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SUMMARY 

I. Title of the Study 

A Geochemical Study for the Submarine Hydrothermal Mineralization II 

II. Geochemical Investigation of the deepsea 

hydrothermal mineralization process 

Massive sulfide deposits associated with hydrothermal systems in the deep 

ocean floor contain economically valuable metal resources such as gold, 

silver, zinc and copper and are, therefore, sought after by many of the 

developed countries around the world. Korean economy relies very heavily on 

the import of these metals from foreign countries. As their demand continues 

to rise and for the purpose of our national interest, it is important that we 

need to find ways to guarantee stable supply of these metals. Hydrothermal 

systems are also natural laboratories for investigating tectonic movements of 

earth's surface, geochemical recycling of material, environmental changes, 

and the origin of life. Therefore studies deepsea hydrothermal systems will 

also expand and improve marine scientific capability, 

The purpose of our hydrothermal program is to conduct systematic survey 

of the hydrothermal systems around the western Paci fie island arc and assess 

their potential as mineral resources. Th is multi-year program is supported 

by KORDI. In the first vear 1998 d d ., , , we con ucte a survey in the Yap Island, 



' 

.,. 

This reJX)rt deals with our survey in the second year, which was conducted in 

the Bismark Sea in the waters of Papua New Guinea, in a place known as Manus 

Basin. The report summarizes our investigation of the bathymetry, tectonic 

structures, and mineralization processes of the hydrothermal vent fields of 

the Manus area. 

Ill. Survey Results 

Geophysical survey including bathymetric mapping and sub-bottom profiling 

comprised the first part of survey. Based on these initial results, sites 

for sampling and detailed measurements were chosen. Bathymetric survey was 

conducted using Sea Beam 2000. We also used precision depth recorder, Simrad 

EASOO. For the first time in our program, we conducted magnetic field 

measurement using proton magnetometer near the sea surface. Ten sites were 

targeted for dredging and five for piston coring and multiple coring. We 

also performed twelve CID castings, 

The geophysical aspect of the survey can be divided into two: bathymetric 

mapping of the New Britain Trench, including the corner of the trench, and 

detailed survey of area in the eastern Manus Basin where active hydrothermal 

ventings are occurring. The area surrounded by New Britain, New Ireland, 

Bougainvi I le and New Britain Trench was surveyed to see if the two major 

faults within the basin, the Wei tin and Djaul Faults, continue in this area. 

Our survey revealed that the faults terminate just southeast of the New 

Ireland as they run into Queen Emma Basin. There exist new sets of fault to 

the south of the Queen Emma Basin and we refer to them as ~Queen Emma Grabenw 

(new name). We also identified the extent of a basin to the east of New 

Britain and named as #Saint Georges Basin#. The detailed multibea.m 
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bathymetric map that we obtain during this survey is technically more 

accurate than previous maps obtained in early 90s by Japan and the United 

States. In fact, it wi 11 be the most up-to-date map and serve as a valuable 

information for ODP Leg 193 which wi 11 dri 11 PACMANUS vent field at the end 

of year 2000. Magnetic field measurements of the east Manus Basin revealed 

that the three major vent fields, PACMANUS, DESMOS and Susu Knolls, exhibit 

contrasting anomaly and distribution. Studies are underway at the moment to 

find out if the differences are due to variation in the thickness of magnetic 

source layer and/or its magnetization intensity. The result will help us to 

better evaluate the mineral potential of these sulfide mounds. 

Hydrothermal vents are important source of CC½, CH., H2S, 3He, Mn, Fe and 

REE, which are transferred from the crust to the water column in the form of 

a plume. These elements can serve as important geochemical tracers for 

investigating the flow and other characteristics of plume as well as in the 

search for new plume. The decay of H2S concentration in the water column is 

much faster than that of 3He and Mn and therefore it is difficult to use HzS 

in the general search and study of plume. However, very near the vent, it is 

possible to use H2S and during our survey we measured concentration of H2S in 

the range of 3~8 DIM. The height, flux and intensity of the plume are 

generally affected by circulations in the deep water and the spread of plume 

follows along the isopycnic surface, Therefore the observed H2S anomaly()l.5 

µMl can provide important clue for the source location and it appears that 

the largest source in the PACMANUS is aligned in the north-south direction. 

Chimney samples from the hydrothermal vent fields were obtained at the 

crest of Pua! Ridge in an area called Roman Ruins and at the top of the Susu 

Knolls. The samples show strong regional characteristics with those from 

Roman Ruins showing zinc concentrations as high as 57% and those from Susu 

Knolls 60% of copper. Both sites show high concentrations of gold and 
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silver. In the terrestrial region, concentrations with even 5 ppm of gold 

are sometimes considered economical. However, the discovery of 63 ppm of 

gold at Roman Ruins and 35 ppm at Susu Knolls is very promising.The findings 

from our survey in the Manus Basin wi 11 serves as important information for 

future developments of massive sulfide deposit in the marine hydrothermal 

environments. 
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t.-il-r In l-<1 cS" It i,. ~ ~ aQi¼lr :; lo Jols- a.J\-lt I oi,c 1~ !<c-!i> Ir -i,-jl.-i,c,!,i,, 

f"I• fyj2jn ·J::ilo t':l,.t':1i" · j;/:jj. kliololr li!lo fr 'lriifjl.,~ 'li,lo1°o~ 

-½lo ·-r:~1,.-R,{l: ~Ir l•lo lioU!AIV ~9~l•fs- klio(N.lZ 'solradeJ•D)lolo 

vt':l1tl2ll:: r,ll61 ;;H ali!lo ·1:1~ I•?...- aQ;,,.- filriF !01'l,,i,c9l!, 

::lo -r:!,.?,-i',- lri¼ -l"-lr ::11<>1,<i• ;;-§-lr~t,:,0ol• !rlail,~ !Pr<Ol61 

~ ~Y {i:" I I~ 

lo ~y i'i: l l~Y 



'/ ~.-f:: oj~ >Cf-1,i_ofl cfl"11A1:: nJ{!'(!:,j.2f cf~7f>C].s'. .:;J-'!J >!]'!!-£ Jl.'/l1'f'l:l2, 

~f Natilus Mineral Corporationt Papua New Guniea~-¥-Ei <lff~ ~'?~AJ 

7fl'\!-£ ~'\) '!/-,'-~ ~.!;l_;;-\oj "t1J'!\ 'l!Af'll_~ :t.\lif1'f9:lc:\. 

f-i!J 1.faf:: il~ 1i-ll-"I~-& 719-l ~'l>' •l9-l 'i"'ll<>ll g.J~.-12 ~2-o! ::2 

'f"Jl.7\ 1!¾1'f.!,._s'. 1/-ll->Cf~g_j ?>'7] • ~'ll"l ¾ii!--tl. ~.!;'_7\ '!!A.!'\) AJ'ljo)C:f . .'£'\) 

'l!'i"-SJ-%0] ~'l!'li >C]"'I ,°_ ,c)zt-/1:-%, -ll-'!!~t!. t!7<l'1!.tf, '.i'!l9-l 7]~ -'i/- >C]-,'

{!•1~ '#1']:: "1'1! ~~?>'0]E..s'. 0)3!-<>l]Aig.j '1!'i'-lfH '!-•ff •ff 0J:if~7]½ 

•J~-£ o]~~ 'r' ~c:f. 0]"1'\l •ff7<J 1'\oflAi ~ '<[-,'-Af'lJ .". 'ftA7Efl'l1°J •fl"'!-£ 

cff"o' 2-.s'. •l"i 'l! 4''!,'"o' '!,'"'I 'l!AJ¾ ~.-fl '!,'-ll->Cf.t!_ 'l!Af 7] % 7ff '\!, 'l!4'1i"o' 7j 'l! 

'f.!;l_>Cj -tl'll, 'l!'i"'!,'"o' -lE-:o!c-!1--'I! 'JI >Cf~ ,g,ij<>j 'll7f7]½ 7fl'\! 'ii--& -lif.li.s'. 

'li~"11°J'1!,'-± 7]'1:!2¾-'-f'lJ.Q._s'. ~~~2 ~c:I. l*f'c.£<?.! 1998,1<>1]:: ~•1 

1.fi!f<>ll-"l:: "1%2-.s'. •ff"i 'l!'i"'!,'"o'<>ll 'i:l'li -l!•l"'I 'Y-'-\71 Yap >li'i'-"l"'I~ 

cff"o'2..s'. 4'".!~~2. 2*1\1.£<?.! J999\1ofl:: Papua New Guniea Sjccf;e..3. 

•i"'lofl-"l Manus Basing.J •i"l"l°a ~'s 'l1 >C]-,'-¾ 'rt-'l!:if •fl"i 'l!4'!f!t"l%ofl 

9-l'li 'lf-ll-'ll~-SJ-%-& '#..-]2"f 4'".!•l'l:lt:I. '1!'i'-"1"'1.". 411°1 ,y2, ,l\->CJoJl-"l 

7f7J~oj, "11"1 'l!?'!f"o'9-l ~ ¾-?171 ir7] o:11-lE-<>l] 7f?>' \'!"I "o''llaJ 7ff•Joj 

7Jcl~e >C]"'I.Q..s'. '!17\"12 ~.Q.oj, Natilus Mineral Corporationo] "i-1la! 

'Y Af'l!. -& :ti lif 'li 'lf'i'-"1 "'1-& :£ V'lic:f. 

-l! >II "'I ,y -"'le "1 "il 'l1 "1 ¼,'-¾ "1-'!l-£ -?l >II "1 'i'--ll-•1 'll-'-1 ,1 -tl '3 !<l ~2.n1 , 

o]~ 7]~1'foj A].ll.*fl*I~ -?l'li '!!1!¾A]¾ 4''31'f9:lc:f. "]'i'--ll-i!] 'it-'-lofl-"l:: 

Simrad EA500 'i!-il' 'l1 Sea Beam 2000 c:1--ll'%•J<!f1l7]~ 0)% 4'11 'l1 >li"i"l°a 

¾A~ ?'31'f'l:l2, >Cf<>j<!f'!J7]~ o)%1'foj "]ztg.j "f7]?>' ¾Al¾!- 4''31'f9:lc:\. 

'll 1l¾AfoflA7:: 4'"1 ~-'II lifOf 'l1 •ff'i" *ff,}j~ -?]1'foj cm-casting-& IZ'll 1loflA7 

?".! 1'f 9:l.Q. oj , 7] 'li'll-, 5'j a] -ll- 'l1 'If "I A) .ll. 'ii--& *ff ,}j 1'12"1 Dredge(! 0 'll 11 ) , 

Piston Corer 'l1 Multiple Corer(5!]) 'ii-~ ¾"<!..-\'l:lt:f. !E'li 'l!9~ff'i'-9-l -lE-½ 

-!1--'11-£ "10f"l2"1 1l•ff"i -;,fofli!I A]c'\!l-& ¾"<!..-fol •fl"i'1!-& 'lt"<!"l'lit:f. 

"ilifl! ;<\_ll. 'JI A].ll.e zj-zj- '<[-,'-'\j 'JI A,!lj1/oflA7 '!J'l! "-lE-"l;,foj ;<)-,'--ll-i!] 

'll-"'1 'l!:if:: Z?>'ofl 7]½..-\'l:12, •B49-l -ll-i!] · .tf~"l -!1--'I! .". J?>'oflAi 
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-e.2Jo-f9:J_.Q.nj, 7]•J~ ',.) 'l,'<,j.2] ;;<)~~"! ~-'11 ~ 4'lt 'M 5'lt"i]A7 Z/Z/ 

-"1½.-f9:J.cf. .!E~ •,l'-V· 'll'i'-~ ~•H 'll'i'-"l"l ~•H111 ~-'11~ 7]e 'll'i'-'l:!:zf<>il 

7]~1'foj 6'lt"i]A7 ±7ff1'f9:J_cf. 
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1. 'U ..... 7f '{! 

