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INTRODUCTION: Chondritic meteorites provide
important information about conditions in the early solar
system. However, as most chondritic meteorites were
affected by thermal metamorphism and/or were exposed to
aqueous solutions, during or after accretion to their parent
bodies, nebular or presolar records may have been
obscured or completely erased. The least altered meteorites
are those of type 3. The chondritic meteorites CV3 are
privileged studied objects due to the presence of refractory
inclusions. An accurate evaluation of the metamorphic
grade provides clues about the primitiveness of these
objects, and in particular of the preservation of isotopic
information located in the CAIs inclusions.

In the present state of knowledge, the derivation of
petrologic type of CV3s is ambiguous. Guimon et al
(1995) have attributed a petrologic type of different objects
by studying their induced thermoluminescence (ITL)
properties. But, these results have recently been questioned
by Quirico et al. (2003) for Allende and Axtell. The
purpose of this work was to assign a petrologic type of a
line of 8 CV3: Allende, Axtell, Mokoia, Grosnaja,
Vigarano, Kaba, Efremovka and Leoville. Thermal
metamorphism has been studied according to two
approaches:

- firstly, the maturation grade of the Organic Matter
(OM), which mirrors its degree of heating, has been
determined by Raman µ-spectrometry.

- secondly, the diffusion of iron from the matrix to
the chondrule, which depends on the couple (time,
temperature), has been evaluated by the chemical zoning in
olivine phenocrysts in type I chondrules.

In this paper, the technical aspects are developed,
followed by the way Raman data have been interpreted.
Next, the results and their interpretation are discussed.

SAMPLES AND EXPERIMENTAL: Allende1,5,
Axtell1,5, Grosnaja2,4,5, Kaba2, Mokoia2,5 are the studied
oxidized CV3 chondrites and Efremovka3,5, Leoville3,5,
Vigarano3,5 the reduced ones. Raw samples and sections
were supplied by 1MNHN (Paris), 2Bristish Museum
(London), 3US Museum (Washington), 4Austrian Museum
(Wien) and 5FMNH (Chicago).

Our measurements were performed on fresh matrix
grains extracted from the bulk of each meteorite. Raw
samples were crushed, and matrix grains were carefully
selected from among the fragments under a binocular
microscope. The selected fragments were crushed between
2 glass slides, which were also used as Raman substrate for
the analysis. This procedure allows us to work on fresh
samples and to enhance heat dissipation, so that thermal
damage heating effects is avoided.

Raman experiments were performed at Laboratoire
des Sciences de la Terre (ENS-Lyon, France) by using a
LABRAM spectrometer. We used a single wavelength
excitation source, the 514.5 nm line of a Spectra Physics
Ar+ laser. The laser beam was focused by a microscope
equipped with a 50× objective, leading to a spot size of
around 2-3 µm in diameter.

Empirically we have noted a sensitivity of the
Raman parameters to the experimental conditions such as
the time of acquisition, power on the surface sample. But,
with a constant protocol, the results are reproducible. Thus,
we applied ourselves to still proceed in the same
conditions. The power at the sample surface ranged
between 510 and 520 µW and the acquisition time is

2×30s. A minimum of 10 spectra has been acquired for
each meteorite in the spectral region 700-3700cm-1.

The petrographic study has been done by acquiring
high-resolution images of polished sections with a
Scanning Electron Microscope.

RESULTS: All spectra exhibit the D- and the G-bands of
carbon in the region of the first order Raman spectrum
(around 1350 cm-1 and 1580-1600 cm-1, respectively). The
analysis was based on a fitting method with 2 spectral
profiles: a Lorentzian for the D-band and a Breit-Wigner-
Fano for the G-band [3]. The number of parameters then
equalled 4 for each band: resonance pulsation (ω 0), full
width at half maximum (FWHM), peak intensity I, and
integrated intensity A. Afterwards, the name of parameter
designs the average value. Raman spectrum of OM is
sensitive to changes in the degree of ordering in
materials[4]. In particular, FWHM-D is the most sensitive
and relevant parameter to study the range of maturity of
our samples: FWHM-D is well correlated with the rank of
coals characterised by a vitrinite reflectance between 1.71
% and 7.02% (anthracite series plus low volatile
bituminous) and with the petrographic type of UOC [1].

FWHM-D reveals differences between the 8
meteorites (Fig. 1). In particular, 2 groups are distinct:
FWHM-D of Leoville, Vigarano, Kaba and Efremovka is
around 155 cm-1; for Allende, Axtell, Mokoia, Grosnaja
the D-band is clearly finer: FWHM-D = 105 cm-1. FWHM-
D does not emphasize any differences between the
structural state of Efremovka, Kaba, Vigarano and
Leoville. On the contrary it allows to distinct the 4 other
ones. Indeed, in terms of structural order of the
polyaromatic carbonaceous matter: Allende > Axtell  >
Mokoia > Grosnaja. The same tendencies are observed
with ID/IG and AD/AG

FWHM-D reduces when the petrologic type
increases [1]. Thus, FWHM-D reveals the following
hierarchy in term of structure of the OM: Allende > Axtell
>> Mokoia  ≈   Grosnaja >> Efremovka ≈  Kaba ≈
Vigarano > Leoville.

