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SUMI\IIARY 

I. Title of the study 

A Geochemical Study for the Submarire Hydrothermal Mineralization 

II. ABSTRACT 

Korea conducted its first ever submarine hydrothermal exploration around 

the Yap trench located the northwestern Pacific. The focus of the program was 

to understand the hydrothermal mineralization processes which may serve as a 

guideline for any future exploration of hydrothermal deposit. The survey was 

carried out onboard RIV Onnuri which is operated by KOROi between 21-28 

August 1998. It consisted of geophysical survey which included seafloor 

mapping, determination of the sedimen:ary structure using single- (EA500, 

Simrad Co.) and multi- (Sea Beam 2000, ODEC Co.) beam echo sounders, shallow 

sub-bottom profiler (Chirp Bathy-2000, ODEC Co.), and air-gun seismic 

profiler. Samples of seawater, 

CTD-Rosset sampler, dredge, 

respectively. 

rocks and sediment 

and box, multiple-

were 

and 

obtained using 

piston-corers, 

Detai Jed scienti fie analyses of the data and samples were carried out 

both onboard and upon return from the cruise. Based on our analysis 

geophysical data, it is not clear whether the trench is still subducting into 

the Philippine plate. The trench represents a classic example in that it has 

a deep V-shaped trench with a steep subduction angle and thin sedimentary 
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layer. Seismic profile record shows numerous thrust faults inside the trench 

which were probably caused by past subduction events. The topmost sedimentary 

layer deposition structure along the back-arc and Caroline plate area shows 

evidence of slumping and reworking by turbidity currents since the area 

inside the trench is rather steep. Collection of additional seismic profiles 

and improvements in shallow sub-bottcm profi 1 ing technique may help us to 

understand the present-day subduction activity, Chemical data and other 

physical parameters including salinity, temperature, dissolved oxygen, pH, 

nutrients (nitrate, nitrite, phosphate, silica), and fluorescent organic 

compounds were also analyzed. Howe\er, they do not show clear signs of 

present-day hydrothermal activity in the study area. Rock samples dredged 

from the Yap arc area may be classified into trachy basalt, andesi te and 

dacite by their major oxide compositions. In general, the samples show 

typical Island Arc Basalt characteristics in terms of their incompatible 

elements chemistry, Al though hydrothe,-mal vents or ancient hydrothermal ore 

minerals were not discovered in this area during our study, diverse volcanic 

rocks indicate that volcanic and/or hydrothermal activity has probably 

ceased. Magmatic fractionation of clacite may provide another clue for 

understanding the formation of hydorthermal ore deposits in the Yap arc 

region. Dredged samples from the Caroline area are characterized by T-MORB 

(transitional mid-ocean ridge basalt), impling that basement rocks in this 

area were the mixture of magmas originated from a hot spot and that the area 

was the spreading center that constructed the Caroline ridge and Soro! 

trough, respectively, (unclear and confusing) 

The lower part of a sediment core at about 4 meters deep show evidence of 

hydrothermal and/or volcanic activity with dark or dark grey colors, while 

upper part is yellow, pale brown, c,r pale green. Radiolarian assemblages 

indicate that this core may be as you1g as less than 210,000 years. However, 
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chemical composition (major and minor elements, and rare earth elements) of 

the sediments do not show any evidence of hydrothermal activity during the 

formation of the lower layer. Although chemical composition of ferromanganese 

crusts from the study area neither show any clear evidence of hydrothermal 

activity, we can not exclude the possibility that hydrothermal materials were 

supplied to the crusts during their fo1·mation since Mn-crust of this area has 

faster growth rate compared to typical hydrogenetic ferromanganese crusts 

found around seamount in the western F'acific. Ecological and genetic aspects 

of biological community in hydrothermal vent and cold seep region are were 

al so examined. While it appears that the past volcanic and/or hydrothermal 

activity probably existed in the past evidence of present-day hydrothermal 

activity could not found be during our study. 
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d£ 
0 --,, 

'€!i!]~'tl: (Phi I ippine Sea Plate), 'cl-%~-~£~ ,fl~i!r'Z!'tl: (Caroline Plate)o] 

Tranch).2.J- {l-&-r:2 '.:}ct. 

7.J-'f~i!l~{!,"_ -?£ "J"H-r~ -"1-A1Ai-'cl-%1if "J"o'.££ 7r.£.]c/ -?"J-&-t~ct. 

';,;<5H-'f-:2:.,.J'la!x~ ,H~cr,zl?.]'t!2r EH'll"J~0 1 "Ji!]~'tl: 0 rcH£ ~'l,J""r~).1 

(Fujioka et al., 1986; F uj i aka et a I. , I 988 l. 

'1'!-4'~,.J EJ,,.to11_,.• "l~i,,.t~1 ~:,j,c_ •'!,~ 3':J.r-°-1 7l1'-"r~-7r x1~ "l~?.r.li.~l 

~~-611 9.l.ct 
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7' ""l tl tl ,a "'l C /1 TTU:-'--1 

n}c]o}qt;ff.:;1-, ';J~E-s!. '€fc}~t;ff.:;1-.2.j- .::l t;-}-lj!-oJl o}olfi-t;ff.:;1- (Ayu Trough) -'g--ol 

~~~r:} (Fig. 2-1-1 ). \\eissel 2j- Anderson (1978)0{1 2-jt;-}'i'! o}olfi-t;ff.:;1-~ 

• tl 7 C 0 n12, 

1995 ). t;tlO}Dt.2. n o L. a 

'M"c}~-it4rSff1 (Palau-Kyushu ridge)g 7.371ls!. r:}.-'-) J.7~cl't.! sij 0J"-l~ (West 

Philippine Sea Province).:;,-J- %~i.l-"J t;ff 0J"-l~ (East Philippine Sea 

·tl 7 L 
OnT-c 

sij 0J"-l~.:l-J-2-j 7.3711<>-ll 4,-t;-}2. 0 }olfl-Sff'i'-'ci: J.7~cj 11J t;ff 0J"-l~.:l-J-2-j 7.3711<>-ll c'.;~r:} 

(Haston et al., 1988). Fujiwara%- (1995)0{1 2-jt;-}'i'! o}olfi-t;ff.:;1-2-j "-l't3~ =i?l :"_ 

%0Jsff"a9.l -'=:.{! ~?J'oJl 2-j~ 't3Eij.2.j- -fl•J.}t;-}2, t;ff.:;'- 4r (trough axis)E-s!.lj!-E72-j 

o}ol-fl-sff_:;,-::: -'r-~2-J Sff-'i'-.2.J-::: 'gel 'tl:9.l ~?J':;;J711 (spreading boundary)oJl 

sij 10J{:!cf2 f-1Jt;-}9;l_c}. 

'B.-=i'-"-l~ ~~oJl .'fli<lt;-f::: n}cl 0 f1..Jt;ff.:;1-2-j ~.:2:.~"-loJl tij~ "-l-'i'-¥cl1EfJ.}O{lJ.1 

-•f~r<tt "-12.f.:;1-~;'i .>,l..'l.)r:}2 .',l_:;:i_{:! B} 9J.c} (Johnson. 1991 ). nfclo}l .. }sij_:;,-2-j 

~.:2:.~"-1 3'1~%-2-J 'i'-'<'117} I km~l"-1 ~~t;-}:;:i_, t;ff.:;1-9.l Lij~:"_ ~,.J'fiol -9-J.il't;}Jil 

.r.½£lo, 9J.c} (Hussong and L,yeda, 1981: flrozowski et al., 1981). ol.2.J- igcl 

(meta-gabbro):z} ~'tr'U (peridotite).,jl- ~~t;-}{:; J.}~'Ufi- (serpentine flow).s'. 

-1'-,.J£jo, 9J.c} (Fusioka et al., 1996). Eij>g 0J'tl:¾%2-J ~~.s'. nfclofq Sff-=i'-oJlJ.1 

'c!:.<ff.2.J- fl-J.}'t;}Jil ,:::J'{J~%g J.l~'tl: J.171::: Q..; 44-45 llac}2 f-1){:!c} (Clague and 

Jarrard, 1973: Haston et al .. 1988). J.7~cl'tl ~"-1 (West Philippine Basin)2-j 

"-lZf'B.1 g 2c'ji5f°1 II,JclnJ't):2} Eij'l5°/'tl:2-j 1;,Jj.lj'-~oJl ~.:2:_~"-12-J "'3.,_J* 'flt;ff 
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~.:2:.~;,Jo!l 2'rd~ ? '.il;:: -tff 0J'r.l:~ 'B.'~ ::_ 56 Mao]<>tct.2 i'-1Jt!r:t (Hilde and 

Lee, 1984). 'iJ'-tff-,'-ojJ;.-j;:: 20 ~la;;;loJl ;,ff~ct~-tff~.2} ¾~<>tt.'f.,<-j o].2.f fj-,<)oj) 

'iJ'i5ff-,'-~ '-j 0J~%0 ] 1);,j"§:'J.r:t.2 ~;:: ~(;,ts:_ '.U.r:t (Hawkins and Batiza, 1977: 

_\le Cabe and L:yeda, 1983) . o] oj) cff ~ % 7j 5'-;:: "J ~ ,:::} '{J .2j- ~:?JI] 't! ~ 5'j ;:: 

1JBJ;,j~t,'f_oj ~oj;<j U'll.2, .cE.~ ~;,ff ~{l:~%-0 ] 't!;.;.S'J;<j U'Jl..2.oj, 'U1J::. 

'li'-J'1]-..2.5'- -,'-"JS'Jo-j '.V.7] n:ff~0 ]ct2 <>H.J.r:t. 7 cll.-f 0J1l -'r-'li-tff"'J<>l]-'-1 10 \JaEj 

'B.~ g ;,j\:) ~{l:'1]- (Crawford et al., 1986) ~ ;,.Jj 4 7] ~{l:~%-<>l] ~.;ff 

(Fujioka et al., !986)Ej ~» ~, 

r:t¾'il g tiJc'.'.;1]7] (multi-beam echosounder)~ n]~ SeaBeam Instrument Inc.~ 

-'f-7ff E-1 transducer~ 0 ] %<>f9 3':.J-H:! 

:<f:g-~r:f. oj =g-tl]Ej '3.J-%- 'i:J-'?-]:::: 12 kHzoJ]-'-7 10,000 mo]oJ, i5ff"J£ 

(r.,solution);:: 12 kHzoj);.-j 40 cm, 38 kHzoJJ;.-j 10 cm ojr:t_ -E: EJ;.toJ]-'-1;:: 12 

kHz~ -'r-llf?~ J.f-§-8-f'i,1_..2.oj, g llf 'jJ-{l ZlZl ~ 10~5'- 8-foj "'tli~ 'I-] '=i<>t'l.ir:t. 

r:f%Bd g 3Jc'.'.;1]7]~ SeaBeam2000~ 1>'-0.7I;:: ll§_'l:!)E,j 287ff, ?{.\7J:::: 847ff5'-

tH"&"l:: 
0 0, '"'L-$-'O'J BH;to? r I L. o o-..'.I::.. 

3':-'-H:i '8-f-'f-oJl,,_, ,,_15'- 4-3Jtf71I ~~S'lo-J '.U.r:t. ~~ ~ -\'-~~ .t.Jcff -'r--'-f7-lcl;:: 

Zj-2.j- ~ 7,930 m .2.f 7,950 rn°].2, 0 )% -',~llt? t:ffQ,j::_ 12 kHz o]oj, 2° ZlZJ 467ff 

4--0.~H'.:l 92" Ej c'.'.;1]Zj-g 7t"'l2 '.V_..2.oj, tijiaj' 4-11 10,000 m .;;1°]:?Jt"'l ,3':J.f~? 

3
,, -,-



Y-'-f 7]Zl-%'il- ~-Sj-~ ~-'-]"]~;<fl~ ¾ 2cl-~"]~;<}li::= TK-50 magnetic 

cartridge;,; o]-§-tr}oj 7]~ • "1"J -f- 2:o<} -f-"1 c];,; -\'-]tff ~-=j'-±.7} ]il.i}t}.:;:i_ 91:::= 

\licro \'ax 3200<>i] ;<}li;,; 0J~t}9,J_c} . .:J.c].2 ;::'7-jc] %z!oJg oj-§-tr}oj o}o]3.~ 

~#Bl<>il "-}li;,; 7]~ • "1'8" -f- ;<}~] "i]~~ :o:~ 72Jg o]-§-tr}oj ~cfftff'-J.5:. (nod 

Z)-zj 125m 1/ .5:.) E.] "-} li;,; f-½ir}oj ::<] "a ~c.;,; "i] ~tr}9,J. c}. 

x.J:::c,] 'i):tsij oj "-I~~ 50 km o]ii}\l-r<>il Sj;<] U= !;Aj g 7,,)-:::c}. ~lcCabe & Cyeda 

(1983)::: ;,ij~c}'l.}tsij,gE.] %~o] 0J ~,.J~.5:.2.] ~zl-1tl-%g ¾"-1-'-]':(j_.:;:i_ 

tsff-y-~'-J~.5:.77}"-]E.l 7-jc];,; ~-G.'\--'-]':(j_cf2 ->g~tr}9ic}. 

~~ 'f;-',s -'r-111 tij ~ <>i]-'-i IO ~laE.] ~ "s ,~ 7}"-] ::= ~{1-'tj-o] :o<ij ~ x.J 9:J..:;:i_ ( Crawford 

et al. 1986). 'f; Bff~~"-] (back-arc basin)E.] "-]4~-fi-eJoj Q.j'Z)- !;ycf::: 1J. 

tfl-yoj] -e- ¾~o]'-J (tiagihara et al, 191l9)oj 91= ~- ~.5:.~ "-]z.J-1-H~ "i'21tl-% 

(Sato et al., 1997) %E.J tl:"i-'-f'-,i~ 20 )la o]-f-<>il ~7Jo] ~o.J's:! ~g L.}Ef'Jlcf. 

n}i]o}L.}tij-=j'-9.} ~tsfl-y7f \'ILt= 1J~5'.-'j'-E7 -\,\-~~~ •,'l_o.J91::= 71]~E.j "-]"a<>i] 

ti:tsfl-'-1 'Jishiyama % (1986)~ 'i!-'-f'll :<]'8Y-'-fE.l ~.i.f<>il ~7-jtff nfc]ofLf ~7f 

~~ '{!oj -=j!--'j'-c-j~oj] ~"" "a'"d-{! ~•)l o}Lj2, Yij~2f'l]tflrs.i.f 't!-L.}2 9171 

rrij-1,:-'l] ~~5'. .1il.2x.)9ic}. 'D:-'-}'ll "-]'2'H-'-} 7l~<>il ~ir}'B.. 'l13acff (transform)'l.l 

<>H-'i'-""1-- 27-J~ -iel-~,,_ft;'!s:. Yff~2f'l.ltsfl,g,,J ~trfl-,'-9.} 't!-;Jg x goJJ 1!~%-£-%<>il 

2-]tsij %21-{! ~~~ .1il.2x.)9ic}. V"-} "aEH~ ~tsij-=j!-oJJ::= tsff-=j'-.?-j ll}qojj ,ej':\j%ol 

7-JE.j (tl7j rrij-1,:-oj] -'-}'B.~ ~-'-f~ftl-= -'j'-7fcffE-] "d'-2 rrff-l,_:-o] 2}2 '-g:z.t,,-}7j ::= 

I 997). 

-38-



~4LoJ)_,_1 ~tl]5:j~cf_:;:L -'-JZj-5:joJ;,:j;,j u:H~o]ct. 7'\;!;,:JoJ: till-=;'-61] 7aJ;;;J91;: 

¾iajo]-'-J i:J:~ ct:= ~%~'?1 tll-=;1-61] tl]tll ct~ ~ct (Fujiwara et al .. 1996). 

o]~~ 'IJ:E.j {l7J Jtil~oJ] t,lloJ;,.jzj-o] n]I?.cj;,;j ~oJ7t;: ~o] ,a;_71q !£;: ct:= 

~%~'ll tll-=;1-oJ] tl]tll 7 ~oj ~~ ~~ $~n]-&t7].5:. ~ct. 

7];'.': 'l'!-=r'-oJl,,_i 0Jtll-=;1-;: 8° 20' ~ 7JJl]s._ -Js:\--'f-9-f \J"-¥-E-1 7-]~~ -1:t?Joj ~cl 

i..+i;ti..+::: ~E-5'.. _lil_25:J2 91ct. -5t-'f-;: tll-=;tqoJ] a:tct tll-=;ttJt<.tE-1 -9-~'t!:2'..J-7t 

"12, tff-yE.j "'f"'J.g_. tff-=;1-E.j ~o] ~ 't!~{JE-.£ -&tOcJ 't!:2'..J-~ct. o]oJ] tl]tff \cl"-¥-;: 

lsj--'f-"]~oJI tfft:J-&t;: -f'.':- 'l'!-=;'-7-]~ ¾ Bij:2".~7-] (back-arc basin)oJ]J-7;: 7J;_t_s:_ 

5£ n]'1_1:E.j ~'1_1:~ tff;,:7 'll~~ o]i\'-2 912 '1J'tff',5oJj;_7;: 15£ 1)£E.j 7J;_t~ 

qi;p,jct_ ~:2".~7-] (fore-arc basin)~ojjJ-7;: 30£ 1)£E.1 'a-~- 7J;_t~ _l;l_o];: 

i}zj~ _,_t'?'!~ 0 ]i\'-2 912, '1J'tff-=r'-% 7-]q ,H~ct'lltH,g ~E-.£ ¾zl:oJl ~"\-tt71l 

¾,':- 3:"oj]J-7 t:ffa} 30£ ~£E.j 'a-~ 7J,<.f~ _,!_'{Jct (Fig. 21-2). o]~~ 

-?~E-1 ~3':;: tll-=;1--'f-~o] k]t:H 8,600 m1)£0 ]2, ~:2".~7-] (fore-arc 

basin).s'.. 'l'!?,l.5:J;: -'f-~oJl kl~ 1,000 m '?J."l-l-7Jt7-].s'.. -9-~E.j Bj_:2'..j- ~o] 3-nj, "f 

3,000 m-4,000 mE.j Bff:2".-1E-7-) (back-arc basin)£ 'l'!7,l_o) .5'12 91cf_ 

%-?ii'-E-.s'..;: -?~ 2,000 m'?l"!-1-E.1 ,ff~ct'lltff',5 (Caroline ridge)oj ~3':i(!ct (Fig_ 

2-1-3). 
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1. A-j 

K0D0S 98-3 ~-? 'il---<t<>ll"-1;:: 0JtH.:;t ;,]<l'j9.-] tH;<1's'! "'1%--'-J~oJl t:H~ ¾tl-~'?1 

"'l-'i'-%cl 'iJ-A}~ 4-;,J&}'.l.J.c}. o] ~ q.JtH 3. 5 kHz .2~tH~ t!:-'-j11}'iJ-A}7] (3. 5 kHz 

High-Resolution Seismic Profiler)~ 0 ]%-,;-f9 ~-'-Jlj'-,sj ~%-9.-J 2f-"'1l~-~~ 

-f1-,,.}'.li.2, \lulti-beam side scan sonar'?_} Seabeam 20002} EA500 g tJ"';{l7] ~ 

0 1%-,,.f°'I '/1.,:'_ "']3a"'fJi..2.t -4'-{l;<fJi.£ >gtg-,;-f9 °1%-,,.f'.licf. ~~ . .2~tH~ 

'8-'-j:ll}'iJ-Af§_ ~"i~ of>g§_, "'rJi..2.t c];,c]l\ai ;<fJi.~ 0 ]%-,;-faj -'-J4'-:,;J~%-g 

~11f9.-] 33EH (echo-type)oJl a:fcf 67f;<]§. L-f-'f-°1 ,sJ ~~~ g -?1-,,.f'.lic}, 

•c].2, g;,J'iJ-Af "'rJi..2.t -'-J:.<1] ;tH"ll~ A]Ji..2.1-9.-l -'-J't±-'-jg ~'?1~ Jil-~.Q.-5'. 

(box core), ~E]g .,rof (multiple core), 11JA~ .,rof (piston core), •c].2 

-'=-~"'] (dredge) %9.-J A]E;tH?l :;J-'l;l£ ~!tg-,;-f'.licf. Jej-A jl_o}oJ] 9.-]~ A]E;tff;J-j;:: 

-'-j.:g.-,;-f;,] .!j!--,;-f9, 0 1011 cff~-,;-f9 ~E]'l~2°fe1oJl 9.-J~ AjE;tH4]7f A]££19:J.cf, 

~E] g .,rof.s'_ '/1.,:'_ :,;J~%.:'. ;,J-,;-} 1 m oJ-,,.}9.-] t14'-<>ll ~~.5'19:l..Q.nj, 1I]A~ 

8,600 m1£o].:;:,_, ( fore-arc 

3,000 m-4, 000 m9.-] BH.:2'.~"'] (back-arc basin).s'. ~7,:jo] .5'12 9J.cf. 

(Fig, 2-2-1). 

'iJ-AfA] ;,JtH:'.;£-e 'iJ-Af7]Zl9.-J :.<]Hf a:H~<>l] ~"tr 10 knot/hrs'. -8-;,]£1°1 

'fd·A}7]~oJl ,g;,Jg -'r-9:J.cf. , c].2, ~,..J-¥-:,;J ~%-2-1 2f-"'1l ~ 71]~-,;-}7] q.JtH -?%-9.-l 
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2. 3. 5kHz 2~l!Jl-'8' 'B:-'-JJit'U-'-t7J (3. 5kHz High Resolution Seismic Profile) 

KODOS 98-3 'l:1-? 'iI-'-f7j{! ¾ ~1f-7-l%'iI-'-foj) -'-f%{:! ~ll]::: RI\ Onnuri~oj) 

~~{:! Ocean Data Equipment CorporationE.j BATHY-ZOOOPo]c:f. KODOS 98-3 'l:1-? 

'iJ--<r,<.) ,<.f-§-{:! BATHY-ZOOOPE.j :t/ ';';'!4'- 1)1J5<)7f Table 2-2-Joj) Jl<?.j'S:joj ~c:f. 

Multi-beam side scan sonar'l__\ Seabeam 2000:2)- EA500 

~~JS:j:d_c:f. 4'--8{:! -8~::: 1Ji)-~~ (matched filter)~ ~;;fl ]-g ~ ~.±~"8"f.2 

~~E.j -8~~ o]%"8"foj oij.q- ~J"lJ-{:! ,q ~cJ:ri'!£~ :t/ ';"8"f£~ "8"f'.)ic:f (Schock et 

al. , 1989). 

Table 2-2-l. Acquisition parameters of BATHY-ZOOOP in the KODOS 98-3 Survey 

f ransmit mode lleceiver mode 

- Operational mode; FM (Chirp) - Gain; 36 dB (fixed gain) 

- Pmvcr level; 0dB (rull Puwer) 0.~dB/m ( time variant gain) 

- Frequency; 3.5 kHL - Bottom detect; Peak or I irst 

- fransmit mode: Single ping - Sound speed; 1500m/s 

- Pulse rate: 0.1 Hz [•isplay mode 

- Pulse length: 50 ms - Depth range; 500 m 

- Pulse window: Hamming - f'hase: Manual 
~ 

- Sync source: Internal Hardcopy; [PC 9802 thermal recorder 

Data storage; Bottom-1 00meter, SIG-Y forn1at 
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x½-'8 '1J-'l_l:.Q.S'. -'i'-"c!:i'1°1 9.l.Q.aj, 01 ~ ,c_ :c<]~on a:tct ,,<.7.5'_ i::t:: %-'il g 7,.)-;::i::t. 

a:tct,'-1 :c<] ~ ~ -2.S'. Zj-7] i::t:: g <>J'l_l:% g O %15taJ ~ 1f-:.<] %-2-1 =;?) oJl cH ~ 1l _l;l_ ~ 

7t. g Jit2.j lc't1J (Echo-type) 

Et'fJ'/a!S'. -,1--lE-i>t°l 3e.J?;J~12J- 3e.J?;J%-oJ] t:HU tij~o] iuo] ,,<.)£5'j'di::t (Damuth and 

Hayes, 1977: Damuth, 1975, 1980: Damut'1 et al., 1983: \'on Rad and Tahir·, 

1997: Kuhn and Weber, 1993: Dowdeswel I et al., 1997: Chough et al., 1997). 

15t:.<) 0.J:, t:H1f--lE-o] t:H~*.2t cH~At1i'! %-2-1 .£,~-'a :,ej ~% ( terrigenous sediment 

layer)o] 'lJ-'i'J'~ ll].2~ .£,:.<]9-f :::'.~~ ~"iiH:.<)~oj) t:ijt): '1!-'i'-7t t:H1f-~0]'13.i::t_ 

(hemipelagic sediment)2)-

'2'~}'13 _l;l_-'J1J 5'. ( Carbonate Compensate Depth, CCD) 2-j 'l'l <>Jg igot ~ j:j 1/ '11 \...] 2-J 

-lE-.:£:7t ;<-J]~5°1.2, -it,:-1:'§l '11\...) %-5'. ~\,~7-11 ~¥.t):i::t. 

KODOS 98-3 ~ 'r 'Er ,,<.t><l ~ oJl ,,<.7 3. 5 kHz .2 ~"iiH is" 12--'c! Jit'Er ,,<.t ~ %"iiH '1:! ,"_ ><7 %

g Jif (Bottom echoes)2.j ";-',3oj) a:tct 67r'-]2.J gJit Et'fJ.2.S'. -,'-~i>t°l :.<)1)~1 

t;fl-',_i g ,,<.J 5:. 15t9.J. i::t. 

Et'fJ I,"_ 7J15t2 '11:'.'.;~'tl :i11i'!'l_l:,,<.t:1t7t ;::::<Hi5t2, .!\'-2J-~0)7t '51-.Q.oj 2 

t;tJrL'l_]:,,<.t%-o] ;':::<Hi>f:.<] U-;:: Et'fJo]i::t (Fig. 2-2-2a). -'r-S'. :.<7%,tH-ff- (bottom 

current)oJ] 2-j~ {l-',_]:&J-%.2.S'. !el~%~·>] ~6]7t,,<.1 7]'l_l:'1J-o] 'r..½'t! "JEH~ 
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-8t-

ft{;,~ij.f '(£ Z-Z '8 !.:J) j:1]b 7 fit~-¼ ~~-Toles?~~ lfL'l~lfY-a- [0%-l,c loi\-li<?-%fr 

-{-1~C% ·=-J_Q_~-2 
<=r::11-lif=L lfL' ~~ ~ li-o-iR---1, H'.l LI __L~ -cs---L ~\''! t:9r'--t,:o =..,: , II F'o{ 3. . (0861 

'pool.:l :086! ·41nrnBQ) j'.ljn ~Ha~ ftp;:-l'·j1, lop;:lei • b~ fo{~{itrt ~ (s110JJnJ) 

* F);fyfy li'1-lo li-o%1'>ct,,~ '(a,BM 1uam!pas) ~~ lo1'l-Pi:lei ('.aLI!,BJ'.a!'n-uou) ~fo 

lrfa%io ('.aU!BJ'.a!'Il JBJn'.aaJ) {,f£{~%[o 20 p;:r,;c~ '(s,isodap H!Jp-.uarn,pas) 

p;:h, lo~Pi:h'i fy%-/, =:-M-H~%fr ¼t"lo '(£861 ··111 ia 41nrnBQ) {:1[0Ha~ 

Fl; (:,c t, ij,: li'1- lo [1-o ( 1 UilJJtD JOO l uo::,) -M- L -!i: ;;c ' ( s1 UiJJJn::, pa::mpu ! - au rr "40UJJ84l i 

~-9- Th.lo [1-o-M-~ ~ [1-o [o{Y ( J8,\l j AJBpunoq ::, !41Liaq) %1t<:;zfrli'1-

½ f\for<:> [o%-1,cbRc =:lo '{::iµ ?:.[L{~rt-i'l- fo/csfz'J=o f¢.\l F'oJ3. bJJ f'ol3 

'cl~JI-i'l- li-oJ1. Th,{:\- {L{Y;z 2± ·pz-z-, ''.il!.:f) {:1fo 1¥~/h {L[t,:;z lot.:%,!,{~ 

c/o'i'i' l1£1'&{L l!-o%/h½ /ocli<?-1'-o /o,wf,c loJ:rrg ~7{2:' 2-l,{-9- 'c/csi'~F, 

(pasnJJ!P) foh,-(1,{Y /2fl {L{li{YTh 20!0{3. =:{~ij,:;; [0%{YTh-/,H1 ftp;:~F,¾ 

hf£~ /o~-t- lo% li-o-/,fy 'c{~H,:;; {L{li{Y{R)1.:!l' Thfc ;;'VIII F'o{3. 

'(arnnJOA S!41 'Z-V J81dB4::i) 

{'.1j1 ?:.[L{~Jf-i'l- fn½lo ~ [2% [0{1>[0 ~1:1"1>{Y ~{Y~ 'Th-:ii '{:1Totcs¾1Y [0% 

L__L •01-rL Q 0.lL •n__L~ J..,-O~J..,- ~a~ '.5..l-r~~o 1-ol[ __L;a,_ ~11-LO 
1:-YF=t 10t¥1:Y ~"'[!:"o 1on~ 11...1o{Y1¥- Jj~rrFR n1¥{Y-{C1a tOLO L-.,-FQ ~J:VJ.-YiO 

lo%:!f Fl;~~ li'1-lo [1-olrilaS 'c]b foh,fy,t- 2 (azoo snoaJB'.ljB::i) [,F, ~~FY 

2-Z )1.{-9-lo l!-o{oe 1f[3./h '{oe ~y[li lolr-i'l--:q:HR fo '(£-Z-Z ''.a!.:J) {'.1Th,'rt-il} 

2E~Y l!-ola;[r fo{2~H.e 'r{~p.f., l!-olr-i'l--:q:HR fo 2-z '{'.lThE-i'l- lfL'{~?~i1 

11-o-if- Thi1~ {,f-,'.{~t1Th {L{y;z lo~lr 2± '{:1f<i 7 fit~-¼ 20% Fl; ~ 

{Lh:r ;;'%p;:h,-,lrfyi,' 'Hnio '{::i.[1 ='i'IL[:1 ~H;i~ =:{-9-H>:'.;; lot1%/h½{:irg =:n 

[r{-9-ij,:;; {L{:rr{YTh-l,H1 [i-o--1,f,· %ih½¾{r g lo-/,{-9- =: II fl,{,i ·~r, "{:1~E-i'l-

2[i,;,,!, lo3~"' 0£ - 01 2~ [i-ola;lr ~fo~ {,f£{~t1Th {L{Y;z [i-oj;/,-½ lo~frli'1-

·(qz-z-z ''.a!.:f) {:1iofl,{3 =:{-9-H>:'.;; fy[o{,j~ [0%{Y{R-/,ij1 ;;'½ [ofy&J=o r{-9-f~~ 

to { :ir { Y Th J1. :If li-o-k{-9- ''H~ ,,,-~= ~LL..~ 1'.:'1-9- ""' 1L1li1Y{llfllll [Ot,<yt,:, r {~fc =: l I F'o{3 

'(£-Z-Z ·:•!.:J) {::i~JI-i'l- 20Pi:-k-E 11-o~frli<?- ;;'-l,:

{L'i5'~ lola;lr fo{2~H.e folr-i'l-~HR fo '(£661 'u4n)I :<;L6I '41-nrnBQ) {::1B;~-¼ 

20 k ~ lo l!-o-% Pi: la, ;;' fo B;~r P, [r ~ j1. {Y Th ?i fo [-k lo [r f'l.11-o{:rr g h f£ [n 



;,.]~<>ll ~.¥.i5r;:: Er'ld IIIA<>ll-'-1~ 'll_E]~ 2°t;:: -it~~ 'l'iL-J (siliceous ooze)7r 

~-"1li5t7ll ~½£!9i2, 'id' Bfl_"2"_~;.<l<>Jl ~3':i5t;:: Et'ld IIIA<>ll-'-1E.l S';J!;<]<>Jl-'-1 ~!c;{! 

4-2, this volume). 

~-'-t7t -iel-~ ;,.J~<>ll-'-1 ~~~ ;,q~.Q_..s'. -ieJ-'l'!i5t;:: ;,.J~<>ll cfl-¥-~ ;:;,fli5toj, 0 1 ~ 

~,.,H} (debris flow)~ ~2}..s'. >'-P' {:! "3Eij..s'. -';'-1){!Cr, 'ld' ~_"2"_~;,.]£1-

Et'ld I\;:: <?-1'~ 1E's'!'ll-'-tllt7t ;:;:fli5t2, .,,.t-¥-<>ll 'l1 ~ ?tj'Z.! 1.-fl-¥-'ll-'-t%0 l 

;:;,fli5t;,.J 'U;:: "3Eij..s'. 'l.!-'-t%-0 1 ;:;,iji5f1:jct.1r. 'l1~,.a 0 1 L.f!!!'.2, <?-l'tt 'l.!-'-rllr7r 

A._1:oJ.,,-t7ll ¾ii .:j -i-o-J"'l ~oj 'l1 ?)-5:Jo-j L.rEf\l:ct (Fig. 2-2-2e). .,,-t-¥-%-21-E.J 

'l'1_~A3oj ~::;:,_, 7-j~ 1f.'s'[,& _lil_oj7]£ '6foj 1.-fl-'j!-<>jj Q.j'~ §j~.llr (diffraction)7r 

t...rErt...r7J.'r. ~ct. -'r-..s'. '{J'iifl-'i'-?>J't! ~-'-f7t 11~ ;,.j~ojq -ii}.;!f0 ! 11~ ;,.j~<>Jl 

I 00 m<>l] l\ ~ 

iifl61i5r7J;:: o-jc'j-§-o] 9.J.ct. cfl~* -'c-'l'!o!l-'-1;:: Er'ld IV~ -£;-~,.cl S'J<tj%o] ;,.j'4-W, 

(turbidity current)<>ll ~;;fl ,'J?tj{! %-.2-..s'., :?:_e,J~E.j S'J'?tj%<>Jl ~iifl 'l.!-'-r.llf7t 

~'ti:5:Jo-J L.fEtt...r;:: ~.Q__s'. iifl6"j.,,-f7]£ ~1:t (Chough et al., 1997). -Ji!. 'l'i-,2.:=<]'"f ;'_ 

%2-W-<>ll E.JiiH ,'J?tj{! "3Eij..s'. -'\"-1Ji5f7-Jt..·. ~At7f 1ltt ::<]'"f<>ll,.1:::: 1E%-'ll-'-tllf2.l 

~'ti:. 7,1;'_ -?-11 %·<>ll E.JiiH {l-±1!5:Jo-j <?-1'tt7ll t...rEt\l: ";lEH..s'. iifl6-j~-?- 9.J.ct. 1l~ 

~-'-f's'!<>Jl.,_1 7J~ 1E's'!'ll,.fllt7f 7t-;:; iot<11 1,.2.J- 'l1~£Jo-J t...t1ott...t11£ iif.2. iof 0.J 

J<•lL.f iot 0,J Il!A.2.j- tij~f{! t;;JcHil- 't!cf (Fig. 2-2·3). 
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1..-fE:}l-}:::cJl. o]::: 7J~ 7.1%-iifl-W-<>ll 9-Jiifl ~~~~ ~.:;t~~ JE11'!g :Q71] ic]..£3'. 

,_g,.,fH ~ER-5'. iifl-!ej~i::} (Fig. 2-2-Zf) (Nardin et al., 1979: Damuth and Embley, 

1981: Chough et al., 1985). e::}'IJ V-1:' 7.]~g.J 7/-1,j-o/ 1)~ ;,:j~o/q 7J~ 

"'1%-iifl-if-<>l] .g.J,;fl ~~'5)--§-o) '!J-Agii]-"'! ~~~%..£3'. '/J7.)-7]- :q-,"_ -"J~~o] 

-"l)7J~~ JE11'!o) 7-J~ ;,:j~ %<>l] l-}e:}\._1-r} (Kuhn, 1993). 7c).2, uflg.J ~5:.5:. 

':5 iiJ g -'r~ lili};: ~ 5:.-5'. ;,:] ~ 9-j 7]-lij-o] 1J ~ ;;r.J ~ o] q 7J ,,<.} 7} Ad~ ;,:] ~ 9-j >g-,,<.},,<.] 

~~4%0 1 '!J-Ag\} 'r 9J.i::}. '/J' ~~-lf:-"'].2.f ,R~c}'l! "']~<>l] -'\'-3'. -lf:-.¥.~i::} (Fig. 

2-2-3). ,R~c}'l! ;,:]"'loJ],,<.1 S")!;,:]<>l] g_j;;fl ~ =if! 'Id-"'!:". ~Ji!-'IJ-o] 7}?)- q..;.J)ii}71] 

{!½~':tl.2, zJ-"'i'ld-, -!eJ~'ld- %5'. {!½~':tJ.i::} (chapter 4-2, this volume). 

'lJ-,,<.fo-f] ,,<.f-§-f! 3. 5 kHz 2-lf:-<>H~ 12-~jlI]- >g-,,<.]-7):::: <>R"'111!..£..£4'-Ej ;,:]ii]- 100 

"';,,f"'l 9-J ~ -¥-5el ~ %-9-/ 'ti: ,<)-JI}"'} .l'i. it 'E! 7] n:Jl-lE-<>ll i O l iif 9-/ ;;r.J %--=t-J<::::: "'1 -'\'-lIJ-~ 

g ~..£3'. ~:::: 18-AJJI)->g-,,<.)-oj) 9-j ;":iiijot ~1:}. 3. 5 kHz 2-lf:-iiij~ '2-AJJI}'H,,<.)-7]Ji}<>l] 

g.Jii]-11'! 'iJiiij_:;Lg.J ~~-lf:-;<:):::: AJ-¥-5el~%-9.J 'jJ-~o) • ]ll)ti}t:}. Fujiwara% (1995),"_ 

iiij .:;i 9-j :<) i5J ~ "; ?) <>l) a:} c} -") ~ %-9.l ¥'-'I) ~ 1J ,_J ~ ..£3'. -'r 1J ii}~ :::: cJl. iiij .:;i 9-j 

"JEH7} '15'll"J- ll}i.j-9.j L-7.} "JER~ 7.]l-]11'! ¥7Jl¾ 5'J""l%-o) 'lJ~ti}.2, \-;<:} i5JEfl.9j 

71]~g o]1f-'i'! 5'J""l'l}o) ""lg g ,,<.];,j-~i::}. '/J'iifl-'t-.9j "']"a,"_ \-;<:} ~Eflg.J ¾2 

7}lI}::'. ";?)g 7.]l-]E.-5'. 5el~%-.9j 'lJigo] • )ll]\} 7)-~AJo] .::1.i::t.2 ~ 'r 9J.i::t. 

_L_E~, iifl_:;Lg.J %~-¥-;:'.o] 1~%- 7]~o)c}.2 o,j7l:<]::: iifl;<:1:<]~. 7,/.,"_ 'r1l. 

iifl-'t-"'111!<>ll Sej~~o] • ]ll]~ ";?] %of) .9jiifl o] iifl-'t-7} ~-"R<>l]S'. ~%%-oJct::: 

,,<.}1) g ,,<.J ,,<.}~i::} (Fujiwara et al. , I 997) 

'/J' 5 H-'t-<>ll "1 ,R~c}'l! "'] ~ ..£3'. ~ ~~ ·E ;,:j ~ <>ll ~-¥-~ 2-3'. 11-'J-'\'-5'1 ""l ¾0 1 

BJ]g~i::} (Fig. 2-2-4). tfl_:;L;<:]~<>l];.1::: 'r1lo] 7,/..2, {l,,<.}7} -i'J-ti} 0 .5'. 'D:,,<.}JI}g_j 

7J±1J.2.j- {!'{l:oj 'lJAgt;}o,j :<f.J'i.9-j AJEfl7} ¾,"_ '11,"_ o}l-]i::}. 
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Fig. 2-2-5;:: Bff:2:.-lf:-><]2-j 3.5 kHz 2{~tsff-'3'- 18:-'-cJllr "1-~g 1-rlor\l! 'r,!_Q_.£., 

%-c]7r "J~~ %-0 1 ~-'-J--¥-01] "J~-tt.2 9J.ct . .:J.c].2, 7]'tl~o] 'i'±'fl~ -f 

><ila.1-fi-<>11 2-Jtsff -'-J-¥-<>11 sq~B %-.2J- 7J.,_t~ 0 l .:;:;-~ ><l"'J<>1l.,_1::: %""1~%<>11 2-1~ 

::<ff S'.j ~ B °l>j Eij ~, ~~ llJ ( s I umping) oj q -~cfo] S (slide), ~-'-J "ff" -'g-E.] "l>j Eij.£. 

°l>j-'-iJ'tl. %-S:. 't!1J-Bct. Fig. 2-2-6,'.'_ 'i,'tsff-'i'-2-1 %~.Q_.£. ,ff~ct'l! ::<]qj_Q_.£. 

'1'! ~~;:: .lj!--lf:-_Q_.£., sq~ %-2-J "J~oj n] Bj <>tct. oj --¥--lf:-2-J --,=-1] ,'.'_ 2, JOO m01].-'.j 

2,400 mJJt;;,:].£. --,=-1)2-j 't!:2'.J-;:: ~2, ~-f~.2..£. ~~"J 0 ]\..f >'1la.1-"ff"<>11 2-Jtff sq~B 

%-o] _l,l_ 'l) ct. 

3. 5 kHz 2-lf:-tsff-'3'- 18_--'-jllf~J-.-'.t;:: f-.£. ~-'-J.lj!- 100 m\..ff2-j ;;,:]%- tsff~ g .\'-]tff 

J.t%!<-J2 912, ~ EJA<>1]A1;:: 0 t\f.£..:J. ;,:bl. ~ c]><l':el ><tJl~ ~ <;-tt91ct. .:J. % 

cj;;,:j':ej ><tJl;:: {l-;;,:]B Jf.~'tIJ.rllf.£.-¥-Ei 100 mJJt;;,:].?-! 'tI.-'.rJit ><tJl~ ~ ';-tt711 

Bet. .::1.cjq, 7JAf7t 1]~ ><]qj"1]J.1::: 7cl><lB tsff><1~.2j- tsff--,=-~_Q_.£.1f-E1 -?'3J~ 

"J5J_Q_.£. 100 m.-'.to].2.j ;;,:tJl~ '/i7] a:ff-lr<>11. -'-J::<1].£.;:: 100 mo]-6"t2-J "1-~'Il:;;; '/i.2 

{l-ctj] ~ -8:'cl:o] "J-'-g-t,t<>J tsff~-'-J Oj ;;1%o] 9J.cf. oj~ 7ij{!-6"f7] .\'-]tsff 

><]7'-~c]~.-'.t~ --,=-tsg-t,t;:: %<t! Bij2-j 4;-.5:.~- 5 knot 0 ]"6"t.£. {l-.--t:A]7']71Lt --,=-'3j_Q_~ 

7J~ g~g '!,1--'-gJ.]7'].2, \,f.-'.f;;,:jqjoj) -¥-'t/-~.5:.-!ll- J.j{t'tl_~oj~ (time-variant 

gain, T\'G) ~ i~-6"t;:: %2-J "J'll g .2cjtsff°F ~ 'r,!_Q__'i'_ J.r_li_Bct. 

KODOS 98-3 ~-?"JA<>1]J.j 3.5 kHz .2-l,~tsff-'3'- '8:-'-clJit~J.r7]~ 0 ]%"6"t"i '?ioi~ 

><]%7].Jll-·& o]%<>f"i sq ~%-2-J -'j'-7,J/].9.} -lf:-E:c~] t:ff~ -1,!:-~;;; 1i.-'.]"6"t~cf. 

tsij-:;1- ><]"/>j2-j =;"J<>1] a:t;: sq~%-2-J -'j'-7,J/ ~ %'}"6"t~ (Fujiwara et al., 1995), 

'f]'tff-=;'-"'\-,'.'_ \-><t °l>jEij2-j -j'j-.2 7rllf;': ~~g ><jl..]E...£. 5']~%-2-J '!,!-~oj n]B]~-£ 

% 4 ~ -y 9J. Ct. 2 ¾ t, H -"5- B-'-cl lI pg- J. f 01] .. ,7 ~ '; B '11' i5 ff -'i'- "'\- 't_l: ~ 2-1 "l -6" t I O 0 

m\..ffoj).-'.j;:: -tf-¥-%-.2J- 7'--lf:-~;:: '1'!~-'-J9J.;:: Sei~%-.2.J "J~o] n]uj-6"f9,j_ct_ 

3.5 kHz 2-lf:-tsff-'3'- 'E!:-'-clJit~.-'.foj)J.j ~£-~ gJif2-j Ef'floj) a:f;: ¾.¥.~ ¾~~ 

~.2} 7J~ Jf.~'tI.-'.fllf7f ;'.°:::<ij-6"}_2, -'-JJ-,Lojj %-2-J 7'-'/i!O] \lj_7j\..f ~'1'1_4,-~'l) 
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1..ff J,!-1D-,q%-o) ;"" -"ff isl'.:: l l !A E}'IJ o) ~ ~ 7-1) ~.¥:is}'.:: tJl, 5:!.oj 2J oj) ~ isf'i'! "J-¥-%- .'.'. 

tr~~ 'r\l-]7} ~;.J)is}.2, JP/'!oJ),.<.7 '.:: <?J:,;J:~, zj-~~. J,!-~. ~~7]"3~ .lg- t:} 0Jt): 

~~o) ~½£.]'.de}. IIIA E}0,l ,'.'. ~~.2} -"H~~~ 'D-.Ja\--2...5'. l-}E}l-}'.:: 'l§EH.5'., 

'rJ-=j',"-J~ ~'D-~.2_.5'. ~,,_l'i'!oJJ ~t.g-.;-17-11 ~~::: 0JS:.-i'l-'tl %.2-¥1-oJl ~-;;ff ~~.2} 

,fl ~ c I 'cl "-l ~ -2.. .5'. 'r! ~ £l ::: "-I ~ oJl 1-l"J-¥-~ ~ %-0 l 'iJ' ~ ts I .2 -'T- .5'. "-1 laJ--¥1-.2.J

~ ~ "J <>ll ~-;;H ~~-'H %- 0 1 ~,.,l.,,.17-11 ~.¥:-.;-}::: 7,!.2_5'. 'i'-11£.Jn! . .,,.H-,,.-¥--2- ~ 

~~~7-]oJ]'.:: ~"J-¥-~~%-~ 'i,j-~o] n]il]ts}t:f. 

~-2...£ _l;l_t:f 1] 0Jtl: 'r\-=j',~ %-;;H !/-],,l],,_, ~*ti: 67}7-] "!!EH~ r:,-~ J.J]~i,-}_2, 

t:7 \:J.'.'. jl_ofeJ7-}.li~ ~ '=;i,-}oj tl~~o]l..} 7 'i{~ "-]-i'-~"i!EH.2.} 'H'B."-]oJ 

\EiC (National Earthquake Information Center) 7-]~7-}§_oj] ~is}1s'[, 1973\:1 

o]cH.£ 'IJ'tfl-=j',oj],.<.7 -it-5'.. 4.0o]"J 6.5o]i,-f~ B]_;;7_'5j -it-5'..7} ~ "-]~o] c'.}:-? 
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7}. A-j ~ 

'-,Jtij;;<7 "'€14-2<!-'-cl- ~At"Af'1:J~ 'lJt!.'~-5'. A7Eij>g 0J<>Jl ~Jc<]~ 'l,j'tij-=j'- <lJtH<>il-'-i 

12 ~H'ii! 18:'-J:i!f 'jJ-Af7t '-JA]s.]93.t:t. ~ '-t'1:l g ~]~ '-J'EJ-Af 7]{!:,"_ G~T A]{!:.Q.-5'. 

1998\! 8-'l;l 22<lJ '6-f-'f-7t ~.fl.s.] 9i t:f. 

t:f¾~H'ie! U'-J:l!f 'E!--'-f;:: ';J-%--la\--'-1 '{3"J~ '6-f"L.r~ ~~<>l]-'-1 '-JA]s.]93.t:f (Table 

2-3-1). ~~~ 7Jo];:: "{ 146 km0 ]uj ~'-t~~ ,g~ 4;-£~ 'jJnf{!:zj,"_ zt zt 5.5 

.'r:_E~ 15 so]t:f. ;;<f.ii, ~~ Z!:Zl ,"_ 2 ms<>]uj oij "Jnfuft:f 12 s~ 7].§\-g %'6-foj 

~h 'ii! t:J 6, 0007H ~ At .li.7t ~ '=; 5c] 9i t:f. 

0 Jtt! 'l:1:'-Jnt 'El--'-t<>ll -'-t%!8 ~~ tij 0J'(l__:;,.~ .!il..%~ 12 ~H'ie! 6.§.c]u,;:: 

E~ 2J6 A~IG -'-t<>ll-'-1 1992\'!£<>11 "'1]¢f'6-f9:l_t:f. AE;,ju,~ -=j!-'-J ,"_ Fig. 2-3-l<>ll 

:R:A],B tlf~ ~oj ;g-g {l-~~ ~]~ -if-£-=j'-7,l: 75 m, 4-{l-=j'-{!: 75 m, 7c]2 

-4,~_:;,.7,l:~ 0J?i\-<>l] 50 m~ {.14,--=j'-7,l:g Bij'€1'6-f9:l_t:f. 6Ec]U, ~H'ie! '{!zj,"_ 6.25 

m•ojuj ~H'ii!t:J 87H~ '6-f<>]E..5'.~oj ;'.':;,ij~cf. 

6Ecju, Z!:7.42.f 'IJ:l!f Z!:7.4°[ {lg aij -9- 'IJ:l!f Z!:Z! 0 ] 6.25 m <lJ a:H ¾tr£7f 

600 %7f s.]2 o] ¾tr£~ ~£-ii\- A.'§.c]U, Z!:Zf2f ~,"_ 6.25 m uft:f oJ]o,z:[g 

'l' 3"g '6-f 7] <>l];:: ,;,l 5:.7f 900 m <>l]-'-1 6, 600 m JJf;;<j ';! '6-f E.-5'. _,__ E c] u, 4-~ -=j'-{!: 

(active section)£] 7Jof7f 75 m<>l[-'-i;:: -1}1)~ ;;<f.ii, ~ '=; 0 ] -2-'cl-'6-ft:f. 
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Table 2-3-l. Coordinate and length of seismic survey 

~1! --'-1~ -'8-.li 7,1 oj 
~].£ 7JS:.. ~!.£ 7il 5'. 

