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The last lecture “Shizuoka University and Plate Tectonics”

Nobuaki NIITSUMA!

Abstract The last lecture by the author was held at lecture room B202 of School of Science,
Shizuoka University in the afternoon of 29th February 2008. The lecture consists of two parts,
activities of Shizuoka University in Plate Tectonics revolution and understandings of Tokai
Earthquake on Plate Tectonics.

Institute of Geosciences, Shizuoka University was the first institution in Japan with the
course of Marine Geology, in which Plate Tectonics was nurtured. The institute has acted
as a center in the Plate Tectonics revolution of Japan and world for the last 30 years. Espe-
cially, the institute was a key in the 1980s international project in the earth science, Dynam-
ics and Evolution of Lithosphere Project, for the task group of collision in the South Fossa
Magna, and working group on scientific drilling, and also submersible studies. The geolog-
ic and paleomagnetic studies verified the relation between collisional process in the South
Fossa Magna and Plate Tectonics.

Tokai Earthquake is an earthquake expected along the subducting boundary of the Phil-
ippine Sea Plate. The subduction and collision of the Philippine Sea Plate observed with sub-
mersible “Shinkai 2000” at off-Matsuzaki along the Suruga Trough. The Suruga Trough con-
nects at the south end to the Nankai Trough with reentering angle. The descending slab along
the Plate boundary with reentering angle should be ruptured with breakage along the back-
side. The backside breakage appears as Zenisu, and the ruptures of descending slab are rec-
ognized as the discontinuities in the contours of hypocenter depth for the earthquakes along
the Suruga Trough and Nankai Trough. Because the ruptures in the slab are correlated well
with large scale topography, the large scale topography such as Ise Bay, Kii Peninsula, Shikoku
Island and Kyushu Island, should be related to the descending slabs. One of the ruptures un-
der the Ise Bay fits with the estimated rupture from Zenisu of the backside breakage. The
depths of ruptured slabs represent descending of west slab under east slab. The overlapping
of the slabs with descending should induce upward propagation of the top end of the rup-
ture.

The collinding volcanics at off-Matsuzaki along the Suruga Trough axis is covered with
shallow marine sandstone, which deposited also under the geologic situation of backside
breakage as Zenisu. The rupture estimated from off-Matsuzaki backside breakage fits to the
synclinal axis of descending slab. The synclinal form also represents overlapping with des-
cending of west slab, and the rupture crossed the axis of the Izu Arc along the Kannawa Fault
by the upward propagation which occurred as step out of the subduction plate boundary.

The slabs are related directly with the collisional process, and important for the forecast-
ing of the Tokai Earthquake.

Key words: Shizuoka University, Plate Tectonics, Tokai Earthquake, Marine Geology, South
Fossa Magna, Philippine Sea Plate, Slab, rupture, backside breakage
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Fig. 1 The last lecture entitled “Shizuoka University and Plate Tectonics” was held at lecture room B202 of Faculty of Science,
Shizuoka University on afternoon of 29th February 2008. Convened by Masaki Takahashi of Geological Survey of Japan.
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Fig. 2 MLt. Fuji from library at the 5th floor of Institute of Geosciences, Faculty of Science, Shizuoka University, on 7th Decem-
ber 2007. In the forefront the tectonically tilted Udo Hills is seen.
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Fig. 3 Comparison on the topographic relief of Shizuoka and Himalaya areas (Niitsuma, 1992) . The reliefs are comperble if
the sea level for Himalaya area is adjusted to the bottom level of Nankai Trough for Shizuoka area.
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Fig. 4 Kenzo Yagi at the annual meeting of Geological Soci-
ety of Japan in 1990 (Photo by Katsutoshi Uruno).
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Fig. 5 Automatic Grain Size Analyzer for sedimentological
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Fig. 6 Magnetization of pumice from Mt. Haruna, Kanto, Ja-
pan. Pink colored pumices ( @ ) are magnetized toward re-
versed direction of magnetic field, however, grey colored
pumices ( *) are magnetized toward direction of magnet-
ic field. @ : upward, * : downward.
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Fig.7 Takeshi Nagata (right) and Allan Cox (left) at the recep-
tion of International Assembly on Geomagnetism and
Aeromagnetism in 1977.
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1966 1255 <, 2007). 1 @ fimhhis, M ERERR, ¥V O 30F R EEATEFAE. b Neil Opdyke (7). 1974 4R EEFBRICT T,
Fig. 8 Magnetic polarity of the Antarctic Ocean sediments reported by Opdyke et al. (1966). a: Magnetic polarity and radiolarian
bio-stratigraphy of the Antarctic Ocean sediments (Niitsuma, 2007, in Japanese, based on Opdyke et al, 1966). b: Neil Opdyke

(left) at platform of Akihabara Station in 1974.
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Fig.9 Magnetic polarity and microbio-stratigraphy of the Boso
Peninsula (Niitsuma, 1979). A-M: datum plane of
microbio-stratigraphy.
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Fig. 10 Path of virtual Geomagnetic Pole during reversal of
Brunhes / Matuyama Magnetic Polarity Chron boundary
(Okada & Niitsuma, 1989, based on Niitsuma, 1971).
Numericals indicate the number of years.
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Fig.11 Faunal change of planktonic Foraminifera during reversal of Brun-
hes / Matuyama Magnetic Polarity Chron boundary (Niitsuma & Fujii,