• 1999\1 5i! 13'1! - 5-ti 20'1! (8'1!) 

2. 'UA.><f'J!f 
• Papua New Guniea •J~•f.ll.3. •ff<J!f(Fig, 2-1) 

',I-?] 3° - 7°, %7<! 151° - 152° 

3. ',tA.~"1 'J.l ~-'j!-

• i' 20'!! (lt~•l•J~-,1-± 17'!!, n~•l-\r7]1.-jof ~:,!~ !'!!, 

~-? CSIRO l'!!, x'i!i!l~Af l'!!) 

'8 'il ± 41 "I ¥1 'II Af ~ C 
T 

1 oj 7J -8- •l'!l'<d ·~ ~ <d '1--l:! lyAf',l'!/ ('YAI ,n-i 'JI ~•l) 

2 ~.AR¾ , ~ ~ <d '1--l:! """· 'll"'l, !l '"1 .. "I ., 'JI ¾"'I 
3 '!l"' 1'- , {!~~~ '!fit, 'll"'l' !l '"1% "I., 'JI ~ 
4 ~~~ , Jrl OJ Cfl-i4i '-1'1-%•1 '!1•1 ¾"i! 'JI '-\.ll."i •1 
5 A] ~ ~ , 11~~.,z.~ ooc ¾"I! 'JI '-l.ll."i •I 
6 {! '1 -ll , 1! ~ <d '1--l:! SBP 'JI EA-500 '-l.ll."i•J 
7 ,e * 'Tr 

, Post-Dr. cm ¾"i! 'JI •l1'-ll,"'l 
B "l '!l 71 , Post-Dr. '-1-i'-l!-•1 '!1•1 ¾"i! 'JI '-IA"i•1 
9 oJ t° ~ , 71 ½ -l:! ooc ¾"I! 'JI '-l.ll."i •I 
10 "-t * '1 

, <d 'I- -l:! '!fit, 'll"'l. "1'"1% "i•I 'JI 11:"'l 
II {! 'l! ~ , <d 'I- -l:! cm ¾ "i! 'JI >111' :t "'I 
12 a,] -ll, '-1 , ~T~ '!Iii:. 'll"'l. "i'"li!c "i•l 'JI 11:"'l 
13 \st '11 ~ , 1! ~ <d '1--l:! '-l-'l¾•I 'll•I ¾"i! 'JI '-l.ll."i•I 
14 oJ ~ 7J , Post-Dr. '-1'1-it•I 'll•I ¾"i! 'JI '-f_;i_"J •I 
15 ¾ ~ '11 , ,, ~ -l:! '-1'1-it•I 'll•I ¾'ll 'JI '-f_;i_"J •I 
16 {! -il- ¾ , <d 'I- -l:! '-l'l-%•1 '!t•l ¾"i! 'JI '-f_;i_,>J •I 
17 oJ-'!{ ~ , 1! ~ <d '1--l:! '-1*•1 '!1•1 ¾"i! 'JI '-lli"i •1 
18 Terry I. Ki !ya PNG '!l.1/- <l.R 1t~~ 
19 John Waters CSIRO 1! ~ <d 'l--l:! -il- <d'l-'-1 "l ±71 'JI >11-i '!1-'l 
20 Julian Malinic Natilus qJ,RoJAf ,t~~ 
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J. 'itA}7]~ 

• 1999\1 5-1,! 13'l! - 5-1,! 20'l!(8'l!) 

2. 'itA}:;<]Qj 

• Papua New Guniea •]6of~a: •RQJ(Fig, 2-1) 

'Er~ 3° - 7°, %~ 151° - 152° 

3. $J3'7J i!J : 2. 100. 7 lea 

4. :,j,'-~i!],£.A}(.?,1'_;£.A}) 

O ~'l!-?1JzAf : 2,100.7 km 

O """'!-?1JzAf: 1,480.4 km 

O -1'\J;'-;,')*zAf: 1,480.4 km 

O ;,cj;,cf7)'!tzAf: 1,480.4 km 

5. A]Jl.~4i(~,SzA}) 

• """'l '511 .'i'. 'lt•R41 (Dredge) : 10~ '!l<>l]Ai "l 1, 400kg :ti~( 'l! f ll'. ~ 7 A].ll.:tl'-t) 

• S!j'!j~ >i-}i(PC \11 MC) 5~'!Jo\)Ai '\'-'l/ ~"\~ :tj~(~tcff 'l)o) : 2.2 m) 

• •H-? •H <I-] '511 '<14( CTD I 12~ 'll 01] Ai "11-? •R 41 '511 '<14( 'l!-?ll:~ lie :ti~) 

6. 31"'1'1! ,t!<>g(DSC) 

• sti 11 camera : 556 cut 

• BIL video 276~ ~~ 

• Color video 196~ ~~ 

7. 7]-'ll'zA} 

- 7J-'l/:tj-'1) 8 'l/(4AJ'(!'l! tcij7J~£, :ttf2, ~4;, ¾3J' :,!4) 
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4 2 ~ 4 19}1 ,;i,'-~i!.1 WAI 

4 3 ~ 4 29}1 J.l,'-~i!.1 WAI 
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1999,1 5_,. Papua New Guniea 'l!•H~ 'l!4''%'-'l!- ;,c]Oj<>l] <ff~ 'tl-'-171 'll'i'--l! 

~-'f-a]~"fi: oJ.g...-foj B'l!Z! ~$ff'l!r:f. -,!- 't!J.f ¾ ;acj,'-~a] ~ 0 1:: i' '<!Jil.s'. 

oj','-oj'l!cf. ~ 'l!~H 't!AfOJ)J.j:: New Britain Trench7f '!l~ 'I :i'. ?~~ Sea Beam 

2000-& o]-S--&-foj 4'-ll~'ll-& 1!A]1i"f~2. i' '/!~ff 't!AfOJl-"l:: Manus Basin~ 

~-¥-i:':OJ!Aj~ J.j~ij-1].2} ll-"11 ¾V"11°J '?!i\-& 1!A]"&"f~cf. ~"&"] i' 'l!~R 

't!J.f:: ~ '!till~ 'l!'r!i'ff"]Oj(hydrothermal vent-fields)~ Susu Knolls, 

DESMOS-2} PACMANUS ;,cj Oj~ £ l}~cf. -,!- ~ ~ 'l!'i'-"] Oj ~ 'l! '/!"! "] 'i'-¾"i ~ 

~'8:zf -,!- 't!AfOJ)J.1 oj.lj'-oj~ "l'i'-i-a].?t'l!-& 7]i,'-&-f:;i_;,cf ~cf. 

Manus •ff~~;acj-l,c "!£ 'I 2~ \!-"l •ff'!!•.,>~ •J6nf !e..3."IIOJ] ~.>.] ~cl(Fig. 

2-1). Manus Basin~ -ltll\-=:: New Ireland 11:zf \!II\-=:: New Britain -::Io] 

~oj ~cf. i' 11-£ £V~ o] 'l!&ll-e lndo-Australian plate-2} Pacific plate~ 

¼!i.s'. -'\!Z! <ff.;j-.£. '!!1Jil-'\'-S'.;.J, ±~ "West Melanesian Island Arc"af:;i_ -!!-a]:: 

;acJOjOJ] 4;-~cf. "11 37] & o],iJS'. "]-.!-'71"1 i' 7ff~ ~ $ff 0J'l!~ ¼¥ 'l,l 

"l!-~"/-S-.2.S'. o] "]Oj<>l] ~"l!-'l!£, ~~~;,c), $ff,'- % -Ji1-'ll~ J.]61\!]o] 

'i!-'85'!~cf. Fig. 2-2-e Manus Basin ;;s-9-J~ ;;s.fl. 'l!:zf '!!~ 1>11-'I·, .::ia]:;i. 

"]'i'-¾"i ~ ~'l!'!t~ l..}Ef';!cf. Marlow et al. (1991) ~ "i] 37] & o] '1).5'. "]-.!-'71"] 

West Melanesian Arc~ :!11!~£ 'l,) "]'i'-¾"! •ff1<>l] •ff~ 7ff'?!~ 7]',r1i"f~cl(Fig. 

2-3). 0 J..;- ~tiff ..!i!..l:fl Miocene S..ol] Ontong Java Plateau.9.} Eauripik Ridge7l

Manus Trench.2.J, ¼¥'8"1- c .£~ Manus Trench~ ,tJ ~~%oJ ¾'t!-5:12, New Guinea 

Trench<>l]J.1~ Aij.s'.¾ -::I'lJo] J.)"/5'!:: 71]7]~ '1!fl-7li ,'j~r:f:: 'l!'I!~ "']'i'-¾"! 

'l'!:lf~ 7]½~cf . .'E~, 5~14 Ma<>l]:: New Britain Trench.s'.~ 1!'1l\'%.2.S'. 
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Fig. 2-1. Geographic map of the eastern Papua New Guinea and the Solomon Islands 

showing the Manus Basin, New Ireland, New Britain, and New Britain Trench as well 

as other major geologic features(adapted from Kroenke et al. (1983)). The contours 

are in meters. 
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Fig. 2-2. Tectonic map of the eastern Papua New Guinea and the Solomon 

Islands from Marlow et al. (1991) showing major plates and plate boundaries 

based on Kroenke [1984] and Circum-Pacific map Project (1986). Spreading axes 

in the Manus and New Guinea Basins are depicted from Taylor (1979) and Cooper 

and Taylor [1987], 
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Fig. 2-3. Sche!D8tic diagram from Marlow et al. [1991] showing the development 
of West Melanesian Arc from early Tertiary to the present. (A) West 
Melanesian Arc is formed as a result of collision between the Pacific and 
Inda-Australian plates some time between Eocene and early Oligocene(55-28 
Ma). This resulted in the underplating of the Pacific plate. (B) By early 

Miocene(24-16 Ma), two major volcanic provinces, the Ontong Java Plateau and 

Eauripik Ridge arrives at the Manus Trench. Over-thickened oceanic 
lithosphere stops the subduction in the north. In the meanwhile, a new 

subduction begins to the south at the New Guinea Trench. (C) During middle 
and late Miocene(16-5 Ma), a fragment of the West Melanesian Arc collides 

with Huron Peninsula and Finisterre Range, This causes the subduction to stop 
along the New Guinea Trench and initiates new subduction along the New 
Britain Trench, However, the polarity is reversed. At about 5 Ma, back-arc 
spreading begins in the New Guinea Basins. (D) By 3. 5 Ma the back-arc 

spreading jumps between Manus and New Britain Islands. With the opening of 
Manus Basin, New Britain is translated southeast to the New Ireland to the 
present configuration(E). 
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~ojs,J9;!2oj, q/ 3,5 MaOl):: Manus Basino) "l~-lat.-f,t) 'l!e)7) Aj~sej9;1cf:: ~-&

.!;!. oj ¾Cf, 

1970\:! .£ o] i!.Jl§. Manus, New Ireland, New Britain, ..:J..~12 Solomon Islands 

~-?Joi! '!!•ff~ 4\'J-€:- "11°J2l-~'1Ale 0 1 '<l"'ISJ 7ff~"i't! "I~.£ ..i•Ie1'1! e 
"'IV-£ .-f9;lcf. ~7) ,!Al:: 'l!'ll"i-2...£ ,g:.ff~•I 9;1:: '1:~4±.21- 'lf~"l~SJ 

,!Af<>l) ~'ll.£ '>!'l'9;1cf. 1970',1 Australian Bureau of Mineral Resources, 1970"1 

Hawaii Institute of Geophysics, 1972\:! GULF, 1975\d AUSTRADEC, 1981\:! 

