Outline of Geophysical Investigations on the Gre-t Earthquake
in the South-West Jepan on Dec.2l, 1946.

By
Takesi NAGATA

Geophysical Institute,Faculiy of Science
Tokyo Imperial University



V. | EBarth-Curren
VI. Luminous Phe
VII. Other liiscse
|

{1) Tilwk id

(11) Probvl

the 1

VIII. Concluding

CONTENTS

I. General Inti

C.
II. after-Shoks {
Numbe
e
of earthqud

(a) Daily

NN N
Qa0 o
N N N

III. Crustal Defora

(1) Uphgava]
(1i) Results
(iii) Special
Neig
(iv) GQGendral

IV. Tsunaml (|| S¢

Distribut]
Wave Horm
Statistiae
After—stiof

o

'Odl%

11@1

[0} O‘WI’E}\‘.O od off 04

Wavé due to
|
1t Maaéurement_

noigra

" of

1| lest for
ksl ‘

tion relati
L  nd Subsid
of || Precise
Investigati

R%m&rk on| 1

fes|

accompan
leous Works .
ne|| Land aflte

3f Subsidenc
ibourhood of

mﬂ‘*kf

;‘Lf EE? I“' s ]
of thel Ori

ize

ng

Le
on
pe
he

2o

iy

pocks .
rins of After-shocks.
Motion.

the Mode of Occurrence of

tlo the Egrthquake.

sng¢e of the Sea CoaFst.

relling Survey.

on Tlting Motlon in the
liuroto.

Iand Deformation.

hguake.)

gl the Barthquake.

the Barthquake.
e | @f
jchi

Farth's Surface in

AL i
‘;l'Jt" .

the




npf the earthquake such as

I. General Introduction.

In the early morning
occurred in the south-west
obtained in our ﬁniversit&
4 n 20 m 10.4 s on Dec.2l,
up-down components of the
14.0 mm and 3.0 mm respect
of 80u south, 67u west and

The elements of seismo
seismological stations in

data the epicentre was d-t

in latitude and 135.6°E in

On the other hand,
wave at various stations a
the horizontal componentﬁ
the full and hollow circie
ward motions. It will be
motion was "push" at all p
that at Shionomisaki--the
was "pull" in the opposit
of horizontal movement p&s

we cen assume a dynamical

the combination of upward

the distributi

of| Dec.21,19
ern | Japan.
the ednthg

’
1946. The n
earthquake k
ively, whilsg
20u down g
gram of the
Jap&ﬂ‘are 91
ermined to {

longitude .

re shown in
of| initial n
s denote |res

S

clearly shg
oints in NW
station nean
side, and
s througn th
houel of stn
shown in Fig

and downward

pectively.

the hypocentral region res

ot almost all

+

u

46,a great destructive earthquake
According to the selsmogram

uake mobion began at Tokyo‘from

laximum amplitude of NS,EW, and

otion at Tokyo was 12.0 mm ,

the initial motion was composed
vements.
gsarthquake obtained at various
those

bulsted in Table I. From

e placed at the position 33.0N

on of initial motion of selsmic
Fig.2, where the directiogsof
otion are shown by arrows, while
pectively the upward and down-

wn in the figure that the initial
side of the broken line except
est to the epicentre--, while it
of those directions
e epicentre. From those data,
ess distribution in the origin
& tﬂis model‘corresponding to

[

motions in NW and SE sides of



vy ‘ | ) s

~ | [Tablel (I 00 ! b
) e LAY Pvl_a_x;’nuj AmpIiTude Seis ”;5_ Initial Mdtion Duiralion 'Emce,;[mj
Joservalory {ime 6 Uccurence T 01 '

" i N E ‘ 7 |lita sit/‘ N L E Z'  Prelimiary Tremor  Dislance
SHIONOMISAKI | 04" 19™ 047° -17200f1 +900" | (=) "04:6°| s0tn|-
 OWASE 253" 22500 |[I7500 1470/ -1906 +4487 154 128
KASHIWABARA 309 >2700|||b2000 +026) 43 135 | 162
TOKUSHIMA 325 27000%|26000> +850 ~1300 +950 15.0 | 148
<OBE 342 . 93009 18b00}| 32000 +389 -205 +480 120 | 190
KAME YAM 363 1 15473 4369 +102 +310 - 283 .20
OSAKA . se3 | o [IHERRLL | 42150 +80 +740 188 | 168
SUMOTO 370 |19333 | |8 [+328 -282 +606 - 259 | 160
KOCHI | 380 |l H5e -375 +178 8.2 192
KYBTO 384 |l | hagl =5 T ogal 212
HIKONE | 415 | 37 +42 4240 298 248
_TOYOOKA - ] 488 6004 |/ 210 -111 +239 299 276
GIFU 496 |l 4llg +55 +38 5.0 272
TOTTORI | 500 4| | 267 -63 300 290
[BUKIYAMA 502 IR = orf] L] 2ol 264

NAGOYA | - 553 Al | 249 260
MISHIMA 57.7 670 |3 399 372
YONAGO | 583 &L A - 30 " 020 33
TOYAMA 533 | T 247 416
WAJIMA | 583 || Tooo|| 8| | 28 +21 476
SHIMONOSEKI | 20" 026 8l #i -30 317 426
YOKOHAMA | 085 2000)[ B[t Flg| -12 |18 548 438
NAGANO 086 50(>20000 | B |||+l +13 1| -0 594 450
MIYAZAKI T A 92505 6] 1] ] +43 ™ 044 390
KUMAMOTO 111 >36000 > 71260|b18220| | 4| | -6 -56.5 4500 362 438
ONSENDAKE |- 124 ||l eI 680l 169 476
TOKYD 25 | Il |-l -2 -22 600 466
KARUIZAWA 146 > 2258 | (|48 +10.0 +20 325 A4k
MAEBASHI | 166 285 203|| 8| | 435 +36 " 01.7 | 472
KAGOSHIMA | 190 >1650| All650||»1500 || B| | 1|l | -31 411 | 59| 478
FUKUOKA 202 30@(}0 || 15000|| B || -4D -420 | 343 470
ONAHAMA | . 208 >£3|‘ b 878l || rrlll} =13 | -8 | Im259 622

- SENDAI | 452 2292 |5060| 2075|| || -312 |+273 -538. ™ 363 720
_MORIOKA | 2I" 02.4__12100, 18000 ' 48, ‘+4.51‘ +30  I"32.2 856

B | ‘W H I i
| e
| i l‘







L SE

T

|
|
|
|
n

——ric == =
& = =
iy +—
= =

& S = — — — T .- =3
m PAVMuMop

{
pAvMan

Fi9.2 -~ Distribution >f mi‘wlo‘[ion o[f‘ths



;
e

!
In ths above-menti

Shionomiseki 1s omitted
rather reasonable to @s
central reglon 1is subje
ssarily follow the ge&
fairly d stant from the
K.Sagisakéi howeve
surrounding the eplcen
where the origin of th
Sagisaka's model 1s adpo
that NW side part made
on the contrary.

