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Introduction:  The variability of polar processes with-
in an overall regular seasonal pattern of retreats and 
advances of the polar caps was first observed from the 
ground [1], then from orbit in the visible [2]. A break-
through was made by MGS/TES, which showed that 
the temperature of both seasonal caps was controlled 
by CO2 ice [3, 4], with a ring at a temperature con-
sistent with H2O frost lagging behind the retreat in the 
North [4]. Monitoring CO2 ice and H2O ice at various 
mixing levels with different grain sizes and levels of 
dust contamination became possible with VIS/NIR 
imaging spectrometers, MEx/OMEGA (01/2004→) 
then CRISM/MRO (11/2006→), as ices have very 
deep and diagnostic absorption bands from 1 to 4 µm.  
 
The potential of the near IR for polar caps was demon-
strated by the spectral identification by OMEGA of 
H2O ice patches at the edge of the CO2 ice covered 
south perennial cap [5]. OMEGA also proved that pre-
solstice darkening of the northern cap resulted from the 
sublimation of seasonal H2O frost revealing large-
grained, darker perennial H2O ice [6]. The results until 
the Mars 7 Conference provided several surprises, in 
particular the observation by OMEGA of very weak 
CO2 absorption bands in mid-spring (getting stronger 
shortly before sublimation) in the “cryptic region”, a 
dark and cold area of the south seasonal cap considered 
to be constituted of clear CO2 ice from its low albedo 
and temperature [7]. This puzzling result, later con-
firmed by CRISM [8], highlighted the complexity of 
polar processes with strong spectral variegation over a 
wide range of scales up to a global North/South Asym-
etry for H2O and CO2 ice patterns.  
 
Over the past 7 years, VIS-NIR observations associat-
ed to modelling efforts, observations in the visible and 
TIR (HIRISE [9], MARCI [10], TES [11], THEMIS 
[12]) covered in companion abstracts, have improved 
our understanding of polar processes, with a multi-year 
view highlighting the overall similarity and significant 
differences in the seasonal evolution of Mars polar 
caps during successive years. These advances have 
been made at all scales, from the global asymmetry to 
specific issues such as that of the cryptic region. 
OMEGA and CRISM have proven to be highly com-
plementary, with OMEGA providing a broad view of 
the cap at km scales (depending on pericenter preces-

sion of the elliptical Mars Express orbit) while CRISM 
provided close-ups at scales of a few 10 m on selected 
areas (10 km x 12 km for HR observations).  
  

Global asymmetry: multi-year observations in-
cluding two comprehensive sequences by OMEGA on 
the south seasonal cap in MY 27 [13] and the North 
seasonal cap in MY27-28 [14] and higher resolution 
observations by CRISM are now available. There is 
very significant variegation at all scales. The evolution 
of H2O frost is drastically different in both hemi-
spheres. In the South, it is observed in patches after 
equinox within the cap, disappearing nearly completely 
from solstice to the last stages of the retreat at Ls 310°-
315°. In the North, H2O frost forms an optically thick 
layer over most of the seasonal cap after Ls 40° (Fig. 
1), with CO2 signatures reappearing in patches at Ls 
55° to 65°. H2O frost extends beyond the edge of the 
CO2 cap in a ring a few degrees of latitude thick.  

 

 
 
 
 

 
The seasonal caps therefore reflect the asymmetry 

between the perennial caps, the underlying large 
grained H2O ice of the NPLD’s reaching the surface in 
the North while it is mostly covered by the perennial 
CO2 cap in the South. This is also consistent with ob-
servations of a higher H2O gas content in the northern 
hemisphere in summer, circulation models showing 
that H2O in the South comes from the North across the 
equator, then sublimates – re-condensates  Southwards 
during late fall and early spring [13]. CO2 ice patches 
in the North at Ls 60° are attributed to katabatic winds 
sweeping away an optically thick H2O frost layer [15]. 
Albedo patterns in northern spring (Fig. 1, left) corre-
lated to to those observed in summer are puzzling as an 
optically thick H2O frost layer should prevent most 
photons from reaching the underlying surface. 

Fig. 1 (from [14]): North cap, Ls 60°;  albedo (left), 1.5 µm 
H2O absorption band (center) and 1.435 µm CO2 absorption 
(right). Band depths range from 0% (red) to 60% (dark blue). 
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Fig. 2: cryptic region as observed by OMEGA in 2005 (a) at 
Ls 222-224°[13] and in 2007 (b) at Ls 205-212° (CO2 band 
strength: red 0%, black 80%). The dust contaminated area is 
extended in 2007 and similar to previously observed albedo 
patterns [3]. HR Observations in 2007 at Ls 209° by CRISM 
(c) and HIRISE (d, from [16]) show how the CO2 venting 
process quenches itself by dust contamination of the ice. 

 
Mutli-scale, multi-year observations: The com-

plementarity between OMEGA, CRISM and HIRISE 
was made very clear from observations of the cryptic 
region at nested resolutions (Fig. 2), which showed 
that the basal sublimation of CO2 is initiated very close 
to the spring equinox, in agreement with recent models 
[17]. This reconciled the views expressed in [6] and 
[7]: there is indeed a slab of CO2 ice, but it is dark by 
mid-spring not because one sees through it but because 
venting contaminated its surface with dust by then. The 
M-year variation between 2005 and 2007 is intriguing 
as the larger surface dust contamination in 2007 oc-
curred two months before the global dust storm. 

 
HR observations by CRISM in the North [18] pro-

vided support for venting processes and showed a 
strong variegation of CO2 patches [14,15] linked to 
topography in dune fields (less so in polar troughs). 
Significant changes in these CO2 patches were ob-
served from M-year to M-year in the same areas.  
 

Another area of interest for multi-year evolution 
observed by OMEGA, CRISM and HIRISE is that of 
H2O ice patches close to the perennial South cap (Fig. 
3). Here again spatial variegation is strong and there 
are changes from M-year to M-year, within a general 
pattern repeating every M-year [19].  

 
 

Fig. 3: CRISM observations (inserts) of two regions covered 
by surface H2O ice in late summer in 2007 (left, outlier) and 
2009 (right, edge of the cap) superimposed over the OMEGA 
2007 maps of the H2O band depth (red: 0%; blue: 60%). 
They show that the variegation scale is in the km range. 
 

Conclusion and open issues: Much progress has 
been done in our understanding of the highly diverse 
and complex polar processes by combining comple-
mentary data sets with quantitative modelling of the 
composition of the ice [e.g. 20, 21], taking into account 
the role of aerosols [e.g. 22,23,24] and global wind 
patterns. However, the actual reasons why such pro-
cesses occur at specific locations, with significant year 
to year variations, are yet not fully clear. Albedo (a 
major parameter in the South, [20]), local slopes, sub-
surface characteristics, local wind patterns all seem to 
play a role for explaining the observed variability at 
small scales. The link with atmospheric processes 
requires extensive modelling at these scales (e.g. [25]);   
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