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Abstract :

Great off-trench earthquakes in subduction zones are rare in the instrumental record since 1900;
only 6 are presently known or suspected compared to 59 great megathrust earthquakes. All of
these great off-trench events are in subduction systems in which the bending incoming oceanic
plate is old (Mesozoic) and hence thermally mature and thick. In all of these examples, faulting
crosses spreading fabric at angles greater than 30 degrees and, in the two cases for which there
are high-resolution swath maps available, fault scarps have large relief and a well developed
horst-and-graben structure is present. Large outer-rise gravity anomalies are present in the
source regions of those events that are located with confidence. Finally, those events for which
depth contraints and focal mechanisms are available are very shallow (< 30 km) normal faulting
ruptures.

These common features of great off-trench earthquakes are consistent with shallow seismic
deformation by large scale bending at high stresses. That such events occur in deep water and
involve steeply dipping (>=45° ) ruptures may give insight into damage and loss of life that occur
on a regional scale near the source earthquake.

Potential sites for future great off-trench earthquakes are identified that share these attributes.

*With contributions from Hiroo Kanamori
about seismological investigations of the 2
March 1933 Sanriku,

the 26 June 1917 Tonga, and the 29
September 2009 Tonga earthquakes

3-D image of the Tonga trench in the vicinity
of the MS8.1 Tonga Earthquake of 29
September 2009

showing trench-parallel fault scarps on the
outer trench slope (on right)
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