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Observing Rings and Small Satellites

Lissauer (2006) McGhee et al. (2005)

Dumas et al. (1999)



Hydrated Minerals on Asteroids

The Surface Composition of Ceres 99

albedo, which is not consistent with space weathering as seen on S-class asteroids. It is
also inconsistent with a change in the mixing ratio of brucite and carbonates with opaque
minerals like magnetite: a higher concentration of magnetite would cause a decrease in band
depth and yield shallower band depth values. However, the space weathering processes that
decreases albedo on S asteroids (creation of nanophase iron, for instance: Hapke 2001)
might instead increase albedo if they occur on an already low-albedo surface like Ceres’
(see Sect. 10.5).

Water ice and organic materials are not unambiguously observed for Ceres in this wave-
length region in spite of their strong absorptions, although absorptions caused by organic
materials commonly occur near 3.4 µm and could be obscured by the features interpreted as
carbonate at this wavelength (Milliken and Rivkin 2009). The apparent lack of these mate-
rials on Ceres’ surface, despite the likely presence of ice in its interior (Thomas et al. 2005),
and the presence of organics in potentially analogous carbonaceous chondrites is addressed
in more detail in Sect. 9.

5 Ceres in the Mid-IR

Ceres displays a strong (≈10% spectral contrast) pattern of spectral emissivity variation in
the mid-infrared wavelength region [8–13 µm; Cohen et al. 1998, see Fig. 3], an attribute
that is apparently unique among asteroids. The emissivity spectrum has been observed sev-
eral times from various observatories with consistent overall results, suggesting the spectral
features are related to true surface properties and not instrumental artifacts.

Mid-IR spectroscopy of Ceres and asteroids in general was hampered during the 1970s
and 1980s (Gillett and Merrill 1975; Green et al. 1985) by the lack of accurate spectra for
calibration stars. At the time, these stellar spectra were modeled as blackbodies, but it was
later discovered that the calibration stars themselves had spectral structure arising from SiO
absorptions, which in turn produced spurious features in the derived asteroid spectra.

Following the establishment of accurate reference spectra of bright mid-IR calibrators
(Cohen et al. 1992, 1995), the spectrum of Ceres was observed from the Kuiper Airborne
Observatory by Cohen et al. (1998) (Fig. 3). The spectrum exhibits a broad feature centered

Fig. 2 Linear mixing model fits
to Ceres’ spectrum in the 3-µm
region, adapted from Milliken
and Rivkin (2009). The best fits
include brucite (Br) and
carbonates (magnesite: Mg and
dolomite: Do). Including
cronstedtite (Cr) also improves
the fit, though inclusion of
ammoniated saponite (Sap) does
not appreciably do so
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Size Limit for MIRI
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