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「しんかい2000」を用いた海底地震観測に

よってわかった沖縄トラフ・伊平屋海嶺の

熱水活動の周期性の証拠

笠原順三‘1佐藤利典”是沢定之*I

沖縄トラフの伊平屋海嶺における熱水割れll{通li:｢シ13ウIJが彳.地点｣)近傍において海底

地 蠡ll･･ ハ イドロ フ 亨ン観測 を 実眺 し た．海aj 鉞 原| 叨･ イヽド ロフ 彳 ンセ ンサ ーに 大畑輻 の圧

力 変鷁 が 靦測 さjl た． この よ うな 変捧 丿地 代il･に は 梭知 され なかっ た.3 μ111の 目 杖陶 察と，

潜 水眦 での 温 度観 測叭 ．八 ４ド ロ フ ォ冫 のil戈形 の圜 には 爵い桐11 かある こ とが わか った.cI い

物 資が 勘 水剳 れ|,Iから噴 出 す る瓢 潜 水軅 で訝匐lされ た温度 鹹は.匕舁を 示Ｌ た． このｌ 』ハ イド

ロ フ ォン は大 振傴 の長 周閖 の 裂Ｉu を記 録し ，こ れ らのこ と{まハ イドロフ 彳 ンに よっ て覡測 され

た|.|りj 変1 舳lfi 水割 れ|:|か らの 熱 水の.ljl 一運動 を 示し ている こ とに な る．

人峨 紹 の皿 力変 扣は 明瞭 な12 時 】ll周 朋 と非|喞 坩1 の蛮 仙の 両 方を 示し た．熱水｣･jj･運動 のｌ

|･捫1剛 情汐 との相 関を 小陵 廴でい る．尚i･1堋Ji夕に よ る海lai宦鉤 と』訟 廖l 汐に よるili・ 盃み と圧

J』変IJIとを比 較 Ｌ た結 果． こ れ らの闊 の 良い相 関が わかり た.1:IE力変･JIはｎ の歪 みに 現丿廴 こ

の こ とは 熱 水の 上&1･運 動 か人 陽 一JI系 に よ る』£柮 力Jaに よっ てall辿さ れる か，卜lj がーさ れる

ことを示している．この覿測はマ･Jアナ背弧海盆での観測と類皿であり．典烈的な誨洋鰆絋人

の 鳩 所 であ る 大西 洋中･函 塚嘲( ＴＡＧｊ齠輿) の･II央 谷Iこお ける 覩測 と迎 であ る． こlt らは砦 甄海

跿甓 の･J フ デ ィ ン グと海洋 底 拡 人 靨!に おけ る流 体の 歸環 シ ステム の違 いをj14し てい るill能 性が

あ る ．

叫測JIIlnllllj鬯震活jjlは低かりた.こj1ほ1111の沖縄トラフにおける観111alと翊!a的である．

特4 こ． 観 測をlj･つた 熱水 ベ ン １遂 謗の』皀ａ は観 測 され なか った． また 地ａ,II･に １火ilitt脈動lj

観測 され なかｰ) た． こ!1 はr シロウII ガ イ地心 』 でlj. 少 なく と も観 測刪 間111は， 海底 火|||喰

火の 状態 に は な か・ たこ とを 示 廴てい る．

キーワード：熟水ベント．熱水活動の周期性．地球潮　伊平屋海丘　海底地震計

Evidence  for Periodic  Hydro  thermal  Activity

at  the  Hydrothermal  Vent  in the  Iheya  Knolls,

in  the  Okinawa  Trough,  Japan,  Measured

by  an  OBS/H  with  the  Assistance

of  the  Submersible  "Shinkai  2000"
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An  OBS/H  experiment  carried  out  near  to a hydiothermal  fissure vent  in 'he  Iheya

Knolls  (so-called  "Clam  sjte"),  in  the  middle  Okinawa  Trough.  Japan,
 showed  a

pressure  variation  with  a large  amplitude  observed  by
 a hydrophone,  bin  could  not  be

ifletttfiwl  us'ng  seismometei  s. A  good  con-elation  was  found  among
 a visual  cbscrea-

tion  of  the  "fissure  Vent",  temperaturo  measurements  by
 the  submeisible  and  a

pressure  varlation  observed  by  the  hydro)>hone.  Whlt ≪ fragments
 exploding  from  ihe

"Fissure  Vent"  were  visva  lly observed  dun
 ug a temperature  i nc rease  measured  by the

submersible,  while  the hydrophone  showed  very  large  low-freavency
 signals, suggest-

i&%  CMC  tfve detected  by  1V10 hydi  ophone  indicates  hytfrotherrnsV  -off

-welling  from  a  fissure  vent.

The  large-amplitude  pressure  variation  shows  a
 clear  periodic  appeal  auce  of

approximately  )2 hours  with  some  uon-penortic
 activity. The  periodicity  of hydroiher>

mal  yp-wclHng  suggests  a relation  to the  tide. A  compai  ison
 of  the pressure  variation

"  i th t＼＼ o types  of tidfis, a' eal s.i ＼＼ b<; tte  ＼idt-
 and  a w  cha ≫^  <Jv* W

ocean  tide, indicates  a better  correlation
 with  the  area  I strain  than  with  the  aea-level.

