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.Total 454  km  G-gun  seismic  dm*  during  Cruise KHM-02  b> R/V  Hakuho ≪maru  has been  acquired in order to detcct the detailed structure and

evolution  of eastern Nankai  Tomjh  Preliminary  results show  thai five struciural units wiih dificren! topography. deformation  aiul stratigraphy in ihc

study  area have  been  divided  according  ic seismic  <Jata and submersible  mvcsirgation  The  Ave  units include upper slope prism, aecrclionary s!op<

Msm.  lower  prism, (rough axis and  £enisu  ridge, respectively. Tokai  Uinisi, which  is cost boundary  ofupper  slope prism, us  considered is important

lilhcfacics distribution and  regional technics  Strata of Ote fail wall arc slops bas>n sediments  and early terrigenous sediments. More  actively thrust

system  has been formed  between  lower  slope prism  add trough. which  capitis duplicated thrust and  imbricated thrust formed  since late Phoc*ne. The

backthrusts  and  extensive  erosion were  occurred  m  the lower  slope Tcectonics  of Zenisu  ridge is considered a new  following  Subduciion  zone by

many  scientist (Lc  Pichon  el al, 1987.  Lallctnant et at I9S9)  and  expresses  few  compression  structures in upper  layers both from our seismie and

submersible  data. Dccollcmcnt  plane in eastern NanVai  Trough  expresses shallow, wavy  shape, which  is great different from west Nankai  trough as

ODi*  drill in| (Moore.  1952). The  docollcnaent pi me  was  affected by  paleo-Zemsu  lLallcmanil cl al, 1992: Lc  Pichon  ct al. 1996) That  ikw  commg

Zcnisu  Subduciion  and  above-mentioned  deformation  features were  supported  the postulated paico-Zenisu  ridge has Been  subducted  beneath the

accrotionary  prism.
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1. Introduction

We  report  the  mam  results  of  rlie mulnchannel  seismic

(MCS)  reflection  data  in eastern  Nankai  Trough  (NT)  during

Cruise  96-02  by  R/V  Hakuho-mam  in 1996.  Total  454  km  G-

gun  and  682km  Airgun  seismic  data were  acquired  in th is cruisc.

A  bos; survey  consisted  of 3 parallel lines of  which  length  find

interval are approximately  55km  and  1,600m,  respectively  The

four  G≫gun  array of which  cach  volume  is 150  cubic  incli were

adopted  as the energy  source  with the  pressure  of  2000  psl. The

shot  interval and  receiver  group  interval both  were  25m.  the

CMP  slack ing corresponds  to 60  folds. Kou  r large airguns  w crc

adopted  as source  energy  with  2000  psi.The  shot an<! rccciwr

intervals  were  50  and  25  m,  respectively.  And  stacking  corre-

sponds  to 30  fold. Processing  of  the MCS  lines was  carried Out

ai Japan  Geosctence  Institute. The  Held  data  were  sorted  into

Scg-D  Data  processing  was  dealt  on  the  Sun  2/4  at JO  I and

Software  is MIT  iX!,  Here, wt  discuss inner deformatiori ot*

accretionary  prism  and evolution  ofihe  irougrt axis, based  on

G-gLin  data, also referred 10 airgun daia. The  study ar^a and

scismic  lines show  on (he Pig. I

Eastern  NT  i$ the  surface  expression  of  the consuming  plate

boundary  separating  the  24  Ma  old  Shtakoku  Basm  crust 10 the

South  from  Honshu  (Kobayashi.  1995).  There  existed  some

geological  characteristics  of this subduciion  zone  as follows.

The  first one  1$ suggesting  forthcoming  great  earthquake.  Al-

though  the  seismic  uclivity ofNankai  'I roug.lt is relativity low

compared  to neighboring  subduction  zone*.  great  earthquakes

have  been  repeatedly  ruptured  large  segments  of  this bound-

ary.  The  segment  ruptured  by  the last great  earthquake  in 1944

probably  did  not  extend  east of  1>$*£. Accordingly,  a magni*

tudc  8 great  earthquake.  10 be  called  Tokaj  earthquake,  is now

Kig  ) flni)r,ni(Mnc  map  and  icismic June location mop.  line  indicate  the seismic line ir.ick l)a>h  line sliows Hk  seismic proiilcs used in this

