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ABSTRACT
The crystal structure of pinalite, Pb3WO5Cl2, is orthorhombic Amam, with a = 11.073(2), b =
13.067(3), c = 5.617(1) Å, V = 812.81(3) Å3, and Z = 4. It has been refined to an R index of 0.049 on
the basis of 593 unique, observed reflections. There are two crystallographically distinct Pb cations
with different coordinations: Pb1 has eightfold-coordination with ligands of 4 Cl atoms, 4 O atoms,
and one stereoactive lone-pair, whereas Pb2 has ninefold-coordination with ligands of 4 Cl atoms
and 5 O atoms. The W cation has fivefold-coordination with 5 O ligands. The pinalite structure is
layered parallel to (100) with Pb-O-Cl layers interleaved with Pb-W-O layers. Pinalite belongs to the
bismuth oxychloride group of structures. The Pb-O-Cl layer of pinalite duplicates the basic structure
of thorikosite and the Pb-W-O layer of pinalite is able to conform to this fundamental cell through
differences in the two Pb coordinations and a unique W coordination. Similarly the structures of
nadorite and kettnerite are also shown to replicate the basic bismuth oxychloride structure.

INTRODUCTION
Pinalite, Pb 3WO 5Cl 2, from the Mammoth mine, Pinal
County, Arizona was first reported by Dunn et al. (1989). At
the time the authors noted there was insufficient material to
determine the crystal structure of the new mineral, but there
was sufficient to collect the data necessary to define it as a new
mineral species. To the best of our knowledge no additional
material has been found, but with improved X-ray technology
it became possible to solve the crystal structure. The present
study does not in any way alter the basic data that originally
defined the species.

EXPERIMENTAL METHODS
For the intensity-data measurements, a fragment of a crystal blade (010) (0.2 × 0.03 × 0.01 mm) of pinalite was used.
The specimen was part of the type material stored at the Canadian Museum of Nature under catalogue number CMNMC
53775. Intensity data were collected on a Siemens P4 fourcircle diffractometer operated at 50 kV, 40 mA, with graphitemonochromated MoKα radiation. The setting angles of 33
reflections were used to determine the orientation matrix and
refine the cell dimensions. Two asymmetric units of intensity
data (assuming centrosymmetric orthorhombic symmetry) were
collected (i.e., +h ±k +l) up to 2θ = 60° using a θ:2θ scan-mode
with scan speeds inversely proportional to intensity, varying
from 3.95 to 29.3°/minute. Reduction of the intensity data, structure determination, and structure refinement were done using
the SHELX-93 (Sheldrick 1993) package of computer pro-
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grams. For the plate absorption correction, 12 intense diffraction-maxima in the range 2θ = 14 to 53° were chosen for ψ
diffraction-vector scans at 10° intervals of ψ (North et al. 1968).
With reflections omitted within a 5° glancing angle of the plate,
the converging R refinement for the ψ-scan data set (420 reflections) decreased from 0.087 before correction to 0.039 after the absorption correction. Information relevant to the data
collection is given in Table 1.

STRUCTURE SOLUTION AND REFINEMENT
In the original description (Dunn et al. 1989) precession
photographs with exposures of 2–4 d were used to establish
possible space groups A2aa and Amaa from the systematic extinctions. With the experimental set-up described above, the
improved sensitivity of the detector was sufficient to establish
possible space groups Ama2, A21am, and Amam. This change
in space group choices requires a mere addition of a few reflections of the type hk0. Assigning phases to a set of normalized structure factors gave a mean value |E2 – 1| of 0.938. This
value is characteristic of centrosymmetric space groups. The
E-map coordinates for the Amam model were assigned the appropriate scattering curves, and a model with two Pb, one
W and two O atoms refined to R = 0.12. With the additional
sites added from the Fourier map the structure refined to R =
0.07 with isotropic displacement parameters. This model refined to R = 0.049 with anisotropic-displacement parameters.
The final residual electron-densities are +3.65 and –4.01 e–/Å3.
Table 2 lists the final positional and anisotropic-displacement
parameters and bond valences. Table 3 gives the selected interatomic distances and Table 41 the observed and calculated structure factors.

