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MORB-type  Basalts on the Inner Wall of the Izu

-Bouin  Trench ―Accreted  Pacific Plate or Pre

-existing Crust?

Three  dives  in the  "Shinkai  6&00"  submersible  were  made  on  the  inner  (tench  wall

of  ihc I at Bonut  arc  ai 32'N  in order  to sample  arc  basement  and  lest models  of foreatc

evolution.  Our  dives  were  focused  on  basement  outcrops  exposed  between  5.500 and  G.

500m  water  depth  in a region  considered  to lack  an  accretions  we<tge. Sin  samples

wci  e collected  and  analysed  and  provided  an  unevpected  result; a distinct mtd-ocean

ridge  basalt  (MORB)  chemistry  unlike  any  oilier rocks  previously  sampled  In the  Uu

Bomn  arc. Th ≪se > ocl;s arc* distinctly different  from  foi eaic  basement  (boniniticj rocks

drilled  from  Site  "SO  of  OOP  Leg  12$  on  the  outer  arc  high  just upslope  from  our  dive

sices.  They  arc  also  unlike  any  of the  active  arc  or backarc  volcanic  rocks.  The}'  fire

tholeiitic  with  moderate  TiO,  (0.8 to l.S wt.%).  evtremcb  low  I5n <l^> to 7 ppm).  low  Uh

/  La ratios  <2 to  5). and  a le light-RER  depleted.  The  01 igi n of the?*  MORE*  li ke rocks

is  problematic.  Tliey  may  eilher  represent  an  early  nccietion  event  of  subducting

Pacific  plate,  or  tliey may  represent  a trapped  piece  of remnant  Philippine  Sea  plate.

1Co>- witrdfc  : Islmiddiv  lj:ni?oii$]>elrologj'. Mid-ocean  iklce  basalt. ku  Bwm.  "Shinto  i

6500"

1  . Introduction

In  U)!J2  and  1393  three  dives  to ixiween  (5.10ft and  6,

300m  water  depth  on  the  inner  ti-ench  wall  of  the  lzu

･Honm  arc  at  3VWN  were  made  in  the  "Shinkai

Rr/iO"  (Fik-  I)･ <1  ives ≪ yi^e parl  of a Japan  - Vnited

Slates  cooperative  deep-sea  research  progiam.  Tito

primary  goal  of  these  three  dives  was  to  collect

samples  from  ihc  trench  wall  In an  attempt  to recover

≪trc basement
 Seism  fc reflect  ion [>vvf iles (11 una  a a nd

Vamaki.  19XS:  I lor meet  ≪＼1.1090)  show  that  ihc  sleep

inner
 wall  of

 Izu-Bonin  trench  likely  exposes  ar<

Ixtsement  below  51;  m,  above  and  possibly  below  a

tor  race  of  sei  pool  mite  seamomHs  (Iub'2).  This  is

corroborated  by  two  SmMAHC  II  sidescan  swaths

ncm-  y>  N  (lug.'O  that  iev<*al  high  amplitude  acoustic

bxckscatter  from  the  slope  between  .1200  <>.7≫lhii.

Together  xvuh  the  seismic  inflection  piofiles. the

sidescan  data  indicate  that basement  iocksare  at. or

within  a few  meters  of, the surface. Surprisingly,  the

central  I/u-Bonin  inner trench  slopes  were  virtually

unsatripled  piioi to  our  dives, though  the  potciui.il

existed  ft 32'N  to sample  a basement  seen  tin up u> 1.

500m  thick.

The  rationale  for  these  "Shinkni"  dives  wa*  to

exploit  ihe  extremely  rare  oppoit  unity to study  in

situ  thy  bayjinent  of  an  intra-oeeaute  islam!  arc

Two  "Shinkm"  dives  in IW2  arid two  in I9&3  ＼ve>e

proposed  in order  to make  a trawiae  and  composite

sirntigraphie  and  stiucloval profile of the  basement

section  nbovc  6.50Am.  with  ihe  aim  of sampling  boilj

Ihe  slrucunally  deepest  and  mo&t  sen  ward  see I ion of

the  central Izu  Hon  in sue  basement  ( ―-lOkin east ≪>f

8  ) (IvolokO  I Vim  rt merit. Sjhi 1≫≫  ̂Stale  UmwiHi).  C<iM ≪niii.i

*  2  Sell*"'I  <'f Oiism  iuul SticiKo.  t■ 11i＼cr^iI> of  llim.iii

a  t  )  Hii* Sv;i l*<＼-c<iivli IV|>.n tini'ul 1u()<iii M.iriiK* Sciciicc.ukI  Tivhiinlouv  Cwitvr
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) Location  map  of "SKInkai  G500" dive she showing

ba(hyinctr> and  geybRtc  features in thy Philippine

Sua  legion <1rcnn Taylor.  Fnjioka  ec aL  19TO)-

Basirw  and  riii^K ar≪ outlined by the 4km  Iwjh-

ynieiiic contour, exceit  for  the  Im-Ronin  arc.

vv'ew Mariana  Ridgy, H≪d Mariana  arc. which  arc

ouj!ine<l by me  2km  couour  Filled iriaruilcs mark

uench  axe.s: medium  double  lines Onnv  aitive

sprsaclint' cvmers; clashed double line* show  relict

spreading  comers

JiHthymeiry  <!300-m  co'Houi  Intervals  In  be li'<l

every  kilometer)  of  i)ie tzu-Koniu  arc  trench

lem  modified  alter  Tayloi  H'JW).  Iiar1>cd  htvm

lines  Joc.ilc troncii axes.  Jilfixl b.uKyintuic  con-

unns  )≪jc<ile serpent  mile  swmtwtiis  on  die* nx-ncli

inner  ≪≪i11. filled iriaufiles  UichIc  fi ≪ni≪*l ≪ic ＼ol-

CftmiCi  tickal  henvy  Hue*  locate  .Kmc  nontiul

faults.  ami  tin; thick  I; salinu'trtKl  fortvm  lwsiu  iv

≫ri|)j>1c<l OOP  drill sites  are  uiuwberwt  hik)  ･*"

arrow  i>≫nkis to tlie dKc  arrd  on  the  trench  ≫<≪ll

Si  N＼

0D1'  Site 7843 and  only  3y-4f>km  from  the (i*ericli axis)

