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Introduction.

The strong earthquake that occurred in the neighbourhood of Ogasima,
a small peninsula in Akita
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Epicenter of the
Earthquake.

Scismological data obtained at stations within a radius of 200km
from the cpicenter arc shown in Table L from which it will be seen
that Akita is the only station near the cpicenter, the others being
more than 100 km away, making precise determination of the epicenter
difficult. In this case, the cpicenter was determined graphically by
means of the formula D=kt, where D is the hypocentral distance, ¢
the duration of the preliminary tremors, and % the constant. But since
the S-phase of such a shallow earthquake does not appear sharply on
the seismograms, to read off the duration of the preliminary tremors
is in general very difficult. It is unavoidable that the reported
values of the duration of the preliminary tremors should contain large

1) T. Haciwara, Bull. Earthq. Res. Inst., 17 (1939), 627 (in Japanese).
2) Kisy6-yoran, Centr. Meteor. Obs.,, May 1939 (in Japanese).

Fig. 1.
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Table I
Station Akita Sendai |Yamagata| Morioka | Aomori |Mizusawa
gg;gﬁ;”;rgfng;g (%e;ie'c)‘ 67 | 982 265 180 159 | 245
Hatinohe| Miyako |Hakodate| Niigata |Hukusima| Mori
224 259 25'5 236 375 357

errors, except at stations lying in the neighbourhood of the nodal line
of the push-pull distribution of the initial motion, where the P-phase

(initial motion) is very
small, but where, on the con-
trary, the S-phase is large,
so that the duration of the
preliminary tremors is ac-
curately read off. From
this standpoint, the epicen-
ter was determined with
much reliance on the values
of the four stations in the
neighbourhood of the no-
dal line of this earthquake,
namely, Akita, Aomori,
Sendai, and Yamagata. In
Fig. 2, circles with radius
It are drawn with their
centers at the respective
stations, putting £=7-9,
which is known as the value
of & for near earthquakes
with very shallow foci. In
this way, it was determined
that the epicenter lay about
ten kilometers north of the
peninsula (¢ =40°02'N, A=
139°47’), the depth of the
focus being about 20 km.
-As to the ecarthquake
that occurred about 2 min-
utes after the first one, no.
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seismological data were obtained, because, when the second carthquake
occurred, the tremors due to the
first earthquake had mnot yet
ceased, so that the phases for the
second earthquake could not be
read off from the scismograms.
However, in the northern regions,
the first carthquake was fclt more
strongly than the second, while
the latter was felt more strongly
in the peninsula and in regions
southwards”, which puts the epi-
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center of the second carthquake I -]
near the peninsula (see Fig. 3). - h ®
" Fig. 38 :
Aftershocks. ® The first earthquake was felt more strongly.
. ® The sccond carthquake was felt more
For observing the after- strongly.

shocks, the writer, on May 2, O The first earthquake and the second one Werg’
took four portable selbmovraph% same in severity (After A. Imamura)

with him to this district. They were first 1nstalled at Tutisaki, Nosn‘o,
‘Hunakawa, and Kitaura. Observations having showed that “the earth-
quake activities were confined to the neighbourhood of the peninsula,
the two secismographs at Tuticaki and Nosiro were removed to Kakuma-
saki and Hunakosi, thus contracting the séismographic network, but
since later, many of the earthquakes scemed to be gencrated in the
western region of the peninsula, the selsmorrmph at Hunakosi was again
removed to Tubaki. The observations were continued until the 26th
of the same month. The clements of the seismograph used here are

Mass of : ) . ’ .o .. | Driving rate of
pendulum Component Period Damper | Magnification| - cor diang paper
75k A horizontal . . i ‘

g c Onlp ongrl:t 012 sec Air damper ~ 100 - 1 mm/sec

At each place the recording drum was driven by a synchronous
motor, except at Tubaki, where a clock was used as no current was
obtainable in the daytime. At Kitaura, a clock was resorted to in the
beginning of the observations. ‘

TFor determining the position of the hypocenters, the ordinary
~method in which the duration of the preliminary tremors are used was

3) A. Inmamura, Disin, 11 (1939), 372 (in Japanese).
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employed. In this case, the first requisite is to evaluate & in the for-
mulé_ D=FLt, which was ‘determined by.numerical calculation, using the
duration of the preliminary tremors at the four stations. If we consider
a rectanmllar ~coordinate, taking the « and v axcs in-a horizontal plane,
and the z ‘axis vertically downward, we get?

