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Introduction: The past decades are marked by an increasing-
ly better understanding of chondrule formation conditions. Some 
pivotal constraints are, however, still controversial. A particularly 
important and highly debated question is whether chondrules and 
matrix formed in the same or in different nebula regions. A num-
ber of studies point out that many carbonaceous chondrites have 
CI chondritic element ratios (e.g. Mg/Si, Fe/Si, Ca/Al, etc.), 
while chondrules and matrix have complementary element ratios 
[e.g. 1,2,3]. This complementarity is difficult to explain by mix-
ing of chondrules and matrix, as the bulk would then plot some-
where between chondrule and matrix composition, and not in all 
cases exactly match the CI chondritic composition. It is therefore 
more likely that chondrules and matrix incorporated different 
amounts of minerals and/or elements from the same parental 
reservoir; i.e. chondrules and matrix formed in the same reser-
voir. Although this view is often criticised, no competing theory 
has yet been published. 

It has been proposed that variable mineral contribution to 
chondrules and matrix produced their different composition [e.g. 
1,2,3,4]. However, a series of studies demonstrated that chon-
drules acted at least to some extend as open systems [e.g. 
5,6,7,8], i.e. a certain share of material was added by the interac-
tion of a chondrule with the surrounding solar nebula. 

We currently systematically study the occurrence, distribution 
and abundance of zoned chondrules. These are chondrules with 
olivine in the core, pyroxene forming the border and in cases 
silica located at the chondrule rim. Here we present first results 
from a series of carbonaceous chondrites. 

Technique: We use a JEOL JXA-8900RL microprobe to 
obtain element maps and quantitative mineral analyses of chon-
drules. Element maps have resolutions between 2 and 5 µm, de-
pending on the size of a chondrule. The element maps are con-
verted in phase maps using the PHAPS program [9]. 

Results: We studied a total of 80 chondrules in thin sections 
of 12 meteorites: Asuka-881632, Kainsaz (CO), Allende, Mokoia, 
Y-86751, Arch, Bali, Kaba (CV), Al Rais, Renazzo (CR), El-Quss 
Abu Said (CM) and Acfer 182 (CH). Almost 90% of all chon-
drules in these meteorites, except Mokoia, have olivine at the 
core and a relative border thickness of 5-20% consisting of py-
roxene. Olivine and pyroxene have similarly low FeO-concentra-
tions of usually <2 wt.%. In most cases, pyroxene poicilitically 
encloses olivine. This is most likely the result of chondrule 
forsterite reacting with nebula SiO(g) to enstatite, i.e.: Fo + 
SiO(g) +1/2 O2 ⟶ En. The reaction ceased when the newly 
formed shell of enstatite prevented further the diffusion of SiO 
into the chondrule. The remaining SiO ended up in the matrix. 
Hence, chondrules in almost all carbonaceous chondrites gained 
significant material from the surrounding nebula. This is inde-
pendent evidence of the formation of chondrules and matrix in 
the same nebula region and demonstrates that chondrules be-
haved as open systems after their formation event. 
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