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1. Introduction

A destructive earthquake struck Niigata City and surrounding
regions on June 16, 1964. According to the Seismological Bulletin of the
Japan Meteorological Agency (JMA)," the origin time was 13"01739.9°+0.1¢
JST (GMT +9%), June 16, 1964, the epicenter was at 38°21’+00'N and
139°11'+00'E, about 20km off the coast of Niigata Prefecture, the
northern part of central Honshu, Japan, the depth of the focus was
40km and the magnitude was 7.5.

At the news of the earthquake, several parties were dispatched for
aftershock observation from the Earthquake Research Institute in coope-
ration with the International Institute of Seismology and Earthquake
Engineering.

The locations of observation points, the instruments used and the
periods of observation are read in Table 1 and the distribution of the
observation points are shown in Fig. 1. The characteristics and the
magnification curves of the instruments are given in Fig. 2,

Since the epicenter of the main shock was located in the sea, an
observation point was set up on a small island, Awashima, 13km distant
from the epicenter of the main shock, in addition to three observation
points in Honshu (the main land).

At Awashima, an accelerograph was installed on June 21 and a high
magnification electromagnetic seismograph “HES 1-0.2” was installed on
July 4. The observation was obliged to be limited to only four hours
a day in the beginning, as electric power was supplied only in the even-
ing on that island. But later the HES 1-0.2 seismograph was operated
all day by electric power supplied by the courtesy of the Awashima
Kanko Hotel.

1) The Seismological Bulletin of the Japan Meteorological Agency for June, 1964.
(1965).
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Table 1. Temporary
Code Location Latitude Longitude Geology
AW Awashima 38° 27/ 41”7 N 139° 15’ 12”7 E Tertiary
MU Murakami 38° 12’ 57.1” N 139° 30/ 21.7"7 E Tertiary
SH Shibata 37° 58" 20.3”” N 139° 23’ 18.6"” E Granite
0G Oguni 38° 03’ 14.6”” N 139° 44’ 52.6” E Tertiary
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Fig. 1 Distribution of the temporary

observation stations.
x: Epicenter of the main shock

At the other three obser-
vation points, the HES 1-0.2
seismographs were operated
continuously. Crystal clocks
were used at every observa-
tion point and were calibrated
by the JJY standard time
signals once or twice a day,
so as to keep the time accuracy
within +0.1 sec.

The members who partiei-
pated in the field observation
were

T. Hagiwara, M. Shibano,
S.Saito, T.Iwata, I. Karakama,
M. Watanabe, T. Watanabe,
and K. Igarashi (the Earth-
quake Research Institute),

K. Kaminuma (Graduate
School, the University of
Tokyo),

S. Omote and N. Nakajima (the International Institute of Seismology
and Earthquake Engineering).

The members engaged in the interpretation and analysis of the
seismograms were

T. Hagiwara, 1. Kayano, T. Iwata, M. Makino, Y. Maeda, M. Itsui,
and Y. Funatsu (the Earthquake Research Institute).
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Observation Stations

Period of Seismograph
observation Name Vinax
June 21~July 9 | Accelerograph ge; rsrllir;:/lé?{
July 8~July 9 HES 1-0.2 Z, N, E 10,000
June 22~July 11 HES 1-0.2 Z, N, E 50,000
June 20~July 11 HES 1-0.2 Z, N, E 50,000
June 23~Aug. 1 HES 1-0.2 Z, N, E 50,000
Z 5,000
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Fig. 2 Response of HES 1-0.2*% seismograph.

Ty

0.20 sec
* Hagiwara Electromagnetic Seismograph.

Annexed numbers indicate the

approximate periods (in seconds) of the pendulum and the galvanometer.

Micro-film recording system is adopted.

Film speed is 20 mm/min. The

magnifications on the film reader are shown, as the seismograms are read

off with the film reader (X8).

magnification Vmax=50,000.

2. Frequency of aftershocks.

The curve shows the case of the maximum

The high magnification seismographs at each station recorded great
numbers of aftershocks, in spite of the fact that four to seven days
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Table 2. Hourly frequencies of aftershocks observed with HES 1-0.2 at
(a) Awashima

(b) Murakami
Shibata
(d) Oguni.

(c)

number of the hours when the observation was carried
out without interruption.

