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Introduction: X-ray fluorescence and near-infrared measure-

ments by the Hayabusa spacecraft suggested that the surface ma-
terials of the asteroid Itokawa were similar to LL5 or LL6 chon-
drites [1-2], which was confirmed by preliminary examination of 
particles recovered from the asteroid Itokawa [e.g., 3-4]. Oxygen 
isotope ratios of equilibrated ordinary chondrites (EOCs) by ion 
microprobe are important for comparison with the Itokawa parti-
cles, but are scarce. Here we report oxygen isotope ratios of four 
phases (olivine, low-Ca and high-Ca pyroxene, and plagioclase) 
in LL5 (Siena), LL6 (St. Séverin), and H6 (Guareña). 

Results: IMS-1280 at UW-Madison was used to obtain oxy-
gen isotope ratios using 10×15µm spots, which yield analytical 
precisions of ~0.4 ‰ for δ18O, δ17O, and Δ17O (2SD). Olivine, 
low-Ca and high-Ca pyroxene, and plagioclase in respective me-
teorites have indistinguishable Δ17O values and show averages of 
+1.2±0.1‰ (n=29; Siena), +1.3±0.1‰ (n=32; St. Séverin), and 
+0.9±0.1‰ (n=32; Guareña) (2SE). The δ18O values range from 
+4.7 to +6.3‰ (Siena), from +4.5 to +5.8‰ (St. Séverin), and 
from +3.7 to +5.2‰ (Guareña). The four mineral phases in all 
three meteorites show systematic changes in δ18O values, in the 
order of high-Ca pyroxene, olivine, low-Ca pyroxene, and pla-
gioclase. Morphology of chondrules remains in Siena (LL5), and 
we analyzed several chondrules in Siena. The average Δ17O val-
ues are variable among chondrules (+0.4 to +1.5‰). One POP 
chondrule with the average Δ17O of ~ +1.5‰ contains an olivine 
grain with Δ17O of ~ –2.0‰, which may be a relict olivine. 

Discussion: Siena and St. Séverin (LL) have higher Δ17O 
values than Guareña (H), which is consistent with bulk chondrite 
data [5]. The δ18O values of olivine in Siena are systematically 
higher than those in St. Séverin by 0.5 ‰, consistent with the 
negative correlation between δ18O values and petrologic types 
observed in bulk chondrites [5]. 

Oxygen isotope equilibrium temperatures were calculated 
from plagioclase and high-Ca pyroxene pairs in matrices. The 
differences in δ18O between two minerals were 1.6±0.4‰ (Siena), 
1.3±0.2‰ (St. Séverin), and 1.6±0.1‰ (Guareña), which corre-
spond to temperatures of 720±140°C (Siena), 870±120°C (St. 
Séverin), and 750±50°C (Guareña). These temperatures are con-
sistent with those for oxygen thermometry in EOCs by [6] as well 
as olivine-spinel thermometry [7]. 

The relict olivine grain with Δ17O of –2.0‰ in the POP 
chondrule has Fa24.7, which is within the range in Siena (Fa24.8±0.2; 
n=16). Our data suggests that oxygen isotope heterogeneity orig-
inally in primitive chondrules was survived even in type 5 EOCs. 
Such a heterogeneous grain could exist among Itokawa particles. 
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