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abStract

Annealing is commonly used in the recrystallization of metamict minerals in an attempt to re-
construct the original structure. Annealing at 750 °C of Nb-rich chevkinite-(Ce) from the Biraya 
rare-metal deposit, Russia, resulted in the structural transformation C2/m → P21/a, which defines 
chevkinite stability in different environments. This transformation seems to be a rapid version of a 
naturally occurring process that possibly involves twinning of the crystals. Nb-rich chevkinite-(Ce) 
occurs naturally as two polymorphs, one with the C2/m space group and the other with P21/a. The 
latter is the stable form under ambient conditions. There are some distinct differences in the values 
of the structural parameters, such as the average M-O distances or site scattering values of particular 
sites for both space groups, which can be associated with the redistribution of some lighter cations, 
mainly Mg2+, within the crystal lattice. The use of complementary experimental techniques (electron 
probe microanalysis, X-ray diffraction, and photoelectron spectroscopy) has delivered information on 
the structure and transformation of a very complex, highly zoned and partially metamict solid solu-
tion. It should be useful in determining the structure of any mineral where cation disorder is present.
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introDuction

Chevkinite-group minerals (CGM), comprising 12 species, 
are increasingly being recognized as accessory phases in a wide 
range of igneous and metamorphic rocks (Macdonald and Belkin 
2002; Vlach and Gualda 2007; Carlier and Lorand 2008; Belkin et 
al. 2009; Macdonald et al. 2009, 2012). The standard formula of 
CGM (Ito 1967), A4BC2D2(Si2O7)2O8, is often used for determin-
ing the sites occupied by particular cations. Based on structural 
features, CGM can be divided into two subgroups: chevkinite 
and perrierite. The chevkinite-type structure is shown in Figure 
1. Together CO6 and DO6 octahedra form sheets parallel to (001). 
Between these sheets are BO6 octahedra, linked to neighboring 
BO6 and CO6 octahedra by sharing corners with (Si2O7) disilicate 
groups, and A cations arranged in planar arrays with a Si(2)-
centered tetrahedron inside each hexagonal array.

Due to the occurrence of CGM in chevkinite-type and 
perririte-type forms, there are also discrepancies in the assign-
ment of ions to particular B, C, and D sites. Previous studies of 
CGM have shown significant differences in the identification and 
names of unique sites of the crystal structure (particularly the 
B, C, and D sites). To clarify which site in the crystal structure 
corresponds to a site from the empirical formula of Nb-rich 
chevkinite-(Ce) determined by electron microprobe, a short 
graphical representation of the sites is presented in Figure 1. An 
alternative naming of M(1), M(2), M(3), and M(4), consistent 
with the nomenclature proposed by Hawthorne et al. (1995) and 

corresponding to B, C, D(1), and D(2), respectively, is given by 
Popov et al. (2001) and Sokolova et al. (2004). An exact defi-
nition of the sites in the crystal lattice is essential for a proper 
comparison with data available in the literature. An alternative 
description of the crystal structure of Fe-rich chevkinite-(Ce) was 
proposed by Yang et al. (2002, 2007) with the unit-cell origin 
shifted by the vector [0, 0, ½]. Both descriptions are correct, but 
care must be taken when comparing the results in the literature. 
The coordinates (½, 0, 0) correspond to the B site in Yang et 
al.’s (2007) crystal structure and to the D(1) in our description 
and those of Popov et al. (2001) and Sokolova et al. (2004), who 
name it the M(3) site.

A concentration of radioactive elements often results in full 
or partial metamictization of the crystal structure (Hawthorne 
et al. 1991). This phenomenon has often been recognized for 
CGM (Sokolova et al. 2004) for which Th is a significant minor 
constituent. Annealing is often used to reconstruct a radiation-
damaged crystal structure (Popov et al. 2001). Some areas of the 
studied samples of Nb-rich chevkinite-(Ce) are also metamict 
due to a significant concentration of Th (Stachowicz et al. 2019).

Thermal annealing can also cause the redistribution of metal 
cations between crystallographic sites. Rapid redistribution of 
cations on thermal annealing has been found in numerous min-
erals, such as amphibole (Reece et al. 2002; Welch et al. 2008, 
2010; Zema et al. 2011) and olivine (Redfern et al. 1996) using 
X-ray and neutron diffraction. In these cases, progressive heating 
in 20 °C steps from 200–800 °C resulted in a rapid redistribution 
of divalent cations (Mg2+, Mn2+, Fe2+) within an hour. Conse-
quently, it is likely that some cation redistribution will occur in 
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