n  f o r  t h e  e n t i r e  e x o t i c  component. On 
t h e  o ther  hand, t h e  normal p lane ta ry  gases a re  thought t o  be o f  s o l a r  system o r i g i n  because: 
A )  the  i s o t o p i c  composit ions o f  the  heavy gases a r e  normal ( i .e. s i m i l a r  t o  Solar  gases), B) 
t h e  composit ion i s  u b i q u i t o u s  i n  s o l a r  system ob jec ts ,  and C) t h e  normal p lane ta ry  gases were 
n o t  thought  t o  be associated w i t h  o ther  pre-so lar  composit ions (2).  The purpose o f  t h i s  
a b s t r a c t  i s  t o  suggest t h a t  a v a i l a b l e  evidence i s  compatable w i t h  a  pre-so lar  o r i g i n  o f  t h e  
"normal p lane ta ry "  component. 

The b u l k  o f  t h e  nob le  gases i n  the  pre-so lar  molecular  c loud  should comprise an i s o t o p i -  
c a l l y  homogeneous r e s e r v o i r .  I s o t o p i c  homogeneity i s  expected because nob le  gases spend a  
l a r g e  p o r t i o n  o f  t h e i r  i n t e r s t e l l a r  l i v e s  i n  t h e  gas phase and should be thoroughly  mixed by 
turbulence i n  i n t e r s t e l l a r  space. I n  a  c o l d  molecular  c loud  most gaseous elements condense 
onto g r a i n  sur faces as i c y  mantles (8,9). Xe, Kr, and A r  should be q u a n t i t a t i v e l y  condensed i n  
these i c y  mantles, b u t  a l l  o f  t h e  He and much o f  t h e  Ne should remain i n  the  gas phase (9 ) .  
Noble gases i n  i c y  mantles should be e lementa l l y  as w e l l  as i s o t o p i c a l l y  normal. 

Ion-molecule r e a c t i o n s  dur ing  p e r i o d i c  evaporat ion and recondensation o f  i c y  g r a i n  mantles 
i n  t h e  molecular c loud  r e s u l t e d  i n  p roduc t ion  o f  r e f r a c t o r y  carbonaceous mantles on dus t  g r a i n s  
(8 ) .  The q u a n t i t a t i v e  presence o f  t h e  heavy noble gases i n  t h e  mantles d u r i n g  p roduc t ion  o f  
t h e  organic  molecules prov ided a  s e t t i n g  f o r  e f f i c i e n t  t r a p p i n g  o f  t h e  gases i n t o  t h e  carbon- 
aceous m a t e r i a l .  

Imp l i ca t ions :  The s i m i l a r i t y  o f  t h e  e lementa l  f r a c t i o n a t i o n  p a t t e r n s  i n  t h e  heavy noble 
gases of t h e  e x o t i c  p lane ta ry  and normal p lane ta ry  components, as w e l l  as i n  atmospheric gases 
t rapped i n  t e r r e s t r i a l  kerogen (10) and i n  nob le  gases t rapped i n  soot  ( l l ) ,  suggests t h a t  the  
f r a c t i o n a t i o n  i s  a  p roper ty  o f  carbonaceous mate r ia l .  The e lementa l  f r a c t i o n a t i o n  was thus  n o t  
mass f r a c t i o n a t i o n ,  b u t  r e s u l t e d  from v a r i a t i o n s  i n  p h y s i c a l  chemistry. We t h e r e f o r e  p l o t t e d  - 
t h e  elementa l  composit ions against  p o l a r i z a b i l i t y ,  a  p h y s i c a l  parameter, r a t h e r  than mass. If 
t h e  e lementa l  f r a c t i o n a t i o n  was a  f u n c t i o n  o f  p h y s i c a l  chemist ry  r a t h e r  than mass, no i s o t o p i c  
f r a c t i o n a t i o n  would be expected d u r i n g  t rapping.  The i s o t o p i c  composit ion of normal p lane ta ry  
nob le  gases should be the  same as t h a t  o f  t h e  sun because bo th  sampled t h e  same w e l l  mixed 
nob le  gas r e s e r v o i r .  The extreme d e p l e t i o n  o f  He and Ne i n  normal compared t o  e x o t i c  plane- 
t a r y  gas (F igs.  b,c) r e s u l t s  because He and Ne were l a r g e l y  absent from g r a i n  sur faces d u r i n g  
format ion o f  carbonaceous mantles. 

Th is  model exp la ins  t h e  p r e f e r e n t i a l  t r a p p i n g  o f  nob le  gases by t h e  carbonaceous c a r r i e r  
phase and t h e  near absence o f  t rapped nob le  gases i n  o ther  m e t e o r i t i c  phases. Th is  model a l s o  
exp la ins  t h e  h i g h  noble gas content  i n  t h e  c a r r i e r  phase, because i t  formed i n  an environment 
w i t h  t h e  cosmic complement o f  heavy nob le  gases a l ready condensed. 
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The widespread occurrence o f  the normal p lane ta ry  composit ion does n o t  necessar i l y  imply a 
s o l a r  system o r i g i n .  The f a c t  t h a t  the  e x o t i c  component i s  present i n  most p r i m i t i v e  meteor- 
i t e s  suggests t h a t  widespread incorpora t ion  o f  pre-solar  g ra i n  mantles i s  possib le.  I f  one 
abandons the  assumption t h a t  the  s o l i d s  i n  the  so l a r  system condensed from a ho t  gaseous 
nebula, the  widespread incorpora t ion  of  pre-solar  g ra i n  mantles i s  expected. 
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Table 1. I so top i c  Cha rac te r i s t i c s  o f  Components o f  P lanetary Noble Gases 

3 ~ e / 4 ~ e  Z 0 ~ e / 2 2 ~ e  36~r /38~r  Krypton Xenon 

Exo t i c  1.47~10-4 3 . 5  3 . 2  Enriched i n  Enriched i n  
Planetary (12) (3,4,5,7) (3,4,5) heavy isotopes l i g h t  and heavy 

isotopes 
Normal 1.47~10-4 10.4fl.4 15.34 normal normal 
Planetary (12) (3,4,7) (3,4,5) 

Exotic 
Planetary 

Q B : Normal 
Planetary 
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