(Kip  2). We  hoped  to directly examine  and  sample  Uw

deep  plutonic loots  that  feed  the  surfkial  boninitic

jnid arc  Iholtflitre valc-ritnc systems  thai  form  the

outer-arc  lilglt (which  wre  sampled  about  3,000m

Iiigliei' <K  Site  ?Sfi and  are  exposed  on  the  Honin

Islands) in older  to letter undcrsi.ind thy  formation

of  If-land aixs  and uf continental crust formed  by thou

acereiion

An  additional  ffoal of  th≪*r dives  v≪*as to  test

tociwcen  the  alternate  models  of fojearc  rvoluiion

and  inner trench wall tocumiMii  projx>sed by )luss<>nj£

and  Cycda  (lci≪l> and  liloomci  and  Fisher  (IM7>  If

has  been  thought  iha( only  v?iy  milieu* and  proh.ibly

cphtirifial. iccionlc  accroiion  ore  ins (afong tluv very

base  of  iho  s)o|>c> <ii ihc  l*u  Mariana  and

Toiiy?i Koimadec  uonclics  (n  iltr* Marian*  trcn<*li.



Ilussong  and  Uycda  (1981) explained  the pretence  of

arc  lavas,  and  theii  appai  ent subsidence  to  great

depths  on  the  inner  trench  wall, to  be the  result of

tectonic  erosion  of the  foreaic  by  high-angle  nonnal

faulting. In  contract,  m  the  Tonga  Trench  Bloomer

And  Fisher  (198?) found  an apparently  coherent  crcs-

tal and  upper  mantle  section  on  tlie inner  wall  and

appealed  to flexural  uplift of tlie arc foot wall beneath

a  low  angle  normal  fault to explain  this occurrence.

Our  dives  produced  surprising  results. Instead  of

finding  boniniUc  or  arc-related  volcanic  rocks,  or

plutomc  basement  rocks  that would  support  either of

the  two  forearc  evolutionary  models  proposed  above,

the  samples  recovered  were  MORB-like  diabase  and

H ≪'> I'lfvi'uisli  k≫i]nil)li<hc,<l SchMARC  11 luiliyux'liy  ilOfkm  c<>iH≫urjs ?op) *"<l ^cmwic  imap'rv  i'f (Ixinom)  of ilxc Uii

H'Miin  nvnch  mnn  ≪i V  N  l'iy.2  for  locaium).  On  (he  acouolio nou-  iIk* liit;lil＼* rofiociivc  slope

hetween  .> ^nik in <).7uom. uiicir  a'imhu  tv11cvi><ni Kvur<if.;≪l*i uulicMc  tlk.it <iro basement l.ocaic ≪i>≫of

111? clnv-  ai'<' in.irkod  villi lio≪v＼ liur*

JAMSTEC  I Deep  S≪a ftes >  1 <i ≫>■≫-.i

basalt. These  findings  present  twc  likely possibil-

ities. that  die  fovearc  includes  remnant  pieccs  of

Philippine  Sea  plate  Basalts  or  that  pieces  of  die

downgoing  Pacific place have  been  accreted.

2.  Geologic  Setting

The  Izu-Boitin  ai*c. south  of the island o( Honshu  in

the  Japan  arcluiwlago  (Fig-1), is one  of ihc  best sur-

veyed  intra-oceanic  volcanic  arcs  as  the  result of

studies  by die Geologic?!  Survey  of Japan, the Ocean

Research  Institute of the  University  of  Tokyo,  the

Hydiographic  Department  of  Japan,  JAMSTEC.

JNOC  and  J  APEX,  die  Hawaii  Institute  of  Geo-

physics.  and  the Ocean  Drilling Program.  Kig.4 shows



details of the arc  system  discerned  from  Geological

Society  of Japan  single-channel  seismic  profiles from

the  Pacific Basin  to the Shikoku  Basin. The  trench

is  wejl-<tevelQ)>e<l And  extends  to  nearly  lO.OOOiri

water  depth.  The  2(Ki-km-w'ide  forearc  region

includes  an inner-treiich slope with  a terrace 'onned

by  sediments  i>onding  behind  and  between  spaced

serpentinite  seaniounts.  Further  west  there  i$ an

outer  arc high, which  becomes  subaeriat in the Bonin

Islands, and  then  a  thick  forearc  sedimentary  basin

east  of the linear active volcanic chain  The  backare

region  includes  active  rift basins  as  well  as  cross

-chains  of  submarine  arc  volcanoes  that  extend

WSW  into tlte Shikoku  basin

The  history of the Uu-Bonin  arc  system  has  been

described  in detail by  Taylor  (1992). The  earliest arc

volcanisiri occurred  during  the  mitldle  and  late

Eocene,  when  a vast  terrane  of boninites and  island

arc  tholelites (> 300km  wide) was  formed.  This  early

arc  terrane  is unlike  any  mo<teni  ai*c sj-sten^s but  is

similai to  iriany ophiolStcs  (Bloomer  et al., 1995).

