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Formation of secondary minerals and its effect on anorthite dissolution
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ABSTRACT

To examine the relationship between product secondary minerals and dissolution of
anorthite (An95Ab5 from Fugoppe, Hokkaido, Japan), anorthite batch dissolution experi-
ments were carried out. The dissolution experiments were done at 90, 150, and 210 8C for
3 to 355 days at pH 4.56 measured at 25 8C, which corresponds to 4.69, 4.97, and 5.40
at the respective experimental temperatures. A sequence of secondary minerals including
boehmite, ‘‘modified boehmite,’’ and kaolinite formed with increasing time. Modified
boehmite, probably a metastable phase, is basically similar to boehmite in structure, but
their stacking orders of the Al octahedral layers as well as morphologies and chemistries
are different. Modified boehmite shows laminations normal to the b* axis and contains 3
to 30 mol% Si. Silicon may be present between the Al octahedral layers of modified
boehmite. The anorthite dissolution is incongruent under the above conditions and ap-
proximated by a two-stage process. The first is characterized by the formation of boehmite,
and the second by formation of modified boehmite. The dissolution rate in the second
stage is slower than the first by approximately one order of magnitude because of the
saturation state with respect to anorthite. To estimate the effect of the formation of sec-
ondary minerals on the anorthite dissolution, Gibbs free energies of anorthite dissolution
(DG) were calculated, assuming conditions without the formation of secondary minerals.
The calculations reveal that the formation of secondary minerals decreases the DG values
significantly, and thus we can predict that the dissolution rates of anorthite increase due
to the influence of the secondary minerals on DG. Modified boehmite functions as a sink
for Si, and thus accelerates the dissolution rate of anorthite. The results indicate that the
overall dissolution rate near equilibrium is affected by both the saturation with respect to
a primary mineral and the formation of secondary minerals, but in the opposite sense.

INTRODUCTION

Feldspar dissolution has been studied extensively [see
reviews by Blum (1994) and Blum and Stillings (1995)],
mainly because feldspar is the most abundant mineral in
the exposed crust (Blatt and Jones 1975) and it thus plays
an important role in element transport and cycles at the
Earth’s surface. For instance, dissolution of feldspars, es-
pecially anorthite, affects the concentration of atmospher-
ic CO2 (Berner et al. 1983; Berner and Barron 1984; Bra-
dy 1991; Berner 1992; Brady and Caroll 1994; Lasaga et
al. 1994; Berner 1995), and thus the temperature at the
Earth’s surface.

The early stage of silicate dissolution has been docu-
mented by controlled laboratory experiments where the
solution compositions are maintained ‘‘far from equilib-
rium’’ with the solid (flow-type experiments) to avoid
precipitation of secondary minerals (e.g., White and
Brantley 1995). The approach of using surface-coordi-
nation complexes has successfully explained the initial
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dissolution step: The dissolution rate of feldspar was
shown to be a function of the concentrations of H1 and
OH2 and, thus, surface reactions involving H1 and OH2

control the dissolution (Blum and Stillings 1995). How-
ever, the dissolution rates measured in the laboratory are
larger than those in the field by a few orders of magni-
tude, which is probably caused by several factors includ-
ing: (1) temperature differences; (2) differences in min-
eral-surface conditions; (3) the presence of higher Fe and
Al concentrations in natural systems; (4) a saturation-state
difference; and (5) a much lower surface area for min-
erals actually in contact with water in natural systems
(Blum 1994). Of these causes, the last two are likely to
be the most important.

Velbel (1993) compared the dissolution rate ratios of
different minerals in laboratory experiments to those in
nature and concluded that the difference in dissolution
rates is caused by physical controls in nature such as het-
erogeneous water flow, which results in a decrease in ef-
fective surface area of minerals. Several other workers
have reached a similar conclusion, arguing that the ob-


