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Abstract
X-ray diffraction measurements of natural talc plus water at combined pressures and temperatures of
0–15 GPa and 23–400 °C reveal the presence of a structural change that could be interpreted as a new
high-pressure phase at 4.0 (±0.5) GPa, and raise the possibility that the newly inferred phase transition
takes place in cold subducting slabs as a precursor to appearance of the 10 Å phase of talc.
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Introduction
Water transport from the surface to the deep interior, and
its circulation on a global scale, is a significant aspect of the
Earth’s evolution. Water, or hydrogen, plays an important
role in changing the properties of mantle materials, including
melting temperature and viscosity. At convergent margins, the
subducting oceanic slab is the vehicle by which hydrogen is
transported to depth, via fluid phases, hydrous minerals and
nominally anhydrous (but hydrogen-bearing) minerals. The
petrological reactions in the subducting slab mediate buoyancy
forces, drive slab pull, and account for volatile transport and
release—generating lubrication along faults that can facilitate
tectonic plate motion (Poli and Schmidt 2002). A wide pressuretemperature-composition space has to be characterized to constrain slab subduction models, and quantitative models require
information on the pressure-temperature stability fields and
elastic properties of water-bearing minerals (Peacock 1990;
Williams and Hemley 2001).
Talc, Mg3Si4O10(OH)2, is an important component in a series
of petrological reactions that can deliver and release water at
depth. It is found commonly as a hydrothermal alteration product
in Mg-rich, metasomatized ultramafic rocks. The occurrence of
altered ultramafic rocks in the slab is indicated by exposure of
serpentinized peridotite on the ocean floor, and by the presence
of altered peridotite in ophiolitic assembleges. The stability of
talc at high pressures and temperatures can therefore determine
the ability of hydrothermally altered ultramafic rocks to store
and transport water at depth.
Talc has a layered structure consisting of sheets of edgesharing octahedrally (O) coordinated Mg, each sandwiched between two sheets of corner-sharing silica tetrahedra (T). The TOT
layers are held together by weak van der Waals forces, making
talc one of the softest known minerals. The polytypic nature of
talc, with variations in the stacking sequence of TOT sheets, can
result in either monoclinic or triclinic crystal structures (Wenk
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and Bulakh 2004). At ambient conditions, the distance between
individual TOT layers (basal spacing) is about 9.4 Å. At 5 GPa
and 500–650 °C, talc transforms to a phase incorporating H2O
molecules between these TOT layers; incorporation of water
increases the basal spacing to an ambient pressure value of 10
Å (Chinnery et al. 1999; Fumagalli et al. 2001; Comodi et al.
2005). The H2O molecules form a hydrogen-bonded network
with the silicate layers, which helps to increase the cohesion of
the silicate layers (Parry et al. 2007). The decomposition of talc
to coesite + enstatite + water has been characterized at ~3–5
GPa, 700–800 °C by Pawley and Wood (1995).
So far, there have been three in situ studies of talc under high
pressure: an X-ray diffraction study (Chinnery et al. 1999) at
high pressure and temperature concentrated on the transformation from talc to 10 Å phase and two infrared studies (Parry et
al. 2007; Scott et al. 2007), which showed continuous frequency
increase of OH modes. The Scott et al. (2007) study included
far-infrared data exhibiting a rearrangement of modes and an
additional mode at 450 cm–1 at about 4 GPa, indicative of a
phase transition.
Here we present an X-ray diffraction study of talc at high pressures and temperatures both dry and in the presence of water.

Experimental methods
Two sets of experiments were performed using natural talc loaded in diamond
cells: (1) at ambient temperature, and (2) at high temperature. For each experiment,
we performed wet (talc plus an excess fluid) and dry runs.

Experiment 1
Parry (2004) describes these experiments in detail, so only a brief summary
is given here. A Dynocell type diamond cell (Diacell Products Ltd.) was used
with anvils having 300 µm culets and a stainless steel gasket indented to 120
µm thickness. A 125 µm diameter hole served as the sample chamber, and either
ethylcyclohexane or water was used as a pressure-transmitting fluid. Ruby grains,
10 µm in diameter, were used to determine the pressure (Mao et al. 1978) for both
dry and wet runs. Angle-dispersive powder diffraction measurements were made at
beamline 7.3.3, Advanced Light Source, Lawrence Berkeley National Laboratory,
using a MAR 345 image-plate detector and 12 keV X-rays. Data were collected at
pressures from ambient to 10 GPa, and two-dimensional diffraction images were
reduced to one-dimensional patterns using the FIT2D program (Hammersley et
al. 1996). Data were indexed using a triclinic unit cell (Fig. 1a), with peak posi-
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