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ON ANOMALOUS CRUSTAL DEFORMATION OBSERVED
BEFORE SOME RECENT EARTHQUAKES (PART II)

by Dr. Sci. Eiichi NISHIMURA and Yutaka TANAKA
Syneopsis

As a continuation of previous paper, observational results of crustal deformation conne-
cted with later remarkable earthquakes (Shirahama-Oki on Jan. 4, 1962, M=6.4 and Echi-
zenmisaki-Oki on Mar. 27, 1963, M=6.9) were reported.

Moreover, peculiar modes of these ground-tilts and ground-strains were discussed in
reference to a sequence of crustal movements related with a seismic activity in a certain

restricted area.
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PR3 ERTRRL, FOB—EOMBERII LIIHIEILE : B FBOBRIC OV THRE LAY . 2
BETCHEGBEROERZEVETTSE, £{RIEREDLDOTH) BRIEL R DT E %7
DHEIES & HBEFOBR AR T EN LB B BICE » TV,

AR Fedb 7z 3 DOEBHDO TR EN—BAE I D EF 3TV RU R~ Hif L kT
FOME 2 DB HBOERFEEHC SV THEL, chb—EOoBBESO—Be LTE 5 HHEZN
Bk EZTHRI,

1. BR &4t ®

a) 19624F1 A 4 BRALEEEMEMH 10km Ofdic Magnitude 6.4 MOFAERHBENRAE Lz, RIC
CHEHEREELTFS LTS, ZOHZEIR YA 4 SOFBMELE - 2.

FEON B HBERIFFOR « Fuf935km, FLMNEINFRO FERIFE&H65km, #IRELRIFROREILAE 55km 2%
b, BIEDEZHK 40km THD, LB OEZBOFRAIOOFIC, XHKCFHEAE 60km 1/ IES, Fck4
HHEBICE CBFRcEO 2 ) DESE - T\ %, (Table 1, Fig. 1 £)

Table 1  Specifications of a series of Shirahama-Oki Earthquakes

No. Date Magnitude Qli:\})icentgrﬁ Depth YE‘fri:entral Iglsslfﬁ

1 Dec. 24, 1961 4.2 33.3  134.7 40km 80km 120km
2 Jan. 4, 1962 6.4 33.6 135.2 40 35 65

3* 4, 3.8 33.6 135.3 40 45 60

4 4, 4.8 33.7 135.3 60 35 60

5 4, 4.0 33.8  135.7 20 50 25

6 9, 3.8 33.7 135.4 40 40 50

7 Feb. 1, 4.0 33.5  134.5 0 75 135
(7)* (33.3  134.8 20 80 120)

* Mon. Rep. Earthq., Osaka Dist. Meteorol. Obs.

AR ERFCIE Benioff & (Bow-string magnifier) K3 3Ek4r, HE 1RSSO EfiEt2n % & STy
5o MKiEEIbERSr 1.5X108/mm, HPFERK4T 0.38 X 10°8/mm, Jb60°PE —Eg60° H k4 1.4 X10°8/mm, $HE
B%432.3%x10-8/mm DREEE TR I T 7245, 1E60° 78 — BE60° AL S REIMTh » 720 MHERZE{LIX
19614E12 AhtAN L At Blbhid Loz (Fig. 1 TRBM), bk JUHERS R ALY, &
ARSI AZILTH D45, 1 Hic A » TEILR SR #i A OHER % B, BHER SR AS 28 LT 4 HRICH
BORAE Utzo HUE & R BRI, B ANIC 2 X 1077 Dffida B, X HIcky 2 K% & Thidao ki
FAFHE 4X107 OBcE LB O Ui, 13 LDDED AR » 7o 28U fil A0 BRI b O
T2 L RRD AN SHEEZHK 2, 11 19584E1C 3 A /K izt # % B UCLURM 5 £/, v
BEGELEORED S B 1ED e o2 b, DF D IEFFIEE L BRI L0\ IRETH
SRTWBZ L H 2 ERD 2 B &5 I FEDHA BT TV BT 5, HIERKO 123 kE U4
FICE &80 C, WMEOKRTIC X 5 ThU HARHE L LT\ 5 L EX 550044 T, TORRI, B
WERELREZOLNT, BRCR\Th, FMEORMCH - OBEOERNEFRZEDORI T L,
FICHEENE S s BEREANRD Z LI XD E Ll Elastic memory DI R ODBERD[EVE KR & IEH
T B2 Thb, —~HERHHDOMEETEHAMCHEER 1.2x107 O b €% 7RL Scale out LT
WABDTZOHIZHBNMER N F I SRE AR BEMNIC L h REELIREC S 5 790806 LD S b
s BUELIER B, S OHETRYIMNIL LR » 720385355 T LCH B B R AIDMEE 720

