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INTRODUCTION

Dissolution of silicates in groundwater recently has been 
considered an important issue in assessments of the endurance 
of cement-built underground repositories for supercritical CO2, 
for liquid propane gas, and for radioactive wastes. Since late 
in the last century, dissolution of silicates has been studied ex-
tensively by laboratory experiments using wet-chemistry with 
batch or ß ow-through methods (Nagy et al. 1992; Burch et al. 
1993; Taylor et al. 2000; Cama et al. 2000), which have provided 
many kinetic data about mineral dissolution rates. Based on 
these experiments, the rates of mineral dissolution have been 
interpreted using a rate law that is a function of reactive surface 
area and that takes into account crystal imperfections (outcrops 
of dislocations), step density, adsorbed ligands, pH, temperature, 
pressure, and ∆G of the dissolution reaction (e.g., Lasaga 1995, 
1998). Incorporating classical theory for crystal growth, this 
kinetic model has been recently reÞ ned to give the stepwave 
dissolution model (Lasaga and Luttge 2001), which considers 
the dissolution not only to be a result of chemical reactions, but 
also to be a result of step-generation from dislocations and the 
retreat of the step fronts on the mineral interfaces. 

Direct observations of the dissolution of plagioclase surfaces 
have only been reported by Jordan et al. (1999) for in-situ mea-
surements by atomic force microscopy (AFM) and by Luttge et 
al. (1999) and Arvidson et al. (2004) for ex-situ measurements 
by vertical scanning interferometry (VSI). These measurements 

were performed under acidic conditions (pH-3) or in high-
temperature solutions (125�200 °C). Up to now, there was no 
reported in-situ observation of anorthite dissolution at room 
temperature and at near-neutral pH, due to the requirement to 
make long-term measurements to recognize the expected ultra-
slow dissolution.

Phase-shift interferometry (PSI) can realize the long-term 
measurement to quantify dissolution velocities. Laterally, PSI 
covers a wider scale of interface dissolution (e.g., 100 × 100 μm) 
than that of AFM (10 × 10 μm). Therefore, etch pits or macrosteps 
in the Þ eld of view can be observed more easily. PSI can optically 
identify topographic features over a vertical scale of less than 
1 nm, which is similar to the resolution of AFM. Furthermore, 
to study realistic reactions at various geo-environmental condi-
tions, PSI allows real-time, in-situ observation at low, as well 
as elevated, temperature and pressure conditions, if the optical 
arrangement and the reaction-cell are optimized. 

PSI enables quick observation to study transient phenomena. 
Onuma et al. (1989) established real-time PSI (RPSI) and applied 
it for the Þ rst time to measure the interfacial supersaturation of 
growing and dissolving K-alum crystals. Using short time-reso-
lution (∆t = 1/60 s), Tsukamoto et al. (1992) applied RPSI for 
in-situ observation of etch-pit formation on calcite in detail (step 
velocity = 3�6 nm/s). Nishimura et al. (2004) applied RPSI for 
ex-situ, 3-dimensional visualization of faint dissolution features 
on pyrite surfaces (normal velocity = 1E-5 nm/s at pH = 6, by 9 
days run). Luttge et al. (1999) applied VSI for the study of anor-
thite dissolution by ex-situ measurements to quantify the global 
dissolution volume over the Þ eld of view of the interface. * E-mail: hsatoh@ganko.tohoku.ac.jp
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ABSTRACT

In-situ measurements of anorthite dissolution in Na-Cl-OH solutions at an ionic strength (IS) 
of 0.5 mol/L (M) and in artiÞ cial seawater (IS = 0.7 M) were conducted at 22 °C using white-light, 
phase-shift interference microscopy (PSI-M). Nanometer-scale surface topography by PSI-M revealed 
three-dimensionally inhomogeneous surface dissolution, which is commonly observed as retreating 
steps on anorthite surfaces. Continuous dissolution of the anorthite cleavage surface (010) was suc-
cessfully measured within a day. The vertical dissolution velocity was 4.3 × 10�5 to 1.4 × 10�3 nm/s. 
The obtained dissolution rates showed a typical dependency on pH with a reaction order of 0.191, 
and could be consistently extended to the previous data obtained under acidic conditions (Luttge et al. 
1999). In-homogeneities in the vertical dissolution velocities at each pH condition could be interpreted 
by the step dynamics explained by the Burton-Cablera-Frank (BCF) theory (Burton et al. 1951). These 
results emphasize that the velocity of step retreat is a strong function of the step density, which has to 
be taken into account when describing the global dissolution phenomena on mineral surfaces. 
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