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Introduction:  From February to August 2007, 

Mars went through spring in the Martian southern 

hemisphere. During this period, the seasonal cap of 

carbon dioxide sublimed into the atmosphere gradually 

as temperatures at the surface rose. 

The Compact Reconnaissance Imaging Spectrome-

ter carried out observations of this process and we have 

put together a mosaic of the south pole every two Earth 

weeks (one MRO programming cycle) [1]. Here we 

present some of the mosaic sequences and suggest 

laboratory work that might be applicable to under-

standing the process of springtime recessions on Mars. 

Compact Reconnaissance Imaging Spectrometer 

for Mars (CRISM): CRISM is a visible-infrared (0.4-

3.9μm) imaging spectrometer that is now in orbit 

around Mars [2] and has been collecting data since 

November 2006. CRISM takes measurements with 544 

channels. CRISM has many modes of operation, in-

cluding Full Resolution Targeted (FRT), Half Resolu-

tion Long (HRL) and Half Resolution Short (HRS) 

observation. 

Observations:  The mosaics were constructed 

from CRISM Multispectral (MSP) mapping observa-

tions and hence have 55 bands covering the 1-4 micron 

region of the spectrum, with a pixel size of ~185m 

across. Each mosaic covers all regions poleward of 

55ºS. Mosaics are presented in polar stereographic 

projection, constructed from MSP strips that are 

~12km across on the surface.  The number of strips in 

each mosaic varied between 56 and 475, depending on 

the number of observations that were taken over each 

fortnight. As such, it was not possible to cover the en-

tire pole each fortnight.    

We present ‘ice maps’ that have been constructed 

using absorption features of CO2 and H2O ice, in a 

manner similar to the OMEGA team [3]. We used the 

1.5 micron band of H2O ice and the sharp 1.4 micron 

of CO2 ice to determine wether these ices were present, 

putting each pixel into a ‘CO2’, ‘H2O’, ‘CO2 and H2O 

mixture’, or ‘No ice’ category (Figure 1-2). All proc-

essing was carried out by the MR PRISM software 

package for CRISM analysis [4]. 

At this stage of our analysis, we have not separated 

atmospheric from surface effects, though this work is 

ongoing [5]. Early spring observations indicate a large 

amount of water ice is present over most of the cap, 

possibly in the form of clouds (Figure 3). As spring-

time proceeds, more interesting juxtapositions of ice 

form, particularly in the ‘Cryptic region’, which shows 

spatial mixtures of water and CO2 ice as well as no ice 

at all in places (Figure 4). Higher resolution images 

suggest that the water ice at these times is most likely 

on the surface in the form of a lag. The high spatial 

reolution of CRISM enables this process to be revealed 

in detail. The last vestiges of water ice are detected at 

around Ls=251 (Figure 5). The asymmetric recession 

of the south polar cap is captured after Ls=270 (Figure 

6). At this point, no water ice is detected by CRISM. 

 

 
Figure 1. Example CRISM ‘L channel’ (1-4 micron) spec-

trum of ‘pure’ CO2 ice. Note sharp 1.4 micron band and no 

overlapping broad 1.5 micron water ice band. Note strong 3.3 

micron CO2 ice band. 

 

 
Figure 2. Example CRISM ‘L channel’ (1-4 micron) spec-

trum of CO2 and H2O ice mixture. Note overlapping broad 

1.5 micron water ice band has been superimposed on CO2 1.4 

micron band. Note the 3.3 micron CO2 ice band is subdued. 
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Laboratory work:  The challenges of replicating 

the Mars polar regions, with temperatures at 145K and 

pressures of 6 mbar, have meant only a limited number 

of studies have been carried out in this area. A couple 

of ideas for future work relevant to the CRISM obser-

vations include: 

Studies of H2O and CO2 mixtures.  Water and car-

bon dioxide ices have only received limited attention 

(e.g. [6]). The coexistence of these ices in the Martian 

polar caps (particularly in the north) opens up a wide 

field of laboratory work possibilities to explore the 

properties of these mixtures and test them against 

CRISM observations. 

Annealing of CO2 ice in Martian polar conditions. 

Theoretical models of the development of CO2 ice 

have suggested that it may form an ‘annealed polycrys-

talline layer’ [7], which has been invoked to explain 

cold CO2 jets in the south polar regions [8]. This has 

been suggested to be at odds with observations [9]. 

Laboratory simulations of CO2 annealing in Martian 

polar conditions may offer a fascinating test of this 

theory and throw light on these observations. 
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Figure 3. Example mosaic for CRISM observations from 

February 2007 (Ls=191 on Mars). See text for discussion. 

 

 

 
Figure 4. Example mosaic for CRISM observations from 

March 2007 (Ls=225 on Mars). See text for discussion. 

 

 

 
Figure 5. Example mosaic for CRISM observations from 

April 2007 (Ls=251 on Mars). See text for discussion. 

 

 

 
Figure 6. Example mosaic for CRISM observations from 

June 2007 (Ls=278 on Mars). See text for discussion. 
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