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Elyite, Pb4Cu(SO4)O2(OH)4·H2O: Crystal structure and new data
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ABSTRACT
The crystal structure of elyite, Pb4Cu(SO4)O2(OH)4·H2O, a = 14.233(2), b = 11.532(1), c =
14.611(2) Å, β = 100.45(1)°, V = 2358.4(5) Å3, Z = 8, was solved by direct methods and refined in
space group P21/c to R1 = 3.64% and wR2 = 5.10% for the 5861 independent reflections. Data were
collected on a tiny untwinned crystal fragment with a four-circle diffractometer (MoKα radiation,
CCD area detector). The structure contains eight unique Pb atoms, two isolated Cu atoms in planar
fourfold-coordination (<Cu-O> = 1.933, 1.927 Å) and two isolated, almost ideal SO4 tetrahedra. All
anions coordinating Cu are OH groups. Two H2O molecules are weakly bound to Pb atoms. The Pb
atoms show highly variable coordinations due to variable stereochemical activities of the Pb2+ lone
electron pairs. The connectivity of the structure is based on Pb-O polyhedra which are closely linked
by common O ligands to form rod-like structure elements parallel to the b axis. The structure framework is held together by sharing ligands with CuO4 squares and SO4 tetrahedra. The CuO4 squares
can be considered as struts connecting the Pb-O rods along the c axis and, intermittently, along the a
axis. A complex hydrogen bond system provides additional strengthening. The non-merohedral twinning parallel to {100} reported previously is explained by the presence of a pseudo-mirror plane in
the structure. Comparisons are drawn with the structures of the related Pb-Cu-sulfates chenite,
Pb4Cu(SO4)2(OH)6, and linarite, PbCu(SO4)(OH)2. The violet color of elyite and other Cu compounds
might be related to the planar fourfold-coordination of Cu.

INTRODUCTION
Elyite is a rare Pb-Cu-sulfate forming tiny elongate laths
with an unusual lavender to violet color. The mineral was originally described from Nevada by Williams (1972) who gave the
formula as Pb4Cu(SO4)(OH)8. Several additional occurrences
have been reported in anthropogenic ore slags and, much more
rarely, in oxidation zones of lead-zinc deposits. Based on rotation and Weissenberg photographs, Williams (1972) reported a
monoclinic unit cell a = 14.248(2), b = 5.768(2), c = 7.309(2)
Å, β = 100.43(2)°, V = 590.7 Å3, space group P21/a, with Z = 2,
and Dcalc = 6.321, Dmeas ~ 6 g/cm3. A recent single-crystal study
of a sample from a Japanese locality gave a larger monoclinic
cell, a = 14.244(1), b = 11.536(1), c = 14.656(1) Å, β =
100.45(1)°, V = 2368.3 Å3, and a different space group, P21/c
(Miyawaki et al. 1997). The b- and c-edges are doubled compared to those of Williams (1972). The platy form of the elyite
laths was determined to be {100}, whereas Williams (1972)
considered it to be {001}, on which he observed common, nonrepetitive mirror twinning. Miyawaki et al. (1997) also provided an improved and indexed X-ray powder pattern, and gave
the results of a new electron microprobe analysis leading to
the formula Pb4.00Cu0.94(SO4)1.07[O0.73(OH)6.28]Σ7.01, which indicated a lower oxygen content. They noted that the powder diffraction pattern of Williams (1972) contains six reflections
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which violate the a glide plane in space group P21/a. The present
work was conducted to establish the correct unit cell of elyite
and determine its crystal structure.

CRYSTAL STRUCTURE SOLUTION AND REFINEMENT
Two elyite specimens were selected for the present study.
The first specimen, from the locality Altemannfels, Badenweiler, Black Forest, Germany (Walenta 1992), contains a spray
of acicular to lath-shaped, transparent crystals up to 1 mm long,
in association with partly altered cerussite and anglesite. The
second specimen, from a small slag dump in the Kleines
Drecktal, Lauthental, Harz mountains, Germany, contains elyite
in voids of a black slag. The lath-shaped, transparent crystals
are up to 1.5 mm in length; they are closely associated and
partly intergrown with bright bluish chenite [Pb4Cu(SO4)2
(OH)6] crystals and a whitish spray of an unidentified Pb sulfate.
Preliminary investigations of crystals from both specimens
were done with a Nonius KappaCCD single-crystal diffractometer equipped with a 300 mm diameter capillary-optics collimator to provide increased resolution. The investigations
revealed a good to very good crystal quality and a primitive
monoclinic cell identical to that reported by Miyawaki et al.
(1997). The cell given by Williams (1972) was found to represent only a subcell, also confirming the conclusions of
Miyawaki et al. (1997). Optical studies showed the crystals
studied to be untwinned. For the intensity data collection, a
suitable crystal fragment was cut from a lath-shaped lavender

1816