Since this problem
of occurrence of the pm
mined in details from v
only be noted that the

crust, its strike Deiln

Althoug!: the eart

--much larger than the

oned
(from
sunie

)
™|

ted

;epic
|

i as

re as

|
eart

downw

§s v
esent

|
e}
=

show

# ake

nal 14

‘ |
arious

oecu

@arthq
|

i

e
\

%
\
h
&

EI

I
\

|
|
I8
b
|
4

I

the ¢

Ell
com
w|whi
Lre .
wie s
shhown
q hieke
tl

L ‘mo

Y
earth
hoin
red

DYt

on De

uake

i
\
i
|

nterpretation, the initial motion at

onsideration, since it seems to be
ne earthquake motion in the epi-
plicate conditions and does not necce-

chh 18 applicable for observing points

that there may be a nodal circle
by| the dotted curve in the figure,

is|assumed to be very small. If

e observed fact will be interpreted as

tion while ES side part upward motion

f dmportant relating to the mechanism

quake, it should be carefully exa-
ts of view in future. Here, it will
& thrust motion in the subterranean

he nodal iline in the figuree.
|

3T21’1946 was large in its intensity

on Sept.l,1923 which destroyed
|
|




b

the larger part
not so much large as that in
wvas fairly far firom the éei c

fire. However, th%@resent ea

Tsunemi, which destroyed many

west Japan. The distribution

Fig.l, while the

earthguake area |are shown in

On the other hand, sccor

Japan was attacked by great d

histrical age ofl Jepan, and t

Tsunami| waves.,

They are as follows:

(1) ZEarthqueke pn Feb.3, 180

Total casumalties were
people were killed by

Earthqugke on Oct.28,170

Total Casualﬁies were

destroyed houses were

All of [the sea|coast

Peninsulal - were

egbout 20m| in the south

Shikoku rpse up markedly, wh

on the contrery.

numbers of casualties and

attacked by

oast and ther

rthouake was

the following
ding t

estric

6 accompanied

gebout 5,000 |in

Tsunami itself

7, eccompanied

about 4,900 in
zbout 29,000,
of the west J

Tsunami
ern Shikoku.

ile the

the ol

%
o@?okyo -, the damages on land was, fortunately

1923, since the origin of earthquake

scarcely occurred the

ccompanied by great

housee on the¢ sea coast of the south-

sof seismic intensity is given in

damages of houses in the

table. ( Tabls II )

d record, the south-west

ive earthquskes a few times in the

hey were always accompanied by great

by Tsunemi.
killed, and about 3,800
'by Tsunami,

killed, and numbers of

apan - from Kyushu to Izu
wave, its height being
The east=south vart of

west-south part subsided

-5—



e o e L

~

s S .
b e
3 - -r:,«.j!
Table I. |
1 lr; | [ | 1‘ .7 Dapf:kpgés; , | Houses i h_{_,j
i Casualties '7:vaLel-Ii$g houses  non-dyefing hodse,; work houses | J"""fﬁy burnt |
P il ey bt i o s <
GIFU 1 32 46 | _FLE e 8 6
 SHIZUOKA | 2 L _
AICHI 10 18] Bl [[el 18 Us]
MIE [|]i3s il g 29 |
SHIGA Fai 1l
KYOTO- 1l
GSAKA 32 | 46 a1l | | 28
HYDGO 50 9 30| 242| 6
NARA 30| 10| | 350 6
WAKAYAMA 195 562 74 | 325 2399
TOTTOR! giixg ‘ | 6 3‘ 5
SHIMANE 9 16 LN fImil] e 202’_ 84
OkavAMA | |51 187 | 4%8"1959 aiMll TH8 | 2 ]
HIROSHIMA 3 sl 3)' 32
YAMAGUCH| Il | 2 ARl
TOKUSHIMA 181 665 30 | loTe ‘3523 30| 456 536
kacawa | sz i3 ||| Bl 1569 29| 840 | 12 28
EmME | lpe 32 |[f fbs 25 147l 1B
KOCHI 670 1836 9 4483% 9041 | 214 38 | 566| 196
FUKUOKA | i ‘ 6| 1[5
NAGASAKI | 2
KUMAMOTO |2 | Ll 6] | |
OITA’ 4 10 i 36 et |2l e
MIYAZAK| l LT ol
. TOTAL | 1354 3807 nsgaﬁ 19240’ 252) | 42838/| 70 79 1451 2598
ha ) | gl . 4
L
| | |
i v




(3) Barthquake on Dec.23,1854, accompanied by Tsunami.
The earthauake attacked chiefly the central Japan, about 8,300
houses being destroyed and washed | away by Tsunami.

(

) Earthquake on Dec.24,1854 accompanied by Tsunami.

N

More than 16,000 houses were destroyed by the earthquake and
sbout 15,000 houses in Kii-Peninsula and the southern Shikoku
were washed away by great| Tsunami, In this case also, the
south=east part of Shikoku rose up abruptly and its south-west

part was depressed.

Among the above-mentioned four great earthquakes, (1), (2) and (4)
occurred in nearly the same position as the present earthguake did.
Especially as for the esrthguakes (2) and (4), the general aspect hes
been clezred from seismological point of view. Here, the distribution
of seismic intengity and the origin of the earﬁhquake in those two
cases will be shown in Fig. 3 for the purpose of comparison with that
of the present earthquake.

It must be mentioned here that the earthquake which occurred in
the. sonth-west Japan was always extremely large‘in its intensity,
and that the time interval between successive occurrence of earthquaké
seems to be kept about 100-150 years.

Therefore, it has been frequently said by some Japanese seilsmo-
logist that there is a possibility of occurrence of great earthquake
accompanied by Tsunemi in the south-west Jepan in coming few tens
years, because it has already passed more than 90 years since the
last large earthquake. The present earthquake rccurred 93 years
|
‘

after the last one.
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The above-mentioned periodicity in occurreTce of earthquakes may

be not merely apparent one, but rather subjected

causality in the subtaerranean movemert, ag will

l one

At any rate, the present earthquake wasAthe

in - SXNE.

during the period after we have had the present

it influencing a wide area of the western Japan.

to some systematic

be partly mentioned

largest onesin Japan

scientific seismology,

The magnitude of earthquake itself canclude from the distribution

of seismic intensity was designated to be M = 7,

M of the Kwanto great earthquake in 1923 was 6).

estimated from the above-rientioned data the seis

-

(for comparison,
(4)
H. Kawasumi

ic energy of the pre-

sent earthquake to be about 1029 ergs, | this value being ten times

that of the Kwanto great earthquake.

For the purpose of investigating the detail
.quake, two expedition erties were sent from Tok
sity, one from the Geophysical Institute, Colleg
other from the Earthouake Research Institute.
The party of the’Geophysical Institute was ¢
parties, the chief 2im of them being respectivel]
accompanying the earthquake and change in tilt,
servation of after shocks, (3) earth-current mes

electric phenomenon relj

»ting to the earthguake,
on distribution of Tsunami waves.

