
Outline of G-eophysical Investigations on the Gre !'' t Earthquake 
in the Soutn-West ~~pan on Dec.21, 1946. 

:By 

Takesi NAGATA 

Geophysical Institute,Faculty of Science 
Tokyo Imperial University 

JWle 1947 



I I 

.H.f ~e r - s l ocks . 

o f Oc curra.uc e of 

the Ear thq ,...l ~e . 

e of h e . e C oaf 
l l i ... _g Surve • 

n on · r i 1 t i r ... v o t i t he 

7·. r qual ·e . 
a rt h ' s Sur a c e i n 



~ ' 

• I 

l. 

-·-;-- -----

I. General I ntroduc t i on . 

I n the e arly morn i ng 0 

oc curred in the 

obta. i ned i n our lln ive rsi tf , t 

4 h 2 0m 10 . 4 s on Dec . 21 , 194 

up- d o. n c o _ponents 

14 . rnm and 3 . 0 

of BOy s ou r;h , 6~ LL ve s t an 

· he e l e:1ent s of s eism 

seismolo ic a l s tat ion s 

c e ~- - t d e s t ructive e ar thquake 

ccording t o the seis 10 > r ~ m 

u· k e r ob i on began a t Toky o fro n 

pli t ude of N , ~: J , and 

noky o 1d b.S 12 . 0 It 

' 
he ini t i 

vj n en us . 

e ·· r ~. quake 

bJl ~::. t d in 

1 wo t i on wa s co 1posed 

obt a i ned at various 

rj_ ab le I . Pr ow those 

o e p~aced at the posi t ion 33 . 
0

1 dat a the e picentr e a s d , 

i n l at i tud e a d 135 . 6 °E 

On the othe r hand , 

lpn g i t u e . I 

dis tr i ' u t· or1- o_f ini tial mot ion of seiswic 
s 

wave a. t var i ous s t at ions s o -vn in 'v he r tne d irec t ion of 

i n i t i 11 a re shovm by arr o vs , 1 h ile t he h oriz o t a l c )mponen ts 
I 

the fu ll and . hollov;r c i r e 

ard mo i ons . I t 

1ot ion ' a s "pus .. ." at all 

that at Shiono 1is aki -- the st· tion 

' e1 S 11 pu l l " i n t he opposi t. si · e , 

' of h o i zonta l ove ent pa s 

e can a ssume a d yn mic ~ l no e l 

.of the earthqu <: such a s shb · n 
\ 

t;he comb in&t ion of upwar d n 

t ' e hy pocentral re ion res 
\ 

I I 
r e i prtive l y tp_e upvvar d nd do> n -

" ~ w4 ir the i gure t 1a t the i n i t i a 1 

N\ side ~f the broke n line except 

tq the e pi c r~ntre- - , while i t 

1 os t a ll of th ose d ire c t ions 

~ pic entre . From those da ta , 
(2) 

dis t ri but i on in the orig in 

. ~ , t is wodel corresporidi n g to 

r lo , i ons in J' an d SE sides of 
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t 
I n 0h 

Sh i onomis aki is o 

rathe r reas·on · ble 

centra l r 12: g ion i 

ss ari l .. f ollow t 

( ·· 

fairly di stan t f ' O 

I 

K. Sa is a · ~ 

surroundin the epic e 

v ere the orig in of 

Sag i ka ' s u ode l i s 

t h at : sid part 

on the cont r ary . 

Si nce th i s problb 

of oc curren~ e of t he 

mined i n d tails 

only be n oted tha t 

c rust , its str i ke 

Al thou g ·· the 

--muc h l a r r than 

. 2. 

-i on , th .~ ini tia l ·1ot i on at 

s i n ce i ~ see ns t o e 

tJ r 0hy_ua.ke o t i on i n r; e e p i -

li1. t e condl i ons n e s not re c ce -

. f s a p plic· b le for observing points 

ur s at t h r e , · y be a n od l e ire le 

s F n 1tly 1

1 

G e d o t ted c u rve i n t J.e fi t;ure , 

is as sune d to e v r s rna 11 • If 

S6F Ve 

io! 

f a. ct 1ill b i nte rprets · s 

h i le ES si de t rt upwa r d mot ion 

I 

nt re l atin t o t J.e uec l · n isLt 

e , i t shou l~ e c refu l l y exa -

1f view i n fu ture . Here , i t -will 

1ot ion in t e su te rranean 

il.i 

19 · a l arge i n its i nt nsit . 

ept . l , l9~0 ;hic h destroyed 

r 



the larger part oh: <yo -, the dBll!ag es ~o~ l apd as , fortunately 

e :s tha t in 1923 , sin~e t e origi n of earthquake 

r om the s e l~ oa s t nd ~~r r . scarce~y o ccurre d t~e 

th .jpr esent eerthauake · ra. ccorn.._.Jamed by g r e _t 

not so much L r 

was f a irly f a r 

A - I 

mab. houses Tsunami, \'lhich h ea coas t o f t he so t h-

i1Te st J apan . Th i 

a dcmages of houses in the 

I 

distr i buti b ~ of ~ei sm ' 
•umbers o ~ a ~ual t · es 

eartn uake a r ea are shown in t he fo 
~ I 

lo · ~rf 
t b l e. ( Tab 1 I I ~ 

On the othe r hand, aacouding t 

J apan was 

histr' ca l J apan , and 

Tsunami waves . 

ey ~, re ollo s : 

( 1) Ee rthquak:e 

e killed by 

( 2 ) 

All of t he sea co as~ o f 

Peninsul a - re r e 

out ~..,Om in t he 

pn t he c o t r e,ry . 

t he o d record , t he sou t h-, est 

ive e ~ thquakes a few times in the 

I . 
~ 1a .. s acc ompa.nled by g r e t 

ed by Tsunam i . 

. ill ed , and ab out :-:) , 800 

Tsuna..mi. 

killed, and num e r s lof 

vave , 

from Kyushu to Izu 

its hei ght bei~ 

C) 

- 3 -
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(3) Earthquake on ec . 23 , 1854 , accom~anied by Tsunami . 

( . ) 

he eartha_uake a +-tc:•cxed c_iefly t i e cent a bout 8 , 300 

h8u e s be · ng destroyed nd 1."lashed. a •..,ray b Tsunemi . 

H:a.rth ~uak:e on De c . 24 ,1 8~4 a ce rpan ed by 

·1o ·_~e than 16 , 000 houses )ere dest:zroye d b, 

::.bout 15 , 00 house s in Kil. -Penins~la and 

ere ; ashed a ay by ~ r Tslnami I n t 

unami . 

he art . quake and 

the southern Shi koku 

c a~e also , he 

s ·.1 t h- eas t pa r t of Shiko rose up abr upt l y and its -south- 11;es t 

.... art \-:as de_ re s sed. 

- 4 -

ong the above- men tione d ll='our gr e t eartHquakes , (1), ( 2) and ( 4) 

occu _· ed in ne rly the same pos ti0n s t he pr sent earth uake i d. 

Es? ecially as fo r t he earth s ~2 ) and ( 4) , . t he gener a l aspect has 

I 
been clea red f rom se i smo l ogi ca l poi nt ofl vie • Here , the distri bution 

of s eismic inten~ity and t he or gin of the e ake in t ho se t~~!o 

cas es ~ill be shorn in F ig . 3 f r the purpose compa r i son ~it h t he t 

of the p re sen t e~rthquake . 

I t must be mentioned here which occurred in 

t he 'Jl t h- 1::es t J pan as al.rays extremel!Y large in its· intensity , 

and tha th J t i e interval bet1 s ive occurrence of ea.rthqUBke 

seems to be kept about 100-150 · ears. 

Therefo re , i t has been fre 1ently s j id by some Ja anese se ismo­

log ist that ther e is a possibil"ty of occurrenc i. of g r eat e rthquake 

acco ::r.panied by suna.mi in t h s uth- .res t J e:.pan f. n coming fe1•r t ens 

ye&rs, because it has a lready than Q years since the 

last l a r ge earthquake. ea r t quake cc,1rred 93 years 

aft er the last one . 



.• 1 

~ ... nh u ke in 1707 

/ 
/ 

Ear h uake In 1854 

-· 
I . 3 

. J I 

f_,r-:-, ) 

\ ---../ 

5 . 

/ 

I 

/ 

0 

. 0 

0 

eism ic In ensi 

ra. her str n 

ron9 

violen 

J 

I . 



