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Introduction:  Chondrites consist of varying pro-
portions of high temperature components (refractory 
inclusions, chondrules and metal), encased in a vola-
tile-rich fine-grained matrix containing organic mate-
rial and a significant fraction of which must have been 
formed at low temperature. The size, bulk chemistry 
and relative proportions of all these petrological com-
ponents vary among chondrite groups. These varia-
tions have long been known as well as the chemical 
and isotopic fractionation between groups [e.g. 1] but 
neither have so far received a satisfactory explanation. 
In the present paper we show that the petrological 
component populations of the various groups and their 
oxygen isotopic signatures may be simultaneously 
explained by mixing. This approach can be extended 
to non-chondritic meteorites [2], shedding light on 
their genetic relationships and bulk chemistry. 

Method:  We used literature data to build a table 
of modal abundances and bulk chemical and oxygen 
isotopic analyses of primitive chondrites from the dif-
ferent groups (see [3] and references therein) and 
looked for correlations between these parameters. 

Results:
1. Modal abundances and isotopic signatures :

In [3], we show that correlations exist between the 
oxygen isotopic signatures of chondrites and their mo-
dal abundances of type I and type II chondrules, re-
fractory inclusions and matrix. The simplest interpreta-
tion is that, at the time of its integration into the mate-
rial now comprising a given chondrite, any representa-
tive of each of these four petrographic component 
types was carrying the oxygen signature characteristic 
of its type (and identical over the chondrite groups). 
The correlations were used to determine the isotopic 
compositions of these ideal petrographic components, 
and this allowed us to propose a model in order to es-
timate the oxygen isotopic composition of any given 
chondritic material based only on the modal abun-
dances of its petrological components [3].  

2. Relative abundances of the petrological compo-
nents. In constrast to what might be expected, the vari-
ous petrological components appear not to be distrib-
uted at random and, in [4], we were able to determine 
“super-groups” (OCs, metal-rich chondrites and 
CO+CM) within which there appears to be a correla-
tion between the abundances of RIs and metal and 
those of type I chondrules. 

These correlations indicate that groups and “super-
groups” of chondrites could have been generated from 
two component mixing of a limited number of primary 
reservoirs consisting of primary batches of petrological 
component mixes. For most chondrite groups, the rela-
tive proportion of the petrological components in the 
primary  mixes (Fig. 1) can easily be derived from the 
correlations decribed by [4]. For CVs, however, the 
correlations are not as well defined due the scatter of 
the metal abundances (due to parent-body oxidation) 
or possibly as the result of the complexity of the mixes 
involved. Because of this, Mix 1 and Mix 3 suggested 
in Fig. 1 as the primary batches for CVs are based on 
the oxygen isotopic signatures of CVs (see section 4 
below). 

3. Oxygen isotopic compositions of the primary 
mixes and their correspondance with the oxygen iso-
topic signatures of chondrites : We used the equations 
derived in [3] to estimate the oxygen isotopic composi-
tions of the primary mixes in Tab. 1 and, in Fig. 1, we 
compare these compositions to the oxygen isotopic 
signatures of the chondrites derived from the primary 
mixes.  The chondrites define linear arrays with slopes 
ranging from 0.73 (for CRs) to 0.88 (for CVs) and 
regression coefficients ranging from 0.9 (for OCs) to 
0.99 (for CVs). The slopes, none of which is close to 
½ or 1 are consistent with a mixing process involving 
complex reservoirs. CO, CM, CR and OC chondrites 
all fall on or near the mixing line defined by the pri-
mary mixes to which they are associated. 

4. CVs : The absence of well defined correlations 
between petrological component modal abundances in 
CVs makes it difficult to determine the primary mixes 
from which they might have been generated. The slope 
of the line they define in the 3-isotope plot and the 
regression coefficient of 0.99 are however highly sug-

C M  a n d  C O

M ix  4 M ix  2
T I M e t a l R I M a t r ix
7 4 6 2 0 1 0 0

C R

M ix  5 M ix  6
T I M e t a l R I T I M a t r ix
8 0 1 0 1 0 2 5 7 5

O C  ( a n d  p la n e t s ? )

M ix  7 M ix  8
T I M e t a l R I T I M a t r ix T I I
8 5 1 4 0 .3  ? 1 3 1 7 7 0

C V

M ix  1 M ix  3
T I M e t a l R I T I M a t r ix R I
6 5 9 2 6 2 9 6 8 3

Table 1
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gestive of mixing. In this case, we solved the problem 
the inverse way by using the linear array in the 3 iso-
tope plot to define the primary mixes possibly in-
volved in the genesis of this chondrite group. 
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Figure 2 shows that this approach allows us to ade-
quately reproduce the relative modal abundances of the 
better defined components matrix and type Is. 

Conclusions:  Our results indicate that chondrite 
groups were individualized after the formation of re-
fractory inclusions, chondrules, metal and marix. They 
offer a new insight into the genetic links between 
chondrite groups. Inverse modelling can be used to 
determine the modal abundances of the petrographic 
components involved in the genesis of a planet as a 
function of its oxygen isotopic composition. This ap-
proach is applied to the case of pallasites and ureilites 
in a companion abstract [2]. 
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Fig. 1: Correspondance between the oxygen isotopic compositions of chondrites and those of the primary mixes 
(Table 1) presumed to have been involved in their genesis. 
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