MBS, ARSI, EtRS L HERSREAOELL KT 5231 A9 BotE L Ak, &<
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CHPEERSy CHIO RIS AT 5o E7 31K

5362 A1 B QMBI » FiS I R N i \ {5
o, AROELLIMMEFLEDILIEK T
Be oD Lk Fig. 1 ko Table 1
R LERHER, SWEREED s —20 =0
group /A THIE S ok § o L KB,
COEREICRTRIC, N60°E — S60° /i/j::;j

WO LT L, FlAbLIKE - TIERKE

b, ST-7-0FEENE BEBFRABE LT ;}/ Shionomisaki
Wh, CIRBEELORZOBOEMTHD 35* 136"
THERHREE L WEO B E RS LOR X

ORBDOAMBAFEE L& S Old fault o .fﬁ o

line (% 7-1% Nankai-Thrust)® 47T, s Ym__i

Lo LR EBEO=AARIK X BKFEBHD 6]
FHiaw L EAY TR D, :
ERRER IR LD L BT
BT CEREA S ORELN TV, HE
BRFRORFEE LIRS A TR B 555

40 BRI B ETFO D OFERE I Uab, (i s’
BHOB NI 12 AREH D @l ke s
7L, WMERRBOET ) OERE T RE Fig. 1 Upper : Vector diagrams of anomalous
4 BEICKR ST B, DigEBEUH 17 DXk tiltings observed about 4 months
REB AT e O P ICIE B, MBI T before the Shirahama-Oki Earth-
RGP F DT F T T T quakeA at. Yura and K‘IShL} .
. Solid line : nodal line in main
B0 ThbbiE s AREORE I BE,S shock
it @R R U, NUEENENnT 5 Crosses : epicenter, the nu-
AL AL RBRARK, IHK merals  correspond
L5 DR I3 TAHERHFIC 3.5 O to the number of
_ o . Earthquakes in
R TR, HBERCD LYk LiiER Table 1
BbicHEs 1 U, AR EFEFHO 4 AW Lower : Variations of ground-strain befo-

R EAICIICET B 2 5 W ERL T re and after the Shirahama-Oki
Earthquake observed at Yura

7o T 5, Hric Mg @R 28 U A i .

rrows : the time of occurre-
T=MAEK X 5KFEBBIOH AL E AT nce of earthquakes
HAEVRTEROHMCEMNL, Z0O—#ED
HESFAE LI BRICIEREA SN TH D 2 L REBICR~ D EIRH OB 4 & B U TBKE,

TR BRI LA AL, BAHEAMYTHE I, BNCHEHILOOFRNRAE L & LKL~ 5
EHNEEOEA L ECMESE Y T 5 Thb, BIRBNFMIEESAE L, MRl 2P BLEL
¢, REEMNEEIHBITEEI T,

b) @RS GuEkiLEt, B REHEHEOREERO—BL ELON S HIRT, Magnitude 4 12
EOWMBNK T Fe—ER R4 T 5 RS ThH D, RENTTCIR1959FIC [FiTHe X 5Bl im LT
DIk, HEFRCEONDREELD LV 02 bAT . LA LRER L ZDELA EIHER, D
< b ESKEOFEBO L DHE L CEH IR TV AR ThH ) BESEATE L o, BREL HEDIE
HE BT BRSO —EE RBbR AWV E S H 52, Z OFEHIMER S T\, BRHABRKF19624 3