YAP-I 80 43, 70'N 138° 45.95'E 80 59.00'N 137° 29.94'E 146. I km 

Table 2-3-2. Survey equipment and acquisition parameters 

'?]' ll I tJJ "l:! ? 1,,.fl% 

7j~ ?IllJ DFS-V 

71~ ~Al 
0 -, SEG 8 

71~ 7,1 oj 12 ~ 

7]~ Zl:21 0. 002 ~ 

_Q_~ ~ Al 
D 07 !'1PULSE - 1 

'IJ'"'l 120 Bar 

%"J 150 cubic inch X 2 

g~ ~oj 3 m 

~.ll} {!-~ 15 seconds 

?--871 ** AMG 37/43 

?--8 71 -'<fl ';§! 12 channels 

?--8 7] 7Joj 75 m 

?--8 71 :<ff ';§! Zl:21 6.25 m 

:<fl';§! cJ i,}oj .:=..5'.~ 
,,._, 

8 ea/group ' 
"' .ll} ,,._, cfl <>l ' ' -, 

1 - I 000 Hz 

i>}ojc=',.5'_~ ¾-W- HC 202 E 

¾.£ -=t-Zl 75 m 
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r:t-¾ ;tfl~ tI'cJ:l!t ,<t.E'_::: 0J'i):~.2_§_ _:g-~~ 7]'/;j£ o]%<5to,j ;;t]~ tjJ 

;;tJ;zj--'j'-;<:~ -it-"!ltl:ct. ti:.;i-oJ]-'-1::: ti:.;i- <>fl 0J'B.-'i'-±7t 1990\'!t:fl 4-t;gt): <lJ~2-j 'B.-'i'

J.}'{j~ g ({l7]'l3 .2.J,1992; {ltl:¾ .2.J, 1994; t):AJ¾ .2.J, 1995; {loJl% .2.J, 1995; 

'Ef·'J'i":f .2.J, 1996; 'EfAJ'i":f .2.J, J997) ~j;"foj ~{)5']0,~C}. 

t!AJJI} ;;tt.E'_ J<jc]'t! ~'=if! ;;t}.E'_ ""'5· AJ::<7] ~Ji_t): 1).1,l_~ ;;t]LJ::: ;;t}.ii_"1:g 

{! '\\'l ;;-t_:;2' 0 I ~ r:}-'-l ;;t] <5}-'j'-;<: ~ ::<J) .:g-;;-}::: 0 ;'!.2..§. ::<fl-'j'-AJ <5}::: <lJ ;;J] 2-j :,J-<;:l ~ 

") ~ tl:r:t. "} .ii_;<-J cl 7] 'l;l ,"_ "} .ii_9.j ~ '=; "J'/;J tJa) 7] ~;g-t1], a:-'-}"] <'l'J 2-l "l ~ tJJ 
;;tj~ I'?:!, 7],..J;<:z:!oJl u:}c} 'litl:r:t. o)';"j 'B.-'i'-oJl ;;<}.ii_::: ,.<.Ec)u-)2-j 4--8-'i'-z!:o] 

~2 g~2-j !Ji ~o] A,J-,;-}o,j o]oJl ~"iJ-tl: ;>1c]7]'/;jo] .R-'j'-f!C}. 

"t li 5'J c] Oil J.}%f! -,;-} ~~1]0, 5'.*I::: tl:.;i- %fl 0J'B.-'i'-±oJl ,._J ;,:] f! SL~ 

~1"/A'fjjo]~:;,.j- o].2.j- 't±~f! '1J½~ ,~,.]~o]r:t . .g_ 'B.-'i'-oJl-'-1 -'-r%f! ?.R 

c{:llE~1]o,::: GEOVECTELJRo]uj, EJAJJit i;:_f;'l_ %2-J ½~%,"_ t:fl~'ll 7/l-¥- 1)~7] 

~5'-&j~ -'-}%-,;-}o,j 'f!o,~.2._uj ::l '119.1 ±~ ½~% (A3 3.7] o]L-fl),"_ PC\ 

¥_ uy o l q 3': ,..._ E ,..._ 3 saJ E ~ ;;t] ~ -,;-} ::: E, ,.J &j ~ ;_ }% &}o,j 'fl a, ~ r:}. .g- 'B_ -'j'-oJ] J.7 

1--~g{! ;;t}.ii_ J<jc/ 21-1! g Zj- :;,.j-1)~§_ AJ.afrj;"f;'l_ r:fg:;,.j- 7,[Cf. 

(1) ,Cf&;_ \'.1£1-

.g_ 'hl'J.}oJ]-'-1 ~ '=if! ;;t}.E'_::: DFS-1' 7Pt71loJl-'-1 2-jiifl SEG-B ~E] ll'l!j,.<. 3':P)!_<!_§. 

7/ ~1') a,{! r:}. GEO\'ECTELIRoJ) L-fl ;g-f! .2. ~'?] "DEMLL" g 0 ) %&fo,j r:j 'is! Ej ~ 'l!J~f! 

;;t}.ii_::: ;;t}.ii_ ;<-Jc]~ ~]%flJ.7 CGG9.j SEG-Y 3':"J!.2._§. {!~5:]9;J,r:f. 2.3 Gbyte 

:.gr::]~3.~ o]%-,;-}o,j ;;t}.E'_~ ;;tf~J-ii}~r:}. 

(2) ~ ~ -& ;l:7 2-1 

B,,_Jll} 7]~2-j {!~,"_ .5'_~-'-lz!:oJ] u:}o} {)-±ii}::: AJ~o] 'U-2-E.§., o]oJ] t:flt): 

..'i!.1)-2-5'. -'-]z!:oJ] u:}ct-'-1 t):;<: -¾7}ii}::: ~?~ ~%ii}9J_r:f. 
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(3)01'::;~~ 

0 ] ~ 3':~ ,"_ t:ff~ f 7t?-] "J'/:J.Q.s.'. q~ ? 9J.t:l "1. 'ti"H "J'/:l ,"_ ojuj 

7,;11]{! 3':~ ~? (scale function)~ "-t%"6-t9 {!~9.-/ 3':1]£ "-].5'.-6-t!:: PGC 

(programmed gain control) "J'l:Jojuj ~ 'ti"H "J'IJ,"_ E?Jjo]A;::; ~1] "-]{!:~ 

o]%"6-t9 3':~ ~4-;::; .:;z.-;,ff'--H!:: AGC (automatic gain control) "J'/:J.Q..s"., 3':~ 

~4-;::; 7-JcJq "-1{1: %<>ll cfftt 2;,j ~ 0 1 ?-t%~.Q..s". .:;z.~ 4- 9J.cr::: ?:J-~g 

;,.)L-)2 9J.t:r. 0 l'ti Atli i<lc] 2.f1]oJ]!:: i,GC "J'll 0 1 °1 ~ 3':~oJl "-t%~9it:r. 

1-tEtL-ff7] q_j tt "J~.Q..s"_ 7-t%0 ] ~ 3':'.~"-] £~"-] {1:ojj 1Ltct Ct;': "-] {1:k)£-9-~ 

~%-6-t9:lt:L 0. 5 3'.:?lt?-]-1::: JOO ms, 0. 4 3'.<>l]"-1 1 ~:?lt?-] !:: 200 ms, 0. 9 3'.<>l]"-1 4 

3::?lt?-]'.:: 300 ms, .::lc]2 3.9 ~<>l]"-1 f; 3'.:?lt?-]'.:: 500 ms9.-/ "-]{!k!£-9-;::; 7t7-)'.:: 

At% oj~ 3':~ g ~%-6-t9:lt:L GEOVECTEUR £~% "DY~QL";::; o)%-6-r9:lt:L 

7U u _Q_ 
II oa .:il Al :<-I "'] O o t::t'-'I 

~;,.,) <'iff7,'j g q.jiff ~t1-t9-I "Jllt~ _51_g g ~t1-t9-I ¾~ ~ 5'_,'; °'tli5'. -lt--i'/-ttt:L 

AJxj]_s.'. o]citf s'E--i'/-'.:: ~~:goJ)"-1 7H/- 7f:?lt-.'t- 4-{1 ~2.f 7f?:f- 'i':! 4-'8{12.f9.-/ 

zi:zjoj 'H"-t ~.S:.oj) cff-,;ff"-1 nH--9- ~,"_ ~f. \;',l,"_ 9-iuj9-I CDP 7ff'GoJ] '/JJ:)-6-r'.:: 

;,.fi!_;,-/cl~ 4--a-g~ 4- 9J.t:f. ~ 'H"-f<>ll "-f%{! l'ti ~»';c!-¥-'BJ J2!\H';cl11f;,.J9-i {!?'/.". 

75 m'Ut:1] Bj,sff 'H"-t ~£'.:: ~'i!-~.Q.5, l,500 m _lil_t:f -e- ]:}o] 0 .s.'. {!~:g 

;,.)-_i'r_~ CDP-),!-{} :<fi!_.s.'. 7f1)~fecj "-f%1lf'.::r.J] -e- f-c]7f ~c]-:;,_ '{!:tl:~9;l,t:L 

~ '\J"-f<>l] "-}%{! AEc]u-J9-I 7Jo]-:c- 75 m ojuj off-¥- ~eJt, 1)~~,,_ -l,!-£;::; 

7)-7-]uj u:]-cfJ.1 -'!'l~~A_se_-lj'-'Bj %-9.-1 <~£~ 7a'l1l~f7]7f off--9- i":-'l.!-6-)-9:lcf. oj~ 

--66-



"',""~ii}~t:}. 'ls! 1tl: 4i-S:.~ o]-§-ii}Oj ¾~J-ii};: ~ ,':_ ~TI~ MNO 1j'-1c!_o}¾~ _2.:,;}~ 

_lil_oj;;,:j~ ~';):~'(} BAiJll} t):itl_ :aj]3J-oj];: -c:- ~"Jo] \lit:r. 

(5) ~ E.1 '21 

~ '('!-=i'-oj]J.7 ~%ti, 'M.E-i"J 7]'t!·i<:- 4 §.i,f]o]A~ -'c-ll}? ~~ ~ ~,;fl 

oj1f,o-j;;,:j;: ';I).'=. itfl~ (band pass) JtJE-jeJ 7J'l;!o]t:}. ~ oj]AJ3:j;: {.!~~ -'rll}? 

{_I~~ il'JAJ A] 7 ] ;: ~J't! o] t:r, ~ '£J' A} :;,,} E..2.] ';I).'=. itfl A ~ E-j eJ ~ -'/-] ,;fl A}%t! 

ll _5'_ 7 eJ ,':_ GEOVECTEUR o] t:}. 

(6) NMO .'i'.~ ~ CDP g,gj-

B,..an} ;;,c}li;: 4i-x ~~'¥'- vm _lil_1~ 7-l?.J ¾'i13:lo-J t):itl__Q__!r_ 

1t_} ~ o-j ~ t:}. Nm % _lil_ 1,':. ~~ ti, _lil_ 1 "Jo] 7] ~ ;.J zl:oJl o:}c} 'i)-c};;,:j o £, 7] ~ 

Ajzl:oj] 'f:±7-ll\li0 ] 'M1tl: ;<.j{!g ~?SH-'\'-;: 1_1il_1oJl cflt): AJcH~<U 7fl\3°Jt:}. 

?~ti: ;,:]%-Oil cflt): \MO _lil_1eJ,':_ t:}g -!oJ2j, ~oJ :H:ii'1,tl,t:} (Yilmaz, 1987). 

of = /(x) - 1(0) 

'c[AJ'li .2-l ( I 996) ;: nH ~ ~ 4i-£ 111 :2:}ojJ o:} :'. ~~ID _lil_ 1 :>:J ~ _2.:,;} ~ -y-t):ll} 

9J.t:}. ~. 4i-£7} 441,500 m/s.2..} 3,000 m!s'll -'F- 7fl~ nfl~g 7}1ii}itl_, 150 

moJ] -'/-] :>:] 1"} 2 9J.;: ?-t! 7] 9..} 225 moj] -'I-Pl ti: ?-t! 7] ~ N\10 _lil_ 1 :>:] ~ :,;}o] ;: 95'~ 

-'r-;<.] I ~oj] -'/-]:>:Jii};: ';_l:;<.}itl_~J 14'- ~flO _lil_1JeJo] 0.004 j<_'41'oj] :,;}o] 1-};;,c] 

<?J;:t:}. .::r.'c!c,J 4i-S:. 3,000 mis~ 7};;,:;: %-,':. ~,¥-Ci] ;":;;:fl,,.};,:] '?J_Q_ll'J, 01'1:! 

~%ti: ~flO _lil_1 ~2-j,;: ~;;:j] nH~ ~'r_•?_[ 3,000 mis~ ~%ii}~g rrfl.2..} llJ_;;l_ii}Oj 

0.004~ 0]1..H~ _2.:,;}~ 7}~ ~oJc}.2 ojJAJ{:\t:}. .::r.cj_1=:..sc_ ~;<j];;,:}li~ \)10 _lil_1A] 
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'la! 1j 4j-S:. ~ I, 500 mis~ ~ -§-irj-9i t:}. 

NMO _sl_1Joj '?"J{! CDP "-}li:::: oj~ <}li~ ~-&-j-oj -a-j-Lj--2.j ErJ]oj~§_ 'i}E.:::: 

¾tJ- (stacking) :,,Jc] .2}1J g '?"g-a-j-;,j) '.\'[t:J-. ¾~oj1!_0jj {!i.2.J lI}'tJ& 'lJ1J-&-j-;,j) 

%;i.]-&-j-7] q_jt,j-oj t:j~~-'f-~& ~-§-irj-'l;l_t:i. ¾~ ~'f:l ,°_ "-tli.2.J {li c:fl '§j-gllj ~ 

"6'-'cl-"-] ;1) 7) q.j ti: .:it.2}~ ~ "J'/l oj t:J-. 

'i!:"-J-lij- "tli:::: {.\i oj.2joJ] ojcj 7}"- ~EH~ '§j-g g 3':~<>J-::::c:,] .::J.;,jj 'lJ'i'.!'-J 

'§]-g (ambient noise).2} .li'-~-?-1 ~g (rardom noise).Q.§_ -l,l--i'[- ~ ? '.V_t:f. 'lJ'i'.!'-J 

5'_1flif. iif~lif, t:f¾ 't!:;<.fJif %0 ] 9}__<'.~trj 1f-~q.j ~g ,°_ llf'{)-2} tfl?<>il El~ 

~%. 7/Ef a/A1] ~%-o]l.-f 7/7/~'V_ '§j-g %0/ 9)_t:j-_ 

1f-~q.J {tgEj ~~,°_, N7fl~ ErJ]oj,,__~ ¾if~~~ '-Jc:fl~_Q_§_ 1/VN 5:. 

{t±.irfnj "!J'i'.!'-J ;g,g~ ~~£ ,'.;MO -;,(--zl& ctfcf ¾tJ-irf;,j/ £j Cl§_ oJ ~gE] 

q_/AJo/ "!J></irf.,:/ <?Jof ,,_Jc:fl~..2..5'. {1101/ c:fltfl {t±.-a-f:::: .:it.2}~ _sl_;,j/{!t:f. 7,'!~ 

"tliEl ¾Y,°_ -'Jeff~~ {!iEj "c/''-Jg {ftfl '§]-g g {t±IJAJ;1J:::: ~'-Jg 7f;,.j~r:f. 

( time-space domain)<>l)"-i ~~Ji.~ "-tli-¥,-l,l-g 

"-tli6J)A7 -'r'"J£l7jl..f .cf.:::: i'-"iJ~ -i,l-.W "-tlioJ/'-1 '?"J~ '9'£ '.V_r;j-_ _g. "tli 

:,,Jc]<>ll"-1:::: ¾Y'f tfl"i'B. ,,_J-¥-~ i}\) "'lei -a-j-9ir:J-. 

BAjJij- ¾Y '<1:'1'\,°_ '4'::q 'lJAj- '3) 'i!:"-l-oJI E.J~ 7)-"\" '<1:'1'\oJl t;flt:J£j t:I.£, 

'4'>g'1'\oj 0 ]-\:! 78"-l-'B. ~,°_ ~~ -'i'-~ %~ ~~~ "-]'M .:;,-~:::: ~:,,] "0/JEH<>l]"-i 

~~£1~ LftjLj-~ {!t:}_ ojcj~ ~~{! ~~g _sl_1Jtj:::: ~'f:l& .:;,-~ .sl..1j 
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(7) Yap-6 

~°'11 ~Aj_~ ~Ai't.\:<>l]Ai ~ 129 km ~oj~ j:-oJ]Ai A]3f-&}oj ~ 17 km 71]4,-5:j:::: 

~~[~ ~~ ~~Al~,"_ ,ij~c}'{J<>H2/l<>l] ~-&}:::: ;,cj~.9..5'..Ai o] 

,ij~c}'{J<>H"il~ 'cl-~~~ -¥--/E-o] 91& ~o]c}.2 "-JZj-~c}. 

4-"-d ,"_ 3, 600-2, 200 m A}o]oj] -/E-:¥:f:c}. o] -'j'--l,'c~{!.0-j ~Aj 10J.:,"_ 4'-~cij7f 

Eij~ 0J~ rg.,;i_- crn:;;1,g (3,300 m) 3':i} c''-2.J-<>}:::: 4-~cffo]l..} l..}njA] -¥--/E-,"_ CCD 

ilk-& ~2j-"6°}Al '(J-9..E.5'.. o] -¥--ll'c ~~"-J 'tl:1l:5:J:::: !i'.J~%,"_ FZ%-o]c}.2 A}.li_~c}. 

F2%-~ -'j'-:,il]:::: ~ 200-300 mo]c}. 9cJ-Jt -f-A] A]{l:.9..5'.. <1-l' 4 ~cijoj] ufl-¥- 7J~ 

.R%- 1;,l "i %-'tl:A}'i'! o] =tJ:1J:5:j:::: ci] '{_} 51-pj '{_} -:;'-3': '{_\A] o}L] 'i'! ~ ;>J] -:;'-3': '{_\A] oJ] 

cij<>ffAi:::: ~-/E-~-&}c}. o] 9cl-~ -'r"-] 4~:::: '<-[ 3,000 m.0-1 ?~<>l] <>H~-&}uj o] 

~x:::: i,ij>g 0J~ CCD :;;{2]- uff-¥- 7}7{]-c}. 

~21~ ;;.}o]~ _lil_'{_}cf. Bfl~-/E-A]'{j ll}c}..<l]'!!lc} -l,':A]~ %~ 'lJ-'j'--/E-o]cf.2 "JZJ-5:J:::: 

~Al:::: ~A} 1°a!'i'l~ off-¥-~~~ "lcffo]c}. 'U<>H-'i'- -'!"-•;'/~ ~_s::_~ 1A}'s'!oJ!:::: 

'€1 5:_ :::: ¾ 0J<>H "s :::f ,"_ A] ~ -'i'- -7: ~ _ll °1 -?- uj _± 'Ti' 5'_ 0 %- .9_3'_ -i'-~ 5:J oi 91 C}. 

,ff-~cf'{J.sff"iJ~ 'lJ-'j'--l,'co]cf.2 ,.gzi-5:1:::: ;,.]~,"_ B]1"J~.9..5'.. 7J~ .R%- u,i Ai%

~-'I's'! 0 I 'tl: ~ £l :::: cJI '{J ii ~ '{J -'i'-.1: '{J "l 1! ::<JI -'i'- -7: '{J "I :::: ~VJ -&f Al Uc}. 

-(E-A]oj]Ai:::: T~~ FH}o] 'tl:~5:JA]'/! 2 .9]~ Al~<>l]-'-i:::: FI%- 0 ] 'tl:~5:JAI 

U9J:c}. F\%,o] ;"::<ij~t:12 tifcic}5: ~" ~.9..5'.. nfl-¥- ~~,"_ -'f-7-'{];c; 71~ ~0]2f2 
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-Ji!- 'l'!..:;z.<>il,,_i;:: ,,_l Zl<>il u:t~ 4,-.:s::. ~~ ~~ 01 °li\'-•i"'l"'l '?J9J:~E.3'. ..:;z.::t:_ 

.s!.1£ 11,,_liir"'l '?J9J:c}. 

K0D0S 98-3 ~-?"1:r"J 18:'-JJir 5:_Af "'l~ :>. nH!JotL-}'i;ff..:;z.~ \J~<>il ~];1:jt)

'l}'i;ff..:;z. '1Jcff5'..,,_i iirL-}~ 18:'-JJir ~~~."'- 5'1oi 9J.ct. 4'-..:!~ ,,_l~1l~ ¾}Ji:.;:: %7.'l 

138° 45.95'. -1a\-~l 8° 43.70' 01°'1 ~-1l~ ¾J,11:;:: %7.'l 137° 29.94'. -1a\-~l 8° 

~'t!~-5'. '?_I:~ c}g zj- -¥-~ ~~<>il cffsff '/;ff~~ AJ..<.jii}'/it:}. g~E.j 't}ll} {l:~oj 

153'., A.§.c]ni~ 7,J,0]7} 75 m, 7cL2 12 :<ff\s!oJE._~ -Ji!- ~,,_r~ 7.'l-¥- .:g.1)1J 

%ti-~ ~'.'!~ 'l;ff~<>il 91.oi,,_i -i'J-Z'jt)- ;~..<.t_:;z.Bff;:'; 7};,cj7jL-} off-¥- ~~tl- "fi"'i'B.<>il 

cff 5ff..<.j;:: 2}?)--{! ~'.'!.£ 't!-{{~c}. 

01'!:i ::f:_..<.};<)1<>il L-}E}L-};:: SeJ~¾jt~ ..:;z.~ 'iJ' n:ff llj.2.~ .2~7} 'ii ~~~~ 

,,_}li~t:}. 0J 'lei£;:: 'Mcl'll "H 0JJJJ:~ \J~<>il ~);1:jii}t,J, '1r"tt..:;z.;:: "'l~~E..-5'.;:: 

~'l'ltl- "tt..:;z.E.J tiEtt;:; 7r"'l"'l'?l 1o12 'ihi':S:.<>il,,_• ~{!:~%-:>. 't±""i:<c.J.2 91"'1 ~ct. 
0J'l;ff..:;z. "'r~l~ "'r.R ;,;j;;J],.:;z.::t:_§.~ -1a\-%~~ ntc! 0 }L-} 5ff..:;z.-'le!S:. ,,_l ..... '\'l. \J,,_i;:;;.E.J 
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'/;fct.q- <>H-'i'--'€15'. J.]"-1\:'l, %~~ ,H~c]~<>H'tl. ~:2:-lE-7-] -¥--lE-~ '1; '€1£, 7 c]2 

BH:2:-lE-7-] -¥--lE-~ ntct-'i]'!!/ct -lE-7-] (Parace Ve! la Basin)7t 9,lct. '1; '€1£-<>H-'i'

,1.J ,._ '\:'l ::_ 7-] ~ ~~ ~ ~ EH-'i'--lE- ..2..5'. 91 1H ~ °a Q,j ..2..5'. Lf-'roJ ~ ct (Fuji aka et 

al., 1986: Fujioka et al., 1988). :J.~,':. ~EH~ '1J'2j- ntc]otLf<>H-'i'-~ _2;>.t 

OJ o, 
0 -, ' 

0,0, 
0 -, ' 

~-J-ct.q-tH-:;1-~ 2;>.t °3Q,j ~5'. -:;1--lE-i5t"l,1.cf. 0 1'1:! '€1-?,g-'-J 3':J.t;,.JQ,j ::_ \cl"~ ¾ 0Jofl 

<>Ht:J<5t;:: 7-JQ,jojcf. 'IJ'tH-:;1-~ \cl-ti:,':. -'iJ-cf.q-tH-:;1-~ -lal-tl:2J-;:: ~~ti:%-<>!] ~<5t9 

;'.;:oj~ ~EH~ .'i1."l"c-nj 'l;<>H-'i'-~ .Jal-ti: '~J.] 7J7-f7] ;'.;:oj~ ~ ~ -=j'-3':~ .'i1.9¾cf 

(Fujioka et al., 1988). ,H~ct~tH'\l~ .Jal-ti:,':. 7-]~ ~..2..5'. 'IJ'tH-'i'-of] ~i5t9 

¥,oj;,;j 9,l;::t:i] 97]J.-j;:: ,H~cf~tH 2J 0 ] 0 tc] 0 tLf '€1£9.J- %~<5f'4 nfc] 0 fLftH.:;'-~ 

\c)-tl:g "JtH<5f;:: 7-j~o]ct (Fujioka et ,,I., 1988). ,H~c}~tH'tl ::_ nto]..2.-'i] ~::_ 

.::.L 3/'-of] '1;'€15'.~ n:tc} ~"J'°B BH:2: ~1"1-%<>!] 7-]r:H~ °a"Jg n]~ ~..2..5'. 'l,J-cj;,;j 

±.;:,'--5:.~ ..2.cH'B ~{!'f]-..2..5'. oj1f-oj;,;j 9,l;::t:i] (Tayama, 1935: Fujioka et al., 

1988), 0 ];:: ~~~~ <>H.:;'---;;1-.s:. J.J"-1\:'lofl,._i 'i'±~£1;:: ~--8:~%2J- ;,.J~~%g 

-?'U-~ ~{!'f]-2-j-;:: ;>.]~'-Jg _lil.~cf. 'IJ',,fl_:;'-ofl ~~~ 'fl' -;i'-£ofiJ.-j 47I~ ~{!'f]-oj 

'-J 'iJ ")-% ,':_ ~ C} 2 'T :.g- i5 t 7] £ ~ Cf. .:J. i ~ Lf 'fl' t H T 0J t: H of] '-i ~ 7-J .:;'-3': ~ ~ 'l'l_ .:;'- ;:: 

-"] -i} £ <>H .:;'-of] J.-j ,;j 'iJ 'Q--§-o] 71] :'; £1 2 9l c} 2 '-} .li {:I i::f ( \lcCabe and L yeda, 1983) . 

ct;: 'l'!-i'-of] ~ i5f's'! 'ff<>H-'i'--'€1£ J.j "-1\:'l ,':_ '-J'-J if_7] ~ .:;'-3': 0 ] 7-J Lf tH .:;'-of]J.j ~ 

'\J'iJ ~-§-oj ¾.li{:i 7-] 'l:!nf £17-] U::. -7-3':5'. '-JZj-{:lc} (Hawkins and Batiza, 

9.)ct (Tokuyama et al., 1985: Fujioka et al., 1986). 

0J<>H.:;'-~ \c)-J.-j~ -¥--lE- t:H 0J~ 1J.fof];:: ~ti:%- ¾%of] ~~ 7-]1f-9.J- 7-].:;'-

_:i'3':~5'. o]_!foj~ 4;-of..2_;': ~::_ ;,.J~c] 't±~{:lcf.:;i <5fnj liH-i'-~ -s';-,':_ ';~~~ 

"\";,.f ~EH~t:i] liH.:;'-~~ oJ'l'! -¥--lE-,':. '::i.°8'f :seJ~%0 I ;°""Hi5f7-] U..2..nj oJ'l'! cf;: 

-¥--lE-of]J.j;:: _!fl,Jj ¾ :sq~ %oJ 'j,j-,zi:5'j 7] S:. ~cf. 
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-ZL-

·1:1-iz f-c:~{:1 ;:;-~[L .f1H:1 lk>-ill-,, er½ loR~ Pvr,--Ha> loR~ jn:?,--G, 

"(S86l '"[13 ia BIDBAn)jOl) [:1R,~t,l:: jL[r¾~\,: ~jL ~ [o~ lofv[o 

ID)j 001 {o =: k[k>:'i"~ j,jo [2jn .f1 ['f [-l- [f>ntl [-l--\et ~ ~ ~ [lo ·1:1.~ i-Hn ~1-9-[R 

[fo[2 fL =: f>~-tt: k[k>[!-Ll~ 3~·--l-Ha> ~{:1 ty;',ID)j Sf, to ( [o~ lo[r¾~\,:) =: [2 fL 

lo[rjtLfv% lo3~ fo fi'.:~ lo--l-Ha> ·1:1"@ {LI£% =:1:1)-0To [0%-l,cFo~ =:[k>I-Lt.c 

3[-o[¥ [f:1=: t,f,::f,. [03%µ a71i!7 [f<:-if- =:1-1>"f/t 1LliR-t-1Yf;c lnl-1>,'o[n ;:;--r-,..r,, 
k-[ .::c..c~ ·J ~.,~ J,~J... ~, - ~"~ 2J..._Q__O 0~1 ~,.. l L~ ~:c 
lQ'£R¥~ 1:J.~1¥-tt:" 1L-°Z::"L Ut:q2L {.li!-i~I! 2RYiY 10-{RL 7LO O~..g.. 1.g.::1 

i2: f.'. I 0% [¥ Is. -kl-1> [,:,l-1> lo lfo¾-ill-1"~ fa Io 1t 3 % [¥ Ii, fl; f-11 ~ 1L ~E [fo-k1-1> 

fnle;~-R: [o{t[¥[a ?vfoPo- =:k[k>[>'.¾~liR ·1:1'/l! 7 ~ [0%-[1 =:1:1'/l! [0%-l,cFo~ 

lok[k>-t-lia>fo Hr~ =: lo 2n0To 7 ~to[n [opf,, lo%[¥h. i-~ lo--l-li'< 

~{L 'i;i'i::Fo~ -!1~ -i1[rf6 [rle;~-R: ;:;-{!l:[¥h, i>:¾ -t-Ha> TT,[¥~[.: lok[fo--l-li'< 

·{:1[0[,:-~ ::_: [r{L ~liR-C{Y~ µ~ 

i-Hn 20[¥-[1\,: ·1:1fk&¾ 20¾-k [1-L~ -1£% [o[r-'J/-~HR {2/li,[fY{2{n: =: [r-~ 

[o [f:1=:faf,c* ~ [r-'J/- µ[ir[ir [om 008'Z to [ofv7 ½L "{:1µ:::Pi'z -;' /}7 [Y{:1 

½ -i)f,c* 'i;fv& lo:5"~ ,"& [/,m 006 ,'c /}7 H:1~ ½ -i)-/c& ¾f:c-[r :::;t,&¾ 

Ej2,lrro rolr¾ ~[.:- lo[ojym 006'l'-009'Z H:1/}7 [,:,J-1>1'-r[Y [LJ-1>:::P1'z ½L 

-;' /}7 ·(v-£-Z-Z·f>Z ·S).:J) J:1~:S,% ~---l-Ha> Ioli:>~ Jr,,\, TT,m 009'9 Fv-!-- H:1~ 

[,:,J-1>-r,:- [Y [Lj-9-JL% [ofy7 [Yj:1 ½ -r-i1 'i;-k-~rli!? [om 00! 'S ,'o /}7 JL1:11-1>1L% 

¾>[1-L Jofy-7 fnl-1>-/c& 'i; f:c- [r [/,ID 000 '1; ,'o fv7 =: le;-!zfv Ej2 [or¾,H1>f/,j2~Hl 

[,:,l-1>-r,:-[Y [L1-1>1L% k[fom OSl'Z ~-1,c[y -1£% [,:-~ =:J£¾ fy-7 lo\:Y-1..' [o 

"{:1[o,6S 

n8 [-t--\et ',v6·6z al£! f;,:% =::!ftz lo~'.% fn[o ,ol·£v 08 1-t--\et ',<;6-St 08£! 

flc% :::; :tf-\z to f:c--1,c [Y lo f,:--1;? . (j,·f> z ·s !.:l) 1:1 IO j:y-1;? tom'! 9v I ,'o i~ ico =: 1-1> &-R: 

=-oo .Q..Q.o ,. l,.k. 2L[ 0..2.. Lo k-J...11 R ~~L Jo~ [ 
20:t~iR "=1-:=i.1-"1-rYrYR OfQ'r iO"z:" "'i£1l LOLR!?-=to O~Y'"'i,? 11It-Y{3 0 

de;._ (l) 

[,;- ll!i- ·-t, 



(2) Yap-1 

11]-cl-"'1]'!!!cl- Bfl~-lf--"]E.l %~ ~711-¥--lf-<>l] t.fli:::J..,.1-t>J 0J '€/5'.9..]- ~711~ o]¾t:l-. 

,g* "i'-1L'.'. Q.J' 2,850 m ojnj <?..r 21 km<>l] tifl"J-15]-::: ,gig~ -=jl-Z}oji::]- (Fig. 2-3-4, 

2-3-5). 11]-cl-"'1]'!!!cl- Bfl~-lf--"1 ~."..~ Q.j' 1°n]'t_l:E.j ofl.q. ,gig~ 7)%7]~"'1 "i'-1Joj 

o]f•,~ f1%-o] ,g.:;;f Q.J' 170 m.2-) "i'-"'11 ~ 71--"]t>J, 15]-.lj!-oJ]::: 7c)-1>"]-2 {l:'<J:{! -"1%

~;..]-~~ g 7]-~ F2%-o] ,g.:;;f Q.j' 120 rr.2-) "i°-"'1]~ 7]-~i::]-. F2%-.:2.J- 7]~'lj-.:2.}.2.j 

~711::: ttJ~.2.J Zl:1l<>ll E.J15J-oJ Ef-~i\'l-"'1~ U-"-L-1- {l:'<J:£.)2 :§:.JnJ~ ,g;;g -=;t~11-

=t!4£.J::: ~."..~ _lil_o]- :2'..j-,:-_l: -lf-½~%<>l] E.j~ ~oj~~ ~71];':; _lil_'lJ "i'- 9J.i::]-. -'J-4'

!i'J'-'=!%-~ 2:2{7t ~ ~i>g{l_ ~OJ-'J !l'j~%'lJ "r 9J..Q.t>j 15)-.lj!-%-~ 2:2{ -'Jcfl7j-

7]"'°' L 0 

(3) Yap-2 

cl Id oj t:l 11!:." r. 

(Basement High)o] 

<l..[ 3,000 m 771--"l -lf--3,:~i::]- (Fig. 2-3-4, 2-3-6). 'lJ' '€/5'.;':; ¾11-"-~ <?..r JJ"E.j 

:;:}~ ~J..j--=jl-Bij;':; -"]12 7,sJ..]-'<"! 0 1 °J~."..~ C"fi~i::]-. 

tifl<'s.2.J 1!-'J.lj!-~ Q.j' 7 km~ -=;tZ}~ tifl<'sE.l ';?)~~ -"]~-£ _lil_o) -'\'-t>J F2%~ 

=t! ~ £.] -"] 1t_\- j\' 1--¥- 7 I ~ 'll-• .2.) 7<5 71) ::: 5'. :!~ 151-c]-. ~ ~ 5'. E-1 1s! %-~ 0 l 1! A J .lj!-~ oj) J..7 

"JZ!£.Jt>J 1!-'J.!j!-.2.) -"]~ ~ ~~3j<5]-t:J-. q 100-150 m.2-) F2%-o] =t±~£.Jt>J F1%-.2.J 

;':~oj :§:.jnjti]-t>J ;"c<fl~t:]-2 15]-i::jc]-S:. -'J.lj!- ofl.q. ~~ -¥--lf-<>ll ~-"]~."..s'. f"cc<flif 

~.Q_s'_ Agz.j-{l_t:]-_ oj .lj!-~4-j_.2.J ';cJ-%1s! ~J..j-7'-Bfl7]- ~'t_l:15]-0j ;;,:)::: '?1) <l..[ 3,000 

m<;l -"]~<>ll -'-cj-'-e i:::J:%- (thrust fault)oj ;'.':c<fl'tft:l-. 
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(4) Yap-3 

oj -¥-~ ~,:::J_,'.'_ "/;fly ~on 91::: ~~~;<]~ %.2.f"l;}oj -?1J,'.'_ ~ 3,000-5,200 

m7,!};<j ~-3':~C} (Fig, 2-3-4, 2-3-7). ~-;;fly ).jA'\!l~ 7.3-¥- "l;fl-=j'-~.2.f ~£7,1};,cj~ 

7-]c]7} 50 km nj~_Q_§_).7 ~-;;fly~ -fii-%~<>11 fj;<J-;;}::: n}c] 0 }1..-}-;;fl-=j'- .,_]~'\!!~ 

nj ~-;;}c}. 

Fl oj CCD 

(Carbonate Compensate Depth)~ 3'-:;,.j"/;}E,§. (~lorse and ~lackenzie, 1990) oj 

-¥-~<>!]).7 BJZi5'.J::: S'.J '31%-,'.'. F2%-.2.f::: ;:}'jij,'·J ~ !il..0J ~oj c}2 Af_E_~C}. 

.,_]~-¥-~<>!].,_-j ~ 11°~ 7.3.,_}yBfl§..,_, 8 km -=j1-.zi:7,1};,cj -?1Joj -¾7}"/;}c:}7} c}g ~ 

10 km y.zl:<>!l::: 3° n]~~ 7cJ.,_}yBfl7} 91::: -3:-<>!] AcjAE 't!:%-::;;o] -?1l ~ 

4,300-5,200 mAo]<>J] ;'.°:"H~c} . ..=Lcjl-} ~cjAE 't!:%-::;;~ A.J-'j!-7,1};,cj~ '(i~AJ,'.'_ 

~ 't!ll!£AJ<>jj).7 -rt-~"5}7] 7} ~7}-'g-"/;}t:}. 

150-200 m 4'-?li]~ S'.!'3:J%-o] '1'!~£1;,c]~ ~;g-~ 1.-H-'f- 'li.,_}ll!~ 7};,c]::: 2~~ 

S'.j '31%-E-§. ).}_E_~C}. oj ~nJ:~ 7cJ).-y.zl:,'.'_ -?1Joj 4,300 m-5, 200 m ).}o]<>j) 

91E-E.§. ¾ll!<>!] 2~5'.),'-] 'IJ,'.'_ S'.j':\j~oj 91t:}2 "6'}c-jc}.£ 'tl:0'fl,'.'_ o}L]2 ct;: 

i,._J~ S'.J'3:J%-o]c}. 

\5) Yap-4 

~"1] ?;{i~ ~.,_-l't!<>!l.,_7 ~ 65 km '@.o-j 'H -3:-<>!].,_-j ).j ~"6'}oj ~ 22 km 71]~5'.]::: 

~ I 0° 5:.~ 7cJ .,_t ~ !il.. '11 c}. 

~38'3:J'll -;;H-'r'-<>!].,_-j '1'!~5'.J-2 <>H-'r'- *~%~ BJ~oj o}-?- nj~"6'}oj ~'1]~%.2} 
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-ri-

'bTh [>'.' Ii [k>,k-{.@ rn 000 '1-oov to klk> ii, t't'.H>' ';' 5 ji,{YTT,. fy [o [o '{::t-(6 ['t'.{.@;<ia-4;

';' ~~ lo&~~ ~[?,,Th ~k~H, ~~~~~ lo~~TT,.lt !"'~~& lo¾p;;~ 

;;;{:i [f,:::;{,{3{1 lo 5 Ji,{YTT,. P,{o {L~,B, ~ '-1.1-~ [Ot" o [o -=t./z r,;,~cz;: h~B- :': ff! 

:::;11<>.k-{.@ lo¾p;; ~ lo lo./2: fo{A fk[yxf 20B---~ lov-£-Z -~!.-! '{:ifk~f.l: 

[05j;',{y.j1,. %t"' :::;[ot't ';';fy~"~ {ii['t'.[e;TT,,G, c{.@fc 'bFs1e{Y r{2[0{<:

~{o [ofy~j>{ :::;{.::%Z.-! 201.@[>'.'[i (k>H'.!R,7 :::;{.@{.:::;/? ~GJJ /o,°o~H3. fy ';'B,!;;c 

** (o {,t,;';;:cf,\: lo¾p;;~ 1orn OS! to 14:s -E-~ {2{n ';';Ji,{Y /o%1f '{::tTh"E'i'l-

(r{& w OOL '£ 0A% loB--'>? 3LL 
RR tY[J<,rn OOS 'S ,'<, b{A /o-lrlk :;10'9" 

·1:1.f\{3h [o-lrlk loH3.~ {r, \, [Y{:1 

[k>';!l-.k-fo% /oB,!;;c 'i'l--k [o j2[1jo [o{<:- ~{.@yi'} !;o[k [oR,cJ, /oJi,{Y& ht2L 

'(6-£-Z 'j,-£-Z -~!.:I) {::t[oB,',;:c #½ .;H.@foH>' [k>ji,{y ~,0oH, lo/;\,.v[Y ~H>'to 

:::; le;¾s-lk rn>1 gz to ),o{.@l,c[Y klk>-if- JiJ<;lb rn>1 86 Io klk>Pkir loB---'>? 11¥~ 

c;-dEA (9) 

'{:1To cJ- ~i{t c{::tTo c;-- [{£ ';';-lzfl,1;, Thi":- ji,{:1To lo%J,cf'ol;, 

Hr~ toTTi 202{n:{L E~ loH3.~ {'>',,\, °;',°oE ~H>' lo~H,,to Th"li ·1:1To 

7 ~to[n [opf,. [o5~~lr ~p;;&~ {.::~~¾ ~HI> -&-& lo~H>' )i{L ~-lzf'ol;, 

Thi":- ·1:1'fl!> cJ- ~ P,µ r{:i'fl!> lo%J,c !tl"Y HrTh loklk>~h,to FOt.@ r{:1:::;ro 

[r[ot', [05~~['t'. fkj=),f,\: f.::f'ol;- E{~-io[n [opf,. lo~~¾ ~H>' {7t2L 

. {:ifo I'>'{.@ ila-4. :::; lk & lot.:: ./7,TT,. It 

:::;r, %½{.@ FOt.@ Th 2 5~B- ~ p;; Ii~ Th lo IJ<>fy Th* ff! loR-;; Th "li ~ te;fi'R: 

[ofn [oB,-~"E [(>p;;[i~ fvji,:5" {n:[?,,Th 20{.@\1 [.@g{', {L{Y& j.y[k>b{A ~HI> 

t.::~~H" rf,: -&-Hn {L~H" ·1:1fo l'>'{.@i~-4. ';' ~~ lofy~ll" {n:fyTh TTil"'le;1e{y 

E{2[oi'c ;';To [of?,,~{>'.' :::;{.::%Z.-! '{:iij~f,\: [o%p;;~ Pd'>' ~114:s :'i"i [lJ ooz 
-E-~ Rto¾lt 20-l£tYi'f {}:,'<, rte;TT,,G, [05Ji,{YTT,. ,k-ij1 ~lk>b{A lo~ll>' [o 



(7) Yap-6 

~;;.J] c";,:--1_2.j ~"11<!<>!]"1 ~ 129 km ~o-j~ -=£-<>il"1 ;.j~il"}o,j ~ 17 km 71]4;'-!i'f::: 

'IJ'iifl.=;z- ,<]A~2.j t:fl 0J~ ,<}~<>!] t;flcJ;;-}::: -¥--lf:- ':"j,:--l_ojt::} (Fig. 2-3-4, 2-3-10). oj 

~,:--1_2.j ~~ '(!'8";;<]~ ,'.'_ ,fl~c}'lliifl"IJ<>ll 4;'-il"}::: ;;<j~..2_5'_;.7 oj -¥--lt ':";,:--l_-'J<>i].s=. 

,fl~c}'ll iifl "1) 2-j 'cl-~ '(! '8" -¥-~oj 9J. g ~ oj c} 2 -'J zj-{! r:}. 

-?{l,:'. 3,600-2,200 m ,<}o]o-j] -lf:-_¥.t):r:t_ oj -¥--lf:-':";,:--1_2.j ~"11<!,'.'. 4{lt:fl7} 

Efl~ 0J2.j ~"tr CCD{):g (3,300 m) I.tr 1'.2j-il"};:: -?{lt:flo]l-} l-}u-j;;tj 4'--lf:-,'.'_ CCD 

i;J;g 1<_2j-il"};;<j ?J.Q_E_.5'_ oj -¥-~ -?j-,:--1_-'J :cl:1r!i'f;:: ,ej ~%-::'.. F2.og-oj c}2 -'-}3i_{!r:}. 

F2%-2.J -¥-'!Jl];:: ~ 200-300 mo]r:}. 9cl-li.\- -?"] -'-] :{l..2_5'_ ~ 4 _1<.cflo-j] ofl~ 7J~ 

il:%- '?.) ;;<7{-".l"}~oj 't!1t!i'f ;::c,] 'lli]~'ll .:;z.I.'ll;;<] o}l..]~ "a!::<1] .:;z.I.'ll;;<]o-j] 

cflisfl,<7;:: ~-lf:-~il"}r:}. oj 9cl'-li.\- -?"] 4,1'.;:: ~ 3,000 m2.J 4{l<>I] isflt:Jil"}oj oj 

{l.5'.;:: Efl~ 0J2.j CCD i;J;2J- ofl~ 7}~r:}. 

~£. 7 c]2 llfl~-lf:-;;<]~ 7-j;,;j ¾'<!~ 1t_l-'jll} '<1:~g -lf:-~il"}9:J_r:}. '1Ji5fl.=;z-;:: '\!';;<} 

~Efl2.j ¾,'.'_ ;;tj-oJ ~-',3 g Jf;;tjoj ~-oJ-,:\'ll t;fl.:;z. '8°~ ,ej~ .:;z.I.;:: -'t±1f5°f;;<j 

U<Ur:}. ;;fl.:;z.~;:_ 10° 0 l"J2-l -ier~ ~"r~ 7f;;tJuJ ;;fl.:;z-4;-<>1]"1 '1J ~.s=.:,r};;tJ2.J 

~Z'l~ .-<}oj~ _li!.'l_[r:}. llfl~-lf:-;;<]'ll llfc}.-l]'!l)cf ~;;<]2-j %~ 'lJ-¥--lf:-o]cf.2 -'gzj-5°1;:: 

-lf:-;;<l;:: ~-'-f 1°0 ]'?!-2.J 11H""i2- ~~~ ;;<jcflo!r:f. 'f}iifl.:;z. ;.J~~2.j ~..'r.~ ~,<f~<>I];:: 

,fl~cf'llisfl"1)2.j 'lJ-¥--lf:-o]cf2 '-Jzj-!i'f;:: ;;<j~,'.'_ ll]1J"J~..2_5'. 7J~ il:%- '?.) "'1%

's't"f~oj 't!~!i'f ;::c,) <ui)~'ll .:;z.I.'ll;;<) "a!::<1] .:;z.i'll"'l;:: ~j-A,l_i'if;;tj Ur:t. 
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F2%-~ CCD 

100-200 m2.1 

-'f-?Jil ~ _lil_ 'tl c]-. ~'1'1. CCD ~{ o]-'-J2.I ?1J cH "11 Lj-Ej-Lj-:::: 5'j ~ %-,<'_ t;H-=;1-~oj q .of.:::: 
?J.,_]-7]- ~qi:~ *"11 .\',j;<]-crJ-::::c1] 150-200 m2.I -'f?Jil ~ _lil_'tlt:]-. ~~]"'.;,j2.I ~.,_,'tl~ 
~;,cj "11 .,_,:::: FI %-0 1 ,g ~ Q.j' 170 m2.I -'f?Jil ~ 7]-;,cj oj -cr]-.lj!--,g-,°_ 7J-cr]-.2 -'-J:'t.!-{:[ "'1 %

'li.,.1-'B ~ ~ 7]-~ F2%-2-.!i'.A7 ~~ Q.j' 120 m2.I -'f-?Jil~ 7]-~c]-. oj ~"'I %-oJ-¥-~2-1 

High)o] 'i'!"'.;£]oj o] %-'i'-i2.I %- 0J .lj!-~oJJ:::: ~{):~½%-:;>+ F2%-2.I .;;l_cJ:ojJ 2.1-cr]-o,J 

-'-g-".-3{:[ -5§-~ -=;1-i7]- 'i'±1!-£1LJ- -'-J-¥- FI%-2.J-!cj 'i'!'B.-'-d;: ~-'J-crl-"'I <?Jt:1-. 

,., o 1 c<> "-o] 
l::::ft!70 

~?J-~-§-o] 91::::"'l %-¥-:::: ~;;<joj]A12-I %Cl 1l'M~ 18:-'-jllj- 'E)-;.j-7]- 0]¥0,;<Jor'i} ~ 

'r 9J. ~ ~ oj c]-. 
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5ff OJ '{'l_ T Jo _l;l__2A7 . 

7r1 'tt~ 9.1, 1994, c.t¾;,ff ¼! -ff oi 
" 0 'li -'-tlit ><t liE.l J<J cl 7] it 1ff~ (l I I), tl:~ 

tff OJ '{'l_ -=j'-Jo _l;l_ .:;,_ Ai_ 

7r1 of] % 9.1 ' 1995, '95 \J"9' ,;ff ><i ><I ii _;<C AfAf<j _l;l__2A7' tl:~ 5ff0Jq1-=j'-Jo. 

1s"AJ~ 9.1, 1996, '96 1.-f..Cl. ,;ff ><i ><] ii _;<CAtAt<j _l;l__2A7' ti:~ t;ffOJ~f~. tl -, 

\JAJt! 9.1, 1997, '97 1.,f.::,_ ,;ff ><1 ><] 1J ~AtAf<j _l;l_ .2 }.7 ' ti:~ ;; R M '?'l .,,. A tl -, 0 \_._;. ----'-· 

:\)IG, 1991, A~tG 37/43 Trace streaner technical manual 

Bergersen, D. D. 

AMG, France. 

Fujioka, K., T. Futura, G. Kimura, K Kodama, K Koga, S. Kuramoto, H. 

Matsugu, T. Sena, ,\_ Takeuchi, \1_ Watanabe and S. Yamamoto, 1986. 
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38-148, Ocean Research Institute, l'niversity of Tokyo_ 

Fujioka, K., :\. Takeuchi, G. Kimura, .!. Ashi, S. Kuramoto, H. ~latsuoka and \I. 

Watanabe, 1988. Sediments and rocks around the Yap Trench, in Preliminary 

report of the Hakuho llaru Cruise KH87-3, Ed K. Kobayashi: p_ 146-237, 

Ocean Research lnsti tute, Lniversi ty of Tokyo_ 

Hawkins, J. and R. Batiza, 1977. )letamorphic rocks of the Yap arc-trench 
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Lnion, Washington D.C. 

- 78-



Morse, J.W. and F.T. Mackenzie, 1990. Geochemistry of sedimentary carbonates, 

Amsterdam, Elsevier, 707pp. 

Tayama, R., 1935. Topography, geoloi;y and coral reefs on the Yap Islands: 

Inst. Geo!. Paleont., Fae. Sci., Tohoku Imp. Univ., Contri. 19, p. 1-43. 

Tokuyama, H., T. Asanuma, E. Nishiyama, H. Hatori, H. Chiba, S. Ueno, and N. 

Tomita, 1985. Multichannel seismic reflection survey, in Preliminary 

report of the Hakuho Maru Cruie;e KH84-l, p, 282-291, Ocean Research 

Institute, University of Tokyo. 

Yilmaz, 0, 1987. Seismic data processing, Investigations in geophysics no. 2, 

Society of Exploration Geophysics, 526pp, 

-79-



I 
~ 
I 

1t-----,,-1M ):lt15M ~ 

emu 
onM 

'""°' S,Ol(;t,j 

I • I ' 
~ 

6Z6M 

ACM SK:OON 
SllWCH 

""""" 

, I - I • I 10 I " I " I 

I+--------- 16M ~ •!, 

ROI< 

~ "'°' 

Fig. 2-3-1. The layout of 12 channel hydrophone streamer and s!ee,·e gun installed on RIV Onnuri. 
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Fig. 2-3-4. Stacked section of seismic survey area that 's di,·idcd into 6 partial sections. Sol id 1 ine 

indicates an inter·preted basement boundar:, and dashed 1 ine indicates a thrust fault. 
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Fig. 2-3-8. The detailed section of 'Yap-4' in Fig. 2-3-4, which goes through the V-shaped trench. 
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2-3-9. The detailed section of 'Yap-5' in Fig. 2-3-4, 1Chich goes through the east slope of Yap trench. 
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Xii 3 =H .A._§_ A-i o T-, = 

1977\i, 7Jct:irt:;,_,<.-;,ij~ (Galapagos, 21"\)ojj).7 1jt,ij{l-4'1J 'Alvin' oj) 2-jtij 7 

%'V: 4-"";--2..s'..'U: '/Jc'j;,:j ~'cl. t,ij;<7~-?~% (seaf!oor hydrothermal system)2-/ 

'3.J1l~'l.l %7-J7t ~'1.l{! 0)4"- ~:<ff %EH'15°J-;;ijag (East Pacific Rise).2} 

).7Eij'15 °Jtij~ ';J ¾ 0J Cij).7 °Jtijag (Mid At !antic Ridge) -'g- '?; ~ ;<j ~ ojj).7 °] cl t): 

~4''3.)--§-0] 'lJ-Z:!:£10, _Ii!_:;,_{! llt ~ct (, i I !era and Sohn, 1992: Hannington et 

'/Jc'j;,:j ~ct (Hessler and Kaharl, 1995). ot~cl o]cltl: ,._gi;ij~~'l.l 't.±1).2} ~,;j) 

~4''3.)--§-oJ] 2-jtij 38-'-J{! ~-?"ff-'-J~ t;ff'1:f;<H-l_7ij'l[ 'l'!-'i'- 7-tk-!oJ]).7 Aij.s'..¾ 't.±112-1 

cij-'-Joj :£12 ~ct. ~-?'3.)--§-g 'le!~ ?'li ;<j~ ~ t,ij;<7:2'.j-{l:~%oJ] 2-jt,ij oti• t7t 

7,:12}.s'.. -=;t-cl, ~. ot'l'J -'g-oJ %-¥-tl: "fJ-1·0] 38,._J{!ct . .':Et]: 0J2Jk-l_~. CO2 7t,._, 

o-1]'8: (CH4 ), ~% (3He), 0Jz.!, ~. REE ~i-2-/ ,._J-lt-~oJ -lt-½-'i'- (chimney)~ ~-&toj 

~:<H 0]cltl: ~-?;<)~g 'H,,_t-&t:::: 7)1/:l~ ;<)-=;t-%c]~ "J'/:l ~oJ].5'. t,ij-4' %2-/ "'icl 

;<j ~ ~ ~ '1.l ;<t~o j o j % :£12 ~_Q_ o-j , ¾I ;:: oj cl 'l'! -'i'-oJ] ,,_, _Ii!_:;,_{! cij 11: ~ 'l__] 

;<j:2'.j-~~ 4-~;<t (geochemical tracer).s~:::: nJ]D (CH4 ), ~% ('He) 7c]2 °Jz.! 

