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Dike Intrusion Model of the 1930 off Ito Earthquake Swarm Estimated from Leveling Data

Takuya Nisuimura™® and Makoto MURAKAMI®

We examine vertical deformation observed by leveling during and after the 1930 Ito-oki earthquake swarm in
the Izu-tobu volcano group, eastern part of the Izu Peninsula, central Japan. Taking the mechanism of the swarm
activity after 1970’s in the same area into consideration, we estimate the source model which can explain the
observed uplift along the eastern coast of the Izu Peninsula. Although the observed deformation in 1930 allows
a wide range of parameters of a tensile fault as a source, it is reasonably explained by a near-vertical tensile fault
suggesting dike intrusion east off Ito. The volume increases are estimated to be 8.8 X10’m® and 1.4 X 10°m?

before and after April, 1930, respectively. They are much larger than that for each episode of dike activities after

1970’s.

increase is estimated about 6 < 10" m°.

Broad uplift with no seismic activity was observed during 1931-1933.
spherical inflation source or a horizontal tensile fault at a depth of ~10km, west of Ito.
Calculation of the Coulomb failure stress suggests that the dike intrusion

It is explained by either a
In both cases, the volume

east off Ito triggered the M7.3 Kita-Izu earthquake occurred on November 26, 1930.
Key words: Izu-tobu volcano group, crustal deformation, leveling, tensile fault model
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Fig. 1. Temporal change of vertical displacement at leveling benchmarks around Ito City (modified from
Geographical Survey Institute, 2006). Vertical displacement is plotted relative to benchmark 9328. (Inset)
Location map of leveling benchmarks.
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Fig. 2. Vertical displacement on the leveling route along the eastern coast of Izu Peninsula.
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displacement relative to the reference benchmark denoted as Ref. Lines in northern part of Izu peninsula

represents surface trace of the Tanna fault system ruptured by the 1930 Kita-Izu earthquake.
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Fig. 4. Vertical displacement on the leveling route along the eastern coast of Izu Peninsula.
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Table 1. Estimated fault parameters.
Period Source Latitude Longitudex Depth*  Length  Width Strike Dip Open Volume
Type ) ©) (km) (km) (km) ) ) (m)  Change (10°m?)
A Tensile fault
34. 999 139. 149 0.5 4.4 10.9 120 82 1.81 88
(-1930/4) (dike)
B Tensile fault
35. 027 139. 188 3.9 5.8 7.3 120 83 5. 36 138
(1930/4-11) (dike)
Inflation
34. 959 139. 060 9.2 - - - - - 62
c (mogi)
(1931-33)  Tensile fault
34.993 138.992 10. 4 10.0 10.0 82.3 0 0.61 61
(sill)
Bold numbers represent parameters strongly constrained by the initial parameter. (See text)

*Fault location represents the western corner on the upper edge of the rectangular fault.

J529
. Atami
Kita-jzu B3, - Hatsushima
* i 9
IR Period B
35700' \
L. ° Period A
Hiekawa pass
34°50'
1
5km
9349
139°00' 139°10'
Fig. 5. Location map of the estimated fault model.

The rectangles show the locations of the estimated
tensile faults. The solid line on each rectangle
shows the upper edge of the fault. Open squares
represent the leveling benchmarks as of 1930’s.
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TWLWaM, s OHMIEDKHIEER IS HERAE) 35
LT, 1970 FERLIEORFIEICB W T H M5
WOHIZEL, OO FHELTVED, oD%,
BINDOA N =X LE2FOHETHD, TNIEZERER
EREEEEDSV, FIZE, Mw 6.0 OfiFsiid
Wil I PE S HIRRA B &, HRIRg s 2 — ) v Z R (T,
2001) ZRGEL725A, &K 3em BETH S, T,
Period A B X U BICEHAlS L B FEBREOKELIT
THBDT, 1930 DD EFHKMB 51 7 DEBEATH
BEVSH T EREEVEL, L, EshkEge
FIDIT A =T, HIRRICRE S MR S 2 M0 L 72
ZElckAEERZLEINTCVWELEEFEIOND. £
7z, BEOFKIZ, EHDO 51 70~ s <% b OHEIT
1 EDEENIBIEINDG S 2 algEE I BETE LV,
72, 155N TV AEFED (Yoshida and Hamada, 1991)
15 E D S DA & RIS T 2 HHEMH 5D
JTIRBWOT, KRR TIIEMS ®FvidRa Lk
ot

4.2 1931-1933 FOEED A A=K L

AWFFETIE, ALFEHIERK 2 /O Period C (Fig.
2d & Fig. 4d) IR oh 2 FREOREIC>WT, K

KEFIH B 0F VIV EW - kP BFEAFK T H
5 ELTEHFEF VAT LD, T TTOEYE
IKOWTEATHS.

