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Chondrules, by definition, have been heated at least to the 

point of partial melting. This heating destroyed chondrule precur-
sor materials, which were presumably mostly fine-grained. De-
spite many years of effort, we are still unclear about the nature of 
precursor materials. Bulk compositions of chondrules can poten-
tially provide some insights into this question, but chondrule bulk 
compositions are not very well defined. For the CV chondrites, 
existing data for chondrule bulk compositions, including chon-
drules from Allende [1,2] and Vigarano [2], do not provide a de-
finitive picture of the diversity of primary compositions [3]. 
Here, we use bulk compositions of a large suite of chondrules 
from the CVox chondrite, Mokoia [4,5], to resolve existing dis-
crepancies regarding CV chondrule bulk compositions, and as a 
basis to discuss precursor components. Bulk oxygen isotope data 
obtained for 20 of the chondrules [6] enable us to relate bulk 
chemical and isotopic properties. 

The 90 Mokoia chondrules studied have masses of 0.1 to 
22.5 mg. Detailed studies of the petrology of 20 of the largest 
chondrules show that metamorphism and secondary alteration are 
minimal. Chondrule densities, mean chondrule compositions, and 
the range of abundances for most elements, are essentially identi-
cal for different chondrule size fractions.   

Among the chondrules analyzed, all major element abun-
dances show a range of about a factor of ten. This is significantly 
greater than would be expected from analytical errors, matrix 
adhering to chondrules, or secondary alteration effects. While 
some of the variation might be attributable to chemical (e.g. vola-
tilization or condensation) or physical (e.g. metal loss) processes 
during chondrule formation, much of it can reasonably be attrib-
uted to variations in the assembly of fine-grained precursor mate-
rials. Variations in chemistry lead to the inference that fine-
grained material included: 1) a refractory component, possibly 
inherited from disaggregated CAIs, 2) an FeO-poor ferromag-
nesian component such as olivine and / or pyroxene, 3) an oxi-
dized ferromagnesian component, and 4) a metal component. 
These are similar to components inferred for Allende chondrules 
[1]. Bulk oxygen isotopic compositions of chondrules can be ex-
plained if refractory and ferromagnesian precursor materials 
shared similar oxygen isotopic compositions of δ17O, δ18O 
around -50 ‰, and then significant exchange occurred between 
the chondrule and surrounding 16O-poor gas while the chondrules 
were molten.  

If the diversity of chondrule compositions can indeed be at-
tributed to mixing of various dust components, it is necessary to 
invoke different source regions for these components, as well as 
a mixing mechanism that is compatible with maintaining the fun-
damental differences between chondrite groups. 
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