The  piessuro  variation  appeared  during  iterative  strain,
 caused  by  a  compressions)

force,  suggesting  that h/drothermal  up-celling
 is accelerated  or  triggei ed  by  ≪ com*

j>rossi ona  I st ress field, caused  by  the sola
 r- moon  system.  This  is simi  I ar to an  obs^rva-

tion  of  the  Mariana  bacKarc  basin,  but  oppose  w  ^hecasc
 oC Uxe  TAG  site, in the  rift

val  ley of  the M  id- A ttantic Ridge.  which  is a ty
 pica I oceanic  spread  i ng center. Th*i  e is

a  possibility  that  this cnigltt indicate
 a  difference  in  the  fluid-circulation  systenis

between  backarc  lype-iiftingand  oceanic  iype-s)>veadiiyi.

The  seismic  activity  was  lr>w  during  the  present  experiment,  in  contrast  ta  Che

previous  OBS  experiments  in  the  middle  Okinawa  Trough.  Especially,
 no  neaby

earthquakes  were  observed.  Also,  no  volcanic  tremors
 were  oltserved  based  on  seis-

mometer  reeoids.  which  mijjht  imply  xhm  the  I hey
 a "Clam  siie" is not  ready  foi any

submarine  eruptions.  at least  during  the
 current  nljservxtion.

Key  words  : Iiydrotherinal  vwu.  Periodic  hydrollicrmal  activity,  fourth  lide. 1I≫k>-4i

KimlK  OHS/il

J . Gtoehysieal  setting  of tho  Okinawa  Trough

and  objQCtives  the  exp≪rimtrrt

The  Okinawa  Trough  is a  backarc  basin  corr≪-

fipondine  10 Die Kyukyu  Trench-the  Okinawa  foi'msvc

(Ryukyn  island chain) system,  and  Is an active back-

arc  basin  similar  to the* Mariana  '('rough and  the Lau

I5≫si≫ (n ≪- Ha)).  The  tola) length  oi the  Okinawa

Trough  is in≪>re limn  ) ,2fH)t;in. The  character'if  tlv?

Okinawa  Trough  has  been  summarized  by Oshima  el

9,＼ IVP>.  TV* tw  K＼W '**＼a＼ 7,<A>Cr ＼ii fttOliin-

awa  Trough  is  2.A0fl-2.2(>(>m  in  ihc  "luth,

I OQO  tf.W≫f≫m in the  middle  and  <SWH  .OOOm  m  (he

no'lb.  'J'ho Okinawa  I muKh  shows  a graben  (d≪pivs-

si<m)  structure  covered  by thick sedulous.  ≪-speci≫lIy

in  (be  southern  oarc. The  wall  uf the  grab^n  show

step-like  norma)  fau  Icings. There  aie  som?  i^nu'oui

iulmsive  bodies  in the axial  zone  of the depression.  Ir

the  middle,  a chain  of snmll  knolli  forms  aJJdge.  The

iheya  Knell  is one  example-  A  series of axes  vf the

Okinawa  IVowfh  show*  an  ≪xfrc'orj-?Jwf*? strticfw*

from  th<? U'caiern  pari of central Kyusyu  to jhe norch

･extern  coast  uf  Taiwm.  The  Okinawa  Trough  i-

cui  pe'iicndietiUirly b>  two  major  channels  (cal'ec

Tokaia  and  Keraivm).  The  aires*  Hold  in ihe  Ok  in

≪≪-a Trough  is ttinsional: it Is ilunitfhi th.u  frraben

itnu'lure*  were  crcated  bj the  N-S  tensionai  jtir<*s>



field  Studies, of the crustal structure  of the Okinawa

Trough  show  crusca) thinning  in die south  (Lee  et at.,

1980;  Hi  rata et a I., 1991)  and  an  intermediate  thick-

ness  of the crust in the middle  (Nagumo  et ai, J986),

indicating  that  crusca1  thinning  was  caused  by  an

extensional  force  occurred  in  the  south,  and  is an

ongoing  process  in the  middle.  Heat-flow  measure*

ments  have  shown  high  heat-flow  values  (-1  W/m*)

at  the a*is  of the  middle  Okinawa  Trough  (Yamano

et al.. 1939).  Sibuct  et ai (1987)  have  suggested  that

the  backarc  nfting  of  cite Okinawa  Tvc*igh  with

Submarine  volcamsni  was  initiated 2m,  y. ago  at the

Plio-Pistoncen boundajy in the soutliern part, and

has  subsequently  propagated  to the  north.

The hyclrothermal activity was surveyed in the

middle  Okinawa  Trough  using  "Shinkai  2000";

hydrotermal vents, chimneys and submarine "Giant

Clams"  and  "Calathea"  were  found  at the  so-called

"Clana  site" in the  Iheya  Knolls  of Iheya  depi'ession

asea  at  <27'3l)-35'; 126*55'-127'10')  (Kimura  et  ai.

