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INTRODUCTION

During investigation of the MgO-Fe2O3-GeO2 system at 1 atm
pressure (Fig. 1), a new tetragonal phase, Mg2.12Fe3.17Ge2.56O12, was
initially synthesized in microcrystalline form (Maïssa 1994,
unpublished). This new germanate phase is an analogue of the
silicate mineral identified as TAPP (tetragonal almandine py-
rope phase) and recently discovered as inclusions in lower-
mantle diamonds (Harris et al. 1997). Based on the chemical
composition, viz. Ca0.01Na0.02Mg2.73Fe2+

0.08Mn2+
0.03Al1.90Fe3+

0.19

Cr3+
0.12Si2.92O12 or A2+

2.84B3+
2.21Si2.92O12 for sample 206B (Harris et

al. 1997), TAPP shows a strong similarity with garnet but is
structurally distinct from it and represents a new structure-type
for silicates (Harris et al. 1997). However, TAPP has in fact
several synthetic inorganic analogues that had been character-
ized previously. These include the M4.5As3O12 arsenates (origi-
nally formulated as M3As2O8) with M = Mg (Krishnamachari
and Calvo 1973) and M = Co (Gopal et al. 1980), the
NaMg4V3O12 and Li6xMg4.5–3xV3O12 (0.1<x<0.15) vanadates
(Murashova et al. 1988; Torres-Trevino et al. 1986), and the
Fe5.33Ge2.67O12 iron germanate (originally formulated as
Fe4Ge2O9) in the FeO-Fe2O3-GeO2 system (Takayama et al.
1981; Moderassi et al. 1984). Interestingly, no analogue of the
tetragonal phase has been identified at 1atm pressure in the
MgO-Ga2O3-GeO2 system (Barbier 1998).

The present paper describes the structure of the tetragonal
phase in the MgO-Fe2O3-GeO2 system with a particular em-
phasis on its cation distribution and its comparison with the
distributions in other isostructural phases. Of particular inter-
est is the presence in the tetragonal phase of a partially filled
dodecahedral site with a variable occupancy ranging from 50%
in the M4.5As3O12 arsenates to 95–100% in TAPP (Tables 1 and
2 of Harris et al. 1997). As discussed below, the full occupancy
of this site in the tetragonal vanadates and iron germanate, as
implied by their stoichiometries, remains in doubt. To investi-
gate the crystal chemistry of the tetragonal phase further, Ca-
and Y-substituted phases were also synthesized in single crys-
tal form and structurally refined. A crystal chemical compari-
son is made between the tetragonal and garnet structures, based
on the structure determination of a new garnet phase synthe-
sized at 1 atm pressure in the MgO-Fe2O3-Y2O3-GeO2 system.

EXPERIMENTAL METHODS

Synthesis of compounds

Single-crystals of the new tetragonal phase were obtained
by the flux growth method from a powder sample with the com-
position Mg0.84Fe3.34Ge3.14O12 and K2Mo2O7 as a flux. Oxide
powders were prereacted at 1125 °C for 3 days with daily
regrinding. The sample-flux mixture, with a 5:4 g ratio, was
melted at 1325 °C in a covered Pt crucible, kept at that tem-
perature for 12 hours, cooled at 3 °C·h–1 to a final temperature
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ABSTRACT

Tetragonal Mg2.12Fe3.17Ge2.56O12 is a new germanate forming at 1 atm pressure in the MgO-Fe2O3-
GeO2 system. It is an analogue of the high-pressure silicate mineral TAPP occurring as inclusions in
diamonds of lower-mantle origin. Its crystal structure was determined by X-ray diffraction using
single-crystals grown from a potassium molybdate flux. It crystallizes in the I4–2d space group with
a = 6.8153(4) Å, c = 18.669(2) Å, Z = 4. The refinement of its cation distribution,
VIII(Mg0.52Fe0.33)VI(Mg1.60Fe2.40)IV(Ge2.56Fe0.44)O12, shows the presence of a partially filled (85%) dodeca-
hedral site characterized by an unusual geometry with two very different bond lengths [2.169 Å (×4)
and 2.609 Å (×4)]. The structure determinations of the Ca2+- and Y3+-substituted phases show that
the larger cations are completely partitioned in the dodecahedral site, increasing its occupancy slightly
(up to 92% in the case of Ca2+).

Cubic Mg2.35Y2.00Fe0.97Ge2.59O12 is a new garnet phase forming at 1 atm pressure in the MgO-
Y2O3-Fe2O3-GeO2 system. Its crystal structure and cation distribution were also determined by single-
crystal X-ray diffraction: VIII(MgY2)VI(Mg1.35Fe0.56)IV(Ge2.59Fe0.41)O12, Ia3–d space group, a = 12.232(1)
Å, Z = 8. In spite of similarities in their chemical compositions, the tetragonal and garnet phases are
structurally distinct, with different ratios of dodecahedral to octahedral sites, viz., VIIIAVIB4

IVT3O12

and VIIIA3
VIB2

IVT3O12 respectively. As a consequence, the tetragonal phase forms in systems contain-
ing smaller cations, such as Mg2+, Fe3+, Ni2+, Co2+, whereas larger cations, such as Y3+, show a strong
preference for the garnet phase.
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