Development  of a modern-style  volcanic  arc  began

by  the  early  Oligocene,  accompanied  by  intense

Wk.'I <>< oldk'jc^l Sn'＼v> of  /ai>iif) single i.hHi>ncI an<i<s  Ulo l*n  Hu≫m> nao  iic-iK*h Ir<>m  llu*

J'hc ifk [5;i-iu i) t'. I;) <m  ihc uuhf  o> (In Sl≫ikr>ku JS.iniiI i 1-?k fCj on Hip  fcfl from  T ≪＼ loi T|*-  voilk'sl

JAMSTEC  J DeeoSeaRes. n  <m*.i

iholciiic  and  calcaikaJine  volcanism  that  continued

until 27 Ma  The  liocei≫e*Ofjgocene  arc  massif  was

stretelied during  protracted  Oligocene  rifting, deal-

ing  sags  and  half grabens  in the forearc  and  backai  c.

The  arc  volcanism  decreased  in intensity  at 27  Ma

and  ≪*as h  mini  mum  23-1?  Ma.  with  no  record  of

volcanic  ash  23-20  Ma  duiing  early  spreading  of the

Shikoku  backfire  basin  (24-15  Ma).  Middle  Miocene

to  lloiocene  Jxu*Bonin  volcanism  developed  a  vol*

cank  front  oriented  3* conntcr-c  lock wise from  the

Oligocene  frontal arc  and  has  increased  in intensity to

a  Wiocene-Quaternary  maximum.  Noogene  mag-

matism  along  the volcanic  front has  been  focused  on

bimodally  spaced  (27 and  47kiri), long-lived  centers,

but  arc  tholeiites have  occasionally  intruded  the ther-

mally  cool forearc. 'lite present rifting of the central

lau-Bonin  arc  (Sumi&u  nft)  began  about  Z  Ma  and

extends  fiom  27.5"-33.5* N (Fig.2). Syn-rift  &ediineiu≫

are  pervasively  faulted and  often  intruded.  Roth  the

Sumisu  rift at ODP  Sites 790  and  791 and  the  forearc

basin  ≪it OW  Sue  793  Are  flooied  with  syn-rift

volcanics  that are  geoehemically  disiiixct from  their

eontempoiary  fi ontal arc  volcanics  The  oldest (.･ I.



1 Ma)  to the  youngest  (Ilolocene)  Suinisu  Rift lavas

are  back  arc basw  basalts. whereas  pre- and  syn-iift

arc  volcanism  is mostly  lew  K.  snbalkaline.  ihyolite

and  andesrte.  7*he  Ciigocene  foiearc  vo/cauics  are

dominantly  high-Mg.  low  Ti, two-pyroxene  basaltic

andesites  and  andesites,  similar  to  (lie Kocene  vol*

canics  of the  outer  arc  high  (e.g. Bonln  Islands).

3a  previous  work

ITie  basement  of tlxc Izu-Bonin  forearc  adjacent  to

our  dive  area  wa&  extensively  studied  during  the

drilling program  of Of  P Leg  J25  {Pvyer  and  Pearce

et al.. 1952) and  Leg  126 {Taylor,  Fujioka  et al.. 1592)

(Fig.2). At  S'lC  786  (3r52N).  a  complex  suite  of

igneous  basement  rocks  was  recovered  from  a  core

Lliai penetrated  to &Glm  (ArcuUis  et al.. 19921  Site

78G  is  located  on  the  forearc  basement  high,  the

southward  continuation  of which  is exposed  above

sea  love) in the  Ogasfuvaia  (or Bonin)  Islands  (Fig.2).

The  Ogasawara  islands  a≫*e famous  for  their expo-

sures  of boninitic volcanic  rocks. Tlie  dominant  rock

ivpe  recovered  from  Sice ?86  is also boninite. indicat-

ing  that boninitic  volcanism  occurred  along  strike for

51 long  distance.  Three  types  of boiunites  and  their

differentia  let wei*  recovered  (Mtuton  et al.. 1992).

Tlie>  were  erupted  during  two  episodes  of  mag-

man ≪m.  an  eailj episode  al Ma  that  p> educed

lo ＼v-Ca boninites  and  brouxlte  andesites  oveilain  by

mieiwediate  boninites.  broiutte  andesites  and  a

fractionated  ysries  of  andesites.  dacitcs.  and

rhyolitc.  The  later episode  at 33 ma  produced  high

･Cn  bmiinite*  and  inteimediate-Ca  boninites  (Murton

et sit.. W92).  Muiton  et al. (19921 suggest  that  all of

the  evolved  chemical  gi cups  at Site can  be related

bacl;  u ≫ the  three  boninite  gioups.  lugh-.  medium-,

and  i≪w-calcium  bon  mites. which  represent  distina

parental  magmas  Relative  to MORB.  ihe  bommtes

have  low  Ti. V.  and  IIKIiE.  but  are  enncliod  in 1.11

elements.  I.RIvIC and  wloctcd  HPS  (2r. tlf). This

latter  enrichment  lefleets  the  addition  of a  subdue-

Ui>≫ component  t<> the boniuiio  source  region.

The  calc-alkalinc  lavas  drilled at Sites  7<>2 and  7<J3,

<ind  di  edged
 from  the  frontal  inc  highs.  and  the

Koctiic  iholoiites and  bmiinites  exposed  on the IJonin

Ridge  alonfl strike to the  south, had  previously  pro-

vided  the  only  in situ samples  of tixe teu-Bonin  arc

basement.  A)I  are shallow  extrusives  arid dikes. The

only  samples  of Im-Bonin  middle  cmscal  or plutonic

rocks  are  the  late  Miocene  diorites, technically

exposed  by  accretion,  in the  Tauzawa  Mountains

west  of Tokyo  (Taira  et al., 19891.

