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Outline of the work:

Oceanic plates moving on the earth’s surface sink into the mantle at subduction zones where seismic and 
volcanic activities are very high. Subduction zones witness mainly three types of earthquakes: interplate 
earthquakes, intraslab earthquakes (wherein a slab is a part of the oceanic plate that has subducted into the 
mantle), and shallow inland earthquakes. By creating a highly sensitive and precise seismic-observation 
network in the northeast Japan subduction zone, which is one of the most typical subduction zones in the 
world, and developing a precise analysis method corresponding to such high-quality data, Dr. Akira Hasegawa 
revealed the structure of the crust and mantle as well as the seismic activity in the zone with a resolution and 
accuracy higher than those reported previously. Subsequent verification through many examples confirmed 
that the revealed phenomenon is common to subduction zones worldwide. Moreover, Dr. Hasegawa has 
opened up a new way to understand the relationship between the phenomena of earthquakes and volcanoes 
and the crust and mantle structure of the arc by considering “water migrating with plate subduction” as the 
key topic. Thus, he has made outstanding contributions to clarify important issues in this field.

Study of intraslab earthquakes
The first achievement of Dr. Hasegawa’s unique research style is the discovery of the double-planed deep 

seismic zone. Prior to this discovery, earthquakes seemed to occur randomly in a slab. However, Dr. 
Hasegawa and his colleagues discovered that intermediate-depth intraslab earthquakes include two parallel 
planes in the slab. They then revealed that earthquakes in the upper plane occur in the crust of the slab, while 
those in the lower plane occur in the central part of the mantle of the slab. This discovery triggered the search 
for double seismic zones at subduction zones worldwide. It is now known that the formation of a double-
planed seismic zone is a universal phenomenon in subduction zones and that the separation between the upper 
and lower planes is proportional to the age of the subducting plate. Furthermore, Dr. Hasegawa and his 
colleagues found that the seismic-velocity changes and concentration of earthquakes originate at depths where 
hydrous minerals in the slab are experimentally and theoretically estimated to undergo dehydration 
decomposition. The above mentioned series of their studies presents decisive observational evidence that 
slab-derived water plays an important role in generating intraslab earthquakes. 

Study on the generation of arc volcanoes
Dr. Hasegawa and his colleagues discovered the ascending flow of the secondary convection facing a 

volcanic front, which is generated in the mantle wedge because of slab subduction, as a seismic low-velocity 
layer nearly parallel to the slab. Subsequently, the existence of such ascending flows was confirmed at many 
subduction zones in the world and their universality was clarified. Dr. Hasegawa and his colleagues revealed 
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how an ascending flow reaches the Moho directly under the volcanic front and how the melt in it reaches the 
volcanoes at the surface. In addition, they estimated the amount of melt and showed that it is generated 
because of the addition of water. They proposed an arc-volcano generation model that postulates that a 
portion of water expelled from the slab rises directly above and joins the ascending flow in the mantle wedge 
to generate a partial melting zone, which finally reaches the volcanoes at the surface. 

Study of shallow inland earthquakes
Dr. Hasegawa and his colleagues also proposed a shallow inland earthquake generation model that 

postulates that water released from a slab reaches the arc crust and softens the crust to form a strain 
concentration zone; meanwhile, this water causes excess pore fluid pressure in the crust, lowers the frictional 
strength of faults, and causes shallow inland earthquakes. They found that the focal mechanisms of small 
earthquakes in the vicinity of the fault change slightly after large inland earthquakes. They also revealed that 
the frictional strength before such earthquakes is much smaller than that reported previously. Based on these 
observations, they pointed out that water is also involved in this process.

Study of interplate earthquakes
Dr. Hasegawa and his colleagues found that the frictional strength of fault decreased to almost zero 

immediately after the 2011 M9.0 Tohoku-Oki earthquake because the focal mechanisms of small earthquakes 
near the plate interface systematically changed after the earthquake, indicating the involvement of water. 
They found a large number of small repeating earthquakes on the plate interface, and based on the analysis of 
these events, they proposed an interplate earthquake generation model. This model postulates that aseismic 
slip causes stress concentration on asperities, which leads to interplate earthquakes. Using this model, they 
predicted the occurrence of an earthquake with a magnitude of ~5 off the coast of Kamaishi, northeast Japan. 
This was the first successful prediction made on the basis of the physical model.

As described above, Dr. Hasegawa significantly contributed toward elucidating the generation 
mechanisms of earthquakes in subduction zones and showed that water expelled from slabs plays a critical 
role in the occurrence of all types of earthquakes. Moreover, he proposed an arc-volcano generation model in 
which slab-derived water plays an important role and clarified the ascending path of the water to the arc crust. 
These studies have significantly contributed to better our understanding of material circulation, especially 
water circulation, inside the earth. Considering the impact of his studies, ScienceWatch by Thomson Reuters 
ranked Dr. Hasegawa 7th among the Top 20 Authors in 10 years (Citation in Seismology) in 2010. Further, he 
was elected a Fellow of the American Geophysical Union and the Japan Geoscience Union owing to these 
achievements.
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