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V i k i n g  Lander 1 touched down on Mars on J u l y  20, 1976 and Lander 2 
touched down on September 5, 1976. Lander 2  was tu rned  o f f  i n  February, 
1980 because o f  mechanical d i f f i c u l t i e s .  However, Lander 1, s ince  renamed 
t h e  Mutch Memorial S t a t i o n ,  was comnanded t o  an automated s t a t e  i n  March 
1979. The s t a t i o n  operates  on a  37 s o l  c y c l e ,  w i t h  scheduled r a d i o  
t ransmiss ions  t o  E a r t h  every  8, 8, 7, 7, and 7  s o l s .  On these s o l s  
approx imate ly  0.64 x  10**6 b i t s  a r e  t r a n s m i t t e d  t o  Ear th ,  c o n s i s t i n g  o f  
eng ineer ing  data,  an image of t h e  su r face  o r  sky, and atmospheric 
temperature,  pressure and w ind  ve l  o c i  t y  measurements. Observat ions have 
now been acqu i red  through t h r e e  f u l l  M a r t i a n  years ,  p r o v i d i ~ g  a r e l a t i v e l y  
l o n g  t i m e  p e r i o d  data  base w i t h  which t o  understand t h e  r e l a t i o n s h i p  
between M a r t i a n  weather systems, seasons, and t h e  e f f i c a c y  o f  
r e d i s t r i b u t i o n  o f  s u r f a c e  m a t e r i a l s  by  winds. 

Imaging observa t ions  d u r i n g  t h e  f i r s t  Mars year  (669 s o l  s )  have been 
r e p o r t e d  i n  d e t a i l  e lsewhere (1 ,2 ) .  Two g loba l  d u s t  storms t h a t  peaked on 
s o l s  210-222 and 312-314, r e s p e c t i v e l y ,  were major events o f  t h e  f i r s t  
year  ( 3 ) .  The o p a c i t y  of t h e  atmosphere over t h e  Lander was t r a c k e d  
c l o s e l y  by imaging t h e  sun and u s i n g  B e e r ' s  Law t o  o b t a i n  o p t i c a l  depth. 
The o p t i c a l  depths a t  maximum o p a c i t y  exceeded va l  ues o f  5 t o  S ( 4 ) .  I n  
a d d i t i o n  t o  t h e  g l o b a l  storms, a  l o c a l  s torm passed over t h e  s i t e  on so l  
423 (5). The su r face  sur round ing t h e  l a n d i n g  s i t e  was d i s c e r n a b l y  
b r i g h t e r  and redder a f t e r  t h e  storms had c lea red ,  p robab ly  because o f  
d e p o s i t i o n  o f  a  f i n e  l a y e r ,  perhaps micrometers i n  tq i ckness ,  o f  dust .  
The s i t e  a1 so appeared t o  be mant led w i t h  b r i g h t  m a t e r i a l  i n  V i k i n g  
O r b i t e r  frames acqu i red  a f t e r  t h e  d u s t  storms. The presence of  t h e  d u s t  
was b e s t  i n d i c a t e d  by comparing images acqu i red  about a  year  a p a r t  so t h a t  
inc idence,  emission,  and phase angles were t h e  same. These images ware 
c a l l e d  r e p r o  images i n  Jones e t  a1 ( 1 ) .  Two se ts  o f  r e p r o  images have now 
been ob ta ined  over t h e  second and t h i r d  years  and p rov ide  t h e  most 
i m p o r t a n t  da ta  f o r  i n t e r p r e t i n g  s u r f a c e  c o n t r a s t  changes. 

