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Metapelites from the Monte Rosa 
nappe situated in the Simplon-Pennine 
Alps underwent a polymetamorphic 
history, whereby amphibolite facies 
conditions prevailed during pre-Al-
pine metamorphic stages. During the 
Alpine metamorphic cycle the Monte 
Rosa metapelites experienced an early 
high-pressure overprint. Thereby gar-
net reaction rims were formed along 
former plagioclase-biotite grain con-
tacts at P-T conditions of about 650°C 
and 12.5 kbars through the prograde 
reaction: plagioclase + biotite = gar-
net + phengite + quartz. The newly 
formed garnet rims are about 10-50 
µm thick and show a pronounced 
asymmetrical compositional zoning 
pattern. Grossular concentrations are 
high towards plagioclase and low to-
wards biotite. In contrast, Almandine 
contents are high towards biotite and 
lower towards plagioclase. Plagiocla-
se is depleted in Ca towards the inter-
face to garnet. This indicates that Ca, 

which served as a nutrient for garnet 
growth, was derived from plagiocla-
se. As a consequence, plagioclase be-
comes more albitic along the reaction 
interface. In addition, a discontinuous 
rim (< 10µm) of quartz was formed 
along the garnet/plagioclase reaction 
interface. Newly formed phengite is 
predominantly located within the pre-
existing plagioclase. The growth front 
of garnet into biotite is sharp and no 
chemical alteration of biotite is dis-
cerned towards the replacement front.

If diffusion along the reaction 
interfaces had been fast compared to 
volume diffusion through the garnet 
rim and the fluctuations in the P-T 
conditions, a symmetrical zoning 
pattern would be expected in garnet. 
The strongly asymmetric zoning pat-
tern in garnet suggests that diffusion 
along reaction interfaces was com-
paratively inefficient and that garnet 
growth zoning was rather controlled 
by kinetic factors than by changes 

in P-T conditions. In this case, the 
availability of nutrients at the loca-
tions of garnet growth is a first order 
control on garnet growth zoning. The 
supply of Ca to the garnet growth 
front is controlled by the mechanism 
of incongruent dissolution of plagi-
oclase, which produces more albitic 
plagioclase, quartz and phengite and 
by the efficiency of Ca transport from 
the site of plagioclase dissolution to 
the location of garnet growth. The Fe 
and Mg components in garnet are in-
herited from reactant biotite and their 
availability is controlled by the rate 
of biotite dissolution, and transport 
from the site of biotite dissolution to 
the garnet growth fronts. The growth 
zoning of garnet represents an archive 
of the interplay of reactant mineral 
dissolution, material transport and 
garnet growth. Chemical zoning fea-
tures allow to identify the processes, 
which were rate limiting during vari-
ous stages of garnet growth.
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