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Introduction:  Seasonal condensates are one of 
the most important martian meteorological proc-
esses. The determination of the physical state and 
coexistence modes of the ices and dust composing 
the seasonal condensates, as well as their extent, 
abundance and temporal evolution, are of prime 
importance for the understanding of the sublima-
tion/condensation/deposition processes of volatiles 
on Mars. The spatial and temporal distributions of 
the condensates are strongly linked with the seasonal 
cycle of CO2 and H2O exchanges between the sur-
face and the atmosphere. The knowledge of these 
distributions should help to constrain these cycles. 
They may also provide clues to understand the cur-
rent and past climatic cycles through inter-annual 
evolutions. Before the Mars Express mission (ESA) 
the evolution of the seasonal condensations have 
been essentially monitored by the albedo and tem-
perature changes of the surface [1,2]. 

 
OMEGA observations: The OMEGA imaging 

spectrometer aboard Mars Express allows to directly 
monitor the abundance, physical state and distribu-
tion of the CO2, water and dust components of the 
condensates through their visible and near-infrared 
spectral signatures (Figure 1). The northern seasonal 
condensates recession has been observed for two 
successive martian years (2004 and 2006) at differ-
ent longitudes until complete sublimation occurs 
around summer solstice [3]. A CO2-free dusty water 
ice annulus has been detected surrounding the CO2-
rich ice deposits [4]. We report on the spatial extent 
and temporal evolutions of this water ice annulus 
during recession of the northern seasonal conden-
sates. 

Figure 1: Evolution of the spectra from CO2-rich ice 
(blue) to bare hydrated soil (red) (Ls=350°) (reflec-
tance offsets for clarity). 

An extended water vapour source : Comparisons 
of spectra collected along a meridian from the North 
pole to latitudes less than 50° clearly show a con-
tinuous evolution of the seasonal ice deposits from 
CO2-rich ice to dusty water ice, then to bare hydrated 
soil (Figure 1). Along this meridian, the 1.5-µm 
water ice absorption band depth decreases in two 
steps (Figure 2). First a sharp decrease correlated 
with an albedo drop. In this area, a spatial segrega-
tion occurs between CO2 ice and dusty water ice, 
that finally forms an optically thick water ice layer. 
Then the 1.5 µm band depth gradually decreases 
before disappearing. Spectra taken in this region are 
characteristic of water ice clouds, with a sharp edge 
of the 3 µm band. Clouds surrounding the recession 
limit of the seasonal condensates have already been 
detected [5]. However, the 1.5 µm band is too deep 
to be explained by water ice clouds alone. Either 
ice/dust spatial distribution or optically thin water ice 
defines a transition zone between the optically thick 
water ice layer and hydrated soil. This additional icy 
area further extends to lower latitudes the source of 
water vapour during recession of the seasonal con-
densates.  
Spectral modelling using our radiative transfer code 
[6] is ongoing to precisely define the state and moni-
tor the spatial distribution of this wider icy area. 

Figure 2: Left: visible image of the northern con-
densates showing the apparent disappearance of ices 
(orange line) (Ls=350°). Right: evolution of ices 
absorption band depth, albedo and a proxy of tem-
perature as a function of latitude for the same image. 
Red: CO2 ice 2.3 µm band depth; Blue: H2O ice 1.5 
µm band depth; Black: albedo at 1.08 µm; Green: 
temperature proxy. The three dashed lines corres-
pond to the start of the water ice segregation (pink), 
the visible limit of the seasonal condensates (orange) 
and the complete disappearance of surface water ice 
(brown). 
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Temporal distribution of the water ice annulus: 
The seasonal cycle of water exchanges between the 
surface and the atmosphere can be constrained by the 
knowledge of the spatio-temporal distribution of 
water ice in the seasonal condensates. We therefore 
mapped this distribution from winter solstice to 
summer solstice. As the relative contribution of 
water ice clouds and optically thin/segregated sur-
face water ice is still uncertain, the analysis focused 
on the main (optically thick) water ice annulus. 

 
Figure 3: Evolution of the water ice annulus extent 
(blue).  Left: mosaic for Ls=350°-360°; Right: for 
Ls=20°-25°. Purple: CO2-rich ice; Blue: optically 
thick water ice layer; Yellow: optically thin or 
segregated water ice and water ice clouds; Red: 
hydrated soil. The width of the water ice annulus is 
homogenous with longitude at Ls ≈ 360° but extents 
unexpectedly fast around 210° longitude for Ls ≈ 
20°. 
 
We show that this water ice annulus follows the 
recessing CO2 seasonal cap and moves towards 
higher latitude as sublimation progresses, merging 
with the border of the permanent cap around summer 
solstice.  The southern border of the water ice annu-
lus is assymmetric during the whole recession. Its 
recession rate, computed as a function of longitude 
and time, is homogenous and almost constant with a 
mean value of 6.75 km per sol. Some anomalous 
regions have been identified where the CO2 ice limit 
recess unexpectedly fast (Figure 3). 

Figure 4: Comparison of the seasonal condensates 
limits as seen by OMEGA and TES. Red and blue: 
southern limits of respectively CO2 ice and optically 
thick water ice (OMEGA). Green: albedo limit of the 
seasonal condensates (TES). Orange: thermal sta-
bility limit of CO2 ice (TES). There is a very good 

agreement between the albedo and optically thick 
water ice limits. CO2 ice detected by OMEGA is 
shifted northward of its stability limit. 
 
Comparison with TES data [9] shows that the CO2 
ice limit is shifted several degrees north of the ther-
mal stability limit of CO2 ice (Figure 4). This an-
omalous behavior can be explained by condensation 
on the CO2 ice, which would act as a cold trap, of 
some of the sublimating water ice transported to-
wards northern latitudes (Figure 5). The top layer of 
condensed water ice may hide most of the spectral 
signature of CO2 ice. Radiative transfer modelling in 
layered media [6] is ongoing to check this hypoth-
esis, using optical constants of CO2 and H2O [7,8]. 
The sublimating dusty water ice, both optically thick 
and thin, constitutes a very wide moving annulus 
source of water vapor that should be included in 
global circulation models to assess its role in the 
cycles of volatiles on Mars. 

 
Figure 5: Possible sketch of the temporal evolution 
of the northern condensates. Dark blue is water ice in 
the north permanent cap (right). Medium blue is the 
dusty water ice annulus and light blue is CO2-rich 
seasonal condensates contaminated with dust and 
water ice. Part of the water sublimating from the 
annulus could recondense on the sublimating CO2 
ice at higher latitudes. 
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