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Earthquakes, Volcanic Eruptions and Their Ensuing Disasters in the Pan-Pacific Zone

by
Manabu Takahashi

It is difficult to conceive of a pan-Pacific zone from world maps centered on Jerusalem or the Atlantic,
which are used in Europe and the United States. In America, the Pacific became an ocean worth crossing once
cities such as Los Angeles started to develop on the West Coast, due to the completion of the trans-continental
railway, and once the Panama Canal was opened. Not only Perry, well known for his kurofune (black ships),
but also Russia’s Baltic Fleet had arrived in Japan via India.

The pan-Pacific zone is a region that has endured frequent diastrophism and volcanic activity, such as
earthquakes, tsunami and volcanic eruptions. The Pacific Ocean is surrounded by the pan-Pacific orogenic belt
and is the largest ocean on the planet. El nino and La nina occur alternatingly in the east and west waters of
this huge ocean. When the Valdivia earthquake, the largest ever recorded (at mag. 9.5), struck Chile in 1960, a
tsunami crossed the Pacific and struck Japan in approximately 22 hours, killing 140 people. People living in
Japan are aware that tsunamis occur when large earthquakes strike; but tsunamis can occur even when
earthquakes strike in South America on the other side of the Pacific, reaching speeds of 750 to 900km/h.

From the late fifteenth century onwards, people from countries such as Spain, Holland, Germany and
others repeatedly emigrated in waves to Chile; they formed the nation, some of them intermarrying with the
indigenous Native Americans.

On the Pacific seabed, crustal plates that are formed in the east Pacific oceanic ridge move from east to
west and vice versa. For this reason, frequent orogenic and volcanic activity is observed in regions facing the
Pacific. Chile has suffered from such activity even since 1960, for example, the Maule earthquake (at mag. 8.8,
also known as the Bio Bio earthquake) that struck Concepcién in central Chile in 2010, and the large-scale
volcanic eruptions of Puyethue-Cordén Caulle, Peteroa, Villarrica and Calbuco that occurred six months to four
years after the Maule earthquake.

In the north-east region of the Japanese archipelago, earthquakes and volcanic eruptions occur mainly on
the borders of the North American plate due to the Pacific plate that moves from east to west being compressed.
In the south-west region of the Japanese archipelago, earthquakes and volcanic eruptions occur due to the
Eurasian plate being compressed by the Philippine Sea plate. The Philippine Sea plate has a small area and is
characterized by not moving actively and being compressed on its eastside by the Pacific plate. The conditions of
earthquakes and volcanic activity in the north-east region of the Japanese archipelago have hitherto been
considered mainly in relation to the impact of the North American plate and the Pacific plate, which sinks
beneath the North American plate. On the other hand, the conditions of earthquakes and volcanic activity in
the south-west region of the Japanese archipelago have been considered with regards to the relationship
between the Eurasian plate and the Philippine Sea plate, which sinks beneath the Eurasian plate. However, the
Pacific plate has sunk beneath the Philippine Sea plate and is affecting seismic and volcanic activity in places
such as Izu, Ogasawara, the Marianas and Guam. When considering the area around Tokyo, it is necessary to

take into account the relationship between three plates, namely the North American plate, the Philippine Sea
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plate and the Pacific plate, where the Philippine Sea plate sinks beneath the North American plate, and the
Pacific plate sinks beneath the Philippine Sea plate. This complex inter-plate relationship which is unique in
the world must be considered when discussing a so-called metropolitan epicentral earthquake.

The above is shown in a simple model in fig. 20. Stage 1: a reverse fault occurs in the upper plate due to
pressure from the plate sinking beneath it. Stage 2: magma from the magma pool of the upper plate erupts due
to pressure from the plate sinking beneath it. Stage 3a: a reverse fault occurs in the upper plate. Stage 3b: a
subduction-zone earthquake occurs due to jolting of the upper plate. Stage 4a: a large-scale volcanic eruption
occurs due to an increase in the speed of the sinking plate, the melting of the plate and the subsequent
formation of huge amounts of magma therefrom. Stage 4b: the friction of the upper plate decreases, and the
speed of the sinking plate increases. A normal fault is formed due to parts of the plate that build up speed and
parts that cannot keep up being severed; this leads to a second occurrence of an earthquake and tsunami (outer
rise earthquakes). For reference, the Meiji Sanriku earthquake (1896) corresponds to Stage 3b, while the
Showa Sanriku earthquake (1933) corresponds to Stage 4b.

In other words, the south-west region of Japan is currently in Stage 2 and Stage 3a. The Tottori earthquake
(1943), which corresponds to Stage 3a, preceded the Showa Nankai earthquake (1946). The Iwate/Miyagi
inland earthquake (2008) preceded the Tohoku/Pacific Coast earthquake (2011), which correspond to Stage
3a and 3b respectively. Therefore, the next Nankai Trough earthquake will most likely strike by around 2020.
Also, it is possible that the north-east region of Japan will experience large-scale earthquakes and tsunamis
due to huge volcanic eruptions and outer rise earthquakes. After the Stage 3b Sumatra earthquake (2004),
which caused the Indian Ocean tsunami, a Stage 4b outer rise earthquake occurred in 2012. In other words, the
Tohoku/Pacific Coast earthquake is currently in between Stage 3a and Stage 4a, and it is highly likely that a
large-scale volcanic eruption or outer rise earthquake will occur. Thus, it must not be forgotten that the Tohoku/

Pacific Coast earthquake has not ended, but is still active.
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