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Faults from top to bottom - Research trends 
and case studies, also in the Alps
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Faults are zones of localized 
deformation in the Earth´s lithosphere. 
Their activity at tectonic plate 
boundaries reflects the interaction 
of the convecting asthenosphere 
with mechanical anisotropies in the 
stiffer visco-elastic lithosphere, as 
well as isostatic effects related to 
metamorphism and surface erosion. 
Faults are visible only at the surface, 
so that our understanding of fault-
related processes at depth (e.g., 
seismicity) is based on a combination 
of geophysical imaging, study of 
exhumed ancient faults, laboratory 
deformation experiments, and 
numerical modelling.

The Alps are a natural laboratory 
for fault studies because they are the 
site of former plate boundaries, and 
because they border on tectonically 
active structures (Rheingraben, 

Pannonian Basin). In addition, post-
orogenic deformation is associated 
with seismic and aseismic motion 
localized along both new faults and 
reactivated, older faults. To varying 
degrees, these deep structures induce 
surface effects that pose a potential 
risk to the local population. The aim 
of this talk is to assess our current 
understanding of the mechanisms 
underlying faulting, from Earth´s 
surface to the base of the lithosphere.

Most current mechanical models 
of lithospheric faulting are for plate-
boundary parallel, strike-slip faults 
(N. Anatolian Fault, San Andreas 
Fault). A viscously flowing lower 
crust is overlain by an elastic upper 
crust that fractures periodically 
and undergoes frictional sliding 
according to a rate-dependent state-
variable equation (Fig. 1). These 

models predict episodic seismicity 
associated with the nucleation of 
instabilities within the brittle crust. 
However, they neglect several 
important factors, including fluid 
migration and phase transformations, 
pre-existing mechanical anisotropies, 
stress transfer along and between 
fault segments, and the rheology of 
the upper mantle.

Exhumed, ancient faults reveal 
the innner workings of large faults at 
depths down to 20 km. Studies of the 
Periadriatic Fault System in the Alps 
show how strain-dependent rotation 
of pre-existing foliations during 
orogenesis lead to the nucleation 
of km-scale extensional and strike-
slip faults, while deactivating older 
faults that were no longer optimally 
oriented for slip (Fig. 2). These newly 
nucleated faults partitioned stress and 

Figure 1 Synoptic model of a strike-slip fault in continental crust (from Fig. 8 in Handy & Brun 2004)
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strain well below the depth interval 
for the transition from fracture and 
frictional sliding to long-term viscous 
creep.  Exposures of this fossilized 
transition in the Alps and along 
the Northern Pyrenean Transform 
Fault of eastern Spain suggest that 
fracturing at high, transient pore-fluid 
pressures can trigger seismic slip. 
Continued slip and networking of 
mylonitic shear zones was episodic 
and may have caused the observed 
mutual overprinting of mylonite, 
cataclasite and pseudotachylite. 
Laboratory experiments on rock-
analogue materials have confirmed 
the importance of hydrofracturing and 
networking of shear zones on fluid-
advection at near-lithostatic pore-fluid 
pressures in viscously deforming, 
foliated crust (Bauer et al. 2000). 
Recent numerical modeling (Miller 
2004) indicates that upperwardly 
mobile supercritical fluids can trigger 
large earthquakes and aftershocks in a 
critically stressed brittle, upper crust. 
This work has yet to be combined with 
modelling of stress transfer in fault 
arrays, another potential determinate 

of seismic instability  (Stein 1999).
Faulting is manifested at the 

surface both directly (scarps, 
ground motion) and indirectly (e.g., 
landslides, river channels). Examples 
of tectonically controlled morphology 
abound, particularly in seismically 
active and/or semi-arid climates. 
However, the inverse cause-effect 
relationship, viz. a potential control 
of climate and erosion on faulting, is 
more difficult to document and prove. 
The high resolution of new remote-
sensing methods (GPS, InSAR, 
VHR photography) may enable real-
time assessment of at least some of 
the short-term effects of climate 
and erosion on tectonics and the 
earthquake cycle. Yet, there is a basic 
problem in relating surface processes 
(climate, erosion, and sedimentation) 
to first-order endogenic processes 
like mantle convection, creep, and 
melting, some of which operate 
on vastly different time- and 
length-scales. Study of  the rates of 
geological processes will continue to 
be an open field.

The challenge in fault research 

is to create testable models that 
incorporate enough complexity to 
emulate the interaction of exogenic 
and endogenic processes on different 
length- and time-scales. As with other 
complex Earth Systems, research 
and teaching on the dynamics of 
fault systems must advance along 
multidisciplinary lines.
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Figure 2 Schematic view of major faults amd folds at the western end of the 
Periadriatic fault system in the Western Alps (from Fig. 12 in Handy et al. In 
press)
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