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The  Nankai  (rough,  southwestern  Japan,  is recognized  as a vigorous  sdsmogenic  zone  with

well  fitudecd large  und<?rthrust  earthquakes.  This  paper  presents  results of wide-angle  ocean-

bottom  seismographs  (OBS>  study  at the  western  Nankai  Trough  seismogenic  zone.  The  OBS

data  used  were  acquired  on a profile (250  km  long) across a presumed  co-seismic  slip zone  of the

1946  Nankaido  earthquake  (Ms ≫8.2). The  main  purpose  of our seismic study is to map  a structure

the  entire  area  of  the  seismogenic  zone  by  the  1946  earthquake.  The  crustal  model  is

characterized  by  gentle  slope  of subducting  oceanic  crust ami  thick sedimentary  wedge  (9 km

thick  at 70 km  from  the trough  axis). The  subducting  oceanic crust traced down  to 25 km  depth

shows  that a subduction  ang)e  becomes  steeper toward the land: 3.2R and  7.2° at 0-50  km  and  50

-100  km  from  the trough  axis, respectively. From  the results of the crustal model,  it is emphasis

that  the  down ≪dip limit of the  co-seismic  slip area  does  not  reach  at the  landward  end  of the

oceanic  crust-island  arc crust contact zone. The  ciustal model  also clearly indicates that the  up-

dip  limit of the co-seismic  slip zone  extent beneath  the accretionary sediments.
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1.  Introduction

The  Nankai  Trough,  southwestern  Japan  (Fig, 1). is one

of  the best  subduction  zone  for studying  the  mechanisms

of  large inter-plate underthrust  earthquakes,  since  historic

large  earthquakes  in the  Nankai  Trough  have  been  well

documented  since  7  th (e.g., Ando  1975):  the  recurrence

interval  between  those  events  is estimated  at  100-200

years  (e g., Ando  1975), and  the  last largo  events  occurred

in  1944  and  1946  at the  central part and  western  part of the

Nankai  Trough,  respectively  (e.g., Kanamori  1972).  The

underthrust  earthquakes  are commonly  recognized  to be

generated  repeatedly  at certain  portion  of a plate contact

ione  (e.g., Tichelaar  and  Ruff  1993).  which  is called  a

seismogenic  zone. The  present  paper  focuses  on a structure

of  the seismogenic  zone  at the western  Nankai  Trough.

Map  around  Japan. Thick  broken  lines indicate  pfale

boundary.  A  framed  area  represents  <･ survey  area, ihe

western  Nankai  Trough, of 1K1& study, 'ITie Philippine St*

Place  is ≪ul>duciing beneath  Oie  EuraMa  Plate toward

northwest. SB. Shlkoku  Basin: KS. KSna≫ S≪*a Mounts:  P1J.

Parw  Vera Basin.

U  is believed  that  understanding  of  the  seismogenie

zone  provides  fundamental  scientific  knowledge  and

societal  importance,  particularly  around  the  Japanese

subduelion  540ne  which  is located  only  100  200  kin  off

fiv>m  highly  populated  regions.  Jn spite of (his iecogni(ion.
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little is known  about  a nature  of the earthquake  mec-

hanisms  at the seismogenic  zones. In order  to understand

(he  seismogenic  zone,  several fundamental  question  are

arose,  for example,  I) a  physical nature of  plate contact

surface, 2) a temporal  relationship between  stress, strain

and  pore  fluid composition  through  the earthquake  cycle,

3)  (actors  to control  updip  and  downdip  limit of  the

underthrust  events  and  4) muss  flux throughout  the

seismogenic  zone  (MARGINS  steering committee  1998),

Even  though  multidisciplinaiy study  consisting of geophy-

sical, geochemical  and geolgioal study  must  be  neccssaiy

＼>j address  vy>% quea＼k>ns above,  an  image  of the entire

seismogenic  zone  including  subducting  oceanic  litho-

sphere  and  island  arc  crust  would  provide  the
 most

fundamental  and  important  information. Crustal and  deep

sedimentary  structure has  been  obtained  since  1960s  in

the  western  NanVaj  Trough,  little study has imaged  entire

area  of the Nankai  Trough  seismogenie  zone,  from  the

trough  axis to the coast line of the Shikoku  Is. For example

Moore  et ai  <1990)  showed  high  quality multichannel

seismic  reflection data. Their  data clearly imaged  thrust

faults cutting from  a dccolleinent  to seafloor. But  their

profile only limited around  a deformation  front. Several

refraction and  wide≪angle reflection data have  been
 also

acquired  in the Nankai  Trough  (e.g., Yoskii et at., 1973;

Khioshita  and  Matsuda  1989;  Nishizawa  and  Suyehiro

1989). Those  studies have  obtained  velocity structures
 at

only  a shallow  area  (Yoshii  et ai, 1973)  and  restricted

around  the trough axis {Kxnosh'ta and  Malt/sda 3989).