1987:  Tanaka  et al.. 19S9). The  temperature  of one  of

fissuie  in the "Clam  site" was  220'C. At  the so-called

"Jade  site" m  the  hena  hole,  which  is located  301;m

south  nf  die  Iheya  depression.  hydrotlierma)  vents

and  chimneys  were  also found  (Tanaka  et al.. 1990)

A  seismic  observation  using  ocean*bottom  seis*

tnomvicrs  in  19S<J (Kasahara  ct  al.. 1&88)  and  in

1992  (Sato  et al. ＼99i) also  showed  the existence  of

intensive  seismie  activities  resembling  to  an  earth-

fiuakc  swarm  Hypocenters  in  1992  wcie  located

along  the  wall  of  die  graben  and  i idges in the  Iheya

depiession.  The  results  of seismic  observations  also

support  an  ongoing  lifting process  in  the  middle

Okinawa  Trough  and  submarine  volcamsm  associat-

ed  with  b.icka'c  rifling llouover.  the  detailed  pat-

tern  of hypoccnter  disci ibuiion in 1992  showed  low

seismiciiy  ai a  high  heat-flow  *one.  suggesting  the

complementary  nature  of seism  id ty associated  with

ihe  brittle  fiaciine  and  ductile  slalc  by  thermal

heating.

In  1993.  a digital ocean  b≪>tu>m seismomeler  wilh  a

hydrophone  was  deployed  just 1m  l>edside  a  high

tempo  aun*e  (2C)8°< ) lijdi  otherm.il vent  k ≫caiod in

(lie southern  Mariana  Trough.  wiih  the  assistance  of

"Shinkai  6500".  The  result  shows  high-amplitude,

low-frequency  (c,a. 0.01?  Hz,) pulses,  which  appeal**

ed  on  hydrophone  traces,  but  not  on  seismometer

traces  {Kasahaiaet  at.. 1094; Sato  et aL  1995). Since

the  many  low-frequency  pulses  observed  only by  the

hydrophone  apj>eared  Jo be isolated from  each  other,

these  are  called "pressure  pulses".  Kasahara  et a).

0994)  have  proposed  that hydrotherina)  up-welling

is  the  cause  of  frequency  pressure  pulses. The  rela-

tion  between  the  sea-level  change  v s the  number  of

pressure  pulses  shows  a  strong  correlation  between

the  two  (Sato  et a I.. 1995). The  hydrotlievmal  vents

are  located  on the lineal ion of the rift zone  along  the

eastern  wall of the south Mariana  Trough;  hydrother-

mal  venting  along  the rift zone  suggests  that a new

rifting process  is occurring  in the eastern  edge  of the

south  Mariana  Trough  axial zone  (Kasahara  et a).

1994).

Although  volcanic  foniois  associated  wilh  subma-

rine  volcanism  were  not  observed  in the  Mariana

Trough  during  the 1993 eNperimcnt  (Kasahara  et aL

1994).  it would  be  interesting to examine  whether  it

exists  or iiot in the  middle  Okinawa  Trough.  Smce

very  high-level  micro*seismicities  were  observed

during  past OBS  observations  m  llie middle  Okinawa

Trough,  it would  be interesting to study  the relation

between  the  seismic  activity and  the  hydro!hernial

activity of vents.

It is important  to study  the  behavior  of pressure

pulses  for  different  tyiws  of bacUarc  hydiothermal

vents,  and  to  compare  the  natuie  of  llie pressure

pulses  of each, if observed.  I*oi the  above-mentioned

objectives,  an  OBS/  U  observation  using  "Shmkai

2000"  was  cai i ied out at the "Clam  site" of the lliej a

Knolls  region  of  llie Iheya  depiession  in  October,

1994.

2  . OBS/H  field experiment  and  visual obser-

vation  of the  "Clam  site"

A  digital ocean  bottom  seismometer  with  hydro*

phone,  ea lied MOODS/1  i <Kasahani  et al.. 195)5). was

used  The  MOOIiS/U  was  operated  m  a buffer mode,

which  means  cuntmiuxis  recording  while  a  25t5UB

nu*m ≪>ry buffer  is full One  MOODS/11  file an  re*



(a>

I;'K. ) <a>  The  Okinawa  Trough  *an<l the  Ryukyxi  island elm  in tnnHllfk-d after  Sibiiei et al.  19C7J, (b)  Detailed

bnihymciric  i≪ap  of ihc middle  Okimwa  Tiyutfh (dfier Oshima  et h1.. 1988). The  divin# a"<J OHS/II  i>t>≪iiit≫i *ec

shown  l>> (he cms4  hair. (c> Locality  of dui: =077  and  OHS/lt  Willi detailed talhymciric  comour*.

