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Introduction: The seasonal caps of Mars have 

been first identified from the ground as bright regions 
extending down to latitudes of ~ 45° in winter, then 
retreating towards a small perennial cap in summer. 
Observations in the visible were performed from or-
bit by Mariner 9, then Viking. The most extensive set 
of global observations in the visible to date has been 
provided by the MOC on MGS [1]. Observations in 
the thermal infrared provided the first constraints on 
the composition of the seasonal caps, dominated by 
CO2 ice similarly to the surface of the South peren-
nial cap while the northern permanent cap is consti-
tuted of water ice. The most comprehensive set of 
observations in the thermal IR has been obtained by 
TES on MGS [2, 3].  

 
The OMEGA Vis/NIR imaging spectrometer on 

board Mars Express has been in operation since 
January 2004. The strong diagnostic absorption 
bands of CO2 ice (1.435 µm, 2 µm, 2.7 µm, 3.3 µm) 
and H2O ice (1.5 µm, 2 µm, 3 µm)  make it possible 
to directly identify ices present on the surface. The 
strength of the major and minor absorption bands 
constrains the path length of photons in the ice until 
the first scattering event, which can occur on an in-
clusion of dust or the other type of ice (providing 
information on the contamination level) or at a grain 
boundary (which constrains grain size). Water ice 
was identified in small patches surrounding the south 
permanent cap [4] and the evolution of optical prop-
erties of the North permanent cap in early summer 
was attributed to sublimation of residual frost, 
changes in the optical thickness of aerosols and in 
dust contamination of the ice surface [5].  
 
Observations of  the southern seasonal cap: Over 
more than three years of operation, OMEGA has ob-
tained an extensive coverage of the seasonal caps of 
Mars. Contrarily to TES, OMEGA can only observe 
sunlit areas (although very little illumination is re-
quired), hence high latitudes are mainly observed 
during local spring and summer. A comprehensive 
study of the retreat of the southern seasonal cap is in 
press [6]. The “cryptic region” of the southern sea-
sonal cap, a large cold and dark area which reaches 
maximum contrast in mid southern spring, provided 
surprising results: Weak CO2 ice signatures were 

observed in mid-spring [7]. The observed spectra 
were interpreted as resulting from extensive contami-
nation of surface layers by dust. This raised questions 
on the timing of the venting process proposed by 
Kieffer et al. [8] which relies on solar energy reach-
ing the surface underlying the ice. Observations by 
TES and THEMIS showed that the venting process 
was most likely active at high southern latitudes very 
early after equinox [9].  
 
In 2005, the first observations of the southern sea-
sonal cap by OMEGA were obtained from near apo-
center, hence with a pixel size of ~ 10 km, starting 
after equinox. In 2007, it was possible to observe the 
southern seasonal cap with OMEGA from Ls 170° 
(01/07) to Ls 215° (04/07), and new observations are 
scheduled until July. The observation conditions are 
more favourable, with pixel sizes of 2 to 5 km. It was 
possible to plan ten sequences of observations from 
Ls 170° to Ls 225° in 2007 instead of two major se-
quences of observations (Ls 185° - 197° and Ls 222° 
- 225°) in 2005.  
 

The results in 2007 are remarkably consistent with 
those previously reported, and there are intriguing 
new insights. As an example, the map of the CO2 ice 
feature at 1.435 µm in the vicinity of the cryptic re-
gion one month after equinox is very similar in 2005 
and 2007 (Fig. 1), in particular when considering that 
lighting conditions are not identical.  