This  paper  present  a crusta) and  uppermost  mantle

structure  across  the  entire seismogenie  sone  m  U＼e

western  Nankai  Trough  by  mainly  use  of  wide-angle

Ocean  Bottom  Seismographic  (OBS)  data.  The  OBS

profile (Fig, 2) has  been  selected crossing  the proposed

co-seismic  slip region of the 1946  Nankaido  Earthquake

(Andc  1982)  au<l a pvewmed  ^cked  ≪s＼nTia＼ed by

goothermal  data (Hyndman  el ai 1995) . The  main  purpose

of  this study was  to image  the structure from the western

Nankai  Trough  to the Shikoku  Island. In ihis paper
 wc

also  discusses  spatial relationship  among  our  obtained

structure. proposed  co-seismic  locked  regions
 and

present  day seismicity.

jamstec  J Deep  Sea fies.. 14  in><)8)



Fig. 2 Survey  area wicJi an OBS  profile. The  wide*angle OBS  data used were  acquired along MO  101. Circles with numbers  indicate

OBS  positions. Mu)lichajin≪l seismic reflection (MCS)  data were  acquired along cliin lines and a part of MO  104 from  OBSl  to

OBS13.  ERIW  and  ERI95  indicat: previously obtained OBS  profile* (NisWsafca et *0., 1907). SID  indicates a profile of land wide*

angle  survey (Ikami ct al. 1982). Thick broken lines represent iso-depth contour ol (tie Wadaii-Bcnioff zone (after Hyndman
 ct

al.. 1995). Rectangular  areas show  co'scismic slip areas of tlie 1944  Tonankni  Earthquake  (Mg*8.2}  and  tlte 1946 Nankaido

Gartliqu*ki,- (Mv8  2) (after Ando  19S2. Hyi>di≫aj> ct a3.. 1995). SC. Shiono-misaki cape; MC,  Muroto-misaki capc; AC. Ashizurv

jnisaki cape; MTU  Median  Tectonic 1-inc-

2. Data  acquisition  arid modeling  procedure

in  June  -uly/1997, Japan Marine  Science &  Technology

Center  (JAMSTEC),  in cooperation  with  univcreUies  of

Tokyo.  Chiba  and  Kochi,  Japan, performed  an extensive

geophysical  experimental  the western Nankal  Trough,  off

SW  Japan (Figure 1), across the presumed  co-seismic slip

area  of the 1946  earthquake  04≪rfo, 1982) The  wide-angle

OBS  data, as well as multichannel  reflection data, modeled

in  this study  have  been  acquired  by  JAMSTEC's  R/V

KAIREI,  as a pai*l of this experiment.  The  wide-angle OBS

data  were  acquired  along  a 250 kiri long profile (Figure 2)

including  a land station which  was  located in extension  of

air-gun shot  line, and  a total of 19 OBSs  were  deployed

with  10 15  km  intervals on [he profile, Tlie multichannel

reflection data were  also acquired  using  120 ch streamer

(ca.3.000m),  on  a part of the wide-angle OBS  profile, from

JAMSTEC  J Deep  Sea Res., 14  (iwx)

OBS  1 to OBS  13 (Figure 2). An  air gun array with total

volume  of 4,000 cubic Inches (ca. 68 U  was  fired every 50

m  on  the multichannel  inflection profile, while shooting

interval was  100 m  on  wide-angle OBS  profile to reduce

noise  generated  by direct water wave  of previous shots.

The  OBS  used  is designed  by  Shinohan  el ai  (1993).

which  is digital recorder  version of  an OBS  originally

designed  by  Kovazawo  and  Shiobara  (1994). The  OBS

have  thi*ee-component  gimbaUmounted  geophones  (4.5

Hi)  and a hydrophone.  The  digital recorder includes a lf>

bil A/D  converter  and store data on 4 ch with 100  Hz

continuously  for 17 days Wide-angle  OBS  data were  only

piocessed  with nnnnnunvphase  band-pass filter (5 20  Hz)

to reduce  ambient  noise and trace mixing  wiih adjoining

two  traces resulting 200 m  sliol spacing.
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Fltf.3 Time-migrated  MC5  section acquired between  OBS1  and  0BSI3  on MOJO'J  (after Park  tt at., 1998). BSR,  Bottom  Simulated

Reflector indicating existence oi meUiane  hydrate. Geometry  of the Lop of the oceanic crust is used  for making  a deep  crusial

model  by the ODS  data.