-'g-oj ,Uoj oj-§-:£12 ~ct (Hori be et al .. 1986: Bel visa et al., 1987: Cowen et 

al,, 1990: Charlou et al., 1991). 

i){l:'l'J, pH -'g-2} ~oj -\a,-£7t ',,!-of;<):::: ~~ ~.2} sulfide, I;co,, :JH,', nJ]J8: (CH,), 

lln % i',"7-1] q1ofq:::: ~--2..s'.. -=;t--lt-{!cj (Fisher, 1995). %-E, ~-?'3.)-% % 

-9,-



~ *t'3:l .Q..5'. 4- 'l'! ~ ~ o-Jl ~ ;~p:J .Q..5'. 7 HJ· -e- 'l'! :2'.J-~ % '/J-&t ::: ~ .'.'. .g. .s:..2.J 

';'!:2'.}ct.2 ~ 4- 9J.t:L 11:.<Jl.5'. .g.s:.~1 'l'!~::: ~%'31 '(! "€!4-~½--'i'- (chimney) 

4-'l'!.2.J ~q- <!.-l' 350±2 °C.5'.J.7 -?-'l'!.2.J 4-.g. (<!.-J' 2 ·c 0 i-&t).2J-::: off-¥- -e- *t0 1 ~ 

..s!.0 ].2 9J.i::t. 2c]l..f .g.s:_ 'l'!~.2.J 'le!"J' 'lcli]::: ;<j:2'.j-~'3:j '(!;<t ~- ujeJ~~

:EC02, nJl't! (CH,), i!Y~ (3He) %of] Bl-2-&taJ '§-.:'. "i"'1o-Jl l..fEtl..f::: tl-1l g 7,.(.2 

9J.i::t (Hannington et al., 1995; ~k:Duff, 1995). o] cl~ ~;,1]1l g "15fl~-&t::: 

-?"J£l.2 9J.i::t (Baker et al .. 1995). n:tctJ.1, '€[-4'-ag-'0' '%Pt::: "l--'i'-¥cl "t1i.. 

!el~¥ ~ t;fl-4'-.2.j ;<j:2'.j-~ At.ii. %9.J ·'Ji 1).!il.2~% ~-&taJ 'HJ.t7l't,l.2.J .fr.&g 

"9"t:fl :2'.J-~ 4- 91 g ~_Q._5'. J.t 1i.'t! i::t . 

.g 'l'! --'i'- .2.J ~'31 .'.'. ::zJ- 71 "€! 4-~%0 l ~ "J-&t 9.1. g ~.Q..5'. ~ 3J ~ ~"15fl--'i'- t;fl "'1 o-Jl ,._, 

"15fl-?.2.J "i:2'.J-~'31 'c;-'-J'l'!--'i'-~ 18-8-taJ ~-?ag'-J 'HJ.t7l't,l g 7fl'/J"8"t.2, -¥-cl l..fct 

'{!:1]t;fl<,j'(l_ J.1EHI@l 0J' 4-'l'!.2.J ¾. ?,'7]~ ~±~;<].if nH!g il~ "tli --'i'-~o-Jl 9J.t:L 

I. CTD ¾'l'! 

5H-?¾.2.l %cl~~~ "'i-'-Jl!tQj-g il-&ta! ~J.tt;fl<,jof]J.7 CTD (Sea-Bird 911 

Plus) systemg ¾°J"8"t9.J.t:L CTD systemo-Jl -¥-~'ti. {i]J.7~ J.t%-&taJ -?"(':-, 'fl~ ~ 

%;"'-8-~ %E-I At.ii.~ {!-'-Jof]J.7 ~ =;-&f9.l..Q.nj, *H-?7]~ 0 1%-&taJ *H-?'t! J.]1i.::: 

{!-'-Jof]J.1 ~"'lcl~ Cf 1..g15- .!il.'{!:-&taJ i~,.Jof]J.1 ~-"J£19J,i::t. EE~%;"' -8-~ :;:J:.2.J 

.!il.1) g i]-&taJ ~?,'of]J.7 Winkler o-;<j.S:2'.} l..fE~';'l_'t,l (Grasshoff et al., 

1983).Q..5'. ~1J"8"t9.J.i::t. J.J1i..2.J ;\H4l::: ·~ 97H.2.J 1l1loflJ.1 I@!~ 127H 0 1'-J.2.J 4-1Jg 

{!1)"8"taJ 1)J.J-&t9.J.i::t (Fig. 3-1). 'l'\'i'-"15fl'lj.2.j 1l1l ~ J.j1i_c\fl4l Al~.:'. %~ 

I 37°28 · -138°50 · E::zj- J.7 ~ 8"30 · - 9"00 · \ .qo l 9-j t;fl "1 .Q..5'..<1 1J 1l HCTD 05 ~ 

¾'-J.Q..5'. %~ofiJ.1 J.7~.Q..5'. <!.-J' 140 km.?.J 7jci 0 it:L 1){-j HCTD 01, 05 -=-1.cl.2 06g 

-g-1].Q.5'. "8"tl..f.2.J "'.;{! -'-Jo-JI 5'_J.]-&t9.J.t:f (Fig. 3-1 ). 
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~ 'tl_--,1-oj)Ai Eco,~ 41,':. ~~oj)A7 ~»-4':!\'! tiff-?~ pH W 0.01N HCl ~1 'f 

~1:!\'! aH (Hydrogen ion activity)~ oj-§--&toj ot;;ff~ ~ g At%-&toj 71]1!"£19:ltl 

ot;;ff 71]1!-~oJ]Ai f, A W Fr::: Parsons et al., (1984)0] :<j)Aj~ ~5:.9+ pHoJl a:t;:: 

AJ-f'~l g At%-&t~ t:t, 

Ealkalinity (meq/l) = 2.500-1250 ,:, aH/f CD 

pH (at in situ temp. tz) = pH, 1 + 0. 0114 (t1-t,) CZ) 

Carbonate alkalinity = Ealkal ini ty - A @ 

ECO,= carbonate alkalinity,:, Fr (1• illimoles/l).. ® 

3. ~ 0J~-W- (Nutrients) 

<>a 0J'l'l "'t%~-!<J7l (Alliance) W spectrophotometer.£ ~-!<J-&t~i::t (Parsons et 

al., 1984). 

'"3~%71%~ ~-!tj ,':_ tff-f' I f ~ Cl8 SepPak cartridgeoJl %:zJ--&toj 50% ~ 

100% Me0H.5'. -'\'-½-&t~i::t, -'\'-½!\'! Alli::: ;.JJ~:!\'! %c]~oJl '6°t '-J% .!il..{±-&t~i::t, 

Alli~ ~-!tj ,':_ spectrofluorometer (Hitachi, F-4500).5'. ~-!tj£!9;lt:t. ~ff-?!\'! Alli 

I Q ~ ~ ~oj)Ai C-18 Sep-Pak cartridge , Waters ).5'. -'\'-½-&t~.Q.nj -'\'-½:!\'! %7]%~ 

'"3~4:\-1,':. 1n11aloJlAi spectrofluorometer.5'. '"a~ ~-!<J'6"t~i::t (Park et al., 

1995). %;": %7]%~ 3;,t~ ""a~~-!tj ,':_ excitation llt?r ';1-'?-] 220oj)Ai 520 nm, 

.:li:']2 emission llt?r ';1-'?-] 260 oJlAi 5/i0 nm C??t"'L excitation 10 nm nzJ.Q.5'_ 
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tryptophan (Sigma, T-0254) 1 ppb "il"!l-~ 1 TU (Tryptophan unit).s:., 

;r;].::;>-7Jt:fl%~~ Ex33onm/Em430n.<>l]J.i O.OlN H2S01, quinine sulfate {Fluka, 22640) 

lppb "a"!l-% 1 QSU (Quinine sulfate unit).s:. -a-}9:l.c:}. 

~~<>l]J.i 4'tig'\'l_ J.].liE-] ~7'Jcl :2-}1 'i.1 ~,!,:J~-"'f~ 0 f;;J{.2.j- {to] 4~g-a-f9:J.c:t. 

:ECO, 
1 • 

'l/ 'l}'/l ¾ it "I • 

• 

• 

pH q- ;.a:J , acid pH ~ 7J 

.;I "ii 'i 'i! %7H ~ot 
-20-C:olaf'!J~· !i'.i'l 

1CXJ% MeOH 100 ml 

Activation Cl8 ScpPak 

.;l>ll'i,1 %71~1 'i/Of 

-20 ·c 0 1,, 'ii~ !i'.B 

• I 

• 

• 

• 

0.01 N HCJ5'_ •TI 'r ie} Wll ~- ,i1 U 

'l/ 0J'll 7HH'c"171 (Alliance) 'l: 

Spectrophotometer~ ~ i'l 1l oJ] Ai ~7J 

Cl8 Sepl'ak-fi- McOH (50,10090).~ ~~ f 
Spectrofluorometer£ ~,._,1 

~.::;>-t;ff<l'I ~ %7.3 138°10, E -¥-2<>11 1Jt;ff;,;i t;ff.::;>- (trench, 4'11 ~ 7,500 m)~ 

-¾1]..2.-5'. J.i~-2..s:. 'U'~.5:.7} "iJAj5'.Joi 9L2 %~..2.-5'.~ ;1ffll_c}'Z! ;,;]'1'1°1 ~l-"'lii}2 

9J.t}. 'U'~.5:.E-] ;.;~,b~t<JoJ] "il>s'\'! ~ff~{~;,;] ;r;]Qj<>l]-'-i 67ff 1)~ (HCTD 01, 02, 03, 

04, 08, 09):2-} t>ff.::;>-;r;JQjoj]J.i l7ff 1~ (HCTD 05) .::lc].2 ;,ffll_c}'Z! ;r;JQj ~-2..s:. 27ff 

1)~ (HCTD 05, 06)oj]J.i CTD system~ o]%-a-}oj 4'.g- ~ ~~ 7c]2 %;::{!:5: 

(DO)%% ~1) ii}9:J. t}. 

-94-



-i:6-

? {~ li:J ti" · {:i '[/; l:i; & !:;;c 2 [i ~ l:o J' IJfl' £ · v- 8 · I ? lo., Y ,G, ~ % l:o tY [lo I,, li!?--c R, 

'{:i lo Ef,:- %:(~ ? f-t {:il't 4-%R- fo tY l '.l ~ :S:-£.- 4-%R- fo ~ Ha li<?-1:o [folk [ll;'R:* 

l:ofoli'.l li!%{o '(Z66l 'u405 pm, 0JaJ J rn :SL6l 'Ja,sa)I :tl61 'Ja:,paoJg) {:1[6 

[,,:-[,2~ 2O~ ~{.g.{L:% [-'?-tYtv [Y{'.l ;:;.[r{fL%tr E{.g.U,::~ [0%::fti°"'f,G, [lo%% 

'fa[o(uop-eJn'H!SJadns) Hafy ty:n{r 3'&%£ to ~ kllo%1f li<?-1:o [1<>%.frR:c: 

to{o[Lli'.1 ~y,G,~% '{:1[6 9 ¾-ITtcl[f>:' ~1f{r iZ [vrv k[fo,& ~ fo{.g..t,.:,!, 

~k~ ~I,: [foGlJ ~U,::~ -i,:-[o ~«~::;; [o~B,l:v¾ H!?-to [foJapiurn i=\8881 

'[.g.\i '(Z66l 'u40s puB OJaJJHi) {:in, E{-'?-nli"l ~R& li!fo tol'>~tr {o~o-il} 

~fn % ¾~ l:o~/i'Y I1i %.frfy.f'k.-& 'ftR: ~-G-- roF>:~ '%¾ lo9H!?- 'fa{.<?-lo% 

[o&!:;,c fo{.g.1':[R llo%f!?- ~{:i ~"Cf,G,;;'.% %4-li!?- '(Sl61 'Ja,sa)I) {:i[oy,G,;;'.% 

-;'%1°.> ~ l'>/vTh /v<f% tY/fo-c°j:o /i'.~ty:/r/i'Y li&i"~. {oZ0J ¾ [!i;'/L !o¾9li!?-

·{:i'fi;l:i;Th~ 2O~ ~~ tok :S:[ok 

lo-E~ Th/i'.l,,lr 'lofZ to-t~ !o¾4- 'fao:P,{3{, 2O~ Th{v¾ !oi& ;;,, 

Jiil't ~n-il}i,:-4- ~i& -tz ii',{3{, [foZ-£ '8!_.i '(Z-£ 'l<H) {:1[6 E[ol't ~ty:j;,, 

11J1-G-- °Cf{'.l k2O%4- ~fyl/s. !o%to'i5·4- ?%4- m 00£-001 R,-4- Th"i't ¾~li'.l~ 

'{:i:P,{3{, kllo2-½ m 00£-001 R-4- -;-:r,:y'.l~ 'r'fi;~-1.>tr kllo-2--½%E ~~::;;~ 

. j:i:p; {3 j, /IC-!p ~ ½1- to ty: i;;, Tb ~ [Ii;' i.: 2 ls~ tonsct 8 · t£- z · t£ ~ ¾ ~ 

%tr {-'?-[om 0001 r[2r lr{tm 0001 Il _.L -,. 
lYY E 

'{:iP,J.g.¾-t- 20% 

!o½r- ty:j;,, to% ~fo f.> fo{-'?-~n 

¾%to¾4- r[2r '[r{fLm 001 R-4- pdlo¾E -;'%4- '( 1-£ a1q-e1) {:iP,{.g.,G,[k 

¾-E~ ~%4- fo{.g. 2o~L -tz-tz ~~fi& [rfn{, tri& lit9 tol;olr [r¾~liR 

2O~ ~:S:J,,fo ~-3:i&h~ -tz tol;oli!?--c-R, '{:i~.fl,.TT,: 2O~ irt{3{, ~:S:& ::i. 

T to :S:tvlloR-4-trti" 1:o-cli!?- {,o'fo{-'?-ilr ~Ir{-'?-&-\? ¾R-4- !ofy/o t:J. fyP:fo!i.[2: 

% !of',: ;::[ol!t OD '{:i'fi;t:i;-\?R: 2::J. T to kl!oR-4- m ooc;'c; tolr-t-li<?- ~¾4-

tr~ '(Z-£ '8!-1) {:i'P,E't %:(~ to::J. Z "iic¾4- %tr fo{.g."'fft fa[ol't ~y{z Thi1Th 

~lr{fL%tr {.g.[o m 00£ '{:i'lf{of-, 2:J. 01 ~tY[lo%4- m 00£ falrtoifu [-'?-~~ 

[o¾4- tol'>-F-if,. lo%,lo¾4- fo{.g.-i,:-j.c -~m 001 R-4- '{:i:P,{3h 2O~ ~~ lof<'. 

{Lty:j;,, ~i& 20:(~ i:o::J. £'0+0£ -t~ to%E ~n¾ ¾4- l:ol;oli<?--c°j:o 



Jf,g0 ]<5t %"1J-,gr:ffoj]A1 1..lEt,;!:.Q.uj, ~±~~ 1'11 300 m -¥-2<>l]"-1 -11:-!".;£1~-ct 

(Fig. 3-2). Jf¾ 13'1 %"1!-¾<>ll"-1~ ~ :ff~k~ r:ff7l~~ .2.~ W. ~-§-g "J3.~<>ll 

~~ "!J-~AJ<IJ-% %<>ll 7]'t!~ ~.Q.5'.. '1}1j£1uJ, 300 m o]<5t 4-¾<>ll"-1 ~±~±,go] 

~AJ:!\'! ~~ 1l%<>ll ~~ ~~ w. %7]~ ~~:;,.J-1 %<>ll ~~ ~.Q.5'.. "-Hr.:!\'!t:t. 

mAto])<>l]"-1 ~~~ -\,;--.S:.~~7t "J{\:!\'! ~~o]ct. %;"~±~ ~1!\l1 1'-31~.:5': (Fig. 

3-2)<>l]"-1 1500 m~ ~-\1-. 2. 43 mfl £ <>l]"-1 2. 21 mfl £ 5'.. ~ 10%~ -'g-~,go] 

-11:4:\-£1~-ct. 0 ]cl~ ~,.J~ ~±~±¾ 0 ]<5t~ 1'¾<>ll"-1 ~±7t ctA] -'5-7t<5t'?'l."-1 

%-§-g"J3.~-u]Ag-§-~~ %7]% ±5'-~ 'l!-11:!ii ~.Q.5'.. _',1_2:!\'! tJt 9,lct (Wishner, 

1995) . .'£~. ~ 'i!-'i'-±<>ll"-1 1'~g:!\'! 98 1J,;ff:;<1 "!J-£:;<t~'hl-"-t _',1_2"-1<>ll u:t 2 '?'l. 

Eij~ 0J 1)iiff'/!-:;'-iiff(;oj (K0D0S area)<>ll"-l.S:. %;"~±~ ~~¾ (-'i'-1! 750 m) 0 ] 

o] 

(iiffOJ',"~-lj!-, 1998). '/!-:;'-iiff(;oj~ ~-\1-, o] ~ T~]~.Q.5'_ ~,g{J~ '," 9,l;:: Atli.~ 

-¥-~ .Q.5'_ 1 ~~ ,;ff -!cl & ~ 1' 'id .Q. L-i . Eff ~ 0J 1l ,;ff 'I!-:;,- ,;ff <;oj :;,.J- % "-HJ: 7,! .Q.5'_ 

.'£~. co,;:: :;<J-,'~\:l:~ 7t-"'5'.."-1 7J_g ~~ 13'1 iiff1''?'l. ~~~ %~"-]?];:: -i'

ii.'t!.Q.5'...s:. qJ:?;j;<j 9.lct (Goyet and Pe tzer, !994; Murray et al., 1995). ~'11 

·nA o, 

% -§-cl· ~~pj ~~J<>ll ~,;ff 7.'11{1-ct (Libes, 1992). 0 t%cl. CO,;:: iiff'r ¾<>ll"-1 

