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1995年度日仏KAIKO-Tokai計画では,｢しんかい2000｣と｢ドルフィン3K｣を用

い東海

沖の竜洋海底において,冷湧水の分布と地質構造の解明を目的とし調査を行なった。竜洋海

底谷は,その中流部が直線的であること,地震探査断面で深部の堆積層に変形がみられることにより造

構性の海底谷と考えられている。今回の潜航は海底谷の中流部の谷底および東西の谷壁において観察を

行なったが,断層等の地層の変形は認められなかった。冷湧水については,   西側谷壁の直下にお

いてシロウリガイコロニーとバクテリアマットを多数確認した。これらは南西方向に連続するが,崖錐

堆積物の張り出しとともにその密度は減少する。地震探査断面で   は北西方向に傾斜する地層の反

射面が認められるため,生物群集の配列は断層に沿った流体湧出とともに透水性の良い地層に沿った流

体湧出の可能性も考えられる。さらに,潜航地点では   ガスハイドレ-トによる BSRがよく発

達し,また隆起域であることも考え合わせるとハイドレート起源の流体が湧水に関与しているかもしれ

ない。
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Distribution of Cold 
Seepage at the Ryuyo 
Canyon off Tokai : th
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During the 1995 KAIKO-Tokai project, distributi

ons of cold seepage and geological structures i

n the Ryuyo Canyon off Tokai were investigated 

using the submersible "Shinkai 2000" and the RO

V "Dolphin 3K". The Ryuyo Canyon is considered 

to be of tectonic origin because of its straigh

tness of the middle valley and deformations of 

seismic reflectors beneath it. During the dives

no deformation such as a fault is observed at t

he floor and the walls of the canyon. Calyptoge

na colonies and bacterial mats are distributed 

at the foot of the western side wall. Seep site

s extend and decrease toward southwest as talus

deposits jut into the canyon floor. NW dipping 

seismic reflectors between the dive sites and t

he Tenryu Canyon indicate that upward movement 

of fluids may occur along high permeable sedime

ntary layers as well as fault planes. Judging f

rom well developed gas hydrate BSRs and uplifts

around the dive sites, cold seepage is probably

affected by fluids and gases from dissociation 

of hydrate.

Key words: Bioloical community, Ryuyo Canyon, Cold seepage, Accretionary prism, Gas hydrate, BSRR

1 . Introduction

A  large amount  of fluid is thought  Co be  expelled

from  landward  wedges  of  subduciion  xones  on  the

fluid budget  estimations  (Kastner  eta).. 1991:  Le

Pichoa  el a!., 1991). Chemosynthesis-based  biologi-

cal  communities  provide  convenient  markers  of cold

seepage  sites. After  finding, geochemical  analysis

of water  samples  are more  effective for studies  of

fluid sources.  In  the  Oregon  margin,  observations

by  the submersible  Alvin  discovered  communities
 of

clams  and iubd-worms  at the toe ol the accretion a ry

onsrn  and  revealed  that distributions  of these  com-

munities  were  restricted to  structurally  controlled

vent  sites (Kulm  el al.. 1986). Seismic  reflection pro-

files suggest that faults, unconformities  and  probable

high  permeable  layers work  on  conduits  (Moore  ci

al., 1990),

iri the  t-asirrrj Nsmfc ≪u Trough  the  ace  ret ion a ry

piisin r≪uscd  by  offscrapins  or incoming  sediments

JHO

on  the Philippine Sea Place has been investigated by

vhe French-Japanese  KAlKO  project  since U84.

Vents  along  the frontal thrust were  found  ac the

Tenryu  dec-sea fan during  1985 KAIKQ  cruise (Le

Pichon  el a'., 1967). The  survey of the 1939 KAlKO-

Nankai  cruise was focused on the thin-tapered prism

toe and the well-continuous ridge named  "the Yukie

Kidgc"  20km  landward  of the trough  axis. Cold

seepage  at both sites was interpreted to be caused by

updip  movements  of fluids along the shallow detach-

ment  and ＼no bacXthTU&i, respectively. studies

of fluid chcmistry  and  stable isotope of carbonates

indicate that both sites are dominated  i>y biogenic

hydrocarbons  (Camo  et aU  1992 ; Sakai clai. 1992).