The  shallow  structure down  to the (op of the oceanic

crust  between  OBSl  and OBS9  was  obtained by simplified

version  of the multichannel  reflection data (Figure 3). The

wide-angle  OBS  data provide the subducting  oceanic crust

and  overlaying accretionary sediments  by  using  the two-

dimensional  travel time  inversion  method  of Zclt and

Smith  (1992)  together  with  forward  kinematic  and

dynamic  modeling  iZelt and  Ellis 1988). This  inversion is

performed  in  a  layer  stripping  fashion,  where  the

parameters  of successively deeper  layers are determined

whilst  the parameters  defining  Che shallower  layers

remain  fixed. First arrivals and  reflection travel times

observed  on  the OBSs  were  digitized with  uncertainties

depending  on  signal to noise ratios (0.1-0.3 s). Both  the

velocities (top and bottom  in each  layer) and  geometry  of

the  crustal models  were  derived  using  these  observed

travel times. In order  to obtain good  resolution  in the

deeper  part of the subducting  oceanic  crust (occanic layer

3), the velocities and geometry  of the oceanic layer 3 and

the  Moho  were  inverted simultaneously  using  refraction

and  Moho  reflection phases (PmP).

3. Seismic  data

3-1  Multichannel  reffection data

Figure  3 shows  the  multichannel  reflection section

processed  by  Park  et al. (1998).  The  section  dearly

images  sedimentary  layer at the trough, shallow  part of

(he  accrelionary sediments,  ft bottom  simulated  reflector
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and  the top of the subducting  oceanic  crust up  lo OBS9.

Immediately  land side of Ihe (rough  axis several faults can

be  recognized  in the accretionnry  sediments.  Those  are

probably  related to the accretion process  of the sediments

(Park  et al., 1998) The  deeper  structure below  the top of

the  oceanic  crust  and  the  top  of  oceanic  crust  at the

laudside  of OBS9  are not well imaged.

3-2  Wide-angle  data

The  wide-angle  OBS  data were  acquired  at the all OBSs

except  for OBSS.  16  and  18. Those  three OISSs  record  no

data  due  to a mechanical  problem.  Data  quality  was

excellent  on  the OBSs  (OBS1-7)  located  oceanic  side of

the  trough, rather poor on  the OBS9-17,  and  good  on  the

two  stations at the northern  end  of the profile (OBS19  and

the  land station). The  poor  data qualify might  be attributed

to  high  attenuation  or  scattering  in sedimentary  layers.

The  similar patter on the data quality is recognized  on  OBS

data acquired  at the middle  part of the Nankai  Trough,
 off

the  K5i peninsula  {Nishtsaka  et al. 1997). Sample  record

sections  of the OBSs  and  the  land station are shown  in

Figures  4 - 6.

Characters  of seismic arrivals are also classified into three

patterns. The  record sections  of the OBSs  on the trough

show  simple four piincipal phases, which  are interpreted as

refraction arrivals form occanic layer2, 3, upper  most  mantle

and  wide-angle  reflection from  Moho.  lot  example,  in

fc＼gwe  4. the tc&action  from  ＼he oce&wc  layer 2 Am＼ 3 are

identified  at 7 15  km  offsets  and  15  30  km  offsets

JAMSTEC  J. Deep  Sea Res . J4  (1938)



Fig.  4 observed  wide-angle  OBS  recorded  on  the  vertical comjwnent  o( OBS  5.5' 20  Ha  bruulpass  filter and  amplitudes  are  scaled

iffoportional  to ihe
 square  root  of  effects. Calculated

 Iravel  nmc  cuives  from  ihe  final crustal model  are  suj)eii-tii|K>sc<l on  the

observe*!  data. The
 reduction  velocity is 8

 km/s,  The  horizontal  wis  represents  the disinaee  from  ihe  southwestern  cix<l of the

l>rofile (Pip; 2).  0)  Ray  theoretical synthetic  seismogiams  of OBS  f> calculated  fi om  the  final cixisfal model.

respectively And  also low amplitude  first arrivals observed

farther than 30 lun offset and  high amplitude  later arrivals

observed  from  15  km  offset are  Interpreted  as  the

uppermost  mantle  refraction and  the Moho  reflection. A

simple  layered oceanic structure oceanic side of the trough

would  be inferred by those arrivals ft is noticcd that dear

converted  share  wave  ai rivals are also recognized  on  the

OBSs  at oceanic side of the trough. This might  be attributed

to high  impedance  gap  between  the sedimentary  layer n＼u＼

JAMSTEC  J. Deep  Sea Rqs . 14  (IWW)

the  lop of the oceanic cruet (e.g. Kodairo  et al 1996a).