CCOP/SOPAC, .:le)2 1984',1 United State Geological Survey<>l) SJ•ff '!!•ff~ ,!Af7f 

.::1 cffli"i't! ~~ojtf. ~.-1, 1982"1, 1984>,1, !986~!987'd<>l!:: Australia, New 

Zealand.2} United States7f 3;;:- lj>f<>l) SJ•ff oj 'l!<ff<>l) cff~ ;>ff;,Q"10)2 

cff-iJ-5'."i't! •H•J,!A)-;- 4'1!.-f9;1tf. ,!Al '1121-71 Circum-Pacific Council for 

Energy and Mineral ResourcesotJ li!.2~93.2, ..:l 14-l'Sl ~~otl li!.2~9J.i;:'t:1l, ::J.. 

0!)71 Taylor(i979)ojtf. 

1985'd0l!:: Of.2}oj cff~SJ ±Al~ RIV Moana Wave7f SeaMARC II~ oj-S,.-foj 

Manus BasinSJ ;,JSJ ~~~ :<)£~~% 3"tl•l<>l "i!>ll"i't! :.).:;i-~aj ,!Af~ 

A,!A)Of9;1tl(Taylor et al., 1991 ). oj ±Af!a, 't!•H Manus BasinSJ ¾•Joi! -?jC,j~ 

microplate.21- 'l!~saJoj ridge jump.2.f tf~ 1711-\'-SJ ~•ff~ 3"tl~ ~:.)SJ .Ji\-11~ 

:t/'!,'"'!Af71 ',\Oj'.!l,tl(Taylor et al,, 1987; Martinez and Taylor, 1996). 

!986'd0l!:: Manus Basin'-l!SJ ~Oj)Aj ~7ff~SJ 'l!'l,'~-£ a;faf -t.''ll'i!. 4¾ 

i'foJI elOl) SJ•H 'l!41Jt.i (hydrothermal chimney ).21- vent fauna7f 'l{~sej 9;12(Both 

et al,, 1986), 4¾<>l!A1 CH,-2} 'He o)'~C,)71 ~tie Af'l!oJ t.J-olt.J-'l!-"l -l,'-:<)'-IISJ 

'lsf'll-?J~ 'l!4~%•! ',\.-j:.j,tj s,J9;1tl(Craig and Poreda, 1987). ojaj~ •J~~ 

"1)>1l"i2!a. •H 0J 21-~ 'c!"I!~ AfoJSJ e <!11% ~a{'l!2~2. ~,q ~%.-12 9;1:: 

'!!4"11 >l!SJ "a~ 21- ~ -lE- ',I 'ls'~~ ~¾<>l! cff ~ oj •H.21- ,q_;a_-£, -!E-½ :.) "'I SJ 'l!~ Ojj 

~'!!~ "i"-'tl'll-£ -'i'-2 4\'J~ ,!Af~ '\1Aj.-f9;1tf. Table 2-!0l) ~i:':<>l! '\1A)Ol2 

9;1:: ,!Af~,!l .Q.q/.-f9;1tf. "ioJ.S'. 47QSJ ~%•12 9;1:: '!!4 ~½ :<)"'!(Marmin 

Knolls, PACMANUS, DESMOS.2} Susu Knolls)7f Southeastern Rifts(SER),& a;faf 

'l!~saJ 9;1.tl. 
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Table 2-1. List of previous surveys conducted in the Manus Basin since 1990 

Year Chief Scientist . Ship Type of Survey 

1990 Tufar Sonne Sea Beam, OFOS. TV-grav, dredge 

1990 Lisitzin Keldysh MIR submersibles, CID, cores, grab 

1990 Sakai and Tamaki Ha/cuho Maru Sea Beam, magnetic, DESMOS, 

CTD, dredge 
I 

J:: 1991 Binns and Scott Franlciin Bottom camera, CTD, cores, dredge 
I 

1992 Date Hakurei Maru #2 Hydrosweep, cores, dredge, 

bottom camera, sidescan sonar 

1994 Herzig Sonne Hydrosweep, OFOS, TV ~grab, 

CTD, dredge 

1995 Urabe and Auz.ende Yokosuka Furuno multibeam, Shinkai 6S00 

submersible 



I. New Britain Trench.if ~~-l,!-;<]!'.j "I,'-~ 

New Britain Trench~ ~oj) ~ "] ~ Manus ~~-l,!-;<) !:: :,f ;,J "] 'l! AfoJIAj 

¾¥-'1,1 -il-'lt'l! :!}{!'lt7]~~ Cil-il-5'. cf-,J-4;- ~:!t* 'l,'-'i,f(lelsic volcanic-hosted 

polymetallic massive sulfide deposit)~ ~-'l!~ ¾Al~ ol]-2. Z!-'i"~!:: 't!'lf~ 

•ff"l 'l! 'r -li'cff >'1 "I ¾~ cff.lf."! 'l! <>1171 't'! cf. :t!'lf1'171! -t'l/1'1!:: ¾ 0J•H '!l :,f ~ ,"_ 

-t'lt-¥-oJ]-"J 'lf '{!~:: 'l! 'r'lfAJoj) ti] •B. Oj ;,! t off~ .!j '!j * ,"_ 'il_ 'l!"I .Q._;,_ 

!'.!'11-.l-4;-:,f 7]-e',-,J-4;-o] -jr71] ~'-1-~oJ 9.12, cjcf'r-71 'r"l'l.l-!!-~ ._!oj><]71 9.l!:: 

"I~-£ ~l!~cl(Herzig and Hannington, 1995; Hannington et al., 1995) . .::te!t.f 

01"1"1"].x. 'l!?'lt-'of~ t'll:lf ,'-~-£ 0Jn:: 7)-e'c"l'l! :,f'ljoJ] Cil•flAi!:: 'l!i>J'l! 

•171 ;,J~ ~cf. 

2000';1 11-'l,!-¥-I,j 2001';1 I'!,! Afo]oJJ 'r~~!:: Ocean Drilling Program Leg 

193,"_ Manus Basin '-11~ ~ 'l!?!i'c~"']"l:,f PACMANUS 'l!?-li'c½"']"I ¾~ ~ '.)!-oj] 

-lif.lf."fi" '§/2 9.lcf. "!oJ.£ 47fl~ "']{JoJ]Aj •H"l'l! 700 •~ :Ro]"I"'] A]-f"l'll-& 

')!A]'!! oj]'lj'l]cil, •H"l -t'lt~~ o:fel J;c]{l, ~:,f 't!oJ'l! '.J!-oJI l>C]{joj 'ii 

~ojcf. A)-f"l'lloJIAj SI-Ii-'!! >Cf.ll.!:: 0];,! t•H~ 'l!?,'-¾~ '-1)-¥-.:;z.~-£ 

•fl"'l"l!::c~ £%0] ~2. "<!"11"1 'll"'ff'a-& ol]..e,1'f!::ci] ~ .£%0] 'i,! ~ojcf. 

cff-il-5'. :!}{!7] ~ ~ -il-'lt'l! 'l! ?'l,'-'ofo] cf:" ;cJ 'l! ~"I ~ "<! ~ 'l! ?1"-'of :,f 

sJ.;;i.•ff -!!I- 1Iff uff~ ~ "<I "'1 "I ¾ Jl. 'll-£ 71'.l! cf:: Af')! oJ]:: %{11'1!:: 'l!'l!, 

:,f~"'f~,"_ Manus Basin~ 'l!?'l,'AJo] ~o]~ >C],'-~ 'j,! of.:iof~ ~"<!oJ]Aj t'll'i! 

¾'l!~ ~'l!7loJI cff~ 'l!~oJ] 7J~ ~,'-1)~ 7f>C]2 9.lcf. 's!'l! .:i,.tcf'l! 

arc-trench system ~Eff~ 7}AJ2 9.1.:: t:}~ AJ~ofP•"I ¾,J.}t! ~Efl~ :tf-~~ ~2. 

'!/71"1!::ci] 9.loJAi uff~ ¾il.~ "'f.ll.71 'ii ~ojcf. 

Manus Basin'-11~ %~oJJ ~"]~ -t'l/¾Ad;c)oj]Ai~ >Cj,'-,f,, of.:iof, 'l!?~ 

"/%,"_ New Britain Trench~ -'J'll"/% uff~oJI '1!-slc~ •ff~~ 'l!;,l.Q.-2. -'.l'll'i! 'r 

~cf:: 1!oJ]Ai ~ 0]1'fcf. >il"fi" ~'l!. Manus Basin i.ff~ %~<>!] -',];>]~ •ff"l:!t-tl~ 
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"i!'.f~Pl'l! -lf:"'i ,"_ •H~'a•fl.eJ !'.f~!;!.tcf ~AJOll t7 7f~rcf:: ~~ !;!.oj¾tl(Binns 

and Scott, 1993). ..:J.el4 o]aJt!' t>ffA~ll-"i!~~ Benioff-Wadati zone.Q..£.Jj!-E:i t;j-,¥

~e] fol~ ~t:l Fig. 2-4:::: New Britain Trench.2.} Manus Basin :tf'~¾{JA].2.} 

'<\i('l_;;-foj New Britain !slandOl]-'-1.eJ ~•8 ~'a' J'.f~.ej ~"]~ i..fEf',!tcf. 

oJeJU J<fo]i!- -'1!'llo-f::; U7}"1 7f-'1!,"_ oJ ;,J"'].ej of::ioflf%2f 0JOll ?'l!'i'! 

'l!"1'~%o] ;;-fJi!.;,J zt2f 'I,',¥,•.!~ ,'-£71 H~ U ~ Oil .eJ U '121-0]2, Manus 

Basin 4] "]'i'-£"1'l! "!%,"_ New Britain Trench.el 7J;,f7J s'JoJ::; ;.,'l!oJ] .eJ•l 

"l•l'\'!tf::; ~oJrcf. 0] 7f-'1!0ll a:f.§.'1!, Manus Basin.el %~Oil -lf:3!."f2 'Et~~ 

•J•l "l'!oJ9.!:: .;J-.5'.71 ~ -'f, 7j.ej ~•Jo)% 't!½'l! Djaul '1!½2f Weitin 't!½oJ 

.a,-;,J:i,f;,J '1!4;,aJ2, '<t-llil'-2..s'. l:07~ '1!'!,1-,aJoJ New Britain Trench~ ~•ffo) 

tltl(Fig, 2-4). 'l!!'s' oJ 7f'\!l ,"_ Manus Basin.el 'l!-1'- "f'Jo]% 't!½iioJ 

~-!eJ'l:!(lithosphere)~ "l!'.fA]S'j 'll'o'"i'l! •fl~crt'!,1- 'o'•loJIA7.ej 'l!!~ %'o"!;!.tcf 

i2f"1.Q..s'. 'o'-¥-'l!!~ ~~~ •1"1:i>f;,J .g.oJ;;-flll .'r.½A]'l:!,tf,e ~~ .ejo]Utf . 

.'f. oJ 7f-\l0ll _eJ;;-f'1! Manus BasinoJl-'-1-¥-"1 '<t%41'.Q..s'. New Britain Trench:!'f"l 

'1!'!,1-'i'! "f•JoJ% 't!½oJ '!!tt't!½.eJ ~ 'a-'11~ ~0]2, New Britain.el '<t%-llil'2f, 

Bougainville Island.9-l \4'Ai4tofl ~'!}:::: New Britain Trench~ Jr ~ol tg-'g5:lo-J 

triple junction,& o].,,.i!] af ofl'l,''i'!tf. ~ '1! 'i'-Oll-'!:: New Britain Trench.el -'f, 

~ ztzt New Britain Arm2f Solomon Arm-2..s'. 'll 'll Utf, 

Weit in 't!½oJ .a,-"]-"- 'I!'!,''\'! tcf:: Af';! ,"_ New I reland.ej ;<] ~£ '1!.Q..s'. -¥-"1 

'!!"1fo-ftl2 '1!'1!'\'!tf. Fig, 2-5:: Manus Basin ~ crt'l>"-¥-.eJ Sea MARC II side 

scan oJoJ;,J~ New Ireland~ New Britain ;,J<,j.ej .a,-'1,' ;,J~'i'-£i!- {!~A]~ 

-3!0Jcl-(Madsen and Lindley, 1994). Manus Basinotl ~.¥-6-H::, t:fl-¥-~2l ~t!li!¾.':. 

