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S o l a r  w ind i o n  i m p l a n t a t i o n  o f  carbon i s  a  major  source o f  t h i s  e lement 
on t h e  moon and has been imp1 i c a t e d  i n  t h e  fo rma t ion  o f  hydrocarbons and c a r -  
b ides  i n  l u n a r  f i n e s .  I t  i s  a l s o  apparent  t h a t  t h e  chemical and m i n e r a l o g i -  
c a l  compos i t ion  o f  l u n a r  m a t e r i a l  i s  i m p o r t a n t  i n  de te rm in ing  t h e  n a t u r e  o f  
some o f  t h e  carbon spec ies  syn thes i zed  f rom s o l a r  w ind i o n s .  S p e c i f i c a l l y  
t h e  i r o n  and c a l c i u m  con ten ts  o f  1  unar  s o i l s  a re  r e l a t e d  t o  t h e  y i e l d s  o f  CD4 
(1 ) and C2D (2) ,  r e s p e c t i v e l y ,  produced on h y d r o l y s i s  w i t h  d e u t e r i  um 1  abel  l e d  
m ine ra l  a c i  8 s. To understand t h e  parameters s i g n i f i c a n t  f o r  t he  f o r m a t i o n  o f  
l u n a r  ca rb ide  and o t h e r  carbon compounds, we a r e  s i m u l a t i n g  s o l a r  w ind i o n  
i m p l a n t a t i o n  i n  va r ious  m ine ra l  phases which a r e  known t o  occur  on t h e  moon. 
Such s t u d i e s  a r e  a l s o  expected t o  a i d  i n  assessing t h e  d i s t r i b u t i o n  o f  carbon 
among t h e  components o f  1  unar s o i  1  s  (1, 3). 

Wafers ($1 cm x  0.3 cm x  0.1 cm) o f  p l a g i o c l a s e  (An ) were s l i c e d  w i t h  a  
diamond impregnated w i r e  saw and tho rough ly  c leaned wi  f a  water,  methanol, and 
methyl  ene c h l o r i d e  and subsequent h e a t i n g  t o  950°C under vacuum. These 
p l a g i o c l a s e  t a r g e t s  were wrapped w i t h  c lean,  t h i n  l a t i n u m  w i r e  t o  p reven t  
s u r f a c e  c h a r g i n  and were then i r r a d i a t e d  w i t h  l O l g  1 3 ~ '  cm2 a t  40 KeV and 
3  x 1016 D2'/cme a t  12, 18, and 24 K . I n  one+case, 10f6 1 4 ~ + / c m ~  a t  45 KeV 
was used as a  p r o j e c t i l e  a long w i t h  eYCc and 02 on one su r face  o f  t h e  t a r g e t .  
The i r r a d i a t i o n s  have been c a r r i e d  o u t  i n  c o l l a b o r a t i o n  w' h+Dr. M i c t e l  

and D2 Mauret te  and coworkers (4) .  Two t a r g e t s  i r r a d i a t e d  w i t h  + 

We E N +  d i s s o l v e d  i n  40% HF i n  vacuo. The t a r g e t  i r r a d i a t e d  w i t h  , DZC and 
was py ro l yzed  w i t h  1  i n e a r  temperature  programming f rom ambient t o  1400°C ( 5 ) .  
Gases re leased  by b o t h  techniques were analyzed con t inuous ly  w i t h  a  m o d i f i e d  
GEC-AEI MS-902 mass spect rometer  a t  10,000 r e s o l u t i o n .  

A  va ' e t y  o f  hydrocarbons and deuterocarbons were re leased  by  HF d i s s o l u -  
t i o n  o f  C and D< i r r a d i a t e d  p l a g i  o c l  ase. The deuterocarbons rep resen t  
species syn thes i ze  by t h e  imp lan ted  i ons  whereas t h e  hydrocarbons a r e  reac-  
t i o n  products  o f  t h e  HF w i t h  spec ies  behaving l i k e  carb ides.  The major  reac- 
t i o n  p roduc t  re leased  i s  13c2H2, s t r o n g  evidence t h a t  ca l c ium and sodium 
ca rb ides  have been formed i n  t h e  i r r a  ' a t e d  p lag ioc lase .  1 3 ~ 2 ~ 6  and 1 3 ~ 3 ~ 6  
were p r e s e n t  i n  s m a l l e r  amounts. No f3CH4 was de tec ted  among t h e  r e a c t i o n  
products  i n d i c a t i n g  t h e  absence o f  i r o n  and aluminum carb ides which produce 
m o s t l y  methane on h y d r o l y s i s .  Methane was t h e  o n l y  r e a c t i o n  product  de tec ted  
f rom h y d r o l y s i s  o f  l u n a r  f i n e s ,  an i r o n  f i l m  and aluminum a r t i f i c i a l l y  i r r a -  
d i a t e d  w i t h  carbon (6) .  These da ta  i n d i c a t e  t h a t  t h e  n a t u r e  o f  t h e  ca rb ides  
formed i n  l u n a r  f i n e s  i s  s p e c i f i c a l l y  r e l a t e d  t o  the  chemical compos i t ion  o f  
t h e  s u b s t r a t e  and t h a t  i t  i s  t h e  c a t i o n ,  i n  t h e  case o f  p l a g i o c l a s e  a t  l e a s t ,  
which i s  t h e  i m p o r t a n t  element. These data  p r o v i d e  i n d i r e c t  evidence f o r  t h e  
f o r m a t i o n  o f  i r o n  c a r b i d e  i n  l u n a r  i r o n  s i l i c a t e s  ( 7 )  th rough t h e  agency o f  
t h e  s o l a r  wind. 