I D GPS Bl F#5 SAR 1T & 5 HuFRZs ShEils e
Ick % &, M8 oig#EHE (BIA (L, Miyazakiet al.,
2004) 72T, M7 HRONBEZEORIC &IEBRL
HIREA S CGRohZs) pEllsnsF (A E, Fialko,
2004 ; Nakano and Hirahara, 1997) 282\, Lo L, LI
W% 3 DA 5, BETL ORI IZRIEE T
BREWEEZOND, H—io, RNEWOHBRLE) (Fig.
2¢ & Fig. 4c) ITHARTRINAH) (Fig. 2d & Fig. 4d)
REVWEWSHEHTH B, @, NEHEORZE
EROLZFNHANTNSWT ENEL, REHOR 4 %
DR RNEB THAT 2 2 3L L. T,
Period C DZEE) /¥4 — » (Fig. 2d) &IRD 3 EROZEH
/N4y — v (Fig. 2e) MRS EIBLIETH B, IRDILE
T}, =hx T L TO BRIz U T
BO, AEEb/NSW., RPEE A=A LTk 5T
&, A#) ¥y — v oA LEHAT 2 LTSS
(B Z1E, Pollitz et al., 2001) 73, Wi cEZdT 5L
1Ny —vidEZIT W, I, FHIRBTE OISR
SHAlOFEEME T RBESEHAR LTV EVL S ET
& %. Fig. 3b &, Period C 2 ST IR 5 HEMOLH T
b 5B, OO L TEHOKR S S FHRMNEERRT
ESem BE LDV, JLPEHIEO X 5 ST W=
DHEDZEDRNEF DN 5 — v 13, D RIAE)
D A #1 =X 4 (Fialkoet al., 2004) A5E L T bHffg o
NS L TRERIFRC s 2 & B2 5B, BEAE & RO
OFEMHETREREHBR SN VY, FHIO
Mgkl 2 AWNEF & E 2 5 DI I3RS 5.

C DR D AR MR IR D & B KL E)R
7ZELTH, TOEREETF - OIRET 5T & 138
LW, PHERAHE IR E S HIEE# S C » Tuitn g
Em 5, Period A, B DX HITEIIT S 1 7 5EA L &
BEA N, F—sbETOS (7 THHT L LI
TERWY, ZEFRO FiRE 9km IR 124N, BT
DYA s THBENEABEHATE 5. AT
1&, Period C OZHL EFALLL TV B 1993 HH 5 1994 4
DI E) (Fig. 3d) B9 2 A B)HEE TV (5K - fth
2006) ZHBEIC, HENEE VD 280 OEHED <
A= IWEEITIE - 1o, TOFER (Table 1) 13, &£&H
SOEATS, RREIEINED 6 X 100m* FEETH 0, 51|
2l & 3 2 ES 10km IRE OZFFESHEES
7z (Fig. 5 & Table 1).

VIVE T IVENGE LI EFFIEETE, Yok s
8%, Zh<h 10km ERELTWS., Ihid, KK
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L = I L ’7
A Profile on 139.0E

B

chanism

34°48'

Depth(km) &

Fig. 6. Coulomb stress change caused by opening of the estimated tensile faults( A CFS).

139°00"

139712

A thick gray plane of a

beachball represents the mechanism for calculating ACFS. Gray region is positive ACFS. Contour intervals

are 0.1 MPa.

No contours are plotted in the region where absolute ACFS is larger than 3 MPa.

Left panel

shows NS profile at 139.0°E. The star represents the epicenter of the 1930 Kita-Izu earthquake.

X 6.

HEI N7 1930 FEOHOMEEF Vvick 327 —o VIRHZ(L (ACES). EBiIFEKDO KWIKE D 1E CFS

ZEHE LS FOMBED A 1 = X A%5R9 . IKEOREHA ACFS 2SIEOEIR & 15 5. SHEREIZ 0. 1

MPa T, #ouHEAS 3MPa PIEOSEERR IZ/R LT Vs,

FIZ, 1930 b oiEoZE ki LS.