It was  our  intent that  sampling  tlie inner  trench

wall  at the  same  latitude as  Site 780. but  at much

deeper  levels {6.500m below  sea  level), would  provide

the  deeper  plutonic roots to the boninue  scries. When

u  became  cleai that  the  samples  we  collected  were

volcanic  rocks  riot at  all related  to  bonmites.  we

recognised  some  stmilaiities to  samples  collected

front  the outer-arc  high of the Mariana  trench (John-

son  and  Fr>ei.  1990: Johnson  et al.. 19911. These

workers  found  radiolarian  clierts and  foraminifeis

with  Cretaceous  apes,  togethei  with  MORB-like

volcanic  rocks, that they inteipreted as allochthonons

fragments  oJ Cretaceous  oceanic  crust that had  been

accreted  to the  Mariana  foreaic.

4.  Results  of this study

4.  i  Dive  descriptions

The  submersible  "Shinkai  C500" was  utilized on Iwo

research  cruises  of  the  JAMSTEC  ship  R/V

"VokosuUa"  in the I*u-Bonni  area during  September

of  1992  and  1993. In total, three dives were  completed

and  fin* samples  were  collected on  the  trench  inner

slope  in the  region of 31'59'N and  Ijnr  to Ml'42'li

( 1*"ik.2 aixd 31 A  greater sampling  load  was  inhibited

by  the  coliesiveness  of  tlie oiuovp.  Tlie  robust

mechanical  ami  of  "Sltinkai" was  in man)  cases

iniable  to i*enwe  pieces of the abundant  outcrop.

The  W2  dive  (=150) made  ab≪civ?uio>is fnun  (>..19)

lo  6.38Jm  walcr  depth  between  31*59.221'N.  Hi  .＼t

1SWJ2  and  31 30.0*3'N.  Ml'-ll 7S3'E. Due  xm  iud  2

hom*  2 nimutes  of total bottom  time:  however.
 we

had  onl>  one  hou>  of  boiumt  sampling/observation

tunc  as a lesu't of a power  leakage  from  ihe number

I  camera  sumIm＼ 'J "he second  dive was  lost due  to b≪<t

st≫a and  weather  conditions  and  so  our  planned  tra-

vel of  the  1 iiner ≪ull was≫ sewidy  curl ailed.

Tu  - (lives ts M9  and  =171> ＼＼ ere eompkned  in I9M.



Table １４ Ｇｅ４χｉχｍｉａｌａ ａｌyセs of  simples from a11 1 ｚｕ BonL 皿i皿incr trencb  wall.
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Table  lb Geochemical  analyses  of samples  fro『ｎｏｉ ｅｒp ゛｢1゙ ｏrｉ ａｌｚｕＢｃｉ ｎａｆｃｓyｓｌｅｍ.
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The  2 hours  38 minutes  of bottom  sampling/observa-

tion  on  dive  =169  was  from  6,590  to 6.115m  water

depth  between  3T59  tOO'N, 14 1*11.810'E and  3rS8.052'

N,  141*41.203'E. Dive  slrl had  3 hours  13 minutes  of

bottom  sampling/obseivation  cine  from  6,107 and  6,

344m  water  depth  between  31*58.980'N, 141'41.603'E

and  31*58.&99'N. 111*4U0i'E.

Dive  ^150  fn 1992  provided  the  full spectium  of

outcrop  coverage.  The  deepest  section  that  we

traversed  (6.401 to 6,420m  water  depth) was  blanket-

ed  by bioturbated.  muddy  sediments  and  no  outcrop

was  seen. An  isolated boulder  near  the landing  site,

a  volcanic  breccia  (150-01),  was  sampled.  Above

water  depths  of 6,420m,  the  abundance  of  boulders

hicreased  and  outcrops  were  observed,  A  fiesh

diabase  {150-02) was  collected from  this region. The

outcrops  appeared  to be well bedded,  dipping  approx-

imately  20'  into  the  slope  of  the  trench  ≪'all and

forming  steep  faces  Sampling  of  these  rocks

retrieved  small  pieces of flne-giaincd  diabase  Fur-

ther  up  section, between  6.100 and  6.383m,  outcrop

became  plentiful. The  ouccroj>s formed  steep cliffs up

to 10m  high  with  fresh, espoaed  faces  that  proved

difficult to sample. A  sample  retrieved from  the base

of  the  cliffs was  a devjtrified basalt (Sample  1M-03,

Table  I). Megascale  layering  in the cliffs was  obser-

ved,  sn  iking approximately  N'30'W  and  dipping

gently  into the  cliff approximately  20* SW.  At  the

top  of the cliffs there was  a jointing that resembled

columnar  jointing Sleep  cliffs alternated  with  flat

muddy  areas  in this region  and  may  be  due  to alter*

natmc  fault sui faces and  fault blocks.  Only  a thin-

veneer  of mud  covers  the cliff outcrops.  Interesting-

ly. no  talus slo(>cs or loose nibble  "ere  found  at the

base  of the cliffs. No  cxp<≪uies  of plutonic  rocks

woe  oltseived anywhere  along  the  ti averse.

"Shmkai"  Dive"369  in I9M  landed  at 6.390m. ueai

the takeoff  iwim  of Dive  =)."≫. At  (he  lamliiw. thee

was  no  visible outcrop,  just bioturbated  mud  and  a

few  boultlcjs. The  sen bottom  was  fairly flat hi this

royion. I'urlhcr  upslopc (6.^10 u> 6.190m). theseaflooi

became  much  steeper  and  huge  cliffs C> to 10 metvis

in  heightt appeared,  li was  very  difficult in sample

Ihese  cliffs as ihere was  noialus  slope at ihr basr aikd

the  rock  was  quite  solid  on  the  cliff faces.  The

outcrop  appeared  to  be  massive  flows  or  sills; no

sti ucture such  as bedding,  pillows, or columnar  joint-

ing  was  observed.  However,  there  appeared  to be an

alternating  pattern  between  steep  cliff faces  find flat

muddy  steps, which  again  may  represent  successive

fault  blocks. The  final pert  of the area  surveyed  (C.

