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Abstract
This paper describes a multi-technique approach to the complete crystal-chemical characterization
of a gadolinite-(Y) sample found in a volcanic holocrystalline ejectum near the Vico lake (Latium,
Italy). Gadolinite-(Y) occurs as poly-twinned crystals forming rounded short-prismatic aggregates
(generally 0.1–0.3 mm in size, with the largest ever found >1 mm), associated with zircon, thorite,
danburite, betafite, and tourmaline.
Both the chemical and the structural characterization of gadolinite-(Y) from Vico required nonstandard procedures. After correction for (100) twinning, the structure of a crystal with unit-cell
dimensions a = 4.7708(4) Å, b = 7.6229(7) Å, c = 9.8975(9) Å, β = 90.017(7)°, and V = 359.95(6) Å3
was refined in the P21/c space group down to R = 2.3%. Electron microprobe (EMP) analyses failed
to give accurate quantification of major elements, due to the presence of light and volatile elements as
well as of rare earth elements (REE) and actinides. Secondary ion-mass spectrometry (SIMS) analysis
done with accurate calibrations on well-characterized minerals allowed quantification of light, volatile,
REE, and actinide elements, and also of Ca and Si. The derived chemical composition was interpreted
with reference to the site-scattering values obtained from single-crystal structure refinement. The resulting
3+
unit formula is (Ca0.81REE0.66Y0.39Th0.13U0.02)∑2.01(Fe2+
0.29Li0.14 Fe 0.12Mn0.02Mg0.01)∑0.58 (Si1.98Be1.09B0.81Li0.12)∑4.00
O8(O1.20F0.51OH0.29)∑2.00, which yields a calculated density of 4.267 g cm–3.
Fourier transform infrared spectroscopy (FTIR) single-crystal spectrum of gadolinite-(Y) shows
several absorptions in the OH-stretching region that can be assigned to the different local configurations involving Ca and (REE,Y) at the A site and Be, B, and Li at the Z site.
Lithium incorporation in gadolinite-group minerals is proposed to occur according to the exchange
vectors: (1) XFe2+ + AY → XLi + A(Th +U) and (2) ZBe + XFe2+ → ZLi + XFe3+; the maximum amount of
Li allowed in the gadolinite structure is 1.0 apfu.
This work provides the first evidence that Li is a significant component in gadolinite-group
minerals, particularly in geochemical environments enriched in actinides. This conclusion suggests
that materials having the composition of Li-rich gadolinite may be considered as possible forms for
radioactive waste disposal.
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Introduction
Gadolinite-(Y), ideally Y2Be2Fe Si2O8O2 is a nesosilicate
typically found in granite and alkaline granite pegmatite veins
rich in alkaline-earth elements. Gadolinite group minerals
(including hingganite and datolite) have the general formula
A2Z2XxT2O8[O2x(OH)2–2x] where 0 ≤ x ≤ 1 , and A = Y, REE, Ca; Z
= Be, B; T = Si; and X = either Fe2+ or ■ . The hingganite series
is generated from gadolinite by the exchange Fe2+ + 2 O2– → X ■
+ 2 OH– yielding Y2Be2Si2O8(OH)2, whereas the datolite series is
generated from hingganite by the coupled exchange (Y,REE3+) +
Be2+ → Ca2+ + B3+ yielding Ca2B2Si2O8(OH)2. Other related minerals isostructural with datolite are bakerite [Ca4B5Si3O15(OH)5,
Perchiazzi et al. 2004] and homilite [Ca2B2FeSi2O8O2, Miyawaki
et al. 1985].
Gadolinite-group minerals have a sheet-like structure com2+
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posed of two different layers alternating along the [100] direction
(when described in the P21/c space group) and forming a stable
3-dimensional framework (Fig. 1a). One layer is made up by
four- and eight-membered rings of tetrahedra (occupied by Si
and Be in gadolinite and by Si and B in datolite, Fig. 1b). The
other layer is made up by distorted tetragonal antiprisms containing large cations (Y or REE in gadolinite and hingganite, Ca in
datolite) and distorted octahedra containing either Fe2+ or 2 H
atom bonded to the O5 atoms (Fig. 1c).
Gadolinite-group minerals are usually described in the P21/a
space group (Miyawaki et al. 1984, 1985; Anthony et al. 1995;
Rastsvetaeva et al. 1996), whereas datolites are usually described
in the P21/c space group (Foit et al. 1973). To compare the relevant available data and to discuss the crystal chemistry of the
solid-solution term under investigation, we have chosen to use
in this paper the standard P21/c setting.
Gadolinites are often metamict due to the presence of limited
amounts of Th and U substituting for REE and/or Y (Segalstad

