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The VIRTIS instrument onboard the Rosetta spacecraft has
provided extensive spectral mapping of the surface of comet
67P/Churyumov-Gerasimenko, in the range 0.3-5 µm. The
reflectance spectra collected across the surface display a
low reflectance factor through the whole spectral range, two
spectral slopes in the visible and the near-infrared ranges,
and a broad band centered at 3.2 µm. The first two of these
characteristics are typical of dark small bodies of the Solar
System, and in this respect their interpretation in terms of
composition is difficult. Solar wind irradiation may modify
the structure and composition of surface materials, and there
is no univocal assignment for those spectra devoid of
vibrational bands. In order to circumvent these problems,
we developed an analysis by constraining the nature of
cometary materials from the study of cometary grains
analyzed in the laboratory and by considering results on
surface rejuvenation and solar wind processing provided by
the OSIRIS and ROSINA instruments, respectively. Our
results show that (1) The low albedo of comet 67P/CG is
accounted for by a dark refractory polyaromatic
carbonaceous component mixed up with opaque minerals.
VIRTIS data do not provide direct insights into the nature of
these opaque minerals. (2) A semi-volatile component,
consisting of a complex mix of low weight molecular
species not volatilized at T~220 K, is likely a major carrier
of the 3.2 µm band. Water ice has a significant contribution
to this feature in the neck region, but not in other regions of
the comet. COOH in carboxylic acids is the only chemical
group that encompasses the broad width of this feature. It
appears as a highly plausible candidate, along with the NH4+
ion. (3) Photolytic/thermal residues, produced in the
laboratory from interstellar ice analogs, appear as potential
interesting spectral analogs. (4) No hydrated minerals were
identified and our data support the lack of generic links with
the CI, CR and CM primitive chondrites. This concerns in
particular the Orgueil chondrite, which had been suspected
to have a cometary origin. (5) The comparison between
fresh and aged terrains revealed no effect of solar wind
irradiation on the 3.2 µm band. This is consistent with the
presence of efficient resurfacing processes, such as dust
transport from the interior to the surface as revealed by the
OSIRIS camera.
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The short-lived 26Al radionuclide is thought to have
been admixed into the initially 26Al-poor protosolar
molecular cloud prior to or contemporaneously with its
collapse. Bulk inner solar system reservoirs record
positively correlated variability in mass-independent 54Cr
and 26Mg*, the decay product of the short-lived 26Al
radionuclide. This correlation is interpreted as reflecting
progressive thermal processing of in-falling 26Al-rich
molecular cloud material [1, 2]. Planetesimals formed in the
outer solar system could have accreted a significant fraction
of primordial and, hence, thermally unprocessed molecular
cloud matter. This material reflects the nucleosynthetic
make-up of the molecular cloud prior to the last addition of
stellar-derived 26Al. Therefore, unlike inner solar system
objects, the isotopic signature of the thermally unprocessed
and 26Al-poor primordial molecular cloud matter is expected
to show a decoupling between their 26Mg* and 54Cr
compositions.
To search for the signature of primordial molecular
cloud material, we analyzed the magnesium and chromium
isotope composition of metal-rich carbonaceous chondrites
(CH, CB and CR) and their components, including 3 bulk
samples, 13 chondrules and 5 hydrated lithic clasts. Several
observations suggest that metal-rich chondrites may have
incorporated primordial molecular cloud material of
possible outer solar system origin, including enrichment in
15
N, high abundance of presolar grains and the presence of
26
Al-poor CAIs. Our results show that CH, CB and CR
chondrites and their components have a unique 26Mg* and
54
Cr isotope signature, falling off the solar system
correlation line. Our samples defined an array extending
from the composition of CM chondrites to that expected for
thermally-unprocessed and 26Al-free molecular cloud
material (μ54Cr = 160 ppm and μ26Mg*= –16 ppm). This
requires the presence of significant amount (25-50%) of
primordial molecular cloud material in bulk metal-rich
chondrites. Given that such high fractions of primordial
molecular cloud material are expected to survive only in the
outer Solar System, we infer that, similarly to cometary
bodies, metal-rich carbonaceous chondrites are samples of
planetesimals that accreted beyond the orbits of the gas
giants. The presence of chondrules in CR, CH and CB
chondrites with an isotopic signature requiring the
incorporation 26Al-poor primordial molecular cloud
component suggests that chondrule formation was not
limited to the inner Solar System, indicating that chondrules
present in cometary bodies such as Wild2 may be locally
derived. The lack of isotopic evidence for primordial
molecular cloud material in other chondrite groups requires
isolation from the outer Solar System, possibly by the
opening of disk gaps from the early formation of gas giants.
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