While the Earthquake Research Institute Part
seismological observation, (2) investization on ¢

(3) investigation on demeges due to Tsunami, (4,

tribution of intensity of the main earthquake, an

=

~
-

L of the present earth-

yo Imperial Univer-

of Science, and the

omposed of four sub-

¢ (1) land deformetion

2) seismometric ob-
uremant and the other

nd (4) investigzation

by also included (1)

lamages of structures,

investigation on dis-

1d others.




Those two parties aiways have been co-operating with each other.
Since, however, the present writer himself conducted directly the mem—
bers of the Geophysical Institute Party, the‘writer will chiefly deal
with the results of that party and with a little of E.R.I. Party so far
important. (Therefore, we shall deal here very little with damages
of houses, buildings, and other structures, which ere under the chief

purpose of investigation of E.R.I.)

Il. After Shocks.

Systematic observation of after-shocks by means of portable seis-
mometers was carried out at four places surrounding the origin of the
nain earthquake. The position of the temporary seismological stations
and seismometers used there are as follows:

(1) Tanabe in Wakayama Frefecture.
(1) Tanabe Middle School situated on aluvial layver.
Seismometer; horizontal one componet (N - S direction)
Inverted pendulum tyoe, Period T. = 5 sec.
Magnificatiogn V.= 35.
(i1) 4 hill of Tertiary on the southern margin of Tansbe City.
Seismometer; Horizontal two components (NS and EW)
horizontal pendulum type,period T. =
V. =
in both comvonents.
(iii) Shirahama Primary School on Tertiary hill.,
Seismometer; horizontal| two components, (NS and IS)
horizontal pendulum type, T. = 1,0 sec.
V. = 40
in both components.

(2) Muroto Misaki in Kochi Frefecture, (on Faleozoic).

(t2)



i e
Seismometer; horizontal two components, (NS and EW)

4 sec

horizontel pendulum type, T.
V. = 80

in botn components.

(Above two stztions were operated by members of Geophysical Institute.)

(3)

(4)

Tomioka in Tokushima Prefecture.

Seismometer; horizontal one component,

inverted pendulum type, T. = 5 sec.
V. = 35.
Gobo in Wakayama Prefecture.
Seismometer; horizontael two components,
inverted pendulum type, T. = 1.0 sec and V=150

end T. = 5 sec and V.= 35,

(Avove |two stations were operated by members of Earthquake Research Institute)

The po

itions of those four stations are marked in Fig.4.

ke area. They are placed in Kochi, Tokushima and Shéonomisaki.

temporary stutions were placed in the earthquake area for the pur-

pose of getting perfect and comprehensive data of distribution of the
efter shocks following the present great earthquake with co-operation
of those permanent stationse.

(a)

Dgily numbers of After—shocks.

Dgily numbers of after~shocks observed at Tanabe, Shirshame, Muro-

to and |[Kochi are shown in Fig.6, where it will be noted that numbers

of after shocks rapidly decreaded with time duringz about & week from

Dec.

21, 1946. After then, however, after shocks do not seem to de-

€13)



crease grzdually, but rather seem to make gquasi-periodic change in
numbers of occurrence, sometime|occurring as a group earphquake.

In a short word, the tendency of decreasing of after-shocks in
the present case seems to fairly differ from that of usual one, which

1 . s &t (5)
follows gensrally a hyperbolic curve with some fluctuations.

(b) Distribution of origin of after-shockse

In Fig.7, the frequency curve of durgtion of preliminart tremor
(F-S) of earthquake obtained at jour seismological stations are given,
As will be seen in this figure, |there occurred many nesr earthguakes
of less than 5 sec. in their duration of P-S at Tanabe, ghirehama and
Kochi, while on the contrary few near earthquakes (less than 5 sec.
in P=S) occurred at Muroto during the same veriod.

The distribution of epicentres of after-shocks, which were obser-—
ved, at least, at three stations, sre plotted in Fig.4 , where we 2
can see that those after-shocks were distributed in a wide area.
The largest parts of origins of after~shocks given in the figure co=-
rresvond 1o those earthquakes having longer P-S in each stztiona

Wnile on the other hand, there were many cases that the after-
shocks which were very near one station could not be observed a2t the
other stations. It goes without|saying that they wer local esrthquakese
For the purpose of examining the local earthquake, we set especially
a2 seismological net around the Tanabe Bay, it being composed of three
stzations mentioned in the fa ezoings.

The evicentres of earthguakes of less then 5 sec. in their P=§
observed zt Tenabe are plotted in Fig. 5, where we can see that many
earthquakes occurred as a group just under Tanabe Bay. Quite the same

phenomenon occurred in the neighborhood of Kochi and also in that of
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Tomioka. Although local earthquakes hg

vicinity of Muroto until the end of January, there also the

pienomenon began to teke place from the

Summerizing the above-mentioned fa
great earthouake was followed by groups
in various regions as well as those dis

areae.

(e) Wave form of earthquake motions.
The wave form of earthquake motion
with carefuly attention at Tangbe in th

o8
o

been generally saiéwthat total| duration
the shorter period vibration in earthqu
as the epicentrsl dista-ce becomes larg
The above stated rﬁle isa;however,

. menon secems to be subjected to more com
‘typjcal examples of actual seiémogram (o}
at the same point in Tenabe are shown i
can notice the following facts,

ex. l. Zarthguakes (B) and (E) are
in their meximum amplitudg as well as 1
liminary trmor (P=S).
duration of (B) much differs from that

eX. 2. Although P=S time and maximﬁm
are nearly equal to those of (F), the 1
vibration much more then the former.
3

ex. (H) is a example of near eart

being predominant in its wave form. Wh
|

While on the othe

d scerecely occurred in the“

similar

|

' local minor

middle of Bebruary.

ct we can say that the present

of earthqualies

tributed generally in e wide

s been especially studied

resent opvortunity. It has
earthguake becomes larger and

is more attenuated according

vlicated conditions. A few
\
btained by the same seismometer
Bige8. In this figure we
rly the same with each other

heir time of duration of pre=

er hand, the time of total
of (E).
emplitude of earthguake (G)

ntter contains short periods

hguake, short period vibration

ile, (C), (B), end (A) are rether




I=10- o

Y
o

distent earthquakes, in which the larger parts of short period vib-

ration vanished.

eX. 4. Although P-§ o# (B) ana (E)Atakes the nearly same value,
the composition of (E) is much simpler than that of (B).
The above-mentiocned Jis¢repaﬁcy in the constitution of seismic

o

oy [dif

wave will be first caused ferenCe in mechanism of occurrence of

eart quake, and secondly b@ that in geological strmicture along the
1]

path of propagation. Although & definite explanation for the above=
|

|

mentioned facts has not yet Been obtained, it is believed =t present

|
that seismic wane passing through very simple stratum has a simple wave

L)

f

orm and its time of t)tel}durazioﬁ is comparatively short, while if

t passes through multiplel stratified| strata, its form and duration

(=0

\
become complicated and longer resyectﬁvely. though seismic wave just

emitted from its origin would also hive different forms in different
Yy |jointed ont by| many seismologistse

- . . ‘ ! | P
Thus it can be concluded that tnf form of seismic weve oObserved at

one place is generally much different| owing to thoseconditions

that (1) an-isotropic behavig:r of emission at origin, (2) seo=
logical structure alongz | the path of pfopagationd3 and (3) vibrational
cheracteristics of the ground of the observing point.

