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Introduction: Chondrules are a main component of chondrites and although their formation mechanism remains 

enigmatic, they provide essential information about the physico-chemical conditions during processing, mixing and 
accretion of material in the early solar system. In order to better understand the genetic relations of chondrules within 
a chondrite and among different chondrite groups, nucleosynthetic isotope anomalies can be used. Here we analyze 
the Ti isotope variations in single chondrules of carbonaceous and ordinary chondrites. 

Method: Single chondrules from Allende (CV3) and Ragland (LL3.4) were hand-picked, cleaned, photographed, 
weighed and carefully crushed. A reference piece (~10%) was mounted in epoxy and analyzed by SEM. The residual 
parts were dissolved in HF-HNO3 and Ti was separated by ion-exchange chromatography following previously 
established methods [1]. In addition to the individual chondrules we also obtained Ti cuts for six Allende chondrule 
separates (each containing several hundred chondrules and chondrule fragments), three Allende matrix separates [2], 
and a bulk Allende powder. Titanium isotope measurements were performed using the Neptune Plus MC-ICPMS at 
the University of Münster. The data were internally normalized to 49Ti/47Ti = 0.74977 and are reported as ε-unit 
deviations (i.e., 0.01%) relative to a bracketing standard. 

Results: All analyzed Allende single chondrules are 
Type I, and most show a porphyritic olivine (PO) or 
olivine-pyroxene (POP) texture. Their ε50Ti values vary 
between ca. –0.1 and +7 and reveal a positive correlation 
with chondrule size and Ti concentration. The ε50Ti 
variations in the six multi-chondrule separates and the 
three matrix fractions from Allende are smaller, but also 
seem to be correlated with Ti concentration and chondrule 
size. All but one of the Ragland chondrules are Type II and 
show PO and POP as well as radial pyroxene (RP) or 
cryptocrystalline (C) textures. Their ε50Ti values range 
from ca. –1 to –0.2. For most of the analyzed samples, the 
anomalies in ε50Ti are positively correlated with anomalies 
in ε46Ti, which is consistent with prior observations [1,3].  

Discussion: Chondrules from carbonaceous chondrites 
reveal a continuum in ε50Ti, i.e., from the terrestrial value 
to the anomalies of CAI [3,4]. Since CAI are enriched in 
Ti, the variation in ε50Ti of Allende chondrules could be 
accounted for by variable admixture of CAI or CAI-like 
material to chondrule precursors. This interpretation is 
consistent with the data for the multi-chondrule and matrix 
separates, all of which exhibit ε50Ti anomalies lower than 
bulk Allende. Since CAI material is nearly absent in 
ordinary chondrites, the lower values as well as the small 
range in ε50Ti of the ordinary chondrite chondrules 
confirm this interpretation. 

Conclusions: The ε50Ti values of single chondrules 
differ among chondrite groups and show a large variation 
within the carbonaceous chondrite Allende. Our results imply that (i) CAI-like material was present and 
heterogeneously distributed among the chondrule precursors in the carbonaceous chondrite forming region, and that 
(ii) carbonaceous chondrite chondrules do not represent a significant fraction of the chondrules in ordinary chondrites. 
Together, these observations suggest only limited mixing between ordinary and carbonaceous chondrite materials and 
are in agreement with fast accretion models of chondrite parent bodies after chondrule formation [2,5].  
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Fig. 1: The different analyzed carbonaceous and ordinary 
chondrite components vary in their ε50Ti values. 
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