'I! 4"11 ° l ~ '!! crt"l"i 'l!, .a,-"] Oil -lf: 3!. o-f,e Wei tin '<!½ -2.-"'. 'I!{! ,aJ :: '!! tt't!½oJ 

'll "11•17ll ~•lUtf. -\'-i!J.ej ~ '<!:>ii £A~"J ,"_ Wei tin 't!½oJ '<t%-llil'.2..s'. 

'I! '!,1-,aJ oJ •l'i'--•fl'i'--'!! tt't!½ 'lf¾~{i ( trench-trench-transform triple 

junction)~ ~~'8-l-i:: 7t~A}eJ ?~~ New Britain Trench.2.} ~d"}!:::AJ ~--'-t~l-:::: 
~oJrcf. ti% 'l,"Ol)J.7 velocity-space diagram-£ oJ.g.;;-foj 'lf¾~{i.ej 'l!'ll-'11-£ 

£A}jtf2_;<f Utf, 
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Fig. 2-4. Tectonic map of the Manus Basin showing the location of the eastern 

Manus Basin, spreading segments, Djaul and Wei tin Faul ts, and their extension 

possibly joining the New Britain Trench, forming a trench-trench-transform triple 

junction. The circles depict active volcanoes which correspond to the approximate 

location of the Benioff-Wadati zone(courtesy of R. Binns). 
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Fig. 2-5. Diagram from Madsen and Lindley (1994) showing the location of 

spreading segments and transform faults based on interpretation from Sea MARC 

II sidescan sonar images of the eastern Manus Basin (Taylor et al., 1991). 

Also shown are major tectonic structures on land for the purpose of detailed 

comparison. Madsen and Lindley (1994) point to the fact that only the Wei tin 

Fault can be traced on land. Other transform faults do not exactly I ine up 

with the structures on land. 
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Velocity space diagram,"_ 1l¾V'!l~ %"!~~ 0]"111'1:C:cJ] %%l! 

~t"1:1J~olt:r(Cox and Hart, 1986). Bismark Sea plate, Paci fie plate, Solomon 

Sea plate~ ':1711-¥-.s<. o]~oj~ 1l¾Vfo] e>ffl!t:12 71'!!1'12, Pacific plate<>!] 

'1)-cff"f<tl Bismark Sea plate~ 4;-.£( IV I.,) 71 Solomon Sea plate<>!] '1)-cff"f'tl 

Bismark Sea palte~ 4;-.£( IV I es).2/ •l..!.1'loJ ~7Jt.f, 3.7jt.j- "/,"_ ,<JI 71><1 t:1;". 

1-'f-~ 2i>]1'1~t:f. -Ii!-"'! 1!!:zf .'i'.:': ':!-'f-<>IIA1 •H'i'--•ff'i'--1:!:t!'<!¾ 1l¾V'!l ,"_ 

~'l!'l!l! AJ•ff.s<. '1.!'<l'f:!t:f. 0]:C: •ii ':1711-t!(Fig, 2-6~ f{!)o] velocity space 

diagramoj]Aj l) fo{JA] 'ilt.f"i ?J:C:t:f:C: AfA.!<>11 i:!:7Jl!t:f. 1l¾V'!l~ ~'l!'l!'IJ ,"_ 

'1! 01 ~ .£~ "I.". \:! !'.f 7f '1! ':I ,.I~ •ff *I <>II "i-"l '1! \:! :ti¾ 0 I ::'. r:f 2 oJI 'lJ-'i':! r:f. 

1l¾V'!l~ ~'l!'l!'IJo] Manus Basin<>l]Aj~ Weitin, Djaul \:!:t!'<!¾:zf 1'\:! 

.a,."]<>11-"!~ t:f~ '<!¾~ 'i!'ll:zf ~,"_ cff-ij-5'. "i'i'-s."l<tl \:!'ii~ ';i'ljl)t:f2 lf 

4 .£ 9l t:1. .'.2 e]2 °1 ~ :g.,ff \:!:tl'<l¾<>ll ~•ff -&-f-¥-"i Zf:zf AJ-¥- ~~~ x.½.". 

Manus Basin~ 'ii-~ 'l!?~AJ~ ~'lJ-'i!•ff~ !'.f{!'lt-'ii-:zf ~o]l) s.'ll~ '.i'lllf 4.£ 

9l t:1. 

3, 't! 'i'-'It'll 

1l¾V'!Jo] Manus Basin 41-¥-~ \:!'ii~ ~<jl)t:fe 71'!!:zf 1l¾V'!l~ e•ff~ 

~'1]-&-f7] .Y.]1'foj New Britain Trench~ 7l'lt"lel 1'-Y-1~ 3 'll-'ii-'1! t:f¾ "d 

'?-1J4-eJ ~AHmul ti beam swath bathymetric survey)~ '?~ilt9J.ct. ~~I Manus 

Basin2l ~~A)~6f]Al-¥-'5i New Britain Trench~tAJ Djaul, Wei tin 't!¾~ ~11""8~ 

3'-Af1'f~t:f. >!ll!'i':! A],n.2..s<. ~"'i"l"i~ 4114',,' 3'-Af~ 4~~ 4 ~~t:f, 

a:fafAj CSIRO~ Ray Binns~ .£% .2.5'. .'.27f >!i,s-l) 'l\ "/"f .2.5'. ¾ .ll. l) .ll. ¾"] 7f 

.:J.i>]~ "i<eJ~ '1)-Aj] "].£~ 01%-&-loJ ,IA]¾ 4~-&-f~t:f. Fig. 2-7,"_ ~ '1!'i'-<>l]Aj 

4~'f:! 3'-Af•J"f~ t.j-ISf\1! ~o]t:f. 

411~',,',"_ 12 kHz %-1:!-£ 'l!"i!A],]:C: Sea Beam 2000¾ o]%1'foj 4~-&-f~t:f. 
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TTF Triple Junction 

.. .. .. .. 
B,C .. .. 

B ~ t p .. , .. , ..... , , .. 
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.. .. 
I .. I .. p .. B .. .. .. .. .. .. .. .. .. B p .. .. .. .. , , .. , , ..... , 
,' .. , , 

, s , s , , , , , , , , , , 

Fig, 2-6. Velocity space diagram of the proposed triple junction. Letters B, 
P, and S represent the Bismark Sea, Pacific, and Solomon Sea plates, 
respectively. We consider three cases in which the relative speed between the 
Bismark Sea and Pacific plates is greater, equal or less than that of between 
the Bismark Sea and Solomon Sea plates. In all three cases, the plate 
boundaries(shown as dashed lines) do not meet at one point, suggesting that 
the trench-trench-tranform fault triple junction configuration can not be 

stable. 
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154• 
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Fig. 2-7. Plot showing the tracklines of RIV Onnuri during our survey. The 

cross symbols represent hourly mark. Except for one occasion, Sea Beam 

echo-sounder worked well. The first phase of our geophysical survey was 

conducted outside the Manus Basin, encompassing a large area from the Saint 

Georges Channel to the New Britain Trench. Mui tidiscipl inary survey of the 

Manus Basin comprised the second phase of our geophysical survey, 
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?1J'lJ!;l_~ 287ff.s'. o]f-oJ~ '&'ll7]~ 847ff.ss 0 ]~oJ~ ?'ll7] •ff'l!.ss ,'-'g'{! 

1217ff 'lJgJ "\'-';!A]'{!-£ .?j-'lJ..-foj "i~~t:1. Sea Beam~ 5,000 m oj..-fgj ?1l<>ll-'-i 

oJ-¥-'1! o]'),' iJ_o] ~ ?';!>'J9;lt:f. ?'\l 5,000 m oj'),'gJ ?'\JO!]-'! :C: ?1J4'lJ' 

;tf_ll.gJ ~~-& !;l_o]:::: 'l)gJ ~~o] 'lf-'iJ..-19:lt:I. oj :Y:'. -li':>11:C: ~..2..sl ?1J 5000 

m o]~xl'E A]'40J4 4"1}0] if-'t!"O"l-!::: AJQ{OUA"l !::: Sea Beam operation mode~ 

AtrrOMATICOf]-'! MANUAL.sl ~l!..-f.!=.§."i l1]•ff :Y 9 ~t:12 'tl'tt't!t:I. Sea Beam 2000 

"l.ll.:C: SUN workstation ~-l!-1'JOf]-'-i MBSYST~ 0)%..-f"l "l.ll.;,Je]>'j9;lt:f. ¾"] 

*~ "f.ll.gj "]~~ t:f¾ 'll "l.ll.!>le] ±.E..!e.~oj~ oJ%..-f"'i 9%"1~..2..sl 'l!'l!o] 

>1]7J..-f9:lt:f. ~"11 ~Af 7] :d%'l! •J•l:::: Fugro<>ll gJ •ff >l]~'t! Seas tar 3000L 

system-£ AJ-%..-1:C: ffiPSOf] gJ•ff o]%>'J9;1t:1. 

Fig. 2-8:'. ~ 'd,'-gj ~ 'c!;,f)Of]-'-i "i~'t! Sea Beam 91l "Ill.ii- .::i.;u ~o]t:I. 

-?-1:IE.J 't!!l--E New Ireland~ New Britain ,qoJ9.l 7J7-llf-'t!.g.J 4 ~ mo{]),"! New 

Britain Trench~ Solomon armOIJA1 9,000 m4'l-AJ ·'cfc:J$J 1J'O"}-c:}-. Fig. 2-9, 2-10, 

2-11, 2-12:'_ Fig. 2-80!] ztzt Plate I. 2, 3, 4.sl .lf.7]'{! ;t)OjgJ '),',<-f]~ 

?'\l.S'.'l!~o]t:I. ~:'. ~11~ 100 m:d"'10]2, -,l-:'_ 1111:'. 500 m:d"'lnft:I -iilj~ 

%21'fo]r:l 

1. ~"ff €"ff..-f-E ?1l "l.ll.<>ll gJ•ff-'-iJ>ii/l Weitin '<!½:'. •ff'o'..2..s!c 'd4r>'l2, New 

lrelandgj 'ft~ 'c!½off(escarpment).sl 'd~'t!t:l:C: ~-& Sf'l!V ? ~t:1. oj 

'c!½offgJ ?"! '-r"l:C: cff;o/ 2,000 m0 ]t:l(Fig. 2-9). Fig. 2-13:'. ETOP 05 

91l "I .ll. ~ 0 ] %..-1<>! 'fl 'i'-"'1 "1 ? 'I! gJ •ff "1 '1!-& t.f El\!l "'] 5'. oj t:I( Nati anal 

Geophysical Data Center, 1993). Fig, 2-9~A-l t:fl~ -?11 5,000 m<tl New 

lrelandgj 'ft~ 'll'll~ off"1'1!:'. -'-111 Queen Emma Basingj ~ -'j'-~o]el:C: 
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~~ :lf-V.~ --? 9lr:}(Vedder et al., 1989). 

2. Wei tin '<!¾oJ Queen Emma Basin-I!: ;,.Jt.f-'-iJJl>'i :t!'l>':ssJe;,.J c: ~~ojt:f. ~~ff. 

Weitin '<l* 7114;- ~"l•i &'l! 'llnf ~7f-'-i ~~ "1'll"1- 'l!t.f711 'llt:f. 