(X 4 (V— g4 2=, o
n=0,1, 2, 3.

where (X, Y, Z) is the coordinate of a hypocenter, (2, ys, 0) that of the
stations, and ¢, the corresponding duration of the preliminary tremors.
For convenience, the coordinate is taken as o, 9o, % being nil. From
equation (1), the coordinate (X, Y, Z) and % may be determmed First,
k is given by
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Fig. 4. Distribution of epicenters, the numerals showing the depth of foei.
x—Epicenter of the first severe earthquake.

4) N. Nasv, Buil. Earthq. Res. Inst., 6 (1929), 245.



256 T. HAGIWARA.  [Vol. XVIII,

_1/di(xsy— T:Ys) — (d%y:—dzys)da : 2
k= , )
Tl(a;gyz—:czyg) + (ym— ya'Tz)dl '
T =tf—-t§, To= tg— t:]z, Te—= ti—- tg,

where di, dz, and ds are respectively the distances of (21,0, 0), (22 92, 0),
and (2, ys, 0) from the origin (0, O, 0). In the present case, (z1, 0, 0),
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Part 2.] 957
Table II.
Kitaura Hunakawa |Kakumasaki| Hunakosi Tubaki
Date k
t AL t AL ts Al ty AL 'y Ak
d h m 5CC sec " sac 50C " sec
9 0 30 | 22| —027 (38| +0.53 |44 +075]| 53| —1'00 50
9 32 | 27| —030 39| +050|40| +062|49| —084 49
9 3¢ | 29| —028 39| +043 (42| +057| 50| —075 47
10 4 14 | 28| —035|35| +050 (40| +070|46 —0‘88 51
13 15 46 | 20| —0.17 | 25| +024 | 36| +043 | 41| —055 4'9
14 21 50 | 27| —043|37| +067 |41 +0.91 |48 —090 55
20 21 22 81 +019 |22 +053| 41| —049 11| —020 4.9
20 22 19 | 23| +018| 32| +0.96 32| —048 33| —075 5.3
23 7 01 |[16{ +010|16| +041 | 28| —036 13| —025 50
23 7 50 | 29| 402626 +091|37| —064 22| —059 50
AF shows the deviation in % when a deviation of 01 sec is given to t,1;,t; or Z,.
Table III.
- Kaku- . Kaku-
Dage | itar Hume gt Hume g | Kite-| Honey S| Honer Te,
d h m sec - gec sec sec sec Rrec sec sec sec
7 23 20 26 238 43| 14 28 34 31 46
8 12 0L 24 22 41|14 7 45 2:8 2:8 41
8 12 48 35 2'9 4114 11 21 13 21 2'6
8 15 28 31 30 45|14 18 10 26 40 46
9 0 30 22 38 44 53| 14 21 41 31 26 41
9 0 32 27 39 40 49 (14 21 49 27 37 44
9 0 44 24 39 38 14 21 50 27 37 41 4'8
9 1 34 29 39 42 50|15 0 42 26 39 38
9 4 50 25 46 56 | 16 20 33 12 3.2 32
9 5 45 31 35| 56117 0 10 2'5 24 38
10 4 14 28 35 40 46| 17 13 56 4'8 61 45
10 16 55 32 33 43 19 48 29 32 36
10 ‘ 23 41 22 16 26 19 9 18 25 42 32
11 5 38 30 30 43 19 20 59 32 26 32
11 16 07| 24 13 28 20 6 7| 29 2'3 13
12 8 03| 27 40| 42 20 21 22| 31| 22| 41 11
12 12 13| 21{ 12| 21 20 22 19| 28| 82| 382 33
12 13 40| 23| 23| 33 22 22 13| 20| 15 12
12 17 48 40 40 49 | 23 01 16 16 28 13
13 9 35 22 19 34 | 23 50 29 26 37 21
13 15 46 20 25 36 42123 11 26 21 18 08
18 21 01 11 22 19 25 10 19 18 1-9 09
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(2 42, 0), and (23,93, 0) were taken respectively at Kitaura, Hunakawa,
and Kakumasaki, (2, s, 0) being taken first at Hunakosi and then at
Tubaki (Fig. 4). The earthquakes used for this purpose are shown in
Table II. TFor the mean value, k=51+03 was obtained.

