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Soi 1  sample 10086D was separated i n t o  f r a c t i o n s  accord ing t o  s i ze ,  den- 
s i  t y ,  and magnetic s u s c e p t i b i l i t y .  The s i z e  f r a c t i o n s  105-42@, 37-1051-1, and 
< 3 n  were ob ta ined  by wet s i e v i n g  w i t h  methanol. S ize  f r a c t i o n s  concent ra ted 
i n  very f i n e  p a r t i c l e s  <$ and 5-1@ were obta ined by a p p l i c a t i o n  o f  Stoke 's  
Law f o r  s e t t l i n g  r a t e s  i n  methanol o f  p a r t i c l e s  f rom a p o r t i o n  o f  t h e  <3$ 
f r a c t i o n .  The 37-105  f r a c t i o n  was f u r t h e r  separated i n t o  t h e  d e n s i t y  f r a c -  
t i o n s  shown i n  Table 1  , w i t h  d i  iodomethane and mix tures o f  d i  iodomethane and 
acetone whose d e n s i t i e s  were ad jus ted  w i t h  appropr ia te  s i n k - f l o a t  standards. 
Subsequent magnetic suscept i  b i  1  i t y  separat ions were c a r r i e d  ou t  w i t h  a  F ran tz  
isodynamic separator .  A l l  p a r t s  o f  t h i s  separator  which came i n t o  con tac t  
w i t h  t h e  samples were coated w i t h  Te f lon .  The d i s t r i b u t i o n  o f  p a r t i c l e  types 
i n  each o f  t h e  f r a c t i o n s  was determined w i t h  a  pe t rog raph ic  microscope; de- 
t a i l e d  d e s c r i p t i o n s  o f  t h e  f r a c t i o n s  and t h e  weight  d i s t r i b u t i o n  o f  t h e  t o t a l  
recovered m a t e r i a l  a r e  g iven i n  Table 1. A smal l  p o r t i o n  o f  the  <3$ f r a c -  
t i o n  o f  10086D was etched s l  i g h t l y  w i t h  a  d i l  u t e  s o l  u t i o n  o f  HF (1 vo l  . 40% 
HF t o  250 vo l  . wate r ) .  

Separated f r a c t i o n s  have been py ro lyzed  under vacuum a t  a  l i n e a r  tempera- 
t u r e  program r a t e  o f  25"C/min. f rom ambient t o  1400°C. A1 1  gaseous species 
evolved were con t inuous ly  moni tored us ing  a  h i g h  s e n s i t i v i t y ,  h i g h  r e s o l u t i o n  
MS-902 mass spectrometer coupled t o  a  computer (1 ) .  T o t a l  carbon ( re leased 
as CO and C02) and t o t a l  n i t r o g e n  ( re leased as N2) were determined by i n t e -  
g r a t i n g  t h e  temperature re lease  p r o f i l e s  f o r  these gaseous species; these 
data a re  g iven  i n  Table 1. The amount o f  CO evolved by t h e  samples i s  a  
b e t t e r  measure o f  t h e i r  carbon contents  s ince  most o f  t h e  C02 i s  t e r r e s t r i a l  
contaminat ion and i s  re1  eased below 600°C d u r i n g  p y r o l y s i s .  

