
Abstract 

 

Hydrothermal fluids are important mass and heat transfer agents in the Earth’s crust and mantle. 

Aside from their transport role, the aqueous fluids act as reactants or products in rock 

environment during diverse processes ranging from partial melting, magmatic and metamorphic 

devolatilization. This study evaluates the effect of equations of state and thermodynamic data 

for aqueous species on prediction of mineral solubility in aqueous fluids at high temperatures 

and pressures employing the Helgeson-Kirkham-Flowers model (HKF). These calculations 

require: (i) volumetric properties of water; (ii) dielectric properties of water; (iii) aqueous 

species thermodynamic properties. A comparison of ten equations of state against the IAPWS 

scientific standard reveals that volumetric properties of water up to 1200 °C and 50 kbar are 

predicted within 5 %, except at low pressure (below 2 kbar), temperatures higher than 1000 °C, 

and the liquid-vapor equilibrium curve, particularly in the proximity of the critical point of 

water. The deviations of volumetric and electrostatic properties of water propagate into the 

mineral solubility calculations. For quartz and corundum these deviations lead to discrepancy 

in mineral solubility of up to half an order of magnitude for molal concentrations. These 

discrepancies primarily stem from the dielectric constant model, whereas the effect of the 

solvent density is subordinate. Both effects increase with increasing charge of aqueous species, 

but are still relatively low in comparison to the effect of thermodynamic parameters. The 

thermodynamic data for aqueous species affect the estimated mineral solubility by tenths to 

several orders of magnitude. Thermodynamic modeling reveals that the experimental data at 

high temperatures and pressures for quartz and corundum are only reproduced with the 

thermodynamic dataset for aqueous species of Sverjensky et al. (2014). However, this dataset 

underestimates the experimental quartz solubility data at temperatures above 900 °C. For 

calcite, the only available thermodynamic dataset is unable to reproduce the experimental 

solubility data. Moreover, the thermodynamic calculations predict weak retrograde solubility 

and fail to reproduce prograde experimental solubility at 20 kbar. Performance of the 

thermodynamic dataset by Sverjensky et al. (2014) is based on independent fitting of the HKF 

parameters, which are, however, physically interdependent in the original model. Currently, 

mineral solubilities at high temperatures and pressures can successfully be predicted in some 

cases only, at the expense of physical basis of the HKF model, and does not provide universally 

applicable description of multicomponent aqueous fluids from surface conditions to high 

temperatures and pressures. 


