
American Mineralogist, Volume 98, pages 493–500, 2013

0003-004X/13/0203–493$05.00/DOI: http://dx.doi.org/10.2138/am.2013.4257     493 

Crystal chemistry and hydrogen bonding of rustumite Ca10(Si2O7)2(SiO4)(OH)2Cl2 with 
variable OH, Cl, F

Frank GFeller,1,* Thomas armbrusTer,1 evGeny v. Galuskin,2 irina o. Galuskina,2  
biljana lazic,1 valenTina b. savelyeva,3 aleksandr e. zadov,4 Piotr Dzierżanowski,5 

and vikTor m. Gazeev6

1Mineralogical Crystallography, Institute of Geological Sciences, University of Bern, Freiestrasse 3, CH-3012 Bern, Switzerland
2Department of Geochemistry, Mineralogy, and Petrography, Faculty of Earth Sciences, University of Silesia, Bedzińska 60, 41-200 Sosnowiec, Poland

3Institute of the Earth’s Crust SB RAS, Lermontov st. 128, 664033 Irkutsk, Russia
4Science Research Centre “NEOCHEM”, Altuf’evskoye Highway 43, Moscow, Russia

5Institute of Geochemistry, Mineralogy and Petrology, Warsaw University, al. Żwirki i Wigury 93, 02-089 Warszawa, Poland
6Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry (IGEM) RAS, Staromonetny 35, Moscow, Russia

absTracT

Three samples of the skarn mineral rustumite Ca10(Si2O7)2(SiO4)(OH)2Cl2, space group C2/c, a 
≈7.6, b ≈ 18.5, c ≈ 15.5 Å, β ≈ 104°, with variable OH, Cl, F content were investigated by electron 
microprobe, single-crystal X-ray structure refinements, and Raman spectroscopy. “Rust1_LCl” is a low 
chlorine rustumite Ca10(Si2O7)2(SiO4)(OH1.88F0.12)(Cl1.28,OH0.72) from skarns associated with the Rize 
batholith near Ikizedere, Turkey. “Rust2_F” is a F-bearing rustumite Ca10(Si2O7)2(SiO4)(OH1.13F0.87)
(Cl1.96OH0.04) from xenoliths in ignimbrites of the Upper Chegem Caldera, Northern Caucasus, Russia. 
“Rust3_LCl_F” represents a low-Cl, F-bearing rustumite Ca10(Si2O7)2[(SiO4)0.87(H4O4)0.13](OH1.01F0.99)
(Cl1.00 OH1.00) from altered merwinite skarns of the Birkhin massif, Baikal Lake area, Eastern Siberia, 
Russia. Rustumite from Birkhin massif is characterized by a significant hydrogarnet-like or fluorine 
substitution at the apices of the orthosilicate group, leading to specific atomic displacements. The 
crystal structures including hydrogen positions have been refined from single-crystal X-ray data to 
R1 = 0.0205 (Rust1_LCl), R1 = 0.0295 (Rust2_F), and R1 = 0.0243 (Rust3_LCl_F), respectively. 
Depletion in Cl and replacement by OH is associated with smaller unit-cell dimensions. The substitu-
tion of OH by F leads to shorter hydrogen bonds O-H⋅⋅⋅F instead of O-H⋅⋅⋅OH. Raman spectra for all 
samples have been measured and confirm slight strengthening of the hydrogen bonds with uptake of F.

This study discusses the complex crystal chemistry of the skarn mineral rustumite and may pro-
vide a wider understanding of the chemical reactions related to contact metamorphism of limestones.
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inTroducTion

Rustumite (a = 7.62, b = 18.55, c = 15.51 Å, β = 104.33°, V = 
2124 Å3, space group C2/c) from contact-metamorphosed Juras-
sic limestone at Kilchoan, on the northwest coast of Scotland, was 
originally defined as a new mineral of assumed Ca3Si2O7(OH)2 
composition (Agrell 1965). Two metamorphic stages are reported 
at Kilchoan. A first high-temperature decarbonatization stage 
with a high CO2:H2O ratio and a second hydrothermal stage 
with low CO2:H2O. Rustumite occurs in a zone between spurrite 
dominant and kilchoanite dominant assemblages and may carry 
inclusions of spurrite, melilite, or its alteration products, merwin-
ite, larnite, rankinite, and kilchoanite (Agrell 1965). The observed 
paragenesis provides evidence that rustumite formed during the 

second stage between 500 and 700 °C (Agrell 1965). Rustumite is 
named after Rustum Roy, known for his contributions to science 
ranging from experimental mineralogy, interdisciplinary material 
research to science politics (Komarneni 2011).

The revised end-member formula Ca10(Si2O7)2(SiO4)(OH)2(Cl)2 
of rustumite was derived from the crystal structure solved by Howie 
and Ilyukhin (1977) and Nevskii et al. (1979). Increased electron 
density at a supposed OH position was interpreted to be caused by 
chlorine. The structure was solved in the monoclinic space group 
C2/c with Z = 4 and refined to R1 = 7.4%.

Taner (1977) reported rustumite from skarns associated 
with the Rize-batholite near Ikizdere, Eastern Turkey. Based 
on the mineralogical skarn assemblages and fluid-inclusion 
micro-thermometry Hezarkhani (2006) proposed two stages of 
metamorphism. Similar to the skarn at Kilchoan (Agrell 1965) 
a high-temperature contact-metamorphic event is followed by 
hydrothermal alteration with an aqueous fluid at ca. 400 °C. * E-mail: Frank@students.unibe.ch


