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Tsunami propagation on a seismological fault

model of the 1952 Kamchatka earthquake

Abstract

A numerical experiment was carried out for the 1952 Kamchatka earthquake
tsunami on a seismological fault model. The problems investigated are the relation
between the fault length and the distribution of the inunduation height, radiation
mechanism toward the outer sea and reproducibility of the tide gage records obser-
ved in Japan. As the result some interesting facts were found. They are the
effect of a finite rupture velocity, the existence of a critical point for a decrease of

the maximum amplitude and the possibility of following the wave to Japan.
Introduction

A fault model of the earthquake is a base of studying the tsunami generation.
Recently Kanamori (1976) refined the fault model of the 1952 Kamchatka earthquake
on the seismological data which had been originally studied by Ben-Menahem and
Tokséiz (1963). It is significant that the tsunami generation is investigated on the
model for explainning the character of tsunami. For this problem it is scarcely
investigated how the tsunami which was generated on the shelf radiates its energy
toward the outer sea on the realistic model. Hwang and Divoky (1970) followed
the 1964 Alaska tsunami to the outer sea on their numerical model.  Since the
Kamchatka peninsula has a comparatively straight coastal line in comparison with

one of Alaska, it is expected that a simple pattern will be obtained for radiation.
Numerical model

It is not suitable to use an instanteneous generation model because of the large
fault length. This is the case that it is impossible to neglect the time for a tsuna-
mi to propagate from the epicenter in comparison with one for the rupture to

propagate from the same point in the fault generation.  Since Hwang and Divoky
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(1970) showed one of the propagation models, it is used after the basic equation
is linearized. It is necessary that we take care of using their model about the
characteristic time. It is a time to be taken for its completion of the permanent
displacement at a point and they determined it on the seismogram. It is considered
that its time corresponds with a rise time in the fault model. A permanent dis-
placement field is computed from the static fault model of Mansinha and Smylie
(1971).  Only the vertical component is useful since the horizontal one scarcely
operates the tsunami generation.  The vertical displacement field of Kanamori’s
model is computed.  His model is a low dip-angle, reverse fault and it is considered
to be a typical one which generates near the trench. Tt has a length of 650km
and it takes 3.5 min for the rupture to propagate from the epicenter near a margin
to another one of the fault. A unilateral fault takes a long time to complete itself
in comparison with a bilateral one. A numerical experiment is carried out on
this model. A total reflection and complete transmission are assumed for the sea-land
boundary and open-sea end, respectively. The computation area is shown in Figure
1. It is devided into a grid space with an interval of 40km for the shelf region
and one of 80km for the open sea of a uniform depth. These values are determined
in consideration of a computing time and the resolution. A shorter one in the two
intervals is smaller than 0.1 of the fault length. The time interval is selected to

be 6 sec before the accomplishment of the fault and 60 sec after it.
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Figure 1. The computational grid and the horizontal projection
of the fault by Kanamori (1976) shown with a rect-
angle. The locations of the points at which wave
histories are shown.
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Results

As Abe (1977) showed for the 1964 Niigata tsunami, the distribution of an
inunduation height reflects the fault length. When the fault strike is parallel to
the coastal line, the idea is useful in estimation of a fault length. The fault
position derived from Kanamori (1976) is shown in Figure 2 and at the same time
the inunduation height obtained by Kucherov and Abaev, cited by Savarensky et
al. (1958), is shown after only the data in the coast facing to the open sea are
selected from their data. It is found to be a coincidence of the fault length with

the distance of a uniform height.

The displacement field of Kanamori’s model shows a small deviation from the
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Figure 2. Position of the fault in the Kamchatka peninsula and the
maximum water height observed by Kucherov and Abaev,
obtained with an interview (Savarensky et al., 1958).
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Figure 3. Vertical-static displacement field on the sea bottom
computed for Kanamori's model. Solid and dotted
line show the elevation and subsidence, respectively.
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symmetrical pattern about a center line normal to the strike. It is shown in
Figure 3. The fault parameters of his model, which were used for the computa-
tion, are shown in Table 1. This is a permanent field on the sea bottom and it
is completed after the additive time of the rupture propagation to a rise time.