oJo]_g, (~ 606 mmolelkg):;,.j- ,",o]~ (60-1 mmolelkg)~ o]_g, ~~AJi;ff~ -{};<]A]?];:: 
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.2'-n~t o,1*'.£. 1<)-c0h•l-;-, olrt (Sk -•-"-~ S--j'le!= - ur- ,,,..~, :rrow, I 974). 

~~~iSJ.:J.~E.l "!l-tJ-A.;j ~%oJl E.l<>H %7]~:!.{:.£ ~~£Jul' <>H-"i'-'?'l_Ol]-'-1::: t:fl7].2.J-E.l 

AJ .:2: _;;!_ ~o l -"-14:r ~ _Q_}i!_ ~ <>J £j .2 ~ r:t, EC02E.l ~ 1l ,'.'_ °1 cl "J 'll oJ] E.l "r°1 

~1]£12 ~_Q_uj, 7]~~_£_.£ ¼l_i!] 0]%£1::: "J'/l,'.'_ Gripenberg (1936)0]] E.l<>H 

(back titration method), photometric titration, 

potentiometric titration 7i!].2 -?-.{:·>J.g- i,".5:.'/l (pH method) -Jg-o]r:f. 

~-,1-oJ]-'-1 -?-"Jt! "J'll ,'.'_ Anderson and Robinson (1946)0]] E.l<>H ~ g .±7flt[ o]~ 

,U,'.'_ AJ~~ ..5!.~~ ?i:JoJ ~:,fl::: ¼l_c] -'-r-§-£12 ~::: ~~1)'/Jo]r:t (Grasshoff et 

al., 1983: Parson et al., 1984). 

~-,1-<>H'4E.l %- -¥-7]'8:-±E.l ~,'.'_ }::COzE.l ~if"£.£ .:ll:-'-]-&t~r:r. EC02::: 

1.47-2.50 mME.l ~~l.2.1- ~~] '!J-;ir- 2.20 m~IE.l i,'.'i'. ilk_£_.£ s.-'-r£l~r:t. ~-"-1 

if" S:.i:k ,'.'_ .:R:%--¥-2 E.l -?Ad oJ]-'-1 t-rEr';;l; -2-uj ~ t:flif" s=.::: 2000 mE.l 4-11 oJ]-'-1 

~1]£j~r:t (Fig. 3-3). 4-111\\1.£ 1f.%-o]i,t 200 m -?-117,lr-"-l::: 2,0 mM oJ-&tE.l i,'.'i'. 

~_Q_}i!_ t-rEr1J::::r:il, o]-1!,'.'_ t:fl7].2.J-E.l ·),'~ .2~ ~% 1M -fl-"!l-%- (euphotic 

zone)Oj]).1 "!l-tJ-A.;j ~%oJl E.ltl: -1!_£_.£ -'-L~{:!r:t, 300 m0]-&t -"-1%- 7,lr-"-1::: '!J-;ir- 2.3 

mM.£ 1l:%- '!J-;ir- ( Q..\' 1. 8 mM)oJ] ll].2-&roJ 27. 8% ~,'.'_ i,'.5:.~ t-rEr1...fl~r:r, tJ:'l'!, 

3-4). 

~ -,1-<>H '4 E.l %-%- ~ -"-1 %-4-E.l if" s=. ~ ,'.'_ ll] ~tl: -'-] 7] E.l cH '!l 0J 11 <>H ~ -,1-<>H '4 oJ] 

ll].2-&roJ 5-10% 1!£ ~,'.'_ ~~ ..5!.~r:t t:fl 0JE.J ECO, i,".5:.;:: cH'!J 0J -"-1%--?-7r 

't!.5:. 0J 1M t:fl-'-1°J -"-1%--?- ..s!.t:r ~,'.'_ -1!_.Q__i'_ <lJ-aj;<;j ~.2 (Broecker, 1974), !';-&]. 

~-?--lt½ ~%0] ~"J-tl: <>H'4.'.'. Q..)' 5.4 m\l~ i:J_Q_.£ -?'l.'! <>H-?-E.J i,'.5:. (Q.j' 2.2 mM) 

_sl_r:r 2Bfl o]AJ ~::. i:k~ ..5!.'t!t:r (Fisher, 1995) . .:_icJq ~:.<HE.l ~-,1-~2.j-'1:!.£.£::: 

~-,1-<>H'4E.l r:r.{: ~::_ -i:k 01 ~-?-~%oJl E.Jtl: -1!.££ "-1:1!~ 4- ~::: -:;i.;;iJ~ 27i7r 

nt~-&r7]oJ];:: ~-'-r1!1:! 0] -'j'-~-&t~r:t. a:fof-'-1 ~_£_.£_ 01.2.1- 'i'±'t!-B ..5!.~~ ~-,1-7f 

'€1 ..11 ti: ~ .£ .£ 'li "-1: -B r: L 
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(Spencer, 1975), 

-;j-~-'t)o] {::- ll]¾.£ fa.}:<]irf.:;)_ 9,l...2.L} i:floJ:<j 1-¥- "JOJ'EJ ;:_ 4':l-j Lflo-Jl-'·l n]~%~ 

* 71 % {! ~ .zJ-11 o-Jl ~ ;sfl ;,;ff -'-J {_} 5:J 2' ""l ¥ ~ 2J-.3. ~ o-Jl ~ ;sfl ± ll l 5:J ;:: s?:t!- .zJ-11 ~ 

~ .5:. ~{'- ( pycnoc l i ne) 2j- ~7,'f] ,,-n o,~7'1.<' 
fl O t....:. 0 i:!'" 

'lJ-6];,;j 9li:]- (William and Paul, 1995). 

~.:;z.,,-R~~ Z} 1/~<>-l]"-i -If_-~~ <>J 0J'EJ~ 4'3l-lf:-±..5:.~ Fig_ 3-3<>-l] 

L}Ef1..fl9;l_r.f. ~±_;,jj "JOJ'EJ ¾ t:fl-!\"--lf:-~ -'cf.£~ fa.f:<j15"f;:: ~{!'EJ~ 0.4-33.3 

µ M ~ -'cf .s:. 'il ~ l £ "'.; 1l 5cl 9i r. f. ~ tl- 'El ~ 5'" .s:. ;:: .H.-¾ 0 l 15 f -ll-2cl--¾ t:fl o-Jl "-i ;:: i: R -¥- -lf:-

:<i %<>-ll -'cf-~£1 ~ iY ~ 4'3J-lf:-±. ~ Jil.9:!. r.1 . +11 100-300 m ;.j-o] o-Jl;:: "J 0J'EJ ~ 

-\:;--.5:. -iel-~~ ~-'-J- (nutricline)oj {!- >!J-~S:J~ 919:.(..2.uj 1000 moj15"} :<i¼~ ~1tl-"tl.: 

'11~~ L}Ef1..fl9ir:f. 0 1 cl"tl.: -lf:-±.;:: -'-J~~ 0 1%<>-ll 2.J;sfl .H.{'-4' 0 l 15f -ll-2cJ-t:flo-Jl"-i;:: 

27,l-5cf2 "J"J~ ;,;fls?:t!- 2}1] (regenere,tion)o-J] ~"1ifl :<i{'-4';:: -\:;--~~ ~..2..'r.. 

4'3J1"-}.5:.7} iY7l] L}E}',;l:..2.uj 4'11 10(10 m -!\"-;:'<>-l]"-i &jt:fl -'cf-.5:. ;:Jg _',l_o];:: 

~..2.5'.. 3':"-}5:J 9:.(r:}. 

o}~ {!'EJ ;:_ '§1 {!'/'12} 't} .2. L] o} ;.fo 2.j %'{]:{.1-% .'r.."-i ~~ ~ ..2..'r.. ~~1] "ti: 

~..2.£ 'lJ"C'j;,;j 9,l.r:]- (Spencer, 1975). u:j-;,j-;.J o]-~{_1-~~ 'M-¥- ~~g ;i;.J]2J"tl.: 

t:fl-¥--lf:-2.J "1ifl 0J~1o-Jl"-i;:: 1 µ11°]ir}~ -'cf-5'..'r.. ~;,;fli;]-.:;:i_ 9lr:f. ~ ~.:;z.;sfl~2.j 

oJ-~{!~~ 0.01-1.14 µf1 'il~l.ir.. ~?!" 0.18 µ~l.ir.. "'.;1J5cf'iir:f. ~.s:. 

E.fl,g 0J<>i["-i.2.1- ~~ 0 ]-~{_1-~;<j &jt:ij -'o--.5:.·8'- (?"d ~ 100 m -!\"-;:') 0 1 1]~ HCTD-03, 

04. 06g ;i;J].2.l"tl.: ';-1_ 3':"-};sfl<cj<>l["-i ~ =?:]:i';-5cl9ir:f (Fig. 3-3). o]c]"tl.: ~t:H -'o--.5:.;:: 

Jf{'-.lj'--;:'oJl"-i t:fl7l£.!fEi;<j %-lf_-lt {!J: . .2:t!"o-JI rr]-;: 't}-'2-L] 0 ]-;<j {.l-~.zj-1) (,HJ 

--+\02--+ \03)<>1! ;<j"ti.: ~..2..'r.. Jil.2{:!r:]- (Spencer, 1974: f\i l lero and Sohn, 1992). 
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~ 'B_.,'-tifl<iJE-1 </l{l:'13 ~ -,t{l:'13E-j -'g-.5:;:: Zj-Zj- 0.16-2.84 µ)12} 0.8-147.7 

µME-] "5-5:. 'i!f].£ 41]5'J'l;J.t:]- (Fig_ 3-3). </1{1:'l'JE-] .-,=-~ -l,!-.31: ~-'-J :"_ ~{l:'l'JE-j 

0 /fitoil-'--l q·q';;J-c]- (Fig_ 3-3). -;:/-{l:'13 ;:_ -§-tifloJl E-]t}: :<fl-'g~ 4;°-5:.7f ~~'fl ~ 

'1l{l:'13E-J -'g:Ej-~?,j :,ij;.g{l: 4;--£..5'.t::f •UfL)_;<j -£-fif7l 1.IJl-l!:-'11 ~.Q.-5'_ AtlI-f::!-c} 

( Spencer, 1974). 

J<}o/~ _5l_o]7-/ '?j9J-i::} (Table 3-1) . .::lcjl..-) Zj- OJ 0J'fl;:_ ,ij~i:'}</17-/<ij tifl<ij..5'.t::};:: 

Bij~tiijQ:jE-J .-,=-3)-l,!-.3':7} ixo,E-J 1--9--9.J- ifA}tl: OJ'AJ~ .!il..'rti::} (Fig_ 3-5, 3-6, 

3-7). o]i:'-jt}: 7,'j.2};:: Bij~tijQ:jE-j %% ~ ;a:J%?7]- tij-=j'-;a:j<ij ~ 'lij~i:'j-'?.l 7-]Q:j..5'.t::} 

Akt;tl"1 0? t:}Mte ~7,1 Ol Bqi<L.-Jj olte <>lt>-2. B>-;J Ol-2..g_ ot .¢. 6lt:j-o rJ -..,-~ 0 'L- 'L- 0 4 'L-~...,I 4 'L- 0 (, i:2. t:::.- hi. l:l c::t 2. I .,Y., • 

4-?,j Al-.£ -'7 0 l % 5'j 2 9,.l .Q. nj ' ~ 2 <>l] ;:: * 7 l ~ 'B. -=j'--lf-0 F <>l] 5:. ~ % 5'j .2 9,.l -c} 

(Laane, 1982; De Souza Sierra et al., 1994; Coble, 1996). tij 6JE-j %7]~~ :"_ 

"lia2cl-!'i-'-J<>l] a:}i:']- humic-like substance (Gelbstoff: geomacromolecule).2.j-

protein - I i ke substance (bi omacromo I ecu I e ) % E-] .2 % ~ :,g-~ ( f I uorophore) -5'_ 

-l,!-i:']'6"}oj (Mapper and Schultz, 1993; Park et al., 1995; Coble, 1996: Son and 

Park, 1997), 

(non-characterized fraction)'?..! humic compound 'B.-'i'-<>l] o]-§-£1_:;i_ 9,.lt::} (Williams 

and Druffel, 1987; Hayase and Shinozuka 1995; Colombo et al., 1996). o]i:'-Jtl: 

4-:,.J ';-'-J 'B_-=j'-ojj ofl~ %%ti: ~.Q._se_ 0Ji:"{;'-i 9,.l-c} (Hayase et al., 1988; Coble et 

al., 1993; Determann et al., 1994). ~ 'B.-'i'-oJl-'--l;:: -oa.:;g='i,.JoJl a:]-i:'f -'g7-jcij~1) 
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( bi omacromol ecul e) :zJ- ;,:) .:;t 7J t:ff %1! ( ge)macromol ecul e) .ii'. .:;z.~;;-}~ r:} ( Park et 

al., 1995). ~~-fl-7]% ~~::_ Bff~,sijQ;2-j 1)1:J HCTD 01, 03:zj- ,sij.:;t;,:j~~ 1)1:J 

HCTD 05<>1]-'--J -?""gx}9ir:}. 

'l! .:;t<SH ~ 2-) .... g71 t:H%1! ~ ~Ai] 7] '.:: 0. 30-1. 38 TU2-] 't:l-'l-]-5'. ~~ .'iJ 9ir:}. 1] {l 

HCTD 01::_ 0.46-1.38 TU2-j 't:l-'l-]5'. ~1l.'iJ9i-2.uj, 1)1:J 03 1;l.l 05'.:: 0.41-0.65 

TU.2.j- 0.30-0.80 TU 't:l-'l-]5'. ~~xj9ir:}. !Jt:H~J:::. 1)1:J 012-) .R%-<>ll-'-i 1..}E}~-2.uj, 

~.± y::_ zj- 111:12-J 2000 m -¥--2-2-J -?~<>ll-'-i ~1).'iJ 9;J.r:} (Fig. 3-8). 

(Tanoue, 1993: Coble, 1996), -%'8--'cl.-2..s'.'.:: *~%-<>ll-'--!2-J ~tl--'-a 1;l.l -'-g%t:H-'-}~% 

7cJ2 -'-g% -'-}~12-J ~"H %<>11 2-J~ %71%2-J -%'8-<>ll 2-J~ -1!-2.5'. 'l,1-c;l;,.-J 9lr:} 

(Rashid, 1985). :g--• J.ii'.¾ -'-hl::. Fig 3-82-] 1)1:J'lj_ ?~~.:£:<>I] 1..}1'.}1..}~o] 

"'is-%--? (-?~ 1500-2000 m -'-}o] )<>l]-'--J~~ "'is-7}~-'-Jo]r:}. -'-g7JcH%1!2-J -?~~.:'>': 

~-'-a::. .R%-0 J;;-} ¾~cHoJl-'-i -li.:2 -?i 2-J %7}<>11 a:}c} {Ji<} 7<J--±;;-}::: "1!-2..ii'. 

_lil_.:;Ix}2 9,l-2.1..} (Coble et al., 1993: Son and Park, 1997) ~ 'i!-'i'-"H~<>l]-'--J '.:: 

25<} %7f~-'-Jo] 1..}E}\:!t:}'.:: -1!o]r:}. ojc-j~ %7} ~-'-J::_ %;".:~.±2-) o]-'-J 

~5:.~-'-Jg _lil_~ ?%- (1400 m -¥--2-)Ej ll}_ii!. o}cH -?~E..£-'-1 a]-'-g%oJ] 2-)~ 

%7]% ~,sffoj] a:}~ %7}5'. ,sij~~-? 9lr:}. 7c-j1..} ~-'-1 ~-:;}'{! ll}.2.j- ~o] ojc-J~ 

~-'-J2-J 11:ill-~ -it~ g -'l-i"H-'-i::: ~r:-J '?±'t!t! ;,:f.ii..7f Jl.:;tt!r:f. 

0.(6-0. 48 QSU 

"'1%-77};,:) {li<f '/J1Jt}: i:J:~ _lil_~t:f (Fig. 3-8). 1J{l~5'.'.:: HCTD 01 0.10-0.48 

QSU. 03: 0.10-0.30 QSC 7 c]2 05: 0.06-0.29 QSU2-] 't:J-'l-]5'. ~~xj')j_r:}. 

R%-<>l)-'-i2-J ',.!-::_ ~~--'l)7) '.:: ~~tffoj] 2-)~ "1!-2.5'. ~t)-.'ijcj (Kieber et al., 

1990: Chen and Bada, 1992), ;,:j.:;t7Jcff-J,t1!2-J 

'!J-?;j;,.j 9,lt:} (Hayase et al., 1988: Coble et al., 1993: ~lopper and Schultz, 
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substance.5'.. ~tt£J;:: :i.l-1JoJ] a:H'-t %7H!r:t (Rashid, 1985). oji!J~ :ij-1)4i-oj).,,1 

~-"']:§:.J-~~ ~%oJ] E.]tiff ~~ t;J 't!t>a£J2 (Lilley et al., 1995), ojr-)~ :ij-1) 

¾oJl -Ja\-~%7]%~ ,"_ ~4i-0 ].g.~:ij- '3j-:§:.j-~-§-g t>aAa'&'t7il ~r:t. u:t<!t,,,, ~_Q_5'._E.) 
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Table 3-1. Averaged concentration of nutrients in the study area. 

Station 

I. 2. 3. 4 
8. 9 

(Bac!,-arc) 

CJ 6. 7 

Station 

I . 2. 3. 4 
i<. 9 

(Back-arc) 

S, (i. 7 

Layer 

0- IOOm 
300- 1000m 

>IOOOm 

0- IOOm 
:,oo- 1000m 

> 1000m 

Layer 

0-IOOm 
:mo- woom 

>IOOOm 

0-IOOm 
'.lOO-IOOOm 

>IOOOm 

Nitrate 

I. 2 
2:l. 1 
26.6 

I. :l 
2"1.6 
28.3 

Temperature 

("C) 

29.27 
7. IS 
2 .13 

29.49 
7. 19 
2. IO 

-JO?-

Nitrite 

0.22 
0.18 
0. 16 

0. 18 
0. 18 
0.20 

00 

(µ M) 

(m!/1) 

4. 10 
2.02 
2.Ei7 

4.0:i 
2.03 
2. 7(1 

Phosphate 

0.2:i 
I. 79 

2.0:l 

l)_:l(i 

2.01 
2. 17 

pH 

~.22 
7.EiG 
7.fi8 

K.25 
7.G7 
7. (i9 

Si I icate 

I. 4 
:; I. 4 
I Hi. :J 

II). I 
S~.~ 
114.IJ 

TC02 

(mM) 

I. 79 
2.28 
2. :,s 

l.KO 
2.30 
2.37 



HCTD-08 
HCTD-09@ 18)@ .. ' 

· · · HCTD-04 HCTD-06.o. l 6 km 
®--··· ® ·-··---------·-'--8-•-.--------=;..::_;_:.,.,, ' 

HCTD-0 I '°' HCTD-03 
'0' 18km f!CTD-05 

HCTD-02 · 18) :t 
HCTD-07 

Fi :,: :,: :,: :,: :,: 
Cl Cl Cl Cl Cl 

..; ..; ..; ..; ..; 

~ ~ 0 0 00 
:ls 6 ¼~ ..., w 

Fi :,: :,: 

Cl Cl 
..; ..; 
0 ~ 0 
6 6 
~ ~ a-

0 .. • . . • .. 
• • • 

• • 
• • • 
• 

2 • 
• 

• 
4 

• 
• 

6 

(Depth: km) 

137°40' E 138°00' ::: 138°20'E 138° 40' E 

Fig. 3-1. Transection of sampling positions between 8°58'N and 8°32'N in the study area. 

-/08-



0 
0 

500 

1000 

..c 1500 
~ 

0. 

"' a 2000 
..... 
% 

2500 ~, I 

3000 ~ 

3500 

Temperature CC) Salinity ( psu) 
34.5 

DO (ml/I) 
2 4 10 20 30 40 34 35 0 

I- ) 
I-

I-

\ 

\ \ 
Fig. 3 2. lertical distribution af temperature, salinity and dissolved oxy~en 

i" the study area. (St. HCTD OJ) 

6 



Temperature ("C) Salinity (psu) DO (ml/I) 
0 10 20 30 40 34 34.5 35 0 2 4 6 

0 • -
~ 500 ~ / I I-

1000 
I I I I \ .<: 1500 ~ / I ~ -0. 

"' Ci 2000 1-1 I I--"' 2soo ~I I ~ \ t \ I 

3000 

3500 

Fig. 3-2. Continued (St. HCTD 02). 



Temperature ("C) Salinity (psu) DO (ml/I) 
0 10 20 30 40 34 34.5 35 0 2 4 6 

0 

500 

1000 

-5 
fr 1500 

I Q -- 2000 . -

:: fl I f 
1 

I f 
\ 

Fig. 3-2. Continued (St. HCTD 03). 



Temperature (C) Salinity (psu) DO (ml/I) 
0 10 20 30 40 34 34.5 35 0 2 4 6 

0 

500 t / t 
( 
I 

1000 

I l ,SOO t I 
t 

\ \ -
2000 I -

\ 
"' \ I 

2500 H I ~ 

3000 

Fig. 3-2. Continued (St. HCTD 04). 



Temperature (°C) Salinity (psu) DO (ml/I) 
0 10 20 30 40 34 34.5 35 0 2 4 6 

0 

1000 ~ 

2000 r, 
..c -e- 3000 
q 

' -- 4000 H I r I I r \ 
<., 
I 

sooo ll I ~ I I ~ 

I I I I I 
6000 

Fig. 3-2. Continued (St. HCTD 05). 



I -;;: 
I 

0 

Temperature ( ·c ) 
10 20 30 40 

0 ,-------,----.---..---, 

500 

.c e- 1000 
Q 

"00 l I 
2000 

34 
Salinity (psu) 

34.5 

\ 

35 

fig. 3-2. Continued (St. HCTD 06). 

0 

DO(ml/1) 
2 4 

\ 

6 



Temperature CC) Salinity ( psu) DO (ml/I) 
0 10 20 30 40 34 34.5 35 0 2 4 6 

0 

500 

1000 
.c: -0. 

" I 0 - 1500 -V, 

I 

:: t I I t \ I t \ 
Fig. 3-2. Continued (St. HCTD 07). 



Temperature ( "C ) Salinity (psu) DO (ml/I) 
0 10 20 30 40 34 34.5 35 0 2 4 6 

0 

I , I I ' I I r 
500 

1000 ~ I I ~ \ I ~ 

' I • ' ' ' ' ' "" -e- 1500 ~ I I ~ I I ~ 

I 0 •• -
,ooo f I 

\ I \ -
\ \ "' I 

2500 ~ 

I 
3000 

Fig. 3-2. Continued (St. HCTD 08). 



Temperature CC) Salinity (psu) DO (ml/I) 
0 10 20 30 40 34 34.5 35 0 2 4 6 

0 ,~ 
500 

1000 

.c 
fr 1500 

I 
Ci - I / I I \ - ,= ti 

f \ f \ " I 
2500 ~ 

I 
3000 

Fig. 3-2. Continued (St. HCTD 09). 



] 
:c -... .. 
Q 

]' 
:c 
! 

pH :!:C02(mM) :!:Alk( meq/L) Nitrate(µM) 

76 7,8 8,0 8 2 8,4 1 8 20 22 24 :~ 6 2.40 2 42 2.44 2.46 2 48 2.::;D S 10 1.5 ?O ZS 30 35 
0 -· ·-- -1_ ,..-- ---.. ...._ 

• • --- --. --. 
I I \ \ 
I I \ \ 
I \ \ \ 
I I \ \ • • • • • • < • 
~ + 2 

-- + \ I \ I 

' • .. ' I I I I • • " • 3 

Nitrite(µM) Pbospbate(µM) Silicate(µM) NIP Molar ratio 

00 05 1 0 1 5 1 2 50 1M 1 " 4 R 1' 16 

0 ·-----.. .---
' I 

·---- ,.._ - '-

--. 
I " I 
I 

·---
I 
I 

--, 
• I 
I 
I 1 I 

I 
I 

' + 

I 
I 

• 
~ 

I 
I 

'a__ 
'-• ~I t 

2 • 

3 

I 
I 

' I • 

• I 
I • I 

• 

,( 
I 

' I • 
Fig, 3-3. Vertical distribution of env.ronmental parameters in the study area 

(St. HCTD 01) 

-J/8-

• I 
I • I • 



]' 
~ -= -... 
" Q 

pH 

76 78 8,0 a..2 8,4 
0 r----

' I • 
+ 

2 .... 
---- ----..,:• ...--..-

3 

Nitrite(µM) 

03 0 1 _ 0 2 
0 t--*-41a'•"'-~..------i 

2 

3 

• • I 
~ 

• I 

' 

) 
I 

• \ 
JI' • 

1 8 2.0 22 24 

------~ 

' I • 
+ . ,. 

< .. 

Phosphate(µM) 

- 1 2 

2 

I:Alk( meq/L) 

6 2 40 2.42 2.:44, ;J ~6 2 ~ 2. :;o .... 
,..,• . '-
~ 

I • 
,) . 

.:::: 
'- ..... 

Silicate( µM) 

50 100 1 ~ 

•-- ..... ..... ._ 
-~ -.. ' ~ -\ 

f 
\ • • \ ;. --· --- e--:::..----.. ...--..._ ----. -, 

I • 
Fig. 3-3. Continued (St. HCTD 02). 

-Jll'-

Nitrate(µM) 

5 10 15 2.0 2.5 3.0 35 

•--
------ .. 

-..,-
---- ---- --. 

\ 
I • _i 

N/P Molar ratio 

16 

-----..._ ,. 
( 
" I 

I ,. 

' ,. 
/ ... ..._ --. 



] 
:.;--... 
~ 

0 

2 

3 

0 
0 

2 

3 

1 

pH 

76 76 80 82 _84 1 8 _ _.. ,,-
• • I 
I 
I , 
• • 
' ' • 

Nitrite(µM) 

02 0 3 -· • )• 
• I 
I 
I 

} 
~ 

l,'-. 

• / . ...._ 
...... 

EC02(mM) EAlk(meq/L) Nltrate(µM) 

20 22 2,4 26 2.-40 2.42 2.4.4 2.46 2.~ 2. '° 5 10 15 ,n 25 30 35 .... _ - ~\ , __ 
-i --......._ --. 

' ' ' I \ I 
I \ I 

~ ' • J ' r ,.,.. 

• • e::__ 

• • ,, 
~ i ,.,.. .. .-

Phosphate(µM) Silicate(µM) NIP Molar ratio 

1 
50 100 1 ;n 4 8 12 16 

...._ T _____ 

' 
,,__ -1 .. • 

' ' • 
I • I 

I \ I 

I \ I 

• It 
.__ 

,I \ • •, --· { .. -----'1 -- • --- ) " -, .,,, I .,. 
• 

Fig. 3-3. Continued (St. HCTD 03). 

-·/20-



pH 

76 78 80 8.l' 84 
0 ... ----· • 

+ 
] ' I 
';: • - t ... ., 
Q 2 -

• • 
3 

Nitrite(µM) 

0 1 02 03 
0 

? • t • ]' I 
I 

;;, ~ - • ... ., I Q ,. 
2 • \ • 
3 

1 8 2.0 22 24 .. __ 
-----• ~ 

' I • 
. l • • 

Phosphate(µM) 

r•--~ ? 
I --._:;. 

/ 
/ .. _ 
--"1 

I , 
• ' ' • I • 

2€ 

r 

I:Alk( meq/L) 

2.40 2.42 2_44 2.46 2.48 2. ~ 
ea:_~ 

'\ 

Silicate(µM) 

50 100 1 0 

-----' ~ / .-_ ---~ 
I 

; 
"- ----- ---t • 

' 
Fig_ 3-3_ Continued (St_ HCTD 04)_ 

- /.?/ -

Nitrate(µM) 

5 10 15 zo zs 30 :s ·----;. --------. 
I 

) .__ 

------ --. 
+ • 

NIP Molar ratio 

4 8 12 16 ·-----, ,. 
• " • I 

I ,. 
• \ 

' • I • 



0 

4 

5 

0 
0 

4 

5 

1 

pH 

7,6 78 80 8_2 84 1 8 

,, -----
• . 

I 
'! • 
~ • 
' • 
Nitrite(µM) 

0.2 03 04 

:---
' 'e 

I • / • t 

' • I 
• 

20 22 2,4 ' ~ ---. 
\ 

' • 
+ • 
+ • • 

Phosphate(µM) 

1 2 

-----...... .. 
I 

' 4 
t • I • I 

' • 

I:Alk( meq/L) 

6 2.40 2.42 2.44 2.46 2.48 2. ~ . -

·-

... 
" 'e 

' • :. 
/ 

< 
' -. 

I • 

Silicate(µM) 

50 100 

....___..., 

' ,. 
'----

1 0 

--, 
'\ • I • I 

' • 
Fig. 3-3. Cont'nued (St, HCTD 05). 

-/22-

-
Nitrate(µM) 

5 10 15 20 25 30 35 -------• 
' ) • 

r • t 
• 

NIP Molar ratio 

16 

--.. ,. 
I .... 
) 
~ • I 

• I , 
~ 



pH 

76 78 80 8? 84 
0 ~ --r-

• I 

j • r 
:a- 1 ' -Cl. • " Q I 

• 
2 

Nitrite(µM) 

0 1 02 03 
0 ---;J 

• I • I 

]: •, 
' ' :a- 1 .::» - ,,-

Cl. ,---" Q I • \ • 
2 

l:COz(mM) l:Alk( meq/L) 

1 8 20 22 24 26 2. 2 2. -, ---
~ + • • I I • 4' 

I 
~ ' • • I I • • 

Phosphate(µM) Silicate(µM) 

sn 100 1 ;o 

-.. -- -- --, 
.. , 
• \ 

~ • " ~ 
\ • 
~ 
I 

t • 

' " \ 
. It 

'-, 
I 

~ 
T 
• 

Fig, 3-3. Continued (St. HCTD 06). 

-12.1-

Nitrate(µM) 

---- ... 

' 

N/P Molar ratio 

----, 
'-
' I • I 

~ 
• I 
I 

' ~ 

' ~ • I • 
~ 

16 



pH :EC02(mM) :EAlk( meq/L) Nitrate(µM) 

76 78 80 _82_ 84 1 4 1.6 1.8 2.0 22 24 1 8 20 22 24 5 10 15 20 25 3P ; 5 
0 --:..- ._..___ -~,- ·-... --- -- ,,.. ----• .. .- • I \ '\ ' ' I 

\ 
\ ' 

e ' ' 
,,,..--. 

• , r .,. • :E' .. • a 

' 
• \ ._ ., 

Q 
2 r • I • • ~ • 

3 

Nitrite(µM) Phosphate(µM) Silicate(µM) N/P Molar ratio 

0 1 02 03 1 2 = 100 1"1 16 
0 .... ·- ~ -• --- --. 

+ -'- < ' \ I '- ' .\ > ' > ~ 

E ' 
,, ( • .,. 

t f ~ 
\ 

E ' - ..__ • C. .__ ._ ., 
Q --..., ~ 

,,, t 2 

' • I I • • 

3 

Fig. 3-3. Continued (St. HCTD 07). 

-124-



pH I:C02(mM} I:Alk( meq/L) Nitrate(µM) 

76 7 8 80 87 84 1 4 1 6 1 8 2,0 22 24 1 8 20 22 2 4 5 10 15 '){\ 25 30 35 
0 ,-------- ------, 
' ' • • • • 

.. ? 
• • 

1 , ~ ~ 

' .c -Q, • ,. .. 
i::i 2 • • I 1 

) 

' .. 
''--, ,. 
• 

3 

Nitrite(µM) Phosphate(µM) Silicate( µM) NIP Molar ratio 

00 0 1 02 03 50 16 
0 -- --

~ -"-- -.. -. 
lt ' • < .. ,._ ', 

lt lr 'a • '-.. " ' 1 • ,Al - / / 
~ ~ .-_ ~ 

,,. 
.c / - -Q, .-- ---:,,--. ._ .:--_ .. / -- -i::i • •✓ ::a -.. 

2 / I 

+ • ._,, 

' I --• f' -" • l, • .--- I • 
3 

Fig. 3-3. Continued (St. HCTD 08). 

-1/5-



pH 

7 6 7 8 8,0 8.2 8.4 
0 

r -
__ .. 

• • • 
' • - I 
I 

+ • 
3 

Nitrite(µM) 

00 0 1 02 03 
0 •-..,. ~---

lt 

< lt 
i._ ]: -,;' ~ - • "' .. / Q • 2 

+ 
" • 

3 

14 1.6 1.8 20 22 24 1 ~--.. • 
\ • , 

I 
I • • 

Phosphate(µM) 

----., 
J 

"-

' ' ) 
• I 
I 
I .__ 

'-. 

8 

'-

l:Alk( meq/L) 

2.0 2,2 

'1' 
---, 
• • • 
~ 
~ 

\ 
\ 

~ 
• 

Silicate(µM) 

50 1on 

-', 
." ... '- .. 

\ .,. 
( 
I 
I 
I •, 

'e 

Fig. 3-3. Continued (St. HCTD 09). 
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Xii 4 

l_ A-j 

o]-¥- -'<l-,1- A]!::'l!)oJ]-'·l '€14--3/-%0] o<t-"l"t~ <l'J~-& -,1-'Jliit7] i]'!l: \',\-~ ~-,1-7t 

~"]£1<>] ~i::r (Rona et al. 1983). 7 ,:!-=;t ~i]~ '€14--3/-%21- i½-4.:;g,-'-J ~-'-J:;>}.9.] 

'{J:;>.j]. ~-'r'-7t ,sff4'-.9.j s_-'-J ~ 7]-¥-\'!~}oJ] • j;<] ~ 'll"o', ,sffOJ ~ t:ff~ -'<]Zf.9.j 

~-'-J21-.9.J 'H'l'!-'-J, ~4- -"l<l'loJl -'-];"':iir~ -'-]%.9.J ~-'-J, 'l:14- -3j-%:z+ -'-]'ll.9.J 1]~ % 

off-¥- ag~i]'!l: 'll<l'loJl 7,;j_;,;j '.V_t:r (Ridge ~ffice, 1998), 

0li!-J'!l: ~4-.9.J ~-'-JoJl i:ff"r°'1~ c:Hr:z+ {!-~ 2f-7t-"l ~-'-J 0l ;"'::<ff,Ui::r. ~;,H, 

"H4-7r "H 0J-"l4.9.J ,.,H~ :;-& c:r2 ,._,~%2 "H4-7r • r70r.9.} ~%.,,roi ~4-7r 

38-'-J{!t:r~ ~-'-J 0lt:r. -§,;,ff, 0 r.=i.0 roJIA-J 7]~,U i/:-'-]4-7t ~4-.9.J ;::~~'?..! 

7]~o]nj ,sff4-.9.J <l'j~~ ~4-.9.J s.-'-JoJI 31-~ 'll"o'~-& a]~i::r~ ~-'-Jo]i::r (Yang 

and Scott, 1996), ~'l:! o]2i,\71] • r7 • r.9.}.9.J ~% ."E'.::: Dt2DroJ]A-j ;,q~~.2._i;!_ 
EO 
02 

t,ff4'-_i;!_ ~½S:Jnj o] 2}1)oJ]A-j {!~ ~7] ~~ (black smacker chimney):;>} iit'i! 

~7] ~~ (white smacker chimney)o] ~-'-J{!i::r (Rona et al. 1983). 

(water-rock 

interaction)o]_';l o]c-J~ ~4-.9.J ~ti:~ ,sff4'-.9.} t:ff7].9.] -'-J~-3j-%, ,sff4'-.9.} Yt!.9.J 

-'-J ~ -3/-%0!1 ,,,7 '1J <>] q '.::: %ii ~ti: Di] :JJ l-] ~ Oil A-j % ..11 ~ 2 cl ~ ~ -'-J "t 2 '.V,.2. nj, 

i:trcrA-J 'l:!4--3j-%~ -'<]-,1- %ii ~ti: ~-,1-oJI ~4- "r"1l 0 1t:r. ~'l:!. 'l:14-.9.J 

~tJ:2}1)0jJA7 ¾% i½-4,,o] '€14-oJI -\,-~ • {l~S:j<>] i½':; ag-'-Jo] ~-'-cl~ 4- '.V,t:r, 
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-9£1-

·1:in; lf:1=:[-9-tr, ~Po-lt: -\c:&:-le;- lo~foThlt: lsolr lo H,.% ~-t:-11 

-\o{Yfl, ThH:i lk>lsolr \1,{2~H£ -\o:5"~fv~)'l, -;; ~1', lotvER lo ·1:1Th to[-0!;,li.B-

{Li:-]1 ThlfYf,- ThH:1 lk>foThlt: =: tYH!?-[-a- lt:{.g..[o{:rr ~%-b: 7~ tY{i!{n ·1:1[0µ7 

Th <Y % i-Hn 3" lk>-lo{ir ?£ ¾ lo?,-& 7 ~ :::;-t:-11 foTh lt: 20 {.g. 3" lt: {.g. ?v I?,; ~ l~-& 

lofvlrn lk>-½H, foThlt: fo{.g.~KHr tYlk>~-\c:R:-¢\- {t:7~ 'P-t{-9-R:-¢\- E{-a ~ ii. ~Htt 

loR1~ '~Th ·1:1-ro 7 ~-t:-11 ~ ?v~ i?,.;? 7~ (£1 -½foHr"iE lo%-b:7Fi> Hi% 

~foTh[L 20!;, [ft:{.g.{:q:~ tY[k>~-\c: [o [YI,, fv~ lofoThlt: 'E{.g.{:q:~ [ofv'E H!?-% 

~%Th lo-lc:foThlt: :::7~ Bd?,.~ Hi% ~~%-b:~fv lo-\o{nr{n rt2r ·1:iJ<; 7-r,, 

~ ~-le: N~ {nr{n Hr?-% ~-t:-11 1~Thlt: 20!;,~Th lk>foThlt: =:~~ {nr{n 

"(L661 'J31Sli\if) {:1{-9-~ ln =:-!c:Fi: -t:-11 ~~{:q: R1~ • i:-[r 

+,oioleili.7 {L{Y1~ [2{l--t:-[r [o(,,:-(1¾ fo{.g.[o [k>(J31S1Wf 'JawaJ ,<Sorou4oa1 

pue aouaps au!JBJ~ UBdef) Cfi:-j1 ~[t:h{c: foll!?- [o-i,1-r, ;:'.!if -;;la:,[r 5~fv~fo 

{,f;,r "(£66! 'noos pue SUU!f!) {'.ltc E"a:!i-k ~f,,Ht: [of,-& [o-s-{y~t'<,-& 

l:o-z~ {;,{n lk>lo 'r"{:ol;,fz-ff,_ /of,·-& 7~ {c:%-1,: 7~ 3°tY//<>(U!seq 

snU>?Jj) /r¾ "?b{n Io~& jY% 'lnoiolei~-R: /0%1\-7~ ;;ra *~ /:o(ClJB 

euepeJ\) :'ti[/, 1'1,-~ {,{o /;,jn Io I<, /r ~ f,, · ( Z86 I '!Jeuo3 pue , !JJad) j:i /o-a-/l:n 

[LJ<; c{-9-:if¾ /o(ajlpp aU!JOJBO) iH!?-f!,{i!~lii ~{,;,fo c{:i)'.Gt,1',,f',; li<?-/o /!<>!}~ 

-\o(lJjlnoJ, [OJos) n{i! 3 ~Y :::;{!?-1~~ 23-!;,, fl,=, :::;/k>)co/r Io{2~He 'E):c,µ.jrr 

201,,/r f-i)'.GJ<; /0%./,: ~~ Ei[i, 1'1,-~;_: 1-t:{c: :::;5~1",-~fo ·1:i~~ B-- 1,(BaJ\i 

aU!{OJBJ) -½]?;, [o.j1r/r[o{2~li£ =:{-9-fLK 2-t:-Hifo {c:la:,lr (OJ\I de,1..) 3"l'l,fv~fo 

=:{!?-{¥1".' lo~R: 'i?i:-lr Th[-;,[o =:{yfli j:/t[o ·1:1{-9-fR./i k[k>la:,[r (wds ,oy) ~~ 

=:{!?-¾¾ · fv[?,. {t:{nL{n ThPo-lt: tY[k>~iili -½{-9- -½H, -irrlr E[i! L '(oJe pue1s!) 

:'t~ 1",-~ =:{-9-n¾ [k>(av11d jlu!p!J JaAo) .jrr[r -½fv l:oi:-H!?- =: ):c,j'l,y lo-irrlr 

'(ajlprn-ueaoo-P!li) iHifo% =: l;,fv~ [o.[z[r ;;'%./,: 7~ -le:¾¾ lo{nL{n 

·1:iJ<; [o~-R: Th~rn t.c~& 'i?-t:-lr ;;'¾¾ lo{nr{n H.~-R: -!c:%-b:7Fl> 

. ( Sl61 '){JBd) 



~--,1-:<J<:tj ,"_ ~cl,U 't!oll ~J.:<J~ ~~-'c'~S:. (Yap arc).2.j- ~tsfl--,1- (Yap trench) 

7 cl.2 °J-tsfl--,1-.£ -'-.;j'lJ"6t:: ,fl.ct'll:<J't!2l 'M-¥-~ !.1:~·&-t.2 9.lc:t. ~cl,U :<J't!,"_ 

~ .5:. -'-J 'lJ i:fl .5:. ~ ci .,_toi 9.1 :: ~,,._a g 7,t .2 9.1 :: 1:,1 Efl 'l'! "J ;,.1 't! .2J-:: 0 1 ~ -_lil_ \:! ""-,,. 

(Izu-bonin trench) 'l,) utcJotq tsfl-,'-(fi'lriana trench)~ ;:;l7-JJ.5:. ~"6t.2 9.l_:;:,_ 

,fl~ct'll:<J'tl:2}:: ~tsfl-,'- (Yap trench), Wet-\!- tsfl-,'- (Palau trench), 7 cJ_:;i_ 

~-'-a~ ~7fl t:fl (active rift valley) _ii!_ '1]_ 1J 5'j _:;i_ 9,1:: otol % E 2f n ( Ayu 

trough)~ ;:;l7-Jl.£ -tt_:;:,_ 9,lc:t (Seno,1993). ,fl~ct'll:<J't!,"_ Efl'l'! 0J ;,.J,u-2j- ~cl,U 

-".loll {I -&-f _:;:,_ 9.1 :: .±-i't-.5'..~ ;,.J -",l.2.._ii!_"-i Eff 'l'! 0J ;,.J 'U 2}:: ~ ?iJ O I %2} ~ ?{ g 

%"-loll -&-t.2 9.1:: .± • .§.cflI (sorol 1.rough).2.j- -¥-.± l'ifl-,'- (\lusso trench)~ 

;:;J7-jJ.5:. -&-t.2 9,lt:f (Weisse! and Anderson, 1978). "lit! iy,,,t;,.J<:tj i' 213ol/ 

'& 7J-&-t:: -</"1°1 3<f;,./;<;fr,j, ~--,1--</"i -Jal-i:)-,"_ 0 fcl 0 fLf l'iff--,1-~ .tl'J'i:!-2} ~q_:;:,_ 

9,lc:t. ~ ~--,1- :<l(tj,"_ 37ff~ :<l'{!oj 'i'J:L-t-1=- 'Triple Junction'.Q.-5:. _lil_'l]_q_ 

7cl7-lloll:: ~;,ffs:_ ~{! 4;-S:..£ ~?t'.i'12 9.1:: .±~ .§.ct"'7t ~l.:<J-&-t.2 9J_:;:,_ 0 1~~ 

%~~:: ~-~'llqtoJ -Jal-~~~ 'J~~VE..-5:. ~£~_:;:,_ 9,1~~ oJ ~<:tj,"_ 

:<)-','-.c?o ~;:;Jg o]-lf:-c:t (Hawkins and Batiza, 1977). ~tsfl-,'-oll"-i~ -'-.;j'{J ~%,"_ 

,ff.ct'lltsfll~ -';J'ldoll ~~ ut~~%oll 2Jtsff 1]:<J:<H ~.Q._ii!_ -'-J45'1~E..Lt(Hawkins 

and Batiza, 1977) JA\ISTEC~ 1-1 ;:'. ~-,'- (Fujiwara, 1997)oll ~-&-t~ ot3j -'-.;jqJ 0 J 

;,.J 't!oll 

A-l ol 
ts ts 

0J- ~-'-J~.S:.7t ;": :<ff "6t:: ~_Q__ii!_ 0 1-'f-~ i.l-~~%0 1 2} 7-1 oll:: ~~~ ti ~ .2..-5'. 

-'-Jzt:<Hc:f. ~'l'!. t:ff.!j!-~~ ~S:.-l'iff-,'--z! 7lcl7t 100 Km oj-'-J 5'1::c,J tljl'iff ~-l'iff-','

:<J(tj ,"_ oJ 7-jcJ7t 40 Km "i-l'oll 5'1:<J u-:: off-\!- -lii-'=i~ '=i-'-a g 7,t_:;:,_ 9Jc:t (Fujiwara, 

1997). 
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o]'t! ~4- '%J-,<t!:::: 'Mc]'t! nJ ~]<>'] ~::<fl1St!:::: '1;~5'.E.j tfl::<.-j{! l7ij .::Lc]2 

AJ 0J;;t::: ,ij~ct'll::<.]~<>ll ~~"t!:::: ~-r15'.E.l tij::<.-j{!.g. r:ff,..J..2...£ 1i"l"t9:ir:l UA 

::<.]'lj ,"._ oJ.:2:_AJ~S:.E.j :2'.j-AJ~%2-]- ,ff~i!t<;Jt;ij"1], ~.".. ~~ :SctEE-1 :2'.j-{!~%2-]

~'l'l.'B ~..2...£ <>l]~'Bcf. 'lJ';;ff.:;z-;:: ,ffi~ct<;J::<.]~2-]- ~~ :Set'°'. ;rff~ct<;Jt;ij"1)o] 

'Mc]'U ::<.]~<>l] AJ'IJ1St!:::: ::<.]'lj..2...£, -e.ff,goJ ~o] ~7J;;t!:::: 'll~ otc]otq t;ij.:,-Z-~!:::: 

ojcj 7t::<.] ::<.].:,-Z-~~ ~7.l!o] ct~ ~-~.£ ?~5:Jnj o]~.".. o] ::<.]'lj 7]'tl:~E.J 

::<.]:2'.j-~~ ~AJoj]£ 'tl:~5:Jo-j Llct'.)- ~~'..£ 7]t:fl'BCf_ 

'1;~£-i5ff.:,-Z- ::<]'ljoj],<-j ¾ 5~E.j !=.';!!::<.](dredge)~ AJ,<]i5t9;J.ct. !=.';I!::<.];:: 2-]-7-j 

.sij::<.-j:2'.j-AJ ~%0] 9J.9i'i':! ~..2...£ ?1)5:J!:::: '1;~£ (Yap arc)~ 'l;~S:.E.j isff.:;z

~1..-J-'l'!E.J ;rij~ct'lJ::<.]~ ¥~<>i]"i --'-J,<J;;t9;J.ct. 'l;~S:.oJ],<-j 4~ (D5, D6, D8, D9) 

;,ff~ct'll ::<.]'lJ<>ll,,.-l!:::: l~(D7)E.l E:.';l!::<. ~ 4-1rg;;t9;J.cf_ zt t:::J!::<.]E.j ~];,]~ 'r1l 
7 c]2 ~H4l'B "]..ii.<>l] r:fft]: ~,._J ;•]::<fl AttrJ,"._ Table 4-1-l<>l] 1)c]5:j9icf_ 

'lJ'~s:.E.J D5 E:.';J!::<J<>il"i !:::: ~ 6. 5 KgE.J "]..ii.7t ~H415:J9i..2..nf x-'f-<>il"i ~«4Itl 

,<]Ji.7t ~ 80%, ~~ ~EH£ ~H?]'B ,<]Ji.7t 20%9;l_Cf_ ~H4]'B ,<]Ji. -¾ zj-i;ij~o] 

7ff 'U.".. ll]-£% ;,f::<.]~_Q_nj, ~~~. 'tl:?Ji! :2'.j-AJ~. ol~. -¥-~E.J {!:-..2...£ !zJol 

t.lcf\J:ct. 0] ::<.l'lJoJ],<-j;:: ~'r 'l'!i!~ t/J".".. ~_Q_£ _lil_o];:: 3'.'fj7]--'-J~(D54)2-]

~7f::<.I ,<]Ji.~ 0 ] ~{!5')9;)_cf_ .::Lcl2 ''f' 50%E.j ,<]Ji.<>l]!:::: 0J-i'}zj-0 ] ~71) :rrj.J,f-5:jo-j 

9J.cf_ D6<>l]"i !:::: ~ 2 Kg 1/S:.E.l -'j'-~11_,o] ~ij;}]5:j9;icf_ ;rff~ct'll ::<]'ljE.j ~~<>ll-'·-l 

1),<)t( D7oj),<-j !:::: 150 Kg 1)£E.J 'zJ,"._ 2,}2.) ,<)Ji.7t ~ij?)5:J9;i..2..nj oj !:::: ~ 60%E.j 

'tl:1li! ~-¥-~ 7c]2 ~ 40% 1).s=_E.J • J.:;i:2'.}t( ¾-t-¾ ~~~..2..£ .:,-Z---'-J5:Jo-J 9J.cf_ 

~»4lt! ")..ii. ~"1]7t xf<>il"i ~-lai-t! ?;!..2...£ ~~'Bcf. ~~S:.<>l]"i ct"] AJ-<]'B 

D8<>ll'--l !:::: 150 Kg 1)£E.j ,<]Ji.7t ~»4lxl9i!::::t:J] ¾-t'-¾ 'B_i...]7f 50% <>]"I)-% 

tr,j DO} ,_To, 

'!.!% 171]'1'! (chilled margin)~ 7t~ lli]7Jj ~-¥-~ (pillow basalt)o] !zJ.".. eJ~ 

;<t::<.]i5f9;j_Cf_ -¥-~% ::<-j].2.Jtl: .2.:: ,<)~7t XfoJ],<1 ~~'B ~_Q_.£ Agzj-'BCf_ Oj 
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.!=.~:=<loJl-'-1:::: ~-?Oil ~tiff -oJ'-a~ 7,!i~s'- 'f.!1il£l:::: 0JZ!ZJ- 2ZJ-.s:. 'IJ{!£19;!.r:}. 

D90i]-'-1;:: o]~ ¾j~~- ZJ-'°9~. ~,¥,~J-, ~--8:~. -'\'-¾j, :§:}{I: ±jj'-,l,7]~~ -'-}~ 

%0] e<ff,}]£j'l;!_E.oj % -'-].li ,¥,Ji];:: <l..; 100 Kgo]_:;i, 90% o]'-Jo] .r..,!j,-oJ]-'-1 ~<']~ 

7,! .Q.5'_ f-1J ~ L}. 

o]'-Joj) 1]<']~ 7,12} ~o] r:}OJ~ •lJ'¾j.2} ¾j:2'.j~ 'l'!!..]7} ;,ff,,}]£j'l;!_.Q.oj ~-? 

4%-4 =?±"1°] 9J,;:: -'-]Jl~.5:. "J{\£j9;[r:}. rr}c}-'-7 °] :=<)~oj);:: :;g,~~1~ ~-? 

4 %o 1 9J. 'I;!_ 'ii 7,! .Q.5'_ nJ: 1il ~ r:}. 

,s 
T, 

0JZ!B:§:.J-¥g "llrlti}2 "\5-'ff"-?s'- -"11~~ '¥- .2.~oJl-'-1 24-'-lZ! zl.2-'-]~r:}. zl.2~ 

-'-].li~ Jaw crusher~ 0)% ~Ji] -'\'-SC' L·,'.; :=<}% n}.r..il-'lJg o]%tiff ~~ti] ~W:§:.J

ti}'l1,r:}, ~W:§:.J-~ -'-]Jl -% -f-~~;:: LiB04~ fluxs'- o]%tifl bead~ :<1)3f~ 4"- XRF 

(Phil! ips Co)s'- ~¾jti}'l1,r:}. Sc, V, Cr Co, \i, Cu, Zn, Rb, Sr, Y, Zr, Cd, Ba 

%~ ~~;:: lCP-AES (Optima 3300DV, Perkin Elmer Co)s'-, Nb, Th, REEs(Rare 

Earth Elements);:: lCP-MS (PQll, \'G eJ,,ment Co)~ o]%ti}o,j ~¾j~r:}. ICP-AES.9-} 

lCP-~IS ~¾jg ~]~ ~W -'-].li %tiff~ ~)tiff '?:i:=<1 0.2 g~ -'-].li~ 7}<;;% i;J]""~ 

%7)oj) ~2. HF, H:--;O,, HClO, ~Qlj g ztzt 4:41~ ti)-£5'_ ~~ 4"- !'/'-~ g 

%t>H-'-]~r:}. -'-]Jl~o] %t>ff£19;!_ g g ~·u~ 4"- L}-'-1 !'/'-~ g ~2 {l:~o] %~ti] 

'%'ll~ a:JjJJ}:=<] 7}~'f.! ~loJ]-'-1 't'%-'-]3l,r:}. 't.'%01 ~'ct -'-].li~ ~ 0.1 N H\03 

%'<-'!E-5'. 20~ o]'-J %½-'-]7'! 30 ml %J)oj) ~7] ~9J:2 1j%2Jg 30 g oj £15:.-'i

'?.i'i'-9;!.Lf . .::l<'l2 ~~Oil rrfc} oj %'<-'!~ ~~til ~¾j · ~¾jti}'l1,r:}. 
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't!-'i'- =<l<'l'l U"'l "-]li21 ~u -1,l-~ ~-zt:::: Table 4-l-2oil 1Jcl~}~r:t. 0J~"'J 

~.5:..2.f "i:l'ld =<l'li'tl ,H¾c}'tl =<]Qj21 "-LE:::: U~~~ ~1°1 r:}.sE..!r.. -l,\-cl~t°'1 

t!.1¥-U ( trachy basalt), 

(andesite), (dacite) low-K21 

~;;}o/E~(Island arc tholeiite) U~ 0 /r:}. 7~!.-} medium-K (D5-9), high-K 

U~~21 o}.:J.1-J/1i'- 'EJaj (magnesium numberm, Mg#):::: 15-25%21 ilJq./~ _lil_o/uj, 

-1,l-~7} "']"J~l ~ 3J!jc! 'i)-~.£5'. ~Z}!jc!c} (Table 4-1-2). t!''i'!, o/ =<]<'l'!<>l]"-~ 

"H?]-t! D5-4B "-lir.:::: ~\g#7} 68% 0 ]-'J.Q..!r.. 7,J-~'i)- (peridotite)oil 7}7J}¾ 'i)-~o]r:} 

(Table 4-1-2). 

3.t:} (Fig 4-1-6). 

(plagioclase)o] 1l¾ · -1,l-~{:) ~~ =<l"-l~}uj, .£,-'t} 'tl:1t.!r..S:. {)-~~ (al ivine)2} 

"-}?J'~ (plagioclase)21 ~1Jo] 'tl:~,t!r:} (Table 4-1-1, Fig, 4-1-1 ). Fe0, Ti02, 

Sio,:::: ,1g07} {)-±~oil u:}c} {)-±~}:::: 7c! 3J~ _lil_'(\t:}(Fig 4-1-6). , ~!.-} Na2021 

7cH'- \1g0.2.} ~:>_ 1121 "'J'tl:'tl:711~ _lil_<>Ji':-r:,l, ,lg07f 7cJ-±tjoi] u:}c} \a,07} Q.j':{I:~ 

%7}~}:::: 'lJ~~'tl ~~2}1)~ 2i';j'/g irH (Philpotts, 1990) oj~:>_ of]9.J~'tl 

t\AJo]r:f (Fig. 4-1-6). K,021 1-9-:::: 'lJ~~'tl 1~J2} 7,J- 0 ] \1g07} {;±~oil u:fcf 

<l.j'{! %7}~r:} (Fig. 4-1-6). 
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(2) • /~~i::: 

_>.;-MORB(Normal-Mid Ocean Ridge basalt )oj] ll],sff LILE ( lagre ion Ii thophi le 

elements)7} -lj'--ftj-!cjoj 9)_.Q.oj Nb~ .¥:~ti HFS (High field strenght elements) 

~±~ ~ AJcff~.Q.-5". ':;!-~ -\,'-.£~ .1,!.~r:} (Fig. 4-1-7). ojcjt\ • jeJ~±E-j ~?) ~ 

oj ;<)~ '?J~oj ~'"d~~ ~AJ~_s:_ • t_:::i.• },~]A1 7]~t\ ::>;!~g ;<j..<]t\r:} (Hyndman, 

1985, Rollinson, 1993). Th:::: Nb~ -Q-~ HFS ~±ii'.A1 r:} 0Jt\ ~AJ~.£ 

• }7 • }oj)A1 N-~IORBoj) ll],;ff 7,,!~!cj:::: 7c)-'f-7I ,U.Q.L,r oj "]~ A].li.2-j 7cl-'f- \-\lORBoJ] 

ll],sff ~r:} (Fig. 4-1-7). 

REEs2-J ~-'f- (La/Yb)N7} 1.36 -2.86-2..~ LREEs(Light Rare Earth Elements)7} 

~'{I: -lj'--ftj-5'.joj 91:::: 7iJ"Jg L,rE}\llr:} (Table 4-1-2, Fig. 4-1-8). 7 c].2 ';8-] 

5'.!:: A]itoj]..<1 .'.?,2-j Ce 1?.) Eu o]AJ;,.]7} nf-'f- 3..7l] 1...p•qq:::: ~o] :;0]8-}r:} (Fig. 

4-1-8). ~"J~.£ A]itoJ]..<1 7}-g "t1:~5'.J:::: .'.?,2-j Ce o]AJ;,.]2-j "/;H~oJ]:::: '?J~ i=-"'1:oJ 

:.<i]7]!9.2 9].Q.L,r 1l 6J ;<j'{l:2-j :1'1~%2} "t!'(!Aj?Jci:::: %~~o] -'f--"iJ-8"}r:} (Hole et 

al., 1984). %2-J Eu ojAJ;,.J:::: 6J'li<j.Q.5'. A}?)-~2-j 11½ · ~ftj- 2}1)oj]Aj 

'l,!ojL,rE.5'. (Philpotts, 1990) oj ;<j~ ~AJ~_s:_ • }7 • }2-j 1,':-ftj-2}1)ojJA1 A}?)-~o] 

4. ;,ft~ i'.} ~ ""] <:!f ( Caro I i ne area) 

,H~c}~ ;<j~oj]..<1 :.H4I{:! 0J~E-j ft}~ ~~7,,!2} ~~ AjitE-j cH-¥-~oJ 

t!J¥-'?}ojncj 27HE-l Al.li.7f :t':'?'l_'?}~ t!-¥-'?J (trachy basalt)2.5'. 1...}E}iJr:f(Fig. 

4-1-3). 7i'.].2 ~~{1_ '?}~~ cH-¥-1":- 'i1fc}o]E(tholeiitic) 71]~oj;<j't} 7.["1 

0J7.[i'.](calc-alkaline) 71!~2-J t!-¥-'?1£ 17H ;"::.<ij-8"f':d_r:f (Fig. 4-1-4). ~lg#:::: 

]9.3] -34.33 %2-j 'i:].\']~ .1,!_ojoj AJ'?f-8"] ~:2{7} ~t,~{1_ • f.:J.• foj)Aj 7]tl_t) 

'?}~ ~5'. ~z)-{:!r:} (Table. 2). MgO~ r:f;"' -'rt!±~ '{1:2-j AJ"t! "t1:71]£~ ~ n:H 
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~-!tj-'f:! 'fJ--!tj i'iE.J tfl-¥--/l-.".. 7]~o] i},"._ :1}.::1• }o-j],,_1 -/l-:9'.J--'f:! 7,;l..2..£ 'l:!t):~r,j o<.i'U~ 

-/l-:9'.J-:l-Hl (low pressure fracationation)E.] :itfl1tl_g 1..f1c:}i,J!·ct (Langmuir et al., 

1993). oj o<.1'U~ ~:2'.}2}1lo-JJ,>_1 Ca-AHJ-,!,:Jo] -/l-:9'.J- :'1:7]<>1] t:} 2J 1½-'f:! 7,;l..2..£ 

't!\!~::::r.11, ojcj~ 2J.1l.".. MgO-CaO A~·=tr=t!:711 5:.Jf.o-J],>_i Mg0.2.j- Cao:= ¾.".. 1E.J 

AJ=tr=t!:711~ _lil_o]o<.JnJ: Mg07} {l-~~o-J] rr]c} Fe0.2.j-, Na2o:= %7}-8-}:= :itfl'tJ. g .s!.0 ] := 

7,;l..2..£ ~;go<.] Ci ~ t:} (Langmuir et e 1., I 993). ~'r!, D7-4 := t:} ~ 'fJ--!tj i'i 2} 

%'M~ ~~Jg _lil_ojo<.] 'U.2.r,j 7J-'/:!o] t:j~ y~o\7-]L} 'le!-? '12~E.J -0:%oJ 7,;l..2..£ 

,.gzj--'f:!t:} (Table 4-1-1, Fig. 4-1-6) 

(2) Di 'Er-\,! :1:: 

'spider digram'o-J] N-~IORB.£ Jf.¾:9'.J-~ 'incompatible' ~~~ g .5:.,_j~ ~:;>.}o-Jl 

a:}.s'.'! ~"..l:~.2..£ 'incompatible' -'l:!~i'io] 'i-)\ORBo-Jl B]5fl -'f-:9'.l-~°1 91;'; g 'll: -'r 

9J.t:}. ~-&-] 0 ] Y,!,:Ji'io-Jl,,_,:= LILE~~~,"._ AJt.fl~.2..5!. t:1 -¥-9.J-~°1 9.J.t:}. Y¾J~ 

~0 =t!:1J:~2} {l-~-!tj '/1:1)~0] =t!:1J:~c1 rr}c}-'-1 'olivine tholeiiie' 71\'l:!~ 'fJ--!tj 

c'; T-IIORBo-J] 5fl 10Jti}:= Y¾i'Z.! 0!.2..5!. ,.gzj--'f:!t:} (Langmuir et al., 1993 Rollinson, 

1993). o]0!.".. oj y-"j~~ Y/,\b B]7} •l-7 1J£§_ (alkali basalt:= Y/\b B\7} 2 

• j0J:'Jd) '/lt.H-¥- ~~E.] 0J~cj ~-¥-Y (Ocean Island basalt, OIB)o-J] Bj5fl i>t2 

• j2J-'c!~~ ~,.joj \-~IORB.2.J-:= i::} 2 7J u:fl{i:-ojt:} (Langmuir et al., ]993 

Ro I I i nson, I 993) . 

-l,'_--"j-'f:! -'-Jii.E.] T-110RB;,,j'Z.! "';1i1: REEs \lfl'(:!o-J]S:. L}E}L-} 9J.i::}. \-1\0RB:::: 

chondrite.s!. ¾¾.2.J- tif~g ,xfl LREEs7f ~'EJ-'f:! :itfl'[:!g L-}Efl-}o<.j~ ~_:;,.o<.j<,jE.] 

,,_]ii.:= (La/Yb),oj I. 28 - I. 79E.] ';3-9-]ojr,j ~'/l:~.2..5!. LREEs7} 1\'-9.J-~°1 

i>Jcfl_s!. L-}E}\::!-r:}. O!Bo-J],,_1:= LREEs7} e1ondriteo-Jl Bj5fl J00Bfl ojAJ -'j!-:9'.J-~°1 

E-MORB3.j -,g-Z)-;,,j't) ~,.jg _l;l_oJ-l'c· T-.1\0F:B c'; olivine tholeiite.s!. '/ltJ:~°1 ~t:}. 

REEs :itfl'(:!o-J],,_1 "r-lij-'ll ~~ ~,"._ ,'.;~] Eu oJAJ"-]7} ;'.:::<fl~t:}-e ,,_}1Jojt:} (Fig. 

4-1-8). o]0!.".. "r-'c!~E.J AJ=i'!f:t71] £JEo-J],>_7 %4~:= o<.1°J~ -lr'.-:9'.J- ~-§-E.] ~2}.s!. 
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.!i!.~t:}. 4" olivine tholeiite7} "-7';J-8-}<>Jl,,1.7 7a'!1~ ~7]<>l] \'J,'.', 0JE.] Ca-,,1.}'l)-~ g 

1½~ 7,'12} -e- gE.j Eu o]AJfa.]7} qi::}xJ:,i?r -5!_Q_5'.. .... ,gzt~t:}. 

o] "-] ~ ,'.', ~ ~ E cl~ ( Soro I trough)~ 7J 7115'.. cfl >g 0J "-]-'{! 2} 

;,fl~c}~"-]nJ:o] 'lJ'tfl_:;,.~ ~tfl ~?JI] ~c]'{l ;,.]J{!_Q_5'._ -tj'fj-o-}:::: "-]~_Q_5'._,,1.7 ~~~ 

;,.]_:;,.~ ~7Jg 7,.1-2 9.J.t:}. o] "-]~,'.', ~;;] ~S:.-tfl_:;,.{!: 7jc]7} 40 km5'.. 'lJ'D-~'Zl 

'lJ 1D" ~ _Q_5'._ tfl _:;,. ~ X {): 7j C] :::: ~ 7 J-8-H: "-] J{! E.j -tj 'fl zj-S:.9.} DJ {J ~ 'tJ: '/! 0] 9J_ :::: 

-5!_Q_5'.. '/ett!;f;;,;j 9.J.t:t(Cross and Pilgar, 1982). ,tl 0Jz.)-S:.7} ~-?-!,\- tfl.:;z.-~s:.;u: 

7Jc]7} ~o};,.]::::i:J] o]-5!,'.', ~,.J~S:. • }7 • }7} 38AiJ5:J:::: Benioff-Wadati Zoneo] Q.-]' 

110 km.£. 0J'l.l-8-}7] u:fl~o]t:}. '-"; A,;/'fj z.)-S:.7} .3.1?! ~,'.', 7lc]oj],,1.7 A,;/OJ ;,.J-'{!o] o] 

~o]oj] S:.~-8"}7] u:fl~oj] ~,.J~S:. • }~:!. •}:::: tfl.:;z.<>J]-'-1-¥-BJ .!i!.t:} 7}JJh~- ~oj] 

A-lOl 
el el 

~oj] ;'::.<fl-o-}:::: tfl"-10°] ~,.J~S:. 'ft~!~ ~?J-& 7,.1-2 9.1.::::"-] ~ zf"-1 ~-zltfl°F 

~t:}. -'{! 1-fl-¥- 7]~E.] 'fl"~] ~,'.', .:J. .2.j IC};: .:;z.~%0 1 ~'t!-o-] tfl_:;,. ~oj] ;_'::.<fl-8"}2 

q] _£ 7}-'r-"o" t;: q]7] u:fl.Ji'-ojt:l_ 7 111...1 7' ,t"']-"J ,... o] c:o] cJ A-l 7' ,l '--,~ _ u - -~ ~ r - L r ,., .,..,-~, ·r ..:r.. x SIC -, 'e .,_,-= 

a:}c}-'-1 ,tl~ zts=.:::: Q.-]' 70° (tanB=l])/40=2. 7)5'.. cfl~ :cit:}::= 4'-~o] 7}-\,-tfl 

'Ht:}. 

-J.13-



(Cross and Pilgar, 1982). ~ 1)7J ;,)'{!~ ~.5:.7f -?-9-) (mantle wedge)<>!) lll?ifl 

off~ 3.71 n:Jj.g.<>!l i!-Zl~ Zj-.5:.5'.. Aj'IJol 0J<>iL-t:::: ~ojcf (Cross and Pilgar, 

1982). ~,:,fl Aj'/J ;,cl'{!:;,_\- 'mantle wedge' -"-foloJl ;:,:,ijisf:::: ~ '½Jx:'<r~ ,._J'i'l~ "i'-

'1;-~.'r. of.::r.of~ 7l{!:;,_\- ~:2'.l-. ,fl~cf~!;,cl'{! -'i'-,._J '1]-A..:j g ?ifl~isf::::cil %R~ 

~1')~ "11~'1- ~E..5'.. ;.gzi-~ct. 

D9-8)~ Na,07f 

of7of7f -lt-:2'.l-~<>ll n:fcf ;q,±;,f:::: ~,._J(J§·"ll. 7'11~ of 7 ofoJl-'-1 ~:2'.j-~g g ~"11~ 

u:fl), .:lcl2 REEs itflt!<>ll-'-1 _t;l__ol:::: LREEs~ -¥-:2'.J- ~AJ:;,_\- g~ Ce ~ Eu olAJ5<l 

%~ 37f;,l ~?)~<;_! ~AJol "J{\~ct. H~ -lt-~~ -'-1.E.~ 7)!-f'-7f ~71 u:fl.g.<>ll 

olcJ~ ?J?iJAJ-§-ol ol ;,l~~ ~;.Jg t:fljj,isf:::: ;,l.9.j °'1-¥-:::: -lt,'i'J5<l <?Jct. 7cjq 

ol ~ g zi,:4 !..f-¾=-<>1 .:;_,__ 1t;;fl _t;l___:;:,_;,f ~ct. 

(1) .'f:'2'! 'Er~ ~.!¥-'Er (trachy basalt)£! 7I-'t! 

~7J<>ll-'-i 'll:~c)7f %-¥-~ of 7 of7f ?iJ"J~! "i'- 91:::: 7f~,._J g .:;_,__1j,;fl _t;l__ofojc ~cf. 

~2-1 ~ t!'ii:-iif7-ll iif7l -9-l;;fl %- 'l[~cl~ i~7f~ -?-5'.. Na.9.l =t±il<>ll-'-i .:;_,_~;;fl _t;l___:;:,_;,cf 

~ct. 09-82.j ?J-\1-:::: K.9-j ~eJ.5:. AJcJ;,j i'f,'.'_ ~E..5'.. !..fEf!..f;,c)'s'! cf;:: ,-<).li:;; ,'.'_ 

~~l~'U %-'ll:~cl~ %7f<>ll Na7f c7 ~ 'll?iJg o)5<l2 917) u:ij.g.01ct. 

(Plank and Langmuir, 1988). Plank.2.)- Langmuir (1988):::: ~"117'll~E..5'.. '!)-Ji:{!. 

~,._J~.'r. '1]-~ ;,fR:;; g '1lc)iifoj ojcj~ ~:;,_\-~ "JK~::::cJ) ol-§-<>ll u:f.s1?'! llg7f 
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-,fr!-

·1:1R,.[YG c{:1{-'?<.JIT< {L-t-~ Th~~ {:it'i 2ofo 'fnt:s;-tzfy 2oi'<: :::;TG loj:),fr 

-to{>,<:S:ra :::;TG lo?r~-{L ~})eoro ~:S:frftl"y E loTTrl"' :::;{-<?fc~ 2-cli!!-fo ;;'i',:lo 

•J :-.LO -:;:i::--V -i.yy 1:lfc5jZ~Y d Q fC =qo lofy-J?.-{L r,i',: ;;'~ loBa~ [oBN lo¼[?,, [o~ii)i ThR-lL 

{L~lY :S:jl,fy~-fo 20!.:&1~ -i1l><'{-'?cffu {Ls'itz ThlfY{,:- {:it'i ·1:iloi',: ~TG 7 

~fy~ {L{n"C{n =;{"1.fo;,;, fylfo[J£-R: To!.:TTd"o ThlYlf,c lor,:i"i'i" lo °iit{2[--i{o lo°il,[I<'. 

8HOI\-N lofy~ lo1'1-ii)i Th?Y~ iL{nL{,, 2nf2L "{:ilor,:i"i'i" ~fo5.[1 H~ Thfn? 

;;' fyf0 {:i lo¼fy ~ii), R,fyfy {L(Em8mn AJBmpd) {nL{n R-lL ~ "{:ilo~ Thlf,c~ 

~t'L" :::;{:11'k{L lk>8Hm\-N lo¼?Y [o~ji!, ;;'r,:i"i'i" Th:5% lo(886I) % )jUBid 

·1:1TG 7 ~ c{:~ i-Hn lo,021~ lo"N li!!-lR lk>t°!I-~ :::;{"1.{3.{, 

fy[f<,5~[Y :S:"jl,f,.-~ To!.:TTtro ;;' l:v1~ ls<,[,:- :S:jl,fy~fo ~ "{:1~ i-Hn lof21~ BN 

lo1~-a-Th &~iii~ :S:"jl,fy~fo li!!-lR llo{k~ [oil\ :::; t:';&-¼ li!!-lo lk>09BJ ~ "(Z-[-j, 

8 !98 1) {:iTot'i ~f2~ (o% <;8"£ ,'o °iit{-'?B--a 2 8 N fnlo%6I ·c; ;;'f21~ lo028N 

:S:lk>i-~ [o6-<;0 :::; lot'i ~f2~ [oo811 ;;'~ B:{L (o% <;8"t {"1.[-2,:::- "{:iloi',: fbt'i 

~f21~ ;;'.f-, [o.[1ln %2 ;;':[ll- lo 09BN lolsol><' lo =;t:,;-¼% li!!-%lo ~li£-R: 811-eJ 

El2L "{:iTh ~opc{o.f-, l'2l!?o li!!-lR lk>:S:il,fy~ ;;:{:i ;;']'z ~liu:s- i'zl,:- To!.:-1:-~ 

;;'f2~ [o09BN 2nolz ~~¼ lo~.fbf,:- Et:'; [1£{,foro lo.\'6 f:i ;;'%% ¼-k 

lo~ii)i ty{2{:n 'fnloii, ;;'~ li!?-[R lf<>lf.is- -tz[r f~ l~~ :::;[lu:s- lo {:1lo.[1ln 

m)j 01 ,'o :::;llu:s- lo1'zlr ls<,[,:- lo lf:n j5'-Th%!.: lk>r,:i"i'i" [o(066l)J!nw8uq fo)jUBid 

~{ll- lo 'E{!?-¼% ~ 09BJ 2lk-R:~B-- [oBJ -!o8ii :::;-½[cot'i lo5fYi~ lsol><'-c~ 

"(8861 'J!nm8UB1 puB )jUBld) {:iloi',: :::;{:1Th"'?1'2: ;;' fy-J?,-{L~% lo&~ 

-lzl,:- fn{,foj'b {L~¼ lo~1Rof><' c{-'?{L-~ :::;:5& %% ¼1f [o~ii)i °iito~ {Llt,l:5 

[o-lzl,:- "iiiTTt =;l,:-{o~ lofy-J?.-{L (UOflBI!m!SSB) ~% lo&~ -tzl,:- k°iit{-<?{r¾ 

~-tzl,:- ¾lu:s- fnl>,<1£ ~ &{r~¼ lo~foc :::;~¼ :::; t:';f!?-~ ½lo fat:'; l1£l,:-{o~ 

2O(.;;H'.lfy {L:5& %%¼½ [o~ii)i "iiii-lu:s- {Llt,l:s- lo-tzl,:- ~ "{:iThfer,:i"i'i" 

%lo ~ [3.lolf'.l f:1f'y [o~ lL ~ (mS!UBq:>am)i',c[L :::;TG 7 ~%~ lk>%~~¼¾& 

[o{nL{n {-["%%¼½ ,_ '= ~ 
LQaHn {L liu:s- lo 1'z l"' ;;- ~lo ·1:1Thk% 20 [.;; ~ R 

;;'f2~ [o(f21~ [oBN Hn f'o%9 {,::8v;) 0 9"N Ei-'?"'?1'2: 2O(.;;~R ;;'f2~ lo(f2~ 

[oBJ Hn fo%9 {,::811 )0 9BJ ~7¾ lu:s- {L lt,J:s- lo -tz [,:- Hn ~ ~ ~~li ~ :5 t:,; {L'.%0 ·g 



(2) Mg02.f Na0.9.I ~ £1 {,l--/!H~!-7fl 

7fl'le!E.J ?)---!tj_l,l_r:f §J?)---!tj (anorthite) 7fl'le!E.J 

a:ij{f:-ojt:f(Philpotts, 1990). oj2-j~ ~'U-~~ 7a"J,"_ ~"'f.{! ,,<.]..fi.~Oj %~V 

t1}.::lt1}E.j r:};: ~~ t!-7flE.l {!-~ojaf;:: ~"i]~ --E~~r:f. ".; ~"'!~ ~"'f~oj 

7J~V t1f.::lt1f7f r:f~r:f\:! 0 lc-JV 7a"J-'-j,"_ r:f;: zJ-:r.<>ll-'-1 2~5:jojoj: ~cf. 

(R=9. 8) .::lcj2 Nb2j- Mg# (magnesium number) -'-,J-:i'±'tl-7f]<>l]-'--J l-}Efl.-f;:: ½,"_ .fE.j 

-'-J=tl"'tl-71];:: oj ~"'!~0 j %~~ t1f.::ltfoJ]-'--J 7J~V ~"'f'tl~ ;<jA]~cf (Fig. 

4-1-6, Fig. 4-J-9). Mg#.2.} -it-B'fl ,.~;,cfoJ] ~ .¥.~5:j;,cj '?J.2 (incompatible) 

B] %%~ ( inmobi le) ~.::t: 'li l\b7f ½·t· -¥-E-1 -'-J=tl"=tl-711 ;;'; Jil. 'li cf;:: ~ ,"_ ~ ,"_ 

of 7 of7f ~~;c.J'/1-'-l 0 1 ~.::t:7f 7114;- ~~}. -'o'-£7f i'f"of;,c]_2 91;:: 21-1] ~ l-}Ef1-ij;:: 

.:::1. aj 2 1'.7] 

(Table. 4-1-2). ".; Mg#§. -£ a:ij 'B.-'t- -<jQajEj t1f7t1f;:: 3':'/1~?). ~-¥-~ (trachy 

basalt) t1f7t1}oJl-'-l ~{!-~?)_ t1f7t1r, t:jjAfo]§. ?)_ of7of§. ~~7f '8"~5:Joj 

~2. ~"J:~'tl nf7ofE.J ~~.2.};:: ~aj '.\aE.j ilJ"J o] ~5<f§. '51-of;,c].--;i_ 9.lt 

"J"J~§. '2~5:J2 9.lcf;:: ~o]r:f. 0 1;:: t1f.:J.nf -lf:-~ 2f1J<>ll-'-l *,"_ NaE.j ilJ"J~§. 

<litiij 3':?)-"'f 7fl'le!E.J -'-f?)--'-.:j (Na-Plagioclase) 0 j .s'.r:f 3'.7]<>ll 1l½, \az0E.J c<jj7J7f 

0 l1r--oJ ;,cJ2 9.lt 2f1l<>ll 9171 u:ij~~.!i'. -'-fii.~r:f. 

(3) REEs uH 'cl 

REEs ii:ij'tf<>ll-'-1 _lil_oj;:: "i?J ,"_ LREEs!?.J -'f-~ tl."J·J.j- ,';E.j Ce ">) Eu ojAJ5<jojr:f 

(Fig. 4-1-8). Eu 0 j-'-J5<j;:: -'rs.'. -'-f?J-~jE.j 1J½ ~~.2.} "8:i/i.;c.Joj '.)J_r:f. Ca,o~s'. 

i"-1J~ oj ;,cjQaj ;,cjzj-E.j -¥-"'I];:: JO km o,~~§. uijf- ~£ ~~.£ i"-1J;c.Jr:,j ;<j'f)--&j 
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~~ ~%oJ],<7 ,<}1)--!tjoj c1':7\ ~½~% 7-Jg--'-,;jo] 9,l.g-& ,<\,<}~r:}. 

LREEs.2.j- LILE;:: ajj;,J]oJ] .9.j~ %%-'-il ~1 off-\'- -2- ~±~0 171 ttflscoJ] -'-j'/J 7-\'t_l: 

-'-J-¥-.9.J ~~ (mantle wedge).9.j -¥-~ %%Oil %"11 (flux)§. ~%~. -'-j'/J 7-\'t_t 

11~.9.l aj/"'lloJl %isfl£lo-J 9.l.'ti 0 1 ~ ~±7f ~~.9.l -¥-~%%.2..5!. "a-'-a{:! ~-'-J<1[£.9.J 

7]~ o}..:20} (primary magma).9.j ~cH 3:-'-iloJl <>JisJ% -'r9i~ 7}.]g--'Jo] 3.t:}. 

')J~~.2.§. isfl7--J 3'J~%oJ!,<-J;:: g.9.j Cec]-'JJ<]7} L}E}L};:: 7<5-\1-7} '?Jr:}. Ce;:: Eu 

(2+)~ "119-1~ r:};: REEs7} +37}'ll ~A ~cl +47}0 !7] ttHscoJl {!:~%~ 1]711 

"a"ilir}.2 isfl-?oJ],<7 ,84;-irl "1]7i£1o-J 0Jz!i;:l:.2j % {!:~%.ii'. o]%ir}7ll {:!r:} (Fleet. 

1984). ojc-J~ .1.J-~oJ!,<-J 0Jz!i;:J:.:;,.j % 0Jz! {!:~%:". oJ.9.j Ce o]-'J5<]7} L}E}L}.2 

3'J~%oJ],<-J;:: g.9.j Ce o]-'JJ<]7} L}E}\li:};:: ~o]r:} (Fleet. 1984). ojc-J~ REEs 

.!i!.1?! LREEs;:: N-MORBoJ] tl]isfl ,¥-~£lo-J 9J.•!~ Ce;:: N-)IORB.2.j- %,._}~ i:k~ _!lo] ;::t:1] 

oj ~ -'-J ,'.'_ Ce~ ;,,] £1 ~ r:} ;': LREEs7} -1:l <~ 7-] 't_l: .9.J 3'J ~%Oil,._, %cH ~ %;,11 oJ] .9.J isfl 

c1':.1.J- ¾"8"£1°1 L}E}\l ~-'J.2..5!. ,,_gzp~r:} (Fig. 4-1-7). ~-'J<1[£ ~61oJl,._, 

L}E}L};:: LREEs.9.J -'f-~9.j- Ce o]-'JJ<];:: 11'/J 7-]'t_t.1.j- ~;,JJ] {l 0,J~ 3'J~%.9.J <>JisJoJ] 

.9.j ~ ~ .2.§. .!i!..2£] .2 9l r:} ( Ho I e et a 1. 1 984 ) . 

'll 2 oJl ~ 5':. i>} ;:: , H ~ c} 'll ;s H "s :". '![ ~ oJl .9.l isfl 3!l -'-il {:! ~ .2. .ii'. .!i!. .2 £1 .2 9l .2 

±~ .§.c}ll;:: -'=-'U 4;-£.5!. ~1)-£].2 ~~;:: ~-'il.9.l <1[7flt:H 0 ]7l ttflscoJl 0 1 7-]~ 

~61oJ];:: oj .!f'-7}7-].9.j 3':-,'-3:~ .1.j-~9..j <t'JisJo] ~~£lo-J L}Ef\!" ~.2..5!. -'gzt{:!r:}. 

±~ Ec}n: 7-]~ ~61 Alli;:: \-,IORB£1, E-\IORB E}'/Jo] L}E}L};:: ~.2..5!. _lil..2£]o-J 

9J. r:} ( Perf it and Fonar i . 1982). ~61 ~ .1.J-oJ] ttf 2 '?'! ,fl~ c}'ll 7-\ ~ Alli~ ,'.'_ 

7i {! olivine th)!ei i te9..j 7 c].2 oj 
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.::li!]2 REEs2-] ii:ff'i'!_;"_ o] 'IJ~~o] N-,IORB7} o}\:) T-MORB Et'tJ~% .7.]-'-]~t:.t (Fig. 

4-1-8). ~ o] .7.]Qoj nt7nt:::: ,R~ct'(Jsf'iJ% ~'-J-'-]~ ~~ 7]-'t! n}.::in}.2.j- ±_~ 

."§.it:u~ ~7TI 2}1]oJ]-'-i tsg'-J£1:::: N-MORII Et'tl2-l nt.::int1t ~t)- · ~'-J~ ~..2-.£ 

-5!.'l__\t:.}. Eu o]'-J><]:::: o]ci~ ~tJ-oJI 2-]sR ~'-J~ olivine tholeiite7t ~:§:j- .1:7]oJ] 

t:.feJ2-] -'-f?f~ g '1!½·~:1.71 n:R~<>f] 1-fEfl,:_I ~"-J..2-_!r_ .5!_-zlt:.f. 7 i!l2 La.2.} ilg# {l 

-¥-2-J "-J't±'t±7l] ~ -1!t a:ij 4 -'-l.li. ¾ REEs.q ~M:/'><fo]:::: Eu0 ] -'-f1/-~2} ~~! .5'.f 

'11½-¥! -f ~:§:j-7} .7.l--.lJ-!il:::: .2J-1l<>fl-'-i 'incompatible'~ '-a'§l ~ 7,.1-:::: REEs7} 11-"t.£ 

~~-TI ~2.J-oJl 7/'l__\t} ,31..2-.!t ,i-ff~~t:.t (Fig. 4-1-9). 

- 'U ~"-J ~ .s:. ;,./ QoJ 'IJ~ :: ~ 1l'! 'lJ ~ ~-¥ 'lJ. 'lJ-{!'lJ, cJJ-'-to l ."§._!r_ --'i'-"-J £Joi 9J...2-n1 

~"-J~s=. 'IJ"'l -'-l.li.2-J ~""il~ =;?Jg .'i!.oj¾t:.f. 

- o]'tl_ 'H-'-t<>fl-'-i ~* 'iJ-%011-f =471 ~-? '4%<>fl-'-i 1/-'t!~ ~-"i'-2-1 7lt!!J:". ~;,.] 

*~.7.]1i}- 0 ! .7.]~oJ]-'-i 't!:~£1:::: l:.t 0ci~ 0t 70}2-] ~:§:j- 0J"-J..2.._!r_ -/!t a:ij =471 

nf7nf2-] ~:§:j-9.j- ~½oJl-'-1 7]-'t!~ ~1-? 'iJ-%0] 9J.9ig 7}-'8-'-Jo] ~ ~..2-3'

-'-}.li.~t:.t. 7i!]2 t:i]-'-fo]E3'_ '!l}.7.] ~:§:j-~ nf7nf2-] -lE-:§:J-£ -/jt n:R ~-? :;g-'-J2-J 

~ "-cl 7}-'8-"-cl o] 9J.:::: ~..2-3'- '{l:tJf1. t:.f. 

- ;,ff~cf'Zl .7.]Q-J:". olivine tholeiite 7l]~2-] ~-¥-'IJ-..2.._!r_ --=j!-'-J£.]oj 9J...2..nj 

N-MORB.2.j- E-MORB~ ¾{l~'(__\ T-MORB~] =;'-Jg .!,!_o]::::c,J, o]:::: o] ;,.]~ 'IJ-~2-] 

~:§:j-7} nff4'- .J'1-'g-iifnj ,ff~i!f'(__\Sff'iJ2-] ~1:J 7]-'t! nf7nf9.j- ±_~ Ei;fll2-] 

N-~IORB7} ~t)- · tsJ"-Jf1. ~g -'-]-'-f~t:.]. 
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Table 4-1-1. Location and description of dredge hauls, cruise K0D0S 98-3. 

D5 (Yap arc "-I~ ',"{/ 2,757 - 2,250 m oJP•i ~H~¥! A]li) 

Als'i Al s'i 
g/ 61 "' iii s,, JII !'; "ll !!!~ ~ 

(mm) (Kg) 

05-1 2.f l!l fil 8(JX70X42 0,38 • §.ftt~~Plf:121 Alfil ~~ao1 ~!i.§121 :;;i~aot1 21811 :;;i~£10l cue z.t!!!lfil 
05---2 2.f!!!l fil 135 X 40 X 105 0.57 
D5-3 2.f l!l fil 9()X75X34 0.2 · ~!i.~ Jl~OII §.ftt~~~ 'i!1DI •Ol 'U~ 2.fl!lfil 
D5-4 ~ogjJl~fil 110X75X58 0.62 • ~~ '3.l s~21 'i!'T' 'cl~ ~§iOI JI~~ ~~:;;i 'i,!:;;i ~1~01 i= ~ogjJl~fil 
05-5 't"!~~-!i'-fil 45X35X45 0.07 • 'ia!¥JI L.}-,'-~0£ 't"l~'E:! ~-Ei'-fil 

05-6 , A I fil / 2.f l!l fil 5 pebble 0.18 
• ~ §.I fil O £ :;;l. ~ 'f:! Alfil 
· ~~~ §.ftt~~li~ .£W~ 2.f!!!lfil * 2.'i'- 'ill'T' 't"!§!Ql9 s-t2 'U~ 

I -;;::; 
I 

05-7 Alfil ;§.f ttfil 9 pebble 0.24 • §.I~ 01Dj ~ogi ~Af a~£!~ Affil • J:f~21 Af~~ 11~~ .£W 
05-8 2.f l!l fil 13 pebble 0.35 , ·_§.f_tt~~Jlf:I Alfil '3.l 2.f!!!lfil 'i!10I ~~21 ~!i. JI§!£ :;;i~'f:! 2.t!!!lfil 

1 D5-9 
'f1~~ ~-,'-fill 

4 pebble 0.07 
· ~!'eat~ 'ii,l Al~~ 'f1~ 

2.f l!l fil . ~!!Jl~:!:;otf §./tf~~jiO( .£W'El 21'!:!lfil 
05-10 21'!:!lfil 3QX25X 15 0.02 · ~§.lfil~ :;;i~lfi£ ~ §.ft!~ 'ii,l 't"!§I ~ogjJl~fil21 2.t!!!lfil 
05-11 2.f l!l fil 3QX35X20 0.03 · ~~~21 ~tt§.1~ JI~ 41/21 't"!§I §.ft!fil21 2.tl!lfil 
05-12 'Y ?12.f 2 2.t 6 pebble 0.03 · iit~et ~~11/21 'Y?.!'2.f 22.f 

05-13 
tt~~ ~§.Ifill 26X28X21/ 

0.15 • 41/~ot~~ \!tE t!~ · ~E~21 §.ft!Jlf:i ~J:I 'ii,l 'Yl.t~J:I .£W 
Al~ !!1/£1" 73X37X42 

05-14 
-'f/-~12.fs'l fill 
'Y?12.t221' 

5 pebble 0.06 · ~!! JI§! :!:;21 §.ft! ~~ii 

D5-15 ¥~ 1 pebble 0.02 • §.I 11/21 ¥~ 

05-16 
W'Y?l Alfil 

45X5()X 15 0.03 · 'Y?l t!§.fli Jl§l"1/21 §.It!~~~ 
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Table 4-1-2. ChemicRl compositions of volcanic rock samples dredged in Yap arc and Caroline area. 

Yap Arc Caroline Ridge 

HDS-4B DS-9 D9-1G2 D9-!Pl D9-4 D9-S D9-6-2 D9-8 D7-2B D7-4 D7-S D7-6A D7-6B D7-6C D7-6D D7-6E D7-6F D7-6G D7-6H D7-61 

Si02 48.05 48.99 66.0S 59.24 61.43 66.96 67.45 53.78 49.94 49.20 48.53 46.48 47.08 47.06 47.60 47.36 46.82 46.15 46.60 47.10 

Ti02 0.22 0.54 ·o.53 0.63 0.56 0.49 0.52 0.69 1.33 1.46 1.94 3.14 3.05 2.67 2.07 2.01 3.09 3.21 3.23 2.01 

Al,O, 8.23 17.57 13.76 16.91 16.12 13.61 13.65 18.77 16.89 18.54 14.58 13.74 13.91 14.26 14.59 14.33 13.89 13.34 13.83 IS.OJ 

FeO 8.19 11.07 6.25 7.30 6.82 5.86 5.99 9.64 9.21 10.42 10.62 12.88 13.09 12.77 11.89 11.91 12.94 13.68 13.46 11.92 

I MnO 0.15 0.17 0.12 0.13 0.13 0.12 0.12 0.23 0.09 0.08 0.16 0.22 0.21 0.18 0.17 0.19 0.22 0.30 0.22 0.18 

~ 
I MgO 23.28 4.85 1.93 2.59 1.95 1.85 1.68 2.25 6.21 3.22 6.02 4.69 4.89 4.48 5.44 5.46 4.42 4.46 4.46 5.01 

Cao 7.23 I I. 71 5.72 6.81 6.42 5.57 5.34 6.10 8.50 10.04 11.62 9.45 9.22 9.22 11.77 11.34 9.03 9.31 9.74 ll.22 

Na,O 0.80 5.19 2.72 3.52 3.26 2.82 2.79 4.06 3.66 3.76 3.35 3.13 4.14 3.15 2.64 2.70 3.49 4.54 3.14 2.82 

K20 0.25 0.56 0.59 0.68 0.98 0.81 0.93 t.83 0.56 0.48 0.41 0.45 0.42 0.54 0.41 0.52 0.52 0.70 0.50 0.37 

P,O, 0.05 0.56 0.15 0.20 0.24 0.20 0.13 0.27 0.17 0.17 0.36 0.58 0.43 0.61 0.46 0.37 0.52 0.79 0.69 0.64 

LOI 8.20 1.21 2.32 2.13 3.33 1.35 3.82 8.19 4.88 2.69 2.05 2.33 2.89 2.92 1.60 2.04 2.17 2.95 4.24 1.52 

Total 105 102 l00 100 101 100 l02 106 IOI l00 100 97 99 98 99 98 97 99 100 98 



l:ible 4·-l 2 Cnntinucd. 

Yap Arc Caroline Ridge 

HDS-4B D5-9 D9-IG2 D9-IPI D9-4 D9-5 D9-6-2 D9-8 D7-2B D7-4 D7-5 D7-6A D7-6B D7-6C D7-6D D7-6E D7-6F D7-6G D7-6H D7-61 

Sc 23.06 55.30 26.86 30.18 29.06 27.15 26.58 JO.JO 34.35 36.70 48.14 48.57 47.74 41.58 49.17 46.96 47.04 45.86 45.54 48.51 

V 88.27 364.94 136.79 162.05 161.66 129.13 131.70 148.40 209,58 260.07 379. 75 432.25 445.60 425.37 432.64 423.05 436. 71 420. 75 425.30 429.69 

Cr 1651. 76 17.35 6.72 1.55 5.26 5.30 5.76 10.21 127.31 154. 76 120.53 34.65 32.78 41.31 113.04 110.73 24.71 26.30 27.59 125.93 

Co 77.36 26.10 10.27 12.02 12.80 10.90 10.50 37.18 16.77 21.93 35.72 26.99 27.88 26.66 26.92 33.65 30.32 31.22 29.98 31.80 

Ni 843.95 13.58 8.00 2.34 17.07 12.37 6.36 43.65 50.05 74.46 54.74 22.14 28.74 28.60 38.10 52.49 22.17 68.19 23.50 45.00 

Cu 38.08 54.85 73.45 94.89 76.22 61.00 47.92 123.42 IJ0.23 148.84 225.31 490.55 119.34 199.53 230.42 235.17 107.76 111.38 78.44 174.54 -~ LR 5~.5i; 75.ii-+ ii i..i{, iii.SU 6.i.Oi; 7.i.53 Oi.;i ii i.U i Oi.70 ,u.iii iiii30 i0033 iUi.03 iV5.i5 bi.Di 03.iii Jt.l. • .l.f 1.l.l,lt':t 111.,, ::tlt.~.l. 

Rb 5.29 4.35 1.47 1.17 4.31 4.21 2.76 10.57 16.27 2.56 9.99 - 15.IJ 13.93 19.01 14.67 21.27 19.59 23.31 14.07 8.22 

Sr 4.90 293.68 237.57 271.27 281.13 256.38 204.26 272.72 211.27 284.62 187.65 184.23 171.52 220.42 196.89 195.54 179.90 192.94 189.16 212.71 

y 19.14 48.82 35.33 41.55 33.82 34.50 29.14 37.35 34.65 33.92 43.94 79.57 67.74 65.74 47.68 47.34 72.91 78.65 74.73 56.45 

Zr 12.23 25.08 49.32 60.75 56.20 50.36 52.86 60.74 72.73 79.00 111.24 210.16 206.50 205.55 119.46 120.85 217. 77 207.88 200.15 130.42 

Nb 0.10 0.51 1.81 1.74 1.86 1.50 1.99 2.09 4.86 5.60 8.77 11.02 11.70 15.11 9.13 9.20 11.60 12.10 11.97 10.77 

Cd 3.82 5.52 2.96 3.23 3.34 2.90 2.85 4.39 4.28 5.04 5.45 5.16 5.32 5.18 4.57 4.69 5.21 7.23 6.96 6.46 

Ba 21.73 39.35 110.58 141.17 165.92 128.90 137.65 112.31 52.87 64.01 56.82 61.37 59.36 71.50 59.45 59.44 66.44 69.42 65.76 70.29 

Th 0.15 0.35 0.74 0.89 0.76 0.62 0.73 0.72 0.46 0.49 0.81 1.26 1.13 1.24 0.81 0.79 1.43 1.32 1.24 0.95 



I':dJtC 4 I ~ l,,1Jtin'U.Cd, 

Yap Arc Caroline Ridge 

HD5-4B D5-9 D9-1G2 D9-lPl D9-4 D9-5 D9~-2 D9-8 D7-2B D7-4 D7-5 D7~A D7~B D7~C D7~D D7~E D7~F D7~G D7~H D7~1 

La 1.07 11.79 7.46 12.49 6.50 5.58 5.51 6.61 5.32 5.50 9.14 19.13 13.77 16.85 10.10 10.42 14.88 16.15 15.30 12.98 

Ce 1.86 6.37 12.85 13.61 13.73 11.01 12.89 13.13 12.34 12.66 21.37 40.35 36.36 40.53 22.63 22.52 36.76 37.84 36.02 25.16 

Pr 0.62 3.20 2.61 3.92 2.40 2.09 2.12 2.54 1.99 2.03 3.11 6.21 5.24 5.69 3.38 3.56 5.46 5.64 5.42 3.88 

Nd 2.07 15.01 12.20 18.25 11.26 9.56 9.85 11.60 9.75 10.00 15.59 30.86 26.01 26.83 16.69 16.23 27.62 27.96 26.19 18.76 

Sm 1.32 4.07 3.96 5.53 3.67 3.26 3.31 3.67 3.20 3.23 4.93 9.74 8.26 8.09 5.50 5.05 8.15 8.61 8.20 5.60 

Eu 0.35 2.02 1.55 2.07 1.44 1.32 1.23 1.28 1.55 1.58 2.27 4.90 3.94 3.87 2.60 2.11 3.49 4.08 3.67 2.77 -~ 
I 

Gd 0.96 4.75 3.97 5.24 3.71 3.26 3.12 3.72 3.53 3.95 5.41 9.95 8.97 8.94 5.90 5.88 9.72 10.03 9.50 6,76 

Tb 0.20 0.80 0.74 0.93 0.71 0.64 0.63 0.74 0.68 0.73 1.07 1.95 1.72 1.69 1.16 1.07 1.85 1.88 1.85 1.28 

Dy 1.44 4.69 4.40 5.25 3.86 3.75 3.53 4.30 4.15 4.25 6.20 11.31 9.97 9.33 6.65 6.56 11.03 10.90 10.% 7.10 

Ho 0.29 1.19 I.OJ 1.18 0.98 0.86 0.89 0,99 0.94 0.96 1.24 2.46 2.19 2.15 1.42 1.44 2.37 2.47 2.42 1.64 

Er 0. 70 3.63 3.18 3.19 2.66 2.62 2.52 3.09 2.83 2.83 3.84 8.25 7.00 6.26 4.43 4.35 7.18 7.46 7.73 4.91 

Tm 0.14 0.48 0.46 0.43 0.39 0.40 0.39 0.46 0.34 0.33 0.53 1.04 0.94 0.87 0.59 0,57 1.02 1.00 1.13 0.70 

Yb 0.67 3.18 3.12 2.82 2.60 2.66 2.49 3.15 2.41 2.79 3.62 7.26 6.18 5.88 4.18 3.76 7.01 7.07 7.07 4.74 

Lu 0.13 0.62 0.56 0.50 0.43 0,48 0,48 0.56 0.41 0.42 0.60 1.22 1.05 0,95 0.66 0.64 1.14 1.15 1.14 0.78 

S(%) 0.08 0.16 0.08 0.10 0.09 0.09 0.07 0.11 0.10 O.JJ 0.14 0.13 0.12 0.12 0.15 0.14 0.12 O.IJ 0.13 0.15 
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Fig. 4 1-1 Photogrnphs of selecti\·e rock samples dredged from Yap arc. 05-2: Rreccia with volcaniclastic sandstone 

infilled clay matrix. 05-4. Hydrothermally altered ultrarnafic rock, 05-6.Calcite cementedsandstone/carbonate 

hydrnf1·actu1·e vein breccia, 07-2: Pillow basc1lt 11ith chilled margine (in caroline areal 
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Fig, 4-1-2 Photographs of se I ect i \'Ca rock sarnpl es dredged from Caroline area. D7-4 Brown phi 11 O\\' basa It with wedge 
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Fig. 4-1-4 AFII (,lkali, FeO, \lgO) diagram for volcanic rock samples of Yap 

arc and Caroline area to subdivide into tholeiitic series and 

calc-alkal ic series (divi :ling curve from lri,ine and Baragar. 
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Fig. 4-1-5. The subdivisions of Yap ,ire and Caroline area ,·olcanic rock 

samples using K20 versus Si Oz diagram (dividing I ine from 

Rickwood, 1989). 
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7t. '?l' u)~~::-<J (Fig. 4-2-lA) 

~-,l~cl~ ~"J'l:!5:.-15H-'i'- :;<] Q,j (Yap arc-trench system)9.] BH~-lf:-:;<]oflJ.-j 

~ff4]{:l. KODOS 98-3 PC 39.] 3'1~%.". ~~]?sj.Q.§. ~,"_ 7J~ (brown color)9.] %'&-¾ 

(foram).2} ~~~L-] (nanno ooze)§. -=r--'/!s.Jo-j 9J.cl, ~"JJ.]li 7Jo] !:: <J.{ 220 

cmo]2, ~ff,}]{:!_ 3'1~%.". 3.71] 127H9.] :;<-jla.J"W- (turbidite)%_2_§. .:;i--lf:-{:l.cf. 

.EC%.". 2't.ts.lo-J 9J...2._uj 3'1~% "J-¥- 0 11"--l -;;t-¥-5'. 1..-ffcj7t\'!J.7 %'&-¾ (foram).2} 