When the value of % has been determined, the coordinate of the
hypocenter (X, 7, Z) may then be obtained, substituting the numerical
values in the solution of equation (1), although, in practice, it is more
convenient and sufficiently accurate to obtain the position of the hypo-
“center by a graphical method. InTFig. 4 are shown .
the distribution of about 50 eplcentels of after-
shocks that were obtained with the data of 3
stations by the graphical method, taking k=51.
The duration of preliminary tremors of the shocks
used herc are given in Table III. In Tig. 5 and ,
6, the hypocenters are prolected on a vertical plane.  TFig. 7

g

Errors in Hypocentral Position.

The next step is to estimate the magnitude of the errors in the
hypocentral positions determined as just described. As will be seen
from Table III, a small deviation in- the duration of the preliminary
tremors results in fairly large deviation in the value of k. -In the table,
AL was ca]culated by the equation

NN
2

Although a valuo 6f 51 was obtained for the _meen value of k, there
may be an crror. We shall now consider the effect of an error in
the value of I on the position of the epicenter. In Fig. 7, if P, P,
P, are seismic stations and I the epicenter, then the distance between
E and the center (0) of the outer cnrcle for the trlangle P, P, P is
proportional to %, namely L
Df =cl?, ‘ '

where ¢ is a constant whence the deviation (AOE) in OF Wlth reference
to the dev1at10n (AL) in L is leen by ‘ :

AOE =2ck Ak
=2 OEAL/L.

The deviation in epicentral pesition due to deviation in k is larger,
the farther the epicenter is from the center of the outer circle. For

5) R. Tagamasy, Bull. Farthq. Res. Inst, 6 (1930), 231,



Part 21 The Ogasima Earthquake and Its Aftershocks. 259

example, if % is increased by 19, the distance of ‘the epicenter from
the center of the outer circle of the triangle is moved outward by 2 %.
The deviations in the epieentral position caused by increasing k by 03
are shown by vectors in Fig. 8.

\ km
. 0 . 5 14
. — ) J

Fig. 8. Deviations in epicentral position caused by increasing % by 03,

As to the effect of deviation in the depth of the hypocenter, sinco
no such simple relation as the foregoing could be found, the depth for
k increased by 0.3 was obtained graphically for each earthquake and
the deviation found accordingly (Fig. 9). :

The effect of error in the duration of the preliminary tremors for
each seismic station will next be considered. Since, in the present case,
the recording drum, in a number of cases, was turned by a synchronous
motor, the speed .of rotation of the drum,.and consequently the driving
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rate of the recording paper, is determined by the frequency cycle of
the electric source, which was an ordinary lamp (50 cycle). At the
time, the regulation of the cycle was good, the deviation in frequency
being within 05 cycle. Actually, the time-marks were made on the
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Fig. 9. Deviations in depth of hypocenter caused by increasing % by 03.

record at intervals of every 5 or 10 sec, as the occasion demanded, and
the speed of the recording paper was calibrated. The deviation in the
speed of the paper, therefore, does not exceed 1 9%, so that it is reliable
up to 0’1 sec for durations of preliminary tremors not exceeding a few
seconds. In the case of a clock, the time-marks were set down contin-
uously at intervals of 1 minute. This accuracy is somewhat less than
that in the case of a synchronous motor, but it is also reliable up to
01 sec for short durations of the
preliminary tremors, as was the case
in Kitaura and Tubaki. Besides,
since earthquakes in which the P and
S phases could readily be seen were
selected here, the errors in reading
off the duration of the preliminary
tremors are believed to be also less
than 01 sec.

When the epicenter is determin-
ed graphically, using the duration
of the preliminary tremors fo, ¢, and
iz of stations P, P, and P, circles
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with radius kfo, kt: and ki, are drawn taking the centers at P, P, and
P; respectively, and the point of intersection of the three lines that
join the two parts of cach of the three circles is the epicenter, as shown
in Fig. 10. If we assume that the duration of the preliminary tremors
at P, is increased by Af, the epicenter E then moves to Eo, as will be
seen in the figure. In this case EEo is always perpendicular to the base
P,P; of the triangle, as also with respect to P, and P;. Hence, the
deviation in the epicentral position due to deviations in the preliminary
tremors in the three stations is represented by three vectors EE,, B,
EE., each of which is perpendicular to the base of the triangle. When