stuily Box  locates .nc slwwn  in l*t| 3



cxpccietl  to ruptured  (lie easternmost  portion  of  the trough  <Le

Pichon  ct al., 1996)  The  second  i$ rich seep  communities  and

BSRs.  Us  de  watering  processes  were  controlled  both  by  the

active  fault and  sedimentary  focies  <Ashi  ct ai.,) 998);  The  third

is  the issue ofZenisu  ridge to southeast  which  expresses  a thrust

zone  and  can  be  regarded  a new  conking  subducting  zone.  And

more,  eastern  Nanfcai  prism  has  extensive  erosion  and  occur*

rencc  of  backthrust.  An  old  rjjge  subduelion.  referred  to paleo-

Zenisu.  was  presented  to interpret  these  features  (Lalleinand  ct

al.. 1992;  Lc  Pichon  cl al., 1996).  The  reply  to this question

was  contributed  by  the exploration  of  boib  deep  lectonics  and

shallow  deformation

Bathymctric  investigation  shows  tliat eastern  NT  is a rela-

tively  shallow  wilh  average  water  depth  4.000m  and  lias ex-

isted  a parallel outer  ridge,  Zcnisu  Ridge,  which  extends  about

400  km  long  and  dcclincs  in height  toward  the  xn est until  K

disappears  south  of  Kii  peninsula  (lNg.1)  High  resolution

SeaBeam  survey  has  been  operated  by  R/V  KAIREl  crmse

KR97-05  (Pig  2) Above  mentioned  live units  have  been  ex-

pressed  on  this bfithymetrie  map.  Thy  frontal steep  topography

outside  slope  basin  is defined  lower  prism.  Deepest  water  depth

was  NT  axis. And  Zenisu  ridge  located  at south  most,  is uplift

zone  with  more  than  1.000km  height  ridge. Some  result from

seismograph  ic methods  suggested  (hat accretionary  prism  has

huge  thickness  and  subduction  is gentle  than  Ryukyu  trench

and  Japan  Trench,  but  a little steeper  than  that of  western  FT.

but  (He  Benioffzonc  associated  with  the subducting  Philippine

plate  at the  trough  is difficult lo dcllnc  the maximum  depth  of

the  ttenioff  tone.  No  normal  faults  appear,  This  means  that

regional  stress  field expresses  compression  in upper  Of  Sub*

duel  Ion zone.  The  High  heat flow  and  seepages  have  been  ob-

served  in the whole  area and  more  turbidity sediments  filled in

tli≪ eastern  NT  by  submersible.  In  addition,  Tokoyama  et at.

< 1998)  indicated  that the most  eastern  NT  is strongly  affccted

by  the  arc≪arc collision,  accompanying  with  occurrence  of

multiple  intraplate shonmgon  both side of the trough  axis. Char*

acteri  sties of  the accretionary  wedge  will be  lately discussed.

Previous  MCS  studies <Aok  i, et al..1982;  Okuda  and  Honda,

1978)  have  been  done  on  the  eastern  NT.  Aoki  et al. (1982)

focused  on  the  comparison  between  eastern  and  western  NT

tcetonies,  especially  indicated  ihe compression  structures  of

upper  layers  in Zenisu  Ridge  Okuda  and  Honda  (1988)  dis*

Kig. 2 Scnlknm  baihymcinc  map  sorvcycfl by RJV  Kaiyo  in 1907. Coniour  incjval is *0 ro
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Fig  3  Tectonic  xoncsofilw  eastern Ninkaiiroujhaccrciionajy  prism  derived from  baihymctuc  map  and  submersible  daia I upper
 ≪<renonar)-

prism.  2 slcp≪ basin. 3 lower  accr≪ioi>aiy p/ism. 4 uough  Kiit. S boundary  bciwccn  irougli ad 2en≪u  Ridge.  6 jouih Zcnisu  Basin. 7 thrust

fault, 8 literal lip fault, KF.Kodaiba  thrust fruit. TF-  Tokai ihrusi. BK-Back  thrusi, MP-frcntal  thrust.

cusscd  Ihe slope sequences  and  o/igin. Rcccntly  ODP  and  DSDP

drilling program  series have  been  cxceutcd  in ihc ^osicra  NT,

which  were  increased  the acknowledcemcni  oflhcsttata  and

lithology  ofaccrctionary  prism  ITic  subduclion  tectonics  have

been  discusscd  by many  authors  (Le  Pichon  ci al., 1992:  Kagami

el  al. 1985;  Moore  et al.. 1992;  Okuda  and  Hon/n,  1988.