190-6,150m)  had  a  more  gentle slope.

Sampling  was  successful  in only  one  location  at 6.

192m  water  depth  (Table  IK This  was  at a relatively

flat area  where  there  was  the  rare  occurrence  of

some  talus at tiie base  of overhanging  cliffs. Several

samples  of fine-grained  volcanic  lock  with  very  fine

-grained  mafic  plienocrysts were  collected heve  (Sam-

ples  169-Ola  and  169-OlbK  Once  again,  no  plutomc

rocks  were  observed  or recovered  in the area  traver-

sed

Dive  "171 traversed  excellent  cliffy exposures  dur-

ing  almost  all of the  observation  thne.  Exposures

observed  in the  cliffs were  comprised  of very  large

pillow  lavas  (1 to  1m  wide),  dikes,  and  columnar

jointed  dikes  or flows. As  in previous  dives, no  talus

slopes  or loose rubble  piles were  exposed  at the  bast*

of  the  cliffs. Alternating  with  the  cliffs were

extremely  steep sided  gullies oriented  at NNW-SSK

to  NNE-SSW  On  climbing  the cliffs, the  submeiH-

ble  would  reach  a very fiat 'op  which  then  descended

into  a very  steep  walled  canyon  Oozing  the  cam

yons  (10 to 30iri wide), steep  cliffs were  encountered

at the  opposite  side. These  canyons  and  gullies arc

probably  fault controlled,  indicating  that  there  arc

lrench-parallel  faults thai cut  the  inner  trench  wall.

These  may  be  related  to  subsidence  along  trench

-parallel  no)inal  faults. No  plutonic  rocks  weic

observed  at (he  localities sampled.  Although  much

effort was  made,  no  samples  ≪ere  collected  during

6vv≪.

Two  additional  diabase  samples  (BT-I  and  HT-2.

Table  I and  l;ig.2) arc  included  in this stud) These

samples  wore  recovered  ≪≫nu  R/V  Ksma  Keoki  ciuise

<KK8H)4  27 Leg  3) in )m  by  the  second  authoi

while  dredging  ihe trenehw?ird  si<lc- of Myoiin  foirare

sea  mount  at U  *>H'N This  dredge  0<K ≪ I 1!≫) was  the

fhst  (and  suoc<wfuh  u>i  <≫f Ta>l< ≫' in id Smoof  s



(108-1) hypothesis  that  the  seamotmis  along  the  Izu

-Bonin  trench  inner-wall  terrace  are  formed  by  ser>

l>ciitinite profusions  simitar  to chose  then  known  in

the  Mariana  fojwc.  The  dredge  recovered

dominantly  serpen!inised  ultramafic*  plus  the  two

diabase  sample*  analyzed  here.  It  is not  known

whether  the diabases  were  incorporated  from  deeper

levels  by  the  rising serpencinite  or whether  they  were

transported  down  Aoga  Shima  canyon,  and  up  and

ov'Ci* the crest  of the  seamouiu.

4  , 2  Petrography  of samples  collected

Sample  130-Oia  is a  devitrified  Java  clast  in  a

volcanic  last i? breccia.  Tlie  clast  is cotnprised  of

approximately  90%  devitrified  glass  with  sparse,

acicular.  very  fiaxe-grained  phenoci  ysts of  plagio-

clase  and  altejed  clinopyroxene.  The  clinopyroxene

has  been  convened  to  act  ino lite and  chlorite. The

loxture  is intei*sertal.

Sample  150-0lb  is another  clast in the  same  biec-

ua.  It  is comprised  of almost  100%  devitrified glass

with  some  unidentified  eryptocrystalline  phenocrysts.

Sample  tn0-02  was  collected  at the  base  of very

cliffy outcrops  ft  has  diabasic  texture  and  is

esticmcly  fmc  giained.  It consistsof  pyroxene  (<I0%)

and  pi<igiocla*e  (50%);  however  the  cpx  has  been

altered  u≫ actiwhte  and  chlorite  in places. Oxides

aie  also  piescnc  (8 to 10%).

Sample  15i)-0.< in a partially  devitrifi'xl gl≪*≪s wiih

sptose  <iess than  *%)  phenocrjsts  of clinopyroxene

;nxl  plagioclay*

Sample  BT-i  {dredge  sample)  is a iridium-grained

diabase  contain  jug plagioclase  (60%).  Clinopyroxene

sin oxide  phase  (1%).  and  perhaps  minor

olivine. Clinopyroxene  has  been  replaced  by chlorite

and  is somewhat  oxidized  'Die  texture  is ophittc.

Sample  BT  2  (dredge  sample!  is  nlio  medium

･grained  diabase  containing  plagioc-lase  (35%).

clinifpyioxone  (43^).  oikuiw*  12%).  and  mi  nor

i/)iviiK'. l'y<>xcHc  )ve ≫ rcpJstcd  J>(i eMvili'.

minor  actfnolite, and  Mime  1*V ≪vide

Samples  lw)  <i|a <md  l<W  olb  are  fine  grained

ba^ili  u'iih ]i>%  micro  to  oryptocijstalllne  pbeno-

<rysl>  "f < hnopi  roxone  and  plagm*  l;ise and  a erj pt<≫-

crystalline  groundmass.