Since 1993  the  KAIKO-Tokai  project  has  in-

vestigated vhe landward  part of me  prism to under*

stand differences of fluid source* find budgets  be-

ixvecn fauii separated seamenu  as well as the tcc*

tonic aspeci of  the piisa* segmentation.  In  t his
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report we  present visual observations of the Ryuyo

Canyon  during  Rives 821 and  822 of Ihe "Shinkai

20Q0" and Dive 265 of the "Dolphin 3 K".

2.  Geological  background

The  survey  area  of  the  KAIKO-Tokai  project  is

located  in  the  eastern  most  part  of  the  Nankai  ac-

cretion  a ry prism.  The  Nankai  Trough  south  of this

area  changes  the  frend  from  NE-SW  to  NWE-SSW

and  continues  northward,  to the  Suruga  Trough  (Fig,

1). A  large  number  of  active  faults  estimated  by

scismic  reflection  profiles  are  subparallcl  to  both

troughs  (The  Research  Group  for  the  Active  Pan  us

of  Japan.  1091). The  Philippine  Sea  Plate  is converg-

ing  ro northwest  or  west-northwest  based  on  earth-

quake  focal  mechanisms  and  geodetic  data  inversion

(Ishibashi.  198).  ; Yoshioka  et  al, 1993).  Part  of

faults.  therefore,  are  thought  to have  strike slip com*

ponems  (Le  Pichon  ct a)., 1994  ; Thoue  et al., 1995).

Two  major  faults, now  named  "Tokai  Thrust"  and

"Kodaiba  Fault",  are developed  34km  and  46km  land-

ward  of  the  trough  axis  (Pig. 1). During  Dives  116,

117  of the  "Shinkai  6500"  and  Dive  706  of the  "Slunkai

2000"  (U  Pichon  et  al, 1994:  Fourmer  and  Cadet.

1994). existences  of fresh  talus  and  tube  worms  sug-

gest  active  crustal  movements  and  probable  fluid

venting  along  both  faults  (Fig.  1) Conspicuous  de-

pression  off  Omaczaki  was  investigated  during  1995

cruise,  vestimentiferan  tube  worms  and  dead  clams

including  CatyPtogcna  were  observed  at  (he  fault

scarps  (Ashl  et al, 1995  ; ThouS  et al., 1995). During

Dive  824  a  huge  number  of  dead  clams  were  also

found  aE  the  eastern  wall  of  the  Tcnryu  Canyon

wlwc  thel*r/i*3C*rp  of Ibc  liodsibs  b'ault have  been

eroded  by  the  canyon  (Mazsolli  el al, this  volume)

The  Ryuyo  Canyon,  where  Dives  821  ana  822  were

conducted,  is located  on  the  northern  slope  of the

Kodai-Ba  Knoll  (Figs.  1 and  2). This  canyon  Is sub-

parallel  to  the  Tenryu  Canyon  al  th$  middle  valley

and  changes  the  dheclion  rectangularly  ≪u both  the

ends.  T  he R y u yo Can  yon  is i*ega rdeel as a n an leced  ･

ent  valley  on  the  giound  ttiai the  slope  of the  north-

west  -･ trending  upper  valley  dips  toward  the  upper

stream  (Iwabuch)  ct  at.. IOTP.  Straight  newi  of  the

JAMSTEC  J Deep  Sea Res . i2 UfliW

Dalhyinetric map  wjih  <fiv≪ sites during Ihe
KAIKO-Tokai  Project. Rectangle is the area of Fig.
2. Solid line denotes the location of the seismic
line shown in Fig. 3.

middle  valley and  deformations  of seismic reflectors

suggest  that development  of the canyon  is controlled

by  NNE-lrending  faults, although  no deformation  is

observed  at the shallow  part  of the seismic  profile

(hvabuchi  et al.. 1991).

3.  Submersible  observations

Dive  821  starts from  the  bottom  of  the  Ryuyo

Canyon  (1.092m). runs  westward  to study  Che canyon

wall, and  turns  eastward  to  observe  the  other  side

wall  (Fig. 2). The  bottom  of the canyon  is covered

by  sediment*  composed  of light-grey mud  wjih very

line sand  No  deformation  sti ucture on  ibe seafloor

was  observed  except  a N  S  trending  gioove  proba-

bly due  loan  ailificial I rail such  as a djedge  haul.