I[ 

- 5 -

' ... -

The above-me~ t ione ce of e~rthquakes m y 

be no t me r el y a- pa ren t one , but r the o some ystema tic 

cau ality in the subta.e rranP.~n mo eme be ~ .rtly mentioned 

in ~ II 

i t i nfluencing a. wide - rea of the west n J pan . 

estimated from t he above-~entioned dat the ener gy of the p r -

sent earth uake to be about 102 . being t n t i mes 

that of the K\~anto gr eat e rth uake. 

F r t he pur 
~ 

o se of i.nvest~g a ti n~ e de t a i l of t h p r e se nt ea r th-

. q_ ke , t110 e edi tion rties er e sen lrrom Tok 0 Imperial Univ r-

sity , one fr om ysical Institul~ , Colleg o f Science , nd t he 

o t t_er fro m t he I e Re search I ~ s itu te. 

Th e party 

( l) la.11d deforr t ·on 

ccompanying ) seismometric ob-

serva t i on of a fter sho e u rement a nd t he othe r 

electric phenomenon rel~ ti ng to the 1..ake , nd ( 4) inve sti ation 

on di stribution of Ts ami ¥aves . 

ile the Ea rthquake Re sea rch incl ded ( 1) 

seismol o i ca l observa t i on, ( 2) inve s ti of structures, 

(3) investig tio n on damages due to Ts investigation on dis-
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- ose t\'lO parties ah·rays ha.ve been co-operating wi th each oth er. 

i n _, ~ -o ~reve , the presen t writer h i ms elf conducted directly the mem-

ber s : • n e Geophys i ca l I n ti t ute Party , the ' .rri t er 1r1ill chiefly deal 

···t there u lts o: tha t party and ri t h a l ittl e of E . R.I. arty so far 
I 

imp rtant . ( Th erefore , \v- e s ha. 1 d 1al here v e ry little with damages 

of h ouses , bui ld i n s , and olher st ctur e s, \o.rhich a re under the c h ief 

inves t ·gatio n o ~ E.R.I.) pur p ose o f 

I . Afte r Shocks . 

Sy steJ Htic obse r va t i o of aft r - s h oc s by mPan s o f o rtable sei s-

mo e te rs ias carrie d out a f ou r p aces sur r o u d i ng the origin of the 

~ in ear thqua~e. The posi ~ ion o f t h e tempo r a ry seismolo
0

i cal st~tio~s 
·- d s ei S)1lome ters u sed t h e r e r e as foll o s: 

I 
(i) Tana e ·n Wakayama Fre fect~re. 

(2) 

(1) Tanabe M"ddl e Sch~ ol s "t1 

Seismoir t e r; hmr izo . t a l 

on aluvial lay r. 

compon e t (" - S dire ction) 

l um ype , Pe r i o d T . = 5 sec . 

·a n i f" c atiQ n V = '41; . ..... . 

( ii ) h il l o f Te rtiar~ on the , sout hern mar g in of Tanabe City . 

I 

Seismome ter ; _Ro ri .ontal t ;o comp o!len ts ( S a n d E·~v) 

~orizontal 

· i i) S!1 · raham~ P ri .ley Sc hoo 

Seismomete r; ho l izontal 

ndulum typ,, -~e riod T. = 4 se c . 
v. = 50 

in b ~th co 1_ onents . 

n m r tiar y hill . 

components , S and ES) 

T . = 1 . 0 ec . 

v. ::; 40 

in botn components . 
. I 

Muroto Mi sak i i n Kochi f r efect re , (on a l eo?.oic) . 

tZ) 
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Seismome ter; h orizonta l t"'o comp onen ts, ( NS and E ) 

hori zon~ l p endul~m t~e, T. = 4 sec 

v. - 50 

in bot~ components . 

(Above two sta tions ~e re ~perated by memrers of Geop ysi cal I n s titu te.) 

( 3 ) T mi oka in Tokushima P nefe cture. 

Seismometer; ho r izontal one comp onent , 

inverte d pen~ lum type , T . - 5 se c. 

v. - 35 . 

(4) bo in \akayama P r e fec t re . 

Seismomete r; hor izontal tro c ompone_ t s, 

inverted pendulum t~ e , T . - l . O sec ~d -15 0 

and T . = 5 sec a d v.= 35 . 

(Above t '.1 o s t ati ons .ole r e .operated by memlDers of Ea rthquake Research I ~ st i tut e) 

Th e itions of those f · r sta t i ons are nar k e d in Fig. 4 . 

Dus t be men i oned here that t h erl r e also a fe \.•r pe r manent 

o i c-1 sta tions (con~ec te d to met l orol ~gical stat ions) in the 

ear t h are • T ey a re · l a ced i n Koch· , T okushi~a a nd Shdwnom ·saki . 

r y st ~ ~ t io ns .'/ere placed i n thJ earthquake area f or t h e pur -

6 etting erfect and c omp rehensiv j data of di stribution of t he 

after h. c ks foll o •iJ!g t he :p re sen t 5 r c t e r thquaxe .•rith co - operation 

e permanent st a ti on s. 

a) n abe rs f Aft er-sh ock s . 

U."'.l er s of af ~.~er- s l oc"k: s obs r 1ed __ t Tanab e , S i rc:·.~an ., :+~ro-

Ke c h i are s hown in Fi g . 6 , wher 8 it .\·il l ·b e noted tha t nurr:bers 

I 

of sho c Ks rapidly deere . 8. d 'fi th time ur i ng about a \ eek rom 

, 1 46 . Af t e r t he , no •.rever, after shocks do not seem to de-

(/J 



crease sr&Gua lly , ut r t he r se 

numbers of cc1 rre ce , ~ :.::et ime 

n a sl ort rd , the te::1de 

I 
I . 
',_:/ 

o ~a~e _uas i - periodic c ange in 

u_r ing as a rou~ e a rthquake . 

of decreasin~ of -fter - shock s in 

the presen t case seems to fai rl dif : e r from that of sual one , which 

fo llows gene rally a hype rbol i c r ve vii th some fluctua. tions':> 

( b ) Distria ution f orig'n of ck s . 

(r- ) 

n ~i b 4 7, the f requency curve of dllr a tion of preli. i nart tremor 

f earthquake )btained at lour seis ologi cal stations are ~iven. 
As ,,•ill be seen in this f igure , t ~~. ere occurre d many :1ear earthq_uakes 

of less than 5 sec . in thei r d r ation of P-S a t Tanabe , §hir .hama. and 

ochi , -v1hi le on the c nt rC~ ry fe, near earthq aKes (less t han q sec . 

in P- S) occu rred a t lil1 r oto d1.1r ing the same period. 

The di s tri but ion of epicentres of a fter-shock s , 'hich vere obser-

ved , a t leas t , a t three stations, a re p l otted in i g . 4 , wher e we 

can see that t hose after-shoc k s He r e dist.r :lbu ted in a ·~"ri de a rea . 

-The lar e st p&.rts of origins o f after-shocks given in t h e figure co-

rrespo_ d ~o those earthqua ... es having l::mge r -S in each st c>_ti on .. 

· n ile on the oth r hand , r e ve re many cases that the after-

s ock s . .;n· ch · ... e re ve r y n e . r one tati on could no t be observed A. t the 

- 0 -

other stations . It goes " ithou t saying that they er loc'"'l e _, rthquakes. 

o r the purpose of examining the local earthquake, ,.,•e se t especially 

I 
a seism l J~i cal net round the Tanabe Bay , it being com sed of three 

st t ions ment i oned i n the f~ e~o ·ngs . 

h e e :p icentres of e ···r t hquake s of les s than 5 sec . in thei r P-S 

obs rve a t Tanabe a re p lot te d in Fi _ . 5 , ·rhe r e we can see t ha t many 

ear t hquakes occ ll r red as a. group just unde r 171anabe Bay. Q,ui te the same 

phenomenon ccurred in the ne i ghbo r h od of Kochi a nd also in that of 

(f ) 

-~---
I 
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Tomio ka . Al t .:l·Jugl: local rthquake s :1.c..d s ca.recely o c curre d n t he ; 

I 

vicinity of i'.1r oto u ti l the e d of Janua r , 1 t he r e al so t h e simil a r 

p:·~eno nenon be aJl to t a.ke pl ce ·f rom the m · ddl e o f Bebruary . 

Summari zing t h e .ho ve - me ntione d f ct , ,r. e ca n say t ' ~a.t the :p resent 

a r ea t ea r th _uake \·.ras f ol o .'ed y gr o p s o l o ca.l minor e r thqu~.Ke s 

in v r ious r egions as we l l a s t hose distr"buted g en e r lly in a wide 

area. 