S]>oiKto i≪ 7 mm  and  16 scwkJs  'Die  una)  s(*e of one

MO  disk is.3Z≫ Mb.  Six  channel*  ≪≫f ihe  MOOBS/M

assiRiiwl 10  low  yam  and  high  gain  vertical

scisnioin<jifr dmnm-ls.  Iwo  hiKh-≪am  horizontal  w*,-

momeieis,  jvjipeiidnular  each  oilier. ≪≫d law-j^in

and  Itiyh gam  hydi  <>|jhoni' channels and

rflt

hi≪h- ≪ain  me<m  20(115 and  4f>dU  airi|>tific≫li≪≫i tvilh  a

frequency  siwclrum  of  JjC-SOlIz  Pal.  respective];'.

'Che  serisit i＼H>*  of  tlie sci>wi>mt ≫tei's .w)  hydrimlxmc

≫1 v 1 ･ 69V/  tOil /≪w) ≪ji<1 l  S7ti iy < w ＼71  ≫a). rc*i*ci  i vc ･

ly.  A  MOOBS/ll  has  a I libit A/D  eomenei:  ihe  LSH

of  ilu> icSbit umseiier  coi  r<*|>oiidK  u>  i) 7fi≪V  if 1<*1B

JAMSTEC  J. Deen  Sea  R≪  . 11  c  1 ･>≪">1



JＡＭＳＴＥＣ Ｊ. Ｄｅｅｌ）Ｓｅａ Ｒｅｓ.11 911 りＭ

４ｂ） ．

| ｉ゙ｇコiCOlllillU （气|）



amplification  is used  (this equals  0.45t/ (cm/sec)).

However,  the  real instrumental  noise  level was  est!･

mated  as Jo be approximately  2m (cm/sec).  A  hydro-

phone  was  tied tightly to  the  external  frame,  and

seismometers  were  mounted  inside of an aluminum

sphere  pjesiure  case  of GOcm  diameter  The  MOOBS

/H  was  deployed  by a free-fall mode  and  reti ieved by

a  pop-up  mode  using  an acoustic  release system.

At  0521  AM,  in October  10, 1594.  ＼＼q deployed  a

MOOBS/11  (hereafter.  OBS/)i>  from  M/S  "Naisu-

shima"  near  to the vein field of tlte lheya  depression,

which  wa>  repeatedly  suiveyed  by  "Shinkai  2000"

(Fift  Kb)  and  (e)) . Kasahara  (one  of the auihois)

dove  to the lheya  Knolls  region using  'Shinkai  2Q0t>"

submersible  (I)ivc 5760  to  find  the  OUS/II,  and

moved  it to the "Clam  site". T<ible j shows  the log of

the  ~7C>f) dive  operation  of "Sliinkai 2<W.  The  sub-

meisible  Hack  of dive =76(5 is shown  in Fig. 2 Kasa-

li;u>i visually identified theOBS/ll  fivm  ihc  submer-

sible  at which  was  deployed  from  M/S  Natsu-

shima.  T*hc  OBS/I1  was  sandwiched  by iw<> rocks  <n

a  depth  <>f l.!W>m  fl'h≪Mc> I) in  a flat plain  covered

hy  thin  sediments.  Photo  1  also  shows  an  externa  *

view  of  OISS/H  used  in  (his experiment.  The  OBS/H

was  lifted  op  the  trapped  OBS/II  by  a manipulator  of

tire submei  sible. and  was  carried  lo tlte "Clam  site"  of

the  Iheya  Knolls  region.  The  vent  field  was  located

at  approximately  4Mm  in  the  soulhwest  direction  <>f

(he  landing  site  of  OBS/H.  Between  the  landing  sue

and  the  target  "Clam  site",  there  Si a  tiny  ridge  with

a  relative  height  of  SD111. We  ai  rived  at  the  "Cl<""

site"  1.5  hours  later  after  leaving  the  first  OBS/ll

portion.

In  lite "Clam  sue",  there  arc  several  hydrothem"')

vents  called  "Pyramid  Chimney".  "Pissore  Vent".

"Baby  Chimney",  "  Yellow  Ball"  and  "Kiko  Chim-

ney".  All  of  tlxese  hydrotliermal  vents  are  located

wjthin  a .loin-diameter  circle  (we  Ganioet  al..

Oiie  sinall  chimney  wa ≫ summed  during  tii* present

d  i v c < desi  ribrd  as  l>etow  j. Am  on≪ t hesc  h y dr< >t hernial

vents,  the  fissure  vent  is the  hottest  one,  whose  tern-

jKraUn'C  Wis  reported  lo  bu  220  C  m  li)xx  dive

(Tanaka  ei  aL  I {WW).  Th?  fissure  has  a  length

a|>i>roxiiu ≫itfly tim, ana  the  opening  of  iht  fK-ure



Table  1 Diving  lot' of s&77 on  October  16. 1994. Observer  was  J. Kasaliara  Numbers  correspond lo ones  in Fig. 2.

