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INTRODUCTION

Dissolution of dolomite [CaMg(CO3)2] in the form of the 
following equation, CaMg(CO3)2 + 2H2O + 2CO2 → Ca2+ + 
Mg2+ + 4HCO3

�, is known to be irreversible (Deelman 1981) 
under low-temperature and low-pressure conditions. This well-
known �dolomite problem� is of geochemical signiÞ cance 
because of the fact that signiÞ cant sedimentary dolomite exists 
from the past, but dolomite no longer appears to precipitate 
readily. Possible explanations include the slow dehydration of 
adsorbed Mg2+(H2O)6 (De Boer 1977) resulting in difÞ culties of 
Mg2+ incorporation into the lattice under low-temperature and 
low-pressure conditions, and the possibile role of sulfate as a 
catalyst, which may be no longer available in natural waters at 
sufÞ cient concentration (Brady et al. 1996). The explanations 
for the dolomite problem implies that growth of dolomite may 
not be possible under normal laboratory conditions, even with 
supersaturated solution and crystalline seed materials without 
the inß uence of a yet-to-be-determined catalyst. An alternative 
explanation for the lack of dolomite precipitation from seawa-
ter may involve possible variations in seawater Ca2+, Mg2+, and 
CO3

2� composition over time. Although this type of information 
is obviously readily obtained from modern studies of seawater 
composition, paleochemical data is often only inferred through 
various chemical proxies contained in sediments that may be 
linked to some extent to the prevailing water chemistry at time 
of formation.

Calcite growth is readily obtained from a variety of solu-
tion conditions (Berner 1975; Reddy et al. 1981) and has been 
observed successfully at the elementary step-edge level using 
AFM (Gratz et al. 1993; Teng et al. 1998) under normal labora-
tory conditions. Mg2+ has been found to be a strong inhibitor 
to calcite growth [see the review by Morse (1983)] and its role 
in the formation of biominerals may be relevant to answering 
questions on the origins of and paleo-indicators contained within 

ocean sediments. Whereas there has been disagreement as to what 
role Mg2+ plays in its interaction with growing calcite crystals, 
recent AFM and electron microprobe work by Davis et al. (2000, 
2004) further supported the role of Mg2+ as that of an incorpo-
rated impurity that reduces the change in free energy of reaction 
through increased solid-phase solubility. The concomitant strain 
in replacing Ca2+ sites with Mg2+ in heteroepitaxial growth of 
Mg-calcite on nominally pure calcite may lead to the eventual 
cessation of growth as strain energy will increase as the total 
volume of the Mg-calcite phase increases. However, this strain 
may be reduced by the formation of line defects that essentially 
allow the Mg-calcite to grow without considerable accumulation 
of strain. Alternatively, strain may be reduced through compo-
sitional variations in the growing Mg-calcite. As a result, a bulk 
phase of distinct composition may not be obtained in practice, 
which is consistent with observations of growth sector composi-
tional zoning in calcite (Paquette and Reeder 1995). Whatever the 
strain relaxation mechanism, it must be operative for continuous 
growth of macroscopic crystals.

Hetero-epitaxial growth of dolomite on calcite is probably 
not possible due, at least in part, to the large lattice mismatch 
(3.7%) between calcite and dolomite and the associated high 
strain energy. However, homo-epitaxial growth of dolomite on 
a crystalline seed is plausible as in this case lattice strain will 
not be a factor when Ca2+, Mg2+, and CO3

2� occupy the predeÞ ned 
lattice sites provided by the highly ordered dolomite seed. With 
the help of an in-situ AFM as a real-time tool for the study 
of crystal dissolution and growth at the liquid-solid interface, 
monolayer growth on dolomite and the stability of the Þ lm were 
investigated. Combined with the dissolution results and theoreti-
cal predictions, an explanation on why homo-epitaxial growth 
of dolomite is not realistic in a laboratory environment under 
low-temperature conditions will be presented. 

EXPERIMENTAL METHODS

Optical grade dolomite from Bahia, Brazil (Wardʼs Natural Science Est., Inc.) 
was cleaved in air along its (104) plane. Crystallinity of the sample was checked by 
single crystal X-ray diffraction and it was found that the sample was highly ordered * E-mail: steven.higgins@wright.edu
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ABSTRACT

Dissolution and epitaxial growth on dolomite [CaMg(CO3)2] cleavage surfaces under well-deÞ ned 
aqueous solution conditions were studied in real-time by atomic force microscopy (AFM). Step-retreat 
speeds in undersaturated solutions were used to predict the growth speed for ordered dolomite utilizing 
a theoretical step-growth model. Monolayer growth on dolomite under highly supersaturated conditions 
was observed, but multilayer growth was inhibited due to Þ lm disorder enhanced solubility. Ordered 
dolomite Þ lm growth is predicted in supersaturated solutions close to equilibrium, but observed step 
speeds were immeasurably low under the current laboratory low-temperature conditions.


