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Introduction: The origin of chemically and iso-

topically fractionated chondrite groups is a long stand-
ing debate. Volatile elements reside in the low T ma-
trix but may also be present in some chondrules, the 
latter being volatile depleted, but to varying extents. In 
OCs, type II chondrules appear less depleted in mod-
erately volatile elements than type Is but equally de-
pleted in highly volatile elements [1]. These depletions 
may result from evaporation during chondrule forma-
tion [1] but precursor effects and close-system behav-
ior have also been advocated. Among the key ques-
tions are (i) whether the volatile fractionation is all 
carried by varying abundance (and possibly composi-
tion) of the matrix or whether the high T fraction also 
contributes due to precursor effects or varying degrees 
of evaporation and (ii) whether a complementarity 
exists between matrix and chondrule compositions in a 
given chondrite as advocated by [2]. 

Method and results:  We use the data of [2-5 + 
references therein] to compare the bulk compositions 
of OCs and CCs with their modal abundance of matrix. 
Results are shown in Fig. 1. All the chondrites used to 
establish the regressions have petrographic types ≤3.4 
(after [6-7] for CCs). More metamorphosed chondrites 
are also displayed in Fig 1a&b. To clarify the picture, 
the linear correlations were “forced” through the origin 
in all cases (except Fig 1e), which did not affect the 
determination coefficients R2 in any significant way. 

Discussion:  When only the least metamorphosed 
CCs are considered, the regressions for H2O, C, N and 
for presolar diamonds all pass very close to the origin, 
indicating that these species were present exclusively 
in the matrix at the time of accretion and that matrix 
had  a uniform composition in these species. 

Effect of metamorphism. In [8], we found that C & 
H2O concentrations in CCs correlated with the amount 
of matrix but did not intercept the X axis at 0, imply-
ing that a fraction of the matrix did not contain these 
species. The picture changes considerably once chon-
drites with petrographic types >3.4 are removed from 
the regressions. (These are displayed as * in Fig. 
1a&b). The regression line for primitive CCs lies 
above the metamorphosed CC points and goes towards 
the origin through the primitive OC data points. We 
infer that objects with petrographic types >3.4 lost 
H2O and C. The points for the 2 CVs (Efremovka and 

Vigarano, both 3.1-3.4 [6] ) lie slightly below the re-
gression line, suggesting that even these may have lost 
some water and possibly C due to a mild metamor-
phism. 

Highly volatile elements in CCs. Fig. 1d shows re-
gression trends for Sb (K and more volatile elements 
like Tl, Bi Zn, Ge & Ga follow similar patterns). The 
linear trend goes through the origin, implying as for 
H2O & C that these elements were accreted  within a 
matrix of constant composition. However, the lack of 
points corresponding to less than 30 vol% matrix (no 
such CCs, scant data for primitive OCs, which appear 
above the trends as in the case of S discussed below) 
make it impossible to differentiate between a linear 
trend and a logarithmic one corresponding to an in-
creasing depletion of the matrix as it gets less abundant 
(and the bulk chondrite gets more fractionated). 

Moderately volatile elements in CCs and the case 
for S. The linear regression trends for moderately vola-
tile elements (Au, Cu) in CCs intercept the Y-axis 
above zero, which indicates that their high T fraction 
also contains these elements, if CC matrix indeed has a 
constant composition. S is the only volatile element for 
which we have extensive data for primitive OCs as 
well as CCs. It is more volatile than K and the linear 
regression for CCs goes through the origin. With ~2 
wt%S, OCs fall well above this trend because they 
contain FeS within and around their chondrules. 

Composition of the matrix and matrix-chondrule 
complementarity. The linear trends for the most vola-
tile elements (H2O, C and N) and the presolar dia-
monds in CC and OC groups suggest a uniform com-
position of the matrix for these species. The data for 
highly to moderately volatile elements in CCs may be 
interpreted similarly but are also consistent with a 
logarithmic trend implying a smoothly increasing de-
pletion mimicking that of the bulk chondrite and hence 
chondrule-matrix complementarity [2]. An alternate 
explanation that may reconcile linear trends with the 
matrix composition variations described by [2] may be 
that volatile elements not lost during a mild metamor-
phism were redistributed from the matrix to the chon-
drules as is observed for S in type I chondrules in OCs.  

Conclusion: [4] showed that oxygen isotope mass 
fractionation (Δ18O) throughout chondrite groups re-
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Figure 1: H2O, C, presolar diamond, Sb, Au and S concentrations as a function of matrix modal abundance in 
primitive ordinary and carbonaceous chondrites. Dashed curve – logarithmic fit.
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flect varying matrix proportions. Similarly, presolar 
diamond, water, C and N concentration variations in 
OC and CC groups are due only to varying abundances 
of a common matrix as suggested by [5]. Whether this 
also applies to highly and moderately volatile element 
concentrations within CCs is debatable. On the other 
hand, variations in volatile element concentrations 
between CCs and OCs, also reflect variations in the 
high T component compositions. 
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