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M7.4 Bonin Islands, Japan Earthquake of 21 December 2010
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TECTONIC SUMMARY
The Bonin Islands earthquake of December 21, 2010, occurred as the result of normal-faulting
within the Pacific plate, in the region of the boundary between the Pacific plate and the Philippine
Sea plate.  In the epicentral region of the earthquake, the Pacific plate moves west relative to the
Philippine Sea plate with a velocity of about 4 cm/yr.  The Pacific plate subducts beneath the
Philippine plate at the Izu trench and is seismically active west of the epicenter of the December
21 earthquake to a depth of about 560 km.  The stresses that generated the December 21
earthquake result from the bending of the Pacific plate as it subducts beneath the Philippine Sea
plate.
The Izu-Bonin and Mariana arcs of the Pacific/Philippine Sea plate-boundary region experience
frequent moderate and strong earthquakes.  In the past quarter century, the thousand kilometer
section of the plate boundary centered on the epicenter of the December 21 earthquake has
produced 27 earthquakes of magnitude 6 or greater, with 3 having magnitudes larger than 7.0.
Roughly half of the moderate and large shocks in this region occur as intermediate-depth
earthquakes (70 – 300 km below the earth’s surface) or deep-focus earthquakes (greater than 300
km below the earth’s surface).  The December 21 earthquake, however, occurred within several
tens of kilometers of the earth’s surface and would be classified as a “shallow-focus” earthquake.

Seismic hazard is expressed as peak
ground acceleration (PGA) on firm
rock, in meters/sec², expected to be
exceeded in a 50-yr period with a
probability of 10 percent.

EXPLANATION
Main Shock

Mag ≥ 6.0
0 - 69 km
70 - 299
300 - 600

Plate Boundary
Subduction
Transform
Divergent
Others

Active Volcanoes

RELATIVE PLATE MOTIONS

The red vectors represents the motion of the
Pacific plate relative to the Philippine Sea
plate, and the Philippine Sea plate relative to
the Eurasia plate in the region.
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Significant Earthquakes Mag >= 7.5

Year Mon Day  Time    Lat     Long   Dep  Mag
1906  01  21  1349  34.000  137.000  350  7.7
1914  11  24  1153  22.000  143.000  110  7.9
1944  12  07  0435  33.750  136.000    0  8.1
1953  11  25  1748  34.034  141.786   35  7.9
1972  02  29  0923  33.377  140.881 58.8  7.5
2000  03  28  1100  22.232  143.711  105  7.6
2007  09  28  1338  22.013  142.668  260  7.5Peak Ground Acceleration in m/sec**2
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21 December 2010 17:19:40 UTC
 
26.892° N., 143.726° E.
Depth 14 km
Mw = 7.4 (USGS)

150 km (95 miles) E of Chichi-shima, Bonin Islands, Japan
335 km (210 miles) NE of Iwo Jima, Volcano Islands, Japan
1050 km (650 miles) SSE of Tokyo, Japan
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FINITE FAULT MODEL
Contributed by
Gavin Hayes (NEIC)

Distribution of the amplitude and direction of
slip for subfault elements (small rectangles) of
the fault rupture model are determined from
the inversion of teleseismic body waves and
long period surface waves. A W-phase
moment tensor solution was used. Arrows
indicate the amplitude and direction of slip (of
the hanging wall with respect to the foot
wall); the slip amount is also color-coded as
shown. The view of the rupture plane is from
above.

The strike of the fault rupture plane is N72°W
and the dip is 34°SW.  The dimensions of the
subfault elements are 5 km in the strike
direction and 3.5 km in the dip direction. The
seismic moment release based on this plane is
1.5e+27 dyne. cm.

Finite Fault Model
for M7.4 Earthquake
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