\
(d) Statistical test for thq mode of| uccurrence of after—ghocks.

Whether or not there are peésist¢ncy and periodicity in the mode

5 | . .
of occurrence of after-ghocks was examined, the result s owing that
| |
|
there was a clear persigtency but no ?efinite periodicity, so far

dealing with the data obtafined uLtil the present.
|

Next, statistical exaaimati#n was made for relations between maxie

IR
mum amplitude of after-shocks an

|
the%r frequeacy of occurrence and

others, the result showing|that the concl sions in (b) is satisfactory.
|
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;11;
III. Crustel Deformation relating to the ﬁarthquake.

Accompanying the occurrence of earthquake, the earth's crust
in the neighbourhood of its origin is always more or less deformed.
This is the conclusion obtained from = lot of =ctual data of geodetic
surveys which were carried out many times in the earthquake eareas in
Japan. On the other hand, according to the old records of past
great earthguzke in the south-west Japan, remarkable land deformation
took place in the southern part of Shikolm in both cases of 1707 and
1854 earthquekes, that is, the neizhbourhood of Kochi City subsided
1l or 1,5 meters, while the Cape of l'uroto Peninsula rose up about
1.5 - 2.0 meters in both cases. Furthermore, the topography cf the
sea coast of Muroto Peninsula forms very typical marine-terrsce, which
is composed c¢f many minute terraces 1 or 2 meters in height.

This fact may sugzest that Muroto Peninsula has continued an
upheaval movement, not continuously but probebly stepwisely in occasions

of occurrence of earthaouakese

While on the other hend, we can clesrly see the mode of land
deforma:ion of the southern Shikoku and Kii Peninsule from the results
of precise levelling survey carried out two or three times in those
regions. In Figs. 9 eFd;LQ.the change in height along the levelling
route during the period from 1895 to 1928-~1930 is graphically shown,.

As will be seen in Fiz. 9, Muroto Peninsule subsided while
Kochi Plain rose up durinz the period of 1895 ~ 1929. In 1935, the
levelling route from Kochi City to the Cape Muroto was szain re-surveyed,
the result showing that the tendency of la%d deform=tion given in Fig. O
still continued,

]

In Fig.9 also, the southern part of Kii Peninsula suhsigea
¥ - 1 bt “ iy
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from 1895. A

(V]

rose up during years
route was again re-surveyed in 1937, the result
mentioned movement still continued until 1937.

Since the amount of land deformation in thsg

52

the mountain region in the centrzl and northern parts of Kii

part of levelling

showinz that the above~

south-east Shikoku

and Kii Peniqsula during recent 40 years was markedly large; we had

paid specizl attention to this phenomenon, it prx

that the strain energy wes accumul=ting into the
vicinity of the above-mentioned two districtse.

For instence, A. Imemure, the former Pr
in our University, constructed three-special seil
et Tanabe in Kii Feninsula, Tomiokas and Muroto i
observations of earthqﬁake eand change in tilt of
out continuously until 1943, The aim of observe
to keep watch for the earthquake expected to ccu
Unfortunately however, the obse;vation had been
beginning the War until the present, those stati

From the standpoints of Yiew both empirical
could expect that the present great éarthquake a

large land deformetion in the districts mentione

have planned to‘investigateiespecially in detail
\

obably sugzesting

earth's crust in the

fessor of Seismology
smological stations

n S-E Shikolcu, where
land hed been carried
tions wes, of-course,
r in that district.
interupted from the
ons beiné closeds

and theoretical, we
ccompahieé a fairl&

d above.

Hence, we

s thé problem of curs-

tal deformation in the earthuake area} the work
oute Here, we shall deal with the results of wo

present time.

s being now carried

rk obtained until the

)
~a
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(i) Upheaval and Subsidence of the Sea Coast.

Amounts of upheavgl or subsidence of the, sea coest of the
southern part of Shikoku and thet of Kii Peninsula, which accompanied
the presen't earthquake, were measured in varigus places referred to the
everage sea level, the result being given in Fig. 1l5.

As shown in Fig, 13, Muroto Peninsula rose up remarkably, the
maznitude of upheaval of Cape Muroto amounting to 1.25 m, whilé oﬁ
the contrary Kochi Plain and the eastern coast of Shikoku fairly sub-
sided.

In Kii Peninsula glso, the southern cape| 2lso rose up about 0.7 m,
while the northern parts were rather depressed. Comparing Fig. 13 with
Figs. O and 10, wve may say that the ?ode of deformation of sea coast
accompanying the present earthquake wasijust.in the opposite sence

against that ofsdeformation continued gradually during, at least, a

few tens years before the occurrence of| the present earthquake,

{

(11) Result of Preclse Levelling,

In order to make clear the above-mentioned land defor-
mation, we carried out the re-survey of precise levelling
along the routes on the sea codwsts of Kii Peninsula and
the South-East part of Shikoku with the co=-operation by the

members of QGeographical Survey Bureau,



Fig.llshows the change in height of bench
marks in the South Eastern part of Shikoku during the period of
1929-1947, while Figl2 shows that in the Southern Kii Peninsula during
1930-1947. Here, it must be mentioned that those numberical values
of height change ere, strictly speaking, not absolute ones.

Since the deformed area was so wide that we could not extend our level-
ling route to a bench mark, which is considered to be quite safe from
the land deformation, being possible to be taken as the base-~point of
no-change. Hence we arbitrarily assumed that Bench Mark No,5107 and
No.9208 did not change during the period mentioned above in Shikoku
and Kii Peninsula respectively. Since, however, the sssumption is
derived from the fact that the beach lines just near those base bench
marks scarecely changed accoupanying the earthquake, the curves given
in Figs.ll 2ndl2 will express approximately the true change in height.
Strictly speaking, however, those curves mean the sum of the true change
and a smell constant value which is common for all bench marks among

one continuous route.

-14-




Fig. 13

‘C':;unqe in

Height of Sea Coast due to the Land f\'ej‘ormai‘ion arc‘);npa,n\'inq the Present Earthquak

Red coloured numerals ; Upheaval in unit of meler.

Blue coloured numerals ;  Subsidence.
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It 1is Vbelieved here that, elmost all parts of
the change shown in Figs.llandl2 took place rather abruptly accompa-
nying the earthquake on Dec. 21, 19456,
In Fig.ll,it‘is clearly seen that Muroto Peninsula upheaved accompa-
nying the earthquake and the amount'of upheayal becomes larger in the

3

more southward place, it exceeding one meter at the cape of the South

end, while on the contrary the plain area in| the vicinity of Kochi City
fairly subsided. |

In Figl2, the most southern part of Kii #eninsula upheaved about
55 cm, while the amount of upheaval gradnall* decreases in proportioh
as the bench mark becomes the more northward‘point ___both in the
Western and Eastern coarsts of Kii Peninsula{____, and the Northern part
of the surveyed area subsided in 20 - 30 cm on the contrayye.

