
Submersible  Investigations of the Mid-Ocean  Ridges

near  the Triple Junction in the Indian Ocean

Hiromi FUJIMOTO  " 1 Mathilde CANNAT  * 2 Kantaro FUJ10KA  *J

Toshitaka GAMO  ･1 Cristopher GERMAN  *4 Catherine MEVEL  *2

Ute MONCH  * 3 Suguru  OHTA  * 1 Masahisa  OYAIZU  * 3

Lindsay PARSON"4  Roger  SEARLE  *' Yoshiki SOHRIN  *8

Tomohiro  YAMAASHI  -1

I he first submersible investigations of the mid*oceiu≫ ridges in the Indian Oecan were carried out in September-October 1998 by using (he submers-

ible S/>u>to' 6500*nd  the IVV  YokauM  It was  confirmed  that majmniie  supply to the Southwest  Indian Ridge  (SWIR)  about 64°fc is concentraicd on

an  csccptionally big txial volcano  Ml. Jourdannc.  leaving the cihcr segments  in magma  starved concision, a probable detachment  fault surface of a

"nic^amuHion"  (KUJf  Dome)  was  investigiited Although  gsbbro  and  serpentined  peridotite samples  were  recovered,  most  of  the Surface was

oovercd  with sediment  and  basaltic debris. An  estinet hydrothernis) site was  (bund  on  Mt  Jourdannc.  ＼≫herc we  collected the flrsi sulfide chimneys

along  iltc ui tra-slow spread nig S W  i K Wv  observed  a strong transmission anomaly  and  eollcctcd dead shells i n Oic fi rst segment  of the Centra) Indian

Ridge  (CiR)  nonh  of ilic Rodriguez  triple junction
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I.  Introduction

The  submersible  Shmkai  6500  and  the R/V  Yokosuka  carried

out  ihe  first expedition  m  the  Indian  Ocean  in the  foil of  1998

during  the  legs 3 and  4 of the Mid-Ocean  ridge  Diving  Expedi-

tion  "98  (MODEs98).  The  target  area  of  the first submersible

diving  surveys  in the  Indian  Ocean  was  the  mid-ocean  ridge

extending  southwestward  from  the  Indian  Ocean  triple junc-

tion  (the  Southwest  Indian  Ridge;  SW|Rs  see  Fig.  I). The  red

closed  circles m  Fig  I show  the sites of  diving  surveys.  While

Leg  4 was  focused  on  the  Atlantis  II fracture  zone  (ca. 57 ° S).

Leg  3 targeted  the  a＼ial volcanic  ridges  (AVR)  between  59 °E

and  70°E

*1 he SW(R.  separating  the African  and  Antarctic  plates, opens

at  the  u I tra-siow  ha!  f rate of  7 to 8 mm/year,  and  represents

therefore  an end  member  of die global  ridge  system  in terms  of

spreading  rate. For  this  reason,  it has  been  sclccted  by  the

InterlUdge  program  as  an important  target of  global ridge  stud-

ies.  The  eastern  portion  of  the SWIR  was  intensively  investi*

gated  in 1997  during  txvo cruises  on  the  French  R/V  Morion

Dxfmne  1  he EDUL  cruise  comprised  a systematic  sampling

of  the axis  between  49RE  and  68RE.  and  confirmed  that  the

amount  of  melting  is particularly  low  in this spreading  center

<Mevi*l  eta),  1997),  During  the  FUJI  cruise,  a TORI  deeptow

sidescan  survey  was  conducted  for  the  mapping  of  magmatic

and  tectonic  activity (Mcvcl,  Tamaki  ct al, 1998  ). A  series of

transmissometers  mounted  on the T06(  and  the tow  cable  docu-

mented  several  strong  signals  interpreted  as  hydrothermal

plumes  (German  ct a),  1998).

Although  many  active  hydrothermal  vent  fields wjih  biologi-

cal  communities  have  been  found  and  sampled  on  the  Mid-

Atlantic  Ridge  (MAR)  and  on  the Cast  Pacific  Rise  (EPR).  no

active  sites haw  been  located  m  the Indian  Ocean  yet (cf. Plugcr

ct al.. 1990).  'I lie spccics  of  vem  fauna  on  the M  AR  arc di Her-

ein  from  those  on the RWUTunnicliffc.  1991).  The  Indian  Ocean

Ridges  are imi>ortan(  from  the  viewpoint  of  vent biology:  the

spreading  centers can  be  amain  propagation  pathway  or a bar-

rier between  the  Atlantic an<l the  Pacific  vent  fauna.

Main  objectives  of  Leg  3 w'crc  to get detailed  information

about  accretiouary  processes  along  the  ultra≫slow  spreading

ridge  aud  to locate  hydrothermal  vent  sites for the  first time  in

the  Indian  Ocean.  We  named  this cruise  1NDOYO"  cruise.