The contor map of the sea level elevation are shown in Figure 4 and Figure 5

Table 1. Fault parameters.
1952 Kamchatka Earthquake
Origin time 16" 58m 225 Nov. 4,1952(UT)

Focus 52.6°N
160.3°E
—53km

Fault model length (L) 650km
width (W) 200km
depth (d) 5km
dip angle (&) 30° (N 56° W)
slip angle (2) 110°
diglocation (D) 5m
moment (M) 3.5x10* dyne-cm
rupture velocity 3.0km/sec
rise time 20zec

after Kanamori (1976)

Water level T s
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Figure 5. Computed surface elevation 10 min after the origin time.
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for the time lapse of 5 min and 10 min, respectively., It is found that one dimen-
sional approximation holds for a propagation on the fault. It is observed 10 min
after the origin time that the initial elevation is splitted into two crests propagating
toward an opposite direction and the maximum heights of the two are half of the
initial one.  This result is similar to that obtained by Honda and Nakamura (1959)
for a uniform depth in one dimensional propagation is found in the pattern of the
contor map. That is, the difference in the wave traverse for 10 min is found
between the north and south side.  This difference is due to the finiteness of the
rupture velocity. It is shown that the fault is long enough to generate a directi-
vity for the tsunami propagation. When it is compared with the result for the
Alaska tsunami of 1964 by Hwang and Divoky (1970), this case has a simple
radiation pattern and it is due to the straight coastal line and simple displacement
field.

In the next place the contor map of the maximum sea level was obtained for
the time lapse of 12 hours from the origin time. It is shown in Figure 6. It is

found that the equi-displacement line of 1m expands toward the outer sea in the
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Figure 6. The maximum height computed for 12 horus from the
origin time. A center line shown with a chain line.
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shape of a triangle. ~ The expansion is explained with a large fault length on the
continental shelf.  As the result a weak radiation toward the strike direction is also
explained. It is a theoretical base for a good correlation between the fault length
and the decrease of an inunduation height. It is inferred that the deviation bet-
ween the top direction of the triangle and the center line of the fault is not due
to the propagation velocity of the tsunami but is due to the unilateral generation
because the contor map of an equi-depth line shows one dimensional arrangement.
From Figure 6 the decrease of the maximum sea level due to the distance was
investigated and shown in Figure 7. The maximum value is plotted as a function
of the distance along the center line normal to the strike direction, which is shown
with a chain line in the figure. In this amplitude-distance curve it is easy to find
a critical point.  The critical point, at which a decrease rate is varied, represents
itself at the distance of 0.7L.  From the figure the empirical formula are obtained
in the form of

N=kr =92 for r<0.7L

V=k'r=27 for r=0.7L
in which #, k, k' and r represent the maximum sea level, constants and the distance,
respectively.  Within the margin of error of r=02 they are explained from one and

two dimensional propagation, respectively.
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Figure 7. Decrease of the maximum height along the center
line with distance (r) and distance ratio (r/L).

Finally the time histories of the sea level are computed for five points which
faces to the Pacific Ocean in Japan. They are shown with the observed ones in
Figure 8. It is inferred that the short travel time and small amplitude of the

computed time histories are due to the coarse mesh. It is impossible to resolve
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Figure 8 Observed records with solid lines and computed
time histories with dotted lines.

a bathymetry near the coast faithfully and it tends to neglect a small value of
the sea depth.  This fact contributes a small amplitude and short travel time in
computation.  Accordingly it is expected that these differences are due to the

computation errors.
Discussion
For the contribution of the tsunami data to the fault model a further discus-

sion is necessary in a viewpoint that how this model explains the ohserved sesults.

