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A refinement of the crystal structure of gadolinite

RiTsURO Mivawakl, IzuMmr Nakal, AND Kozo NAGASHIMA

Department of Chemistry
The University of Tsukuba
Ibaraki, 305 Japan

Abstract

The crystal structure of gadolinite has beea refined using a spherically ground crystal in
the anisotropic mode to a conventional R = 0.029 for 2790 independent reflections. Crystal
data: monoclinic, space group P2)/a, a = 10.000(2), b = 7.565(2), ¢ = 4.768(A,
B = 90.31(2)°, Z = 2. The specimen is from Miyazuma-kyo, Yokkaichi, Japan. Electron
microprobe analysis gave the following empirical formula: RE; goFed tsBe2.00Siz.00
Og.75(0OH)q 28, Suggesting the presence of a vacancy at the Fe site. A consideration of the
chemical composition and bond valence sums has indicated the presence of partial
substitution of a hydroxyl ion for the oxygen ion compensating for the lack of positive
charge at the Fe site. Compositional distribution of the rare earth elements in the specimen

is also discussed.

Introduction

Gadolinite has been an important mineral in the history
of the discovery of rare earth elements since yttria was
first separated by J. Gadolin in 1794.

The jd:al formula for gadolinite is expressed as
RE*3Fe?*Be,Si;0,9, where RE is yttrium and lantha-
nides. Gado'inite belongs to the datolite-herderite~homi-
lite mineraul group. A fe'. other species closely related
to gadoliniie are known: e.g., calcio-gadolinite
(CaREFe**Be,Si,0y¢), in which one half of the RE sites
is occupied by calcium (Nakai, 1938) and hingganite
found in the USSR (H,RE,Be;Si,0,9), where the Fe site
is completely vacant (Voloshin et al., 1983).

Ito and Mori (1953) analyzed the structure of datolite
and, based on powder diffraction photographs, proposed
that the structure of gadolinite can be derived from that of
datolite by simple replacement of atoms. This relation
was confirmed by Pavlov and Belov (1959) in their
structural analysis of gadolinite. However, the analysis
was made using two-dimensional photographic data (hk0)
yielding a fairly large R value of 0.182. Moreover, they
mentioned that the analyzed gadolinite specimen gave an
X-ray pattern of very poor quality due to the metamict
phencomenon, and the chemical composition of the speci-
men was not considered. Therefore, we undertook the
refinement of the structure of gadolinite to obtain a full
description of the structure. Gadolinite is known to have
close structural relations with datolite and herderite. The
crystal structure of datolite was~first determined by Ito
and Mori (1953), refined by Pant and Cruickshank (1967),
and further refined by Foit et al. (1973). That of herderite
was determined by Pavlov and Belov (1959) and refined
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by Lager and Gibbs {1974). In the present investigation,
these three structures are compared and discussed in
detail.

Chemistry

The gadolinite specimen used in this study is from
Miyazuma-kyo, Yokkaichi, Japan (Yamamoto and Naga-
shima, 1963). To determine the distribution of rare earth
elements, chemical analysis was carried out with an
electron microprobe. The analysis was made on a JEOL
JXA-50A X-ray microanalyzer automated by ELIONIX
ACPS-XR control system at the Chemical Analysis Center
of the University of Tsukuba.

Analytical conditions are given in Table 1. The acceler-
ating voltage was set at 20 kV, an optimum voltage for
lanthanides. The data were corrected using the ZAFN]
program (Z: Duncumb-Reed (Duncumb and Reed, 1968),
A: Tanuma-Nagashima (Tanuma and Nagashima, 1983),
F: Castaing-Reed (Reed, 1965)).

The results are presented in Table 2. Beryllium was not
determined and the molar number was assumed to be
equal to that of silicon. Hydrogen atoms were introduced
to compensate the charges due to the va.... , at the Fe
site. Because of the lack of suitable analytical standards
for praseodymium, europium, terbium, and thulium, their
wt.% values were estimated from the Lo, peak height
ratios of the neighboring lanthanide elements. Thorium
was not detected at the accelerating voltages of 20 and 30
kV. The results gave the following empirical formula on
the basis of O = 10: REZ.OQFC(Z)E()BCz.()oSiz_o()Ogn_
(OH)g.28.

Figure 1 shows the distribution of lanthanides in the
present specimen. The distribution basically follows the




Table 5.

AM-84-249

Observed and calculated structure factors.
The reflections with |F,|[<30(|F,|) are indicated
by the asterisk and were not used in the least-

squares refinement.
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