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The na tu re  o f  t h e  p a r t i c l e s  i n  mar t i an  dunes has been a source o f  
con t rove rsy  s ince  t h e  d i scove ry  o f  dune forms on Mars, T h e i r  c o l o r  and 
h igh  thermal i n e r t i a s  have suggested t h a t  t h e  dark  dunes a re  made o f  medium 
t o  coarse grained, m i n i m a l l y  weathered basal t i c  o r  s i m i l a r  ma te r i a l s .  The 
common a s s o c i a t i o n  o f  t h e  dunes w i t h  t h e  po l  a r  1 ayered depos i ts ,  however, 
has r a i s e d  ques t ions  about whether t h e  dune p a r t i c l e s  cou ld  be aggl omera- 
t i o n s  o f  much f i n e r  p a r t i c l e s  t h a t  can be c a r r i e d  i n t o  t h e  p o l a r  reg ions  i n  
suspension, It i s  a l s o  no t  known i f  t h e  dark  m a t e r i a l  a t  t h e  sur face  o f  
dune f i e l d s  i s  r e p r e s e n t a t i v e  o f  t h e  b u l k  o f  a dune depos i t ;  t h i c k  dune 
f i e l d s  immediate ly  ad jacen t  t o  l aye red  depos i t s  a re  very  suspect i n  t h i s  
regard. I n f o r m a t i o n  on t h e  phys ica l  p r o p e r t i e s  o f  t h e  dunes may be a v a i l  - 
a b l e  f rom t h e  behav io r  o f  f r o s t  d e p o s i t i o n  and 1 oss f rom t h e  du'nes. Thomas 
e t  a l e  (1979) found t h a t  some dunes a t  h i g h  southern l a t i t u d e s  appeared. t o  
be s i t e s  o f  e a r l y  f r o s t  d e p o s i t i o n  i n  t h e  f a l l ;  James e t  a l .  (1979) noted 
many dunes r e t a i n e d  f r o s t  1 a t e  i n t o  t h e  spr ing .  We have now mapped t h e  
occurrences o f  dune b r i g h t e n i n g  i n  t h e  f a l l  and have done t h e  q u a n t i t a t i v e  
photometry needed t o  c o n f i r m  t h a t  t he  dunes a re  t h e  s i t e s  o f  e a r l y  f r o s t  
depos i t i on .  

E a r l y  d e p o s i t i o n  o f  f r o s t  on dark  dunes i s  s p e c t a c u l a r l y  d i sp layed  i n  
e a r l y  f a l l  images by V i k i n g  O r b i t e r  2 .  Where t h e r e  a re  da ta  a t  t h e  appro- 
p r i a t e  season, v i  r t u a l l y  a l l  t h e  dark  dunes between 58 and 72's become 
b r i g h t  patches i ns tead  o f  dark  areas a few days be fo re  t h e  general  cap edge 
passes t h e i r  l o c a l e .  The surroundings then b r i g h t e n  r a p i d l y  and u s u a l l y  
become s l i g h t l y  b r i g h t e r  than t h e  dunes. I n  t he  spr ing ,  some, b u t  no t  a l l ,  
o f  t he  dunes remain b r i g h t e r  than  t h e i r  sur roundings fo'r severa l  days a f t e r  
passage o f  t he  general cap edge t o  t h e  south, 

We have made scans across t h e  dunes i n  images taken  a t  severa l  d i f f e r -  
e n t  t imes t o  determine t h e  t ime  h i s t o r y  o f  t h e  dune albedo. We have e s t i -  
mated atmospheric c o n t r i b u t i o n s  us ing  o p t i c a l  depth da ta  (F. Jaqui  n, pers .  
comm.) and t h e  b r i gh tness  o f  shadows i n  some images. Phase angles a re  
g e n e r a l l y  over 90° b u t  t h e  v iewing geometry does n o t  vary  g r e a t l y  so phase 
f u n c t i o n s  are no t  a major problem. The da ta  show t h a t  t h e  dunes b r i g h t e n  
very  s u b s t a n t i a l l y  between Ls = 10" and 40°, depending on t h e  l a t i t u d e .  
B r i g h t  cover ings  on dunes form o u t l i e r s  1 t o  5" n o r t h  o f  t h e  cap edge. 
Format ion o f  t h e  general cap then sometimes again reverses t h e  c o n t r a s t  o f  
t h e  dune f i e l d  w i t h  t h e  surrounding area (F ig .  1). 

