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INTRODUCTION

The 10-Å phase, nominally Mg3Si4O10(OH)2·xH2O, is a syn-
thetic dense hydrous magnesium silicate that has been proposed 
as a storage site for H2O in subducting slabs (Thompson 1992), 
where it would form from talc at 4�5 GPa and remain stable to 
at least 7 GPa (Pawley and Wood 1995). Chinnery et al. (1999) 
observed by synchrotron powder X-ray diffraction the in situ 
transformation of talc to 10-Å phase in 20 min at 6 GPa/500 °C. 
Although numerous studies of the 10-Å phase have been made 
since its discovery forty years ago by Sclar et al. (1965), its 
structure (no H atom coordinates reported) was Þ rst determined 
recently by Comodi et al. (2005). The only published chemical 
analyses are given by Pawley et al. (1995) for a sample synthe-
sized from talc + H2O at 6.8 GPa, 650 °C, 44 h for which (Mg + 
Fe):Si = 3.02:3.99. Widely varying interlayer H2O contents 2/3 < 
xH2O < 2 pfu have been reported. The X-ray structure reported 
by Comodi et al. (2005) has x = 1.

Spectroscopic studies of the 10-Å phase have led to some 
conß icting peak assignments and interpretations of OH environ-
ments (Bauer and Sclar, 1981; Fumagalli et al. 2001; Parry et al. 
in review), particularly distinguishing OH stretching modes of 
H2O and structural OH. There is also considerable uncertainty 
about the range and nature of hydrogen-bonded interactions in 
the 10-Å phase, which bear upon the interpretation of vibrational 
spectra. The variable results of these studies may reß ect a range 
of compositions and/or structural states for the 10-Å phase pro-
duced from different starting materials, P-T conditions and run 
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ABSTRACT
29Si MAS NMR spectroscopy on samples of 10-Å phase synthesized from oxides (6.0 GPa/600 

°C/400 h) and from partial transformation of talc (6.5 GPa/650 °C/12.5 h) reveals that this phase 
contains Q2-type Si sites in a ratio Q3:Q2 of 5.33:1. It is proposed that the Q2 arise from adjacent 
vacancies in the tetrahedral sheets for which charge balance is most likely achieved by hydroxylation 
via a hydrogarnet-like substitution involving the formation of Q2 silanol groups. Variable-contact-
time 29Si {1H} CP/MAS NMR spectra of the talc/10-Å phase product support the assignment of Q2 
Si to the proposed SiO3(OH) groups. Electron microprobe analysis, including oxygen, gives the fol-
lowing empirical formula normalized to three Mg apfu and inferring a hydrogarnet component Si → 
4H associated with Si vacancies: Mg3Si3.83(8)O9.32(OH)2.68.1.1(4)H2O. The observed Mg:Si indicates 
a signiÞ cant Si deÞ ciency relative to talc. Comparison of the 29Si MAS NMR and microprobe data 
indicates that Si vacancies likely occur as single isolated entities, rather than as pairs or clusters, and 
that between 1 in 18 and 1 in 23 Si sites is vacant. The results suggest new and intriguing possibili-
ties for the incorporation of excess H into the 10-Å phase and, potentially, other phyllosilicates under 
upper-mantle conditions.
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durations. Here, we present new compositional and spectroscopic 
data that indicate the presence of Si vacancies in the tetrahedral 
sheet of the 10-Å phase and suggest new possibilities for com-
positional variation.

EXPERIMENTAL METHODS

Direct synthesis of deuterated 10-Å phase
Our original purpose in synthesizing deuterated 10-Å phase was to carry out 

a neutron powder diffraction study (Pawley et al., 2004). Deuterated 10-Å phase 
was synthesized from a 3:4 mixture of synthetic deuterated brucite, Mg(OD)2, and 
SiO2 glass. The starting mixture (0.120 g) was sealed in a Pt capsule with 9 wt% 
excess D2O. The additional D2O was added to ensure water-saturation for a pos-
sible deuterated 10-Å phase composition of Mg3Si4O10(OD)2·2D2O. Brucite was 
used in the starting material to eliminate the need to load a large volume of D2O. 
A neutron-diffraction study of the bulk Mg(OD)2 brucite sample synthesized at 
0.1 GPa/500 °C (70 h) from which our starting material was taken determined a D 
content of 88 at%. The successful synthesis experiment (see below) was performed 
at 6.5 GPa/600 °C and lasted 400 h. The weight loss on puncturing the capsule 
after the experiment was ~2%.

Four syntheses were performed in a Walker-type multi-anvil apparatus at the 
University of Manchester under similar conditions. Owing to possible thermal 
gradients along the capsule length, each synthesis product was divided into three 
pieces corresponding to the top, middle, and bottom thirds, and then examined by 
powder X-ray diffraction for purity. Only the top and middle of the third synthesis 
(run DTAP3) gave XRD-pure 10-Å phase. This sub-sample amounted to 0.09 g. 
Most crystals from this sample (Fig. 1 inset) have subhedral hexagonal shapes and 
are thin (<15 μm), but some reach diameters of up to 0.25 mm, characteristically 
forming ß at, highly reß ective plates. 

Powder X-ray diffraction data for the reÞ nement of unit-cell parameters (Fig. 1) 
were collected for the entire 0.09 g sample (Enraf-Nonius position-sensitive detec-
tor, CuKα1, 45 kV/40 mA). All peaks correspond to 10-Å phase and were indexed 
ab initio using the CrysÞ re2002 program suite (Shirley 2002) for a monoclinic 1M 
structure (Comodi et al. 2005). ReÞ nement of 30 peak positions in the range of * E-mail: mdw@nhm.ac.uk