(c) \ a ve f rrn of ec::l.rth uake 

The ~ave f or m of edrt~ e sp e c ially studied 

\i i th careful y a t t en t i on a t Tan opuo r t unity . It has 
(6) 

been ~ en r a lly said t hat to t a l ear t hquake be co es 1 .r ger and 

the s horter pe riod v ' brat ion i is more - t t enuat ed a c cor ing 

as t he ep icentr- 1 di s ta r ce 

Tne a bove st :1ted r u l e is., one , n · .c tual P~"' eno-

menon se oms to b subjecte d t o condi t i ons. A f e r. 

' t yp \cal examples of ctua l sei arne s eis nome ter 

a t the same point in 'l'a.nabe ar s hown I n his fi nure 'le 

can n ti c e the follol(ring fact s 

e x. 1. : --rth a ~es ( B) a.nd ( E) same ,d t h ea ch other 

i n thei r max imum ampli t u de a s el l e f · r tion o r r -

l im · n ry trmor (P-S). i· .L ~ le o t Rnd , t he time of tot l . 

dur"ti on o f (B) :n·_c-h d i f f ers 

ex. ? . Although P-S t" me an li tude of e t h uak e ( G) 

a re nearly equal ~ o t hos e o f ( F ), the r cont ains short p e r i o ' s 

vibrat ion mu ch ore than the f 9rme r. 

ex . 3 ( H) is e a:c:1p le o f ke , s~ort p riod vibr ion 

being p r edomi nant i n i ts ave o r m. , (C), ( B), and (A.) e r th r 



~ke s, 

r~ tion ran . she • 

x . 

the c npos'tio E) 

~b ~e-Jl e t · n 

... be f'rst ca ~ 

::-t - , ~e , 

pa•_ 

.u.e t .:. one :ac s 

th t se i !l! 

... r ;n a . ~ · t s .:.. : e 

it pas es t 1 :· ;) ~ 

bee me · ..:.2:- i ate : 

em.:.. t ted. f r m 

.:. hus i ~ e 

one pl ce i 0 ener _l 

thE • ( 1) a!l-i · tr 

1 g · cal struc ,~ ... e alo_;:; 

(d) 

f ccurre · •Ce of 

there ~as a c lear 

·i e a l i ~1.- ·: · t h · he d.a ta 

,...urn a.n ~ 1 i tude o_ 

- . ers , ~. e r Psult shoting 

-10-

ich t e l rger pa rts of s ort perio d vib-

ak s the Parly same val ue , 

t . an t hat of (B). 

onst.:..t tion of SPi smi c 

ni sm of o ccurrence of 

t 1ctur along the 

. tion f or the a bove-

elieved a t p resent 

tr· tum ha s a s i p l e rr.ve 

ly shor t , w ile if 

forr11 ?n urc tion 

sei~~i c ~ ave jus t 

~or .s : n if~eren t 

:::: is o o- ists • 

o +' s ism:.. c r.rave observed c t 

o~tng to - ~osec o d "t i o s 

s :- li.. on ....... ~.~ _g n , ( .3 ) _, eo­

opLau bn· ', nd ( ) vi br at · anal 

:point . 

ce of a f ~s r- sh~cks . 

_e riodicity in •he mode 

i n d , · h e re u l t s ·_ 

l 
eftni t e periodic ity , so f r 

he l pres nt . 

L de for rela ; ns e t een maxi-

t hei r r e ency of occ~rrence and 

he c nc •sioni in ( b ) is s" t· fac ory. 

I 

(20) 
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( 22) 

II . Crustal Def r.w· tio re l ating .to t il e 3c;orthquak e . 

Accompanying the occu rrence of earth ~uake , t h e e a rth ' s crust 

in th nei h ou r ho od of its orig in is al\ y s more or l e ss de f ormed. 

Th · s i s t h e conclu io ~t o i ned from lot of ~ ctual data o f ~eod tic 

surveys h ich r c r r ied o· t ~any times i h e ea rt _qu~ke reas in 

J a an . On t h e o t her hand , accor di g to the old r cords of p st 

great eartha uake in the sou t h- est J pa..Tl , r mar k a ble 1 -.n d de f or!lat ion 

took l a ce i n t h e s o t h r pa ~ t of Shi ko _ in both c a se s of 1707 a nd 

1854 earth uake s , that i s , t h e nei ~h our ho d of o ch i C'ty subsided 

1 r 1 . 5 meters , hile t e C p e of Lu roto eninsula r o se p bou t 

1 . 5 - 2 . 0 et e r s in both c a s e s . F rt e o re, t he opoPr ~hy of t h e 

sea coa st o f r·.1roto en · : su l a f orrr. s ver.., t i ca l ma ri e- t erra c e , -.\·h ich 

i s com:pose d uf m ny mi . , t e ter-: c e ... or 2 me te rs i ' g ht . 

1h i s f a ct ma y sugF-~ est t h t .. ,_lroto Pen insul .... h s conti n e an 

uphe a val moveme t, no t co !l t i n o sly b.J. t p robabl y s tep •lisely in occa sion 

o f o c c r r e nce o f ear h .. ake s. 

•·, ile n t h . ot ' e r ~and , -Je can cl e c: rl~r see t h e n ode of nd 

de fo r ma . i on o f t . e outne r S _i koku an " Kii Pen i n s la fro :n t !1e resu lts 

of p r c i se l e ve l l i {" s rvey c rried ut t •-1 0 or t h re e ti e s in h o e 

re i ons . I n i g s . 9 a 11 1 . ._ e cha g e ·n he igh~ a l onP" the l evel ling 

r ou te ~ ing he p r i od fro m 1 895 t o 1928- 1930 i s ~r phic 1 ly sh o n . 

A ·.·!i 1 b e seen in · ,~ . 9 , In1_ o to en insu l e su s i ded · . il e 

c h i a in rose up duri n~ th p e r io d o: 1895 - 19 9. T ~ 19. 5 , t h 

l evelli rot e f rom - c . i Ci t y t o h e p e u r oto '·.ra s .c in r e- su r v re d . 

the r e s l t s hor ing L t he t de '1cy o f l a ~ ef r mct ' on s ive i F i~ . 9· 

s .:.11 c:>. t in e d . 

I n i P' . 9 e.l s , h so t t .-e r n -r art of Ki i en ; .,..., s u l ~ · 
_ .LJ. a su S l e ,q 
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<~i le thA "T' ;- .'l ..... ei _ 1~ .gion : the centr ~ l !1. d nor r n :pa t s , Ki i 

Fe~ i sulEt :- se u_:- c::.1 iYl::, :.35 ye rs f ro·il 1 895 . A ·o· rt f 1'3 1 1 · ng 

r- u e \:a s &.:.-:>e in r - su :-ve- ed in 1937 , t '..., e resu lt s ho . L ~ t.n t he ov -

i- e~ tione d rr: ve;ne_ t till co~tin'J.e 1u1t i l 1 9 7 . 

~i nce t e amo·1.nt of l d deforma<i.on in out - Past S~i 1 oku 

a nd Ki i en · 1.sula 11ri g r b n t 40 ye r s 1 e ly la r , ,.r 

p en men !1 , it 

t~a t t~e s :-a in ene r gy ·a cumul · t ' ng into e c: t _ ' s cr lls t n th 

vi ci n ' ty of .._ :he a ove- T e tibne t -ro ist r ic t . • 

710r i stc;nce , A. e. r.'l Seismology 

in o r Un ' e r ... ity, cons tructed t' . ree-special s t atio n 

at _an .... ~ n Ki i en · ns l a , To.ui o i~ · and liur to in S- E S · kok:u ; ,,_rhe r e 

obs'3rv t io s o f 1 n ..... _ad been c ~r ied 

01 t c ·1. ti n 1 s l y un ti l 1 943 The aim of fas , o f - co r se , 

to keep ,_..rc:. ..... ch f o r the earthll!uake e ep ee t e "_ r L th .t d istrict . 

i_ fortunately 1-J.o ·-rev r , he bse r vat ' on h d ru ted from the 

b ing closed. 

