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ABSTRACT
We provide in this paper complete structural and micro-chemical characterization of two britholite
samples with compositions (Mn0.04Ca4.75REE4.37Th0.72U0.12)Σ10.00(Si5.57P0.25B0.16)Σ5.98O24(OH0.23F1.77)Σ2.00
(from Latium, Italy) and (Na0.98Ca2.01REE6.97)Σ9.96(Si5.07P0.75)Σ5.82O24(OH0.53F1.47)Σ2.00 (from Los Islands,
Guinea). The crystal-chemical formulae were calculated by combining electron-microprobe analyses for intermediate-Z elements (Na, Ca, Mn, Si, P), ion-microprobe analyses for low-Z (H, Li, Be,
B, F) and high-Z elements (Ba, Y, REE and actinides), and high-quality (Robs 1.2–2.6) single-crystal
structure refinements. Structure refinements indicate that the best approximation to the real symmetry is the P63 space group. In britholite, the lowering of symmetry with respect to the P63/m space
group of apatite means that the O3 and O3a atoms are no longer equivalent and allows the tetrahedron to rotate up to ~4° around the Si-O1 bond. Consequently, the O3a atom moves closer to the
REE1a site, whereas the O3 atom moves farther from the REE1 site and closer to the REE2 site,
which thus assumes a [7+1] coordination. The infrared spectrum of britholite from Latium shows a
unique and very broad band in the OH-stretching region at 3437 cm–1, which is consistent with the
ordering of trivalent REE cations at the REE2 site. The calculated integral molar absorptivity εi is
23600 L⋅mol–1⋅cm–2. A remarkable constancy in the unit-cell volume along the whole apatite-britholite
compositional range is observed for values of the aggregate ionic radius at the REE sites shorter
than 1.12 and longer than 1.15 Å, whereas large variations are observed for intermediate values; this
behavior suggests constraints due to the rigidity of the tetrahedral group, that are further enhanced at
high symmetry.

INTRODUCTION AND PREVIOUS WORK
Britholite, a rare-earth (REE) mineral isostructural with
apatite, has the general formula (Na,Ca,REE) 10
(Si,P)6O24(OH,F)2 with Si > P. It is one of the most abundant
REE-bearing mineral phases, and it is typically found in
nepheline syenites and in contact metasomatic rocks related to
alkali syenites and granites. Two natural end-members are
known, britholite-(Ce) (formerly lessingite) and britholite-(Y)
(formerly abukumalite).
Britholite-(Ce) was first described by Winther (1901) as an
orthorhombic mineral, pseudo-hexagonal by twinning on (110).
Later X-ray work (Hägele and Machatschki 1939) on the same
sample gave a hexagonal unit cell (a = 9.61, c = 7.02 Å) and
pointed to strong similarities with the apatite-group minerals.
Gay (1957) studied three samples of britholite-(Ce), (of which one
had significant Na at the REE sites, and another some [4]Zr), and
reported hexagonal symmetry, space group P63/m, on the basis of
Laue photographs and piezoelectric tests. He also noted biaxial
optical behavior in all the crystals; this is incompatible with hex* E-mail: oberti@crystal.unipv.it
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agonal symmetry. Hughson and Sen Gupta (1964) described a Thand Si-rich apatite from the Nb ore-deposit at Oka (Quebec) with
hexagonal symmetry (a = 9.48, c = 6.96 Å) and composition
(Na0.09Ca6.54Mg0.06Fe0.02Ce1.13Nd0.61La0.44Pr0.14Sm0.11Gd0.06Y0.04Dy0.01Th0.28)
(P3.08Si2.63Al.12Ti0.01)O24(OH0.79F1.42). This was later recognized
to be a mixture of britholite and REE-bearing apatite (Fleet
and Pan 1995a). A Th-rich britholite-(Ce) from Monte
Somma (Italy) was reported to have composition:
Ca4(Ca1.54Ce1.77La0.70Nd0.47Pr0.16Th1.23U0.08)5.95(Si5.42P0.94)6..36O26,
unit-cell dimensions a = 9.597 and c = 7.04 Å, hexagonal symmetry (from Laue photographs), and uniaxial optical behavior
(Orlandi et al. 1989).
Structure refinements in the monoclinic P21 space-group were
given by De-yu et al. (1981) for britholite-(Ce) (a = 9.6283, b =
9.6305, c = 7.0495 Å, and γ = 120.02°) and by Jianhong et al.
(1992) for britholite-(Y) [(Y5.64Ca3.16Ce0.54Dy0.42Er0.22) (Si5.90P0.10)
O24 (OH,F)2; a = 9.504, b = 9.414, c = 6.922 Å, and γ = 119.71°;
Robs = 11%]. Accurate structure refinements (Robs = 3–4%) of three
britholite-(Ce) samples with different compositions
[(Ca3.21Na0.90La1.66Ce2.71Pr0.22Nd0.67)Σ9.37 (Si4.29P1.71)O24(OH,F)2,
(Ca3.45Na0.0La2.58 Ce2.80Pr0.15 Nd0.34)Σ9.32(Si5.78P0.22)O24(OH,F)2, and
(Ca1.40Na0.97La 2.20Ce3.69 Pr0.32Nd0.80)Σ9.38(Si5.69P0.31)O 24(OH,F)2]
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