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CRUSTAL MOVEMENTS RELATED TO THE SEISMIC
ACTIVITY IN A RESTRICTED AREA (5A)

——Relation between the Seismic Activity
in the Northwestern Part of the Kinkin District
and the Crustal Movements Observed
at the Ikuno Station—

By Yutaka TANAKRA, Makoto Kotzumi and Masaki KaTo

Synopsis

The vector of secular ground tilts observed at Ikuno changed its direction gradually twice
between 1951 and present. The first turning occurred extending from 1955 to 1957 and the
second reverse one began in 1964 or 1965. The directional turnings of tilting movements were
more distinctly observed also at Kamigamo in 1956 and 1964.

On the other hand, time variation of distribution of epicenters and of rate of energy release
shows that the shift of seismically active region in the northwestern part of the Kinki district
coincided with those turnings.

Further, it is conceivable from a construction for the results of geodetic surveys and the
state of seismic activities that a similar phenomenon occurred in the district around 1925 on a
larger scale.

From these matters, a close relation between the mode of gradual crustal movements and the
transition of seismic activities may be confirmed.

The other problems of the Ikuno station will be reported in the next paper of this series.
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Fig. 1 Distribution of epicenters of the remarkable earthquakes in history
occurred in the northwestern part of the Kinki district (after Rikanenpyo).
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Fig. 2 Distribution of epicenters of the earthquakes occurred in the northwestern part of the
Kinki district on two different epochs.
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Fig. 3 Distribution of epicenters of microearthquakes occurred in the northwestern
part of the Kinki district during the period from May, 1965 to Dec., 1966
(after Kishimoto etal.).
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Fig. 4 Changes of seismic activities for each region (ref. Fig. 5) during the period
from 1885 to 1962.
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Fig. 5 Presumed seismic belts and distributions of epicenters occurred within
100 km of Tkuno on three different epochs.
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Fig. 6 Modes of energy release by shallow earthquakes occurred in each region
(ref. Fig. 5).
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Fig. 7 Vector diagram of ground tilts observed at Ikuno.
H: Earthquake swarm in the western part of Hyogo prefecture
W: Wachi Earthquake with a lot of aftershocks
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Fig. 8 Variation of direction () and changes of total amount () of
ground tilts per a month at Ikuno.
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Fig. 9 Tilt variation obtained from resolving the vector diagram of ground tilts
into the components of every 30° direction and transition of seismically
active region.

S 50° E- and N 40° E- components are in the direction parallel and
perpendicular to the Yamazaki Fault respectively.
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Fig. 10 Similarity between vector diagrams of ground tilts at Ikuno and
Kamigamo, added the constant rate (2”/year) of westward tilt for
Ikuno and that (0”.4/year) of southward tilt for Kamigamo in an
attempt at easy comparison,
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ZHRE-TEZDT, KELNMOFAPLELZENVIKKELD, KEABRELHNZCLIZEERTHD &
EZ, DULAEOBETICEE LW, 158 FRXHEIIO super-invar 15 (3 19584F ICRE & 11 T1956
FEHOEFII TV, HERIGIFEI TR EALERNICEL, BIEFAEZELCTY 5 DI Silica B
HEHELALTHEDTERT 5, Fig. 10 o b2 L5 K EXOBAREFLDOFEETH >
T, BBROMIZI1956F L1964 ETH B, T OMRATFIKERTOLTRTH S, ENHESH A4 O
hBICAIEL, ¢ OERICLENT END ¢ & A EEROBEHOXELERENICEY, HEHad AHT
BB ENT BB TE B, 1956FE, 51964 TOMM, TH8bL b OFHFEFCEIE F~DHE
MWL TR0, EEETCRBKAELTROEFMBELTO30bREEHN NN OPRIIKIEL
LEZNINBERPSATHHEANVRRTH 5, & DICEKLBRIFTIK VT, HhRO®ICE RS,
S38°W izt 131963 K E D S A 1T, S52°E Fjidfricix U, B AR PHUBSEL T Th
SRABICESEEROEERL TN S, T7bb5 1963E PIET DR ABICH LT, 1963 IR IKMb -7
stress BIZEILFE—FHEOHAICHUP LB BEINBITH -1 LBRENZD, ThRE)NBEF L
TRIEEADOHNTH 5, THBERILUOKEWMICOE UCHHICEFEROEMLIS S5 bOTNEXHT
H5. GERLICEL TREESDBEANBRTSH 3.)