Near  the fool of the  western  sulc  wall, clam  col≪

onics  and  discolored  surface1 sod i men  is ai*c widely

distributed  on  the  canyon  floor (Photos  1. 2 and  3)

Wiologjcal com  muni  lies vaiv between  lm  and 10m  in

Hit



diameter.  The  causc  of discoloration  is thought  to

be  bacteria propagated  on  surface sediments.  These

bacterial mats  generally  show  white  patches  on

highly  bioturvated  muddy  sediments,  A  typical

mat  shows  circular  shape  and  about  one  meter  in

diameter.  A  large mat  up  to 10m  in diameter  seems

to  consist of aggregates  of small  si %  mats  (Photo 3).

A  center  of a mat  is often  characterized  by  gentle

depression  suggesting  local dewaterfng  of sediments.

In  some  mats,  red-blown  spots  are Superimposed  on

white  patches  (Photo  3). A  short  coi*e sample  ob-

tained  from  a  bacterial  mat  exhibits  that  surface

sediments  are  composed  of  black  sandy  silt with

hydrogen  sulfide smell.  Some  of  the  large  mats

have  sharp  and  straight  outlines  suggesting  struc-

tural controls  under  surface sediments  as discussed

later. Clam  colonics  often  coexist  with  bacterial

mats,  but  tend  to  lack mats  where  living shells are

dense.  Living  clams  with  about  9 cm  in length  are

predominant  In the center of the colonies in contrast

to  large clams  at the margins.  Pive  clam  samples  at

this site belong  to Calyptcgena  soyce type  A  (Kojima

and  As  hi, this  volume).  These  biological  com-

SJiij> irjckx wf Dives 82) ≪Jid 822 ot ihe "Shinkai

2U0CT and J live 266 uf ihe "holpltjn 3K". Dashed

circle indie -ni's djkii'ibuUon oJ* biological commit

rulics .Sairtpiiaiy |M>iuls und  pllolo tatdlloris aic

shown  by .ilplmbei* anil mnnercjK  i e>≫rJOclively.

munilios  indicate seepage  of methane  bearing  fluids

from  the seafloor.

The  foot of the western  side  wall is slightly cov-

ered  by  talus debris  composed  of  muddy  materials.

At  the canyon  wail more  than  40m  above  the bottom,

outcrops  and  transported  blocks  were  encountered.

A  semi-consolidated  rock  taken  from  the outcrop  at

a  depth  of l.040m is a light-brown  sandy  siltstone of

the  early late Pleistocene  age  (CN13b)  based  on  cal-

careous  nannofossil  biostratigraphy.  Strata  gently

dip  less than  10° toward  northwest.  There  is no

indication  of cold seepage  in the canyon  wall.

In  order  to  examine  distributions  of  biological

communities,  Dive  821  followed  them  southward

from  the point of the first occurrence.  Various  sized

biological  communities  are almost  continuously  dts≫

tributed  over  350m  along  the canyon  wall (Fig. 21 A

clam  colony  with  vestimentiferan  tube  worms  j$

located  on  the muddy  talus deposits (Photo  4). Two

large  Calyptcgena  (20cm  m  length)  sampled  at  this

locality are thought  to be a new  species based  on  the

mitochondria)  DNA  analysis  (Kojima  and  Ashi,  this

volume).  Biological  communities  tend  to  be  found

on  the talus deposits  and  gradually  decrease  in size

and  number  as talus deposits jut out into the canyon

floor.

At  a scai p 20m  above  the fool of the wall, a large

outcrop  shows  a gently  NW  dipping  alternation  of

sandstone  and mudstone  (Fig. 2). After  the observa-

tion of the  western  side wall. Dive  82J crossed  the

canyon  floor. Theie  is no  distinctive structure  on

the  floor except  N -S trending  grooves  similar to that

mentioned  above. The  foot of the eastern side wall

is  also  covcred  by  talus  deposits  including  large

transported  blocks  of  semi-consolidated  mudstonc.

Shell fragments  among  muddy  talus  sediments  are

observed  (Photo  5). At  a scarp  just above  the talus

deposits, strata are gently  dipping  toward  NW.