Generally spesking, the Southern regions‘of voth of Shikoku and
Kii Peninsula were inclined northwards acccmﬁanying the présent earth-

\

quake, it resulting the land s#nking in the QOrthern part and rising in
the Southern part.

In Figs. Q and 10,the changes in height Jf the same levelling routes
during the period of 1895-1929 for Shikoku a%d during 1895-1930 for
Kii FPenbdnsula are shown together with those dhring 1929~1947 and 1930~

1947 respectively. Comparing the change during 1929-1947 _ which

|
mostly accompanied the present earthguake __ with that during 1895-1929
in Pig. 9, we can find out that the mode of tLe former is almost opposit

to the latter in the sence of their change.



On the other hand, exsmining in details the old histdrical records
about the great earthquakes in 1707 and 1854, we can find out that

the mode of land deformstion in Muroto and its vicinity accompanying
those great earthqualtes was just the same as that in the present case,
so far concerning with data which the 0ld record dealt with.

Thus, we may presune that, during the recent historical ages, the
Southern Shikoku repeated intermittently such a marked land deformation
as occurred at the occasion of present great earthguake,

We must teke into consideration further that the tovogrephy of
Muroto Peninsula is characterized by the regularly arranged marine
terraces, the old beach lines becoming higher in proportion as the

, sou
observing point comes to the more ao%%hward place. For example, from
the result of his detailed %ﬁg@gﬁﬁ;ﬁ&: survey, A. Watanabe has concluded
that Muroto Peninsula and its vicinity have made such a land deformestion
guring theziéggggégéte:na:y as shown in Fig.l4(a), where the areas merked
b7 ( 4 ) and ( - ) denote respectively the upheaving and subsiding sreas,
while the line between (4) and (-) aress means the nodal line where is
no change. Compering Fizl4(e) with Fig.4(b), which shows the defor-
mnation during 1895-1929, and Fizl4i(c) showing the deformation
accompanying the present earthquake, we may conclude that Fig.i4(a) and
Fig.l4(c) sgree with each other in their tendency, while Fig.4(b) is
orposit to the former two,.

This conclusion will lead ns to find out that the land deformation
accompanyihg the grest earthquakes —_inclnding the cases of past earthe

quakes __agrees with the generasl tendency of land deformation in this
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district during the late? Quaternary, and
more than 40 years before the present ear
general tendency mentioned above,

&
i 3

In the case of Kii Peninsula shown
seems to be nesarly same &s that in the ca
mode of change during 1930-1947 is nearly
1930. Since, however, there occurred a
at the sea bottom Jjust east of Kii Penins]
be affected by this earthquake. Therefor
nable to presume that [the obtained lsnd 4
in
at least # its Bastern hslf, during 1930s

1944 earthquake and that of the present o

(11i) Special Investigation on Tilting

of Cape Muroto.

For the purpose of examining the titting métion of Murcto Pen

carry out the levelling survey frequently

Muroto about l4km long. After the earthe
carried out three times, the dates of sur
1947(1) | |, ([Jan.? -|Jan.

1947(I1) ,Jan.30 - Feb.
1947(II1) ,Mar.3 - Mer.5

ol
msuia

sl

het the deformation centinuing

thaouake is opposit to the

n Fiz.10,the general behsviour

se of Shikolu; that is, the

opposit to that during .1895-

rreat earthquake in 1944

1la, the land of Kii should

=X

it will be rather reaaso-
eformation of Kii Feninsule,

L1947 includes the effect of

ne.

Motion in the Neighbourhood

in defails , we planned to

along & short route at Cape

nake, the survey work was
vey being ag follows:
13,1";.7 .

3,1947,
1947.

?

The chenge in height of bench marks during the periods of 1895-1929,

(vefore t e earthquake), 1929-1947(I) (in
of the earthquake),1947(I1)-1947(I1), end
the earthquake), are shown in Fig.8, wher

No.5144 is assumed to be always zero.

cluding the time of occurrence
1947(11)-1947(III),(both after

= the change of bench mark




Hence, the amount of chanze ziven in Fiz.6 being the relative one
| u
the resglts shown in this

compared with the base bench mark No.5144,

sure are considered to show the tilt of land.
The deformation during 1895-1929 shows that Muroto Peninsula had

£3omy

teen inclined into the direction of S10°E, i.e. the S16°E side had
red with N10°W side, the magnitude of tilt during 34

e
Ui

suhbsided co

{

west-side
(éoé?ét of Muroto Penin=

route from Cazpe Murcto to Aki on the mmrEewiss

years amounting to 1l.2".
In 1935, the levelling re-survey was again carried out alonéfhe
Although that survey did not cover the whole aree which we sre

sula.
now exaaining, we cen find out, at least, that the change during
1895-1922 not only

the total magnitude of

B

1929-1935 was an extension of the change during
ut in its rate of change also, t!

in its mode
ring 40 years of 1895-1935 amounti

+ A
the

ng to labout 1l.4",
t earthouake, shown in

tily du
the change eaclcompanying
change to that during

o]

o}

0]

igJ/6(b), was exactly ovposit in its senec
A N ke g i

into| the ‘direction of N1O W,
about 6.6".

Fig
1895-1929,i.e. Muroto Misaki was inclined
is period amounting to

f change iduring !
ehove-mentioned rezular

the macsmitude of
For the purpose of showing more| clearly| th
the relative values of change of each bench mark projected
in Fig.J?.

change,
on a vertical plane of N10°W = 510°% in direction are shown
changes during

n FigJs(c) and (4), the
so monotonous

-

e X

While, as will be seen
in

he periods of 1947(I)=(II) and (II) -=(III) were not
However, as shown
also

t!
as those during 1895-1928 snd 1829-1947(1).

where the changes during 1947(I)-(II) and (II)=(III) are

4

Fig.?
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) & A o ;
projected on the N10°W=-S10 E plane, Muroto Miseki after the earthquake
is, generelly sceaking, inclining agzain into the southward direction,

and moreover the time-rste of the southward tilt has been decreasing &

s

with time. The general tendency of tilt of Muroto Misaki before,
' the N10°W
accompanying and after the present earthquske, projected on the N —
; é 2 !
S10°E plane, is tabulated in the following table and graphically shown

in Fig.8.

Time Anmount of Tilt Change in Tilt Rate of Change
1895 O.(assuzed)

1929 RS -1.2¢ 10 x 10 "/day
1935 - 1.4 -0.2" -9 x10 "
1947(1) $ 5.21 $6.6"

1947(11 + 4.8M ~0.5" -3x10° »
1947(I1I) $aan | -0.5" - 1.7 x 107"

From those results, we can conelude that Muroto Peninsula had been

inclined scuthwards with almost constant rate during more then 40 yveers

before the vresent earthguake, it rebounding abruptly at the time of

occurrence of the earthguake, and then the deformsz=tion in excess at

that occasion is now settling.

