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Previous  r e p o r t s  from t h i s  l a b o r a t o r y  (1,2) have given t h e  amounts of 
carbon r e l e a s e d  by p y r o l y s i s  ( t o  1300°C, H e  atmosphere) of a number of d i f -  
f e r e n t  s o i l  samples. Table 1 extends  t h e s e  analyses  t o  hydrogen r e l e a s e d  by 
p y r o l y s i s .  I n  a d d i t i o n ,  w e  have determined t h e  amounts of hydrogen re leased  

Table 1. Hydrogen abundances (cm3 STP/g) i n  l u n a r  m a t e r i a l s .  
(For d e t a i l e d  sample i d e n t i f i c a t i o n  s e e  re fe rence  1 . )  

15001,166 0.47 15002,308 0.58 15004,164 1 .03  15005,232 0.69 
15012,7 0.78 15012,8 0.81 15013,8 0.76 15080,5 0 .71 
15100,9 0.50 15301,24 0.56 15401,13 0.15 15415,44 0.02 
15426,31 0.13 61221,3 0.39 61241,19 0.73 62440,6 0.88 
63320,lO 0.71 63340,lO 0.56 63500,6 0.55 67481,24 0.35 
68501,37 0.83 

by s p e c i f i c  p a r t i c l e  types  and f i n d  t h e  fol lowing r e s u l t s  (149-250 pm s i z e  
f r a c t i o n ) :  p l a g i o c l a s e  g r a i n s  0.067, g l a s s e s  0.24; l i g h t  b r e c c i a  0.21,  dark  
b recc ia  0.71, and a g g l u t i n a t e s  1 . 2  cm3 H2 STP/g ( f o r  sample numbers and f r a c -  
t i o n  d e s c r i p t i o n s ,  s e e  Table 1, r e f .  1 ) .  This d i s t r i b u t i o n  p a r a l l e l s  t h a t  
observed f o r  carbon; i n d i c a t i n g  t h a t ,  l i k e  carbon, hydrogen i s  r e t a i n e d  i n  
s i g n i f i c a n t  amounts dur ing t h e  processes  of agg lu t ina te -  and breccia-forma- 
t i o n .  Thus, l i k e  carbon, hydrogen should even tua l ly  accumulate a s i g n i f i c a n t  
volume-correlated component (2) . 

Following our e a r l i e r  work ( 1 , 2 ) ,  we have resolved surface-  and volume- 
c o r r e l a t e d  components f o r  v a r i o u s  elements by f i t t i n g  t h e  r e s u l t s  of t h e  
analyses  of p a r t i c l e  s i z e  f r a c t i o n s  t o  t h e  express ion 

[XIr = [XIb + 3SX/rp 

where [XI i s  t h e  t o t a l  abundance of element X i n  some s i z e  f r a c t i o n ,  r 
(X/mass of sample); [XIb is  t h e  volume-correlated component (~1ma.s of sam- 
p l e ) ;  S i s  t h e  " sur face  concentra t ion"  (x/cm2); r is  t h e  avg. p a r t i c l e  
rad ius  fcm) ; and p i s  t h e  p a r t i c l e  d e n s i t y  ( a r b i t r a r i l y  s e t  a t  3 g/cm3 i n  
these  c a l c u l a t i o n s ) .  We denote t h e  t o t a l  concen t ra t ion  of element X i n  a 
given s o i l  a s  CX (X/mass of sample).  The c a l c u l a t e d  "sur face  concentra t ion"  
is ,  of course ,  n o t  genuine because t h e  p a r t i c l e s  have been assumed t o  be 
smooth spheres .  It se rves  w e l l ,  however, f o r  in te re lement  comparisons i n  
s o i l s  of equ iva len t  matur i ty .  Applying t h i s  method of d a t a  reduc t ion  t o  our 
own analyses  of hydrogen i n  v a r i o u s  p a r t i c l e  s i z e  f r a c t i o n s ,  we o b t a i n  t h e  
r e s u l t s  shown i n  Table 2.  A s  noted above, t h e  ex i s tence  of a s i z a b l e  volume- 
c o r r e l a t e d  component i s  preordained by t h e  observat ion t h a t  composite p a r t i -  
c l e s  a r e  r e l a t i v e l y  r i c h  i n  hydrogen. 
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Table  2 .  D i s t r i b u t i o n  of hydrogen w i t h  r e s p e c t  t o  g r a i n  s i z e .  
S amp l e  cm3 H2 S T P / C ~ ~  [HIb, cm3 Hp  STP/g CH, cm3 H2 S T P / ~  
15012,7 0 .85i0 .13)  x 1 0 - ~  0.4150.06 0 .78  
15080,5 (1.14+0.15) x ~ o - ~  0.37+0.07 0 .71  
15401,13 ( 0 . 5 0 + 0 . 0 6 ) ~ 1 0 - ~  0.06+0.03 0 .15  
61221,3 (0.30+0.04) x ~ o - ~  0 .16 i0 .03  0.39 
68501,37 ( 0 . 6 9 + 0 . 1 1 ) ~ 1 0 - ~  0.53i0.08 0 .83  

