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INTRODUCTION

The mechanisms of dissolution of feldspar, the most com-
mon mineral in the crust, is still not understood despite intense
analysis (e.g., Casey et al. 1988a; Brady and Walther 1989;
Casey et al. 1989; Hellmann et al. 1990; Blum and Lasaga 1991;
Oelkers et al. 1994; Blum and Stillings 1995; Oelkers and Schott
1995; Brantley and Stillings 1996; Walther 1996; Brantley and

Stillings 1997; Hellmann et al. 1997; Walther 1997). Under-
standing the mechanisms is complicated by the fact that disso-
lution has been reported to be initially nonstoichiometric for
most sub-neutral conditions of pH. Initial dissolution may or
may not be stoichiometric under near neutral pH conditions,
where dissolution data at steady state is sparse. Under acid con-
ditions, the charge-balancing cation (Na+, K+, or Ca2+) and Al
are removed preferentially until the surface develops a Si-en-
riched layer that eventually dissolves stoichiometrically (e.g.,
Stillings and Brantley 1995). Because the surface chemistry of
dissolving feldspar is not stoichiometric in most solutions, a
steady state surface chemistry is inferred to control dissolu-
tion. An enhanced and more complete understanding of such
steady state surface conformations will produce better models
for feldspar dissolution.
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ABSTRACT

Five sodium aluminosilicate glasses in the series Na2O: xAl2O3:(3–x) SiO2 and Na2O:Al2O3:ySiO2

were prepared and subjected to leaching at pH 2 under ambient conditions for up to 1000 h. Solid-
state nuclear magnetic resonance (NMR) spectroscopy revealed the identity of aluminate and
silicate environments in the leached surface layers of these glasses as well as a sample of albite
crystal subjected to the same aqueous leaching. While 29Si and 27Al magic-angle spinning (MAS)
NMR experiments report on the bulk structures of the samples, cross-polarization from hydrogen
atoms that are present only in the surface layers provides structural information from the regions
of the sample transformed during treatment. Aluminum in octahedral coordination by O atoms
(AlVI) is confirmed for the first time on the near-surface region of an albite crystal under the
treatment conditions of this study. A quantification of the change in the amount of six-coordinate
aluminum as a function of bulk Al/Si ratio is made possible by comparing the relative amounts of
1H Æ 27Al CPMAS signals from AlIV and AlVI obtained from different samples under reproducible
experimental conditions. The relative contribution of AlVI to total Al in the hydrated layers in-
creases with the Al/Si ratio of the glasses studied. The leached albite crystal sample has an anoma-
lously high concentration of AlVI given its Al/Si ratio. This anomaly is probably related to the
relatively low thickness of the leached layer developed on this phase: little hydrogen penetrates
the crystal surface and almost all of the Al in the thin leached layer is octahedrally coordinated,
similar to Al in solution. These data suggest that hydrolysis of bridging O atoms around Al atoms
in the glass or crystal hydrated layer is accompanied by a change in the coordination number of
the Al atom. Aging of surfaces documents no formation of AlVI during storage after leaching. The
MAS data, coupled with 27Al Æ 29Si CPMAS experiments, describe the bulk network structure and
provide further insight into the surface structures, including documentation of repolymerization of
the silicon network in the surface layer of a nepheline glass via formation of condensed Q4 units.
Further triple-resonance experiments correlate 1H, 29Si, and 27Al environments in the glasses, and
indicate that the repolymerized structures in nepheline glass are not phase-separated from alumi-
num-containing network structures. These data for acid dissolution under ambient conditions yield
the first picture of the complicated series of reactions relating connectivity and coordination number
of Al and Si at the altered surfaces of geologically interesting aluminosilicates.