The  levelling surveys are still continued at present. After those works
are completed, the zeneral aspect of the land deformation relating to

the present great earthguake will be much more cleared.
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(iv) General Remark on the Land Deformation.

Judzing from the foregoing dsta, we can presume the following
schematic mechanism of occurrence of the present earthquaﬁe.
The earthfs crust of the south-west Japan had been deformed gradually
owing to some strong force in the subterrenean structure, it resulting
graduel progress of tilt in Muroto Peﬁinénla as well as in other niegh~
bour districts. When the strain of the crust reached its brezking
strain ( ebout 1/10000), the energy accumulated in the crust was re-
leased, & part of enerzy being propazated as the seismic wave, while
the other became the potential energy for land deformation. At the
same time, the earth's crust broken down rebonnded, this phenomenon
resulting Tsunami in the sea and observed tilt on the land.
And it is presumed that it will need about 100 yea;s for the earthls

crust to reach its breaking strain,

It will need, hoyever, more comprehensive measurement of land
ieformation to prove the hyppthesis mentioned above completely.
Fortunately, the levelling survey on Shikoru and the southern part of
Kil Peninsula is now carried out by the members of the Geographical
Survey Bure-u, Department Qf Home Affairs, at our dispossl, and more-
over triangulation surveys will also be made in near future. After

those works are completed, we shz=1l be able to get more rigorous view

of land deformation due to the present earthquake,



IV. Tsunami (Sea Wave due to Barthquake).

accompanying the present great earthgueke, there occurred grest
Tsunami weve (large see wave due to earthquake) in the sea surrounding
the epicentre, and many towns and villeges along the see coast of
Shikoku and Kii Peninsule were covered and destroyed by the waves.

The distribution of height of Tsunami in various ways were inves-
tigated, the results dbeing shown in Fig. 19(1) =(13). As well known, the
height of Tsunami in a bay is first subjected to the ?ower of primary
Tsunami arriving at the mouth of the bay from its origin, and second-
ly to the shape and slope of the bottom of the bday. The relation
between the mode of distribution of Tsunami and topography of bay can
be seen in many actual examples given in Fig.l9.

For examples, the recofé of Tsunami wave observed at Sakai in
Osaka Prefectuee and at Shimotsu in Waksayama Prefecture are shown in
Fig. 20, where we can find that the initial phase of Tsunami at those
~two stations was pull,i;e. decrease of sea level, and then extreme

increase of sea level repeated, at least, & few times.

Next, we shall ddal here with time (7) from the occurrence of
earthquake to the arrivel of Tsunami, The distribution of ¢ along
the sea coasts are shown in Fig,19. Time means the difference of
time of travel of Tgunami (from its origin to the observing point)
from that of seismic wave. Since we can estimate the velocities of
propagation of both of Tesunami end Seismic wave, we can calculate
the distance of the origin of Tsunami from the observing vointe.
Here, the velocity 1+ of propagetion of Tsunami is given by that of

long wave v = ,/g]b , where /. denotes the depth of the sea.
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By means of numerical integrstion,

v

point. The results of actuzl estimstion
will be clearly seen that those locus cu
special point. This fact may show that
not & small area, but it should have rat
can interpiet that the envelope for the
corresponds to the margin of source-regi
As shown in the figure, the area of
lerge, surrounding the epicentre of the

the above—mentioned conclusion with the

took place in the wide area including Sh

can presume that the crustal movement in

the Tsunsmi wave, had also & wide area a
to the deformation on the lands.,

As mentioned in the introducti

Te could determine the poscsible

locus of position of origin of Tsunami corresponding to each observing

are shown in Fig.21 where it
es do not converge to a

he origin of Tsunami was

er wide area. Then, we
group of those locus curves
n of Tsunami,

gsource of Tsunemi was feairly
arthquake itself. Comparing
act that the land deformztion
koku and Kii Peninsula, we
the sea bottom, which caused

d orobably connected closely

m , the damages due to Tsunami

was the largest one in the presne earthquake,hence a few actual

examples of the damages are shown in

Photos.
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V. BEarth-Current Measurement.

It has been frequently reported in Japan that an anomalous change
in the so-called earth-current preceeded the occurrence of earthqueake.
Since the change in earth+cunrent is chiefly subjected to the geomag-

netic vatiations, it is rather difficlut|to abstracy the anomalous

change purely owing to the subterranean causes.

The results obtalned until the present time se=m to show that
the earth-current in the place just near the origin of subterranear
activity sometimes changés anomalously a few hours before the occ;L-
rence of the activity. In order to promote the above-mentioned scpdy,
we carried out the earth-current measurement in the present earthqxhke
area. The earth-current apparatus were set at three places,i.e. i
Tanabe in Wakayema Pref., | Tomioka in Tokushima Pref. and luroto in
Kochi Pref.,the appartus set at each station being quite similar ones,
composed of two components, N=-S and E-W span about 100 m long.

Throughout the whole |[data obtained at those three stations,how£

ever, it is difficlut to|/find out the remarkable change in the earth-

|
current corresponding to occurrence of after-shocks. Since the
active period of aftern-shocks agreed with that of the geomagnetic

agtivity , the anomalous change in earth-current, if it were, may Dbe

masked by the induced current due to the geomagnetic changes.
On the other hand, 1t has been well known that the earth's crust
is, generally speaking, electrically anisotropic, it resulting that
the variation in earth-cu;rent generalted into the sarsh by the ge/o-
magnetic variation predominates in a special direction. The grounds

\
of Muroto,Tomlokas and Tandabe heve also such anisotropic electric cqn-

}
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conductivity as mentioned above, the ratio of maximum to minimum of
conductivity amounting to &-4. Although the predominent direction
at Tanabe an ' Tomloka was kept almost constant during the whole period
of our!obsérvation, that at Muroto changed markedly during the same |
period. as will be shown in Fig.<2, It seems in the figure that
the predominant direction rather sharply changed during a few days
about Jan.20, the average direction before Jan.20 being ESS.fNi15;
while it was H17.21i#0.4" after that date. PFurthermore, the change
in the above-mentioned direction seems to be fairly wel]l correlated
with tilting motion at Muroto, the correlation coefficient between
the former and the latter amounting to 0.65.

Hence, taking into consideration the experimental fact that
the electric conducitivity of soil is directly subjected to the
mechanical stress, we may presume that the electric conductivity of
the ground of Murotc Peninsula was affegted by the crustal movemenft
which was still going on during our observing period.

Although the result of the present work is not enough to cleapr
the electric behaviour of the earth's cpust, it seems to have a pogsi-
bility of becomimg & useful method for solving the problem about

the pessible relation between earth-current and earthquakes.
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VI. Luminous Phenomena Accompanying the Earthguake.

Anomalous lightning in the sky has been freguently observed at the
occasions of great earthquake, while it has been also observed that
some blue or green célonred lumiﬁosity accompanies Tsunami wave.

