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Abstract
We determined for the first time the crystal structures of high-pressure K-cymrite (KAlSi3O8⋅H2O) 

and its dehydrated form kokchetavite (KAlSi3O8) using single-crystal X-ray diffraction. The K-cymrite 
structure has been successfully refined in the hexagonal space group P6/mmm [a = 5.3361(3) Å, c = 
7.7081(7) Å, V = 190.08(3) Å3, R1 = 0.036 for 127 unique observed reflections], which is in agreement 
with previous models from powder X-ray diffraction. In contrast, kokchetavite shows superstructural 
reflections, suggesting a different unit cell and a space group of P6/mcc [a = 10.5757(3) Å, c = 15.6404(6) 
Å, V = 1514.94(10) Å3, R1 = 0.068 for 1455 unique observed reflections]. Upon dehydration, single-
crystal grains of K-cymrite transform into single-crystal grains of kokchetavite. The latter questions 
a previous interpretation of kokchetavite crystals in mineral inclusions as a product of direct crystal-
lization from fluid/melt. The Raman spectrum of K-cymrite shows a strong polarization dependence, 
which is important in identification of the mineral inclusions.
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Introduction
Seki and Kennedy (1964) showed that, at pressures above 

2–3 GPa and temperatures between 300–800 °C, potassium 
feldspar reacts with water and forms a high-pressure hydrated 
phase (KAlSi3O8 + H2O → KAlSi3O8⋅H2O). The structure of the 
latter was originally thought to be hexagonal, due to the similar-
ity of its X-ray powder diffraction pattern and stoichiometry with 
those of cymrite [IMA-1949; BaAl2Si2O8⋅H2O (Smith et al. 1949; 
Runnells 1964)]. The KAlSi3O8⋅H2O was also obtained by Huang 
and Wyllie (1975) while studying melting reactions in the system 
NaAlSi3O8-KAlSi3O8-SiO2 at 3.5 GPa and 695 °C with an excess 
of water, and was referred as “sanidine hydrate.” In further works 
conducted by Schreyer and Massone (Schreyer 1987; Massonne 
1992) this phase was referred as “K-cymrite”—the most used 
name since then. K-cymrite was also obtained as a product of 
muscovite decomposition at 800 °C between 1.8 and 3.7 GPa with 
co-formation of KAlSi3O8-sanidine, Al2O3-corundum, and H2O 
(Faust and Knittle 1994). Later Fasshauer et al. (1997) carried out 
a Rietveld refinement of K-cymrite structure using the hexagonal 
BaAl2Si2O8⋅H2O cymrite model with P6/mmm space group. More 
recently, Thompson et al. (1998) obtained a dehydrated form of 
K-cymrite, originally referred as “hexasanidine.”

K-cymrite and “hexasanidine” were identified as mineral 
inclusions in ultrahigh-pressure rocks from the Kokchetav com-
plex (Mikhno et al. 2013; Hwang et al. 2004); “hexasanidine” 
was then approved as kokchetavite mineral (IMA-2004-011). In 
the absence of single-crystal X-ray diffraction data, the P6/mmm 
space group was proposed for kokchetavite (Thompson et al. 1998; 

Hwang et al. 2004), again by analogy with the hexagonal model 
of BaAl2Si2O8⋅H2O cymrite structure. Interestingly, Bolotina et al. 
(1991, 2010) showed from single-crystal X-ray diffraction data 
that the structure of BaAl2Si2O8⋅H2O cymrite, used as the model 
for K-cymrite and kokchetavite structures, is actually monoclinic, 
pseudoorthorhombic (Drits and Kashaev 1968).

However, the current structures of K-cymrite and kokchetavite 
are still based on the obsolete hexagonal BaAl2Si2O8⋅H2O cymrite 
model, being verified only by powder X-ray diffraction and TEM. 
Here we present the first ab initio solution of K-cymrite and kok-
chetavite structures from single-crystal X-ray diffraction data and 
resolve the ambiguity of their actual symmetry.

Experimental methods
Synthesis

K-cymrite (KAlSi3O8⋅H2O). A charge of KAlSi3O8 glass-ceramics was obtained 
by solid-state synthesis from K2CO3, Al2O3, and SiO2. The reagents were weighted 
in stoichiometric proportions and then pressed into pellets. The obtained pellets 
were annealed at 1100 °C for one day and then cooled by switching off the furnace.

Experiments at 6.3 GPa and 1000 °C (duration of 150 h) were carried out in a 
split-sphere multi-anvil high-pressure apparatus (Palyanov et al. 2010). The size of 
pressure cells was 21.1 × 21.1 × 25.4 mm; the graphite heaters in the high-pressure 
runs had an inner diameter of 12 mm and a height of 18.5 mm. Pressure was calibrated 
by recording the change in the resistance of Bi at 2.55 GPa and PbSe at 4.0 and 6.8 GPa 
at room temperature and at 1350 °C by bracketing the graphite-diamond equilibrium 
in the Ni0.7-Fe0.3-C system. Temperature was monitored in each experiment with a 
PtRh6/PtRh30 thermocouple calibrated at 6.3 GPa using the melting points of Al and 
Ag (Sokol et al. 2015). Pressure and temperature were measured to an accuracy of 
±0.1 GPa and ±20 °C, respectively (Palyanov et al. 2010; Sokol et al. 2015). The 
samples of KAlSi3O8 glass-ceramics and liquid water in stoichiometric proportion 
were placed in Pt capsules with a 2 mm outer diameter and a wall thickness of 
0.2 mm and then were arc-welded using a Lampert Werktechnik GmbH PUK-4U 
impulse micro welding. As a result, crystals of K-cymrite ~30–70 mm in diameter 
were obtained (Fig. 1).

Kokchetavite KAlSi3O8. Kokchetavite was synthesized via dehydration of 
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