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Introduction: Libourel and Krot [5] reported the
discovery of lithic clasts having granoblastic texture
and composed of forsterite and Fe,Ni-metal within
Type I chondrules from the CV carbonaceous chondrite
Vigarano. They suggested that Type I chondrules
consist of an inherited, relict component, mainly
forsteritic olivine and ±Fe,Ni-metal, originated from
olivine-dominated (dunite-like) mantle material of
earlier generations of differentiated planetesimals, and
an igneous component equilibrated with nebular gas −
glass, low-Ca pyroxene, high-Ca pyroxene, and ±silica
phase. In this scenario, the olivine lithic fragments
predate formation of Type I chondrules. The chondrule
mesostasis, low-Ca and high-Ca pyroxenes are the
result of a reprocessing of these olivine clasts in the
nebular gas followed by melt infiltration and
progressive partial dissolution of the olivines along
grain boundaries. The variability in chemical
composition observed in the glassy mesostases of Type
I chondrules results from the progressive addition of a
volatile-rich component from the nebular gas [1-3].
Such a scenario can be tested by studying O- and Mg-
isotopic compositions of individual minerals in Type I
chondrules. Here we present the preliminary results on
O- and Mg-isotopic compositions of a subset of Type I
chondrules from Vigarano showing the presence of
olivine-rich, granoblastic aggregates [1]; additional
analyses will be presented at the meeting.

Analytical techniques: The O- and Mg-isotopic
compositions were measured on the CRPG-CNRS ims
1270 ion microprobe in multi-collection mode.
Analytical procedure for O isotope measurements is
described in [4, 5]. In order to look for 26Mg/24Mg
excess (noted δ26Mg* in per mil ‰) due to the presence
of radiogenic 26Mg in the Al-poor phases in chondrules,
we performed high precision Mg isotope measurements
with a spot size ≈ 20 µm in diameter. 24Mg, 25Mg, 26Mg,
and 27Al were measured simultaneously on four
Farraday cups. The Mg isotope compositions are given
in delta units relative to 25Mg/24Mg = 0.12663 and
26Mg/24Mg = 0.13932. San Carlos olivine (assumed to
have δ25Mg = +1‰, typical for mantle olivine [6]) was
used as a standard to determine instrumental mass
fractionation for Mg isotopes (α25/24 = (25/24measured) /
0.12663) which was of 0.99498±0.00017 (n = 11, 1σ)
for session 1 and of 0.99443±0.00027 (n = 9, 1σ) for
session 2. Deviation of the Mg isotope ratio from mass
fractionation can be calculated for terrestrial samples

from δ26Mg* = δ26Mg - δ25Mg/0.5189 [7]. The δ26Mg*
values calculated for the San Carlos olivine standard
were of 0 ± 0.026‰ (n = 11, 1σ) for session 1 and of 0
± 0.047‰ (n = 9, 1σ) for session 2. For chondrules, the
calculation of the δ26Mg* is complicated by the fact that
some of their precursors (refractory components) may
have been isotopically fractionated by evaporation,
processes for which the mass fractionation law of Mg
isotopes is slightly, but significantly, different from the
average terrestrial [8]. For the present data set, the two
approaches give differences which are larger for high
δ25Mg and which are in average of 0.015±0.015‰. In
the following we only use δ 26Mg* relative to an
evaporation law for the spots having large (>1‰)
δ25Mg deviations from 0.
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Fig. 1. Oxygen isotopic compositions of olivine, low-Ca
pyroxene and mesostasis in three Vigarano chondrules
containing lithic olivine clasts with granoblastic textures.
Most spots represent compositions of individual minerals;
several olivine spots (not indicated) in ch#1 and ch#2
represent mixed compositions due to the ion probe overlap
with pyroxene and mesostasis. The mineralogy and
petrography of ch#1 and ch#2 are described in [1].