ftl (2006) 5 1993-1994 D T4 SAR 1T & % ZEAM 78 7%
EEin SESHK 9km TES LEAZTNZTN 13km
Tkm OEFFEEHEL TWA T Eh S, 1FI3[E CHifkic
BEEIIRELILDDTH B, KEMEF—5 %2 LD
BLAHHT 27201213 13km EEOES LG22 WIS
MR, TOHEE, EE Tkm, REREINE T 4.5 X
10m* &%, YIVEFIITBOWTHEE S 1 A IAREZ(L
B, IETEES LIRICE > TEEIFEE 3D 375,
MRG58 5 A — 9 ZRE LB WVIRD 2 5Ll EEb 5 2 &
[EANRY

Kk (2006) (3, EHIROKEERE T — & PR HIE
IEE SRR B ERTO MR O GPS Bl 7 — 5 » 5
PEOHIT 10km LUEIC ¥ VIRD < 7 <8 E O BSFAET
B5EHEEL THO, AWHFLOMEREFMPITH S, 1993
o 1994 F 05 BRSO BRICHEE & N RN E
13 1.8X107m*> (&3 - fth, 2006) TH O, 1931-1933 4
DR 1/3THB. LarlL, HidsBLzERLRoT,
(AREBA IS & LT, 1993-1994 4E & 1931-1933 4£ T

LR HREMIE I, B 139° Tordtim. 2

Wrck 2 sHETH > e VR 5.

4.3 BFERASTA VEADILFREHMENDLE

KILTEE) & R & IS AR ZZ BRI o L T L 7
gz <monTsy, KIEHIMELHAET 5%
SEB AN =R LHHENTOS (FIAE, /N, 2002).
FEEEOME « KITEE b, RFZERIANCIEE L <A
L CH D, Thatcher and Savage (1982) (&, JIIEfFTic
HBPES 11km O KINPEERIRIE IR O RIC X 5 67122
b3, 1930 AL EHIEE & 1980 ARG A B iz
M 6.7) FoOREAEESE L EZEZTVE, T,
BFHED oML oiE S, 54 7 BAIC L BB
MFRKNEZZ 51TV S (Morita et al., 2006; Ukawa and
Tsukahara, 1996).

Thatcher and Savage (1982) I3, JLTHIEE O RAZ(E
HE L 72 ATRE, 1967 50> 5 1979 LD /KUEEREfE R
L BHHED S, BIIRAIEDEIREJHEE LTwa, L
L, SIRAHE OBRIRE TR OEE Tl T & 2258
DIEE - 72D, JLBEHIERAER D Period C TH D,
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ZNLIRIOEEE L, FEFpO 54 7 BEAKL EEZ LN
b, ZIT, AWRTHEL/ Period AL BD YA 7
BAEFVAEROT, IMPAEHIEOEF A 71 = X LI1Tx
I 57 — v IR 2L (ACFS; flA 1, =H,
2002) ZFHL7c. 7 — o YIHBINHE L EZFTR L R
DOEEEREIZ, 04 EGEL, S Skm O/KERH &b
GRS o Wr T T IS WIS 4 5 B 139° T o dLiiE T
DINNZEA DA%, Fig. 6 1</89. Fig. 6 L0 JLHTHE
EOEIAHETIE, 0.2MPa FEE OGN &1,
HIFR O BN 2 XIS AN ISR 5 & Envb -
fo. kT, 1930 PR HREEEIC X - T, b
PEOHEORENTEE - EBZZ L ENTES.

5 ¥ & ®

IREERIER T & - THEIM &S L7z, 1930 O R
RIGENC S Bk, PR 54 7 BAE TV T
TE BT EMbip o7 1970 LGOI 15 571 2
HALEUEM (120°), @A (80°) ZGE L 7254
1930 FFIC 44 7 & L THA L AR nEE, 2.3x10°
m® I L, 1970 AR O i~ O BFFEHEET) & X
T, —irRE W, LR HERAER O 1931-1933 D%
fiE, PUEEANEEBICE T BES 10km IRETO v
Kb 2 WEERIRD = 7 <ER I & - Tl &, (FRY
MR 6X10m* TH 5. TDOLIH 1%, EE~D5 A1 7
BALERTOMNER, 1970 H£AELIB O HIEELE) O
AH =L EEETH B, £z, 1930 FEOHRFEID 51
7 OBEANICK B — v VIERNELOFTED 5, [FEF
11 I E L LB TR 41 2 BAIC L 0 Fdns
BEsN/IEZEZOND.

it 4

E P O R AERIC 1, BROBRRIC SV
r2E, RRERRICE, FRRENFICOVTIHRL
ettt 1, 24DBEAEREICL ST A Y M, K
FEoUEEICH I IFEICHR TH -2, b2 BE
UEASREREOWBEIEAB L@ LS.
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