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mechanisms: A tutorial

...beyond dots in a box
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- Magnitude scales
- Earthquake spectra
- Demystifying beach balls

« Moment tensors

- Stress transfer o\



General form:
M =log (A/T") + Q(h,A)

where
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Richter scale (California):

M, =log A +2.56log A -1.67 g
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M, = unDA
where

u is shear modulus (rigidity)
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Dislocation on a

Far-field spectra
small circular crack
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Example: small earthquake in Georgian
Bay, Ontario
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Source radius

R~ 2.34£ =

0

280m

Stress drop

o, = 2.34x 2V,
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o A more general representation
of an earthquake source

o Each tensor component
represents a force couple

o Since M is symmetric (zero net
torque), 6 are independent
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fault plane solution fracture model
(approx.)
o Most earthquakes

, T
can be approximated r\
by a double-couple
"/

o As with other
forms, eigenvectors
of M yield principal
stress axes (P, T)



o An explosive source is oosion .}‘4 .
represented by an _ M50

iIsotropic moment tensor implosion " o

http://www.iwb.uni-stuttgart.de/grosse/aet/mti.htm



o A crack opening under
tension (fluid injection) can
be represented by the sum -
of an isotropic moment

tensor and a compensated
linear vector dipole (CVLD)

http://www.iwb.uni-stuttgart.de/grosse/aet/mti.htm



e \Waveform
inversion for
source mechanism

e Requires good
velocity model
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Stress transfer due to an earthquake
can be modelled using the so-called
Coulomb failure function (Stein, 1999)

Ao =At+ u(Aoc, + AP)

Where

At is the change in shear stress

Coulomb Stress

u is the coefficient of friction th“"‘ba"*’
Ao, is the normal stress

AP is change in pore pressure
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Although far-field stress changes are
small (a few bars or less), earthquake
aftershocks are more probable in
regions of increased Ac,and less
probable in regions of decreased Ac;
(Stein, 1999)

— Potential application to induced Cosloulibtes
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e Various methods are used to describe earthquakes
(magnitude, seismic moment, focal mechanism) and
are applicable, in principle, to microseismic monitoring
studies

e Application of these methods may yield useful
information about stress state and failure mechanisms

e Recent models for stress transfer may also have
applicability to modelling and understanding induced
seismicity
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