~rom tne s t andpo i n ts o t neoretical , ,,, 

~uld exp e ct tha t t he p r e se 0 r Aat earthquake a companied a fairly 

laro _and defo rmc:.ti on in t a ove C? Hence, e 

he~ve ~ l a 'LTJ.ed to · _ vesti a. t e e specia lly in t he proble~ of c rs-

t a l def r mation in he ear t quaKe heing ~ow ca r r ied 

1: t . e r e , ·re shal l deal ; i th t:he res 1 ts o f u o r k obtained n t i l t h e 

p re sent time . 
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( i ) p: e a val c.~nd u s ' dence of t he Sea Co as t. 
/ 

Ar.wun ~ 1J f up ·., e< r s bsi de:nce of the l s coast of t 

s u t he r n par t o::: Sh i koliiu a nd the t of lnJ 

t 1e p resen't ea r t h uake J .,. ::re ! ea red 
I 

l 1 t h l b 
. I. 

everage s e eve , _e r s~ t e 1ng .1v 

As sho:!l in F "g • .3 , ~~uroto 

rna ·; i u de of up h ee<.va l of Cq1."" e furo t o 

the c nt rar ~ Ko ch i Plan~ the e a s 

side d . 

I n Kii eqinsula Elso, the o 

eni r sula , ,.( _i ch acco!l'p ani ed 

a rious p lBces referred t o t ~ e 

i g . 13 . 

e , p r emar' ab l y , the 

n t · :1 to 1 . 25 m, ·,r _i le on 

coas of Shikoku fair l y s b-

cape a l so ros e up bo t 0 . 7 m, 

whil e the no rth r n par~ s ,,•e r e r t h se • Com:pa r in0 Fig. 13 ·;i t h 

:F · s. 9 and 10 ,,,re may say t hat t he mJ de of ormation of sea cloast 

a ccomp .. nyin t h e p rese t earth waJ<:.e• las j u st . · n the opposite s~nce 
I 

against that of,..deforma.tion con t inue g 
. I 

r ing , a t lea t, a 

fe \P/ tens y ear s be f re the occurrenc e of t he p r esent earthqlla.'l{e .. 

I n ord e t, o l!la ~e c l e a r t h 

illation , ve carri~d ou 

alo 0 the I 'OU t u oll - ]1 

the South- ~ a s t pa r ~ of 
• I 

I 

the r e - U"V J 

se a c o
1

J' t 
. I --

mbe rs of Ge o r n , ic t l SurvJ~ 

l and d flo .. _ 

1 ii e1 i ~ 1 - an 

D 0 - 0) r · t i on ' y t e 

..:.13 -
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]
1ig .11 sho s t he chang e i n he i "::.h t of bench 

~:1a.rks in t he Soutb. Eastern part of Shikoku during the period of 

1929-1947 , \vhile Fi g. 2 s hoh'S that in t _e S out ~ ern l:ii Peni n sula during 

1930-194 7 . Hore , it must be me n t ioned that t hose numberical values 

of h e i .o-h t chang e are , st rictly speaking, not a solu te ones. 

Since t h e de fo rm e d area as so wide t ha t \~re could not ext en d our l evel -

i nc::. route t o a bench mark , ··h i ch is considere d t o be q_u:i t e safe f rom 

t he l and defo rmat io n , be' ng pos ible t o be t ake n a s t he ba se- point of 

no- c hange . Hence 1: e arbitra r i ly assumed that Bench r-iark No . 5107 a n d 

~o.9208 d id no t c hange dQring the period mentioned above in Sh i _ oku 

· n d Kii Pe nin sula respecti ve ly. Since , ho\ ever , the a ssump tion is 

der ived from the f a c"t that t he bea c h lines just near those base bench 

• arks s c "' recely ch~ng e d a cc o1Jpanyi ng th ear t :t u ake , the cu rves g iven 

in Fig s . ll and l 2 \· ill express app roximately the true chan O'e in ~ei ~ ht . 

Strictly speaking , hovT ever , t h os e cu rve s 1. ean the s um o f t e t r . e chan e 

d a sma ll constant valu e \IJh ich is common for all bench ma r k s among 

one c ont i nuo"'.ls ro Lte . 
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It i s b li e v her -hat , ,., l mos t all parts of 

the change sho~~ i n Figs.ll ndJ2 took p l ace ather abruptly accompa-

nying the earth uake on Dec. 21 , 1946. 

In Fi g .ll ,.~ t is c l early seen t hat 1 uroto Peninsula pheaved ac compa-

nyi n.rs t he e--rthquake Hnd the amount of upheaxr 1 becomes larger in the 

more so t h ard p l ac e , it excee din J one meter at the c pe of the South 

end, while on t he contrary the plain area in t he vicinity of Koch i City 

fairl y s 1b s i ded. 

In ig)2 , the mos t south rn part of Kii eninsula upheaved about 

55 em , ·hile the amo~L'1 t of UBheav 1 gradue.ll decreases in pro- or t ioh 

as the bench ark be c.omes the more north ... ,ard po · nt __ both in t he 

~ estern and ~astern coars ts of Kii eninsQla , ~nd the No rthe r n part 

of t~e surveyed a rea subsided ·n 20 - 30 em c ont r aJ'Y. 

Gene r 11 speaking , tne Sou th rn reg ions Sh i koku and 

Ki. i eninsu l a i,•re:-e incline d north .a. r ds a cc om· a.nyi ng the pre sent earth-

--ke , it re sulti g "the lad sink ing in t he ' or vhern part end :!:'ising i n 

t~e Sou thern part . 

In i ;l's . 9 a nd 10, tne change s in he ight of t he sarne l evelling ro es 

durin the pe rio d of 1895- 1929 f or Shi oku d "uring 1895- 1930 fo r 

Kii en!bn sula are s . 01.-: t og th r ·. i th t hose r ing 19?9-1947 and 1930-

19~ 7 r e spe ctiv l y . Comparing t h g 1929 - 19~7 __ n i ch 

most l y acco~panied the r sent eart~quake ha t during 1895- 1989 

i n t: . 9 , we can f in out t t the ode of t e former i a l_ ost opposit 

to the l a tter in the sence of the r change . 
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n t e othPr hand , ex mining in detai ls the old h i std>r ict: l r eco rd 

about the g_eat ear thquakes in 1 707 ann 1854 , Ye c find Oll t t t 

t he mode of l a n d defo ~tion in Muroto an i t s vi c inity c companying 

t hose g r ea t e .rthq_ua :-;:es ,, as just the s ame as that in th p r nt cas , 

s o fa r ~onc erninh ·.rit h a ta vhich the old r ecor dealt • ith. 

Thu~ , •.re ma y presU!:te t ha t , duri ng ~he r ec ent h i storica l Rge s , the 

Sout he r n Shik~ku repeated i ntern1ittentl y such e mar e~ land defor~a tion 

as occurred at t h e occa. sion o f p r e s ent g r ea t earth uake . 

e ~us t t f k e into cons i de r a tion fur t h e r tha t the topog r aphy of 

uroto Peninsula i s char act ri zed by the r egul c .r ly a rranged marine 

te rra c e s , t he old be a c h l ine s becoming h i ghe r
1
in ropo rtion as the 

s ou?. . 
obse r ving })Oint comes to the m re ~thv-.r~r d p le~ce . For example , f r om 

geomorphologiC(). A . • b CLOJ h 
the re slllt o f '1is de t ail ed t: ]_: : {-\ r~ survey , • 'Na t a.'1a. e s concluded 

tha t uroto Peninsula ~ nd its vi c ini ty have made such L nd defo r m,_ tion 

d1r ing 
PI is1ocene. 1 ) 

~~o;e-·~~ :la;t~ a s sho m in Fig . l 4J( a , v.•he r e the a r eas ma.rked 

by ( i a nd ( - ) denote respec tively the 1pheaving and s1 si ding a.reas , 

h ile t}-H~ line be t .reen (-4-) and (-) a r eas er~ns t ' e n odal line •;rhere i s 

no cha. ge . Compa.ring Fi . 4 ( a ) i t h Fig. : ( b ), rhich shows t he defo r-

:na t' on dur ing 1895-19 29 , A-nd Fi~ . 4(c) sho ·.rin t h e deforma tion 

ace mp nyin"' the ·· r esent e · rt >~ uP. -.e , ·e r ay c onclude t hat Fig.:4 ( a ) a n d 
I 

Fig. l4 (c) ag ree \,Ji t h ea c, ot!ler in their t ndency , 1.- hi l e F ig. 14 ( b ) is 

Ojposit to t he f orm• r two . 

