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Synopsis

Some peculiar changes of ground-tilts and ground-strains were observed before and after
the occurrence of recent remarkable earthquakes ——-— Odaigahara (Dec. 26, 1960), Hyiiga-
nada (Feb. 27, 1961), W part of Hydgo Pref. (earthquake-swarm during about three months
since Apr. 12, 1961, and the main shock occurred on May 7) and Kitamino (Aug. 19, 1961).

In this paper the results of observation were reported, and characters of these anomalous
ground-tilts were discussed with relation to the earthquakes. On the other hand, some in-

ferences were made of the characteristic .deformation of the earth’s crust related to the

occurrence of a series of earthquakes originated in some areas.
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WTEZF5ThHs (Fig. 1 BR), Fig. 1 Anomalous tilting motions observed before and
~ after the occurrence of the Odaigahara Earth-
TTHLIG, BROMERE, 15 quzlke on Dec. 26, 1960
HHERE TR L TdH 2N DKM - Chain line : First stages of anomalous chan-
WEAS6 A, WA 8 b REAT) o ges .
2L TN Be © DRSERFEICILE Solid 11n? : S.econd and third stages
Broken line : Recovery stages after the Ear-
Iz T%}E'f\_ﬁfw %@ziﬂ! ‘H:fAb‘fJ) Ey&lk_ thquake
HOE HIEWEEMN TR R AN Thick arrow : Permanent deformations
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AL EAFENE LT, SIS LA A2 RE L, 19420 2R3 TIC201R0 < ML BT T3
DNT&E, LA LZ CHFHEFTMBGAC, HII1959HEITRD THRBTH D05, 1960F 7 AtH, H1F
OB ESE, M=5 DLEOHBEMHEDNTHRCYD (Table 1 KU Fig. 2 B, MEAHKRORT6
F1H~6A - Al - SHHBHRNE B IKJEAEFOERNI XL 5, Magnitude DFRERBERE bIT
FHORICL2hs, BRREDIDEEIRZIREOBLR S L TOAEHEKT 5), DW0IZ19614-2 H 2TH
CEDTHE - JUNARICK 1m OEFEAMNG D AR NE (M=72) BSHAEL I,

BEMEFS 2 RE L TOR5EIIHEN T 165m, KRERICIIHEILIZTLAEEYONT, HBEOE
& BN BRAIE UOKEEIBEREIE HBIC L 7 A04"LIT T, BOTRELIHFRETICH b, 20D
12, IR0 OFEKE (CHKLE 1mm OBz BHEEHI LT, 0.0077~0.009"ICH4T %, ) THERETA
DT B,

Table 1 Major earthquakes originated in the Hyiiga-nada (Jan. 1960~Oct. 1961)
within about 100 km distance from Makimine
Class r : remarkable, m : moderate,
s : small felt area, ! : local earthquakes respectively
u : unfelt earthquakes (Jan.~Mar. 1961)

No l Date Class Magnitude O}i:\f)icentgxi‘: . Depth \ Egiisc;egé‘gl
l | km km
1 | 1960 Feb. 5 s 5.4 319 1320 | 20 94
2 Apr. 16 ! 45-5.0 324 1320 shallow 57
3 | July 10 ! 45-5.0 319 1319 40 ; 90
4 Aug. 5 l 45 321 1321 | 20 85
5 Sept. 4 s 5.1 32 132 ‘ 20 85
6 26 m 5.6 3215 132 20 1 53
7 Oct. 29 | ¢/ 40 319 1315 | | 79
8 Nov. 7 m 58 324 1321 ! 60 57
9 Dec. 31 ! 44 317 1316 | 0 100
10 | 1961 Jan. 6 ! 3.7 31.6 1315 0 110
1 | 17 u 3.7 324 1315 | 0 ‘ 25
12 Feb. 11 ! 43 322 1319 0 60
13 | 18 u 35 322 1316 0 47
14 20 u | 40 325 1318 | 0 35
15 27 r* 7.2 317 1317 . 17 | 102
16 | Mar. 10 u 42 322 1320 | 0 ‘ 70
17 30 / 44 329 1321 0 i 70
18 ‘ Apr. 4 / 43 324 1325 0 ! 100
19 | June 9 ! 42 318 1320 0 | 103
20 Aug. 11 s 5.0-5.5 321 1321 ! 0 | 83
21 11 s 5.0-5.5 320 1320 0 85
22 \ 15 s 5.0-55 317 1318 20 105
| * Hyitiga-nada earthquake | J
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Fig. 2 Distribution of epicenters of ma-
R jor earthquakes originanted in the
Makimine @  Nobeoka Hyiiganada (Jan. 1960-Oct. 1961,
9 %) e Ref. Table 1)