Fi≪. Z Hook*  map  cliiimu  "Slunkat  SHOO'  dive  =1377. Numbers  c≫≫iiesi>≫>iwt (o ones  in Table  I. No.  ). Landing:  poim  of

"Sliiufcxi .'iKM)" hi l |;tir≫. No.  J. of  OHS.  II ai 11:32: ＼o.  ". iftc Cir≫l OBivll  touting  D<wiii>n ai

11 i:). N ≪> I".  Mir  xvotitl  f 115S-11 i**iiuui  i>? ≫̂cle of ihe ＼＼nti' ai  U:21:  ;md  No.  20. a clkttnttcj eiflliricd

ai 11h' "IVr-nnkl  Chimncs  " hi

JAMST6C  j. Deep  Sea  R≪$ , 11  (I'l^o



several  cm  maximum,  which  is covered  by  yellowish

-white  materials.  Smearing  water  was  observed

during the present survey. Although other hydrocher-

mat  veils, such  as "Baby  Chimney"  and  "Pyramid

Chimney",  also showed  smearing  water, the smearing

for  the fissure was  the most  active There  we  many

linear  fractures  on  the  ground  with  sheet-flooding

･  li ke smoot  hness Most  of the ft actures on the ground

seemed  to be  roughly  east-"  est strike. The  linear

fractures  could  be  traced  by  the  filling of  while

deposits.

The OBS/H was set at 13:25 beside the Fissure

Vent  with  a distance  of approximately  jm.  The  loca-

tion  of  OBS/H  was  27'32.772'N,  126'58.267'E.  at

1.394m  deep  (Photo  21. Duiing  this operation,  the

temperature  of the  fissure was  not  measured,  due  to

a  limitation on the  payload-

After  observing  the  characteristics  of the  fissure,

other  vents  and  the  tectonic  structure  of the  "Clam

sice", the  submei-sible  left the  sea-bouom  at 15:27.

One  chimney  having  a grayish-white  color was  obser-

ved  at the  foot  of the  "Pyramid  Chimney"  (a  com

-like  chimney  seen in Photos  3 and  4>. which  has  not

been  reported.  The  "Pyramid  Chimney"  is 2-3m  high

and  has  the shape  of a tiny pyramid  The  height of the

chimney  was  approximately  30cm  and  the  diameter

of  its  root  I Photo  :<) was  approximately  (jcm.

indicating  that this size of the chimney  can  be formed

durinc  a  relatively short period,  say. rough!y  a few

years.  if this luts grown  up  recently. This  chimney

was  sampled  after  a  visual  observation  from  the

submei  sible- The  chemical  comixmcnts  will be  <m
≪il-

j zed by other  scientists.

Colonics  of  "Galatliea".  a  kind  of  prawn,
 were

idemified  at the  "Fissure  Vem".  "Pyramid  Chimney",

"Baby  Chimney"  and  "Yellow  Ball".  A  "Blind

Shrimp"  colony  was  seen ai "Baby  Chimney"  Many

white  "Gisim  Clam"  colonies  weae  observed  on  tlw

crest  of  I he aioriliorn tiny ridtfc north  <>r ihc  vem

field li w;≫s nl**n v<*d thai some  were  dead, bui some

were alive.

We  reiiieved  the  OBS/H  yy.0!>  oai OcU'bci

20.1IKW  by  an  acoustic  rtleax.  A  five* day  seismic

word  'in  loi.il) obtained

The  OBS/H  records  were  pre-vie wed by  a NEC

･PC  arid data ori die MO  disk were  transferred to a

workstation  by  the ftp utility. Waveform  I'ecords

were  displayed by "X-wave<3" and drum-style display

software  developed by the present authors (Kasahara

et al.. 1M3).

3.  Seismic  <*csutts

Fig-  5 shows  hydrophone  and  vertical seismometei

records  made  during  observations.  Fig.  3<a>  shows

the  record  from  landing  to relocation  to the  vent  fiek

on  October  16,1994.  One  trace  corresponds  to 30 rt≫in

Before  11:40, OBS/H  was  located  at  <JOOm  distance

from  the  "Cam  site". After  13:25. the  OBS/H  was

moved  to  the  Fissure  Vent.  It car  be  seen  thai

although  the
 record  on  the  hydrophone  channel  h

very  <fyiet before  11:40, the  06S/H  record*  a tier 13

25  show  a low-frequency  movement  with  an extreme

]>* fargc  amplitude  on  the  hydrophone  trace, but  noi

on  the  vertical seismometer  trace  The  figure at th<

top  left of  each  hydiopbone  recoixl in Fins-  3  (a)

tliiough3  (e)  *how$  an  estimation  of the  ocean  tide

and  the  areal  strain at the  OBS/H  location.  A  com

pari  son of the pressure  variation  and  the  sea-surfacc

chanjze  show*  that  most  part*  of the  lar≪e pressor

vacation  tend  to appear  at the  ocean  tide during  r

transient  stage  from  high to low.oi  low  to high. ?u tin

negative  aieal strain. In any  case, a 12-houi  period  h

cte.'cily klc<iic(icd, ibin'Kh  svflK  oWwr  pv&*>rc

-change
 activity  appeared  between  two  p(?riodi<

actuation*.