~~~1..-] (nanno ooze)7f -E~{:l. 2 cm ~5:.9.] U.':. %, 'ta!.". ll-j] 0 l-''1 ~,,_J-9.] 

:.r.eH3.7]9.] %'&-¾ (foram sand) % (10 cm), 7J~9.] %'&-¾2-J- ~~~L-]9-] -E~% 

(14 cm)o] :;>;fej]s'.. ~~s.Jo-j 9J.cf. %'&-%2f ~~~t..19.J -E~% <5)--l\1-0ll-e- '2i' 30 cm 

:.r.eff"17]9.] %¾% (foram sand).Q.§. .:;i-,,_J~ {?-o] ~% (muticolored foram sand 

~ 7e!-~ 9-] o=¾ ,r 0 7i!]2 .:::,_ ,,_ Qh.] 9-] ,~L -E 'i%oJ] J.7 i;)-¥, 5'. 7ef A Ji1. T, 7e!-~ .9-j foram 

sands'. '1!. ~ 5-j ::: C 7):;<j {?-o] .,.,_ °'I O 1 -'= r: 11 o l ::: AJJ,!-%-2} ~tr~tt ~~~~ T .::f" ......,_,._ J 

0 l~c)_ "13'.t!J.9-j 
el 7 L i;)-lj!-§. 7e!-~ .9-j foram sar,d.2.) foram-nannoooze9.] ~%0] Qj' 20 cm 

"J~;ij o-j 912, i 0 teff 5'. <J.{ 55 cm.9-) c:,,J]'= T 2 7):;<] ::: foram-nannoooze %-o] 

01.!=r:J] %.9-J ¾-:U-011 4 cm ;<l C: .9-j Sp-~~ 7)'2 0a 0 ~9-] foram sand %-o] ».~ ' 0~ E= 
~]:;>;j~c)_ 12 cm -i'-"'11.9-J 7JAJ! foram sard %-o] 7 15t-¥-01] *oj9J..Q.u], ~~9.] 

%¾% (foram):;>.]- ~~~L-] (nanno ooze)9.] -E~%0 ] 7J-~9.] foram sand %011 

~-rt"~15)7Jl ~];>;]~ct, 15)-¥, <J.{ 170-175 cn J.to]oj]!:: ~~.9-j %¾%2-J- ~~~t..19.] 

-E~{?-o] 'l,!-~s.jo-j 9J.2, ~15)--l\1-!:: <J.{ 30 cm f-:,,J] ~ 7f:;<j !:: 7,l:~ g 1l:! foram sand 

%-.Q.5'. -'i'--"cl s.l o-J 9J. cf. 

KODOS 98-3 PC 4!:: ~~-1,!_-:;<] 

-]7(-



7a)o];:: Qj' 390 cmo]i::]-. ll:%-¥-BJ '8"]-Jf 8 cm7J]-7.];:: ~ ].££ o]1f,oj::<j 912, Qj' 19 

cm 1f-;,;J]~ llj]o];<.]~ -;:/-'§I ~L-]%-o] 7 '8"]-JfoJ] ;'.':;,fltJ:t:J-. o] -;:/-'§l~L-]%-oJ];:: '1.l']'-J 

'3j~].s,,~o] ,E, 0J£1oi 91t:]-. 5'1~% '8"]·,¥-5'. 7]-'/'!'-1 Qj' 1 cm 1.x~ 'g.f~ ~~ 

-;:/-'§l~L-]%-o] llj]o];<.]~ -;:/-'§!~L-]~ '-J • -o]-JfoJ] '%"•'l 91t:J-. '8"]-.!jl-oJ] Qj' 37 cm 1f-;,;J]~ 

llj]o];<.]-7.J~~ -;:/-'§!~L-]%-o] ;::;,fl-8"]-;::i:,l, 7 J.j-o]oJ] Qj' 5 cm 1.x~ 1f-;,;J]~ 7]-~ 

~ (gap)o] 91t:J-. '8"]-Jf.5'_ Qj' 5 cm f;,;J]o~ 7J~~ -;:/-{l'§l ~L-]%-o] '-JJf 5Q'3j%.2} 

oj-;,]33 g o]1f-uj ~,;fl91.2.uj, 7 ~oJ] Qj' 1 cm 1f-;,;j]~ <g.;~ :";7.J'-Jj ~L-]%-o] 

;::;,fltl:t:J-. :"; 7J~ ~L-]% '8"]-JfoJ];:: Qj' 12 cm 1£~ i.]~.2} ~~~ -;:/-'§l~L-]7]

~%-g o]1f-oi 'la!'~~oi 912, llj]o];<.] ·~~ -;:/-'§I ~L-]%-o] i -&-]-JfoJ] '%"•'l91t:J-. 

ti]2.~ 2:§:j--'{'! o] -;:/-'§l~L-]% '8"]-.!jl- Qj' 100-273 cm ~o]oJ];:: -9'-£ ~~.2} i.]7.J~~ 

-;:/-'§l~L-]%-o] ~%-g o]1f,uj ~4,-~.2.£ 'la!'~~oi 912, Qj' 110 cm, 213 cm, 223 

cm~ 0 l oJl ll1] 0 l ;<. l ~ ~ * '§1 ~ L-] 71-, Qj' I 80 cm' 263 cm~ 0 l oJl ..2. "1) 7. l 'i,l * '§1 

~L-]%-o] <g.;7i] ,E'lJ~oi 91t:J-. 

'la!'~~ oi 91 t:]-, Qj' 273 cm.!jl-BJ ~ -&-]-.!/- 77)-7.];:: :"; i.] '-Jl .2} i.] ~ ~ -;:/-'§I~ L-] %-o] 

~4,-~'t) ~%-g 0]1f-'/'!J.7 'la!-~~°7 91E:c,I, Qj' 287 cm, 307 cm, 345 cm~oloJ] 

330 cm 2.)- 340 cm 

* '§1 ~ 1..1 % 0 I ;'.': AR ti: t: f . :"; ]:] ~ % ~ ]:] ,,.Jj * '§1 ~ L-] % oJ] tl j ,;fl .2 :§:j-~ °7 91 t: f. 

Qj' 280 cm.2} 330 cm ~ojoJ] 1 en 1£~ 1f-;,;Jj~ 7]-7.j;:: <g.;~ ~~%-o] 

3. n]2~% ~"'J (PC 4) 

n]:§:j--!tj g o]%'8"]-c,j 'l]'tfl-=j'-7.j~ :,Q'3j-J¼~ ~"s 0,1 5'1~~1 g %4','8"]-7] t],;fl PC 

4 510,oJ];.7 "J0% {E--!tj g '-JJ.j-&-]-9.'J.t:]-. 11:)-0% 4'-½~ Sanfilippo et al. (1985)~ 

"Jtjg a:]-5):t:]-, 'lJ'?ifl-=j'-7.]~ lI]A-E sl.•i 5'1~%~ {!'-JojjJ.7 ~'Z!'i'l:~J.I ~ 510,7]-

-/72-



~½5'1 c] cl <>ll-'-J5'19:J..2.l..r, i'J-~71 ~ ~ ~9.1 cff--'j!-{i!- ~ 5<f;;i:] t,}9,j_ i::f_ ~ &] 3..7] 7} 

op~- ~ ( ~1 700-1,000 µm) centric t:1pe9.1 -it~¾ ti: % (Fig. 4-2-3, No. 

7-B)o] .q.-1:J¾~ "o;JAjt,f_:;_,_ 9Jo-j 'l},sff-=j1-;;i:Jq,j ~ !c\1] ,ti%o] 1):7]<>!] ~~~ -lij-~~ 

t):1°]c]cl 4'-"',!cj;;i:]~. ~ 'B.-=t-<>ll"-1:::: -it~~.9.j %11~ ,.J"-]"'f;;,:j U'.lJ:i::I. 

4-2-3, 4-2-3<>!] qio}<Jt:1. 

O:l <51: 0 ooa 

"-76Jt,f:::: ¾~§. .!l;':'-Ji;ff:::: 0J~~ 'E! 0 ]tl. BJ~% '-!l%"-1<>ll _9.jt,f'?1_, ::i:,] 4 7]:::: 

57ff.9.j '-g-if:-cff.s!_ l.r-'ro-J~r:f (Johnson et .,1., 1989). Collospharea invaginata:::: 

(Nigrini, 1971: Johnson and Knoll, 1971i)§. .!l.25'].2 9Jr:f. ~ '/'!-=j1-;;i:]q,j<>!]"-1:::: 

C. invaginata71 ~~~ .R%--'j!-E7 ~?>f-j'-'Zl 340 cm7J};;i:] 0J't):!i'j;JJ] 't):1)-{'l.2.~ 

'tl:U~ itff ~ 'B_-=j1-;;i:Jq,j.9.j -"1.o-j ~~~~ C. invaginata Zone<>!] :';&}:::: £1~%.2.~ 

0.21 fla 0 ]-f--'j!-E7 ~2%0<>!] £1~{1_ ilil~ £1~%0 ]r:I. rcfcl"-1 280-331 cm.9.) 

