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On the Destructive Tango Earthquake of March ¥, 1927 .®
By

Akitune IMAMURA.

Seismological Institute, Tokyo Imperial University.

The destructive Tazima earthquake, which took place on May 28, 1925, at 11 h
10m and originated at 134° 50'.5 E, 35° 38'.7 N, was followed by another shock,
which had quite similar character but caused far greater destruction of lives and
property, on March 7, 1927, at 18 h 27.6 m at 135° I'E, 35° 39'N, about 18 km.
to the east of the epicentre of the former shock. Fig. 1 and 2, which give the com-
parative view of these earthquakes, indicate the T.-W. motion at Tokyo reduced
into natural size. These seismograms were obtained with the horizontal pendulum
seismograph, whose {ree vibration period is 30 sec., damping ratio 1.6 and pointer
magnification 1.5. Fig. 5 shows the most disturbed area in Tango Province, Kyoto
Prefecture, the parts enclosed by two dotted lines covering the area where collapsed
houses numbered more than 1 and 10% of the total. The actual casualties
are shown in Tables I and II.

In the recent Tango earthquake, two independent faults were produced along
the old tectonic lines. One in the north (the GO-mura fault) has a track 18 km.
long, trending NNW-SSE, with an upthrow (max. 0.6 m.) and southward shift
(max. 2.7m.) of the west side, while the other in the south (the Yamada fault)
has one 7 km. long, trending at right angle to the former, with upthrow (max.
0.4m.) and eastward shift (max. 0.8m.) of the north side. The area within
a km. or two from each fault showed the seismic intensity as high as one-half
or two-fifth of gravity and experienced the destruction of-houses as many as
90%. A

Permanent upheaval about 80 c¢m. as high at a maximum occurred along the
coast of the Sea of Japan in the west of the G6-mura fault as far westward as Tui-
yama Cove. Temporary elevation seems also to have taken place during 2.5

. (1) A revised note of one written by Mr. N. Nasu and the present author under the
same title, Proc. Imp. Aca., vol. 3, no. 4.
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hours just before the great shock. This was observed by fishermen at Mitu and
Sunakata, where the sea-water made, during that time, an unduly ebb as much
as 60-100 cm.

Tunami was also observed soon after the earthquake at Sioe, Taiza, Tuiyama,
Ui and other plices, but it was quite harmless (see Fig. 7). At Taiza, it ebbed
at first as low as 1.83m., and then flowed as much as it had ebbed, the subsequent
ebb and flow having been smaller. ‘

As soon as the catastrophe was reported, my colleague Mr. N. Nasu, assisted
by three observers, started for the place carrying with them three portable
tromometers, of which two were ¢ the 25th year type’’() and the third ‘‘the
improved Omori type,”” in order to make there a seismic triangulation. These

instruments had the following counstants:

o Free vibration pointer Registrable :
Instrument period magnification amplitude Time scale
25th year type 78 50 0.001-1.0 mm. |90 mm./min.
Impr. Omori type 4s- 50 0.001-1.0 mm. |50 '

The first two seismographs were installed at Maiduru and Kinosaki on March
11, and the third at Ine a day later. The result of observation is shown in
Table III. (See also Fig. 5.)

Soon it became clear that seismograms from the different stations could, with
only a few exceptions, be divided in two categories —types A and B (Fig. 8 and
9). The type A has the following characters:

- The initial phase is comparatively-large, the ratio of amplitude of S to that of
P ranging from 1.5 to 4.0. The principal portion consists of an isolated wave
of a period of about 0.5sec., a series of waves of quick period (about 0.12 sec.)
being superposed on it and occupying the subsequent few seconds. Two or
three long waves (probably surface waves), each of a period of 2.5-3.0sec;,
occupy the initial half of the whole course of earthquake motion. The shocks,
to which this type is due, are distributed on or near the Yamada fault; their
origins seem to be very shallow, even the deepest being only 8 km. deep.

