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The n a t u r e  of hydrocarbons and p r o p e r t i e s  of e lemental  carbon i n  c i r e m -  
s t e l l a r ,  i n t e r s t e l l a r  and i n t e r p l a n e t a r y  d u s t  ha s  been a longstaniding problem 
i n  astronomy and me teo r i t e  research .  Sagan and Khare [I9791 suggested t h a t  
s o l i d  carbon-bearing molecules forming from simple gas  mix tures  a r e  a major 
cons t i tuen t  i n  t h e  i n t e r s t e l l a r  medium, pre-planetary s o l a r  nebule,  earbon- 
aceous chondr i t e s  and comets. This  s o l i d  m a t e r i a l  ( t h o l i n s )  forms a f lufEy 
mixture of many carbon-bearing molecules,  i nc lud ing  carbon cha in  molecules 
[Winnewisser and Walmsley, 19791 and po lycyc l i c  aromatic  hydrocarbons [Sagan 
and Khare, 1979; Leger and Puget, 19841. Although t h e  f i t  i s  not  unique, t h e  
s p e c t r a l  c h a r a c t e r i s t i c s  of  t h o l i n s  f i t  many f e a t u r e s  i n  t h e  III s p e c t r a  of 
c i r c u m s t e l l a r  and i n t e r s t e l l a r  dus t .  The 2175A e x t i n c t i o n  featuree i n  t h e  UV 
s p e c t r a  of c i r c u m s t e l l a r  and i n t e r s t e l l a r  dus t  ha s  been v a r i o u s l y  a t t r i b u t e d  t o  
amorphous, poorly g r a p h i t i s e d  carbon ( = t u r b o s t r a t i c  carbon) o r  g r aph i t e  
( = c r y s t a l l i n e  carbon)  [Snow, t h i s  volume]. However, s p e c t r a  f o r  carbon-rich 
s t a r s  suggest  t h e  presence of amorphous carbon r a t h e r  t han  g r a p h ~ i t e  CDraiaae, 
19841. I n  an a t tempt  t o  unify t h e  observa t iona l  d a t a  Greenberg [19821 proposed 
a t h r e e  component dus t  model o f  t i n y ' s i l i c a t e  and g raph i t e  g r a i n s  and s i l i c a t e  
g r a i n s  mantled by wyellow s t u f f w  o f  photo-processed molecules cont,ailllng C,  0, 
N and H. Greenberg El9821 showed t h a t  nonvo la t i l e  o rgan ic  ~no lecu le s  of' 
non-biotic o r i g i n  a r e  probably common t o  many comets. 

Recently a new s e t  of f ine-gra ined  e x t r a t e r r e s t r i a l  materia1.s has  become 
a v a i l a b l e  t o  t h e  s c i e n t i f i c  community through programs which c o l l e c t  these  
p a r t i c l e s  i n  t h e  E a r t h ' s  s t r a t o s p h e r e  [Fraundorf e t  a l . ,  1982; Clanton e t  a l . ,  
19821. These f ine-gra ined  m a t e r i a l s  are probably of cometary o r i g i n  but may 
a l s o  o r i g i n a t e  i n  t h e  a s t e r o i d  b e l t ,  o r  i n  t h e  i n t e r s t e l l a r  medium [Brownlee e t  
al . ,  19771. An important  subse t  of s t r a t o s p h e r i c  dus t  c o l l e c t i o n s  i s  formed by 
f l u f f y  aggrega tes  of . smal l - s ized  g r a i n s  ranging from < 100A up t o  - 0 . 5 ~ ~  i n  
s i z e  and which have c h o n d r i t i c  bulk composition. The compositions of these  
Chondr i t i c  Porous Aggregates (CPAts) is comparable with t h e  bulk compositions 
of  carbonaceous chondr i t e s  [Fraundorf e t  a l . ,  1982; Mackinnon e t  a:L., 19821 and 
ma t r i ce s  of unequ i l i b r a t ed  o rd ina ry  chondr i t e s  [Rietmei jer and MeKay "185 1 . The 
e x t r a t e r r e s t r i a l  o r i g i n  of  CPA" i s  confirmed by t h e i r  noble ga.s abundanees 
[Rajan e t  a l . ,  1977; Hudson e t  a l . ,  19811 and l a r g e  D/H f r a c t i o n a t i o n  r a t i o s  
[ Zinner e t  a1. , . 1983 ; wood, t h i s  volume]. 