Tokuyama  ci at,. 1998:  and  so on).

2.  Seismic  sequences  And  stratigraphie  units

Based  on  our  scismic  data.  referred  to the  ODP  131  and

DSDP  drill well data  (Taira and  Ashi,  1993)  and  many  others,

the  trough  strata and  inlemal  stratigraphie  units  of  prism  arc

discussed.  In the (rough  region,  acoustic  basement  ofShikoku

Uasm  is recorded  on  lowest  part of  our  profiles (Figs. 4. $, 6,

7), which  expresses  strong  energy.  discontinuity  reflection  and

high  amplitude.  The  basement  consisted  of  volcanic  debris  and

occanic  basalt according  ODP  and  DSDP  drilling at west  NT

(lackering  etal., 1992). It represents  the ri Ring sequence  fanned

during  Oligocene  and  Middle  Miocene  (Kobayashiet  al.. 1995).

'I hoe  arc four seismic  sequences  overlain  on the  acoustic  base-

mem  irk the trough  axis after rifling.

Sequence  A,  upper  turbidiie scquenec.  with  relatively rc≫

flceilon, lower  energy  and  variable  amplitude.  The  layer onlap

mi  (he Xenisn  Ridge  10 the cast and  separated  ihc acvrciionsry

wedge  by  thrust to weM.  There  has  weak  deformation  at east-

ern.  but its layers in the  eastern h.ivc been  mduccd  by the  thrust.

J2T,

Sonwfokl  and  small  reverse  faults were  formed.  'Ilic thickness

usually  is 0.5-0.8  see  in two-way  time  at our  seismic  profiles.

*1 he m  axi mum  thick ncss on  the profile 00)  arri ved  to 0. S sec  i n

twowaj  iime(l-ig.  4}  Total  thickness  is a bom  360m  if  the

layer  strata velocity  is 1.800  m/scc.  Lithology  of  the sequence

is turbidity  interbedded  with  abyssal  clay  from  profile  015  lur-

bidity  channel  with  aggradation  by  slacking  ofacousiic  units

and  erosion  of  ccnual  channel  can  be  defined.

Sequence  B,  Lower  turbidite  sequence,  with  continuity

reflection.  moderate  energy  and  strong  amplitude.  'I he  maxi-

mum  thickness  is 0.6  see  in two  way  lime  It  is distributed  at

central  trough,  and  laces  may  be main  ly iu
 rbidity sand  and  sandy

Silt sediments.  It onlaps  on  the  2eni$u  Ridge  10  the  east  and

abruptly  to west  by  ihc thrust, and  the strata near  the west  have

been  involved  in thrust-fold system.  *f he  early stage  of  sequence

R  with  relative  weak  energy  and  moderate  continuity  rcflec*

tion,  these  layers  were  filled in more  turbidites  sand  and  $ilty

Sediments  Upward,  with  more  community  reflection,  which

reflects  turbidity sediments  interbedded  more  hcmipclagic  sedi-

ments.

Sequence  C,  Relatively  continued  reficetion  and  weak  en-

ergy  and  week  amplitude  in the Zemsu  Ridje.  Its thickness  is

03  sec  {two  way  time)  and  increases  to/emsu  Ridge,  whereas

onlaps  beneath  the trough  on  the profile. It implicated  thai up-

lift of?enisu  Ridge  is after the sequence  CI  he seismic  race
 of

transparent  wuh  many  marked  and  continuous  reOectors  ^  i≪j-

JAMSTEC  J. Deep See Res.. 15 0<H9>



lation  to turbidity  sediments.  which  is supported  by  ODP  Stic

S08B  and  DSDP  drilling results (Pickering  et al.. 1992;  Taira  et

al.. 1992).

Sequence  D,  Shikoku  sedimentary  sequence  in ?,enisu

Ridge  has  relative  continue  parallel  reflection,  moderate  en*

crgy  and  moderate  amplitude,  In  ODP  site 808B  it consists  of

bioiurbed  hemipelagic  mud  an<J volcanic  ash. while  (here  are

more  terrigenous  deposits  and  coarser  sediments  to the study

area,  because  it is near  terrigenous  source  (Pickering  ei aL

1992).