PEDES K EEXEETH 80km BN THBEIHRICITINE DR BL BP0 HOT,
TILOBFBBOTRTN B L &3, KEEEAOEEEEED 5 & & IC1955, 564ELE £1964~664FELEH
IOESHTF D754 & S ITEPAMIC I » TRELBIRES 50013 stress OB ICKREBEEBP N H -
1L EERTHEDTHA D,

iii) KENBEIC=ZHRABORRICH DHON /- BRHER & REE)

Fig. 11 ORI ERICHIBREEHE 7 v— 7T OHERRTH 2 FULCHMBRESHR'S 0—BTHD, HiFE
2RI ERIC L D3RD S N1 200 HERTL D OMEIERRKTH 5. FHELMAEEMETHE T &
BITiE{@monzELATHD, LLICENMBHOBRILOBEEIEZEFEL L, BRIIE 1 BE/KERE
(1890 R #%) & 19274 H DR BHBESZOWR F TOMMEE LB ELAEREN T DD TH-
T, FHEMBORENAXOEEbNEH, EHFHETIRY 6cm OB OFESILILE AN M IKEY
T3, AXIE 2 [ERIE & 1950471 % D5 3 MRIE O OMBER OEEEZRT d DT, WEDHIEIC
X EDENDBH 2 LD TH 3, EFMETRILEL SEBRICOV OBREHENES -~ CTHRIECE LK 5cm
ThH 2, NOBRMBE LWV EFTHITI2MEDIRTE DR TR & AT TRIEED SBRILE - 2 &
3TH->Tr BICFEHTHEE LTS L ARMICE RSN B2, fTicdh O~F- Xk 5 IK1925FF[E Tl
BHOHK—%2 R LRV H->THMBEFHHRICA T OENASE -7-DREEDISTHY, BRTRHEH

unit: mm

3s*

AN N
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35*

-50
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138 136"

34°

Fig. 11 Vertical displacement.
Left  : after ““the map of Japan showing Quaternary uplift and subsidence”’!9
Middle: 1890~1927, after Miyabe et al.
Right :1927~1951, after “the report on the levelling in Japan for the period
from Jan. 1957 to Dec. 19592
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KEERE D 2 SOHENCNICHY T 3, 2 VAFNEL B2 E—SEHOBREMIIC O X 5 SHBED
EEBRURAELEEEREZERL, HRELURAKCEERZTE-TO20TRENHILERINEDTH
% (Fig. 15 B2R),

Fig. 12 318904 Ri I s N B 1 BI=ZAREB O R L AR NBEROI12MFEEER S W - = ARIER
Bad, FH- EWICK > TEHE I N dilatation?>Th - T, WHOMIAE, FEMBOREENBTHS
B, Eieh L FNLIBTORAER O RIT ETFHIEE divergence DM TH VD kLt dORE 3 B & con-
vergence OHIRTH 2, LT AH PFig. 13 IGRLULGHR « BHORICE 5 &, 1890FER R O—E=MANA
£ L19504E 8% OWAE R S SR & M/ dilatation f, AFFHHEIE convergence MM TH O il
ORI divergence DHIRTH > T, WOMPICFH - EMOBREERNTH 3, 2% D EFMFILEE
FI60LERT IC—BR 1T convergence MfTIb NI DTII7L{ divergence & convergence ® AR DIEREIE
ITDWT convergence DHERERLTNBEEZ LN, ZORREBIFIIPILVIBEFKRTH A5, 2 F
DKERBEER LT EMEZBDTH T, ATFHITIZI2T4ELIRNIIEME & Re8k, DIk i3 & IS DA
IR L/ &Kt %, 2D ChIRENMOMBEHONELBRYPS 20 TREBVILEEZSNEDLIT
BB, BEREILEEIEIEREP dilatation &IFHEBILICS WA, BT 3 CHIBEHOEES 2V IIEE R D
BEIC >N THBREB 0BT AT S, HEVR—IFHEET LV STRENEZ IO 2 DT T,
19254 DL & PLi%19504EE 3 TOE WA OZLAN19514E LI % D1ED T ORI D b DIt 7=y H B0
BICELITORBTRALEM S SO ZOMABERIHTHENOEMO b DR T 5 DL, B
ETCREBNDOTHETERV, BZLIEBRETHA I,

