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INTRODUCTION

Pyrochlore-group minerals, space group Fd3�m, have the 
general formula A2�mB2X6Y1�n ⋅pH2O, where m = 0.0�1.7, n = 
0.0�1.0 and p = 0.0�2.5 (Lumpkin et al. 1986). At n = 0, A is 
an eightfold-coordinated cation (mostly Ca and Na, with K, Sr, 
Ba, Sn2+, Pb2+, REE3+, Y, Sb3+, Bi3+, U4+, and Th4+ occurring less 
commonly or in lesser amounts) whereas B is an octahedrally 
coordinated cation, namely Nb, Ta, and Ti4+ (or Sb5+ in the stibi-
conite mineral group) with minor quantities of Fe3+, Sn4+, and 
W6+. The X position is mostly occupied by O2� or, to a lesser 
extent, OH� (Ercit et al. 1993, 1994; Nasraoui and Waerenborgh 
2001), whereas Y may be O2�, OH�, or F�. Pyatenko (1959) was 
the Þ rst to recognize that the pyrochlore structure is a derivative 
of the ß uorite structure. The pyrochlore structure can be derived 
from the ß uorite structure by removing 1/8 of the anions in an 
ordered fashion such that one half of the cubic polyhedra lack 
two opposed vertices (Chakoumakos 1984). In this type of 
structure, named normal pyrochlore, both the A and Y site can 
be partially vacant (m < 2, n < 1). Alternatively, the structure is 
referred to inverse pyrochlore when the Y site is occupied by 
large ionic radius cations (i.e., K, Tl+, Rb, Cs) with the A position 
remaining vacant. A mixed inverse-normal pyrochlore structure 

has been described for cesstibtantite and kalipyrochlore (Ercit 
et al. 1993, 1994). 

Minerals of the pyrochlore group typically occur as accessory 
minerals in granitic pegmatites, nepheline-syenite pegmatites, 
and carbonatites. They are stable under a wide range of P-T 
conditions ranging from igneous to near-surface. Although 
most natural pyrochlore-group minerals satisfy the deÞ nition 
of pyrochlore sensu stricto, microlite, or betaÞ te, several other 
species have been deÞ ned based on the dominance of an A 
cation other than Ca or Na (for nomenclature rules see Hogarth 
1977). Furthermore, a wide range of different elements can be 
incorporated as minor components. Thus, several authors com-
monly also include Mg, Mn2+, or Fe2+ and Al, Si, or Fe3+ in the 
chemical formula as A and B cations, respectively. In particular, 
the presence of a high Si content raises questions about the role 
of Si in the structure of pyrochlore minerals. Although Si(OH)6 
octahedra are present in the structure of thaumasite at room pres-
sure (Edge and Taylor 1971), sixfold-coordinated Si is usually 
restricted to high-pressure minerals (Finger and Hazen 1991). 
Accordingly, Sc2Si2O7 and In2Si2O7 pyrochlore-type compounds 
with Si located in the octahedral B site have been synthesized at 
T = 1000 °C and P = 12 GPa (Reid et al. 1977). The isomorphous 
germanates (A2Ge2O7, with A = Sc, Y, In, Gd-Lu, Tl), which 
are synthesized commonly at lower pressure compared to the 
corresponding silicates, also require a high pressure for their * E-mail: pbcry@geo.uniÞ .it
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ABSTRACT

Pyrochlore-group minerals that exhibit high Si contents are fairly common in geochemically 
evolved parageneses. However, the role of Si in the structure of these minerals is unclear. Different 
explanations have been invoked to clarify the way in which Si is incorporated in natural pyrochlores. 
These include the presence of impurities, the presence of Si in an amorphous or dispersed state, and 
its presence as an essential part of the structure.

This paper reports an integrated XREF, SEM, EMPA, and TEM study on pyrochlore samples with 
high SiO2 content (up to 11.51 wt%) from Narssârssuk, Julianehaab district (Greenland). TEM obser-
vations reveal that Si-poor areas have strong and sharp diffraction peaks, whereas the Si-rich areas 
showed weaker spots with the diffuse diffraction halo typical of a metamict material. No evidence 
of crystalline phases other than pyrochlore was observed. Two single crystals having the unit-cell 
parameter a = 10.4200(7) and 10.3738(7) Å, respectively, were analyzed by X-ray diffraction and the 
structure was reÞ ned to Robs = 2.62 and 4.35%. On the basis of both the reÞ ned site scattering and the 
octahedral bond distance and the results of the TEM investigation, only a fraction (~30�50%) of the 
Si detected by EMPA is incorporated in the structure. A comparison with structural data of Si-free 
pyrochlores reported in the literature supports this assumption and allows a linear multiple regression 
to model the effect of the substitution of (Nb,Ta) by Ti and Si. The remaining 50�70% of the total 
silicon detected is incorporated in the radiation-damaged portions of pyrochlore.
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