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INTRODUCTION

Topaz [ideal formula Al2SiO4(F,OH)2] is one of the most im-
portant F/OH-bearing silicates, and is found as accessory mineral 
in F-rich granitic rocks (or in detrital sediments near areas of acid 
intrusive rocks) associated with pneumatolithic/hydrothermal 
events and in ultrahigh-pressure rocks (Pichavant and Manning 
1984; Taylor 1992; Taylor and Fallick 1997; Zhang et al. 2002; 
Alberico et al. 2003). Topaz is a stable phase above 12 GPa and 
1100 °C and could play an important role in water sequestration 
in deeply buried continental crust (Holland et al. 1996; Domanik 
and Holloway 1996; Schmidt et al. 1998; Zhang et al. 2002). Due 
to its hardness (H8, Mohs� scale), topaz is used as heavy mate-
rial for ornamental purposes, for the manufacture of abrasives, 
grindstones, sharpening stones, and scouring powders. 

The crystal structure of natural topaz was independently 
solved by Alston and West (1928) and Pauling (1928) and re-
investigated by several authors (Ladell 1965; Ribbe and Gibbs 
1971; Zemann et al. 1979; Parise et al. 1980; Alberico et al. 
2003). Topaz is an ortho-silicate and its structure consists of 
chains of edge-sharing Al(O,F,OH)6-octahedra connected by 

isolated SiO4-tetrahedra (Fig. 1). The proton lies in a cavity adja-
cent to the Al(O,F,OH)6-octahedra (Fig. 1) and is associated with 
the F/O4 atom. The crystal chemistry and physical properties of 
topaz have been extensively investigated along the solid solu-
tion Al2SiO4F2-Al2SiO4(OH)2 by means of optical microscopy, 
IR spectroscopy and X-ray diffraction (Rinne 1926; Isetti and 
Penco 1967; Ribbe and Rosenberg 1971; Akizuki et al. 1979; 
Ribbe 1982 and references therein; Barton 1982; Barton et al. 
1982; Belokoneva et al. 1993; Northrup et al. 1994; Wunder et al. 
1993, 1999; Shinoda and Aikawa 1997; Bradbury and Williams 
2003; Komatsu et al. 2003, 2005; Churakov and Wunder 2004; 
Gatta et al. 2006a). For natural topaz, with OH/(OH + F) ≤ 0.5, 
the crystal structure was described in the Pbnm space group with 
one H-site (Fig. 1) (Alston and West 1928; Pauling 1928; Ladell 
1965; Ribbe and Gibbs 1971; Zemann et al. 1979; Alberico et al. 
2003). By contrast, Northrup et al. (1994) described the structure 
of the synthetic Al2SiO4(OH)2 end-member [OH/(OH + F) = 1.0] 
in the Pbn21 space group, with two non equivalent and partially 
occupied (50%) H sites. The reduction of the symmetry (with a 
loss of the mirror plane) was adopted because of the close proton-
proton distance (about 1.5 Å, Northrup et al. 1994). On the basis 
of a neutron powder diffraction data, Chen et al. (2005) reÞ ned * E-mail: diego.gatta@unimi.it

New insight into crystal chemistry of topaz: A multi-methodological study 

G. DIEGO GATTA,1,* F. NESTOLA,2,3 G.D. BROMILEY,4 AND A. LOOSE5 

1Dipartimento di Scienze della Terra, Università degli Studi di Milano, Via Botticelli 23, I-20133 Milano, Italy
2Dipartimento di Mineralogia e Petrologia, Università degli Studi di Padova, Corso Garibaldi 37, I-35137 Padova, Italy

3Bayerisches Geoinstitut, Universität Bayreuth, Universitätsstrasse 30, D-95447 Bayreuth, Germany 
4Department of Earth Sciences, Cambridge University, Downing Street, Cambridge CB2 3EQ, U.K.

5 Forschungszentrum Jülich, D-52425 Jülich, Germany

ABSTRACT

The crystal chemistry of a natural topaz [with OH/(OH + F) < 0.5] was reinvestigated by means 
of laser ablation inductively coupled plasma mass spectroscopy, single-crystal X-ray diffraction 
(at 298 K) and neutron diffraction (at 298 and 10 K), and polarized infrared spectroscopy to deÞ ne 
unambiguously the real symmetry of topaz, the location of the proton and its thermal displacement 
parameters at room and low temperatures, the hydrogen-bonding and the vibration modes (stretch-
ing and bending) of the OH dipole. X-ray and neutron structural reÞ nements allow us to infer that 
the crystal structure of natural topaz with OH/(OH + F) < 0.5 can be described with the Pbnm space 
group. Violating reß ections, found in the previous investigations and in this study, are likely due to 
Renninger effect (double diffraction phenomenon). The nuclear density Fourier map shows that the 
proton is located at Wyckoff 8d position and the reÞ ned coordinates are: x = 0.495(2), y = 0.252(1), z 
= 0.1629(7). The O-H bond lies on the (010)-plane and forms an angle of about 28.9° with the c-axis. 
Neutron structural reÞ nements at 298 and 10 K show that the displacement ellipsoid of the proton is 
highly anisotropic. The H-bonding arrangement appears to be complex, with at least four potential 
H···O/F interactions (distances < 2.38 Å). The topological conÞ guration of the O-H group described 
by the neutron structural reÞ nements is conÞ rmed by the infrared investigation: the OH stretching 
mode (at 3640 cm�1) has no component of vibration parallel to the b axis (i.e., the O-H direction is 
perpendicular to [010]). The OH bending mode (at 1161 cm�1) shows components along the three 
crystallographic axes, which appear to be more prominent along the a and b-axes. The possible dis-
tribution into the crystal structure of topaz of the minor/trace elements found (Na, Ca, Fe Cr, V, Ti, 
B), and the implied topological effects, is discussed.
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