1984, based on Niitsuma, 1971).
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Fig. 12 Visit of H. Bollj, to Institute of Geology and Paleontol-
ogy, Tohoku University who initiated biostratigraphy
based on planktonic Foraminifera. Discussion on evolution
from Globorotalia tosaensis Takayanagi and Saito (1962) to

G. truncatulinoides beside the type specimen of G. fosaen-

sts. Kiyoshi Asano (left) and Yokichi Takayanagi (right).
Photo by Yasumochi Matoba.
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Fig.13 Departure of Asahiko Tairato Texas University at Dal-
las from Sendai Station in 1970. Taro Kanaya (right end)
and Itaru Koizumi (left of Kanaya).
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Fig. 14 Position of Solar system in the Galaxy (Niitsuma, 1973,
in Japanese; Niitsuma, 1973). Numericals are age in 100 Ma
based on density wave theory.
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EMEE, T — T2 h =27 RTx URREIC O 208
25#H5b%L, TL—F T2 b= AT X D HERRIEED
REL & WO RFEEMOEITH Thole, £z, HiffH
BEOMBEFHMFEIED LTz,

WK BT OS A — (K17 © b7
L—h7 7 b= 2D TEHRHRICEE o7, &M
RN IR I3 A 72 2 B ERIC R 23 o Tz, 1afkk
EnBEoie, BRERNIZBIILZ S L—FrF 27 b= R
DOZIFAIITIHIERF L TR TWeDTH B,

FRREI K22 DD #r ik il

R ~EME 2 B, BITHERR D EREIC B - 7ok
BRI OB ) ¥ 2T AR TV, FREPFE L
L CEHAREMNIEEOREEE LD BND X 5 IC2EE5E
D 2FEMERDEA SN, T, ZBEMIZICEETSH
AriE, P A ECCTESEICOE U TE 2 DRI 238 H
STz, 2HRHNC X o THENEFARAIC L 2 22360198 %
RIRRIC72 D, BRI KFEEET D D S VR B E D
WETD=2—U—F v RITRBIT B4 & 2r 2 5e
BXOMELMgE L LU TEHRLE (Fujil ef al, 1994). &k
FORWET « £75 - EFKIRAZME S 100 H 28554
A & IR P OBBGUR O LER - PIEIC L o TZEIT
DAV ERRT, ENFSITL & L0 ERFRSTEESN,
peiciE# <7z Hyodo & Niitsuma, 1986;0kada &
Niitsuma, 1989).

FIE THE OB NRIEAKITIKEES TIThN T
WS, FAEOHBICLETHDDRLBEMEL X DN
ETHDLDOT, FEPEFML LI L, HEDHED
TR T 5 AR OHEREMFEY  (WE 2 Bif) 2MEEA
MM S Tz,
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15 HASNGOKNVPER T 7 ML ZiA 2 - GIHFE 7L (Niitsuma, 1978 1255 < Hré,

2006) .

Fig. 15 Cyclic evolutionary model on subduction and detachment of Pacific Slab along
Japanese Island Arc (Niitsuma, 2006, in Japanese, based on Niitsuma, 1978).

K16 1992 4F H AR EILEMEBER B IS L— T2 b=/
A %HfEST. LTz Xavier LePichon (%) - Jason Morgan (H4) -
Dan McKenzie ().

Fig.16 The pioneers of Plate Tectonics, Xavier LePichon (left),
Jason Morgan (center) and Dan McKenzie (right) at dinner
party of Japan Prize Commendation Ceremony in 1992.

FHEER T R ERHE 2L, 2N\ T
TE - B Z To 72, ZOERICE > THEEEOFE
BEto iz, PIEREIC L DAEEOIX S D &R EER
EOPIED T8, PIEMKEHEIE - 8 E8E ICE 755
DIFEMRAICE D AduD ATz,

WEAEHVE A T, EEOHBEZSME L TERL
ZTOEREL EITIRA (T ay—, 1980) HEE (
A RV MEA, 1986) BHAE .

EEEEDHE - FAESER - BEPJBICZRTE D

B 17 1985 4EAAEMLAAAMR / F — v O st 28 1AL O [ TR D /R
7 =<V A% DR — I, AT R SR .

Fig. 17 Kazuaki Nakamura enjoying a smoke in front of sub-
mersible Nautile with warning plate of no photography.
Asahiko Taira (right end). Photo by Yasuji Saito.

W2 EERT D DBA - N—F 1 ZHETHMEL
o, FRIT, SRESIEREEAIC X 5 R P R OBITITE
BIRICBAfE S L7e.

HER THEL ICBTAHREE

TL— T 7 b= 20REE & 7 D E JE D O
(4 18) ARZERFITRRSCRME L3R SL O BN AL DX 521258
Wz, FRERE L LT, BEFOMTEERTh 550,
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T L 90372, 72 EORRFEOMITHRE, TS - 1
EENL K - WALKZE DGR L2 & ORARER %
AL, FKFHERE RIS B A Rl TR E
By OB - 02, 1980) - TRIE 7 + v ¥~ 275, (&1
Eh, 1983) & L TARLE. Z¥ERL - ELHLTI,
74 )il L— MEEOBE (FRIEA, 1986),
TAEOARINEZE (i, 1982), FEH-EEZEROFFHR
e L [mliE OREIEDs, 1986), HAYEILK & FHREZRIC
X BEF Lo EE: (Hyodo & Niitsuma, 1986), &
JIPRIEOEZERETIVES) (HANE2S, 1984), HUBERELIG
HEDFMERIEAE & BREEA TR L OHEREY ORGALHERE  (rs-
FEF:, 1984 ; Okada & Niitsuma, 1989) 72 & H3HH & 2>
iz iz,

T L= F

FL—LTL -

-

| Tep—

S
-
=8

K18 7L — MERE HARFIGOHBE RS Cr2E, 2007).
Fig.18 Plate boundaries and geologic zones of Japanese Island
Arc (Niitsuma, 2007, in Japanese).

