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Abstract

There are now three types of atmospheric
observations suggesting the existence of plumes at
Europa’s surface: H I and O I ultraviolet (UV)
emission excited by the dissociation of water vapor
in the plumes [1], absorption by plume material
imaged when Europa transited Jupiter in the UV [2],
and electromagnetic perturbations induced by the
plume density [3]. These plumes are of great interest
because they present a unique opportunity to probe
Europa’s interior, which may be outgassing.
However, the origins, composition, and frequency of
plumes remain unconstrained. The present set of
observations are sparse as well as poorly resolved
spatially and temporally.

In [4], a model of the ascent of liquid water through a
fracture or a pipe-like conduit from a subsurface
reservoir to Europa’s surface was developed in order
to derive the eruption time-scale and the total volume
extruded during the eruption, as a function of the
reservoir volume and depth. In this model, the
cryomagma (salted liquid water) stored in subsurface
reservoirs which lead to eruptions when triggered by
their partial freezing.

In [5], a description of Europa’s exosphere was
developed by taking into account two processes of
surface erosion: water sublimation and water-product
sputtering induced by precipitating magnetospheric
ions and electrons. The evolution of the exosphere
along Europa’s orbit around Jupiter was
reconstructed. This model, based on a Monte Carlo
approach, describes the fate of the water molecules
and its products when ejected from the surface.

The objectives of this work are to combine the model
of cryomagma ascent at Europa developed in [4] with
the exospheric model [5] in order to provide
constraints on the possible evolution and structure of
a plume when generated by an eruption. Our goals
are to understand if Europa’s exosphere is essentially

produced from plumes or rather, provide an estimate
on the typical timescale as well as spatial scale
foreseen for a plume. Based on our knowledge of
Europa’s exosphere at present, the addition of the
subsurface component may lead to constraints on its
possible composition.

Acknowledgements

We acknowledge support from the “Institut National
des Sciences de I’Univers” (INSU), the "Centre
National de la Recherche Scientifique" (CNRS) and
"Centre National d’Etudes Spatiales" (CNES)
throughthe "Programme National de Planétologie".

References

[1] Roth, L., Saur, J., Retherford, K.D., Strobel, D.F.,
Feldman, P.D., McGrath, M.A., Nimmo, F.,
Transient Water Vapor at Europa's South Pole.
Science 343, 171, 2014,
doi:10.1126/science.1247051

[2] Sparks et al., The Astrophysical Journal Letters,
839, L18, 2017, doi.org/10.3847/2041-8213/aa67f8

[3] Jia X., Kivelson M.G., Khurana K.K. and W.S.
Kurth, Evidence of a plume on Europa from Galileo
magnetic and plasma wave signatures, Nature, 2, 459,
2018. doi.org/10.1038/s41550-018-0450-2z

[4] Lesage E., Massol H., Schmidt F., Cryomagma
ascent on Europa, Icarus, under review, 2019

[5] Oza A. V., F. Leblanc, R. E. Johnson, C. Schmidlt,
L. Leclercq, Cassidy T. and J.Y. Chaufray, Dusk
over dawn O, asymmetry in Europa's near-surface
atmosphere, Planetary & Space Science, 167, 23-32,
2019. doi.org/10.1016/j.pss.2019.01.006.