4.  S  Geochemistry

Whole-iock  compositions  of the samples  collected

(ro<r＼ the  trench inner wall I "Shinkai"  dives=150  and

169  and  the  R/V  Kana  Keokl  dredge}  are  given  In

Table  la. Table  lb Uses data for samples  collected by

K.  FnjiokA  durii^g dive  sl72  on  the  Sucnisu  forearc

seamooni  and  dive =177  on  the  Kman  escarpment  in

(lie Shikoku  Basin.  Major  and  ti*ace elements  were

analysed  by  XRF  at Washington  State  University.

Selected  trace elements  and  the Raie-Earth  elements

were  analyzed  Uy 1CP-MS.  also ai Washington  State

University.

The  ivewh  inner  wall  samples  define  a  tholeiitic

trend  on  an  APM  diagram,  with  Ke  vaiying  between

8.5 and  14.0 wt.%.  They  are  all basaltic in composi*

lion,  except  for  sample  150-0U  which  is a basaltic

andesite  at 52.7%  SiO?  They  have  low  to moderate

ALO.  content, model  ate MgO  and  TiO≪ contents. and

low  K?0  contents.  They  are  distinctive m  their

extremely  low  Ba  contents. N'one  of the samples  are

boninitic;  they  hear  no  geochemical  resemblance  to

i he Eocene  to Ohgocene  boi^mitic samples  recoveied

from  the  forearc  basemeni  m  Hole  786  of ODl'  Leg

J25.  They  also do not resemble  mode)  n basalts of tlte

Izo-Bonin  arc. The  follow)description  of these

samples  will include  cnnipai  isons to locks  sampled

from  vUier  |>arts of tlie I*n-Boniii-Mariana  arc  svs≪

tem.

The  rehitive vai i at ions of the major  elements  and

some  of Hie  minor  elemenis  of (he innei trench  wall

samples  are  plotted  oi≫ MgO  variation  domains  in

Fip.5. Trends  for volcanic  foieaic basement  recover*

Cd  M  Mole  780  of 01)1' Leg  1Z5 (Arenins  el al, IM2:

Mnrlon  ci al. 1992) and  MORB-hke  <lr<*dgc samples

fiom  the  Mmiana  outei forearc  (lohnson  and  hiyei.

IU9U.  Jolm≪on ct <d . IWIl  are plotted for comparison,

lug.." shows  i ha I decreasing  MgO  content  in  ooi

samples  is conelaled  with  ma  easing K.O.  I

Ti(>≫. F<'0. and  Na,0.  decreasing  ALOii  and  scat

uird  CaO  and  SiO≫. The  eomivitiblc mmor  elements

C)  jmd  W  decrease  uith  decreasing  M ≪U. whciesis

tlie niarnipsnible  elements  l*≫. 7.＼ Nb  Kb.  an<l  V



rfc.5 Variation  digrams  of majoi element  (a-)O autl n ace elcinems (i
 -p) vs. MkO  >" the inner uoich  wall simples. Al*>

included  are Hole  736 Uomniies  recovered fwjm  the ouccr arcing  upslope from  ihe "Shankm"  dive  lAiculu* el al.

1992. Muriun  el a).. 1992). basal is from  ihc- active arc (ikodn autl Yitfsa. 1989). ;nxt! MOKIMike  samples  drained

from  ihf Mariana  nencli toner wall (Jolii^on and  Fryer. )990>. Fields for Die Hole  7WJ data are circled for clantv

increase  with  deceasing  MyO.  Values  of  Si' are

constant.  Fig.*) alsosliovwi lhat our  samples  arc* rjulte

dislincl from  the  fovearc  basement  sampled  just

upslape  ≪1 llotf≫ 7KC, (Arculos  el xL  1≪92. Murlon  ci

al., 1992). They  have  much  Jesi M ≪0  and  SiO,; hiKhfi

A1,0 ＼. KeO.  TiO,.  and  1^0.:  and  similar CaO  and  K,

O.  They  art' also distinctive in tlicir iiace  elements,

our  samples  have  lower  Ha.  Kb.  Sr. N'f. and  Cr: and

hi^h?)  7.u V  ;md  Nh  ilum the  honnme  samples.  The

inner  bench  slow  samples  also  do  noi  1≪<>I< like

modern-day  *rc  magmas  ejuptsd  from  Izu-Honiu

volcanoes  They  have  much  lower  ifci. and  Sr.  and

higher  Ti. Kb.  Nl,  and  Cr.

Chondrite-normalised  rare  earth  element  (RKKl

patterns  for  (He  inner  trench  wall  samples  (Kis.lJ)

show  depletion  of the  li≪hl Klili and  l>a. with  values

of  l.a/YbCN  from  ru  in o.f≫ The  patterns  are  sirik

＼t<Uh' parallel foi each  of the  samples  even  foj the

samples  clr≪clgcd from  Myojin  foiearcsca  mount  '('he

samples  do  not  h.ivc ihe  kpleat  enrichment  of iarj!^



-ioi j liihophileclemenu?  (such as Iki) tlun issocluuac-

iwslic  of >9).w) arc  magmas.  Also  pJyJfci' r>≫i Kig.5

lor  comparison  <oe  Rlili patterns  for basalts fiom  iho

Sutm ≪u bacUarc  rift (dill ct ≪1.. 19W),  bonim'cs  from

Hole  "<SC foroarc  baserueiu  (Murion  et aL  13,J2). and

basalt  from  the  active  arc  iShichito  Ridgo)  (Ikeda

aixt  Vu ≪M.  1989)

FiK.7  shows  RKK  pa nevus  forth?  samples  cot loci cd

(lining  two  oiher  "Shmk.ii"  divos  u>  the  iSumisu

Coivhiy  sea  mount  and  iluv hhlkoku  basin  whose  ana-

lyses  aie jfiwo  hi Table  1 (f)i＼os~t72 and  i~7. nespec-

In  el j). The  Shikoku  basin  samples  have  KI＼K pat-

iems  almost  identical  i"  ih<≪<  <>f ilic Siunisii >ifi

JAMST8C  J 0 ≪ep Sea ftes. 11  iiw.n

except  fvr  the  presence  of  negative  Cc  anomalic$.

