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Abstract
The new mineral kushiroite, belonging to the pyroxene group, was first discovered in a refractory inclusion in the CH group carbonaceous chondrite ALH 85085. The chemical formula is
Ca1.008(Mg0.094Fe0.034Al0.878)(Al0.921Si1.079)O6, containing 88% CaAlAlSiO6 and 12% diopside components. We identified the exact nature of kushiroite by micro-Raman spectroscopy and electron
backscatter diffraction (EBSD) analyses. The results are consistent with those obtained from the
synthetic CaAlAlSiO6 pyroxene, thus indicating a monoclinic structure (space group C2/c). Although
CaAlAlSiO6 has been one of the most important hypothetical components of the pyroxene group, it
is here for the first time established to be a naturally occurring mineral. We named this pyroxene with
>50% CaAlAlSiO6 component kushiroite, which was recently approved by the Commission on New
Minerals, Nomenclature and Classification of the International Mineralogical Association (IMA2008059). The name is for Ikuo Kushiro, Professor Emeritus at the University of Tokyo, Japan, and eminent
experimental petrologist, for his outstanding experimental investigations on silicate systems involving
the Ca-Tschermak component. There is no obvious evidence for impact in this inclusion. We suggest
that metastable crystallization of this pyroxene took place from refractory melts in the solar nebula.
Coexisting grossite-bearing refractory inclusions in the type specimen ALH 85085 show 26Mg excesses
with inferred initial 26Al-27Al ratios between 2.1 × 10–6 to 3.9 × 10–5, providing evidence that condensation, melting, and crystallization took place in the solar nebula when 26Al was still extant.
Keywords: Kushiroite, pyroxene, Ca-Tschermak component, refractory inclusion, CH chondrite

Introduction
Pyroxene is one of the most common rock-forming minerals
in igneous and metamorphic rocks, terrestrial and extraterrestrial.
The pyroxene group has diverse members, such as enstatite,
diopside, and jadeite. These names have been officially accepted
by the pyroxene nomenclature committee (Morimoto et al. 1988).
On the other hand, diopsidic pyroxene in many terrestrial rocks
and meteorites commonly contains Al2O3, and the mineral is
traditionally called fassaite, although this name is only unofficially tolerated. Such pyroxene includes the hypothetical CaTschermak (hereafter CaTs), CaAlAlSiO6, component. However,
the end-member phase has not been reported from any natural
sample, and Morimoto et al. (1988) proposed that aluminous
pyroxene should be called “aluminian diopside.”
Although pyroxene with >50% CaTs component has been
rarely reported from terrestrial rocks (Pascal et al. 2005), “aluminian diopside” is commonly encountered in refractory inclusions (Ca-Al-rich inclusions) in carbonaceous chondrites (e.g.,
Mason 1974). In particular, it often contains >30 wt% Al2O3,
showing extreme enrichment in CaTs component, in some CH
chondrites (Kimura et al. 1993; Weber and Bischoff 1994; Krot
* E-mail: makotoki@mx.ibaraki.ac.jp
0003-004X/09/0010–1479$05.00/DOI: 10.2138/am.2009.3242

et al. 1999, 2006; Petaev et al. 2001), and rarely in CV, CO, and
CM chondrites (Grossman and Steele 1976; Simon et al. 1998,
2001). However, the nature of these pyroxenes has not been
characterized in detail because of their tiny grain size.
Here we document the exact mineralogical and crystallographic nature of the CaTs-pyroxene we previously discovered
in the CH chondrite ALH 85085 (Kimura et al. 1993). Kimura
et al. (2008) reported concise results in an abstract. This mineral
was recently approved by the Commission on New Minerals,
Nomenclature and Classification of the International Mineralogical Association as a new mineral with the name kushiroite, on
January 5, 2009 (IMA2008-059). The name is in honor of Ikuo
Kushiro, for his seminal contributions to experimental petrology and mineralogy, including characterization of CaTs-bearing
systems, planetary science, and meteoritics.

Sample and experimental methods
We investigated a polished thin section of ALH 85085 (section no. 27). The
type specimen of ALH 85085 is stored at the Lyndon B. Johnson Space Center,
National Aeronautics and Space Administration in Houston, Texas.
The fine texture of kushiroite was investigated using a field emission-scanning
electron microscope (FE-SEM), JEOL JSM-71010, at Tohoku University in
Sendai, Japan. Accelerating voltage and electron-beam current were 15 kV and
~1 nA, respectively. Quantitative mineral analyses were conducted at the Ibaraki
University in Mito, Japan, using JEOL 733 electron-probe microanalyzer (EPMA).
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