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Abstract

A Li-rich majoritic garnet (LiMGt), (Li2Mg)Si2(SiO4)3, was synthesized at 15 GPa and 1500 °C 
and its structure studied with single-crystal X-ray diffraction and Raman spectroscopy. It is cubic with 
space group Ia3d and unit-cell parameters a = 11.2660(2) Å and V = 1429.91(1) Å3. The 8-, 6-, and 
4-coordinated cation sites in LiMGt are occupied by (Li+ + Mg2+), Si4+, and Si4+, respectively. Whereas 
the SiO6 octahedron is nearly regular, the XO8 dodecahedron is the most distorted of all known silicate 
garnets in terms of the bond-length distortion index. All Raman peaks of LiMGt are broader than those 
of pyrope, due to the substitution of Li+ for Mg2+ at the dodecahedral site. Furthermore, both Si-O sym-
metric stretching (A1g-ν1) and O-Si-O symmetric bending (A1g-ν2) modes of LiMGt shift significantly 
to higher frequencies relative to the corresponding ones of pyrope. In contrast, the A1g-(SiO4) rotational 
mode of LiMGt displays a much lower frequency than that of pyrope. This study represents the first 
structural report on a garnet with an all-silicate framework and suggests that, like Na incorporation in 
garnets, the pressure-dependent coupled substitution of (Li+ + Si4+) for (Mg2+ + Al3+) is likely one of 
the primary mechanisms for Li enrichment in garnets in the mantle and the transition zone.
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Introduction

Silicate garnets are one of the major rock-forming minerals 
in the Earth’s crust and the upper mantle and may account for 
nearly 40–70% by volume of the transition zone between 410 
and 660 km in depth (Agee 1998; Frost 2008). Most garnets from 
the Earth’s crust possess cubic symmetry with space group Ia3d 
and the general chemical formula X3Y2(SiO4)3, where X = mainly 
Mg, Ca, Fe, or Mn, and Y = Al, Fe, or Cr. The garnet structure 
can be described as a three-dimensional network of alternating 
corner-shared SiO4 tetrahedra and YO6 octahedra, with larger X 
cations occupying interstitial 8-coordinated dodecahedral sites. 
Various cation substitutions may take place in garnets, giving 
rise to a wide range of technological and industrial applications, 
including solid-state lasers, oscillators, multipliers for electron-
ics, low-dusting and highly productive abrasives for blast clean-
ing, waterjet cutting, sandpapers, effective and recyclable water 
filters, low-conductivity magnetic bobble domain devices, as 
well as popular colored gemstones.

At the upper mantle or transition zone pressures, garnets may 
become majoritic with considerable Si4+ in the Y site, such as 
Mg3(FeSi)(SiO4)3 (Smith and Mason 1970), Mn3(MnSi)(SiO4)3 
(Fujino et al. 1986), Mg3(MgSi)(SiO4)3 (Kato and Kumazawa 
1985; Angel et al. 1989), (Ca0.49Mg2.51)(MgSi)Si3O12 (Hazen et 
al. 1994a), and Mg3(MgxSixAl2–2x)(SiO4)3 with 0.38 ≤ x ≤ 1.0 
(Nakatsuka et al. 1999). Intriguingly, a Na-rich majoritic garnet 

(NaMGt), (Na2Mg)Si2(SiO4)3, has been synthesized above 15 
GPa and 1600 °C (Gasparik 1989; Pacalo et al. 1992; Bobrov 
et al. 2008). The discovery of NaMGt not only confirms the 
mechanism of Na incorporation into majoritic garnet through 
the pressure-dependent exchange reaction Na+ + Si4+ ↔ M2+ 
+ Al3+ (Ringwood and Major 1971), but also suggests that Na 
concentrations may be used to estimate the formation pressure/
depth of Na-bearing garnets. Recently, Bobrov et al. (2008) 
have determined phase relations in the (Na2Mg)Si2(SiO4)3-
Mg3Al2(SiO4)3 system up to 24 GPa. However, no structure 
report has been available thus far for NaMGt. To contribute to 
the crystal-chemical knowledge of garnets containing significant 
amounts of monovalent cations, we present a structural study of 
a high-pressure synthetic Li-analog of NaMGt, namely (Li2Mg)
Si2(SiO4)3, by means of single-crystal X-ray diffraction and Ra-
man spectroscopy. 

Experimental methods
The Li-rich majoritic garnet (LiMGt) sample used in this study was synthesized 

in a 1000t-multi anvil device. The starting material was prepared by mixing ap-
propriate amounts of high-purity (≥99.99%) SiO2, MgO, and Li2CO3 in an agate 
mortar under ethanol. The mixture was decarbonated by stepwise heating to 600 
°C with intermittent checks of the loss on ignition. The oxide mix was then welded 
into a platinum capsule. The run conditions were 15 GPa and 1500 °C for 31.5 
h. The detailed experimental procedures for the synthesis, electron microprobe 
analysis, and Raman spectrum measurement were similar to those described by 
Yang et al. (2009). 

The composition of LiMGt was analyzed with a JEOL 8100 electron superprobe 
using 10 nA beam current and 15 kV acceleration voltage. Natural quartz and 
synthetic MgO were used as standards. Counting times on peaks and backgrounds * E-mail: hyang@u.arizona.edu