This c nclu s ion w·i l l l ea d u s to find out t~ at the 1 d defoni,la tion 

a cco.n a nying the .:s r ea t earth uake s _incl, ding .the cases o f r.a st earth-

quake s _ agr e s ,_,. t h the ~en -:; ra.l ten dency o f land deform t i on in t his 

"]) 

. I 
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di ~~:ri ct d ring the l.s.._er ·'l.l.C .. ter!la. r J , nrl t _la t the 'e fornation con tinu ing 

'H re t _~ar ~0 :ear before h e p r e sen t e rt~'1 U'"'ke is opposit to the 

oen .r s l tendency mentioned above . 

n t. e c se of Ki.i Peninsula shm.·n i . Pig .lO, the ge~e r 1 · eh<vion r 

seems to b e e· rl ' 8~e ·s that . n 

r!l de of ch ,,e d~ring 19 30- 1947 is 

l 30 . S' nce , _ 01 v r , there occur e d a ~ 

at the Qec. botto.! jus t east of Kii 

oe a f f ected by h is eart ~quaLe . 

ab le to yre ume th - t the ob t ained 18nd d 
n 

at l e vt i its ~a~te r 

1944 eart hq_uaK:e a t at of t 

(ii i ) Speci 1 I nvestigation on 1 i l t i n 
of Cape ~ur o t o. 

f; r he pur os cJ examini 9 -the 

carry o rl the levelli su r vr->v D CJ 

~uroto bo u t 14Km 1o 

ca r ried ut thre e the da tes 

e of Shiko ku ; tha. is , t~e 

e-art c1ua. e in 1944 

the 1 _ n d of K i i sh o u d 

· ill be r 8t ' 8 T reaaso-

tion of Kii eninsula , 

·ncludes the eff ct of 

i n the Ne i 0 bourh o od 

p l a ·1'1ed to 

along a sho rt r oute a t Cape 

s ·L~rey PO r k ·J s 

c. s f o 11 o~t s : 

19~1 ( 1 ) , J an . 7 -Jan. ~ .1 ~ ~ 7 , 
19 ( I I ) , Jan . 30 - Fe • · , 19 4 7 , 
19 ( II I),Mar. 3 - Mar . 5 , 1947. 

The chc;nge i n h e i h t If b ench marks the pe rio s of 1 895- 1929 , 

( before t ·, e earthquakr , 1929-1947( I) ( L cl uding the ti e of occnrr nee 

o f t h e earthq_uake),1947( I )-1947(II), an d 1947( I I)-1947(III),( both fter 

the e~.rthquake), a re jhO·!n in Fig . 6 , o t he change of b ench m rk 

No.5144 is assumed to be a l ,ays ze ro. 
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Hence , · :- e a!:1 t o f ch n e s i 1 n in Fi .16 be ' n th re1e.tiv one 
I u 

co . :pa red ··it the ba se b - ~ch mc r k No . t;;l ~4 , < e r s f lts s _o ,,rn · n t ... . is 

: i ·e are consider~d o ~ow the tilt of land. 

The eformation ·=iin 1 9l -l929 sno ·ts t!Ja t uroto Peninsula had 

b e n · nclined into t.1e ct · o[ of Sl0°E , i.e . t.e Sl6°E s ide had 

s·· si de· c ·.' · vh si de , th .1itu e f ti lt rinn 34 

ye'"' rs amo in :-- t 1 . 2 11 • 

T n 1935 , •he l e ve 1 l ~g re - s J.rve y 'fS a~a · n carried out a.lo - ~ he 
'es t - s ~ e ' 

r u-ce _ron Cap e 1- r oto t A..l.{' on t: e JH~%:ilniltit c at t of "!" roto Penin-

"'-la . • l · ough to : t suryb. d i d . o t cov~r • ;, e nol a e :: . i ch ··e pre 

no ·• exa.::ti n" ng , vte can ::· t ,

1 

t leas r , tM .. !le c ' nge u ri ng 

1929- 1935 ~a s an e ~ te_s io o f t f e c- ~~ dQrl ng 1 95- 1929 . ot only 

n i ts mode b· t L _ · t r - e f ~ - '"'"'1 :ne tot 1 .p. n · t d f 

i t _ ri n, ' y e a rs o - l ~5 - • :mn .o e 1 t l. ~ 11 • 

F i . Co) , 1;2 s A-- c t y 

89 5 - 1 29 , i . e • M, rot o 

For he ·c-, o e o _,_ s 

c: c..ne:; e , ... h _ e l ~ i ve 

on a ve~~ ·cal p lane 

'/hi L..J , a ,.r · 11 . e s 
1 

n i 

t he 

as " ·1ose d·.rrinb 1 895- 19 2 

F' .; .17 ··t"-e r t : e c : a ~,. es I. 

an 

~in 

-

r ~J ""-1? ke , s ~ · n i 
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~ ro ec e on Le 1 10° .v- l0°E - l e , 1-. ro t o :is K aft r ~:.e art h ke 

s ' -.. ene r lly ~ eakL .;:!" ' ·nclin'ng aga i n to h e t ' _.. ar direct·o 

co.n' .... ore v r [:_ n e- :r- e o _ ~ he _au t l:::" rd tilt ~.a s ee . creasi~ 

·· L i:ne . Ti.e e n e ::- · l .... o~ tilt ! •. : .. ::-o o .; i su i b f r 

aC C;) ffi!J n~ a~~d afte r - :h :;;J.~- .n t e rt . ... auc:ke , nro .' ecte on t: : 10 

Sl 0 E 1 e , · s tab, a ted fo ll ·· L t a b1 

Fig . . 

T ' e A:. ount of ITi t Ct.a . e · t 

( ~ s ed) 

,..,1 - 1 

.:_;, rt . -1935 - ? . 10 II 

194 r I ) + 5 . 2 11 f t • 6 " 

1 _7 ( I -t ·- • 0 II - . 6'' 

.. .; .1'' 947 ( I - '"' :::. 11 v· • v · 

-"' . 7 x l - u 

inc line 

of 

t 

t oot oc casion i g . 

1h evell' n sur Q s ~ ... r st' l c ontinue d I t :pre~ent . _ t e r t'-los · ·o r Ks '-'-., 

r e m_ l e ted , "- he · en ~ r ~ l ~pee f t ... . e lan' de : o r at ion ... e 1 ting 0 

he re ent r _a t e rthquake .il b e m C! mo r e c leared . 
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J :Ui g .~.ro the f oregoing d::. .~..a , ·e ca n p resum e t he follo .,ring 

sch ema,.ic e c~anism of cc'J.rrence of t "" p resen t earth ... uake . 

ne l th ' s crust 0-" th e south-- •re st J apa n n a d be en deforr"' ed radually 

o ing t o so~e st r ong f rce in the s b terranean structure , it r sulting 

g r P.d,la l pro r es s of t i lt i n Muroto Penins''J la as '!ell as in other ni h-

b ur d ] stricts . v~en t h e str~in of t h e crus t r ea ched it s br~ ~Ring 

•trai~ ~ ( c out i /,10000) , t ' e · ene r y accumulated i n t h crust · s r e-

l ease d , a part of e er g being r op - at~ d s t he seismic ve, · h ile 

t he t Her be ame t~e pote tia l ener~Y f o r lan d fo r ma ti on . t t ' e 

sa e t' me , t hee rth ' crust br oken do , n reb -, nded , t his ·p enomenon 

res 1 tilng msuna'l!l i in the sea a nd obse r ved tilt on the la d . 

A.11 i t · s p resumed that it • ill need about 100 y ea rs for the earth 1s 

crust t lo reach i t s br eaking strain, 

I ~ ~il l need , ho ever , a ore comprehensive measur•~nt of l and 

:.ef r a1-cion t prove the hyppthesis mentioned apove comp l e t e ly. 

Fo rtunc: t e ly, the levellin oo survey on Shiko.;.{U an the southern part of 

i e insul a is now ca rried o, t by t h memb ers of the Geo rephic~l 

S J. r ey u r e · u , Departmen t of Home Aff a irs, .t our di~posal, and more-

over tr i a n l ti on surveys ill a lso b e ma de in ne r fut re. Aft e r 

t no s e ~ rks a re comp l t ed , 1e s pll be ble to e t more rigorou s vie 

of lan~ eforma tion e to t he p r ese t earth uake. 
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IV . sunq _i ( eR I 8 re , e t o ~arth a ) . 
_ c _ )!Lpa "ly i 

~, t .e r es en r a t rth 1 eke , t h .. r oc r r e r t 

sun i se rave d e to eRr t u~ke) in th es rro l i g 

the i centre , ny to ns d vi _ es alon the se co t o f 

ShiKOku d Ki i P n · 'l.sula e r cov r d and de s troye by t~e , ves . 

Th · st r ibu tio of height of Tsunami in v .rious ,, .rs r e nv s -

t ' ga t d , t -, res lts being shown ' n Fig . 19(1) - (l"" J". s rel kno m , t h 

.e · ght of Ts nam i . i n ... / i first s o · ectec- to L e pm-r r f p ri_ p, ry 

sunru i a rrivinb at t _ e mout of t he ~ ay "' rom · ts ori in , n econd-

1 to t he shap e and slop e of the bottom of t~e bay . The relatio 

et l/een the ode of is tr=.. , tion of T s ne-. In topogr a_hy of bay can 

be seen in a~y ctual e.x m - l s E-; i ven in Fig.l9 . 

