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Introduction:  The precursors of the three major 

components of chondrites (Ca-, Al-rich inclusions 
CAIs, chondrules and matrix) are considered to be 
formed from the condensation of a gas close to Solar in 
composition. Chondrite groups show elemental frac-
tionations relative to CI chondrites depending on tem-
perature of condensation of the elements [1]. Among 
carbonaceous chondrites, CV chondrites are the most 
enriched in refractory elements with e.g. Al/Si ratio 
≈1.4 times higher than CI. However, there is up to now 
no clear isotopic systematics deriving from condensa-
tion which could be established among chondrite com-
ponents. This is likely due to (i) the fact that isotopic 
fractionations are generally small at high temperatures, 
(ii) the presence of isotopic anomalies can blur the 
mass-dependent isotopic fractionations resulting from 
condensation, (iii) chondrite components experienced 
multi-stage histories made of different episodes of 
condensation/evaporation, and, possibly, (iv) the com-
ponents in a given chondrite do not derive from pre-
cursors originating from the same reservoir. However, 
there are numerous observations suggestive that chem-
ical complementarity exists between matrix and chon-
drules, for instance in CV chondrites (e.g. [2-4]), giv-
ing credence to the idea that in a given CV chondrite 
the components could derive from a single reservoir.  

At variance with other isotopic systems, Si isotopes 
show large equilibrium mass-dependent isotopic frac-
tionation between SiO gas and condensed silicates 
even at high temperature (e.g. D30Sienstatite-gas ≈1‰ at 
2000K [5]). Because Si is the major element which is 
fractionated and variously incorporated in early and 
late condensates between, ≈2200 and ≈1500 K (e.g. [6, 
7]), large Si isotopic variations are expected to be pre-
sent among chondrule components if they derive from 
the condensation sequence of a single parent reservoir. 
The goal of this work is (i) to look for the presence of 
such a systematics among components of the Allende 
CV3 chondrite, and (ii) to investigate what kind of 
constraints these isotopic variations can bring on the 
origin of Allende components and on the observed 
complementarity between chondrules and matrix.  
 
Analytical Approach:  Isolated olivines (from 0.01 to 
0.05 mg), individual chondrules (from <1 to >2 mg) 
and fragments of matrix (from <1 to >1 mg) were 
handpicked from a sample of the Allende CV3 chon-
drite, inspected by SEM, crushed in a Si-free boron 

carbide mortar and processed via alkali fusion and ion 
chromatography for Si separation and purification and 
Si isotopic analyses on a Neptune plus MC-ICP-MS at 
IPGP, following the procedure described in [8]. NBS 
28 and BHVO-2 were processed in parallel for stand-
ard-bracketing and data quality monitoring. We took 
great care in matching NO3- contents and Si intensities 
between standard and sample solutions. This allows to 
minimize errors for small sample mass. 92 runs of the 
NBS-28 solution yield a 2 s.d. of ± 0.13‰ and a 2 s.e. 
of ± 0.01‰ on d30Si. Each Allende data corresponds to 
3 to 8 analyses of the same solution. 

 
Results:  
Range of Si isotopic variations. A large range of Si 

isotopic variations (≈1‰ for d30Si) is present for chon-
drules, in agreement with previous results [9, 10], and 
for Mg-rich isolated olivines. However, at variance 
with [10], our matrix data (17 samples of matrix with 
individual 2 s.e. for d30Si values from ±0.01‰ to 
±0.11‰, for from 4 to 8 analyses per sample) show a 
much smaller range of variations with an average d30Si 
value of -0.65±0.26 ‰ (2 s.d.) comparing well with the 
value measured for matrix by [9] of -0.63±0.16‰ (2 
s.d., 2 s.e. of ±0.04‰). 

Fig.1: three Si isotopes diagram for the present samples 
of Allende components. Errors shown are 2 s.e. Only one 
sample (of isolated olivine) shows a marginally significant 
non mass-dependent isotopic variation. 

 
Mass-dependent isotopic variations.  All the ob-

served Si isotopic variations are mass-dependent and 
thus reflect isotopic fractionations (Fig. 1), except for 
one sample, a Mg-rich olivine which has a marginally 
significant 29Si excess of D29Si = -0.16‰±0.10‰. 29Si 
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excesses from -0.12‰ to +1.18‰ were previously 
reported for Allende CAIs [11]. Thus, except for one 
sample, all the present Si isotopic variations cannot be 
due to the presence in the precursors of Allende com-
ponents of presolar phases (such as SiC) carrying large 
Si isotope anomalies. 

Systematics among Allende components and with 
chemistry.  As shown in Fig. 2, all fragments of matrix 
(except 2) have d30Si values lower than bulk Allende (-
0.41±0.07‰, [12]) while all Mg-rich olivines (except 
2) have d30Si values higher than the bulk. Chondrules 
have d30Si values distributing above and below bulk 
Allende. Note that CAIs from (Clayton et al., 1988) 
tend, like Mg-rich olivines, to have d30Si values higher 
than bulk Allende.  

There is a broad trend between d30Si values and 
Mg# for isolated olivines and chondrules with d30Si 
values decreasing with decreasing Mg# (see Fig. 3). 

Fig. 2: distribution of d30Si values among Allende com-
ponents (this study; [9] for chondrules with hatched symbols 
and for bulk Allende; [11] for CAIs, only CAIs having d30Si 
values within 0±1‰ are shown here). 

 
Discussion 
Model of Si isotopic fractionation during conden-

sation. Si isotopic variations were modeled (Fig. 3) for 
equilibrium condensation from a gas enriched in dust 
[7]. The enrichment in chondritic (CI) dust (´100 or 
´1000 Solar considered here) is required to get a gas 
(after evaporation of this dust) which is more oxidizing 
than a canonical solar gas, thus making possible the 
incorporation, at equilibrium, of Fe into condensates. 

At any given temperature the fractions of Si, Mg 
and Fe condensed in the total silicate are given by the 
condensation calculations [7] and the Si isotopic frac-
tionation between the total silicate condensate and the 
SiO gas is assumed to be that modeled from ab-initio 
calculations between enstatite and SiO gas [5]. 

Fig. 3: modeled Si isotopic fractionation during a con-
densation sequence (see text). The changes of d30Si and Mg# 
of the total condensate were modeled versus temperature 
(indicated in K). The starting composition is assumed CI for 
chemistry, and bulk Allende for Si isotopes [12].  
  

Implications. The range in Si isotopic composition 
and Mg# of chondrules and isolated olivines is that 
predicted for condensation from a gas enriched in CI 
dust between 100 and 1000 times (Fig. 3). This results 
from reservoir effects and changes with temperature of 
the equilibrium isotopic fractionation: there is no need 
to call for kinetic isotopic fractionation. Early (or high-
er temperature) condensates are enriched in heavy Si 
compared to later ones. The range in d30Si of chon-
drules is consistent with their formation from precur-
sors condensed at various temperatures. The lower 
than bulk d30Si of the matrix implies that it is enriched 
in silicates condensed at the end of the total condensa-
tion of Si from the gas. Mass balance calculations tak-
ing into account the volume abundances of Allende 
components [4] and their Si contents and isotopic 
compositions give a bulk d30Si consistent within errors 
with measured bulk [12], implying that complementa-
rity is verified for Si isotopes.  
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