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Introduction: Oxygen isotope values for individual chondrules in ordinary chondrites (OCs) plot above the 
terrestrial fractionation line (TFL) in the oxygen 3-isotope diagram, falling along a correlation line [e.g. 1-3]. This 
line with a slope between 0.77 and 0.63 for unequilibrated OCs [2-4] can be interpreted as a mixing line between an 
16O-rich endmember with Δ17O close to zero and a 16O-poor gas [e.g. 5]. It was shown experimentally by [6] that at 
1500°C oxygen exchange between chondrule analog melts and gaseous H2O can reach 50% within a few hours. 
Alternatively, exchange reactions with 18O-rich gas on the parent body are advocated by [e.g. 7-8] to explain the 
oxygen isotopic variation for OC chondrules. Some authors describe a systematic dependence of oxygen isotopic 
composition on chondrule size. A positive size vs. δ18O correlation was observed in the H chondrites Dhajala (H3.8) 
and Weston (H4 [5]). This variation might reflect a more extensive exchange of smaller chondrules with surround-
ing material, either in the solar nebula or on a parent body due to their larger surface/volume ratio [7]. The opposite, 
i.e. a negative size vs. δ18O correlation was observed in the LL3.4 chondrite Chainpur by [7] and in a cluster 
chondrite clast from NWA 5205 (LL3.7 [3]), but not in Parnallee (LL3.6 [9]) or Bo Xian (LL3.9 [10]). No correla-
tion at all between size and δ18O was found by [11] in a set of 18 size-sorted chondrules from Tieschitz (H/L3.6). 

Samples and analytical methods: To further investigate this puzzling relationship between size and O-
isotope composition, we separated 49 chondrules from 4 different OCs (H, L, L/LL, LL) and 9 chondrules from 
Allende for comparison. We selected chondrules from porous and brittle OCs to liberate chondrules easily by 
comminution. The investigated samples are (number/size range of chondrules): NWA 2465 H4 (13/0.5-2.9 mm); 
Saratov L4 (12/0.4-2.3 mm); Bjurböle L/LL4 (11/0.4-2.4 mm); NWA 7545 LL4 (13/0.4-2.9 mm); Allende CV3 
(9/0.4-4.2mm). All chondrules (except Allende) were investigated by micro-computed tomography (µ-CT) using the 
µ-CT scanner at DLR in Bonn. Subsequently, the bulk oxygen isotope compositions of all chondrules, as well as 
those of the host meteorites were measured by IR laser fluorination in Göttingen. 

Results: Chondrules of the investigated OCs plot along mixing lines in the oxygen 3-isotope diagram with var-
iable positive slopes. Although our oxygen isotope data for bulk Bjurböle and Saratov are indistinguishable within 
errors from literature values [5], all investigated chondrules from these samples show higher δ18O values than bulk. 
The same holds for the NWA 2465 (H4) where all chondrules are enriched in heavier oxygen compared to the 
measured bulk value of the host meteorite. A possible explanation for this could be the fact that non-porphyric 
chondrules are overrepresented in our chondrule set. The µ-CT data revealed that the ratio of porphyritic to non-
porphyritic types is about 50/50, compared to OC literature values of about 80/20 [e.g. 12]. The reason for this is 
probably the larger stability of non-porphyric chondrules during extraction from their host meteorite. 

In case of the investigated L4, L/LL4, and LL4 chondrites we could not observe any distinct correlation be-
tween chondrule size and oxygen isotope composition. The same is true for Allende (CV3), where chondrules plot 
along and slightly above the CCAM line, but without any size vs. δ18O correlation. However, the H4 chondrite 
NWA 2465 shows a well-defined positive correlation of increasing δ18O values with increasing chondrule size. Our 
results confirm similar earlier observations referenced above. This means that there is obviously no systematic cor-
relation between chondrule size and oxygen isotope composition in all meteorites from a given OC group, but some 
individual samples may show a well-defined correlation. Up to now, negative correlations are only observed in LL 
chondrites and positive correlations in H chondrites. If the OC mixing line is the result of melt-gas or solid-gas in-
teraction, and if the observed size vs. δ18O correlations reflect more severe reactions of small chondrules, then 
chondrules from LL chondrites and H chondrites exchanged with very different gas reservoirs. In this case the H-
reservoir was distinctly more 16O-rich compared to that of LL chondrites. 
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