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Introduction: Callisto is an interesting end mem-

ber among the Galilean satellites, in that the leading 
hemisphere (centered on 90° W) is darker than the 
trailing hemisphere (centered on 270° W) in the visible 
and near-UV, contrary to what is seen on Europa and 
Ganymede. The surface alteration processes consid-
ered to contribute to Callisto’s spectral reflectance are 
micrometeoroid bombardment, radiation-induced 
chemistry and sputtering, and implantation of neutral 
species from Io. We present results from an investiga-
tion of the full set of Galileo Ultraviolet Spectrometer 
(UVS) data of Callisto, in the 210-320 nm (NUV) 
wavelength range. We are interested in understanding 
how UV spectra can contribute to answering questions 
about Callisto’s composition and effects of radiation 
and micrometeoroid bombardment. The nature of Cal-
listo’s dark, red UV reflectance spectra is investigated. 
The presence of CO2 on Callisto [1] and the dark na-
ture of the surface suggest that carbon-based products 
will be present across the surface and could be chemi-
cally modified by radiation or meteoritic bombardment 
to produce an absorption feature in the UV. 

Observations: The Galileo UVS performed obser-
vations covering most of the surface of Callisto, focus-
ing on the leading hemisphere. Primary targets were 
the regions surrounding the Asgard impact basin on the 
anti-jovian/leading quadrant, and the Valhalla impact 
basin on the jovian/leading quadrant. Observations of 
the south polar region were also made. The UVS in-
stantaneous field-of-view (IFOV) was 0.1°x0.4°, and 
measurements can generally be classified as low-
resolution or high-resolution, made from distances of 
~200,000 km or ~30,000 km, respectively. 

Results: We have investigated all spectra of Cal-
listo and classified them by overall spectral shape in 
the NUV: some regions were found to be relatively 
spectrally red or blue over portions of the NUV wave-
length range. We have found distinct trends in spectral 
shape across the surface. At high southern latitudes, 
the spectra tend to “roll over” at wavelengths >280 nm 
– suggesting the shoulder of an absorption feature with 
a band center ~350 nm (Fig. 1). At lower latitudes, in 
both the Asgard and Valhalla regions, such a spectral 
shape is not seen.  We find that the Asgard region is 
spectrally red at wavelengths >280 nm while the spec-
tra of the Valhalla region are spectrally flat at wave-
lengths >280 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 lati-
tudes. We investigate possible sources for this absorp-
tion, and whether it could be due to an organic species. 

 
Fig. 1. Galileo UVS reflectance spectra of two re-

gions on Callisto – the low latitude Asgard region and 
the high south pole region. The south pole region is 
somewhat brighter and the spectrum appears to show 
the shoulder of an absorption band. Scattered data 
points in the spectra are due to mismatches with the 
solar spectrum. 

 
Exogenic Processes at Callisto: The fact that Eu-

ropa, Ganymede and Callisto all orbit Jupiter within 
the powerful jovian magnetosphere has profound ef-
fects on their surfaces. The Galilean satellites are each 
phase-locked with Jupiter, so that one hemisphere (the 
jovian hemisphere, centered on 0° longitude) is always 
facing Jupiter.  The hemisphere leading in the direction 
of orbital motion (leading hemisphere) is centered on 
90° W longitude, while the trailing hemisphere is cen-
tered on 270° W.  Because Jupiter’s magnetosphere 
corotates at a rate faster than the orbital speed of these 
moons, the satellites’ trailing hemispheres are prefer-
entially affected by magnetospheric particle bombard-
ment (cold ions and energetic electrons). Due to the 
differences in flux with distance from Jupiter, charged 
particle bombardment has the largest effect on Europa 
which, being the closest to Jupiter, experiences the 
highest flux of particles, and the smallest effect on 
Callisto, with the most distant orbit and the lowest par-
ticle flux. Callisto, due to its distance from Jupiter, is 
not always fully immersed in the plasma sheet, but 
travels in and out due to the magnetospheric tilt [2]. On 
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Europa and Ganymede, a result of the charged particle 
bombardment is relatively dark trailing hemispheres.  

Magnetospheric ion bombardment (and its associ-
ated sputtering, implantation and grain size alteration) 
is a much weaker alteration process at Callisto’s dis-
tant orbit compared to at the orbits of Europa and Ga-
nymede. It has been suggested that photolysis at Cal-
listo is significant, since the energy flux of UV photons 
is higher at Callisto than is that for the energetic parti-
cles [3]. Further, Callisto may have a much thicker 
atmosphere than either Europa or Ganymede [4], with 
implications for protection of the surface from charged 
particles. However, charged particle bombardment is 
surely important, considering the CO2 pattern on Cal-
listo’s trailing hemisphere [5].  

Callisto displays a hemispherical dichotomy that is 
opposite to that of the other two icy galilean satellites; 
its trailing hemisphere has a slightly higher albedo than 
its leading hemisphere.  This has been ascribed to pref-
erential contamination of the leading hemisphere by 
micrometeorite bombardment. Callisto’s heavily 
cratered surface exhibits relatively dark and reddish 
spectra throughout the UV and infrared; micrometeor-
oid bombardment may play a dominant important al-
teration role at this icy moon [6]. 

Spectral Effects of Exogenic Processes: A sig-
nificant effect of ion bombardment of ices is the crea-
tion of new species through radiolysis.  Bombarding 
particles can decompose the H2O ice, creating molecu-
lar hydrogen and oxygen. Whereas the hydrogen read-
ily escapes to space the O2 does not; as a result, species 
such as O3, H2O2, O2 and SO2 have been detected as 
gases trapped in the regoliths of the icy galilean satel-
lites.  

Pre-Galileo disk-integrated HST [7] and IUE [8] 
observations showed a broad absorption feature super-
imposed on the general red spectrum, attributed to 
SO2, on the leading hemisphere relative to the trailing 
hemisphere. This feature on Callisto has been detected 
on the leading jovian-facing hemisphere, in contrast to 
Europa, where sulfur-related features were seen on the 
trailing hemisphere. It has been suggested to be due to 
Iogenic material reaching Callisto as a neutral wind; 
however, the identification is not unique. The feature 
may be connected to a carbon species, consistent with 
the presence of carbon in ice [3][9] seen as a spectrally 
flat darkening agent at Europa. The jovian satellites, 
orbiting in an environment where sulfur from Io is a 
dominant species, are redder and darker than the sat-
urnian satellites, and this could be because of the sul-
fur. However, we note that irradiation of H2O ice will 
darken and redden the UV spectrum [10]. 

Ionizing radiation not only forms more complex 
molecules, it can efficiently decompose organics. At 

low doses, CO and CO2 are the principal decomposi-
tion products of a number of organics and carbonates 
[3]. Callisto’s CO2 could be a decomposition product 
of an endogenic organic material [9], or of a carbona-
ceous material delivered by meteorites. A carbon cycle 
may be occurring on Callisto, with CO2, carbonates 
and carbon sub-oxides are principal end-products. Cal-
listo’s UV spectra may support that idea.  
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