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SENSING THE SOIL PHYSICS PROPERTIES AT THE SURFACE OF WARS 
A. Do l l fus  and M. Deschamps, Observatoire de Paris, 92195 Meudon (France), 
J . Zimbelman, CEPS/NASM, Washington DC 20560, USA. 

Method. The microtexture a t  the top surface of the mart ian s o i l  was 
characterized remotely, both by polar imetry and by radiometry. 
The degree of l i nea r  po la r i za t ion  has a maximum value Psax which i s  re la ted  
t o  the albedo A. Coef f ic ient  b i s  defined, which i s  re la ted t o  the s o i l  
tex ture  and ca l ib ra ted  i n  terms o f  gra in  s i ze  (Geake and Do l l fus  1985), o r  as 
a f r a c t i o n  o f  the area exh ib i t i ng  uncovered clean rocks. Pmax was mapped over 
several mart ian t e r ra i ns  w i t h  the photopolarimetre VPM on board the Soviet 
o r b i t e r  MARS-5 (Ksanfomali t i  e t  a l .  1976 - Do l l fus  e t  a l .  1983 - Doll fus and 
Deschamps 1986). 
The thermal i n e r t i a  I = ( K f C ) a  i s  essen t ia l l y  a measurement o f  the heat 
conduct iv i ty  K through the f i r s t  few decimeters below the top surface sensed 
by polarimetry. Instrument IRTM was used on board the V ik ing spacecraft 
(K ie f fe r  e t  a l .  1977 - Palluconi and Kief fer ,  1981). Coef f ic ient  I expresses 
the s o i l  compaction, o r  e lse a ce r t a i n  p a r t i c l e  s i ze  i n  the s o i l  texture,  
according t o  theor ies  by K i e f f e r  e t  a l .  (1977) o r  Vdovine e t  a l .  (1980). 
Thermal i n e r t i a s  presented here are two orders of magnitude be t t e r  i n  spa t i a l  
reso lu t ion than e a r l i e r  global r esu l t s  (Zimbelman and Leshin, 1987). 

Regional sensing : The MARS-5 VPM polar imet r ic  scans raked a s t r i p  covering 
two contrasted regions o f  approximately the same surface area (30Ox1200km2), 
the dark hued Mare Erythraeum and the l i g h t  hued Thaumasia. Both these two 
regions were sampled on more than 50 areas. Over these wide areas, several 
smaller t yp i ca l  t e r ra i ns  were labe l led A t o  F, over which the three 
charac te r i s t i c  parameters A (albedo), b (gra in  s ize) and I (thermal i n e r t i a  
re la ted t o  conduct iv i ty )  were derived on several places. The dots i n  the 
enclosed graphs and the volumes i n  the enclosed 3-D f i gu re  are these 
measurements, p l o t t ed  against d i f f e r e n t  combinations o f  the parameters. 

Results : Over the large dark region Mare Erythraeum, labe l led F, 57 
samplings character ize everywhere a same type o f  t e r ra i n ,  despi te the large 
geomorphological d i v e r s i t y  o f  the surface. The values o f  b ind ica te  a 
ubiquitous coat ing o r  mantl ing w i t h  small dark grains o f  albedo 12.7% and 10 
t o  20pm i n  size. There i s  no room f o r  a s i gn i f i can t  f r a c t i o n  o f  the surface 
w i th  rocks o r  stones clean o f  a dust. With I, the ind ica t ion  i s  f o r  a 
sub-surface dis located i n  par t i cu les  around 300 t o  6 0 0 ~  i n  size, o r  smaller 
i f  a cement between the p a r t i c l e s  increases the conduct iv i ty .  A l ternat ives 
include a surface layer o f  small grains but cemented i n  a t h i c k  layer  o f  
du r i c rus t  implying a uniform thickness a l l  over t h i s  large region, o r  
sand-size p a r t i c l e s  completely coated w i th  dark 20 pm grains. 
Conversely, the adjacent l i g h t e r  t e r r a i n  Thaumasia, a lso very d i v e r s i f i e d  i n  
i t s  geomorphology, discloses a large var ie ty  o f  s o i l  propert ies,  
characterized by the f i v e  areas A t o  El widely spread i n  the p l o t s  o f  the  
enclosed f igures.  Area A, Thaumasia Fossae, i s  covered w i t h  l i g h t  and large 
grains o f  70-100pm, w i t h  albedo 17%, o r  exh ib i t s  12% o f  i t s  surface w i t h  
exposed clean rocks over a bed o f  small l i g h t  grains (o r  intermediate 
s i tuat ions) .  The subsurface i s  d is located i n t o  p a r t i c l e s  1 5 0 - 3 0 0 ~  i n  s i ze  o r  
smaller i f  cemented. A du r i c rus t  surface layer may change t h i s  f igure.  
Area B, a t  the r i m  o f  Lampland, i s  covered w i th  medium dark grains (albedo 
14%) o f  s i ze  2 0 - 3 0 ~ ,  o r  smaller but w i t h  3.5% o f  clean rocks. The subsurface 
has same conduct iv i ty  as f o r  area A. The f rac tured t e r r a i n  C between Lampland 
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small dark grains. The subsurface i s  
d is located i n  p a r t i c l e s  around 250- 
3 0 0 ~  o r  la rger  i f  the accumulation 
o f  dust i s  th i ck .  
In terpreta t ions:  Speculations are 
t ha t  the dark region Mare Erythraeum 
could be g loba l l y  a landscape i n  
which wind have removed the surface 
grains, leaving the dark surface 
coated w i t h  i t s  own dust o f  small 
s t i c ky  grains. The l i g h t e r  hued 
t e r ra i ns  i n  Thaumasia may be places 
o f  deposi t ion f o r  large and non 
adhesive grains displaced by sa l ta-  
t i o n  process. A d i f f e r e n t  composition 
may explain the l i g h t e r  albedo and 
the larger  g ra in  s i ze  i f  the mater ia l  
has a lso less f r i a b i l i t y .  

t rench Ogygis Rupes, i s  mantled w i t h  3.46- 

dark and coarse grains, o r  w i t h  8% o f  
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