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Oxygen isotope variations in a Type A Ca-Al-rich
inclusion from the Allende carbonaceous chondrite
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Since the discovery of oxygen isotopic anomalies in Ca-Al-rich inclusions (CAls) by
Clayton and coworkers in the-early 1970s, oxygen isotope study for CAI minerals using
secondary ion mass spectrometry (SIMS) has revealed oxygen isotopic heterogeneities within
single crystals and among grains of CAI mineral phases. However, the origin of such
heterogeneities is not well understood. Because CAI may have experienced diverse thermal
processes, such as condensation, melting, alteration and metamorphism, oxygen isotopes of
CAI minerals could have changed. To reveal the oxygen isotopic heterogeneities in CAls, a
Type A CAI of the Allende meteorite was studied because it has undergone the various
thermal processes in the nebula and/or on the parent body.

The ONOI inclusion is a Type A CAL The chemical compositions and oxygen isotopic
compositions of melilites show that core region formed by condensation followed by partial
melting in the 16O-poor nebular environment. Perovskite grains with '°O-rich compositions in
the core region may infer rapid cooling after partial melting event. Both reversely zoned
melilites and lathlike spinel grains are directly indicative of the condensation origin for the
gehlenite mantle. The oxygen isotopic compositions of mantle melilites imply that nebular
gas surrounding ONO1 changed from '°O-poor to '®O-rich composition. Intra-crystalline
oxygen isotopic variation of a reversely zoned melilite crystal may result in the wide variation
of oxygen isotopes in the gehlenite mantle. Thus, 2D isotopic imaging is required to reveal
the origin of the oxygen isotopic variation in the gehlenite mantle.

In-situ high precision isotope imaging conducted using the Hokudai isotope
microscope system provides the two-dimensional distributions of both chemical zoning and
oxygen isotopic compositions at the sub-micron scale. Individual melilite crystals having
reverse zoning show homogeneous distribution either enriched in '°O or depleted in 10, or
variation from '®0-poor to **0-rich compositions with decreasing dkermanite content.

The homogeneous distributions of oxygen isotopic compositions indicate that melilite
crystals in this study condensed from the O-depleted or '*O-enriched gas. The correlation
between chemical zoning and oxygen isotopic variation is best explained by the radial
excursion of the inner edge of the disk gas, resulting in both reverse zoning due to the
decrease of total pressure and oxygen isotope change of the gas from 16O-poor to '°O-rich
compositions, simultaneously. The fluctuation of the inner edge of the protoplanetary disk is
suitable for the formation of the reversely zoned melilite.

This study gives further understandings for the formation of Type A CAls including
fast cooling history and the condensation origin for the gehlenite mantle. This study provides
constraints on the astrophysical setting for the oxygen isotope variations in CAI minerals in
the early solar system.
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