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Abstract: Relics of the original samarskite structure were identified in a metamict ABO4 mineral from Beinmyr pegmatite, Norway, using
selected area electron diffraction (SAED) and high-resolution transmission electron microscopy (HRTEM). The chemical composition of
the sample confirmed the affiliation to the samarskite group giving the general formula (REE0.322Ca0.269Fe0.231U0.142Mn0.031Pb0.011Th0.010

Zr0.010Al0.004Sc0.002Na0.001K0.001)�1.034(Nb0.707Ta0.267Ti0.069W0.017Sn0.007)�1.067O4. The structure identified by transmission electron
microscopy (TEM) techniques is well related to the orthorhombic low-temperature samarskite modification with cell parameters
a¼ 5.68(1), b¼ 4.94(1), c¼ 5.24(2) Å. The observed diffraction maxima conform well to Pbcn space group. The untreated sample is
X-ray amorphous. Gradual recrystallisation in air from 400 to 1000 �C yielded a pyrochlore phase being stable at all experimental
temperatures. At 800 �C a high-temperature samarskite phase (s.g. P2/c) co-crystallised, with an increase in crystallinity at 1000 �C.
Recrystallisation in a reducing atmosphere (Ar/H2) did not yield the high-temperature samarskite phase solely. Unsuccessful
recrystallisation of the high-temperature samarskite modification is mainly related to an alteration which shifted the composition
of samarskite to pyrochlore, as shown by the occurrence of altered domains in the sample.
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1. Introduction

Samarskite has been investigated since early studies of
metamict minerals. Due to its very complex chemical
composition, occurrence in metamict state, and frequent
pervasive alteration, the definition of samarskite and
description of its crystal structure have always been a
challenge. Metamictisation is a phenomenon inherent in
all described samples of samarskite. The mechanisms of
metamictisation have been described elsewhere (Ewing,
1994; Weber et al., 1998; Ewing et al., 2004).

Komkov (1965) analysed samarskite after heating it at
660 �C and concluded that the samarskite crystal structure
is derived from a-PbO2, similarly to that of wolframite
with two octahedral cation sites and the general formula
ABO4. Octahedral arrangement around Fe2þ in samarskite
has been experimentally confirmed by 57Fe Mössbauer
spectroscopy (Malczewski & Grabias, 2008).

The recrystallisation studies on natural and synthetic
samarskite analogues (Sugitani et al., 1984, 1985) suggested

that the structural formula of samarskite is A3B5O16. Today,
the generally accepted structural formula of samarskite is
ABO4 with Fe, REE, U and Th occupying the A site, and Nb,
Ta and Ti situated in the B site. This came after revision by
Fleischer & Mandarino (1995) based on the detailed work of
Warner & Ewing (1993). They analysed a large number of
samarskite samples and confirmed the ABO4 stoichiometry
of samarskite. All minerals of the samarskite group have Nb
as dominant cation on the B-site, and thus can be mutually
distinguished by the dominant A-site cation (Hanson et al.,
1999). The REE-dominant member is samarskite, commonly
samarskite-(Y) but the ytterbium-dominant samarskite-(Yb)
was recently described (Simmons et al., 2006). The uranium-
dominant member is ishikawaite, the calcium-dominant one
is calciosamarskite.

For none of these minerals has the crystal structure
been described in detail. However, according to the avail-
able data two samarskite modifications might be possi-
ble: low-temperature samarskite and high-temperature
samarskite. The low-temperature modification probably
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