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INTRODUCTION

The structural complexity of uranyl minerals challenges our
understanding of low-temperature mineralogy. Considering the
importance of uranyl minerals (e.g., Forsyth and Werme 1992;
Finch and Ewing 1992; Johnson and Werme 1994; Pearcy et
al. 1994; Finn et al. 1996; Wronkiewicz et al. 1996; Sowder et
al. 1996; Murakami et al. 1997; Burns et al. 1997a, 1997b;
Finch et al. 1998; Burns 1999; Burns and Finch 1999), it is
regrettable that the structures remain unknown for ~2/3 of the
173 species. Experimental investigations of uranyl minerals are
plagued by pseudosymmetry, small crystals, severe absorption
of X-rays, complex intergrowths, large unit cells, and twin-
ning. Theoretical approaches to modeling bonding have pro-
vided insight into mineral groups such as silicates, borates, and
carbonates but remain intractable for all but the simplest of
many-electron calculations involving U. The basis for under-
standing uranyl minerals must be experimentally determined
crystal structures and relationships between mineral stabilities,
paragenesis, and structures. Fortunately, the recent introduc-
tion of CCD-based X-ray detectors to mineralogy and synchro-
tron radiation for the analysis of micro crystals (Smith 1995)
promise to significantly advance our knowledge of low-tem-
perature minerals, especially groups such as uranyl minerals
that have been intractable to conventional techniques.

Uranyl phosphates are significant for understanding the
mobility of U in natural systems, and have received consider-
able attention (e.g., Murakami et al. 1997; Sowder et al. 1996).
There are 45 uranyl phosphate minerals, but the structures are
only known for fifteen. The structures of each are based upon

sheets of vertex- and edge-sharing uranyl polyhedra and phos-
phate tetrahedra, and are grouped according to the details of
the topological arrangement of the anions within the sheets
(Burns et al. 1996). The autunite and phosphuranylite anion-
topologies (Figs. 1a and 1c) are dominant in uranyl phosphates.
Sheets based upon the autunite anion-topology (Fig. 1a) in-
volve vertex-sharing between uranyl square bipyramids and
phosphate tetrahedra (Fig. 1b). Sheets based upon the
phosphuranylite anion-topology (Fig. 1c) contain uranyl pen-
tagonal and hexagonal bipyramids that share edges to form
chains, which are in turn cross-linked by sharing vertices and
edges with phosphate tetrahedra (Fig. 1d).

Parsonsite occurs at several localites, but only as micro crys-
tals. Vochten et al. (1991) synthesized it by reacting synthetic
chernikovite with a solution containing Pb. The currently ac-
cepted formula is Pb2(UO2)(PO4)2(H2O)2 (Mandarino 1999),
which is unusual in the uranyl to phosphate ratio, and is incon-
sistent with a structure containing sheets based on the
phosphuranylite or autunite anion-topologies. A specimen of
parsonsite with crystals that approach 100 µm in length was
obtained, and data collected using a CCD-based diffractometer
(Burns 1998) permitted the full determination of the structure,
revealing a new uranyl phosphate structure-type.

EXPERIMENTAL  METHODS

X-ray data

The specimen studied is from La Faye, Grury, Saone-le-
Loire, France and contained mats of minute tabular crystals of
parsonsite. The largest crystal, with approximate dimensions
80 × 30 × 5 µm3, exhibited uniform optical properties and sharp
extinction between crossed polarizers. It was mounted on a
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ABSTRACT

The structure of parsonsite, Pb2[(UO2)(PO4)2], Z = 2, triclinic, space group P1
–
, a = 6.842(4), b =

10.383(6), c = 6.670(4) Å, α = 101.26(7)°, β = 98.17(7)°, γ = 86.38(7)°, V = 459.8(7) Å3, has been
solved by direct methods and refined to R = 6.0 and a goodness-of-fit (S) of 0.92 using 1187 unique
observed reflections (|F| ≥ 4σF) collected with MoKα X-rays and a CCD-based detector. The single
unique U6+ cation is present as a (UO2)2+ uranyl ion (Ur) and is coordinated by five additional atoms
of O arranged at the equatorial corners of a pentagonal bipyramid capped by the OUr atoms. Uranyl
polyhedra share an edge-forming dimers, which are cross-linked by edge- and vertex-sharing with
two distinct phosphate tetrahedra, resulting in a new uranyl phosphate chain. Two symmetrically
distinct Pb2+ cations are coordinated by nine and six oxygen atoms, and link adjacent uranyl phos-
phate chains. Parsonsite is the first uranyl phosphate mineral structure that is based upon chains of
polymerized polyhedra of higher bond-valence; others contain sheets that are either based upon the
autunite or phosphuranylite anion-topologies.
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