
Geophysical Research Abstracts
Vol. 14, EGU2012-718, 2012
EGU General Assembly 2012
© Author(s) 2011

Mesoscopic scale analysis of deformation patterns for dynamically
triggered slip in sheared granular layers: insights into the granular
mechanics of dynamic earthquake triggering via Discrete Element
Method numerical simulations
M. Griffa (1), B. Ferdowsi (1), J. Carmeliet (2,1), E.G. Daub (3,4), R.A. Guyer (3,5), P.A. Johnson (3), C. Marone
(6,7)
(1) Laboratory for Building Science and Technology, Swiss Federal Laboratories for Materials Science and Technology
(EMPA) - ETH Domain, Duebendorf, Switzerland (michele.griffa@empa.ch), (2) Institute for Technology in Architecture,
Swiss Federal Institutes of Technology in Zuerich (ETHZ), Zuerich, Switzerland, (3) Solid Earth Geophysics Group, Los
Alamos National Laboratory, Los Alamos (NM), USA, (4) Center for Nonlinear Studies, Los Alamos National Laboratory,
Los Alamos (NM), USA, (5) Department of Physics, University of Nevada, Reno (NV), USA, (6) Department of Geosciences,
Pennsylvania State University, University Park (PA), USA, (7) G3 Center and Energy Institute, Pennsylvania State University,
University Park (PA), USA

Seismologists have accumulated, in the last 20 years, increasing evidence that many earthquakes are induced or
influenced by the seismic waves produced by other distant earthquakes.
This seismological phenomenon goes under the name of “dynamic earthquake triggering” and the underlying
physics of triggering is still not understood. Experiments with laboratory scale model faults have shown that elas-
tic waves can induce slip events when the model fault is filled in by a granular layer, which corresponds to wear
rock materials, called “fault gouge”, in actual mature Earth crust faults. The granular mechanics of dynamic earth-
quake triggering may be related with dynamic triggering of the solid-to-fluid transition in sheared granular layers
undergoing stick-slip dynamics.
Discrete Element Method (DEM) numerical simulations of sheared granular layers are of paramount importance
in investigating the granular mechanics origins of dynamic earthquake triggering because they allow monitoring
particle-scale variables during their temporal evolution as well as tracking down and characterizing the granular
spatial-temporal patterns.
In this talk, we present results of Discrete Element Method (DEM) simulations of a granular layer confined be-
tween and sheared by two deformable, thick blocks. In the simulations, the layer undergoes stick-slip motion.
We have performed simulations both in the absence and in the presence of a vibration displacement imposed at the
boundaries of one of the blocks. The aim of these simulations is to investigate the granular mechanics of the layer
during the stick-slip dynamics and how it is affected by vibration.
We present results of detailed analysis about the spatial-temporal evolution of the mesoscopic scale affine and
non-affine deformation fields that develop during the stick-slip cycle, both in the absence and in the presence of
externally applied vibration. We also show how energy is dissipated during spontaneous and dynamically triggered
slip events.
The results show that slip in general is accompanied by the appearance of localized regions with high values of
both affine and non-affine deformations. These regions are correlated in time and space and mainly located within
a shear zone. We found that the energy released during slip is also mainly localized in the shear zone during the
initial stage of slip. Dynamic triggering is found to initiate immediate or delayed slip when vibration is applied
once the shear stress has reached 75% or more of the shear strength for the corresponding non-vibrated stick phase.
Vibration is found to introduce affine and non-affine strains in the granular layer, which then trigger slip at lower
shear stress.