But  the strata of  inner accretiona^1  prism  in the whole  slope

have  been  faulting  and  folding, which  arc discontinuity  re flee*

lion  and  moderate  energy  and  variable  amplitude.  There  arc

many  refraction  waves  bccause  of die dip of die layer. The  seis*

mic  facies  of the prism  are complex.  The  scqucncc  overlain on

die  slope  basin  sedimentary  strata up  fall of  Tokai  which  are

I:ig. § Migrated  time scction of (fie profile NT96.905

JAMSTEC  J. Deep Seo Res.. 15 <IM9)
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Pig  7  Migrated  time wiion  of iljc profile NT9G-9)  5

hcmipclngic  sediments  in *op  of ihc outer ridge  is coin pr>$<xl or

sediment  ofT  formation  of  Miocene  ag≪ (Okuda  and  Honda.

1988).  which  have  been  deformed.  T  formation  is eoirclaicd

with  ihc consolidated  mudsionc  dredge  from  St 562  an<l is over-

lain  by  K Ibnnation  with a clinoimconfonnily  in the outer  ridge

(Jnoue,  1980).  'I he strata consist  of  terrigenous  sediments.

m

3. Siru  ctu res of  the easr≪rn  NT  p rism as  derived  from

MCS  reflection  data

In  our  studying  area,  five iccloniC  unils  {Pig  3) have  been

divided  from  hndw  3rd  slojw  to the Zcnisu  Ridge  as follow. (I)

upper  >]o])c prism  (USP):  (2) ncerciionaiy  basin  (AB):  (5i lower

slope  prism  (LSP);  (4) irough:  and  (5)  Zenisu  Rulgc.  based  on.

ihc  topography  and  deformation.  U*l'  (l;j§. 4-9>  loeated  tlic

JAMSTCC  J. Deep See Res., 15 0999)



west  of  Tokai  ihrust  (TR),  which  is  important  seismicity

(Tokuyama,  1988),  LSPis  limited  by  iKc fcomal  major  thrust

(FT)  and  backlhrost  (BT),  AB  Is between  ihcTF  and  BT,  ex*

pressing  compressing  fold  and  lisiric thrust  faults and  filling

with  sediments  derived  from  uplift  subduction  complex

(Dickson  and  Seely*  1979).  'flic trough  sedimentation  and  dc*

formal  ion eaprcss  on  the MCS  reflection  on  the  east of  profiles

(Figs.  4*9).  But  our  profiles  can  only  reveal  a part ofZcnisu

Ridge  structure,  so  we  also referred  the  air-gun  depth  section

96*  102  (Fig. 10). The  major  deformation  characteristics  of the

subduction  ?one  have  been  discussed  from  west  to east as fol*

lowing:

3.) upper  slope prism  {(JSP)

USP  is belong  lo the pan  oflhc oulcr ridge* is composed  of

moderate  energy.  It was  suggested  ihai most  of  ihc sediment

layers  formed  during  Miocenc,  named  M  formation  (Okuda

and  Honda,  1938),  The  ages  of  rock  samples  from  uppermost

sedimentary  layers  arc  5,6*8.2  Ma  These  can  contrast  with  T

formation  as  described  forearc  basin  (Mazzotti  et al., 1996)

The  strata have  been  dcformc<1  since  Miocene.  There  arc two

important  thrust  faults existed  at east Boundary  and  inner, re*

spcctively,

Tokai  thrust system,  occurred  at the UPS  margin,  where  most

step  geomorphology  and  old  slope  sediments  outcrop  in the

seafloor  leaving  avoided  recent  sedimentation  '(he  fault ex*

press  most  recent  activity, the  old  slope  sediments  thrust over

Quaternary  sediments  as showed  on  many  profiles (Kigs, 4. 5.

6,  ?, 8), A  lot oftulas  have  been  discovered  by  submersible

CAshi,  199?).  it suggests  that  TP  was  more  intensive  if one

ovcrthrust  accompanied  more  talus sediments.  Deformation  of

fal I *  al I occurred  the inclined strata on  the upper  scction, ＼vh ich

I2!>

ki|  8  dcpih  section slto<≪in# the lokm  thrust fniih and  ndjrttcm <iopc bairn 8a  pan  off Jcpili svenou  n  r96≫w.  $h  pan  of tlcpih <:c≪>ori NT% ≪

009
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are  gravjiy flow  sediments,  while  complex  folding  and  fault-

ing  formed  on  lower  pan  of  profile 909  and  915  (Fig*.  6.7).

