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Discovery of dmisteinbergite (hexagonal CaAl2Si2O8) in the Allende meteorite: A new 
member of refractory silicates formed in the solar nebula
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Abstract

Dmisteinbergite, CaAl2Si2O8 with P63/mcm structure, was identified in a rounded coarse-grained 
igneous Type B2 Ca-,Al-rich inclusion (CAI) STP-1 from the Allende CV3 carbonaceous chondrite. 
STP-1 belongs to a very rare type of refractory inclusions, Fractionation and Unknown Nuclear effects 
(FUN) CAIs, which experienced melt evaporation and crystallization at low total gas pressure (P < 
10-6 bar) in a high-temperature (>1200 °C) region, possibly near the proto-Sun and were subsequently 
radially transported away from region, possibly by a disk wind. The Allende dmisteinbergite occurs as 
irregular single crystals (100–600 mm in size) in contact with gehlenitic melilite and Al,Ti-diopside, 
poikilitically enclosing euhedral spinel, and rare anorthite. It is colorless and transparent. The mean 
chemical composition, determined by electron microprobe analysis, is (wt%) SiO2 42.6, Al2O3 36.9, 
CaO 20.2, MgO 0.05, sum 99.75, giving rise to an empirical formula of Ca1.01Al1.96Si2.02O8. Its electron 
backscatter diffraction patterns are a good match to that of synthetic CaAl2Si2O8 with the P63/mcm 
structure and the unit cell a = 5.10 Å, c = 14.72 Å, and Z = 2. Dmisteinbergite could have crystal-
lized from a silicate melt at high temperature (~1200–1400 °C) via rapid cooling. Dmisteinbergite 
in Allende, the first find in a meteorite, is a new member of refractory silicates, among the first solid 
materials formed in the solar nebula.
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Introduction

We identified dmisteinbergite, CaAl2Si2O8 with P63/mcm 
structure, in the recently discovered coarse-grained, igneous Type 
B2 Fractionation and Unknown Nuclear effects (FUN) Ca,Al-
rich refractory inclusion (CAI), named STP-1, from the Allende 
meteorite (Holst et al. 2012). The Allende meteorite, which fell at 
Pueblito de Allende, Chihuahua, Mexico on February 8, 1969, is a 
CV3 carbonaceous chondrite, which contains refractory inclusions, 
chondrules, and matrix binding the rock together. The Allende 
meteorite is often considered the best-studied meteorite. Current 
understanding on the early solar evolution is largely based on 
intensive studies of components in this meteorite. Refractory inclu-
sions are among the oldest solid objects formed in the solar system. 
Each and every new refractory phase reveals distinctive forming 
conditions, providing new insight into solar nebula processes.

Dmisteinbergite was previously only found in burned coal 
dumps from Chelyabinsk Coal Basin, Ural Mountains, Rus-
sia (Chesnokov et al. 1990), and in a pseudotachylite from the 
Gole Larghe Fault, Adamello batholith, Italy (Nestola et al. 
2010), formed at high temperatures. Unpublished data online 
at www.webmineral.com and www.mindat.org also describe  
low-temperature hydrothermal dmisteinbergite in Kurumazawa 
gabbro quarry, Katashina, Gumma, Japan. Synthetic hexagonal 
CaAl2Si2O8 is well studied (e.g., Takeuchi and Donnay 1959; Abe 

et al. 1991; Borghum et al. 1993; Abe and Sunagawa 1995). We 
report here the first occurrence of dmisteinbergite in a meteorite 
as a new refractory mineral in a CAI and consider its origin and 
implication for the formation of STP-1. Dmisteinbergite is 1 of 
10 refractory silicates identified in refractory inclusions to date.

Dmisteinbergite (hexagonal), svyatoslavite (monoclinic), and 
anorthite (triclinic) are polymorphs of CaAl2Si2O8. Dmisteinbergite 
has a layered structure, stacking double sheets of 6-membered 
rings of (Si,Al)O4 tetrahedra with Ca in between layers (Takeuchi 
and Donnay 1959). Svyatoslavite displays a pseudo-orthorhombic 
three-dimensional network of SiO4 and AlO4 tetrahedra with Ca 
at the interstitial sites (Krivovichev et al. 2012). Anorthite has a 
more complex structure.

Experimental methods
Electron probe microanalysis (EPMA), scanning electron microscopy (SEM) in 

backscatter electrons (BSE), and electron backscatter diffraction (EBSD) were used 
to characterize chemical composition and structure of dmisteinbergite and associated 
phases. A JEOL JXA-8500F field emission EPMA was operated at 15 kV, 20 nA for 
backscatter electron imaging, X‑ray mapping, and quantitative elemental analysis.

Crystal structure study by EBSD at a sub-micrometer scale was carried out using 
methods described in Ma and Rossman (2008, 2009a) with an HKL EBSD system 
on a ZEISS 1550VP scanning electron microscope operated at 20 kV and 6 nA in a 
focused beam with a 70° tilted stage and in a variable pressure mode (25 Pa). The 
structure was determined and cell constants obtained by testing the experimental 
EBSD pattern against the structures of synthetic hexagonal CaAl2Si2O8 (Takeuchi and 
Donnay 1959; Dimitrijevic et al. 1996), anorthite (Angel et al. 1990), svyatoslavite 
(Takeuchi et al. 1973; Krivovichev et al. 2012), celsian (Griffen and Ribbe 1976), 
and paracelsian (Chiari et al. 1985).* E-mail: chi@gps.caltech.edu