For exa-npl Ps, th 
J. 

ofT me...rni obs rved t s ai in reco rs ''c ve 

Osak Prefect l'e' a nd a t Shimots in 1,Yakayama jPrefect r .. re sho11n ·n 

..td g . 2 0 , ,_.,her e \·Te ca f in that t 1e initial p a se of Tsun i at t ho se 

t o st tions w s ~ull, i . e . deere se of sea level , and then extreme 

increase of se · level rep e _ted, t 1 st, a f ~ tines . 

e t, .re shall ec:d here ·i th t ime ( -r ) from t h occllrrence of 

earthquake to t 1e a rri v l of Tsun n • The di stri ution of 1: l ong 

t he sea coasts .are s_ O\"ln in F'g. l . Time i.neans t he iffer e ce of 

ime of travel of Tsunam i (from its or ' g in to t e obs rvi ng oint ) 

f rom that of seismic ave. Since e can estimate t he velociti s of 

p ropagation of both of Tsunami nd Seismic ve , ~ e c~ n c l cula te 

the dist nee of the orig i n of Ts nami from t h observing po i nt . 

Here, t he veloci ty v of propa~ation of Tsunami is -given by t t of 

long ·· ve 1Y = .fiJC denotes the depth of t he sea. 

.. :._' 
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Y rn e ·ns or num -:> ri la i te r :- ti on , · e C8 ld det rmine the p s ~ i o le 

locue of pos i ""i on of o rig n o~ Tsnnan i c rres~ on ding to eac h ob se rvi ng 

point . T- e resul ts of ac~al est i s hovm in J! · D" .21 J re it 

··rill b e clearly seen t hat t f1ose l ocus c es o not converge to a 

spe c i a p~int . Th is ~act m y show th t h origin o f Ts na~ i ~s 

ot a smal l area , bu t it shou]d have r a t er \·.rid e area . Then , re 

ca n interp i e t t_at ~ ~ e s nvelqp e f or 6 roup o f t h ose loc s cu rves 

corresp o!lds t o t he . . a r in of source- regi f m SU."1a.D1 i • 

A sh o :.rn i n t h e :fi t:!'ure , t~e a ~ea o .J u.rce o f Tsunami ·a s : a.i rly 

l a r ge , surroQDding the epicent r e of the a rth uake i ts elf. Co ~a ring 

the ~bove- ·n en t ione d c o:tolusion ,rith t h e act that t h e 1 nd deformc: t · on 

took pl a ce in -che ·,~r ide area inc ludi ng Sh koku and Kii Peninsula , vre 

c .n p re sume that the crJ.sta l move ent i n th s en oottoJ , · ich ca sed 

the 1 snnami ·.ta ve , _ad also c. ,J. i de are a a d probably conn c t e d clos ely 

I 

to t h e deforma tion on the landis . 

· s .L e n ti on e d in the in t rodu c t i n , t h e da ~1. )es d e t o Tsun i 

-.· s the 1 r g es t on e in t he pre s ne e a thq r ke , hence f ew actua l 

exan ples of t h e dama ges a re sh own i n Ph ot o s . 
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v. Ear th-Current easurement. · 

I t h as been fre uently r eporte d i n Jap n t h at n n o 

i n the so-c a lled e r th-curr ent preceeded t h e occurrence of 

Since t h e c h nge i n e ar th cu~rent is ch i ef l y subjected t o t e g eo 

netic vat i at i ons, i t is r t h er difficlu t l to a b s t r h cy the an o alous 

c h a nge pur >l y o vin to t h sub te r anean t auses . 

·rhe r esul t s ootained until the present ti e se _.. _ t o s 0 11 t hat 

thee r t -current in the l ac e just near t l e or i 0 in of subterranea 

e. 

activi t y so eti1- e s c ang s no 1a l ously a fe h ours be for e t he oc cu -

rene e of t he a c t ivity~ n order t o pro· o -e t h above - e t io e d s ~ dy , 

e c a.rried ou t he r t h - urren t .easurement i n the presen t ea t hq1 ake 

a e a. T e e th- cu r r en t 

Tana be in ;,Vaka ~ a~ a Pref ., 

Koo h i r e f., the p~artus 

r tus Y{e r e iet a t t hre e p laces ;i. e . 

omiok a i n · okush i ma Pref . and ·~ruroto i n 

eac h s t at i on b e ing quite si~ ilar o s, 

comp osed of t o c ompone ts , N- S ana E- ~ . pun a b ou t l UO ~ long . 

r hr ou h out the vh ole d t a obta ined t t ose t L.ree s t ·· t i ons ,how-

chan 0 e i n t le ear t -ever, i t is d i f f i clu t to i _d out tJ e re har k a 1 
I 

cur r en corresponding t o ~ccurrence of after -s ocks. Si nc e the 

a c t ive per i od of a f te r: - s le k s J. red T"l i tll thet of the 
0

e Oi.Je:t, net i c 

aa ~ i v i ty t ~ an onn lous i e a i t J. - curr en t , i f i t \ I ere , 1:1ay 

sked y t J.e induced cu t o t h e t ic c lL~.rge s . 

On t e othe r · n , i ha s bee n .re 11 kr ovvn t ha. t - e ear th ' s t 

g v r lly s pe king , e le c t ricall ani so t ropic , i t re ult i ng that is, 
. 

the v ' ri t ion i n eart h -cu ren t gen8 r r. l t ~d i n t o t hee r th b -

ag netic v r i ati on pred o!.1 i n a spe i 1 i r ect"on . 

of 1 uroto , To . i oka and e ve a lso such anisotropic ele c t r ic c 

• I 
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conductivit ... as men t ioned a bove , '""he r t i o of 1 aximum t o ·ni n i mum f 

c nduc i vi ty amoun t ing t o 3 - 4 . l though ~he predomino.nt direc ion 

a t ' anabe &n :,omiok 1t as kepLJ l most constant dur in riod 

of our observ t i on, ~hat t ~ uro t o clange d warl{ed l y during the s y e 

period . s will be s 1.owr in Fig . 22 . It se 1 s in the fi gure 

t h e predo i nant d irec t ion r at } er sharply c h· nged durin(r a feH 

about J~.n . 20 , t he a verac;e , irect ion be fore Jan . 20 being 

vvhile i t w s El7 . 2°1~ ± 0 . 4° afte r tr~t date . Further1ore, 

in the ab ove - :::rL .. n t ioned dire ction seems t o be. f a i · l y welJ,. corre l u.t 

1~ ' i th t il t ing mot ion at \:1uro t o , the correlation coefficient betwe e 

the former an the l t er a oun ing to 0 . 65 . 

He n ce , · ki g i t o conside ration he experir.enta l f a ct that 

the elec t ric conduci t ivity of so i l is d irectly subjected to the 

mechanic 1 s tress , v1e t1ay presume tha t the e lectric con?-uctivi ty o 

he round of ur ot o Penin sula v s affe~ ted by t1e ·crus t 

·h ich ··as s t ill eoing on during our observi ng period . 

A.l chou h t . ., r e s L?.lt of the present vork is not enough to clea 

h e e l e ctric beh· viour of the earth ' s cnust , i t sees t o have · 

b ili ty o beco . i a usefu l me +-hod for so lving t ... e problem about 

the ps s sib l e .~. l t ion bet ·1een e · r th- cur ren t and earthquakes. 

si -
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2 

Anomalous li htning in the sky has been frequently observed a t the 

occ " sions of great e~rthqu ke, · hi le it has be ~also observed t ha t 

some blue or g re en colo'.: r ed l u.r.li osi t y accompanie s Ts· .. nami v;ave. 

- n the p res en t case a lao, there are many people · ho observed the 

so-called eartha ~la ke lig tning . J uc1,oo i ng from the data r eported by 

many obse rvers , · e can conclude that, although a part of observed 

l i .crht ning is a scertaib ed to be due to the spark light n ing of electric 

cable , ther · e re t ~ -e other k.:.nd !la tu.ral lurrli o si ty in the sky , nen -

r al ly red c 1 ured , r.~ i c h was observed euen on t he sea. 