K Xe, 5(8 % : Remarkable earthquakes on
C 2 e . Nov. 7, 1960 and Feb. 27,

| 1961.
’ 5? 6 & : Earthquakes occurred during
’ 4,20 the epock of Nov. 7, 1960~

st 32° Mar. 10, 1961
. , | ' : Unfelt earthquak
Miyazaki O/x 7 . XK ) quakes
X b ()
B . o™
N @0 [ S S —)
131 132"
1960 1981
| Jan | Feb, Mar. ; Apr, May |June;July | Aug,; Sept, Oct,| Nov,iDea,; Jan,; Feb, Mar, | Apr, i May | June; July | Aug,
3

Fig. 3 Secular ground-tilting observed at Makimine, (Jan. 1960~OQct. 1961). Arrows indicate the
time of occurrence of major earthquakes originated in the Hyfiga-nada (Ref. Table 1)



34 FAMKWREFFRE 5 5 A (H.37.3)

Oct,23 «~Dec.10

N
4
Dec,31 — Jan,21
<. 007"
- ~N \/
” /
o.l ,
"
/

Feb,I5 «~ Mar.6
’

A a0e”
/ ~
/T

Mor. 17
1981 1

(5]

Fig. 5 Anomalous tilting motions after

elimination of normal linear chan-
ge, in cases of the Earthquakes on
Nov. 7, 1960, Dec. 31, 1960 and
Feb. 27, 1961 respectively.
Chain line shows the amount and
direction of tilt without recovery,
numerical values represent the
amount of tilt-component towards
Hyiiga-nada

Fig. 4 Vector diagram of secular change
of ground-tilt observed at Makimi-
ne. Arrows show the time of
occurrence of earthquakes (Ref.
Table 1) and direction of epicenter
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HiscETHbo 1oL 21T Fig. 2 T (FHIC OO0 MBI O K OEENEESZ L KA TR LU 1
Table 1 ) KROMNB L DI I2ASIAD DN T3 MHOMBEINEC D, FNEFFICTNS D HIE
ORMEEIEE RN S VW ZIERBEICARE T EIEYERL TS, 20T &3, 2HA2THO HfEEE 0
U7 MR TS T OMEBA R E U THE 270 TRIEWhEWV S BEARC X4 5, Hic12H31N
BO1H 6 AoMiEI, WIhd AM#BEOBAEBOTHEEL TWADT, CnsOHEE 2 H2TNO
i & o, MERAE GO ETHTLICBEEENS D S ICBLNEL, SO FLZORNCRAELIIA TN
DI M=58 OMEAFTHBETH A48, 196017 A LIi% < OMBHHNERL L TLIHI96LIE2 HETO
MR DR ADSDTHY, COMBSE SMh—HOMFEND 2D TIEROLLEVIZEL bAETN D,
T oo~ v (Fig. 4) 2R Thh bk HiC, 11}] 7 A OMBER/:TI% X 0 5 ¥R
FEpSAE LTNT, JIFREHOHFBIC 017 %, £ TZOF I EFOELREICHE LKANZE
WECH LI TH D, ETAHIZAIHDMBARBLE LT o XAEHEEBbhicboks, 14200
EHETICBEAERIELIDIZAZ ., LALPHBT2 AIBRICED, ShyELRE108 km 4 (Fig. 2 No.
13, 14) (SR Lo BE o/ NSO BB AR IED S, —ReApE O HICERIMES D X 5 3 iTHARL
ti%, 10RO TREL ARMLTBICEFEZZI U, 2 A2T0OMBESRAE L, ZOFKRICZ OHB~DH
FHIK O THU S 2 012H, 1HBO~NS PV MDE CMOLRE FIGEBENTZDOTH S, b2E bBIED
L AZDOIBNDBEERIRETH AR OMH SN, bHEHIORS PN EBRTRUB ECESD
CEnAHCT LR, o LToHMG EOBRTHLIABANILVD, TOBEISIHNPDTH LI DR
FHEAEINO B LI b DL Fig. 5 TH b,
cnEbdE, IHT ARG 2 H2THOMMEO RERBM ST T ETERALZNZ brdlzz LA
EHELVAEEEARL TS, COHME, BHE#EAEOBERMELRCTRELN 0 FRE—BT
LZOTRIEVHEREIND T TIZRAZZEDIZHIIIBE L 1/ 6 NOMER, D2 H2TNOMEDL 1D
FECRIEL TN -OTHSAS, 11H7H (No. 8) »53 A10A (No. 16) F TOHIES No. 11, 13, 14
HEO/NBBOHBLBROTTIRTIIA 7T DL 2 HTHDOB R AR S FICEZT DTV ANDLIICEZ b,
F72 2 H18O D 520 HICh T TOBMBD/NIEDOMER, T & KT No. 13-No. 14 OEdi sk
WCRELZEICEDNE, TNSDOHOKFANS, 1213 N30°E-S30°W ThHah, 403 DDRNE
1t (Fig. 5) OCOBUCHEABERAEEZTH DL L, FTUATNOME R C © [ (HE#EOHE) I
0.08"ffi %, KIZ12ZASIH OMBA R L L THHFANC 0.077 DEFM 2T O TEOE T WI3I21E 2 OfElicl
HL, E5I2 A2TH OMIEDNIICHEUT C OFRNC 0.09” -2 &itls 5, Tb b, HLUWBIFETED
720 (19605108 7 5196143 A £ T) O NMEEOMBEIC DV TNZE, oD N33 Fig. 5 ©
2K®ﬁm AELTEYD, Iho—dORRIZ 1) REMDO C OMUCE A I M OBREI TR
—LETHDHIEBDOP DI, TNEEFFCAKE L THIR o BIIZITILE (N30°E) i & O@Ef 4 81 L
Tmomwéubbnto ZTDHOMBEA A D L, RBAEMBREIEIIBEO>TNELS TH Y, Fig. 3 NIz
bAHOLNEEIHC, TNSOHERMBIC D REDEFNEMSEHON T S, & HIC19424 LIS O K ALETS
BIZDONTH, BELEDRMETREDIECA, DTNEREO/INMIODOEBHEMHEIZ DTS5 LODT,
VI BT R R A RIC U T REC R A4 2 — DR IC 1S D S RIS R N M R 7S b D 4 8|
M CEMNTEEITHD, COMBEARMIETHE 2HTBNIZNEZEZ TN D,

