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Dmitryivanovite: A new high-pressure calcium aluminum oxide from the Northwest Africa
470 CH3 chondrite characterized using electron backscatter diffraction analysis
Takashi Mikouchi,1,* Michael Zolensky,2 Marina Ivanova,3 Osamu Tachikawa,1
Mutsumi Komatsu,1 Loan Le,4 and Matthieu Gounelle5
1

Department of Earth and Planetary Science, Graduate School of Science, University of Tokyo, Hongo, Bunkyo-Ku, Tokyo 113-0033, Japan
2
Code KT, NASA Johnson Space Center, Houston, Texas 77058, U.S.A.
3
Vernadsky Institute of Geochemistry, Kosygin Street 19, Moscow 119991, Russia
4
Jacobs Sverdrup Co., Houston, Texas 77058, U.S.A.
5
Laboratoire d’ Étude, de la Matiere Extraterrestre, Muséum National d’Histoire Naturelle, 57 rue Cuvier, 75005 Paris cedex, France

Abstract
Dmitryivanovite (CaAl2O4) is a newly described, calcium aluminum oxide from the Northwest
Africa 470 (NWA470) CH3 chondrite (Ivanova et al. 2002). NWA470 contains abundant small Ca,Alrich inclusions (CAIs), and dmitryivanovite, whose composition is close to stoichiometric CaAl2O4
[Ca1.000(Al1.993Si0.003Ti0.002)1.998O4], was found in one of these CAIs. It occurs as ~10 µm subhedral grains
intergrown with grossite (CaAl4O7), perovskite, and melilite. Electron backscatter diffraction (EBSD)
analysis revealed that dmitryivanovite is a high-pressure polymorph of CaAl2O4 (a = 7.95, b = 8.62, c =
10.25 Å, β = 93.1°, space group P21/c, and Z = 12). Dmitryivanovite is the third phase to be described
from nature in the binary system of CaO–Al2O3, the other two being hibonite (CaAl12O19) and grossite
(CaAl4O7)—all are found in CAIs. The presence of CaAl2O4 in NWA470 suggests a local elevated
dust/gas ratio in the solar nebula. The phase diagram of CaAl2O4 shows that ~2 GPa is required to
stabilize the high-pressure CaAl2O4 polymorph at 1327 °C, above which CaAl2O4 condenses from
the solar nebula. Because it is unlikely that the solar nebula ever had such a high total gas pressure,
it appears more probable that condensation of the low-pressure polymorph occurred in the solar
nebula with an enhanced dust-to-gas ratio and that subsequently the high-pressure polymorph was
produced by shock metamorphism, most likely after the CaAl2O4-bearing CAI was incorporated into
the NWA470 parent asteroid.
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Introduction
Ca,Al-rich inclusions (CAIs) are important components of
chondritic meteorites, inasmuch as thermodynamic calculations
show that the high-temperature minerals (melilite, aluminum
oxides, spinel) abundant in them would be the first condensates
in a cooling solar nebula (e.g., Grossman 1972; Grossman and
Larimer 1974), and cosmochronology studies verify that they are
among the oldest native materials known from our solar system
(e.g., Wadhwa and Russell 2000). Because CAIs greatly differ
in composition, oxidation state, thermal history, and isotopic
characteristics from the other components of chondrites, some
special setting or circumstance should have been required for
their formation (e.g., Guan et al. 2000). CAIs were originally
viewed as simply the first condensates from a hot, monotonically
cooling gas of solar nebula composition and were considered to
have formed by some process different from the one that formed
chondrules. Eventually it was realized that the majority of CAIs
had been, in fact, repeatedly thermally processed in the nebula,
and that few are truly condensates (Stolper and Paque 1986;
MacPherson and Davis 1993), although the heating mechanism
remains mysterious. Thus, the detailed mineralogical analysis of
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CAIs is critical to a full understanding of their unique formation
conditions in the solar nebula.
In this paper, we report the first crystallographic characterization of a new calcium dialuminum oxide (CaAl2O4) in a
CAI from the CH3 chondrite Northwest Africa 470 (NWA470)
(Ivanova et al. 2002). Although CAIs constitute only ~1 vol% of
the CH chondrites, they are critical components (e.g., Weisberg
et al. 1995; Grossman et al. 1988). The CAIs in CH chondrites
are extremely small (usually ~100 µm) and show different
mineralogical characteristics from CAIs in other carbonaceous
chondrites. The distinctive aspect of CAIs in CH chondrites is
the absence of secondary alteration, unlike for those in CM2
and CV3 chondrites, and thus they have probably retained their
original, primitive chemical and mineralogical characteristics
(e.g., Brearley and Jones 1998). Due to the small size of CAIs
in CH chondrites, it is sometimes difficult to fully characterize
their constituent phases, especially those that are new to science.
In this respect, electron backscatter diffraction (EBSD) analysis
combined with field-emission gun, scanning electron microscopy
(FEG-SEM) is a useful non-destructive technique that permits
the necessary elucidation of crystallography of thin sections at
the submicrometer scale (e.g., Harland et al. 1981; Goehner and
Michael 1996; Kogure 2002).
The new mineral was found in a CAI from the NWA470