~-1tff, Queen Emma Basin~ 'd'~~7'll!:: ~~2-f- ct~ f8J,£ 7t~ !£ c}e

'<l¾•ff7f t.fEf\:!t:f. 0 1 '([~ Af'\!,";- Queen Emma BasinoJ f '<!¾•HOii ~•ff 

-\t'l!>!I~ 'll•l~ "i\;J.%-& >11-'-ll!t:I. 

3. Weitin '<!¾oJ New Britain Trench~ '1!'l,':ssj;,.j Uet:fe ~Oil Cill! '!i'l!"I~ 

¾7Jc: Queen Emma Basin~ 'El~oJl-'-1 'l!\!'!~ antithetic ;,.j.:;i-cff7f t.fEf\:!t:fc: 

~ojt:f, ~ ~Afojj;.J ~el c: "foj.£ f 7ff~ ,q.:;,.cijJf Queen Emma Basin~ 

'El~<l>il.>f New Britain Trench AfoJoJl-'-1 :t!~'t! 4' ~t:f. oj ,q.:;,.cjc; 2,000 

•~ '-t*f~ Jf;aj:;i_ ~.Q.llj, en echelon '<!¾'"I;;! -li':.¥.•f2, 'El~.Q.~ 

left-lateral step g-}-e 1atff~ Ji!.0]2 9J.r:t. Jr-aH:::- oj Aj..,Z.t:ff~ Queen Emma 

Graben(new name, QEG).Q.~ 'l!'l!l!t:l(Fig, 2-13). oj ;,.J.:;,.cijc; ;aJzt:t!'l,'"1-

t:1~ OEG~ u:faf "l'-'o'°1H l! :':"I~ &~t:f. 0 1e "l'i'-•i ¾0d-oJl-"1 

t.fEft.fe aJ6%l! -li':"i~-¥-oi£ :ti~ l! 4' ~t:I. •l><l'l! ¾-8.l! ~ ~ 

oj~'fi QEc;.,;. lif,at ~{! T8Jol% ticM/oJ left-lateral(sinistral)<>Jat!:: 

~ojt:f. ojc; Weitin '<!¾~ 'l/•J:,J- 'lt'li'!lt:le ~oJl-"l off~ ll-oJOft:f. !f. 

Weitin 1t!¾ ,Z.~~ ~1:t!~qj TSJ~ NW-SP!J-8ct'tl it!~. QEG!:: 

NNW-SSEtiJ3c"~oJct. 

4. New Britain~ '5ail:i'."i"il£ Afl~¾ -1,':;ajJf t.foft.fc:<11 oj !E.lr :t/'l,' ¾"10!1 

~•fl 'll'll'!l ~= 1/Zl'!lt:l(Fig, 2-11 ) . .:J.ej2 Queen Emma Basin'"!;;! 0 1 

-1,':;aJ~ ¾•J~ 'll'll•f:;i., '1!¾0 11.-f '<!¾•ioJI ~•ff -1,':;ajJf %"1~oj ~'.::: 

'll•H~ ;,.jt.j:;i, ~t:f. ~ej7f .;,.gl! Sea Beam 'R't~ -1,':;,.j 7f'l,' ;,.faj 

'l!-¥--li':Oil •ff'i,':ssj;,.J't!, ~ajc; oj~ ~•fl i:"11 oj -1,':;ajJf Queen Emma BasinoJI 

'31~~ 1f.£i!:\~ *l-0 1~ ~~r:}1;: ~~ ~ '9- 9J.ct. 0 1 ~~l~ 4=~ t l'tt 
3,700 mo].2, Queen Emma Basin.li!.r:}, ?~oj ~r:t. Queen Emma Basin2f-!:: lgaj 

0 1 -li':"i~ %el"!! '<!¾•fl~ '(JAfe ~'t!•f2, t:1 ~ .:;,.sq~ ;,.j\:[t:f, 0 1"1'1 

A}~~,': o] ~A]7}, Queen Emma Basin&t:} ~~ 9-~~0il ~"8£19;:l.g~ 
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~nj~cf. oj -li',><]~ ~•ff7f ojnj .Q.,iJ~-¥-cJ 'lf"1"i ~"']'<!. oJ-!l-o] 

-?oJ"']"'] ?Jof, -l,; 'if-<l<>i]-<7 ~i!]:: oj{!- Saint Geroges Basin(SGB).s'. 

'll-&-f7].s'. ~cf(Fig. 2-13). 0 ]:: oj -li',;;t]7f Saint Geroges Channel~ '<t~<>I] 

~*)i,}7] u:J]~ojcf. 

5. 4=-1:l~~E.l .!E. c}-~ ¾Jll!- ;,J~::: New Britain Trench~ u;J-a}- 4=-11 10 km 

o]-'lt ~:: "']"l½ 'lf{'!~ -? ld,9:!cf:: >)!ojcf. -? AJ \1 ~<>I] -\!-<]~ -?'ll 

4~oflA1 New Britain Trench~ tt},a}- '?11 10 km 0]'1l-0J ~:: Aj~~ 

~9.tcf:: ~'.!'11 .5!.27f 'll9:!cf . .:J.li!~ oj ;;t)Oj,£ Planet Deepojaf 

'll'lli,f9:!;;t]'l]:, -l,; 'if-<l<>il-<1:C Planet Deep<>!] •ff~ ¾7'1. 4 -?1Joj JO km 

o]-'lt~:: ;;t)Oj-£ 'lf{'!lf -? l!J.!lJ_cl(Fig, 2-10, 2-11 and 2-121. -l,; ~Af<>I] 

Sl~l-1;1 New Britain Trench Tll!Sl ~cff '?-td~ ~ 9,000 mo].2, oJ -U~ 

~•ff -?'ll~ QEG.2} New Britain Trench~ .2.*f"']~<>l]Aj 'lf{'!~!lJ_cf. 

6. a},AJlzj-.Q.~, ~ 4'-1J~i!J 'H··'-roflA-f 4aJ,e New Britain TrenchSl ~~~Al:: 

•H-i'-<>11 -?~.Q.!a. '"'!a.:C -lhl-"1"1711 ~*l~ ll"!--£ 'lf{'!i,f9:lcf(Fig, 2-10. 

2-11. 2-12). cj~oj oj~ ll"1-~~ 7'1~ -;J-"j"f.Q..s'. t.}oft./:C >;! ~oj 

.5!.'1]cf. oj ~~ <l);a~ ll~~ ~~-li',;;tj~ zt-?~ AJ-¥-7.l-<l'll.<>1] nfc>j 

•ff~7f<>ll"'1 t.}oft.}-e ~~(cusp) ~~ .£.0J,£ o]¾cf. oj~ "']'!!~ 7)-1,!~ 

'lfaj "'] ~ ?J9.!;;t] '1]:, •ff"1 ll"1-<>i]A7 "I'll ~"l <>I] ~ •H '!1 "11 ~ !ll,& 7f-\;'"8 oj 

"i]7]~!llcf . .:ii!jt.} .:J.i!j7]<>1]:C ll"1-~oj New Ireland •ff~7f!a.-¥-cl 'l!i!] 

'ii oj "I 'll oj O l ~ ~ •ff "'l <>ii ~"il 7f 'll cf. cf:'. 7}-\;'"8 ,g, ~~ -li'c"'l <>1]-<1 

'1]:~oj~ 1:t'lt¾"l~ 7JQ/<>I] ~•ff 'lf~~ ~"'121 -<l•ff<>il ~~ >)!ojc}. 

'l!-'f"f.Q.,s'. -l,; 'itAf<>il-<1 -?~'fl Sea Beam ~Af<>I] ~•ff •ff¾711 '#$1~ -?SI. •ff"! 

"']'II -i'-~~-£ Fig, 2-14<>1] t.}of'-l)!lJ_cf. 
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Fig. 2-8. Plot showing the Sea Beam bathymetry that was collected during the 

first phase of the geophysical survey. The detailed map of the survey area is 

represented in four p]ates(Figs. 2-9, 2-10, 2-11 and 2-12). 
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Fig. 2-9. Detailed bathymetric map of an area corresponding to PL.l.TE 1 in 

Fig. 2-8. The contours are at 100 m interval. 
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Fig. 2-10. Detailed bathymetric map of an area corresponding to PLATE 2 in 

Fig_ 2-8. The contours are at 100 m interval. 
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Fig. 2-11. Detailed bathymetric map of an area corresponding to PL,\TE 3 in 

Fig. 2-8. The contours are at 100 m interval. 
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Fig. 2-12. Detailed bathymetric map of an area corresponding to PLATE 4 in 

Fig. 2-8. The contours are at 100 m interval. 
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I. Manus Basin~ ?11.?t'lr 

,lJ 2 '<!Ji! o<].,Z.~a] '!IAfOf]Aj:: Manus Basin '-lloJl-"l ~.g. Sea Beam 'r1l"'l.ll.~ 

o<f7]'l/ o<f.ll.* ;>Ja] -li'c-!<f~l'li.t:I. Fig. 2-15::, Manus Basin~ ~"'l"'i~ t:f¾ 'l,l 

'r1l4~"']£o]cf. Fig. 2-15~ 'r¾ ;>fllj]af if.Al~ A].ll.~ff~-£ 'r'.!ll! "ii 'l!'r 

-li',,t o<J"'i~ .¥.~l}t:f. ii~ 7Je~ ,f.AfoJl-"i£ Sea Beam o<J'ij£~ :sJ-lit'1"']'1! -e', 

'!IAfoj)Aj ~~ o<f.ll.~ oJ~ !;l.t:f \!'H '!l:sJl! 'l!o]t:f. l! oJJ.sc 'l!-e'c~ Sakai~ 

Tamaki7f ¾,Af{! RIV Hakuho MaruOf] 'l/~'i! 16-beam t:f¾ 'l,l A]c'i!J-&- oJ%~1"1 

!990\1cff ~ oJ o<JOjoJJ cffl} t:f¾ 'l,l ><)£~ '1!~9;lo<J'1!. ~aJ AJc,;ljoJ t:j ¾~ 

zt£~ 'l,l :U,~ 7fo<J2 9.12. •J•ff>;!.sc7f Jx;PS •J'lJOf] ~•ff ~'!}xj9;1.Q.E..sl e 
'!l:sJ£~ o<J1.-J2 9.lt:f. -e'c '!IAloJJAj ~~ PACMANUS ~~oJI cffl} Afl.sc¾ 

'r1li?t~"'i£:: 'll*I 9.l~ 0DP ;.,~ "I'd 'r'.!!Ofl ¾.9.l! ><f.ll.71 xjaJaf ol]'l,''/!t:f. 

Fig. 2-16~ Manus Basin %a;.o<JOj~ ><f7J'l/ oJ'I,'-&- 1.-fof\:! 'l!oJcf. oJ o<JOjoJJ 

cff~ o<f7J'l)- ¾,Af71 oJ~oJI£ 9.l9;l><J'1!(Martinez and Taylor, 1996). :if;,J~ 

'l!~.g. SJ..!..a) ~ :{!ZjoJ ,;12 'l!'r-li'c½><]"'i~ '!l:sJ•l 't!-'8-6-fo<] ~of -e'c 

'!IAfOf]Aj ~~ o<f.ll.Of] s]OIJ •ff«!~ 'll:sJ£7f 'iloJ'l! 'r 'lfoJl ~cf. Fig. 

2-16oflA~~ ~r7J;g- oJ"c:.1-*l~ International Geomagnetic Reference Field(IGRF)ofl 

~•ff o<)Oj o<f7]'l)- 'l'!:tl¾ ,lJ;,jl} '(!:ifo]t:f. 

