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Grain coarsening in polymineralic 
aggregates is one of the most funda-
mental processes in metamorphic 
rocks and mylonites. As function of 
time, temperature, grain growth ki-
netics and chemistry of the mineral 
assemblage, a complex interaction 
between coarsening of the matrix 
and second-phases is required. Due 
to limitations of experimental inves-
tigations (e.g. time, mineral stability 
etc.), however, the kinetic parameters 
required to predict grain coarsen-
ing are difficult to obtain and even 
more problematic to apply to nature. 
This study presents an approach, 
where natural samples can be used 
to calibrate the grain coarsening of 
polymineralic aggregates in grain-
size stabilized systems. In form of 
grain coarsening maps this calibra-
tion can then be applied to predict 
microstructural changes in the earth’s 
interior. Generally, the average grain 
size (d

g
) changes continuously with 

time (where ∆d
g
 depends on ∆t and 

T) but different grain size stabilizing 
processes can lead to a steady state 
grain size. In this contribution we will 
restrict on mylonites, where deforma-
tion stabilizes an average steady state 
grain size. 

For polymineralic aggregates 
with less than 50vol% second-phase 
the grain size of the matrix mineral 
(d

g
) is related to the volume fraction 

(f
p
) and size (d

p
) of the second-phase 

in the following manner (eq. 1): d
g
 = 

c’ exp(-Q
g
/RT) (d

p
/f

p
)m, where c’ is a 

constant and m an exponent. The term 
exp(-Q

g
/RT) expresses the tempera-

ture-dependence, with Q
g
 as the ac-

tivation energy, R as the gas constant 
and T the as temperature. The coars-
ening behaviour of the second-phases 
can be defined as (eq. 2): d

p
 = k exp(-

Q
p
/RT) f

p
n. Where again the activa-

tion energy (Q
p
), a constant k and an 

exponent n are required. Combining 
equations 1 & 2 links the coarsening 
of the second-phase and the matrix 
mineral. Based on a series of natural 
samples with variable second-phase 
content and different temperatures all 
parameters can be calibrated. Based 
on these data and knowledge about 
the stability field of the mineral as-
semblage, a grain coarsening map can 
be generated for the polymineralic ag-
gregate (Figure 1, a & b).

The grain coarsening map in 
Figure 1 (a & b) is based on sam-
ples from calcite mylonites from 
the Doldenhorn nappe deformed in 
the temperature range 340-380°C 
with sheet silicates as predominant 
second-phase. Here, second-phase 
controlled and recrystallization 
controlled microstructures (in pure 
samples) have to be distinguished. 
The map predicts that second-phase 
controlled microstructures are only 
important up to 550°C because at 
higher temperatures the dynamically 
recrystallised grain size of the ma-

trix calcite becomes smaller than the 
inter-particle distance of the second-
phases. In the enlarged second-phase 
controlled field (Figure 1b), a net can 
be constructed consisting of two types 
of grid lines (1) calcite grain size (d

g
) 

trends as function of the ratio d
p
/f

p
 

and T (eq. 1) and (2) second-phase 
coarsening trends at constant volume 
fraction but different T (eq. 2). Based 
on the grain coarsening map predic-
tions about the microfabric changes 
can be made. Note that the presented 
approach might also be applicable for 
regional metamorphic rocks because 
after about 1 million years, grain 
growth kinetics predicts only limited 
changes with time anymore. In case 
of regional metamorphic rocks, the 
field of recrystallization control-
led microstructures would become 
much smaller or even diminish in 
the grain coarsening map because of 
the reduced efficiency of dynamic 
recrystallization. Alternatively to the 
example used, other rock types like 
quartz, feldspar, sheet silicate, olivine 
or spinell rich polymineralic rocks 
would be promising candidates for 

Figure 1 a: Grain coarsening map for the system calcite-muscovite; b: 
Enlarged field for second-phase controlled microstructures. Arrow indicates 
increasing size (d

p
) of the second-phase at constant volume fraction (f

p
). d

g
: 

calcite grain size; sp cont: second-phase controlled; recr: recrystallization.
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this approach. 
To summarize, grain coarsening 

maps are a promising tool to predict 
microstructural changes in polym-

ineralic rocks. Linking these predic-
tions with the associated geophysical 
properties would help to investigate 
the changes of rheology, seismic ani-

sotropy, electric conductivity and per-
meability during dynamic processes 
occurring in the earth’s interior.


