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1. Introduction

The suite of disk-resolved observations from the
Galileo Ultraviolet Spectrometer (UVS) is analyzed
to look for spectral trends across the surface of
Europa. We focus on the UV albedo and the 280 nm
SO, absorption strength -- their relationships with
sulfur and electron flux distributions as well as
surface features and relative surface ages. We
compare UV trends with a new model of sulfur ion
flux to the surface. Our results have implications for
exogenic and endogenic processes.

2. Sulfur Flux Model

In this study, we have repeated earlier calculations [1]
with up-to-date plasma parameters from the Galileo
spacecraft. Compared to the Voyager era parameters,
Galileo found higher plasma densities [2] and
provided a much better characterization of the "hot"
or "non-thermal" ion population [3]. We assumed
that Europa is electromagnetically inert [1]; we did
not include the relatively small contribution of the
induced magnetic field of the moon. The ion motion
is described using the "guiding-center
approximation" which, in addition to gyration around
the magnetic field lines, includes a guiding center
"drift" perpendicular the magnetic field. For
sufficiently low energy ions, this drift is simply the
co-rotation velocity. With increasing ion energy,
positive ions drift faster than co-rotation speed [4], an
effect not implemented in earlier studies [1]. The
ions are also free to move parallel to the field lines.

3. Results

The Galileo UVS data exhibit two different effects: a
global-scale darkening, where the disk-resolved
albedo decreases from the leading hemisphere to the
trailing, and the SO, absorption band, which is

confined to the trailing hemisphere and is stronger in
dark, younger terrains.

3.1 SO, absorption

We find that Galileo UVS-measured SO, absorption
strengths are greater on the trailing hemisphere; this
is as expected from previous disk-integrated
observations [5][6] of the UV absorption band itself
and from Voyager-era disk-resolved measurements
of large-scale UV darkening in the broad-band UV
filter [7][8][9]. Absorption strength on the leading
hemisphere is negligible.

We compare the measured SO, band strengths for
each region observed by the Galileo UVS with the
sulfur flux model. The SO, absorption distribution
generally correlates with the sulfur flux to the surface,
namely the cold flux (the hot flux is minimal in
comparison). However, it is not just the sulfur ions
that are important: electrons, which are deposited
primarily on the trailing hemisphere [10] are
responsible for the radiolysis that converts the
deposited S and H,0 to SO, and hydrate. The
electron flux is roughly constant over the trailing
hemisphere, for the low latitudes.

We also note strong variations in SO, band depth
based on terrain. In particular, the young chaos units
show stronger SO, absorption than predicted by the
cold sulfur model alone, suggesting a local source of
SO, in those regions.

The SO, absorption is also correlated with NIMS-
measured hydrate concentration [11]. The correlation
between the SO, and the dark material is consistent
with the sulfur cycle [13][14] where a dynamic
equilibrium exists between continuous production
and destruction of sulfur polymers S, sulfur dioxide
SO,, hydrogen sulfide H,S and H,SO4*nH,0. The



sulfur cycle involves an initial sulfurous material on
the surface of Europa being exposed to radiolysis.

3.2 UV Albedo

The large-scale pattern in disk-resolved UV albedo
(300-310 nm) follows the familiar disk-integrated
orbital lightcurve trend, long seen in longer
wavelength observations (e.g., [15] [16] [17] [18] [7]
[9]), with a minimum at the center of the trailing
hemisphere and a maximum at the center of the
leading hemisphere — but has a much more dramatic
variation between leading and trailing hemispheres
compared to longer wavelengths, and compared to
IUE disk-integrated measurements. When compared
with the longitudinal variation in SO, band strength,
it becomes clear that different processes drive these
two spatial trends. Whereas the SO, absorption is not
present at all at longitudes <180°W, the albedo is
seen to increase steadily from the trailing hemisphere
apex at 270°W to the leading hemisphere apex at
90°W.

The primary magnetospheric interaction, the cold
sulfur ion implantation, is confined to the trailing
hemisphere, as is the electron bombardment [10].
Thus, the interaction between the surface and the
incoming cold ions and/or the incoming electrons
cannot be the source of the global-scale albedo
variation. We find the UV albedo is correlated with
the hot sulfur flux and/or the sputtering rate.

Sputtering, caused primarily by hot ions, can darken
a regolith by increasing the average grain size [19].
Hot sulfur ions do most of the sputtering, though
oxygen ions and cold ions make a significant
contribution. Small grains are preferentially
destroyed by sputtering by heavy ions (whereas
larger grains will tend to be more absorbing due to
longer path length). The strong wavelength
dependence in the longitudinal albedo variation
suggests that a chemical process could also play a
role.

The research described here was carried out at the Jet
Propulsion Laboratory, California Institute of
Technology, under a contract with the National
Aeronautics and Space Administration.
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