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INTRODUCTION

Dissolution of rock-forming minerals and volcanic glass is
the most important geochemical process supplying elements
required for life-support systems to the Earth’s surface envi-
ronments. When the solids are exposed to aqueous solutions, a
leached layer having nonstoichometric composition is formed
resulting from selective removal of some cations from the solid
surfaces (Casey and Bunker 1990). The important reactions
producing the leached layer on the solid surfaces are cation
exchange and hydrolysis. Network-modifying cations (e.g., Na+,
K+, Ca2+) of a Si-O network tend to be leached selectively by
cation exchange for hydrogen ions from solution. Such leach-
ing proceeds rapidly during short time exposure to the solu-
tion, and produces a surface layer depleted in alkali ions. In
addition, hydrolysis of network-forming cations destroys Si-
O-Si(Al) bonds of the framework after which Si and/or Al ions

are removed from the solid, which produces a depolymerized
hydrated surface layer. Consequently, dissolution of the solid
proceeds by initial release of alkali ions and subsequent re-
moval of Si and/or Al from the hydrated surface layer produced
by the hydrolysis reaction. Although dissolution processes of
rock-forming minerals and glass have been investigated exten-
sively on the basis of the structure of solids, solution chemis-
try, and reaction temperature (Petit et al. 1987a, 1987b, 1990;
Casey et al. 1988; Hellmann et al. 1990; Nesbitt et al. 1991;
Blum and Stilling 1995; Brantley and Chen 1995; Muir and
Nesbitt 1997, etc.), there is less information about dissolution
in near-neutral solutions, and also less agreement about forma-
tion and chemical compositions of a leached layer produced
under natural weathering conditions. For example, Berner and
Holdren (1979), using X-ray photoelectron spectroscopy (XPS)
to investigate surface composition, found no leached layer
greater than 20 Å in thickness on the surface of plagioclase
weathered in soil. Similarly, the lack of a leached layer on the
surface of feldspar reacted with near-neutral solutions was con-* E-mail: kawano@chem.agri.kagoshima-u.ac.jp
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ABSTRACT

Transmission electron microscopy (TEM) and energy dispersive X-ray (EDX) analysis were
used to characterize naturally weathered layers on the surface of volcanic glass, bytownite, hyper-
sthene, and secondary precipitates in volcanic ash erupted from the Sakurajima volcano, Japan.
TEM analysis of the volcanic ash revealed sharply, bounded, leached layers on the surface of the
volcanic glass and bytownite that were thin structureless coatings mostly ≤0.1 µm thick. EDX analysis
showed that the leached layer on the volcanic glass surface is preferentially depleted in Si and
enriched in Al relative to its parent matrix, whereas the leached layer on the bytownite surface is
extremely depleted in Al and enriched in Si relative to the original bytownite matrix. These chemi-
cal characteristics of the weathered layers indicate that incipient dissolution of volcanic glass and
bytownite proceeded by preferential leaching of Si and Al, respectively. On the surface of hyper-
sthene, a noncrystalline weathered layer generally <0.01 µm in thickness, which has nearly the
same composition as that of the parent matrix, was observed. This weathered layer was produced by
precipitation of noncrystalline hydrous ferric oxide with partly developed to poorly crystallized Fe-
Si-Mg rich phyllosilicate. The volcanic ash sample contains small amounts of noncrystalline sec-
ondary precipitates exhibiting three distinct morphologies: (1) aggregates of very fine fibers, (2)
aggregates of fine fibers with crinkled fringes, and (3) spherical forms composed of roughly curled
fringes. These noncrystalline precipitates are enriched in Al and Si and contain variable amounts of
Fe, depending on their morphology. The Fe content of these materials decreases drastically in the
sequence morphology 1 → morphology 2 → morphology 3, which is consistent with the transfor-
mation from Al-, Si-, and Fe-rich fine fibers to spherical halloysite by elimination of Fe from the
fibers. These alterations of the volcanic ash took place in the crater of the Sakurajima volcano by
interaction with near-neutral to weakly acidic solutions under relatively low-temperature condi-
tions.