In the present case also, there are many people who observed the
so=called earthguake lightning. Judging from the data reported by
many observers, we can conclude that, although a part of observed
lightning is ascertained to be due to the spark lightning of electric
cable, there were the other kind natural luminosity in the sky, gene=

rally red coloured, which was observed emen on the sea.

(53}



On the otherjhand. the blue or green coloure&lluminosity was o9=
\
served along the heed of Tsunami wave. This phenomenon was ascertajned
to be the light of "Noctiiuca", which were excited by strog motion 5f
Tsunami, just as pointed out by late Prof. T. Teradéﬂin the cszse of [Tsu-
nami in 1933.

Although the origin of red coloured lightning in ;he sky observed
by many people has not ygt been ascertained, this phenomenon should‘
be, the writer believes, related to some electric discharge between
the ground and sky. In order to examine practically this question,
ve have continued the self-recording of point-discharge current from
the ground at Muroto station. ©Since, however, there has been no

luminous lightning accompanying after shocks during our observation

period, our trial will be rather unsuccessful in the present case.

VII. Other Miscellaneous Works.

(1) Tilt on land after the earthquake,

Change in tilt after the earthquake has been observed by means
of tiltmeters at Tanabe and Muroto stations. The purpose of this
observation is to mezsure directly the general change in tilt after
the occurrence of gr;at earthquake and also to.examine whether or not
there is also anomalous changze in tilt corresponding to fairly large
efter shooks.

Generally it is rather difficult to observe very small change in
tilt by mesns of tiltmeters set on the earth's sﬁrface, because the
surface of land is always affected by artificial and meteorologicel
disturbsnces. However, it was found in the result of observation at

Muroto that Cape Muroto has been inclining into the southward direc=

tion with the speed of zbout €.05 "/day after the earthquake, this

result agreeing with that obtained from precise levelling survey men=

* The observation of tilt ot Murdto was carried ot chieflv by T.Haaiwara of E.R.I. WY
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(ii) Problem of Subsidence of the Barth's Surface in the Neighbour-
hood of Kochi City.

Accompanying the present earthquake, the land in the neighbour-
hood of Kochi City subsided about 1.0 - 1,2 meters, it resulting that
a wide area in that region has been covered by the sea water. Since
:hié Prenomenon was one of main damages owing to the present earthe-
quake, we shall deal shortly with the result of our investization on
this problem,

Kochi City is placed on a layer of eluvial deposit, though its
northern margin.is bounded ﬂy mountain range of Mesozoic rocks with
fault. According toour levelling survey, the centre of the
vlace where amount of depregsion is the largest subsided about 29 cm
more compared with above-mentioned Mesozoic region. This result
may shw that the amount of |subsidence corresponding to contraction
of aluvial layer itself cauged by earthquake motion, is only about 30
cm, the remaining ie::ression gty hoing probadbly owing to
subsidence of base rock layqr as a result of crustal movement in large

scale. Details of this pheromenon, -owever, will be cleared after

all survey are finished.

(s3)
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Viii. Concluding Remark .

As discussed from various points o view in the foregoing chap-
ters, the earthquake on Dec.21,1946 was one of the extensive scale,
accompanying the remarkabdle land deformation, Tsunani wave as well as
many aftef-shocks. It must be ndted further that there was a sys-
tematic relation among the land deformation before and accompanying
the earthquake, the distribution of origin of Tsunami , and the mecha-
nism of earthquakemotion deduced from the distribution of the initial
motion.

Although the general view of the process of occurrence of tihe
present great earthquake was already dealt with in each chapter, the ,
final definite conclusion should be obtailned after all data concerning
with the earthquake are fully analyzed. Since the geological sgruc-
tures in the present earthquake area is comparatively simple am they
have been examined by v&rioué authors, it seems to be possible in
future to explain the present earthquake as a line or & page in the
book of geological history of this district. The writer's special‘
interest is concerning with the physical mechanism of causation of
the present earthquake viewsd from the background of geological ard
geomorphological knowledges. 1If it were established, it will become
a useful key for & prediction of occurrence of great earthqi akes.

Each phenomenon relating tq the present earthquake will be dis-
cussed in detalls by the respective speciallsts. Here, the writer
describes only an outline of the results of our investigations chiefly

from the standpoint as mentioned abovee.



In conclusion, the writer wishes to express his cordial thanks
to Mr.R.Y.Grant of Natural Resources Section,GHy,SCAP for his helpful
encouragement throughtut our expedition and investigation.

Our expedition party was composed of many younger selsmologists and
gephysicists, and they always assisted the writer in his all investi-
getions. The writer wishes to express hils sincere thanks for thelr
he&rty help to Mgssers.ﬁ.@kada,Y.Harada and Y.Obay&sni in the levelling
survey, to lMessers TsAsada.J.Suzukl and T.Tajime in the ssismometric
works. to Messers K.Hirao.,TeRlkitake and T.Hatakeyama in the electric
works, and Mr., K.Yoshida and others in the field investigation of
Tsunami. He is also indebted especially to Mr.N.Fukushima for his
continuous assistance throughout the field works and studies of the

obtaihed data, to whom his hearty thanks are dlso due.
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SUPPLIVENTARY NOTES FOR(III} CRUSTAI, MOVEMENT RRLATIFG TEE EARPTFQUAFE.,

(1) The work#8 of precise levelling survey were continued until the
end of Merch ir both of Shikcku end Ki1 Peninsule. The observed results
are shown in Fipsl erd 2. ‘Fig.l shows the change in height of bench
merke in the South Esstern psrt of Shikoku during the pericd of
1626-1947, while Fig.2 shows thet ir the Southern ¥i1 Perinsuls during
1630-1947, Rere, it must be mertiocned thet those numeriesl velues

of height crange sre, strictly speekirg, not shsclute ones.

Since the deformed srea wes so wide that we could rot evtend our level-
lire route to 8 bench merk, which is considered to be cuite safe from
the lard deformaetion, being possible to be teken e&s the base-poirt of
no-chenge., Ferce we srbitrerily sssumed thst Berch Merk ¥o.5107 end
N0.9208 did rot chenge during the pericd merticned sbove in Shikolu

end Ki! Penfirsyle respectively. Sinceg, however, the assumption is
derived from the fact that the beech lines just nesr those basse bench
merks scarecé‘y chenged accompenying the eerthquske, the curves given

in Figs. 1 erd 2 will express espproximetely the true chenge in height,
Strictly speskirg, howeve;, those curves meen the sum of the true chenge

erd 8 smel) constent value which 1s commom for ell bench merks sarorg

one continuocus route.



As slreedy mertioned in the foregoing r<port, slmost sll perts of
the chence shown in Figs.l end 2 took plece rather sbruptly sccompe-
nying the esrthqueke on Dec.21,1946.

In Fig.d, 1; is cleerly seer tret )Muroto Perirsule uphesved eccompe-
nying the esrthquske end the emcunt of upheesvasl becomes lesrger ir the
more southwerd plece, it exceeding one meter et the cepe of tre South
end, while on the contrery the plesin sree in the vicinity of ¥Yochi city
feirly subsided.