Record  sections  of  OBS9-17  shows
 significantly

different character compared  with the data on the OBSs  at

the  oceanic side of the trough. Tlie record section of those

OHSs  ai*e characterised  by  lower
 apparent  velocity (3-5

km/ft)  phases  lecognized  up  to 21) ≪I0 km  offset and  a

high  amplitude  later phase  whose  intercept tunes are 5-7

s in reduced  travel rime  (I'igine 6). Those  significant

differences  aiv intei'preted io be  strongly reflected to a
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Fig. 5 bserved  wide≪angle OBS  recorded  on the vertical component  of OBS  12 S-20  H*  bandpass  filler and  amplitudes  are scaled

proportional to the square root of offsets. Calculated travel time curves front the final crustat model  arc yjoerimposed  on ilic

observed  data. 'Hie reduction velocity is 8 kn/s.  The  hori/≫nial axis represents the distance from  the southwestern  end  of the

profile (Fig 2) P2P,  reflection phase from the top of oceanec layer 2.

sub'bottom  structure  rather  than  water  depth  change.  For

example,  since  the  multichannel  reflection data  show  the

thick  sedimentary  Jayers  in this  area  {Figure  3). the

observed  low  apparent  velocity phases  were  interpreted  as

refraction  phases  from  the  sedimentary  iayers. The  high

amplitude  later phases  were  interpreted  the  wide-angle

reflection  phases  from  the  bouom  of  the  subducting

oceanic  crust. Several  previous  OBS  studies  performed  at

the  Nankai  Trough  and  the  Ryukyu  Tj*ench  Uwasaki  et at.,

1989;  Nakanish  etal., 1994;  Kodaira  el al., 1996b;  Niskisaka

el  at., 1997)  show  similar  high  amplitude  later  arrivals

which  were  modeled  as wide-angle  reflection phases  from

the  subducting  Moho.  The  data  on  OBS19  and  the  land

station  shows  another  character.  As  shown  in Figure  6, the

land  station notably  shows  intra-crustal reflection  phases.

PcP  and  PiP  on  Figure  11.  1 1.5s  before  the  Moho

reflection.

4. Crustal  model  and  Discussion

A  cruslal  model  along  the  wide*ung!e  OliS  profile  is

shown  jn Fjg.7. We  modeled  the  wide-angle  data recorded

on  16 OBSs  and  one  land  slahoii. In the  following  section,

we  desciibe  tlx* modHs  wiih  dividing  into three  pans  on

ihc  basis  of chai aetcrisiics of the  structure* i.e  from  ih<j

Shikoku  basin  to  ihe  Nankai  Trough,  an  acueiioiwy
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prism  and  ait island arc  crust. Detailed  description  of

resolution  and  geological interpretation of the model  are

fully described by  Kodairaetal.  0"  preparation).

Observed  wi<ie-aiifflc uvorded  uii itie vertical coinptmenl  of

liie land siatiun. 0 20  Hz  bandjttss filler snd ainpluodc^  arc

scaled  i>roi>u)'tioi)al (o ilie square  i*oo( oS offwu  Calcjlaif il

iravol  lime  <urvi>≪ from  Uic  final crusial  model  ni<?

Mifwriiupowd  on die observed  (Jain llie reduction veloaiv

is 8 km/j.  'Ilu* horizontal axis k-jwcwiiIx ihe clitianve fi*om

tlie southwestern  end  of the profile (He.  2) JVP  wj<|^-aiig!e

reflection phasr  from  * 1>omi<lHi*y bciwrn  flic island mv

ujqicr and Uwrcnjju:  hP.  wide-angle inflection phase  liom

dn ≪p o u≪ial leflecloi* in th<- island <m Unw.r  au#t.

JAMSTGCJ  Deep  Sea Res., 14 (1<W8>



4.1  Shikcku  basin  to  Nankai  trough

The  structure  at the  Shikoku  basin  to  (he  Nankai

Trough,  that  is between  OBSl  and  013S7,  shows  a simple

layered  oceanic  aoist. The  model  consists  of tlwcc  layers,

which  are  interpreted  to be  a  sedimentary  layer, oceanic

layei'2  and  3  due  to  their  thickness  and  velocities.  As

mentioned  above  the  geometry  of the  top  of the  oceanic

crust  is digitized  from  the  MCS  data  acquired  during  the

survey.  The  velocities  in the  sedimentary  layer  (1.6-2.4

km/s)  are  obtained  from  the  wide-angel  OBS  data; i.e.,

intercept  times  of  the  crustal  refraction  arrivals.  The

estimated  velocities  show  good  agreement  with  a  velocity

analysis  of MCS  data  (Park  et at., 1908).  It is underlined

that  the  velocity  and  velocity  gi*adient  arc  varied  laterally

around  0BS7.  This  position  corresponds  to the  location  of

a  deformation  front  interpreted  from  previous  MCS  data

(Moore  et ci,  1990),  Deformation  within  the  sedimentary

sequence  is also recognizcd  at the  laudside  of OBS7  in the

MCS  data  along  the  profile (Park  etai,  1998).