These  Ce  anomalies  are  probably  caused  by  altera-

tion  b>* seawater.  which  would  explain  the  constant

Cc  values  for  all of Ov?  samples  rcgai  dless of oihe≪

Kliii abundances,  Tltese  i i ft-related samples  arc

distinct from  the  iiinei trcnch  wall samples.  In  coir

nasi.  ≪cmie  ≪f the  samples  from  ihc  Sonnso  fowarc

seanioimt  have  REE  iMtierns  thai are  similai to  our

tieuch  "*ll  dimples.  except  for higlici Ba

Our  trench  wall  samples  do  not  show  die  marked

<'i≫'ichmem  in lm*gc-ion  liilivpliile elements  such  as

K.  Kb.  and  Ha  relative  in MO  KB. nor  oilier I race

elemeiM  fliaraetei  i sties typical  <>f  island  are



l?fe.6 k ££ paueritoof  (>＼) imxtr  ircocl) wall  sampleR  from  "Sliinkai"  dives  IS)  aiid ICS  awl  KK84-10fhcd^vsamples,  <10

Hole  786  farearc  Iwsemeiit  (Murton  ti aL  1992). (C) bumisu  r!1t (Fryer  ci ≪iL IWCif.  sivj (D)  aciive  arc  b;i sails from

ihe  Sluchiio  Kitltfc nnJ  Torinlmuft  knoll  (Ik≪da  and  Yuasa,  198W

llinleiik'N. Tlw>  aiv  finhcdcpleiccl in IJa Ci lu 7 ppin) (M  In 11^1 11101 e upicaf  of MOkH.

and  haw t<>  *> and  Ti/'At i≪ui≫*

JAMSTEC  J Deep  Sea Res  . 11 ii'iir.i



5.  Discussion

The  most  surprising  result from  geochemical  ana-

lyses  of the bam  pies collected  on the trench inner  wall

fvom  l he lau-Bonin  arc  is that  they  do  not  resemble

other  samples  of foi'caa'c basement  (bonmites)  drilled

front  ODP  Lew  125  just upslope  on the outer  arc higJi.

nor  do  ihey  resemble  any  typical island arc  magma.

This  is true for both  the  samples  collected  durnig  the

"Shinkai"  dive  as well as the  samples  collected from

the  dredge  of Myojin  foreRre  Sea  mount.

FIr.S  shows  various  tectonic  discrimination  dia-

grams  that  illustrate  that  the  chemistry  of  these

R* ≪ I'lois ol VHri≪o≪ fm  ui  ionic (A>  Ti versos '/.< Il'wce  <nul C.imi, 1ft/3), (15) Cc Vl>

utmis  'l.wb.  il')  Ti mo  7,r ＼ ･  ti munr>  O'mkv  hik) C≪ii≫i 1 *)75≫ Alilnvvimioiw  If'H mini  plate basils

I.'AH  cfilcalkniioc  h≪i≫nHs  Ol'li ocean  IIihh lwfjtlifs <nul I.KT  l<≫v＼ K  ihikloUc* Noiv  ili.n the J<cu Honln iremli

"all  >;oitp!e.s ptoi "HI  s＼ iikm <lio fiekt lor XlOKH  in all <lifi£i.ou≪.

JAMST C  J. 0≪ep Scs fi≪s. 11  <w" ≫>

trejwhMval)  samples  is MORB-like.  Other  samples

from  the  Izu Bonin  ai c system  have  been  plotted for

comparison,  including  the  boninitic samples  of  the

outer  forearc  at Hole  786  of OBP  leg  125  and  sam*

pies  of  the  Sumisu  lift lavas. It  is clear  that  the

trench-wall  samples  are  not related  to the  baninitic

samples  that crop  out further up the iccixch slope. On

a  plot of Ti  versus  Zr (f?ig,$a) the  trench-wal)  sain*

pies  plot well within the field of MORB  MORB-like

dredge  samples  studied by  Johnson  and  Fiyei  (1990)

from  the Mariana  ti*endi nail have  also been  plotted

for  compai  ison in Fig.8a and  Fig.Sc. They  plot in tlic



same  fields as  the  Izu  Bonin  trench  wall  samples.

Other  tectonic discrimination  diagrams,  such  as the

Th-Hf/3-Ta  ternary  (not presented  here), also clear*

ly  poinc to a MORB  source.

In  addition  to tectonic  discrimination  diagrams,  a

useful  approach  is to compare  the concentration  of a

characteristic  oxide  in  volcanic  samples  collected

across  strike of tlie arc  system.  This  has  been  done

previously  by R. Taylor  et al. <1992) for TiOj  across

the  Izu-Bonm  arc. When  the trench wall samples  arc

plotted  on  this diagram  of TiO*  versus  distance  from

the  trench  (Kig9>, it is clear that they have  too  much

TiO?  to  fit into  the  general  trend.  Excluding  the

trench-wall  samples,  tlicre is  a  steady  trend  of

increasing  TiO*  from  east to west  across the ai c from

the  forcarc  to the  backarc.  l"hc  forea'X  boninitic

rocks  are extremely  depleted  in TiO*.  and  the  values

rise steadily from  the arc to the backarc.  The  trench

･wall  samples  display values  0/ TiOj  that are  as high

as  those  in tlxc backarc  rift This  indicates  that  a

very  different  mantle  soui*ce was  responsible  fp>

these  basalts  than  what  fed  the  Jwearc  hominies.

What  was  this source?