In Fig.2, the most socuthern pert of ¥Fii Perinsuls uphesved abhout
55 em , while the erount of upheavel gredually decreeses in proportioh
as the bench merk becomes the more northwerd point == both in thre
Wwestern end Eesstern coarsts of Ki4 Peninsule =, and the Northern psrt
of the surveved eree subsided in 20 - 30 em on the contrery.

Generelly spesking, the Southerr regions of both of Shikolku ard
Fii Penirsule were inclined northwerds esccompenying the presert eerth-
queke, 1t resulting the lernd sinkirg in the Northrern part erd rising in
the Southern pesrt,

In Figs.3 erd 4, the chenges in height of the seme. levelling routes
during the pericd of 1895-1929 fory Shikoku erd during 1895-1930 for
¥i11 Perérsuls sre shown tocether with those during 1929-1947 enrd
1930 =1947 respectively. Compering the chenge during 19629-1947 — which
mostly eccompenied the presert earthqueke — with that durirg 1895-1929
in Fig.3 , we cer find out that the mode of the former is elmost opposit

to the letter in the sence of their change,
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d strict during the later Quaternery, snd that the deformetior continuing

more then 40 yeers before the present earthquske is opposit to the

generel tendercy mentioned sbove.

In the cese of Kii Peninsule shown ir Fig.4, the genersl behaviour
seems to be neerly same es that ir the case of Shikoku; thet is, the
mode of chenge during 1930-1947 1{s nesrly opposit to that during 1895-
1930. Since, however, there occurred s great esrthgueke in 1944
at the ses bottom Just east of Kii Peninsuls , the land of ¥i4{ should
be sffected by this searthqueke. Therefore, it will be rether reseso-
neble to presume thet the obtained lend deformetion of Fii Perinsuls,
at leestrits restern helf, during 1930-1947 includes the effect of

1944 esrthqushe snd thet of the present one. ‘

(11) As elresdy dealt with in the foregoing report, we planred to
carry out the levelling survey frequently slong e short route st fape
Muroto ehout 14 km long. After the esrthqguske, the survey worlk wes
carried out three times, the dates of survey being es follows:

1947(1) , Jen.7 - Jen.l3 ,1947,

1947(11) , Jen.30 = Feb.3,1947,

1947(1I1), Mer.3 - Mer.5 ,1947.
The chenge in height of bench merks during the periods of 1895-1929,
(befoére the esrthqueke),1929-1947(1) ( inecluding the time of occurrence
of the eerthqueke),1947(1)=1947(11), end 1947(I1)-1947(II1),(both efter

the esrthqueks), ere shown in Fig.6, where the change of bench merk

No.5144 1s sesumed to be elways zero.



Hence, the emount of chenge given in Fig.6 being the relstive one
compered with the bese bench mesrk No.5144, the resylts shown in this
figure ere considered to show the tilt of land.

The deformetion during 1895-1929 shows that Muroto Peninsula had
been inclined into the direction of S10°E ,1.8. the S108 side had
subsided compered with Nldﬁ side, the megnitude of tilt during 34

yeers emounting to 1l.2".

Ir 1938, the levelling re-survey wes agsin carried out elong the

west-side

route from Cespe Muroto to Akl on thexmmrikxxidm coarst of Muroto Penin-
sula, Although thet survey did not cover the whole sres which we are
now exemining, we cen find out , et least, that the chenge during
1929-1935 was en extension of the change during 1895-1229 not only
in 1ts mode but in its rate of change 8slso, the totel megnitude of
tilt during 40 yeers of 1895-1935 smounting to ebout 1l.4",

Next, the chsnge accompanying the present esrthquake,showr in
Fig.6(b), wes exsctly opposit in its sence of chenge to that during
1895-1929,1.8. Muroto Misaki wass inclined into the direction of N0y,
the megnitude of change during this period amounting to ebout 6.5".
For the purpose of showing more cleerly the shove-mentioned reguler
change, tre relative velues of chenge of each bench merk projected
on & verticel plene of N1OW - S10E in direction sre shown in Fig.7.

While, es will be seen in Fig.6(c¢) and (d), the chenges during
the periods of 1947(I)-{II) and (II) -(III) were not so mohotonous
es those during 1895-1929 end 1929-1947(1). However, ss shown in

Fig.7 where the changes during 1947(I)=-{(II) end (II)=(III) sre elso
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Fig. 6. Land Deformation in the Vicinity of Cupe Murgto before, accompanying and after the Earthguake.
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projected on the F10W=S10E plane,Muroto Misaki efter the esrthm sle
is, generelly spesking, inclining egein into the southward direction,
end moreover the time-rate of the southward tilt hes been decreesing
with time. The generesl tendency of tilt of Muroto Viseki before,
sccompenyinc end efter the present esrthquaske, projected on the N10W- -

S10E plsne, 1s tsbuleted in the following table erd grephicelly shown

in Fig.ﬂ.
Time fmount of Tilt Chenge in Bilt | PRete of rhange
L20E 0 (assumed) | :
- 1.2" =10 X 10-"/dey
1929 - 1l.2" .
- 0.2" - 9x10 P
1935 I L 1.4"
+ 6,6"
1947(71) + BJE" 2
, e - 0.6" -3x10 "
1947(171) + R 8" ©liathed Sk
‘ against the N10°W side. - 0.5" 2 1.'7X10—2"
1947(11I) | + 4,1"
|

From those results, we can conclude thet Muroto Peninsuls hed been

inclined southwsrds with almost constsnt rete during more then 40 yeers

before the present esrthquaske,it rebounding sbruptly st the time_gz

occurrence of the earthquake, end then the deformetion in excess st

thet occesion 4s now settling.’

The levelling surveys are still continued et present. After those works
ere completed, the general aspect of the land deformetion relasting to

the presert grest eerthqueke will be much more cleered.
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V=

SUPPLIMENTARY NOTES TO (IV) TSUNAMI .

From the observed deta shout the differenrce of errivel time of

Tsunsami from that of earthquake, we could determine the distence of

the origin of Tsunemi weve from the observing points. Here, the velo-
eity v o& propsgstion of Tsunemi was sssumed to be given by v=q/ .
where ¢ end / denote the accerelation of gravity end the depth of the
sea respectivelye.

By meens of numericsl integretion, we could determine thre possible
locus of position of origin of Tsunemi corresponding to each observing
point. The results of sctual estimetion sre shown ir Fig.9, where it
will be cleerly seen that those locus curves do not converge to e
speciel point. This fect may show thet the origin of Tsunemi was
not a smell eres, but it should heve rather wide sree. Then, we
can interplete that the envelope for the group of those locus curves
corresponds to the margin of source-region of Tsunemi.

As shown in the figure, the sres of source of Tsunemi was fairly
lerge, surrounding the epicentre of the esrthquske itself. Compering
the sbove=-mentioned conclusion with the fset that the lend deformetion
took plece in the wide ares including Shikoku ernd Kii Perinsule, we
cen presume thet the crustel movement in the ses bottom, whicrh ceused
the Tsunsmi wesve, hed also & wide srea and probshbly connected closely

to the deformetion on the lands,
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