The  igneous  oceanic  cnist  we  obtained  shows  slightly

different  character  from  normal  igneous  oceanic  crust  as

described  in the  following.  The  model  indicates  the

velocity of Ihe oceanic layer 2 and  3 of Vp≪5.0-5.G kni/s

and  Vp=6.6-6  8 km/s,  respectively. Those  values  are

within  mean  velocities of the oceanic  layer 2 (Vp=2.5-66

km/8)  and layer 3 (Vp=6.6-6.8  km/s)  (mite  etal, 1992),

except  beneath  OBS5  where  the model  shows  slightly

slower  velocity in the oceanic layer 3. WJ/iu  it ai. (1992)

carefully compiled  large number  of seismic  refraction

results, they then  concluded  that the igneous  section of

normal  oceanic  crust averages  7,1 a 0.8 km  thick. The

oceanic  crust presented  in this study  at the northern

Shikoku  basin shows  S 3* 6.3 km  thick, which  is thinner

than  the average thickness. The  similar thin oceanic crust

lias been obtained off the Kii peninsula, where  is 100-150

km  northeast of our profile. Recently acquired  wide-angle

OBS  data provided  5.2-5.7  thick igneous  crust at the

central Nankai  Trough  off the Kii Peninsula  INishisaka et

qL,  1997). The  previous  refraction studies (Yoshii et al.,

1973; Nislihawa  and  Suyehiro 1989) also showed  thinner

oceanic  crust (> 6.2 km)  at the Nankai  trough, although

their structures have been  obtained 2 ship refraction study

Fig  7  Tlio  P  ･
 wave- vclocily model.  The  hon ≫>iual axis  imlicsk's the  distance  from  the  ?oulhwe*ii?rii end

 of llxe piofile <l1g 2).  Tin

numbers  repnwcm  P-wavewlociiivs  <km/s)  at iheu>i>and  birttow ofIay*is.Tlicindie  numbersivpi'weiiuhcOUSs.Theiso-

vclocily
 contour  iiUoival is 02  km/*-  Hypnecnlcr  distiilni lions (Kimtt<a  ontf Okono.  1392)

 and  a icsult ft  land refaction

suivey  Ijtom  cf <tl. 19S2)  an?  supeiiunwd  N  Sll>  indicate  otVMliiiH'nsinnal version  of (lie omstal  awmt"  at Uie  northern

jwiit of Sift i>ic>filf tfkami
 ft ft).. 19*2)  showing  in 1;ij? 2  Karihcinake  dislocation area  esu  mated

 by  tsunami  and  geodetic  data of

ilic  l<Mi  earthquake  I'reo. lacked  <md  l'i aiwititm area leiirestm  presumed  xoncs  of staMixliding.  sttek'$li|> awl  transition from

stu'k'slip  lo  slahle-slidintf  'oik*  on  the  (op  of  the  oceanic  oust.  lespecilvvly  l*>o'C.  !ViO＼x and  450'C  indicate  critical

iciU|tci,iiure≪ix-iwceutlio*e  wnos floL  1W5).  MIL  Median  Tectonic  I,inc. ＼W.  deformation  from

JAMST6C  J Oeeo  Sea Res., 14<hW8)
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and  sparsely  deployed  OBS.  It might  thus  mention  here

(hat  the  northern  part  of the  Shikoku  basin  would  consist

of  the  thin  igneous  oceanic  crust  rather  than  normal

oceanic  crust, wlucli  is proposed  by  White  <t al. (1992).

The  velocity  of Che uppermost  mantle  0/ 7.8 km/s  (Fig. 7)

is  inverted  from  clearly  identified  the  refraction  arrivals

(e.g.  F1 g.4). "The  same  velocity  value  has  been  obtained  at

the  central Nankai  Trough  off the Kii Peninsula  (fft'shisaka

etaL  1997).

