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Introduction: Ultraviolet spectroscopy is a useful 

tool for surface composition studies: the short penetra-
tion depth means that weathering products are readily 
detected;. ultraviolet wavelengths sense the topmost 
layers of the surface, and are therefore very sensitive to 
exogenic effects. A thorough analysis of UV data can 
lead to a determination of the abundances and distribu-
tion of radiation products such as H2O2, O3 and SO2. 
Furthermore water ice has a distinctive absorption edge 
in the far-UV However, in order to more fully utilize 
the existing UV datasets of icy surfaces in the solar 
system, and to better prepare for future observations, 
ultraviolet laboratory measurements of a range of can-
didate materials are needed. Here we briefly review 
what has been learned from UV measurements of the 
surfaces of the icy moons of Jupiter and Saturn, within 
the context of needed laboratory measurements. 

The Icy Galilean Satellites: The first in-depth ul-
traviolet studies of the icy Galilean satellites (Europa, 
Ganymede and Callisto) were accomplished with the 
use of the International Ultraviolet Explorer (IUE) 
satellite [1]. Subsequent disk-integrated observations 
with Hubble Space Telescope (HST) supported the 
initial findings of IUE, in addition to adding to our 
knowledge of the composition of the surfaces of these 
satellites. Galileo UVS observations contributed to 
disk-resolved studies of these bodies. 

The ratio of IUE spectra of Europa’s trailing hemi-
sphere to its leading hemisphere led to the discovery of 
an absorption feature present primarily on the trailing 
hemisphere centered near 280 nm. The absorption fea-
ture, was attributed to an S-O bond and was suggested 
to be due to implantation of sulfur ions into the ice 
lattice on the trailing hemisphere [2]. HST measure-
ments confirmed the absorption feature and it was sug-
gested that the feature was similar to laboratory spectra 
of SO2 frost on water ice [3].  Subsequent disk-
resolved Galileo UVS measurements showed that the 
280 nm absorption feature is strongest in regions asso-
ciated with visibly-dark terrain [4]. These locations 
have also been found to have relatively high concentra-
tions of non-ice material, interpreted to be hydrated 
sulfuric acid or hydrated salt minerals. An additional 
Galileo discovery was the presence of hydrogen perox-
ide (H2O2) on Europa, primarily in regions of lower 
non-ice concentrations, such as on the leading hemi-
sphere [5].  

IUE spectra of Ganymede’s trailing hemisphere ra-
tioed to the leading hemisphere revealed the presence 
of a possible absorption feature centered close to 260 
nm [1], though the signal was approaching the IUE 

detection limits. It was suggested that ozone (O3) in the 
ice could explain the apparent absorption feature. Sub-
sequent HST measurements confirmed the presence of 
the O3 absorption feature in the ice lattice on the trail-
ing hemisphere [6]. Disk-resolved observations of Ga-
nymede from Galileo showed that the O3 feature was 
strongest in the polar regions, and at large solar zenith 
angles, suggesting a connection with the magnetic field 
lines, or with photolysis or ice temperatures [7].   

New results from Callisto [8] show that at high 
southern latitudes, the NUV spectra tend to be spec-
trally blue (or “roll over”) >280 nm – suggesting the 
shoulder of an absorption feature with a band center 
~350 nm. The lower latitudes are generally darker and 
largely spectrally redder than the high southern latitude 
region. This suggests that an absorber is present at high 
latitudes, which is weathered away by charged particle 
or UV bombardment at low latitudes. We suggest that 
the high latitude absorption feature could be due to an 
organic species. A carbon cycle may be occurring on 
Callisto, with CO2, carbonates and carbon sub-oxides 
are principal end-products. The overall dark grey visi-
ble appearance of Callisto is consistent with laboratory 
measurements of carbonization of organics through 
radiation.  

The Icy Saturnian Moons: HST observations of 
Dione and Rhea [9] detected an absorption similar to 
the 260 nm

 
absorption feature detected by HST on Ga-

nymede and has been attributed to the presence of 
ozone on both satellites.  Like Ganymede, Dione and 
Rhea orbit within the magnetosphere of their planet. 
Ozone on these satellites may be a product of radioly-
sis, though radiolysis is likely a much less important 
process in the Saturnian system than in the Jovian sys-
tem. 

More recently, with the arrival of the Cassini 
spacecraft at the Saturn system, far-UV measurements 
of the icy satellites have been made with the Ultravio-
let Imaging Spectrograph (UVIS). The far-UV spectra 
of the icy satellites are dominated by the strong water 
absorption feature at ~165 nm (Fig. 1). At wavelengths 
shortward of ~165 nm, the icy satellites are extremely 
dark due to the presence of water ice. However, the 
spectra of the icy moons of Saturn do not exactly 
match the H2O ice models, either in shape or in magni-
tude – and thus lab data of candidate non-water ice 
species are very much needed to address these data. 
We take for example Enceladus (Fig. 2). Notice that 
the albedo of Enceladus is ~0.3 at 180 nm, compared 
with ~0.65 at the same phase angle at 439 nm [11] – so 
some species is present in the surface of Enceladus 
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that is spectrally active in the 180-440 nm region, 
causing the reflectance to drop by a factor of ~2 [12]. 

The absorbing species on Enceladus must be spec-
trally active primarily in the NUV, since Enceladus is 
very bright (non-absorbing) in the visible and NIR. 
Candidate species are shown in Figs. 3 and 4. A tholin 
mixed with water ice may be the most appropriate 
choice to match the Enceladus spectrum, as the VNIR 
spectra of tholins are relatively bright and spectrally 
bland, with a strong drop-off in brightness in the NUV; 
mixture models are in progress. More laboratory data 
are needed to better understand Enceladus and the 
other icy Saturnian moons. 

 

 
Fig. 1. Models of water ice reflectance spectra for 

several grain sizes, using optical constants [10]. 
 

 
Fig. 2. Cassini UVIS spectrum of Enceladus with 

sample water ice model overplotted. The measured 
albedo, compared with the visible albedo at the same 
phase angle, suggests a strong absorption in the FUV-
NUV-VIS region. 

 
Laboratory Data Needs:  Measurements of the 

optical constants of candidate ices and ice mixtures are 
needed in the ultraviolet (100-400 nm) to compare 
with spacecraft data of the icy moons of Jupiter and 
Saturn. The optical constants of non-ice species such 
as organics and different tholins are needed. In particu-

lar for the case of the Galilean satellites, laboratory 
studies of irradiated samples are needed.  

 
 

 
Fig. 3. Model reflectance spectra of tholins (after 

[13]).  (The spectrum of ice tholin II is an extrapolation 
into the FUV.) 
 

 
Fig 4. Model reflectance spectra of ammonia and 

carbon. 
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