Johnson  and  Krjer  (1990) presented  evidence  for

r ＼! SHinniiiu  sum  uiisi ≪-r?jon  across  ittc l-cu Honiii  arc  ircndi  sy?iem  Numbers  ivfor  ic fJSJ'l' and  (>|>J> >110-*

Slxulul  rr-ui≪>n> ;mx- ＼K)RH  lyjK'crufi.  Sii|tp)≪l pc^ioiw  mc  fiic K-lKod  cum.  (H ≫ TiO,  c'"iik'i≪s  ≫f la ≪̂is from  ilic

t/u  |5onin  ;irc irciuli  >v-iciii i>lr≫Uc-<i vorhu* 1f ≫m I lie ho ≫cl≫. I;iK ≫'"<lifi≪l Jifloi K.  I s≫>,l≪>r ;i).  (hi!>21

I

MORB'like  lavas dredged  from  the outer Mariana

forearc. They  were  unable to conclusively distin-

guish whether  those samples  represented  trapped

pieces of Philippine oceanic plate or  accretion of

downgoing  Pacific plate. However,  in a subsequent

paper, Johnson  et al. (1991) presented evidence that

strongly supported an accreted origin for the^e rocks

based  on age determinations. A  dr<sdged MORB-like

lava  recorded a (minimum)  K-Ar  nsK of 86 Ma,  and

associated cherl yielded Vatanginian  (131*138 Ma)

and  Albian (97-112 Ma)  fcraminifers. The  chert and

volcanic rocks are thus too old to have formed in situ

or  to be part of crapped West  Philippine Basin cutsl.

The  samples discussed in this study have many  simi-

lar  cliaracterfstics to the Mariana  MOKB-likc  sam-

ples. However,  there is no associated chert that could

adequately  discern rock ages and the rocks  mx- too

altered to be analyzed by K-Ar.

It is not possible to distinguish without ambiguity

the  soui'CC of the hu  IJonin MORB-like  rocks. The

two  most  reasonable  scenarios arc (!) these rocks

represent a piece of accreted Pacific plate As  tiic

Pacific plate subducled beneath the Philippine plate,

some  of the basaltic crust was  scraped off and accrel-



resembles  typical mid  ocean  ridge basalt. We  suggest

here  that  these  MORB-like  rocks  represent  either

accreted  Pacific plate rocks  or a remnant  piecc of the

Philippine  plate  that  was  unaffected  by  arc  mag-

matisnv  If  these  rocks  are  accreted  Pacific plate,

they  represent  the  first piece  of  evidence  for  any

accretion  of Pacific plate material  in the 1ZU-Benin

trench  which  was  previously characterised  by subdue-

tioi) erosion.

ed  10 the  inner  trench  wail  at  deep  levels.  Somewhere

above  6,000m  water  depth  but  below  appi  oximately

4.000m  would  have  to  mark  the  boundary  between

tins  accreted  crust  arid  the  intact  650-hi-thick

boninitic  sequence  drilled  in Hole  7R6  of  ODP  Leg  125

at  3.500in  water  depth  (tee  Fig.2).  In  order  for  this to

be  true,  dm  accretion  must  have  occurred  early  in the

histoiy  of  the  Izu  Bonin  system,  befoi*e  development

of  serpent  inite seamounts  that  are  irtnehward  of  ou>"

dive  sites  (see Figui  es  2 and  4). (2)  These  MORB-like

roc  I; 6 represent  a  remnant  piece  of  Philippine  plate

oceanic  crust  that  has  been  unaffected  by  arc  niag-

inatism.  This  could  only  be  true  if  the  Eocene  an

younger  arc  magmatism  was  not  pei  vasive  enough  to

obliteiate  the  older  oceanic  crust  that  it "'as  built  on.

In  this  scenario,  the  rocks  that  wc  sampled  on  the

inner  trench  wall  would  be  a fossilized  piece  of older

crust.

An  avenue  for  future  study  to  distinguish  between

these  l wo  scenai  i os ≪  oul d be  1 o ut  i) ize t he radi  ogenic

isotopes  Nd.  Sr,  and  Pb.  Hickey-Vargas  (1991)  has

shown  that  the  West  Philippine  basin  MORB  have  Pb

ratios  that  arc  distinct  from  Pacific  Ocean  MORB  K

-Ar  or  "Ar-wAr  age  dating  would  not  necessarily

"oik  given  the  altered  nature  of  these  roeks.  It

would  also  be  less  disciiminauny.  given  that

Philippine  ISysin  crust  in this  legion  could  be  as  old  as

Cretaceous,  whereas  in  the  Mariana  region  when?

Johnson  and  l?iyer  (1091)  worked,  the  Philippine

Plate  crust  was  much  younger.

6.  Conclusion

Three  dives huhe  "Shifkai  t≫r≫U0" submersible  tveie

made  lo fi.oOfim on  ilio trench  inner  "all  of the  (*n

Nimin  arc  ^leiri  at  32  K  In  order  to  study  a

venical  traverse  of island  arc  basyirieiu  Samples

collected  from  this traverse  aie  <|uUe  surp)  isjiiy in

thai  ihey  arc  ui>charactens(ie  of  any  other  rocks

coftectecf  from  (he  fw  Houin  /ix  Titey  <?f<･ basafdV

in  com|>obi(ioii. with  modei  ate MkO  c^nk'nts.  They

have  affinity  with  th^  Eocenc  boninitic  rocks

di  illcd upslojx' in the fm'cavcat  Hole  7≫> of OI)l' Ley

12-i. They  are  als<> unlike  rocks  horn  (he  :iciivc arc

and  i he back  arc Their  j?ewhcnm ≪r> nioie  closely

JAMSTEC  J Deep  Sea  Res  *1 1 imk>)
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