CARBON WITHIN CERES’ REGOLITH: CONSTRAINTS FROM NUCLEAR SPECTROSCOPY.
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Introduction: Measurements of the surface com-
position of dwarf planet Ceres by the NASA Dawn mis-
sion and ground-based observations provide new in-
sights into processes that shaped the largest body in the
main asteroid belt. Dawn’s Visible-to-Infrared Mapping
Spectrometer (VIR) revealed a global surface contain-
ing aqueous alteration assemblages, including ammoni-
ated phyllosilicates, carbonates, and opaques (e.g. mag-
netite or iron sulfides) [1, 2]. The surface mineralogy is
similar to that of the CM and CI chondrites, which were
subjected to extensive aqueous alteration within their
parent bodies [3]. In addition, aliphatic organic com-
pounds were detected in a broad (200 km) region in and
around Ernutet crater [4]. The analysis of telescopic UV
spectra indicates the presence of graphitized carbon,
which could be produced by the exposure of organics on
the surface to ionizing particles and UV radiation [5]. If
the organic molecules have endogenic origin, then they
may be more widespread within Ceres’ subsurface than
indicated by VIR. The presence of carbon within Ceres’
aqueously-altered regolith provides further clues about
interior evolution and offers potential opportunities for
future studies of pre-biotic chemistry.

Elemental constraints: Measurements by Dawn’s
Gamma Ray and Neutron Detector (GRaND) were ana-
lyzed to determine the elemental composition of Ceres’
subsurface to depths of a few decimeters on broad spa-
tial scales [6]. Ice stability models imply that equatorial
regions are representative of Ceres’ ice-free composi-
tion. These regions contain more hydrogen and less iron
than the CI chondrites. The meteorites have similar
composition to the solar nebula, which indicates they
experienced aqueous alteration in a closed system. The
differences between the elemental composition of the CI
chondrites and Ceres regolith suggest that ice and rock
fractionated within Ceres’ interior to form a chemically
differentiated body.

GRaND data indicate that Ceres’ regolith is carbon
rich. The inferred presence of super-chondritic concen-
trations of carbon (e.g. Fig. 1) is consistent with ice-rock
fractionation, with a crust enriched in light elements rel-
ative to the interior; although, accretion from a more-
volatile rich source cannot be excluded. Here, we pre-
sent the latest analyses of gamma ray and neutron spec-
tra acquired during Dawn’s primary and extended mis-
sions to determine the carbon content of Ceres’ regolith.
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Figure 1. The concentrations of carbon and hydrogen within
Ceres’ ice-free regolith are compared with that of dust from
comet Halley [7] and aqueously-altered carbonaceous
chondrites [8]. The concentration of hydrogen on Ceres was
determined by neutron spectroscopy [6]. The concentration
of carbon was determined by fitting GRaND measurments of
iron and hydrogen by adding carbonates and organics to a
representative CI chondrite composition. Error bars give the
variation of carbon and hydrogen within the ice-free regolith.

Elemental measurements combined with optical spec-
troscopy and meteorite studies provide constraints on
carbon chemistry and processes underlying Ceres’ for-
mation and evolution.
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