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AbstRAct

Infrared spectroscopy and X-ray diffraction are used to evaluate the OH and H2O environments 
in 10 Å phase (“TAP”), nominally Mg3Si4O10(OH)2·H2O. Two partially deuterated samples of TAP 
synthesized under different conditions have very similar IR spectra, indicating that the phase has a 
reproducible structural state. IR spectra were also collected of samples of fully Ni-substituted and 
partially deuterated TAP, and of samples heated for 1–2 h at 500 °C to remove structural H2O/D2O 
and leave behind bands due to OH/OD of the 2:1 layer. A high-pressure study of the Ni-TAP sample 
FRQ¿UPHG�WKDW�WKH�EHKDYLRU�RI�LWV�+2O and OH/OD bands was analogous to that observed in previous 
studies of Mg-TAP. Comparison of the IR spectra of unheated, heated, and compressed samples has 
DOORZHG�WKUHH�GLIIHUHQW�W\SHV�RI�0J�2+��0J�2'��VWUHWFKLQJ�EDQGV�WR�EH�LGHQWL¿HG��WZR�RI�ZKLFK�DUH�
further split, indicating subtle complexities in the TAP structure. The third band is identical to the 
band in talc. Two interlayer H22�VWUHWFKLQJ�EDQGV�KDYH�EHHQ�LGHQWL¿HG��7KH�SUHVHQFH�RI�DQ�DEVRUSWLRQ�
feature that is broader than these interlayer H2O bands suggests that there is a second type of more 
weakly bonded H2O. On heating to 500 °C, the main interlayer H2O bands are lost, the talc-like band 
is unchanged, and shifts in the other Mg-OH band frequencies indicate a change in environment fol-
lowing the loss of the interlayer H2O. At the same time the signature of a silanol group is possibly 
revealed from the coincidence of band positions in the Mg-TAP and Ni-TAP spectra. The recognition 
of three distinct Mg-OH (Ni-OH) environments in Mg-TAP (Ni-TAP) is consistent with the structural 
model of TAP proposed by Welch et al. (2006) and Phillips et al. (2007), in which the transformation 
from talc to TAP involves a key change from hydrophobic to hydrophilic character that enables hy-
GUDWLRQ�RI�WKH�LQWHUOD\HU��$�¿QDO�OHYHO�RI�FRPSOH[LW\�LV�LQGLFDWHG�E\�WKH�LGHQWL¿FDWLRQ�RI�D��c trigonal 
superstructure from single-crystal XRD, implying a structure analogous to that of the 3T phengite 
polytype, with interlayer H22�IXO¿OOLQJ�WKH�UROH�RI�.��7KH�IRUPDWLRQ�RI�DGGLWLRQDO�2+�JURXSV�ZKHQ�
talc transforms to 10 Å phase increases the amount of water contained in 10 Å phase and may also 
occur in closely related phyllosilicates in the Earth’s mantle, such as intergrowths of chlorite with 
10 Å phase. Moreover, the reproducibility of the key features of the IR spectra for different samples 
LPSOLHV�WKDW�WKLV�ZDWHU�FRQWHQW�LV�¿[HG�
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intRoduction

The 10 Å phase (“TAP”), a high-pressure synthetic phyl-
losilicate related to talc, has been the subject of numerous ex-
perimental studies since the first report of its synthesis by Sclar 
et al. (1965), due to its potential significance as a host of water 
in subduction zones. TAP is stable at pressures above 5 GPa, 
where it forms from the reaction of talc, Mg3Si4O10(OH)2, with 
water (Pawley and Wood 1995). Above 700 °C, it breaks down 
to enstatite + coesite + water (Pawley et al. 2011). Therefore any 
talc that is carried down into the Earth’s mantle in subducting 
slabs will react to TAP at depths of around 200 km if the tem-
perature remains below 700 °C. Talc forms in subducting slabs 
from hydration of mantle peridotite (e.g., Evans and Guggenheim 

1988). Because of its mechanical weakness and anisotropy, its 
presence in subduction zones is likely to have a significant effect 
on rheological and seismic behavior (e.g., Hirauchi et al. 2013). 
TAP has similar physical properties, and so it, too, would play an 
important role in the geophysical properties of subducting slab, as 
well as delivering water to greater depths than is possible in talc.

The most obvious transformation in forming TAP from talc 
+ H2O is the expansion of the basal spacing as H2O is incorpo-
rated into the interlayer space between the 2:1 layers of talc. 
However, the amount of H2O incorporation, and its variability 
with run conditions, have been difficult to quantify. Attempts to 
measure the H2O content have yielded concentrations ranging 
from 0.65 to 2 H2O per formula unit of talc (Bauer and Sclar 
1981; Wunder and Schreyer 1992; Yamamoto and Akimoto 
1977). The structure reported by Comodi et al. (2005) from 
single-crystal X-ray diffraction contains a single H2O molecule, 