— 8§ —



PR - BT BROHEIC T 5 MBORFEEICOVWT (F2HD 69

Ho1H, 8 A10H, 19634 7 A23HICEh FHIES 40~60km DRLH HREASHROES 20~30km
ORERICIAE Lz, Magnitude 2\dhd 5 IR TRART OF BERIC & BRI TR R
BLFTRA LD TH S, - DHEORERR VTN STIELBDD L EHICHER b R, L, TH
TR G L, chd Fig. 2R, R e FRINEL LR T 5, 8 HI9RDHE
HOEFEHHOMEN OB TR AEMUBORILAROZELEEDL 2T L7zJET, 2 X UTwB, i
FOMORA b L HEHIHOREFNREM LT\ 5o Mb 2RI ERT 525 hbDHIRIC X 5%
B R » B 5 AU AL A T B B BN RO L T ) RS AT L 7e DR TH Do B
R AAOROBSEBEAHOFAHE LD REVARRATTSEY, MEHDOEBHDLREE LTS
BTLARMIBELRAUTHSD Lu, EREE VSROBS SBEBCIES LA T4 ROBETRITE
VELTD,

DLED 3 flik 40~60km DLRH IR
T HH, ZDEFD 2, 3 DBMELHINS Do
ZOHSTREB Y EVT 20~30km AR
HIEFFEREOHBRRL S L8 E v, 20D
FOMFEOENLOKTFEY Fig. 3 TRioR
T ZOBALELRA UL BAF RS
BN L 75 5 T Do SRIERST O
M HOREBBARLDEELLN, kL
b HIERTEAKBE LD THA . 7x
BIhbHD 2 OOMBEOBRE ST,
BiE0BEEY ERIC AN TS O il
BOBE LISEANFMTEH S Z & HHEKk
v, (Fig. 3 EEBR)

UFEBA L TIs0BRRYE2 5L

T3, COEBERERAL HbILBHRHI
R T HHUER, D7 & H195ELIRETE
¥ COMTR LIk~ 2R 3 DORYE l EX S -
WIS HIR TR T A THRRICE 5 1 Fig. 2 Variations of ground-strain observed at
1 RRUORRRIBLRT. BLSFHO Yura. Scale of abscissa means the elap-
nodal line #MH& 5 %9 ~TD #REIC DLV sed time in days from each origin time
TEDEENFHOFHE % Fig. 4 FX for three major earthquakes

Table 2 Specifications of Earthquakes shown in Fig. 2

No. Date Magnitude ol\I}: picentegrE Depth g’lf)s‘tce?‘rl?_la
1 July 23, 1962 4.4 33.8 135.0 40km 20km
2 Aug. 19, 5.0 33.7 135.3 40 30
3 Sept. 8, 4.5 33.8 135.1 30 15
4 9, 4.2 33.8 135.3 — 25
5 July 30, 1063 5.0 33.8  135.0 40 20
6 Aug. 22, 4.0 33.7 135.4 — 40
7 Mar. 10, 1962 4.0 33.7 135.0 0 25
8 21, 4.9 33.7 135.1 60 25
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R LT, (FORHISRFE I s KOk -
BEXHEARIC L 2.) FHIREDEER

45 UTFCh B, CHICLBE 1 DOHS { 4? i
BT, TATN20°E - S20°W, Efcid% sl | fﬁ; | *
REBAAMCE S, EENOHRKINL \ -

T2RBAHN%, TDOZLREESTHY RN
kA TH 5, Fig. 4 TRIE N20°E
— S20°W OF O EICERDA E * 1R
LTHEIR X BEENFADHFT R LD
DT BH, N20°EHET b CHIFEE & 20°
~30° ¥ TERCIhETE- LLE2»
OEBrX S, L EEOHBIRADE
Few3 X LA R LD, BT
IR BEIEOFHIC L s Tl Tt E2 5 DM
#HYUThHAH S, Fig. 4 TRITREENDH
ML DEER DI THI DI N20°EDH
EHZHT I 2 B » 7225, 8B IEb I
EFHOAME Tectonic Force DAL
SFUE—F LA < Th A5 Tectonic

Force O % ZRIC AN B BIEMHERIO A
Rridts LARIEFEILIC & 5D258% L Bbh
3, COBARERBZERKEORM
L ClEN TR AEmSL D, D

Fig. 3 Upper : Distribution of epicenters (Ref.