%-o] 

~~~%~ 211'..l:\!~ o]-f ~ 2.9.J "-IZ!'ll~ .9.Jo]~r:f. 

C. invaginata:::: ~zjo] -§-,sffoj] ~"A"-1 ~~~ 1-ffof]"-1 'i'];JJ] 't):~!cj;;i:J 'tJ::::r:I . 

.:::'.c,\..r 'B_-=j1-;;i:] Q'f f-AJ~ ~~ <>l]"-7:::: ~ &;--'j!- <>!l"-1£ .!l;':'-JEff7f 0J~tJ:i:,]. 0 1:::: 

0-8 cm, 90-95 cm •cl.2 200-205 cm?,loJofl"-1 ;,JJ 3 7J%oJ Zj- ~ %~ 

't±1)-5'19ii::f (Table 4-2-1 ). oj ~ ~ -&c].2'1]<>!]"-1 of0 l.2..,.,] ~7].9.j 'B.'13 ~ ;;i:J,<]t,f:::: 

%~§.. 'd-=t-;;i:JQ'f -?-'l1.9.J AJI 3 1/ 5'1~%-<>ll"-1 %'fl{1. ?;!.2.~ 4-1l5'1o1, oJ<>fl 
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~~ -/E--!cf½ o!-§-~_<?__uj ~~ -/E-~ ,"_ !CF-AES (Otima 3300DV, Perkin Elmer Co.)% 

0]%~t:r. X-{! §:J~ ¾-!cf% '-1.i'i.::: ·il--cl ,-;;cf01E.. .\'-loJ) Se)~% ,,_,li~ s.!'71] 

x.:£:-&fo-j AJl'3f-&f'l;J.r:f. -IE-~.".. J\''?! !J-"J/~1/-;<l7f -¥-~-ti MXP 18A RL'IT -2500 x-:::i 

§:j~ ~~7] (LTD Japan, MacScienca Co.)~ oj-§--&}o-j 7f4;-~'1}- '3a) ~-W-

40K\'/30mA, ti[-'J:,'.; ~ l mm, -'J:'c)-€/-~ l mm, ?~,'.; ';,! 0.15 mm.!c 2-35° -=t-noJ] 

rfl-&}o-j 1 ~i::J 3° 2.) 4;-.£5'. 4;-1) "6-}'l;l. r:f. 

~~ ~-!cf~ .\'-)tR ~'l,1-oJJ,i.-J ~ff;}J£J,>J 50 ml ~cloJl'hl'lll 1oJl i,;J-zl Se)~%½ 

i..J% ~~7]oj) ¥)2 ~~'-],U '9'- of~--R--'if (agate mortar)oJ],i.-j ~~"6-j ¾ 0J~ 

-&f'l;J.r:f. 01 ~~~-t! !i'1~% '-l.i'i.~ gc, ·c 0 1-&foJJ,i.-J 12 ,._ln zi.~,1.J,u r:fg ~ 

0.5g 'lj '-gieJ-&fo-j 7} 0J% i;Jj~~ %7]o[j ¥)2 -Jl1--'J: (HF), 1d-'J: (HN03 ), 0}'135::-"J 

(HClO,) ~0;~ Zj-Zj- 4 ml, 6 ml, 3 nl 7}~ '9'- ~~-&] 0Jll"1]'-]:7]2 '9'-E.. 1-ffol] 

-"J;<l~ 7f~"J .\'-loil.,_-l 175 ·c oJ-&f2.J .g.xs!_ ~ 12,1.Jn o]-"J 7}~-&foj ,1.J.ii.~ 

~~°&] %tff.-'.j~t:}_ A].fi.~Oj -'tf~°&j ~-tff£j'l;J.g½ ~'?..! ~ 4'- t:}.-'.j -'f-~~ ~2 

-'J: ~ 01 ~ ~ -&J % 'if~ n:H JJf:,q 7}~ 't!: .\' 1 oJl .,_, "er% .,_l ~ r:f. 'tl:%01 ~ \l: Sel ~ % .". 

0.1 \ HN03s!_ 20~ o]-"J %½ .-'.j?'j 30 ml %7]<>1I &71 ',,l-9.}2 .tl"8-"J~ 30 go] 

£lx"f 1?,!-4'-'l;l.r:}. 7c]2 ~5::o-J) u:}2} o] %0J_g_ ~~"6-] ~~-&}o-j ~~t}'l;l.r:}. 
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ltff¾c>Jl .!;!.:;':5:joj 91:::: Ocjcj 7]~~ 0 1 ~11]t>H ~r:1-. a:]-cl--'-i ~~l -'-]lic>J] i:ij~ 

%"ir"J ~,!,:j ~2]-c>Jl:::: ~o]t>H~ 7]~o] '%f Lj-Ej-1...}><l ug 7}-!g-"-iJoj 3.r:]-_ 

~'i!:'t!1!-c>Jl-'-i r:]- 0J~ 0J-"-Jg _1,1_9.J.'t! 'r"-J -'-]li:::: XRD ~,!,:j ~2J-c>Jl-'-i:::: -e
'l'!~~ _!;!_O]><l U9J:r:]-_ Jf%-~ -'!:j~~ -¥--ltc>Jl-'-i:::: ,!,:J<g, K-?)-,!,:J, -'-l-?J-,!,:J, 0JJJ!~. 

~~Ej-o]E, ~c]-o]E %~ "iJ--§-oj :;":;zij-&-]-oj -o-]-1,!-s'. 1..ijcj7,J--?~ -"rs'. ,!,:j<g.2]- K

?J-,!,:j ~ 'i!oj %-1l:5:J9:J.r:]-. "Tt"i!~Lj~ ~,"_ ~"J n:H¾c>Jl oj"J~ "iJ--§-~2]- ~1]£7]

¾"l U,". "il-%~ ,". %-15:l"l U,". 7,!.2..s'. 0ll:'ti:-'f:l.r:l-. 

~~-lt~ ~2J- "1-'-l -"-..!l-"-J~ 'l'!~~ -"-e!'1l~ -? 91:::: t!io.~ 'l'!~~ _1,1_°'1-"r"l 

U9J:r:]- (Table 4-2-2, Fig. 4-2-4). :';-&-j -£,-'i): =tJ:1!-1.] ~{!-~%-~ ~-f-~ _!;!_:;":-&-]-2 

91:= 7,(.2..-5.'. _1,1_9.J.'t! 280-331 cm~ !';;§:J6'J :I'.!~%- -'i'-zl:oJl-'-i:= Mn%~ t!_i,."i)-i!Joj 

.2.-&-]cj {l-io_-&-]-:: ~t>Jg .!;!.9.l_c]- (Fig. 4-2-•1). 

~, t>ij (correlation 

matrix)~ -=;t~cf (Table 4-2-3). Al, K, Ti, Fe %~ t!_io., Mn, Co %~ t!_io., 

Ca, Sr %~ t!_i,. ~oj -"-J'tJ:=tJ:71]7f ~,:'_ ~~.2..-5.'. 1...}Ej-\J:r:]- (Table 4-2-3). JJj~~ 

-2.oJoJl-'-i L-fEfL-f:= ~-"-J 'l1_~7f -"rs'. ~-"~'3f-§-0 lL-f ~,:};,ff %oJl 2-jt>ff L-fEf',;.(g 

7}-!g--"-iJo] ~7] ltff-l!:-oJl 6'J-"-J~ 'l'!~~ ><]Bij-&-J-:= "l~~-'!:j SI..~~ ~71 ~]t>H R-""a 

Sl..~-l_t-~ (R-mode factor analysis)~ ~-'-)-&-]-'t;l.c]- (Table 4-2-4). Jl~-i.t-6:J ~2]

%~{1-~ 92 %~ -"-J'[J-o-]-:= 47ij~ Jl~(fact,r)oj '?-½£19:J.r:J-. SI..~ I (factor!),:'_ 

%-i.t-{l-2-j 73%~ 1:1~-o-j-oj .<\l, K, Ti. Fe, ~g, P, Li, Cr, Sc, \', \Ji, Ce, Sm %2-l 

t!±7l- i,:,". -¥--&-J-5<1 ~ 7]-~r:1-. oJ SI..~.:'. "Tt",:J~ "il-%c>Jl ~~ 7,!.2..-5.'. tH,!,:J-'f:l.r:1-. 

SI..~ 2 (factor 2):::: %-i.t-{l-2] 10%~ AJ'[j-&-foj Ca, Sr, La %~ t!_io-7]- i,:,"_ 

-¥--&-f5<) ~ ?.t:=r:J-. 0 ) Jl~,:'_ 10{!-'fl g 7fcl:ll:::: Sl..~.2..5'. "iiij-!tj-'f:l_r:]-_ SI..~ 3 

(factor 3),"_ %--1.t-{!- % 6%~ 1)'[j-&-]-oj ,In, Co, Cu%~ t!_±7f o] Sl..~c>Jl 4,-~r:]-_ 

o] SI..~,"_ 0Jzl:{!-~-§-s'. tij~-'f:l_r:]-_ Jl~ 4:::: %~{!-2] 3%~ 1:l'[J-&-]-oj S.2.j- Na7]

i,:,"_ 1,!--&-]-5<]~ ?.t::::r:f. oj SI..~,:'_ tH-? 71-'H~ ~(salt)~c>j] 2-l~ 7,(.2..s'. tij-!tj-'f:l_r:]

(Table 4-2-4). 
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9-j ;sij n]-q_j-{i SI.. '?_\..2...5'..;:: ,<,!)-'-J it!~~ 11 '§ ~ -? ~ 'ii r:}. _i;i__ r:]- ;<}-<11 ~ 7,4 5'.7} 

'€).R.'o}::!l;,c]'V_: ,<,!)-'-Jo] Ji!-7]~±.7} o}'J -8--7]~011 9-jt;ij .;:/-1)5'12 9,lg 7}-'g--'-J.2} 

..2.'€1-011 9-J~ ~~ 11.2}01] 9-J~ -t[±. ~:i".9-] 9.Jl"l- 7}-'g--'-J01l cij-,;ij _:;i_~-;;ij _1,l__oj-ojc 

~I:t . ..2.'€1-011 9-]~ ~~ 11.2}~ _1il..1jt;-7] -'i']t;ijA-J;:: ~~~ 4-½'l;l (chemical 

1 each i ng) 011 9-] t;ij .2. '€)- g "117-J ~ 31'- ~-\:j t;j-;:: 2j-1) 0 l '€1 SI..~ ~ ..2...5'.. -'-J zt {i r:f. 

.::lc]2 oj ~~ ~~~ 4-½'IJ 9.1011 EPMi, (electron microprobe)Lj- 2 ioff01l ~oj 

~~t;]-;:: "J'/;JS:. _:;i_ojQojojc ~r:f (Lee e1 al. 1995, Clift and Lee, 1998). 

7,;j~~..2...£. ,<,!j-'-J 'ti.~~ ;<jBijt;)-;:: J1'?_\g -'j'-7j~±. ff"~ g 18-;sijA-j;:: 3!-;<j 

'i:f-'t ;<j"'J 'lJ-~-& itf-l.1-t;J-_:;i_ 9};:: 0JZYZJ-9-J -'f-,;Jf;:: ~;<-j I mm01jA-j ~cij 15 mm9-) 

'il-'i')~- _1,l__o)nj t!j_;;l_~ SJ~ '('jojr:]-. o) ;,cj"'J oJz_J-zt9-J "!;-'-j.2} 7j-t[g oj-,;ijt;j-7j 

-'i'f-,;ij llj_;;l_~ -'f-~7l] it].Jal-~ 0Jz_J-zj- (15 mm o)-'-J) g {!•..!jt;fc,j 267ij9-] ~±. (~tn, Fe, 

Na, Mg, Al, Ti, Ca, P, Sr, K, Ba, S, Co, ~i. Cu, Zn, Cr, Y, Sb, V, Pb, Zr, 

~to, Cd, Sc, Rb)01l cij~ ~~~~ g i'Ajt;]-9ir:]-. ~~ ~ -'i'l01l 7]½{i ,;.J~~.2} 

%Al-~ "J'IJ g Af-§-~r:]-. :;:uJj'?_\ oJ,'!zt-£ uf.1r.%0J01]J--j ~oJ~ ~..2..nj o) 

~'iJ"~{i J-js,_~ ~i)-~01] -§-t;ij J-j:1];:: 2f~01]A-j ,;_j~~01]J--j J-f-§-~tl_ ~~ cij-8 

~~g Af-§--,;j-9ir:f. ~~ 7,;!:;>.f;:: Table 4-2-501] 1)c]:5cloj 9,lr:]-. 

Mn9-] if''o'a'.'. 12.11-17. 51 %, Fe9-] ~eJ,'.'_ 14. 48-16. 73 %9-) '1:1-'i'l ~ _l;l__ojnj 

Fe!Mn9-] ~~ll];:: I. 16 1)£o]r:f (Table 4-2-5). oj;:: oj ;<]~9-] 0Jz_]-zt~o] -?5!. 

-?-'-J7]~~g ;<)J-jt;f;:: ~..2..5!. 'l):cJ:{ir:]. o] ;,cj~ oJz_l-Zj-9.] -'-j?)-4,-£;"; 'lJ-o}_l;l__7j 

-'i'] t;ij Pu teanus 9-} Ha 1 bach ( 1988) 9-] .:rr. '// E 'l2 cij ':'; 1) 1/:l ( Cob a 1 t chronography) g 
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0J 1J ~ 4,-5.'.£., ~%(hiatus) ~ ol '-J ?]-~ 3(.2-£. ~"il-6"} .2 ~71 o:ij -lr'.-<>11 ol "J'/:l g 

18-iiffAj 'l:!oJ"-1;:: '-J?]-:'.;5.'. (growth rate);:: '1!::<il.!il:c} 3.7·1] 7110~-?- ~.2-nj, 

u:}c}Aj 711'-J-'B 'tl"s ~ ~.:-!c. 't!cJolt:}. ~'ti, '0Be % "JA}'-j %q.]~.:-!c. ¾"-'l<>11;:: 

<>i cl 7} "-1 tl_ '-al '3:j oj 2.9 % o 1 ~ 7] n:Jl ~ <>1] o ] "J ';:J g 18- tsij 0J TI Zj-E.j "-J ?)- 4,- .5'_ .2-} 

'-J?)-4,-5.'.;:: 2.51-3.12 mm/Ma0].2, 'tl"s~ ~.:-!c. I.45-5.33 Ma ~5.'.olt:}. (Table 

4-2-5). oj i:J~ o}-';)''€!£ ::<.l<l'jE.J -?-'-j7]~ oJ;u:Zj-E.j '-j?)-4,-£<>11 tl]tfl HH}::'. 

;:JolnJ, u:}c}Aj 01 "-]~E.j 0Jz!:Zj-~ ?"'iJ71~ ~ t:};': 71~ -i5-4i-E.l %'l} g %';,] g 

.22.jiifl 0t ~ 3(.2-s!. '-,!lZ}{!t:}. 

0J{):zj- ~ -?--'-il 71 ~ (hydrogenet ic), '€!-?-7I ~ ( hydrothermal ) , 4,--'-j 7] t! 

(diagenetic) !£.;:: o]?;(~ol -E~~oj'B ;~.£.£ 3..71] -'i'-¾~ -?- ~t:} (Ingram et 

al, 1990: Hein et al, 1991 ). "'i-6"] '€! 0 r7]~E.j 0J{):Zj-~ ?-'-il7]~E.l 0JZ):zj-2j

t:};': ~-'-J:zj- ~~ g _!;l_o]nj, '€1-4'-%~ (H:1drothermal fluid)<>ilAJE.j HH};': \In %% 

(flux)<>il 7l't!,, -?-'-il 7]~ 0Jz_!:zj-<>1] llltsfl HH};': -'-j?)-4,-5.'.~ .!il.'t!_t:} (Hein et al, 

1992a: Usui et al, 1993). ?; 01 "-I~ 0Jz!:z!:<>11Aj -t!:1f£I;:: HHf;': -'-j?J- 4,-5:.;:: 

-'i'--'-JAl.li<>1] cij~ ~'t!,- -t±~ ~2} ~0~%2-J ~,:V-£. _!;l_oj;:: :';~"") %~ol 

-'t!--¥i'!t:f . ..2c].2 nl.2"-,!l~ 'tl-,1-<>1I 2-)ii}'s'! .ll)A-E -'r!.oj Alli;:: ~-'-,!l3ej'3:j~.£ 

'U-'t!-f!t:}. ~~ ~'t!,-.2-.5'. -t±~f! %~cl ~0~%<>11 E.l~ 3! 0 1 c}'?'! ~ ;:'77}"-I 

~0~% .:E;:: '€1-4'-'3.J--§-ol ~~g 7}-'g-"-jo) '.V_t:f. 7cjq ~~¾"-'J ~2}<>11 U:}.E.'B 

o 1 -'=- 7] -"'-o] .,,._ ~ -, 
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9J..£.E.3.'_ ~~:!j 2r½tl (chemical leaching)% 0 ]%"8"toJ -'-g-&7]-'l:l_~ %~-£ 

"1] 7l ~ ~ {i!:--6:j & "8"t 7l q ~ ?.t ~ n] {i!:--6:j ;;-] ( EPMA) ~ o] % tff ,,_, volcanic shard~ 

{i•--'J'!J.£_3-'_ -lf:--6:j~.Q..5.'_J'j ~n]9J.'.::: ~2j-~- ~~ + 9J.c:t. ~-8"] iiJ-2-ofl 7ff~~ ion 

probe'.::: 7]~~ EPMA7t '?-~ci:'lr {i!:--6:j 7r-'g-~~ ~7-1]~ .;;i--J;\-"8"toJ n]"J -'l:l_ci:~t;,.] 

1l"J -lf:--6:J& 1t-'8--.,-t7il -.,-t1J o:IH,'.-oJl 0 1 "J'/:l :". ~.£..5.'_ ~7]:!J'tl ~.:;,- -'-a.2J-~ '-.l! 4' 

9J.& ~.£..5.'_ Oll~5:l2 9J.c:t. 5/-]oJl "11,,_l~ "Jti~:". ~'"J~s:. nt.::int~ ~~ ~-'i'-oJl 

uo] %%5:12 9J..£.E..5.'_ ~.£_3-'_ o]~~t "Jtl~ o]%~ .!il.c:t ~~~ ~-'i'-7t 

~il.-a-tc:t 2 'tl:t!:~ ct. 

~'B. 0JTIZ1-oJl cR~ -tt--6:J ~2J- 0 1 ;,.J~ 0JTI4°1 '/;!4' 1J~'?J ~ ,,_l,,_l..,.t::: 

~~:!J'tl ~~::: 1/J{!~ + \l:l_9;l.£.q ~l~~'tl -9'-'-37]-'l:!oJ] B]tR uHt~7il -'-a'8"~ 

~oj] n]1f-o-J ~ a:ij '/;!?Oil ~~ 0JTI~ -t'-~ 7t-'8-'-a ~ Bij;<i]~ -',° \li::: ~.£_3-'_ 
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Table 4-2-1. Radiolarian species in the Yap trench sediment. 

I-Bo tryos t rob~;-~:;;~;--

Sphaerozoum punctatum 

Carpocan is trum papi I Josum 

Theocorythium t. trachel ium 

Theocorythium t. dianae 

Eucyrcidium acuminatum 

Eucyrtidium hexagonatum 

Eucyrtidium hexastichum 

Lamprocyclas m. marita!is 

Pterocanium thrilobum 

Pterocanium t_ euco/pum 

Pterocanium p. praetextum 

Peripyramis circumtexta 

Cornute/la profunda 

Cyrtopera laguncu/a 

-lrtostrobus annulatus 

-lmphi rhopa !um yps i Ion 

Euchitonia elegance 

Spongogaster t. tetras 

Pterocorys minithorax 

Pterocorys zancleus 

Theoconus here rr i g i i 

Theoconus j unon is 

Diccyocoryne profunda 

Hymeniastrum euc/idis 

Djctyocoryne truncatum 

Dictyophimus hirundo 

Dictyophimus crisiae 

Theica/yptra davisiana 

Li thome Ii ssa campanu Jae form is 

Li thopera bacca 

Lamprocyrtis nigriniae 

Siphonosphaera po/ysiphonia 

Siphonosphaera martensi 
--ln thoc--yt j di um zanquehar i cum 

·" Tertiary species 

-/8/-

Lamprocyrtis heteroporos 

Dictyophimus grasi/ipes 

Dictyophimus tetracanthus 

He/otholus histricosa 

-lrtostrobium miralestense 

Larcospira quadrangula 

Octopy/e stenozona 

Tetrapy/e octacantha 

Lophophaena cyclindrica 

Theopi /um tricostatum 

Li tharachnium tentorium 

Dictyophimus infabricatus 

-lnthocryUdium jenghisi 

Li thomi tra arachnea 

Co/losphaera tuberosa 

Col losphaera inrnginata 

Disolenia quadadrata 

Di so I en ia zanquebar i ca 

Otosphaera aur i cu I a ta 

Otosphaera polymorpha 

Po!ysolenia spinosa 

Po I yso I en i a fl ammabunda 

Po I yso I en ia I appacea 

Co//osphaera huxleyi 

Co/losphaera po/ygona 

Co/losphaera macropora 

1crosphaera cyrtodon 

--lcrosphaera murrayana 

krosphaera crepanata 

Panartus t. tetratha!amus 

1nthocytidium ophirense 

Lithomitra liniara 

Ca/ocycletta I irginis,:, 

1rtophormis graci / is-:·, 
Dorcadospyris simplex,:, 



Table 4-2-2. Chemical composition of samples in PC 4. 

Depth Na Mg Al K Mn Fe Ca Ti p s Ba Sr Li V 

Cm % % % % % % % % % % % ppm ppm ppm 

0-8 5.67 3.14 5.75 1.34 0.55 5.75 1.69 0.35 0.14 0.50 0.12 577.06 86.56 131.26 

20 -25 5.13 2.29 4.31 I.OS 0.44 3.75 I.I I 0.26 0.09 0.46 0.18 354.23 65.77 94.31 

30- 35 5.36 1.88 3.12 0.85 0.27 2.71 0.79 0.18 0.06 0.46 0.05 188.19 52.79 68.93 

40-45 6.40 1.56 2.40 0.79 0.19 1.90 0.67 0.13 0.04 0.60 0.15 143.67 44.85 46.50 

60 -65 6.74 1.52 2.42 0.78 0.11 1.98 0.89 0.13 0.04 0.60 0.11 137.90 41.74 47.47 

75 - 79 6.33 1.32 1.40 0.56 0.50 1.10 0.59 O.Q7 0.02 0.54 0.02 9.25 26.55 31.13 

86 - 89 6.52 1.10 0.94 0.46 0.09 1.03 0.98 0.05 0.02 0.59 0.04 11.56 21.04 21.13 

90 - 95 4.40 1.69 2.88 0.80 0.11 2.37 9.47 0.17 0.07 0.53 0.04 1340 53.22 59.00 

100 - 105 5.62 1.69 2.76 0.83 0.12 2.32 1.36 0.15 0.05 0.51 0.03 180.71 45.70 53.98 

120 - 125 5.39 1.70 2.75 0.80 0.08 2.23 1.29 0.15 0.05 0.51 0.14 220.07 45.43 57.39 

140 - 145 5.42 1.82 3.19 0.90 0.07 2.70 0.89 0.19 0.06 0.49 0.10 176.35 57.02 71.14 

160 - 165 5.68 1.62 2.92 0.85 0.06 2.32 0.80 0.16 0.05 0.50 0.06 86.68 49.15 69.81 

183 - 184 7.17 1.43 1.33 0.57 0.09 1.45 0.59 O.o7 0.02 0.64 0.02 0.00 28.77 30.40 

200 -205 5.53 1.52 2.34 0.73 0.09 1.92 1.14 0.13 0.04 0.49 0,03 102.12 41.81 55.43 

214- 217 5.85 1.26 131 0.50 0.13 1.26 0.61 0.07 0.03 052 0.04 0.00 27.03 29.68 

230 - 235 5.69 1.53 1.97 0.62 0.10 1.67 0.67 0.11 0.04 0.53 0.07 19.51 36.48 42.28 

250 - 253 5.86 1.70 2.21 0.69 0.02 1.83 0.68 0.13 0.05 0.53 0.04 76.76 41.06 53.97 

261 - 262 8.24 1.60 1.28 0.59 0.05 1.48 0.57 0,07 0.02 0.75 0.01 0.00 29.97 32.45 

268-273 7.63 1.35 1.12 0.53 0.01 0.94 0.56 0.05 0.02 0.68 0.01 0.00 23.55 41.43 

274 - 276 5.72 1.58 2.04 0.67 0.02 1.87 0.97 0.11 0.04 0.52 0.02 85.36 4211 80.57 

280 - 281 7.76 1.62 1.13 0.61 0.03 1.81 0.66 0.06 0.02 0.72 0.03 8.13 30.30 47.67 

281 - 285 5.73 1.33 1.75 0.58 0.01 1.33 I.I I 0.10 0.03 0.56 0.10 55.88 35.77 47.40 

290 - 295 5.06 1.42 2.50 0.73 0.01 1.87 2.19 0.14 0.05 0.57 0.33 342.64 46.67 53.54 

308 - 309 5.26 1.23 1.77 0.60 0.01 1.33 0.83 0.10 O.G3 0.48 0.02 29.99 35.50 41.30 

322 - 325 6.66 1.48 1.69 0.62 0.02 1.43 1.40 0.09 0.03 0.67 0.06 157.11 34.55 48.86 

330- 331 6.63 1.18 0.51 0.37 O.o2 1.24 0.49 0.02 0.01 062 0.01 0.00 17.46 37.58 

331 - 333 6.34 0.98 0.58 0.36 0.00 0.60 1.02 0.03 0.01 0.62 0.01 7.82 15.45 32.03 

338 - 340 6.89 1.16 0.43 0.33 0.00 0.48 0.63 0.02 001 0.67 0.00 0.00 12.39 27.65 

340-341 5.24 1.21 1.22 0.44 0.01 I.I I 1.43 0.06 0.03 0.54 0.04 89.06 27.09 50.55 
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Table 4--2-2. Continued. 

D ~ ~ ~ ~ ~ ru k Y ~ ~ ~ ~ & ~ n 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

0-8 131.6 41.7 96.1 244.6 129.8 89.3 9.0 16.1 44.8 24.5 29.5 10.7 1.5 5.3 1.1 3.4 

20-25 71.7 49.2 91.7 198.5 60.2 70.8 5.9 10.9 32.4 18.5 30.0 7.8 I.I 3.9 0.8 2.6 

30- 35 54.1 26.7 63.5 135.8 50.2 57.5 4.4 !i.4 24.8 16.1 22.9 5.8 0.8 2.8 0.6 1.8 

40-45 35.8 19.5 42.5 93.4 38.5 48.0 3.1 :;_7 18.1 13.1 13.3 4.3 0.6 2.1 0.4 1.3 

60 -65 39.7 15.9 37.8 88.7 64.5 48.4 3.1 6.4 19.2 15.5 11.4 4.6 0.7 2.2 0.4 1.4 

75-79 19.0 59.7 36.) 182.1 23.0 29.4 1.8 J.3 11.7 11.0 15.2 2.9 0.4 1.3 0.2 0.9 

86-89 39.5 12.0 23.2 77.2 15.5 21.1 1.6 ::.1 6.9 16.3 5.6 1.9 0.2 0.8 0.1 0.5 

90 - 95 40.3 18.5 41.8 135.8 38.2 50.3 3.7 10.5 30.4 73.2 19.4 6.3 1.0 3.2 0.4 2.3 

100-105 42.0 22.6 48.6 130.4 38.1 55.7 3.7 '78 22.4 21.0 17.0 5.3 0.8 2.5 0.5 1.6 

120-125 41.7 22.2 43.5 94.4 37.5 56.1 3.6 '7,8 21.9 24.7 19.9 5.1 0.7 2.5 0.5 1.6 

140-145 51.8 21.0 34.8 91.1 45.7 66.8 4.4 l!.9 28.8 19.2 28.7 6.6 1.0 3.2 0.6 2.1 

160 - 165 44.5 19.4 30.8 75.4 40.4 60.2 3.7 7,5 23.8 16.9 23.2 5.6 0.8 2.7 0.5 1.7 

183-184 24.1 17.2 15.4 109.9 24.5 31.6 2.3 J.2 11.7 9.9 10.8 2.8 0.3 1.2 0.2 0.7 

200-205 36.9 17.3 23.6 82.3 35.4 47.6 3.0 ,;.4 20.2 22.7 15.0 4.9 0.7 22 0.4 1.5 

214-217 22.7 14.8 25.5 88. l 22.1 29.3 2.0 .I.I I 17 12.2 6.9 2.8 0.4 1.3 0.2 0.8 

230-235 31.8 14.6 29.6 94.8 28.7 42.0 2.6 -1.9 16.4 14.2 8.4 3.8 0.6 1.9 0.3 I.I 

250-253 36.7 13.4 31.6 83.8 31.1 45.7 2.9 i.8 21.0 16.9 21.4 4.9 0.7 2.4 0.4 1.5 

261 -262 23.0 18.6 7.2 100.5 20.0 32.7 2.4 l.1 10.2 11.1 14.0 2.7 0.3 1.2 0.2 0.6 

268 - 273 176 10.1 3.2 247.4 16.8 26.0 1.5 :!.3 8.2 12.3 13.0 2.1 0.3 0.9 0. I 0.5 

274-276 33.6 26.8 26.1 173.1 31.9 44.0 4.4 i 5 17.6 21.3 12.8 4.2 0.6 2.0 0.4 1.2 

280-281 19.5 39.9 39.6 209.5 24.5 30.8 3.0 !.8 8.5 11.3 0.4 2.6 0.2 0.9 0.2 0.4 

281 -285 31.6 13.0 28.7 63.3 25.9 38.2 2.4 4.9 15.) 24.) 6.0 3.4 0.5 1.7 0.3 1.0 

290-295 37.7 15.3 33.7 86.8 34.8 49.2 3.0 7.1 19.8 34.0 20.8 4.6 0.7 2.2 0.4 1.4 

308-309 29.0 11.1 25.3 81.1 25.3 40.2 2.2 4.8 143 15.8 12.9 3.4 0.5 1.7 0.3 1.0 

322 - 325 26.4 34.6 47.2 154.0 26.7 36.5 2.3 4.6 12.8 21.1 I 1.3 3.2 0.4 1.5 0.3 0.9 

330-331 10.0 20.3 0.0 98.3 18.3 139 1.9 ).5 3.1 6.3 2.8 1.2 0.0 0.3 0.0 0.1 

331 - 333 11.6 8.2 7.9 84.0 10.7 IS. I 1.1 I .4 4.6 18.6 1.8 1.3 0.1 0.5 0.0 0.3 

338-340 10.5 6.1 0.0 68.5 7.7 12.3 0.9 J.7 2.7 9.7 0.7 0.9 0.1 0.3 0.0 0.2 

340-341 20.1 10.7 0.0 58.3 19.3 27.2 2.0 3.6 10.1 25.2 8.6 2.6 0.3 1.1 0.2 0.6 
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Table 4-2-3. Correlation matrix for chemical compositions of samples in PC4 

Na Mg Al K Mn Fe Ca Ti p s Ba Sr Li V Cr Co Ni Cu Zn Rb Cd Sc y La Ce Sm Eu 

Na 1.00 

Mg -0.26 1.00 

Al -0.54 !!.,21 1.00 

K -0.43 0.93 0.98 1.00 

Mn -0.20 0.68 0.64 0.63 1.00 

Fe -0.39 !!11 !!.2§. 0.96 0.67 1.00 

Ca -0.47 0.14 0.24 0.21 0.02 0.19 1.00 

Ti -0.54 0.92 1.00 0.98 0.64 !!.2§. 0.25 1.00 

p -0.55 0.93 !!11 0.94 0.64 0.96 0.32 ~ 1.00 

s 0.88 -0.37 -0.63 -0.53 -0.40 -0.49 -0.15 -0.62 -0.59 1.00 

Ba -0.40 0.34 0.52 0.50 0.21 0.42 0.09 0.51 0.47 -0.26 1.00 

- Sr 0.55 0.48 0.56 0.5J 0 ?Q 0 ~, 0.93 0.57 0.63 -0.30 0.29 1.00 

'.l:: Li -0.54 0.91 0.99 ~ 0.58 0.95 0.29 !!,2! 0.96 -0.60 0.53 0.59 1.00 
I 

V -0.47 0.90 0.,0 0.88 0.53 0.92 0.17 !!,21 0.92 -0.53 0.38 0.48 0.91 1.00 

Cr -0.41 0.92 ~ 0.91 0.67 0.96 0.15 ~ 0.96 -0.52 0.43 0.48 0.91 0,88 1.00 

Co -0.02 0.54 0.44 0.48 0.77 0.50 -0.02 0.43 0.40 -0.16 0.14 0.17 0.43 0.46 0.40 1.00 

Ni -0.41 0.84 0.88 !!J!.!! 0.74 0.87 0.17 0.88 0.85 -0.50 0.48 0.48 0.86 0.77 0.84 0.66 1.00 

Cu 0.20 0.56 0.36 0.42 0.54 0.47 0.07 0.36 0.40 0.09 -0.02 0.23 0.35 0.49 0.39 0.68 0.50 1.00 

Zn -0.32 0.92 0.91 !!,21 0.67 0.95 0.13 0.91 0.92 -0.44 0.42 0.47 0.89 !!.!Z 0.95 0.43 !!,!! 0.42 1.00 

Rb -0.53 0.87 ~ 0.98 0.54 0.91 0.19 0.97 !!.,.21 -0.63 0.52 0.50 ~ 0.81 0.88 0.40 !!JQ 0.29 l!,.li 1.00 

Cd -0.41 0.96 ~ 0.94 0.64 !!,2! 0.18 0.95 ~ -0.51 0.40 0.50 ~ 0,96 0.94 0.51 0.85 0.49 !!,ll 0.91 1.00 

Sc -0.61 !!J!.!! ~ 0.96 0.58 !!,ll 0.39 0.98 0.97 -0.63 0.50 0.68 0.98 0.88 !!,21 0.39 ~ 0.33 0.88 0.96 0.92 1.00 

y -0.61 0.88 0.98 !!.2§. 0.58 0.92 0.37 ~ 0.96 -0.66 0.47 0.65 0.98 0.87 0.90 0.38 !!JQ 0.31 0.87 !!11 !!.21 !!,2! 1.00 

La -0.62 0. 19 0.35 0.30 -0.01 0.26 ~ 0.36 0.42 -0.29 0.26 0.91 0.40 0.29 0.24 -0.05 0.23 0.01 0.20 0.32 0.26 0.50 0.47 1.00 

Ce -0.52 0.75 !!.!Z 0.86 0.53 0.78 0.21 !!.!Z 0.82 -0.61 0.48 0.48 0.87 0. 75 0.75 0.39 0.69 0.28 0.68 0.89 0.76 l!.!1§; U! 0.32 1.00 

Sm -0.57 J!.2! 0.99 ~ 0.61 ~ 0.30 !!,2! 0.97 -0.64 0.47 0.61 0.99 0,90 0.92 0.42 ~ 0.34 0.90 ~ !,li !!,2! 1.00 0.41 !.I! 1.00 

Eu -0.62 0.~ !!.9!! 0.96 0.58 0.91 0.35 0.98 0.95 -0.67 0.49 0.63 0.98 0.86 0.89 0.38 0.83 0.29 0.86 0.97 0,,0 0.99 1.00 0.46 ll.89 0.99 1.00 



Table 4-2-4. \arimax rotated R-mode factor component matrix of 4 factor model 

for samples in PC 4. 

Comp 1 Comp 2 Comp 3 Comp 4 
Tm 0.95 0.09 0.20 0.22 

K 0.94 0.13 0.25 0.12 

Rb 0.93 0.11 0.13 0.24 

Al 0.93 0.16 0.22 0.22 

Ti 0.93 0.17 0.22 0.22 

Li 0.93 0.21 0.19 0.19 

Fe 0.92 0.12 0.32 0.05 

Sm 0.92 0.22 0.21 0.23 

Cr 0.91 0.07 0.25 0.09 

Er 0.91 0.25 0.18 0.25 

Cd 0.91 0.11 0.32 0.06 

Zn 0.91 0.06 0.27 0.00 
p 0.91 0.25 0.24 0.17 

Mg 0.90 0.08 0.38 -0.08 

Sc 0.90 0.32 0.18 0.23 
y 0.90 0.29 0.18 0.26 

Eu 0.89 0.27 0.16 0.29 

Yb 0.88 0.30 0.20 0.28 

V 0.87 0.12 0.27 0.09 

Ce 0.79 0.14 0.16 0.31 

Ni 0.76 0.10 0.49 0.19 

Ba 0.54 0.06 -0.17 0.19 

Ca 0.07 0.99 0.01 0.06 

La 0.19 0.95 -0.10 0.18 

Sr 0.40 0.89 0.12 0.07 

Co 0.25 -0.05 0.89 0.06 

Cu 0.28 0.10 0.76 -0.38 

Mn 0.45 -0.05 0.76 0.22 

s -0.44 -0.07 -0.06 -0.86 

Na -0.35 -0.41 0.10 -0.80 
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Table 4-2-5.Chemical composition of manganese crust distributed in Yap arc area. 

', p•r·<- \, V· , ,,, Mo ;"' s, s, I l'e11,f,-, c~ P H1,c,-ness Growth Rate AQe Co Co wCo wCo 

"~i ,",,1 ,%: ' 
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(A) KODOS 98-3 PC 3 
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(B) KODOS 98-3 PC 4 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

190 

200 

210 

220 

230 

Lllhology and color 

- • • - • 

• - • • 

bro\m~bet@..e s1hca)US ooze 

;..GT J?""";T;:rr .. 
brown•he1@,e sihc.eous OOle 

----., 

brown sil1ccou.s ll02C 

.: :·::::-.. _.p;: 
,::. t 

1iiiltar.: __ -

~ --

tie:~~ ~i11-.1c,,u, ,-.,:,i;, 
,d:1r1,h ,dr'-'-'""' ,k•/c 

e:r,1\ !•r,,\\fl ,1!11 e,,1;, ,)<'/t: 

1x:il!',C ~lho.~\)~ 1..'V/<,'. 

-181/-

description 

mottled \\1th red clay 

greenish siliceous ooze 

greerush siliceous ooze 

... l"'P 

black brown layer 
\\'htllsh s,hceous ooze 
wfutish sihceous ooze 
wluush siliceous ooze 

furn 
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s1hceous ooz 
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dark color of 
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ma\· result 
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Lithology and color description 

IP +-- gray-brown 
- siliceous ooze 
~ may result from 
ii.l volcanic ash 

folcamc ash layer 

Layer I 

Layer 2 

Layer 3 

I 

' Layer -I 1 

Layer5 1 

Layer 6 
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Layer8 
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• All siliceous ooze consist mostly of diatoms and a few radiolarians. 

Fig. 4-2-1. Visual discription of Ii thology for K0DOS 98-3. 

A) PC 3, B) PC 4 
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Fig_ 4-2-2. Pictures of radiolaria. 

\o. 1. Euchitonia furcata PC. 4. 60-65 cm X200 

,\o. 2. Panartus tetratha/amus tetratha/amus PC. 4. 0-8 cm X200 

\o. 3. Calocycletta virginis FC. 4, 0-8 cm x200 

\o, 4. Diso/enia zanquebarica PC. 4, 183-189 cm X200 

\o. 5. Polyso/enia spinosa PC. 4, 183-189 cm X200 

\o 6. krosphaera col I ina PC. 4, 20-25 cm X 100 

\o. 7. Sphaerozoum punctatum F'C. 4, 200-205 cm X200 

\o 8. Lamprocyc I as mar i ta Ii s 11ar i ta Ji s PC. 4, 120-125 cm X 100 

\o 9. Eucyrtidium acuminatum PC. 4, 160-165 cm X JOO 

\o l 0. Li thopera bacca PC. 4, 0-8 cm X 100 

\o 11. Dorcadospyris simplex PC. 4, 200-205 cm X 100 

\o 12. Euchitonia elegance PC. 4, 200-205 cm X 100 

\o 13. Tessarastrim straussii PC. 4, 183-189 cm X!OO 

~o 14. 1mphirhopalum ypsi Ion 'C. 4. 40-45 cm X 100 

-1~0-
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Fig. 4-2-3. Pictures of radiolaria. 

\o 1. Theocorythium rnwlum PC. 4. 60-65 cm X200 

\o 2. Pterocanium tri Jobum PC. 4, 230-235 cm X 200 

\o. 3. .Jnthocyrcidium opirense PC . 4, 200-205 cm ><200 

\o. 4. Co/Josphaera invaginata PC 4, 90-95 cm X200 

\o 5, Col /osphaera hux/eyi PC. 4, 20(1-205 cm X200 

\o. 6. Siphonosphaera martensi PC. 4, 200-205 cm X200 

\o 7, Diatom (diameter 920µm) PC 4, 183-189 cm X 100 scale bar=IOOµm 

\Jo 8, llagni fied figure which center of the Fig. 7 ( arrowed part). xzoo 
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Fig. 4-2-3. 
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Fig. 4-2-4. Vertical distributions of elements for samples in PC 4. 
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;:fr'\ ., , .,,"- ,,.❖ ,# ❖ , .,"' -;o<; -;o<; -;o<; -;o<; t -;o<I ·§" -;o" -;o'I t . · 1$' :'-o '-''"' 4o :'-o f" :'-o ,¢' ~ '\, •,ij 

,,.,c VJ"',$ VJ;,-$ VJ,o VJ,o VJ,o"' e"> ,,f°'° ~~ ~~ -~~ e"" o'~ 6J~ ,,_VJ//$ e"" e"" o,.,,.</i ,,_'<S-"" e""- VJ~" e'\ e"" ~~ ~~ ~"" ~,g,- ~~ ~,# 

I f 

.. 

. . 

/\ /, k"I\., 
I\ \ y r' - ,\ '\I.LY ·., ·--~ . I,>~ I \ ,--lr-L--y-l" \\ /, 'V' -_.,,..,,.., · .. ~ x_.; . '''""\ {1 , . x.,._, T.-P "~ ~ ~ .' ',: ✓,; .. ';;, \~ 'k. f~ ' ✓- f"' 'r\ I I' . 11· ~ t' ( .' I "\ ' . r , ' 

' ' c'f\ , , ' '· \ -~ 

. . . . 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2i' , , <:, , , , , , ' ' ' ' \. "); '\, '\, '\, "); '\, '\, 'V 'V '); "J ", ", ", "j "j 
~ ~ ~ ~ ~ ~ ~ ~~'~' ~, ~,~,~,~~~'~' ~, ~'~'~'~'~'~'~'~'~'~, ~, 

' ' '' \. "); y '\, '\, "); "); '\, 'V 'V '); "J ", ", ", ",' "j 

Depth (mm) -+- factor I : Al, Ti, K, Mg, Fe etc 
• • o. • factor 2 : Ca, Sr, La 
- - factor 3 : Mn, Co, Cu 
- factor 4 : Na, S 

Fig, 4-2-5. \ertical distrubution of R-mode factor score of 4 factor model for samples in PC 4. 

-





- ~"r-1:E~~ (Hypothermal vent).I!l

'c!f§"r7'1~ (Cold seep)Ql ~~i?:~ -

-197-





-~ -9~~~ (Hypothermal vent)il-~ 

(Cold seep).£1 ~ ~-~~ -

I. 1J"iilf;;<J.9.j- ~4'-l,!:-½-:g- (Hydrothermal vent) 

2, 600 mE-1 

~'IJ-71].£ ~7J 3, 4 cm, 7Jo]:::: I, 2 moJ] '@"tt:::: 7-Jt:H~ -{!oj] At:::: -'if-%0] %;; g 

•] foJ IE!] ~ ;<] oj ~ '.:/3_ i::t. :.J. ~ 't!:2-5'. J,!-Ej !/-] oj ;;oj q~ -'r¾<,JJ % ~ ~ _51_ OJ E.j 

-,'-3':.7t ;<j,g--if"oJl _,_J_,_J ~::;;c]2 ~93.ct. ;<tAi]t] -{!~tt's"! .sff;<-JoJ]A-J ~ 20 ·cE.J 

ct • 2 ~7T, 

o 1 <>-1 ct .M .M • 

7]ct'tl: %Z! g "r-93.ct. • c]"6'toj 1979'-doJ] i::tA] ;g--1'1] 0,J!'U~~ AJ%~~ 'B.-=r'-~ 

q.]tH 1f,~ttoj AJ%E-l ~n~.1.J- -{!~, AJ~o] o]foJ ~ct, 7 ~.1.j- o]::;; -'-J%E-l 

7-j.9.J7t ;<]'5';,,t;<] 'lJ-aj;;oj ~:=<] '?J,°_ %::;;o]ct:::: ".,:!.1.j- o] ~~.9.j "r't!oJ]A-j ;.J%.9.l 
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'l:!?-lE-½-'il- {'-'/'!oJ]::: 't!'{!cl]~ ll]~~! t:ff-it-.£2-J 1)-§--;i:-'§lo] 9J.t::f. 1oijoJ:ag{!o] 

ld2 :ag~"J<>ll 2-j~ oJ]L-i;<] '-J~o] ~7f.lg-~ 1)-tff;<ioJ]Ai ;.J¾2-J ~ 0 ]7f £1;:: 

%7]-§-~ -tijOJ.£%.Q..5:. -¥-BJ 1.-ffcij-B:-t::f. o[,g of{'- '!J~ oJ'l!o] -tff;<Joj] o/~?l] £17[ 

a:ff¥oJ] o]cj~ 1!.f-cffV: 0J2-j -<g-§--£ ;'.:4,-,<]7']7] -?-]-tffAi;:: %7]-§-o] nij~ -'f-4\-'&ft::f. 

'l:!?-lE-½-'il- {'-'t!,E.j '-J¾-;i:-'§!oj ~-i'.!£1:d~ 'b1',<] \'J'~ ~-§-~;<f-§,~ oj~~ ~;<] 

,¥~t::f. 7 E./~~ '/;jof ;</1-f;<j U,0 f-'-i ~ -tff~£j;dt::f. 't!'{!cl].9-j :;\f]1.-ffoJ];:: ~?~ 

~El]c] 0 f7f -'i}'-J-&f2 9J.2, .::1-§,~ %~"'°'.ci::L-f nJ]'E)-7f~~ 1)-}]'&foj :ag~,._Jo] of\:] 

§f~~'-J.Q..5:. <>J]l-i;</~ 'l!-§-oJ1.-ij2 9J.9,:!t::}. o/ ~El]c]o}<>J]?J]::: 'l:!?<>11 .:£:~£joJ 

9J.::: %~?.c±.L-f nJ]'E)-7}~7f ~AJ<>J]'-iE./ Eij 0J:ag~<>J] -tfft:J~t::}. 'l'!?-lE-½-'il-E./ 

"J 7,i;<j ::: 7,)- c}ll} 2~"71 £ '?l 2 ;;ij ~ 0 l :d 2, oj cl V: ,;ff 0J1l %~ E-j '-J~ g ,;-] 1c1}'iq 

Ilic]::: ~~E.l ~7,io] t::}~E.l ~~~.Q.5'. -{'f-<g~ 7Jc}ll}2~"7].5:. -'f-2o]:d_t::};:: 

~ ~ {I- .Q.5'. 7 l .R. V: -¥-~ 0 l cf ~ ? 9J. ~ t::t. <):! ?-lE-½il-E-1 ~ ~ '!l '?l ~ 1oij ~ 1-} E} 1;ll 

~o] Fig. 5-12 o]t::f. o] 'li!?-lE-½-'il-~ .::1 4 J.1]71] :l!-:l!-<>J]Ai ojcj 7};<] ~Eij.S:. 

'/J'Zi£loJ, ~ "JZ! 0 ]4 20oj\l_o] ts~ 7]iJ-<>J]::: 'U~ -1E- 0 t<>J]-'-i ~-,1-'-J:;,.j,7} ~oj~ 

'-J1oijo] t::f. 

2. 1.J?%½t:I (Cold seep)2-j ~~ 

-tff"i 'li!?-lE-½-'il-E-1 -'-g%-ii:-~ ,'.?_ 'jJ-7,io];,ij Q.)' 20\l_o]c};:: A].z!o] 7J:;,.j,-&}2, .:2 

-1- t::}~ <):!4';<j~E-j "JZ!:;,.J, '1,14'7} 0 }\:! ;<j~ (t..J-§-4';<]~ )<>J]Ai.9J "J?,i.Q..5:. 0 ]"-!l::: 

.:.2-§, AJ-§- 0 l 'li-'=-"-] 'l'! 1'-lE-½-%<>1] 0J: ;.; ~ '&f::: '-J % 'i!: ,'.'._ 0 f 1-] cf::: '-hi g '1J' Ji] 

£17]:,,f"]<>ll ojei,tlt::f (Fig. 5-1). 7a!cfllf2A i!]EE (Galapagos rift)<>Jl'-i, 

~AJ-§-'fl- E-j .z)-.;+.Q.5'.-'fBj 15 20 °CE./ ~-?7f ~oJ-"l L-}.2.2 .:.2 2"1oJI 2¾2-l 

7Jr:ij~ ojnijllff,W- (BivaJve).2.f tuJe wormo/cf.:;:>_ ~cl;:: ¥'fl~'t!'{!cl] 

I Vestimentifera)~ %1).Q.5'. -tf::: 'ii·t:- ~.5:.E./ 1),sff'-t~- -;i:-'§1 (Ballard, 1977; 

Lonsdale, 1977; Corliss and Bal lard, 1977; Bal lard and Grassle, 1979; Hessler 

and Smithy, 1984)0] ~'?__\~ 0]4 %,EJ~ 0J (EPR)-tff"a<>l]'-i :t± r:,] 47'} (Juan de 

Fuca)"ff"a<>Jl 0 ] 2 7];,>};;<]E.j ~r:ff~g U:}i'}"-i 400 ·c ~4~ 2-g.?7} ~½'8'}::: 7,:l,'.?_ 
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~7] -ii}~ (Black smoker, Fig. 5-13)2-f .:J.~o-l] tl]tl] ~z! 7--J.,g.'ll -&}<li ~7] -ii}~ 

(White smoker)o] C}? ~~5:lo-J, Q,j,'-] .:J. +1:1.0-n::: ~"r~ -'-l-§-o] -'-J.2 91g g 

'!f;,J] 5:jo-J (Edmond and von Domm, 1983; Spiess et al,, 1980; Chase et al., 

1983), "~?~½~ 1]~~~ (Hydrothermal vent communities)"o]c]-2 ~?;]7-];,J] 

5:-] 9;l_ c]- (Fig. 5-14). ~ "r-7-] Q,j ,'.'_ ~ 5'. 0J E.] ;t]-=j!-oJ] ).7 7f E.] '5j ~ E.] "a Zj g ~ uj 

~~-&}711 ".J:E.1 ~~o] ~o-JLf!= 7-lQjoJl \'Jo] ~-1':ii'}.2 9,lc}. '!s!'l]:'~l-2..£ tl]OJE.j 

\J~-'f-_t;l__C}!= -la\-~-'f-Ojj).7 \'.l"o] "J~£jo-J~.c}. %~-'f-Ojl).7::: Bl]~~;,_] (back-arc 

basin).1-f 't!','!ii'}<>f 7}~ \'J,'.'_ ~-1':~ _t;l__oj.:;L 9..(g g '!f "r 9..(c} (Fig. 5-2). ~'/'!. 

1984\101] it°l.2.f ~~-'-J'l'!oJ]).7 ..2.cl]-2-? ~'l!Ol] ~j;J).7E.j t:ff~).r'i':! (Suess et al., 

1985; Kulm et al., 1986a), g!/).l.51'?.! 'f-§.clc}.2) "i=-'cl ~ 3,266 m (Paul I et al., 

1984), '!s!~E.J ).r7ro]'?.! 'l!oJl 91::: ii'r"'-,,,lof (W~) %\J~'ll:2-1 ~ 1,100 m E.J 

{ltff7-70j],,_1 (Okutani and Egawa, 1985; Hashimoto et al., 1987; Ohta et al., 

1987), 2.,g.?E.J ~½¾ %~-&f7-] ?£7-]'?} 'l:!~ _t,l__of.£. ~7-7-&f;,j] -'-l%"J0 ] ½c.'.'. 

~o]~ {ltl]-'-l%~~o] ;,;filJ].£ ~~5:-]9.:J.cf (Fig. 5-3) . .::l ~]Oil '!s!~.1-f E,cJAE.j 

[ tff-=j!-71]~] Oil E.J tl],,_-l, -'-J'fl t:ff oJ] 1 tl] 9l ~=- ~7-] ~-'f-7f t:R, ~ '<ankai trough, 

'!s!-1'.':-tff-=j!-, Chisimatff-=j!-E.J ~7-]~ ,,_f'l'!, "r-'-d 3,800 moJ]).7 6,000 m2.j tl]7--JoJ] 

o]~7]7Jf7-] ojcj~ ~E.] -'-l%~~o] ;':,l]ii'f.2 9,lcf::: "J~o] o]-ro-J~cf (Le 

Pichon et al., 1987: Cadet et al., 1387: Pautot et al., 1987: Ohta and 

laubier, 1987). ojcj~ ~~ ,'.'_ ."E lli!-r '1/Bfcf2.j tff-=j!-Ojj,,.7£ ~~5:-]'.l:l.2 (Kulm et 

al., 1986b), 7,;!~ oj~,'.'_ 't:J .<1]71]~'1.! ~-'-J-2.-5'. -'-lZfisf;,J] 5:-]9:l.t:}. o]~ ,'.'_ -'-J'fl.1-f 

-'?±'s'!~ Qj~~'l.! ~c±.2.f 't!~isf<>f 7-lisf 11.'.'. :£--2_§.-'f-i;j ?lo-Jot/ .if ~oj 1..-f..2.!= 

"'t7f¾ %, ~.'.'. %~Oil E.Jtll ~-'f'tll q..2.::: '-l?%0ll -1':~5:.Jo-J 9..l::: -¥-~'l.11!-E-J 

%1JoJl -2.Jtl] ¾7-15:.].2 '.V.!= -'-l%~~ 0 lcf.fc E-JoloJl,,_-l "'-l?%½t:l] -'-l%~~ (cold 

seep communities)" -2.-5'. ~t!c]- (Fig. :i-15). g.5'.cjt:ftl], -ro!;,_lofq '1/:Bfcf 

(Bright et al., 1980: Kennicutt l I et al., 1985), _5',A'l!)~cJlA 'sJ:tl}t:} 

(Kleinschmidt and Tschauder, 1985), ~i" 7eJ!.S "l3.A (.5',-;;i)A {ltff ~-'-J7-]: 

A. f.1ayer, f[,.-g)~ -"l].2.J<>r.2!= 5'.f 7-]'{!-.'!j ~-'-.J:1711 ~,'.'_ "r13171loJl,,_-l ~o-JLf::: 

'{!--=j!-~~ (plate tectonics)7l-,1-oJ] r.l]%-&·.2 9,lt:f!= ~Oil +-lil-~ '€1.li.7} 9,lt:f.2 

-l'.':,c} (Table 5-1 ). 
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3. 1)i;J (4,000 m)oJIA-J~ 2.!I iaJ (iha!1e bone) ~~ 

0J~~ %-~Oi]A-j \c)-~-2..£ <?{ 600 km 'filo-J~ ojz:_ (1Jl".ll)"i]£E.) s'.c]A]ut 

(Al!;§l,)E.j %~ <?{ 150 km 'filo-J~ ¾E.l s'.c]A]ut (Al!;§l,) tiff{!:E.j -?1l 4,150 mE.) 

tff;;,;-jo:j)A-j 1992\'! 10~ 2'/J '1Jtiff 6500 (Shinkai 6500)' 0 ] ct!:: ~-?1! ~ -'-t%-a-toj 

0 ] ;;,;)QoJ& "'H-'-t-a-tt! 'IJ~ :2-j-~;;,;t<>!l E.)tiff .2cffullj9..j- 7 .2cffullj;;; A-j~E.j E-j~-2..£ 

~7t-'-tcl %0 19i r:t. 

7']-iel-7Jt;;,;] 1Jtiff7'70i]!:: ;;,;jnJ: (platfl) 0 ] 3.3'-Jxlo-J;;,;j !:: tiff3cj;;,;jQojE.J ~-?Oil 

1l tff Oil A-j 'IJ- Z:!-'{! ~ .'.'. 0 l ~ 0 l 5'J g ,, l 9i r:t. ~ .'.'. 3.3 Eff E.J '-] Eff 711 ::: 1987 \'! 

7.)!c].¥.l-]ot;;ffQojE.j {!:Et?tEtc]l.-f tff.l,!_-o:j]A-J. ~-?1! ''ll!'U (Alvin)oj ¾]3'..£ 

'IJ-Z:! -a-toJ ..<i] 71] E.J -?-~ ~ 't:l:9J:r:t. .'£, cff A-j <>Jo:j) A-j !:: ~~{!Oil ~oj ;,.j 91 ti -g-o] 

tiff;;,;-j Oil ~ 0 t"-1 7 % 2 5'J Oil tube worm0 ] ,.gi,ff 71] ~ ~ AJ-a-t .2 91 g oj ~ilj ~ rt. 7 

-'fl<>!] ;;,;j~AjcffE.j 7]~<>11!:: ::,jj 37] (6500'/.!:-170'/.!:\'! ~)E.j ;;,;)%-Oi]A-J. _2;,ffullj~ 

~~:2-j- ~7,>{j 7l] %~ Ag%:2'.j-~ oj 'IJ-Z:!xl 9ir:t_ oj cl~ '/J.£-ljl-E-j 1J tff;;,;-j Oil!:: 

;;,;j~Ajcff-ljl-E-J ~-iM-~%-ii:-~ 0 1 ;:::,ff-a-t.2 9193.t:f.2 ,.gztxlo-J ~r:t. -%%0 ] ;;,;J..:,-r.;;; 

;;,;jijff-a-t.2 9193.t! %-Agcffo:j)£ Bft:t<>!l!:: cff""i!E.J Jit%--W-7t t:t-? A7~-a-t.2 9193.7] 

u:J!-lr<>!l. 7 ~.'.'. {J:<5ffo:j) Ag%,;i:-~O[ '/.!:~'7 ~,g 7t-'8-"J .'.'. 'tJt:t -a-t~t:t. 

~"ff .2cff!:: "i]71] o-J.o=. c1tr:t<>1ll.-f 912, ~-2.'s'\ c1tr:t \/J-2..£ 7tct?Js:::c:t. rt;: 

"l~0 1 .2cffE.) -'-J,g rJJ!::t:f -a-fc-Jct5:. ~ 0 1 3..7] o:Jl-lr<>ll O,.o=. ~5:.!:: <>ff-"-l<>ll 

7 1 LA4 ..Q. ro o 2. 

~[?$f's'\, _2cff~ -?-<gojl.-f ~..<j)71]~ 2cff."1 ;'::;<ff,;-t::: OJ'o:jj tctct ct 2 7]::: ?$f~7']'/.!:, 

3'/±E.) ~-2..£ o-J 'fJ {l-0 f£ "l' IO km 1!£~ 7J cl;';; f.2 oj cl~ ~.'.'. {i:tff%o] 

91ct.2 -i"-1Jxlo-J~r:t. a:tct-'-1 7 ¾Oil ,.J%o] -ljl-~-a-t7] A];;J-<>t2, 0J1J7]Zlo] 

.o<)i...f'?'! s'.c]A] • tt..} {!:E}:?tEtc]i...fOi]A-j.9-f 7.J-.'.'. AJ%-r~~ ""i!AJ-a-fc]cf AJZj--'{!ct. 
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78-iir '-J ¥~ ~ .'.'. ~ -"r q t.,J-?of] E.J ;":ii}!:: '-J cff 71] .2.J-!:: o-] rt-j ~ o<}o] 7} 91 q 

"J llJ .!l 'I! , 2 ;off El •llj '/.1: of] !:: -" l B J-0 °] q O } u] .1:c:. -0 °] c ff "o' _2._ .£. 3': ~ £l o-j 91 r:} . 

o]ci~ i}7]¥.'.'. '-J¥o] -.:j-_2._'I\ -lf:-.sff£l2 {l:c±-2.j- ~~ii}'?:! oj{l:~'0:c±-2.j- %.£. 

OlAl 
,.._-1' 

7 oj C-'= or~, 

~¥~ 2J"l~Ej 1-}~j~oj .sff.:<-jof] £1€fii}7] o]~of] £%of] i;!:J°8'j;,;j ll-]cj 1J.sff.:<77J}-"] 

oj eJl] £1-"] *~r:}2 '-JZj-ii}~7] 1tff¥0Jr:}. , ciq ~-?t.+ t.,J-? '-J¥~~E.J 

'lJ-~.'.'. o]ci~ '-JZj-g -"/'-c]-¥-icl ,":~o-j ¾-71) £j~r:} . .:lc]2 ~-"rt.+ \.,J4-E-l 

-lf:-½ii} !:: -"] ~ .'.'. -"] '1.t ( p 1 ate) El 7J 71] ';J £ 'ia!-711 £l ~ r:}. .:l ci i..+ 1l -tij -"7 of] !:: -"] 11.t El 

~l--j7}.2 91t::}.2 ~ojA l!j-1-}liJ.'.'. '-JZj-i>}.2 91r:} . .:J.ciL} ojc-j~ '-JZj-oj 1?,!-!::t::}'I\, 

'-J¥¾E-l ~:g~"a .'.'. 1J-tff-"-!£.l o-J-'=- -3:-ofJ,,,s:_ ~ 0f°F -&f~-"l~. '-J::<ff.£.!:: 7 ?J-"l 

Ur:}. '-J¥.'.'. 7-icff~ '-J¥E-l 1-j~j~ ?]7clr}c].£. 1-}%i5}.2 91g.:<J .£B~.:<]~ . .:i 

ZJ-Zj-E.J 'l]-c±of]"--1 -Jii-7.}~_2._.s'.. 'ls/"~i>foj {lr;Jg 38'-Ji5f2 91!:: ~.'.'. 0}'a)7Jf? 7 c].2 

Ja;-!:: 71]~oj 'lJ-."!:-of]'-7 ~~J£l.2 9.lr:}. oj 111j ~ -;}~~.Q..£. {!"~~r:}'I! '-J¥~~E.J 

BJ-'-J:;,.f1)£ ~ ;;-¥-lcj 'is!- 4- 91711 £lc]c} -."!:-r:}. _<E~ 1J.sff-'-J¥E-l '-JcHofl cij~ 

J.ff.s'..¾ 1).!l~ '?:lg -? 91_2._c]c} -'-JZJ-~r:f. 
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i:ij OJEJ ¾oJt;ff ~ o] q. llij.:2:,{,!_.;,.] EJ ;<] ~ (plate )~t:ij~Oj]A-j:::: ;,.] -,1-Ej ~ ~ 

3!-.2..§.-lj!-tjEJ 'l!!~ (mantle)-!j}~o] AJ.g-.-o-foj J.ij§.¾ ;,.]zj-0 ] ~%o-J~cf. '2f 

AJ'35:jo-j~ ;,.Jzt~ ~i:ij~.2...s!.-¥-'Bl ~o-j:goi] rxfcf i.Jzj-5:jo-j ?~5:Jo-j;,.]7] r.tj]~oJ] 

~t:ij~.:zf :rg~g-o-f;,-/] ~0%.:zf .!!f.:;!Jt:ij7f t:f? AJ{!r:f. o]i!-j~ J.ij§.¾ ;,_]ztEJ 

0%1i"! 0 ]1..-f .!!f'l:!.s<.-¥-'BJ tsij?7f ;,.]-o-f§. 6"1%o-J{!-t:f. 6oj%o-JZ!" tsff?:::: ;,.J.,Z. 'i!-<>l] 

9J:::: .:;::i..g..Ej U}.:J.U}oJ] Ejiiij 7}'l:!5:Jo-J:>j ~? ('-l;,1(.)§. 'Bt:}. 'l:!?El .g-5:.:::: 

i!l¾'3J.2..§.:::: 350-400 ·c1JSc.<>ll ~t1:r}2 -'}15:Jo-J~r:}. ~?:::: -¥-~ ~ ~o-J 

-'g-zj-o-f;,-/] AJ1f"-6-f.2 ;;ij;,.-j1i"!_ -'?-]<>l]A-j .g..~o] 5:joj Zj~-&f;,-/] -'g-oj q..g..r:}. o];<j~ 

;;ij;,.-jEj ~r:ij~ -?'l!<>l]A-j of.:J.of.2.j- iiff-1°.2.J-Ej AJ~~%<>ll 2-]iiijA-j '/Jo-J'--l-:::: iiff-? 

( 'l:!4-)EJ i:ff.W-¾%% [~-?'2:zc±]o] cf.:;:. ~i::f. ~i:ij~E-] 1iJ.oJ]:::: ~o] 4-AJ 

~§.o]tjEJ of.:J.of<so-Jc]7f 9J.o-J, .:J. 'lJ-¥-7f ~r:ij~2.] Bf§. 1iJ.. ;;ij;,.-joJ]A-j 4-

~§.o]tj 1J£Ej 7,lo]JJf;,.] {)1f-iiff ~oj~ ~o]cf.2 Agzj-5:joj~cf. {,!.-½-&f:::: ~?:::: 

-?'l'!E-1 fa.f1f-&- tff4-£1- -=g-~-&f7il ~tJ-5:JoJ"'I i.gzt'Bcf. 7r.tJlJJf;,.J ~?¾<>ll %;"':5:Jo-J 

9J.'i'! *~%~ %;;ff.5,.1f '8-Zl-&f7il ;,.-j-&f-'f'!<>ll u:f;,f "'!½ (;ifrt!J l5:Jo-J;,.J.:;::i_, {l 1 "-JJEl 

qi7]7} %7!!%7-1! *o-f"'l L-}~r:f (Blacl< smokerc}.2 ~aj] ). ¾~%% 7r:f;,.] 

~~t,f.:;!_ 9J;,.j 'r£~ ~*:::: f"~~ AJfijo];,.]~ -'\"-'tlE-1 tff-?.2.J-:::: of? e- .g..5:.j_}7f 

9,171 itff~<>ll ~E.A] Zl~tl: %E-l ;c:~,g-& %~~cf. ;;ij;,.-j ~?711:::: 71El 01].2.] 

'it},o] Calyptogena.2.J- !;estimentifera% r:1[.:;}.2.Ej AJ-!j}~~.:zf ~;,,J] ~cf. i;ijoJ.:;g-~o] 

'itl,2 "cl-tf"-a<>ll 2-]~ <>l]l..--{;,.] Ag~o] -@·7f!g-tl: ~;;ij;,.-J, Ag%EJ g:Jo]7f ~ ~tl: 

*71%~ tij 0JJE1i"!.2..§. -¥-BJ ~oj7'j 1-ffcj~cf 0 ]¾ of-? '3J ~ <>J~o] tij;,.joJ] 

o]~Jil 5:j7] r.tj]~Oj] o]cj~ qJ-r:fftl: oJE.J 1J%% ;"':4j-A]9]7] -'?-]tffA1:::: of-? 7~5:. 

uo] -¥-~-&fr:f. ,sij;,.-j ~4-l!:%01 BJ:{!£1 'li ~ CJA] U ~ AJ%~;,.f7f 27H~ 7f §.§.. 

"-JrJ]AJrJl ;c:%9;l9ii::f. 7 El~~ 'l:!of ;,.]L-f;,.] '?jofA-j "1- ,sff7,;!5:j9ii::f. 

Ca/yptogenal..-f VestimentiferaEJ ;<J]1-floJ]:::: !';'?-tl: ~E1]cjof7f ¾AJ-&f.2 9J.9ir:f. 0 ! 

l!.J-"11 i!j 0 f<>ll 7il:::: ~ '?-<>ll 51: ~5:j oJ t.:::: %~'?-.ci::: L-} uJ! 0 7}67f ->i;-"-J<>l] A-j E.J 

i,ijOJ"c)-~oJ! ;;ijcJt}:r:f. 7 ~ ~ {l-~f,::.OL-} r,Jj'lJ:7f6~ ~~]-&foj _:;g-tj-Ajo] of\l 

~qt}Aj.2..§.. oj]L--j;,.j~ ~~oj1-ij ;,.f{!~E.j %% ~~.2 9J9ir:}. 
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><jg ~{! ol'f -"]-s-:i,t-"l -'-g%~-"H~·oJl 2-JtR Eij'1J 0Jolq t:fl-'-1°J2-] ~ 307ij2-] 

'l'J4{±t\-"l~oJl-'-12-l ~--,1-1t 0l-!i1-0i-"l2 ~.2 . .:icl~ ~ 20\1.oJl ~,i;J 4-'-J~2-J 

~%~-"Hi-Oil 2-JtR 0l-!i1-0i{! ~--,1-2-] ~fzj-5'.~ 'i!iiiei{! -'-g%~'!j.Q.5'. -¾.ll~ 

'l'J-?-"l ~2-] .Jif-;<tJt Table 5-2 °lr:t. 

'l'l-?-"1~2-] t:ijJe'!j'tl, 7.fctlit.2!:c. (Galapagos, 21° N) ~,"_ ~ r:,l -'f-7't (Juan 

de Fuca) 'l'l-?-%~ ~~.Q.5'. <5tC -?'l'l2-] ~%~~ ~ ~%-"J-oJl t:fl<5to,J 7Ri!J'~.Q.5'. 

1!nf.!i!..'s:!, '€l4~½-%oJl ~ :~oil u:tct)-1 -¥--'-.:! 't.l .". 2-1°12-] {J.7-ll-W-'tl ~tfl.AR-¥

(,11unidopsis spp, ), 0Jul~. Bathograea thermydronct 01 ;"; it<>!{! -t:-ol ~~tl_ 

7-ll. .::Lcl.2 .4/vinocaris /uscact::: .Afl-'~% % 7.J-zJ--W-2-] IM.S:-7t -'-1-'-1151 -jrot;;r;J 

4.g..!i!..r:t ~ I °C i!,:,"_ ol ~~ '?loJlc ,~ot~::: ~«jolct.2 °J~ 4 ~::: .2.cRt\ 

~ER~ il--"l<5t.2 ~::: 'i!zJ--W- (Neolepas zevinae)%- 0 l .!i!...25o]Oi;;r;J ~r:t. ~½-%2-] 

moJl::: Bathymodiolus thermophi /us ( "mussels": .:g.tj-2}2-] ~7J~ ~ ~ 

t:ij~2-] oloflJtR-W-, Fig. 5-17), Calyptogena magnifica ("giant clams": 

~~0J~7R), 7cl.2 :rjr:tt! {± 'll.cil7t 11-'-J-%~2-] ~ -'-t0loJl IM{J<5t.2 ~r:t. 

-l§-7,Jol 2 m, -3J7<:l 3-5 cmoJl 'g<5t::: ol~:". 1980\1.oJl Riftia pachyptilact.2 

~~5o]Oi;;r;J, r:1-.>',ol ~-2- Pogonophora2-] ol¾olct ~-? ~::: Vestimentiferact.2 

<5t::: .Afls'.¾ %%¾ ,r,,01 5o]~r:t (Jone:,, 1985, Fig. 5-18), 01 Ag%,"_ ~7a!--'-Jl2-] 

{±.Q.5'.-!j!-tj 0t7tnl2-] %-3J~~ 7,.!-c -tll.£.iifs'.';]~ r:t 2J.Q.s'. ~~~ {i.:g.~~ tr -aj 

0J<5l::: ~ -U-"lc '?Jr:t. ;:'."J2-] tij4..g._s:_::: ~ 10 °C ~.:ir-0lr:t. 30 °C 0]-'-J2-] 

.2.g.<tI il-lilf (chimney)2-] Je's:!oJlx 7,,l!~-leJol (Polychaeta)2-] "ie!¾'tl .4/vinella 

pompejanaL.t Paralvinella7t -'-16J<5t.2 <fr:t, .'x..tr 0 1 .2.g.2-] ~½-%2-] ~lct.2 ~ 
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f'- 91::: ¾oJ)::: £,>,_);<}7} 91o-J, Cyanograea praedatorc}.2 ~}::: 7117} ol~ 

'l:!-'i=-2-J -1f:-½'l'i!ETI::: ?)-c±.oJl a:}c} t:}~,2 300 'c 0 )-'J, n:fls'.::: 420 ·cc}2 ~}::: 

7,)-~ 2-J 2.g.f'-7}, Black smoker ( '6-4i- %:§:!-%% -'r--'J-1,':--2.s'. ~) oJ]-,,7 % 711 % 711 

-'1,'l-o-j;,;j l.-}.2.::: 7;,!, <>ll~ -§-1'1'! tl: t:il 'r-"1\'l'i! 0l .::l ~'l'i!-2.s'. ~ 'r 91:::r:;1 %~ ll}s'. 

~oJl::: 200 ·c~.:r-21 ~}<tl _g-4-7} White smoker (%~'l'l ~ '.!cl;,}~ -'r--'J-1,':--2.s'. 

~!r::})oJlAi o};,]'•Jol~ ~-'J~}oj ~cil.-}~?..::: 7;,!5:. 91r::}, ~'l'i!~'?.! 7,l-c}l1}2A~21 

~ f'--ll-½ ~ ll\-1'-l 21 -:; -<TI oJl,,,, 15-20 ·c 21 ll!Jle.J-21 .g.4-7\ -'/,'l-o-J q .2.::: ~ 0 1 r::\. 

o}cl 0\l.-} "5fl-l,!_-~ -'r-~ ~~ ~'6- ll!JQ~ 290 'C 01~}21 -ll-½01 -'r--i'i-~ 0l¾t:\. 

7cil.-} '1,'-c±.oJl a:}c}A1::: -i!l-!ilf (chimney1oj ~ :a;o-JA7 91::: ¾, '6%'6% l1}±1J:'\'! 

2cl"%~".'l (slab) A}o]oJlAi ~~~-2.s'. Ho-J 1..-}.2.::: 7;,! %5:. 91r::}. 0lci~ 7;,!~ 

,'f:-~Ol7]oJl, <>ll~ ~t/'! 210Pb '/:l-2.s'. _lil_t/'! ]7fl21 'l:!'U -ll-½-t'-0 1 7l~"5H 0 l= -?'-.J\'! 

olL-flc\2 -'1.!'i:!£.]o,~r::} (Laubier and Desbruyeres, 1985), "l~~~-2.s'..S::. 'i:!~ ~ 

Calyptogena 1..-} Bathymodiolus7\ 7121 25\'! 1)5:.£ -i!l-!ilf2J- 7121 ~~ -?~ ~ 

7};<]2 9lr::}::: 7;,! (Turekian et al_, 1983; Rhods et al., 198]; Roux et al_, 

1985)~ 01~ ~,g~~r::\2 °1°1=71 ~- -'i=- 91~r::\. 01~ 01 ~~~'?.! ~r:H~2-l 

~ 4--ll-½-t'-0 l 7 l ::: ~ l" l 'i! ~ '1'i! ~ '?.! 7;,! -~ s'. 1f E-l ')! o, 0 7;.! .£ s'. .-J 5'-1 ~ % JI l ~ -oJ 

2.g.21 %,o] 91t:}, 0]7;,!,"_ 't! 'f!oJlA1, 1000\'!"J -<j=-o]E-J21 5'-/~4;-5'.7} -'r 100 m2-J 

-¥-7Jlls'. ~r:fl~21 '1;1"-1 ~Fi'-~ ~o-Jlli"-1 7;.! 0 1 °\\-!7\ '-.llztx.JOi"l::: 7;.!-2..5'.°'1, 400 

'C1].'r.21 '1:1?.S::. ?100 m2-j 5'.l~% 'f!i- ~:;,_j-"5flA7 "5ij;<i'?'!oJ] 5'.lg~\;,j <?J-2.'?1 °}L-] 
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Calyptogena{r-L)- Escarpia 

spicatai!t-2 -o-t'.:: l'estimentiferaE-J 'lJ¾o] £1~%<>1] %-o,J;,;J 9171£ -0-t.2, 

11J-11J--o-t7JI ~oJ;,;J 91-"'l '?J,"_ ~,"_ 'ti"l -?-!<,! ~~~oJ 9171£ -o-t:a.ct. EEtt .:S:-"HE-l 

~'r-"'ltff'.:: 0t? it!ls.il~ -"]~<>ii _:;:,_.g-4 13'1 ¾CJ-4;-01 °t? ct,,J..2..§.. L)-Et!..)

-'j'--"-g%-"'I tff 5'.. ~ oJ ll-J 'i:l. ct. 

-"-d 5 ffoJ]-'-1 ~?¥½-t'-0] ;'.::<ff-o-t'.:: '/J'l!~ 'D. 'fd-"'L~{i..2..§..J.7 '.:: tff 0J-"'1 ~cff~ 

o-J]t!, 

<»o]'--.;J.Aj-ol 1:! -'-,, 1-.,;. •, 

-¥-'2-oJ]'.:: oj~ ~½~ ¥~0].9.j-oJ]'.:: Jr.%-fl-eHE.J £1~¥~ 7-JE.j 7,,1-.291-"'] ?J'.:: ~o] 

%oJ;sff ~ ~ 2-j ¥½-t'-E-l 'la) 'li~ <D_ .1.r. ;;,-o ct. ~7<3 ~<! %<>1] -'-1-'i'. "-g¥q~ ..2..§.. 

~~-o-] 7]:<ff-o-tojof ~ ~,"_ -jt,"_ .g_s:_5<t.9.} ¥½?9.J ~q~"-jo]ct. ¥½~Eff.9.j

~~E.j 1l£<>il-'-1 u:: 'l'!~7t 91-"'l't! ?'l! -"'1%?.g_ <l..r 2 ·coJJ c1J.2_;sff ¥½-t1-E-l 

'fl-=j'-oj] -'-t'.:: -"-g%,"_ -jt,"_ .g-s=_.9.j- ?'Jett! .g-s:_J<toJ] ~'t!~ct. 7t-'-l~'D. "-g¥o] 

-'j'-')!_l;l_ct .:;:,_ 0J£5'.. 1t.291::: .g-s:_~7<J ,"_ 2-20 ·co]ct. i %<>11 '.:: 150 ·coj"-JE-l 

1985). EE black smokeroJ] -'t±~ -¥-~-'-]?1 ~~-o-t'.:: 7}!-"']'tJo]E-j -o-t!..)-'D. ,4Jvinella 

pompejanaE.] 7<5-¥- %E.J .'c½-¥-<>il-'-1'.:: 20-30 °C. -'t±o] %~~oj:j '£-oJ] .g-s=. ~-'-1 

(sensor)~ 12 cmf'fd-'-]SU '£-<>l]-'-1 '.:: 100 ·c ~ \'l2, 20 cmf0dtt '£-<>il-'-1 '.:: 250 

°C7t 7j-lij-~9;l.ct. EE, ~..2...5'. "-g% 0 1 °J~l~oJ 91ct::: 7 -"'t"1!7t .g-s:_~ Ec~;sff 

-'g-oj L)-.2.'.:: 5H-?E.l :9'.}q~ ~-"-,39.j :.ffuut;: ~-8:. ~~ ~ "J-"'J,,-t2 91ct::: -'-t 0 ffoJ].'i'. 

?.It~ '€)£.7t 91ct. 

~277t-"'l ~.:;,.~oJ:j "'g¥q~ ~~~ -"-JJI;J.!i!.'t!, -'-1~"-g%E.J ~.:;,.7t :ji<g{JoJl 
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tt}ct, °'le! ~-§-~;z.}-§-<>ll E.Jt>H cff>g 0J~li...t cffAi 0JE.J Q.f 307ff.9.j ~4'1'±','!;z.]'4<>J]Ai 

A-j~~-§-.9.j .Jil-7.}7} ~§<>i;,:J ~t:r- :,ewman (1985)<>ll E.Jt>ff 85¾, Tunnicliffe 

(1991 )<>ll .9-jt>ff 236¾, Desbruyeres and Segonzac (1997)0] • 'fcl.:zj- ~"fl ~-2-7,1};,.j.9.j 

-al-~% '!,!-.Rt>}:::: % t['l,!-~ '{!.:;,-7,;l.:zj-7} Hff½!i'J.2 9lt:t. o]~ Tunnicliffe (1998)7} 

5'..!je- ~t:ffA,f&t°'f 7}?)- ~-2-E.J '{!_:;,..Ji}~¾ ~~<>i 443¾<>ll o]~:::: ¾ -l'j-~g 

'l,!-.Rti"t9J.r:t (Table 5-3). o].2.j- t:-j~~<>i 0]%-A.30] ',,!-,". -¥-~-'l'-%%~ oti...Jct 

0]-18-AJo] 7Jti"rnl, .::I ;z.J'4oj] ;z.t? ½~&t:::: i.J-;z.Jfi-.2.j- <>ifi-E.J ¾ .Jil-~.S:. "J.Rti"r9J.t:r 

(Table 5-4). EE~ ~.:zj- ~:". u.g ¾El ½~<>l].S:. ~.:;,-;;-t.2, J.i] 7RE-/ ¾ 

(Phylum)<>ll 4;-ti"t:::: AJ-§-§o] ~~]El 90%~ 'El:::: A-j~ll]%% ;;,};z.Jt;-t.:;:,_ 9,lg¾ 

_lil_°'f-'f-'.;d_t:r (Fig, 5-4, Van Dover, 19~10: Tunnicl i ffe, 1992). Fig. 5-5:::: oJ cj~ 

½~ A-j~~-§-g ¾ (Phylum)~-Y-]§. ;z.J'4<>ll ttrct ll]2~ .:::I'fclo]r:t. ~'!'!. o]cj~ 

~ 4'A.3 ~ % :". -"'i] 711 ~ _Q_§_ 0 t? '.ii :". :;< I '4 <>l] ~ ~ t>t 2 9l g <>ll ~.:;,- ti"t .:;:,_' 7 %4':::: 

•~<>l] ll]tiff Ut:r.2 °] 0f7] ~ '? 'air:t. ~ ~4';z.J'4oj]Ai '!,!-Z:!!i'l:::: .2.:= ¾~ ~ 

75%~ ;;,t;z.Jti"r.2 9,lE.nj, 47ff~ t:ff.:il:3~:::: ;z.J'4 ~ Galapagos, nEPR sites and 

Guaymas Basin<>l]Ai t:fft:t-?~ ;;,t;z.J~!r:t. Copidognathus papil latus:::: 47ff~ 

;z.J'4oj]Ai, limpet'?..! Lepetodrilus elevaws:::: 57H~ ;z.J'4oj]A7 "JZ:!!i'J<>i;z.J::::ci] o]<>J] 

ll]t>R polychaete'?.l .4mphisamytha galapagensis:::: t:flAi 0Jg "1].21~ .2.:= 
~4';z.J<4oj]Ai 'l,!-Z:!!i'J<>i ~t:t. ::'., (Genus)~~]§. _lil_t:-j ct_s::_ ~ ;z.J'4oj]Ai ~~]~ ~ 

40%~ ;;,t;z.fi>r.2 9lt:t (Fig. 5-6). ~?;z.]'4<>Jf..<.i ~i.Jj~ cff.R<l/'?.l AJ%'?.l ~~* 

(gastropods)~ .:zJ- (Family)~~].'t li~i>t;'!, ~~-i'i-:::: ~4';:z.]'4 %<>ll 0t2r- '.ii:". 

~~].'t 2~7ll -/E-.¥i>r.2 9lt:t (Fig, 5-7). Provannidae.9-j ?Ji'-:::: '-l-?%½t:ffl...} 

2 cffHllj oj]A-j _s::_ 'lJ-:z:l!i'J oi ;z.J:::: .:::l~O] t:r. ~~] ~ E.-'r., 440% g ~_s::_:::: ~ 4';:z.] '4 <>J]A7 

'lJ-Z:!!i'l<>i~ -'-J-§-§2]- '-l%4' . .2cffHlljoj]A7.9.j '!,!-Z:! -'-l%~:z.]-E.j 1'±711~ .s!.;'!, IO¾~ 

'-l%4'-'-J-§-:z.]- 5%.9.j 2cffHllj -'-J%~o] J.7§. 7,:l;;,j~r:t (Fig_ 5-8). ~-2- 'l,1-.R{! 

;z.t li <>l] ctr 2 1s'! ~ c±. ~ 2 % 0] J.7 §. Ct:': 0 l -<i] ~ 7J <>l] ..<.7 5'. .!r- "J Z:! 5'J <>i ~ r:t 2 

~ilj~t:t. :".; vestimentifera'?.l Esecrpia spicata (Feldman et al., 1998):z.]

-li\-~fi- (gastropoda)'?.l Pyropelta cor.vmba (A. \\aren, pers. comm. )7r o] ~o]t:t. 

~E.-'r.~ 71]4;-!i'j:::: 1!{At, :".; 2cffm!]<>JIA1~ '?J:". '1J-At:::: o]cj~ .:g-18- ¾E.l -?-~ 

ia,c]7ll ~ ~0]2t -'-gzj-{!r:t (Smith et al., 1998). 
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~~-;";¾eJo] 7]~-a-ffot 1 g/m2 11£~ ~l'tlt:1] ll]-a-H, •'l7]<>l]-'-1;:: -¥-1J-o-t;:: %%~ 

-;";¾eJ'i]:£ 15 kg/m2 o] \3 ;::ct (Laubier and Desbruyeres, 1985: Ohta and 

-o-t;:: 7tAJ£ 919:l."]'il (Lonsdale, 1977), ~~~AJ£ -o-t;:: J.1]'tr~ "J{!o]q, o]~ 

J.1]'tr2j- t:H"IIJ1J%~ .:g-Ago] 'IJ:{!.'ij;:: ~•.Q_.5'_ .si_ot 0]3:- 1)%-ir-'§l~ ~%i;ljo] 

{l-½-1'-<>ll 31=~{! ~~%£ ~~ ~AJ-o-te J.1]'tr<>l] ~~ ~ 0 ]ct;:: Agzj-~ -o-t7Jl 

.'ij9;lc:t (Childress et al., 1987). 

7,1- c fllt 2~~ 78 -¥-, ll H-1 ~ 7,1- ct 'H ~ .Q.5'.. -¥-El .g.oi ¾ ct .2. ;:: .g.~ -1'- ;:: 

¾ll!J,>,!J,&-0-t.2 91;::t:,l. o];:: %~-1'-~. -S'~%~% .2.J<>l]S:. ~~~AJ£ -o-t;:: ;.1]'tro] 

-q:l'd.7] o:ff~o]c:t (Jannasch and Mott!, 1985). {l-½-% -'r~~ llt~Jl--t :?:7H~ .fr~ 

%<>l]£ J.1]'tro] ~oi91r:t. ~-a-ff{! %~-ff'q 0Jo]~'ff'. 'ilzt'ff' %2} ~~ ~~,!,.f;<t;:: 

J.1]'tr£ ~~-o-toj ~~-o-t;:: ~'i]:.Q.5'_£ -'i)~~ "r'" 912, ~"IIJ'c)llfl'ff';:: 7] '§)JI:~~ 

0]1)%£ i;tf;:: ~'i]:2.5'..£ 1)~~ -1'- 91rt. o]~ 7]=i'!~ ~~=i'!~ ~~.'iloi 91;<] 

Uc:t. Ag-§_-~]~ 13C/ 12Cl-t 15N/ 11N (Rau, 1985: Saino and Ohta, 1987), ~~ %~ 

(Fry et al., 1983: Sakai et al.. 1987)%~ 11-1/%~]~] ll].5'.. ,!,J-§.-'{'!±!ll-t 

~OJ1r_t7i]~ f'!J-O-t;:: '{!7"5'_lj!-Ej O]j:-E.j JU~ %%OJ ~~~AJJ.1]'tr~ "i1'!J'tl 

'l!1l%~l~]ll]<>l] 7t7Jh§', ~l~ -?,t;::c:t;:: ~~c. 1¾f\5j;,;] 91c:t. Galapagos pogonophora'tl 

Riftia pachyptila~ A]¢f2-5'.. llestime1tifera<>l] -{E-'ff'.'iloi'H ~~ % "IIJ•H~ 

'/sl'U:'!J'tl ll]'£-~<>l] C:7-a-ff ~~~ AJ~]<>l] c'.}:~7]=i'J:71]7t .sl_o];<] U;:: ~ 0 ]9:l.t:L 0 ] 

11£~ Jii:R~ %%~]7t 1;.l ~-1'-5'..-¥-Eio~ '3J'§l~ 0J-g-1'-'i]:2.5'.. *"l.'iloi'Ht:t.2;:: 

-'ilzt.'iJoi;<];<] u::::c:t. .:icjq %7.J 0 ]E.l Q../ 70%~ "'t"]-O-t.2 '€l=i'l:71]7t "J'if-o-t;:: ~~] 

(~ 0J~]. trophosome)<>l];:: %~0J"t7f _Ii!.<>];::~. -'f-2l-1l"t~of7J~ =i'!~<>l] ~-a-ffA7 

;.;] ¥. 1-H <>l] ~ ~ ;.;] 3'=AJo l ¾'iJ:-o-foj 91;:: ~. 7 ~l <>l] ~ ~t)-AJ ;.;] 'tr<>ll ~1 '!j 'tl 
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1L~::71] (calvin-benson cyclet!JE.] 0]~~l',:!~ 21 lf.~711, %~ ~ ~~cycle 

1f.~711)E.J ¾ti!5:lo1~ ~ %~ *t,'-&fof -il-~'r~~~t<JE.j ~~~,.J~'lcl'l5°JJ.1f~~ 

~{Lflo-fl i}'-t-'-{:1{2 9J.i::f:::: ~of ~-';J&f;,ff x.f~cf (Felbeck et al., 1985: Kim and 

Ohta, 1991). {!-.". ~-y7f Galapagos Calyptogena (~-l'f-1M:'[:.7fl)o-jf cijiiij,<.i5'. 

-;;g&foi;,:j of7fo/ :'[:.'3.j "1]£ Lijo-jf i}"-l&f:::: 7,!oj ~"-J&f;,fj 'MB'J;acf (Felbeck et 

al., 1981, 1985: Cavanaugh, 1983). :'[:.;1ij2.j % 2'3.)E.] 13c;12c ll{:::: ;.1]~2.j ~.2} 

9J.r:J-:::: ~oJ ¾tiJ£1oj~i::j- (Felbeck et al., 

11711 

-?¾o-J],<.i.£ .:2:.-a-1f.~ chi tochromCE.] "~"" 0 -~ 02 

I 985). 

7,fcj-Jij-_:;J_A Vestimentifera<>J],i.;:::: ~]5'..·il-.5'.'ti :o<]--80] --8-it-?~.9.1- ~~<>ll cij~ 

!"; 0Pl'l! ~t.'--¥-~1~ 7,,1-:::: 7,! (Arp and :hildress, 1981: Felbeck et al., 1985: 

Childress et al., 1987), 7Jcfllf2"'Calyptogena<>l] cij-;;ij,i.i:::: ~~¾<>ll %~-?~ 

~%2.j ¾'t!:o<]--.:;i_-l'f-:o<f 't):lj]joj ¾tiJxjoj (Felbeck et al., 1985: Childress et al., 

1987), 01~0! ~~¾<>ll 9J.oj,i.i %~'r5::ffe ~tJ&]-Ocf ~. ~'-JE.j "Jll~ :o<i:o<]iif;:: 

~!.2..5'. '-lZJ-5:loi~!i::J-. ~ '¾l.-?¾½"I} -?'l!<>ll 'U.". 7JZJ--W-:::: ~LR~ %.2J-&1-0cf 

tJtJ&j-;,fJ .2~].¥.~:o<fE.j :o</~1 ~ fa,f:o<j&f.2 9,l_r;j- (Chi !dress et al., 1987: Ohta and 

Kim, 1992). 
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·t'---o -'---' 

~7J~:;_,_j- %"']Oil, ~7}A7} %~15}.2 :,jr}'<! ~5:.5<}01011 t:fl~ ~¾01 i<."il£lo-J-"'l::: 

3!-0]7]£ ..,-}rt . .:J.c].2, 7fl7flE.j i!':-½¾ -"'l-::lE-1 ¾~ ;'_ -"'l-'i'- ~"'}~'?._]_ "']Z):--2.._s:_ 

.s!_'s"! ot-? t]:~oJit::: :r,!;: 7l7loJl "'r:: ,_gH-£ ~2115}1-l] ~1J,,,l'{!rt 15}'31rf. <>!l ~ 

'9'll]%%o] '-J-"'] U::: :r,!oj 'l,l_'tl_:~ojt:f_ ;;i-ll]%%:: "JSijoJ) -¥,~.s!_rf ~{l..,-f:: 

'-g%~o]7]::: 15}-"'l~ .:J.;'; ~;>j]_s:_.i,J Sfl-4'-~1 :2'.J-~~'-iloJl 0f-? ~7cl' ~;'_ .s!_-4'-~ 

(-&1%'-iJoj ¾t:f)ojrf_ oj~ '-g%o] ½1l'!i5f:: ?J-~::: 1l'!-"ff '€!4--lf!-½~%o] 1J-"']5=Jo-j 

91~7} ~;'_ I:.:<fl~ ~oj ~9:J.rf:: :r,/E.j ;,]Jl:7f ~ -? 91~ :r,!o]rf_ ;g-4-1Jo]l..f 

Sff-"'i"'f{!~°JoJ]"'i lf%£ 11-"')~ -it-½¾0)1.f '€!4--l/!-½'-g%E.J -#-'liflE.j leJ~oj 7f-;;; 

't!-11-£1 o-J ~ rf. ~. -'al-0f91::: ~7flE.j '-,3 ?I lt-!cl oJ] "'1 £ '-,3 ?J-4,- 5:.0j) ~ %01 .s!_oj .2 

(Roux et al., 1985), ?~ -'f]E.l i[;'_ ~J{lE.j .:gt<J.Q._s:.--1,!-E-j oj~Oj) laJ--'le!15f7Jj 

~'(l15f.2, 7-JE.j Bathymodiolus-5:. tif'l-Jo-J;sj 91:: oj)7f 919:J.rf (Laubier and 

Desbruyeres, 1985: Hessler et al., I 985). 

~7Jo]cf.2 ~-? 9J.'31rf. -lf:-½¾E-1 ¾~4 '-g%E.J 4-~oj 7-JE.j iaf;'_ t!-?-]c}.2 

{1-of~r}'s"! '-g%E.J -"'};-': ;'_ rfg ?J-~¾ 7fl~<5f-"'l U--2..'s"! 0}1..] ~rt. ..,-fq~ 

-lf:-½¾--2.._s:_,¥-E-j ;:'.;'<JE.j -lf!-½¾:>7}-"']7} ;Q;'_ 'l14--"']t:ij o]cf's"! 4- 10 mE.l o]-%--2...s'. 

7}.!g-~ -"'].£ ,2.:=_rf. ¾~. 0]%.!g-"1£ 7,J:: '-,3;>j) (a!(Jj.)E.j "g%o]c}'i'! oj:r,!;'_ 

-
,~1..t 7L~ ~~•]~ '"~]•le A k ~, r "E~ -e, ~ 7 ~n~,~,= , m, 

'l1?-"']t:fl:>7f-"'] 40-50 kmc}:: t!-?-]7f £l'i'! (Macdonald, 1982: ~lacdonald et al., 

1986), 

-"'-l"'i'-g%o] c}:: :r,/--2...'i'.-¥-E-J , -R-,'-g~ -lf!-·tl:"J-'oj:;_,_j- oj OJ (~A)E.l 7]-,'-7} .g..:<1]7} 

~rf_ Vestimentifera.2.J- Calyptogena7f ~ 300 µmc}.2 15f:: ~i} .::1.r}.2 ?g 4-
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t:ff 2J.Q.§. "J½~i:}2 ❖~£Joj~t:]- (BE!rg, 1985). o]~;'_ ~'l'i_.Q.-5:.:::: '-J'li£J<>J 

9.J.::,.]~. ~ t:]- -lij-~oj) '?k:::: ~6J~io.)'o]r:]-. ~'R. i'! ~oj)J.-j il-'-J% .5!.~J.):7)2, 

il-'-J~ ~{!-~ \'!oJl 9.l.ojJ.-j.£ ,¥-?;!.5!.r:]- ~c)-a-]-r:]-2 '-Jztxj<>J;,.j:::: '€!-'i'-'-il~ r:]-5'.fl

Alvinella, Paralvinella:::: %Eff~<>Jt5ff"!!~ -'1-loJ)J.-j 0J.£ 2,400t5ffc]o)'<)-oj] 7,;!::<jJ.-j~ 

