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Abstract
The crystal structure of a natural Na-rich gobbinsite from Bundoora, a northern suburb of Melbourne,
Victoria, Australia [(Na4.97K0.07Ca0.48)Σ5.52(Al5.62Si10.29)Σ15.91O32·11.91H2O, Z = 1, a = 10.1035(15), b =
9.7819(10), c = 10.1523(9) Å, and V = 1003.37(20) Å3, space group Pmnb (no. 62)], has been investigated by means of single-crystal X-ray diffraction, elemental CHN analysis, and electron microprobe
analysis in the wavelength dispersive mode. For the first time, an anisotropic structural refinement has
been performed on the basis of single-crystal X-ray diffraction data collected at 298 K, with: R1(F)
= 0.0608, 1362 unique reflections with Fo > 4σ(Fo), and 114 refined parameters. The residuals in the
final difference-Fourier maps are less than ±0.6 e–/Å3. Previous structure solutions based on powder
diffraction data were performed in the space group Pmn21, with a significantly different description
of the channels’ content. In this study, the Si/Al distribution in the tetrahedral framework is found to
be highly disordered. A complex configuration of the extra-framework population occurs, with two
possible and mutually exclusive sites for cations (Na and Ca) and five independent sites partially
occupied by water molecules (W1, W2, W2′, W3, and W3′). The coordination shell of the Na site is
represented by a distorted polyhedron with coordination number CN = 6 (4 framework O atoms + 2
H2O molecules), with at least five possible mutually exclusive configurations, whereas the coordination shell of the Ca site is represented by a distorted polyhedron with CN = 7 (5 framework O atoms
+ 2 H2O molecules), with at least two possible mutually exclusive configurations.
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Introduction
Gobbinsite is a rare natural zeolite with ideal composition:
Na5[Al5Si11O32]·12H2O (Z = 1, Na:Ca:Mg:K variable, with Na
greatly predominant; Coombs et al. 1997) or (Na2Ca)2K2Al6
Si10O32∙12H2O (The American Mineralogist Crystal Structure
Database; Downs and Hall-Wallace 2003). The latter should be
rewritten as (Na2–2xCax)2K2Al6Si10O32∙12H2O. Gobbinsite usually
occurs in amygdaloidal vugs of massive volcanic rocks (e.g.,
basalts), formed under hydrothermal postmagmatic conditions,
usually in radiating aggregates of crystals and often associated
with phillipsite, gmelinite, natrolite, and calcite (Nawaz and
Malone 1982; Nawaz 1983; Gottardi and Galli 1985; Armbruster
and Gunter 2001; Passaglia and Sheppard 2001). Samples with
stacked triangular “chevrons,” which give gobbinsite crystals a
striated and “spiky” appearance, have also been reported.
Crystals of gobbinsite large enough for single-crystal X-ray
diffraction experiments, and free of twinning or defects, have
never been reported in the literature, forcing the use of X-ray
powder diffraction for the structural solution and refinement.
McCusker et al. (1985) solved the crystal structure of a K-rich
gobbinsite from Island Magee, Antrim, Northern Ireland (Ca0.6
Na2.6K2.2Al6Si10O32·12H2O), from X-ray powder diffraction data.
The authors indexed the diffraction pattern with an orthorhombic
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unit cell, with a = 10.108(1), b = 9.766(1), and c = 10.171(1) Å.
The reflection conditions led to the space group Pmn21. Their
refined structural model (RF = 0.126, Rwp = 0.136) showed a
tetrahedral framework with the same topological configuration
as gismondine [GIS-framework type, Baerlocher et al. (2001)],
and as found also in garronite (Gottardi and Alberti 1974; Artioli
1992), amicite (Alberti and Vezzalini 1979; Alberti et al. 1979)
and other synthethic zeolites (e.g., Na-P2, SAPO-43; McCusker
et al. 1985; Hansen et al. 1990; Baerlocher et al. 2001; and references therein). Such a framework is built up by two secondary
building units (i.e., 4- and 8-membered rings of tetrahedra) and
can be described as a stacking of two-dimensional arrays of
double crankshaft chains. The topological symmetry is tetragonal, space group I41/amd, with idealized unit-cell constants: a
= 9.8 and c = 10.2 Å (Baerlocher et al. 2001). The gobbinsite
tetrahedral framework (GIS-type) shows two main systems
of channels: 8-membered ring channels parallel to the a axis
(hereafter 8mR[100]) and 8-membered ring channels parallel to
the b axis (hereafter 8mR[010]) (Fig. 1). The Rietveld structure
refinement of Na-rich gobbinsite from Magheramorne, Larne,
Northern Ireland (Na4.3Ca0.6Sil0.4Al5.6O32·12H2O, a = 10.1027(5),
b = 9.8016(5), and c = 10.1682(6) Å, space group Pmn21, Rp =
0.105, Rwp = 0.136) was later reported by Artioli and Foy (1994),
on the basis of the structural model of McCusker et al. (1985). A
slightly different configuration for the extra-framework cations