N#*: frequency of the aftershocks observed.
N#**:  frequency of the aftershocks observed in n hours when
the observation was not interrupted.
N(24): reduced daily frequency of the aftershocks, i.e. (24/n)N**,
N(@24)*: twice the frequency of the aftershocks observed from 20h
to 08h in the next morning.
Table 2 (a)
Awashima
July
4 5 6 7 8 9 10

Oh 11 12 14 10 7 7
1 9 7 10 11 11 4
2 6 13 8 9 9 5
3 9 12 12 4 5 11
4 11 7 10 5 5 10
5 12 10 13 4 8 1
6 10 9 10 6 7 7
7 7 5 8 7 9 7
8 6 7 7 2) 2 9
9 5 2 5 1 6
10 6 8 5 6 5 8
11 5 7 3 2 10 4 8
12 3 18 10 4 8 5 5
13 5 12 3 5 13 4 3)

14 14 17 6 5 3 4

15 12 14 6 6 10 1

16 6 10 6 1 5 3

17 7 10 3 3 7 2

18 6 9 7 6 8 4

19 2 5 4 4 7 8

20 6 13 5 3 5 5

21 5 9 7 3 3 6

22 9 10 5 6 7 2

23 10 4 8 4 9 6
n 14 24 24 24 21 24 13
N* 96 232 162 155 153 123 91
Nk 96 232 162 155 151 123 88
N(24) 165 232 162 155 173 123 162
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(continued)

Table 2 (d)
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had passed before the observation was commenced, By that time, more
than two-thirds of large aftershocks had occurred, as estimated from
the routine observation by the JMA network.?

Hourly frequencies of aftershocks observed at each station are given
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“The Report on the Niigata Earthquake, 1964”. Technical Report of the Japan
Meteorological Agency. No. 43 (1965).
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Fig. 3 (continued)

Fig. 83 Daily frequency of the aftershocks observed with HES1-0.2
N| OGUN! N SHIBATA N MURAKAMI
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500- 500 500 ‘\Y
Y
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Fig. 4 Time frequency diagram for aftershock sequence
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in Table 2 and daily frequencies are shown in Fig. 3. In Fig. 3, the
height of column indicates the number of aftershocks per day and the
width of column is proportional to the observation time on that day, so
that the area of column is proportional to the number of aftershocks
actually observed.

At the Oguni station, the number of shocks detected in the day
time was far smaller than that in the night, due to the effect of the
ground noise. Therefore the number of shocks observed in twelve
hours from 20h to 08h on the next day are doubled and shown in
Fig. 3(d) for the sake of comparison with daily frequencies at the other
stations.

The Oguni station continued observation for 39 days until August 1,
while the other stations stopped their operations before July 11. The

8001 N
10004

1 -
700+ ) N

100

10 : \
500+

460 or 7 o 160 9oy

TIME AFTER THE MAIN SHOCK

3004

200+

100+

16 21 26 |
JUNE Juwy

Fig. 5 Daily frequency of the aftershocks observed at two or more
stations of JMA’s network. Black parts indicate the number of felt shocks.

1 e 21 26 31
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seismograph at the Oguni station, which lay at a suitable distance from
the epicentral region, was kept in a good condition, so that the frequency
of aftershocks observed at this station give a good measure of the
general tendency of the aftershock activity.

If we assume that the decay of an aftershock activity is expressed
by the equation n(t)=Nt~* where n(t) is the frequency of aftershocks
at time ¢ and N and % are constants. In the present case, % is deter-
mined to be 1.6. This value is rather large than usual ones.” In other
words, the decaying rate of the aftershock activity in the present case
is rapid.
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Fig. 6 Frequency distributions of P-S intervals.

3) K. MoGI, “On the Time Distribution of Aftershocks Accompanying the Recent
Major Earthquakes in and near Japan,” Bull. Earthq. Res. Inst., 40 (1962), 107-124.
4) bid., )
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After July 15, the decaying rate of the aftershock activity appears
to slow down. This may be attributed to local micro-earthquake activity
near the Oguni station, which seems to be rather stationary and to
follow a different law from the main part of the aftershocks (refer to
the next section).

The aftershock activity observed at Murakami and Shibata showed
a large fluctuation. It is difficult to find its general tendency, but it
appears to have a slower decaying rate than that observed at Oguni.

In order to investigate the decay of the aftershock activity in the
earlier period, i.e., from June 16, the day of the main shock, to June
21, during which the temporary observation was not being carried out,
daily frequencies of aftershocks observed at two or more stations of
the JMA Network are given in Fig. 5. TFrom these data, the coeffi-
cient . is estimated to be 1.6 to 1.7, which is approximately equal to
the value obtained from the temporary observation at Oguni.