TL—brFY 2V ROEBELERT 2HEEST "§#E.

BIE L — T b= ACBWTHIER E TR B
<DOTL— MR ETIHBICH S, ERPEELILOT
25 3ODINRT L — MNERNRLZD D 3ESE ML,
HEK ETZO2 RICLFEL R (K18). 2o ko7
BHIR RIS 80 b IR R B2 & W 9 Bl E R T &
7. E171%® Niels Bohr IZF4 325 7L —hT 7 b=
7 ADRE & 72 TR EILRH (Dietz, 1961) OIREH
Dietz (19) =, &F /% ® Erwin ShrodingeriZ 4
T57 VL — 77 b= RN LePichon (1968) (X
20) b YKFITHK L TWD,

ERR BRI 20T IR EH B & AR KF

HERRL IS 31T 2 e W] o EBIFZEETHEE, 1900 F 0
AT (ILS) TH 525, 1957 FICEH Sz E
BEHIBREIE (IGY) ITHBREI 2025 Ichb e ViRE
FIC M S A7z, HAITIE RIS 2 5% U C R Mgl %
BtEL, ViEIIAT— =27 %6 EIF A THEEN O
JER LAY

Z OHFRBIRLE) 2317 T 1960 AT B~ o bV
#BA%EE (Upper Mantle Project; UMP) 533 <4,
KE RS~ MV OBEROEREEAIZ BIE ST A —
NVEHEZ S Y 74 V=TT L. S0 X9 el
DFTCTL—bTF 7 b= 2kt snk. BATY
AR — ) v U MR S ATz,

1970 FERITIFTAZ A 2 7 25HE (Geodynamics Pro-
ject; GDP) 23FEfE SN, HARTIHHEHKOFHENRHFHAIC
1Tz, Vo 728 T LE & T EiaEE R o
av Iy NEZBfRL TEEBRA—Y V7 2EL Tz

FRRARFITEME L 72 1978 21, 1980 AR oD EFRHIERE}
TR A &0 X 9 THED D R EEAICHRET L Tv
TRz H Y, 7 I 2ZNVEAF 7 X (Crustal Dynam-
ics) DMER4 L L THEIT LN TV, BMKFEOBMRE
ERRIL T T AZ NV A F 27 AFHBEFRRERE G
F - E5m, 1978) ZER L CRENCEAG L7z, #Rks:
BT, REBBIOATF - BHEGEAOEEM 2R L,
AR U TROEBMIAENEE A IRREL TWD. 0%
DRFFHT &> T 1980 FAROFHEE, EHEY Y A7 = TH
ABA%EE (Development and Evolution of Lithosphere
Project; DELP) (ZIRGE X4, ERAFAITIE "Ml 4+ >
P I BT DEEBR GO, & TR —Y v
EOETAEI L LT,

JYRTzTEERAEE DELP 28 "I+ vH<
TFHIZBIT 5 EREZRDAER,

1985 7> & BihA S AV HFSERTIE TIg, HIE: - HiEky)
FRROER AL U, B OERITIHL 25w 21T 9
eI G R R 2 BRI 5 Z & A ARRE L
L7z

Z OEEMZEFEICIE, HARF OIS 7L —
N7 2 b= A% HEFT 5 HEEE b SRR SO D TR b
SMLTzDT, TL—hT7 27 h=J ZDM K ThHoT
LEAD. RFETHICHAREWVWERIT TWZD T,
ARDOWEE B ZIER TERNDT, FL— NERI L/
W74y Y~TFDOT 7 b= RAZONWTOERD A%
MBI MELEICT v 7r— Nl L, E5H%21T-
7o, FOHEFHERIT,

1) ¥ 4 v~ ZFICBWTEZRENE Z - 722y

'Z o7 18

B> TR 2

VA ¥ (AN

MR 4
2) TAIRFEZE AN Z o 72>y

FE O LEEE T 14



Rofkifhiag AR LE T L — T2 b =0 % 11

WEEAPOHEET 2
HEfEDEEET 1

3) TEZEDE Z o 72T
FHIHBEOALA (e, 2 GEgr)
10
FHRHBEOILMA ;3

4) TEORRITR Z 572
VEEE A AERESE 0 R ilE Z 0\ EOFERTH S 1 10
R 7 + v~ 7 FNOWE - il CEZZITEIk S
Tw5 13

HOEEOEM LS TND 15
EZEOBATIIRA L EbICBEIL TWD 15

LT L — MEE L O AT TS L 0onEK
i, ZoBEHFERIE, 1986 45 H 14 H3{T70 DELP
el 7 vV - =27 NEWS LETTER (2AF X, #f
TREEE T L — T b= ZPROTED S L ICHEREL
THRELVWERZDITS (Matsuda & Niitsuma, 1989;
Niitsuma, 1991) 2L 720, $%ho HARMESFSOWE
B L OMBREE A ~DOBNN72 & B ADHERE RO K
IHANLFEL T2

B19 KiiR % 1981 T#HiNIc 7L — b7 27 h =27 RO & 72 D W PEBRILRH OFEIEE Robert Dietz. a © AT & i&ifi9 % Dietz.

b A B/MUKEAN, Dietz, RpSkwl, HF %5

Fig. 19 Robert Dietz, who advocated of the Ocean Floor Spreading theory, which is the foundation of Plate Tectonics, at Okuzure

Beach during his visit to Shizuoka in 1981. a: Discussion with Hakuyu Okada. b: Masato Koyama, Robert Dietz, Tetsuji Muto
and Tsutomu Tamura (from right to left).

