
Incorporation of Mg in phase Egg, AlSiO3OH: Toward a new polymorph of phase H, 
MgSiH2O4, a carrier of water in the deep mantle

Luca Bindi1,2,*, aLeksandra BendeLiani3,4, andrey BoBrov3,4,5, ekaterina Matrosova4, and 
tetsuo irifune6,7

1Dipartimento di Scienze della Terra, Università degli Studi di Firenze,Via G. La Pira 4, I-50121 Firenze, Italy
2C.N.R., Istituto di Geoscienze e Georisorse, Sezione di Firenze, Via G. La Pira 4, I-50121 Firenze, Italy

3Geological Faculty, Moscow State University, Moscow 119991, Russia
4Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian Academy of Sciences, Moscow 119991, Russia

5Korzhinskii Institute of Experimental Mineralogy, Chernogolovka, Moscow oblast 142432, Russia
6Geodynamics Research Center, Ehime University, Matsuyama 790-8577, Japan

7Earth-Life Science Institute, Tokyo Institute of Technology, Tokyo 152-8550, Japan

aBstract

The crystal structure and chemical composition of a crystal of Mg-bearing phase Egg with a general 
formula M 3+

1–xM x
2+SiO4H1+x (M 3+ = Al, Cr; M 2+ = Mg, Fe), where x = 0.35, produced by subsolidus reaction 

at 24 GPa and 1400 °C of components of subducted oceanic slabs (peridotite, basalt, and sediment), was 
analyzed by electron microprobe and single-crystal X-ray diffraction. Neglecting the enlarged unit cell 
and the consequent expansion of the coordination polyhedra (as expected for Mg substitution for Al), 
the compound was found to be topologically identical to phase Egg, AlSiO3OH, space group P21/n, with 
lattice parameters a = 7.2681(8), b = 4.3723(5), c = 7.1229(7) Å, b = 99.123(8)°, V = 223.49(4) Å3, and 
Z = 4. Bond-valence considerations lead to hypothesize the presence of hydroxyl groups only, thereby 
excluding the presence of the molecular water that would be present in the hypothetical end-member 
MgSiO3·H2O. We thus demonstrate that phase Egg, considered as one of the main players in the water 
cycle of the mantle, can incorporate large amounts of Mg in its structure and that there exists a solid 
solution with a new hypothetical MgSiH2O4 end-member, according to the substitution Al3+ ↔ Mg2+ 
+ H+. The new hypothetical MgSiH2O4 end-member would be a polymorph of phase H, a leading 
candidate for delivering significant water into the deepest part of the lower mantle.
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microprobe analysis, X-ray diffraction, crystal structure

introduction

Transportation of water into the Earth’s deep interior by the 
subduction of oceanic slabs plays a key role in the geodynamics 
of our planet through its impact on the rheology and electrical 
conductivity of the mantle (e.g., Ohtani et al. 2000; Ohira et al. 
2014). Broad experimental stability fields have been reported 
for Al-bearing hydrous phases and dense hydrous magnesium 
silicates, leading to wide agreement that these are the main play-
ers in the water cycle of the mantle (Frost and Fei 1998; Shieh et 
al. 1998; Tsuchiya 2013; Nishi et al. 2014; Pamato et al. 2015). 
Among these compounds, phase Egg, AlSiO3OH (Eggleton et al. 
1978; Schmidt et al. 1998; Fukuyama et al. 2017), likely found as 
inclusion in natural diamonds (Wirth et al. 2007; Kaminsky 2012), 
is considered to be the most promising candidate water carrier in 
ringwoodite-free lithologies in the lower half of the mantle transi-
tion zone, which is now established to be hydrous also by direct 
evidence obtained through natural samples (Pearson et al. 2014; 
Smith et al. 2016, 2018).

Although Mg-for-Al substitution has been confirmed for sev-
eral dense hydrous silicates (phase D, Pamato et al. 2015; phase H, 
Liu et al. 2018; superhydrous phase B, Kakizawa et al. 2018), 
phase Egg has been always reported with the ideal AlSiO3(OH) 
stoichiometry. By means of experiments on subsolidus interaction 

between the lithologies present in subducted slabs—peridotite, 
mid-ocean ridge basalt (MORB), and sediment—at 24 GPa and 
1400 °C, we synthesized for the first time an Mg-bearing phase 
Egg. The new high-pressure phase has been characterized by 
electron microprobe analysis and single-crystal X-ray diffraction, 
and the results are presented here.

saMpLe synthesis

The synthesis was performed in a 2000 ton split-sphere press 
at Ehime University (Matsuyama, Japan). Eight cubic tungsten 
carbide anvils with 3 mm truncation edge lengths compressed 
an 8 mm edge length octahedron of pressure medium of MgO 
doped with 17 wt% CoO. 4 mm pyrophyllite gaskets sealed the 
compressed volume and supported the anvil flanks. Heating was 
provided by a cylindrical LaCrO3 heater, 3.2/2.0 mm in outer/inner 
diameter and 4 mm in length.

Our experiment (run 3157) combined equal weights of two 
synthetic mixtures in Re capsules. The bottom half of the capsule 
held a sediment composition based on the global oceanic sub-
ducted sediment (GLOSS ) model of Plank and Langmuir (1998) 
(wt%: 58.55 SiO2; 0.62 TiO2; 11.91 Al2O3; 5.21 FeO; 0.32 MnO; 
2.48 MgO; 5.95 CaO; 2.43 Na2O; 2.04 K2O; 0.19 P2O5; 3.01 
CO2; 7.29 H2O). The top half held a garnet lherzolite with modal 
proportions Ol60Opx16Cpx12Grt12 (wt%: 44.99 SiO2; 3.39 Al2O3; 
0.5 Cr2O3; 11.27 FeO; 37.17 MgO; 2.41 CaO; 0.27 Na2O). The 
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