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INTRODUCTION

Hydrous manganese silicates represent an interesting class of 
phyllosilicate minerals (Liebau 1985; Guggenheim and Eggleton 
1987, 1988; Hughes et al. 2003). One of their most distinguishing 
structural features is the existence of various complex types of 
silicate anions that result from inversion and tilting of silicate 
tetrahedra. Very often, hydrous manganese silicates are difÞ cult 
objects for a single-crystal X-ray diffraction study owing to the 
absence of crystals sufÞ ciently large for radiation produced 
by sealed X-ray tubes. Recently introduced third-generation 
synchrotron X-ray sources make it possible to study much 
smaller crystals than those accessible for in-house structure 
determination with sealed X-ray tubes (Pluth et al. 1997; Burns 
et al. 2000; Cahill et al. 2001; Pluth and Smith 2002). In this 
paper, we report our determination of the crystal structure of 
shafranovskite, a rare hydrous manganese silicate from the Kola 
peninsula, Russia, performed using intensity data collected from 
a microcrystal at the European Synchrotron Radiation Facility 
(ESRF, Grenoble, France).

PREVIOUS STUDIES

Shafranovskite was Þ rst described by Khomyakov et al. 
(1982a, 1983a) from pegmatites in the Khibiny and Lovozero 
alkaline complexes, Kola peninsula, Russia. The type specimen 
comes from a pegmatite vein at Mt. Rasvumchorr (Khibiny). 
Here shafranovskite was found as a secondary mineral in as-
sociation with villiaumite, natrophosphate, olympite, sidoren-
kite, phosinaite, and aegirine. The empirical chemical formula 
determined by wet chemical analysis and calculated on the basis 
of O = 24 was given as (Na3.63K1.82Ca0.12Mn2+

0.29)5.86(Mn2+
1.95Fe2+

0.93

Mg0.09Ti0.02Fe3+
0.01)3.00 (Si8.68Fe3+

0.24Al0.01)9.00O24⋅5.96H2O (Khomya-
kov et al. 1982a, 1983a). The simpliÞ ed formula corresponds 
to (Na,K)6(Mn2+,Fe2+)3Si9O24⋅6H2O. Shafranovskite was found as 
Þ ne-grained aggregates of green or yellowish-green crystals with 
a perfect cleavage on (001). After exposure to air, the crystals 
become yellow. Owing to the absence of crystals suitable for 
conventional single-crystal X-ray diffraction study, the unit-cell 
parameters of shafranovskite were determined by electron dif-
fraction (Khomyakov et al. 1982a). The mineral was described as 
trigonal, with possible space groups P31m or P3m1; a = 14.58, c 
= 21.01 Å, V = 3867.8 Å3, Z = 6. As noted by Khomyakov et al. 
(1982a, 1983a), A. Kato (in 1982, Chairman of Commission on 
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ABSTRACT

The structure of shafranovskite, ideally K2Na3(Mn,Fe,Na)4[Si9(O,OH)27](OH)2⋅nH2O (n ∼ 2.33), a 
K-Na-manganese hydrous silicate from Kola peninsula, Russia, was studied using synchrotron X-ray 
radiation and a MAR345 image-plate detector at the Swiss-Norwegian beamline of the European Syn-
chrotron Radiation Facility (ESRF, Grenoble, France). The structure [trigonal, space group P31c, a = 
14.519(3), c = 21.062(6) Å, V = 3844.9(14) Å3] was solved by direct methods and partially reÞ ned to 
R1 = 0.085 (wR2 = 0.238) on the basis of 2243 unique observed reß ections (|Fo| ≥ 4σF). Shafranovskite 
is a 2:1 hydrous phyllosilicate. Sheets of Mn and Na octahedra (O sheets) are sandwiched between two 
silicate tetrahedral sheets (T1 and T2). The 2:1 layers are parallel to (001). The upper tetrahedral sheet 
T1 consists of isolated [Si13(O,OH)37] islands composed of three six-membered rings. The octahedral 
sheet O consists of Mnφ6, Na1φ6, and Na2φ6 octahedra (φ = O, OH, H2O). This unit can be considered 
as a trioctahedral sheet with each 20th octahedron vacant. The lower tetrahedral sheet T2 consists of 
[Si13(O,OH)37] islands linked into a sheet through an additional SiO3OH tetrahedron. The Na3, K1, K2 
atoms, and H2O32 groups are between the 2:1 layers and provide their linkage along c.