The type B has the following characters:

- The initial phase is comparatively small, the ratio of amplitude of S'to that of
P being 10-30. The principal portion consists of the waves of quick periods
as in the type A, but those slow waves which give that special aspect to the

. othier type are lacking in the present case. Shocks of this type belong to the
Go-mura fault and are, as a rule, distributed in the west of that fault; their
origins are not so shallow, being sometimes 20km. deep.

The after-shocks of both types change their stage of activity from time to time and

(1) Bull. Earthquake Res. Inst., Tokyo Imp. Univ,, I, pp. 8-21.
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from place to place, though they donot part so far from their respective mother
fault. Some of them are assumable to have been originated on the surface of the
new faults and some other at the bottom of the tilted block. If this be admitted,
- the boundary of the seismic origin would be worked out, The surface of the
Gd-mura fault m -y possibly incline toward WSW with a dip 70° and an average
depth of 6km., and that of the Yamada fault toward NNW with a dip of 75°
and an average depth of 4km.- It must also be remarked that there.were a few

other shocks which originated on other tectonic lines.

On the other hand, the Department of Military Land Survey stsrted, at the
request of the Earthquake Research Institute, field works soon after the catas-
trophe; the geodetic triangulations of the primary and secondary trigonometrical
points and the precise levellings along the old and new bench-mark lines have
already been executed once or twice and are to be repeated as far as the work
is considered to be complete*enough. No accurate result is yet obtained, but the
data which came- out directly from the observations seem to suggest something.
In Fig. 10 and 11, the difference of the re-observed ard observed angles is given
at each trigonometrical point. Admitted that a pair of the southern-most stations
did undergo the least change, then it will be noticed that the horizontal dislocation
along the Gomura fault is almost equally distributed in both sides of the fault.
A slight countar-clockwise twist is also to be recognised in the whole seismic area.

Turning now to the result of the precite levellings made in April (see Fig. 10),
the bench-mark at Kutiono, which has conveniently been taken as a standard
station, seems to have been clevated as much as 12-15em., so that each datum
in this respect is required to be:corrected by this amount. The result may be
that the western block of the Gomura fault and the northern side of the Yamada
fault were upheaved and each opposite side subsided, the nearer the bench-mark
is to one fault the more conspicuous being the change. Here we must not
overlook the effect of the Tazima earthquake of 1925 upon the topographical

changes in the western part of the seéismic area which we are now considering.

The new- behch-mark lines extending over the northern part of the seismic
area were laid in April, and the whole linas were re-observed in June, that is
to say, after about 40 days. The result is given in Fig. 11; which shows that
the contrast of the topographical changes as revealed at the first observation
became increased in the direct vicinity of the Gomura fault, but lessened in the
distances.

From the above-stated facts and other considerations, for irﬁstance, the direction
of the initial earth’s movement at the different meteorological stations (Fig. 6),
we idealize the mechanism, which caused the present earthquake as follows. In
virtue of the stress, which has long been applied from NW toward SE upon the
block adjacent to the G&-mura fault, this” block was at last forced to upheave

itself very slowly. This strained condition lasted for a few hours, but the balance
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was finally broken at the Gd-mura fault, and then thé western side was elevated
and displaced toward SSE, while the other side made a rebound in the opposite

.sénse, an earthquake of thé severest category and possibly of the type B-being

consequently generated. As soon as this primary motion approached in its way
of propagation to Yamada, another commotion was created there and the earth-
quake motion of the type A was added.

