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abstraCt

Based on a large database of tourmaline crystal-structure refinements and associated electron mi-
croprobe analyses, the <B-O> bond length in the triangular (BO3) groups was found to be reasonably 
constant for all tourmaline species, but the B-O2 and B-O8 are variable as a function of the crystal 
chemistry. Tourmalines, such as elbaite, tend to have B-O2 distances significantly shorter than the 
B-O8 distances, whereas others, like povondraite, tend to have B-O2 distances that are longer than 
their B-O8 bonds. Statistical analysis of the bond-valence contributions for the nine-coordinated 
X-O2, and the six-coordinated Y-O2, Z-O8, and Z'-O8 bonds—as they relate to the B-O2/B-O8 bond 
valence—suggest that the Z'-O8 bond has the most influence over the geometry of the (BO3) triangle. 
This study highlights variations in what has otherwise been assumed to be a static site in the crystal 
structure of tourmaline-group minerals.
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introduCtion

The general formula of tourmaline can be written as 
XY3Z6T6O18(BO3)3v3W, where X = Na, K, Ca, n (vacancy); Y = 
Li, Mg, Fe2+, Mn, Al, Fe3+, Cr3+, v3+, Ti; Z = Al, Mg, Cr3+, Fe3+; T 
= Si, Al, B; B = B; v = (OH), O2–; and W = (OH), F, O2–. Boron 
is an essential component of all tourmalines, and single-crystal 
structure refinement and bond-valence calculations indicate that 
B is equal to or greater than three atoms per formula unit (apfu) 
in all tourmalines structurally analyzed to date, indicating the B 
site is fully occupied by B. In almost all tourmalines, B occurs 
only in triangular coordination (Hawthorne 1996). Recently, 
exceptions to this have been found, most notably, the Austrian 
olenites of Hughes et al. (2000) that show direct evidence of B 
greater than three apfu (Hughes et al. 2004; Ertl and Hughes 
2002; Schreyer et al. 2002, etc.). There is one triangularly 
coordinated site (the B site) in tourmaline (Fig. 1); this central 
cation is bonded to one O2 and two O8 anions. In tourmaline, 
the triangular (BO3) groups have thus far been assumed to be 
relatively constant, as the majority of current research has been 
focused on variations in the X, Y, Z, and T cation sites and the 
v and W anion sites.

desCription oF probleM

While investigating a suite of tourmalines, some systemat-
ics in the stereochemistry of the B site became apparent. Table 

1 lists the tourmalines included in our study, including some 
previously unreported crystallographic data as well as data 
from the literature. A wide compositional range of tourmalines 
was examined, including a few currently being investigated as 
potential new species. Table 2 is the overall <B-O2>, <B-O8>, 
and <B-O> distances for this sample suite. The <B-O> bond 
length is 1.374, with <B-O2> = 1.369 and <B-O8> = 1.376 Å. 
In all of the tourmalines investigated, the <B-O> bond length 
is fairly constant, varying only ±0.003 Å. However, there is 
significant variation in the B-O2 and B-O8 lengths for different 
tourmalines. For example, in elbaite, B-O2 is shorter than B-O8, 
in “hydroxy-uvite,” B-O2 is similar to the B-O8 length, and in 
povondraite B-O2 is longer than B-O8, but the <B-O> distances 
for these tourmalines are about the same. 

Figure 2 shows the variation in <B-O2> as a function of 
<B-O8>; tourmalines with variations only at W have been 
grouped together for clarity. There is a relatively well-developed 
inverse correlation. The dotted line is a regression line, and most 
points fall within 2 standard deviations of this line. Points on this 
graph are not randomly distributed, but occur in compositional 
groupings. This finding suggests that the dominant cations at the 
X, Y, and Z sites control this behavior.

Re-examination of Figure 1 shows why the B-O2 and B-O8 
distances vary between different chemical groups of tourmaline. 
With different X and Y site populations, the strength of the inter-
actions between X, Y, and O2 vary, and the B-O2 distance varies 
as a result. Similarly, variations in the Z site population cause a 
variation in the strength of the Z-O8 interaction, and the B-O8 
distance varies as a result. In addition, B-O2 and B-O8 distances 
must vary inversely in order for the bond-valence requirements 
of the central B cation to be satisfied. To put this argument onto 
a more quantitative basis, we will examine this situation using 
bond-valence theory.
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