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Introduction:  Every year in fall/winter, atmos-

pheric CO2 condenses on the surface of Mars, forming 
seasonal polar caps that gradually sublime in spring. 
This process involves up to 30% of the atmosphere and 
covers large areas, poleward of ~45° of latitude (and 
even closer to the equator on pole facing slopes). 
Therefore the caps' seasonal/long-term evolution (and 
stability) has a large impact on the radiative budget of 
the planet and on the atmosphere dynamics and pres-
sure.  

Over the last few years, critical results obtained 
from observations and numerical models have revealed 
that cap evolution is governed by complex and exotic 
physical processes with no equivalent on Earth [1-8].  

Controls on CO2 ice condensation and sublima-
tion processes: CO2 condenses on the martian surface 
through radiative cooling, resulting in the formation of 
a CO2 ice slab, with potential inclusions like dust, wa-
ter ice and CO2 snow. The condensation/sublimation 
processes and quantities are governed by energy depo-
sition/emission in the CO2 ice as well as in the under-
lying regolith. The fraction of light reflected vs. ab-
sorbed (in the ice and the underlying regolith) is huge-
ly dependent on variation in CO2 ice properties, with 
inclusions exerting a strong influence, even at the ppm 
level (Fig 1). In particular CO2 ice transparency in the 
visible spectral range results in the transmission of a 
large fraction of the incident light when the CO2 ice 
slab is very clean (Fig 1 and [2,5]).  

 
Fig 1. Evolution of the interaction between a CO2 ice layer 
and the solar flux as a function of CO2 grain radius and dust 
contamination. The overall albedo of the ice changes a lot 
with the ice properties. 

Remote sensing data show these properties are both 
spatially and temporally variable [3,8], which leads to 
a rich variety of evolutionary paths. 

 

 
Fig 2. Different behaviors of the CO2 ice depending on effec-
tive grain size and dust content. Simulations were run on a 
flat terrain at -85°lat.  
 

Cold jets and the formation of dark spots:  Mod-
els have shown that when the CO2 ice has specific 
properties (ice grain size greater than ~1 cm and low 
dust content, see Fig 2), a large fraction of the solar 
light is absorbed by the underlying regolith, which 
warms up and basal sublimation occurs [5]. Clean CO2 
slab ice, leading to basal sublimation, is quite common 
on Mars [3,9,10] and leads to dramatic surface fea-
tures. When the sublimated CO2 gas trapped under the 
ice finds a path to the surface, it is ejected and can car-
ry with it regolith-type material. Dark spots then form 
on top of the CO2 ice slab. These exotic features have 
been detected in large areas of the seasonal polar caps 
at various latitudes, both in the northern and in the 
southern hemispheres [11-14]. The timing of material 
ejection initiation depends mostly on the ice properties 
and the incident solar flux (through latitude and slope) 
[5]. These ejections appear to occur at multiple occa-
sions during a first phase that results in the darkening 
of the surface. In a second phase, no significant rego-
lith-type material is ejected, until complete defrosting 
occurs [7]. During winter, CO2 ice condenses again on 
atop the regolith, repeating the cycle of basal sublima-
tion and ejection during spring. 
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Fig 3. Left: THEMIS visible image of the Starfish area at Ls 234 (top) and corresponding THEMIS temperature map (bottom). 
The dark areas correspond to high concentration of dark spots and the "warm" areas on the temperature map. This result is con-
sistent with the presence of material on top of the CO2 ice. The thickness of the material can be estimated by coupling these ob-
servations to numerical thermal models. Right: sequence of material ejection/ defrosting during spring, inferred from 
THEMIS/CRISM observations [7]. 
 

CO2 ice related processes and their impact on 
the Martian surface: Coupled NIR and TIR observa-
tions (e.g. Fig 3) have revealed that a few hundreds of 
microns to a few mm of regolith-type material cover 
the CO2 ice around the ejection points [7]. Part of this 
material can also be spread over larger areas, with a 
potential impact on the defrosting rate. 

This important annual material transport can have 
an important impact on surface properties. Numerous 
depressions (a.k.a "spiders", see Fig 4) over the polar 
areas have been reported [13-15]. A potential mobili-
zation and redeposition of the finer fraction of the reg-
olith has also been suggested by [7], which would lead 
to surface homogeneization and possibly hiding bed-
rock surface at high latitude.  
 

 
Fig 4. HiRISE visible image of an area situated at 87°S lat, 
86.5°E. Depressions (a.k.a "spiders") cover the entire area. 
 

Conclusion and open issues: The CO2 ice season-
al and long-term evolution is a critical aspect of the 
evolution of Mars, with important implications for the 
atmospheric and the surface properties. Exotic pro-
cesses have been highlighted here and could be in-
volved in various geological as well as climatic pro-
cesses. Future work should include experimental study 
to better understand the physics of the different pro-
cesses, coupled to numerical modeling and observa-
tions analysis.  

Understanding the present-day processes will help 
us to better assess the processes at stake during the 
evolution of Mars. In particular, the question of the 
long-term evolution and stability of the CO2 ice reser-
voirs (at the surface or buried), with critical implica-
tions for the evolution of the surface pressure, remains 
open. 
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