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Relation between Horizontal Deformation of the Crust and

Large Earthquakes occurred near Hokkaido

By Kimiaki YOSHIHARA
Department of Geophysics, Faculty of Science, Hokkaido

University, Sapporo
(Received Nov. 30, 1974)

The crust in Nemuro and Wakkanai District, Hokkaido, Japan was characterized by
a large horizontal deformation. Relation between the deformation and earthquakes occur-
red near Hokkaido was investigated quantitatively by an application of the finite element
method to a static field problem. The method was applied to.a two layered model which
coveres in and around Hokkaido and has total thickness of 50 Km. In the investigation,
the stress was assumed to be acted to Hokkaido from the trench side in the Pacific O-
cean. The average stress drop estimated from large earthquakes in the above region could
be taken as 28 bar. The stress rate was assigned to be 0.28 bar/year, by assuming that
a large earthquake occurred once in a hundred year.

In the above stress system, the satisfactory agreement between the observed data and
the calculated values was not obtained. In order to fit the calculated values on the ob-
served data, an additional stress system in Wakkanai District was required. In a tentative
calculation, a rate of the stress was taken as 0.1 bar/year and the stress was assumed
to be directed to southeastward. Anomalous large rigidity about twice of the normal one
in Monbetsu District was favorable for the fitting.

Distribution of calculated vectors of the horizontal displacements showed a pattern
similar to that obtained from the surveys. The proportion of the calculated displacements
to that of the observed ones was about 80% in Nemuro and 50% in Wakkanai. On the
other hand, the distribution of the calculated dilatation showed a pattern similar to that
obtained from the surveys except that in the southwestern part of Hokkaido. The calcu-
lated dilatations were about 409 to 509 of the observed values in Nemuro and W akkanai.
Disagreement between the calculation and the observation in the southwestern part of
Hokkaido was not understood by the present model.
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Fig. 1. Horizontal displacements of Fig.2. Distribution of dilatation be-
the first order triangulation tween the old and the new tri-
stations in Hokkaido from the angulation.

old survey (1902-1909) to the
new survey (1964-1967) (after
CrusTAL AcTIvITY RESEARCH
OFFICE GEOGRAPHICAL SARVEY
InsTITUTE 1970).
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Fig.3. Distribution of source regions
of large earthquakes near Ho-
kkaido (after Nacumo 1973).
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Fig. 4. Schematic representation
of the distribution of large
earthquake blocks.
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Fig.5. Slip vectors of the three
large earthquakes. A dot-
dashed line is the axis
of the trench.

Table 1. Source parameters of large earthquakes near Hokkaido

Stress Drop Rigidity Strain Drop | Seismic Moment
bar 10''dyn/cm? 107* 10?8 dyncm
1963 23 7 0.32 7.5 Kanamori (1970)
1968 32 4.5 0.71 2.8 Kanamori (1971)
1969 29 5 0.58 2.2 Abe (1973)
Mean 28 5.5 0.54 4.2
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Fig. 10. Distribution of stresses in the Pacific side inferred
from the study of large earthquakes. The stress is con-
stant in each block.
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Fig.11. Distribution of stresses in the Pacific side as in Fig.10
except the stress is distributed for the grid scale.
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Fig.12. Distribution of calulated horizontal displacements. The solid circle indi-
cates the fixed point. M-21: The stress system is given near the trench
side and normal to the trend of the Kurile trench. The crust .is horizon-
tal homogeneous. M-22: The stress system is same as M-21. Rigidity of
the crust in Monbetsu district is two times as large as the value in the
surrounding region. Poisson’s ratio is 0.27. M-23: Condition is same as M-
22 except the stress system. There is additional stress system with direc-
tion of southeast off Wakkanai. M-24: Condition is same as M-23 except
Poissons ratio. Poisson's ratio is 0.25.
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Fig.13. Distridution of calculated dilatation. M-21 etc. are same as in Fig. 12.
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