
American Mineralogist, Volume 85, pages 600–604, 2000

0003-004X/00/0304–600$05.00      600

INTRODUCTION

Silica is probably the most important solute in aqueous flu-
ids in the Earth’s crust and mantle. Accordingly, the solubility
of silica in water has been extensively studied over a wide range
of pressures and temperatures (e.g., Anderson and Burnham
1965; Walther and Helgeson 1977; Fournier and Potter 1982;
Manning 1994). Spectroscopic data on the speciation of silica
in aqueous solutions are, however, limited to very low tem-
peratures and pressures (Dove and Rimstidt 1994 and refer-
ences therein) and it is usually believed that aqueous fluids
saturated with quartz contain H4SiO4, orthosilicic acid, as the
only major silica species over a wide range of pressures and
temperatures (e.g., Walther and Helgeson 1977). In this paper,
we investigate the speciation of silica in aqueous fluids to 900
°C and 14 kbar using in-situ Raman spectroscopy.

EXPERIMENTAL  METHODS

All experiments were carried out in an externally heated
Bassett-type diamond-anvil cell (Bassett et al. 1993) equipped
with low-fluorescence type IIa diamonds. Iridium gaskets with
a thickness of 0.25 mm and a 0.5 mm drillhole were used as
sample containers. At the beginning of an experiment, the cell
was loaded with high-purity water, one or two chips of natural
Brasilian quartz and an air bubble. After several heating and
cooling cycles, this cell behaves as an isochoric system (Bassett
et al. 1993). Therefore, the pressure at any temperature can be
determined from the equation of state of water (Saul and Wagner
1989). The temperature inside the cell was measured by two
type K thermocouples touching the diamonds. These thermo-
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ABSTRACT

The Raman spectra of fluids in equilibrium with solid quartz in the system H2O-SiO2 were mea-
sured to 900 °C and 14 kbar using an externally heated diamond cell. Dissolved silica species were
identified by comparing the measured spectra with calculated normal mode frequencies and Raman
intensities. At crustal pressures and temperatures, H4SiO4 is the dominant silica species in aqueous
fluids, with a strong Raman band at 760–785 cm–1. At the P-T conditions of the upper mantle, how-
ever, H6Si2O7 dimers and possibly higher polymers coexist with H4SiO4 in the fluid. The most in-
tense Raman bands of H6Si2O7 occur at about 630, 920, and 230 cm–1. The presence of high
concentrations of ionized silica species in the solution can be ruled out. The observed speciation
changes explain the drastic increase of silica solubility in water at lower crustal and upper mantle P-
T conditions.

couples were calibrated against the melting points of NaNO3,
CsCl, and NaCl in the sample chamber at ambient pressure.
The bulk density of the fluid in the sample was determined by
observing the homogenization temperature upon heating and
cooling. For further experimental details, see Bassett et al.
(1993). Estimated uncertainties in temperature are ±5 °C and
about ±2 kbars in pressure. The latter number takes the poten-
tial effect of dissolved silica on the PVT properties of water
into account.

Raman spectra of aqueous fluid in equilibrium with quartz
were recorded with a Dilor XY triple spectrometer, equipped
with 1800 g/mm holographic gratings and a liquid nitrogen
cooled CCD detector. The 514.5 nm line of an Ar+ laser was
used as exitation source at 2.0 ± 0.1 W power. Confocal Raman
measurements were carried out in backscattering geometry
under an Olympus microscope using a long-working distance
objective. A small confocal hole of 200 µm was used to sample
very small (1–2 µm3) volumes in the diamond cell and to mini-
mize problems due to scattering and fluorescence of diamonds
and black-body radiation. Accumulation times varied from 60
s above 800 °C to several minutes at lower temperatures.

EXPERIMENTAL  RESULTS

Figure 1 shows unpolarized Raman spectra of aqueous fluid
in equilibrium with solid quartz from 600 to 900 °C for a bulk
density of water of 0.94 g/cm3. This corresponds to pressures
between 8.8 kbar at 600 °C and 14 kbar at 900 °C. Spectra
were usually measured after holding the sample at the respec-
tive temperature for a few minutes. Time series experiments
showed that this is sufficient to reach equilibrium. Up to 600
°C, essentially only one band is seen at 760–785 cm–1. The
precise band position depends on pressure and temperature.
The band increases in intensity with temperature; it is absent*E-mail: Nikolay.Zotov@Uni-Bayreuth.de


