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INTRODUCTION

Many environmentally and geologically relevant processes 
occurring at Earth s̓ surface are controlled by mineral-water inter-
actions. Reliable mineral dissolution rates are critical for geolo-
gists, geochemists, and environmental and chemical engineers to 
understand and resolve pressing related problems. During the last 
few decades, intensive research has led to signiÞ cant progress in 
our understanding of ß uid-solid interactions and a large pool of 
rate data has been generated from both experimental work and 
the study of natural systems (e.g., White and Brantley 1995, and 
references therein; Morse and Arvidson 2002, and references 
therein). Many of these data suggest that mineral dissolution 
kinetics are often controlled by crystal surface area and can be 
successfully described by a rate equation of the form 

Rate = k A f(∆G)    (1)

where k is the intrinsic rate constant and may vary with pH and 
temperature; A is the surface area, and ∆G is the difference in 
Gibbs free energy. Therefore, the quantiÞ cation of the crystal 
surface area participating in the dissolution reaction is a central 
task. 

Recently, Lasaga and Lüttge have presented a general ki-
netic model of crystal dissolution that fully incorporates the 
three-dimensional crystal lattice (Lasaga and Lüttge 2001, 
2003, 2004a, 2004b; Lüttge 2004). In these papers, they used a 
stochastic approach based on Monte Carlo techniques to explore 
the dissolution behavior of crystallographically deÞ ned mineral 
surfaces in contact with aqueous solutions (cf. Blum and Lasaga 

1987). This general approach is not based on assumptions of 
the reaction mechanism like precursor complexes, rate-limiting 
processes, or adsorption mechanisms. The reaction mechanism 
is, therefore, the result of the model calculations and complex 
kinetic behavior can be studied in great detail. Although critical 
hurdles lie ahead, this sophisticated approach can be a key means 
of deriving a fundamental understanding of crystal dissolution. 
However, to be useful, this approach also demands signiÞ cant 
theoretical exercise, as well as substantial investment in high-
performance computing resources. In many cases, simpler, more 
empirical models can provide �quick and dirty� answers on the 
level of �back-of-the-envelope� calculations. 

Focusing now on such a simple approach, we can identify 
two key problems by looking at Equation 1: what is the correct 
surface area to use in normalizing the bulk dissolution rate? And 
in the same context, what is the effect of the choice of surface 
area on the rate constant? Figure 1 shows an example of model 
results exploring the development of diversely deÞ ned surface 
area. It becomes immediately clear that the deÞ nition of surface 
area and its quantiÞ cation as a function of time is most critical 
for the determination and application of rates and rate constants. 
Without anticipating our discussion below, I want to highlight 
here that the concept of reactive surface area is difÞ cult to use 
in most applications in technical, experimental, or natural sys-
tems. In the following section, I will focus on the questions of 
surface area and its role in dissolution kinetics and introduce a 
simple model as a tool to evaluate and compare the evolution 
of differently deÞ ned surface area as a function of time during 
a dissolution process. 

Before we will do this, it is helpful to review brieß y the 
common deÞ nitions of surface area, i.e., geometric, total (spe-
ciÞ c, or BET), and reactive surface area (cf. Brantley et al. * E-mail aluttge@rice.edu

Etch pit coalescence, surface area, and overall mineral dissolution rates

ANDREAS LÜTTGE*

Department of Earth Science and Department of Chemistry, Rice University, Houston, Texas 77251-1892, U.S.A.

ABSTRACT

A simple computer model for the dissolution kinetics of crystalline matter governed by etch-pit 
formation predicts different development, paths, and states for geometric, total (BET), and reactive 
surface area during the dissolution process. The model also explores the dynamics of the dissolution 
rate of a given model crystal surface as a function of the development of surface area. Because the 
surface area term is used in the normalization of bulk dissolution rates, results of this normalization 
reß ect the large differences explored. Based on this evaluation, we discuss the application of the 
diversely deÞ ned surface area terms. In the light of this discussion, the likelihood of an unambiguous 
deÞ nition or application of reactive surface area is problematic. 

The model focuses on the relationship between the variation in total surface area and the global 
dissolution rate, and thus is independent of speciÞ c surface reaction mechanisms. The actual model 
calculations presented as an example in this paper utilize experimentally determined dissolution data 
of three dolomite [CaMg(CO3)2] cleavage surfaces obtained by vertical scanning interferometry (VSI). 
Similar data from minerals such as calcite, feldspars, and barite can be used and make this model 
applicable to a range of different crystalline phases. 