More  than  13  earthquakes  were  observed  by  the

OBS/H  (Fig.  3). These  earthquakes  were  nut  onl>

recorded  by
 seismometers  but  were  also  recorded

 b>

a  hydrophone.  especially  by  hydrophone  traces  aftet

high-pass  filtering Fig.  i shows  an  enlargement  of i

portion  for  two  earthquake*  In  the  n≪-fiker  trace.'

shown  m  (a)  and  tc). hydrophone  channels  (clis *

and  6)  show  high  frenutuicy  seismic  w<aves  su)>er

posed  on  low-frequency  signals. After  using  a  higl'

･pass  filter  f^5lh>.  earthquakes  are  clearlj

identified  in (b)  and  (<D  The  apixnvnt  amplitude  oi

the  eariUquakes  on  the hydiopbone  <cb  6) isnearlj

)/o thai  <>f the  vertical  soisinoitK-Ici (  ch.  2).  nui



His  3  One  dny  icc>≫r<l ob-crvccj  m  a  low-gain  ItydruplKnic  <uul ･* low-gain  vertical  sfiMUomeiCi',  One  ivacc  is 30  nun

(a)  (X'tobei  1<5. UW4  Tlw  npiwr  fiyui'O Is Uic  hydrophone  #n<i ihc  lower  figure  i* flu* vmical  xisniomcicr.  <U>

OcioIki  I'.tfJ  Ociobui'  18: <<11 OuuborW:  mid  M  tVtol ≫v?D.  Ninntftfc!iUhcKiKl ≫Kni|i)iuidc≪r low  fluency

auyem  k*vco'  IJ h≪nn<  !n  U>.  tlic 0(*S/(l  w,kui  ilti- fii kl joicWfoii?  HM ≫. uiul ivajm  the  wiiiid  mic  alia

I^ ≫ nof'vvcn  i＼＼i≫ loc.itions. ilU'OHS'K  wjscairi ≪l by  il;c subniersibU'-Thc  top  kfi  of  each  liv<li c>iJkh≪c i ccord

<ho" ≫> ihi* son  i≫'v;≫i e>iiinaiimi  (clouwl  lin<0 ami  Iho  .urea! (solid  line).  t,.oi*l syrocivicni  ivtwceti  low

fr.'cincucj hkh.iI>. on  the  liy<ir≪>i>h≪MK' mid  ≪iiohi jiMiucsui  li^wv  I'fci' appaiem  <h*.play ?! ≪' livlmphoiK'

iv  .*)" iimi<  )≪<i jjer ih^ii Unit  of  iln* >i*i*≪mi≫nieU'rs.
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Fiv.. 5 Enlargement  of Fia. 3lc>. pressure variation seen on hydrophone  trace. The  captions  Hie  the s^me  hs in Fic  !･

except  foi  the  vertical  scale. The  vertical  utiiis from  ch*.  1  through  6  between  two  licks  ?n ≪

(i.06.0.85,)  7.1.7.1?  0.6  8) mV  Note  that the vertical scales for chs. S and  6 arc large compared  to chs. 1-*
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sideling  amplification*  If we  discard  the  sensitivity

difference  of the seismometers  and  a hydrophone,  arid

between  the  physical  Quantities,  that  19. particle

velocity  for  the  seismometer  and  pressure  for  the

hydrophone  The  waveforms  on  the  hydrophone  are

slightly  different  from  those  on  the  seismometer

channels,  because  a hydrophone  responds  to acoustic

waves  in water  (so-called  "T-phase")  and  does  not

respond  to shear  waves.  An  earthquake-observation

by  a hydrophone  is evidence  for  nonnal  functioning

of  the  hydrophone

Fig.  5 shows  a)) enlargement  of a  portion  of  Fig

3(a).  In this figure tlie relative vertical scale  of ch. 2

is  8-times  smaller  than  that  of ch. 0 The  other  two

horizontal  (chs.  3  and  4) ai*e 4'times  smaller  than

ch  6. Even  though  the seismometer  channel  9 are  S- to

6-times  amplified  on the  display, and  osdinary  earth-

quakes  show  a S-timet  greater  amplitude  than  does

the  hydrophone  channel,  none  of these  seismometer

channels  show  any  evidence  of  low-frequency  (~1

min  period)  signals,  while  the  hydrophone  shows  a

"pressure  variation"  with  a veiy  large  amplitude.

