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Introduction: The Europa Clipper is a recently
approved NASA project to study this ice-covered
moon of Jupiter, through a series of 40-45 fly-by observations from a spacecraft in Jovian orbit. The science goal is to “explore Europa to investigate its habitability”. The Radar for Europa Assessment and Sounding: Ocean to Near-surface (REASON) is one of the
primary instruments of the scientific payload. REASON is an active dual-frequency (9/60 MHz) instrument led by the University of Texas Institute for Geophysics (UTIG) [1, 2]. It is designed to achieve multidisciplinary measurements to investigate subsurface
waters and the ice shell structure (Sounding), the surface elevation and tides (Altimetry), the surface physical properties (Reflectometry), and the ionospheric environment (Plasma/Particles).
Terrestrial Analogs. The development of successful
measurements and data interpretation techniques for
exploring Europa will need to leverage knowledge of
analogous terrestrial environments and processes [3].
Towards this end, we are investigating, and considering for future investigations, a range of terrestrial radio
glaciological analogs for hypothesized physical, chemical, and biological processes on Europa and present
airborne data collected with the University of Texas
dual-frequency radar system over a variety of terrestrial targets. These targets include water filled fractures, brine rich ice, water lenses, accreted marine ice,
and ice roughness ranging from firn to crevasse fields
and will provide context for understanding and optimizing the observable signature of these processes in
future radar data collected at Europa.
Snow Accumulation: Recent observations with
the Hubble Space Telescope (HST) reported transient
ultraviolet emissions from Europa's exosphere consistent with 200-km high plumes of water vapor venting
upward materials from the sub-surface [4]. It is anticipated that the escape velocity would allow to most of
the ejected material to fall back onto the surface in a
process analog to snow-falls on Earth. In this scenario,
the accumulation rate of snow should vary radially
with respect of the plumes’ sources and frequency, providing indirect insights into plume’s locations and history. Surface snow density is a main proxy to estimate
the accumulation rate [5]. To demonstrate the feasabil-

ity for HiCARS to outline the pattern of the surface
snow density, we have developed and applied a statistical reflectometry technique (the Radar Statistical Reconnaissance, RSR [6]) to confidently estimate surface
permittivities that can be directly snow densities from
the High-Capability Radar Sounder (HiCARS) at 60
MHz [7]. The applications over Thwaites catchment
(Fig.1) and McMurdo ice shelf, Antarctica are quantitatively in agreement with field measurements [8, 9].

Fig.1: Surface snow density over Thwaites catchment, Antarctica, from airborne radar sounding [8].
Near-surface Brine: Brines in the near-surface
(down to decameters deep) of Europa is a phenomenon
that can be a consequence of a various range of geologic activity such as cryo-colcanism, ocean material
upwelling along open cracks, or shallow melting and
subsequent upward percolation from local heating [10,
11]. It is unknown whether such brines would be
stored in solid state after a flash-frozen event, for instance, or, if specific local conditions could maintained
a brine liquid. We have investigated REASON’s capabilities to detect near-surface brines in both states by
applying the RSR to the HiCARS surface echo to obtain both the reflection and scattering coefficient of the
surface. North McMurdo Ice Shelf (NMIS), Antarctica, is known for the presence of a brine-soaked firn
fed from a lateral ocean water infiltration. When the
brine depth is lower than the radar vertical resolution,
the RSR-derived surface reflectance is higher by some
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orders of magnitude against the surrounding dry terrains, so that its detection can be easily validated
(Fig.2) [9]. Surface reflectance from frozen brine cannot be that easily distinguished. However, the near-surface structure resulting from brine infiltration and
freezing is likely complex as for refrozen ice lenses occurring into the near-surface firn at Devon ice cap,
Canadian Arctic. HiCARS survey at this location have
recently demonstrated that the RSR-derived scattering
coefficient is an efficient observable to outline regions
where refrozen ice created a non-deterministic network
as might occur at Europa [12].

Fig.2: RSR-derived surface permittivity at NMIS.
The shallow liquid brine has a higher reflectance [9].

Fig.3: RSR-derived reflection coefficient of the
ice/ocean interface at SMIS, Antarctica, from HiCARS
data. Weak coefficients are possibly accredited ice.
Marine Ice Accretion: The build up of frozen marine ice at the ice/ocean interface of Europa is a mechanism to trap the ocean material and is a signature of
the ocean dynamic [13]. Ice accretion is a major contributor of the mass balance of the South McMurdo Ice
Shelf (SMIS), Antarctica [14]. We are investigating
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the SMIS structure through a 2014-15 HiCARS survey
grid and a collection of in-situ ice cores and ground
penetrating radar measurements. The reflection coefficient of the ice-ocean interface derived by the RSR exhibits variations that are consistent with the expected
pattern of accreted ice (Fig.3), potentially providing a
tool to distinguish refrozen marine ice at Europa.
Subglacial Lakes: Lakes perched about 3-km deep
into the ice crust of Europa are believed to be responsible for the specific topography of the observed Chaos
terrains at the surface [15]. Subglacial lakes in Antarctica are well identified by airborne radar survey as a
bright continuous reflector. The most famous example
is Lake Vostok (Fig.4) [3].

Fig.4: Radargram of Lake Vostok, Antarctica, detected by the UTIG airborne radar sounder at 60 MHz
beneath 4.5 km of ice [3].
Habitats at ice/ocean interface: Recent exploration of the Ross Ice Shelf, Antarctica, by an autonomous submersible revealed a unique biota dominated
by anemones living inside burrows at the ice/ocean interface [16]. This is the first species of sea anemone reported to live in ice, raising questions into the possibilities for similar communities to develop at Europa. Although a radar sounder is unable to directly detect life,
reflectometry of the ice/ocean interface (as for SMIS)
provide insights into ice composition and roughness
that could drive habitats selection for such biota.
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