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INTRODUCTION

Twenty-six uranyl carbonate minerals have been described,
but owing to a lack of material suitable for crystallographic
study, structures have only been reported for eleven of these.
We are interested in the structures of uranyl carbonates be-
cause they impact the mobility of actinides in the environment,
are essential to an understanding of the genesis of uranium
deposits, and are important for the long-term performance of
geological repositories for nuclear waste (Burns and Finch 1999;
Li and Burns 2001a, 2001b; Li et al. 2001; Li and Burns 2002).

The crystal structure of fontanite, Ca[(UO2)3(CO3)2O2]
(H2O)6, has been determined using single-crystal diffraction
techniques and a CCD-based detector. Fontanite was origi-
nally described by Deliens and Piret (1992), with the formula
Ca(UO2)3(CO3)4(H2O)3 and orthorhombic symmetry (space
groups Pmnm, Pmn21, or P21nm).

EXPERIMENTAL METHODS

Specimen locality
Specimens labeled RC 4216 and RX 9450 were inspected during a recent

visit to l’Institute Royal des Sciences Naturelles in Brussels, Belgium. Speci-
men RC 4216 is the holotype for fontanite. Both specimens are from the Rabejec
deposit located seven km southeast of Lodève, Hérault, France, where fontanite
occurs in alteration zones in association with billietite and uranophane (Deliens
and Piret 1992).

Collection of X-ray data
Various crystals of fontanite from both samples were studied, and most were

found to be inappropriate for single crystal analysis, either because the crystals
were too small, or their diffraction patterns contained streaking and other del-
eterious effects. Only one crystal, taken from RC 4216, yielded diffraction data of
sufficient quality for structure analysis. The crystal was mounted on a tapered glass

fiber on a Bruker PLATFORM 3-circle goniometer equipped with an APEX 4 K
SMART CCD detector with a crystal-to-detector distance of 4.67 cm. A sphere of
three-dimensional data was collected to 60∞ 2q using graphite-monochromated
MoKa X-radiation and frame widths of 0.6∞ in w, with 30 seconds spent counting
per frame. Unit-cell parameters (Table 1) were refined using 3140 reflections and
least-squares techniques. Data were reduced and corrected for Lorentz, polariza-
tion, and background effects using the Bruker program SAINT. A semi-empirical
correction for adsorption was applied by modeling the crystal as an ellipsoid, which
reduced Rint of 393 reflections from 10.8% to 5.9%. A total of 34,675 reflections
were collected, of which 5223 were unique, and 3140 were classed as observed (|Fo|

≥ 4sF).

Structure solution and refinement
Scattering curves for neutral atoms, together with anomalous dispersion

corrections, were taken from International Tables for X-Ray Crystallography
(Ibers and Hamilton 1974). The Bruker SHELXTL system of programs was
used for solution and refinement of the structure.

Data were collected for the best available crystal of fontanite, but overall
data quality was lower than ideal and many reflections exhibited broad profiles.
Analysis of the data gave an orthorhombic unit cell, which is consistent with
the earlier work of Deliens and Piret (1992), who suggested space groups Pmnm,
Pmn21, or P21nm. Reflection statistics were consistent with Pmn21 or P21nm,
but attempts to solve the structure in these and a variety of other orthorhombic
space groups consistently failed to give reasonable solutions. Eventually, it was
concluded that the structure was probably monoclinic with b ª 90∞. The struc-
ture was solved in space group P21/n, and refinement of a model that contained
only the U atoms gave an agreement factor (R1) of 26.9%. Twinning with twin
operator 100, 0

–
10, 00

–
1 was accounted for using the method of Jameson (1982)

and Herbst-Irmer and Sheldrick (1998), which reduced R1 of the model con-
taining only the U atoms to 15.6%. Additional atoms were located on differ-
ence-Fourier maps and were inserted into the model, which refined to an R1
value of 11.0%. We noted that the calculated and observed structure factors that
were most disparate corresponded to those with Fobserved much greater than
Fcalculated. This probably indicates that the diffraction pattern contains interfer-
ence from another crystal orientation, due either to a split crystal or perhaps
additional twinning. The 172 reflections that were most impacted by this over-
lap, which corresponded to 3.2% of the unique reflections, were removed from
the data. The final model contained all atomic positional parameters, anisotro-
pic displacement parameters for U and Ca, isotropic displacement parameters
for C and O, and a weighting scheme of the structure factors. A model that*E-mail: pburns@nd.edu
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ABSTRACT

The structure of fontanite, Ca[(UO2)3(CO3)2O2](H2O)6, is monoclinic, space group P21/n, a =
6.968(3), b = 17.276(7), c = 15.377(6) Å, b = 90.064(6)∞, V = 1851(1) Å3, Z = 4. The structure was
solved by direct methods and refined on the basis of F2 for all unique reflections using least-
squares techniques to an agreement index (R1) of 9.9%. The structure contains two symmetrically
distinct uranyl pentagonal bipyramids, one uranyl hexagonal bipyramid, and two CO3 triangles.
The uranyl polyhedra form chains by sharing equatorial edges, and CO3 groups occur on either
side of the chains, where they share equatorial edges of the uranyl hexagonal bipyramids. The
CO3 groups share their third ligand with a uranyl pentagonal bipyramid of an adjacent chain,
resulting in uranyl carbonate sheets of composition [(UO2)3(CO3)2O2]2–. The single symmetrically
unique Ca2+ cation is located between the sheets, and is coordinated by two O atoms of uranyl ions
of adjacent sheets, and six H2O groups. The uranyl carbonate sheet in fontanite is novel, but is
based upon the phosphuranylite anion topology that is the basis of uranyl phosphate, uranyl selen-
ite, and uranyl sulfate sheets in a variety of minerals.


