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ABSTRACT

A new experimental method is presented where transport and partitioning of elements in grain 
boundaries is investigated by using thin films. As a model system, the element exchange between 
a nanocrystalline thin film of olivine (Fo30) and a San Carlos olivine single crystal (Fo89), which is 
mediated by grain diffusion through a polycrystalline ZrO2 layer was studied. Double layers of ZrO2 
and olivine on polished single crystals have been prepared by pulsed laser deposition and annealed in 
the temperature range between 900 and 1050 °C at controlled oxygen fugacity. Starting and annealed 
samples were analyzed by SEM, RBS, and SIMS. From the chemical analysis by RBS and SIMS, 
the reaction mechanism could be classified according to the reaction mechanism map of Dohmen 
and Chakraborty (2003). Most of the samples show a combined grain boundary/volume diffusion-
controlled reaction behavior according to this scheme. 

During the anneal, a linear concentration gradient for the Fe/(Fe + Mg) ratio evolved within the 
ZrO2 layer, where Fe strongly prefers the ZrO2 grain boundary compared to Mg. The depth profiles for 
the Fe/(Fe + Mg) ratio have been simulated in detail. From the simulation Fe-Mg volume (in olivine) 
and grain boundary diffusion coefficients, as well as the partition coefficient and the storage capacity 
for the grain boundary, have been extracted. The chemical diffusion coefficient of Fe-Mg within the 
ZrO2 grain boundary at 900 °C is on the order of 1  10–15 m2/s. Volume and grain boundary diffusion 
coefficients obtained using the new method are in good agreement with literature data. An additional 
observation is that grains within the polycrystalline fayalite-rich olivine layer grow by a grain rotation 
mechanism until an equilibrium texture is attained.
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INTRODUCTION

Elemental or isotopic exchange between individual minerals 
in a rock is generally mediated by transport through a matrix 
because direct physical contact between exchange partners is 
rare. The bulk-exchange reaction is a process that, in principle, 
depends on many sub-processes such as volume diffusion and 
interface reactions (dissolution/precipitation) as well as grain 
boundary1 or interphase diffusion (e.g., Lasaga 1986; Dohmen 
and Chakraborty 2003). In the widely applied diffusion models of 
Dodson (1973, 1986) and Lasaga (1983) treating isotopic closure 
and element exchange, respectively, opposing assumptions were 
made regarding the mobility of elements along grain boundar-
ies. The Dodson-type models assume infinitely fast diffusion 
(see also models of Eiler et al. 1992 and Jenkins et al. 1994 for 
isotopic closure, FGB models) whereas the Lasaga-type models 
assume elements are completely immobile restricting exchange 
of elements to the interface. However, several observations in 

rocks indicate an intermediate behavior between these two end-
member assumptions (O’Brien 1999; Florence and Spear 1995; 
Keller et al. 2007). 

Recently, Dohmen and Chakraborty (2003) developed a 
general kinetic model for an exchange reaction (pure exchange 
without any net transfer/net dissolution precipitation) between 
two solids mediated by diffusion through an “intergranular fluid 
phase” (the hypothetical medium for grain boundary diffusion), 
which explicitly considers the grain boundary diffusion and the 
solubility of the relevant elements in the “intergranular fluid 
phase.” The model was successful in reproducing the intermedi-
ate behavior observed in granulites by O’Brien (1999) and Flor-
ence and Spear (1995), where the “intergranular fluid phase” was 
assumed to be a free aqueous fluid. The main result of the model 
was that only two dimensionless parameters are necessary to clas-
sify the reaction behavior of these kinds of reaction systems. If 
the interface kinetics are fast compared to the diffusion processes 
(see Dohmen and Chakraborty 2003) for a given element, i, only 
one parameter  determines the reaction behavior: 
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The first part of the product contains parameters character-
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1In the following, there is no distinction made between grain 
boundary and interphase diffusion and the term grain boundary 
diffusion is used in a general sense.


