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Microtextures, microchemistry, and mineralogy of basaltic glass alteration, Jeju Island, 
Korea, with implications for elemental behavior
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abStract

The meteoric alteration of basaltic glass in hyaloclastite (0.55 to 0.2 Ma) from Jeju Island, Korea, 
was examined using high-resolution electron microscopy, in situ sample preparation using focused 
ion beam, and microchemical analysis. The glass particles showed a sequential development of al-
teration textures toward the glass interior as follows: oscillatory zoning of smectite and amorphous 
bands/hemispheres, congruent dissolution of glass with smectite infilling in interparticle pore, and the 
replacement of nanogranular amorphous aggregate (NAA) for porous leached glass (LG) followed 
by a partial crystallization of smectite. Chemical compositions of LG widely varied from partial to 
complete leaching of almost all kinds of cations, to a preferred leaching of Na only. The order of 
leaching in LG followed Na+>Mg2+>Ca2+ = Fe2+>Al3+>Ti4+. Leached cations were removed from the 
hyaloclastite-water system or incorporated into secondary phases. Sodium was all but removed from 
the system. Magnesium was largely lost with partial incorporation into smectite. Calcium was sig-
nificantly retained in NAA, partly incorporated into the smectite interlayer, and partly lost. Iron and 
Al were partitioned between NAA and smectite. Titanium was mostly retained in NAA and Ti-rich 
silicates. The molar ratio of major cations to Si was reversed from Ca2+>Mg2+>Na+ in basaltic glass 
to Na+>Mg2+>Ca2+ in groundwater. The geochemical evolution of pore water was influenced by the 
microtextural and microchemical evolution of glass particles, and vice versa. Systematic microtextural, 
microchemical, and mineralogical analyses of natural glass alteration are critical to understanding the 
long-term behavior of glass alteration.
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introduction

Basaltic glass, produced by the rapid chilling of lavas or the 
explosive hydroclastic fragmentation of magma (Fisher and 
Schmincke 1984; McPhie et al. 1993), is a silicate material sus-
ceptible to aqueous alteration in low-temperature environments. 
The alteration of basaltic glass has implications in the formation 
of economic bentonite deposits (Grim and Güven 1978), the rapid 
consolidation of tephra (Jakobsson 1972), and the geochemical 
evolution of seawater, river water, and groundwater (Staudigel 
and Hart 1983; Stefansson and Gislason 2001). It is also a natural 
analog of the long-term corrosion of radioactive waste glass (Byers 
et al. 1985; Lutze et al. 1985). There have been abundant laboratory 
and field studies on the reactions between natural water and basal-
tic glass (Staudigel and Hart 1983; Gislason and Eugster 1987a, 
1987b; Crovisier et al. 1987, 1992; Thorseth et al. 1991; Daux et 
al. 1997; Oelkers and Gislason 2001; Gislason and Oelkers 2003).

The previous studies focused mostly on the geochemical 
kinetics of cation release from the glass to predict the long-term 
behavior of nuclear waste glass and global elemental cycles. 
Laboratory experiments measured precise reaction rates under 
well-defined conditions, suggesting mechanisms of reaction 
based on several theoretical models. Nevertheless, they have 

some intrinsic limitations in predicting the long-term results of 
glass alteration. Most experiments have been carried out under 
far-from-equilibrium conditions with a minimal formation of 
secondary phases (Daux et al. 1997; Oelkers and Gislason 2001; 
Gislason and Oelkers 2003) or near-equilibrium-conditions with 
the formation of trace quantities of secondary phases (Crovisier et 
al. 1987; Gislason and Eugster 1987a). Naturally altered basaltic 
glass shows, however, complex microtextures, the mass forma-
tion of secondary phases, and a spatial redistribution of chemical 
components in microscale (Thorseth et al. 1991; Stroncik and 
Schmincke 2001). The manner of glass decomposition and the 
properties of the secondary phases can play an important role in 
the rates of ion diffusion, chemical evolution of the pore solu-
tion, and changes in aquifer properties. Undoubtedly, a study of 
naturally altered glass is crucial in establishing the long-term 
alteration process affecting basaltic glass and will help in the 
development of theoretical models in concert with experimental 
studies of short-term alteration.

There are many reports on the occurrence, chemistry, and 
texture of naturally altered basaltic glass (Peacock 1926; Hay 
and Iijima 1968; Furnes 1984; Jakobsson and Moore 1986; Zhou 
and Fyfe 1989; Luo et al. 1998; Stroncik and Schmincke 2001; 
Thorseth et al. 2003; Drief and Schiffman 2004; Benzerara et al. 
2007). Despite the diversity of emplacement settings, previous * E-mail: jearth@andong.ac.kr