Hunakawa

km

Fig. 11. Deviations in epicentral position due to a deviation 01 sec in
the duration of the preliminary tremors.

the’ durations of the preliminary tremors of the three stations deviate
at the same time, the deviation in the position of the epicenter is given
by the resultant of these three vectors. Vector' EE, is given by the
following equation when At is suﬁic1ently less than ¢,
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-.E—-Eo'_

Lty At - (or Ity Aty ) o (3)‘
_ S P PisinZ P\ P,P,sin £ P, -
It will be seen from this equation that when- P, or P;'is small, ITEO
become large, namely, when one of the angles of the triangle is too
small, the effect of the errorsin'the duration of the prelnmnary tremors
increascs in magnitude, the same holding true for EE, and EE,. Next,
if a .circle of radius Q@' is drawwn with @ as its center’ and a line B0
is drawn from I perpendicular to: ' EQ, then length EH gives the depth
of the eplcentcr (h) The 1ncrement in % duc to increment Af, is
given by . . O [T T S LR R :
A]L:FL'E’.
: h

That is, since Al is inversely proportional to &, the deviation in depth is
large when the hypocenter is shallow. The deviations in cpicentral
position and in depth due to a deviation 0°1scc in the duration of the
preliminary tremors arc shown in Fig. 11 and 12. Actually, since the
observed duration of the preliminary tremors is accurate up to 071 sec,
such errors as arc shown in the figures do not exist. In the figures,
vectors are not given for shallow carthquake, because there is no solu-
tion when the duration time is increased by 0°1 scc.

It will be scen from the foregoing studies that the hypocentral distri-
bution obtained here is accurate within about 2km, except in the case
of some carthquakes.

Hunakawa /(akumas&/ri

0/\ _ Tubaki p A ,\Hunaéou M/\’ctaura B

w?, #* R

5

zo%{_ ]
Fl" 12. DeVJatxons in depth of hypocenter due’ to a devmf,xon 01 sec in the
" . duration of the preliminary tremors.



Part 2.] The Ogasima Earthquake and Its Aftershocks. 263

Remarks.

As will be scen in Fig. 2, the push-pull distribution of the initial
motion of the first carthquake is divided into four quadrants, bordered
by two nodal lines. intersecting perpendicularly. The damage in the
peninsula duc to the earthquake was largest in-that region where one
of the nodal lines passes through it. It seems: that since, 4in general,
the S-phase (the principal motion) is largest on the nodal line of the
P-phase, the largest damage was caused in this region. -

The distribution of the aftershocks appears to be scparated into
two groups, north and south, which suggest that a separation of this
kind is rclated to the fact that two severe earthquakes occurred.
Moreover, the epicenters of the aftershocks lie in a quadrant where the
initial motions are “push.” There are two precedents in Japan wherein
the epicenter of a severe carthquake and the epicenters of its after-
shocks have been exactly determined, namely, the Formosa Earthquake
of April 21, 1935% and the Earthquake of North Idu on November 26,
1930”. According to these investigations,
the aftershocks gencrated in a quadrant
divided by the nodal lines of the P-phase, \pun Bush
in which the initial motion was “push”;
an upheaval of the carth crust was also

) Epicenter
. . Fo s T
found in that region, as shown in I‘l.g. 13. odal 1ims
If we assume the same phenomenon in the o
]
present casc, a more or less upheaval of a
ground may be expected in the western 3 N\rpull
region of the peninsula. We are awaiting £
with keen interest the results of the trian-
' Fig. 13

gulation .in the peninsula soon to be re-
vised by the Military Land Survey.
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6) N. Nasvu, Bull. Earthq. Res. Inst., Suppl. 3 (1936), 75 (in Japanese).
7) N. Nasu, Bull. Earthq. Res. Inst., 9 (1931), 22
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(24 xthe aetual)

Fig. 14. The earthquake of 23 h 20 m, May 7, 1939,
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. (24 > the actual)
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i Fig. 15, The earthquake of 21 h 41 m, May 14, 1939,
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(2'4 x the actnal)

Fig. 16. The earthquake of 21 h 22 m, May 20, 1939

(24 % the actnal)

|- Fig. 17. The earthquake of 22h 19 m, May 20, 1939



