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Abstract

An in-situ, high-pressure, single-crystal X-ray diffraction study has been carried out at room 
temperature up to 7.42 GPa on a crystal of ingersonite, ideally Ca3Mn2+Sb5+

4 O14, from the type mate-
rial. Ingersonite is isostructural with the synthetic weberite-3T polytype and related to the pyrochlore 
structure-type. Owing to the P range investigated and the quality of data, a second-order Birch-
Murnaghan Equation of State (EoS) is the best approximation to describe the ingersonite volume 
evolution with P. The refined EoS parameters are V0 = 810.6(1) Å3 and K0 = 154.5(2.4) GPa. The 
behavior of ingersonite with pressure is almost isotropic and the decrease of the unit-cell volume 
is mainly due to the kinking of the polyhedra rather than their volume decrease. The overall mean 
distances are quite constant, indicating virtually no compressibility of both the A and B polyhedra 
in the P range investigated. However, some geometrical changes in the pyrochlore-like AB3 layer 
can be observed and compared with those observed in synthetic pyrochlore compounds. The largest 
change is observed for the z atomic coordinate of the O2 atom. Using an anion-centered polyhedral 
description, O2 is the only O atom that is asymmetrically located in an octahedral interstice, this 
feature being the most remarkable difference between the structure of ingersonite (i.e., weberite-3T 
type, space group P3121) and that of zirconolite-3T (pyrochlore structure type, space group P3121), 
where all the O atoms occupy the tetrahedral interstices of a cubic A2B2 array. With the increase of 
pressure, the O2 atom migrates from the A4B2 octahedral cavity toward the adjacent AB3 tetrahedral 
cavity, suggesting that a transition from weberite-3T to zirconolite-3T structure type could occur at 
pressures higher than 11 GPa.
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Introduction

Several different polytypes are known among synthetic 
weberite-type fluorides and oxides having an ideal stoichiometry 
A2B2X7, including 2M, 4M, 3T (Yakubovich et al. 1994), and 6T 
(Grey and Roth 2000). In this view, the mineral weberite itself, 
Na2MgAlF7, which shows orthorhombic symmetry (Giuseppetti 
and Tadini 1978), is the 2O polytype. Recently, it was shown that 
ingersonite, Ca3Mn2+Sb5+

4 O14, is isostructural with the weberite-3T 
polytype (Bonazzi and Bindi 2007). To our knowledge, the only 
natural members belonging to the weberite-type polytypic series 
are weberite and ingersonite. In contrast, most of the minerals 
having the ideal stoichiometry A2B2X7 (A = Ca2+, Na+, K+, Sr2+, 
Ba2+, Sn2+, Pb2+, REE3+, Y3+, Sb3+, Bi3+, U4+; B = Nb5+, Ta5+, 
Ti4+, Sb5+, Fe3+, Sn4+, W6+; X = O2–, F–, OH–), possess the cubic 
pyrochlore-type structure. Using an anion-centered polyhedral 
description, the structure of pyrochlore can be described as an 
anion-deficient fluorite derivative (Subramanian et al. 1984). The 
A and B cations form a face-centered cubic array with the anions 
occupying 7/8 of the tetrahedral interstices. A relative ordering of 
the A cations and vacancies, or the accommodation of different 

cations with different coordination requirements can induce a 
reduction in symmetry below that of the conventional ideal py-
rochlore structure. The zirconolite-minerals, ideally CaZrTi2O7, 
and related synthetic phases exhibit polytypic relationships with 
the pyrochlore structure. They are based on different stacking 
sequences of the A3B- and B3A-pyrochlore-type layers, named 
M and N, respectively, following the notation used by Mazzi 
and Munno (1983). Zirconolite-3T is the three-layered trigonal 
polytypoid of CaZrTi2O7 (Mazzi and Munno 1983), the others be-
ing zirconolite-3O (Mazzi and Munno 1983) and zirconolite-2M 
(Gatehouse et al. 1981). Two additional polytypes, zirconolite-
4M and -6T have been synthesized (Smith and Lumpkin 1993; 
Coelho et al. 1997). In terms of an anion-centered polyhedral 
description, the zirconolite-polytypes preserve the anion ordering 
on 7/8 of the tetrahedral interstices as observed in pyrochlore.

Both weberite-type and zirconolite-type A2B2X7 compounds 
can be described as a sequence of M and N pyrochlore-type lay-
ers (see Bonazzi and Bindi 2007, their Figures 1 and 2). A and B 
cations form a distorted face-centered cubic array. However, the 
anion distribution among the interstitial cavities of the A2B2 array 
observed in pyrochlore and in the zirconolite-type compounds is 
not maintained in weberite-type compounds, where one of the 
anions moves from a tetrahedral interstice to an adjacent octahe-* E-mail: zanazzi@unipg.it


