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Introduction: The concentration of water in the
Martian regolith is an important parameter in many
scientific domains. Water possesses an electrical signa-
ture that allows the identification of its presence
among other materials, even in low quantities. A
laboratory facility has been setup to measure the
complex permittivity of soil mixtures as a function of
porosity, humidity, and temperature in the frequency
range 20 Hz — 10 kHz. The influence of porosity and
temperature are discussed, and a measurable
gravimetric water content threshold is evaluated.

Measurement Setup: The dielectric properties of
materials can be measured in many ways, depending
upon the frequency range. In this work we apply the
parallel plate capacitor technique between 20 Hz and
10 kHz, and use a circuit with an RC configuration [1].
A spectrum analyzer is used to measure the amplitude
and phase shift of the signal injected in the material
that fills the space between the capacitor plates. In or-
der to minimize the impact of spurious capacitances of
the circuitry associated to cables and connectors, two
measurements are required. First, a calibration meas-
urement is performed involving only the equipment in
order to allow the elimination of errors caused by para-
sitic effects. A second measurement performed on a
sample of the material under investigation provides
data for the calculation of its conductivity and permit-
tivity. In order to provide an accurate calibration for
the experimental setup, several standard tests for con-
ductivity and permittivity have been performed,
namely with dielectric oil, pure water, acetone, and a
KCI solution (0.01 mol dm™). The whole experiment
was conducted under a steady nitrogen flow in a ther-
mal chamber. The temperature was varied in steps of
15°C from -55°C to 20°C.

Properties of JSC Mars-1 simulant: Estimates
of the structure and composition of the Martian surface
and interior have been derived from various sources,
and have allowed the development of soil analogues.
One of the most common Mars soil simulants is known
as JSC Mars-1 [2], and was used in the experiments
described here. The water content of JSC Mars-1 has
been modified for the purpose of this work, but the
chemical composition of this simulant has not been
altered otherwise. JSC Mars-1 is highly hygroscopic,
and the gravimetric water content at the saturation
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point is about 0.6 for a porosity of ¢=0.54. Thermal
gravimetry was utilized to measure the water content
of the samples. Despite the fact that hydroxides are
fully removed only above 700°C, free water can be
eliminated below 200°C [3]. The sample has been
heated to 180°C, thus interlayer water is fully re-
moved. In order to prevent the absorption of atmos-
pheric humidity, the dried soil container remained
sealed during the experiments.

Results and Discussion: The measurements were
performed using JSC Mars-1 simulants with different
porosity and gravimetric water contents. Figure 1 and
Figure 2 show how the permittivity of the JSC Mars-1
simulant varies in the frequency range from 20 Hz up
to 10 kHz, with a porosity of ¢=0.54, for different
combinations of temperature (7) and gravimetric water
content (6).

{./

Frequency [Hz]

Figure 1. Relative dielectric constant of the JSC
Mars-1 simulant as function of frequency, at
¢=0.54, with diferent gravimetric water contents:
6<0.005 (1), 6=0.01 (2), 6=0.05 (3), and 6=0.1 (4)
for T=-55°C.
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Figure 2. Relative dielectric constant of the JSC
Mars-1 simulant as function of frequency, at
¢=0.54, with diferent gravimetric water contents:
6<0.005 (1), 6=0.01 (2), 6=0.05 (3), and 6=0.1 (4)
for 7=-25°C.

Additional results can be found elsewhere [1, 4].
At 20 Hz the conductivity of JSC Mars-1 is the order
of 5x10"° Sm™, a value close to that expected for dry
rocks without metallic components. For the sake of
comparison, the conductivity in a JSC Mars-1 satu-
rated solution at 20 Hz and at room temperature is ~ 5
x 10* Sm™. An increase of dielectric constant and
conductivity is observed when porosity decreases. The
plots of loss tangent for the different porosities show
two loss peaks, at 15 Hz and 6.5 kHz, reflecting the
possibility that two different polarization mechanisms
are involved [1]. The analysis of the JSC Mars-1 loss
tangent with varying temperature and water content
shows an intricate behavior, proving that several con-
current polarization and conduction mechanisms are at
work (peaks at ~100 Hz and above 100 kHz). A gen-
eral increase of the loss tangent with water content is
observed.

Conclusions: Water content and temperature both
increase the conductivity and permittivity of the soil
simulant. This effect is mostly conspicuous when the
gravimetric water content is larger than 0.05; below
this threshold, the dielectric properties of JSC Mars-1
are not very sensitive to changes in moisture and tem-
perature. A similar experiment has been performed to
measure the dielectric properties of the JSC Mars-1
simulant at room temperature and at low pressure [5],

and those values are in qualitative agreement with our
results at room temperature, but the lack of informa-
tion about the porosity of the simulant used by those
authors prevents any quantitative comparison. As ex-
pected from the theoretical results, this experiment
confirms that both permittivity and conductivity in-
crease when the water content increases and when the
porosity is reduced.

There are no pronounced changes in conductivity
or permittivity as long as the gravimetric water content
remains below 0.01, but gravimetric water content of
0.05 gives rise to unmistakable effects. This finding
quantifies the lowest possible water concentration that
can significantly modify the electrical properties of a
planetary surface and be possibly detected in situ by
instruments carried by landers and rovers [6]. It can be
anticipated that the large diurnal variation of the Mar-
tian surface temperature will induce changes, possibly
minute, that will reveal water contents at a level of a
few percent.

Although data analysis is very difficult at extreme
low frequencies due to complex conductivity mecha-
nisms and strong temperature dependence, these quali-
tative results indicate that water and ice can be de-
tected among other materials, even at low contents,
namely in the Martian regolith.
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