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The r e g o l i t h  development and weathering processes  i n  t h e  E a r t h ' s  
c o l d e s t  and d r i e s t  d e s e r t  have been i n v e s t i g a t e d .  P r o b a b l y  t h e  b e s t  
t e r r e s t r i a l  analogs  of t h e  mar t i an  s u r f a c e  a r e  found wi th in  t h e  Dry Val leys  
of Anta rc t i ca  (1 ,2 ,3 ) .  Surface  processes  opera t ing  i n  t h e  Dry Val leys  a r e  
s i m i l a r  t o  mart ian  s u r f a c e  processes  i n  t h e  fol lowing respec t s :  low 
temperatures (mean temperature o f  - 1 7 ' ~  i n  Wright v a l l e y ) ,  low a b s o l u t e  
h u m i d i t i e s ,  d i u r n a l  f r e e z e - t h a w  c y c l e s ,  low a n n u a l  p r e c i p i t a t i o n ,  
d e s i c c a t i n g  winds, low magnetic f i e l d s ,  s a l t - r i c h  r e g o l i t h ,  and ox id iz ing  
environment. I n  t h e  Dry Val leys ,  phys ica l  o r  mechanical weathering 
predominates over chemical weathering processes  (4).  Even though chemical 
a l t e r a t i o n  is  a secondary weathering process  i n  t h e  Dry Val leys ,  i t  is  
st i l l  presen t  and p lays  an important r o l e  i n  r e g o l i t h  development. 

A su ' i te  of samples from t h e  v a l l e y  f l o o r s  and b r i n e  ponds i n  Wright and 
Taylor Dry Valleys  dur ing t h e  1979-1980 a u s t r a l  summer was c o l l e c t e d .  

0 Samples were s t o r e d  below -10 C s i n c e  c o l l e c t i o n .  The sample s u i t e  
inc ludes  core  samples from ( 1 )  permanent b r ine  ponds  o on Juan Pond a r e a )  
which represented mature s i t e s ,  ( 2 )  b r i n e  ponds which were not  a s  advanced 
in t h e i r  development  o on ~ u i x o t e ) ,  (3 )  seasonal  evapor i t e  ponds which 
c o n t a i n  s t and ing  water  f o r  only one o r  two months each y e a r  dur ing t h e  
summer mel t ing per iod ,  and (4 )  s o i l s  from a one-meter deep p i t  on Prospect  
Mesa 'Formation which r e p r e s e n t s  some of t h e  o l d e s t  s o i l s  on the  A n t a r c t i c  
con t inen t  (5) .  The s o i l  p i t  contained samples from above and below t h e  
permanently f rozen  zone. 

The r e s u l t s  of a s tudy  focused on e v a p o r i t e  and s a l t  forming processes .  
The r e g o l i t h  a t  t h e  Viking l and ing  s i t e s  shows evidence of e v a p o r i t e - l i k e  
m a t e r i a l s .  Samples were s tud ied  f o r  t h e i r  water  s o l u b l e  c a t i o n s  and anions  
which represented i o n i c  t r a n s p o r t ' a b o v e  t h e  permanently f rozen  l ayer .  This  
p rocess  produces t h e  s a l t  enrichments found near  t h e  su r face .  Secondary 
minerals  previously  i d e n t i f i e d  i n  t h e  Dry Valley s o i l s  inc lude  h a l i t e ,  
m i r a b i l i t e ,  b l o e d i t e ,  gypsum, c a l c i t e ,  a r a g o n i t e ,  monohydrocalcite, soda 
n i t e r ,  t h e n a r d i t e ,  a n t a r c t i c i t e ,  b i s h o v i t e ,  s y l v i t e ,  t rona ,  and l imoni te  
( 6 , 7 ) .  Comparisons of t h e  t o t a l  s u l f u r  and c h l o r i n e  con ten t s  of t h e  Dry 
Val ley s o i l s  along with t h e i r  major element compositions with those a t  t h e  
Viking 1 and 2 s i t e s  on Mars ( 3 , 8 , 9 )  i n d i c a t e  t h e  weathering processes  
opera t ing  i n  t h e  Dry Val leys  produce enrichments in S a n d . C l  l i k e  those  
found on Mars ( ~ i ~ u r e  1 ). 

Comparisons of t h e  d i f f e r e n c e s  i n  C 1  con ten t s  with evapor i t e  pond 
matur i ty  is shown in Figure  2. Samples from t h e  c e n t e r  of Don Juan Pond 
(DJ 2074) c o n t a i n  C 1  abundances approximately twice those  found a t  t h e  edge 
of the  pond (DJ 33). The tope of core  D J  33 shows d e p l e t i o n  of C 1  con ten t  
(upper 2-3 cm) r e f l e c t i n g  t h e  d i l u t i o n  of t h e  s a l t  abundances wi th  wind 
blown m a t e r i a l  from t h e  v a l l e y  f l o o r  and v a l l e y  wal ls .  Samples from t h e  
Don Quixo te  Pond (DQ 35) a l s o  show t h e  s u r f a c e  enrichment a s  compared t o  
t h e  seasonal  evapor i t e  pond (WV 52). 

From t h e  i n v e s t i g a t i o n s  o f  t h e  s o i l s  and c o r e s  from t h e  Dry Val leys ,  an 
i d e a l i z e d  s o i l  p r o f i l e  f o r  t h e  r e g o l i t h  (8 )  has been developed which i s  
very  a p p l i c a b l e  t o  t h e  mart ian  r e g o l i t h .  The s o i l  p r o f i l e  i s  composed of 
f i v e  b a s i c  zones. They a r e ,  from top  t o  bottom: an a e o l i a n  zone, a s a l t  
formation zone, an a c t i v e  zone, a s e a s o n a l l y  f rozen zone, and a permanently 
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f rozen  zone. The f o u r  zones above t h e  permanently f rozen  zone a r e  t h e  
regions  where t h e  m a j o r i t y  of the  chemical and phys ica l  weathering occur.  
The observed condensates i n  t h e  S o l i s  Lacus and Noachis-Hellespontus 
regions  (9 )  could e a s i l y  be accounted f o r  by t h i s  model. The movement of 
mois ture  through t h e  r e g o l i t h  wi th  subsequent l o s s  t o  t h e  atmosphere would 
leave behind those  anions  and c a t i o n s  which favor  s a l t  formation. The 
seasona l  cyc l ing  of mois ture  from t h e  r e g o l i t h  would r e s u l t  i n  s a l t - r i c h  
depos i t s  near  the  s u r f a c e  s i m i l a r  t o  those  observed a t  the  Viking s i t e s .  
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SOIL P IT -  PROSPECT MESA. WIGHT VALLEY. ANTARCTICA 

Figure  1 .  Comparison of 
t h e  composit ional  d a t a  
from Dry Val ley s o i l  p i t  
with t h e  Viking 1 s i t e  
on Mars. Viking d a t a  i s  
from Clark (1 981 , 
~ e r s o n a l  communication). 
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Figure  2. Chlorine 
concen t ra t ions  a t  f o u r  
s i t e s  with d i f f e r e n t  
m a t u r i t y  s c a l e :  D J  2074 
(open c i r c l e s ) ,  D J  33 
(c losed  c i r c l e s ) ,  DQ 35 
(c losed  t r i a n g l e s ) ,  and 
WV 52 (open t r i a n g l e s ) .  
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