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Introduction and background: Different water 

reservoirs have been identified on Mars: water ice at 
both poles [e.g. 1], water vapor and clouds in the at-
mosphere [2], water ice below the surface [3], water 
structurally constituting the hydrated minerals [4] and 
hydration water of the regolith (1-15 water wt%) [5, 6]. 
This latter reservoir is interpreted to be mainly ad-
sorbed water at the surface of the minerals  or confined 
inside them.  

Whereas hydrated minerals are detected only at 
specific locations on Mars with their OH, H2O and 
Metal-OH absorption bands at 1.4, 1.9 and 2.1-2.4 µm 
[4], a wide absorption near 3 µm is ubiquitous on 
Mars, which is related to the bending and stretching 
vibrations of H2O and OH, and thus an indicator of the 
total hydration and hydroxylation state of the surface. 

The Martian regolith is therefore a sink for H2O 
and could play an important role in the Martian water 
cycle. Both the hydration seasonal evolution of the 
regolith [5,7] and the monitoring of the atmospheric 
water vapor [2,8] reveals water exchanges between the 
regolith and the atmosphere on a seasonal scale, and 
possibly on a diurnal scale. 

The purpose of this work is to reappraise the 3 µm 
absorption study of [5] that was performed thanks to 
Mars-Express/OMEGA (Observatoire pour la Minéral-
ogie, l’Eau, les Glaces et l’Activité) on the first 3050 
Mars-Express (MEx) orbits with nominal calibration 
levels. New instrument transfer functions constructed 
with the method described in [9] are now available 
until MEx orbit #9123, which enables the use of previ-
ously non-nominaly calibrated orbits. This extended 
dataset provides a significant improvement in terms of 
spatial and temporal coverages of the Martian surface 
than [5], as shown below. 

Data selection and processing:  We use data from 
OMEGA instrument that is a visible/near-infrared  im-
aging spectrometer observing the Martian surface and 
atmosphere with 352 contiguous spectral elements be-
tween 0.36 and 5.1µm [10]. We study the 3 µm absorp-
tion band using the L channel radiance data (2.54 – 5.1 
µm). The thermal contribution is removed by evaluat-
ing the pixel temperature at wavelengths 5.0-5.1 µm as 
described in [5].  

We select only OMEGA observations obtained at 
nadir, with incidence angles lower than 80°, with no 
detectable water ice absorption  present at 1.5 µm. Da-
ta with corresponding visible MERs dust opacity 
measurement greater than 1.2 were also excluded (this 

merely concerns the MY 28 global dust storm) as well 
as data recorded with long wavelength channel detector 
not sufficiently cooled. Moreover, high resolution data 
recorded in 16 pixels crosstrack mode were excluded 
because of the little spatial coverage they provide for 
the present global scale study. 5428 OMEGA data cu-
bes verify this set of criteria (out of the 10000+ ones 
composing the entire dataset) and were used to perform 
our study. The selected dataset still spans 4 Martian 
years (from end of MY26 to MY31) and provides a 
variety of local times and seasons of acquisition as 
illustrated in Figure 1. 

 

 
Figure 1. Schematic distribution of the selected data 
as a function of solar longitude and latitude for the 
four Martian year of OMEGA observations. White 
areas means no data at given season and latitude, 
whereas colors data density (blue: few data to red:lots 
of data). The diagonal features with no data corre-
spond to observations with the 16 pixels crosstrack 
mode, that are not considered in this study. 
 

Methodology:  We compute the Integrated Band 
depth (IBD) for every previously selected OMEGA 
spectra. IBD is defined as the integral of band depth 
between the measured reflectance and a continuum 
from 3.0 to 3.7 µm in the same manner than that de-
scribed in [5]. IBD is therefore representative of the 
total  amout of energy aborbed in this spectral region 
and should increase with the water concentration for a 
given material. The chosen continuum is a linear func-
tion between the reflectances at 2.5 and 3.7 µm. Using 
this method we evaluate the 3 µm band of both the 
surface and the atmosphere. Atmospheric dust is sus-
pected from limb observations to contain a 3 µm band. 
Moreover, small grained water ice particles / thin water 
ice clouds can be indetectable at 1.5 µm while absorb-
ing signficantly at 3 µm [11]. We are currently working 
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on assessing more precisely the impact of aerosols on 
the OMEGA 3 µm band depth. Based on experimental 
studies of Martian analogs and hydrated minerals, [12] 
and [13] have shown that IBD has a non linear relation 
to the water wt% of the material. [14] also showed that 
a strong 3 µm absorption can be caused by a relatively 
small (0.5 wt%) amount of water adsorbed within the 
material. The relation IBD vs. water content (in wt %) 
depends on the shape of the 3 µm absorption and thus 
on the composition of the material. Empirical exponen-
tial relationships between IBD and water content were 
derived [12, 15]. We will use that of [15] who estimate 
the water content retrieval uncertainty to be within 
10%. 

 
Preliminary results: The orbital evolution of 

MEx, when combined with the relatively large fields of 
view of OMEGA made possible to obtain a compre-
hensive coverage of the water band over the planet at a 
km scale. Figure 2 presents the average IBD of the 
entire selected dataset, so that all seasons are over-
lapped in this map. Spatial variations are clearly identi-
fied. The low albedo regions exhibit lower IDB than 
bright regions. This trend is global except for the high 
latitude regions where an increase with latitude is ob-
served as already reported in [12, 16]. In addition, re-
gions of uniform albedo do not show significant varia-
tions between overlapping orbits. Some particularly 
“dry” and timely stable regions like Syrtis Major are 
observed. Conversely, some regions exhibit variations 
of the IBD. This could be attributed to seasonal varia-
tions of surface hydration that may be linked to change 
in the atmospheric vapor content [5, 17], but in-depth 
studies are required to better understand the origin of 
these variations.   

This work in ongoing and particularly the data se-
lection has to be refined in order to avoid variations 
related to the atmospheric conditions. We intent to 
improve the constraints on the seasonal and daily varia-
tion of hydration, better contrain the origin of the 3 µm 
band, and assess the impact on dust and ice aerosols. 
Absolute water wt% maps of the surface for the four 
seasons will be also presented at the meeting. 
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