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abstract 
Rhyolitic glass of high, reversible adsorption water (to 12.63 wt%) occurs in pyroclastic rocks 

from the La Malinche stratovolcano in the Mexican Volcanic Belt. The glass constitutes 98 vol% of 
the pyroclastics. It is a heterogeneous glass that dehydrates reversibly at 72 °C, composed of sodic 
and non-sodic glasses of surface activity caused by IVAl substituting in Q4(1Al) and Q4(2Al) posi-
tions, minor VAl, tetrahedra terminating in NBOs, and insufficient Na and Ca to charge balance Al 
in the glass network. Adsorption is of molecular water H2Om in interstitial sites, H-bonded to silanol 
groups, to the silica network, and to other H2Om molecules. Sodic glasses contain 71.80–77.77 wt% 
SiO2, are partially devitrified to crystallites (~5 nm size) of Na-plagioclase and clinopyroxene, and 
exhibit minor low-grade metamorphism to <1 vol% crystals of mazzite (~10 µm size). Sodium-free 
glasses are more siliceous, with 74.84–83.88 wt% SiO2, show partial devitrification to crystallites 
(~5 nm size) of Ca-plagioclase and clinopyroxene, with minor low-grade metamorphism of glass and 
plagioclase to <1 vol% crystals of laumontite (~10 µm size).
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introDuction

Pyroclastics from stratovolcanoes may contain water and 
volatiles that modify their properties and behavior. In the Trans 
Mexican Volcanic Belt, there is a chain of stratovolcanoes (Cerro 
Tlaloc, Iztaccihuatl, Popocatepetl, La Malinche, and Pico de 
Orizaba) that produced abundant andesitic to dacitic flows and 
pyroclastics. Among them are conspicuous rhyolitic pyroclastics 
of unusual adsorption properties, the knowledge of which may 
contribute to better understand their eruptive history and the 
influence of water and volatiles. 

Water dissolved in magmas plays a significant role in volcanic 
eruptions in terms of the eruptive style, the evolution of magma 
properties such as viscosity, density, crystallization, mobilization 
of mineral components, the formation of mineral deposits, and the 
interaction between rocks and fluids among others. Water notably 
affects the physical and chemical behavior of volcanic glasses 
and characteristics such as chemical stability, crystal nucleation, 
and growth. The significance of glasses in magma characteriza-
tion is increasingly important considering that glasses preserve 
the structural state of the melt at the bulk glass-transformation 
temperature (Dingwell and Webb 1990). 

Volcanic glasses from lava domes and flows typically 
contain 0.2–0.8 wt% H2O. Pyroclastics may contain between 

0.6–3.0 wt% H2O (Newman et al. 1986; Zhang et al. 1991; 
Zhang 1999). Water contents up to 10 wt% have been identified 
in rare opal, chalcedony, and agate (Newman et al. 1986; Zotov 
2003). High water contents have been attributed to absorption 
by pumice glass, but generally contents above 0.5 wt% are due 
to entrapped molecular water (Frondel 1982; Stolper 1982; 
Stolper et al. 1982; Graetsch et al. 1985; Newman et al. 1986; 
Ihinger et al. 1994). Contents as high as 8.0 wt% H2O have been 
artificially incorporated into trachytic glasses at 850 °C and 20 
to 200 mPa (Di Matteo et al. 2004) and of 10 wt% in rhyolitic 
glasses at 700 °C and 5000 bar PH2O (Zhang 1999). 

The properties of glasses vary depending on the origin and 
association of water. Water may be primary water transferred 
from the magma or secondary water adsorbed by the glass. It 
may be in the form of molecular water, or as hydroxyls such 
as silanol (Si-OH) and aluminol (Al-OH), or as H+-bonded or 
hydronium ions H3O+. In the study of magmas and glasses, it 
is important to establish the origin of water, the mechanism of 
sorption, and how it affects the structural network, polymeriza-
tion, stability, and reactivity of the glass (Stolper 1982; Dingwell 
and Webb 1990; Zhang et al. 1991; Keppler and Bagdassarov 
1993; Zotov 2003). 

Glasses with high contents of adsorbed water are not com-
mon. Hence, the present study focuses on a highly hydratable 
vitreous rhyolitic tephra from the stratovolcano La Malinche. 
This tephra is capable of adsorbing 12.63 wt% H2O. The goal 
of this work was to resolve the tephra geochemistry and to un-
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