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Crystal structure of single-crystal CaGeO3 tetragonal garnet synthesized at 3 GPa and 1000 °C
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ABSTRACT
Single crystals of CaGeO3 garnet were synthesized at 3 GPa and 1000 °C using a cubic anvil type of
high pressure apparatus and the crystal structure was reÞned from single crystal X-ray diffraction data.
This garnet is tetragonal with lattice parameters of a = 12.535(2) Å, c = 12.370(2) Å, V = 1943.5(5)
Å3 and belongs to space group I41/a. Two dodecahedral sites are occupied only by Ca with mean CaO bond lengths of 2.480(4) and 2.467(4) Å. The Ca and Ge cations are completely ordered at two
octahedral sites with mean Ca-O = 2.301(3) Å and mean Ge-O = 1.910(3) Å. Three tetrahedral sites
are occupied only by Ge, and their mean Ge-O bond lengths are 1.753(3), 1.787(4), and 1.764(4) Å.
Furthermore, the present tetragonal garnet has an unusual feature in that the mean value [2.704(5) Å]
of the shared edge lengths of GeO6 octahedron is larger than that [2.699(5) Å] of the unshared ones,
as has also been observed for other tetragonal garnets with I41/a.

INTRODUCTION

EXPERIMENTS AND ANALYSES

Garnets are major constituents in the earthʼs crust and upper mantle and commonly crystallize in cubic symmetry with
–
space group Ia3d. However, optically anisotropic garnets are
sometimes found in the grossular-andradite series (grandite
–
garnet) and they have an orthorhombic (Fddd) or triclinic (I1)
structure (Takéuchi et al. 1982). According to Takéuchi et al.
(1982), noncubic garnets with similar-sized octahedral cations,
such as the grossular-andradite series, favor an orthorhombic
–
(Fddd) or triclinic (I1) structure, whereas those with differentsized octahedral cations favor a tetragonal (I41/a) structure. The
I41/a structure is often found in high-pressure phases and has two
dodecahedral sites (X1 and X2), two octahedral sites (Y1 and
Y2), three tetrahedral sites (Z1-Z3), and six oxygen sites (O1O6). Such a typical example is MgSiO3 majorite (Angel et al.
1989), which is considered a major constituent of the transition
zone in the earth's mantle between the 400 and 670 km seismic
discontinuities (e.g., Ringwood 1967; Liu 1977; Akaogi and
Akimoto 1977; Ito and Takahashi 1987).
CaGeO3 (Prewitt and Sleight 1969), CdGeO3 (Prewitt and
Sleight 1969), and MnSiO3 (Fujino et al. 1986) garnets have
tetragonal symmetry, of which the last two were substantiated
to have the I41/a structure by single-crystal X-ray diffraction
analyses. CaGeO3 garnet is also probably isostructural with
majorite (Prewitt and Sleight 1969) and will be of importance
as the best analogue of majorite, but its detailed structure has
not been published to date because no crystals large enough for
single-crystal examination have been synthesized. Here we present the results of the Þrst single-crystal X-ray diffraction study
of CaGeO3 garnet and describe its structural features.
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Synthesis under high pressure
Single crystals of CaGeO3 garnet were synthesized at 3 GPa and 1000 °C
using a 700 ton cubic anvil type high-pressure apparatus. A 12.5 mm cube of
pyrophyllite and cylindrical graphite were used as a pressure medium and heater,
respectively. The starting material was powdered CaGeO3 wollastonite prepared
by solid-state reaction of special grade reagents (99.99%) of CaO and GeO2. The
CaGeO3 wollastonite was sealed in a gold capsule to prevent the reduction of Ge4+
during heating by the graphite heater. The sealed gold capsule was put into a born
nitride (BN) capsule, and then it was inserted into the cylindrical graphite heater
embedded in the pyrophyllite cube, and the BN capsule was used as an insulator
between the gold capsule and the graphite heater. The sample temperature was
monitored by a Pt-Pt13%Rh thermocouple. The junction of the thermocouple was
put at the midpoint of the outer surface of the gold capsule. No correction was made
for the pressure effect on emf. After being kept under a desired condition (3 GPa
and 1000 °C) for 2 hours, the sample was quenched by shutting off the electric
power supply. The pressure was released slowly and the sample was recovered
to the ambient condition. Numerous transparent single-crystals of CaGeO3 garnet
were present in the recovered sample.

Single crystal X-ray diffraction
A single crystal with a size of 80 × 80 × 60 µm was selected for X-ray diffraction measurements. The unit-cell parameters and diffraction intensity data
were measured at room temperature using a four circle diffractometer (Rigaku
AFC-5S) operated at 45 kV and 35 mA. The graphite-monochromatized MoKα (λ
= 0.71069 Å) radiation was used for the measurements. The unit-cell parameters
were determined by a least-squares method from a set of 25 reßections within the
range of 40° ≤ 2θ ≤ 70°. The intensity data within sinθ/λ ≤ 0.904, corresponding
to 0 ≤ h, k, l ≤ 22, were collected in continuous ω-2θ scan mode. Lorentz and
polarization corrections were applied and a correction for absorption was made
based on the ψ-scan technique. From the systematic absences, the space group was
identiÞed as I41/a; this was also conÞrmed by precession photography. A total of
3016 reßections were measured, of which 860 observed reßections with ⏐Fo⏐ ≥
3σ(⏐Fo⏐) were used in the structure reÞnements.
The structure refinements were carried out by minimizing the function
Σw(⏐Fo⏐–⏐Fc⏐)2 using the full matrix least-squares program RADY (Sasaki 1987).
Atomic scattering factors for neutral atoms and anomalous dispersion coefÞcients
were taken from the International Tables for X-ray Crystallography (Ibers and Ham-