But  in the  north  profiles, there  are two  reverse  faults  formed

beneath  ihe inclined strata. The  fault usually  extend  to surface

it happed  at the fringes of  folds with small  throw.  The  fault can

be  irace to deep,  but muzzled  by  multiple  on  the  profile (Pigs.

8A  and  SB).

Kodaiba  Fault  (KK>  extends  more  than  70km  fong  in spa-

tial. expresses  as  a thrust fault on  the  seismic  profiles, and  is

will  active. The  fault has  been  observed  by  several  submersible

dives  (Mazzorti  et at., 1996:  Le  Piehon  et <1., 1994;  Thouc  et

al., 1995)  The  west  wall of  fault occurred  Upper  Mioccnc  out-

crops  and  the tcrTcnc arc most  probable  Lower-Middle  Mioceoe

strata (Okuda  et al, 1983;  Okuda  and  Honda,  1988).  The  fall

wall  of the fault found  a lot of  lalus and  eomprcss  fault plane.

The  fault is a thrust but  doesn't  extend  to acoustic  basement.

3.2  Slope  basin

Slope  basin  is located  l>et＼veen TP  and  BP.  Slope  basin  i$

compression  basin  bounded  by  thrust  faults, which  means  this

is a sedimentary  basin  accompanied  subducticm.  The  sequences

of  which  arc  consisted  of  one  opaque  scisrme  face  (sequence

D)  and  transparent  seismic  face  (sentience  A)  can  be contrasted

with  trough  sequences.  There  are thickness  sedimentary  layer?

wiih  moderate  to strong  amplitude,  discontinuity  reflector and

moderate  energy  beneath  slope  basin, which  suppressed  intcn*

si vc compression.  The  layer  with  more  strong  energy  and  more

IT.  We  induced it formed  during Middle-Upper  Miocene.  It is

probable  ihe middle  Mioccne  10 early Pliocenc  prism  (Taira

Kig  Q Depth  migration scc<ioft showing  Ok  sedimentation  scquenccs  and  deformation  of Naikai Trough  ;i＼k  OA  Depth  scciton ol profile N  r%-

<>01.9tt Depth  tccIioh of profile NT06-909:  IJupth  section of profile N)  96-01 ]



and  Ashi,  1993).  There  c,＼isi$ a rugged  reftccwc  si 6km  depth

of  profile 96-102  (Fig.  10), of  winch  the  acousiic  eharacicr  is

same  as acou$iic  bascmcni  ofZemsu  Ridge.

3-3  Lower  slope  prism  (LSP)

LSP  is distributed  in Outer  eidge  lower,  bounded  by  FT  and

BF  occurred  three  parallel  ihrusi  faults. FT  actually  is major

fault zone.  There  occur  a series throsi faults on  the  scisjnic pro-

file (Figs. 4,5,6,7,9).  While  il is not so  clcar on  the profile on

the  profile  915.  The  Ihrusis  usually  extend  deeply  to  the

deeollcmcnl  surface.  Thrust  surface?  are  wavy,  which  suggest

that  different  lithologie  units  existed. To  landward  slope, some

reverse  thrjsi  fault with  very  lower  angle,  which  overlay  the

old  sequence  to the  Quaternary  slope  fan. have  been  formed.

faults  in the trough  filled sequences  (Pig. 9), but  second  throst

faulis  also exist flank  of  ihe folds, which  disappear  u> seafloor.

The  scdimerit  to east has not involved  in deformation.  lis bound-

ary  with  Zenisu  Ridge  is not dear  becausc  there aw  many  slump

sediments  covered  on  it. Bui  it only  interpreted  a reverse  ftult

on  profile 901.  The  basement  does  noi  involved  the deforms*

tion,  where  ate  limited  the  trough  filled sediments.  The  strata

ofShikoku  Basin  sequences  and  trough  (111 sequences  or wiihin

the  hemipelagic  layers  ofShikoku  Basin  exist  an  apparent

decoflement.