'l! 'l!.aJ .2..sc "'l "'I 7) 'l/~ ~ ~ 'f- "'i-tl-& 'r '.!J-6-f:: 'l! oJ .,,_ 'l1 ~'i! -li'c-!<f 

"J'lJoJcf. ::J.aj1.-f Manus Basin~ >;!~ •ff"1~ ><f~ 7J£~ ~oJ o<f7]'l)-~ "l-tl-£ 

.¥. ~-6-f<>J o<f 7] 'l/ ~ "i] 11 l! -li',-!<j ~ 'r'.!l ~f~c1J ~ 'JI 7f o<] oJ iJl %oJ 9.l t:f. 'tl "1, 

Manus Basin.g. o<f7J.a)£ i::-"JoJJ ~*)l!t:f. ::J. '(!:if o<f7J'l)-~ -i/-5'.:: 39, 000oJ]-'1 

40, 000 nT .sl 'l! 'l!.aJ .Q..sl ,t.g, <.t~-& 7f~ t:f. 'l'r 2.sl -e'c 'l! .,Z.o<] "'i ~ o<J .,Z.o<f 7] 'l)-~ 
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Fig, 2-13. Bathymetric chart of the area around the Manus Basin and \ew 

Bri lain Trench based on ETOPOS regional hydrographic data (:-.;ational 

Geophysical Data Center, 1993). Shown in the chart are the names of 

topographical features discussed in the text. We refer to the western side 

and eastern side of the New Britain Trench as the New Britain .-\rm and Solomon 

,\rm, respectively. Two new names are proposed. We refer to the sets of graben 

to the south of Queen Emma Basin as Queen Emma Graben(QEG). The basin east of 

the New Britain is given a new name. We refer to it as the Saint Georges 

Basin(SGB). 
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Fig. 2-15. Multibeam bathymetric map of the eastern \Janus Basin. The contours 

are at drawn at 50 m interval. The three well known hydrothermal vent fields 
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Fig. 2-16. Magnetic field anomaly of the survey area after correcting for the regional field variation( IGRF). 

The cross symbols represent points of measurement. 



"1-zt. 'l!zt~ ztzt -23°, 7°0Jcf, "1-~l.ia., ¾0J•H'l!2f 'itel af.::taf ~%01 U * 

'-IJ:<J 'JI 'JI 'l! '!I U *O!l ,.i -£el .2.:: i:'=-1:l. 0 I \ll cf. .::t i!J E.ia. -'i'-el 71 •17<1 .<il 

o\%•J•J2f ><\zt'll'l!~ ~'!! !E.!:: %~•1!::<1\ oj;,\%0\ 9.l,cf. 

o\i!JU oji>\%~ '<!2, ~-lat{! :<f7J'b' o\'\l-!<J.2f eJ_;;i_O-foj 'l! 7Q.<ij '!1.£.~i\l~ 

A\.'r.•l~cf . .!j!-eJ71 Af%l} '!1.£.~'l)oj\).i !:: :<f7J%,.<ij i:'=~oJ 'l!'!!l! 4''-'1\~ 71><\2 

:<l"J.<il 71-lil--&- ttf;:cf2 7l'!!•f~cf. 01~ ~l•l -'i'-el!:: Fourier 'll"lO!l,.i ><I'll~ 

_E;,J•l"l 711-tll! Parker(l972).<ij 3-D '!1.£.~'l) '11-tl~ oJ.g.•f~cf. oJ •J'IJ ~ 

¾0J•H'lloflAj.<ij :<f7J oJ'\l-.'r. •1"'10!1 .lj-,;1711 oJ-S,:,;aJ !:: •J'IJ 0 Jcl(e. g_, Lee et al., 

1996: Lee and Searle, 2000). 

><1><171 .£.~'l)ojJ q,;,j .lj!-eJ!:: Manus Basin '-IJojJ '1!>11"1'1! :<J';j.'r.~ 

..,Z..Z,.-&-t9;1.c}. Fig, 2-17~ National Geophysical Data Center..£,¥-E,J ~::tff ll:-i~ 

:<f.ll..21 -,!- 'll-i'-ofl;,j ~-5fl} Sea Beam ><l.ll.~ lt-'11•1"1 "1'1Jl! ?1J:<J.5',oJcf. -,!

'll-i'-oflAj !:: f 71.<iJ '!i.5'.~i\J '1J{!,&- ?~•f~t:l(fig. 2-18), f 1-'i'- .5'.f ;;tf7J 

i:'=~-£ 120 m -'l'"il.ia. 7f'!!•l~2. ;;<ft\7J.'r.~ I A/m..2..ia. 'l!'il 7f'!!•f~cf. '1!7'! 

;;<ft\•J•J0 1 "i-i'-"l7l'b'.<il 'll'Jofl 'll~•fcf2 7f'!!•f~cf, cfAJ 'lt•l "i-i'-"'l7l'b'.<il 

'1!zt2f .Jil-zt~ ztzt -23°, 7°.ia. ,.l¾•f~cf. 4' 'i!~H <>!1<>11,.i:: -e!- 'll-i'-"1"1<>11"'1 7° 

'11 '1!zt2f 0° '11 .Jil-zt2f 'l!*l•J--e "i-i'-¾1l 4q,.<ij oJ¾~(geocentric axial 

dipole).<ij •J•Jo{J 'i!J<J;,J;,J "It\ •J•J,£ 7l'!!•f~t:l(Merrill and McElhinny, 

1983). 

'!i.5'.~i\J.<ij 'l!2J--e Manus Basinoj)Aj.<ij "i'ilofl .<il•l '!!~:xJ!:: ><f7)'l:t 1!.21¾ 

.!j!-;,Jl! ? \ll%-& ~ 4- !l)cf. "171 oJ'\l-.<il ~.¥.71 .Jil-'ll•l .!i!,oJ><l'l!, -'i'-el:: 

oj7JAj q,..2..'a. "i"l7J'b'~ ~cj ;;tfJ.Jl•I ~"'1•1!::•il !l)ojAj 7<J-,O;-ojJ;,j.<ij 'cl'!!, ><171 

i:'=~.<il *I. .::tel 2 ><I'll -c-~ %-.<il 4''-'11.<il 'cl t\<>11 .<il •1 "'f t\7J x.<il 'cl t\.21 ~ ~ 

.8.&,.~ 2;,\0lof l}cf:: ~~ S/'11 l! ? !l)~cf. 

-,!- ,Y ;,f :<J "l-& ¾1l ..2..ia. ~ liil "l ><I 71 'l:t "-':OJ 7f'l:t ~711 1..f El 1..J-:: ;;tJ "l ~ 

PAQ.\ANUS 'l!'l'l\'.i!P'\"1-& '10~l! Pua! Ridge -'\'-i:'=0\2 .::t cf%o\ DESMOS ><\Ojolcf 

(Fig, 2-16). ~•\ Pua! Ridge .Ji1-~o\ "lf"J•I ~~ ><1><17\'l:t {t~ 1..fEl'-IJec-O o\ 

-1:l.'110!1 •H•QAie ~•1 'l!? \llt:I. 'li\'l. Susu Knolls ><l"l~ .<il.21.ia. \;I~ ><l><l7l'l:t 

"-':~ .!i!.0 1!::•il oJ:: 0 fof.'r. DESMOS %~oflAj-'f-BJ 7J'1!'lloJ 'gef><J7J liiJiE:oJ of1J71 

-65-



I 

~ 
I 

.3· 30' 

.3· 40' 

.3· 50' 

151° 20' 
k' 

151. 30' 151"40' 151. 50' 152· oo· 
.3· 30' 

.3· 40' 

.3· 50' 

.4• 00'"' E f ~:::::'.!l -4. 00' 
151. 20' 151° 30' 151°40' 151. 50' 152· oo· 152" 10' 

(ml 

Fig. 2-17. Bathymetric map used in the forward model of magnetic field. The map 

was compiled by combining our Sea Beam data and the existing data obtained froto 

the National Geophysical Data Center in Boulder Colorado. 
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Fig, 2-18. Magnetic field anomalies resulting from. our forward modeling. ln 

(a) we assumed that the magnetization direction corresponds to the present 

Earth field, whereas in (b) we assumed that it corresponds to geocentric 

axial dipole. 
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•H?~-'3 '11-'i'-:: ',fA]EJ-'1! 0J •H"l(-'8-7.l 151° 41' ~ 152° 06' ' 'Et-11 
3° 40' ~ 3° 47' )~ 127H 1~0Jl,1,,J ?~. ~~. 1f-~£. pH, 1f-7]~ 0J~'ff" 1M 

'!li'.\9-&c(H2SI %-£ ~"'l•l~t:1. '11-'i'-•H"l ~ •H"li'.\~~%0 1 ~'l!~ •H"l~!a. 

~a,]~ ~~ Papua New Guniea l:l] Aot~.3. iiflQ:f~ PACMANUS, DESMOS .=tt!.J.2 Susu 

Knolls %~ .£~~c.}. 

•H><1'li?'-'f%(seafloor hydrothermal system)~ 1977\:! ~~flif2~ •H"l<>i]Aj 

1l•H~9-'ll 'Alvin' <>ii ~•fl "l'l!"i'l! 'o-7171 :It'll'!! oj~ %•H-'1! 0J •fl'lJ(Von Damn 

et al., 1985: Bowers et al., 1988: Charlou et al., 1991)2}- A-JEH~ 0J 

!"flQ:f(Horibe et al., 1986; Pichler et al., 1999) .:lt!.J.2 ¾0J 1:ffA-J 0J 

•H'lllHannington et al., 1995) % '/l~ o<)QJ<>i]Aj ~'I!~ 'li'i'-71 ~'!1~2 9./t:I . 

.!E~ 'l:!9-•HQJ ~ 'l:!9- ~½'i'-~ ~•l<>l CO2, H2, '!/i'.l?&c, Oil'<!(CH,I, '!/l-!t, 0J'1!, 

~, REE%~ '3~~oJ 'i'-¾"1'11 'i''l!~ •H? <!;-~!a. ;g.-;,~:: ¾.ll.~ 7.l-"-ii: ~2 

9.l~oj(Thompson, 1983; Hessler and Kaharl, 1995), oJ'li-& oJ%~ o<Ji'.\tt"I 

~"I o<f '11 'i'-.'r. 'l:!4•H 01-£ oJ •H-&-1:: ¾ .ll.~ '11.,Z.~ot.'a. 'i'-lil-'1!2 9l t:l(Mi l lero and 

Sohn, 1992; Lilley et al., 1995). 

~ '11-'i'-~ -lil-"i,g, ~~H. •H4~ o<Ji'.\tj-"i ~"i><lil- oJ% 'lj9-:,,>~ ',JAf7J'IJ-& 

7ff'lfltf2, ~~H. •H 0Jo<f-l:[7ff'lf.2f '<ti\'! ~71"! '<l1l•H"l'l! A1•H-'1! 0J •H"l 'i''l!~ 

¾, 'l,'7] :t!>.l><JJl nfi\'!-& -11~ "l.ll. ~Oil 9./t:I. 
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•ff~¾~ ~a].tf~"J ~'Slif"t-& ~]1'foj &.Af•ffOJOl]Ai CTD(Sea-Bird, 911 

Plus) system-& ¾9:ll}},9:f.tl CfD systemc>ll ,¥-~{! ~Al~ A}%tlo:t 4-~. ~~ ~ 

-'i''!i 5'.( transparency I "IE~ AJA] Z)~!a. ,:iAJOl]Ai "1~1'19:lt:I. -'i''!l .r.:: 
-'i'~4'!J Jlj( transmi ssometer )Oll ~ ~ "'i~-&(•)!a. t..fe\1.fl 9;l.2, -1'.!:',!"1!Ai pH 

meter(Orion, 720A)~ o]% ~±o]~ ~5'.~ 4'!J1'f9i,t:f. 