---------~-·-.---------------~--~---
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On the other hand , ~he blue or green colOQr d luminosity r s o~ -

serveq. al ng ~he head of ..,., S"t.L.l'lam i v-Jave . Thi s phenomenon 1as ascerta · :1ed 

t o be t' e li · h t of " Jo ctil ca" , vhi ch ue re excited by stro rn·Jti on f 

srma"'D.i , j ust as oin ed out by late 
\'" r of. T. _erda- in th ca se of Tsu-

nemi in 1933 . 
• 

lthough the origin of red col ur d li, h tning in yhe sk7 obser ed 

by ma11y people has no t ye t be n e.scert ained , this p!lenomenon s:'lould. 

be , t e write r bel. ieves, rela t ed o some elect r i c discharge be t w·een 

the round and sk • n orde r to exa11ine pr act ·cally this uestio , 

. ~·e have cont inued the s e l f - recordi ng f r oint- disch r t::,e ~ r ren t fron 

the ground t M, _ro t o st&tio • i ce , ho ever , t here has been no 

l mninous lis htning accompanyin6 a fte r s . ock s urin0 our observation 

peri od, ou r r· al i ll be r a ther uns Qccessfu l in the resen t case . 

VII. Othe r ' iscellaneous Works. 

(i) i l t on l and after the earthquake~ 

Chant e in t ilt afte r the e r t hquake has been observed by means 

of til t me t ers a t Tanabe and Muroto stations. T_.. e ur_po se of this 

ob serva ion is t o r.1er sure irec t l y the general c nge in t ilt a f ter 

• the oc currence of gr ea t ear t hq ake and also to. examine \o.he t her or not 

re is lso anomalous c cn6 e in t ilt corr sponding to f a irly large 

afte r shooks . 

Gen ~ rally it i s r t her difficul t to observe very sm 11 chan e in 

ti t by means of tiltme ter s se t on the ~arth ' s surf ce, because the 

surf .ce of 1 nd i s al a y s affecte d by a rtific i l a nd me teorolo icel 

disturbBnces. However, i t vas fou_l1d in the result of observa tion at 

uroto that Cape Muroto has been inclini n i n to the south~ard direc-

tion wi t h the spe d of bout . 05 11 / day fter t he ePr t h uake, t h is 

result agr eeing with that obt ined from r c·se levell ing sur y me -
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tione in ... I . 

ii) roblem f S b s · ence of th Ea_th 1s Su r face in the e i h ~ur-
I 

hoo · o r "7 o c · i Cit . • 

ccompan ng t e re e~ t 1 ... e nei 

~.) d 0 ut 1 . 0 1 . m t s , it r sult i t hat 

a ide a :-ea t r e h..as been cover e d y - e er . s· c 

v :s .... ""' ·-:.e m n ,,,as ~e a a~ . - s o·ing ~ 0 t e p rose t 0 rth-

!<: , e 11 eal s!:ort l .. ~it~ ne r e s t our P S ~ · a ti o n 

v~ - s 1 

Cu i Cit s lace on .y r of ll.: v ' 1 eposi t , ho .:. ts 

ern margin 
I 

r ound.ed ta in ra e of t. 502'0 . c rocks ri h 

:a· 1 .rl.CCO :' ne to r l e s ve~ , he centr f t'-1 

s L. l a r es t s si d "' o Llt ?9 cm 

7 :-e compa re.::. ·.··t· 

!1C orres_o~ ~ t co tr~c tio 

of al vial layer ~t 0 ' . o 

r o <' "'1 0 ·. i. to 

s, sid.ence o : e ock _esult f c _ 1s a ~O 

scale . ~ ~ 'ls of t h ' ~n ·:o• e~ e r , :i 1 e cleared a ... ter 

a ll s, rvey are .... in:~~e d. 
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VIII. Conclu i _ e rk • 

As disc s se d from v ri us point s a: vie; in t h e fore o i c p -

t ers, t r ·_ u k e on ec . 1,1 6 V" s one of t e e x .... ens've sc le , 

ace ompa nyin l 1 ~ d defor t l· on , '_Ps u _ · i 'i v e · s ·;,·ell s e e.. r { v a n 

f e f'- s ~ oc ks . I ~s b , e ~ e f r the r t at tLe re sa s .. s -

te ~ a. t ic rela t ion r. on ... he 1 ·,. d d e fo r 11o.t ion befor c.. c c ompe. 

t he e k e , t e d i s t r i b .._ i on of or i~ 1 o l s , nci t 

n i .r:1 f e a r _q k e : o 1 on ded ced fr o::~ t 1e 1 ~- 1 t. i on o ~n e i n i -c i J: 

o t ion. 

l t ough _e en _ L l i of t .l e pr C S of OCcur v TIC of t .:: 

pres e n t r ~ 0 .. q \'I s v [' ea. J e l t r· i t ..... i r: e c h c ... _· p - , -:-:. e 

f i n l efir1 i t c ncl .. i on s · 

' i ·-L.e re f u l l y e d . ir c e o l o ic l s ru c -

IJ r i he r e s en ~ e r t r e i co p r i v e l simple IJ_ 

v e b e n e x . i ne r v ri us - ~t ors , 1 ~ s e . s t o b p o si l e i 
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I conc l · s i on , t e v ri ~v ~ is s t o e x r e ss i co i ~ l t 

to · r . R . Y . Gra n t Ol ~ tur a l Res ourc e c ~ i 
' 

' , SC P f or his helpful 

encourag~ : en ~ thr ou g ou ~ ou exped i i on and invest i a t ion . 

Our exp ~ i i on · r ty · a s con po s ed of y ounee r seis olo i s _. s c.t nd 

0'6 h y sicist s, ard t ey 1· ' TS u s s is t d the ~n') i te r i n i a.ll inves t i-

ge t ions . -n"' wr i t~ · ·- i s · e s o expr ess 1.i s s i n e r e t h nlcs f o t _e i r 

e r t y he l p to ~r e ss e s . A. ' a d r , Y . a "a and Y . b· s :1i i n t e 1 ve lli 

surve y , o e s s e r e T -.As ad a . J . Su zuki · nd T . Taji e i n t he Svis rn c)} etric 

\1i or k s . t o r es sers I . Hirao . _ • .t i k i t ke a nd T. a t a k e r- 1, a i n the e lec -c;ric 

vork s, nd -ilr . I . Yos h idGl. a .l d o ' h e r s i n t he fi e l d 1n v e s t i 0 a tion of 

rr s u a ~i• H_, i 1 o indebted especi ··.lly to r .... Fukush i ma. f or l is 

c ont i nuous a s s i s t a n ce throu 0 h out t he field works u · d -s ud ies of t h 

ob tb. ibe da t a, t o h om i s h e a r t r t h!- 1 s a r e als o d ue . 
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SUPPLIP,~El'tTAFY NOTES FOR (III}. CRUSTAL MOVF.Mf! :rT RF:UrrirG rrpp, EApmpq PYR . 

( 1) The work of precise levelling survey were continued unt1 he 

end of l~ ereh 1r.. both of Shikoku end Kit Pen1nsule . The observed results 

are shown in : i~l end 2. Fig.l shows the change in heig~t of be ~h 

merke in the soutl1 Eestern p~rt of Shikoku during the peri od of 

1929-194'7, while Fi . 2 shows that ir tbe souther n Yii Per.,.nsule nuriflg 

1930-194'7. Fere , it must be mAr.t i ot'1ed. tl"let those l"Urner1csl Vf)Jues 

of heig~t c~enge are, strictly speekirg, not ehsolute ones . 

Since the deformed area wes so wide het we ~auld ~o . eTte~d our evel-

li~ route to a bench merk, which is cons idered to be ou te sefe from 

the ler.cl ~eformetion , h il".g possible to be teken es tl,e bese-poi~t of 

no-cben!!e • Ferce we arbitrarily es ~umed tha t Bel"Ch ~1 er·k }To . 510'7 end 

o . 920P d1d rot chen ge dur1n the per1.od mer.t1cned e ove 111. ShikoJru 

and Ki1 Pen~rsula r espect ively. Sine , however , the a ssumption is 

erived from the roct that the bee~h lines just neer those bese bel"~r 

merks scerece1'y changed ac~ompenyin the earthquake , tr1e curves given 

1n Figs. 1 e~d P ill express epproximPtely the true change in heigr • 

tr1 ctl y spee1~1 r ~ , )'low ever·, t llose curves me en the sum of tre true ~he!" ~~ 

end a smeJ1 co stsnt value wh1ch i s commom for ell hencP me rks e~or g 

one conti uous route . 



