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Introduction: Icy moons of Jupiter have regained
attention recently with the approval of the JUpiter ICy
moons Explorer (JUICE) mission by the European
Space Agency and its partners for a scheduled launch
in 2022 and arrival in the Jovian system in 2030. The
instruments particularly important and relevant to geo-
logical investigation of the icy moons are
Jovis, Amorum ac Natorum Undique Scrutator
(JANUS) camera system [1], Ganymede Laser Altime-
ter (GALA)[2], and Radar for Icy Moon Exploration
(RIME) [3]. RIME is a radar sounder optimized for the
penetration of the Galilean icy moons, Ganymede, Eu-
ropa and Callisto, up to a depth of 9 km. RIME is a key
instrument for achieving groundbreaking science on
the geology and the geophysics of icy moons. In order
to support RIME activities, we have initiated research
effort in understanding geology of Ganymede.

The RIME instrument is expected to yield subsur-
face information that would be compared with surface
data acquired by JANUS and GALA, altogether they
will shed light on the geological and geophysical pro-
cesses operated on the icy moons. The scientific inter-
pretation of the RIME data in the form of radargram
will depend partially on our capacity to understand ge-
ological features observable on the surface. This is be-
cause such geological features are surface manifesta-
tions of subsurface structures. For this reason, we have
begun to map and interpret surface geology of icy
moons, beginning with Ganymede that will be the
main target of the JUICE investigation. The interpreted
surface geology will be used as a basis for constructing
plausible subsurface structures, which will be assessed
for detectability with the RIME instrument.

Questions on Ganymede’s geology and internal
structure: Ganymede is one of the four Galilean
moons, and it is the largest satellite in the Solar Sys-
tem. The study of this icy satellite has been less exten-
sive in comparison to two other Galilean moons lo and
Europa and there are many unanswered questions, such
as whether it is still geologically active today. Another
outstanding issue is its orbital motion around Jupiter,
whether it is synchronous or not due to the tidal forces
[4]. Finally, there are various geophysical theories on
its internal structure, such as the presence of an ocean
below the surface, a core still “hot” and some hypothe-

ses related to the thickness of an ice shell or ice shells
that comprise Ganymede’s subsurface [5, 6, 7].

We may answer to these questions by interpreting
the information we have today of its surface and by
studying tidal forces in the present and in the past. The
study of Ganymede’s surface consists also in the un-
derstanding of different types of ice and materials of
which it is composed, and especially of the structures
that characterize them. We may comprehend the sur-
face compositions from NIMS (Near-Infrared Mapping
Spectrometer) data, but also through the behavior of
the ice resulting in the production of geological fea-
tures on the surface [8, 9].

Fig. 1: An example of grooved terrain and the differ-
ence between light and dark terrain (near the bottom of
the figure). A Galileo image of resolution 98 m/pixel.

A particular interest in our investigation is the
grooved terrain (Fig. 1), because the division of dark
and light terrains suggests a past in which there have
been major tectonic events [10], and its subsurface
structures should preserve vital information on the
formation mechanism that should be important to un-
derstand the evolution of Ganymede. Instead,
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cryovolcanism is in general considered to have played
a less important role in the Ganymede history [11], but
searching evidence for cryovolcanism would also be
our task because its identification would imply a com-
plex thermal history of the icy moon [3, 7].

Methods: The used technique, to study the struc-
tures reflected from the geological past of Ganymede,
is to compare the satellite’s areas of interest. The im-
ages used, obtained from NASA PDS nodes, are those
of the missions Galileo and Voyager 1, 2. They were
processed mainly with ISIS3 but also with ISIS2 be-
cause some of the camera data were available only in
ISIS2. To analyze large structures or regional/global
trends, for example, large craters, we analyzed images
that did not require a high resolution (see Fig. 2). In-
stead, there were areas in which the relatively high
resolution Galileo images (up to 14 meters per pixel)
help considerably to observe features and allow us to
identify, for example, grooved terrain features or areas
divided by tectonics, as shown in Fig. 3.

Fig. 2: An example of low-resolution VVoyager images
that are useful in studying some large-scale features
such as craters with far-reaching ejecta deposits. Reso-
lution is 764 m/pixel.

In addition, in order to understand the structures
better, we also use Digital Terrain Models (DTMs) of
some limited localities. We produce them mainly with
Ames Stereo Pipeline from stereo pairs, but also with
Stereo Matcher Toolkit to verify the results. We begin
our investigation utilizing a geological map recently
published [12] in order to identify the areas of interest,
in particular taking into account the plausible RIME
coverage during the flyby and mapping operations and
also the availability of previous mission data (i.e.,

1382.pdf

Galileo and Voyager). The hypotheses produced in our
studies will be compared with various geophysical
models for assessing their reasonability. Furthermore,
we intend to test the detectability of the RIME instru-
ment in the subsurface for various case scenarios based
on the hypotheses.

Fig. 3: An example of high-resolution Galileo images
that are useful in studying some features such as cra-
ters divided by tectonism. The spatial resolution is 152
m/pixel.

Conclusions: The JUICE mission, although still
many years away, provides a great opportunity and
motive for reassessing the previously proposed inter-
pretations and obtaining new insights on geology of
three icy moons, Europa, Ganymede, and Callisto in
light of an array of instruments that would be greatly
improved over the ones used by the Voyager and Gali-
leo missions. In particular, the RIME instrument is ex-
pected to provide a totally new type of data set that is
radargram reflecting the subsurface structures up to 9
km in depth. The subsurface structures observed by
RIME should greatly help improving our understand-
ing of geological processes operated in the icy moons.
In order to assist the RIME activity and prepare for
eventual data acquisition, we have initiated a series of
geological investigation with the main focus on Gany-
mede. The expected results indicating possible subsur-
face structures present under the observed surface fea-
tures will be assessed for detectability of the RIME in-
strument.
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