The  present  Nankai  Trough  was  assumed  to be formed  since

late  Plioccne  (Shimamura  1989).  Before  the time,  the region

of  Nankai  Trough  was  an  old  swell,  becausc  the  sequence  C

decreases  from  Zenisu  Ridge  to trough.  The  structure  is prob-

ably  like theZenisu  Ridge  tcctonie  uplift.

3.S  Structures  of Zeniiu  Ridge

For  the (colonics  of  Zcnisu  Ridge,  a few  author*  indicated  it

more  recently  on  iKc  seismic  profiles discussed  by  submersible

da(a(Le  Pichon  elal..  1992).

34  Trough  axis

Trough  can  b≪ divided  iwo  pari: one  Is protoihrusi  system

which  is characterized  by  box-folds  and  two  high≫angle  tlirusc

JAMSTEC  J Oeoo  8≪a ftes.. 1SUM9)

revealed  by  ihc scisiriic profile (Aokl  ≪t aL  1982;  Okudaand

Honda,  1988),  The  foil owing  submersible  observation  also

hg  10  Ocpih  (N  l^6≪102) acro^  ihc Z≪ni≫n Ridge  find <Jcp)l> ar≪icnif≪ of <hc prism and  the ccmrui trvugh

J3I



found  some  thrust faults on the  cast flank  of Zcrtisu Ridge  (Lc

Piehon  cial., 1987.  Lallcmanlclal.,  1989,  Tokuyama.  et al.,

1998).  From  our  data there is no  any  fold formed  at west  flank

ofthe  ridge. Profile 102  (Fig. 10}  also show  gentle fold of  ridge,

maybe  accompanying  by  overthnjsting  in the cast margin.  Re-

cently,  Segawa  (1998)  considered  that some  evidences  sug*

gestecj  the Zcnisu  thrust as a new  &ubduetion  zone.  The  ftec-air

gravity  anomaly  map  found  some  signification  negative  free-

air gravity anomaly  in the southeast  foot of Zcnisu.  And  aetiv*

ity  of  earthquakes  happen  along  the  southeast  foot, which  K

the  highest  in theTokai  area  (Takanishi  et al,  1994).  Some

other  cvidcnce  is based  on the  measurement  by  GPS  position*

mg  smce  1994  showing  thai  Zenisu  Ridge  is moving

northwestwards  at a speed  of  2.5 cm  a year  (Segawa.  1998).

But  from  the reflection data there seeiri not  exist the  intensive

subduetion  zone.  It will be  more  important  compression  zone

by  the collision between  Izu-lkmin  and  I lonshu  Arcs.

3,6  Dccoltement  plane

The  characteristics ofdccollement  has  been  drilled  by  19.2

m  thick zone  of  intense faulting and  brecciation  at ho!c808C

of  the ODP  131 (fickcring,  ct al., 1092)  and  clearly showed  on

seismic  prodles  in the wcstNT(Aoki  ei al., I9S2;  Moore  and

Shipley.  1993,  Moore  ct al., 1992),  The  decollcmem  under  the

NT  accrenonary  prism  is imaged  scismically  as a high-ampli-

tude.  rcvcrsed-jiolarity reflection Thedecollemeni  is a 19*m-

thick  zone  of  the intensive  breccia  where  ii was  penetrated  on

the  Leg  131

But  m  the  eastern  NT,  dccollcmcrtt  plane  exists  at 5-6  see

{two  way  time)  in our  time  section  (Pig. 4. 5. 6. 7). (i is near  5

km  below  sea surface ax the lower  prism,  but  slowly  increases

to  6 km  below  the Tokw  ihrusi(Pig. 8) It was  a flight incline lo

wen.  fh ≪ plane  expresses  intensive  reflection  bcneaih  loner

prism,  but no!  clcar  ncarTokai  Ihtusl because  the  multiple  re-

flccior, which  seem  to some  undulation.  It was  interpreted  by

the  ridge  subduction  (Laitemant  et al., 1992:  Le  Pichon  ci al..

1996).

