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Introduction: The orbital radar instruments are 

giving new opportunities for planetary geological in-
vestigation regarding subsurface layering and geome-
try. Sedimentary deposits of paleolacustrine environ-
ments on Mars have shown the presence of various 
clay minerals . These clay deposits are very important 
in planetary exploration because they are strictly linked 
to the presence of water and to the capability of the 
analyzed environment to develop life and, as a conse-
quence, to preserve fossilized life marker.  

The subsurface stratigraphy and geometry of sedi-
mentary deposits on Mars are investigated by two or-
biting radar instruments (SHARAD and MARSIS) and 
in the next future another radar instrument, a landing 
one, will be send on Mars (WISDOM). 

A reliable selection of dielectric parameters of the 
subsurface material is crucial for a correct calculation 
of the radar response collected by the radar instruments 
including the depth of the observed radar interfaces 
which are likely linked to different geological forma-
tions and sedimentary strata. The dielectric properties 
of the rocks is strictly related to the mineralogy, den-
sity, water and/or ice content of the rock or soil. For 
small grain size sediments, like clay minerals, the di-
electric properties have a strong impact to the penetra-
tion depth of the radar signal. In this study we focused 
on the evaluation of the dielectric constants of natural 
clayey sediments, considered as analogues to the Mar-
tian ones, to have an instrument to refine the sounding 
depths on Mars; moreover we focused on the relation-
ship between dielectric properties and mineralogy, 
water content and temperature. 

 
Samples description and methodology: Several 

natural clayey material samples, considered as ana-
logues to the Martian ones, have been collected from 
different geological settings in Italy and we analyzed 
their water content, mineralogical assemblage and 
chemical content and the correlation with the permit-
tivity at different frequencies and temperatures using 
the Time Domain Reflectometry (TDR) technique [1]. 
We built a the Network Analyzer system (Figure 1) to 

continuously measure the dielectric behaviour varying 
the temperature and frequency. 

 

 
Figure 1. The experimental setting for the TDR analysis. 
 

We also changed the water content of the samples, 
and using the SHARAD, MARSIS and WISDOM op-
erating frequencies, we measured the variation of per-
mittivity and electric properties in the thermal range of 
180 K to 298 K (Figure 2). We noticed a peculiar be-
havior of the wet clay samples which has to be further 
investigated. 
 

 
Figure 2. Variation of the dielectric constant with the tem-
perature measured at different frequencies representing 
MARSIS, SHARAD and WISDOM. 
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The mineralogical content of the samples was de-
termined through XRD and XRF analysis. The col-
lected clays are mostly characterized by montmorillo-
nite and micas. We observed that the different compo-
sition was not primarily influencing the dielectric be-
haviour. 

 

 
 
Figure 2. Variation of the dielectric constant with the 

water content at different frequencies and temperatures. Up-
per graph shows dry samples. Bottom graph shows the analy-
sis of wet samples (~30% water content). 

 
Conclusions: We analyzed the dielectric properties 

of natural clayey materials at different frequencies and 
temperature, evaluating the correlation among water 
content, temperature and electric properties. We were 
able to reconstruct the variation of the dielectric pro-
porties using a network TDR technique and obtain 
novel data for the characterization of clay material and 
radar investigation. 

This study is also very important to refine the in-
terpretation of the radar data acquired on Mars, explor-
ing the possibility to identify clayey sedimentary layers 
analyzing the differences between the electric proper-
ties of these loose materials and the surrounding rock 
ones. 
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