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Key concepts:

eSource faults

eReceiver faults

eOptimally oriented faults
eAssume receiver faults are
close to failure

eTriggering lag time is a
problem

Figure 1. The axis system used for calcula-
tions of Coulomb stresses on optimum failure
planes. Compression and right-lateral shear stress
on the failure plane are taken as positive. The sign
of 75 i1s reversed for calculations of right-lateral
Coulomb failure on specified failure planes.



Coulomb failure and optimal orientation of
fault planes

Optimal orientation; ¢+ 90 +2 =180




Change of coulomb stress on faults of specified

orientation (see next lecture)

Given S principal stress tensor with orientation x'y’z’

Rotate to N-S, E-W components
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Lo [ =x*x
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R= | m m m where ,, ,
f " [ T2z

S’ = RTSR

And given plane with normal vector direction cosines N Can change spatially

Traction T = S’ N (row and column multiplication)
T = /T(1)2 + T(2)2 + T(3)? traction magnitude

on = T - N dot product for normal traction magnitude

B =T x N cross product for null vector
B = /B(1)2 + B(2)2 + B(3)2 B magnitude

B..ormatizea = B./B normalize for orientation if necessary

Ts = N x B cross product for shear traction vector
7=/ Ts(1)2 + Ts(2)2 + Ts(3)2 shear traction magnitude
Tsnormatizea = L's./T normalize for shear traction orientation

Coulomb failure function: Aoy = A7 — (. — P)Ao,

Can change spatially
Remote: S,

Induced: S,

Total: S =S;" + S



How the Coulomb Stress Change is Calculated ~ Stress [l Rise [l Drop
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Shear stress
change
ATg

* Example calculation for faults parallel to master fault

From King et al (BSSA, 1994)



How the Coulomb Stress Change is Calculated ~ Stress [l Rise [l Drop
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Shear stress + Friction coefficient x
change normal stress change
ATt + w (Ac,)

* Example calculation for faults parallel to master fault

From King et al (BSSA, 1994)



How the Coulomb Stress Change is Calculated ~ Stress [l Rise [l Drop

= 1
D

o

Shear stress + Friction coefficient x Coulomb failure
change normal stress change  — stress change
ATt + w (Ac,) = Ac;

* Example calculation for faults parallel to master fault

From King et al (BSSA, 1994)



Change of coulomb stress on faults
of optimal orientation

63 ?y

Mostly book keeping going from the
stress tensor to the traction vector
B is orientation from o, of optimal
failure plane

Figure 1. The axis system used for calcula-
tions of Coulomb stresses on optimum failure
planes. Compression and right-lateral shear stress
on the failure plane are taken as positive. The sign
of 75 i1s reversed for calculations of right-lateral
Coulomb failure on specified failure planes.



Coulomb stress
imparted by
mainshocks
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from Todal et al (JGR, 2005)




Coulomb stress
imparted by
mainshocks
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from Todal et al (JGR, 2005)




Coulomb stress
imparted by
mainshocks
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from Todal et al (JGR, 2005)



Coulomb stress
imparted by
mainshocks
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1992 M=6.5 Big Bear

from Todal et al (JGR, 2005)




Coulomb stress
imparted by
mainshocks
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Bay area shocks during the 75 years before 1906

from Stein (Nature, 2003)




Bay area shocks during the 75 years after 1906

Historic rupture

—— Past 10,000 yr rupture

from Stein (Nature, 2003) 1911 M=6.2 shock from Bakun [BSSA, 1999]




Bay area is
a system of
roughly
parallel
faults




Bay area faults
may have
fallen under

a stress shadow
in 1906

from
Harris & Simpson
(1998) and Parsons

(2003)
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Coulomb stress
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Surface-cutting thrusts drop the stress in the upper crust

Surface-cutting thrust (2.5 m slip)
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from Lin & Stein (JGR, 2004)



Depth (km)

Blind thrusts raise the stress in parts of the upper crust

Blind thrust (2.5 m slip)
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from Lin & Stein (JGR, 2004)



Secondary surface faults relieve the imparted stress

Blind thrust and secondary surface faults (each with 0.4 m slip)
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Depth (km)

Diffuse aftershocks are characteristic of blind thrust events

1983 M=6.7 Coalinga earthquake
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Earthquake increases Coulomb stress in 'butterfly wings'

B Coulomb stress
'W=1 change (bars)
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from Lin & Stein
(JGR, 2004)
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Distance (km)

Blind thrust
dipping 30°

2 m of linearly
tapered slip
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Cumulative right-lateral slip (m)
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Figure 1 17 Oct 36 Stein et al.
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Explanation
1839-82 surface rupfure = c—w # N0 1939-92 surface ruplure

(sllp tapars from 0 mmdyr at
12.5 km depth fo full rate =

at 25 km depth)
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From Stress Change to Earthquake Probability Change

Coulomb
Stress
at x

Earth-
quake
rate

FAILURE
STHEES

Earthguake m

Trigoer

Time Advance

i

Areas under the cunses
glvathe axpected num-
ber of events N in the
e intensal A

Transient increase from
tirme-dependent nucleation

Fermanernt increase
from time advance n &

—— — i —

[—1
--------------
_______
_______

Froba bility before

Permanernt
Fo. increase of
ba ckgraund
rate from &

the stress step

Time

MAFP
VIEW



	Static stress changes--Coulomb
	Slide Number 2
	Coulomb failure and optimal orientation of fault planes
	Change of coulomb stress on faults of specified orientation (see next lecture)
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35