The Tazima and the Tango earthquakes have furnished us with new examples

of the eastward or northeastward translocation of activity which has been pre-
vailing in the scismic zone along the coast of the Sea of Japan. As regards the
problem whether this tendency should continue further, we hesitate to think it
so simply, as the region which ha3 recently been active is the tract of elevation
and hitherto experienced no destructive shock during the historical epoch, while
the next area in the east is that of depression and was once visited by a destruc-
tive earthquake in A.D. 701.
. Among various studies which may probably lead to the prediction of earth-
quake, that which appears to us to be rather hopeful is the observation. of the
strained eondition of the earth’s crust which is likely to take place before earth-
quake occurs. In the recent destructive Tango earthquake the phenomenon was
indicated by an upheaval as high as one meter or more at Mitu and Sunakata,
i. e., along the coast in the east of the Gomura fault, attaining this state two
and half hours before the great shock took place, though the change was less
pronounced in both sides of the above-mentioned places.  Mareogram obtained
at Tuiyama Cove does not show such a change, but; on the other hand, it shows
that the sea was very calm on that day (with NE breeze), the range of high and
low water marks was only 20 cm.; the land was suddenly raised as much as
15 cm. at the moment of the great shock, and subsequently a small tunami came
in (see Fig. 7).

Similar phenomena were observed in the cases of the past destructive earth-
quakes originated in the coast of the Sea of Japan. In fact, this coast was during
the past 140 years visited by five destructive earthquakes which accompanied
characteristic upheaval or subsidence as shpwn in Table 1V,

Why the observations of the phenomena in question are limited to coast of
the Sea of Japan is simply due to the fact that that sea has its level almost
unaltered by any oceanic tide, thus becoming a fair standard for the estimation
of the topographical change of the coast. According to the result of the precise
levellings, executed in Japan during the recent 40 years whenever a remarkable
earthquake took place, even not so big a one, wherever it originated, accompanied
more or less upheaval or depression, so that the assumption that fopographical

change precedes earthquake may not be so absurd.

Ishimoto’s clinograph, which can register a tilting as small as a decimal of ‘a

second, registered at Tokyo a characteristic tilting which appeared from a fe‘w
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weeks before, to the day of, the great Tango earthquake. Similar phenomenon
was observed with his instrument in the case of the Tokyo earthquake of Aug.
3, 1926, and with one installed at Miyadu, in the case ‘of the shock on April 1,
the biggest of the after-shocks of the Tango carthquake.
The Earthquake Research Institute is now attempting to bave, among others,
a network of stations, each equipped with a‘pair of clinograf)hs_and other auxiliary
- instruments necessary for carrying on the study concerning the -earthguake
‘prediction. ) ) ’

July 1927.
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Taere I. Casualties in the different prefectures or counties.

& it K B & B R B

;3 % ¥E K “f?; ﬁfl #7577 1 Collapsed housesqi':‘:i%E Burnt houses 4:}%%52;
Prefecture or county| Killed Ou‘; “| Missed | fE % | JEMEE | collapsed | f Z£ | JE{EFE | bumnt
€ Resided |Not resited| Douses |pagidad |Nor residea] bouses
5“* X"ffsa | 551 | es7 1.692 | 2.071 335 | 480 | 871 25
L] i A =
Naka ™| 1.635 | 1338 5 | 1.667 | 1413 | 2.811 | 1.456 | 1.315 36
ms 3 =
s | W B 799 ) 1100 1721 | 1412 | 2077 | 755 | 623 54
Kyoto | 7t ' 26 3
A 6 61 174 | 302 | 1.271 1 1
. : 5.254 | 5.198 2.651 | 2.310
i 2.991 | 5.136 5 9.539 115
Total 10.452 ’ 4,961
x 1 | ,
Osaka 21 | 127 121 113
* Hyogo 4 17 ‘ 55 169
A It : a
" Nara 1 0
5 m 5
Tottori
1% &
Siga 2 1
+ il 0n
T Total 3.017 | 3.285 5 . 10.633 9.821 4.961 115
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TasLe II. Casualties in the different towns and villages.
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W R 435 | 1.910 6 | 79 | o9gy 294 3 { 5067
AONF | 496 | 2.364 - 28 39 o369 |- 406 5 { 7:'140
R e |41 | o3 | wa | | o | e | ws | g ({1
BE PR 546 | 2.443 1 s o ‘ 170 | 201 ‘ 3 { %1'0
B WA e | Lo | N I T S T N
CfE LR | 384 | 2,006 1 1 ‘ 100 10 * { 2.0
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LA | 812 | 1.395 | . L o 1 e {‘8:(?;
WOE R | 586 | 3051 | o | {03
P B | 618 | 2.807 6 18 { 10
& F | 835 | 1.394 C 11 { 828
BrsR | 298 | 1267 ‘ 6 { 0.0
fomA | 411 | 1974 8 o8 | (1):?)

