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Nonlinear inversion of three GPS components; slip distribution assigned 
Gaussian auto-correlation with correlation scales 50 km in strike and 25 in dip.

Northern Cascadia ETS event of May 2008
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Northern Cascadia ETS event of May 2008

Tremor located by Kao 
(white) and Wech (gray)
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Northern Cascadia ETS event of May 2008

Tremor located by Kao 
(white) and Wech (gray)

Comparison with a worst-case 
scenario of megathrust rupture
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“short-term” SSE (ETS)

“long-term” SSE
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seismogenic limit

Modified from Sekine et al., 2010
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• Slip accompanied by tremor (ETS) is a subset of SSEs 
and requires specific conditions.

• Most ETS appears to be associated more with the 
continental Moho than with the seismogenic limit.
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Unresolved issue: Different types of tremor? 
See upper-right corner of poster by Dragert, Wang, and Kao
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Seismogenic zone
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N Cascadia NE Japan

End-member warm-slab and cold-slab subduction zones
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Continental Moho
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Survival depth of basaltic 
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Wada and Wang, 2009
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Survival depth of basaltic 
oceanic crust (blue) 

and
depth range of intraslab 

earthquakes (purple)

Model-predicted peak 
dehydration depth (blue)

and
serpentine stability in 
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Easier to find ETS
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Basal erosion of serpentinized 
mantle wedge corner

Tonarini et al., 2007

Geochemical evidence for 
serpentinite slices 

dragged to large depths
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Liu and Rice, 2009
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What about the friction 
stability transition?

Seems necessary, but 
certainly not sufficient. 
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In the wake of the Mendocino triple junction 
moving north: Dehydrating and diminishing 
serpentinized mantle wedge
-- a very long lasting process
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Conclusions

• ETS is a subset of the ubiquitously present SSEs.

• ETS is more abundant at the mantle wedge corner of subduction 
zones (or the like), but rare in other tectonic environments.

• ETS is most abundant in warm-slab subduction zones.

• ETS definitely requires more than being near the friction stability 
transition.

• The presence of fluid saturated (antigorite) serpentinite is a very 
likely additional condition.

• Warm-slab subduction leads to higher degree of serpentinization of 
the mantle wedge tip, greater availability of free water. 

• ETS may indicate active basal erosion of highly serpentinized 
mantle wedge.
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