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INTRODUCTION

The determination of the physical and chemical conditions 
that prevail in the crust and mantle of the Earth using phase-pet-
rological tools, including geothermobarometry, has substantially 
improved our understanding of geodynamic processes. Based 
on the knowledge of geomaterial properties at equilibrium, key 
parameters such as subduction depth, geothermal gradients, and 
rock densities have been quantiÞ ed. Equilibrium thermodynam-
ics predict phase changes to occur as a function of pressure, 
temperature, and chemical conditions. However, equilibrium 
thermodynamics does not address the mechanisms and rates 
by which phase transformations and mineral reactions occur. 
Only if the kinetics of mineral transformations are considered 
via analysis of rock microstructures and textures can insight be 
gained into time-dependent processes.

Microstructures such as reaction rims and coronas are com-
monly observed phenomena, particularly in high-temperature 
systems. In general, these microstructures contain both the 
reactant and product phases of a mineral reaction, indicating 
that reaction was incomplete and chemical equilibrium was not 
attained (Carlson 2002). The formation of reaction rims and 
coronas is controlled by chemical diffusion across the growing 
layer of product phases (Thompson 1959; Joesten 1977). This 
is the basis for the determination of component mobility by 
means of rim growth experiments (e.g., Fisler and Mackwell 
1994; Fisler et al. 1997; Yund 1997; Milke et al. 2001) and for 
the extraction of geodynamic time scales from natural coronas 
and reaction bands (Abart and Sperb 2001).

Usually, reaction bands are polycrystalline materials, where 
diffusive material transfer occurs by a combination of grain 
boundary and volume diffusion (Brady 1983; Joesten 1991). 
Grain-boundary diffusion coefÞ cients have been determined for 
metals and for simple binary metal oxides (Joesten 1991; Kaur 
et al. 1995). Grain-boundary diffusion coefÞ cients are, however, * E-mail: lkeller@zedat.fu-berlin.de
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ABSTRACT

In the Monte Rosa area, Northern Italy, the assemblage garnet + phengite + quartz was formed 
in polymetamorphic metapelites from pre-existing biotite and plagioclase during an eclogite-facies 
Alpine metamorphic overprint. While phengite nucleated within plagioclase, garnet formed 10 to 20 
μm wide continuous rims along the original biotite-plagioclase interphase boundaries. Garnet forma-
tion involved diffusion of Ca-, Fe-, and Mg-bearing species across the growing rims. The garnet rims 
show an overall asymmetric compositional zoning and distinct nanometer scale chemical patterns 
across grain boundaries within the garnet polycrystal. The compositional patterns resulted from the 
interplay of diffusion along grain and interphase boundaries and volume diffusion. Individual garnet 
crystals are separated by low-angle grain boundaries, which are predominantly oriented perpendicular 
to the reaction rim giving rise to an overall palisade microstructure. Grain boundaries contain arrays of 
closely spaced channels about 2 nm wide, which are Þ lled with an amorphous phase. These channels 
represent direct links between the garnet-biotite and garnet-plagioclase reaction fronts and provide 
pathways for fast diffusion. From numerical simulation of the observed chemical patterns, diffusion 
of Ca and Fe is inferred to have been 5�6 orders of magnitude faster within grain boundaries than 
through the interior of garnet grains. Although the amorphous grain boundary phase only takes up a 
small fraction (2�5 per mil) of the total volume of the garnet polycrystal, short-circuit diffusion along 
grain boundaries contributed substantially to material transfer across the growing garnet rim. Despite 
the presence of fast pathways, bulk diffusion was too slow to allow for chemical equilibration of the 
phases involved in garnet rim formation, even on a micrometer scale. Relying on published garnet 
volume diffusion data, Dgb (where gb = grain boundary), is estimated to be on the order of 10�(19�20) 
m2/s at the estimated reaction conditions of 650 °C and 12.5 kbar, where Dgb

Ca is slower than Dgb
Fe by a 

factor of ten.
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