I n  t h e  p a s t  decade many d e t a i l e d  s t u d i e s  have shown t h a t  al-though CPAns 
have a va r i ed  s i l i c a t e  and oxide mineralogy, carbonaceous ma t t e r  is  inva r i ab ly  
presen t  [ c f .  McKay e t  a l . ,  19853. The mineralogy of some CPA1s t e n t a t i v e l y  
suggest  a r e l a t i o n s h i p  between t h e s e  aggrega tes  and carbonaceous chondr i tes  
[Rie tmei je r ,  1985-a; Tomeoka and Buseck, 19851 o r  mat r ices  of  ullequilibriated 
ord inary  chondr i t e s  [Rie tmei je r  and McKay, 19851. The measured D-excesses i n  
many C P A b  [Clayton, t h i s  volume; Wood, t h i s  volume] and i n f e r r e d  1 2 ~ / 1 3 ~  and 
7 ~ i / 6 ~ i  r a t i o s  f o r  cometary d u s t  [Fecht ig ,  19871 suggest  t h a t  CPA.9 ( a  subset  
of c h o n d r i t i c  I n t e r p l a n e t a r y  Dust P a r t i c l e s )  may form a c l a s s  of e x t r a t e r -  
r e s t r i a l  m a t e r i a l s  t h a t  i s  even more p r imi t i ve  than  p r imi t i ve  me teo r i t e s .  

Hydrocarbons a r e  indigenous t o  carbonaceous chondr i tes  [Nagy, 19751 but 
t h e  o r i g i n  of i n d i v i d u a l  molecules is  uncer ta in .  The i s o t o p i c  s i g n a t u s e  of some 



rwaleeules ( r e f e r r e d  t o  as kerogen) suggests  an  o r i g i n  i n  t h e  i n t e r s t e l l a r  
medim [Kenridge, t h i s  volume]. Unfortunately we know l i t t l e  of t h e  mineralogy 
of carbonaceous matter ,  inc luding elemental carbon species ,  i n  p r imi t ive  extra-  
t e r r e s t r i a l  materials .  Analyt ical  Elec t ron Microscope (AEM) s t u d i e s  r evea l  t h a t  
poorly graphi t i sed  carbon (PGC) is present  i n  t h e  Orgueil,  Cold Bokkeveld and 
A1lende metcsorites [Lumpkin, 1981 ; 1983-a; -b; Smith and Buseck, 19811. A few 
AEM s tud ies  of CPA1 s show t h a t  metastable carbon-2H [Rietmei j e r  and Mackinnon, 
1985-aI and poorly g raph i t i sed  carbon, s i m i l a r  t o  m e t e o r i t i c  PGC [Rietmeijer  
and Mackinnon, 1 985-b ] , a r e  t h e  dominant carbon-bearing spec ies ,  although 
mihydro@arbomsn [Chr is tof fersen  and Buseck, 1984 1 may be present .  

The mineral cons t i tuen t s  of C I  and CM carbonaceous chondri tes  i n d i c a t e  
t h a t  these meteor i tes  have been subjected t o  low-temperature (T< 4OOoK) aqueous 
a l t e r a t i o n s  [Bunch and Chang, 1980 ; Clayton and Mayeda, 1 984 1, The mineralogy 
of severa l  CPA1s shows t h a t  low-temperature aqueous, inc luding hydrocryogenic, 
a l t e ra t ions , ,  may have been opera t ive  i n  these  aggregates [Rietmei j e r  , 1 9855.b; 
Rietmeijer and Mackinnon, 1984 ; 1985-c; Tomeoka and Buseck, 19851. These 
observations r a i s e  the  ques t ion  t o  what extent  hydrocarbon and elemental carbon 
phases a r e  indigenous t o  p r imi t ive  e x t r a t e r r e s t r i a l  ma te r i a l s  o r  how much they 
have been a f fec ted  by, o r  may have formed during, low-temperature a l t e r a t i o n  
processes. 

The t ex tu res  and c rys ta l lograph ica l  p roper t i e s  of PGC from carbonaceous 
chondrites and CPA" a r e  comparable with PGC formed by dehydrogenation and 
e a r b o a s a t i o n  of hydrocarbon precursors under na tu ra l  t e r r e s t r i a l  and 
experimental. condit ions [Rietmei j e r  and Mackinnon, 1985-b] . The degree of 
graphit isat j-on of PGC shows a systematic r e l a t i o n s h i p  with t h e  heat-treatment 
temperature o r  dura t ion  of peak-heating. The m i n i m u m  g r a p h i t i s a t i o n  temperature 
f o r  PGC i n  t h e  CPA1s and carbonaceous chondri tes  is ca 4000K [Rietmei j e r  and 
Maekinnon, l985-b]. Importantly, i n  CPA", but not i n  carbonaceous chondr i tes ,  
K C  containis t r a c e s  of another carbon phase i d e n t i f i e d  a s  carbon-2H [Rietmeijer  
and Mackinnon, 1985-a]. Carbon-2H is a metastable product of low-temperature 
hydrous pyrolysis  of a hydrocarbon precursor and i t s e l f  is a precursor of PGC 
[Rietmeijer and Mackinnon, 1985-a]. 