20 #khiz 1985 EIc#inie 7L — 77 b =2 ZHEi# o Xav-
ier LePichon.

Fig. 20 Xavier LePichon’s visit to Shizuoka in 1985. Plate Tec-
tonics concept was put forward by him.
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MR- 0T - BMAE L HEAXE

Eri R TIE, CkEOBREIEHIFE (Deep Sea Drill-
ing Project; DSDP) OAF-EHEH] Leg 20 (CHefEF5 &
L TSRO & 5 W H A 1, EREEIEEIETE (In-
ternational Phase of Deep Sea Drilling Project; IPOD)
ICAT L C B ARUEE 2988 L 72 Leg 56 O XJEMITEE 275
Oz, BFEEIIFKEED Leg 66 LR 77 - AR
WD Leg 87 I HIME R A & LTNL, EEHFER
HIZHE (Ocean Drilling Program; ODP) 1Z#17L T¥%
AT DH A FE L L T-UL—HEED Leg 112, #i¥FEE
B TEEIZESE & L TCTA v RiEEAS~— 9o Leg 117 (X
21), #E EIELFE L TREREHED Leg 140,
HEEWHN TR TE & L CTHARNED Leg 186, KA
TSR & U CTHEEREED Leg 193, ¥ i
DIREAFED Leg 206, HAERRHEFFAFHE (ntegrated
Ocean Drilling Program; IODP) 12847 L TlEpkrains
G & U CIERTEED EXP 304 /305, ##E  #H3
FREMITEE & L ORERTEED EXP 309 IS T\ 5,

D OEREIC X o T A& E R B o == 4
Hif "H&w 9 EEFERFICOSEL, HRTH-
THEEREZHSL T, NEOETH D TREIEH & ik
HAJIZ ATz,

M FHEHEICIE, ERRY Y 27 = TEEERFEHE (DELP)
ICBWT KA YB3 A v A NEH ORI 7 HIBEFE %A
T LEBAR—Y 7 (KTB) 2FEML7e (X22). A
ATIHEARZNEHED "EBEFNA—) 7T —F 7
TN—"T ) FERPFHERFICHER SN, EEICY Y
RO DB - BET S & L HIT 1981 4E0 5 TR —
Vol =ma—RAVEZ—; ZRITLTHERR—Y 7

THRINDIEENZFE LT, BARESH CHIREI S LTV
A=Y 7N HONWT TBEEAR—Y v 7 &R, % 198212
FEAT, 1983 1 HIX B ARICR T B HI M 2 at L,
1988 — 89 4Eiz T B2 AR — U v ZfitideE 1« 11 - 1M,
R, 1993 FF0 HHHRFIS 2B L 2. Thb DRk
RVE 1996 4F 2 A ICH ThME S fu72 8 8 [MHREINC L 5K
P EEIS Y — 2 2 2 » 7 (VI International Sym-
posium on the Observation of the Continental Crust
through Drilling) 1Z8WTHSE Sz B3, 1998c).

HEEIZIIRFOMA DRI TER Y, EBHEHEITHIER
BRICRBITORMOFELEHRE ST 2HERFETH
5. AARTIIAKEE 2,000m E TEMTATEEZ: TL Ad>0 2000,
D3EIE S A, FIFEEADEER N T 7 07 L — MMEZEE R
IR W TR OMIEE AEBM AT o 72, 20k, FifE
WOREH— - BAwmI - LB - DMUEA - HEE
H2AEMFRAL, 7L — MERREREEZEHT 520 0E
BERF AN ST,

7T VATIE T U— T2 b =2 AHEraE LePichon (K
20) DOFEDILIT/KGE 6,000miEfTARE.: / F—/L (Nautile)
NEESN (X17), BAAKAIKO FHED 1984 £ 5 B
&z (Okada & Cadet, 1989). ¥l Kz H17,
W HEEA - R N 7 7 EICSINL 2, &)
BRYESIL 2 4 TIT DAV TREE O 5 FEBHAE
U7z, $rEERHITFMEESHEICARE LY 7 AN
AEERIEEITS &L bz, BARUEE CEMREZT -
2. TNHORREL LI, BARTEEHET ThoTz

6,000m ARIERTF AR O HEREIC OV THE M bz,
J TV THAED T E 72273 - TR N EHERE
HICEETH D72, EMTPTRERE £ 6,500m IZH° L 7z
FL A 6500 OFEEZEBLL 2.

21 1987 4£ 9 H 29 H EIBSaEPESR IR o SR Bk 3,841 m 2t~ 7o Leg 117 fiifis. A% 235 [A L REWFZE#H © Warren Prell, D7

EHIEEE © Lamar Hays.
Fig. 21

Ocean Drilling Program Leg 117 broke a record on recovery of 3841m in 29th September, 1987. Co-chief scientist War-

ren Prell (right end) and operation superintendent Lamar Hayes (its left).
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®22 KA volgEtEy KTB) & OHEAT - kEo Mark Zoback.

