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INTRODUCTION

Columbite-tantalite minerals are the predominant Nb-Ta 
phases found in granitit+). Although the 3d transition metals 
mainly occupy the A site, a considerable degree of cation disorder 
can occur between the A and B sites. The different cation occu-
pancy of the sites leads to changes in the unit-cell dimensions and 
to distortions of the oxygen octahedra. In the disordered structure, 
the cations are randomly distributed, resulting in a unit cell with 
an a dimension of approximately 4.8 Å and space group Pbcn. 
Ordering of Fe + Mn (ionic radii 0.78 Å and 0.83 Å, respectively, 
according to Shannon 1976) at A sites and Nb + Ta (i.e., 0.64 Å 
for both pentavalent cations) at B sites results in an ...ABBABB... 
site population sequence on (100) and a consequent tripling of 
the a repeat to approximately 14.2 Å. The Pbcn symmetry is 
maintained. The complete ordered structural state corresponds 
to the thermodynamically stable phase as determined by Giese 
(1975) on the basis of electrostatic energy calculations, and may 
be obtained by thermal treatment of natural samples (Nickel et 
al. 1963; Ercit et al. 1995).

Nature provides samples with a large compositional variation 
and structural states ranging from highly disordered to com-
pletely ordered. As yet, there have been no systematic studies of 
the structural mechanism by which variations in cation size and 
charge are accommodated. Structural information on synthetic 
ordered end-members FeNb2O6, MnNb2O6, and MnTa2O6 were 

given by Weitzel (1976) from neutron-diffraction powder pat-
terns. X-ray single-crystal structure reÞ nements were carried 
out by Grice et al. (1976) using data from heat-treated natural 
manganotantalite. The order-disorder process also remains poorly 
understood. It has been suggested (Černý et al. 1986) that colum-
bite-group minerals crystallize initially in the disordered state, 
and that further ordering is related to the cooling rate of their host 
igneous bodies. Cation ordering in natural columbites gives rise 
to changes in unit-cell dimensions. The relationships between 
unit-cell parameters and degree of order in the minerals of the 
columbite group have been studied by several authors (Nickel 
et al. 1963; Turnock 1966; Komkov 1970; Černý and Turnock 
1971; Wise et al. 1985; Černý et al. 1986). On the basis of these 
data, Ercit et al. (1995) derived the following equation to obtain 
the degree of order:

Q% (±5%) = 1727 � 941.6 (c � 0.2329 a) (1)

The presence of strong X-ray absorbers such as Ta and Nb 
in the columbite crystal structure limits the possibility of de-
termining with ease the degree of order from site occupancies 
obtained by single-crystal X-ray diffraction. Determination of 
cation distribution in two natural partially ordered columbites 
from X-ray single-crystal structure reÞ nements was attempted by 
Wenger et al. (1991). The degrees of order calculated from site 
occupancies were indeed similar to those obtained using Equa-
tion 1 but, as the authors stated, these values did not necessarily 
reß ect the true cation distributions, being a function of a given * E-mail: tarantino@crystal.unipv.it
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ABSTRACT

The structural changes upon cation substitution in natural AB2O6 columbites have been studied 
by means of single-crystal X-ray diffraction. Most of the structural variations across the MnNb2O6-
FeNb2O6 solid solution in completely ordered samples can be simply understood in terms of ionic radii. 
The substitution of Fe for the larger Mn cation causes a linear decrease of all unit-cell parameters. 
Going from manganocolumbite to ferrocolumbite the site A is reduced in volume and becomes less 
distorted. The oxygen cage around the cation assumes a more regular arrangement since the mismatch 
between A and B chains decreases. At the same time, the divalent cation moves toward the barycenter 
of the polyhedron. The B site, which is not involved in the Fe-Mn cation substitution, maintains its 
geometry unchanged. Ordering of divalent cations at A sites and pentavalent cations at B sites causes 
linear variations of a and c cell parameters. A non-linear behavior is shown by the b cell parameter 
that shows a minimum at order parameter Qm ∼ 0.7. A discontinuity at this Qm value is also shown by 
other structural parameters. Cation ordering also causes volume variations of the two octahedral sites 
as a consequence of the different ionic radii of the various species. Octahedral bond-length distortion 
parameters show that the B site is in general more distorted than the A site; distortion of the B site 
increases with ordering due to higher cation-cation repulsion along the B octahedral chain and to the 
second-order Jahn-Teller (SOJT) effect. Octahedral chains respond to modiÞ cations of the polyhedra 
by folding along the common edge.