4.  Evolution  of  the  prism

A  few  models  for the  accretion  in the NT  were  presented  to

interpret  the evolution  of  prism  (llonza  and  Murakami,  1985;

Okuda  and  I londa,  1988;  Kagairii.  1985;  and  soon).  The  ismc

on  evolution  of  prism  has  existed  because  the  deformation  is

complex  and  deep  tectonics  is noi  dear.  The  eastern  Nankai

Trough  prism  has  specific morphological  characters  in the study

area,  which  were  concluded  by  many  authors  xs  follow

<Lallcmant  ct al, 1992  and  ＼a  Pictton  ct al.. 1992).  First, it has

a  significantly  steeper  regional  slope.  Second,  its orientation  is

SO'  N  instead  io 70*  K  Third,  it has  a tighter style of  fold*

ing.  Forth.  ii has  been  affccwc)  by  very  strong  erosion  that has

left huge  scars  and  fifth. the  uedge  is significantly  narrower.

All  these  characteristics  can  be  explained  by  the  ridge  subdue*

(ion,  paleo*£cni$u  ridge, which  lias indeed  been  subducted  be*

low  this wedge  during  the last 2 million  years,

USP  consisted  of  Miocene  strata (Okuda  and  Honda.  1988).

which  was  major  subduclion  zone  sincc  early  Pliocene,  and  it

continues  active  as  internal thrust  of  prism.  The  arc  volcanic

activity existed on  the Honshu  Island  and  subduction  of Sttikoku

Basin  down  to the I lonshu  Island  since Miocene  (Kobflyasln  ct

al
≫1995)  suggest  thai exist a subduction  tone,  while  the mod*

cm  subduction  began  sincc  Laic  Pliocene.  Where  is the  sub*

ductfon  zone.  Many  scientist  suggest  that TF  was  this stage

Subduclion  zone.  The  key  problem  is found  the  accretionary

basin.  We  ihink  the  sediment  layers  with  relative  layer  rcrtee-

h*  J! Sclicmaucdiagrams  shfw$ theiccwricstliaracKiistic^ofNankxiTrougii (/clcrcd wj I c Tichyn i:(ai !096>  ( Mamie  I i.  ihe

iwf. iyficous bodiis of/cnuu  and |>l4c0≪/cmsu .4 cojitincniol backsiop. 5 scdimcrunry hody



tion  rcpresu-nts  Miocene  and  Earlv  Pliocene  trough.  TF  contin-

ued  active  during  Quaternary.  It expresses  the internal  thrust

within  the prism,  Bui  the frontal major  thrust has  already  move

to  FT,  which  extend  deeply  to the  detached  fault.

Sccond  stage is ridge  subduction  began  at 2 Ma  as lx  Pichon

et  al. (1996),  By  the  subduction  of  palco-Zenisu  beneath  the

prism,  compression  is expected  in front  of  it. uplift on  the  top

and  Honda.  l988.Allcmancleeial.,  1992,1994).  As  to the east-

ern  Nankai  prism,  three  important  (actors  control  ific volume

of  the prism.  One  is compress  stress in overriding  plaie. The

stress  is stronger;  the accrctionary  prism  is bigger. The  upper

crosi  in eastern  Nankai  Trough  has  extensive  compression  thai

led  to  the large  prism.  Second  factor  benefit  to formation  of

prism  is the  high  sedimentation  rate in this area. The  third is

the  ridge  11 kc relief existed wh  ich increase the volume  of prism.

That  is the important  factor  to enlarge  the prism.

There  also have  many  other  factors, which  were  effected on

the  prism  A  small  tapered  prism  would  suggest  a lower  ftic-

lion  inthedecollemcnt  and/or  stronger  wedge  material, based

on  the Cloulomb  failure criteria (Davis  ei al., 1990).  A  larger

wedge  taper should  promote  dcwatcringdue  to a rapid increase

of  tectonic  overburden.  The  cold  seepages  in eastern  Nankai

trough  have  widely  been  found  suggested  that interpretation.

Such  a shape  difference  may  origin  from  decollemcnt  depth

indirectly  controlled  incoming  basement  relief.

6.  Conclusion

The  conclusion  includc  as follows:

(1) In  trough  area, four  seismic  sequences  have  been  divided

according  ics seismic  incema(  and  outer form  fojtvte.

A  and  B  are trough  (lit turbiditc and  hemipelagk  sediment.  I'

formed  during  Law  Pleistocene  and  Holocene.  Sequences  C

and  D  represent  upper  luibidiic sequences  and  heimpc1ag>esedi ≫

mcntajy  layers in Shikoku  Basin.  Theaccretionary  internal was

very  complcx  sedimenlary  layers formed  during  Mioccnc  and

Early  Plioccnc.