Nine parameters describes the complete fault model.  They are a position, size and
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direction in three dimensional space. On the other hand it is considered that the
source region, inunduation height and tide gage records are useful informations
obtained from the observation of the tsunami.  These data are sensitive to the
fault size as shown by Abe (1977). In this case the fault length was discussed in
comparison with the distribution of the inunduation height but the values of it
were neglected from the discussion. It is noticeable that the observed values are
too large to explain the computed ones even if the coase mesh intervals are taken
into consideration.  Abe (1977) showed for the 1964 Niigata tsunami that a larger
dislocation is better in comparison with one of the seismological model to explain

the tsunami.  The same tendency is also expected for this case.
Concluding remarks

1. From this numerical model some interesting facts are obtained for the radi-
ation of the tsunami on the shelf. An energy concentration toward the outer sea
is obtained near the center line.  The small deviation from the center line is
explained with a unilateral propagation of the rupture and the finite velocity. A
decrease of the amplitude with distance is approximated with one dimensional pro-
pagation for r<{0.7L, in which r and L represent the distance from the fault and
fault length, respectively.  On the other hand that for r=0.7L is approximated
with two dimensional one.

2. A uniform dislocation model is applicable for a tsunami generation.  The
local distribution of the inunduation height is not contradict with the fault length
of the seismological model.

3. It was shown to be a possibility for us to compare the computation with
the observation in Japan, which was obtained for a long distance of one and two

thousand km from the source area.

Acknowledgement

The writer is indebted in obtainning the copies of the tide gage records and
the data to Dr. Hatori, Dr. Soloviev and Dr. Paparas-Karayanis. The computation
was carried out with the computer system HITAC 8800-8700 of the University of
Tokyo.

References

1) Abe, K., 1977, A static fault model consistent with the tsunami generation of the

— 10 —



Abe Tsunami propagation on a seismological fault model
of the 1952 Kamchatka earthquake A7

2

3

5)

6)

7

Niigata earthquake of 1964, Bull. Nippon Dental Univ., General Education, vol. 6,
33-48.

Ben-Menahem, A., and M.N. Tokoz, 1963, Source mechanism from spectrums of
long-period surface waves 2. The Kamchatka Earthquake of November 4, 1952, J.
Geophys. Res., vol. 68, 5207-5222.

Honda, H. and K. Nakamura, 1951, The waves caused by one-dimensional deforma-
tion of the bottom of shallow sea of uniform depth, Sci. Rep. Tohoku Univ., Ser. 5,
Geophysics, vol. 3, 133-137.

Hwang, L.S. and D. Divoky, 1970, Tsunami generation, ]. Geophys. Res., vol. 75,
6802-6817.

Kanamori, H., 1976, Re-examination of the earth’s free oscillations excited by the
Kamchatka earthquake of November 4, 1952, Phys. Earth Planet. Inter., vol. 11, 216
-226.

Mansinha, L., and D.E. Smylie, 1971, The displacement fields of inclined fault, Bull.
Seismol. Soc. Amer, vol. 61, 1433-1440.

Savarensky, E.F., V.G. Tischenko, A.E. Sviatlovsky, A.D. Dobrovol'sky and A.V.
Zhivago, 1958, The tsunami of 4-5 November 1952, Bull. Council Seismology Acad.
Sci. USSR, No. 4, 1-60 (in Russian).



	2008年04月11日10時30分03秒
	2008年04月11日10時30分06秒
	2008年04月11日10時30分06秒_000
	2008年04月11日10時30分08秒
	2008年04月11日10時30分09秒
	2008年04月11日10時30分11秒
	2008年04月11日10時30分11秒_000
	2008年04月11日10時30分13秒
	2008年04月11日10時30分14秒
	2008年04月11日10時30分16秒
	2008年04月11日10時30分17秒
	2008年04月11日10時30分19秒