::,.j c] ~ ~_:,,,:_~ Lj-E]-1..-ff.:;i, -a-ff~o) oj al¾ '-JEffo)r:]- (Laubier and Desbruyeres, 

1985). 

1987'<1 5~~ o]-c) 0 ]-L]- Bff~~::,.)2I 3:J.]-oj)J.-j:: %EH~ 0J -a-ff1~:zJ-:::: t:]-;: 

OJ'-J% Lj-E]-1..-ff:: '-J%-2-~ oj ~?!£19;!.Il ~-a-) ~Eff~~.Q.§. ,¥-?;!.5!.t:]- 4{!-a-]-2 

o]-1]-ol ~oJl -i'/-'-JJ-l]'i!!'~ -i'/-'-JJ.]7') '€1-'i'-~½-i'/- %~ff~ %&:1--'i'-~ ~;>_ nJl'l:!% 

o]-§--a-J-:::: ~o) =cl_llfffl-';l;lr:]-:::: ~;'_ :7-Jr:]-,'1: ~c]-%0]9;!.r:]- (Hessler and Ohta, 1988: 

Stein et al., 1988). %Eff~ 0J iiff'l'/oJIJ-J J.-j~.Q.§. ~-'{!7jc]§. 12,000 km!..f ~<>l~ 

-a-ij::,.-j cl- ~r:]-1;'! '-J%3:'-il~ fa.]-o]:: o]tH~ -'i'- 91% ~o]r:]-_ .:icJL]- 42.]~% 

,¥-?;!.'.i!.t:f ~7,;l7ll -a-]-2 .EE~ "'J~J-]:fj_'(! ~;'_ ~~~ {!-%El Genusc]-2 

~o]'?:! :,j) Bathograea, {liiff musselfi-'1.! BathymodioJus:: %Eff~ 0J t5ff1EJ ?;!:z} 

91:::: J-ff4 Rimicaris::::, %Ett~ 0J -a-f1~ ~o)cl- -a-]-1].s!.r:l-:::: _2_-a-ji'lj t:ijJ--joJ 

ag- 0Jiiff1~ TAG ~{! ~~ 23° >-; oj)J.-j 'jJ-:?j_xj:::: ~:z} ll)5:--a-]-r:]-. ~::<ff ~%¾~ 

-,, ~le 
-·2...,-2 

'€! '?~½{I- '-J%-2-~ o] ~ oJ].£ o]-c o]-L]-1..f oj--¾=,hiiff~:z} :Q ;'_ Bff~~::,.j t;,) 

~ilJ;,.j't}- (micro plate)ilJ~ rift;,j)oj)J-7.£ .::L ;'.":::<ff7]- 71]4,- 'la!-Z1£l<>l"-]2 912 

(Hessler and Ohta, 1988: Stein et al., 1988: Both et al., 1986), .::L -'1-)oJ] ~;'_ 

'tl-'i'-3:-l'.'c~ :t!:7il't! 'la!-1".- ~ll['/!'l!-¥-~ ·U'?Jcff (ffl)~ %-'i'-:t!:7.3 (Ohta and laubier, 

1987: Hashimoto et al., 1987: Hashimoto et al., 1988) ~ 13!~'?.lt:r\'! 

tectonics§..l'J {i-::,.)£)2 9.l.:::: ~iiff'-J%-2-~~ ::,.J-'i'-'-JEff;,j], ::,.J-'i'--it-5'.oJ],i.1~ 
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%'§J4':;,.]s!_~ 7]°'1:::: 7c] ?,j-,"_ ~o] otl-!cr.2 o]ot7] ~-? 9.1g ~o]r:t (Ohta, 

1987). 2 ~]oil :;,.Jt,t<>J],'-1 %½'6"t:::: {i'§J<>l] %:;,.]xj_:;i_ 9.1:::: AJ%-;t'§Jo]ct:::: 

~o]oj]A-J:::: r:ffAj"'Jt.J~ r:ff~~'t!-¥-9+ ~,~ r:ffoJ:;,.-j~ "Jtlo]q +~oj 'lJo-jq:;,.J 

U:::: :;,.j<,;joj] 9J.o-JA-j5:. tcJ~ o]77cj1Joj] ~~ turbidite{s,-oj]A-j-lj!-E-j -¾ial'J~.2.§. 

9jo-J;,;j :J<r q.2_:::: t..J%4'<>l] ~tiff %:;,.]:sojo-j:;,.J:::: AJ%~'§loj "J.zi:sojo-J~r:t, ~~ 

.£-;';~ ~AJ,"_ ~tiff~ ~~:;<.jt:H, ~{l-q t!~3_7rA~ ~½:;<.]t:H, Lfftiff, ~~ (~ill'J), 

~ 
-, ' 

=\~A] ~ o]{l-!:: llJ.r:t ~-? 9.J.~r:t. %1°,.,J%-;r~~ ~}:J-At<>l] cfftiff-'--J!:: >l}J~7]~ 

~+.:ag-'li'-<>l]A-j l'estimentifera.2..J, :tj-~oj ".J".zixjo-J~r:f:::: ~ .2-l<>i] (Haymon et al., 

1984):::: ot-3J 

~ -lt- 2 c ff s!. 0 J-4 ff-1..-r ir ff ff- Oil :::: "il E ff ~ E. s!. .2. cff -'B [ ,., J O t 9.1 :::: :tj-~ l 5:. .!i!..2 £l .2 

9J.r:f (Newman, 1979: Mclean, 1981: Hes:sler and Ohta, 1988). 7 clJ..t, ~c:t:t): 

{{4'1).2_§.Jj!-E-j -t!~:sojo-j:;,.j:::: r:ff"/J"J%,<>_ ~½-?.2..J- f-'l!:;,.-J,g--?.2..J-~ 171]1t!<>J]A-j~J..r 

u)~% %efl~ %7/%£ 1'-'t!tlc:t:s!.;,J 3~7/~2.£ tl:tj-r:flAt-;;f:::: ~ ~ -ll'!- 0 ]r:f. 

t±~~ t±-1<>i]A-j ~7}~2.£ "f~•-;;f:::: "J% 0J-0 ] ~A]~ 0 ]cr.2 ~r:tit! r:fltJ~ 

'ofl..-}r:f'o/r:t, :J..cjLf oj~ "J%-;r~o) Af!:: t±-1o] _:;i_cfl~ tiflOJt!-1:zJ- ~~£!:::: 

.2!,. "' - l -o 'TI:" 0 ol .-J ,.,_-,' 

:;,.j.:;,-}:J-~:;,.t:::: 7 ~~~ t;fl~:zj- ~t;ijAJEij;~j~ %'§J, ojjl--j:;,.j 4':;,.js!_~ ,g7t~ ~j"t): 

~2.£~ ~-=t-7f ~Lll1!J- ~ojr:t, 
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8. ~~¾ oJnBllB Calyptogena sp. 

'l;'l-?--lt-½-t'-;;,.]~oll ~~i5l.2 9J.'.::: 3~-lt-~3"-.7fl (Calyptogena sp. )o-J] t:fltfl{i 

~o-JP•1 A.j'l'Ji519f;;,.]'1, LJ%4--lt-½;;,.]~o-J] .1¥-')!.'i!.q ~~i5I'.::: 0 ] ~ 7 ;;~ 

...g~~ia.j',:'_ t:IJ:: ~10]71 9J.t:1. o] ~ AJI~.'i!.1?:!, 3"-..:::1'1 Calyptogena sp . .2} 'TJt:I~ 

Calyptogena sp. 71 ~,:'_ colony~o-J] -t'-i~i5l2 9J.g 1tll, ~;;,.I'.::: %g -5±71] %2. 

~;;,.I'.::: %g 71-'g-~ ~ '4-t.£.£ 1.-fl 0J:;,_ 9J.t:I. o]cj~ o]%'.::: J¥-')! 0J7Jt? Calyptogena 

sp.~ ~]1.-flo-J]'.::: ~~tj-AJ-'1l'i!1°0l 'Uii~0] ¾AJi5l.2 9J.t:I. 0 ] -'7]'i!!',:'_ LJ%4-o-J] 

3o~£l°1;,;J 9J.'.::: %~-?-,i: (H2S)~ o]-§-i51°1 ~~tj-Ajg i5l°1 -j'J-7]%~g 

tj-AJ~t:I. %~4-,i:'.::: LJ%4- ~o-Jl 3o~~9°1 9J.;;,.]'1 {l:,i:.2.} '1L-t1?:! B"HJ {l:~£1°1 

f'rD0],":- (So/-).£.£ ~tflt!J'tlt:1. .::1~711 £11?:! t:1 °]-'J -'1l'i!!°o-Jl'.::: .5:.%0] ~ {!.t:I. 

tff;;,.1SeJ'!J%:zt ~-,,1:::: tfl4- -¾o-Jl'.::: {l:,i:71 3o~£l°1 9J.7] 1tJH::o-Jl tfl;;,.1SeJ'!J%~ 7l?l' 

M.%-o-Jl'.::: o] AJ,i:71 ~°171 9J.t:I. ""\-, x]'!J%¾~ %~4-,i:'.::: °1:c:. -5±0] o]i5lo-Jl'1 

o]~o-J] llJtfl, t:fl3.3~ Calyptogena sp, -le, °1%71 9J.7] n:fl~o-J] ~o! ~°17J 'MJl7f 

<;JJ.t:f. 0J-l-':-.2.J ,sfl 0J2}~7]~{l]Fj;fi:;$:l!J-AH':' Calyptogena sp, colony1.-fl.2.] Se! '3:1%¾.2.J 

3:2-?-'.::: '-J%4--¾o-J] t:fl 2J2-.£ 3o~£l°1 9J.:::: uJl18-7ILc7f ~l.£-'f-E1 {Jf-,sfl ~°1,':

,sfl-?-¾.2.J %{!:0],":-2} 'li%i511?:! %{1:0! ~l:~£1°1 %~4-J::71 {!_i:f:::: ~~ m'O'J\'l.t:1 

(Fig. 5-9). 
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9. ~~:;(J<l!j~ ¥ Vestimentifera 

7Jc}ll}_:;:l_Ao-!)Ai2.J ~Z:!.!i!.t:} 10t,10]'-J- •HH~ 1966\12.j 'lJo]i:}. o}IJi]cj-,1}2.j tff-;:?:<ZI 

<>ll"1i;J'"-}!::: ~~~"-H::! 'deepster 400'<>ll ~1;'-, Q:!)A]-£ ~7<'! 2i<l'tl ~t:jo-JJ.22.j 

i}zjt)- ~'li%<>l]"-i2.J ~3"J.£¾, 7 ~'li~ ?~ I, 125 m >'-j{lo-j]Al 7}~2 {! 

-{!~,':. 'il.c!l7} Ai§. q:J-,lcf 0JiJtffAi "-i6J-&-}:;L 91:::: ~g ~Z:!-&-faf ~HiJ-&-f9:it:}. -'t!:.':. 

<l.r '317<'! I cm, 7,! 0] 60 cm 1.£5'., tff>'-i<>l]"-i:::: 'il.cl]E.j ~'i'-~0] -'t!:.Q.5'.'i'-E-J 

L-f.2.j-9.J.Oi, ¾Zl-£ -'\"-'l'! -'t!:4.Q.5'. %•; ~o-j7f;:: t!'-Jg _!,!_9):t:}. 0 /~ 0! J.i/7Jl<>ll"-i 

7-J g.Q.§. -8-4-%-l¾<>l] 4-&-}!::: -:-!¾2.J ,.J%5'.JIJ 7]:.<ij5:j•; ~ tube wormo]i:}. 

-8-4-%%.':. polychaetaL} Oligochaeta %2.J ~"a%%.:;>} 7}{[:.</J?.1- ~..lit)- ~j~oj 

'il)_oj J::~7J-'t!:oj ~~-&-] '\d•;;,;jaj,U ~ ~ g 7,,l-!::: '-J-J¾7¾oji:}. '/J-.z:!:.<f'tl 

<>ll"1~-'-r<>ll E.jtff 01 tube worm,': • lamel!ibranchia balami' er;:: ~~o/ 

0)-'f-oi~ ~7<'!<>ll '-J'i'±ld0] "-i6J-&-}.2 91c}. ;.J/7Jl¾2.J ~tffE.j ~"-}7} ~3"g5:j•; 

>'-ji}JJ}>'-] vent>'-l'l'!<>ll"-i 8'.'.;, 10¾01 'l,!-{!£j•;~i:}. o]?i- 8¾.':. 'l,19->'-]'l'joj_:;:i_ 2¾,':. 

'-J-§-?>'-/'l'jo-jjAjE.j 'l,1-{!oji:}. ¥'/J~{±'il_i:i]!::: t)- vent>'-J'l'j<>l]"-i >'-]il-JJ}>'-j '/J-Z:!~ 

2-8-¾.Q.§.JljE.j ~,':_ ~hi L}c:}1;5..2 (T1nnicliff, 1998), ?~ 300-3300 m2.j 

'liij>'-i.g-~Alt:H<>ll "-i6J-&-f2 91t:} (Fig. 5-10). t:ffAi 0J2.j AirJ]'tl~ll}t:}o-J]Ai %~ 

{! ,?;j tl- 11 ~~.Q.5'.'i'-Si ~H ii~ <>11.£ 91 cf ( 01 ~ .':. %-lf-7} ~tiff~ ,?;j <>ll -8-~4-J:: ~ 

'l,1-~ A]-,1]7] trff~<>ll. '-dtiff.g_~:;,_J- llJcx-tl- lt7<'! 0]t:f). 

~%,?;j~ >'-]'I): (Plate)E.j 7<'!7Jl<>ll!::: ~{!'-j2.J 7fA~ E:~t)- '/,19-L} '-J?7f 

tff>'-i<>ll"-i .g.o; ~c}.2.!::: ~J::7} 91t:}. 0]cjt)- 'is1?~½'1?-0ll.-} '-.ll?-§-½t:H<>l];: 

;.U o 

"'· Jll 

"a Aj 5:j o; 91 t: t. tff 'i'-~ ,?;j .Q. .£ .!i!. 'l'! ¥ '!J ~ {± 'il. ell :::: 7 l ,':':- ,?;j .Q. §. 't!- ,r tl- {! -{! 5'_ 0J 9..j 

"a E ff .£ J'J '/J .£ J:: ~ -{! .5'_ 'ill_ t:} . >'-} ,:-_12.j ~ ll j -J¾ §_ 'i'-E-j {! -{! g J?_)- ~ _::;:,_ 7 'V_: <>ll ~ _::;:,_ 
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~cl ~ -¥-~ ( oJ oJ~l).Q.K, 7j 7] oJl::: ~ -t!:o] q. ~~ ,.J -!§-o] 9J.::: ?;! .21 oJlx 

§J-~MJ-AJJ.1];il.-0 ] 1-ff-¥-i/-,.J15t2 9.J.t:t. 

¥~ ½-t!:~ i!ll ( tube worm)~ ,.J ~]~; ~ £ ±§J--t!:£ 'ilJ_ !::: o] AJ{! AJ%o] i:t, 

%~ ~-¥-~oJl!::: ot7tu]7t 9.12, .::1 ~oJ]!::: -2-~~~ -¥-~]7t 9.J.i:t. \er~ -¥-~~ 

°a 0J~l ct 2 15t!::: ~~ *"f' 5'. 0J~ ?;! 0 1 9.J.t:L .:::L cl 2 °a 0J~l ~oJl !::: ~-t!:71].2.j

~~ ~o] 9.1. "1. % K-¥-E-J ~ ~ll] %oJ] ~ ,;ff ~ ~ "1 ;j A7-t!: ~oJl ~"17t 11'2 91 t:t, 

~£ ±:2'.J--t!:£ 'ill-!::: tube worm~ "11711 -,;ffA7 ,.J2 9.1.~?lt? %:2'.J-4'-±.21- {[~ 

,'t--l'!i-%~ 0 1 'U~ ?J-±oJ]A7 "1~71] AJot:J,j- "r 9.1.!::: ?;!'lJ?lt? 'lJ'V:~'1.l 1J-,;ffQejoJ]A1!::: 

,.gzt~ 4'- 'ill-% ~£~ ½£~ 0J£7t "1~7ll 7t-'8-t! ?;!'1..!7t? 0 ]c1t! ~~o] 91-£ 

4'-'#oJl 'ilJ-!:::t:1]. 7 ll]"J~ opr ~ 1)'1i,l'{! ~Q.!j ';.) %~ 7j~ ~-¥-~ ;l:t;<]15t::: 

<>J 0J~loJl 9.1.9:J.t:L ¥~½-t!:~i!ll~ ,,_,~i?J-± +~~ -,;ff4'-%oJl!::: %:2'.J-4'-± %~ 

;<7~;<t:2'.J-1iJ-%0J 1?JoJ _;,:_~~"19.J.i:t. oJ~ :2'.J-1iJ-%oJ {1:§J-~'i'! :2'.J-~oJlt-,Al~ 

"'J½t!t:t. 0 ] :2'.J-~oj]1..7;<] ~ Eff 0JoJ]t-,;<] t:ff,U oJ] At%15toJ, tl:{1:2~ ( 0] {1::2'.J-'Et±~ 

AJ%o] °a OJ .Q..5:.A7 o] % 7t-'8-t! %71 % .5:. ~ ~15t!::: ?;! ) 15t::: §j-~'iJ-AJ J.1];il_-o] 

-,;ff ;<7.g.{'! -'r"~ oJ] !::: 1?J0] A7 ~ 15t 2 9.1. i:t. 0] c1 ~ J.i];il.- ~ ¥ 0J ½-t!:~ i!l]l-]- ~ ~ 0J~7ff 

%.2..!c.-¥-E-l o]1f,oj;<]!::: AJ%'i?:~~ 7]:'1: AJAJ;<t.!c. ~"1. i;ffoJ oJ]y;<]oJ] 7j~ 

~;:':15t;<] U!::: =-i 0 lt! AJEHlll~ -,'-AJ15t2 91go] '¼t-oi~t:t, 

¥~ ½=tr~ i!il !::: :2'.t ~'iJ-AJ J.1] ;i/.- g ~l 1-ff oJl i/-AJ A] :'1] 2 9.1. 9J. t:f. '9- ¥ 0J ½-t!:~ i!il !::: 

.Allo:I o 
O 02 

Olo-!·-l .,.,...._ _...... -r. 

%:2'.J-4-±!::: '1.l-'{l:o]q. ;.ff%~ 'lJ'V:~'1.l %%oJl 91"1A1 %-l'!i-15tt:L .:::L?;!~ .g.~n. 
AJ±.2.j- 7,aj_'iJ-15f!::: ~Q.!J-¾-2.1 t,j]5'.~.5:.S1Jo] %:2'.J-4-±-21- 7,aj_'iJ-15t7] ~],;ff {1:±~ ¾'V:~ 
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'f- IU 7il !9 2 , ~ -g o] -i'7:- '<! tiij 7-] 7] ucJl -lf:-o ] C \, ¥ 'lJ ½ 't± 1/J cl] '.:: A t-zl ..2..§. J,!-tj 5:. '!,t 'f-

91 ~ o J. 0tJta]7t -<R•llf'{! ,!,]jg ~2 91ct, o]~~ ¥'lJ½'t±'/Ji!l]E.J ~'>!]oJ] 

51] 5'. ~ §. 't1 ° l .¥. ~ 'i'.] o-J 91 ct'.:: ~ -& E-1 11 ~cf. .::I. cl q O l 51] 5'. ~ §. 't1 ~ ct:= 

%%E.l ~2} '.:: 'gc]. {!±.2.j- %~-?± 9:l'~.2} -'lj-A] oJ] ~ ~o] 7t-'ef-&tcf. 7 i'i/7] 

ucll-lf:-oJ] %~4-±7t ~~ ~7J 0]ct t.tc-Jct'i:., {!±~~01 7.-jt.ij'i'.] '.:: 78-¥-'.:: 1ctct2 

-;;J].£~§.~J ~,,.t.:;z.~q DNA (deoxyribonucleic acid)tiij~Oj] E.Jt.R, ctA] ~~%%0!] 

.¥_~A]710]: ~ct::: E.j{!oj {l-iaejA]'i'.]'l;[Cf. .::I.cll-t ll]_u!_t:ijAJ-2._§.~ ¾Jl~ 

ii],7J]1f-A]oJ] t:ijtiijA-l, ot'3J7,7t7.]5:. ~~ ~~o] o]-'f-o-J7.]7.] '?J2 91ct. :cf. 

Al ·U 

0 "" 

'i'.]o-J~ ~ 0Jo]cf. ojcj~ AJ~iitoJ] 199:l'd 2~, c?t2A]atE.J ~tiijoJ] A-j~iit'.:: 

¥'lJ½'t±'/Ji!ll7t 'la!-Z:!'i'.Jo-J ~ct:=¾~ ;:i:,!,.'o] ~c;j~ct. 

°'lllt5'. tiij7.70j]A-j JtAJt ¾½-&t2 91::: ~r±7f 91ct. 01-:£-~ \j--Jl.]7f ¾~ \!-oJl'.:: 

t.R-?'?'!oJ]A-j.'i:. ~oJ]A-j-'f-tj ,&ct.2.'.:: 7-j-l,½o] _lil_'le! 1l5:...'i'- ¾½~%0] ~'lJ-&tli] 

o]-'f-o-J7.]'.:: -:£,o]ct. o]i'1)7i] 'Ro-J.2.2'.::' 1t\AJOj] t:ij-&f°'l ~-=;z.7f -"]g A]4t! ~~ 
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Table 5-1. Biological communities of vents. seeps and reducing habitats. 

Geomorphological frameworks 

I. TECTONICALLY ACTIVE AREA 

A. SPRF,ADING CENTERS 

1. MID-OCEAN RIDGE AXES 

Galapagos Rift 

East Pacific Rise (e. g., '.!lN, 13N, 18S) 

Juan de Fuca Ridge 

Mid Atlantic Ridge le. g .. 26N[TAG], 23N) 

[Red Sea: biologically negative easel 

2. SEDrMENT-COVERED SPREADING CENTERS 

Guaymas Basin 

3. BACK - ARC BASIN AND MOCROPLATE RIFT 

Authors 

Rona et al.,(ed.), 1983; Jones et al., (ed.),1986 

Canadian -American Seamount Expedition, 1985 

Lonsdale, 1984 

Mariana Basin, Manus Basin, Fiji Basin. Rau Basin Hessler · Ohta, 1988; Stein et al, 1988; Both et al, 1986 

B. SUBDUCTION ZONES 
Oregon ·Washington Suess et al., 1986 

Nankai Trough, Japan & Kurile Trenches Ohta & laubier, 1987; Kulm et al., 1986b 

C. HOT SPOT & VOLCA1'0ES 

II. TECTONICALLY INACTIVE ARF,A 

A. CONTINENTAL MARGIN 
1. GRAVITATIONAL SEEP OF HYPERSALU.."E, H2S-CH4 RICH WATER 

Florida Escarpment 

2. HYDROCARBON SEEPS 

off Louisiana, '.',Jorth Sea. clathrate seeps 

3. COMPAXTION OF TURBIDITES 

Grand Banks 
4. NATURAL HIGH ORGANIC -LOAD AREA 

mangrove swamps, salt marshes 

B. HUMAN IMPACT 

I. POLLl'TED AREA 

sewage outfalls 

Paull et al., 1984 

Kennicutt TI et al., 198.~ 

( A. Meyer et al : pers. com.) 

• 
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Table 5-2. Primary sites of hydrothermal vent biological collections. 

Site Location Ridge Region 

Amsterdam-St. Paul 41 °1 5'S, 79°06'E Southeast Indian IND 

plateau 

lzena hole and lheya 27°30'N, 127°05'E Okinawa Trough MBJ 

Minami-Ensei 28°24'N, 127°38'E Okinawa Trough MBJ 

Bonin Seamount 26°42'N, 141°05'E Bonin Trough MBJ 

Mariana fields 18°12'N, 144°43'E Mariana Trough MBJ 

Manus field 3°1 O'S, 150°1 7'E Manus Basin LFM 

Edison Seamount 3°19'S, 152°35'E New Ireland Forearc LFM 

Fiji fields 16°49'S, 1 79°29'E North Fiji Basin LFM 

16°59'S, 179°55'E 

Lau fields 22°13-22'3, 176°37'E Lau Basin LFM 

22°22'S, 1 76°43'E 

South Explorer field 49°46'N, 130°16'W Explorer NEP 

Middle Valley 48°27'N, 128°42'W Juan de Fuca NEP 

Endeavour 47°57'N, 129°06'W Juan de Fuca NEP 

Axial Seamount 47°0'N, 130°0'W Juan de Fuca NEP 

Cleft Segment 44°39-57'N, 130°·14-22'W Juan de Fuca NEP 

G14 42°45'N, 125°43'W Gorda NEP 

Escanaba Trough 41°00'N, 127°30'V✓ Gorda NEP 

Guaymas Basin 27°01 'N, 111 °24 'VI East Pacific Rise nEPR 

21°N 20°51 'N, 109°04'V✓ East Pacific Rise nEPR 

13°N 12°46-50'N, 103°57'W East Pacific Rise nEPR 

11 °N 11°26'N, 103°47'W East Pacific Rise nEPR 

goN 9°50'N, 104°1 7'W East Pacific Rise nEPR 

Galapagos fields 00°48'N, 86°08'W Galapagos Rift GAL 

17°S 17°25'S. 113°1 0'V✓ East Pacific Rise sEPR 

18°S 18°36'S, 113°24'V✓ East Pacific Rise sEPR 

Menez Gwen 37°51 'N, 30°02'W Mid-Atlantic Ridge ATL 

Lucky Strike 37°1 B'N, 32°16'W Mid-Atlantic Ridge ATL 

Rainbow 36°11 'N, 33°57'W Mid-Atlantic Ridge ATL 

Broken Spur 29°1 0'N, 43°1 0'W Mid-Atlantic Ridge ATL 

TAG 26°08'N, 44°49'W Mid-Atlantic Ridge ATL 

Snake Pit 23°22'N, 44°57'W Mid-Atlantic Ridge ATL 

Logatchev 14°45'N, 44°58'W Mid-Atlantic Ridge ATL 
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Table 5-3. Names and locations of the known hydrcthermal vent invertebrates. Taxa are listed 
only if generic identifications (actual or ackno•ledged as known or new) could be confirmed by 
Tunicliff et al., :thus many collected specimens remain unlisted;unk=unknown. The last column 
indicates the geographjc region and the endemic status of the species: l=northeast Pacific, 

Z=Guaymas Basin on East Pacific Rise,3=21°N East 'acific Rise, 4=9-J3"N East Pacific Rise, 

5=Galapagos Rift, 6=23-27°S East Pacific Rise, 7="iji, Lau, ~anus or Lihir Back-Arc Basins, 
8=Mariana, Bonin or Okinawa Back-Arc Basins, 9=~id-Atlantic Ridge: l>JD southeast 
lndian Ridge: Y=endemic to hydrothermal vents, N°also known from the deep sea, S=also known 
at seeps, W=also known from whale carcasses, ?=status elsewhere unknown. Neither Protozoa 
nor Nematoda are included in this I isting. (After Tunic Ii ff et al., 1998) 

Cnidaria 

Hydrozoa 

Hydroida 

Candelabridae 

Candelabridae 

Siphonophora 

Rhodalidae 

Anthozoa 

Actiniaria 

Actinstolidae 

Actinstolidae 

Actinstolidae 

Actinstolidae 

Actinstolidae 

Cerinathidae 

Hormathiidae 

Scyphozoa 

Lucernariida 

Lucernariidae 

Nemertea 

Enopla 

Hoplonemertea 

Candelabrum phrygium Segonzac and Vervoort 

Candelabrum serpentarii Segonzac and Vervoort 

Thermopalia taraxaca Pugh 

Actinostola cal/osa Verrill 

Parasicyonis ingo/fi Carlgren 

Cyanathea hydrotherma/a Doumenc and Van Praet 

Marianactis bythios Fautin and Hessler 

Gen n. sp. (D Fautin, pers. Comm.) 

Cerianthus sp.(in Desbruyer~s et al., 1997) 

Chondrophe/lia coronata Verrill 

lucernaria n sp. (R Larsor, pers Comm ) 

cf. Emplectonematidae Thermanemertes valens Gibs,Jn, Rogers and Tunnicliffe 

Acanthocephala 

Palaeacanthocephala 

Echinorhynchida 

Hypoechinorhynchidae Hypoechinorhynchus thermaceri de Buron 

Pogonophora 

Perviata 

Thecanephria 

Lamellisabellidae 

Obturata 

Axonobranchia 

Riftiidae 

Basibranchia 

Alaysiidae 

Arcovestiidae 

Lamellisabellidae 

Siphonobrachia /auensis SOL thward 

Rifria pachyptila Jones 

Alaysia spiral is Southward 

Arcovestia ivanovi Southward and Galkin 

Lamellihrachia harhami WelJb 
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9.N 
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9,N 

4,Y 

8,Y 

1,Y 

4,? 

4.N 
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Lamellisabellidae 

Ridgeiidae 

Tevniidae 

Tevniidae 

Escarpiidae 

unk 

Annelida 

Poluchaeta 

Amphinomida 

Archinomidae 

Capitellida 

Maldanidae 

Maldanidae 

Maldanidae 

Maldanidae 

Eunicida 

Dorvilleidae 

Dorvilleidae 

Dorvilleidae 

Dorvilleidae 

Dorvilleidae 

Dorvilleidae 

Eunicidae 

Eunicidae 

Eunicidae 

Opheliida 

Scalibregmatidae 

Orbiniidae 

Orbiniidae 

Orbiniidae 

Orbiniidae 

Phyllodocida 

Glyceridae 

Hesionidae 

Hesionidae 

Hesionidae 

Hesionidae 

Hesionidae 

Hesionidae 

Hesionidae 

Lacydoniidae 

Nautiliniellidae 

Nautillniellidae 

Nautiliniellldae 

Nautiliniellidae 

Nautiliniellidae 

Nereidae 

Nereidae 

lame/librachia co/umma Southward 

Ridgeia piscesae JoneH 

Oasisia a/vinae Jones 

Tevniajerichonana Jones 

Escarpia spicata Joneu 

n. sp. (in Hashimoto el a/. , 1995) 

Archinome (Euphrosine) rosacea (Blake) 

Nicomache arwidssoni Blake 

Nicomache ventico/a Blake and Hilbig 

Capitella sp. (in Hashmoto eta/., 1995) 

Capitel/a nr capita/a (in Grassle el al., 1985) 

Ex all opus jumarsi Bra~.e 

Ophryotrocha akessoni Blake 

Ophryotrocha globopaloata Blake and Hilbig 

Ophryotrocha platykep11ale Blake 

Ophryotrocha sp. (in Hashimoto et al., 1995) 

Parougia wo/fi Blake and Hilbig 

Eunice masudai Miura 1986 

Eunice northioidea Moore 1903 

Eunice pulvinopalpata r::aucha/d 

Ax101hella m,/1s1 Pocklington and Fournier 

Leitoscoloplos pachybnnchiatus Blake and Hilbig 

Orbiniella aciculata Blake 

Orbiniel/a hobsonae Bake and Hilbig 

Scoloplos eh/ersi BlakH 

G/ycera profund, Chamberlin 

Amphiduros axia/ensis Blake and Hilbig 

Hesiocaeca hessleri Bl 3ke 

Hesiodeira xlobra Blal<e and Hilbig 

/lesiolyra bergi Blake 

Hesiospina veslfmentifi ra Blake 

Nereimyra alvinae Blake 

Orseis grasslei Blake 

Lacydpnia n sp J. Bl3ke, pers Comm. 

!heyomytilidicola tridematus Miura and Hashimoto 

Mytilidiphila enseiensl.'" Miura and Hashimoto 

Mytilidiphila okinawaerzsis Miura and Hashimoto 

Shinkai longipedata Miura and Ohta 

Shinkai semilonga Miura and Hashimoto 

Ceratocephale pacifica Hartman 

Nereis piscesae Blake and Hilbig 
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Nereidae 

Nereidae 

Phyllodocidae 

Phyllodocidae 

Phyllodocidae 

Phyllodocidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Polynoidae 

Sigalionidae 

Syllidae 

Sabelhda 

Serpulidae 

Serpulidae 

Spionida 

Cirratulidae 

Cirratulidae 

Spionidae 

Nereis sandersi Blake 

Nereis sp. Unpub. Data (Vr) 

Eulalia (Protomystides) papUlosa Blake 

Ga/apagomystides aristata Ellake 

Protomystides verenae Blak1~ and Hilbig 

Protomystides sp. (in Gebruk et al., 1997) 

Bathycatalina filamentosa Pettibone 

Bathykurila guaymasensis Pettibone 

Branchinotogluma burkensis Pettibone 

Branchinotog/uma grass/ei Pettibone 

Branchinotogluma hessleri Pettibone 

Branchinotogluma sandersr ::>ettibone 

Branchiplicatus cupreus Peltibone 

Branchipolyno"e" pettiboneae Miura and Hashimoto 

BranchipolynOe seepensis Pettibone 

Branchipo/ynde symmytilida Pettibone 

llarmothoe macnabi Pettibcne 

lphionel/a risensis PettibonH 

Iphione//a n. sp. Galkin 

Lepidonotopodium fimbriatu 11 Pettibone 

Lepidonotopodium minutum Pettibone 

Lepidonolopodium piscesae Pettibone 

Lepidonolopodium rifiense Pettibone 

lepidonolopodium wi//iam.rne Pettibone 

Levensteimella inlermedia Pettibone 

Levensteiniella kincaidi Pettibone 

Levensteiniella raisae Pettib<lne 

levensteiniella sp. (in Gebruk et al . 1997) 

Mace/licepha/a ga/apagensi.1 Pettibone 

Macel/Jcepha/oides a/vini Pettibone 

Opisthotrochopodus a/vinus Pettibone 

Opisthotrochopodus japonk,,s Miura and Hashimoto 

Opislhotrochopodus marianvs Prttibone 

Opisthotrochopodus segonzaci Miura and Desbrl.Jyeres 

Opisthotrochopodus t1"ifurcu., Miura and Desbrl.Jyeres 

Opisthotrochopodus tunnic/['feae Pettibone 

Thermiphionejijiensis Miura 

Thermiphione tufari Hartmc1nn-Schroeder 

Thermopo/yn0e branchiata lv'liura 

Neilaenira racemosa Fauchald 

Sphaerosy//is ridgensis Bla,e and H1/bIg 

Laminatubus a/vini Ten Ho ,e and Zibrow1us 

Protis hydrothermica Ten I- eve and Z1brow1us 

Chae/ozone n. sp.1 (Blake. J., pers Comm.) 

Chaetozone n. sp.2 (Blake, J., pers. Comm.) 

Laubierie/lus grass/ei Maciolek 

2,3,4,5,6,Y 

7,? 

3,Y 

5,Y 

1,Y 

2,? 

1,N 

2,W 

8,Y 

1,2,3,4,5,Y 

3,5,Y 

1,2,3,5,Y 

2,3,4,Y 

7,8,Y 

9,S 

4,5,Y 

1,5,Y 

3,Y 

7,Y 

3,4,Y 

8,Y 

1,Y 

2,3,5,Y 

3,4,5.Y 

1,Y 

1,3,5.Y 

8,Y 

2,Y 

5,Y 

2,Y 

2,3,5,Y 

8,Y 

8,Y 

7,Y 

7,Y 

1,Y 

7,Y 

6,Y 

7,Y 

2,N 

1,Y 

3,4,5,Y 

3,4.5.Y 

1,Y 

1,Y 

5,Y 



Spionidae 

Spionidae 

Spionidae 

Spionidae 

Spionidae 

Spionidae 

Terebellida 

Alvinellidae 

Alvinellidae 

Alvinellidae 

Alvinellidae 

Alvinellidae 

Alvinellidae 

Alvinellidae 

Alvinellidae 

Alvinellidae 

Alvinellidae 

Alvinellidae 

Ampharetidae 

Ampharetidae 

Ampharetidae 

Ampharetidae 

Hirudinea 

Rhynchobdella 

Piscicolidae 

Mollusca 
Polyplacophora 

Chitonida 

lschnochitonidae 

lschnochitonidae 

Aplacophora 

Neomeniomorpha 

Chaetodermatidae 

Simrothiellidae 

Simrothiellidae 

Simrothiellidae 

Simrothiellidae 

Sirnrothiellidae 

Simrothiellidae 

Sirnrothiellidae 

Gastropoda 

Neomphalina 

Cyathermiidae 

Cyathermiidae 

Neomphalidae 

Neornphalidae 

Neomphalidae 

Peltospiridae 

lindaspio dibranchiata Blake 

Lindaspio southwardorum Blake and Maciolek 

Prionospio sandersi Maciolek 

Prionospio sp. Blake and Hilbig 

X andaros acanthides Maciolek 
N. gen. n. sp. (Blake, J., pers. Comm.) 

Alvine/la caudata Desbruyeres and Laubier 

Alvine/la pompejana Desb'l.lyeres and Laubier 

Paralvinella bactericola Desbru}'eres and Laubier 

Para/vine/la de/a Detinovc1 
Paralvinel/afijiensis Desb'l.lyeres and Laubier 

Para/vine/la grass/el DesbruYeres and Laubier 
Para/vine/la hess/eri Desbru}'eres and Laubier 
Para/vine/la palmiformis CesbruYeres and Laubier 

Para/vine/la pandorae De~;bruYeres and Laubier 

Para/vine/la su/fincola De,;bruyeres and Laubier 

Para/vine/la unidentata De:sbruYeres and laubier 
Amathys lutzi Desbruyere:; and Laubier 

Amphisamytha ga/apagens1s Zottoli 

Amphisamythafauchaldi Solis-Weiss and Hernandez-Alacantara 

Grassleia hydrothermalis Solis-Weiss 

Bathybdel/a sawyeri Burreson 

Leptochiton tenuidontus Saito and Okutani 

Thermochiton undocostatw: Saito and Okutani 

Falcidens n. sp. (in Scheltema, 1990) 

Helicoradomenia juani Scheltema 

Helicoradomenia n. sp 1 (in Scheltema, 1990) 

He/Jcoradomenia n. sp. 2 (in Scheltema, 1990) 

He/icoradomenia n sp. 3 (in Scheltema, 1990) 

Helicoradomenia n. sp. 4 (in Scheltema, 1990) 

Helicoradomenia n. sp. 5 (in Scheltema, 1990) 

Helicoradomenia n. sp. 6 (in Scheltema, 1990) 

Cyathermia naticoides War"en and Souchet 

lacunoides exquisilus Wafen and Bouchet 

Neomphalus fretterae McLean 

Symmetromphalus hageni Beck 

Symmetromphalus regular.'s McLean 

Ctenopelta porifera Wal°en and Souchet 
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Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Peltospiridae 

Neritimorpha 

Phenacolepadidae 

Phenacolepadidae 

Phenacolepadidae 

Patellogastropoda 

Neolepetopsidae 

Neolepetopsidae 

Neolepetopsidae 

Neolepetopsidae 

Neolepetopsidae 

Neolepetopsidae 

Neolepetopsidae 

Pseudococculinidae 

Cocculinidae 

Pyropeltidae 

Pyropeltidae 

Pyropellidae 

Acmaeidae 

Acmaeidae 

Vetigastropoda 

Scissurellidae 

Scissurellidae 

Scissurellidae 

Scissurellidae 

Fissurellidae 

Fissurellidae 

Depressigyra g/obulus Waren and Bouche! 

Echinopeltafistulosa McLean 

Hirtopelta hirta McLean 

Lirapex granularis Waren and Souchet 

litapex humata Walen and Bouche! 

Me/anodrymia aurantiaca Hickman 

Melanodrymia brightae War1m and Bouche! 1993 

Me/anodrymia n, sp, (shank et al,, 1998) 

Nodope/ta heminoda McLear1 
Nodope/ta subnoda McLean 

Pachydermia laevis Waren and Bouche! 

Pachydermia scup/ta Waren and Bouche! 

Peltospira delicata McLean 

Peltospira lamellifera Wafer and Bouche! 

Peltospira operculata McLean 

Pe/tospira sp, 1 Waren and Bouche! 

Peltospira sp, 2 A Waren, pers, Comm, 

Pe/tospira sp, 3 (in van Dover et aL, 1996) 

P/anorbidella depressa Wafen and Bouchet 

Planorbidel/a p/anispira Wa,·en and Souchet 

Rhynchopelta concentrica Mclean 
Rhynchope/ta nux Okutani, Fujikura and Sasaki 

Shinkailepas kaikatensis Okutani Saito and Hashimoto 

Shinkailepas tufari Beck 
0/gasolaris tullmanni Beck 

Eulepetopsis vitrea McLean 

Neoleptopsis densata Mclea1 

Neoleptopsis gordensis Mcle·an 
Neoleptopsis occulata McLean 

Neoleptopsis verruca McLea1 

Paralepetopsi'i rosemariae Beek 
Paralepetopsis n. sp. (J. Mc_ean, pers. comm.) 

Amphiplica Kordensis McLean 

Coccu/ina cf. craigsmithi (J. McLean, pers. Comm.) 

Pyrope/ta bohlei Beck 

Pyropelta corymba McLean and Haszprunar 

Pyropelta musaica McLean and HaszprUnar 

Bathyacmaeajonassoni Bed~ 
Bathyf!cmaea secunda Okutc,ni, Fujikura and Sasaki 

Sut1'1zona theca Mclean 

Temnocinc/is euripes McLean 

Trmnozaga parifi.5 McLean 

Anatoma sp. Waien and Beuchat 

Puncturella parvinobilis Okutani, Fujikura and Sasaki 

Puncturella rimaizenaensis Okutani, Fujikura and Sasaki 
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Fissurellidae 

Fissurellidae 

Fissurellidae 

Clypeosectidae 

Clypeosectidae 

Clypeosectidae 

Clypeosectidae 

Trochidae 

Trochidae 

Trochidae 

Trochidae 

Trochidae 

Skeneidae 

Skeneidae 

Skeneidae 

Skeneidae 

Skeneidae 

Skeneidae 

Skeneidae 

lepetodrilidae 

lepetodrilidae 

lepetodrilidae 

lepetodrilidae 

lepetodrilidae 

Lepetodrilidae 

Lepetodrilidae 

Lepetodrilidae 

Lepetodnlidae 

Lepetodrilidae 

lepetodrilidae 

Gorgoleptidae 

Gorgoleptidae 

Gorgoleplidae 

Turbinidae 

unk 

Heterobranchia 

Hyalogyrinidae 

Hyalogyrinidae 

Hyalogyrinidae 

Xylodisculidae 

Caenogastropoda 

Rissoidae 

Provannidae 

Provannidae 

Provannidae 

Provannidae 

Provannidae 

Provannidae 

Puncture/la so/is Beck 
Puncture/la n. sp. (J. McLean, pers. Comm.) 

n. gen. n. sp. (J. McLean, pers. Comm.) 

C/ypeosectus curvus Mcl13an 

Clypeosectus delectus McLean 

Pseudorimula mariacae Mclean 
Pseudorimula midatlantica McLean 

Bathymargarites symplect,,r Waren and Bouche! 

Fucaria n. sp. Waren ar,d Bouche! in ms 

Fucaria striata Wafen and Souchet 

Margarites shinkai Okutmi, Fujikura and Sasaki 
Vetulonia pha/cata Waren and Bouche! 

Bruceiel/a globulus Ware,n and Bouche! 

leptogyra inf/ata Waren and Bouche! 

cf Leptogura sp. (in Van Dover et a/., 1996) 

Moelleriopsis n. sp. Waren and Bouche! 

Proto/ira valvatoides Wafen and Souchet 

Solutigyra reticulata Wafen and Souchet 

Ventsia tricarinata Waie, and Souchet 

lepetodrilus corrugatus McLean 

Lepetodrilus cristatus McLean 

lepetodrilus elevantus McLean 

Lepelodri/usfucensis McLean 

lepetodrilus guaymasensi'i McLean 

lepetodrilusjaponicus 0 1<Utani, Fujikura and Sasaki 

lepetodri/us ova/is McLean 

lepetodnlus pustulosus McLean 

Lepetodrilus schro//i Beck 

Lepetodrilus tevnianus M ::;Lean 

Lepetodrilus sp (in Van Dover et al., 1996) 

Gorgoleptis emarginatus McLean 

Gorgoleptis patulus McLHan 

Gorgoleptis spiralis McL,9an 

Cantraineajamsteci (Okutani and Fujikura) 

He/icrenion reticulatum \Varen and Souchet 

Hyalngyru vitrinelloides 1Naf'en and Souchet 

Hyologyra grass lei Waren and Bouche! 

Hyologyra n sp. (A. Waren, pers. Comm.) 

Xylodiscula major Wa'ren and Souchet 

n sp. (in Van Dover et a/ . 1996) 

Alviniconcha hessleri Okutani and Ohta 

Desbruversw cance/lata 1Nai-en and Boucher 

Desbruyenia marianaensis Okutani 

Desbruyers10 melanioide!> Waf"en and Souchet 

Desbruyersia spinosa Wa'ren and Boucher 

Ifremeria nautilei Bouch et and Waren 
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Provannidae 

Provannidae 

Provannidae 

Provannidae 

Provannidae 

Provannidae 

Provannidae 

Provannidae 

Provannidae 

Provannidae 

Elachisnidae 

Succinidae 

Succinidae 

Succinidae 

Succinidae 

Succinidae 

Turridae 

Turridae 

Turridae 

Turridae 

Turridae 

Turridae 

Turridae 

Cerithiellidae 

Sivalvia 

Eulamellibranchia 

Vesicomyidae 

Vesicomyidae 

Vesicomy1dae 

Vesicomyidae 

Vesicomyidae 

Filibranchia 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Mytilidae 

Pectinidae 

Prorobranchia 

Provanna buccinoides Ware 1 and Souchet 
Provanna g/abra Okutani, F ujikura and Sasaki 

Provanna goniata Wafen ard Souchet 

Provanna ios Wai-en and Bo Jchet 

Provanna laevis Wal-en and Souchet 
Provanna muricata Wal-en c1nd Souchet 

Provanna nassariaeformis O<utani 

Provanna segonzaci Wai-en :md Ponder 
Provanna variabilis Wai-en and Souchet 

Provanna sp A. Waren pers. Comm. 

laeviphitus japonicus Okutani, Fujikura and Sasaki 

Buccinum viridum Dall 

Buccinum sp. Waren and Souchet 

Eosipho desbruyeresi Okula 1i and Ohta 

Eosipho n. sp. A. Waren, p3rs. Comm. 

Neplunea insulalis (Hashimoto et al., 1995) 

Oenopota ogasawarana OkLtani, Fujikura and Sasaki 

Phymorhynchus sp. 2 Wa'reo and Souchet 

Phymorhynchus sp. 3 Wa're1 and Souchet 

Phymorhynchus sp. 4 Wares and Souchet 

Phymorhynchus wareni Sysoev and Kantor 

Phymorhynchus moska/evi Sysoev and Kantor 

Phymorhynchus slarmeri Okutani and Ohta 

N. gen n. sp Waren and Elouchet :n ms. 

C'alyptogena magmfica Boss and Turner 

Ca/yptogena solid1ssima Okutani, Fujikura and Sasaki 

C. pacificaN. lepta complex (see Peek el al., 1997) 

V. gigas/C ki/meri complex (see Peek et al, 1997) 

Eclenegena extenla (see Peek el al. , 1997) 

Bathymod,olus aduloides H~1shimoto and Okutani 

Bathymodiolus hrevior von Gosei, Metivier and Hashimoto 

Bathymodio/us elongatus von Gosei, Metivier and Hashimoto 

Bathymodiolusjuponicu.~· Hashimoto and Okutani 

Bathymodio/us platifrons Hashimoto and Okutani 

Bathymodiolus puteoserpent1.o; van Cosel, Metivier and Hashimoto 

Bathymodiolus septemdierum Hashimoto and Okutani 

Bathymodiolus thermophtlus Kenk and Wilson 

Bathyf!10diolus n sp. 1 Hessler and Lonsdale 

Bathymodiolus n sp 2 (R Lutz, pers. Comm.) 

Bathymodiolus n sp. 3 (C. Metivier, pers Comm ) 

Bathymodiolid n sp. (in Van Dover et al . 1996) 

!das (ldasoia) ww,hmgtoniu Bernard 

Adipicola n sp (E Southv,ard, pers. Comm.) 

Bathypecten vulcani Schein-Fatten 
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Nuculaniidae 

Solemyidae 

Solemyidae 

Arthropoda 

Arachnida 

Acarina 

Halacaridae 

Halacaridae 

Halacaridae 

Halacaridae 

Halacaridae 

Halacaridae 

Pycnogonida 

Ammotheidae 

Ammotheidae 

Ammotheidae 

Ammotheidae 

Ammotheidae 

Ammotheidae 

Crustacea/Cirripedia 

Pedunculata 

Brachylepadidae 

Scalpellidae 

Scalpellidae 

Scaipellidae 

Scalpellidae 

Scalpellidae 

Scalpellidae 

Scalpellidae 

Sessilia 

Neoverrucidae 

Neoverrucidae 

Verrucidae 

Verrucidae 

Pachylasmatidae 

Pachylasmatidae 

Pachylasmatidae 

Crustacea/ Copepoda 

Calanoida 

Spinocalanidae 

Poecilostomatoida 

Clausidiidae 

Clausid1idae 

Erebonasteridae 

Erebonasteridae 

Uncertain 

Oncaeidae 

Siphonostomato1da 

Nucu/ana grasslei Allen 

A char ax a/inae Metivier and van Cose I 

Solemyajohnsoni Dall 

Bathyhalacarus sp. Bartsc:h 

Copidognathus alvinus Ba 1sch 
Copidognathus papil/atus l<rantz 

Copidognathus nautilei Bartsch 

Halacare/lus alvinus Bart~.ch 

Halacarellus auzendei Bartsch 

Ammothea verenae Child 

Sericosura cochleifovea Cl1ild 

Sericosura cyrtoma Child ,3nd Segonzac 

Sericosura heteroscela Child and Segonzac 

Sericosura mitrata Gordon 

Sericosura venticola Child 

Neobrachy/epas relica Newman and Yamaguchi 

Neolepas rapanuii Jones 

Neolepas zevinae Newman 

Neolepas n. sp 1 (in Desbruyeresetal., 1994) 

Neo/epas n sp. 2 (in Fujil<ura et al , 1995) 

Neo/epas n. sp. 3 (in Southward et al., 1997) 

Scillae/epas n. sp (in Newman, 1985) 

Gen. N. sp. (W Newman, pers Comm.) 

lmbracoverruca n. sp (in Desbruyeres et al., 1994) 

Neoverruca brachylepadoformis Newman and Hessler 

Verruca n sp. 1 (in Newman, 1985) 

Verruca n. sp. 2 (in Newman, 1985) 

Eochionelasmus ohtai Yamaguchi and Newman 

£uchionelasmus paquensi.1 Yamaguchi and Newman 

Eochionelasmus n. sp. (in Desbruyeres et al., 1994) 

lsaacsicalanus paucisetus Fleminger 

Hyphalion captans Humes 

Hyphalion sp. (in Hashimoto et al , 1995) 

Amphicrossus a/ta/is Humes and Huys 

Erehonaster prolentipes Humes 

Laitmatobius crinitus Hurnes 

Oncaea praeclara Humes 
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Dirivultidae Aphotopontius acanthinus Humes and Lutz 4,Y 

Dirivultidae Aphotopontius arcuatus HumHs 3,4,5,Y 

Dirivultidae Aphotopontius atlanteus Humes 9,Y 

Oirivultidae Aphotopontius baculigerus Humes 3,5,Y 

Dirivultidae Aphotopontius flexispina Humes 3,Y 

Dirivultidae Aphotopontius forcipatus Humes 1,9,Y 

OirivulMae Aphotopontius hydronalilicus Humes 4,Y 

Oirivultidae Aphotopontius limatu/us Hum es 3,5,Y 

Oirivultidae Aphotopontius mammillatus Humes 2,3,4,5,Y 

Oirivultidae Aphotopontius probo/us HumHS 5,Y 

Dirivultidae Aphotopontius tempera/us Humes 9,Y 

Dirivultidae Benthoxynus spicu/ifer Hume8 1,Y 

Oirivultidae Benthoxynus tumidiseta Humeis 4,Y 

Dirivultidae Ceuthoecetes aliger Humes and Doiiri 3,4,5,Y 

Dirivultidae Ceuthoecetes acanthothrix Humes 3,4,5,Y 

Dirivultidae Ceuthoecetes cristatus Humes 3,4,Y 

Dirivultidae Ceuthoecetes introversus Humes 3,5,Y 

Oirivultidae Chasmatopontius thescalus Hu 11es 7,8,Y 

Oirivultidae Cheramyzon abyssale Humes 4,Y 
Oirivultidae Exrima dolichopus Humes 4,Y 

Oirivultidae Exrima singula Humes 3.Y 

Oirivultidae Nilva torifera Humes 3,4,5,Y 

Oirivultidae Rhogobius contractus Humes 3,4,5,Y 

Dirivultidae Rhogohius pressulus Humes 5,Y 

Dirivultidae Rimipontius mediospinfer Humes 9,Y 

Dirivultidae Scotoecetes introrsus Humes 4,Y 

Dirivultidae Stygiopontius appositus Humes 3,4,Y 

Oirivultidae Stygiopontius brevispona Humes 7,Y 

Oirivultidae Stygiopontius bulbisetiger HL mes 9,Y 

Oirivultidae Stygiopontius cinctiger Humes 3,4,Y 

Dirivultidae Stygiopontius cladarus Humes 9,Y 

Dirivultidae Stygiopontiusjlexus Humes 2,Y 

Dirivultidae Stygiopontius hisp1dulus Hurres 3,4,Y 

Oirivultidae Stygiopontius latulus Humes 9,Y 

Dirivultidae Stygiopontius /auensis Hume·; 7,Y 

Oirivultidae Stygiopontius humiger Humes 3,Y 

Dirivultidae Stygiopontius mirus Humes 9,Y 

Dirivultidae Stygiopontius mucroniferus Humes 2,Y 

Oinvultidae Stygiopontius paxil/ifer Humes 3,Y 

Dirivultidae Stygiopontius pectinatus Humes 8,9,Y 

Dirivult1dae Stygiopontius quadrispinosus Humes 1.Y 

Dirivultidae Stygiopontius regius Humes 9,Y 

D1rivultidae Stygiopontius rimivagus Humes 9,Y 

Dirivultidae Stygiopnntius sentifer Hume~. 3,4.Y 

Dirivultidae Stygiopontius serratus Humes 9,Y 

Dirivultidae Stygiopontius stahilitus Humes 4,8,Y 

Dirivultidae Stygiopontius teres Humes 9,Y 

Dirivultidae Stygiopontius verruculatus HtJmes 3,Y 
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Ecbathyriontidae 

Uncertain 

Megapontiidae 

Harpacticoidea 

unk 

Crustacea/Ostracoda 

Mydocopida 

Philomedidae 

Mydocopida 

Philomedidae 

POdocopida 

Cytheruridae 

Cytheruridae 

? 

Crustacea/Pencarida 

Leptostraca 

Nebaliidae 

Amphipoda 

Amphilochidae 

Callopiidae 

Eusiridae 

Eusiridae 

L ysianassidae 

Lysianassidae 

Lysianassidae 

Lysianassidae 

L ysianassidae 

L ysianassidae 

Lysianass,dae 

Lysianassidae 

L ysianassidae 

Pardaliscidae 

Pardalisc,dae 

Sebidae 

Stegocephalidae 

Stegocephalidae 

lsopoda 

Criptoniscidae 

Tanaidacea 

Leptognathiidae 

Leptognathiidae 

Crustacea/Eucanda 

Decapoda 

Alvinocarididae 

Alvinocarididae 

Alvinocarididae 

Alvinocandidae 

Alvinocandidae 

Ecbathyrion pro/ixicauda Humes 

Fissurico/a caritus Hume:; 

Hyalopontus boxsha/li Hu mes 

n. sp. (R. Huys, pers. Ccmm.) 

Euphi/omedes climax Kornicker 

Prionotoleberis styx Kornicker 

N Gen. n. sp (in Desbruyeres et al., 1994) 

Xy/ocythere n. sp. Van Harten 

Poseidonamicus sp. (in Gebruk et al., 1997) 

Dahle/la caldariensis Hes.sfaer 

Gitanopsis a/vina Hesser 

Oradarea longimana (Bo,,ck) 

Bouvierella curtirama Be Ian-Santini and Thurston 

Luckia striki Bellan-Sant,ni and Thurston 

Apotectonia heterostegos Barnard and Ingram 

Euonyx mytilus Barnard and Ingram 

Hirondel/ea glutonis Barnard and Ingram 

Orchomene abyssorum Barnard and Ingram 

Orchomene distinctus Barnard and Ingram 

Tectovalopsis diabolus Barnard and Ingram 

Tectovalopsis wegeneri 83rnard and Ingram 

Transtectonia torrentis Barnard and Ingram 

Ventiella sulfuris Barnar,j and Ingram 

Ha/ice hesmonectes Martin, France and Van Dover 

Pardalisca endeavouri St1aw 

Seba profundus Shaw 

Steleuthera ecoprophycea Bellan-Santini and Thurston 

Ecuandania sff lngens stebbing 

Thermaloniscus coty/ophlrus Bourdon 

Leptognathia ventra/is Hasen 

Typ/o~anais sp Hanser.1 

Alvinocaris longirostris \JVilliams 

Alvinocaris /usca Williams and Chace 

Alvinocart:'i markensis Williams 

Alvinocaris sp (in Desbruyeres et al , 1994) 

Chorocaris chacei Willia TIS and Rona 
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Alvinocarididae 

Alvinocarididae 

Alvinocarididae 

Alvinocarididae 

Alvinocarididae 

Mirocaridae 

Mirocaridae 

Hippolytidae 

Hippolytidae 

Hippolytidae 

Nephropidae 

Oplophoridae 

Oplophoridae 

Caridea 

Chirostylidae 

Chirostylidae 

Chirostylidae 

Chirostylidae 

Galatheidae 

Galatheidae 

Galatheidae 

Galatheidae 

Galatheidae 

Galatheidae 

Galatheidae 

Galatheidae 

Galatheidae 

Bythograeidae 

Bythograeidae 

Bythograeidae 

Bythograeidae 

Bythograeidae 

Bythograeidae 

Bythograeidae 

Bythograeidae 

Geryonidae 

Lithodidae 

Lithodidae 

Majidae 

Echinodermata 

Echinoidea 

Echinoida 

Echinidae 

Holothuroidea 

Apodida 

Synaptidae 

Stelleroidea 

Asteroida 

Chorocaris vandoverae Martin and Hessler 
Chorocaris sp. (in Desbruyeres et al., 1994) 

/orania concordia Veresgcl"-aka 
Rimicaris exoculata William:; and Rona 

Rimicaris aurantiaca Martin et al. 

Mirocaris (Chorocaris) fortunata Martin and Christiansen 
Mirocaris J;e/dyshi Vereshchaka 

lebbeus carinatus de Saint _aurent 

lebbeus washingtonianus (in Fujikura et al., 1995) 

Lebbeus sp. (in Desbruyeres et al., 1994) 

Thimopides sp. (in Segonwc, 1992) 

Acanthephyra purpurea Milne-Edwards 

Sys/el/apsis braueri Balss 
Paracrangon n. sp. (in FuJi~:ura et al., 1995) 

Uroptychus bicavatus Baba and de Saint Laurent 

Uroptychus thermalis Baba and de Saint Laurent 

Uroptychus n. sp. (A Williams, pers. Comm.) 

N. Gen. n. sp. (A Williams. pers. Comm.) 

Munida magniantennu/ato Baba and Turkay 

Munidopsis alvisca Williams. 

Munidipsis cf. crassa Segonzac 

Munidips1s /auensis Baba and de Saint Laurent 

Munidipsis /en1igo Williams and Van Dover 

Munidipsis marianica Williams and Baba 

Munidipsis stormer Baba ard de Saint Laurent 
Munidipsis subsquamosa Henderson 

Munidipsis sp. (in FuJ1kura gfaf., 1995) 

Austinograea alaysae Guinot 

Austinograea williamsi Hessler and Martin 

Bythograea intermedia de Saint Laurent 

Bythograea /aubieri Guinot and Segonzac 

Bythograea microps de Sair1t Laurent 

Bythograea thermydrun Williams 

Cyanagraea praedator de S3int Laurent 

Segonzacia mesat/antica Williams 

Chacen a/finis Milne-Ehwards and Bouvier 

Paralumis jamsteci Takeda and Hashimoto 

Paralom1s sp. (in Desbruyeres et al , 1994) 

Macroregonia macrochira Sakai 

Echinus alexandri Darnelss,:m and Koren 

('hirodota n sp. (in Desbruyeres et al.. 1994) 
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Goniasteridae 

Ophiurida 

Ophiuridae 

Hemichordata 

Enteropneusta 

Saxipendiidae 

Ceramaster misakiensis (in Hashimoto et al. , 1995) 

Ophioctenel/a acies Tyler et al. 

Saxipendium corona/um \/Voodwick and Sensenbaugh 
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Table 5-4. Vagrant taxa observed near hydrothermal vents. Most of these octopods and fish are most 

likely to be 'visitors' at vents although several, such as Themarces. are obviously abundant 

inhabitants of vents. Numbers and letters in the last column are the same annotations as Table 5-3 

Mollusca 

Cephalopoda 

Octopoda 

Cirroteuthidae 

Octopodidae 

Octopodidae 

Chordata 

Chondrichthyes 

Chimaeriforrnes 

Chimaeridae 

Chimaeridae 

Scyliorhinidae 

Squaliforrnes 

Squalidae 

Squalidae 

Squalidae 

Squalidae 

Osteichthyes 

Anguiliforrnes 

Synaphobranchidae 

Synaphobranchidae 

Synaphobranchidae 

Synaphobranchidae 

Beryciforrnes 

Berycidae 

Gadiforrnes 

Gadidae 

Macrouridae 

Macrouridae 

Moridae 

Moridae 

Lophiiforrnes 

Chaunacidae 

Chaunacidae 

Notacanthiforrnes 

Notacanthidae 

Ophidiiforrnes 

Bythitidae 

Perciformes 

Apogonidae 

Bythitidae 

Cycopteridae 

Zoarcidae 

Cirroteuthis magna Hoyle 

Graneledone spp. 

Benthoctopus spp 

lfydro/agus mirab1/is Collett 

Hydro/agus pallidus Hardy and Stehmann 

Apristurus maderensis Cadenat and MauJ 

Centroscymnus coe/olepis Bo,;age and Capello 

Etmopterus mirabi/is (Collett; 

Etmopterus princeps Collett 

Etmopterus pusil/us (Lowe) 

I(vophi, blachei Saldanha and Merrett 

Simenchelys parasillca Goode and Bean 

Synaphobranchus kaup1 Johnson 

Thermohrotes mylllogeiton G1~istodoerfer 

Beryx splendens Lowe 

Gaidropsarus n. sp. Saldant,a and Biscoito 

Coe/orhinchus cf. /ab1a/us (~:oehler) 

Nematonurus armatus Hector 

lepidion ? schmidt, Svetoviclov 

Mora moro (Risso) 

Bathychaunax roseus (Barbour) 

Chaunax sp. Biscoito & Saldanha 

Po(vacanthonotus ct. r,ssoanu.\ (Filippi and Verany) 

Cataetyx laticeps Koefoed 

Ep1gonus te/escopus (Risso) 

Bythites hol/isi Cohen, Rosenblatt and Haedrich 

Careproctus hya/e,us Geistdoerfer 

Pachycara gynmium Anders,Jn and Peden 

-24.1-

9,N 

5,? 

5,? 

9,N 

9,? 

9,N 

9,N 

9,N 

9,N 

9,N 

9,? 

9,N 

9,N 

7.Y 

9,N 

9,Y 

9,N 

9,N 

9,N 

9,N 

9,N 

9,? 

9,N 

9,N 

9,N 

3,4,5,Y 

4,Y 

1,N 



Zoarcidae Pachycara thermophilum Geistdoerfer 9,Y 
Zoarcidae Tennarces cerberus Ros,~nblatt and Cohen 3,4,Y 

Scorpaenifonnes 

Scorpaenidae Trachyscorpia cristu/ata (Koehler) 9,N 
Zeifonnes 

Oreosomalidae Neocyttus helgae (Holt and Byrne) 9,N 
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Fig. 5-1. Distribution of the known hydrothermal vents and cold seep communities 

e: Hydrothermal vent communities, Q: Vent activity or vent origin sediment. 

* cold seep communities. *' Fossile of hydrothermal vent community, 
•·-. [Ji \.ergence and convergence of pl ates. 
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Fig. 5-2. Distribution of major vent sites around the world. Each dot may incorporate 

se,eral vent fields. The initials refer to generalized regions discussed in 

the text I\D=southeast Indian Ridge, LHl=Lau, Fiji, '.Janus, Woodlark and 

Lihir sites. '-IBJ=llarianas. Bonin and Okinawa sites: \EP 0 Explorer. Juan de Fuca and Gorda 

Ridges: nEPR=9' through 21"\ East Pacific Rise (including Guaymas Basin): G,\L=Galapagos 

Rift: sFPR=l7"S through 25"S: .\TL=mid-Atlantic Ridge sites. (After Tunnicliff et al., 1998) 



I 
Ii: 
" I 

60 

!~30 

0 

30 

60 

90°E 120 150 180 150 120 90°W 60 30 0 30 60 90°E 

Fig. 5-3. Location of margin could seeps below 500m (field circles) and whales carcasses. 
Only the better-known seeps are shown: Jps=shallow Japan: Jpd=Japan Trench: ~le=Aleutian 
Trench: Ore=Oregon margin: ,Jon=\lonterey Canyon: Per=Peru 11argin: Lsp=Loui s i ana s I ope: 
FL:icFlorida margin: Bar=Barbados Prism: Lfn=Laurentian fan. (\lore information about 

these and other sites can be found in Sibuet and Olu, 1998.) 
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Fig. 5··4. Overall composition of the total invertebrate fauna 

(as listed in Table 5-3) recorded from vents. (After Tunnicliff et al .. 1998) 
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Fig. 5-6. Representation of the range of invertebrate vent species and genera. The number of 

sites at which each species and each genus occurs was tabulated. "Sites" are those listed in 

fable 5-3 The dominant pattern is that the great majority of species are found at only one site. 

Genera tend to have wider ranges. 
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Fig. 5-7. Gastropod families with the widest vent distributions. Families known also from the 

deep sea are not among the most widely distributed families at vents. (~frer Tunnicliff et al., 

1998) 
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Fig. 5 8. Overlap of species among s1lphide"rich habitats and the seep sea. 

Vent and seep habitats ilre represented by triangles overlapping with each 

other and with the seep sea. Species displayed within the triangle represent 

the number of endemics. while the number of overlap species are also 

indicated (? meilns species not yet identified). The whale represents the 

species found on decaying bones on the ocean floor. Of the total whale bone 

species shown, two species are known from whale bones, seeps and vents: one 

is found at bone. vent and deep sea: four are known from vents and bone, 

while one other is known only from bcne and seeps: the remainder are endemic 

to bones (Adapted from Tunnicliff et al., 1998) 

-252-



() 

10 

20 
cm 

Bollom 

Calyplogena sp. 

• • 0 o 0 
0 
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Fig. 5-11. Summary diagram to i l lustr-ate the factors presumed to induce 

speciation in the hot v2nt environment. 
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Fig. 5-12. The model of hydrother·mal vent and communities in 

East Pacific ,Rise. 

Fig. 5-13. Black smoker in hydrothermal vent. 
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Fig. 5-14. Giant clam Ca/yptogene sp. colonizing on the sediment and a stone 

crab Para/omis sp. Scalpel lids cover the outcropping rocks, 

Hydrothermal Vent. 

Fig. 5-15. Cold-seep communities in Sagami Bay. 
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Fig. 5-16. Overview of the Torishima whale bone animal community (TOWBACK) 

taken from the tail site. 

Fig. 5-17. Elongated type of medium-size mussel, Bathymodiolus sp, 
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Fig 5-18. Lar·gc vestimcnt.i feran t.L;be worm protruding gill filaments 

c1.nd ohtur-3.cu \ um_ 

Fig 5-19. The liv·ing vcstimentifcrnn tube wonn in aq11arium in the Japan 

\1arinc Science and Technology Center-. 
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.\ppendix I. \leteorological information during the Cruise 

D.\TE : 19981;'1 8~ 21 '1cI ¥{;;(BC) <>i/,J(C) 0 1-'r<>i/d(0) B](R) 'l_l:1H(FI 

I I , Local , 

! Time j-
~ g• Lo4:oo 01. l 5 14 

.. - ---7 

Loc~tio~- _ _ !, Wi~d- :·I ~ Barometer Tempe_r_"tur-e( ·c) I Weather I 

(\) f (W) i Dir I For,:e (mbarl Dry r Sea 

9 ' ~-7.:_ '1_4()_' ESE t 3 _1_010 _ 26--=-- _ ~~ __ B_C __ 
- -

08:00 '8° 52. 565' 14 

12:00 30 45. 449' 14 

16:00 30 36.425' 113 
----1--

1° 22.428' ESE 1 3 +=1010 lio BC 

0° 26.534' SE l 2 1010 30_+-31 _B_c _ __, 
9° 29. 846'. SE j 2 1009 31_ _ _____ . BCJ 

l_2±_90_1~~5-82~·13::;i1~N~-t: __ :~:} __ -r-J~ - -1~-1~ --~: 20:00 ~

0 _30 l 64 , 113 
--- --

DATE : 19981;'1 8~ 22'1cl ¥{;;(BC) <>i/d(C) 0 f"r<>i/d(0i B](R) 'l_l:7HIF) 
- -.--- --·--

1 
Barome~~; ~~em_pe.rature( °C) I- ---

-,------- -- -.... --r-- --· (mbar) L--•--r·y- -Tl Se--a Weather 
(\) ! (111 Dir. 1 For,:e 

f--0-4-: -00-+-8-0-4 l-_4_62_' j_l 3_7.'.___ 4_9 .-_09~' - -_SE_+-_--+----_-_1-0_·;_;; __ +-
1

_2_7_-_-'.,.:_~-=-~I----~~--

Local 

Time : 

Location Wind 

08: 00 8° 50. 167' , 137° 32. 186' SE 2 1011 31 , BC 

: 12:00 8° 40.440' 138° 19.616' s 1011 29 -- 31 -! -- - BC ----1 
,---~-
, 16.00 18° 43.435' 138° 47.572', \ I 
,-·--•-i ---------------1----- --- -+- --+-- --+--------~-~ 

,

1 

20: 00 I 8° 46. 749. 138° 29. 834 · i \ 2 

24:00 I 8° 50.429' 138° ll.818' \E 2 ·r--

1010 

1011 

29 

L-~--

29 
; 

1011 28 , - ____ l _____ - j_ __ 

r-------1 

. BC ! 

I . ,-
BC 
----i 
BC I 

D.\TE 19981;'1 8~ 23°,l 1,-l;;(BCI <>i/d(CI of-'r<>i/di0J B]IRI 'l_l:1H1FI 

1Local-~l L~catio~ - -f -l\1~; Barometer :Temperature( ·c) [ \leather ] 

TI me - ( \ I _ _ (\;I___ [J~F<,~ ~e I mbar) ___;___Dry : Sea_ L ___ ~ 
10400_1~:-~398:..:137~52502J ~-1 +-1_01_2___ ~-~7 ______ 1_Bc __ j 

Los oo_t~ 58 528 _137 _3~ 31_:i__ -~-L 4 1012 f, 20 R ; 

, 12:00 !8° 46.650' 137° ,,6.988' 11 I 3 IOll 2fi 31 O ___ _;_______ ---+-- ------- -- - ~ 

16:00 8° 51.037' 137° :36.581' \E 2 !009 : 29 

· 20: 00 8° 58. 320 . 137° 28. 507' ESE 

i 24 00. s· 55.518' l3T 3!.809' SE 
----~ 

L - --- --- - - _ _____, - -

3 

5 
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Appendix I. continued. 

D.\TE 1998\1 8'l,l Z4°J 

DUE 1998\1 8'l,J 25',l ~g(BC) ~'LliCI of"r~'Ll(0) B](R) '117ij(FI 

0-\TE: 1998\! 8'l,J 26°J ~g(BC) ~'LllCI 0 f"r~'tJ(0i Bj(R) 

ILoca~-- -~ocation~-- - ' ~d -J Barometerrem;,;;~.~e1·c1j 

L.2_1_me ' (\) -r- (II) __ , Dir _i force l _ lmbarl _ ~ry __ '_Sea 

_ ~ ::~:: :: ::a~:: : :~ :: l u ::,: • :: 1 
_1_2_~00 ~45941 · .

1

,1~8_°___3,33.s SE ~-2.. 1010 ~-22 L _ _:i1 
16 00 18° 46.444' 138° 30. 752'i ESE 3 . 1010 27 

I ----" - -- -- •. --------' - --- - _ ___(_ - • 

JOOOl8° 5!:._582 _,137° 41.057' ''-+ J 

24 oo 'w 54.828' IJ3r 40.337'. \ 2 

101 I 27 

1011 27 
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.\ppendix I. continued. 

D-ITE 1998\1 8~ 28~ ',J';;(BC) .it',J(C) ofTi,-',j(O) ti](R) '<}7fl(FI 

ILo~·al Location ... -IT . ~ind ~ B~rometer 'Temperature("C)l
1 

~.-

l_!~m_"_ ~-(~)_ T- (~)_-_~Di~ I F;;~~~mba_r_l__ r [);;7 ·-Sera_,._~eather : 

~04 00 ___ TR.\:-SSIT ___ _ \\\ __ t--2 .. -1------- i 27 . _ _ I __ BC __ ! 

~08 00 l_ -- _rn.\r\SIT __ ·t:'i~z--t--- _II_ 22.__J _~_, __ Bc_ ---j 
! 12:00 · L . · 1 I r;-6~t-~-~r----- ·r-- · -t- - -, .. -t-~1-~-----
i 20 oo 1· ---- - ~ -- -- -- i- T- -- t 

