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Abstract
Compressibility and pressure-induced structural evolution of kokchetavite, the hexagonal polymorph 

of KAlSi3O8, has been studied up to 11.8 GPa using synchrotron single-crystal X-ray diffraction. Two 
phase transitions were observed at pressures of ~0.3 and 10.4 GPa. Kokchetavite-I (as-synthesized, 
P6/mcc) transforms into kokchetavite-II with the P6c2 space group. Kokchetavite-II → kokchetavite-
III phase transition at ~10.4 GPa is accompanied by a change of symmetry to probably orthorhombic. 
After pressure release, kokchetavite reverts to the initial single-crystal state with P6/mcc space group. 
A second-order Birch-Murnaghan equation of state was calculated for phase kokchetavite-II with 
coefficients V0 = 1486(3) Å3, K0 = 59(2) GPa.
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Introduction
Feldspars are the most common rock-forming minerals in 

the Earth’s crust, and in recent years, their polymorphs have 
been widely recognized in various geological environments 
(i.e., relevant melt inclusions, meteorites, high-pressure and 
ultrahigh-pressure rocks, etc. (Zolotarev et al. 2019 and refer-
ences therein).

A metastable polymorph with the composition KAlSi3O8 was 
first synthesized by dehydration of K-cymrite (a high-pressure 
hexagonal KAlSi3O8·H2O phase) by Thompson et al. (1998) 
and then it was identified as inclusions in minerals of the ultra-
high-pressure metamorphic rocks from the Kokchetav Complex 
by Hwang et al. (2004). Recently, a large number of findings 
of kokchetavite as mineral inclusions were reported, e.g., in the 
Kokchetav and Bohemian massifs, the Ivrea Zone (NW Italy), 
the Gruf Complex (European Central Alps), eastern Papua 
New Guinea (U)HP terrane, and the Kangerlussuaq basement 
(Southeast Greenland) (Hwang et al. 2013; Mikhno et al. 2013; 
Ferrero et al. 2016; Carvalho et al. 2019; Borghini et al. 2020; 
Gianola et al. 2020; Schönig et al. 2020; Baldwin et al. 2021; 
Nicoli et al. 2022). Most of these inclusions are interpreted as 
“nanogranitoids” and likely represent melt droplets entrapped 
during mineral growth at HP/HT conditions. According to Ferrero 
et al. (2020) kokchetavite and other metastable phases crystallize 
directly from the trapped melt, regardless of the internal pressure 
or special conditions of melt entrapment. Kokchetavite (including 
other metastable polymorphs such as cristobalite, kumdykolite, 
svyatoslavite, etc.) has been identified in inclusions that were 
cooling/depressurizing over extremely a wide P-T range from 

580 °C and 0.5 GPa up to 1050 °C and 5.5 GPa (see Fig. 1). 
Additionally, abundant kokchetavite needles were identified 
among exsolution lamellae in what was originally a K-bearing 
clinopyroxene (Hwang et al. 2013). It is worth noting, that 
kokchetavite was predominantly found in association with other 
phases [phengite, tremolite, β-cristobalite, a Si-rich (Al,K,Ca-
bearing) low-crystallinity phase, Si-Ca (Cl,As) phase, calcite, 
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Figure 1. The maximum estimated formation parameters of rocks 
in which kokchetavite is found in the form of mineral inclusions (Hwang 
et al. 2004; Mikhno and Korsakov 2013; Ferrero et al. 2016; Carvalho et 
al. 2019; Gianola et al. 2020; Schönig et al. 2020; Baldwin et al. 2021; 
Borghini et al. 2020; Nicoli et al. 2022; Stähle et al. 2022).
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