
American Mineralogist, Volume 92, pages 1054�1063, 2007

0003-004X/07/0007�1054$05.00/DOI: 10.2138/am.2007.2370     1054 

INTRODUCTION

The general formula of tourmaline may be written as 
XY3Z6(T6O18)(BO3)3V3W, where: X = ■■, Na, K, Ag, Ca; Y = Li, 
Mg, Fe2+, Mn2+, Zn, Al, Fe3+, Cr3+, V3+, Ti4+, ■■; Z = Mg, Fe2+, 
Al, Fe3+, Cr3+, V3+; T = Si, Al, B, Be; B = B, (■■); V = OH, O; 
W = OH, F, O (according to chemical formulae of Hawthorne 
and Henry 1999; Bosi and Lucchesi 2004; Hughes et al. 2004; 
London et al. 2006). The complexity of the tourmaline structure 
allows great compositional ß exibility, often associated with non-
convergent ordering at the Y and Z sites (e.g., YMg + ZAl → YAl 
+ ZMg, Hawthorne et al. 1993). The structure is characterized by 
ditrigonal rings of six tetrahedra (T6O18). Triangular groups (BO3) 
oriented sub-parallel to (0001) lie between the tetrahedral rings. 
The tetrahedra are bonded, through their apices, to two types of 
octahedra, Y and Z, and share one edge (O4-O5) with the trigonal 
antiprism X. Three Y octahedra each share two edges (O1-O2) 
and surround the threefold axes. The groups of (XO9), (YO6), 
(TO4) polyhedra, and B-centered polyhedra connect to each 
other through (ZO6) octahedra, which form a three-dimensional 
framework. The Z octahedra share two equivalent edges, O7E-O8 
and O7D-O8E (according to the symbols used by Foit 1989), and 
link to the Y octahedron through the O3-O6 edge.

This paper explores the crystal structures of tourmaline with 
different chemical compositions using the bond-valence model. It 
develops an empirical crystal-chemical model, which shows the 
geometrical constraints needed for the stability of this mineral.

SAMPLES

Data for 127 crystal-structural reÞ nements of tourmaline were 
taken from the literature (Table 1). However, some reported bond 
distances were erroneous. In the OlnG sample (Gorskaya et al. 
1982) the bond distances were recalculated from positional pa-
rameters, showing that the Z-O8E bond distance is not 1.826 but 
1.886 Å: consequently, the <Z-O> mean bond distance changes 
from 1.898 to 1.908 Å. A similar situation was observed for 
samples LidA1 and LidA2 (Aurisicchio et al. 1999). The O1 po-
sitional parameter was reÞ ned and found to be displaced from the 
threefold axis to the mirror plane. This yielded three Y-O1 bond 
distances split into two long and one short, and not three long 
distances, as reported by the above authors. The actual Y-O1 bond 
distances are 2.183(×2) and 1.784 Å for LidA1, and 2.178(×2) 
Å and 1.782 Å for LidA2. Consequently, the respective overall 
<Y-O> mean bond distances change from 2.066 to 2.043 Å, and 
from 2.063 to 2.041 Å for LidA1 and LidA2, respectively. 

Samples PovGE and FuvGE (Grice and Ercit 1993) and 
BrgG (Barton 1969) are the same as those Grice et al.�s (1993) 
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ABSTRACT

This paper explores some aspects of the crystal chemistry and structural constraints on tourmaline 
by examining 127 samples from the literature. According to the bond-valence model, the tourmaline 
structure shows lattice-induced strain at each polyhedron. The overall effect is an expansion of the 
triangular (BO3) group and compression of the tetrahedron. The X polyhedron can be either compressed 
or expanded: compression increases with vacancy content, whereas expansion is typical of Ca-rich 
tourmaline. The Y octahedron changes extensively from compressed through an unstrained to expanded 
state as a function of increasing Li content. The Z octahedron is almost unstrained in crystals with 
ΣZR2+ < 0.40 apfu, whereas it is compressed in crystals with ΣZR2+ > 0.40 apfu.

The conÞ guration of the six-membered tetrahedral ring is strongly affected by <Y-O>, which is the 
most important parameter linked to the deviation of the tetrahedral ring from hexagonal symmetry. 
The whole structure is stable when the channels through the Z octahedron framework are able to ac-
commodate the Y cations. As <Y-O> becomes larger, the less puckered the tetrahedral ring and the 
more the O7 atom is displaced away from Z. Consequently, the difference between <Y-O> and <Z-O> 
cannot be too large, otherwise <Z-O> will be too small to be commensurate with shifting of the O7 
atom. One possible mechanism to reduce the difference between <Y-O> and <Z-O>, is the disordering 
reaction YAl + ZR → YR + ZAl, which increases <Z-O> and decreases <Y-O>. In ideal dravite, schorl, 
and �tsilaisite,� <Y-O> and <Z-O> are incommensurate.
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