Fig. 22 Mark Zoback of USA and Hisao Ito at the drilling site
of Kontinentales Tiefbohrprogramm KTB of Germany in
1993.

RKEHELTIL—FFIF=OR

T — NEFIVBEARIEDOT 7 =7 ZAELEL T
521, TU—hrT7 h=I REMITL > THLMNIC
Shiens G, 2007), 1978 GEDAEMERHZEI HIZ bt 2
5L EDLNTWEHEHEICOW T OEMFIL L DR
BL e Z2 R OfENTRER S &0 Tk %,

TL—hE#HAABEEE T L— FERBBEOEMERE

R T L — R THIMRESC N T 7 IR TR I 5
TL— FERMEL, EETL— MEFHEEEL TR -
TWBDTHA D

RETHATOHE - KILHH EHSHHE) 1 TERK O
ZOFEUTHEAEL X E, &L TS TWS 1997
D 2005 FEOHIBIZONWT, v/ =F a— R EH
SNHIHMEMBORE I/ =F 2a— K0 bEHIND
B EZHTAEDYLmEEZ4 7 L — MERICOWTHE
HL, FL— b MEHTETALLEHINEE T L — M E
FUICRBITDINHEF L Lz 25, BL<HIELTWY
DT Eenhole (235 FHEED, 2005). O3,
TL— NEFHN S MERMEBARE LTV %

km®
20
‘5 Kuril Northeast Japan Arc
[
1510
m Ryuky Arc
0.5 ® [zy Arc
® Southwest Japan Arc
ﬂu Y " M kmi‘
0.0 05 1.0 15 2.0

FE

23 1997 41 AH 5 2005 45 1 A £ COHEW AN (S S)
7L — MURIEE(ZS) GFrZEiEh, 2005).

Fig.23 Relation of cumulative areas for dislocations (£ S) with
earthquakes along plate boundaries from January 1997 -
January 2005 to convergent areas (X S,) (Niitsuma et al.,
2005, in Japanese).

BAfEICR L TV D,

RKBMWEEZECTIL— b DLAHRAH

SRR XERN N 7 7 - B N T 71T o THEAIATe
T4 VT L — NDOWWHRARIZE - TERI S EEZ
BNTWA, BB b5 7 TCliv4 V¥ il L — M8
T 5P EREEUOMEELRR L IILAALTNWDEDTHA
5 Do,

FRIEF YR D BRT ™ = 7 BHERIC & 2 A FEHEHE A 12 B
T, FTAR D KIS OIS ERRI O Ve o B ITE 2= L
TWDZEMN TLADW 2000 DOERFHEIC X > THE
ENTWD (24 #FEEH, 1990 5 /MIE2ds, 1992;
FFE, 1994). ZOKILFEIFAFES TKEE 50m L D EA
FILRZGOEBLDICI > TRBEBHOIULTWS (K25).
Z DR OIFIEIL, HRBBREDOKETH S 1500m £ Tk
FIANTE Z & B EELLL T TN 5,

FEIMZE T HEBEIT

EHERLRD DIFETEIY, ZOWDHERE L 72 Ui d Z o8 I%
OSSR TH -2 L E2ERL TVWAER, T
BUTFA TN E O KIR LA S 40kmBENL TV 5. IRIEDG
I TP EIN A S 20kmPd_EBELAVE, 7K 1,000 —
2,000m 2L E OV & 220, wUEKIIFEAEL 2V, R
L, ME—ofFIsk & L TEIMMF TN dEhA> 5 45kmiE T
HEm FICEEH L TWE (X 26).
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(X7 CEEEL] [T
L
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2000 -
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[T e
B ]“. RG] o
m B LELE. n Nm L
B nuwe

B25 74 VB T L — & UTHRAAR, AfbHEGIENA THEZES
2 PR O K O EICHk 2 daifpakhd. Wi A% 26 2.

Fig. 25 Cross section of shallow marine sandstone covering on col-
liding volcanics of Izu side on Philippine Sea Plate at Senoumi
Gauge. The position of cross section is shown in Fig.26.

24 BRI N T 7Hh oA TR 1T BT B A o
KIPEDE I L > TER L T2 ERMOJEA.

Fig. 24 Deformed mudstone of Shizuoka side by col-
lision of volcanics of Izu side at Senoumi Gauge on
the Suruga Trough axis.

HEL32

Tese 0
E26 MHEINEERE T 7 - Mg N T 7 & BN OWRIEIIE & KGR EERAWNN G 2E, 2007). k@ 7O THIE R B O JR AT i
K, FRRT TR LM 25 oWimizE. @ 4HEEREAEN T (LePichon ef al, 1987 12X %).
Fig. 26 The topographic relief of Izu Arc, Suruga Trough, Nankai Trough and Zenisu Ridge and seismic reflection profile (Niit-
suma, 2007, in Japanese). Upper: red color relief map by Asia Aero-survey Co., white lines represent the positions of cross
section of lower figure and Fig.25. Lower: seismic reflection profile crossing Zenisu Ridge (LePichon et al., 1987).

