
American Mineralogist, Volume 93, pages 1166–1178, 2008

0003-004X/08/0007–1166$05.00/DOI: 10.2138/am.2008.2516	      1166 

Mechanisms of rhyolitic glass hydration below the glass transition

Lawrence M. Anovitz,1,2,* David R. Cole,2 and Mostafa Fayek3 

1Department of Earth and Planetary Sciences, University of Tennessee, Knoxville, Tennessee 37996, U.S.A.
2Chemical Sciences Division, MS 6110, P.O. Box 2008, Bldg. 4500S, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831-6110, U.S.A.

3Department of Geological Sciences, 125 Dysart Road, University of Manitoba, Winnipeg, Manitoba R3T 2N2, Canada

Abstract

Although a great deal is known about the interaction between water and rhyolitic glasses and melts 
at temperatures above the glass transition, the nature of this interaction at lower temperatures is much 
more obscure. Comparisons between high- and low-temperature diffusion studies suggest that several 
factors play important roles under lower-temperature conditions that are not significant at higher 
temperatures. Water concentrations in rhyolitic glasses hydrated at low temperatures are significantly 
greater than in those hydrated at high temperatures and low pressures. Surface concentrations, which 
equilibrate quickly with the surrounding environment at high temperature, change far more slowly as 
temperature decreases, and may not equilibrate at room temperature for hundreds or thousands of years. 
Temperature extrapolations of high- and low-temperature diffusion data are not consistent, suggesting 
that a change in mechanism occurs. These differences may be due to the inability of “self-stress,” 
caused by the in-diffusing species, to relax at lower temperature. Preliminary calculations suggest 
that the level of stress caused by glass-water interaction may be greater than the tensile strength of 
the glass. On a microstuctural scale, extrapolations of high-temperature Fourier transform infrared 
spectroscopy (FTIR) data to lower temperatures suggests that there should be little or no hydroxyl 
present in glasses hydrated at low temperature. Comparisons of low-temperature hydration results 
among SiO2, obsidian, and albite compositions show distinct differences, and features are present in 
the spectra that do not occur at high temperature. Analysis of H2O and D2O diffusion also suggest that 
mechanistic differences occur between low- and high-temperature diffusive processes.
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In complex fluids exhibiting “glasslike” transitions, transport 
of mass … may proceed in a startlingly different manner below 
the “glass” transition temperature from that observed above the 
transition temperature. Frisch (1966) 

Introduction

The interaction between rhyolitic melts and water is a well-
known problem in the geosciences, dating back at least to the 
work of Goranson (1931) and Bowen and co-workers (cf. Tuttle 
and Bowen 1958), on the effects of water on the melting of 
feldspars and haplogranites. A variety of analytical techniques 
have been used to investigate this interaction in melts and glasses 
formed at high temperature including FTIR, Raman, and NMR 
spectroscopies (e.g., Scholze 1959, 1988; Scholze et al. 1975; 
Bartholomew and Schreurs 1980; Bartholomew et al. 1980a; My-
sen et al. 1980; Stolper 1982a, 1982b, 1989; Kohn et al. 1989a, 
1989b, 1997, 1998; Silver and Stolper 1989; Silver et al. 1990; 
Zhang and Behrens 2000; Doremus 2002) and, although there 
are still controversies, Zhang and Behrens (2000) presented a 
comprehensive model of the interaction above the glass transition 
from 400 to 1200 °C and 0.1 to 810.0 MPa. 

At temperatures below the glass transition, however, the 
situation is significantly different. Despite the importance of this 
temperature range to weathering-alteration studies, geochronol-
ogy, analysis of the stability of nuclear waste storage glasses, and 
many materials-science applications, few experimental data on 
the hydration process are available. Most studies have assumed 
that high-temperature processes are applicable to the low-
temperature environment. Zhang et al. (1997b, 2000), however, 
showed that as temperature is decreased to the vicinity of the 
glass transition, equilibrium OH-H2O partitioning is no longer 
maintained, and partitioning appropriate to a temperature in the 
glass transition range is eventually “frozen in.” The process of 
glass hydration at temperatures below the glass transition may, 
therefore, be significantly different from that above it. This is 
well known for diffusion of various penetrants, including water, 
in glassy polymers (see Crank 1975; Frisch 1980; Frisch and 
Stern 1983; Barbari 1997; Gray-Weale et al. 1997; Vrentas and 
Vrentas 1998; Jou et al. 1999; Argon et al. 1999 a, 1999b; Wang 
et al. 1999, 2000; Zhou et al. 2001), where the local stress field 
and relaxation processes play an important role. Relaxation 
behavior is strikingly similar among different classes of liquids, 
and this may be the case among silicate glasses as well (similar 
behavior is also observed in oxide glasses, molecular liquids, 
organic polymers, salts, fluorides, and metal alloys; Scherer * E-mail: iz9@ornl.gov