( i n d i c a t e d  u n c e r t a i n t i e s  a r e  i one s t a n d a r d  d e v i a t i o n )  

We have s i m i l a r l y  r e s o l v e d  s u r f a c e -  and volume-corre la ted  components of 
t h e  fo l lowing  s o l a r  wind e l emen t s  u s i n g  d a t a  i n  t h e  r e f e r e n c e s  no ted :  N ( 3 ) ,  
4 ~ e ,  2 0 ~ e ,  3 6 ~ r ,  8 4 ~ r  (4-7) .  Do t h e s e  e lements  f o l l o w  carbon and hydrogen i n  
accumula t ing  s i g n i f i c a n t  volume-corre la ted  components, o r  a r e  t hey  l o s t  dur- 
i n g  a g g l u t i n a t e -  and b recc i a - fo rma t ion?  It might b e  expec ted  t h a t  t h e  r a r e  
gases ,  i n  p a r t i c u l a r ,  c o u l d  be  e v i c t e d  from t h e i r  p r e c a r i o u s  s u r f i c i a l  
pe rches  by t h e  e n e r g e t i c  e v e n t s  of  s o i l  c y c l i n g .  We can  n o t e  t h a t  Baur et 
a l .  (8) have a l r e a d y  shown t h a t  t h e  a g g l u t i n a t e s  a r e  r e l a t i v e l y  poor i n  r a r e  - 
gases .  We have  f u r t h e r  exp lo red  t h e  q u e s t i o n  by d e f i n i n g  a (pe rcen tage  of  
volume-corre la t ion)  = 100([X] /EX). Pe rcen tages  of vo lume-co r re l a t ion  f o r  a  
number of s o l a r  wind-implanteh e l emen t s  a r e  g iven  i n  Table  3. To r a n k  t h e s e  
e lements  i n  o r d e r  of d e c r e a s i n g  p e r c e n t a g e  of vo lume-co r re l a t ion  i s  t o  rank  
them accord ing  t o  t h e i r  deg ree  of  r e t e n t i o n  du r ing  s o i l - c y c l i n g  ( b r e c c i a -  
and a g g l u t i n a t e - f o r m a t i o n ) .  

