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Crystal chemistry of sodium in the Earth’s interior: The structure of Na2MgSi5O12 
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aBstract

The crystal structure and chemical composition of a crystal of Na2MgSi5O12 garnet synthesized 
in the model system Mg3Al2Si3O12–Na2MgSi5O12 at 17.5 GPa and 1700 °C have been investigated. 
Quantitative analysis leads to the following formula: Na1.98Mg1.00Si5.01O12. Na2MgSi5O12 garnet was 
found to be tetragonal, space group I41/acd, with lattice parameters a = 11.3966(6), c = 11.3369(5) 
Å, V = 1472.5(1) Å3. The structure was refined to R = 5.13% using 771 independent reflections. 
Sodium and Mg are disordered at the X sites (with a mean bond distance of 2.308 Å for both the 
sites), whereas Si is ordered at both the Y (mean: 1.793 Å) and Z sites (means: 1.630 and 1.624 Å). 
Na-bearing majoritic garnet may be an important potential sodium concentrator in the lower parts of 
the upper mantle and transition zone. The successful synthesis of the Na2MgSi5O12 end-member and 
its structural characterization is of key importance because the study of its thermodynamic constants 
combined with the data of computer modeling provides new constraints on thermobarometry of 
majorite garnet assemblages.
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introduction

The solubility of Na in high-pressure minerals as well as 
their abundance under the conditions of the upper mantle and 
transition zone attract considerable interest of experimentalists 
and mineralogists. Sodium admixture in garnets was originally 
discovered by Sobolev and Lavrent’ev (1971). According to 
the suggested model of heterovalent isomorphism (VIIIMg2+ 
+ VIAl3+ → VIIINa+ + VISi4+), Na incorporation in garnet is 
realized by the Na2MgSi5O12 component in its composition, 
i.e., where excess Si begins to occupy the octahedral site that 
is compensated by the entry of Na in the X site of the garnet 
structure (Bobrov et al. 2008a). Significant concentrations of 
this component were registered in garnet solid solutions of 
pyrope (up to 12 mol%) (Bobrov et al. 2008a) and grossular-
pyrope (up to 32 mol%) (Bobrov et al. 2008b) compositions 
synthesized at 8.5 and 24 GPa, respectively. Pure Na-garnet 
has not been synthesized so far, although Gasparik (1989) has 
proposed the stability of a garnet phase with the composition 
of Na2MgSi5O12 at pressures above 15 GPa. Pyroxene with the 
composition of Na(Mg0.5Si0.5)Si2O6 (NaPx) was first obtained at 
P = 16 GPa and T = 1600 °C (Angel et al. 1988); it contained 
both tetrahedrally and octahedrally coordinated Si. In this paper, 
we present a structural study by means of single-crystal X-ray 
diffraction on the end-member Na2MgSi5O12 garnet synthesized 
at high pressures.

experiMentaL Methods

Synthesis of Na2MgSi5O12

Experiments at P = 13.0–19.5 GPa and T = 1500–2100 °C were performed 
using 3000 t Kawai-type multianvil apparatus installed at the Tohoku University 
(Sendai, Japan). The sample was compressed by eight cubic tungsten carbide 
anvils with either 3.5 or 5.0 mm truncation edge lengths, depending on the 
required pressure. Pyrophyllite gaskets were placed between the anvils to make 
the compression easier. Heating of the sample was performed by a tubular LaCrO3 
heater. The sample was loaded into platinum and rhenium capsules isolated from 
the heater by a MgO insulator. Approximate sample volumes after experiments 
were 1.5–2 mm3. The sol-gel technique was used to prepare starting material of the 
Na2MgSi5O12 composition. The gel was dried at 900 °C prior to each experiment. 
Temperature was controlled by a W97Re3-W75Re25 thermocouple. The press load was 
calibrated against pressure using known phase transitions in the Mg2SiO4 system 
according to the data of Litasov and Ohtani (2009a, 2009b) and monitored using 
phase transitions in standard materials (MgSiO3 and Mg2SiO4) placed inside the 
heater, close to the sample area.

Data collection and crystal-structure refinement
Several crystals, hand picked under a reflected light microscope from 

the run product ES237 (Fig. 1) synthesized by Dymshits et al. (2010), were 
examined with a Bruker-Enraf MACH3 single-crystal diffractometer using 
graphite-monochromatized MoKα1 radiation. Most of them were found to 
consist of multiple crystallites. A small crystal (33 × 35 × 48 µm) showing the 
best diffraction quality was chosen for the data collection, which was done 
with an Oxford Diffraction Xcalibur 3 diffractometer (X-ray MoKα radiation, 
λ = 0.71073 Å) fitted with a Sapphire 2 CCD detector (see Table 1 for details). 
Intensity integration and standard Lorentz-polarization corrections were done 
with the CrysAlis RED (Oxford Diffraction 2006) software package. The program 
ABSPACK of the CrysAlis RED package (Oxford Diffraction 2006) was used 
for the absorption correction. The Rint (Laue group 4/mmm) decreased from 5.90 * E-mail: luca.bindi@unifi.it


