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The mar t i an  r e g o l i t h  examined by t h e  Viking Landers conta ined an 
abundance of s u l f u r  (7-9% a s  so3) ,  probably in t h e  form of s u l f a t e s  (1 ). 
S u l f u r  abundance was g r e a t e s t  i n  t h i n  " d u r i c r u s t s "  a t  t h e  r e g o l i t h  s u r f a c e  
in Chryse P l a n i t i a .  Using t h e  dry  v a l l e y s  of t h e  Anta rc t i c  a s  a mar t i an  
s u r f a c e  analog,  Gibson e t  a l .  ( 2 )  have proposed an evapor i t e  o r i g i n  f o r  
s u l f u r  s p e c i e s  i n  t h e  mart ian  r e g o l i t h  by t h e  upward migrat ion of s o l u b l e  
i o n s  dur ing r e g o l i t h  water evaporat ion.  A s  an a l t e r n a t i v e  o r i g i n  f o r  t h i s  
r e g o l i t h  s u l f u r ,  t h e  i n t e r a c t i o n s  of s u l f u r  d iox ide ,  a probable byproduct 
o f  mar t i an  volcanism, wi th  s i l i c a t e  m a t e r i a l  has  now been examined by means 
of environmental  s imula t ion ,  with measurable s u l f u r  f i x a t i o n  and s u r f a c e  
c r u s t i n g  observed. These SO2 s t u d i e s  c o n s t i t u t e  an expansion o f  e a r l i e r  
work by Clark e t  a l .  (3), wlth g r e a t e r  emphasis placed on t h e  chemical  
weather ing of primary igneous m a t e r i a l  r a t h e r  than weathering products  
(ca rbona tes ,  ox ides ,  n i t r a t e s ,  c l a y s ) .  

The environmental  chambers used f o r  these  s t u d i e s  were capable  of 
p r o v i d i n g  t h e  f u n d a m e n t a l  c h a r a c t e r i s t i c s  o f  t h e  m a r t i a n  e n v i r o n m e n t  
i n c l u d i n g  d i u r n a l  cyc l ing  of s o i l  temperatures ,  atmospheric p r e s s u r e s  and 
composit ions,  and u l t r a - v i o l e t  i r r a d i a t i o n  (> 200 nm) . Powders of o l i v i n e  
and o l i v i n e  t h o l e i i t e  rock samples were ysed a s  experimental  s o i l s .  Dual 
environmental  chambers were i n t e r f a c e d  t o  a n i t rogen  glove c a b i n e t  t o  enab le  
sample p r e p a r a t i o n ,  inc lud ing  grounding and chamber load ing ,  be accomplished 
without exposure of rock powders t o  air.  The p a r t i a l  p ressures  of H20 and 
0 were c o n t i n u a l l y  monitored dur ing  opera t ions  wi th in  t h e  glove c a b i n e t  2 wlth p a r t i a l  p r e s s u r e s  maintained < 50 ppm and < 250 ppm, r e s p e c t i v e l y .  
Environmental parameters examined f o r  t h e i r  e f f e c t  on SO i n t e r a c t i o n s  wi th  2 experimental  rock powders dur ing  s imula t ion  experiments included t o t a l  H20 ,  
p a r t i a l  p ressures  of H20 and 02 ,  u l t r a v i o l e t  i r r a d i a t i o n ,  maximum s u r f a c e  
temperature  [ ~ ( m a x ) ] ,  and t h e  r a t e  of d i u r n a l  cycl ing.  The nominal mar t i an  
s imula t ion  experiment involved a s p l i t  powder sample of o l i v i n e - o l i v i n e  
t h o l e i i t e  5 mm t h i c k  and 1.75-inch diameter ,  was of 45-hour d u r a t i o n  wi th  a 
6-hour d i u r n a l  c y c l e ,  sample temperature  cyc le  o f  180 t o  298K, atrnqsphere 
composition of 100 mbars C02, 25 mbars SOZ, < 50 precip.  ym H20 cm , pH20 - Ivm, and had d i r e c t  u l t r a v i o l e t  irradiation of powder samples. Water 
f r o s t s  formed dur ing  per iods  of low sample temperature sublimed upon sample 
warming toward ~ ( m a x ) .  Experiments were a l s o  conducted with s u r f i c i a l  H20 
f r o s t s  being allowed t o  mel t ,  r a t h e r  than sublime, t o  determine whether 
changes i n  weathering chemistry occur  wi th  t h e  i n t r o d u c t i o n  of a t r a n s i t o r y  
l i q u i d  water phase. 

Analysis  of experimental  powders was accomplished us ing a thermal 
a n a l y z e r - m a s s  s p e c t r o m e t e r  s y s t e m  ( 4 ) ,  p r o v i d i n g  i n f o r m a t i o n  on t h e  
chemist ry  and abundance o f  t h e  s u l f u r  s p e c i e s  generated dur ing s imula t ion .  
Prel iminary r e s u l t s  of TA-MS a n a l y s i s  , o f  experimental  o l i v i n e  powders 
sugges t  t h e  growth o f  a t  l e a s t  one s u l f u r  s p e c i e s  i n  o l i v i n e  which is s t a b l e  
t o  6 0 0 ~ ~  a t  atm pressure.  R e s u l t s  a l s o  i n d i c a t e  t h a t  t h e  r e a c t i o n  o f  
SO2 with  o l i v i n e  is non-photochemical, invo lves  H 0 i n  a d d i t i o n  t o  SO , 
occurs  more r e a d i l y  i n  o l i v i n e  than  in o l i v i n e  t h o l k i t e ,  and proceeds wiah 
o r  without d i u r n a l  cycl ing.  The r e a c t i o n  slows wi th  decreased s o i l  
temperature,  and produces a t h i n  s u l f u r - r i c h  upper c r u s t  in powder samples 
i n  a d d i t i o n  t o  o v e r a l l  s u l f u r  enrichment o f  samples. 
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These r e s u l t s  consequently support the a l t e r n a t i v e  or ig in  of martian 
regol i th  s u l f u r  a t  l e a s t  in par t  from the heterogeneous react ion of SO2, an 
out-gassing component o f  mafic sh ie ld  volcanism with mafic s i l i c a t e  mater ia l  
on Mars, even under current  environmental conditions. 
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