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ABSTRACT
The crystal structures of natural F-bearing chondrodite [Mg4.64Fe0.28Mn0.014Ti0.023(Si1.01O4)2
F1.02OH0.97] from the Tilley Foster mine (Brewster, New York), F-bearing titanian clinohumite
[Mg 8.805Fe 0.006Ti 0.214(Si 0.993O 4) 4F 0.484OH 0.516] from Kukh-i-Lal (Tadjikistan) and F-free titanian
hydroxylclinohumite [Mg7.378Fe1.12Mn0.052Ni0.014Ti0.453(Si0.996O4)4OH1.0] from Val Malenco (Italy) were
refined in space group P21/b (unique axis a) from single-crystal neutron diffraction data, collected
on a four-circle diffractometer at the High Flux Isotope Reactor at Oak Ridge National Laboratory.
Accurate H atom positions were determined at 295 K, 100 K, and 20 (10) K. Only one H position of
approximately 50% occupancy was observed for each structure, which confirms a disordered H
model. Time-of-flight single-crystal neutron data were also collected at 295 K and 20 K for the Val
Malenco clinohumite as an additional check on space group symmetry. The crystal structure of the
Kukh-i-Lal clinohumite was further investigated by X-ray single-crystal refinement at 295 K and by
piezoelectric measurements. A few, very weak, symmetry-forbidden reflections were observed for
each crystal at both ambient and lower temperatures. The same reflections were observed by all
methods used. No temperature dependence is indicated, as no additional peaks appear at low temperature, and the intensity of the reflections are sample dependent. It appears that the real structure
is made up of P21 and Pb domains so that violations are due to ordering of both H and Ti. No distinct
piezoelectric effect was observed that would indicate the absence of a center of symmetry. This
points to the simultaneous presence of various enantiomorphic domains, which cancels the piezoelectric effect of individual domains. The decrease in unit-cell volume with F substitution in
clinohumites can be explained by the higher concentration of H-site vacancies and the coupled
cationic and anionic substitution on the M3 and O/F site.

INTRODUCTION
Early fundamental studies of the structures of the humite
group minerals [nM2SiO4⋅M1–xTix(F,OH)2–2xO2x, where M is Mg
with minor amounts of Fe2+, Mn, Ni, Ca, Zn, Cu, 0 < x < 0.5],
their nomenclature and chemical composition were carried out
by Gibbs, Ribbe, and co-workers (Gibbs and Ribbe 1969; Jones
1969; Jones et al. 1969; Ribbe et al. 1968; Ribbe and Gibbs
1971). These authors focused on norbergite (n = 1), chondrodite
(n = 2) and humite (n = 3). This series was continued by singlecrystal structure refinements of clinohumite (n = 4) and titanian
clinohumite (Robinson et al. 1973; Kocman and Rucklidge
1973; Fujino and Takéuchi 1978), and hydroxylchondrodite
(Yamamoto 1977), as well as by the comprehensive work by
Ribbe (1979; 1982) on the whole humite series. Recently, the
H position of norbergite (Cámara 1997), and the two H positions of naturally occurring hydroxylclinohumite (Ferraris et
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al. 2000) were determined by single-crystal X-ray diffraction
methods. The O-D... O bond geometry in both deuterated
hydroxylchondrodite and deuterated hydroxylclinohumite has
been examined using neutron powder diffraction methods (Lager et al. 2001; Berry and James 2001). The humite minerals
are a homologous series of magnesium orthosilicates whose
structures are based on slightly distorted hexagonal closepacked (hcp) arrays of anions (O, F, OH) with one-half of the
octahedral sites occupied by M and 8–12% of the tetrahedral
sites occupied by Si (Ribbe 1982). The non-standard monoclinic space group P21/b (unique axis a) for chondrodite and
clinohumite is used in order to emphasize the structural relationship to olivine. The a crystallographic axis is chosen parallel to the 63 axis of an ideal hcp anion array. In terms of a
polyhedral model the dominant structural units are chains of
edge-sharing octahedra, running parallel to the c axis and crosslinked by SiO 4 tetrahedra. The asymmetric unit of the
chondrodite structure has three octahedrally coordinated M