iv) SHHOEUOEE

oS RENOHZEHOHENPHMBEISONTHE 4 OHMBIMAER S HREHNEDX 5> BEEERL
TV 3PORER, $SIESCEEERILBTAEE SRV OTREIIRYWS S ELT, BKREN—FI%
BFTH L,

Fig. 14 J1962FE IR » 7 S #yNEEHOFIZR L2 OT, FEitHFNoBEFHERABTE -0
TN20°E-S20°W K QBEMT OERERE Licdd, & KEEFROEMEIKERLLY, BERECO
PR oEENBENEETT, BEEER2AEM S LD No. 3 OMBRADEIFTEAICEL, Z
OBREAFNORSRFEL T B, N20°E OEMHOEREELSARTS AP S 6 AP TRALTY

4 %
\ -' |
/ LR
Y / , eight lu w.

Fig. 12 Distribution of the divergence 4 of the horizontal displacement
and the topographical feature (after Terada and Miyabe)??.
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Fig. 13 Upper: Dilatation in the unit of 10-5
Lower: Maximum shear in the unit of 10-%
(after Kasahara and Sugimura)??®.

25, COMOBREHNBR2BEMCLEHRBLTHSOTEROBPAIALLZEERIBNEELIONS,
FTRICLAEFH~OEHMZIFZT LT No. 4, 5, 6 OHBSREL TV 3, THODHMBOREMER
No. 1,2 i% b 451, 313 A R, 4, 5, 63 A, FEHETH-T, TOEHH No. 3 DEXDHE
Jickab0d, HB0iE1, 2, 3SOHMRBICLZbOM, &HicEfzl, 2, 3L4, 5, 6D2HIRD
WRITNTRBRLISOLIZDM S8, vector X O & REFHOBHIZEORFHOMBEH OE
{b& vector DITNEY O/NEEIES D LB LN THKKED, RBMOEEH & OBFRIEILML STV, B
HICIX19614EATRA &3 5% b EROFBHMNE LA ER-T AL a OEFPIKEAS LT 3EAIKCY - T
"3,

v) &FEShBREEHXE Tectonic Force

EFE2ALHBTHRE LT, b LB tectonic force i€ X 2 HIBRESHOMXDEL L REZ LN
¥, FREENBRERELECAOEFLRLET S 100km ORENRUTH S5, 17X LE P
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1962, 1~2 %“-7

Fig. 14 Upper: Ground tilts observed at Tkuno during the period from Jan.
to Aug., 1962 (Straight lines show the usual secular changes.)
Lower: Distribution of epicenters of earthquakes occurred at the same

period and vector diagram of anomalous ground tilts.

REERETENE LEZ LTI, HRBECHREHROEZ—KL LY, ZAARPBRAHR
NERERLTHZR 133°45 $7-0, B3 FEE O vector Z{bE O—FKEAERL THEJI B E O HH
B, LBAREITHZEZIONS, LALEASRERBDEIVEES AT a v 7EBEEELNE, COMH
BoERPS a, b ZEOHWRE BHE0iE A A 2S5 UHBELIAT, —oOMBH LI TH © block
ARV ERBOEELLFBED, YEOLS KB EEL SR LT3 MEAL, HLL3 tectonic
force ZRI UL T2 -DREFHHEUTHZRBMEICHITEZL B3RETHH5. EFCEA SN vector
HROEN b EHEOEHLFiIcL 2600, b & A4 LORRIKEZDDH», ARICLBEEOEEH b
FROBEHOXELZI TV 200, HHVIRBIC A & e OFHOBESZITICL 3 00RIEROES
BRROFAVELNIBOROMET 2 LI TEHIED,