%- -'i'-7]'1!±.•J~ :ECO,~ ~5'. ¾'!,'~!a. .Rlj!,'Joj, :EC02~ .1\-'!J ~ •fl~~ pH 

'JI O.OlN HC\ "I'll + ~'ll'il aH(hydrogen ion activity)~ 0)% of"1j~ 'l!"Jll-'1"11 

~.-foj Jll-tl'i!t:l(Parsons et al., 1984). :Eco,:: 0 1"11 Jl]-tl"]Ol]Ai f, A 'l1 F,:C: 

Parsons et al. (1984) 0 ] >!]A]~ ~5'.~ pHOl] ttf:". ...,.~..!-& Af%1'f9:lt:}. 

:Ealkalinity(meq/1) 0 2.5-1250 • aH/f .......... CD 

pH(at in situ temp, tz) = pHt1 + 0,0114(t1-t2) (Zl 

Carbonate alkalinity= :Ealkalinity - A (l) 

:EC02 = carbonate alkalinity* Fr(mmoles/1) © 

~ ~,1--0f]A1 ~{! J¥-7]9:! 0J~HHinorganic nutrients)!::: ~i!~-t±(nitrate), 

o},~ i!~ -~±(nitrite), ~ i!~-'t! (phosphate) ;Le] 2. "Tt-tl~ -"Tr±( si I icate) 

%o]t:I. lj~oi)Ai cJ% !;l.'t)'i! A).ll.:C: -',jtj-',l!a. ,i,-7']~ + '!lOJ'ei 

>C~7](Alliance, Nutrient-Autoanalyzer) 'l1 ~~5'.?ll(HP, Spectrophotometer)!a. 

~~'5'},~t:}(Parsons et al., 1984). 
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~!K'-±.e] 11:-"'l~ ~~o\1"1 ;g-7\2}.e] ~4~ ~•ffU >1171~17\ ~~1"1 BOD'llo\l 

'11°1 ~{!of'l'!-8-~~ 1j7}U ,;J cJ · '!t±OJ\ .!l'I! -f -tl-'i/OJ\"1 ¾'lf'lf.'r.711~ 0\-8-

670 run lI}~OJ\-'-i .?t'll~l~tl(Parsons et al., 1984), 

'l'!-i'-•ff'-"!.e] ~a\-~~"J ~'glI}qj-~ ~•foj '?~, '/l{/;-, Jj<'!,'.'r. 'JI pH~ 

.?t'll~l~tl. 'l'!-i'-•ff"l ~ •ff;<J~-tlt!%0 \ tt'!l-U •i'-"I.Q..5'. 'l!af"i 9.le Papua New 

Guniea ~\~of~ "i'-"lo\1-'-i %"1•.,>•J.2.!a. "1' 50 km012, ',l~.Q..5'.c: Of 15 km.e] 

"'1'-"!o\tf. 'l'!-i'-•ff'-"!.e] zt 'l/~~~ •i'-"!'l!!a. PACMANUS(St, H04, 06, 07, 08, 12), 

DESMOS(St.HIO), Susu Knolls(St,HOI, 11) .:J.a\2 zt •ff<>j.e] ¾<!(St, H02, 03, 

09 ).Q..5'. 7 J'. 'i! tf, 

'l'!-i'-•ff"l.eJ 1>~11:-.£:c: 29~3 t.eJ '/l~.£ '-l•lxt.2.ol, .'!f.½.eJ 1~ 29±1 

'C.£ 1>1l 200 m-¥--co\l -a-"IU ;q±¾ .!;!_o\ c: 711~ <?~4J'½o\ €•fl~f~tl(Fig. 

3-1). ,tJ±.,t~ zt 'l/~.e] "!½<?OJ1-'-i 3±1 'C.e] .,(~ .!l~tf. Fig, 3-lOJ1-'-i21-

~o1 ?~1/:-3':c: zt 'll~'!! 3'fo1¾ 3.71\ -i'-11:-~ ? ~~2. 1998'<1 c£-'-l'i! 

-'-1•l'l! 0J ofa1°1t.\ •l-i'- ~'rt(U~•H0J'l'!-i'-±, 1998) 'l1 'Et-'-1~'l! 0J 

•fl'-"!(•1°J<r>-tl-¥-. 1999):zf %-'-fU 1/:-3':¼ .!;!.~ti. 'l!<r>•ff'-"I -li!-~-i'- ~'rt~ 350 

'C.e] 2~?7f •.,>~~"'\'ll(Millero and Sohn, 1992: Lupton, 1995) ,!~ ~.'r..e] 

~'rt •1?21- a,}~7\1 ~~~"1 i):,\j ~.'r. 01-'i/'l!~(te-rature anomaly)~ 

:q;c1~f7\c: il"'1 ?Jtl. "11-'-l'i! Fig. 3-lOJl-'-121- ~01 ~>11 <?"l -li'c.£ A.,'-o\1-'se 

ctt'tl~ 7\ "1 aJ~t.\ 'l!-¥- 'll ~.eJ 1, ooo m -¥--c 'l1 01~1.ei ¾ · "l½OJl-'-1 Of ±o. 02 

'C 'll .'r..e] 'rt~ all-~ .!l ~ti. 
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Fig, 3-1. Vertical profiles of water temperature in the study area. 



'll-li':~ 45. 47~35.19 psu 'lH1!a. I psu0 ]o-f~ 'l'!:lf ~% .!i'.'lJ.t:l(Fig. 3-21. 

;!SJ<fl 'll-li':~ Jt{'ojo-f 200 moJl-<i 35.6 psu~ "1~!a. t.fEf;;l~uJ. ;!SJ±{!:~ ?11 

500~1,000 m Afo]~ ?%-o\]-"l 34.5 psu~ .!i'.'lit:f. ttfefA1 'll-i'-•i"I~ '7":,.\;:: 2~ 

;,.j'lJ~ £{''7".2) "'l~ ;,.j'lJ~ ;,.j{'4' Af0 ]o\] '/l-li',~<fl{'oj e>flo-f'lJ.t:l(Table 3-1). 

-'\'-'ll .'r.;:: .!/-%%1! ~ 0Jo\l ttf af ~ -li':-1!-( •) ;a. .!<-<I 5'J uJ , o:f af Ai 'I- fl il-~ o I 

\'.l~"r~ >( ~ "1% 1..fEf\!r:f. 'l'i.-i'-•fl"i~ -'\'-'ll.'r.¾ Fig. 3-301] t.fsfl-fl'llr:f. 

-'\'-'ll.'r.;:: 79.2~92.4•~ 'll~I¾ .!i'.'li~uJ. ~±"1~ 'l!~ HO!~ 1,173 moJIAi 

79,2•!a. .!/-%%~ oJAJ~.£¾oJ 7f'l/ \\lo] t.fEf\:) ~~!a. '[l't!{!r:f. 'l/~ HO!~ 

1~ 10--"l 2•71 :Y±'t! -'f-7fl~ {So] ~'l!5'l'll2, ~o-J ;!Sjcj :y±;>cJ~ .!il.'l! '7"%~ 

I, 165~1, 182 m AfoJ;a. ~~ -'f-"1]71 17 m¾ .!i'.'lJ.t:f. 0 J'o'2/ ~~ -'\'-'ll.'r. 

o]'o':Y±¾~ 'l'i.-i'-•i"'l~ r:f;: 'l!~oJIAi.'r. ~'l!5'l'll2, ¾, "'i¾oJl-<i~ o)i!{~ 

~ 2/;:: 'll "r"i¾o\J ~ ~ plume~ 'tl •J ~!a. 'tl't!'t! r:f. ~ 21"1 ~!a. "r~ '>! 'll-li':~ 

1~, 'l!-'roJI ~~ ¾71 ;:'. 'lj~o-f;:J ?i9J~t.f -'j'-'lj.'r.~ ;,cf.Jl.oj]Aj ;:'. 'l!-'r"f¾~ 

¾ 71 ~ 'l! 'I- '.tf 'l! '1 "r 9l 'Ji r:f. 
pH;: 7,64~8.35~ '/l~!a. <!r'l/5SJ'l/t:l(Fig, 3-4). zt 'l/~'l! "r"l-li':.¥.;:: 

.ll;{'oJ 'i,2 4'11~ ¾710!1 o:fel :Y±il"f;:: ~~;a_ t.fEf;;lr:I, ¾¾ ',! "'1¾4'0!JA1;:: 

7. 8±0, 12~ "1~!a. r:f± '<!'l/'t! .,(~ .!i'.'lJ.t:l(Table 3-1), 'l!"r -li',.\}-,L'\'-'l'I_~ pH;: 

S) 6'l/.'r.!a. ,!JI] t.fEft.f;:: ~~ 'lfaf'9 91~\..f(Fisher, 1995) 4'-'lj.'r.o{]Aj~ 

1~-"l ~~ 'l'i.4'<!.1!;0 1 °f'<l ~fl"r7]o{J ~•fl '<!4't! "'2f_ss;:: 'l!"r~ ")'l]caj 

'll •J~ ~'l! il"f 7] "11 ;:: "'f .il.71 .!/-~il"f 'lJ. r:f. .:l. i!{ t.f pH "'I .il.;:: 4'¾~ 1!i'.f, tt-1:! 

2/'l/, -%, .!j!-7] 1t!±71i1l, ',! -s-4~ ;:J i'.f~caj "f¾ -\i-~ 'l'i_-,'--li',O)oj] 7]~ ;,cf _jl_!a_Aj 

~¾{!t:I, 

•i4' ¾ .!j!-7]'<!±( inorganic carbon);:: ")%~'\13.-eoJI ~~ 'b'~-'ll"i¾~!a. 

'l]il"foj %7J't!±_ss ~t!5'12, cfl7J.2j~ 'o'~ .;;i.ttcat¾oJ ;:J4"l~!a. 

'l)"!J't[t:l(Millero and Sohn, 1992), cfl.l<.a] .!j!-7],U±'l] CO,;: 'll"'i-i'- t!1"1 
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Table 3-1. Hydrological and chemical data in the study area. 

Station Depth Temp. Sal. Trans. pH Nitrate Nitnte Phosphate Silicate H,S rco2 
(m) (t) (pu) (%) (,M) (,M) (µM) (,M) (µM) (mM) 

HO! 0 29 52 34.71 90 5 8 33 1.0 0.05 0 46 1 4 0 31 1 669 
300 13 28 35 02 92.0 8 00 14 5 0.04 1.01 9 5 0 37 2 138 
500 8.14 34 58 92.1 7 92 20.2 0.05 1.48 19 5 0 50 2 144 
750 5 56 34.47 92.1 8 03 14.8 0.05 1.08 9.3 0 00 2 117 
1000 4 30 34.50 92.0 7 82 26.0 0 06 1.92 59.8 0 17 2 226 
1050 4 15 34 51 91 8 7 81 28 0 0.04 1 96 66 8 0 69 2 279 
1100 3.99 34 52 90 5 7.79 27.7 0.10 2 19 70.5 0 19 2 307 
1150 3 86 34.53 87.3 7 77 28.9 0.05 2 04 74 7 1 36 0 071 
1200 3.63 34.54 91.8 7 78 27.6 0.05 1.97 76 1 0 31 2 298 
1300 3.37 34.55 92 0 7 80 29.8 0 08 2 04 84 7 0 32 2 321 
1450 3 08 34 58 91.9 7.74 30.1 0 12 2 05 92 4 0 00 2 326 

H02 0 29 44 34 73 90 3 8 30 0 8 0.03 0 50 0 3 1 15 1 727 
100 27 55 35 20 92 2 5 3 0 08 0 66 1 2 0 39 
300 14.00 35 09 92 0 7.99 15.0 0 04 0 96 7 0 1 05 2 064 
500 7.96 34.56 92.1 7 87 20.5 0.03 1 73 18 2 0 00 2 122 
750 5 53 34.47 92.1 7 81 24 9 0 03 1 71 39.5 0.14 2 224 
900 4 75 34.48 92 1 7.79 27 3 0.03 1 85 49 4 0.80 2.260 
1000 4.33 34 50 92 1 7.78 26.5 0 05 1 87 57 0 0 48 2 243 
1100 4.02 34 51 91 8 7 75 27.9 0 06 1 89 64 3 0 60 2.248 
1200 3 65 34 53 92.0 7.75 20.5 0 09 1 55 46 6 1 01 2 268 
1400 3 24 34 56 92.1 7 74 29.9 0.02 

