
American Mineralogist, Volume 85, pages 68–77, 2000

0003-004X/00/0001–0068$05.00       68

INTRODUCTION

It has been well accepted that fluid phases play an important
role in many processes in the crust and the upper mantle. They
catalyze metamorphic reactions, work as metasomatizing agents,
and effectively lower magmatic solidus temperatures. Their pres-
ence has a major influence on the velocities of seismic waves
and on the rheological properties of rocks. However, the term
“fluid” is not adequately well defined even in the recent litera-
ture. Some authors restrict the term “fluids” to volatiles in the
system C-H-O-(S-N); in contrast, others include all non-solid
phases (e.g., carbonatitic and hydrous silicate melts). In studies
of the mantle, the term “fluid” and “metasomatic agent” are of-
ten used interchangeably. One reason for this loose use of termi-
nology is certainly the fact that water-dominated fluids and
hydrous silicate melts show increasing similarities due to con-
verging chemistries with increasing pressure.
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ABSTRACT

Experimental investigations in the system albite-water have been carried out to evaluate the ac-
curacy of a new procedure to determine major-element solubilities in fluid phases and water solu-
bilities in melts. The system albite-water had been examined previously and some consensus has
been achieved with respect to phase relations, solidi, and water solubilities in the melts. Above 15
kbar the system approaches a second critical end point, where a distinction between fluid and melt
no longer can be made and the term solidus has to be reconsidered.

All experimental runs were carried out at near-solidus conditions at 5–17 kbar and 625–775 °C.
Experimental charges contained albite, water, and a layer of diamond crystals (grain size 50 µm).
The pore space between the diamonds is preserved during the run indicating that the fluid was able
to circulate throughout the entire capsule. During quenching, the material dissolved in the fluid
precipitated between the diamond crystals and, as a result, could so be separated from the solid
residue. The recovered capsules were directly embedded in epoxy and the diamond layers were
analysed by laser ablation microprobe (LAM-ICP-MS).

The new method allows the determination of a broad range of silicate/water ratios in aqueous
fluids and hydrous melts. In some experimental runs at 15 and 17 kbar, fluids with approximately 40
wt% solute could be trapped leading to the conclusion that supercritical conditions were reached.

Results furthermore indicate that albite dissolves non-stoichiometrically at 5 kbar producing a
higher Na/Al and Si/Al in the solute than in the melt. Dissolution and melting at 10 kbar and higher
pressures appears to be congruent within the limits of this method.

With increasing pressure silicate melts usually dissolve in-
creasing amounts of water. Similarly, the concentration of sili-
cate components in aqueous fluids, close to the solidus,
increases with pressure. In the systems SiO2-H2O (Kennedy et
al. 1962; Anderson and Burnham 1965) and NaAlSi3O8-H2O
(Paillat et al. 1992), this trend continues to a singular point
(the second critical end point) where the univariant melting
curve ends in a divariant field. In this field no distinction be-
tween silicate-saturated fluid and water-saturated melt can be
made. Thus the term “solidus” has to be reconsidered. For com-
positionally more complex systems, second critical end points
have not yet been determined. Some investigations have been
carried out in the subcritical part of the systems diopside-H2O
(Eggler and Rosenhauer 1978) and peridotite-H2O (Ryabchikov
1993) suggesting supercritical behavior above 60 and 35 kbar,
respectively.

Methods to determine the silicate/volatile ratio in fluids
and melts

Several methods to determine water contents in melts have
been applied by previous investigators: (1) the weight-loss-on-
ignition method (Goranson 1931; Burnham and Jahns 1962;
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