  
Fig. 1: CO2 ice band strength at 1.435 µm from 0% 
(red) to 70% (black) near Ls 195° in 2005 (left) and 
2007 (right). A region of slab CO2 ice  several 10 cm 
thick) is observed around the perennial cap. A major 
fraction of he cryptic region (70° to 85° S, 60°E to 
210°E) still present strong signatures of CO2 
ice,while the surface of other areas is already highly 
contaminated by dust. 
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Figure 2: map of the albedo 
at 1.08 µm in 2005 for Ls 
221.7° - 225.3° (a) and in 
2007 for Ls 204.8° - 212.8° 
(b); the grey scale ranges 
from 0.1 (black) to 0.7 
(white). At the latter Ls, the 
cryptic region has a very 
similar outline for both 
Mars years. The aerosol 
optical thickness is slightly 
higher in 2005 (lower 
contrast). At Ls ~ 210° in 
200, most of the cryptic 
region shows very weak 
CO2 signatures at 1.435 µm 
(0%: red; 70%: black), 
which shows that extensive 
surface dust contamination 
is present. One month 
further into spring, CO2 ice 
signatures have increased 
over the NE part of the 
cryptic region, but albedos 
remain low. 

 
The latest OMEGA observations, filling up the gap 
between the two sets of observations in 2007, show an 
extent of surface dust contamination at Ls ~ 210° (red 
areas in Fig. 2.d) which correspond very well to the 
“classical” cryptic region, except for a few regions 
which are both dark and not covered by an optically 
thick contaminated ice layer (the low temperatures 
observed by TES and confirmed by OMEGA preclude 
a “dry dust” surface layer). 20 days later in 2005, the 
extent of the heavily contaminated areas is much 
smaller than observed in 2007. Observations in May 
2007 will reveal whether this is also the case in 2007. 
When considering that there is a factor 3 between the 
IFOV’s in 2005 (10 km) and in 2007 (~3 km for these 
maps), there is a remarkable similarity in albedo pat-
terns at all scales in the cryptic region.  
 
OMEGA is also able to monitor contamination of the 
CO2 ice by water ice on the surface. As shown by 
Langevin [2007]. It is possible to discriminate between 
very small grained water ice in the atmosphere (typi-
cally 1 to 2 µm [10]) with larger grained water ice on 
the surface by comparing band strengths at 1.5 µm, 2 

µm and 3 µm. The 1.5 µm absorption feature of water 
ice is strongest in relative terms for larger grains. The 
column density of small water ice grains in the atmos-
phere must reach several µm precipitable so as to gen-
erate a 10% strong 1.5 µm band.  
 
As already observed in 2005, the water ice 1.5 µm 
feature is widespread in outer regions of the cap close 
to equinox, and the strong absorption feature at 3 µm 
indicates that water ice aerosols then play a major role. 
At Ls ~ 210° (Fig. 3), similarly to Ls ~ 223° in 2007, 
the water ice signature is much more structured, while 
the 3 µm band decreases in relative terms. This is in-
terpreted as a trend towards precipitation of water ice 
on the surface, in agreement with GCM models [11]. 
This precipitation process may play a role in the de-
crease in the optical thickness of dust aerosols ob-
served at that time [12].  
 
The higher resolution of nearly global observations 
obtained by OMEGA in 2007 reveal very complex 
spectral structures in the cryptic region at all scales 
from a few km to several 100 km (Fig. 2d and Fig. 3)  
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Fig. 3: band strength of the 1.5 µm water ice feature in 
2007 (red: 0%; black: 60%). In the cryptic region, 
aeras contaminated by surface water ice are brighter 
than water ice free areas (red).  
 
These maps have been obtained without removing the 
aerosol contribution. The consistency of mosaics pro-
vide supporting evidence for the low aerosol thickness 
inferred in early spring [12]. A comprehensive model 
is being developed on the basis of results obtained on 
icy craters in the North [13] so as to retrieve the actual 
surface reflectance spectrum on each area.  
 
