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Outline

• Want to estimate downdip extent of 
thrust zone earthquakes that will produce 
damaging ground motions.

• Evidence from seismicity vis a vis
geodetic/thermal modeling.
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• Hyndman, Wang, et al. (1995) use 
independent geodetic/tsunumi
inversion from 1946 Nankaido event to 
compare thermal modeling-derived 
locations of “locked” and “transition”
zones, and claim that most/some of 
transition zone does not produce 
seismic radiation.



Hyndman et al. (1995)
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Yabuki and Matsu’ura (1993)







Seismological Evidence

Tichelaar & Ruff (1993) -
Used body wave inversion to find downdip
limit to thrust zone (good depth resolution)

Dislocation modeling of large events with 
geodetic and tsunami data (Nankaido, 
Alaska, Sumatra)

Microseismic data (good correlation with the 
above)











1986 M8 Aleutians event
Engdahl & Ekstrom (1989)



1964 Alaska
Ichinose et al. (2006)





Sumatra 2004



Dragert et al. 1994





Gorda plate - Mendocino



Correspondence of Episodic Slip and Tremor 

with Downdip Edge of Coseismic Slip



Conclusions (1)

• Existence of transition zone as a non-
seismic radiation producing zone not well 
corroborated by microseismic data and 
dislocation inversions of large events.

• Dislocation inversions of geodetic, tsunami 
observations show significant seismic 
radiation emanates from within the 
transition zone, or deeper.



Conclusions (2)

• Microseismic data show no gradation in 
seismic moment release along Benioff zone 
to base of transition zone, implying ~constant 
seismogenic frictional properties.

• Why can’t transition zone produce seismic 
radiation during large events?

• It is now, for smaller events.

• It apparently has during large events.



Conclusions (3)

• Based on maximum downdip depths of 
large events, 15 km would be unusually 
shallow. Large events typically emit 
seismic radiation at 30-40+ km. 
Intersection of crustal seismicity with 
Benioff zone seismicity corresponds well 
to these results.

• Cascadia possibly like Mexico (TR93), i.e., 
20-30 km .



Conclusions (4)

• Existence of an aseismic transition zone 
implies a gap between “locked zone”
earthquakes and intraslab earthquakes. 
This has not been observed.

• Transition zone reflects interseismic
behavior. We are concerned with seismic 
behavior.



Conclusions (5)

• Use of both locked and transition zones to 
estimate downdip extent originally 
recommended by Fluck et al. (1993)……

• Location of Episodic Tremor and Slip 
events in Japan is consistent with these 
conclusions.



Fluck et al. (1997)



Wang et al. (2003)



Conclusions (6)

• Detailed look at seismicity in Mendocino 
region (inversion for location and 3d 
velocity structure, focal mechanisms) 
needs to be done.

• Cursory look shows Benioff zone 
seismicity extends down to 30 km.



TR93 Caveats on Thermal Modeling



TR93 Comments on Thermal Modeling
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Recommendations

• Downdip extent for Cascadia should be 
~30 km.