Libie B8 LIS b 50° i it Tables). The lines connecting
o LT PR O fE RS EILTAD two or more epicenters show a
® Dip #E o2 A MLNTHB0hH 0 group of earthquakes

HUSIC 3513 5 & O RS A B TR T MU DM & Lower : Typical variations of ground-

strain accompanied with a cou-

BRI L HERTLOTH L, M ple of earthquakes
SABTRTRICZOEMCY 5 1 oOHERM

Table 3 Specifications of three couples of earthquakes shown in Fig. 3 (Lower)

No. Date Magnitude 015: picentglii Depth gir;it?e?;?}i
1 Sept. 1, 1961 4.5 33.9 135.0 Okm 15km
1’ 3, 4.0 34.0 134.9 40 25
2 11, 4.0 33.7 135.6 40 55
2 14, 4.0 33.5 135.6 20 70
3 June 11, 1961 4.0 33.9 135.3 40 25
3’ 12, 4.0 34.0 135.3 0 20

AEET IS ENIRCARSL TR KO TRLAAEHRMENE 2 DEREHAICRE L TED
D HBRDEE L (A FABTIC I 5 T D & L CERMS D 75 Th b, ZANBROERII X 2B MI10F
MO EBBOAMDH L BERKAMTR L, HRPDILOHRBEHRDOER/NEVAFHCIT LIS
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Fig. 4 Upper : Direction of maximum pressures for major earthquakes occurred during
a period of 1955~1963

Lower : Vertical distribution of earthquake (the same to upper) hypocenters

having maximum tension O and compression @ in azimuth of cross

section respectively. & : Non-quadrant type
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R 2 e BIEIN 5, SHIEHOHEEHBEOERNLTIC Magnitude 6 FREQHBE, A H RAEL TV
B INLEBALTESHETHITETH S,

2. & BT UR b it B

a) 19634F 3 H27 B L LI Magnitude (M) 6.9 OEEZMBATLE Lz, RETIC LD ZOHE
AR AT R L BRI D 2 LR 5 T FODHEAEII19614E 8 AL9FDILEEME (M = 7.2) Icidk
TiE7svas, 1952453 H7 HOKEHMHE (M = 6.8) ¥ L¥h35DThHo, REEHRIALDIERT
3AXETOS BMCREE 2, TOMOFRME 14 GEF X 3) ¥Hx, 0% 5 HHDETHN
BT Th %, REBRISIEETEICEA SR CREBBERKIZ I X £ 650~700km? FRE L #EE
Xhd, AEOERALILH W0km WR/NRENFT, #~0 E0km ic LRKERMDT, #Pi 110km
BHFAD 2, SERCOBBEHICAFbOr Z2 UL, RBBOMEARN D FEER L4
BRI E COBEE#R FNF R 70km, 95km &5, (Fig. 5 &)
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Emzmmé:.‘:h * \?“ Fig. 5 Upper : Vector diagrams of anomalous tilt-
Ay e 3 . .
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2 AY
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ter of the Echizenmisaki-Uki bar-
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S DB X 5L Bbis REESERENRICR TR ELDTEETHY, T EREIHRAT
10m DEWENE TH B 20D T —HRAELLD DI oy, 7 ) BIBRER AR LTEY,
e 2 BrhatEs b REAE B A T » T 5, AHBRFTIER 180m OFENICH Y, LHEE, B2
AR THBCRE L ERETEH S0, SEH CEDRAHE Th DI bbb b SRS Uik
REEHHR LT B, 3 BIUNATO R ENEBOIEE Y H~ B 722 Vector Rz S HICERAIHA (R
WRAMTD) L rheEfRAH (TRERCHVERT D) /Lo Fig. 5 TR THL, &
AN 3 #FTE H19624E 9 A UVAIM LA » TV 5285, EILORTHLRTKA Y RMEOBHE L FEkici
EBEOLEES 3 SOBBICHT S ENTE D, TrbbE 1 H(a)31962/F 9 AHIIZ T E Y, BEREE