4.2  Sedimentary  wedge  and  subducting

oceanic  crust

The  structure  of the central part of the  profile, between

OBS7  and  0BS15,  is characterized  by  a thick sedimentary

wedge  and  subducting  oceanic  crust  (Fig. 7), The  model

indicates  that  the  sedimentary  wedge  consists  of  two

layers;  i.e. Vp ≫i.8≫3.2  km/s  layer  and  Vp-3.4-4.6  km/s

layer.  The  thickness  of  the  upper  layer  does  not  varied

significantly  between  OBS  9-15.  while  the  second  layer

shows  a wedge  shape.  The  maximum  thickness  of the

second  layer  is about  7 km  thick at 70  km  landward  of the

trough  axis,  where  a  total  thickness  of  the  two

sedimcntaiy  layers  is consequently  9 km  thick. Nishisaka

et ai (1997)  also found  a similar  thick sedimentary  wedge

(8  km  thick)  at the  central  Nankai  Trough  off  the  Kii

peninsula.  Tlie  thickest  point  in their  model,  which  is

located  more  seaward  than  that  in our  model  (40  km  from

the  trough  axis). Similar  thick  sedimentary  wedges  are

found  at (he eastern  Nankai  Trough;  10  km  at 50 km  away

from  the  axis  (A'akanisht  et at., 1904).  Moreover,  larger

scale  of the  sedimentary  wedges  is recognized  in the

Ryukyu  trench, which  is situated at the  northwestern  edge

of  the Philippine  Sea  plate as southern  continuation  of the

Nankai  Trough,  iwasaki  et ai (1990)  found  a sedimentaiy

wedge  with  12  kin  thick  at 100  km  from  the  trench  axis

Kodaira  et ai (1996b)  also  shows  a 10 km  thick  wedge  at

the  central part of ihe Ryukyu  Trench.

We  found  Hie  landward  dipping  oceanic  crust  underlying

the  sedimentary  wedge  (Fig, 7). The  oceanic  crust  can  be

traced  down  to 25  kin  by  using  the  obseive<l  wide-angle

reflection arrivals from  the  Moho.  No  significant structural

variation  is recognised  in the  oceanic  crust  through  the

cnlire  model:  the  thickness  and  velocities  does  not

changed  significantly  with  subducting  beneath  the
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Shikoku  Island, even  through  the  velocities  in the  oceanic

layer  2 does  not  resolved  well  beneath  the  sedimentary

wedge  as described  below.

The  model  clearly  shows  that  the  subduction  angle

becomes  steep  toward  the  land:  3.2 ° at  0-50  km  from

OBS7,  while  7.2° at 50-100  km  from  OBS7.  The  subduction

angle  father than  100  km  from  OBS7  Is as steep  as that at 50

-100  km  from  OBS7  with  a  liule  undulation.  Those

subduction.  angles  are  calculated  from  the  shape  of the  top

of  oceanic  layer  3, since  It ts resolved  better  than  the other

interfaces.  Several  previous  selsmologlcal  studies  revealed

a  lateral  variation  of  the  subduction  angle  along  the

Nankai  Trough  on  the  basis  of  hypocenter  distributions

associating  with  the  subduction  of the Philippine  Sea  plate

(e.g., Shiotio  1983;  Kstnura  and  Okano  1994;  Nakomura  et

ah.  1997).  Although  those  studies  mainly  mentioned  the

earthquakes  deeper  than  20  km  depth  due  to no  seismo-

logical  station  at shallow  part  (i.e., off  share  area),  the

subduction  angle  they  obtained  is the  steepest  beneath  the

Kii  peninsula  and  become  shallower  toward  both  sides

along  the  Nankai  Trough.  Crustal  studies,  including  this

study  and  Nislusaka  ct al  (1997),  shows  that  the  lateral

variation  of  the  subduction  angle  is probably  exist  even

shallower  than  20  km.  The  crustal  model  obtained  by

Nishisaka  et al. (1997)  indicates  the  angle  of  subducting

oceanic  ctust  of 9.5° only  at 40  km  from  the  trough  axis.

This  value  represents  remarkably  steep  compared  with

ou  r obta  i ned  angle  at 0 ･ 50 km  from  O  BS7  (3.2°).

4.3  Islartd  arc  crust

Ai  the  landward  of  the  sedimentaiy  wedge,  we  found

crustal  blocks,  which  bccome  thicker  toward  the  Shikoku

island  (Fig. 7). The  model  indicates  the  velocity o/the
 upper

part  of the  block  of  5.4-5.8  kro/s  and  that  becomes  faster

towaixJ  the  Shikoku  Island  A  previous  refraction
 study  on

shore  of the Shikoku  Island ijkatm  et ai, 1982)  lias obtained

a  layer  with  velocity  of  6 0 km/s  at the  upper  part  of  the

oust  (0-20  km  depth).  Our  obtained  velocity  and  its lateial

velocity  change  seem  to smoothly  continue  the  stricture
 of

the  Shikoku  Island  We  thus  interpret  the  5.4  5,8  km/s-

layer  as the  japsfci inland  ait  upper  cmst.  Several

wide-angle  OBS  study  obtained  similar  structure
 at the

landward  of  the  sedimentary  wedge  at the  eastern
 and

central  Nankai  Trough  (A'akaniski  et aL  1934.  Nisht'saka
 et
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at., 1997;  Nokanislii  ct ai.
 ,1998)
 and  the  Ryukyu  Trench

(hvasaki  el al. 1990,  Kodaira  et ai. 199Gb):  i.e., velocities o/

5.4-5,8  kro/s  and  wedge  shaped  cmstal  body  between  a

sedimentaiy  wedge  and  subducting  oceanic  crust.

We  did  not  obtain  precise  information  below  the island

arc  upper  crust  due  to no  landward  extension  of the profile.

