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Abstract
We identified dmisteinbergite, the rare trigonal polymorph of CaAl2Si2O8, for the first time in high-

grade metamorphic rocks. Dmisteinbergite occurs as a crystallization product of silicate melt inclusions 
(nanogranitoids) in garnet from three host rocks with different protoliths and re-equilibration conditions, 
i.e., from 1.0 to 4.5 GPa. Raman spectra and compositions of the dmisteinbergite here investigated are 
overall identical to those of previously characterized artificial and natural dmisteinbergite. In nanogran-
itoids, this phase coexists with other metastable polymorphs of feldspar (kumdykolite, kokchetavite) 
and SiO2 (quartz, cristobalite), recently interpreted as the result of undercooling, supersaturation and 
rapid crystallization of a silicate melt confined in a micrometric pore. Dmisteinbergite formation likely 
results from a similar process, and thus it should be regarded as a kinetically controlled phase. More-
over, the investigation of dmisteinbergite as well as of other metastable feldspar polymorphs offers 
new insights into the behavior of natural materials under non-equilibrium conditions.
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Introduction
Feldspar is one of the major rock-forming minerals in the 

Earth’s crust, and in recent years its polymorphs are being recog-
nized more and more in very different geological environments 
(Krivovichev 2020 and references therein). In particular, these 
polymorphs are being increasingly identified as a characteristic 
feature of anatectic melt inclusions (MI) (Ferrero and Angel 2018 
and references therein; Ferrero et al. 2021a, 2021b). These MI are 
crystallized droplets of melt, i.e., nanogranitoids (Cesare et al. 
2015), entrapped inside a peritectic phase, most commonly garnet, 
during its formation, hence they are primary as confirmed by their 
occurrence as clusters in the host (Cesare et al. 2015).

The focus of this study is on the presence within nanogranitoids 
of a rare trigonal polymorph of CaAl2Si2O8, dmisteinbergite (Zolo-
tarev et al. 2019 and references therein). Dmisteinbergite was first 
identified in the Chelyabinsk coal basin, Russia, on the surface of 
charcoal from a coal dump fire (Chesnokov et al. 1990). This phase 
was then found in other extreme geological environments such as 
in different pseudotachylyte veins from the same location (Nestola 
et al. 2010; Mittempergher et al. 2014) and in meteorites, inside a 
refractory igneous Ca-Al-rich inclusion in the Allende meteorite 
(Ma et al. 2013), or as needle-shaped, porous aggregates in Ca-
Al rich inclusions in a CV3 carbonaceous chondrite [NWA 2086 
meteorite, Fintor et al. (2014)]. In the laboratory, this phase was 
first synthesized from an anorthitic melt (Davis and Tuttle 1951), 
along with another pseudo-orthorhombic (monoclinic) polymorph 
of CaAl2Si2O8, later on named svyatoslavite (Sokol et al. 1998; 
Chesnokov et al. 1989). A detailed study of the stability, nucle-

ation, and growth kinetics of such phases was provided by Abe 
et al. (1991), Daniel et al. (1995), and Abe and Sunagawa (1995). 
Their experiments produced dmisteinbergite from an undercooled 
anorthitic melt at 1200–1400 °C (Abe et al. 1991), and Daniel et 
al. (1995) obtained similar results by melting a synthetic anorthite 
glass and then cooling it at different rates. Initially described as 
having a hexagonal structure, recently Zolotarev et al. (2019) de-
termined from single-crystal X-ray diffraction (XRD) and Raman 
spectroscopy studies that this phase is actually trigonal.

Here we report the first finding and characterization of dmis-
teinbergite in nanogranitoids in garnet from three locations: (1) 
lower crustal mafic granulites of Gore Mountain (Adirondacks, 
U.S.A.) (Wannhoff 2020; Ferrero et al. 2021b); (2) high-P felsic 
granulites of Mount Klet’ [Blanský les Massif, Bohemian Massif, 
Czech Republic; see Franěk et al. (2006) for details on the geologi-
cal setting]; (3) ultrahigh-P eclogites of the Saidenbach Reservoir 
(Erzgebirge, Bohemian Massif, Germany) (Borghini 2019). In all 
three cases, the host rocks re-equilibrated at high T (850–1000 °C) 
and highly variable P (1.0 to 4.5 GPa), with garnet (re)crystallizing 
and trapping droplets of melt. The dmisteinbergite-bearing inclu-
sions were investigated with micro-Raman spectroscopy, electron 
microprobe analysis (EMPA), and field emission gun scanning elec-
tron microscopy (FEG-SEM; see methods in Online Materials1).

Results
Our investigation shows that dmisteinbergite is abundant in the 

mafic granulites of Gore Mountain (Fig. 1a), where it also forms 
larger crystals in the inclusions (Figs. 1b and 1c). Here, dmis-
teinbergite-bearing inclusions can reach 50 µm in diameter and 
have a constant mineral assemblage of kumdykolite, amphibole 
(pargasite and anthophyllite), quartz, or cristobalite, with minor 
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