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Abstract
We report the synthesis, at 7 GPa and 923 K, and the thermoelastic characterization, up to 16 GPa 

and 850 K, of a single crystal of Mg-sursassite, Mg5Al5Si6O21(OH)7. In situ high-pressure and high-
temperature single-crystal diffraction allowed the study of structural variation at non-ambient conditions 
and the determination of bulk elastic properties. The refined parameters of a second-order Birch-
Murnaghan equation of state (BM-II EoS) are V0 = 446.02(1) Å3 and KT0 = 135.6(7) GPa. The thermal 
expansion coefficients of a Berman-type EoS are α0 = 3.14 (5) × 10−5 K−1, α1 = 2.50(16) × 10−8 K−2, 
and V0 = 445.94(3). For comparison, the P-V EoS is determined for a natural sursassite sample, ide-
ally Mn4Al6Si6O22(OH)6. The refined parameters of BM-II EoS [V0 = 470.2(3) Å3, KT0 = 128(4) GPa] 
indicate that composition has a minimal effect on elastic properties. The similarity of density and bulk 
properties of Mg-sursassite if compared to olivine and other anhydrous mantle minerals suggests that 
this phase could be overseen by geophysical methods.
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Introduction
The deep-water cycle plays a fundamental role in the evo-

lution of Earth and has a strong influence on life creation and 
sustainability. High-pressure and high-temperature experimental 
petrology shows that the number of possible hydrous phases that 
can carry water into the Earth’s mantle via subduction is quite 
broad. The determination of the stability field of these hydrous 
phases and of the mechanism of sequestration and release of 
water accomplished through their occurrence are paramount to 
unravel the evolution of our “water” planet. Mg-sursassite is one 
of these hydrous minerals. This phase has been first synthesized 
in the simple MgO-Al2O3-SiO2-H2O (MASH) system with either 
a Ca-free or MgMg-Al pumpellyite structure (Schreyer et al. 
1986; Fockenberg 1998) or in a disordered pumpellyite struc-
ture with local sursassite-type geometry (Artioli et al. 1999). 
Its crystal structure has been further constrained using Rietveld 
method and transmission electron microscopy to an isostructural 
arrangement as Mn-sursassite Mn4Al2Al4Si6O22(OH)6. In this 
structure, Mn to Mg substitution takes place together with Al 
replacement by Mg + H, thus giving a nominal chemical for-
mula of Mg5Al5Si6O21(OH)7 and being referred as Mg-sursassite 
(Gottschalk et al. 2000).

Mg-sursassite is a sorosilicate mineral, that forms after the 
breakdown of layered minerals like chlorite and retains wa-
ter in its structure. It belongs to the group of “dense hydrous 

magnesium-aluminum silicates” (DHMAS). Like the majority 
of DHMAS and “dense hydrous magnesium silicates” (DHMS), 
Mg-sursassite is characterized by a modulated-layered structure. 
The main characteristic of DHMS/DHMAS is that they are stable 
and they can bear a large amount of “water” (e.g., phase E can 
hold up to 18 wt% of H2O) even under extreme conditions, P 
= 13–18 GPa and T = 1573 K (Purevjav et al. 2020 and references 
therein). Indeed, they represent the major group of minerals that 
have a large hydrogen storage capacity over a wide pressure and 
temperature range (Purevjav et al. 2020), contributing, therefore, 
to the global water budget. This is one of the key topics for 
understanding the nature and evolution of the Earth’s interior 
since water can affect mantle rheology, melting temperature, 
and electrical conductivity (e.g., Smyth 2006).

It has been already demonstrated that Mg-sursassite 
[Mg5Al5Si6O21(OH)7], containing about 7 wt% H2O, can be a 
possible high-pressure carrier of significant volumes of H2O in 
a range of bulk compositions from pelitic (Domanik and Hol-
loway 1996) to mafic/ultramafic compositions (Fockenberg 
1998; Artioli et al. 1999; Bromiley and Pawley 2002). Indeed, 
its stability field was originally defined in the interval 6–7 GPa 
and <973 K, allowing water transfer in the subducting slab from 
chlorite minerals to the high-pressure dense hydrous magnesium 
silicate phase A. For instance, a chlorite-bearing peridotite con-
taining 2.8 wt% H2O could provide the transfer of 0.98 wt% H2O 
via the reaction chlorite + enstatite = Mg-sursassite + forsterite 
+ fluid (Luth 2003). Recently, a Si-rich Mg-sursassite with oc-
tahedrally coordinated Si (Bindi et al. 2020) has brought more 
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