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     Introduction:  The North permanent cap of Mars 
has been extensively studied over the last 30 years. 
Viking obtained the first comprehensive coverage in 
the visible [1]. IRTM and TES/MGS brightness 
temperature observations [2,3,4] demonstrated that 
water ice dominate the permanent cap after the 
summer solstice. Global maps of the cap were 
obtained in the visible relying on albedo contrasts, 
but very significant differences in terms of extent 
were observed with this criterion both between 
Martian years and within a given summer [1,5]. In 
October and November 2004, the OMEGA imaging 
spectrometer on board Mars Express was able to 

obtain global maps of surface water ice at high 
northern latitudes with a resolution of 2 to 5 km per 
pixel using the strong absorption bands of water ice 
between 1.25 and 4 µm [6]. The extent of surface ice 
remained stable, nearly identical to that observed by 
Viking in 1976. It was possible to link albedo 
variations with changes in ice grain size, dust content 
and aerosol optical thickness. Since mid November 
2004, due to the northward motion of the pericenter 
of Mars Express, it is not possible anymore to obtain 
global maps, but observations of specific regions can 
be made at resolutions per pixel of 1 km or less.  A 
first example is given in Fig. 1. 

 

 
  

Fig. 1. Map of the strength 
of the 1.5 µm absorption 
feature of water ice in a 
region extending North  
from Chasma Boreale 
(29/11/2004, Ls = 121.8°, 
128 pixels, 1.8 km /pixel). 
Rainbow scale from 0 
(red) to 75% (dark blue). 
A track obtained one 
month later  (64 pixels, 
1.1 km/pixel, 27/12/2004, 
Ls 135°) is super-imposed 
(285° to 300° at 84°N). 
The higher resolution 
reveals a complex 
distribution of low 
contents of surface ice in 
circumpolar deposits 
(orange  to yellow). 

 
     Observations: The trend towards stronger water 
ice absorption features (6) is readily apparent in    
Fig. 1 and even more so in Fig. 2 (right), with two 
tracks at less than 1 km / pixel obtained at Ls 133.9° 
(center) and  136.2° (right) superimposed on a track 
at 2.7 km / pixel obtained at Ls = 104.2°. These 
observations confirm the remarkable stability of the 
boundaries of surface water ice over two months (6). 
The permanent cap is characterized by mm-sized 
grain sizes, with a few accumulations of small grains. 
Significant re-condensation of seasonal frost has yet 
to be observed at Ls 135°. The presence of a 
significant absorption at 1.25 µm (mm-sized grains) 
on regions with low ice content (yellow) rule out a 
water ice aerosol contribution which would be higher 
at Ls104.2° than at  Ls 135° (upper right corner) 
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Fig. 3a: 1.5 µm feature strength over the Olympia 
Planitia lobe (23/12/2004, Ls 133°). A significant 
water ice signature is observed over the dark dune 
deposits (South of 82.5°). The phase angle is ~ 78° at 
82.5° N. 

 

 
 
Fig. 3b: Olympia Planitia lobe observed 3 days later 
(26/12/2004, Ls 134.6°). The contrast is much 
sharper and only weak water ice absorption features 
are observed over the dark dune deposits.  Such a 
major change over a 3 days interval most likely 
requires a thin ice-rich cloud on the 23rd of 
December and a clear atmosphere on the 26th of 
December (The optical thickness of a cloud layer is 
multiplied by 4.8 for i = 78°). The round dry feature 
at the upper right corresponds to an impact crater.  

 
Fig. 3c. Blue: reflectance spectrum of the region at 
214.5° E, 82.45°N on Fig 3a; Red: reflectance 
spectrum of a circumpolar deposit at 305.6° E, 81.9° 
N (Fig. 1) with similar water ice band strengths as 
the blue spectrum. The relative strength of the 1.5 µm 
and 2.5 µm features and the presence of a 1.25 µm 
feature are diagnostic of mm-sized ice grains (red 
spectrum). The blue spectrum is similar to the 
transmission spectrum of equatorial ice  clouds and 
to the reflectance spectrum of a partial cover of frost. 
   
Nadir pointing observations at high phase (hence  
incidence) angles (78°) demonstrate that there is  
transient water ice cloud activity at Ls ~ 133.  It 
should however be noted that the equivalent 1.5 µm 
feature strength of this cloud would be less than 4% 
at low solar incidences. A peak of such weak polar 
cloud activity was observed in late December, 
consistently with previous observations [4]. 
 
    Conclusions: observations of the North permanent 
cap by OMEGA/Mex in November and December 
confirm the stability of boundaries of ice-rich 
regions, with significant evolution of spectral and 
albedo properties. Ice-rich clouds are a major factor 
only at high phase angles, in particular close to        
Ls 130°. The different spectral characteristics of 
surface ice (mainly large grains in mid-summer) and 
clouds (much smaller grains and colder temperatures)  
make it possible to discriminate between variations in 
surface characteristics and changes in the cloud 
cover, which cross over surface unit boundaries. 
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