As elreedy niertio ed in the fore goin g r f· port , elmost ell perts of 

the chen ~e srowt1 il"' Fi gs .l end 2 took ple ce ratrer ehruptly accompa­

nying the eerth~Jeke en Dee . 2l,l946 . 

t 
In Fig .l, 1 s clearl y seet: tr-et ~ !furoto Pel" rsu l s uplleeve eccomp~-

ny1ng the eart hquake end the emcun t of upheaval be r omc s larger 1~ t~e 

more sou t hward pl e oe, 1 t exceeding on e meter et t be cepe of t.r,e s·outl 

end , while on .he contrary the plain aree i n the vic1~i ty of Y6chi Ci ty 

feirly subs ide • 

In Fig . 2 , the most :3out'hern per t of Yii Pel"'il"'sule upheaved shout 

55 em , wr1le t he err ount of upheaval gredually dec.reeses n proport1ob 

as the eneh merk becomes the more northward point - botl: in tl'' e 

'"!estert'l en Eee tern cosrsts of Ki1 Peninsula -, and the ~rortherJ'l pert 

of t h e surveyed eres subfl1 ded in 20 - 30 ern on the ontrflry . 

Genert! l] y speeki.n g , the soJtharn regions of hoth of Sh ikoku e!'d 

K11 Pen1~sula were inclirted northwerds eeeompeny1 l"'g the prese~t earth­

quake, it resulting the lend si~kir.g in tPe "Kortrern pert Sl"ld riSing in 

the Southern pert. 

In Figs.~ er d 4, t he' ehe ngles 1!1 hei gr~ t of ttte same. levf..!11 1T'g rou te s 

durin g ne period of l89E>-1929 forF. Shikoku erd dur1 g 1895-1930 for 

1\11 'Pen~r. sule ere shown together w1 t h those during 1929-194'7 end 

1930 -194'7 respeet1 v~ly . comparing tbe chenge during 1929-194'7 - wt.1e'b 

mos tly eccornpen ed t he present earthquake- wi h that dur1~g lP95-l 929 

1n F1g . 3 , we e ar. find out that the mode of the former is almost opposit 

to the let er in t h e sence of the ir change , 
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dl. etriot ur1ng the later Q.ueternery, end that the deformetiot" col'lt1nut'r'g 

more thert 40 yeP-rs be:fore 1-he present earthquake is opposit to the 

enerel tende~cy mentioned above. 

In the oese o:f Kii Peninsula s hown 1~ Fig.4 , t he general behaviour 

seems to be nearly same es thet 1~ the ease of Shikoku; thet is, the 

mode of c~enge during 1930-1947 is nearly opposit to thet duri~g 18Q~-

1930 . Since , however , there occurred a greet earthquake in 1944 

at the see bottom just east of Kii Peninsula , the le nd of Kii should 

be effected by this earthquake. Therefore , it will be rether reseso­

neble to presume that the obtained land deformation of F.11 Pe~insula, 

tn 
at lesst Aits Eastern helf, uring l930-ll47 includes the eff~ot of 

1944 eerthque• e e~d thet of he present one. 

(11) As elreedy dealt wit in the for~go1ng report, we plan~ed to 

cerry out the leveli1ng survey fre quent l f along e short route at. ~ pe 
I 

Muroto ebout 14 km long. After t'he earthquake, the survey worlr as 

eerrie out three times, the dates of survey eing es follows: 

194?(!) , Jan .? - Jen.19 ,1947 , 
1947( 11) , Jen.30 - Feb.3,1947, 
1947(III}, Mer .3- er .5 ,194?. 

The che~ ~e in height of bench marks durin g the periods of 189~- 929, 

(befOre the earthqueka),1929-1947(I} { including the time of oerurrenee 

of the eerthqueke),l94?(I)-i1947{II), end 1947(II)-1947(III),(bot1 after 

the earthqueke), ere shown in F1g.6, where the change o bene mer 
I 

No.5144 is assume to be always zero . 
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Hence, the amount of change given in F1g.6 being the relative one 

compared 
u 

with the base bench merk No .5144, the resylts shown in this 

figure ere considered to show the tilt of lend. 

. The deformation during 1895-1929 s hows that Muroto Pe~insule had 
0 

been inclined into the direction or SlOoE ,i.e. the SlOB side had 
0 

subsided compared with NlOW side, the magnitude of 11t dur1 ng 34 

years amounting to 1.2". 

In 1935, the levelling re-survey was again carried out along the 
west-side 

route from Cepe uroto to Aki on thec•mct~~~· coerst of ruroto Pe i n -

sula. Although thet . survey did. not cover the whole eree w~ 1ch we are 

now examining, we oen find out , et least, that the change during 

1929-1935 ~a s en extension of the change during 1895-1929 not only 

in its mode bu t in its rate of change also, the total magnitude of 

tilt durin~ 40 veers of 1 95-1935 amounting to ebout 1.4" . 

Next, the cran ge acnompsnyi ng the present eartrquake , sl"~ OWl" 1r 

Fig .6(b), es exactly opposit in its sence of change t o that during 
0 

1895-1929,1 .e. Muroto M1sak1 was inclined into the direction of NlO , 

the magn itude of change durin g this period amounting to about 6.6". 

For the purpos of s howin g more clearly the above - mentioned regular 

change, t~e relative values of change of each bench mark projected 

on e verticel plene of NlOW - Sl OE in direction ere shown 1~ F1g.7. 

While, es will be seen in Fig.6(e) a~d (d ), the ~hengas duri~g 

t he periods of 194?(1)-(II) end (II) -(IIJ) were not so monotonous 

es those during 1895-1929 and 1929-1947(1) . However, sa shown i~ 

F1g.7 where the changes during 194?(1)-(II) and (II)-(III) ere also 
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0 0 ~ 

projected on the ~rlOVl-SlOE plane , Muroto MJs ek1 after the eerthru elre 

is, generally speaking, inclining again i~to the southward direct1o~, 

end moreover the time-rete of the south ard tilt he been decrees1~ 

with time. The general tendency of tilt of Mur oto r.1sek1 before, 

eocompsnyirg end after the present earthquake, projected on the JlO -

SlOE plane, is tabulated in the rol]owing table e~d graphical y hown 

in Fig . 8. 

Time Amount of Tilt Change in !lilt Pete of rhenge 

~9~ 0 (assumed) 
5 - 1.2" -10 x 10 ·"/dey 

- 1.2" 1929 
- 0.2" - 9 X 

-5 ,,, 
0 

1935 - 1. 4'' 
+ 6 , 6" 

1947(!) + 5.2" 
- 0 .6" 

- 2 

(+) de nato the rise of SIO'E side 
- 3 X 10 " 

194'7(!1) + 4 . 6" 
arinst the N lo'W side . 

- 0.5" - l.? xlo
2

" 

194'7(!!!) + 4 .1" 

From t~ose results, we can conclude that Muroto Peninsula hed been 

inclined southwards with almost constant rete during more than 40 years 

before the present earthqueke,it rebounding abruptly at the ime of 

oocurrenee of the earthquake, end then the deformstio~ i n excess et 

that oceesion is now settling .• 

The level ing surveys are still continued at present. After trose works 

ere completed, th~ general aspect of the land deformation relating to 

the prese~ ~reet eart~queke will be much more cleered. 
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SUPPLIMENTARY NOTES TO(IV)TSUNAMI • 

From the observed data ehout the differe~ce of errivel t1me of 

Tsunami from that of earthquake, we could determine the distance of 

the origin of Tsunami wave from the observing points . Here, the velo-

city o~ propagation of Tsunami was assumed to be given by 1Y= ,..'ifv , 
where 5 end h denote the eecerelet1ot'l of grevi ty end tf1e depth of }"le 

ee respectively. 

y means of numerical int egration, we could determine t}-1e possible 

locus of position of .origin of Tsunami corresponding to each observi~g 

point . The results of actual estimation ere shown i t'l Fig . 9, where it 

will be eleerly seen that those locus curves do not converge to e 

special poin;t. . This feet may show that the origin of Tsunami was 

not a smell area, but it should have rather wide eree. The11, we 

ce~ interplete that the envelope tor the group of those locus curves 

corresponds to the margin of source - region of Tsunami . 

As shown in the figtire, the sree of source of 'T'SUT'.em1 wes fa1r y 

lerge, surrounding the epicentre of the earthquake itself. r.omperi~g 

the shove-me~t1oned conclusion witb the feet that the l and deformat on 

to0k place in t he wide area including Shikoku ar.d Eii Peninsula, we 

oen presume thet the orustel movement 1n the see bottom, w irh ceused 

the Tsu~emi weve, bed also s wide area a~d probehly eonnected closely 

to the deformation on the lands. 
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