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The role of water in the synthesis of glaucophane
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ABSTRACT
Syntheses have been done at 2.5 GPa and 750 °C to examine the effects of varying the water content
and composition of the solid starting mixture on the formation of glaucophane [Na2Mg3Al2Si8O22(OH)2].
Amphiboles of apparently ideal glaucophane composition, conÞrmed by electron microprobe analyses,
were obtained by treating oxide or oxide-hydroxide mixtures with bulk water contents of 4–5 wt%
for durations of about 400 h in multiple treatments with intermittent grindings. This water content
is necessary to permit growth of amphibole while preventing the intervention of a sheet silicate,
which was identiÞed in this study as vermiculite. To maximize amphibole yields, multiple treatments
with intermittent grinding are needed on account of the low water contents that reduce the reaction
rate of the synthesis process. Calculation of the solubility curves of talc, jadeite, and glaucophane
in log[aMg(OH)+/aH+] vs. log[(aNa+)(aAlSiO4–)] space at 2.5 GPa and 750 °C shows that glaucophane has
a very narrow Þeld of stability without coexisting jadeite or talc. This same diagram can be used to
illustrate that the growth of vermiculite relative to glaucophane is not an issue of metastability but of
the activity of water.
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INTRODUCTION
The synthesis of glaucophane is the starting point for determining the pressure-temperature (P-T) stability Þeld of this key
blueschist-facies mineral, yet its synthesis has posed one of the
greatest challenges to experimental petrologists. There are essentially two reasons for this: (1) the amphiboles that form from
a starting mixture of glaucophane bulk composition often deviate
toward other sodic amphibole compositions (reviewed below),
and (2) pure amphibole yields of any composition are rarely
achieved because of the persistent appearance of, or complete
dominance by, a sheet silicate. Reviews of the earlier experimental work that has been done on the synthesis of glaucophane,
its chemical analogs, and other closely related amphiboles can
be found in the articles by Graham et al. (1989), Tropper et al.
(2000), and Pavlovich and Jenkins (2003). What follows is a brief
review of previous experimental work that applies speciÞcally to
the role that water plays in the synthesis of glaucophane.
A useful starting point for this review is the observation made
by Koons (1982) that amphibole approaching glaucophane in
the system Na2O-MgO-Al2O3-SiO2-H2O only could be made
for water-undersaturated experiments. Experiments done with
just enough water to stabilize amphibole, but not enough to
form a free aqueous phase, produced a sheet silicate similar
to the mixed-layer, talc-chlorite mineral kulkeite, whereas
experiments done under water-excess conditions produced a
sheet silicate that was described as a sodic mica intermediate
between wonesite [Na0.5Mg2.5Al1.2Si3.2O10(OH)2] and preiswerkite
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[NaMg2Al3Si2O10(OH)2]. Optimal yields of amphibole, though
always displaced from ideal glaucophane, were obtained between 18 and 28 kbar at 700 °C. Carman and Gilbert (1983)
presented a large amount of experimental data on the synthesis
and stability Þeld of glaucophane and on the occurrence of a
sheet silicate that they deemed to be a solid solution between
aspidolite [NaMg3AlSi3O10(OH)2] and talc. Although they did
not speciÞcally study the role of water, they did document, to
the extent possible, the amount of water present in each experiment and concurred with Koons (1982) that glaucophane-like
amphiboles are stable at water-undersaturated conditions. Pawley
(1992), who investigated nyböite [Na3Mg3Al3Si7O22(OH)2] and
the nyböite–glaucophane join, observed that the presence of
quartz promoted the formation of talc rather than the appearance
of a sheet silicate that she characterized as a ternary solution of
aspidolite–talc–preiswerkite. Welch and Graham (1992), who
studied the F-analog of glaucophane, also encountered a sheet
silicate at the lower pressure and higher temperature limits of
their study that was determined to be a F-analog of aspidolite. By
comparing their experimental results to those of Koons (1982)
and Carman and Gilbert (1983), they proposed that ideal glaucophane stoichiometry might be approached in nature by high
water activities as well as high pressures. Tropper et al. (2000)
observed signiÞcant deviations from stoichiometric glaucophane
at all of the P-T conditions studied, but found the closest approach to ideal glaucophane at the highest pressures (30 kbar)
and lowest temperatures (700 °C) investigated. Although most of
the experiments done by Tropper et al. (2000) were water-absent,
they did two with excess water (~10 wt%) at 700 °C at 20 and
30 kbar and found that a sheet silicate with a 14.7 Å reßection
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