By analogy with t e r r e s t r i a l  hydrocarbon and PGC occurrences Rietmeijer  
and Mackinnon [ I  985-dl proposed a multi-stage model of hydrocarbon diagenes is  
I n  CPA and carbonaceous chondri te  (proto-) planetary parent bodies [Rietmeijer ,  
"1985-a; -el i n  which hydrocarbons a r e  subjected t o  low-temperature hydrous 
pyrolysis .  With continued heat-treatment time and temperature the  pyrolys is  
products, e,g. carbon-2H, a r e  g raph i t i sed  t o  various degrees of PGC. Hydrous 
pyrolysis  and g r a p h i t i s a t i o n  a r e  s e n s i t i v e  t o  t h e  presence of a c a t a l y s t ,  e.g. 
c e r t a i n  non-.metallic elements, metals,  a l l o y s  and l a y e r  s i l i c a t e s ,  which 
contr ibute  t o  lower t h e  temperatures a t  which these  processes occur [Bradley e t  
al., 1981; F i t z e r  e t  a l . ,  1971; Mackinnon e t  a l . ,  1985; Rietmeijer  and 
Mackinnon, 1985-a; -b; Oya and Marsh, 19821. 

I n  summary, elemental carbon phases i n  pr imi t ive  e x t r a t e r r e s t r i a l  
mater ia ls  f ~ r m  by low-temperature processes a f t e r  accumulation of dust  
i n t o  (proto-) y parent bodies. Hydrous pyrolys is  not only produces 
so%&, well-graphit isable,  carbon but may a l s o  r e s u l t  i n  t h e  formation of new 
hydrocarbon rnolecules e i t h e r  from heavier hydrocarbon precursors o r  by reac t ion  
between pyrolysis  in termedia tes  [ F i t z e r  e t  a l . ,  19711. I n  addi t ion ,  hydrous 
pyrolysis  may change the  deuterium conte rocarbons [Hoering, 19821. 
Thus, it  seems not possible t o  recognise an unprocessed hydrocarbon 



phase i n  carbonaceous chondr i t e s  and CPA". 
Although hydrocarbons i n  p r imi t i ve  e x t r a t e r r e s t r i a l  m a t e r i a l s  p resen t  a 

complex model, I conclude t h a t  hydrocarbons, and not  PGC o r  g r a p h i t e ,  dominate 
t h e  dus t  around carbon-rich s t a r s  and i n  t h e  i n t e r s t e l l a r  medim. This 
conclusion,  based on obse rva t iona l  evidence, suppor t s  experimental  s t u d i e s  by 
Dayhoff e t  a l .  [I9641 and Hayatsu e t  al. [I9801 t h a t  vapor phase condensation 
i n  carbon-rich environments w i l l  produce hydrocarbons r a t h e r  than  g r a p h i t e  
because of i t s  high nuc l ea t i on  energy [Czyzak and Sant iago ,  952731. We may 
probably r u l e  ou t  t h e  ex i s t ence  of g r aph i t e ,  and poss ib ly  of PGC, i n  t h e  i n t e r -  
s t e l l a r  medium i f  chemical p rocess ing  i n  t h e  i n t e r s t e l l a r  mediim occurs  a t  
ene rg i e  l e v e l s  comparable wi th  s imu la t i on  s t u d i e s  [ c f .  Greenberg, 1982 ; Sagan 
and Khare, 19791. Addit ional  energy sources  may be t h e  amorphous t o  c r y s t a l l i n e  
t r a n s i t i o n s  of  s i l i c a t e s  [Clayton, 19831 and i c e s  [Smoluchowski and McWilliana, 
19841. 

I n  a d d i t i o n ,  hydrocarbons i n  p r imi t i ve  e x t r a t e r r e s t r i a l  matelrials may not  
be p r i s t i n e  i n t e r s t e l l a r  molecules.  However, cont inued e f f o r t s  t o  reeognise  
hydrocarbons and elemental  carbon phases i n  Chondr i t i c  Porous Aggregates mag 
al low us  t o  understand t h e  mult i -s tage hydrocarbon/elemental carboa model. 
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f o r  h i s  support .  
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