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Lifetime of chloride salts on Europa estimated from plasma irradiation experi-
ments
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Europa, one of Jupiter’s moons, is thought to harbor an interior ocean beneath its icy crust and is considered one of the ce-
lestial bodies with potential for life. Near-infrared spectra obtained by the Galileo spacecraft (McCord et al., 2010) indicated
the presence of sulfate and chloride salts, and spectral comparisons in laboratory experiments on these near-infrared reflection
spectra (Poston et al., 2017; Trumbo et al., 2019) suggested that material from the interior ocean may have been transported
to the surface. Determining the chemical composition of surface materials provides indirect clues to the properties of the
interior ocean and its habitability (e.g., Carlson et al., 2001). Europa’s surface is continuously irradiated by high-energy
charged particles from Jupiter’s magnetosphere, inducing space weathering that alters the chemical composition of materials
through the ionization, dissociation, and recombination processes (Cooper et al., 2001). Consequently, the chemical state of
fresh surface material before the space weathering is difficult to estimate. Sulfates and chloride salts are considered potential
candidates for surface materials supplied from the interior ocean(e.g., Carlson et al. 2001). In a previous laboratory plasma
experiment involving electron, oxygen ion, and hydrogen ion irradiation of MgSO4—one of the sulfates— Otsuki (Master’s
thesis, Tokyo University of Science, 2024) proposed that sulfates may originate from Europa’s interior ocean. This study
simulated chemical cycling driven by space weathering and estimated the depletion time of MgSO, to be approximately 1.1
X 103 years. This value is significantly shorter than Europa’s average surface age ("1 X 107 years; Zahnle et al., 2003).
Regions where hydrated materials such as sulfates are observed correspond to areas where material transport from the interior
ocean to the surface is considered plausible (Carlson et al., 2009). Therefore, the experimental results suggest that MgSOy4
may be supplied from the interior ocean to the surface within 1.1 X 103 years, remaining present without complete deple-
tion. Meanwhile, Ligier et al. (2016) conducted model calculations combining near-infrared observations from ground-based
large telescopes with laboratory spectral data. Their results revealed spectral features consistent with chloride salts, including
MgCls, in regions where material transport from the interior ocean is expected. This suggests that MgCl, may also originate
from the interior ocean. However, no prior studies have reproduced the depletion processes of chloride salts under space
weathering conditions, and both the depletion time and mechanisms remain unclear. Consequently, the presence of chloride
salts on Europa’s surface has not yet been empirically demonstrated. As a result, the concentration of chloride salts in the
interior ocean and the surrounding environmental conditions relevant to potential habitability remain unresolved.

In this study, laboratory plasma irradiation experiments targeting magnesium chloride (MgCls) were conducted under con-
ditions like Otsuki (2024). Electron, oxygen ion, and hydrogen ion irradiations were performed at fluxes of 2.1 X 104, 1.9
X 10, and 5.3 X 10™ /cm?/s, respectively, over durations of 2.0 — 3.5 hours to simulate space weathering spanning 4.7 X
102 to 2.8 X 10* years in Europa. As a result, quadrupole mass spectrometry detected the release of gases such as Cl, Cls,
and HCI from chloride salt samples during irradiation. Based on the measured gas production rates, numerical simulations
were conducted to estimate the depletion time of MgCl, under each irradiation condition. The estimated depletion times were
5.1 X 102 years for electron irradiation, 3.6 X 10* years for oxygen ion irradiation, and 1.3 X 10* years for hydrogen ion
irradiation. Additionally, the depletion cross sections were estimated to be 2.4 X 10718, 4.8 X 107!8, and 1.2 X 107'® cm?,
respectively. Assuming Europa-like environmental conditions and applying these cross sections, the simulated depletion time
of MgCl, under simultaneous irradiation by electrons, oxygen ions, and hydrogen ions was calculated to be 4.8 X 10? years.
This depletion time is significantly shorter than Europa’s average surface age ("1 X 107 years; Zahnle et al., 2003), which is
inferred from crater chronology. Therefore, MgCls is likely to be depleted by space weathering before the surface is renewed
by geological processes. The model calculations by Ligier et al. (2016), which combined near-infrared observations with
laboratory spectral data, suggest the presence of chloride salts, including MgCl,, in chaos regions where material transport
from the interior ocean to the surface is expected. Assuming chloride salts are present in these regions, the results of this
study indicate that a continuous supply of material from the interior ocean within the estimated depletion time (4.8 X 102
years) could allow chloride salts to persist on the surface despite ongoing space weathering. Furthermore, when compared to
the depletion time of sulfates (1.1 X 102 years; Otsuki, Master’s thesis, Tokyo University of Science, 2024), chloride salts
appear to deplete more rapidly under space weathering conditions. This suggests that chloride salts may serve as a significant
tracer of more recent material supply from the interior ocean than sulfates.
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