_.7.__



R B EEOHEIC I ) MEOREERICOVT (B2 H) 73

B MBI T %, 19634 1 JIIcid U521 (b)) WRBE/NE CREBRAMICZNE, £5 Tl
e U TR AR LT Do 1AL TIORREE T 2 MITREB AP TE S, W3 WIc)
I HERE DR B ¢, B/ANE CRERE WA, FEETRBRACEY LTS, LT
128 3 WO TR IR AV, 2 Hic A > TEBRFINC M LT 7 BRI 10 B K 8ih 6 HU
TIGERE A AE L, HEeEs, Eathmoz i Fig. 5 FXO Vector Kick\T—@RKTSH 5,

E1HOIEERBOBED Kb~k 3 b OBERIZ D T4 Energy OFR, RRRAHLIIEED
BB O R 7T L0 & Bbh 38, OTROFENCOML B E - /o3 cid sy, Lo LVector
RSk O BEEAEENEDHN D, T b E T HIEEO = ANES S E O - BuR BI0ERDKER
FEsy Fig. 5 FRic TR LS, A oMb, kAR E~BEH L, JB/NRORES Tl
WHOERR N TV BTH S, ILHBHMER ZOTMCRE LT %, F7Ons 7 LS iR
~ABBLTV505 ANOEAFLSEEMRTC A CREHCBE LEB TRAE TH D, - OHEMAE
ZETLEE T B 2E kil LT 2 5 R Cy B A3 HUERT R 1 0> R @A 164 3 BRlFTHk - DK
EEGOSHE —F LT EORBESS 2L Tho, LrbE2 ik TR/DBTRERS T, L&
ETRBEL Y A TCES L, AR CIRES (FRREE) RITR TV 5. D% h L HIREK A IR
DEBIAKIELEC L 509 % Energy HREORKERE X3 —ERTHY, F2 M hicd b lEn
OB HWTIDYNRIE » fofo b FDER LR DL E LIZREZLTH Y, 83T TiekA
FLT BHOVIRIEOMETEHLS L EL b D, HERENELEERIRDT 525, kR UELHE™
KLY, IBEREEHOKD FTHG TV SORAEFNME, BmEE LEEBEOSE LRKT
%, (K¥ Fig.5 FROD5 A~ 6 JIMOR/NE, EFOZFE ORI L 2K ETHILLELD
5. ULabERAMOSE 2 HOMEEEFHNEE LTV 20RBEEE5HTHS,

b) 1 kT CIoHUE R B & EREHOBRIC OV TURERY 52 TR WA, b 2 FMic it
LR EE & MR 2 DOA MRS 0km DEFFHICR/E LTV Z L&z UL, Thb—EDH
EiEE e, ZOMOBBEBHOBIRICOUTRATINCEY Licihiud, Eaihih iR os o i Z g o250
IAOHIE D TIRIC T DG & ik B,

