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~ y p i c a l  w e a t h e r i n g  of  t e r r e s t r i a l  r o c k s  and s o i l s  i s  a  
complex p r o c e s s  i n v o l v i n g  b o t h  chemica l  and p h y s i c a l  changes.  
S t u d i e s  of i n i t i a l  exposu res  of l u n a r  samples  t o  a i r ,  oxygen, 
n i t r o g e n  and w a t e r  vapor  i n d i c a t e  a  s i m i l a r  complexi ty .  Expo- 
s u r e  t o  a i r  o r  oxygen, of  samples  t h a t  have p r e v i o u s l y  been i n  
a  r educ ing  atmosphere  ( a tomic  hydrogen) r e s u l t s  i n  a  two s t a g e  
p r o c e s s  of  r a p i d  (minu te s )  fo l lowed  by slow (months) s u r f a c e  
0 x i d a t i o n . l  T h i s  two s t a g e  p r o c e s s  h a s  been i n t e r p r e t e d  a s  t h e  
o x i d a t i o n  of t h e  immediate e x t e r n a l  s u r f a c e  fo l lowed  by a  s low 
p e n e t r a t i o n  of oxygen i n t o  h i g h  d e f e c t  s t r u c t u r e  of  t h e  o u t e r  
metamict  amorphous l a y e r  (500 - 2000 a) of samples  exposed t o  
s o l a r  wind and m i c r o m e t e o r i t e  bombardment. Not s u r p r i s i n g l y ,  
n i t r o g e n  h a s  no a p p a r e n t  a f f e c t  ( e i t h e r  chemica l  o r  p h y s i c a l )  
on l u n a r  samples  a t  t e m p e r a t u r e s  below about  200°C. I n  con- 
t r a s t ,  exposure  t o  w a t e r  vapor  can a c h i e v e  chemica l  changes 
(on dehydroxyla ted  s u r f a c e s )  a s  w e l l  a s  s i g n i f i c a n t  s t r u c t u r a l  
changes a s  ev idenced  by w a t e r  r e t e n t i o n  a t  low p r e s s u r e s  and 
e x t e n s i v e  low p r e s s u r e  a d s o r p t i o n  i s o t h e r m  h y s t e r e s i s .  

P rev ious  s t u d i e s  of  a  wide r ange  of  s o i l s  have shown con- 
s i d e r a b l e  v a r i a t i o n  i n  t h e  magni tude of such  i r r e v e r s i b l e  
phenomena.213 P o s s i b l e  e x p l a n a t i o n s  i n c l u d e  t h e  opening up of 
e x i s t i n g ,  b u t  u n a v a i l a b l e ,  p o r e  s t r u c t u r e  o r  t h e  c r e a t i o n  of 
new s u r f a c e s  th rough e i t h e r  t h e  f r a c t u r i n g  of a d h e r i n g  m a t e r i a l s  
o r  d i s s o l u t i o n  of  amorphous m a t e r i a l s .  We wish t o  r e p o r t  w a t e r  
a d s o r p t i o n  and ( n i t r o g e n )  s u r f a c e  a r e a  s t u d i e s  on t h r e e  s e l e c -  
t e d  samples:  a  sawed s u r f a c e  rock  fragment  (15015, 2 9 ) ,  a  com- 
p a c t e d  s o i l  sample (15565, 3G) and an anomalous s o i l  sample 
(74220, 4 6 ) .  Both o p t i c a l  and e l e c t r o n  microscope examina t ions  

were made on a l l  t h r e e  samples .  Exper imenta l  a p p a r a t u s  and 
procedures  have been d e s c r i b e d  p r e v i o u s l y .  lf  

