
A major, magnitude 7.8 deep earthquake occurred near the Bonin Islands.  The 

earthquake was located about 874 km (543 mi) south of Tokyo, Japan and west 

of the Izu Trench.  This earthquake occurred at a depth of 678 km (421 miles) 

within the Pacific Plate where it subducts beneath the Philippine Plate.
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The Bonin Islands, also known as the Ogasawara 

Islands, are an archipelago of over 30 subtropical 

and tropical islands, some 1,000 kilometers 

(540 nmi; 620 mi) directly south of Tokyo, Japan.
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Due to the depth of the earthquake 

at 678 km (421 miles) and the few islands 

in the region, the USGS estimated that 

only 2000 people experienced strong 

shaking from this earthquake.

Additionally, a tsunami was not generated 

because the ocean floor is not displaced 

by an earthquake this deep.

The color coded contour lines outline regions of 

MMI intensity.  The total population exposure to a 

given MMI value is obtained by summing the 

population between the contour lines. 
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This map shows the rate and 

direction of motion of the 

Pacific Plate with respect to 

the Phillipine Plate near the 

Izu Trench. 

At the location of the 

earthquake, the Pacific plate 

moves approximately 

westwards with respect to the 

Philippine Sea plate at a rate 

of 39 mm/yr. 
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The epicenter of this magnitude 

7.8 earthquake is shown on a map 

of regional historical seismicity on 

the right.  On the E-W oriented 

cross section below, intermediate 

and deep earthquakes within the 

Pacific Plate illustrate its steep 

angle of subduction beneath the 

Philippine Plate.  
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The subducting Pacific Plate adjacent to the Izu Trench is more than 120 million 

years old and is therefore very cold when it subducts beneath the Philippine Plate. 

Consequently, the subducting plate is well defined by seismicity to depths of 700 km. 
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To produce earthquakes, rocks must be brittle so they can accumulate elastic 

energy as they bend then rapidly release that energy during earthquake rupture. 

Rocks are brittle at low temperatures but become viscoelastic when they reach 

temperatures of about 600 °C. 

With the exception of subducting oceanic plates, rock in Earth’s mantle below 

about 100 km depth is viscoelastic and cannot rupture to produce earthquakes. 

However, rapidly 

subducting cool oceanic 

plates can reach depths up 

to about 700 km into the hot 

mantle and continue to 

produce earthquakes.  The 

deepest earthquakes are 

thought to be due to phase 

changes of minerals in the 

high pressure and 

temperature conditions at 

those depths.
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Following the earthquake, it took 11 minutes and 42 seconds for the compressional 

P waves to travel a curved path through the mantle to Portland, Oregon.

PP waves are compressional waves that bounce off the Earth’s 

surface halfway between the earthquake and the station. 

The record of the earthquake on the University of Portland seismometer (UPOR) is illustrated below. 

Portland is 8316 km (5167 miles, 74.92°) from the location of this earthquake. 

S and SS waves are shear waves that follow the same path 

through the mantle as P and PP waves.  S waves took 21 minutes 

and 22 seconds to travel from the earthquake to Portland.

Surface waves traveled the 8316 km (5167 miles) along the 

perimeter of the Earth from the earthquake to the recording 

station.  Because this earthquake occurred over 600 km 

below Earth’s surface, only a small percentage of seismic 

energy radiated from the earthquake as surface waves.
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