I n  l u n a r  f i n e s ,  indfgenous methane and ethane a r e  re leased  d u r i n g  h y d r o l y -  
s i s  and a r e  thought  t o  be syn thes i zed  f rom carbon and pro tons i n  the  s o l a r  
wind. Our analyses o f  t h e  a r t i f i c i a l l y  i r r a d i a t e d  p l a g i o c l a s e  show t h a t  bo th  
these species a r e  formed i n  t h i s  way. P i l l i n g e r  e t  a l . ,  ( 6 )  have a l s o  shown 
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t ha t  methane can be synthesized from solar  wind ions, Our analysis of the 
i r radia ted  plagiocl ase i pQicates t h  synthesis of two additional species: 
ethylene and propylene, C2D4 and P3C3D6. The corresponding hydrocarbons 
have been detected in lunar f ines ( 8 ) ,  i n  small amounts. 

A t  present we can only give semi-quantitative data f o r  r e l a t ive  quant i t ies  
of the gaseous species re1 eased by di ssol ut i  on of the i r radia ted  pl agi ocl ase. 
We estimate tha t  a few percent of the i s  recovered as hydrocarbons and 
deuterocarbons. 

Temperature release prof i les  f o r  the jo r  species r epsed during the 
pyrolysis of plagioclase i r radia ted  with BQCt, D ' nd N re shown in 
Figure 1. Implanted carbon i s  evolved pr'marily2a; 7 3 ~ 0  P3c02 as i s  the 
case f o r  most lunar f ines.  The r a t i o  of I3C0 t o  1 3 ~ 0  f o r  the targets  was 5. 
1 3 ~ 0  i s  released mostly between 800-900°C with a smal f e r  amount from about 
1050-1200°C. The same pyrolysis pattern was observed fo r  CO released by 
plagioclase and the f i n e s t  grains separated from 10086D f ines  ( 3 ) .  Most of 
the 1 3 ~ 0 ~ ~  on the other  hand, i s  evolved from 1000-1200°C with another smaller 
evolution a t  800-900°C, and a very minar evolution around 400°C. Our data 
confirm tha t  the low temperature C02 in lunar f ines does not derive to  any 
s igni f icant  extent from so la r  wind. Our resul t s  the evolution of 13c0 from 
i r radia ted  plagioclase d i f f e r  from those of Chang e t  a l .  1 2 )  f o r  i r radia ted  4 mature lunar f ines ,  In t h e i r  experiments most of t h e 1  CO was released above 
900°C. The apparent discrepancy may be d e t o  one or  more of the following: Y (1)  d i f f e ren t  to ta l  doses of 1% (1016/cm vs. > 1017/cm2); ( 2 )  d i f ferent  
mineralogical composition of the ta rgets ;  ( 3 )  chemical s t a t e  of the metal in 
the ta rgets .  The two studies should complement each other and represent so lar  
wind carbon implantation in to  lunar materials with varying degrees of surface 
exposure, 0 her species detected during the heating of the plagioclase were 
HOD and H13Ct4N (Figure 1 )  which were released a t  about 400-600aC and 800-900" 
C ,  respectively. H C N  i s  typica l ly  evolved from 400-700°C in mature lunar 
f ines ( 5 ) ,  and both HCN and DCN a re  observed among the gaseous products re- 
leased when lunar f ines  are  dissolved in DF ( 9 ) .  Our detection of HOD in 
i r radia ted  plagioclase and quartz lends support to  proposals (10, 11) tha t  
hydroxyl groups and water can be synthesized from solar  wind hyd gen and h 
oxygen of lunar materials. Fif ty-six hundredths percent of the rgCt and 1iNT 
was evolved as H ~ ~ C N  and 0.25% of the D2+ was recovered as HOD. Note tha t  
these molecules contain l ab i l e ,  exchangeable hydrogen probably deriving from 
water in the mass spectrometer. 
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Fig. 1 : Species released by pyrolysi of 

lagioclase i r r ad ia t ed  with 73Cf ,  
y4Nt, and D2+. 

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


