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Plate Fixed Reference Frames

• Velocities with respect to "PLATE-NAME"
• very convenient for visualization purposes and modeling of

tectonic deformation
• To convert into plate-fixed frame we need plate motion and

velocities in the same geodetic frame (e.g., ITRF2008)
• Transformation:

subtract predicted motion based on plate angular
velocity from observed velocity
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Reference Frames – ITRF vs. fixed (stable North
America)

courtesy: Jeff Freymueller, UAF
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Reference Frames – stable North America

courtesy: Jeff Freymueller, UAF

• extension across Basin
and Range

• Shear on San Andreas
System

• Subduction strain in
Cascadia, Alaska

• et al.
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Reference Frames – Tibet

courtesy: Jeff Freymueller, UAF
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NOAM Poles

courtesy: Jeff Freymueller, UAF

• past studies: common that
NOAM poles not within each
others’ confidence ellipses

• Difference between SNARF
and Sella et al. (2007) is
rotation about pole in SE US.
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Why is NOAM Pole poorly determined?

courtesy: Jeff Freymueller, UAF

• tectonics in western North
America

• glacial isostatic adjustment in
northern North America

• SE is thought to be stable on
geologic and geodetic time
scales

• limited area to determine plate
angular velocity, susceptible to
bias
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The Elastic Rebound Model

IRIS

• Between earthquakes: steady
motion on the fault

• Loads fault, strain
accumulates in vicinity of fault

• During earthquakes: fault
breaks, strain is released and
fault vicinity catches up with
far field motion

• Elastic system: interseismic
strain accumulation is opposite
of co-seimic strain release - no
net straining.
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Wallace Creek

courtesy: David Lynch
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The deformation cycle

Eric Clais

• Interseismic: constant velocity
at given site - linear
displacements

• Co-seismic: Step in timeseries
controlled by magnitude,
locking depth and distance of
seismic rupture

• Post-seismic: afterslip,
visco-elastic relaxation,
poroelasticity; decay related to
mechanism and lithospheric
rheology
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The deformation cycle

Roberto Devoti, INGV

• Earthquake: sudden slip on fault
• Mw 4-5: a few centimeters average slip on fault
• Mw 7: a few meters average slip on fault
• Mw 9: 10-20+ meters average slip on fault
• L’Aquila earthquake: Mw 5.9 - displacements depend on distance,

magnitude, fault geometry
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Deformation cycle: Interseismic (Fairweather Fault)

Jeff Freymueller
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The deformation cycle: Interseismic

Tong et al, 2013, JGR

16 / 29



Co-Seismic: The 2002 Mw=7.9 Denali Earthquake

courtesy: USGS
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Co-Seismic: The 2002 Mw=7.9 Denali Earthquake

courtesy: USGS
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Co-Seismic: The 2002 Mw=7.9 Denali Earthquake

courtesy: David Schwartz, USGS
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Co-Seismic: The 2002 Mw=7.9 Denali Earthquake

Hreinsdóttir et al., JGR, 2006
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Co-Seismic: The 2002 Mw=7.9 Denali Earthquake

Hreinsdóttir et al., JGR, 2006
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The deformation Cycle: Post-seismic

Wang et al., 2012, Nature
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The deformation Cycle: Post-seismic

Wang et al., 2012, Nature
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The deformation Cycle – Slow Slip

Rogers & Dragert 2003, Science
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Physics of Faults

Eric Calais

• stick-slip sliding (seismic)
• 2 sides of interface stuck

together: friction
• slip occurs when friction is

overcome
• slip controlled by dynamic

friction, healing
• stable sliding (aseismic):

• 2 sides slide continuously
past each other

• slip occurs all the time
• slip controlled by plastic,

ductile or viscous yielding

• transient slip also occurs (slow
slip events)
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Geodetic data→ Slip on a Fault

How to get this?

Hreinsdóttir et al., JGR, 2006
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Geodetic data→ Slip on a Fault

Eric Calais
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