3. EERABROHRMEBE

LSOHE L NMICIZ 1940/ MR 2 T DB OMEE (M=65) LIKRD 1045k D M=5 LI LD #13
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BREREBECGRECOTOIEND, 19614F 4 H1281C M=45 OBMBEHSRA L TLE, 587 HO M=59 OFF
EHBATIBE LU TCTHLEOETOMI 7 HOMIC4AOEE S OME (FRISHEER20ERD) HNERL:
(152 H 0% Table 2 {T/RY, RODPPOKRER LD 2HWEST),

Table 2 Felt earthquakes originated in western part of Hyogo prefecture
(Jan.~Oct. 1960)

P-S Time
No. Origin Time Class | Magnitude
Himeji ‘ Tottori I Okayama | Toyooka
d h m s s s s

1 1960 Apr. 12 06 11 ! 4.5 2.7 84 8.0 7.3

2 12 06 34 / 4.2 26 8.0 85 —

3 12 06 44 s 49 29 84 — 11.7
4 18 05 42 s 45 2.6 8.2 8.0 7.7
5 18 19 54 s 4.0 2.9 8.0 8.0 7.7

6 May 7 21 14 r* 5.9 3.2 6.1 9.0 8.3
7 7 21 20 m 5.2 3.3 6.4 9.0 -
8 7 21 33 l 5.0 34 6.7 8.0 7.6
9 7 21 37 { 4.8 41 6.5 8.0 —
10 7 23 27 ! 4.7 28 7.1 8.0 7.7
11 12 11 52 { 44 3.7 — 8.0 7.2
12 18 15 30 ! 3.7 4.3 74 8.0 7.8
13 30 15 38 s 4.2 3.6 — 8.0 72
14 June 2 15 17 ! 43 28 8.1 8.3 78
15 2 16 30 u — 3.2 8.1 84 7.6
16 28 23 42 ! 3.6 39 74 8.2 7.5
17 July 9 11 49 u — 3.9 74 7.6 74
18 Oct. 15 00 08 s N 35.1° E 134.6°

* Main shock
’s9Jan. ?n L ‘.0". P ,‘5'-.
Ikuno 1 ’60 Jan.