A )i B | 402 | 1.899 | 3 9 { 07 -
5 0 A 289 | 1.350 { 88
W ZE K| 290 | 1.488 { 0.0
Noka Couf‘éy 4779 |22.914 | 1.635 | 1.338 5 | 3.080 | 2811 | 2771 36 { o
Wl my | 985 | 4.585 | 1123 | 404 4 | 987 9 | 2.450 9 { o
Bk A | 347 | 1712 68 | 153 1 | 484 | 368 26 s | 1%
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E%H| 3% |16 | sT | 1% 420 | o | 68 3 {12
ol 851 | 1.677 15 77 °71 | 399 1 { %7.3
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¥ % 7% "
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county
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9w ”
Kumano | 3.480 |16.546 6| ot 476 | 1.271 1 [ b
county
AYETAT | 461 | 2.096 3 17 136 | 730 1L
LA | 386 | 1.817 13 24 { ad
Tk | 835 | 1545 13| 30 [ 39
moOF | 85l | 1767 2 19 | 50 L
WE R 320 | 1.561 3 12 147 | 167 { Y
%R 386 | 1.793 23 51 157 { 1
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Pig. 4. Kamakura observation of the great Tango Earthquake (mag-=2).




<

"/
\
oy )
g ° o
oo N // Yo~ o
= 7 c ,I.,tdf
wv M g AN N
% ; AM /B9
S S S RN s
A 2
| Y33
738 2
P 5 2 JFos
- .Vh,f )
S
= § =
)
y

“muﬁoo:m.poﬁa o1} Jo soxqueordo o[y puv sauI J[nE]

MOU 9Y) ‘S[BUISIOSOSI O} [JIa vaIw otwtstos oty Surmoys depy g Sy

MW BRGSO MR sty Ry BIEE

[ITAXXX 1d P IOA syl 'sof Py 1Ing] [rvanwew] V]



O bz railaraghy »
ey whaI
s M :

“JUOTIOAOTI §,{[}I80 [BI}IUT T} JO SUOMIAIIP PUB S[BUWISIOSOS] "9 By
WEEHROWES N
[TITAXXX 'Id P ‘ToA “18u] "soyf “3P T [rernuew] Y]

(HERERIR BE <D




[A. Imamura.] [Bull. Eqk. Res. Inst., Vol. 4. P1. XXXIX.]
iy b fE PRI C | I S R 14

T i f///,_.f,
| Eﬁﬁﬂﬁﬂﬂiiﬂﬁﬂﬁ G %f:—i%?ﬁﬁ?ﬁﬁ#ﬁﬂﬂﬂﬂﬁﬁﬂﬂﬁﬂ&ﬂﬁﬂﬂﬂ
B '-’-*ﬁflr'?“”ﬁig_ -:;f-:f.==naﬁdﬂﬂﬂﬂﬂlﬂﬂﬂﬂﬂﬁﬁﬂﬁﬂi&
(s s===f::f:?5'.':=‘.5==ﬁé’s’ﬂﬁﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬁﬁﬁﬁﬂ’iﬁ i

| iﬂﬁiﬁﬁﬁﬂﬁﬁggﬁ S 5§§§§§;;§.'.?§:ﬁﬂmiﬂﬂﬁ?sﬁ%ﬁsﬁﬁzﬁﬁ '
MeraisnecCatEEEd ﬂﬁﬂﬁaﬁﬁs’gﬁﬁi L %ﬂiﬁﬁgggﬁﬁgﬂi

gﬂsg az;;vﬁi-:aﬁ T

Jamai e R
1 ﬁﬁﬁmﬁ“ﬂﬂ“ﬁﬁ%ﬂmﬂmﬁ?ﬁ=.....mai?aﬂmlllmﬁ!“!“m&ﬁ%ﬂi
. e
o RN e

.....