Differences in carbonaceous precursors have an
effect on the degree of cristallinity reached by
carbonaceous material under any given (T-t) conditions
[4]. Thus inferring metamorphic grade from Raman
parameter of a line of objects is relevant only if the
precursors are the same. In a recent scenario of the origin
and evolution of the chondritic OM, Alexander et al.
(1998) suggested that all chondrites have accreted the same
initial organic matter. Raman parameters from CV3 and
UOC are compared to evaluate the petrologic grade of our
samples. This evaluation is then confronted with the
independent petrologic study. In that manner, this work
can help test the scenario described above. A new line of
measures with the same experimental conditions than for
CV3 has been done on ordinary chondrites. Semarkona
(LL3.0), Bishunpur (LL3.1), Krymka (LL3.1), Chainpur
(LL3.4), Tieschitz (H3.6) have been chosen to sample the
widest petrographic sequence. Samples were all supplied
by the Museum National d’Histoire Naturelle (Paris,
France). The average Raman parameters are comparable
with those obtained by Quirico et al. (2003) with another
instrument. In spite of a slight difference for Bishunpur
(LL3.1), the same correlation is observed between
FWHM-D and the petrologic grade. On figure 1:
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• FWHM-D (Leoville) ≈  FWHM-D (Krymka (LL3.1))
• FWHM-D (Vigarano, Kaba, Efremovka) ≈ FWHM-D
        (Chainpur (LL3.4))
• FWHM-D (Allende, Axtell, Mokoia, Grosnaja) >

FWHM-D (Tieschitz (H3.6))
This comparison with UOC gives constraints on the
petrologic type: Leoville is more primitive than Vigarano,
Kaba and Efremovka. Their type ranges between 3.1 and
3.4. Allende, Axtell are more metamorphosed than Mokoia
and Grosnaja and their petrographic type is at least 3.6.

Figure 1: Spectral parameter FWHM-D of Raman bands of
carbonaceous materials. Grey dots = UOC. Dark dots = CV3s.
The error bars equal ±1 σ .

Concurrently with the structural study, a
petrographic work has been done. The thermal
metamorphism induces interdiffusion of ferromagnesian
cations between the unequilibrated minerals. According to
the first Fick law, iron diffuses from the richest to the
poorest region. This translates in chondritic object by the
zonation of the olivine phenocrysts. Diffusion of cations
depends of numerous factors such as environment,
granulometry, texture, initial cation content... Thus only
type I chondrule with a size, an environment and a
composition quite constant were selected. Defining
diffusion length is difficult: Fe/Mg interdiffusion is limited
to a few µm and Fe concentration profiles are
heterogeneous between chondrules and inside a chondrule.
The petrographic study is consequently qualitative.
Polished sections of CV3, as a line of UOC of each
petrologic type have been studied. Here only
matrix/olivine contact in Allende and Mokoia are
presented  (Fig. 2).

Figure 2: matrix/olivine contact in type I chondrule (left: Allende,
190×; right: Mokoia, 370×). In Allende (and Axtell) zonation is
systematic and really larger than in Mokoia (and Grosnaja). No
zonation was visible in Vigarano, Efremovka and Leoville.

The petrologic study, as the Raman one, reveals 2
groups. No zonation is visible on the olivine phenocrysts
from Leoville, Vigarano, Efremovka. On the other hand,
Mokoia, Grosnaja, Allende and Axtell are systematically
zoned. Zonation of Mokoia and Grosnaja is fine whereas it
is easily visible for Allende and Axtell.

In ordinary chondrites, in type I chondrules:

• no zonation are visible for object of type less than 3.2
• olivines of ALHA 83010 (LL3.3) are systematically

zoned
• olivines are equilibrated from type 3.7
This shows that the zonation of olivine phenocrysts is
consistent with the petrologic types. This allows to
establish a hierarchy: Allende ≈  Axtell >> Mokoia ≈
Grosnaja >> Vigarano, Efremovka, Leoville, which
corroborates the precedent. This is also partly confirmed
by noble gases in presolar diamonds [6]. Isotopically
normal P3 noble-gas component declines with increasing
degree of metamorphism. Consequently Allende >
Vigarano > Leoville according to gas concentration
(Table1).

DISCUSSION AND CONCLUSIONS
CV3 TL Raman [Ar-P3]1

Allende (F, O) 3.2 > 3.6 0.015
Axtell (f, O) 3.0 > 3.6 n.d.

Grosnaja (F, O) 3.3 ≈ 3.6 n.d.
Kaba (F, O) 3.0 3.1 n.d.

Mokoia (F, O) 3.2 ≈  3.6 n.d.
Bali (F,O) 3.0 > 3.6 n.d.

Efremovka(f, R) 3.2 3.4 -3.6 n.d.
Vigarano (F, R) 3.3 3.1-3.4 0.06
Leoville (f, R) 3.0 3.1-3.4 0.15

Table 1: comparison of the petrologic type assigned to the CV3
according to ITL [2] and according to our study. 1P3 noble gas
concentration in diamonds normalised to Orgueil diamonds [6]. F:
fall, f : find, O: oxydized, R: reduced, n.d.: not determined.

Our results are in disagreement with those of
Guimon et al. (1995) (Table 1). They founded on
properties of ITL. The temperature dependance of thermo-
luminescence sensitivity reflects crystallisation of feldspar
from primary igneous glass [2]. This method was initially
applied on ordinary chondrites, which are different from
CV3 and which have suffered from less aqueous alteration.
The difference of estimation of the petrologic type is less
important for the reduced CV3 than for the oxidized ones.
It seems to indicate that the properties of ITL may not be
independent of the degree of aqueous alteration. This
technique does not seem to be adapted to the CV3 and
should not allow to propose an interclass comparison with
UOC. All the objects are considered as relatively primitive
with a maximum petrologic type of 3.3. But, according to
the present study, this should be reconsidered.

Raman spectrometry leads to a structural
caracterisation of the OM. Subsequently, this study will be
completed by a microtextural caracterisation achieved by
HRTEM.
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