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(Read Dec. 21, 1965 and Mar. 22, 1966.—Received Mar. 31, 1966.)

In connection with the earthquake swarm that began in August,
1965, we conducted continuous observation of tilting of the ground at
Matsushiro. Two components of the water-tube tiltmeter and two
components of the Ishimoto horizontal pendulum tiltmeter were installed
in the underground gallery of the Matsushiro Seismological Observatory
of Japan Meteorological Agency in the outskirt of the town of Matsushiro,

The water in two reservoirs installed on the concrete blocks with
distance of 40 m was connected with a glass water-tube and the changes
in level of water surfaces in both the reservoirs were read off with a
microscope.* The difference of reading between the micrometers of 1
micron corresponded to the change in the tilt of 0.0057. The horizontal
pendulum of the Ishimoto tiltmeter was made of fused silica and the
deflection of the pendulum was recorded on a photographic paper by
means of an optical lever. The period of pendulum was set at 20 seconds,
and deflection of 1 mm on the record corresponded to change in the tilt
of 0.05”. The horizontal pendulum tiltmeters were installed on the flat
floor in the gallery. These instruments were placed at a distance of
200 m from the entrance of the gallery. Since there are many doors
on the way to this place from the entrance, the air temperature there
is not affected by the temperature change outside the gallery, Fig, 1
shows the plan of the horizontal gallery. The observation of tilting was
commenced at the beginning of October, 1965,

Table I shows comparatively large earthquakes with magnitude
larger than 4.4 among the present earthquake swarm and Fig. 2 shows
the epicenters of these earthquakes. The numbers in the figure
correspond to the numerical order of the earthquakes in the table,

* Detail of the water-tube tiltmeter, see T. HAGIWARA, “Observation of Changes in
the Inclination of the Earth’s Surface at Mt. Tsukuba (Third Report),” Bull. Earthg.
Res. Inst., 25 (1947), 27.
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Fig. 1. Plan of the horizontal gallery.

Table 1. List of large earthquakes with magnitude larger than 4.4,

. . JM.A,
Eaﬁt}.‘q' Date Time NIS.]%I:;- Depth E}}))::gar‘l;é‘gl Inégglséty Remark

7 1104 2345| 4.6 3.7 | 2.9 v BT IV

9 131 2314| 45 | 29 | 2.8 v BT IV

11 21| 0330 4.7 2.7 1.7 v BT IV

12 21| 1538 | 4.4 1.1 3.1

13 221 2109 4.8 3.7 1.0 v AL Je, fEo3kT IV

14 22| 2230 | 4.7 3.2 1.6 v B, 12495, FEdeclIv

15 23| 0257| 5.0 2.5 0.7 v A% 520, T, o
3T IV

16 241 1413 | 4.4 3.6 0.8 v BT IV

19 0103| 0359; 4.5 4.0 1.2 v 7%, e IV

20 08| 22341 4.7 3.7 2.3 v B, et IV

22 23| 2016, 4.6 2.9 1.4 Y B8, 9, ot Vv
FiFc IV

23 0207 | 0405 4.4 1.5 1.9 v BT Vv

i g, fEodht IV

25 | 0212 0405 4.6 | 2.5 1.4 IV |, THec IV

26 0308 1928 4.5 3.6 2.8 v B, Tifie IV

27 10| 0703 4.4 1.9 1.9 v B, Tikc Iv
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Fig. 2. Epicenters of the Matsushiro earthquakes with magnitude
larger than 4.4.

The reading of the water-tube tiltmeters was made once a day as
a rule. In the case of the pendulum tiltmeter, hourly values were read
off from records and daily means were made. A slight fluctuation in
tilting due to the earth tide was perceived on the records but this effect
was cancelled by making daily means, The results of observation with
the tiltmeters of both types are shown in Fig. 3. At a glance over the
figure we may say that both the results, of water-tube and of pendulum,
coincide with one another fairly well.

With an earthquake with intensity larger than IV on the JMA
intensity scale (which corresponds to intensity VI in the modified Mercalli
intensity scale), a slight abrupt change in tilting is observed on the
records of the pendulum tiltmeter. Such discontinuity took place in the
case of certain large earthquakes but not in the case of others. Comparing
these discontinuities of tilting with the large earthquakes listed in Table 1,
we find that discontinuities took place in respect of 10 large earthquakes
but no changes appeared in other five large earthquakes. Such discon-
tinuity cannot be perceived by the water-tube tiltmeters except at the
time of a particular earthquake on November 23 (No. 14 or 15 in the
table). Hence we may say that these discontinuities seen on the records
of the pendulum tiltmeters were due to the dislocation of neutral position
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Fig. 8. Secular changes in the tilt observed at Matsushiro.

of the pendulum caused by violent shocks. The reason why an abrupt
large change took place in the N-S component of the water-tube tiltmeter
at the time of the earthquake of No. 14 or 15 is not clear. However,
such changes were not perceived in the other component of this tiltmeter
and, moreover, both the components of the pendulum tiltmeters showed no
discontinuity of tilting of such a large amount. Therefore, the origin
of the abrupt large change in question might not exist in the hypocenter
but might be due to small cracks created by violent shocks in rocks
near the instrument at the time of earthquake.