Dive  822  investigated  the  corner  at  the  lower

valley  about  8km  south  of the Dive  821 site (Fig. 2).

Large  scarps  cropping  oui  strata are  continuously

observed  along  the western  side wall. Gently  NW

clipping str.ita ;irc predominant  all  hough  strata

paitly  dip  tov/aicl ihc canyon  How  probably  due  t^

JAMSTEC  J. Deee Sea R≪s 13



creep.  There  are few evidences  showing  that scarps

are  caused  by faulting. The  canyon  floor consists of

highly  bioturvated  muddy  sediments.  A  NNE-

tr≪)djni≫sma]J  gxoovei?  aJso observed  at the canyon

axis, but we  did not find any  manifestation  of tecton*

ic  deformation.  Al  the  eastern  side  wall  several

steep  scarps  are  developed.  Manganese-coaled  al-

ternations  of sandstone  and  mudstone  exhibit steps-

like  topography  and  show  about  I0e dipping  strata

toward  WNW  (Photo  6). Scarps  in the eastern wall

are  also  studied  during  "Dolphin-3  K" {Dive  265).

Steep  scarps are developed  between  depths  of 1,087m

(canyon  floor)  arid  1,053m  A  sandy  silts  tone

sampled  from  an outcrop  is the early late Pleistocene

age  (CM  3b} based  on  calcareous  nann&lossi}  bio-

stratigraphy.  The  slope  shallower  than  1,000m  is

very  gentle  and  partly covered  by  muddy  sediment

veneer.

d.  Discussion

4.1  Structure  of the Ryuyo  Canyon

The  Ryuyo  Canyon  is considered  to be of tectonic

origin  probably  due  to  NNE-trending  faults

(Iwabuchi  et al. 1991). They  also pointed  out  that

these  faults arc  inactive  at  present  been  use of no

deformation  at the shallow  part of seismic reflectors.

Observations  during  Dives  821 and  822 also indicate

no  deformation  on  the  seafloor  sediments.  Strata

cropped  oul  on  Che  canyon  walls  have  dips  of less

lhan  10 ° toward  NW.  Seismic  reflection profiles

show  NW  dipping  layers between  the Omacsaki  Spur

and  the  Teniyu  Canyon  (Fig.  3). The  siltstone

samples  from  both  the  side  wails  of  the  Ryuyo

Canyon  are (he early lale Pleistocene age. The  late

Miocene  si I (stones arc collected  from  the  western

scarp  of (he depression  off Omaezaki  during  Dives

762  and  765 (Ashi el el.. 1995). The  MtTI  Omaeaaki-

oki  well. 40km  north  of both  dive areas (Fig. 1), pro-

vides  correlation be (ween  stratigraphies of the hole,

on  land  geology,  and  the  seismic  reflection profile

(Kato  e( al. 1989). These  results and  continuities of

seismic  reflec(ors show  (hat  strata exposed  in  the

Ryuyo  Canyon  and  die depression  off Omaczaki  are

correlated  with  the uppermost  part of the Kakegawa

Group  and  the  upper  part of (he Sagara  Group,  re*

spec(ively.

4  2  Distribution  and  origin of cold seepage

During  Dive  821 biological communities  are dis≪

tributed  along  the  foot  of  the  western  canyon.

Strictly speaking  these seepage  site* do not coincide

with  the base  of the canyon  wall, but arc found  in a

line of NoO^E  trend  (Pig 2). Southward  decreasing

of  seepage  sites seems  to be  associated  wi(h  (alus

deposits  that jut out  in(o the canyon  floor. During

Dive  822 lack of biological community  also suggests

that  cold seepage  is not always  associated with  the

base  of the canyon  wall.

The  alignment  of cold seepage  may  be  causcd  by

fluid flow  along  blind  faults or  NW  dipping  high

permeable  layers. The  former  is suggested  by  de-

Fig  3 Sketch  showing  ihc scismic reflection profile of ilie Lint* C obisincd by  the Hytfroginphjc OciwilmciH  of

<K≪to <?i ≪1.. I9W>. UoilMl  In*?* indicate westw.iid <li|>i>uiR reflceiors Circlcs ;ue <lelornmiioi≪ of

rellcct≫i≫ s≫iggt＼sic<l !>y hvjb≫i≪.hi el .il. 0991).
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formations  of seismic rcflec-tors (Iwabuchi  el al,l99l).

