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Introduction: Recent Hubble Space Telescope observations [1-3] and reprocessed data from the Galileo mission
[1,2], suggest that plumes may be actively erupting at Europa’s south pole. Nevertheless, these possible detections of
plume activity are difficult to verify because of the very limited repeat detections. This could be due to substantial variability of plume activity on Europa [5], as compared to plume
observed at Enceladus [6]. One potential source of variability
would be if these plumes are partly controlled by tidal activity,
similar to what seems to control the activity of Enceladus’s
plume [7]. Previous work by [5] explored a possible link between tidal activity, diurnal tidal stresses and obliquity
stresses for the candidate plume identified by [1] on Europa.
Rhoden et al.[5] suggested any correlation between the tidal
stresses and observations was unlikely. However, changes in
the spin pole direction may account for the discrepancy.
Since the work of [5], additional potential plume activity
has been detected [e.g. 2-4]. Here we expand on the work of
[5] and compare the possible locations of the newer identified
plume activity and the tidal stresses to fractures identified on
the USGS Europa Geologic map (Fig. 1) [8].
Stress modeling with SatStressGUI: To calculate
the stresses, we use the open source numerical code
SatStressGUI [9]. This model assumes a 4-layer, homogenous
body. The outer 2 outer layers are the icy crust which is divided into an upper high-viscosity layer, and a lower, less viscous layer. The third layer must be liquid; for Europa it is assumed to be a global liquid water layer. The inner-most layer
is the core or combined core and mantle. Stresses are calculated based on the properties of the satellite (Table 1), the mass
of Jupiter, and the eccentricity and obliquity of Europa. For
our work, we only explore the possible contribution of diurnal
tidal stresses and 0.1 degrees of obliquity.
Table 1.
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Past and present plume activity: Our preliminary
analysis suggests the plume activity detected by [1-4] is likely
not solely controlled by diurnal tidal activity. These results reflect a similar outcome by [5]. However, some fractures in the

regions where plume activity may have occurred do have a
favorable orientation for plume activity. Many of these fractures are small, smaller than the tiger stripes on Enceladus, but
could be the source of the activity.
Problems with tidal controls: One of the main difficulties in using tidal stresses to explain past plume activity is
that the tidal stresses are relatively small (10s to 100 kPa) on
Europa. These stresses are comparable to what is experienced
by Enceladus. However, Enceladus’s lower gravity (by an order of magnitude) allows the tidal stresses to affect fractures
at greater depths than at Europa, where the overburden stresses
overwhelm the tidal stresses. Therefore, an additional stressing mechanism may be necessary to help overcome the overburden weight of the ice on Europa’s fractures.
The other major issue is the lack of sufficient image resolution of Europa. Europa is covered with young geologic features such as fractures, double ridges, and chaos. The limited
image resolution makes it difficult to determine which feature
are fractures from which plumes could be venting, and which
are other structures that are not likely to be the source of the
plume material. Additionally, it is difficult to determine which
fractures may be active and which are fully annealed. If the
plumes at Europa are similar to those on Enceladus, they could
be confined to double ridge features. Double ridges are structures that consist of a central trough flanked on either side by
a ridge ~100-200 m high. Most of the jet activity on Enceladus
occurs along the double ridge tiger stripes [6, 10]. Confining
the comparisons to only double ridge features would help to
limit the number of features that could be sources for Europa’s
plumes. On Enceladus, the activity is also associated with the
highest heat flows [11]; however, Europan plumes may not be
accompanied by an excess thermal signature [12]
Predicting where to look next: The next, best chance
to search for Europa’s plumes and determine their locations is
with the upcoming Europa Clipper mission [13]. Europa Clipper will explore Europa at high phase angles [14] which will
facilitate plume detection [15]. Previous work has suggested
phase angles in excess of 150 degrees are optimal [15]. Similar
work has shown that high phase angle imaging can allow for
triangulation of jet sources to features on the ground (e.g.
[10]). On the surface, plume sources should coincide with
fractures, possibly double ridges, that are in tension during the
time of the flyby.
We will present a series of maps that show the prominent
fractures, identified in the USGS geologic map [8] (Fig. 1),
and at what point in the orbit they are likely to be in tension.
These fractures could be used as a tool to determine which
features are more likely to be plume sources.
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Figure 1: Geologic map of Europa. Chaos (greens), crater materials (yellow), bands (purple), and ridge plains (blue) are shown
with polygons. Linear features are also shown: Depression margins (black line with ticks), troughs (black line with arrows),
multi-ring structures (brown), cycloids (blue), band linea (purple), ridges (light blue), undifferentiated linea (light purple), and
microchaos (green dots). Black box shows location of Fig. 2. Map from [8].

Figure 2: Suggested plume location area from [2, 3].
Red ticks show the orientation of maximum tension
due to tidal stresses during an orbit. The stresses are
oriented roughly north-south. With these conditions,
fractures that are oriented east-west would be in a favorable orientation to release plume material. Yellow
ovals highlight two features that are favorably oriented.
See Fig. 1 for location on global map. Map from [8].

