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We have detected SO; in ultraviolet spectraof Callisto ob-
tained with the Hubble Space Telescope's Faint Object Spec-
trograph. An absorption band centered at 280 nm appearsin
the spectrum of Callisto’s leading hemisphere, but is not ap-
parent in the spectrum of the trailing hemisphere. Theband is
similar to the SO, band on Europa’strailing hemisphere. Cal-
listo’sleading hemispherespectrum canbewell fit with models
that include SO, ice absorptionwith N(SO )> 5 x 10 cm=2,
Callisto’s leading hemisphereis modified by impacts with mi-
crometeorites; this may directly or indirectly be a source of
sulfur dioxide. Thisis the first identification of an ultraviolet
absorber on Callisto.

Spectraof theleading hemispherewererecorded on 27 Au-
gust 1996 and spectra of thetrailing hemispherewere obtained
on 5 September 1996 and are shownin Fig. 1. Measured count
rates were converted to flux following standard STScl pipeline
calibration procedures. The solar flux we used to create the
albedo spectrum was measured by the SOL STICE experiment
(Woods et al. 1993). We applied a phase correction using
a phase coefficient of p = 0.029 mags/degree (Nelson et al.
1987). The spectral resolution of the FOS for is 0.44, 0.63,
and 0.92 nm for the three gratings we used.
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Observations of extended targets with the FOS show sys-
tematic differencesin flux near the edge of the detector array
where adjacent gratings overlap. The differences we observe
are on the order of 10% or less. In the interval where they
overlap, the FOS spectrum is 7% lower than a ground-based
albedo spectrum of Callisto’s leading hemisphere (Spencer et
al. 1995). The gross shape of the albedo spectrum we mea-
sured is matched by broad band measurements of the albedo
at 259, 307.5, 336, and 430 nm by the orbital astronomical
observatory (OAO-2, Caldwell 1975). The OAO-2 abedos
are lower than ours by approximately 20% .

Comparison with published IUE data is problematic be-
cause of inconsistencies in published broad band averages
(Nelson et al. 1987). The ratio of the leading to trailing
hemisphere albedo found by IUE is =~ 0.6-0.8 in disagreement
with theratio of ~z 0.90-0.95 that we find at comparablewave-

lengths. Theratio of leading to trailing hemisphere albedo for
Callisto at visible and near-infrared wavelengthsis also in the
range 0.90-0.95 (Calvin et al. 1995).

Nelson et al. (1987) found no evidence for spectral fea-
turesin ratios of coadded|eadingto trailing hemispherespectra
of Callisto. Given the relatively low SIN of the IUE spec-
tra, this observation is consistent with our results. Lane et
al. (1994) examined reprocessed IUE spectra of Callisto and
claimed to identify several spectral features between 250 and
320 nm and a broad absorption feature on the trailing hemi-
sphere from 240-330 nm. These results are not supported by
the HST spectrain Fig. 1 that clearly show an absorption band
on the leading hemisphere and little evidence for narrower
features between 250 and 320 nm.

A ratio of the Callisto leading to trailing hemisphere spec-
tra (Fig. 2) isstrikingly similar to the ratio of Europa’strailing
to leading hemisphere. SO; isthought to be responsiblefor the
280 nm band on Europa’strailing hemisphere. To identify the
280 nm absorber in Callisto, we assumed the Callisto spectrum
can be described as a combination of a spectrally neutral com-
ponent, a spectral component that has a constant slope from
~ 220-320 nm, and a spectral absorber near 280 nm. We cal-
culated and divided out a linear slope between 227.5 nm and
322.5(Fig. 3). Themadified trailing hemisphere spectrumwas
multiplied by the transmittance of SO, ice (Sack et al. 1992)
for N(SO; )= 5 x 10™ cm~2 producing an excellent fit to the
modified leading hemisphere spectrum. The derived SO, col-
umn abundanceis alower limit becausethis method measures
only the additional absorption on the leading hemisphere.
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Several observed characteristicsof Calisto’sleading hemi-
sphere may be related to the presence of SO, there and may
provide clues to its origin. Callisto’s leading hemisphere is
darker and redder at visiblewavelengths(Morrison et al. 1974,
Buratti 1991) despite the fact that it may contain a higher pro-
portion of water ice (Roush et al. 1990). On Europa, where it
isthetrailing hemispherethat is darker and more red, elemen-
tal sulfur and sulfur compoundshave been suggested (Spencer
et al. 1995). SO, is present on Europa’s trailing hemisphere
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(Lane et al. 1981, Noll et al. 1995) so it may hot be coin-
cidental that we find SO, on Callisto’s darker, redder leading
hemisphere.

At Europa, the source of sulfur and SO, is closely con-
nected to the enhanced bombardment of the trailing hemi-
sphere by the sulfur-rich plasma co-rotating with Jupiter’'s
magnetic field. At Callisto, the plasma density is lower by
a factor of 80 compared to Europa (Johnson 1990) and the
fraction of sulfur relative to helium in the plasmais reduced
by afactor of 10 or more (Hamilton et al. 1981) making the
plasma a less likely source of sulfur at Callisto. In addition
to the low density of sulfur, the question of how co-rotating
plasma could result in enhanced sulfur on the leading hemi-
sphere of Callisto is an additional strike against this source.

Noll et al. (1995) suggested pre-existing, endogenic sul-
fur in Europa as an alternative source for the observed SO,
and reddening. In this scenario the additional plasma flux on
thetrailing hemisphere producesthe observed hemispheric di-
chotomy by acting primarily as an energy source that enriches
sulfur in the surface ice through the selective sputtering and
lossof H,0O. For this mechanismto operate at Callisto, asource
of energy on the leading hemisphere is required, eliminating
co-rotating ions as a possibility. Micrometeorite impacts, on
theother hand, could providethis source of energy asdescribed
below.

Callisto’s leading hemisphereis marked by several micro-
physical distinctions. It is less compacted and has smaller
grained particles than the trailing hemisphere (Buratti 1991,
Calvin and Clark 1993). Bell et al. (1984) and Buratti (1991)
have suggestedthat an enhanced impact flux from apopulation
of small particles released from Jupiter’s outer four retrograde
satellites could explain the smaller grain size, polarization, and
photometric anomalies observed on the leading hemisphere.

Micrometeorites could be a direct source of sulfur or
could enhance pre-existing sulfur in the surfacelayers through
volatilization of H,O and enhanced gardening (though this is
difficult to reconcile with the suggestion of more H>O on the
leading hemisphere). It is possible that micrometeoritic sulfur
is preferentially deposited on Callisto’s leading hemisphere
while magnetospheric sulfur is swept up by Europa’s trail-
ing hemisphere. However, we note that the most economical

hypothesis is that sulfur is indigenous to the ice of Europa
and Callisto with enrichment occurring via two qualitatively
different, but functionally similar energy sources. However,
the apparent absence of SO, on Ganymede (Noll et al. 1996)
remains as a challenge to this hypothesis.
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