
American Mineralogist, Volume 97, pages 231–240, 2012

0003-004X/12/0001–231$05.00/DOI: http://dx.doi.org/10.2138/am.2011.3820     231 

Thermodynamic model for growth of reaction rims with lamellar microstructure

R. AbARt,1 E. PEtRishchEvA,1 And b. JoAchim2,*

1Department of Lithospheric Research, University of Vienna, Althanstrasse 14, A-1090 Vienna, Austria
2German Research Centre for Geosciences GFZ, Section 3.3, Telegrafenberg, 14473 Potsdam, Germany

AbstRAct

A thermodynamic model for the growth of a reaction rim with lamellar internal microstructure is 
derived. Chemical mass transfer across the rim and the chemical segregation within the reaction fronts, 
at which the lamellar microstructure is produced, are considered as the only dissipative processes 
involved in rim growth. Depending on their relative rates, either one of these processes may be rate 
limiting. Rim growth is parabolic when mass transfer across the growing rim is rate limiting, and it is 
linear when the material redistribution within either one or both of the reaction fronts is rate limiting. 
The transition between these two extreme scenarios is continuous. The controlling factors are the 
characteristic length scale of the lamellar microstructure and the relative rates of chemical mass transfer 
across the rim and within the reaction fronts. Reaction rims with both lamellar and layered internal 
microstructures have been produced experimentally in the ternary system CaO-MgO-SiO2. Based on 
the thermodynamic extremum principle, parameter domains can be discerned, where reaction rims 
preferably develop lamellar microstructures or, alternatively, a sequence of monophase layers. For a 
given set of kinetic parameters, formation of the layered microstructural type is more likely during 
the initial growth stages, and the lamellar type is preferred at later growth stages.
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intRoduction

Reaction rims and coronas are frequently observed phenom-
ena in metamorphic and magmatic rocks (Spry 1969; Vernon 
2004). Reaction rims are formed when two phases or assemblages 
that cannot coexist stably are in contact and react to produce a 
new phase or assemblage along their interface (Schmalzried 
1962; Fisher 1973; Joesten 1977). In general, the reactant phases 
or assemblages from which a reaction rim is produced, and the 
product phases constituting the reaction rim have different com-
positions. This requires that at least one or more mobile compo-
nents are transferred across the growing rim. Reaction rims may 
be comprised of a single layer or a sequence of distinct layers 
separated by sharp reaction fronts. Each layer may consist of a 
single phase or a phase assemblage. The “partial” reactions that 
occur at the reaction fronts do, in general, not preserve the masses 
of the mobile components, instead they act as sources or sinks 
for these components. The partial reactions are thus generally 
allochemical requiring long-range mass transfer to or from the 
reaction front, which in the absence of fluid or melt advection, 
occurs by long-range diffusion. It was demonstrated by Joesten 
(1977) that, for a given chemical system, the layer sequence and 
the phase content of individual layers of a multilayer reaction 
band depend on the relative component diffusivities.

It is common in nature, and it has been found in experiment, 
that one or more of the mineral layers comprising a reaction rim 
may have a symplectitic internal microstructure (Abart et al. 
2001; Yuguchi and Nishiyama 2008), i.e., within a distinct layer 
two or more phases of different composition occur as an intimate 
lamellar or rod-matrix intergrowth (Spry 1969; Vernon 2004). 

Examples of reaction rims with symplectitic microstructure are 
shown in Figure 1. Typically, the lamellae or rods are oriented 
approximately perpendicular to the reaction front where they are 
formed and alternate at nearly regular intervals. Replacement of 
a chemically homogeneous phase by a lamellar or rod-matrix 
microstructure comprised of phases with different compositions 
at a sharp reaction front requires that chemical components 
segregate over the distance of the characteristic wavelength of 
the lamellar or rod-matrix microstructure. As diffusion in the 
homogeneous precursor phase ahead of the reaction front is 
exceedingly slow as compared to chemical mass transfer within 
the propagating reaction front, it is generally assumed that the 
chemical segregation occurs by diffusion within the front (Cahn 
1959; Kaur et al. 1995).

Quantitative models for reactions where a homogeneous 
precursor phase is replaced at a sharp reaction front by a lamellar 
or rod-matrix intergrowth of new phases have been developed in 
metallurgy (Cahn 1959; Klinger et al. 1997; Brener and Temkin 
1999, 2003) and have also been applied to symplectite forma-
tion in mineral systems (Ashworth and Sheplev 1997; Degi et 
al. 2009). The merit of these models is in establishing quantita-
tive relationships between the thermodynamic driving force 
for reaction and reaction rate by parameterizing the underlying 
processes such as component diffusion within the propagating 
reaction front, and the formation of new interfaces in the newly 
formed microstructure. All of these studies have been concerned 
with isochemical replacement, i.e., with the case where the bulk 
composition of the newly formed microstructure is the same 
as the composition of the precursor phase. In the context of 
reaction rim growth, this is, however, not applicable because 
of the allochemical nature of the partial reactions at reaction * E-mail: bastian.joachim@manchester.ac.uk