(2) In  spatial, five deformation  units nave  been  observed,  which

includc  upper  slope  prism,  accrctionary  ba$ir>, lower  slope

prism,  trough  and  Zenisu  Ridge.  There  ace three major  thrust

/ones.  lokai  thrust zone,  frontal thrusi  /one  and  2enisu  thrust

/one.  former  abduction  began  during  Mioccnc,  *vheo the major

subcluction  none  happened  nlong  the Tokai  fault. Reecntly  ma-

jor  suduction  thrust formed  sincc  the Pliocene.  Ridge  subdue*

tion  zones  occurred  on  the  eastern  NT  *1 his Ivd  to the  huge

thickness  accrtiionaty  and  large intraplate throwing.

(3) Tectonics  of Zenisu  ridge is compressed  structure from  the

seismic  data. Gut  there arc now  occurred  thrusts discovered  by

recently  submersible.  There  is aji apparent  intra≫occanic  thrust,

it was  postulated  a newcoming  subduction  zone  by  collision

between  Honshu  and  Itu-Bomn  Arc.
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accrctionary  prism  is uplift and  ?xicnsive  erosion.  FT  fault have

been  development  along  trough  axis since  laic  Pliocene,  based

its  involved  strata. The  easl  NT  is located  at intensive  com*

pression  region  between  collision of  two  ares. Whole  area  sub-

mitted  compression  and  subduction  angle  is relatively  gentle

so  main  subduction  zone  transfers backward,  but  now  it is trans-

fer  from  TF  lo FT.  The  prism  with  a  Sleeper  frontal  slope,  evi-

dence  of  backlhrusting.  a sharp  slope  break  arc interpreted  with

a  past  ridge  subduction  (Lallcmant  ct aL  1989:  Lc  Pichon  et

aL  1996).

5.  Question  and  discussion

5.1  Ri<Sge  subduct  ion : Zenisu  fldge  artO palco-Zcnisu

Zenisu  niigc  has  been  considered  as inira≫oceanic  subduc-

tion  by  many  authors  (Le  Ptchon,  1987;  Chariot-Roofce  and  Le

Pichon  ci al., 1989,  lallcmant  ct al.. 1989).  The  pasi  this kind

of  ridge  now  buried  beneath  the eastern  Nankai  irough  prism

has  been  postulated  in order  to explain  some  of  the characteris-

tic of  eastern  Nankai  aceretionary  prism  (Lalltimand  ct al.,

1992)  Le  Piehon  ct al (1906)  ttcmonsiraied  thai ridge, referred

to  pateO'ZcniSu.  existing  twncaih  eastern  Nankai  prism,  based

on  evidence  of  geomagnetism  gravity  ami  OBS  velocity  struc*

lures.

Zenisn  Ridge  is importani  thrust icctomcs.  Based  our  seis-

mic  daia. ridge
 uplift sincc  Late

 Plioceuc.  Bccause  our  seis-

mic  data  shou  that  ihe  sequence  D  expresses  parage/  re flee*

lion  layer, ii nicans  the  gentle  gcomorpliology  c＼juc<|  during

Pliocene,  It is clearly  thai hemipclagic  sedimcm  layer  in cen-

tral irough  is thinner  than  tliac beneath  prism,  which  showed

lhai  cxisience  of  old  irough  fill layers  bcneaib  ihc  prism.  The

formed,  so that the  fo1d≪ in sedimentary  strata haw  bcai  formed

tn  the  former  trough  fill sediment  by  the compression.

Whither  Zenisu  is a subduction  zone  or just an intraplaw

shorten  is still difficult lo answer.  The  key  question  is the  exist*

enec  and  evolution  of  paleo-Zenlsu.  Paleo-Zemsu  was  of course

Important  to evolution  of  prism.  Profile  102  shows  some  ridge

shape!

amplitude,  week  energy, f^fteciion. may  be irucrprclcd palco*

ridge

5.2  Volume  of  accrefionary  prism

A. lot of facior$ contribution  ＼o build  of  the Nancy  prism  luts

bcun  disciiascrf by  many  amli<ire (Asln  andTaira.  1992.  Okuda

JAMSTEC  J. 0≪ei> Sea Pes.. 15 (1099)
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