BT B OB TR LM B OB A & FFRIC L S RITHRICEETH 523, 4GB T C SR
M & BT E LALKK Crack type » L EZ DA% » 2 bW TH S0 31UT LA ZD2ODMBEORE
BRIZF LI 5D L, 1 REBEBOIA O 25, F Ui » @R, KEEFHRE T3z
JEIC A o T o DI Lib2EE s, iRz & i iA ¥ 72 WEE O H it - Th 5D H
BURDh BRICE R B, ThbbEH IR, AREFHBRSREONBS LR L, Thicd » THiEL &
FLRMOEDTH Y, P & $19514FE~19594E8 i W 2 LR AT 1@ & L ok BeFiia
R LTV ADIRK L, 19504 9 fI LI HIER T LA R/ANRODRTH, EOKEBED Frha b7 b,
Fossa Magna FDO—MAEE LCHEN»S EHNCEBICEA 2RI RELTV5, Lavd, ZOHRH
IR U BOTIE 51, BT a3 L ABROE L TRTANT 5i& DA ( Cone-type ¥
7z1&Crack-type) T h JLEHE - MAWFMED AT TEH ERBERIC L D 4L Shear 1KLL 2 b
DTRAEL L, HEBE energy OEHMNROTACFHT DL EZ2 TIhERETH L ZOMBRRIY
B 219594 9 At A Z L IThili 5, ERcR/INRED S25°E b bk FEEOH I KT 35—tk
EESAGEERAZT LTV 5, ZhEDERIRIAS e o ORI (19594 %K) w8 LT 2 2OMERS
AN DLDTHD I ERR LTS, ZOFE2DRINRITILEEBMBRIN L T8, = OMOKFER
24k Vector Xz Fig. 6 KRTHED Thd, T ORcHA L% Table 4 icigiFi, Fig.
6 75 BRICILIEEHE - BETERHER TR S25°E OFMOEMNEAIE L SICR/EL
T\ 5, ok, ORI $19624E 3 A5 7 A TR/ANEHEICRRIIO/NIBES A LT B4, =
Zicd 2 OB D D S L BEDBND, Lod E%D S25°E — N25° WD B R OEHEZE /LA E ¥
To AR ERARDEB A FTI RS, RIS LTV DEETh %o [EEHEHE - MATIRH B O Y4 S B
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63 Nov,

—bh=z

Kitamino
Eartha

260 yon |

2

Fig. 6 Vector diagram of secular change of ground-tilt observed at Ogoya.

Arrows show the time of occurrence of earthquake and direction

of the epicenter

Table 4 Major earthquakes (Jan., 1960~Oct., 1963)
within 100km distance from Ogoya

No. Date i Magnitude OI\I}: picenteurE Depth % EB}:?:;:;]
1 Apr. 18, 1960 4.0 35.9 136. 4 20km 45km
2 May 16, 4.2 35.5 136. 4 0-10 85
3 Feb. 11, 1961 4.2 35.5 136. 4 40 90
4% Aug. 19, 7.2 36.0 136.8 0 35
5 Oct. 7, 4.0 36.1 136.6 20 20
6 Feb. 25, 1962 4.0 36.0 136.8 0 40
7 Mar. 5, 4.4 35.7 136.6 20 70
8 Apr. 1, 4.3 35.6 137.1 20 85
9 May 11, 4.8 36.7 136. 4 45

10 June 4, 4.0 35.9 136.7 40

11 7 4, 4.0 35.9 136.7 20 40

12 July 19, 4.0 36.0 136.8 0 35

13 Feb. 9, 1963 4.2 36.3 137.7 10 100

147 Mar. 27, 6.9 35.8 135.8 0 90

15 July 24, 4.2 { 35.8  137.0 20 70

* Kitamino Earthq., ** Echizenmisaki-Oki Earthg.,

their aftershocks were omitted.

Hoh A OEBLEENL - O see-saw EBO—HTH DL ELBND, 712D see-saw HEEIE
ﬁ@%@#,m%wtﬁwk%ﬁ%tLTHUTV5®#ﬂ;®ﬂﬁ¥WﬁﬁéwﬂTL&@%ﬂﬂ%ié
EFThMmbEL. ThDOHEECOLTRIDERCHL ANDTETH S, '

¥ B

2 WONAY BN TIZROBE ) Thb, (1) HENG T 35km IC R4 L FURHILEZ 13 U,
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20~30km LAICHE » 7 Z DD 3 DOREAEME (Fhd M=5.0 X 40~60 km) DBic, HROD
fifEEhc X b 4 ¥ Tl R D WEEE R REENBII N, ZOR B & 3 HEEH TS
B D EREE) RHDAL WA DT, BEOBMEHEY b > TThE, 4BERTENDIC LR
ThIHALERAZLDRBAERNE SXELDLND, SRRERYREBE T LY, ZOEHDHK
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