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Introduction:  Calcium-aluminium-rich inclusions
(CAIs) are known to have characteristic O isotopic
compositions with δ17O and δ18O ~-40 permil [1, 2],
but their origin is still under debate.  Recently, we
found abundant olivine-rich inclusions (OIs) which
also have O isotopic anomalies with δ17O and δ18O
from -50 to -40 permil in Murchison (CM2) and Y-
86009 (CV3) chondrites [3].  This suggests that the
characteristic O isotopic anomalies were more exten-
sive in the early solar system than we thoght previ-
ously.  More knowledge about distribution of O iso-
topes in various components in meteorites may be re-
quired for understanding the origin of the O isotopic
anomalies and processes which formed CAIs and OIs.
In the present study, we further performed O isotope
analyses in various types of inclusions in two CO3
chondrites (Y-82050 and ALH-77307) and in one CV3
chondrite (Y-86009).

Analytical Conditions:  The samples were pre-
pared in thin sections, carbon coated and analyzed
with SEM-EDS for petrographic studies, and then ap-
plied for in situ O isotope analyses with CAMECA
ims-6f ion microprobe at the University of Tokyo.  The
analytical conditions were essentially the same as those
described in [3], but the Cs+ primary beam was
~15 µm in diameter with an intensity of 0.07-0.11 nA.
For some sample runs, reproducibility of the data was
not as good as reported in [3], possibly due to change
in the conditions of the electron multiplier and uneven
surface of the sample (e.g., for Y-86009).  All the data,
except for corundum, were normalized to the average
of the San Carlos olivine data [4].  The datum for co-
rundum was corrected by +4.8 and +9.5 permil for
δ17O and δ18O, respectively, for the matrix effect,
which was determined in a separate experiment [5].

Results:  Yamato-82050:  Inclusion #15 is a CAI
(250 µm x 160 µm) consisting mostly of melilite with
spinel grains and surrounded by spinel + diopside rim
layers of 20-30 µm thickness.  Spinel in the core and
diopside in the rim of this CAI show rather anomalous
O isotopic compositions (δ17O and δ18O from -29 to -
37 permil), while melilite shows “normal”or even
heavier O isotopic composition (δ18O ~+16 permil).
Inclusion #10 is a ~50 µm-sized spherule consisting
mostly of fassaite with a small (<20 µm) hibonite do-
main.  Both of the minerals show high anomalies with
δ17O and δ18O from -44 to -48 permil.  Inclusion #9
consists of two melilite spherules (30-40 µm) with
perovskite grains (~1 µm) and a thin (1-2 µm thick)

sodalite rim.  Melilite shows a moderately high anom-
aly with δ17O ~-20 permil.  Inclusions #8, #16, #44 and
#68 are amoeboid-olivine-aggregates (AOAs) consist-
ing predominantly of  forsteritic olivine grains (a few
to ~10 µm in diameter); Fe-rich spinel (hercinite)
grains are also observed in #68.  Inclusions #27, #57
and #95 are olivine-rich inclusions (OIs), similar to
those found in [3], consisting predominantly of  for-
steritic olivine but have more compact texture than that
of AOAs.  Inclusions #29 and #54 show more or less
intermediate textures between AOAs and OIs.  Most of
these inclusions (analyses for 9 olivine, 1 pyroxene and
1 Fe-rich spinel + olivine grains) show highly anoma-
lous comopsitions with δ17O and δ18O from -50 to -30
permil; only inclusion #16 (2 analyses for olivine)
shows a moderately anomalous composition (δ17O and
δ18O ~-15 permil).

ALH-77307:  Many OIs are also observed in this
chondrite.  All five OIs, #11, #25, #31, #33 and #64
(analyses for 5 olivine and 1 pyroxene + spinel grains),
show high anomalies with δ17O and δ18O from -40 to -
47 permil.  Inclusion #65 (200 µm x 250 µm) consists
of Ca-Al-rich domains of  fassaitic to diopsidic pyrox-
ene with some spinel grains in the core, and an ensta-
tite-rich mantle with some forsterite grains.  All the
analysed  phases (pyroxene in the core, forsterite and
enstatite in the mantle) show high anoamalies (δ17O
and δ18O from -39 to -46 permil).  Inclusion #61 is a
~80 µm-sized enstatite spherule with numerous voids,
and shows an almost normal O isotopic composition.

Yamato-86009:  The sample analyzed here is ano-
thter thin section of the Yamato-86009 chondrite stud-
ied in [3].   Inclusion #15 (~400 µm x ~500 µm) is a
CAI consisting of melilite, anorthite, corundum and
perovskite in the core with a thick (30-50 µm) spinel
and a thin (< a few  µm) diopside layers in the rim.
Melilite in the core contains almost no spinel.  Anor-
thite and corundum occupy limited regions, seemingly
along the cracks in melilite, and are possibly secondary
alteration products. In fact, small amount of S peak
was observed in the SEM-EDS analysis for corundum.
Melilite in the core and spinel in the rim of this CAI
show highly anomalous O isotopic compositions with
δ17O and δ18O of ~-40 permil, while anorthite and co-
rundum show rather heavy O isotopic compositions
almost along the terrestrial fractionation (TF) line, with
δ17O ~+10 permil and δ18O ~+20 permil, suggesting
they are secondary  minerals possibly produced in the
parent body.  Inclusion #18 is a (fragment of ) a CAI
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(250 µm x 200 µm) consisting of spinel, anorthite and
enstatite.  Spinel has anomalous (δ17O and δ18O ~-35
permil), enstatite has only slightly anomalous (δ17O
from -8 to -4 permil), and anorthite has normal O iso-
topic compositions.  Inclusion #58 (a half-sphere-
shaped  object of ~560 µm x ~320 µm) consists mostly
of olivine with numerous voids.  This inclusion may be
a chondrule, but its origin is not clear.  It shows rela-
tively light O isotopic compositions almost along the
TF line.  More information with a better precision for
the analysis is required for understanding its origin.

Summary:  (1) Abundant olivine-rich inclusions
(OIs) are also observed in CO chondrites, as well as in
CM and CV chondrites. Most of the AOAs and OIs
show δ17O and δ18O from -50 to -30 permil. (2) Meli-
lite in the CAI #15 in Y-86009 shows δ17O and δ18O of
~-40 permil. (3) Enstatite in the inclusion #65 in ALH-
77307 also shows δ17O and δ18O of ~-40 permil.  This
may be an important observation, because enstatite and
forsterite, now share the position of the 16O-rich end
member, are the most common minerals in chondrites.
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Fig. 1  Oxygen isotopic compositions in various in-
clusions in Yamato-82050 (CO3) chondrite.  TF line
and CCAM line represent terrestrial fractionation line
and carbonaceous chondrite anhydrous mineral line,
respectively.
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Fig. 2  Oxygen isotopic compositions in various in-
clusions in ALH-77307 (CO3) chondrite.
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Fig. 3  Oxygen isotopic compositions in various in-
clusions in Yamato-86009 (CV3) chondrite.
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