R B b 5 7 10 > CUERIAA TS, 2 DILAABER
ARREREANROBRE SN B, AT BB &M TH S, HHABEERA
R TR OB BT | 5 7 RIS OBOBAICE, F— A7 B APMOHTORZIED
OB T TRIRICHEEL TVD (26). 74U LY &5 IChAARAT TIBRE 20 ORICARDH (%
WL — ORI TV — NEBCL TR N T 7 & 134, 19925 K 27a), MAOHEITILHICRET S, ik
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Fig.
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a b

Tk AABRIETAG LILAAR AT TTERE (FrEIEn, 1992).
a: BERANMAOBEIIET =T V7 a AD X 5 IO ED
<%. b BEERANMADLEITIE, MADTEHHOILAAREE
RE TRRPARAT TIZHTHARDIUTIERAD D, ¢t AT T
ORI EPEIRABRBERE TEL TORWEEITIE, thAiATe
WEIER IZEANRTE L TIEAGA L O AT 3 5.

27 Shapes of the descending slab along a curved bound-
ary (Niitsuma et al., 1992, in Japanese). a: angle of the sub-
duction boundary less than 180 degrees, measured from the
descending side. b: more than 180 degrees, with complete
rupture and separation from the boundary. ¢: more than
180 degrees, without complete rupture and with breakage
in the backside.

FIAPTER T T TR IraA B BE R A i AR S H TR
R EMADRAEICIE, A7 T OMICKRMNTE 20,
A OFFEITIIAT TRERYEH . BAFMITITZO
BRRIAA O 72 DB ITFIY 32238, B2 D& 5
EARRITRY, BEARYSVITHY T 5 EEOZT A
AL RITHIE, WIERITIEAAD R,

AT T OZT BB FABEER OMAE O E Tk
L TWilg, MEIXIEAAD DN (X 27h), ZoZTH
DEIIABEE T E TEEL TV, EaATeUgE R
WCEPEREL, ILAAALBEROEmICHEZ4ET 5 (K
27c). BT BITNA O S0 ETRKITR DD,
SRMNIDSERT N T 7k & FEYE b T 7o SR EIChIE
LTW5. Mk 7 7 OEICH 9 SMNERE O HICIE
EREICETET HHERD D, SRMIZIAERITH -
TIEA A TR OE W OTEH TH 5 (1% 26).

BRI & FEIEL 2 KRR O B HERD b WAL AIA BB S D
EHEWIC L > TERENEZDTHA 5 (HiFE, 1991;
BiFE, 2006 ; [ 28). AR CEZEL TWAKILEE,
BB O e AL — B VE 5 AN B 5 D IR IR R o
FVHIEETICH U, SN2 vEsE O TEER 23 _F IR

=TT

; G'.:ﬂ oI - R TE

G‘j ool

ﬁ PEiEPRASEREN

Bve T é; e
i ,ﬁ"t &
a0
ﬂﬁ' ﬂ-}llEﬁ L—I.-—f:l_—-—l
AREm PEEN
Wi (e 5)
EWE - MO 3 - 4)
T FE awismz

[l s=nmaiuem

B FEnvuastzae

K28 GrEME O T 4 v Y= F IR DA (Niitsuma, 1999 12565 < #r3E, 2006).
Fig. 28 Geologic map of the South Fossa Magna (Niitsuma, 2006, in Japanese, based on Niitsuma, 1999).
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ZHLTWD X 5T, RO ERME ISR O TH
msEE LICEHZH L, BIRRR 22T AREAE LT
HELLLDOT, FEEBEAZEREELRT 7 =7
ZDb LR ENTND,

EINOMRMR ALY & 2 R FPNIRI 7 4+ v ¥ =
7 FALER O T B R R I & D SRR AR I b R Z
LTED (B2, 1991 #ZE, 2006 ; [X28). I

1368

VTGRSR U e BIR Z AT & KER 4,000m O 5 fF
FIARHEREE LA CHERS L 7 BRIBE DS SRS 0> D R D 23,
Z OV L&A O - w i - Bk R - AR
2 E IR 0> 6 72 D3RS 8 D . FAIR PR & o
FLE DA & EMOPRICH D Z &%, MAKLA
ABFER OE T B HRANICE Z > Tnd T & 2R L
Tw2 CHr#E, 1991 ; Niitsuma, 1992, 1999 ; 4 29).

3 mo

E B MEomeen

£D chi i

o mmey  EEEE reuswan ||| pEaww

=& SEREN

®29 GrEINOMEZE L ARSI OHEHREEE O Hih 3 X M 7L A0A 2B RS AT Iz & 2 Bkl GirZE, 2006).
Fig. 29 Colliding Izu Arc, bending of geologic zonal structure of Japanese Islands, and breakage in the backside (Niitsuma, 2006,

in Japanese).

FE - FROERBE

FEINE HARFIE & OFEZBREIL, KO L5172 -T
WD Z EDFEERT & v P~ 7 Hudsk o ’UE RS A 5 I
LTW5b. HARFIEG? G OHEREY ORE L 72V EiED K
WM B o To FHRHBEDS, 7 ¢ U ¥ o7 L — MEB)IC
X o TBIH LS f5 D Uk AaA BB U BIEE L CUR A GA Fx
T L, HARVIEHEROBERIED S 72 5FFK
TeEDNHERE9 5 CREED, 1986 5 X128). LaL, FHR
HBLIIIE A DT, LAIABFESINTITE 21T L - TRIH
(LD B HHE X5 KE DD & % D T4 A B 1T HRE X

5. ERIC K > THHRIBLD 7L — b Edh 3B s L
I Lo THIES#, LAA BB ITFHR B R & i
T5.

FHRHBE G IR > CIh A Te 7 L — MESNC X - T
FEHB PR R ICBIE T2 &, RELZEEL TH
AFNES S DERERLIE D> B 72 DAEIL S v b e HERE S 1
7= Uhih, 19825 X130). =Dk, FFEHBLII RS
EEL, WHIALESIIFHRABLE DO KEDOHE) 6 72
2 EMBEOERBICHEEINS (5K, 1999 ; X 28).

