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Fig. S1. A schematic illustration showing the flow of analysis and sample processing.  In the 
figure, a black sphere is a cometary particle and green material is epoxy resin. 
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of 2–3 lm. Experiments were performed under strictly
constant experimental conditions: the power at the sample
surface was 515 ± 5 lW and the acquisition time was 540 s.
Under such conditions, thermal damage and heating were
avoided and a visual check on the absence of any burial
print was carried out after each acquisition. A minimum
of 10 spectra was acquired for each chondrite in the spec-
tral region 700–3700 cm!1.

The petrographic study was performed using a Scanning
Electron Microscope: BSE images of the chondrules were
made using a JEOL JSM 840 A SEM at University Paris
VI. Some profiles across the matrix–chondrule border were
obtained using the SX100 electron lprobe of University
Paris VI. Analyses of the silicates were carried out at
15 kV and 15 nA with the PAP program.

3. Raman spectra analysis

Raman spectroscopy is very sensitive to the degree
of structural order of polyaromatic OM. The typical
Raman spectrum of such a material exhibits several bands,
the most intense being the first order band peaking
at "1600 cm!1 (G-band) and "1350 cm!1 (D-band)
(Fig. 1). The G-band (G for graphite) is assigned to the
E2g2 vibrational mode of the aromatic plane and is present
in all OM whatever the degree of structural order. On the
other hand, the D-band (D for defects) is not present in
a perfectly stacked graphite and is induced by structural de-
fects in the material (e.g., Tuinstra and Koenig, 1970;
Ferrari and Robertson, 2000). The only structural param-
eter which has been linked to the D- and G-band spectral
parameters is the lateral size of the basic structural units
of polyaromatic matter (e.g., Tuinstra and Koenig, 1970;
Wopenka and Pasteris, 1993). Unfortunately, the available
relationship is highly inaccurate for poorly ordered OM
and in particular cannot be used to study chondritic OM.
Nevertheless, some spectral parameters (referred to below

as maturity tracers) are very sensitive to the degree of struc-
tural order of poorly ordered materials, although they do
not provide quantitative structural information. Studies
on series of coals and other natural sedimentary organic
matter have provided di!erent sets of parameters that cor-
relate well with the maturation grade as quantified by vitr-
inite reflectance, for instance the width of the D-band
(Wopenka and Pasteris, 1993; Kelemen and Fang, 2001;
Quirico et al., 2005).

The interpretation of the degree of structural order in
terms of metamorphic grade for a series of samples requires
(1) chemically and structurally similar organic precursors
and (2) similar metamorphic conditions (time, pressure,
etc.). If these two requirements are fulfilled, it is possible
to derive a metamorphic hierarchy for the samples and in
some cases provide the temperature of the metamorphism
peak (Beyssac et al., 2002). On the other hand, Raman data
may show di!erences in the organic precursor and are final-
ly of help when testing the first requirement above (e.g.,
Beny-Bassez and Rouzaud, 1985). In particular, Quirico
et al. (2003) have shown that terrestrial coals are not valid
analogues of polyaromatic OM in unequilibrated ordinary
chondrites.

In the present study, the analysis and interpretation of
the Raman spectra follow those described by Quirico
et al. (2003, 2005). The reproducibility of the measurements
depends on the experimental parameters: acquisition time,
power on the sample and atmospheric conditions. The ef-
fect of sample heating by laser irradiation is a crucial issue
in Raman microscopy and has been extensively investigat-
ed. Heat-induced band shifts were observed more than one
decade ago in graphitic materials (e.g., Everall et al., 1991
and references therein) and the accuracy and reproducibil-
ity of measurements has been studied by many authors
(e.g., Everall et al., 1991; Beyssac et al., 2003). For less
organised polyaromatic materials such as coals or chon-
dritic OM, the e!ect of laser irradiation is more complicat-
ed as photo-oxidation processes play a key role (e.g.,
Pradier et al., 1992). These processes control not only the
variations of the fluorescence intensity as a function of
time, but probably also those of the spectral parameters
of the G- and D-bands, raising the question of measure-
ment reproducibility (Quirico et al., 2005). Optimum mea-
surement conditions are obtained in an inert atmosphere,
minimising photo-oxidation and ensuring good reproduc-
ibility. Another approach is to perform experiments with
strictly constant acquisition times and power on the sample
surface. This second approach has been used as it facilitates
cross-measurements between di!erent laboratories.

Having dealt with reproducibility, the accuracy of the
spectral maturity tracers must be considered. The tracers
used in this study (see below) were earlier derived from
measurements on only five coals with a maturity consistent
with that of type 3 chondrites (Quirico et al., 2003). A larg-
er number of coals must be used. Moreover, the Raman
spectrometer used in this study was more sensitive than
the one used by Quirico et al. (2003) and allowed spectra

Fig. 1. Raman spectra of a polyaromatic carbonaceous material, intensity
in arbitrary unit (a.u.). The D-band was fitted by a Lorenztian profile and
the G-band by a Breit-Wigner-Fano profile to obtain the spectral
parameters FWHM-D, FWHM-G, ID, IG, x0D, x0G.

Petrologic type of CV3 by Raman spectroscopy of IOM 1851
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