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A brutal surprise

Avenue de La Gare, Nice 1887 (The Illlustrated London News)




A question of stress




Stable / unstable displacement

http://earthquake.usgs.gov/research/modeling/animations/

http://www.youtube.com/watch?v=8AKJINKOc7tk







Experimental deformation of rocks




Sketch of a gas-medium deformation rig
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Material behaviour

Shear stress (MPa)

Zell I I I from: Barnh:)orn et al. (2004)
J.Struct.Geol. 26(5), 885-903
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Rheological data from deformation experiments on Carrara marble
under constant shear strain rate




Elastic deformation

linear, elastic deformation
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Elastic deformation

* No permanent strain i.e.
reversible strain

e linear relationship between stress and deformation
c=Ee=E({-/p)/lg
e E = proportionality coefficient

e Young’s or Elasticity-Modulus
(same dimensions as stress)



Viscous deformation

ideal, viscous deformation

Oyx slope = constant
or
F viscosity
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Viscous deformation

 Newtonian or ideally viscous materials are able to undergo
large and permanent strain whose magnitude depends on
time

G=nN¢

e Stress is proportional to strain rate; strain is continuous
under constant stress

* Proportionality coefficient n = viscosity
Unit : Poise = Dimension of stress multiplied by time
1 poise =1 dyne cm™ * 1 second



Plastic deformation

ideal, plastic deformation
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Plastic deformation

or Yield point

e At the critical stress, permanent strain.

e The flow stress = a constant (von Mises criterium)



Rocks are elasto-visco-plastic




stable/unstable frictional displacement

Schematic relationship between fault movement and seismic event
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Experimental faulting (acoustic emission)
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Fault growth

compression begins
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Fault growth

EXtension Extensi0n

==

Growth
of optimally
oriented faults

Nucleation
of isolated faults

and localisation
onto major faults



stable/unstable friction gliding

http://earthquake.usgs.gov/research/modeling/animations/

http://www.youtube.com/watch?v=IJ9yjhviHZw







stable/unstable friction gliding

http://earthquake.usgs.gov/research/modeling/animations/
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Start animation

http://www.youtube.com/watch?v=IJ9yjhviHZw




stable/unstable friction gliding

Paleoseismic record of large earthquakes along the North Anatolian Fault
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stable/unstable friction gliding
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Fault propagation

1944 earthquake rupture
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Coulomb stresses

A. Coulomb stress change for right-lateral faults parallel to master fault Stress . Rise . Drop

U ~A[~

right-lateral shear effective friction X right-lateral Coulomb
stress change g normal stress change = stress change
R ' s R
T + u {-csn) = Gf

https://pangea.stanford.edu/projects/structural_geology/chapters/chapter09/chap09_figures.html



stable/unstable friction gliding

|dealised relationship between stress and displacement
for initial shear failure and
subsequent unstable shear movement on the fault surface
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Focal mechanisms

Focal mechanism construction
grounds moves towards

seismic station \
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Thrust-fault with P- and T-quadrants and first motion seismograms
and associated, lower hemisphere stereographic projection
first motion up = push away from epicenter; first motion down= pull toward epicenter



Focal mechanisms

representative focal mechanisms
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Orientation of the principal stresses
P (maximum, compression) T(minimum, extension) and B (intermediate)



Faults at plate boundaries

Plate Boundaries are of three main types:

Convergent: @
Divergent: Wrench: ' i P:fb{?e‘i emn;;he?gh :
Extension dominate, Plates slides one . ; sabstr-and
Ocean opening and against the other | ©
formation of new
oceanic lithosphere.

——~_ collision phenomenon .
@ (mountain building).
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