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Abstract
The acoustic velocities of three series of alkali-rich hydrous silicate glasses were determined at 

ambient conditions using ultrasonic interferometry. The sound velocities and calculated elastic prop-
erties are nearly linear functions of dissolved water content. The water content derivatives of both 
compressional [d(VP)/d(XH2O)] and shear wave velocity [d(VS)/d(XH2O)] decrease with increasing Na2O 
content, which suggests that increasing sodium content might weaken the effect of water on acoustic 
velocities. For each glass series, the shear modulus decreases with increasing water content, whereas 
the adiabatic bulk modulus (KS) varies little with water content. By comparing our results of KS to 
previously published data on hydrous alkalic (rhyolite, phonolite, and trachyte) glasses, we speculate 
that H2O may have a negligible effect on the compressibility of alkalic glasses/melts. The measured 
densities of each series of glasses were converted to molar volumes and extrapolated to the hypothetical 
pure water component to derive the partial molar volume of water (VH2O). The resulting VH2O at room 
pressure and temperature was found to be independent of composition for the three series of glasses, 
with a value of 10.4 ± 0.5 cm3/mol, whereas the partial molar bulk modulus (KS) of water is composition-
dependent, suggesting that VH2O may depend on composition at elevated pressures. Furthermore, the 
Poisson’s ratio (ν) increases linearly with increasing water content for all three composition series. 
Therefore, the similar behavior of Al-free and Al-bearing glasses implies that water depolymerizes 
melts in both systems. The decrease of water content derivative of the Poisson’s ratio [d(ν)/d(XH2O)] 
with increasing Al/(Al+Si) indicates that water interaction with Al-O bonds to produce Al-OH depo-
lymerizes peralkaline silicate melts less effectively than with Si-O bonds to form Si-OH. Hence, we 
speculate that water prefers to interact with Si-O bonds rather than Al-O bonds in peralkaline silicate 
systems. The dissolution mechanisms of water between peraluminous and peralkaline melts might be 
different, which merits further research. 
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Introduction
The presence of water in magmas has long been considered 

an important control of igneous activities. Water is the most 
dominant volatile constituent of natural magmas and plays a 
dramatic role in the physicochemical properties of silicate melts 
and glasses. For instance, the density and the partial molar vol-
ume of water (VH2O) of hydrous silicate melts have been studied 
in situ using various methods, including the P-V-T cell in two 
interconnected internally heated pressure vessels (Burnham and 
Davis 1971), X-ray absorption (Malfait et al. 2014a, 2014b; 
Sakamaki et al. 2009; Seifert et al. 2013), and the sink-float 
method (Agee 2008; Jing and Karato 2012; Matsukage et al. 
2005; Sakamaki et al. 2006). More investigations have provided 
further constraints on the volumetric characteristics of water 
dissolved in supercooled liquids (Ochs and Lange 1997, 1999; 
Bouhifd et al. 2001, 2015). Furthermore, a review of available 
density data of hydrous silicate glasses shows that VH2O is inde-
pendent of composition by the intercept method (Richet et al. 

2000). It was further investigated for a range of glasses under 
ambient conditions using the same linear extrapolation method 
(Ardia et al. 2014; Balzer et al. 2020; Wu et al. 2017).

Due to the technical difficulties in measurements of melts at 
crustal or mantle conditions, several ambient condition investi-
gations have focused on silicate glasses to deduce the structure 
and behavior of silicate melts. The pronounced effects of H2O 
on silicate glasses could provide some insights into the hydrous 
melts. Recently, Le Losq et al. (2017) reported that strong 
hydrogen bonds (H-bonds) are present in Na-bearing glasses 
below glass transition temperature (Tg) in an in situ Raman 
spectroscopic study, which indicates glasses are inadequate to 
describe the structure of the corresponding melts. However, the 
lack of strong H-bonds in the Ca-bearing glasses (Le Losq et al. 
2017) indicates that the formation of strong H-bonds in glasses 
depends on glass composition. Therefore, further studies on the 
structure and properties of glasses are needed to understand the 
similarities and differences between glasses and melts.

The study of the elastic properties of hydrous silicate glasses 
helps to understand the structural information and dissolution 
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