ERIAE
IO o LIS 8

-

B0 .%. £ [l o1 h I mh_.m@_w L

3

BE ¥ LU e e

‘poonpoad sem [[u J[ss ¥
put peSuuyd sem 9sInod 9], IUEF VMWL) S}
£q juo SEYER], JO INOS oY} UL YooIq Y 9
Bk g MLT W Lo 21T Bk 095 sk
Ommﬂ nﬂ.w_ﬁ&hr\umﬂ,axm &hﬁ@@wﬁ.&.. @m.ﬁ:& :,n_."__m_ V.U?“-.IH_‘._@—.*“__.J% 1) W N TEHUT @bIH ‘gltel ¢ 20K G BM@U\U_@W@‘—_&_@% ‘i

. Mg P 4

Py Apprd w ssolde jmej vanwexy oy, P

A[en “A[[eaTiI9A ) ¢ cpue A[[RIUOZLION “TID

STRBA WD T pue, A[[epIoZLI0Y U ()CF, poredorsi([ 0C% Poedo[S[(] "IS®Y A} PIBMO} ISByBye], wWOlf
‘sEeye], UD PROL Ierjouv ssomdw OPIJE °q Suruuna peol B SS0I0B [N BWINWQLY) oY, ®
[rIX I T oA “wsug sof. b g [rentuvuy Y]

T oot
— W W ¥



2 R =9 METioBGHE L

o v ‘uo[aiee o) Jo 90ord jsowIUINYIOU O}
‘PUB[ UT JInep oy} Jo pus uls(pIou JO pU® WILANOS O, 0] BINWOL) o[, O

o

O wmjens AIvIL],  CJUB) BANWQL) o], P
g e
LPOE VRIIEOENE BN 2 LU DL

IOjEM I PO[[Y ST odu pesseldop oy,
oMa q ‘Sunm pue uolssoxdop jo euoz w Aq pejeorpul
OOUILY JO 889 T} UI J[0EBJ BINWQL) oy, '

['ITX Id ¥ TOA “18uT 80y “3DgT Tingl] Lrmety 7y ]
T -0ud



== =i

=y L

hi

Photo. III.

[A. Imamura.]

a. Slicken face of granite in the Gémura fault
at*Yasu, Mineyama.
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¢. The Gomura faunlt. The southernmost
picce of the echélon.
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[Bull. Eqk. Res. Inst.,.Vol. 4. P1. XLII.]

b. Zonal depression of paddy field in the south
of Kutidno.
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d. Ditto.




Photo. |

[A. Imamura.]

a. The Yamada fault across the Mineyama

highway and mulberry field in the north of the
village of Yamada. Dislocated 80 em. horizontally
and 40 cm.

vertically.
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across the stratum of
railway-tonnel.

¢. The Yamada fault

granite near the Siroyama
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[Bull. Eqk. Res. Inst., Vol. 4. P1. XLIII.]
b. The Yamada fault near its western end in

the village of Yotutuzi.
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d. The Yamada fault at its eastern end as

revealed by the tilting and sinking down of land.
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[A. Imamura.]
a. Siroyama railway-tonnel.  The
entran e,
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c.  Railway in the south of Sirovama.
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Photo VIII.

northern
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[Bull. Eqk. Res. Inst., Vol. 4. PL."XLVII.]

b, Ditto. Damage in the interior.
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A concrete bridge” in Takahasi.
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