FHIHEEOEZE1E 500 J74ERT, FHa Bl &2 100 77
ERNCHE Z o 7223, A HRENIIEZR ORI 2 0 fiE



el KRR LE L — T2 h=T R 17

7 BIOELIWMOEERRKMZERL 2 G, 1991;
7 X OBEFIGESN, KEOEAZOIMNICERSS B, 2007 ;5 X 31).

AR K OMMIR LA ST RR S AvTe. 2R AR IR h

B30 i BiAs R B oD B o RN E TN o TIRAIA R T
T L L THERE L e P B b r e oIl v A, ARG
JE&E .

Fig. 30 Yokoyama Siltstone on Nakaizu of Izu Peninsula,
deposited on Izu Block which descended and subsided
along the Kannawa Fault of southern margin of Tanzawa
Block. Photo by Motomaro Shirao.
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31 Ol ISERE G, 2007 12365<). a: FHR - e - LEOHEZERALHERE. b PHEiMERRLY L IERAR AT TB L O
THIHIT .

Fig. 31 Collisional cycles of Izu Arc (based on Niitsuma, 2007, in Japanese). a: Collisonal cycles with respect to geologic age. b:
Schematic cross section of collisional cycles.
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BRBEERAARAHRT T

FEER 7 + vV~ 7 OHUE D> 5B L o F Tl oo 22
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2007 410 A 1 B & 6 BICHEIRAE TIE Z > 741 5
PEER O HIFE O BIFEE IR 5iEE 1 F MO BRI AR
Kt (KREJT, 2007), BASILHEZORE / K —2)1H
BIZIR > TR AT FHR 2 T 7 & PHR M8 R 5 o0 #h e
IR > TIEAIATLFER T THFED 51, FIRFHTO
MEBEFIHFERA T THNTEI TS (IX32).

PErSE

32 FitROHEE O B AL IR 5 B AR GRE 139 £ 5 —
25 43). PHRUbBEREG R O MR E 1IN > TIRAADLH T AT T
& BRI LR DO BED A — B BT TR > TIEAALPHR R
THRD IS, 100kmELIEDBIFIIKR LA T 7 OHLGE, BT
bR ().

Fig.32 Hypocenter distribution of earthquakes along 139° 5 —
25" E. Izu Slab and Tanzawa Slab along Tonoki-Aikawa
Fault along the southern margin of Kanto Mountains. Kan-
nawa Fault along the southern margin of Tanzawa Block
can berecognized. The hypocenters deeper than 100km rep-
resent Pacific Slab. Numericals represent north latitude in
degree.
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BT oHEHREREE25.
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27 72T BOME (X 35) 232 Orghhic—
HLTWAZ LiE, Zofnxs 720 FaTHY, TE{l
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i, AR O E RN R T DB A T TR DR Z
TEHITEROTHD., ZIFBOEMBRFERZ 7, HA
DBPHRAZ 71235,
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Fig. 33 Depth contour map in km on hypocenters of earthquakes along the subducting boundary of Philippine Sea Plate (Mizoue &

Nakamura, 1988, in Japanese).
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TEDOXIREOITDH T ENTE R, BEE, FEETHE
AT T LB RS T L DER Y GEWVIEITTTHY,
PENE &L & OMOGEHRERLEA I H 7o e ih H3A A
BRMERENL) L L TWEERETHS (Niitsuma,
1992, 1999). T, HMEHEOE Z 2RJkEm 2 Z LA
TX D207 5.

T4V EVHES L — b OEINE, KFEEETL— h D&
BEFRERUTHDLM, 74 ) BT L— kALl
DT & vV~ 7 F LM O EE 0L X - CTlHE
Eh, HEOFE - < U 7 FEEICH > TREET L —
MZ#Y EiFTnsd 33, 2000 ; K37). Z oiE#EE
X, 74V ET L — b OEFNCEBWTEE Y + v 3
~ 7S ERBOERPEEREEEZR T L LI,
MM OB R BCEHIERICH AR5 Z L 2T
THEHED.

H34 RS TOERYVENVE AT THATHO LR, a: 1
AL AIRAFITE > TATZ TIZHFERTE, T s 32 (X
270). b HUIFHTHUP LA TRERVES &, ZIFEIX
EHITHEIRT . ¢ @ MR LS H A EAAZRET R % 1 LT
EHlEHIZE T 2 L L AARBIR OB INE Z 5.