The  submersible  submerged  for  appi  0x1 mate) y 50

nun  near  to the  "Fissure  Vent"  after  the  setting of

OIJS/U  near  to  the  fis&uie  vent,  while  Kiisahara

observed  the  activity of the  fissure and  characteris-

tics of the  "Clam  site". Hy  his visual observation  and

the  use  of video-camei  a monitors  of the subntei sible,

white  fragments  extruding  from  the  fissure  were

observed  at between  15*23 and  13:35. The  movement

of  the  while  fiagments  gives  an  image  of  boiling

water  at the  fiawe.  The  photos  show  both  extinction

(I'lmios  6  and  ")  and  distinction  (Photo  S)  of  up

･welling  activity  of  the  fissure,  resjxsctively. The

lempeiature  durlr.g the  dmng  opeiation  was  moa-

sored  by  STD  sensor  equipped  by the  submersible  A

good  agreement  between  the  pressure  vai i at ion hav-

ing  a large  amplitude  and  tempera  lure measurements

was  obtained  clui ijib a visual observation  to identify

the  white  fragments  exploding  from  the  fissure van

(Fig.  f$). The  STI)  temperature  rem  a 1 tied between

'5 H  and  :U>C  riming  mosi  of  the  dive.  extent  a  I

around  1 V&i  The  temperature  showed  the maximum

as  I  ZH71"  >11 i:u:i  aniony  ihc  whole  temiJerature

records  during  this  dive  The  whole  hydrophone

records  are  shown  hi Fig. 3. This  corresponds  to the

low-frequenry  variation  on  the  hydrophone  channel,

strongly  suggesting  active  hydroiliermal  venting  at

around  this time. This  is strong support  for the rela-

tion  between  the  pressure  variation  observed  by  a

hydrophone  and  the  thermal  circulation of tlxe vent-

ing  water.

No  volcanic  tremors  were  observed  by  the  seis-

mometers,  because  volcanic  tremors  usually  show

seismic  motions  on seismometers  at around  1 Hz, aitd

these  were  not  identified by the  present  experiment.

This  inifiht imply  that the vent-field was  not under  a

condition  for  a submarine  eruption,  at  lease duriug

the  observation.  Eartlwuake  activity during  the pres-

ent  observation  was  low  compared  to the  previous

two  OBS  observations.  There  were  no  neaby  earth-

quakes  during  a period  of 5 clays.

4,  Discussions

When  theOBS/K  was  400 m  apart  from  the "Clam

site" in the  Theya  Knolls  region of the Iheya  depres-

sion, the hydrophone  records  weie  very  quiet. When  it

was  moved  near  to the ･'Fissure Vent"  in the "Clam

site", low-frequency  signals  were  cbseived  by  the

hydrophone.  These,  however,  were  not  observed  by

seismometers,  even  if the amplification  of seismome-

ters was  high  and  even  j| we  considei the  correction

to  tlw? frequency  characteristics  of the  Instruments

and  sisals  (as  discussed  in die  another  paper  (Sato

el  a I., 1W3)J.  Although  ordinary  natural  earthquakes

were  also  observed  !>y both  seismometeis  ami  the

hj drophonc.  the appai  ent amplitude  of the seismome-

ter for  enHhousikos  is n-times  larger  than  for the

hydrophone.  The  present observation  of the pressure

variation  villi large  amplitude  vas  exactly (he same

as  in the  south  Man  ana Trough.  Recently,  the same

1 nst rument  whs  deployed  i n l he TAG  I Trans  Atlant ic

Geotiaverse)  area  in the  Mid-Atlantic  R'dse.  The

OHS/ll  was  set abo^e  a hjdroihevmal  mound  in the

rift valley.  Allhouph  ≪hc same  kind  of  a  piessure

＼;uiauon  iv≫* ab≪erv≪l by liydiophone  traces, it was

not  observed  by  seismometer  traces  (Nishixawa  el

nL  l!M>h  Three  independent  obseivation*  support



the  hypothesis  that  the  low-frequency  signals obser-

ved  by  the  hydrophone  is an  indication of hydrother-

tna)  up-welling  from  hydrotherma)  vents  or  mounds

(Kasabara  et  al,  1994).  In  the  Mariana  Trough,

although  the  pressure  signals  (called  "pressure

pulses")  are  of isolated  nature,  In both  the  present

area  and  the  TAG  area, the  pressure  signals show  a

rather  continues  change  ovei a  period of a few  hours.

The  above-mentioned  differences  suggest  chat some

differences  in hydrotherma!  venting  occur, impulsive

venting  at the  hydrothermal  vent  in the  Mariana

Trough  and  continuous  venting  at two  other  places.

As  can  be  seen  in  Fig.  3s a  pressure  variation

appears  with  a 12-hour  period with  some  exceptions.

Fig,  1 shows  comparisons  among  the  activity of the

pressure  variation, aieal  strain of the earth  tide, and

the  ocean  tide, The  comparison  shows  a strong  corre-

lation  to both  estimations.  However,  if the ocean  tide

is  the cause,  or a ma/or  factor, rv/jfed ro hytfix>ther≪

mat  activity,  strong  hydrotherma)  activity  corre-

sponds  to the transient  stage  from  low  tide to high

tide, or  vice  versa  On  the  other  hand,  the  strong

Fiy.  i G>tni>arisrm  <>f J he jircswne  acuvily  ≪'ith v larytr  amplimcle 7<>i ≫c> ≫n<l liocs  fnrcal  siiam  ≪i enrih  lidt

slu.rtii by  svlid Jin≪ unci s*r;i Wi)  l>> oteau  ude).  Note  ilmi  ilie pressure  vHitoiinn  has  h lauft? ≪mii>liu≪ic (Kivn'ff

netfulivp  <)icrfl ≫iv;ihi. A  0  cuitom>i>ihI  n>  12 h<nu>  jjcihkI inkI u  <1 ≪ifc fi'm auhiii^

