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Letter

Hydration state and activity of aqueous silica in H2O-CO2 fluids at high pressure and 
temperature 

robert C. NewtoN aNd Craig e. MaNNiNg*

Department of Earth and Space Sciences, University of California at Los Angeles, Los Angeles, California 90095, U.S.A.

abstraCt

Quartz solubility in H2O-CO2 fluids was measured at 800 °C and 10 kbar. Mixed fluids were 
generated from hydrous oxalic acid, silver oxalate, silver carbonate, and liquid H2O; solubility was 
determined by weight changes of the quartz crystals. Stringent blank tests and weighing procedures were 
used to establish the CO2 and H2O contents of experimental fluids. Using experimentally constrained 
models of H2O activity and mixing of silica monomers and dimers, a logarithmic plot of monomer 
activity vs. H2O activity yields a linear data array of constant slope n insignificantly different from 4 
(n = 4.024, R2 = 0.997), where n is the total monomer hydration number. Moreover, all high-quality 
quartz solubility data in H2O-CO2 fluids at lower temperature and pressure fall on the same line when 
SiO2 and H2O activities are calculated with this formulation. The same analysis for the dimer yields 
slope n of 7 (n = 7.049, R2 = 0.996). Our results show that neutral silica monomers and dimers have 
fixed stoichiometry of Si(OH)4·2H2O and Si2O(OH)6·4H2O (i.e., two solvating H2O molecules per Si) 
in H2O-CO2 fluids for a large range of crustal metasomatic processes. This provides a simple basis for 
modeling H2O-CO2-SiO2 fluids over a range of pressure, temperature, CO2, and SiO2 activity.
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iNtroduCtioN

H2O and CO2 are major molecular components of crustal flu-
ids, and silica is among the most abundant solutes. The determi-
nation of quartz solubility in H2O-CO2 fluids at high temperatures 
and pressures is therefore essential to the study of fluid-mediated 
mass transfer. Experimental studies (Shettel 1974; Novgorodov 
1975; Walther and Orville 1983; Newton and Manning 2000; 
Shmulovich et al. 2001, 2006) observed that at 400–800 °C and 
1–10 kbar, quartz solubility declines greatly as CO2 increases 
in the fluid phase. This demonstrates that the compositions of 
H2O-CO2 fluids during igneous and metamorphic processes will 
influence associated material transport in the crust.

Quartz solubility is controlled by its interaction with fluid 
components. Because solute silica does not form complexes with 
CO2, observed variations with pressure (P), temperature (T), and 
CO2 mole fraction (XCO2) can be attributed mainly to changes in 
H2O activity. Walther and Orville (1983) showed that solvation 
of dissolved silica by H2O molecules could be assessed quanti-
tatively by writing the quartz dissolution reaction as:

SiO2 + nH2O = Si(OH)4·(n – 2)H2O (1)
quartz  solute complex

which accounts for two moles H2O as hydroxyls and n – 2 moles 
of molecular H2O of solvation per mole of solute silicon. The 
number of H2O of solvation can be determined from quartz 
solubility data by the relation n = dlog aSi(OH)4·(n–2)H2O/dlog aH2O 
at constant P and T. Previous work had been inconclusive about 
the silica hydration state, but Walther and Orville (1983) showed 
that, assuming all silica dissolved as monomeric Si(OH)4 in their 

H2O-CO2 experiments, plots of log silica molality (mSiO2) vs. log 
H2O mole fraction (XH2O) give n ≈ 4 (i.e., two molecular H2O of 
solvation) for many conditions, though uncertainties in n were 
at least ±1. Subsequent studies suggested explicitly or implic-
itly that n is instead 3.5 or 2 (Shmulovich et al. 2006; Akinfiev 
and Diamond 2009), or that it decreases with increasing XCO2 at 
constant P and T (Newton and Manning 2000; Shmulovich et al. 
2001). Similar uncertainty exists for H2O-Ar solutions (Crerar 
and Anderson, 1971; Walther and Orville, 1983). Resolution 
of the debate has been limited by widely varying accuracy and 
precision of solubility data, by a lack of H2O-CO2 mixing models 
that could provide sufficiently accurate aH2O, and by the previ-
ously unrecognized polymerization of aqueous silica at high 
P and T (e.g., Zotov and Keppler 2002; Newton and Manning 
2002). However, recent results encourage renewed focus on the 
hydration state of aqueous silica in CO2-H2O fluids. Aranovich 
and Newton (1999) derived thermodynamic mixing properties 
in CO2-H2O fluids to 15 kbar and 1000 °C, and over a large 
composition range. Newton and Manning (2002, 2003) also 
developed an experimentally constrained activity model for 
aqueous silica from 1–14 kbar at 600–900 °C, which accounts 
for polymerization. Thus, the activities of both H2O and SiO2 can 
now be independently represented in H2O-CO2 mixtures.

The present study gives new, high-precision measurements of 
SiO2 concentrations at quartz saturation at 800 °C, 10 kbar, and 
CO2 concentrations up to 93 mol%. The study is made possible by 
new methods of characterization of CO2-H2O fluids and by precise 
measurement of quartz solubility using an ultramicrobalance and 
the rapid-quench capabilities of the piston-cylinder apparatus. Our 
results demonstrate that hydration of silica species is invariant over 
a wide P-T range where H2O and CO2 are miscible, leading to a 
simple model for quartz solubility in crustal H2O-CO2 fluids.* E-mail: manning@ess.ucla.edu


