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INTRODUCTION

The �10 Å phase� is a high-pressure product of talc and H2O 
(Yamamoto and Akimoto 1977; Bauer and Sclar 1981). The 
name is derived from the d001 basal repeat, which is larger than 
that of talc (d001 = 9.5 Å) to accommodate H2O in the interlayer, 
and reß ects the fact that this phase has not been given a mineral 
name because it has not been reported from a natural assemblage. 
However, recent reports of a phyllosilicate with talc-like compo-
sition and ca. 10 Å layer repeat as inclusions in mantle olivine 
(Koch-Müller et al. 2006; Khisina and Wirth 2002), and obser-
vations of similar materials in products of experimental studies 
of antigorite dehydration (Perrillat et al. 2005) and equilibration 
of synthetic hydrous peridotite at elevated P and T (Fumagalli 
and Poli 2005) suggest that the 10 Å phase could form in nature 
through several different processes. Interest in the 10 Å phase 
derives from the possibility that this or similar materials could 
serve as a vehicle to carry H2O into the mantle with subducting 
slabs. Several studies have reported on the chemistry and pres-
sure/temperature stability of the 10 Å phase (Miller et al. 1991; 
Wunder and Schreyer 1992; Pawley and Wood 1995; Chinnery 
et al. 1999; Fumagalli et al. 2001), but the relationship between 
the interlayer H2O and the 2:1 Mg-silicate layers, especially at 
pressure, is still not fully understood. Based on single-crystal X-
ray diffraction (XRD) data, Comodi et al. (2005) presented the 
Þ rst crystal-structure analysis of the 10 Å phase, which shows 
a mica-like stacking with oxygen atoms of the H2O molecules 
occupying the center of the 12-fold sites formed by two 6-mem-

bered silicate rings. 
Until recently the 10 Å phase was thought to be a simple 

product of talc and H2O in that the reaction product consisted of 
H2O in an expanded interlayer between the 2:1 layers. However, 
Welch et al. (2006) report 29Si NMR spectroscopic data and sin-
gle-crystal electron microprobe results showing the 10 Å phase 
contains nearly 5% Si vacancies in the tetrahedral sheets. NMR 
spectra for samples prepared from both hydroxide/oxide mixtures 
and crystalline talc starting materials show a signiÞ cant fraction 
of Q2 Si. [Standard Qm(nAl) notation to characterize the local 
environment of tetrahedrally coordinated Si is used throughout, 
where m is the number of bridging bonds to other tetrahedrally 
coordinated cations, and n is the number of adjacent Al4, where 
0 ≤ n ≤ m. For phases such as talc, which do not contain sig-
niÞ cant Al4, Qm is used.] Welch et al. provide compelling data 
suggesting that these Q2 sites are not associated with the edges 
of the particles. The Q2 sites are not present in the crystalline 
talc starting material, indicating that they are created during the 
talc → 10 Å phase reaction. The 29Si NMR results are supported 
by chemical analyses of single crystals synthesized from oxides 
that yield a Si/Mg ratio signiÞ cantly lower than the 4:3 value 
expected for stoichiometric talc. Thus, the Q2 sites probably oc-
cur adjacent to Si vacancies in the tetrahedral sheets. Although 
the implied vacancy concentration appears low (ca. 5%), each 
vacancy has up to three adjacent Q2 Si. The termination of the 
broken Si-O-Si linkages at the vacancy will affect the interaction 
of H2O with the tetrahedral sheet, the structure of the interlayer 
H2O, and the interpretation of spectroscopic data that are needed 
to determine this structure. * E-mail: brian.phillips@sunysb.edu
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ABSTRACT

Using 29Si, 1H, and 2H magic-angle spinning (MAS) and 29Si{1H} heteronuclear correlation (Het-
Cor) nuclear magnetic resonance (NMR) spectroscopy the tetrahedral sheets of the 10 Å phase are 
shown to contain Q2-type Si bonded to silanol groups that donate hydrogen bonds to interlayer H2O. 
29Si NMR spectra of 10 Å phase samples synthesized from oxide and from crystalline talc starting 
materials contain a peak near �87 ppm for Q2 Si, in addition to the main peak at �98 ppm for the 
talc-like Q3 of the tetrahedral sheet. The 1H MAS NMR spectra of the 10 Å phase contain two distinct 
peaks, at chemical shifts of +7.8 and +3.2 ppm, in addition to a narrow peak near +0.9 ppm from the 
talc-like hydroxyl groups. 29Si{1H} HetCor data indicate that the +7.8 ppm 1H resonance corresponds 
to silanol groups and that at +3.2 ppm arises from interlayer H2O. Comparison of the observed data 
with correlations of 1H NMR chemical shift and 2H quadrupolar coupling indicates that the silanol 
groups donate moderate hydrogen bonds to interlayer H2O, d(O···O) ≈ 2.8 Å, whereas most interlayer 
H2O donate only very weak or no hydrogen bonds at ambient conditions. Our results suggest that 
formation of the 10 Å phase involves formation of vacancies, which allow favorable hydrogen bond 
interaction between interlayer H2O and the normally hydrophobic talc-like 2:1 layers. 
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