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The properties of fault gouge have 
a large influence on earthquakes and 
major faulting events in the middle 
and upper crust. Fracturing leads to 
a large range of grain sizes. After the 
main stress release the fault gouge 
may heal again, starting with the 
smallest grains. Healed fault gouge 
has a reduced permeability and dif-
ferent frictional velocity behaviour 
than unconsolidated fault gouge. To 
obtain a better understanding of the 
grain size evolution of cataclastic ma-
terial in natural rocks, we preformed 
experiments to study the influence of 
time, temperature, fluids, strain and 
strain rate on the grain size distribu-
tion of fault gouge in granitoid rocks. 
A quantitative description of the grain 
size distribution (i.e., its fractal di-
mension) and the grain shape enables 
us to compare experimentally and 
naturally deformed granitoids.

Coaxial deformation experiments 
were carried out on isotropic Verzasca 
gneiss using a Grigg’s rig at 300-500 
°C, 500-1000 MPa, strain rates of 
10-4 to 10-7 s-1 and 0.2 %wt H

2
O. Ex-

periments were done in four ways. 1) 
Samples were quenched immediately 
after fracturing (deformed-only). 2) 
After fracturing the samples were 
kept at hydrostatic conditions for 4 
to 14 days at 300 or 500°C (healing). 
3) Samples were deformed at variable 
strain rates to study the interaction 
between deformation and healing for 
4 to 14 days. 4) A cycle of fracturing 
– healing - fracturing was preformed 
to study the strength evolution of the 
fault gouge. 

The experimentally deformed 
granitoids were compared to natural 
fault rock samples originating from 
the Nojima Fault Zone (Kobe Earth-
quake, 1995) and from the Alps (de-
formed in the Tertiary). Thin sections 
were made of the experimentally and 
naturally deformed samples. Digital 
images with different magnifications 
of the deformed rocks, taken with 
light and electron microscopes, were 
analysed. The results of the healed 
samples and the deformed-only sam-
ples were compared, both in natural 
and experimentally deformed rocks. 
The effect of the strain rate and cycle 
on the microstructures of the fault 
rock was studied with the electron 
microscope.

All the deformed-only samples 
have subangular grains and the fault 
gouge has a (2D) fractal dimension of 
2.2. For quartz grains smaller than 2.2 
µm and feldspars smaller than 4.4 µm 
diameter a fractal dimension of ap-
prox. 1.0 is observed. This change in 
the slope of the grain size – frequency 
relationship is sharp and independ-
ent of the deformation conditions. 
The grinding limit (smallest grain 
size obtained by milling a mineral, 
Prasher 1987) for quartz (1.7 µm) and 
feldspar (4.4 µm) is close to the grain 
size where the fractal dimension of 
the fault gouge changes. The smallest 
grain size we found is approx. 25 nm 
both the experimentally and naturally 
formed gouges. Such small grains 
probably deform by viscous processes 
like diffusion creep, even at relatively 
low temperatures. Healing leads to 

more rounded grains and a decrease of 
the fractal dimension (to 1.6) of both 
the natural and experimentally de-
formed grains in consolidated gouge 
zones; the smallest grains are approx. 
0.5 µm. Increasing healing time, tem-
perature and the presence of fluids 
increase the amount of gouge healing. 
Samples deformed for 14 days after 
deformation at a low strain rate (10-7 
s-1) show that healing and continued 
deformation occur simultaneously; 
the average grain size is increased, 
the main part of the gouge is healed 
but the grains are still subangular. 
Samples healed during stress release 
appear better healed than samples 
healed under hydrostatic conditions. 
Here, a process similar to pressure 
solution is probably dominant during 
deformation. The same process might 
play a role in post-seismic creep after 
the main stress release in earthquake 
zones.  Samples that were deformed 
again after the healing (cycle) show 
that not all the fault zones of the 
earlier deformation are reactivated in 
further deformation. New fault zones 
are formed. Healed grains and cracks 
formed during earlier deformation 
can still be observed. The consoli-
dated gouge has the same strength as 
the unfractured sample before defor-
mation.
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