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Abstract: We have undertaken laboratory 

electromagnetic characterization of the total set of 
minerals identified by TES [1] on the Martian surface 
in order to investigate experimentally the dielectric 
properties of the sediments covering it in the frequency 
range from 1 to 30 MHz. Volcanic Rocks with a well 
defined mineralogy and petrology from potential ter-
restrial analogues sites have also been included in the 
study. Our primary objective is to evaluate the range of 
electrical and magnetic losses that may be encountered 
by the various Radar sounding and imaging experi-
ments dedicated to map the Martian subsurface search-
ing for underground water. The electromagnetic prop-
erties of these Mars-like materials will be presented as 
a function of various geophysical parameters, such as 
porosity, bulk density and temperature. The secondary 
objective, is to locate regions were surface dielectric 
conditions are suitable for subsurface sounding. 

Scientific context: The Mars Exploration 
Program has identified the search for subsurface water 
on Mars as a key investigation towards understanding 
the hydro-geologic history of the planet and for identi-
fying potential environments for the survival of primi-
tive life forms [2,3]. During the coming decade three 
different types of sounding Radars will be used to ad-
dress this task and to reduce the ambiguities concern-
ing the state, distribution and total abundance of water 
within the Martian crust [4]. The first one is the 2 MHz 
MARSIS experiment onboard the Mars Express or-
biter. It will be followed by the 20 MHz SHARAD 
shallow sounder in 2005 and finally possible Ground 
Penetrating Radars that may be flown as part of future 
rover and geophysical network missions. The ability of 
these radars experiments to detect and identify the 
presence of liquid water will strongly depend on the 
physical properties, mineralogy and thermal structure 
of the Martian subsurface as they define the electrical 
and magnetic characteristics of the crutal propagation 
matrix [5,6]. The laboratory characterization of Mars-
like volcanic and sedimentary materials in the low 
frequency range 1-30 MHz (the range covering the 
three types of radar experiments) is hence a key study 
in evaluating optimal locations for deep subsurface 
sounding sites and future data interpretation [7].   

Experimental setup: To perform permittivity 
measurements we have used two capacitive cells spe-
cially designed in order to avoid the resonance that 
occurs in classical capacitive cells. The first one we 

used machined and compacted pellet. The second is an 
open coaxial cell used to measure the dielectric con-
stant of powder-reduced material. Both of the two di-
electric cells were connected to the HP4192A fre-
quency analyser to perform the measurements in the 
frequency band 1 to 30 MHz. The analyser was con-
nected to a central command unit to extract data and 
calculate in real-time the real and imaginary part of the 
complex dielectric constant (ε/ and ε//) and magnetic 
permeability (µ/ and µ//). For the low temperature 
measurements, we connected a liquid nitrogen circuit 
to the cells to keep the samples dry and cold during the 
measure, and avoid water vapour condensation.  

Samples magnetic permeability was evaluated 
using the magnetic cell HP16454A, connected to the 
same analyser described above. Unlike the electrical 
cells we were only able to use reduced powder mate-
rial, due to difficulties to perform rock machined and 
powder compacted samples having toric form to fit the 
cell cavity. 

Porosity measurement on compacted samples 
were done using a mercury porosimeter, with two 
pressure cycles in order to evaluate small and large 
pores. This step enabled us to verify the Gaussian dis-
tribution of the grain sizes inside the compacted sam-
ples and detect the presence of fine fractures inside the 
samples that could produce resonance during the elec-
tromagnetic characterization process.  

Results: We present in this paper only a brief 
selection of our measurement data set. More complete 
results will be exposed in the conference. Figure 1 
show the permittivity measurements for a non-
compacted powder (porosity of 50% corresponding to 
a bulk density ρ = 2.7 g/cm3) of hematite, maghemite, 
basalt and silica. Measurements were performed using 
the open cell in the frequency range 1-10 MHz and for 
a temperature of 230 K. We obtain a relatively low 
value for the real part of the dielectric constant, mainly 
due to the high porosity, while the imaginary part is 
relatively high, except for silica. For basalt and silica, 
the real part of the dielectric constant does not show a 
significant frequency dependency on this narrow fre-
quency range, due to their low concentration in iron 
oxide. For hematite and maghemite, we noted an im-
portant (quite exponential) frequency dependency of 
the two curves around 1 MHz. This behaviour con-
cerns also the imaginary part of the dielectric constant 
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(specially for maghemite), which mainly characterise 
the conductive properties of the material. 
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Figure 1:  bottom; the real part of the dielectric constant for a 
selection of Martian-like materials (50 µm powder) in the 
frequency range from 1 to 10 MHz. Top; the corresponding 
imaginary part of the dielectric constant for each sample. 
 

Measurements have been also performed on 
additional 36 samples, in the form of powder and 
compacted pellets that simulate the surface density of 
the materials.  Materials densities for measurements on 
pellets have been driven from the TES thermal inertia 
data collected over the global Martian surface. We 
have related each measured mineral to its correspon-
dent surface density observed at the location where it 
was identified. Results have shown that volcanic mate-
rials, once compacted (porosity between 20% and 
30%), present higher dielectric constant. 
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We integrated those results in a simple elec-

tromagnetic propagation model [8] (cf. equation 1) 
allowing the calculation of the radar penetration depth 
δp as a function of the wavelength λ and the instru-
mental parameter J [5]. Results (for materials in figure 

1) are shown in figure 2 for the frequency range 1 to 
10 MHz and for the instrumental characteristic (J=100) 
of the orbital sounder MARSIS.    

 
Figure 2: the penetration depth for a set of Martian-like ma-
terials as a function of the frequency (1 to 10 MHz)  
 
The ongoing integration of this laboratory data com-
bined with surface roughness model provided by 
MOLA [9] data gives a surface dielectric map of Mars 
and the distribution of the average penetration depth 
over the total area of Mars for the 1 to 30 MHz Fre-
quency band.  

Implications for Radar exploration: meas-
urements on Martian-like minerals and rocks have 
shown an important variation in the Martian surface 
geoelectrical and geomagnetic descriptions. This varia-
tion is clearly observed in the low frequency range 
from 1 to 30 MHz, differences tend to minimize as we 
get to higher frequency range. This explains the quite 
homogeneous dielectric distribution observed from 
earth based radar observations [10]. Orbital low fre-
quency sounding instruments may encounter a differ-
ent dielectric configuration; hence there is a need for 
similar work in order to optimize orbital sounding on 
areas where surface dielectric properties combined 
with surface roughness gives a minimum reflection of 
the signal which in term lead to a better penetration 
depth.   
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