~~~001_ ______ f- 1 r_--L-- -r ,-- --- ---1 

-269-



Appendix 2. Cruise time table. 

Location Ooer. Item Dist. Time Cum.T Cum.T Date 
Lon Lat km hour llour day/h yr. mon. day time 

HSptl 13845 830 0.0 0 00/00 1998.08.21 19:53 

line H #01 146.1 I 1.3 II 00/11 1998.08.22 07:12 

HSPt2 13727 846 
line H #01-1 9.4 0.4 12 00/11 1998. 08. 22 07:38 

HSot3 13728 851 
line H #02 146.1 6.6 18 00/18 1998.08.2214:15 

HSot4 13846 835 
line H #02-1 15.2 1.2 20 00/19 1998.08.22 15:29 

HSot5(Seis I) 13848 843 
line H #03 (seismic) 146.0 17.0 37 01/12 1998. 08. 23 08:31 

HSot6(Seis2) 13730 859 
line H #03-1 5.6 0.6 37 01/13 1998.08.23 09:10 

HSot7 13730 856 
line H #04-a 18.8 1.0 38 01/14 1998.08.23 10:10 

HSpt7-a 13740 854.4 
line H #04-b 10.3 0.5 39 01/14 1998.08.23 I 0:40 

HSpt7-b 13745 854.5 
line H #04-c 8.9 0.4 39 01/15 1998. 08. 23 I 1:05 

HSot7-c 13750 853.3 
line H #04-d 16.0 0.7 40 01/15 1998. 08. 23 11:50 

HSot7-d 13757 847.7 
line H #04-e 14.1 0.8 41 01/16 I 998. 08. 23 12:40 

HSot8 13750 844 
line H #05 37.6 1.8 43 01/18 1998.08.23 14:31 

HSot9 13730 848 
line H #05-1 10.3 0.7 43 01/19 1998.08.23 15:12 

HSptl0 13728 853.2 
line H #06-a 33.0 1.6 45 01/20 1998.08.23 16:47 

HS pt I 0-a 13745 849.1 
line H #06-b 4.6 0.2 45 01121 I 998. 08. 23 17:00 

HSptl0-b 13748 849 
line H #06-c 3.9 0.2 45 01/21 1998.08.23 17:12 

HSotl0-c 13750 849.7 
line H #06-d 3.7 0.2 45 01/21 1998. 08. 23 17:22 

HSotl0-d 13749 851.6 
line H #06-e 4.0 0.2 46 01/21 1998.08.23 17:34 

HSotl0-e 13747 852.5 
line H #06-f 9.0 0.4 46 01/22 1998.08.23 18:00 

HSotJ0-f 13742 852.4 
line H #06-• 23.5 I. I 47 01/23 1998.08.23 19:07 

HSptl I 13730 854.8 EOL 
transit to HSt. I 6.3 0.3 48 01/23 1998.08.23 19:28 

HSt. 0 I 13729 858.1 CTD#3 2.8 50 02/02 1998. 08. 23 22: 16 

HSt.0 I to HSt.02 8.1 0.5 51 02/02 1998.08.23 22:48 

HSt. 02 13732 855.2 CTD#4 2.4 53 02/05 1998.08.24 01:10 

HSt.02 to HSt.03 10.7 0.6 54 02/05 1998.08.24 01 :45 

HSt. 03 13738 854.6 CTD#5 2.3 56 02/08 1998.08.24 04:00 

HSt.03 to HSt.04 1.0 0.1 56 02/08 1998. 08. 24 04:07 

HSt. 04 13738 855.1 BC#l,2 4.5 61 02/12 1998.08.24 08·.35 
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HSt.04 to HSt.05 0.7 0.8 62 02/13 1998. 08. 24 09:25 

HSt. 05 13738 854.8 PC#3 2.1 64 02/15 1998. 08. 24 11 :30 

HSt.05 to HSt.06 0.9 1.0 65 02/16 1998.08.24 12:30 

HSt. 06 13738 854.3 MC#I 2.2 67 02/18 1998.08.24 14:39 

HSt.06 to HSt.07 7.4 0.5 67 02/19 1998. 08. 24 15:07 

HSt. 07 13741 856.9 DREDGE#5 5.6 73 03/00 I 998. 08. 24 20:43 

.!:!St.06 to HSt.07 9.6 0.6 73 03/01 1998.08.24 21 :19 

HSt. 07• l 13737 853.9 DREDGE#6 5.7 79 03/07 1998.08.25 03:01 

HSt.07 to HSt.08 2.1 1.0 80 03/08 1998.08.25 04:00 

HSt. 08 13741 858 DSC 3.5 84 03/11 I 998. 08. 25 07:29 

HSt.Q8 to l ISt.09 1.8 0.2 84 03/1 I 1998.08.25 07:40 

HSt. 09 13741 857 CTD#6 1.9 86 .Q3/l 3 1998. 08. 25 09:35 

HSt.09 to HSt. I 0 53.5 2.4 88 03/16 1998.08.25 12:00 

HSt. IO 13808 846 CTD#7 4.9 93 03/20 I 998. 08. 25 16:51 

Transit to SeaBeam 50.2 1.9 95 03/22 1998.08.25 18:47 

HSotl2 13835 841.5 
line H #07-a 9.0 0.3 95 03/23 1998. 08. 25 19:05 

HSotl2•a 13840 841.1 

line H #07•b I 3.5 0.5 96 03/23 I 998. 08. 25 19:36 

HS pt I 2·b 13847 842 
line H #07•c 4.0 0.2 96 03/23 1998. 08. 25 19:46 

HSptl2•c 13847 839.9 

line H #07•d 5.6 0.2 96 04100 I 998. 08. 25 20:00 

HSptl2·d 13845 837.5 
line H #07•e 5.5 0.2 96 04/00 1998. 08. 25 20: 13 

HSotl2•e 13842 839 
line H #07-f 7.0 0.3 97 04/00 1998. 08. 25 20:32 

HSotl2-f 13839 837.3 
line H #07-g 7.5 0.3 97 04100 I 998. 08. 25 20:51 

HSot12-g 13836 834.5 
line H #07•h I 8.5 0.7 98 04/01 1998. 08. 25 21 :35 

HSotl 3 13846 832.2 EOL 

Transit to HSt.11 5.2 0.3 98 04/01 I 998. 08. 25 21 :50 

HSI. 11 13845 835 CTD#8 1.6 100 04/03 1998. 08. 25 23 :25 

HSt.l I to HSI. 12 17.0 0.8 100 04/04 1998. 08. 26 00: 13 

HSt. I 2 13837 831.9 CTD#9 2.1 102 04/06 1998.08.26 02:18 

HSt.12 to HSt.13 4.? 0.3 103 04106 1998. 08. 26 02:38 

HSt. 13 13839 831.3 MC#2 2.0 105 04/08 1998. 08. 26 04:40 

HSt.13 to HSt.14 24.9 2.2 107 04/1 i 1998. 08. 26 06:53 

HSt. 14 13845 843.3 DREDGE#? 3.2 110 04/14 1998. 08. 26 I 0:05 

HSt.14 to HSt.15 25.4 1.8 112 04/15 I 998. 08. 26 11 :51 

HSt. 15 13831 845.9 PC#4 4.0 116 04/19 I 998. 08. 26 15:52 

HSt.15 to HSt.16 94.7 4.0 120 04/23 1998.08.26 19:51 

HSt. 16 13741 857.5 CTD#I0 2.2 122 05/02 1998. 08. 26 22:00 

HSt.16 to HSt.17 5.5 0.5 123 05/02 1998.08.26 22:27 

HSt. 17 13739 855.6 DREDGE#8 5.6 128 05108 1998.08.27 04:05 

HSt.17 to HSt.18 I 1.0 1.0 129 05109 1998. 08. 27 05:05 

HSt. I 8 13735 850.8 DREDGE#9 5.4 135 05/14 1998.08.27 10:30 

HSt.18 to HSt.19 12.2 1.4 I 36 05/16 1998.08.27 11 :57 

HSt. 19 13735 857.4 CTD#ll 2.4 138 05/18 1998.08.27 14:18 

Transit to Koror 371.2 16.7 155 06/11 1998.08.28 07:00 

Koror in Palau 13430 730 
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