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Introduction:  Much of the surface of Mars has 

been intensely reworked by aeolian processes and key 
evidence about the history of the Martian environment 
seems to be hidden beneath a widespread layer of de-
bris (paleo lakes and rivers, faults, impact craters) [1]. In 
the same way, the recent geological and hydrological 
history of the eastern Sahara is still mainly hidden un-
der large regions of wind-blown sand which represent a 
possible terrestrial analog to Mars [2]. The subsurface 
geology there is  generally invisible to optical remote 
sensing techniques, but radar images obtained from the 
Shuttle Imaging Radar (SIR) missions were able to 
penetrate the superficial sand layer to reveal parts of 
paleohydrological networks in southern Egypt [3]. 
 

The SAHARASAR project:  Radar remote sensing 
allows a unique access to subsurface information down 
to a depth of several meters for L-band (25 cm wave-
length) in arid regions [4]. However, the very incom-
plete geographical coverage of SIR missions did not 
allow regional scale mapping of hidden hydrological 
and tectonic structures of East Sahara, and scientific 
interpretations of available data remain partial and in-
complete. Nevertheless, a complete L-band radar cov-
erage of eastern Sahara exists and has still to be ex-
ploited: it is constituted by the archives of JERS-1, a 
Japanese satellite for Earth observation that was oper-
ated by NASDA from 1990 to 1998. We have produced 
the first global radar mosaic of East Sahara (Egypt, 
northern Sudan, Libya, northern Chad) using JERS-1 
radar data at a final resolution of 100 meters. Such a 
data set will help discover unknown subsurface struc-
tures (river channels , lake beds, faults, impact craters, 
etc.) and will help answer several key questions about 
the climatic, geological, and hydrological history of 
eastern Sahara [5]. 
 

The hidden geology of eastern Sahara:  Detailed 
geological analysis of the SAHARASAR mosaic is still 
in progress, but several promising results were already 
obtained. Figure 1 shows a 200 by 190 km scene located 
in northern Sudan: the JERS-1 radar mosaic reveals a 
very detailed paleo-hydrological network which is 
hardly vis ible on the LANDSAT-ETM scene. It could 
be part of an ancient river network that linked the Red 
Sea to Lake Chad [5]. Figure 2 presents a 110 by 100 km 
scene located in southern Egypt: JERS-1 data reveals 
unknown E-W faults covered by sand. Such data will 

allow more complete geological maps of the region to 
be produced [5]. Finally, figure 3 shows a newly dis-
covered double impact crater in South-East Libya. It is 
partially hidden under sandy sediments and each crater 
has a diameter of about 10 km. Sampling on the site 
enabled the observation of quantities of shatter cone 
structures and impact breccias containing planar frac-
tures. The double impact appears to be younger than 
140 Ma [6]. 
 

Application to Mars exploration:  Results obtained 
at a continental scale for eastern Sahara indicate that a 
radar imaging system for Mars exploration, as the one 
proposed within the MEEM project [7, 8], would allow a 
high resolution, global exploration of the near subsur-
face geology inaccessible to any other kind of sensor: 
laboratory measurements performed on terrestrial ana-
logs for Martian soils and rocks [9], combined with 
numerical modeling, indicate that a P-Band (70 cm 
wavelength) SAR should penetrate at least 5 meters 
into the Martian surface [7]. Such an imaging radar mis-
sion would also allow the use of radar interferometry to 
produce high resolution DEMs [10] of Mars in order to 
improve the work initiated by MOLA with a density of 
measurement points at least 400 times higher. An or-
bital interferometric radar would also provide the ability 
to accurately monitor temporal changes of the Martian 
surface [11] caused by evaporation and deformation of 
polar caps, dust deposition, tectonics, etc. A Mars ra-
dar mission would finally permit the high resolution 
mapping of the surface roughness that could be used 
as a new tool to map – and even to perform relative 
dating of –Martian geological units, and help define 
future landing sites and rover paths [12]. An imaging 
radar would provide unique data to address the origin 
of many enigmatic features related to the history of 
climate and water on Mars. 
 

References: [1] Metzger S. M. (1999) 5th Int. Conf. 
on Mars, Pasadena, USA. [2] Farr T. G. et al. (2002), 
Planetary Decadal Study Community White Paper, 
AAS, 38p. [3] McCauley J. F. et al. (1982) Science, 218, 
1004-1020. [4] Paillou Ph. et al. (2003) IEEE Trans. Geo-
sc. Rem. Sens., 41, 1672-1684. [5] Paillou Ph. (2003) 
IGARSS’03, Toulouse, France. [6] Paillou Ph. et al. 
(2003) C.R. Geosciences, 335, 1059-1069. [7] Paillou Ph. 
et al. (2001), Conf. Subsurface Water on Mars, Hous-
ton, USA. [8] Thompson T. W. et al. (2000), 31th LPSC, 

Lunar and Planetary Science XXXV (2004) 1210.pdf



Houston, USA. [9] Heggy E. et al. (2003), JGR, 108. [10] 
http://www2.jpl.nasa.gov/srtm/. [11] Rosen P. A. et al. 
(2001), AGU Fall Meeting, San Francisco, USA. 
[12] Campbell B. A. and M. K. Shepard (1996) JGR, 101, 
18941-18952. 
 
 

 

 
Fig. 1: LANDSAT-ETM image (top) and JERS-1 SAR 
image (bottom) showing an unknown ancient river net-
work in northern Sudan. 
 
 

 

 
Fig. 2: LANDSAT-ETM image (bottom left) and JERS-1 

SAR image (top right) showing a buried system of 
West-East faults. 

 
 

 

 
Fig. 3: LANDSAT-ETM image of a double impact crater 
(top) and the corresponding JERS-1 L-band radar image 
(bottom) at a resolution of 100m. 
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