Surf  a c e  a r e a  measurements ( N  a t  - 19 6  C )  w i t h  m u l t i  l a y e r  
a d s o r p t i o n  h y s t e r e s i s ,  gave a  s u r  I a c e  a r e a  of 0.17 m2/cj f o r  
15015, 2 9 .  The p a r t i c u l a r  sample would appear  t o  be  b e s t  des -  
c r i b e d  a s  a  l u n a r  v o l c a n i c  c i n d e r ,  c e r t a i n l y  t h e  h i g h l y  ves-  
c i c u l a r ,  porous e x t e r n a l  s u r f a c e  cou ld  on ly  have been c r e a t e d  
by g a s  e v o l u t i o n  through's mol ten  rock  m a t r i x . *  A f t e r  ou t -  
g a s s i n g  a t  150°C, w a t e r  a d s o r p t i o n  r e s u l t e d  i n  a  t y p e  I1 i s o -  
therm e x h i b i t i n g  m u l t i l a y e r  h y s t e r e s i s  on ly .  A f t e r  o u t g a s s i n g  
a t  300°C, however, t h e  i s o t h e r m  e x h i b i t e d  e x t e n s i v e  low p r e s -  
s u r e  h y s t e r e s i s  and w a t e r  r e t e n t i o n  a t  10 '~  t o r r  and 2S°C. 
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Subsequent  r e c y c l i n g ,  w i t h o u t  h i g h  t empera tu re  o u t g a s s i n g ,  l e a d  
t o  an i so the rm e s s e n t i a l l y  i d e n t i c a l  w i t h  t h a t  o b t a i n e d  a f t e r  
o u t g a s s i n g  a t  150°C p rov ided  t h e  low p r e s s u r e  w a t e r  r e t e n t i o n  
was d i scoun ted .  I n  t h e  absence  o f  any ev idence  f o r  e i ther  
s o l u t i o n  of amorphous m a t e r i a l s  o r  of  sample m i c r o f r a c t u r i n g ,  
i t  uould  appea r  t h a t  t h e  300°C o u t g a s s i n g  removed chemisorbed 
( a s  w e l l  a s  p h y s i c a l l y  adsorbed)  w a t e r ,  dehydroxy la t ing  t h e  
s u r f a c e  and a p p a r e n t l y  expos ing  a d d i t i o n a l  micropore s t r u c t u r e  
( t h e  s u r f  ace  a r e a  a p p a r e n t l y  doubled)  . Reexposure t o  w a t e r  
vapor .  however, r e h y d r o x y l a t e s  t h e  s u r f a c e  and appea r s  
t o  reduce t h e  i n t e r n a l  s u r f  ace  a r e a  e f f e c t i v e l y  r e v e r s i n g  
t h e  s i t u a t i o n  c r e a t e d  by the h i g h  t empera tu re  o u t g a s s i n g .  

Sample 15565, 3G, a compacted s o i l ,  showed a s l i g h t l y  a l -  
t e r e d  i so the rm shape  ( t y p e  11, m u l t i l a y e r  h y s t e r e s i s )  and a 
s m a l l  i r r e v e r s i b l e  i n c r e a s e  i n  t h e  s u r f a c e  a r e a  [0 .51  t o  0.56 
m2/g] when t h e  o u t g a s s i n g  t empera tu re  was r a i s e d  from 150' t o  
300°C. I n  t h i s  c a s e ,  i t  would appear  t h a t  f r a c t u r i n g  had 
c r e a t e d  some new s u r f a c e  o r  p o r e  s t r u c t u r e ,  however, w a t e r  
chemisorp t ion  ( o r  t h e  r e v e r s e  p r o c e s s )  d i d  n o t  appear  t o  s e a l  
o f f  ( o r  expose)  s i g n i f i c a n t  e x i s t i n g  micropore s t r u c t u r e .  

Sample 74220, 46 i n  agreement w i t h  o t h e r  workers  ,5 under- 
went d r a s t i c  changes i n  i t s  a d s o r p t i o n  c h a r a c t e r i s t i c s  t h e  
e x t e n t  depending on t h e  o u t g a s s i n g  t empera tu re .  Our inves -  
t i g a t i o n s ,  which a r e  n o t  y e t  complete ,  i n d i c a t e  t h a t  t h e s e  
changes a r e  n o t  f u l l y  r e v e r s i b l e .  Here, po re  b lockage  and/or  
f r a c t u r i n g ,  b u t  n o t  s o l u t i o n  of amorphous m a t e r i a l s ,  appear  
t o  be p o s s i b l e  e x p l a n a t i o n s .  

P r i o r  t o  water/oxygen exposure  w e  see t h e  s u r f a c e s  o f  
l u n a r  samples a s  dehydroxy la t ed  and reduced. Exposure t o  
w a t e r  vapcr  l e a d s  t o  s u r f a c e  hydroxy la t ion  and p o s s i b l e  
e x i s t i n g  micropore  b lockage .  Water vapor  adsorp t ion-desorp-  
t i o n  c y c l i n g  can ,  i n  some cases, l e a d  t o  t h e  i r r e v e r s i b l e  
c r e a t i o n  of new s u r f a c e  area a p p a r e n t l y  through f r a c t u r i n g  of  
weakly bonded m a t e r i a l .  
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