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We have conducted experiments to study the phase
equilibria of the basalt + H2O system. The purpose of this
work is to determine which hydrous phases are stable in the
basaltic layer of a subducting slab and how deeply they may
transport H2O.

Previous experimental studies (Liu et al., 1996; Pawley
and Holloway, 1993; Schmidt and Poli, 1998) reported
contradicting results. It is possible that metastable growth of
hydrous phases, such as chloritoid, occurred in the week-long
runs of Schmidt and Poli (1998) as opposed to the month-long
runs of Liu et al. (1996). For this reason, experiment duration
for our study was either one week or one month for the same
set of P and T conditions. Piston-cylinder experiments were
undertaken between 2.2 GPa and 3.2 GPa at 650ºC. Oxygen
fugacity was buffered between 0.1 and 0.4 log units below
NiNiO.

Our results show that a calcic amphibole (barroisite) is
stable from 2.2 to 2.4 GPa. Above 2.4 GPa, it is replaced by a
sodic amphibole (glaucophane) stable up to 2.7 GPa. Epidote
is stable between 2.2 and 2.8 GPa. Chloritoid is present in
week-long experiments between 2.6 and 2.8 GPa, but is not
observed in the corresponding month-long experiments,
except at 2.8 GPa and 650ºC. At 3.0 and 3.2 GPa, neither
chloritoid nor lawsonite are present in month-long
experiments. Phengite is found in trace amounts from 2.2 to
3.2 GPa.

The stability field of chloritoid in our experiments is
extremely reduced compared to Schmidt and Poli (1998).
Metastability of chloritoid in some of their experiments is the
most likely explanation for this difference, suggesting that
chloritoid does not play an important role in the overall
dehydration process in subduction zones.

Our results thus far show that no hydrous phases (except
for trace amounts of phengite) are stable in the 3.0-3.2 GPa
range at 650ºC, implying that a slab following an intermediate
P-T path would be completely dehydrated around 90 km
depth.
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Monazite is fast becoming the mineral of choice for dating
amphibolite- and granulite-grade metamorphism.  The thermo-
barometric potential of monazite has also been recently
realised with the generation of monazite-xenotime and
monazite-garnet thermometers, which although complicated
by assumptions of equilibrium, provide a suitable means of
generating P-T-t points in a few restricted cases.  In this
contribution we discuss an additional, more widely applicable
approach that allows a similar combination of monazite (and
other U-Th bearing REE-phase) chronology with P-T.

A central aspect of the approach described here involves
the chemical and textural characterisation of accessory
minerals in a petrographic thin section.  Simple textural
relationships, such as included grains and grains restricted to
rock forming mineral reaction zones, allow a first order link
between accessory mineral chronology and P-T. Valuable
additional constraints can also be generated through studies of
accessory mineral chemistry.  Monazite is particularly useful
in this regard for two reasons.  Firstly, metamorphic monazite
appears to grow or recrystallise episodically throughout a
metamorphic event, often over several millions of years.
Secondly, the Y content of metamorphic monazite appears to
reflect the abundance and stability of co-existing garnet; when
garnet is absent or when garnet is breaking down, monazite
tends to have a relatively high Y content (~2 wt%) and when
garnet is growing monazite tends to have a relatively low Y
content (~1 wt%).  This feature is a consequence of garnets
affinity for Y and can be used to link the ages of Y-distinct
zones within single monazite crystals with P-T information.

By combining textural, chemical and in situ isotopic
analyses of accessory minerals from a variety of orogens with
P-T pseudosections (assemblage stability diagrams) we
demonstrate how successful this approach can be in the
determination of prograde P-T-t paths.