To o b t a i n  a f u l l e r  unde r s t and ing  of t h e  r e t e n t i o n  of s o l a r  wind- 
implanted  e lements  i n  l u n a r  s o i l s ,  we d i v i d e  t h e  i n t e g r a t e d  i n p u t  of  a 
p a r t i c u l a r  e lement  i n t o  f o u r  f r a c t i o n s ,  two of which a r e  l o s t ,  and two of 
which are r e t a i n e d .  By RV(X) and Rs(X) we deno te  t h e  r e t a i n e d  volume- and 
s u r f a c e - c o r r e l a t e d  components of  e lement  X. Losses  a r e  viewed a s  o c c u r r i n g  
by two d i s t i n c t  mechanisms, w i t h  a  f r a c t i o n  L (X) be ing  l o s t  by d i f f u s i v e  

d 
e scape  from g r a i n  s u r f a c e s ,  and w i t h  a  f r a c t i o n  L (X) be ing  e j e c t e d  from t h e  
g r a i n s  by t h e  e n e r g e t i c  e v e n t s  of  s o i l - c y c l i n g .  Gy d e f i n i t i o n ,  \(X) + 
R (X) + L (X) + L (X) = 1 . 0 .  The e v e n t u a l  r e s o l u t i o n  of a l l  f o u r  components d w f l l  f u r n l s h  a r a h e r  complete view of  t h e  r e t e n t i o n  problem. 

LRs 
t h e  

For t h e  moment, however, w e  w i l l  n o t e  t h a t  t h e  r e l a t i v e  magnitudes of 
(X) + RV(X)] can b e  de termined from o v e r a l l  r e l a t i v e  r e t e n t i o n s .  Among 
e lements  l i s t e d ,  i t  t u r n s  o u t  t h a t  n i t r o g e n  i s  g e n e r a l l y  p r e s e n t  i n  t h e  

h i g h e s t  amount i n  p r o p o r t i o n  t o  i t s  s o l a r  abundance when a r e p r e s e n t a t i v e  
s e t  of mature s o i l s  i s  cons ide red .  Reference  t o  ave rage  e l e m e n t a l  abundances 
i n  s o i l s  and t o  s o l a r  abundances a l l o w s  c a l c u l a t i o n  of t h e  r e l a t i v e  o v e r a l l  
r e t e n t i o n s  r e p o r t e d  i n  Table  3. Hydrogen appea r s  most s t r o n g l y  d e p l e t e d  
o v e r a l l ,  y e t  i s  h i g h e s t  i n  p e r c e n t a g e  o f  vo lume-co r re l a t ion .  Apparent ly  
i t s  chemica l ly  r e a c t i v e  n a t u r e  f a c i l i t a t e s  hydrogen- re t en t ion  d u r i n g  
c y c l i n g ,  a l t hough  t h e  g r e a t  m a j o r i t y  of  i n p u t  atoms i s  l o s t  by hydrogen- 
s t r i p p i n g .  Comparison of  n i t r o g e n  and carbon 
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Table 3. Percentage of volume-correlation and r e l a t i v e  o v e r a l l  r e t e n t i o n  of 
s o l a r  wind-implanted v o l a t i l e  elements.  

Percentage of R e l a t i v e  o v e r a l l  
Element Volume-correlation Re t e n t  i o n  

N 33 1 . 0  
C 49 0.65 

is a l s o  i n t e r e s t i n g .  I n t e r a c t i o n  of these  two elements wi th  t h e  s o l a r  wind 
hydrogen f l u x  produces methane and almost c e r t a i n l y  ammonia. Methane is very 
v o l a t i l e  and escapes  r e a d i l y  dur ing h e a t i n g  and cruching experiments,  whereas 
ammonia i s  s o  wel l - re ta ined  t h a t  i t s  presence cannot be  demonstrated. There- 
f o r e ,  t h e  h igher  o v e r a l l  r e t e n t i o n  of n i t r o g e n  r e l a t i v e  t o  carbon is  probably 
explained by t h e  r e l a t i v e l y  g r e a t  l o s s  of methane compared t o  ammonia. 

I n  conclusion,  we have reso lved  two d i s t i n c t  mechanisms of v o l a t i l e  
element l o s s :  (1) d i f f u s i v e  escape,  and (2) e v i c t i o n  dur ing cyc l ing .  I n  
add i t ion ,  we have roughly determined t h e  e x t e n t  t o  which each mechanism 
a f f e c t s  H,  N ,  C ,  and t h e  rare gases .  
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