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The reaction talc 1 forsterite 5 enstatite 1 H2O: New experimental results and
petrological implications
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ABSTRACT

The reaction talc 1 forsterite 5 enstatite 1 H2O has been investigated between 6 and
20 kbar. Previous high-pressure experimental studies suggested various reaction positions,
mostly with positive P-T slopes. The new results show that the reaction has a negative
slope in the pressure range studied. It was bracketed between 640 and 680 8C at 10 kbar,
between 620 and 640 8C at 15 kbar, and between 580 and 600 8C at 20 kbar. The growth
of antigorite at high pressures prevented the reaction from being determined above 20 kbar.
The reaction position is consistent with the previous low-pressure data of Chernosky et al.
(1985), is in very good agreement with the position calculated using the thermodynamic
database of Berman (1988), and is in reasonable agreement with the calculation using the
thermodynamic database of Holland and Powell (1990). The high reaction temperatures
suggested by previous high-pressure experiments may reflect metastable or quench growth
of talc in those experiments. Talc in equilibrium with forsterite is stable over a wide P-T
range in hydrothermally altered and metamorphosed ultramafic rocks and may be important
for carrying H2O into subduction zones. However, talc dehydration occurs at too shallow
a depth for the H2O to contribute directly to subduction zone volcanism.

INTRODUCTION

Talc, Mg3Si4O10(OH)2, is a common mineral in hydro-
thermally altered and metamorphosed ultramafic rocks. In
these rocks it is commonly associated with olivine and
other hydrous minerals such as serpentine and amphibole.
The maximum stability of end-member talc, as given by
the reaction talc 5 enstatite 1 quartz 1 H2O, occurs at
;800 8C at 10–30 kbar (Chernosky et al. 1985; Jenkins
et al. 1991). However, in typical altered ultramafic rock
in which talc coexists with olivine, it breaks down at low-
er temperatures through reaction with the olivine. The
end-member reaction in the system MgO-SiO2-H2O
(MSH) is:

talc 1 forsterite 5 5 enstatite 1 H O (1)2

Ta, Mg Si O (OH) Fo, Mg SiO En, MgSiO3 4 10 2 2 4 3

This reaction is significant because it determines not only
the maximum stability of talc in equilibrium with for-
sterite but also the highest temperature at which H2O can
be stored in typical altered ultramafic rock at moderate to
high pressures. The amphibole-bearing MSH assemblage
anthophyllite 1 forsterite is stable to higher temperatures
than talc 1 forsterite but is not stable above ;8 kbar
(Chernosky et al. 1985). Serpentine is more abundant
than talc at low pressures and temperatures, but below
;15 kbar it breaks down at a temperature lower than
reaction 1. Reaction 1 could therefore play an important
role in affecting the conditions of H2O storage in the
Earth’s mantle, particularly in subduction zones. Here,
hydrated oceanic lithosphere is subducted into the mantle

and releases its H2O through a series of dehydration re-
actions. These reactions may play a major role in sub-
duction zone processes by providing the H2O necessary
for volcanism or by triggering earthquakes. In addition,
H2O released by these actions may become incorporated
in new high-pressure hydrous phases, e.g., dense hydrous
magnesium silicates or in nominally anhydrous minerals.
These phases may transport the H2O to much greater
depth than the stability of common metamorphic minerals
such as talc.

Several experimental investigations of reaction 1 have
been published. For example, as part of a comprehensive
study of phase equilibria in the system MSH at low pres-
sures, Chernosky et al. (1985) determined its position up
to 6 kbar. Their results on this reaction and others in-
volving talc formed the basis for the determination of the
enthalpy of talc in the internally consistent thermodynam-
ic databases of Holland and Powell (1990) and Berman
(1988). The experimental data of Chernosky et al. (1985)
and the position of reaction 1 calculated using the data-
bases are shown in Figure 1, together with other previous
data on reaction 1.

The results of Chernosky et al. (1985) on talc reactions
are generally self-consistent and so the calculated reaction
1 passes through their low-pressure brackets. However
this consistency does not extend to the previous high-
pressure experimental studies, which have produced re-
sults inconsistent with each other and with the calcula-
tions. The most-cited high-pressure reversal experiments
are those of Kitahara et al. (1966), who obtained phase-