S i m i l a r  da ta  a re  n o t  a v a i l a b l e  f o r  t h e  nor th ,  p a r t l y  because o f  t h e  
imaging sequences, and p a r t l y  because o f  t h e  d i f f e r e n t  d i s t r i b u t i o n  o f  
dunes. However, some dunes t h a t  a re  o u t l i e r s  south o f  t h e  main dunes 
r e t a i n  f r o s t  throughout  t h e  mar t i an  year,  

E a r l y  d e p o s i t i o n  o f  f r o s t  on dunes, r e l a t i v e  t o  surroundings, cou ld  be 
caused by: (1) More r a p i d  heat l o s s  f rom dunes; ( 2 )  t r a p p i n g  o f  blown 
f r o s t ;  ( 3 )  v o l a t i l e s  i n  t h e  dunes be ing  t rapped a t  t h e  sur face  i n  t imes o f  
c o o l i n g  atmospheric temperatures. A separate i s s u e  i s  whether t h e  f r o s t  i s  



water o r  carbon d iox ide ,  More r a p i d  heat  l o s s  would imp l y  a  lower  thermal 
i n e r t i a  than t h e  average. Most da ta  on dark  mar t i an  dunes suggests t h a t  
t hey  i ns tead  have a  h i ghe r  thermal i n e r t i a .  

The dunes a re  t rapped sediment, thus t r a p p i n g  o f  blown f r o s t  might be 
expected, However, t h e  excel  1  e n t  correspondence o f  b r i g h t e n i n g  w i t h  t he  
edge of t he  dunes suggests t h e  presence of dark  ma te r i a l  i s  t h e  impor tan t  
c h a r a c t e r i s t i c .  A d d i t i o n a l l y ,  winds i n  t h e  fa1 1  season appear d i f f e r e n t  
f rom those t h a t  form t h e  dunes (Thomas e t  a1 . , 1979). 

Water i c e  t rapped i n  t h e  dunes a t  depth and a t  warmer temperatures 
than t h e  c o o l i n g  sur face  might  cause d e p o s i t i o n  o f  water  f r o s t  on t h e  sur -  
face  i n  an o therw ise  very  d r y  hemisphere o f  Mars. It i s  no t  c l e a r ,  how- 
ever,  t h a t  t h e  small amount o f  water t h a t  could d i f f u s e  t o  t h e  sur face  
cou ld  e x p l a i n  t h e  amount o f  t h e  a1 bedo change o r  t h a t  i t  could he1 p  e x p l a i n  
t h e  e x t r a  r e t e n t i o n  o f  f r o s t  i n  t h e  spr ing .  The i n v e s t i g a t i o n  i s  now con- 
c e n t r a t i n g  on t h e  amounts o f  f r o s t  necessary t o  cause t h e  albedo changes 
and thermal model1 i n g  o f  t h e  reg01 i t h e  
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Figure: Reflectance scans across an i n t r a - c r a t e r  dune f i e l d ,  showing t he  
e a r l y  f a l l  b r i g h t e n i n g  o f  t h e  dunes fo l lowed by g rea te r  b r i g h t e n i n g  o f  area 
o u t s i d e  dunes. Data a t  Ls = 32' a re  from V i k i ng  image 510876; a t  Ls = 
47", 545815. The I / F  values have been co r rec ted  f o r  atmospheric c o n t r i b u -  
t i o n  based on nearby o p t i c a l  depth data,  and reduced t o  B o f ( a )  w i t h  a  
Minnaer t  k  o f  0.5. The dunes were 30% da rke r  than  surroundings a t  Ls = 
353". Pa r t  o f  t h e  d i f f e r e n c e  between dunes and surroundings a t  Ls = 47" 
i s  due t o  shadowing by t he  dunes. 