We  carried out diving  surveys  firstly on  the SW1K  based  chiefly

on  the  rOfel  images  and  the  transmission  anomalies  observrd

during  the F'UJI ennsc.  Wc  also surveyed  a site near  gcoelieim-

cul  anomalies  found  in 1993  on  the firsi segment  of the Central

Indian  Ridge  north  of  the triple junction  {Oaino  et al.. 1996)

I  his is a brief  rcpori of  the "INDOYO"  divine  cruise.

trated  7  dives  on  the  SWIR  Segment  U  (approx  64R  £). two

on  the  axial volcanic  ridge  (AVR),  three  on  a"megamullion ＼

and  two  In the  non-transform  discontinuity  (NTD)  (see  Figs. 2

and  3) Two  dives  were  devoted  to a small  AVR(ca.  64° 30'L)

of  segment  10,  and  three  dives  to the  eastern  edge  of  an old

AVR  (S9°G)  of  segment  17  (Fig. 2). These  live dives  had  an*

other  objective  to find  a hydrothermal  vent  site; strong  irans-

in  ission anomal  ies were  observed  near these  AVRs  in 1997  (Ger-

man  et a)., 1998).  Three-component  magnetic  field was  mea-

sured  during  most  of  the dives.

The  center  of Segment  11 is characterized  by  the presence  of

a  large  magmatic  construction  that fills the  axial  valley  (Mt.

Jourdanne).  A  series of  extrusive  units, principally  alternating

sheet  flows  and  plllow/lobate  flows,  comprise  the  main  out-

crop  of the eastern  AVR  of  Ml. Jourdanne  Pillow  mounds  and

flow  units arc more  common  on  the uppermost,  sliallowcst  parts

of  the summit  (Dive  446  in Fig. 3). Most  of  the seafloor  was

covered  with  sediment  of  varied  thickness.  The  extern  AVR  is

cui  by  faults, and  in some  cases,  pervasive  fissures with  li-W

strikes:  some  of  ihem  were  associated  with  hydrothermal

mounds  as mentioned  below  (Dive  454).

Hie  results  of  the observation  of  a small  volcanic  Segment

10  AVR  show  some  d i ffercnces  to those of Mt. Jourdanne.  Wh  i le

fresh  pillow  basalts  were  observed  in some  area,  pillow  frag-

ments  and  basaltic talus covered  most  of  the AVR.  Sheet  flows

were  not  observed  (Dives  448  and  449)  The  AVR  is cut by  a

scries  of approximately  li≪W  scarps  and  grabens  reflecting  cs-

tensional  plate  motion  in the  N-S  direction  In  conirast  to Seg-

ment  11, tectonic  processes  look  more  dominant  in this seg-

ment.  Although  the  easicrn  end  of  the segment  17  AVR  was

located  near  a non-transform  discontinuity,  old basalts with thick

sediment  covered  the  seabed.

The  R/V  Yokotuka  is well  equipped  with  geophysical  map-

ping  system  I  IS-10  multi-beam  system,  a LaCoste  &  Rom*

berg  sea  gravimeter,  and  ashipborad  thrcc-compouent  magne-

tometer  as well as  a proton  precession  magnetometer.  To  deter*

mine  the  evolution  of  the erustal  accretion  processes  in the

SWIR.  wc  extended  sea  surface  geophysical  mapping  lo

anomaly  5 in Segment  11 as  shown  in Fig. 2. The  mapping  wa*

also  earned  out  in Segment  9, where  TOBI  image  indicates

least  magmatic  supply.  Off-axis  topographic  data  across  Seg-

ment  9 show  striking asymmetry  across  the spreading  axis (Fig.

2).

2  Cru  slfl I acc  ret ion 8 ry p roccs$cs  a 11 he u Kra-slow

spreading  ridge

*[oci)f^rac^or1/c, l>> *ubincrMbic  otKuvaiicuH  ilic accrclion-

ary  jtromsso  in ilic ulsra-^lo^v ^Heading  cciu^r.  wc  concen ≪

2

3, The  first sulfide  chimneys  from  the  SWIR

Some  o(  the  larger  fissures  on  the  eastern  AVR  of  Ml,

Jourdaimc  sliow  a suv>ng  spana)  relationship  to the location  of

extinct  hydrotlicrtnal  sites {Milnch  etal.  this volume)  favored

by  loth  volcanic  (heat  source  1 and  tectonic  activity {pathways

for  fluid convection)  several  ex  unci rtydroihertnjl  sues  were

lound  vmthin  an  area  of  appro*.  0.5  km-  at a water  depth  of

about  2940tn  127° 50.97  S/63*  56.15*  lr )<l>ivc$446and  454)

JAMSTEC  J DeepScaRcs.  J5 t k$9f≫
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Pig. | Topographic
 map  shewing  (Ik mid-occan  ridges in the Indian Oct  an (National

 Geophysical  Data  Center, 1994). Closed  red circles show  (he sites of diving sutvty during the

MODK'98  Leg3  and  Ug ≪ in 1991



2  Map  oroff-ari$ topography  of segments  9 ≪nd II ≪flhcSW|R  obtained by <h≪ multi-beam  syskm  JIS-IO on board  the Yokosuka  Closed  aretes

show  (he dive sues of the Shmkai  6500. See  Fig. 3 and  ihe icxi.