(Remarkable Earthqueke)

191
Fig. 6 Vector diagram of secular change of ground-tilt observed at Ikuno. Arrows
indicate the time of occurrence of earthquakes in W part of Hyogo Pref.
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COMBRICEELCEREGTH D & Tig. 7 Anomalous changes of ground-tilt and distribution
n S fﬁ@ﬂ’ﬂi{ﬂﬁ@liﬁ B0, E‘j{{, f‘i ;fy;gpic;rie;rs(I;)Zf‘e;f:;xiuz;e-swarm in W part of
BRITHOBKEDMD 2 55 O
KHRBRICHODNTN BT Eh L, BWRVEHEBROZETENCERAWL,THD, F/ 400m LK
TRZOWMMETRESTEHONT, ASOEREBELIADONLBNEDCILETHEH0, ZOEHGIVFTOLET
AELRRAHTH L, £ TLORIR DV TOERIIOEFITRHALT, COEFR7 P rD19614 1
HLIB DS %2 HMICIENTH 5 &1 5 (Fig. § FRIBR), NdhoOREd, FIMEORERERT,
CORTHHESLIL LI, 2A16A»LP00HM & OEMMNMNbY, Db coLaho BE LK
IO EEZOND, T4 H 6 BET Tk, PO THERLTLERICE 1HOME (BIEHMES /)
DRELTV S, £ L THRBHDMIEABWT, HUMMNE OEMLMBLIIERIC, T8 (M=59) O
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W, CERENIRI 4 B18AMS 5 4 7 A TIORRKNC 0.087(0.0047/day), 5H7TAMS6J12AF TDH 2
IE T HP27 MR f# 4> 0.047(0.0017/day), Ko“EEI6 1 2 AAs 6 H28 1 % T25 O fic 0.17(0.0047/
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day), W H#ERICIEDT,
THLTHBE, SHOMBOMICENENMLEENEH DTS ThH D, MRILHE B8 O - &
IEEMSTENICERNCENIE, 5 AOMEIR 4 HOHBICHANT, BROMEMSIICIRhTHWEEDC &
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DNTRROMEEZRDICOD) Fig. T WRLAEBEROFATH S, ChEATHEHSHLEHIL2D23D
OEHCAT oD LI TH b ECATEBERI MVEILRIGEN/- L S IR B 28D HH &
BEFELTORERTH L0, VYHEMBOBERZEANE, 4R, BROBE~NI FVOKRIEHLDT
{BbUTHs, BLIAHLIO~2H16OMOEME AR EBELLETRIE, KOABTR
U7k DI LT, 528, 0 3 BEOMBRIRARNCTFOEF AN (Fig. 8 D), £hEhii
BROFMZIEL TV ENZL S, COMICALTE, REDQLICIDIERTH S0 0, Bz ZHERANCT
FIOAS, PEIREEE UTRARICI VIO ESEM E 4 & R0, MBS T 2MIEBEE
B LEMEE LD, ZNM2OX 3 DDA I NS ERBTEDLHITH S, e OMBERIEKALIAD
REEMCOVTHEETH LSRR TH 5,

1.t xEH B

8 H19H I BN EIC R & D7 b LM, M=7.2, BIHROES 40km T, 20O EIHHED M=
3 IEYFELY, BROIMK 40km (CE/NE, JLHK 60 km ([ #ifE MBS 5. B/NBI21948
AF, MRS 1952F LURMARITIC & 2 MBE O BRAITEON TV Y, HFICR/NETIZ19520:3 A 7 BOK
TR (M=6.8) OBHC 3 H#ARIP S, FHC 8 HAET

N
POBEREYMNERINIcC LT, TS L
14
D THBH0 101020, 19574 4 BICERAIC LY BED -
FRICERE N, & /oMIIZ19574 8 H KIC B MO o\ %
WhfTisbh/icOT, Thllk ©& L% Fig. §, Fig. ' 61 son. L
0 TR LEce A c OARIC BT 2R B A & 100 0 i
150
13 138° -
// '\ "60Jan,
37’ 37° i
F100*
Kamioka \ %' |3 '59 "‘“‘-“\‘ ‘ 3
Ogoya '\
® " 10 4“ Y
B2 %o, Nk sor
| ~ \
X \
% 513 X2
XX X4 58 Jan,
o8
2
" T T
g 3 100 50 57 sept,
136 a8 Fig. 9 Vector diagram of secular change
; 8 of ground-tilt observed at Kamioka.
Fig. 8 Distribution of epicenters of major earth- Arrows show the time of occur-
quakes within the limits of 100 km from rence of earthquakes and direction
Ogoya and Kamioka (Ref. Table 3) of epicenter
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Table 3 Major earthquakes (Apr. 1957~0Oct. 1961)
within 100 km distance from Ogoya and Kamioka respectively