Two  intra-crustal reflection  phases  are. however,  observed

at  OBS19  and  the  land  station.  In  particular  the  two

inflection  phases  are dearly  identified on  the  record  section

of  the  land  station  (PiP  and  PcP  in Fig. $) Depths  of the

two  reflectors  for  PiP  and  PcP  (Fig.  ?) was  inverted

assuming  the  lower  crustal velocities of 6.4 and  6.7 kin/s  by

refening  Ikami  et ai. (3982)  and  Kimura  and  Okano  (1991).

4.4  Up-dlp  and  dowri-dip  limit

of  the  seismogenic  zone

Wc  discuss  a spatial  relation  between  our  obtained

structure  and  presumed  seisniogenic  zones  in ihis section,

i  e. the  co-seismic  slip zone  of the 1946  earthquakes  {Ando.

1975:  A'tda. 3981;  Ando,  1962;  Hyndman  el al., 1995)  and  the

locked  zene  estimated  by  therm#}  data  (Hyndman  gt e!.,

1995)  which  is shown  on  the  top  of Fig.7 Ando  (1975)  and

Ando  (1982)  defined  coseismic  slip  zone  by  using  the

tsunami  and  geodetic  data,  while  Hyndman  el al. (1995)

defined  the  interseismic  locked  zone  from  the  geothermal

data  and  confirmed  it by  the  geodetic  data. Hyndman  and

Wang  (1993)  concluded  that  the  zone  of stick-slip loeked

behavior  may  be  limited  between  a  temperature  of  150-

330*0  and  that (he  transition liable sliding zone  can  extend

by  a temperature  of 450*0.

Ando  (1982)  and  Hyndman  el al. (1995)  mentioned  that

the  landward  limit of  the  zones,  which  are  situated  at the

landward  end  of our  model,  with  small  uncertainly:  e.g.,

Hyndman  el al. (1995)  estimated  the  uncertainty  less than

15  km.  As  shown  in F1g.7, die  landward  end  of our  model

does  noi  seem  to  reach  the  landward  t?nd  of  the

oceanic/island*arc  crust  contact  zone,  which  is probably

located  beneath  the  Median  Tectonic  line. If ihc so≫seisniic

slip  or/and  locked  zones  are  accepted  as  the  seismogenic

zone,  if could  be  therefore  concluded  thai the  fancfwaid  end

of  the Nanka)  Trough  Seismogenic  Zone  does  not  extend  to

the  oceanic/i  stand-arc cnist  contact  zone  bui  to the  depth

of  20 25  km  along  the oceanic  cniai beneaih  the  Island arc

crusl  On  the  other  hand,  recently  Kimura  and  Oka  no

JAMSTEC  J. Deep  Sea  *es  , 14  U5W8)

(1998)  proposed  that  the  source  region  of the  1946

earthquake  extend  to the  Median  Tectonic  Line  based  on

the  recent  study  of micro ≫earthquakes.  This  means  the

Seismogenic  Zone  could  extend  in the  entire area  of the

oceanic/island-arc  crust contact  zone, because  our  mode!  in

Fig.  7  suggests  that  the  Median  Tectonic  Line  is located

near  the  landward  end  of  the  contact  zone.  There  is,

however,  one  problem  with  Kimura  and  Okano's  result. A

number  of authors  suggested  that the  downdip  behavior  of

a  fault zone  must  change  fi om  brittle to ductile above  some

critical temperature  (e^..  Savage  and  Haftter  1991; Savage

and  Thatcher,  1992; Tichelaar  and  Ruff, 1993:  Hyndman  and

Wang,  1993).  Laboratory  data  for  common  crystal  rocks

indicate  a maximum  temperatures  for brittle deformation  of

crustal  rocks  of about  350  °C (e.g., Tie  and  Rice,  198$;

Bunpi&l  el al,  V.  Hyndmnn  ≪ al,  1S93).  According  to

this  critical temperature,  the  temperature  beneath  the

Median  Tcctonic  Line  is estimated  too  high  to generate

earthquakes  at the  oceanic/islandarc  crust  contact  zone.

The  earthquakes  beneath  the  Median  Tectonic  Line  must

occur  in the mantle  rock  in which  earthquakes  can  occur  to

about  800^.  The  earthquakes  plotted  in Fig.  7  must

located  in the  mantle,  and  we  should  therefore  accept  die

data  with open  circle in Fig. ? as the earthquakes  occurred

beneath  our  mode).

