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On the Abnormal Upheaval of the Earth’s Crust in the
Northeastern Part of the Izu Peninsula

Takeshi DAMBARA*

An abnormal upheaval was seen near Ito city in the northeastern part of the Izu
peninsula, Shizuoka Prefecture, during the Ito swarm earthquakes (Feb.~May, 1930) and
the Kita-Izu earthquake (Nov. 26, 1930 ; M7.0). A transition of its upheaval is shown in Fig.
2. The maximum upheaval amounted to 346mm in total, and its mean speed was about
170mm/year. The area of upheaval did not always coincide with those of epicenters of the
swarm earthquakesand fore- and aftershocks of the Kita-Izu earthquake. The upheaved
area, afterwards, seems to subside slowly up to about 1973.

A new swarm earthquakes have commenced since Aug., 1975 in the northeastern part of
the Izu peninsula. Swarm earthquakes have been spread in wide area gradually, which
involved an earthquake of the maximum magnitude (Mb5.4) in Kawazu town (Aug. 18, 1976).
During repetition of rise and fall of the seismic activities from place to place, the Izu-
Oshima Kinkai earthquake (M7.0) occurred on Jan. 14, 1978 with several strong foreshocks
since the previous night.

Abnormal upheaval of the crust has been detected since Jan., 1975 by levelling survey and
mareographic record. The central area of upheaval is near the Hiekawa pass about 10km
west of Ito city. The area is again far from the areas of a series of seismic activities. The
most part of the movement seems to be completed until Aug., 1976. The maximum upheaval
in this duration was about 140mm, and its mean speed was 84mm/year. Swarm earthquakes
diminished their activities after the earthquake of M7.0. The upheaval also decreased its
pace after Aug., 1976. New swarm earthquakes, however, have commenced since Nov. 23,

1978 in a sea area off Kawana near Ito city, and a local upheaval is now continuing.
In order to give an interpretation to the curious behaviour of such abnormal upheaval of
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the earth’s crust, growth of the hydrostatic pressure in a visco-elastic layer is considered.

This layer is originally a cave filled up with visco-elastic material which is not in equili-

brium condition with load of upper crust.

Under action of tectonic force of constant strength and direction, the visco-elastic layer

is gradually compressed by the creep deformation, and its inner hydrostatic pressure

becomes large. After the hydrostatic pressure exceeds the load of upper crust, and if the

surrounding crust fractures by, for example, swarm earthquakes, the upper surface crust

may upheave abruptly by release of the accumulated hydrostatic pressure of the visco-

elastic layer. An equation to calculate growth of hydrostatic pressure is obtained by

combination of a condition equation of finite hydrostatic strain under one-dimensional

compression and the Kelvin’s model of visco-elastic material. A result of calculation under

plausible assumptions is shown in Fig. 11.
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Fig. 1. Epicenters of [to swarm earthquakes and fore-
main- and aftershocks of Kita-Izu earthquake. The
line shows levelling route and bench marks.
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‘Fig. 2. Abnormal upheaval in the northeastern part
of the Izu peninsula when the Ito swarm earth-
quakes were occurring. Fixed bench mark is BM
9328.

1(1923~1924), II(Mar.~Apr., 1930), II(Nov.~Dec.,
1930), IV(Dec., 1930~Jan., 1931), V(Dec., 1932
~Mar., 1933), VI(Feb.~Mar., 1936). Change in V —
I shows the upheaval in total.
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Fig. 3.Estimated vertical movement accompanied by
the Kita-Izu earthquake of 1930, “Difference”. (IV —
obs. is the survey result for IV and III, and (IV—
[Il)car. is movement which is extrapolated from the
mean speed of movement in I (since Feb., 1930)
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Fig. 4. Subsidence along the route where abnormal
upheaval was seen in the period from Feb., 1930 to
Dec.,1932. Change in (IV—V) is already shown in
Fig. 3, but is plotted again under new fixed bench
mark of J-52. VI(Sep., 1967), Vll(Jan.~Feb., 1973). A
point with a short vertical line is an interpolated
value.
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Fig. 5. Change in height of main bench marks along the route where abnormal

upheaval was seen in 1930 ~1932.
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Table 1. Subsidence speed during the following
periods, V(Dec., 1932~ Mar., 1933), VI(Feb.~Mar.,
1936), VII(Sep., 1967) and Vil(Jan.~Feb., 1973) at 2
bench marks in the northeastern part of the Izu
peninsula.
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T E
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Vi—V —2.2 —3.2
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Fig. 6. Change in difference between monthly mean
sea levels at Aburatsubo and Ito, Lya—L,. The
lower curve is corrected by subsidence at Abura-
tsubo.
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Fig. 7. Clusters of swarm earthquakes during the period from Aug., 1975 to Nov. 1979.
Areas since 1978 are epicenters of aftershocks of the [zu-Oshima-Kinkai earthquake

and Kawana swarms.
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Fig. 8. Vertical movement by levelling during the
period from 1967 to Feb., 1978 (data of Geogra-
phical Survey Institute).
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Fig. 9. Difference of monthly mean sea levels at Aburatsubo and Ito which shows the

movement at Ito relative to Aburatsubo.
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Fig. 10. Probable 3 cases after accumulation of hydro-
static pressure to the limit in a visco-elastic layer.
The thick arrow shows tectonic force.
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Table 2. Load of the upper crust per unit area under

an assumption of p=2.7 g/cm?.
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Depth | dyne/cm® | bar kgw/cm?
1km | 265X10° | 265 270
2 529 529 540
3 794 794 810
4 10.58 7 1058 1079
5 13.23 7 1323 1349
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Table 3. Modulus of elasticity, k., and bulk modulus,
K,, for 3 species of rock.
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Rock k K
Granite 4.6%X10""dyne/cm?| 2.6 X10"'dyne/cm®
Sandstone | 5.7 " 2.3 "
Limestone | 5.8 " 4.6 "
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Fig. 11. Result of calculation of eq. (19). Synthetic hydrostatic pressure is shown by

a curve of “Resultant”.
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