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Bitikleite-(SnAl) and bitikleite-(ZrFe): New garnets from xenoliths of the Upper Chegem 
volcanic structure, Kabardino-Balkaria, Northern Caucasus, Russia
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absTracT

Two new antimonian garnets—bitikleite-(SnAl) Ca3SbSnAl3O12 and bitikleite-(ZrFe) 
Ca3SbZrFe3O12—have been found as accessory minerals in the cuspidine zone of high-temperature 
skarns in a carbonate-silicate xenolith at the contact with ignimbrites within the Upper Chegem struc-
ture in the Northern Caucasus, Kabardino-Balkaria, Russia. The bitikleite series forms a solid solution 
with garnets of the kimzeyite-schorlomite and toturite type. Antimony-garnets form crystals up to 50 
µm across containing kimzeyite cores and thin subsequent zones of complex lakargiite-tazheranite-
kimzeyite pseudomorphs after zircon. Bitikleite-(SnAl) has a = 12.5240(2) Å, V = 1964.40(3) Å3 
and bitikleite-(ZrFe) has a = 12.49 Å, V = 1948.4 Å3 (Ia3d, Z = 8). The strongest powder diffraction 
lines of bitikleite-(SnAl) are [d, Å (hkl)]: 4.407 (220), 3.118 (440), 2.789 (420), 2.546 (422), 1.973 
(620), 1.732 (640), 1.668 (642), and 1.396 (840). The strongest calculated powder diffraction lines 
of bitikleite-(ZrFe) are [d, Å (hkl)]: 4.416 (220), 3.123 (440), 2.793 (420), 2.550 (422), 1.975 (620), 
1.732 (640), 1.669 (642), and 1.396 (840). The Raman spectra of bitikleite garnets are similar to the 
spectra of kimzeyite and toturite. Larnite, rondorfite, wadalite, magnesioferrite, tazheranite, lakargiite, 
kimzeyite, and toturite associated with bitikleite garnets are typical of high-temperature (>800 °C) 
formation. 
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InTrOducTIOn

Natural garnets with significant antimony concentrations have 
only been recognized recently. Only toturite Ca3Sn2Fe3+

2 SiO12 
contains notable contents of Sb2O5 (up to 9 wt%) as was recently 
discovered in skarned xenoliths within ignimbrites of the Upper 
Chegem volcanic structure, Northern Caucasus, Kabardino-
Balkaria, Russia (Galuskina et al. 2010b). Antimony in toturite 
substitutes at the octahedral site for one of two cations in accor-
dance with the substitution scheme: VISn4+ IVSi → VISb5+ IVFe3+. 
This type of substitution suggested the possible existence of 
Sb-dominant natural garnets with a composition approaching 
Ca3(Sb5+R4+)R3+

3 O12, where R4+ = Sn, Zr, Ti and R3+ = Fe, Al. 
Subsequently, a large number of garnets represented by the 
solid solution Сa3(Sn,Zr,Ti4+,Sb5+,U6+...)2(Fe3+,Al,Si,Ti4+...)3O12  
were recognized in xenoliths located close to the top of a 

small ridge between the mountain peaks of Lakargi and Vorlan 
(coordinates 43°17′N 43°6.42′E). This approach finally led 
to the discovery of two antimonian garnets: bitikleite-(SnAl)  
Ca3SbSnAl3O12 (IMA2009-052) and bitikleite-(ZrFe) 
Ca3SbZrFe3+

3 O12 (IMA2009-053), and also an uranian garnet 
elbrusite-(Zr) Ca3U6+ZrFe3+

2 Fe2+O12 (IMA2009-051, Galuskina 
et al. 2010a). All garnets cited above were approved by the 
CNMNC IMA in October 2009. 

Altered xenoliths in ignimbrites near Lakargi Mt. are the 
source rocks of several recently discovered new minerals: 
calcio-olivine γ-Ca2SiO4 (Zadov et al. 2008), lakargiite CaZrO3 
(Galuskin et al. 2008), chegemite Сa7(SiO4)3(OH)2 (Galuskin 
et al. 2009), kumyubeite Сa5(SiO4)2F2 (Galuskina et al. 2009), 
KNa2Li(Mg,Fe)2Ti2Si8O24 (IMA2009-009), and CaUO4 
(IMA2009-032). Bitikleite-(SnAl) was detected in xenolith 1, 
and bitikleite-(ZrFe) was found in xenolith 7, located 1.5 km to 
the west of xenolith 1 (see geological scheme in Galuskin et al. 
2009). The Fe3+-analog of kimzeyite with the crystal-chemical * E-mail: irina.galuskina@us.edu.pl