The  latter is consistent  with  the  strike of  strata

estimated  from  previous  seismic reflection profiles (e,

g,  Inoma  and  Sasaki..  1970,  Kato  et  al . 1983).

Southward  decrease  of  cold  seepage  could  be

attributed  to low permeable  talus deposit cover.

W  biether methane  in  seepage  is  biogenic  or

thermogenic  is still unknown  because  no  fluid sam-

pling  was  done  during  this study. Bottom  simulat-

ing  reflectors (BSRs)  of gas hydrate  are widely  dis-

tributed  off Tokai  and also observed  around  the sites

of  Dives  *62 and  (Fig.  BSR  is thought  to

appear  at the base of gas hydrate  stability field under

certain circumstances  such  as existence  of free gas

beneath  the  phase  boundary  and/or  massive  gas

hydrate  above  it (MiHeret  al.. 1991). Uplift  induces

preaaute  67  Q£ Vhai  make*  a subtly  field of  gas

hydrate  shift upward  in  a  sedimentary  column.

Local  uplift  suggested  by  abandonment  of  the

Ryuyo  Canyon  (Iwabuchi  et al, 1991) may  generate
 a

targe  amount  of free gas from  hydrate  dissociation

Part  of methane  gas  al s^ep  sites may  be  derived

from  dissociation of gas hydrate.

5. Summary

During  Dive 821 Colyptogana  colonics and bacterial

mats  were  observed  on Ihe foot of the western  wall of

the  Ryuyo  Canyon.  No  tectonic  structuie  is

detected  on  thc  floor and  {he  wall  of  the canyon

during  Dives  821 and  822 Distribution*  of seep sites

trend  N50*E  although  they decrease  southward  pro-

bably  due  to  cap  effects of J he talus deposit. The

ages  of both the side walls of the canyon  are the early

laic  tncisioccu* from  the samples  duting  Dm$2t  oC

Ihe  "Shinkai 2000" and Dive  265 of the"Dolphin-3  K'.

The  seismic  rcllector that  coi respond  to  thc strata

exposed  at  the  ftyuyo  Canyon  dips  flboul 10° to

northwest  and  correlates wuh  thc upper  Kakcgawa

Group.  Alignrnenl  of  seep  sites suggest  methane

hearing  fluid flow  along  faults or  high  permeable

lay  era I'arl  of methane  may  hv derived from  disso-

ciation of Kii* hydrate  beeduse  uplift occurs  in the

djv'Chjles whpic  KSRs  aie well developed.
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Pholol CaiyplQK ・１１ａ ｃｏ】ony wit ｈ ｂａｃｌｅrｉａｌ ｍａｌ on ｌｈｅ

canyon floor be ｓideｓ tｈｅ wｅｓlerｎ side walL  Photo

location  is shown ｉｎ Ｆｉｇ. Ｉ Water deplh 1.093m.

Dive  821.

Pholo ３ Bactcrial ｍａt ｏｎ ihe canyon floor. Ｎｏtｅ red-

brown spots ｏｎ ｗhitｅ discolored area.  Water

depth 1.093m.  Dive  821.

Phct ０ ２ Close-up ｐｈｏtｏＳｒａｐｈ ｏｆ ａ Calypiogena  colony.

丶Ｖａtｅrｄｃｐｌｈ ],093m.  Dive  821.

Ph ｏt０  ａjｙpl昭ｌ贊ａ ｃｏｌｃｎy with vesiimentiferan t ｌｂｅ

worms　cm　 ｍｕddy　Islus　deposits.　Large

Catyptogena sampled fr ｏ仙lhi ｓ ｓEte iｓ ｓlldjld by

Kojima and Ashi (this ｖolｕｍｅ). Ｗａtｅr depll･

1.090m.  Dive  821.

Photo 5 Shell fr ａｇｍｅｎtｓ ｏｎ ｌｈｅ fool ｏｆ I ho ｅａslel･ｎ wall.

Ｗａtｅr ｄｅｐth J.112m,  Dive  821,
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Photo 6 Sirau  gently dipping loward  nonhwe*!  ob-
served in ihe cdbttni whM of ihe canyon. Waior
deulh MMm.  Dive 822.
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