ELAHT, ERILEBOEEAOHHBERAON S &5 KELLEOS 3B HLIBRRBERBIGINGOT
HOIRBHEROBEEZHPTEZT L, WNOMEDK L NIEC OMF OEREHOF ALGBLE
S80°~85°W TH D, M - RAZOMWMIBOM L S ERADE LR EL > FRENZEENF AT
HWATH DL EBERTNT—EHA D tectonic force 2B EH 3, T D, SEOKERBOEENLT
B 3BRETRMIHEENICR N 2BEHEI T KT 22 &, TE - ERHFHE LI dilatation
OR» 5 b, REOR UHRAO#EAZR > T convergence i & divergence HUEAE D X 5 KRR LT
23L&, COMETHERTNENRS - &b ARFVORLBKEL2ECLA—FEROMRTH BT &, $i,
FH - EROHEPER - BNOHERRE BT 2HABSESFTURE O0—S 8 LU "E= /5 0%A
BRREROTEHEL RO, FHELHOZER I T3  @)IFBHE S B b 203 S80°E KA
MITERF#HEFE ST &R E, TRTOEE MU tectonic force MR H 3,
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keKinki Triangle »
SUZUKA |

” SYODO p,
| TAKANAWA SIMA FORKO
E%K"%/ D / ;

Fig. 15 Left: Fault system occurred by the Rokko Movement

1. Yamazaki F., 2. Rokko Th., 14, Hanaori F., 15. Mineyama F.,
16. Mitoke F.

Right: Direction of the axes of the maximum principal stress (compres-
sive) of the Rokko Movements from the Pleistocene to Recent
(dotted lines), Thick lines are the axes of uplifts.
The lower is the schematic profile of SW Japan along the Setouchi
province. (after Huzita)®.?

ZZic b fEREAThoILENEORE —HL, o BRICRRICETLOZKRNIENG TN, 4u 4.
IR T N &R AR Thrust REFWEL LS, BADO W HW 3% Triangle QLA %E & > TK
o= FAEILHMORRICY 3, C idF 1L - JbpE Basin L2 —HT2L59Thb, B OHiRidb &
S P ICHIE TR THIRDE# AL Fig. 2 KB o5bN T3 LS 5B 2 DD convergence
BRI IN B XS NEERSHET, Bouguer RELXRTOEOHFTORMD ESWMRICY 5, T
Lo BHROEBLE FRLEEELSE, A B C R OHWEL o, b IR OB IZF U tectonic force
THEZELTHREBB LA S LOHENES - THRODOTREBLALEBEINS, 722 A B CRIE
FIGEOATRAEL, a b 1390 (single couple) SV FRTELEZLONTBNSDTH A H 0, Ehi
E, FHEOOTNOEBDSEK T E2DIC LN -T, BHNIC A & b LOFEFHDO RN, EHF] vector D5
HEHSE S LEZNTFRATH 5, COLI THBRINOZRSRESR - MIHBENEEZ~ZT-REllo
It FRER T RLHLN T 32 ERBFORDOTRLEEY Th 3,

5. ¥ 3

BRShIEEL Z20RRE T EHNEROED TH 3, ILGKREICH > i BOSFE L T 2 Hi
EENMBE D S ZIRNFEE S T HIBATER L T 2 1R 19564EH & 1964 FEEIEE L TR ARL TV 3
2, ENERFMICETF TS EEE TS 5 vector O 2 BT RO THT, D & bRk
JEFEROLERRRIC DTz » TEREOZELH,  tectonic force DELHH -1 DTRBODP EEZSND,
LRI BRI R D HIBEEIRENZ D - 1 1925EEEIC LTS b1 b L KEHEP=ARE D
BRZSCHHBEHOTRENBE LA TN 2L S5 IKBbh 3, THHLLMBEEOME &BRIMHRAES
OMiFERBERNEFTE 3, RAIKEBBCERZ2R BT T, Hs OHMBICOWTRAERMB OZN &R
TEEEITSPES by 33 ETHIERRNRE L1 E S » EFHOEHEOBRIRE S hILEDHHR
EEDLNVEZITN S,

Dlo#RoBRRARTABRESIZE 0BROPIcER s N, TRAKRPRTFHERZICIE, WAL
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