Coordinated observations with CRISM: Since 
November 2007, MRO is operational, and there are 
two imaging spectrometers simultaneously in orbit 
around Mars: OMEGA and CRISM. The two instru-
ments are highly complementary as the maximum 
spatial resolution of CRISM (20 m) is much higher 
that the maximum spatial resolution of OMEGA (300 
m at pericenter). Filtering methods such as the MNF 
(minimum noise fraction [14]) are of interest for HR 
CRISM data. Conversely, the wider swath of OMEGA 
makes it possible to monitor temporal variations over 
wide regions of the cap at intervals which can be as 
short as one day. An example of coordinated 
observations is presented in Fig. 4.  

The results of both instruments are very consistent 
(Fig. 8) despite the factor of up to 200 in terms of 
IFOV. The lower IFOV ratio as the Mex perihelion 
moves south will make it even easier to analyze 
CRISM observations in the OMEGA context. Another 
abstract [15] is  dedicated to CRISM observations of 

the cryptic region. It will discuss the spectral structures 
observed at sub-km scales. 

 
 
Fig. 4. a) Comparison of the swaths of OMEGA and 
CRISM in early 2007; (b). map of the CO2 band depth 
at 1.435 µm obtained by CRISM embedded in the 
OMEGA map.  
 
Observations of the northern seasonal cap: The 
northern seasonal cap as observed by OMEGA appears 
markedly different from the southern seasonal cap. In 
early spring, OMEGA identifies the ring of water frost 
lagging behind the retreat of CO2 ice which was in-
ferred by TES on the basis of its temperature interme-
diate between that of CO2 ice (140 K) and dry dust (> 
220 K). This is in sharp contrast with the situation in 
the South, where no evidence for water frost reconden-
sation at the outer edge of the cap has been obtained 
by OMEGA.  
 
In mid spring, water ice dominates the spectral signa-
ture of the seasonal cap (Fig. 5). The correlation be-
tweent the regions of lower albedo and the ring of dark 
terrains surrounding the polar cap is intriguing, as the 
seasonal cap is expected to be still several 10 cm thick, 
and the spectral signature of CO2 is weak over these 
areas at that stage (Fig. 6).  
 

   
 
Fig. 5. left: albedo map of the northern seasonal cap 
in mid spring (grey scale from 0.1 to 0.7); right: map 
of the water ice signature at 1.5 µm (red: 0%; black: 
60%).  
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Figure 6: Evolution of the 
CO2 ice signature over the 
North seasonal cap at 
1.435 µm from Ls 30° to 
Ls 65° (red: 0%; black: 
60%). CO2 ice is observed 
at the surface of the per-
ennial cap over the cen-
tral regions of the water 
ice perennial cap until Ls 
40°.  After mid-spring (Ls 
45°), CO2 ice is observed 
at the very surface in 
patches which vary in 
extent and location, often 
associated with troughts 
in the perennial cap. 
Quite surprisingly, at 
longitudes 250°E to 
350°E , CO2 ice is ob-
served at the surface of 
regions up to 100 km in 
extent at Ls 65°, while no 
CO2 ice is observed at the 
surface at such locations 
at Ls 45. 

  

The evolution of the CO2 ice signature is also a puz-
zle as it is not monotonic: regions near 320°, 80°N 
lose all evidence for CO2 near the surface in mid-
spring, then an extended signature reappears one 
month later. Given the high solar flux at that stage, 
CO2 ice recondensation can be ruled out, so that most 
likely an optically thick veneer of H2O ice is blown 
away as the heat load increases, revealing CO2 ice-
rich lower layers.  
 
Summary: The evolution of seasonal caps reveals a 
bewildering variety of features which lead to a very 
complex structure and time evolution of both caps, 
which exhibit a very strong asymmetry. A wide range 
of processes will be required to interpret the rich data 
sets already available (MOC, TES, OMEGA) and in 
progress (CRISM, HIRISE): sub-ice venting, dust 
deposition and clean-up, water ice condensation, 
sedimentation and possible dust scavenging, blow-up 
of protective water-ice lids… Given the importance 
of surface-atmopshere interactions, understanding 

polar processes is critical for understanding the cli-
matic cycle on Mars. 
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