Both r e p r o  s e t s  cover r e g i o n s  t h a t  were d i s t u r b e d  by sampler 
a c t i v i t i e s  a f t e r  t h e  two g l o b a l  storms o f  the  f i r s t  year .  These d i s t u r b e d  
areas a r e  e v i d e n t  i n  t h e  frames acqu i red  a t  t h e  end o f  t h e  f i r s t  year as 
darker  reg ions .  By t h e  end o f  t h e  second year ,  however, these darker  
d i s t u r b e d  r e g i o n s  had l o s t  most o f  t h e i r  c o n t r a s t  r e l a t i v e  t o  sur round ing 
reg ions .  T h i s  observa t ion  suggests an a d d i t i o n  o f  a  t h i n  l a y e r  of b r i g h t  
dust ,  perhaps v i a  d u s t  s torm f a l l o u t .  It i s  i n t e r e s t i n g  t o  no te  i n  t h i s  
regard  t h a t  Leovy (6) specu la tes ,  based on d i u r n a l  pressure v a r i a t i o n s ,  
t h a t  t h e  second w i n t e r  m i g h t  have been s u b j e c t  t o  a  g loba l  d u s t  storm, b u t  
one o f  lower  i n t e n s i t y  as compared t o  those t h a t  occur red d u r i n g  t h e  f i r s t  
yea r .  The v i s u a l  impress ion ga ined by comparing frames acqu i red  a t  t h e  
end o f  t h e  second and t h i r d  y e a r s  i s  t h a t  t h e  c o n t r a s t  had r e t u r n e d  and 
t h e  scene became darker  sometime d u r i n g  t h e  t h i r d  w i n t e r .  T h i s  impress ion 
can be q u a l i f i e d  by examining b r i g h t n e s s  histograms f o r  t h e  two s e t s  o f  
images. The h is tograms show t h a t  t h e  mean b r i g h t n e s s  va lue of  t h e  su r face  
inc reased  a f t e r  t h e  f i r s t  year  d u s t  storms. However, s ince  t h a t  t i m e  t h e  
mean va lue  has decreased and t h e  spread o f  t h e  h is togram has increased.  

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



SURFACE CHANGES AT VL1 

Guinness, E.A. and Arvidson, R.E. 

Minimum b r i g h t n e s s  values,  which occur i n  shadow reg ions,  a re  i n d i c a t i o n s  
of t h e  magnitude o f  s k y l i g h t ,  i.e., l i g h t  sca t te red  by atmospheric 
ae roso ls  such as d u s t  p a r t i c l e s .  The minumum b r i g h t n e s s  value i s  s i m i l  a r  
fo r  each member o f  t h e  two se ts  o f  rep ros  suggest ing t h a t  atmospheric 
o p a c i t i e s  were s i m i l a r  and t h a t  c o n t r a s t  v a r i a t i o n  between t h e  frames are 
due t o  r e a l  v a r i a t i o n s  i n  t h e  r e f l e c t a n c e  o f  sur face m a t e r i a l s .  

The t h r e e  years  o f  rep ro  images, histograms, and t h e  s t a t i s t i c a l  
parameters suggest t h a t :  ( a )  t h e  f i r s t  year  was dominated by d e p o s i t i o n  
o f  a  t h i n ,  b r i g h t  d u s t  1  ayer, ( b )  the  second year inc luded  some d u s t  
depos i t i on ,  b u t  more i m p o r t a n t l y ,  much o f  t h e  c o n t r a s t  r e t u r n e d  t o  t h e  
scene and ( c )  d u r i n g  t h e  t h i r d  year  t h e  scene became darker and t h e  
c o n t r a s t  increased again. I f  these observat ions are  i n t e r p r e t e d  as 
d e p o s i t i o n  and removal o f  a  t h i n  l a y e r  o f  dust ,  then e ros ion  dominated t h e  
second and t h i r d  years .  There i s  no i n d i c a t i o n  i n  t h e  data  f o r  a  major 
d u s t  storm a c t i v i t y  and accompanying dus t  depos i t s  d u r i n g  t h e  t h i r d  year.  
Thus, t h e  t h i r d  year  may have escaped t h e  g loba l  dus t  storms assoc ia ted 
w i t h  d u s t  d e p o s i t i o n  t h a t  c e r t a i n l y  occurred d u r i n g  t h e  f i r s t  year and 
t h a t  may have occur red  d u r i n g  t h e  second year.  
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