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abstRact

The crystal chemistry of six natural datolites from different localities was investigated by electron 
microprobe analysis in the wavelength dispersive mode and single-crystal X-ray diffraction. The chemi-
cal analyses show no significant site substitution. The single-crystal structure refinements confirm the 
structural model of datolite previously reported (with a ~ 4.83, b ~ 7.61, c ~ 9.63 Å, and β ~ 90.15°, 
space group P21/c). Intra-polyhedral bond distances and angles show common features in all samples 
at room T: (1) the Si-tetrahedron is strongly deformed, with Si-O distances ranging between ~1.57 
and ~1.66 Å and O-Si-O angles ranging between ~105.4 and ~115.3°; (2) the B-tetrahedron is almost 
regular; (3) the Ca-polyhedron is significantly distorted, with bond distances ranging between ~2.28 
and ~2.67 Å; (4) only one independent H-site occurs and its refined position suggests a bifurcated 
hydrogen bonding scheme with O5 as donor and O4 and O2 as acceptors [with O5-H ~ 0.8 Å and 
(1) O5···O4 ~ 2.99 Å, H···O4 ~ 2.33 Å, and O5-H···O4 ~ 140°, and (2) O5···O2 ~ 2.96 Å, H···O2 ~ 
2.36 Å, and O5-H···O2 ~ 131°]. Low-temperature diffraction measurements between 300 and 100 K 
show that the thermal expansion of datolite is mainly governed by the axial response along [100] and 
[010], whereas the c-axis length is almost unchanged in this temperature interval. The volume thermal 
expansion coefficient (αV = V–1∂V/∂T) between 100 and 280 K is αV = 1.5(2)·10–5 K–1. The higher 
thermal expansion of the a-axis is due to the layered nature of the structure of datolite: the Ca-O bond 
distances are the most compressible and expandable, and govern the contraction, upon cooling, along 
the direction perpendicular to the polyhedral layers. The tetrahedral layer is significantly more rigid 
and no changes of the tetrahedral tilts are observed from 300 to 100 K.
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intRoduction

Datolite, a calcium boron hydroxide nesosilicate with ideal 
formula CaBSiO4(OH), has several interesting features that have 
been the subject of several crystallographic and mineralogical 
studies, since its first structural determination by Ito and Mori 
(1953). Following this early work, which was impaired by the 
inadequacy of the methods at that time, a series of structural 
reinvestigations (e.g., Pant and Cruickshank 1967; Foit et al. 
1973; Bellatreccia et al. 2006; Ivanov and Belokoneva 2007) 
were aimed at improving the determinations of the Si-O and B-O 
bond lengths and bonding scheme. Foit et al. (1973) resolved 
many of these details, including the location of the hydrogen at-
oms. Recent structural studies have clarified the crystal-chemical 
relationships of datolite with the rare mineral okayamalite 
[Ca2SiB2O7, Olmi et al. (2000)] and with the newly re-examined 
structure of bakerite [Ca4B5Si3O15(OH)5, Perchiazzi et al. (2004)]. 
More recently, a study of the electron density provided a basis 
for the quantitative characterization of the bonded interactions 
in datolite (Ivanov and Belokoneva 2007); it showed that closed-

shell type interactions exist between Ca and O atoms, whereas 
the Si-O and B-O bonds exhibit an intermediate nature with a 
strong covalent component. The bonded interactions in many 
mineral structures, including datolite, were recently reviewed 
by Gibbs et al. (2008).

Datolite has a layered structure (Fig. 1) with two sets of 
layers alternating along the [100] axis; the first is made up of 
alternating SiO4 and BO4 corner-sharing tetrahedra arranged 
in 8- and 4-membered rings, while the second layer consists 
of 8-coordinated Ca polyhedra arranged in 6-membered rings. 
Despite its apparent structural simplicity, the details of bonding 
interactions involving the light atoms B and H represent a chal-
lenge for X-ray structure determinations of this mineral. 

One of the applications of datolite is as a geochemical marker, 
as shown by Bellatreccia et al. (2006) for datolites found in vol- Bellatreccia et al. (2006) for datolites found in vol-
canic ejecta in Central Italy, and by Zaccarini et al. (2008) for 
datolites in ophiolitic basalts of the Northern Italian Apennines. 
The interest in datolite also rests on its technological applica-
tions in the glass and ceramic industries for electrical engineer-
ing (Konerskaya et al. 1988; Podlesov et al. 1992), membrane 
technology (Farsiyants et al. 1989; Schubert 2003), as well as in * E-mail: diego.gatta@unimi.it