Oxygen isotopes: The three chondrules studied
show variable 16O-enrichments between the chondrules
and between individual minerals within a single
chondrule (Fig. 1). Oxygen isotopic systematics of the
lithic clast-bearing chondrules from Vigarano are
similar to those in other Type I chondrules from CV
chondrites [see 9 and references therein]. The best
example is chondrule #2 in which the 16O-enrichments
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decrease in the order olivine → pyroxene → mesostasis
(Δ17O ≈ -8‰, -5.5‰, -4‰, respectively). Within the
precision of the present data, there is no resolvable O-
isotopic heterogeneity within the olivines of a given
chondrule; the observed range of olivine composition is
due to ion beam overlap with pyroxene and mesostasis.
These data indicate that in contrast to pyroxenes and
mesostases, the olivine grains in the Vigarano
chondrules are relict. The fact that pyroxenes have
intermediate O-isotopic compositions between olivine
and mesostasis is consistent with a chondrule
crystallization history during which the O-isotopic
composition of the melt was continuously modified by
exchange with the surrounding nebular gas.

0.001 0.01 0.1 1 10

chondrules fragments (Bizzarro et al., 2004) 
bulk chondrules (Galy et al. 2000) 

Vigarano ch#2 Vigarano ch#4

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5
5 

x1
0-

5

δ2
6 M

g*
 (‰

)

27Al/24Mg 
Fig. 2. δ26Mg* (all errors 1σ) vs. 27Al/24Mg for Vigarano ch#2
and ch#4 (this study) and bulk chondrules [10, 11]. The
27Al/24Mg are shown in log scale. An isochron for 26Al/27Al =
5x10-5 is shown for comparison.

Magnesium isotopes: Mg-isotopic compositions
have been studied only for ch#2 and #4 so far (Figs. 2,
3). Chondrule #2 shows significantly positive δ26Mg*
in the Al-rich phases, while for ch#4 this is at the limit
of our analytical resolution. Both chondrules show
several permil variations in δ25Mg. The olivines have in
general lower δ25Mg than the glassy mesostasis, but
some olivines in ch#2 have also slightly positive
δ26Mg*. In both chondrules, the observed variations in
δ25Mg and δ 26Mg* are similar to those previously
measured in bulk chondrules or chondrule fragments
from CV chondrites by Galy et al. [10] and Bizzarro et
al. [11]. Positive δ26Mg* were also found previously in
olivine-rich chondrules from the Bishunpur (LL3.1)
ordinary chondrite [12]. If the Al-rich spots are
interpreted in terms of isochrons, they would imply
26Al/27Al = (5.6±1.2)x10-5 for ch#2 and (4.5±3.5)x10-6

for ch#4. However, it is clear that the data in ch#2 do
not plot on a single isochron. In addition, the oxygen
isotopic data imply that chondrule formation took place

in an open system. It seems more likely that the range
and the heterogeneity of δ26Mg* and δ25Mg in ch#2 are
due to the presence of a CAI component (carrying mass
fractionated Mg) among chondrule precursors, as
previously proposed by Galy et al. [10]. In that case,
some mixing models (Fig. 3) indicate that melting of
ch#2 could have occurred late, when 26Al/27Al < 1x10-6.
The low δ 26Mg* of ch#4 mesostasis is another
indication of late melting. The high δ26Mg* of olivine
in ch#2 might be due to a Mg exchange by diffusion
with the surrounding glass.
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Fig. 3. δ26Mg* vs. δ25Mg for Vigarano ch#2 and ch#4 (this
study) and bulk chondrules and CAIs [10, 11]. Mixing lines
have been calculated between a CAI component (26Al/27Al =
5x10-5, 27Al/24Mg = 3, δ 25Mg = 5) and a component
representing the glass (27Al/24Mg = 7.5,  δ25Mg = 0). The
26Al/27Al indicated along the mixing lines show the value of
this ratio at the time mixing occurred.

Implications: The O- and Mg-isotopic systematics
of Type I chondrules studied are consistent with their
origin by melting a mixture of olivine lithic clasts and
CAI-like material, with melt continuously interacting
with the surrounding nebular gas. If this interpretation
is correct, the chronological significance of δ26Mg* in
Type I chondrules is not straightforward. If olivines in
the Vigarano chondrules studied are lithic fragments of
pre-existing planetesimals, their Δ17O values indicate
that these planetesimals have not been sampled yet.
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