Fig. 6 shows the changes in tilting expressed vectorically with respect
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Fig. 4. Discontinuities of tilting recorded by the pendulum tiltmeters. Disconti-
nuities connected smoothly in the lower curves.
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Fig. 5. A,B,C,E: Overlapping means of the changes in the tilt recorded by the
pendulum tiltmeters. D, F: Daily means from which the overlapping means of 15
days were subtracted.
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Fig. 6. Vectorical representation of the changes in the tilt.
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Fig. 7. Relation between the changes in the tilt and the activities of the Matsushiro
earthquakes. A: Daily means from which the overlapping means of 15 days were
subtracted. B: Turning negative values of changes into positive. C: Daily frequeney
of recorded earthquakes. C’: Daily frequency of felt earthquakes. D: Daily release
of energy.

to daily means of the changes. The discontinuities in tilt recorded by
the pendulum tiltmeter which were mentioned in the foregoing were
connected smoothly, regarding as instrumental errors. The numbers
indicated in the figure correspond to the earthquake numbers in Table 1.
The change in tilt was, in general tendency, first towards the southwest
and then altered its direction towards the northwest after the outstanding
earthquake activity of Dec. 22~23, 1965. The changes in tilt corre-
sponding to individual large earthquakes are not clear but slight changes
in direction of tilt seem to have been caused after large excessive
earthquake activities.

In order to investigate the relation between the changes in tilt and
the earthquake activities in detail we made overlapping means of 7, 15
and 30 days with respect to changes in tilt, these being subtracted from
the original values. The overlapping means of 15 days were found to be
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Fig. 8. Vectorical representation with respect to hourly change in tilt.
a. Nov. 18-24, 1965, b. Mar. 4-11, 1966.
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adequate for this purpose. The changes from which the overlapping
means were subtracted give fluctuations in small intervals of time.
These changes in tilt were compared with daily frequency of felt and
recorded earthquakes and daily release of energy due to earthquakes,
as shown in Figs. 5 and 7. The curves B in the figures were obtained
in order to make the comparison easier by turning all negative values
of changes into positive values, similar to full-wave rectifying of electric
current. At a glance over the figures, a clear correspondence between
change in tilt and seismic activity is noticeable in the cases of the
earthquakes occurring on Nov. 22, 1955 and Mar. 10, 1966. In both
cases, the change in tilt appeared a few days before the occurrence of
earthquakes of large magnitude. In order to examine these two cases
in more detail, we draw a vectorical figure with respect to hourly change
in tilt, as shown in Fig, 8. The change in tilt took place in the direction
where the epicenter of the earthquake of large magnitude appears to
upheave before its occurrence returning to subside after wards.

According to the precise levelling in the area of Matsushiro repeated
by members of our institute* such an area in which seismic activities
were occurring was upheaving, Our result of tilt observation coincides
with the general tendency of such levelling but comparison in detail
will be made after further repeat levelling is carried out.

Résumé

1) Concerning the slow changes in tilt, observational results of the
water-tube tiltmeters and the pendulum tiltmeters coincided well
with one another,

2) In general aspect, the change in tilt altered the direction from
the Southwest (Southwest downwards, Northeast upwards) to
the Northwest (Northwest downwards, Southeast upwards) on
November 23, 1965.

3) Evident correspondence between the change in tilt and seismic
activity was noticeable in two cases of seismic activity on Novembr
23, 1965 and March 10, 1966.

In other cases, the correspondence between the change in
tilt and individual earthquakes of large magnitude was not clear.

* Read at the monthly meeting of the Earthquake Research Institute held on Dec.
21, 1965. 1. Murata, S. Izutuya, I. Tsubokawa. “Levelling Survey in Matsushiro-Area
(Second Report)”.
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The daily observation was conducted by Mr, S. Saito and Mr,
T. Takahashi of our Institute and we express many thanks for their
efforts over long periods, Mr. M. Takehana, director, and members of
the Matsushiro Seismological Observatory of Japan Meteorological Agency
cooperated in our work for which we express our sincere thanks,
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