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CHEMISTRY AND MINERALOGY OF EARTH’S MANTLE
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abSTracT
Majoritic garnet, characterized by an excess of silicon (>3 Si per formula unit), is considered one of
the major phases of the Earth’s transition zone from 410–660 km depth. Quantifying the H2O content
of nominally anhydrous mantle minerals is necessary to evaluate their water storage capacity from

point defects. A suite of majoritic garnet samples with varying proportions of Si, Fe, Al, Cr, and H2O
was synthesized at conditions of 18–19 GPa and 1500–1800 °C. Single-crystals were characterized
using X-ray diffraction, electron microprobe analysis, secondary ion mass spectrometry (SIMS), IR,
Raman, and Mössbauer spectroscopy. We utilize SIMS and Raman spectroscopy in combination with
mineral formula (Mg,Fe)3(Si,Mg,Fe,Al,Cr)2[SiO4]3
cm–2 to
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inTroDucTion
Majorite was first described by Smith and Mason (1970),
who found a garnet with silicon excess (more than 3 silicon
atoms per formula unit) in the Coorara meteorite. They further
defined majorite as garnet solid solution with partial occupancy
of the octahedral site by excess Si and Mg. The first terrestrial
occurrence was reported by Moore and Gurney in 1985, who
discovered majorite inclusions in kimberlitic diamonds. Garnet,
along with olivine and its high-pressure polymorphs wadsleyite
and ringwoodite, are major components of the Earth’s upper
mantle and transition zone (Akaogi and Akimoto 1977; Anderson
and Bass 1986; Irifune 1987).
With increasing depth the majoritic component of garnets
increases toward the solid solution end-member majorite
(Maj), Mg3(Mg1Si1)Si3O12 = Mg4Si4O12, from small amounts in
the upper mantle to significant amounts in the transition zone
(e.g., Ringwood 1967; Ringwood and Major 1971; Kanzaki
1987; Irifune 1987; Gasparik 2002). Hence, majorite-pyrope
(Mg4Si4O12-Mg3Al2Si3O12) solid solutions are of high relevance
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depending on the petrological model considered (e.g., Ita and
Stixrude 1992).
The incorporation of silicon into the octahedral site is facilitated by the above-mentioned majoritic component, which
is a coupled substitution of tetravalent silicon and one divalent
M3+ = Si4+ + M2+) (Ringwood 1967; Ringwood and Major 1971).
This coupled substitution leads to the general crystal chemical
formula (Mg,Fe,Ca)3(Si,Mg,Fe,Al,Cr)2[SiO4]3 and to a symmetry reduction; whereas Al-bearing majoritic garnet is cubic,
end-member majorite crystallizes in tetragonal symmetry due to
ordering of Mg and Si on two distinct octahedral sites (Ringwood
and Major 1967; Akaogi and Akimoto 1977; Hatch and Ghose
1989; Angel et al. 1989).
Majorite crystal structure, stability, compressibilities, elasticity, iron oxydation state, and vibrational spectroscopy have been
extensively studied in the past (e.g., Akaogi and Akimoto 1977;
Hazen et al. 1994; Heinemann et al. 1997; Murakami et al. 2008;
McCammon and Ross 2003; Hofmeister et al. 2004). In this work
we focus on the incorporation of water into majoritic garnet. The
presence of water, incorporated as OH through charge-coupled
chemical substitutions into high-pressure silicates of the Earth’s
deep interior, may play a significant role in geophysical processes
due to its influence on phase relations and melting behavior,
conductivity, elasticity, viscosity, and rheology (Smyth and
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