JAMST8C  J Deep  Seo  fio$ . 11  ciW ≫>

hydrothermal  activity fits to the negative  area  I strain

caused  by  compression  al forces  This  fitting 5s more

reasonable  for  the  cause  of  hydrothermal  venting

than  the fitting at the transient  stage  of the ocean  tide

level  This  observation  i% similar  to  the  pressure

pulses  observed  in the  south  Mariana  Trough.  Mow-

ever,  the  pressure  variation  observed  by  the  same

instrument  in the  TAG  of tl≪  Mid  Atlantic  Ridge, has

an  opposite  correlation;  that is. a pressure  variation

appears  at low-tide-level,  which  is caused  by  a ten-

sional  stress  field  due  to  the  solar-moon  system

(unpublished  data).  This  might  indicate  the  differ'

ence  for  types  of fluid circulation  at lifting region?,

such  as backarc  basins  and  spread  ii*g regions, such  5s

oceanic  ridges.

5.  Conclusions

An  OBS/H  observation  beside  the  hydrothermal

"Fissure  Vent"  in  the  Iheya  Knolls  region  of  the

middle  Okinawa  Trough  showed  a pressure  variation

with  a large amplitude  seen  on a hydrophone  channel,

but  not  identified  on  seismometer  channels,  A  good



correlation  was  found  among  the  pressure  variations

on  the  hydrophone  records,  the  visual  observation  at

the  "Pissm*c  Vent",  and  the  temperature  measured  by

the  STD  sensor  of  the  submersible.  White  fragments

exploding  from  the  "Fissure  Vent"  were  observed

during  the  temperature  increase  measured  by  the

submersible.  The  above-mentioned  observations  sug-

gest  that  the  pressure  variation  detected  by  the

hydrophone  might  indicate  hydrothermal  up-welling

from  cite "Fissure  Vent".

The  pressure  variation  with  a  large  amplitude

shows  a  clear  peiioeiicity  with  an  approximately

12-hour  period  with  other  non  -periodic  activities.

This  12-hour  periodicity  implies  a  relation  between

the  pressui  e variation  and  the  tide.  Two  types  of

tides,  the  arterial  strain  of  the  earth  tide  and  the  sea

-level  change  of  the  ocean  tide  were  estimated  A

compaiison  of  these  estimations  with  the  pressure

variation  indicated  a  good  correlation  between  the

pressure  and  the  areal  strain.  The  pressure  variation

appears  during  a  negative  strain,  caused  by  a  com-

pressi  ona  I force  genera  ted  by  the  sol ar ≪moon  sj'stem.

This  is  similar  to  the  observation  in  the  Mariana

bsickarc  basin,  but  is opposite  to the  case  in the  TAC,

in  ihe  j'ifl valley  of  the  Mid-Atlantic  Ri<lgc.  which  is

a  typical  oceanic  spreading  center.  This  might  indi-

cate?  a  difference  in  the  fluid  circulation  system  of

back  arc-type  lifting  and  oceanic-type  spreading,

although  we  can  not  deny  the  possibility  of  local

differences  lo  explain  the  abo ＼e -mentioned  results.

The  seismic  activity  was  low  duiing  the  present

olwervaiion.  in Contrast  to  the  previous  OBS  observa-

tions  io  the  middle  Okinawa  Trough.  Especially.  no

ncaby  e≫rlhf|tiakes  ueie  observed.  Also  no  volcanic

tremors  were  identified  based  on  seismometer

recoixl?.  This  might  imply  that  the  Iheya  vent  field  is

not  ready  for  any  submarine  emplion.  at  least  during

the  current  observation.
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OBS/H  deployed  by  the  free-fall  mode  found  at

the  first site. It  was  sandwiched  by  two  rock

slabs.  The  white  ones  ave  a kind  of sponge

Photo  4 Close  uy  of  the  "Pyramid  Chimney".  The  chim-

ney  grew  very  rapidly, during  a period  of roughly

one  year.  TV  new  chimney  can  be  seen  at  the

lower  right.  A  colony  of  "Galathea"  covers  on

the  "Pyramid  Chimney"

Photo 2 Landscape near the OBS/H  A  small test buoy Photo  5 The  chimney sampled at "Pyramid Chimney"
to the right of OBS/H  can be seen. A white area which  can be seen In Photos 3 and 4,
in the far back is the "Baby Chimney" and an
another tes* buoy is seen there.

A  grayish-white
 chimney  with  a con ≪-hl<e  shape

(lower  right)  was  fouitd  <it the  base  of  the  "Pyra-

mid  Chimney",

Photo  6 OBS/H  after
 relocation  beside  the  "Fissure

Vent"  (while  small  cr*v ≪sc)  al  13:28.  Note  tlie

wliiic  fragments  exploding  from  ≫he  Fissure

Vent.
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Photo  7 Whue  fragments are exploding from the Hssure Photo  8 OBS/H  at 13:43. Now  the water is clean due to

into Lhe water at 13:29, low  h>drothermal activity.
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