Cmegnniullion  ') 20  km  soul  hi of  ihc  axis  in Segment  11, in-

ferred  lo  be  a major  detachment  surface  resulting  from  long-

lasiing  asymmetric  extension  (Fig  2)  Three  dives  (Dives444.

445.  and  450  in Pig.  3)  were  carried  out  lo  cross  this topo-

graphic  high  called  "FUJI  Dome"  The  detachment  surface  rep-

resent  a <tisimci formation  (hat is different  from  iliosc adja*

cem  to ii. Iv＼cept  at ihc  sleep  southern  slope  near  the  inferred

breakaway,  ihey  revealed  a  very  smooth,  sediment-covered

surface  with  frequent  deposits  of  basaltic debris,  Twogabbro

samples  were  recovered  from  the  cre$i of  ihc dome,  and  one

scrpcniiitiic  pendente  boulder  {noi in-situ) was  recovered  from

JAMSTEC  J Peco  Sea Rus., 15 (l≪≫>

All  of  them  were  spatially  related  either  to  ihe  grabcn  or  to

smaller  fissures. They  are  the first known  sulfide  deposit  along

the  ulira-slow  spreading  SWIR  These  chimneys  have  a lube*

like  shape  and  consist  possibly  of  vphalcrite. some  chalco|>y-

rile as well as |>>tiic and  minor  amounts  of sulfates. Silica seems

to  l>c more  or (cs≪ absent  in chimney  samples,  which  might

cx^lam  the  fragility of  chimney  edifices  Chimneys  arc totally

encrusicd  by  manganese  (Mtinch  ct al.. litis volume).

4. Dcfachmcnc  fault surface (FUJI  Dome)

(lie I OH  I image  also showed  a large  si r< rued surface

1



Pig  3  Dive  Hacks  or ihc Stunkai  6S0fi near a small axial volcanic ridge (.＼VR>  ofihc  S WIR  Segment  11.

candy  higher,  about}  limes  larger  lhan lhat observedin  1993,

probably  bccause  the  surveyed  area  is much  closer  to a venting

sile. In  addition,  the  CTD  attached  to Stiiukii 6500  detected

botiom  icmperaiure  anomalies  of  about  O.OS°C at a nearby  lo-

cation  closc  10 the leaving  pomi  mcnuoncd  above;  rtiese obser-

vations  suggest  ihc  exlsttacc  of hydroihcmial  aciiviiy around

tlie survey  area.

its northern  (younger)  flank. No  other  cvidencc  of  lo^ercnjstal

or  manllc  liihologtes  was  seen  (Scarlc  ct al.  m  preparation).

In-silu  metamorphosed  basall  was  recovered  from  a probable

tfrtn fatiftcd stiver on  Che  tower  rorf/rcnt  flsrtk of  the dctacfr-

mom.  Preliminary  analysis  of  seafloor  gravimetry  during  Ihc

three  dives  m<|jcaies  much  the  same  subterranean  density  struc-

ture.

S.  Extinct  clam  colon  its near  the  Rodriguez  Triple

Junction

As  is mend  oncd  above,  we  earned  oui five d i ves on  the AV  Rs

of  segments  10  and  17.  where  strong  transmission  anomalies

were
 observed  during  the FUJI  cruise.

 However,  we  were  un-

able  lo find any  indication  of bydrothcrma!  activities along  the

SWJR  other  than  the  estinci  sites on  the  Ml.  Jourdanue.  Wtf

then
 moved  to the  CIR  near  the  triple

 junction  lo examine  an-

other  hydrothcnnal  signal.  Two  dives  (Div ≪456  and  457  in

Fig  4)  were  focused  on  a spur  extending  lo the NW  from  the

crcsfal  ridge  at 25° 19'  S, 70 ° 03'  E, where  the most  fresh  hy-

drothermal  plume  observed  in 1993  hart been  ox]>ccicd  lo con-

verge  from  the  analysis  01 CH4/Mn  ratio (Gamoct  nl.  1996).

Heaps
 ofdead  shells  were

 found  iust on  the  landing  site of

the  first dive.  We  successfully  sampled  shells  of  two  species.

The  heaps
 can  safely  be  regarded

 as  m-situ  biological  commu-

nities
 related to fonncr  or even  reccnt

 hydrothcrmal  activity.

During  the  last dive,  transmission  anomalies  amounted  to

0.5%  at the  leaving  point  of  the dive. This  Anomaly  is signifi-

JAMSTEC  J. oeee  Soo Ros., 15 <)HD9>
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