The data  show t h a t  carbon and n i t r o g e n  a re  concent ra ted i n  the  <$, 5- 
I @ ,  and (3% s i z e  f r a c t i o n s  o f  10086D and i n  t h e  separates f rom t h e  37-10% 
f r a c t i o n  (Table 1 )  which c o n t a i n  h i g h  p ropor t ions  o f  g lassy  aggregates ( # I ,  4, 
and 5).  Those f r a c t i o n s  c o n s i s t i n g  c h i e f l y  o f  t h e  m inera ls  p l a g i o c l a s e  (#7)  
and pyroxene (#I3 and 14) ,  orf t h e  o t h e r  hand, have the  lowes t  concent ra t ions 
o f  carbon and n i t r o g e n .  These r e s u l t s  agree i n  general w i t h  t o t a l  carbon 
values f o r  g lassy a g g l u t i n a t e s  and f e l d s p a r  i s o l a t e d  f rom severa l  Apo l lo  15 
s o i l s  (2)  and w i t h  t h e  data  f o r  concent ra t ions o f  ca rb ide  and methane i n  
aggl u t i n a t e  and minera l  f r a c t i o n s  separated f rom 10086D f i n e s  (3 ) .  F rac t ions  
6  and 12 con ta in  very  h i g h  concent ra t ions o f  carbon a l though t h e  aggregates 
i n  these f r a c t i o n s  amount t o  o n l y  about 20% and 3O%,respectively. I t  may be 
s i g n i f i c a n t  t h a t  these aggregate g r a i n s  con ta in  opaque minera ls  , probably  
most ly  gas r e t e n t i v e  i l m e n i t e ,  and mlght  t h e r e f o r e  s u f f e r  l e s s  l o s s  o f  carbon 
c o n t a i n i n g  gases a t  t h e  h igher  temperatures (>60O0-800°C) assoc ia ted w i t h  
a g g l u t i n a t e  and b r e c c i a  format ion ( 4 ) .  The nTtrogen contents  o f  t h e  carbon- 
r i c h  f r a c t i o n s  5, 6  and 12 a re  s i g n i f i c a n t l y  lower than those o f  the  carbon- 
r i c h  g lassy aggregate f r a c t i o n s  1  and 4 suggest ing t h a t  d i f f e r e n t  mechanisms 
c o n t r o l  the  d i s t r i b u t i o n  o f  carbon and n i t r o g e n  I n  these complex p a r t i c l e s  o r  
t h a t  the  g ra ins  inco rpora ted  i n t o  t h e  two types o f  aggregates o r i g i n a l l y  
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contained d i f f e r e n t  amounts of nitrogen ( r e l a t i v e  t o  carbon). The l a t t e r  
poss ib i l i t y  could be a r e s u l t  of varying mineral compositions with varying 
r e t en t ive  propert ies .  

Dist inct ive temperature re lease  p ro f i l e s  f o r  C O ,  CQ , and N2 were obtain- 2 ed f o r  the various separated f r ac t ions .  Most of the car  on and nitrogen was 
released as  CO and N2 below 900°C from the following samples: <$, 5-I@, 
<3$, <3$ s l i g h t l y  e t m  and f r ac t ion  #7 (p lagioc lase) .  Each of these 
samples exhibited a bimodal evolution of CO and N 2  a t  600"-850°C and 950"- 
1200°C, with the  1 ower temperature regions predominating by fac tors  of about 
three  o r  more. High temperature (950"-1200"~) evolution of C02 was observed 
only f o r  the (3% f rac t ion  and the <3& s l i g h t l y  etched sample. In s t r i k i n g  
con t ra s t ,  the coarser  s i z e  aggregate-rich (5)  f r ac t ions  37-10% and 105-42% 
and f rac t ions  #1 and f 4 ,  i .e .  glassy aggregates which together make up about 
half  of the 37-10% sample, evolved most of t h e i r  CO and N above 950°C up t o  
1200°C. All of these samples a l so  released COp a t  1000'-1$00~~.  These data 
suggest t h a t  surface r e l a t ed ,  recent ly implanted s o l a r  wind carbon and n i t ro-  
gen a re  mostly associated with the lower temperature region of the character- 
i s t i c  bimodal evolution pat tern of bulk lunar s o i l s  whereas the volume re- 
la ted  carbon and nitrogen components a re  mostly associated with the higher 
temperature re  ion. This in te rpre ta t ion  of the data i s  supported by the 
evolution of 1yCO predominant1 in the region 750"-900°C from plagiocl ase 3 a r t i f i c i a l l y  i r r ad ia t ed  with 1 C (6 ) .  

All of these temperature re lease  p ro f i l e s  taken together suggest t h a t  
substan t i  a1 a1 t e r a t i  on (7 )  of carbon and nitrogen occurs duri ng aggregate 
formation in lunar s o i l s .  The preliminary data f o r  the (3% etched sample 
indica te  t h a t  i t s  gas release p r o f i l e  i s  not subs tant ia l ly  changed despi te  
the loss  of over half of the carbon and nitrogen. This r e s u l t  suggests t h a t  
physico-chemical removal of the C and N alone, by diffusion losses during 
heating of grains t o  2800°C f o r  example, would not enhance the r e l a t i v e  
amounts of carbon and nitrogen phase(s) represented in the 950"-1200°C evolu- 
t ion .  The p ro f i l e s  f o r  the aggregate pa r t i c l e s  may r e f l e c t  the proposed 
synthesis  of additional amounts of carbide (3 )  during agglut inate  formation. 
Indeed our p ro f i l e s  f o r  CO and C02 from the aggregate pa r t i c l e s  resemble 
those generated by a synthet ic  mixture of cohenite and s i l i c a t e  minerals (8 )  
in which CO i s  released predominantly over 900°C. 
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