The  seaward  end  of  the  two  zones  shows  15-20  km

difference*  in Fig.  7  As  described  by  Hyndtnon  el al

(1995),  however,  the  seaward  end  is
 only  poorly

constrained  by  the  land  geodetic  data,  but  the  two  zones

an?  consistent  with  the  both  seaward  end  extending  to a

few  tens  of kilometers  from  the  trough  axis, where  is

benealh  ilw  accretionaiy  sediments.  Hyndman  <?wd Wa ≫g

(1993)  and  Hyndman  et al. (1995)  defined  the  lower  critical

teinpenum*  for stick-slip (locked)  behavior
 as temperature

ol  150°C oa  the  basis  of dehydi  ation
 of clays. U  we  adopt

their  discussion  concerning  the  dehydration,  it could  be

concluded  from  our  model  thai the  dehydmtion  which  is

enough  to change  behavior  of the sedimentary  rocks  from

stable-sliding  to stick-slip has  been  already  occurred  at 8-

10  km  depth  in the  base  of the accretionaiy  prism.

5. Conclusions

In (his paper  we  present the detailed crusUil and

npuermosi  mantle structure across the seismogemc  zone
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in  the western  Nankai  Trough  obtained  by  wide≫angle

DBS  data. Well  documented  historical record  clearly

shows  that large earthquakes  have occurred  repeatedly in

the  Nankai  Trough  with a recurrent  interval of 100-200

years. Understanding  of the Nankai  Trough  seismogenic

2one  is thus considered  to be  a societal/scientifically

important  and  urgent  issue, since it has been  already

passed  more  than 50 years since the last large earthquake

(the  1946  Nankaido  earthquake).  The  OBS  data were

acquired  along  a dip profiie (250 km  long), which  was

designed  to cross a presumed  co-seismic slip zone of the

1946  earthquake  (Ms  ≫ 8 2). A  total 19  OBSs  and  a land

station were  deployed  and  a total votume  of ca 68  litter

air-gun array has been  fired at every 100 m. Multichannel

seismic reflection data were  also acquired on a part of the

profile. The  wide-angle OBS  data were  modeled  by  use of

the  two-dimensional  travel time  inversion  method

together  with forward kinematic and dynamic  modeling.

The  crustal structure we  obtained  is characterized by

the  subducting  oceanic crust and  the thick sedimentary

wedge.  The  oceanic crust at the western  Nankai  Trough

shows  a normal  velocity values in the oceanic layer 2 (Vp

= 5.0-5.$  km/s)  and  layer 3 (Vp  . 5.6-6.8  km/s),  but

slightly thinner (5.3-6.3 km  thick) than a mean  thickness

of the normal  oceanic crust (7.1 ± 0.8 km  thick). Several

previous  studies also found  similar thin oceanic  crust at

the central and western  Nankai  Trough.  The  model  does

not  indicate  any  significant  velocity  and  thickness

variation in the subducting  oceanic crust, which  are well

resolved  up  to 100 km  landward  from  the trough.  The

subducting  oceanic Moho  can be traced down  to 25 km

depth  by  using wide-angle  Moho  reflection phases  The

subductlon  angle  becomes  steeper toward the land: 3.2°

and  7 2° at 0-50 kin and 50 '100 km  from the deepest  part

of the trough, respectively. Our  obtained oceanic oust  is

smoothly  continued  to the hypocentei  distributions,

which  are determined  down  to 40 km  depth  beneath  the

Shikoku  Island. We  found  a thick sedimentary  wedge

overlaying  the  subducting  oceanic  crusf. The  model

indicates  thai the sedimentary  wedge  consists  of two

layers  (Vp - J .8 ?..2 km/s  and Vp  - 34  4.6  km/s).  The

maximum  thickness of the wedge  is 9 km  thick at the 70

kin landward  fiom  the trough. Similar thick sedimentary

wedges  are widely observed  along the eastern to western
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Nankai  Trough  and  the  Ryukyu  trench.  Between  ihe

sedimentary  wedge  and  Ihe  subducting  oceanic  crust, the

data  from  the  OBS  and  the  land  station provide  a  costal

body,  which  becomes  thicker  toward  land.  This  crustal

body  is interpreted  as  an  island  arc  upper  crust  on  the

baas  0/ its velocity  (Vp  ■ 5.4-5,8  km/s).  Two  clear  wide-

angle  reflection  phases  are  also  observed  at  the  loud

station,  and  intra-cruscal  reflectors  are  obtained  from

those  phases  at 13 and  17.5 km  depth.

By  comparing  a presumed  co-seismic  slip and  locked

area  with  the  crustal  transect  consisting  of our  model,  it is

emphasis  that  the  down-dip  limit of the  co-seismic  slip or

locked  area  does  not  reach  at ihe  landward  end  o/the

occanic  crust  -  (sland  arc  crust  contact  zone  Even

through  there  is large  uncertainty  of  the seaward  limit of

the  co*seismic  slip and  locked  zone,  the  crustal  mode)

clearly  indicates  thai (he  up-dip  limit of the  co-seismic  slip

and  locked  zone  extent  beneath  the  sedimenlaiy  w^dge.
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