3. Distribution of P-S intervals.

The distribution of P-S intervals at every station are given in
Fig. 6. At Awashima, where is in the midst of the aftershock area,
81 percent of the aftershocks observed has P-S intervals between 1.0sec
and 3.0sec, and the shocks with P-S intervals shorter than 1.0sec were
very few. This fact tells us that few aftershocks occurred at depth
shallower than 10 km.,

At Shibata, 78 percent of the aftershocks observed had P-S intervals
between 3.0sec and 8.0 sec, and at Murakami 86 percent had P-S intervals
between 3.0sec and 6.5sec. At Oguni, 81 percent of the shocks had P-S
intervals between 5.5sec and 10.0sec, but the distribution of P-S in-
tervals at this station had another group around 3.0sec and there was
a clear blank around 5.0sec. ‘

Whether the shocks having P-S intervals around 3.0sec at Oguni
are aftershocks of the Niigata Earthquake or not is indistinet now, be-
cause no other micro-earthquake observation had been carried out in
this region before that time and accordingly the normal level of micro-
earthquake activity is unknown, However it is found that the shocks with
P-S intervals around 3.0 sec did not show the same decay rate as the after-
shocks with P-S intervals 5.5sec—10.0sec, but it was rather stationary
with respect to time, when the frequency distributions of P-S intervals

5) dbid., 2)
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in the three periods in Fig. 6 were compared.

Whether the activity of shocks having P-S intervals around 3.0 sec
at Oguni was a usual seismic activity in this region or a seismic sequence
activated by the Niigata Earthquake will require further investigation.
If a micro-earthquake observation is carried out in the same place after
a few years, some information will be obtained about this nature.

At every station, no significant change was observed in the P-S in-
terval distribution with respect to time.

4, Magnitude.

Magnitudes, origin times, epicenters and focal depths of 208 after-
shocks have been determined by JMA.®” Cumulative frequency distribu-
tion (open circles in Fig. 7) of the after-
soof  te... shocks with magnitude larger than a

- fixed value shows that the aftershocks
with magnitude larger than 4.0 were
almost entirely detected and located by
the JMA network,

. The magnitude of 550 aftershocks
10 .. was determined from the Anderson-Wood
s "© . seismograms and the HES 1-1 seismo-
" grams at Tsukuba Seismological Station
of the Earthquake Research Institute,
_ _ ~ about 250km far from the epicentral
F‘g'bltigs’z?]?}f:’: ftf::;:‘oe::{csyagi;r;; region. Among these' aftershocks, 340
magnitude. shocks were so small in magnitude that

¢) thg shocks, gftgléliic[?edt}%e Bnﬁini- the JMA network observation were not
o ::clisdivr:'r:heeshocks, y \3hich o al?le to determln.e their magnitudes. Som.e
magnitudes were determined by discrepancy exists between the magni-
tudes determined by JMA and those

determined from data at Tsukuba, so that the Tsukuba magnitudes were
adjusted so as to be consistent with the JMA magnitudes on an average.

The cumulative frequency distribution of magnitude determined in
the foregoing procedure (close circles in Fig. 7) shows that the magni-
tudes were determined for all shocks with magnitudes larger than 3.6.
According to this figure, the coefficient b in the Gutenberg-Richter’s

00,2,

30 40 M 50 60

6) ibid., 2)
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relation log N=a—b(8-M),” where N is the number of shocks with
magnitude M and ¢ is a constant, is 1.0, which is a usual value.

The cumulative sum of the energy released by the aftershocks
calculated from the equation log E=11.8+1.5 M® is shown in Fig. 8.
More than two-thirds of the energy that was released in 45 days follow-

ing the main shock was released within only twelve hours just after the
main shock.

Determination of origin times, epicenters and focal depths will be
reported in the next paper.”

X10

45-1
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254
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17 18 19 20 25 | 102030
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Fig. 8. Cumulative energy released by the aftershock sequence.

7) B. GUTENBERG and C. F. RICHTER, Seismicity of the Earth and Related Phenomena,
(Princeton Univ. Press, 1954).

8) B. GUTENBERG and C. F. RICHTER, “Magnitude and Energy of Earthquakes”, Ann.
di Geofisica, 9 (1956), 1-15.
9 L. KAYANO, “Determination of Origin times, Epicenters and Focal Depths of

Aftershocks of the Niigata Earthquake of June 16, 1964”, Bull. FEarthq. Res. Inst., 46
(1968), 223-269.
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