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Introduction: Oxygen isotope compositions of 
bulk chondrules and their mineral separates in type 3 
ordinary chondrites (UOC) show several ‰ 
variability in the oxygen three isotope diagram along 
a mixing line made by H, L, LL equilibrated ordinary 
chondrites (EOCs) [1-4]. This trend shows slope of 
~0.7, slightly lower than 1, indicating that it is not 
made solely by enrichment and/or depletion of 16O 
[2]. Russell et al. [5] applied an ion microprobe with 
±2‰ analytical precision to determine micro-
distribution of oxygen isotopes in Al-rich chondrules 
and found 16O enrichments as much as 15‰. 
However, the total range of Δ17O is only ~2‰ among 
ferromagnesian chondrules, which prevented detailed 
isotopic studies using ion microprobe on the 
petrographic thin sections.  

In this study, we have developed new techniques 
of sub ‰ level oxygen three isotope analyses using a 
new generation ion microprobe CAMECA IMS-1280 
at University of Wisconsin-Madison. We report our 
first results on measuring phenocryst olivine and 
pyroxenes in 26 chondrules from Semarkona (LL3.0) 
and Bishunpur (LL3.1) with various compositions 
and textures. 

Analytical Procedure: The analytical conditions 
are modified from those in [6] that used an IMS-
1270. The Cs+ primary beam was focused to 10µm 
with higher primary ion intensities of 3nA. In this 
condition, we obtained higher count rates for 
secondary oxygen ions (16O ~3G cps, 17O ~1.2M cps, 
and 18O ~6M cps) that were simultaneously detected 
by three Faraday cups. Each analysis consists of 10 
cycles of measuring baseline (10s) and oxygen 
isotopes (20s), and takes 9 min including pre-
sputtering and automatic centering of the secondary 
ions into the mass spectrometer. Terrestrial olivine 
and pyroxene standards (Fo90, Fo60, En90) were 
used to correct the instrumental mass fractionation 
factor (IMF). Repeated analyses of standards indicate 
both the internal and external precisions (in 2σ) to be 
0.3‰ and 0.7‰ for δ18O and δ17O, respectively.  

Results: We used two thin sections of Semarkona 
(USNM 1805-9) and Bishunpur (NM Wien M3816). 
The 26 chondrules studied include 1 Al-rich, 11 Type 
I, 10 Type II, 3 plagioclase-bearing Type II, and 1 
Radial Pyroxene (RP). Most chondrules were 
described previously and eight have known 26Al ages 

[7-12]. For each chondrule, 2-9 spots on olivine and 
pyroxene phenocrysts were analyzed.  

Variation among chondrule types: The results of 
analyses are summarized in oxygen three-isotope 
diagrams (Figs. 1-2). Most chondrules do not show 
significant internal variation in oxygen isotopes 
compared to the analytical uncertainties, so these data 
are shown as the average of multiple analyses within 
a chondrule. The averaged data plot nearly parallel to 
the Terrestrial Fractionation (TF) line and show 
correlation with chondrule chemical groups. Type I 
chondrules show wider variation in δ18O with 
generally increasing δ18O from type IA to IB. One 
type IA (CH61) with forsteritic olivine plots 
significantly below the TF line. Type II chondrules 
plot within a narrow range of less than 1‰ in both 
δ18O and Δ17O without any systematic changes from 
Type IIA to IIB. A RP chondrule with FeO-rich 
composition also plots within this range. Three 
plagioclase-bearing type IIs plot close to each other  
slightly below most other type II chondrules and 
almost on the TF line. Compared to bulk analyses of 
single chondrules from type LL3.0-3.1 chondrites [2], 
shown as small crosses in Fig. 1., our results show 
more 16O-rich compositions. 

Internal Variation: Two chondrules, CH44 (type 
IA) and CH26 (type IIAB), show significant internal 
variation along a slope = 1 line, which is similar to 
those observed in Al-rich chondrules [5]. The lowest 
δ18O and δ17O values in CH26 reach -10‰ and -
13‰, respectively, which is close to the lowest value 
(δ18O= -16‰ and δ17O= -14‰) observed from Al-
rich chondrules [5]. In both chondrules, 16O-rich data 
are restricted to specific grains and most grains in the 
same chondrules show relatively homogeneous 
compositions. A small (~1‰) variation was also 
observed within B12 (type IAB), though no data plot 
below TF line.  

Discussion: The results obtained in this study 
emphasize a mass dependent fractionation trend 
among chondrules especially for type I.  All the type 
IA chondrule data are significantly lighter than in 
previous studies using mg-size samples of bulk  
mineral separates from chondrules [1-4]. We note 
that type IA chondrules are generally smaller than 
1mm (<3mg) and might not be measured individually 
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in the previous studies. There are no known meteorite 
groups or meteoritic components having lighter 
oxygen isotopic compositions (δ18O ≤2‰) above the 
TF line. Therefore, the light isotope enriched type IA 
reported here may not be explained by isotopic 
mixing process, and rather may require an mass 
dependent-fractionation process during formation. 

The 16O enrichment (below TF line) was 
identified in two type I and one type II chondrules at 
similar levels to the Al-rich chondrules [5]. Because 
these chondrules appear to be common in texture and 
mineralogy, the new data further suggest the 
ubiquitous existence of 16O-rich solids in the OC 
chondrite forming region [5].  

Most chondrules analyzed here show a narrow 
range of Δ17O (Fig. 3) with a peak at ~0.6‰ (Fig. 3), 
which is systematically lower than the previous data 
for bulk chondrules in LL3.0-3.1 chondrites [2]. The 
difference between present results and the bulk 
chondrule analyses may be due to the contribution 
from mesostasis that was not analyzed in this study, 
but which comprise 1-20 % of ferromagnesian 
chondrules studied here. Bridges et al. [4] observed 
high Δ17O (=2.7‰) from the feldspar fraction of 
Adrar 003 (L/LL3.2) and suggested that chondrule 
glass exchanged with 16O-poor nebular gas faster 
than olivine and pyroxene. Alternatively, higher Δ17O 
in bulk chondrule data could be related to aqueous 
alteration in the parent body with extremely high 
Δ17O (~5‰) as indicated from magnetite in 
Semarkona [13]. Outer parts of radial pyroxene and 
cryptocrystalline chondrules in LL3.0-3.1 contain 
altered glass that was bleached by fluid [14]. Further 
ion probe studies on mesostasis of chondrules from 
well-described petrographic thin section will be 
important in answering these questions. Nevertheless, 
our results strongly indicate that primary 
ferromagnesian silicates in the chondrule forming 
regions had a narrow range of 16O enrichment, while 
type I chondrule forming events might result in a 
significant mass-dependent isotopic fractionation. 
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Fig. 1. The average oxygen isotopic compositions of 

chondrules in Semarkona and Bishunpur. Bulk 
chondrule data are for LL3.0-3.1 chondrite from [2]. 

 
Fig. 2. Individual spot analyses in three chondrules 

showing 16O-rich compositions. Other chondrule data 
in Fig. 1 are shown as small dots.  

 

 
Fig. 3. Distribution of Δ17O among chondrules  

in LL 3.0-3.1 chondrites, 
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