Fig. 34 Overlap of ruptured slabs and upward propagation of
the rupture.a: Incomplete ruptured slabs and breakage in
the backside along curved boundary with more than 180 de-
gree (Fig. 27¢). b: Overlapping of the incomplete slabs and
upward propagation of the rupture. c: Creation of new sub-
duction boundary by the propagation and crossing of the
Arc axis.
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N ETEEOEEEOH D Z EDLEIND. ZDK
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2D T Z ORERIBH DN EREIC R > 1D TH S, WE D%
FRAFITHIEE 2 & TR EEE SO T oh, TL—
NF27 N= 7 ARSI DD ICEEREE 2R~ L~ £
7z, TOHEBEORIED 1916 4 11 A 26 B I HEEE CIE
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Fig. 35 Ruptures of slabs estimated by breakages in the backside of collisional cycles of Izu Arc (touching up on Fig.29).
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Fig. 36 Estimated slab ruptures inferred by breakages in the backside and discontinuities of slab depth along subduction bound-
ary of Philippine Sea Plate (refer to Fig.33).
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F1IANEHLZM61 OHBENLZ > TWb, ZOHAHE
e EPRIE, 199541 H 17 HIZFEHE 6,434 N EH L 2Bk
MREXE M2 OBFEEFRICAEICH D, ZibOHED
ANCEE TIX 1916 4RI123E% 1 A0 M6.0 & 16 A M6.5,
1917 4R I123EE 57 A D M6.2 75 10 £ o & Tk - T
ZoTW5D,

BT 1941 4R I2FEH 357 AN M7.0 DHIE D, 1944
HF12 H 7 BITHEE 1,223 NOEmGHEIE M7.9 & 1945 &

1 A 13 BIZ3EHE 2,306 A D =im#izE M6.8 235 Z ¥, 1946
F12H5 BICEED M6.7 DE#D 1946 12 H 21 BIC
B 1,330 ADFHEHE MS.O BMEZ > TnWa, £z, &
BT 196441 A 18 HIZHEE 106 A M7.0 D%, 1965 4
4 A 20 BICHERE 2 N O Fk R HEHIE M6.1 2 Z - T
WA, ZORIED 1964 &6 H 16 B ITIXIEE 26 ADFHT
BHIE M75 22 > T b,

R1 AELEHEELOMEE.

Table 1 Comparison of earthquakes in Taiwan and Shizuoka.
B B D A % oM A
B R B REK FEH ST E 7o TS B OREK
19044 M6.0 145N 190526 A 2 H %35 M7 1/4 11A
1905426 A 7H  KEiTHE M5.8
19064 3 A17H M6.8 1,258 A
104F 19164F M6.0 1A 191642 A22H &L M6.2
19164 Mé6.5 16 A 19164F11H26H {4 Mé6.1 1A
19174 Mé6.2 57N 191745 H18H  Hehd i M6.3 2N
184F 19354 4 A21H M7.1 3,276 N 19357 A11H  R& Mé6.4 9N
193642 A21H N M6.4 9N
19364F12H27TH  #Hil M6.3 3N
64F 19414 M7.0 357N 1941487 A15H &5 Mé6.1 YN
1941411 H19R A [m M7.2 2N
1944124 7 F GBS M7.9 1,223\
19454 1 A13H  ={HiEE M6.8 2,306 A
54 19464F12H 5 H M6.7 19464F12H21 0 mEMEHE M8.0 1,330 A
194749 A27H M7.4
19514F10A 21 H M7.0 ZYUN
19514F10 A 22H M7.1
19514F11 A 25H M7.3
19574 2 A23H M7.3 TN
19594 4 A26H M7.7 1A
19594 8 A15H M7.0 17N
19634 2 A13H M7.3 15A
196441 A18H M7.0 106 A 19644F 6 H16H  FriHiE M7.5 26\
19654F 4 H20H  Fhd s Mé6.1 2N
1965FE 8 H 3 B MREEFHIE
H4E 19664F 3 H12H M7.8 A
64 19724 1 A25H M7.5 1A
20084 4 H24H M7.0
194F 19904F12H 13H M6.2
199398 A 7 H  HFiE M4.5
199541 A17H B RE K M7.2 6,434 A\
199845 H 3 B U EERGITEHIEHIE M5.7
94 199949 A21H M7.7 2,119N 200144 H 3 B Fl WA M5.3
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Fig. 37 Relative motion of Pacific and Philippine Sea Plates
with respect to Eurasia Plate (Niitsuma, 2000, in Japanese).
PC: Pacific Plate. PH: Philippine Sea Plate. EA: Eurasia
Plate. Curves represent the directions of the plate motion.
Interval of the curves is in inverse proportion to the veloc-
ity of plate motion. E: Euler pole, Eeq: Euler equator.
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ZEHHL TW2AS, 199949 H 21 H DBEE D M7.7 DHE
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Fig. 38 Cross-section for tectonic setting of tilting Udo Block
showing the collapse along Kusanagi and Asabata Faults
and subduction of the Philippine Sea Plate with Laser
paths ranging method (Niitsuma, 2007, in Japanese, based
on Niitsuma, 2000, in Japanese).
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Fig. 39 Monitoring on the distance of laser path and seismic activities (Niitsuma, et al., 2005, in Japanese). Stage division is based
on the behavior of occurrence of earthquakes along the plate boundaries around Japanese Island Arcs (Fig.40).
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Fig. 40 Cumulative curves of dislocated area (X S) for earthquakes along Plate boundaries around Japanese Island Arcs and stage
division. Stage division is based on the behavior of occurrence of earthquakes along the plate boundaries around Japanese
Island Arcs. Straight lines represent cumulative convergent area by the relative Plate motion along the Plate boundaries, nor-
malized by the cumulative dislocated area for earthquakes along Kuril Northeast Japan Arc from January 1997 to January

2005.
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