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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)
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Blind thrusts raise the stress in parts of the upper crust

Blind thrust (2.5 m slip)
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Secondary surface faults relieve the imparted stress

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

Blind thrust
dipping 30°

2 m of linearly
tapered slip
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Stress change is correlated with seismicity rate change for 1994 M=6.7 Northridge shock
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Stress change is correlated with seismicity rate change for 1994 M=6.7 Northridge shock
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Subduction
aftershocks and
postseismic slip

explained by
Coulomb stress
changes

«—— 1960 M,,=9.5 Conception, Chile

1995 M,,=8.1 Antofagasta, Chile
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San Andreas responds to shear stress imparted by 1983 M=6.7 Coalinga shock
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from Toda & Stein (JGR, 2003)



Great 1857 shock stresses northern end of fold belt

1857 M=7.9
pseismic stress

Coulomb stress change at 10 km depth e | frorsnte';ii: &
on thrust receiver faults striking 150° (JGR,
and dipping 15°W (u1=0.8) -2 1 0 1 2 bars  5404)



Interseismic stress brings Coalinga thrusts close to failure

1857-1983 interseismic
stress accumulation

Coulomb stress change at 10 km depth T T [ frogt;r &
on thrust receiver faults striking 150° (JGR,
and dipping 15°W (u1=0.8) -2 -1 0 1 2 bars 5q04



Combined stresses promote—and restrict—Coalinga sequence

1857 coseismic and
nterseismic stress

Strong post-1857 tendancy to
promote failure on Coalinga thrusts

Coulomb stress change at 10 km depth fmg‘té‘ii: &
on thrust receiver faults striking 150° (JGR,
and dipping 15°W (u=0.8) -2 -1 0 1 2 bars 5404y



Not only do stress
Increases promote
shocks, but stress
shadows inhibit
shocks

Toda & Stein (2004)
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Toda & Stein (2004)
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Alarge earthquake along the Apennine chain acts to compress a NW-striking dike beneath Vesuvius,
potentially driving magma and volatiles to the surface
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from Nostro et al. (JGR, 1998)



Voiding 0.1 km3 of magma from a NW-striking dike beneath Vesuvius, in turn,
brings normal faults along the Apennine chain closer to failure
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The lzu, Japan, 2000 seismic swarm
Six M=6 and 3000 M>4 in 3 months!



Latitude ( )

Mw=7.8 OFF W. COAST OF S. ISLAND OF NEW ZEALAND

July 15, 2009 at 9:22 UTC, Location: 45.7 S 166.6 E, Depth: 35 km

Nodal Plane 1 solution: strike /dip /rake = 26/24/140
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_40 Color Gradient Map

0.2 Source and receivers: strike/dip/rake
of NEIC Rapid focal mechanism
Maximum Coulomb stress change

at depths within =20 km of hypocenter

Focal Mechanism Color

Max. Coulomb stess shown as disk color
Jdo4 Stress change resolved on both nodal planes
of 1976-2004 Global CMT quakes; largest

of two stress change shown if = 0.01 bars.
Lower hemisphere compress. lobes lie

—H0.05 between nodal plane dots; exten. lobes lie
between nodal plane circles.

Map Features

e Source: white rectangle centered on
hypocenter (point source for Mw<6;
otherwise Wells-Coppersmith 1994 scaling)
Active volcanoes: purple triangles

Cities: green sguares propotional to pop.
Active faults: blue lines

Coastlines: black lines

National boundaries: black dot-dash lines
Plate boundaries: solid green (trenches),
long-dash green (transforms or oblique
subduction), short-dash green (ridges)
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http://quake.usgs.gov/~ross
for Coulomb, animations, and papers in this talk
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