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ABSTRACT
The structure of quetzalcoatlite, Zn6Cu3(TeO3)2O6(OH)6(AgxPby)Clx+2y, x + y ≤ 2, Z = 1, was solved
and refined using data collected at the Advanced Photon Source-GSE-CARS facility, using a 2 × 2 ×
–
40 µm3 single crystal. The structure is trigonal, space group P31m, a = 10.145(1), c = 4.9925(9) Å,
3
V = 445.0(1) Å , and was refined to R = 5.1 for 395 unique observed reflections. Te6+O6 octahedra
and Jahn-Teller distorted Cu2+O4(OH)2 octahedra share edges to form layers parallel to (001), and
ZnO2(OH)2 tetrahedra share vertices to form six-member rings parallel to (001). Layers of octahedra
and tetrahedra alternate along c, and form a new framework structure by vertex sharing. Channels
through the framework parallel to c are occupied by Ag, Pb, and Cl ions. Electron microprobe analysis revealed Ag and Cl overlooked in the original microchemical analysis. Up to one-third of the Ag
was substituted by Pb, and a Pb-rich analog may exist.

INTRODUCTION
Complex assemblages of fine-grained low-temperature minerals challenge our understanding of mineralogy, both chemically and geologically. Crystal structures of minerals in complex
geochemical environments should be related to the paragenetic
sequences of the minerals (Hawthorne 1979; Moore 1973).
Establishing such relationships would promote understanding
of complex mineral occurrences. Solving the structures of crystals with effective volume <20 µm3 has been recently made
possible by that the introduction of synchrotron radiation (Smith
1995) and CCD-based detectors (Burns 1998) to mineralogy.
In principle, synchrotron X-ray sources should permit the
structure determination for crystals as small as 1 µm3 (Smith
1995; Smith and Rivers 1995; Coppens 1997). It is possible to
obtain direct chemical information using a combination of diffraction, fluorescence and absorption experiments on the same
crystal. The first example of a mineral structure determination
using synchrotron radiation was raite done at the European Synchrotron Radiation Facility in Grenoble, France, using half of
a needle 3 × 3 × 65 µm3 of raite (Pluth et al. 1998). The present
study refines an even smaller (2 × 2 × 40 µm3) crystal of structurally complex quetzalcoatlite at the Geo/Soil/Enviro-CARS
Sector 13 at the Advanced Photon Source in Argonne. The elec-
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tron density map required revision of the chemical formula, as
subsequently quantified by electron microprobe analysis.

EXPERIMENTAL METHODS
The crystals used in this study were collected by RMH during a San Bernardino County Museum study trip to the Blue
Bell claims, San Bernardino County, California. An unusual
assemblage of Te oxysalts was found by breaking a 0.5 m diameter rock consisting mostly of iron oxides and skarn minerals that was lying at the bottom of a short 2.5 m deep exploration
shaft. This shaft is part of the 2D site that also includes another
short shaft and a short adit nearby (Maynard et al. 1984). Probably, metal was not produced, but the mineralogy is extraordinarily complex, with 22 species identified including murdochite,
perite, kettnerite, fluorite, embolite, hemimorphite, dioptase,
and acicular chrysocholla pseudomorphs, probably after
aurichalcite. From a qualitative chemical analysis and crystal
morphology, the radiating blue microcrystals were identified
as tlalocite, the only mineral then known to contain both Te
and Cl. However, the identification remained tentative owing
to the presence of substantial Ag in the crystal, in contradiction to the description of tlalocite (Williams 1975). The crystallographic data collected at the synchrotron matched
quetzalcoatlite, originally described by Williams (1973), but
with a modified chemical formula.
Scanning electron micrographs (Fig. 1) illustrate the typical occurrence of quetzalcoatlite needles (~2 µm across; up to
100 µm long) and tabular crystals of kettnerite.

