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ABstrAct

The effect of dissolved silica on the PVT properties of H2O and structure of silica-saturated aqueous 
fluids in equilibrium with quartz in the SiO2-H2O system has been determined in situ with the materi-
als at temperature (up to 800 °C) and pressure (up to 1350 MPa) in a constant-volume hydrothermal 
diamond anvil cell. Pressure was measured with the Raman shift of 13C synthetic diamond and was 
also calculated from the PVT properties of pure H2O. The two sets of pressures thus obtained differ 
by ≤50 MPa at T < 500 °C. At higher temperatures (and pressures), the pressure difference increases 
and reaches about 350 MPa at 800 °C. 

The structure of the silica-saturated aqueous fluid was probed with microRaman and microFTIR 
methods. Coexisting molecular H2O and OH-groups, bonded to Si4+, exist above ~400 °C and ~0.4 
GPa with their abundance-ratio, OH/H2O°, positively correlated with temperature. Hydrogen bonding 
diminishes with temperature and cannot be detected in the silica-saturated aqueous fluid above ~400 
°C and ~0.4 GPa. This behavior resembles that of pure H2O under similar temperature and pressure 
conditions. 

Speciation of dissolved silica in the fluid at 400 °C/760 MPa, and above, comprises Qo and Q1 spe-
cies, whereas at lower temperature and pressure only Qo species were detected. The Q1/Qo abundance 
ratio is positively correlated with temperature (and silica content). An excess volume of mixing, V ex

H2O
cess, 

derived from a comparison of EOS of pure H2O and those of silicate-saturated H2O, is related to the 
Q1/Qo abundance ratio in silicate-saturated fluid, XQ1/XQo. The V ex

H2O
cess = MH2O(1/dm

H2
–1

O/0.88), V ex
H2O

cess ~ 0 
when XQ1/XQo approaches 0.
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IntroductIon

Aqueous fluids are principal material transport agents in the 
Earth’s interior. Silicate solubility and solution mechanisms in 
aqueous fluids at high pressure and temperature are necessary to 
characterize these processes. Some solubility data are available 
(e.g., Anderson and Burnham 1965; Pascal and Anderson 1989; 
Manning 1994; Shen and Keppler 1995; Nowak and Behrens 
1995; Newton and Manning 2003, 2008; Mysen and Armstrong 
2002; Wang et al. 2004). Experimental data on silicate solution 
mechanisms in aqueous fluids, however, are considerably less 
common. Available information includes mechanisms derived 
from thermodynamic modeling of fluids in the SiO2-H2O and 
MgO-SiO2-H2O systems to pressure and temperature condi-
tions of the deep crust and upper mantle. This modeling sug-
gests increasing degree of polymerization of silicate species in 
the fluid with increasing silica concentration (e.g., Zhang and 
Frantz 2000; Newton and Manning 2003, 2008). From model-
ing of more complex aluminosilicate systems, aluminosilicate 
speciation in aqueous fluid has been proposed (Newton and 
Manning 2007, 2008), which accords with a few spectroscopic 
data of silicate-saturated fluids in SiO2-H2O, Na2O-SiO2-H2O, 
and aluminosilicate systems to pressures above 1 GPa (Zotov 

and Keppler 2000, 2002; Mibe et al. 2008; Mysen 2009). 
Chemical and structural analyses of quenched, silicate-rich 

aqueous fluids are commonly complicated by formation of 
silicate materials (crystalline and amorphous) that precipitate 
from silicate-rich aqueous fluids during quenching from high 
temperature and pressure (e.g., Stalder et al. 1998; Mysen and 
Acton 1999). This behavior results in compositional changes of 
the residual aqueous fluid. Experimental methods designed to 
circumvent such problems have been suggested by using che-
mography (Zhang and Frantz 2000; Mibe et al. 2002; Kawamoto 
et al. 2004) or diamond-trap methods (Kessel et al. 2004; Pettke 
et al. 2005). However, compositional changes of fluids caused by 
silicate precipitation during quenching also result in structural 
changes. Methods to use structural information of such quenched 
fluids to characterize their structure at high temperature and 
pressure do not exist.

To determine the structure of silicate-rich fluids at high 
pressure and temperature, the sample must be examined under 
experimental temperature and pressure conditions. This objective 
can be reached by using the hydrothermal diamond anvil cell 
(e.g., Bassett et al. 1994, 1996) for in situ structural examination 
of fluids, melts, and crystals with spectroscopic methods. This 
method has been employed successfully for silica-rich, aqueous 
fluids and hydrous silicate melts (Shen and Keppler 1995; Nowak 
and Behrens 1995; Zotov and Keppler 2000, 2002; Yamashita * E-mail: bmysen@ciw.edu


