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Coulsellite, CaNa3AlMg3F14, a rhombohedral pyrochlore with 1:3 ordering in both
A and B sites, from the Cleveland Mine, Tasmania, Australia
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Abstract
Coulsellite, CaNa3AlMg3F14, from the Cleveland tin mine at Luina, western Tasmania, has a
rhombohedral distortion of the cubic pyrochlore A2B2X6Y structure, with a = 7.1756(1) Å, α =
59.867(1)°, space group R3m, Z = 1. The corresponding hexagonal cell parameters are a = 7.1620(1)
Å, c = 17.5972(3) Å. The crystals are multiply twinned about threefold axes of the pseudocubic cell.
The structure was determined using X-ray data collected on a twinned crystal and refined to Robs =
0.027 for 452 observed reflections with I > 2σ(I). The structure is possibly unique among published
structures of pyrochlore-like minerals in having full 1:3 ordering of Ca:Na in the A sites and Al:Mg
in the B sites. Transmission electron photomicrographs show a nanodomain structure due to twinning
on a scale of ~5 nm.
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Introduction
Ralstonite-type minerals have the cubic pyrochlore, A2B2X6Y,
structure and conform to the general composition Naxo2–xMgx
Al2–x(F,OH)6·H2O, where o = vacancy in the A site (Pabst 1939;
Pauly 1965). The Na/Mg end-member Na2Mg2(F,OH)6·H2O is
derived from Al2(F,OH)6·H2O by charge-coupled substitution in
the A and B sites, Na+ + Mg2+ ↔ o + Al3+. A new compositional
variation of ralstonite-type minerals was found in a sample from
the Cleveland tin mine at Luina in western Tasmania (Birch and
Pring 1990), in which Ca is incorporated via coupled substitutions of the type 0.5 Ca2+ + (F,OH)– ↔ H2O and/or Ca2+ + O2– ↔
H2O. These substitutions involve incorporation of Ca at the A
site coupled with replacement of H2O at the Y site by (F,OH,O).
Analysis of the sample from the Cleveland Mine showed it to be
close to the ideal composition Ca0.5Na1.5Al0.5Mg1.5(F,OH)7, with
a 1:3 ratio of both Ca:Na and Al:Mg.
The Cleveland Mine mineral was indexed by Birch and
Pring (1990) using an F-centered cubic cell with a = 10.081(3)
Å, considerably larger than cell parameters previously reported
for ralstonite-type minerals (Effenberger and Kluger 1984;
Pauly 1965). Single-crystal patterns displayed strong streaking,
which was considered to be caused by very small compositional
domains, since the crystals appeared homogeneous at the scale
of the electron microprobe beam. No further structural work
was carried out at the time because of the poor diffracting quality of the crystals. In our current examination of crystals from
different Cleveland Mine samples in Museum Victoria’s mineral
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collection, we located crystals that gave diffraction patterns free
of streaking. All crystals, however, showed splitting of diffraction spots, indicative of twinning and of symmetry lower than
cubic. The lower symmetry was confirmed from the splitting of
high-angle peaks in the powder diffraction pattern obtained from
ground crystals. Electron microprobe (EMP) analyses confirmed
that the crystals had essentially the same composition as reported
previously, CaNa3AlMg3(F,OH)14, expressed relative to 14 anions
to obtain integer cation contents. We report here a determination of the structure of the Cleveland Mine mineral. It has been
recently approved as a new mineral, with the name coulsellite,
by the IMA Commission on New Minerals, Nomenclature and
Classification (IMA 2009-070). The mineral is named for Ruth
Elise Coulsell (1912–2000), a foundation member and honorary
life member of the Mineralogical Society of Victoria.

Experimental methods
Electron microprobe analyses
Several crystals of coulsellite were removed from Museum Victoria specimen
M41459 and were analyzed using an electron microprobe in wavelength dispersive
mode. A problem with direct analysis for oxygen was encountered because of
interference of a completely overlapping second-order reflection from Na with O.
This gave an overestimation of the O content, and because of the strong absorption
of F by O, the F analysis was affected in the matrix correction. The problem was
corrected by analyzing for O using a quantitative energy dispersive method. The
other elements were analyzed in wavelength dispersive mode. The analyses were
conducted on a JEOL 8500 Hyperprobe operated at an accelerating voltage of 15
kV and a beam current of 10 nA. The beam was defocused to 20 µm and the sample
stage was moved during analyses to minimize beam damage and ion migration.
Standards used were: cryolite, Na3AlF6, for Na, Al, and F; CaSiO3 for Ca; fluorapatite for P; and MgAl2O4 for Mg and O. The analyses are reported in Table 1.

