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Introduction: We identified dmisteinbergite, 

CaAl2Si2O8 with P63/mcm structure, in the recently 
discovered coarse-grained, igneous Type B FUN (frac-
tionation and unidentified nuclear effects) Ca,Al-rich 
inclusion (CAI) STP-1 from the Allende CV3 chondrite 
[1]. Electron probe microanalysis (EPMA), scanning 
electron microscopy (SEM), and electron backscatter 
diffraction (EBSD) were used to characterize its chem-
ical composition and structure. Dmisteinbergite was 
previously only found in burned coal dumps from 
Chelyabinsk Coal Basin, Ural Mountains, Russia [2], 
and in a pseudotachylyte from Italian Alps [3]. Synthet-
ic hexagonal CaAl2Si2O8 is well known [4]. Dmistein-
bergite is trimorphous with anorthite (triclinic) and 
svyatoslavite (monoclinic). 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. 

Mineralogy and petrology of the host CAI: STP-
1 is a coarse-grained igneous CAI composed of pure 
CaAl2Si2O8 (mostly dmisteinbergite and rare anorthite), 
gehlenitic melilite (Åk6−28), and igneously-zoned Al,Ti-
diopside (Al2O3 = 17.7−28.5 wt.%, TiO2 = 0.03−8.7 
wt.%), all poikilitically enclosing euhedral composi-
tionally pure spinel grains (Fig. 1). Lath-shaped 
hibonite grains and spinel-hibonite intergrowths occur 
in the outermost portion of the inclusion (Figs. 1, 2). 
The hibonite grains have low contents of MgO 
(0.2−1.7 wt.%) and TiO2 (0.09−3.2 wt.%). No multi-
layered Wark-Lovering rim sequence is observed 
around STP-1. The CAI experienced only a small de-
gree of secondary alteration resulted in replacement of 
melilite by nepheline, sodalite, Fe-bearing Al-rich, Ti-
poor pyroxene (FeO, 2.5−6.3 wt.%, Al2O3, 5.1−16.2 
wt.%, TiO2, 0.10−0.27 wt.%), and Na-bearing plagio-
clase (0.35−0.89 wt.% Na2O), and enrichment of spinel 
in FeO (up to 19.5 wt.%) in its peripheral portion. In 
addition, melilite crystals are crosscut by thin veins of 
grossular, Al-diopside, and Na-bearing plagioclase. 

Appearance, chemistry and crystallography of 

dmisteinbergite: Dmisteinbergite occurs as irregular 
single crystals (100600 µm in size) with  perfect 
cleavage {001} lines on the section plane (Figs. 24). 
Euhedral anorthite was observed in one dmisteinbergite 
crystal (Figs. 3, 4). Dmisteinbergite and anorthite show 
no evidence for replacement by secondary minerals. 
Some of the cleavage planes in dmisteinbergite, how-
ever, are filled by secondary grossular (Figs. 2, 4). 

 
Fig. 2. Backscatter electron (BSE) image showing 
dmisteinbergite and coexisting minerals in STP-1. 

 
Fig. 1. Combined elemental map in Mg (red), Ca 
(green), and Al (blue) K x-rays of the Allende 
FUN CAI STP-1. The central part of the CAI is 
missing. Regions outlined are shown in Figs. 2 and 
3. dmist = dmistenbergite; hib = hibonite; mel = 
melilite; px = Al,Ti-diopside; sp =spinel.  

 
Fig. 3. BSE image showing primary melilite, 
Al,Ti-diopside, spinel, dmisteinbergite, and anor-
thite, and secondary grossular, nepheline, and 
sodalite.  
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Dmisteinbergite is colorless and transparent, with a 
chemical composition of (wt%) SiO2 42.6, Al2O3 36.9, 
CaO 20.2, MgO 0.05, sum 99.8, and empirical formula 
of Ca1.01Al1.96Si2.02O8. One dmisteinbergite grain has 
two Ba-rich domains with a chemical composition of 
(wt%) SiO2 38.2, Al2O3 35.3, CaO 13.5, MgO 0.13, 
BaO 11.4, Na2O 0.21, sum 98.7, and empirical formula 
of  (Ca0.74Ba0.27)Al1.93Si2.05O8 (Fig. 5). 

EBSD patterns of dmisteinbergite were obtained, 
which can only be indexed using the hexagonal 
CaAl2Si2O8 structure and this yields a best fit based on 
synthetic CaAl2Si2O8 [5] (Fig. 6). The Allende dmis-
teinbergite has Space Group: P63/mcm, showing a = 
5.10 Å, c = 14.72 Å, and Z = 2. 

 Origin of dmisteinbergite: Dmisteinbergite in 
STP-1 could have crystallized from a silicate melt at 
high temperature (~12001400C) via rapid cooling. 

Prior to its crystrallization, the melt experienced evap-
oration at low total pressure that resulted in mass-
dependent fractionation of oxygen and magnesium iso-
topes [1]. Dmisteinbergite is metastable and partly 
transformed to anorthite, possibly during subsequent 
reheating. The CAI experienced relatively minor sec-
ondary alteration on the Allende parent asteroid that 
resulted in formation of grossular, Al-diopside, Na-
bearing plagioclase, nepheline, and sodalite. 

Dmisteinbergite is a new member of refractory sili-
cates, joining the refractory silicates melilite, Al,Ti-
diopside, anorthite, davisite, grossmanite, kushiroite, 
eringaite, and thortveitite. 
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Fig. 6. (top) EBSD pattern of one dmisteinbergite  crys-
tal from Allende; (bottom) the same pattern indexed 
with the P63/mcm structure of synthetic CaAl2Si2O8.  

 
Fig. 5. BSE image showing dmisteibergite, Ba-rich 
dmisteinebrgite, melilite, spinel, and Al,Ti-diopside in 
STP-1. Melilite is partly replaced by grossular (grs) and 
Ti-free Al-diopside (Al-di). 

 
Fig. 4. BSE image showing dmisteinbergite enclosing 
anorthite. Some cleavge planes in dmisteinbergite are 
filled by secondary grossular. 
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