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The results of the investigation of the macroseismic manifestation of strong deep-focus earthquakes 
in the subduction zone of the northwestern part of the Pacific Ocean are presented using the example of 
the macroseismic effect from deep-focus earthquakes of 1990 and 2012 with epicenters along the coast of 
Sakhalin Island on the territory of the Japanese island arc. 

It is believed that deep-focus earthquakes have a weakly expressed macroseismic effect. 
Nevertheless, the earthquake in the Sea of Okhotsk on May 24, 2013 with Mw8.3 showed the opposite 
(Starovoit et al., 2013). The earthquake was felt by inhabitants of many countries of the world. These 
macroseismic manifestations have been well described in many works. 

Such a macroseismic effect could be observed from strong deep-focus earthquakes on May 12, 
1990 with an epicenter near the western coast of Sakhalin and August 14, 2012 off the eastern coast of the 
Terpeniya Peninsula. 

In the table, data on the parameters of these earthquakes according to the data of the Geophysical 
Survey FRC RAS. 

 
date origin coordinate depth magnitude stereogram 

12.05.1990  O=04-50-09.0  48,92Ñ0,17  
141.95Ñ0.25  

h=613Ñ13 ʢm MPV=7.1(13) 
MPH=7.1(13) 
MSH=7.4(10) 
MS6.5(11) 

 
14.08.2012  O=02-59-35,9  49,72Ñ0.06  

145,72Ñ0.23  
h=603Ñ23 ʢm MPVA=7.3(17) 

MSHA=7.4(13) 
MS6.2(2).  

 
Table 1. Parameters of earthquakes on May 12, 1990 and August 14, 2012 
 

As can be seen from the table, the characteristics of both earthquakes are similar in energy, in the 
depth of the hypocenter, and the interpretation of the mechanisms (Urban et al, 1991; 
https://earthquake.usgs.gov) makes it possible to establish that the events occurred under the influence of 
near-horizontal tensile stresses and steeper compressive stresses. Each of these earthquakes was felt not 
only in the Far East of Russia, but also in the islands of the state of Japan, according to the Japan 
Meteorological Agency. 

According to the NEIC website, the intensity of concussion on August 14, 2012 in Japan - in the 
cities of Misawa and Tokyo, in the provinces of Aomori and Iwate, partly in the southern and eastern 
Hokkaido and northern Honshu - was 3 points. 

The received data were supplemented with protocols of observations on the site of the Japan 
Meteorological Agency from 486 points in the islands of the Japanese arc. 
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Fig. 1. Map of the epicenters of earthquakes that occurred during the observation period from 1905 

to 2018. 
 

Fig. 1 shows a map of earthquakes with a magnitude MÓ4.0 with epicenters in the northwestern 
part of the Pacific Ocean. During the observation period from 1905 to 2018, in this zone there were 
29,783 earthquakes with magnitude from M4.0 and higher (https://earthquake.usgs.gov). The maximum 
number of strong earthquakes recorded at depths of 40 km (Fig. 2). Beginning with a depth of 150 km, 
the number of strong earthquakes decreases noticeably. The second maximum of strong earthquakes with 
a magnitude of M7.0 and higher is recorded at depths of 475 km and 600 km. For one hundred years of 
observations at depths hÓ 600 km there were five earthquakes with epicenters in the Sea of Okhotsk, three 
of which are confined to the eastern part of the Sea of Okhotsk (13.08.1970 Mw7.3, 05.07.2008 Mw7.7 
and 24.05.2013 Mw8.3) , and epicenters of two earthquakes are located at the western and eastern coasts 
of Sakhalin (12.05.1990 Mw7.2 and 14.08.2012 Mw7.7). Events with depths of hypocenters 450 <h <600 
km with M7.0 and higher are registered in Primorye (21.04.1939 Mw7.0, 21.07.1994 Mw7.3) and in the 
central part of the Okhotsk Sea (November 17, 2002 Mw7.3). 
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Fig. 2. Diagram of the distribution of earthquakes with epicenters in the northwestern part of the 

Pacific (https://earthquake.usgs.gov) in depth. 
 
 

Origin of deep-focus earthquakes (Lyskova et al., 2014) are confined mostly to oceanic trenches, 
for which subduction is characteristic, that is, immersion in the depths of the mantle of one of the mobile 
rigid plates of the lithosphere. 

In subduction zones, seismicity in the upper 50 km is associated with a rigid contact of two 
lithospheric plates. Here the subducting plate bends, and the edge of the approaching plate undergoes 
hummocking, which is the reason for the predominance of the thrust faulting mechanisms over the others. 

To describe the corresponding mechanisms in a deep seismic focus, many hypotheses have been 
put forward, among which slip plays a significant role: the displacement melting mechanism, the 
dehydration model, and the phase transition effect model (Frolich, 1989). 

In the report, we will try to explain the possible causes of the macroseismic effect from strong 
deep-focus earthquakes with epicenters near Sakhalin Island, and also to establish whether this effect is 
typical of deep-focus earthquakes. 
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