No. ‘ Date | Class ‘ Magnitude i OI;)\Ipicenteor Depth E%igir;taral Id{i:rtr?ircl)iea
km km km
1 1957 Dec. 31 m 5.3 35.8 1361 about 20 59 —
2 1958 Feb. 9 s 4.7 35.7 1372 0 87 71
3 Dec. 27 ! 5.1 36.45 138.05 shallow — 68
4 1959 Jan. 21 s 407 355 1372 40 — 90
5 Feb. 19 s 407 358 136.3 about 20 50 —
6 May 8 u — 37.0 136.0 © 360 95 —
7 Nov. 13 s 4.7 36.256 137.15 0-10 58 17
8 20 m 4.8 355 136.5 0-10 79 -
9 1960 May 16 s 41 355 1364 0-10 80 —
10 Oct. 4 r  t(330km) | 363 1377 220 (109) 39
11 1961 Aug. 10 s — 372 1372 0 — 95
12 19 72 360 1368 40 34 60
13 19 m* 358 1365 40 47 90
14 19 s ‘ — 36.5 1377 i 0 — 41
* Kitamino earthquake and the after shock
t Max. distance of human feeling

km DINOFEME MEHHICLS) 12 Table. 3 XF Fig. 8 IRTMYTH 5.
a) MR

BB AR T 400m TERER EEIC L2E MR CED OO, FILCL2REOEEE LD
NBMTHE, B 3 ~4"IC R, HiGOBAD10(7%C#T 5535, Jbdbic ey THINNE LERE AT T
Wh, LALLMz o~z P g (Fig. 9) ZJ~N5E, AMTRLZELDIG, HA2UMITEYE R =D
WADHIH O BEARICHIC BT L TO 52 Edbhd, ChANBFEER TR EREBILTHRTELELT
b, RAORIRIRIIC L 2R TREOLEO IR BB 2, LOALWEZOWM O #EH» S 100
km PIADE/SHE (Table 3) I LT, ChoOHMBEREEHEOMBELEEZTHL (RHEIO)
P E RS AR e 19604 % TIC 5 HOMMAIBY S 503, 19581212 H O MW TE O
BTHY, 1960E10H 4 FOMBRUIFHNETIEH S 39km THBHS, EE 220km OFERMET, HHl
MR EAEBROEEENDTEOEMCH D (DO TRKRITHEND), CO2D5KBLIRD
D3 DODOMEE, WISNBIELRLLFOMWETH D, BRFEHS L2 L19584:2)] 9 FOMEE, 19594 1
JI21NOMWEITIZ SR UEFICE 2 TED, 195911 13R OHEIL M=45 53 Th 55, EEEHID
T 17km BRAFRZANOL KRB L I3 EAE—FK LTS, #O~R7 FvIdeA—ERGLTHA
%L, 195842 H £19591F 1 }] @ 2 DD MBI EIEH ORIED STl v 72 & TAHIZHEL, 1959
F1LABROWBIBIFNMNADMIEA EKDIEC A, TROBEFIET AENNCEDTN D, Tl
BIZIRN B XS ICILEIMBOLA L HUEC D HTH 5. 03 DOHIEIII0/S0 L1174 )] DLRH %~
PETSEOTED, OB THVOENA L THA0RBTETHD, fikiZ21h ] A% TARO LK
HIFEASEC DT B ZDNNIHIBH 1272 TS U CERMSREDSF VDT TH 5. TN O DTN
i GV LB 13 T AR OV AR T b DO TIREL A I D B, TIH D SHED TN O 5L
IZOWTE, FEHS RN BRI FoR s K D IR A o 2T, TR AU S
DEBFHYRREARATNBE LI TH D, ROV THEADTHET 2 iETH 5.
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b) RE/NEREAFR

EXCARANIGED 1957 4 IR IE T 100 m O EICBRIEEBE L 72 72 %, BAETIIAE shE
LiEDBFIH A E B2 EREFHRERLTOEH, CHEBE S CHBEOERICLZEDTHA I,
HIEREEIA TH B, STR/PEICET SEM<Z g (Fig. 10) BN EE>T—REB» TH
MTHEDDEHIILHZ S, LOLINEST &, 31957104 2 519584 4 H £ TORFIZ19574

June z‘.n Aug.24

June

'57 Ase._ 21o L, X . D N

20
40"

N

Fig. 10 Vector diagram of secular change of ground-tilt observed at Ogoya. Broken line shows
the usual tilting motion. The large anomalous change observed during Feb. to June
1959 was caused by the excavation of adit near (10 m) the observation room
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O E 0T EMBBHLDTIENA D, 100km DINDfhDHIEL, No. 2 {3 No. 1 D %,
No. 6 [IHINEFDH], No. 8 X No. 7 LELY, No. 9 IMTH Sl LD R HNilnon
LIMEMEIZIE 2D TRIZ TN 20 ST LM~ BEETA D B & RAZTS A Z IO TIND GHD &
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