
American Mineralogist, Volume 96, pages 1207–1214, 2011

0003-004X/11/0809–1207$05.00/DOI: 10.2138/am.2011.3782      1207 
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aBstract

The 3.65 Å phase, a member of the family of dense hydrous magnesium silicates (DHMS) in the 
system MgO-SiO2-H2O, was synthesized in a 77 h multi-anvil press experiment at conditions of 10 
GPa and 425 °C by using a gel of composition MgSiO3 plus water in excess as starting materials. From 
our multi-methodical study including SEM, TEM, EMP, IR, and Raman analysis, we determined the 
composition of the 3.65 Å phase to be MgSi(OH)6. Powder XRD combined with Rietveld refinement 
revealed the 3.65 Å phase to be isostructural with δ-Al(OH)3. The 3.65 Å phase can be described as 
a hydrous A-site vacant perovskite with probably long-range random distribution of Si and Mg at 
octahedral sites. Locally, some ordering of Mg and Si might exist, as indicated from the spectroscopic 
measurements. The 3.65 Å phase represents the second DHMS with exclusively sixfold-coordinated Si, 
the other being phase D. The 3.65 Å phase is stable at pressures above about 9.0 GPa and temperatures 
below 500 °C. This limited P-T stability together with its high water content makes the 3.65 Å phase 
an unrealistic mantle component. If at all, it might only occur under hydrous conditions in the coldest 
parts of deeply and extremely fast subducted old oceanic slabs.
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introduction

Since the first synthesis report of the 10 Å phase by Sclar et al. 
(1965) and of the alphabetical phases A, B, and C by Ringwood 
and Major (1967), six further dense hydrous magnesium silicates 
(DHMS; phase D, E, F, G, shy B, 3.65 Å phase) have been syn-
thesized and numerous investigations have focused on their P-T 
stabilities and properties [for reviews see e.g., Prewitt and Finger 
(1992), Mysen et al. (1998), Kawamoto (2006)]. Except 10 Å 
phase, which was discovered as inclusions of kimberlitic olivine 
(Khisina et al. 2001), none of the other DHMS have been found 
in nature and are only known from high-pressure syntheses. 
Nevertheless, they are discussed to be important hosts and car-
riers of water under hydrous conditions of the Earth’s mantle and 
in subduction zones. If present at mantle depths, DHMS would 
have significant effects on mantle properties, e.g., elastic wave 
velocities, electrical conductivity, and their dehydration within 
descending slabs might be associated with water-induced and 
water-influenced processes, e.g., melt generation, metasomatism, 
and seismicity. Therefore, their study is central to the understand-
ing of the Earth’s deep water cycle.

The 3.65 Å phase, named after the d-value of its prominent 
X-ray reflection, is the least-characterized phase of the DHMS 
family. Sclar and Morzenti (1971) first described the synthesis of 
the 3.65 Å phase in the system MgO-SiO2-H2O (MSH) at pres-
sures above 9.0 GPa and temperatures below 500 °C and inferred 
from observed phase assemblages a [6]Mg2

[6]Si[6]o(OH)8 compo-
sition. They indexed the X-ray pattern based on a hexagonal cell 
with a = 14.72 Å and c = 3.655 Å and suggested a structure equal 

to brucite with three-fourths of the octahedral sites in alternate 
layers occupied by magnesium and silicon ions in the ratio 2:1 
and one-fourth octahedral sites vacant. Employing energy-
dispersive (EDX) analyses in the electron microscope, Rice et 
al. (1989) determined a Mg/Si ratio of 1.077 and suggested the 
composition [6]Mg1.4

[6]Si1.3
[6]o1.3(OH)8 again derived from brucite 

Mg4(OH)8 by the substitution mechanism [6]Mg–2
[6]Si[6]o. In the 

course of determining the upper P-T stability of the 10 Å phase, 
the 3.65 Å phase was recently found as a breakdown product of 
the 10 Å phase above about 9.5 GPa and temperatures below 
500 °C (Pawley et al. 2011). Neither composition nor structure 
of the 3.65 Å phase was determined by Pawley et al. (2011).

The proposed composition and structure of the 3.65 Å phase 
needs revision for the following reasons. (1) The two studies by 
Sclar and Morzenti (1971) and Rice et al. (1989) represent only 
short conference abstracts without following full publications. 
(2) According to Prewitt and Finger (1992), the extremely high 
OH content and the fact that all the Si should be in octahedral 
coordination is quite unusual for the relatively low synthesis 
pressure. Here we report on the synthesis of the 3.65 Å phase 
and detailed results of a multi-methodical study with respect to 
its composition, structure, and some further properties.

experiMental Methods

Synthesis
The synthesis of the 3.65 Å phase was performed in two multi-anvil press 

experiments (Table 1). We used MgO(+5%Cr2O3) octahedra with an edge length 
of 14 mm as pressure media. The WC anvils had a truncation edge length of 8 mm. 
Temperature was measured using W5%Re-W26%Re (type C) thermocouples with 
a precision of about ±10 °C. Pressure was calibrated by press-load experiments 
on several room- and high-temperature phase transitions. The estimated pressure * E-mail: wunder@gfz-potsdam.de


