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Figure 1: Illustration of the 3 potential configurations of
the eutectic zone in Europa’s ice shell. Case 1 is layer of
liquid water, case 2 is a layer with pockets of liquid wa-
ter, and case 3 is an increase in liquid water content with
depth. At the eutectic zone, the porosity and geometry of
the liquid water will be different for each case and hence
will produce a different relative echo reflection. Figure
inspired and altered from NASA’s illustration of Europan
crust.

Introduction: The surface of Jupiter’s moon, Europa,
has a myriad of features and very little cratering, suggest-
ing a dynamic and complex icy crust (e.g. [1]). A poten-
tial target for geophysical observation using ice penetrat-
ing radar is Europa’s eutectic (e.g. [2, 3]). Eutectic zone
is a region in the temperature, pressure, and composi-
tion phase diagram where melting occurs. Pressure has a
small effect on the solidus of Europan ice [4]. Therefore,
the location of the eutectic on Europa mainly depends on
the salts present on Europa and the temperature profile
of the crust. There are different variations of sulfates and
carbonates suspected in Europa’s crust [5, 6, 7, 8, 9, 10].
Crustal compositions may vary with crustal processes,
like melting and freezing. Additionally, depending on the
crust’s physical properties, the crust may be advecting or
convecting (e.g. [11, 12]) or stagnant (e.g. [13, 14]).
These crustal dynamics will determine the temperature
profile. Stagnant lid would favor a constant eutectic zone
in the crust whereas convection would result in a varia-
tion in the eutectic zone’s depth on Europa. The temper-

ature profile and the composition profile will determine
where melting will occur on Europa’s crust. We suspect
that the eutectic is either (case 1) layer of liquid water;
(case 2) layer with pockets of liquid water; (case 3) gra-
dient of liquid water content (Fig. 1).

To explore Europa and to better understand the fea-
tures that may be within its ice shell, there are two mis-
sions in plan: European Space Agency’s (ESA’s) JUpiter
ICy moons Explorer (JUICE) and USA’s National Aero-
nautics and Space Administration’s (NASA’s) Europa
Clipper Mission. Both of these missions will include
an ice penetrating radar instrument which will image the
ice shell. The JUICE mission payload includes Radar
for Icy Moon Exploration (RIME) and the Europa Clip-
per mission includes the Radar for Europa Assessment
and Sounding: Ocean to Near-surface (REASON). The
RIME instrument will operate in a single frequency band
centered at 9 MHz with bandwidth of 3 MHz [15] and
REASON will operate a dual frequency band centered
at 9 MHz with bandwidth of 1 MHz and 60 MHz with
bandwidth of 10 MHz [16, 17]. Here we explore whether
radar returns from Europa’s eutectic zone would be de-
tectable by radar sounders like RIME or REASON.

Methods: Radar provides a powerful tool to detect
these possible characteristics [2, 16, 18, 19]. As elec-
tromagnetic waves from the radar instruments travel
through the crust, they will reflect, scatter, and atten-
uate during their propagation. Reflection or scatter-
ing off of the eutectic zone may produce detectable
echoes which would provide direct geophysical obser-
vation of the existence, location, and variation of that
zone. [2, 15, 16, 19, 20] demonstrated the ability to de-
tect a sharp ice water interface. We compare the reflec-
tion strength for the three cases described above to the
sharp ice water interface.

For case 1, layer of liquid water, we estimate the rel-
ative echo strength from the layer as a reflection from a
sharp dielectric transition. For case 2, layer with pock-
ets of liquid water, we assume the relative echo strength
would resemble droplets of rain water on Earth [21, 22].
We model case 3, a layer with increasing liquid water
volume density, by using a mixing model (e.g. [20]) .
We use a 1D simulation of a radar reflection from gradi-
ents with variable slopes to compare the resulting echoes
with those from simulations of a step transition in dielec-
tric.
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Results and Discussion: Of these three cases, power
return is the greatest for a layer of liquid water (case
1). Layer with pockets of liquid water and layer with
increasing volume density would fall along the spectrum
between no return and a return from a layer of liquid wa-
ter.

Our results suggest that for each of the three candi-
date configurations, there is a range of geophysical and
observational parameters for which radar returns would
be produced that are within the range of detectability
of radar sounders like RIME and REASON. However,
their relative effective reflectivities vary with depth, size,
thickness, gradience and porosity. Case 1: This is the
baseline case against which the other two cases are com-
pared and we therefore assume, based on existing work
[2, 16, 19, 20] that if the eutectic coincided with a sharp
transition to a layer of liquid water it would be detectable.
Case 2: Relative to this reflection, the layer of pockets of
water may go undetected if the pockets of water are too
small relative to the wavelength of the radar, if the layer
of pockets are too thin, or if the porosity of the layer of
pockets is too small. In this scenario, radar echo strength
is most sensitive to the size of pockets of water. Case 3:
If there is a gradient of liquid water, then there is a di-
electric gradient which produces the radar echo. There-
fore, a steeper gradient in liquid water content results in
a stronger echo return. We suspect the parameters gov-
erning the properties of pockets of water include but are
not limited to the rigor of convection and the time scale
of phase separation between ice and liquid water.
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