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The i d e n t i f i c a t i o n  of t h e  p r e v a i l i n g  minera l ( s )  i n  Mars s o i l s  s tud ied  by 
t h e  Viking Landers remains an open and somewhat enigmat ic  ques t ion .  Since  no 
d i r e c t  minera log ica l  measurement h a s  been performed by Viking,  t h e  evidence a t  
hand i s  i n d i r e c t  and c o n s i s t s  mainly of (a)  t h e  e lemental  chemical  ana lyses ( l ) ,  
(b) spec t roscop ic  measurements (2-6). I n  a d d i t i o n ,  t h e  r e s u l t s  of t h e  Viking 
biology experiments can,  and d i d  supply informat ion regard ing  t h e  physico- 
chemical n a t u r e  of t h e  s o i l  m a t e r i a l  (7-11). Based on t h e  e lementa l  composi- 
t i o n  of t h e  s o i l  it was o r i g i n a l l y  proposed (1) t h a t  s m e c t i t e  c l a y  minera l s ,  
mainly n o n t r o n i t e  and montomori l loni te ,  a r e  t h e  major minera l s  p r e s e n t ,  and 
t h a t  they a r e  mixed w i t h  v a r i o u s  s o l u b l e  salts. We have used t h e  Viking b i o l -  
ogy r e s u l t s  as a r e f e r e n c e  t o  s tudy  exper imental ly  t h e s e  s m e c t i t e  minera l s  i n  
s imula t ion  experiments and obta ined f a i t h f u l  s imula t ions  of t h e  1 4 ~  r e l e a s e  
k i n e t i c s  i n  t h e  Viking Biology Labeled Release (LR) experiments and of t h e  
l a b e l e d  carbon f i x a t i o n  i n  t h e  P y r o l y t i c  Release (PR) experiments (7-9, 1 2 ) .  
This  work e s t a b l i s h e d  t h e  technique of LR s imula t ion  as a u s e f u l  t o o l  f o r  t h e  
physicochemical c h a r a c t e r i z a t i o n  of Mars s o i l  analog m a t e r i a l s .  

Recently,  s e v e r a l  r e p o r t s  i n  t h e  l i t e r a t u r e  have suggested t h a t  v o l c a n i c  
g l a s s  and e s p e c i a l l y  i ts  weather ing product ,  t h e  amorphous a l u m o s i l i c a t e  
c a l l e d  p a l a g o n i t e ,  may be t h e  major components of t h e  Mars s o i l .  The exper- 
imental  b a s i s  f o r  t h i s  sugges t ion  was t h e  I R  r e f l e c t a n c e  s p e c t r a  of t h e  mar- 
t i a n  d u s t  and mar t i an  s u r f a c e  a s  measured from Ear th  (2,3,13-15). A geo- 
l o g i c a l  s c e n a r i o  w a s  developed (16) t o  account f o r  t h e  presence of t h e s e  
minera l s  i n  t h e  Mars s o i l .  According t o  t h e s e  f i n d i n g s  t h e  s m e c t i t e  minera l s  
and p a r t i c u l a r l y  n o n t r o n i t e  do no t  f i t  w e l l  t h e  average Mars I R  r e f l e c t a n c e  
spectrum, due apparen t ly  t o  t h e  high c r y s t a l l i n i t y  of t h e i r  i r o n  s i t e s .  It 
was suggested t h a t  t h e  amorphous, short-range ordered p a l a g o n i t e  g i v e s  a more 
n e u t r a l  spectrum (15) ,  coupled wi th  t h e  high absorp t ion  a t  t h e  near  I R ,  t h a t  
b e t t e r  f i t s  t h e  Mars s p e c t r a l  curve. 

To t e s t  f u r t h e r  t h i s  hypothesis  we compared p a l a g o n i t e s  and s m e c t i t e s  i n  
LR s imula t ions .  I n  t h e  s imula t ion  a s o l u t i o n  of l a b e l e d  ( 1 4 ~ )  formate was 
added t o  t h e  minera l s  a t  Viking-Lander cond i t ions .  The r e l e a s e  of 1 4 ~  t o  t h e  
atmosphere, was followed wi th  t ime (8) . I n  Figure  1 w e  compare t h e  Viking LR 
r e s u l t s  wi th  t h e  a c t i v e  i ron-  and hydrogen-montmorillonite c l a y s  and wi th  a 
pa lagon i te  from B r i t i s h  Columbia. Whereas t h e  c l a y s  show h igh  decomposition 
a c t i v i t y  r e s u l t i n g  i n  r e l e a s e  of I ~ c ,  t h e  pa lagon i te  is  non-active.  S imi la r  
r e s u l t s  were ob ta ined  f o r  s e v e r a l  o t h e r  pa lagon i tes ,  f o r  an  Hawaii v o l c a n i c  
s o i l  and f o r  a l lophane s o i l .  We b e l i e v e  t h a t  t h e  major reason f o r  t h e s e  
observa t ions  i s  t h e  r e l a t i v e l y  high pH of t h e  p a l a g o n i t e s ,  which prevented 
f  ormate decomposition and /or  1 4 ~ 0 ~  r e l e a s e .  However, l each ing  of t h e  B r i t i s h  
Columbia p a l a g o n i t e  wi th  ac id  d i d  n o t  change i t s  pH cons iderab ly ,  nor 
increased i t s  a c t i v i t y  i n  formate decomposition. The decomposition r e a c t i o n  
k i n e t i c s  ob ta ined  w i t h  t h e  i r o n  c l a y  i s  t h e  most s i m i l a r  t o  t h a t  measured on 
Mars and t h i s  l e d  us  i n  t h e  p a s t  (7-9) t o  suggest  t h a t  i ron- r i ch  c l a y s ,  
p a r t i c u l a r l y  montmorilonite,  a r e  major components of t h e  Mars s o i l .  We now 
conclude t h a t ,  i n  t h e i r  n a t u r a l  form, many of t h e  p a l a g o n i t e s  found on Ear th  
may n o t  have t h e  surface-chemical  p r o p e r t i e s  t h a t  t h e  f i n e  components of t h e  
Mars s o i l  have. The q u e s t i o n  of how t o  r e c o n c i l e  t h e  spec t roscop ic  obser-  
v a t i o n s  on Mars w i t h  t h e  chemical f i n d i n g s  s t i l l  remains open and r e q u i r e s  
f u r t h e r  s tudy.  
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T I M E ( H O U R S )  

Fig. 1. K i n e t i c s  of 14c r e l e a s e  caused by Mars s o i l  i n  two c y c l e s  of t h e  
Viking Labeled Release  Experiment (VL-1) , compared wi th  s imula t ions  
us ing  i r o n  and hydrogen montmori l loni te  (H- and Fe-Mont.), and a 
p a l a g o n i t e  from B r i t i s h  Columbia. 
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