2 " 
87 4 0.93 2 358 

1500 3 04 34 58 92 0 7 73 24 3 0.06 2 01 68.7 0.90 2.332 
1650 2 95 34 58 92 1 7 72 22.2 0.06 1 56 52.6 0 70 2.308 

HOJ 0 29 66 34 67 91 1 8 24 09 0.03 0 30 0.2 0 67 1.862 
500 8.28 34 58 92 0 7.82 23.3 0 02 1 33 17.4 0 33 2 172 
900 4.83 34 48 92.1 7.73 31 5 0 05 1.74 48.6 2.315 
1085 4.18 34 50 92 1 7 71 30.9 0 04 1.61 56 7 0 70 2 291 
1100 4.07 34 51 92 1 7 73 30.6 0 06 1. 75 60.5 0.55 2 285 
1186 3 85 34 52 91 9 7 71 34.7 0 03 1 86 69 1 1 01 2.315 
1207 3.74 34 53 92.0 7.69 34.5 0 03 1 83 76 3 0 78 2 328 
1490 3.05 34 58 92 1 7.68 32.6 0 11 1 83 60 7 1.72 2 341 
1700 2.96 34 58 92 0 7 68 33.3 0.07 1 81 54.5 2 344 
1770 2 95 34.58 91.8 7 68 32 3 0 06 1 73 51 1 2 320 
1850 2 95 34 58 92.0 7 65 33 9 0.07 1 90 68 1 1 23 2.313 

H04 0 29.58 34.68 91 0 8.27 1.1 0 04 0 49 0.9 1 603 
300 13.23 35 02 91.6 8.00 10.7 0 05 0 87 5.3 1 925 
410 9.73 34.70 91.7 17 9 0.07 1 21 13 8 
900 4.62 34.48 91.7 8.32 24 0 0 06 1 73 46 6 1 791 
998 4 36 34 50 91.7 7 79 27 3 0 04 1 84 57 9 2.122 
1095 3 93 34 52 91 7 7 75 25.2 0 22 1 78 60.4 2 112 
1210 3.68 34 54 91.7 7 73 27.9 0.04 2 02 77 3 0 95 2.102 
1362 3 30 34.56 91.7 7 74 27 6 0 08 2 27 75 7 0 42 2.161 
1400 3.13 34.57 91 8 7.64 30.1 0 04 1 85 87 6 0 29 2 145 
1500 3.07 34 57 91.8 7 70 23.5 0 06 1 79 50 5 0 54 2 113 
1602 2 99 34.58 91 6 7 75 27.4 0.05 2 32 77 8 2 082 
1650 2.97 34.58 91.7 7.72 26.0 0.05 1 69 79.1 0.73 2 201 
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Table 3-1. continued 

Station Depth Temp. Sal. Traw. pH Nitrate Nitrite Phosphate Silicate H,S tC01 
,~i (1:) (p,,) (%) (µM) (µM) (µM) (µM) (µM) (mM) 

HOS 0 29 48 34 7t 90 6 8.17 1 1 0 03 0 21 1 1 I 734 

900 4 63 34.49 91 7 7 74 25.1 0.03 1 70 52 4 2.061 

1218 3.59 34.54 91.7 7.72 28.2 0 04 1.90 74 3 2.122 

1390 3.16 34.57 91.7 7.72 21. 7 0.17 1.54 53 4 2 168 

1476 3.08 34.57 91.7 7.73 25.9 0.09 1.68 73.6 2.120 

,500 3.04 34.58 91 7 7 74 32.1 0.04 2.07 97 8 2. 141 

1630 2 96 34 58 91 7 7 72 31.5 0.06 2 00 97 4 0.04 2.132 

1695 2.95 34.58 91.5 7 69 31.7 0.06 2 00 91 5 0.67 2.124 

1760 2.94 34.58 91.6 7.69 32.1 0.04 2 01 97.5 0 44 2 170 

1819 2.93 34 58 91.6 7.72 30.8 0.05 1.39 90.1 0.73 2 107 

1900 2.93 34 58 91.7 7 72 29.7 0.05 1.92 90.3 0 69 2 132 

2000 2 94 34 58 91.6 710 32 3 0.03 2 06 102 3 0.47 2.078 

H06 0 29 67 34.67 90.7 8.28 0 9 0 03 0 21 15 1 587 

485 8.16 34.57 91.7 7.88 16 0 0.10 1 07 14 0 1 987 

1000 4 38 34 50 91 8 7 81 19.2 0 09 1 42 39.7 2 024 

1283 3 57 34 55 91.8 7 78 21. I 0.08 1 32 50 3 2 088 

1402 3 24 34 56 91.7 7.76 30.0 0.07 1.89 89.3 2 119 

1500 3. 10 34 57 91.8 7.77 33 3 0 05 2 05 97 3 2 125 

1578 3 00 34.58 91 6 7.75 24 6 0 07 1 65 77 3 0.41 2 099 

1611 2.98 34 58 91 8 717 31. 1 0 06 1 95 95 4 0.51 2 093 

1668 2.96 34 58 91. 7 7.74 32.5 0 04 2 04 96.1 0 46 2 156 

1700 2.95 34.58 91-5 7 75 32.0 0 04 2 05 95.6 0 38 2 146 

1800 2.93 34 58 91 8 7.74 27.2 0.05 1 59 73 5 0 25 2 110 

1850 2 93 34.59 91.8 7.75 32.3 0.03 2 01 99 2 0 47 2.123 

2086 2.93 34.59 7.64 23.2 0.09 1 49 48 7 2.360 

H07 0 29.71 34 67 90 9 8.12 10 0.06 0 18 1 0 1.707 

300 13.52 35.04 91 7 7 86 13.5 0.05 0.84 8.9 1.854 

500 7 68 34 54 91.8 7 80 22 3 0.04 1.34 19.7 1.995 

1000 4 44 34.49 91.8 7.78 27.9 0.04 1.41 54.1 2 109 
1100 4.02 34.51 91.8 7.81 23.5 0 06 1 47 46 9 2 117 

1210 3 74 34.53 91.8 7.81 22.8 0.06 1 40 46 1 2 139 
1270 3 56 34.54 91.8 7.82 31.6 0 04 1 96 82 9 2 150 
1550 3 00 34.58 91 8 7.78 28.7 0.13 1.73 75.6 0.90 2.171 

1630 2 96 34 58 91.7 7 78 22.9 0 10 1.62 58.6 0 32 2.177 
1715 2 94 34 58 91.7 7 80 24.1 0 07 1.66 63 2 1.32 2.184 
1800 2 93 34 58 91.8 7.79 32.4 0.05 2 03 97 9 2 97 2 168 

1950 2 94 34 59 91.8 7.80 31.0 0 07 1 90 81.2 2 13 2 124 

HOS 0 29.66 34 68 90.9 8 31 1 6 0.08 1 19 2.0 I 575 

94 27.62 35 18 91.8 8.24 18 0 11 0.31 7.3 1.670 

300 13 08 35 00 91 6 8 01 138 0.05 0 90 7.0 1.875 
493 8 35 34.58 91.7 7 92 20 7 0.29 1 27 15.6 1.963 

700 5 91 34 47 91 7 7 87 19 6 0 07 1 18 22 8 1 950 

800 5 19 34 47 91 7 7 85 29 1 0 05 1 60 43 3 \ 999 

900 4 62 34.49 91 7 7 84 29 9 0 08 1. 76 53 9 3 31 2 014 
1000 4 34 34 50 91 7 7 81 28 6 0 08 1 69 55 1 0.92 2 042 
1350 3 18 34 57 91 6 7 78 25 4 0 41 54.9 2.10 2.150 
1450 3 16 34 57 91 7 7 79 31 8 0 05 1. 71 92.8 0.00 2.078 
1550 3 05 34 SB 917 7 78 33.B 0.04 2.07 97.3 1 43 2 114 
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Table 3-1. continued 

Station Dopth Temp. Sal. Trans. pH Nitrate Nitrite Phosphate Sthcate H7S !:CO2 
(m) (t) "'"' (%) (µM) (µM) (,.M) {µM) (µM) ' - . ., 

'""''' 

HOO 0 29.65 34 66 90 6 8 28 0.7 0.08 0 19 06 1 578 

300 13 03 35 00 91.6 7 95 15 5 0.03 0 97 8 4 0 51 1 919 

478 8.68 34 62 91 7 7 85 19 9 0.28 1 23 14 6 1 966 

900 4 65 34 48 91 8 7 75 28.7 0.02 1 50 53 4 0 59 2.067 
1100 3 98 34 52 91 7 7 72 27 2 0.47 1. 73 59 5 2 136 
1330 3 34 34.56 91.7 7 71 29.8 0.03 1 89 78 5 0.91 2.109 

1550 3.03 34 58 91 8 7.70 33 8 0 02 2 05 96 3 0.03 2.087 

1680 2.96 34 58 91.8 7 70 28.5 0 04 1 41 76 6 0.76 2.145 
1770 2.94 34.58 91.7 7.68 26.4 0.05 1. 77 57.1 0.49 2.180 

1819 2 94 34.58 91.7 7.70 20.9 0 05 1 54 42 7 0 23 2.236 

1900 2.94 34.59 91.8 7 71 26 0 0.06 1 38 62 7 0.69 2 093 

2000 2 94 34 59 91 8 7 69 18 2 0.12 1 21 43 7 0 46 2 140 

HID 0 29.58 34.68 90 3 8 35 09 0 05 0 47 2.4 1 617 

500 8 31 34.58 91.7 0 23 
850 4 87 34 48 91 7 7.83 22 8 0.29 1 61 42.0 2 034 

1100 3 98 34.52 91 6 7 78 27 4 0 15 1 98 66 6 0 23 2 078 
1490 3.10 34.57 91 4 7 77 29.0 0.18 2.12 81 3 2 139 
1572 2.99 34 58 91.5 7.74 28.8 0.19 2 11 70 0 0.02 2 110 

1638 2.97 34 58 89.1 7.66 28.0 0 21 1 58 63 5 028 2.242 
1680 2 96 34.58 89.7 7 71 28.0 0.18 1.59 59 6 0 21 2 142 

1708 2 96 34 58 89.7 7 70 28.6 0.21 2 13 67 6 0 21 2 129 

1765 2 96 34.58 90.1 29.6 0.17 1 86 63 8 0.28 

1790 2.96 34.58 7.74 28.3 0.17 2 03 71.9 0.44 2 170 

1876 2.94 34.59 7.90 30.5 0.11 214 83.1 2.128 

Hll 0 29.73 34 1, 89.8 8 26 0.9 0.03 0 26 06 1.718 

100 27.71 35.17 91.9 8.21 3.5 0.06 0.40 1 1 0 68 1 705 

300 13.48 35.05 91.8 7 99 14.1 0.20 0 72 71 1.936 

500 8 09 34.58 91.9 7.87 13. 1 0.20 0 96 94 0.62 2.000 

900 4.88 34.48 91.9 7.81 26.7 0.18 1.67 46.6 2.121 

1000 4.32 34.S0 91 9 7.79 23.7 0.\9 1 47 42.£ o.so 2.i29 

1150 3 96 34.52 91.9 7.78 26.4 0.20 1 78 65 0 0.35 2 119 

1200 3.76 34.53 91.9 7.77 29.7 0.20 1 88 75.1 0.95 2 130 

1350 3.28 34.56 91.8 7 77 28.7 0.21 1 91 82 6 0.80 2 153 

1400 3.12 34.57 91.9 7 75 31.3 0 20 2 01 89 2 0.46 2 152 
1450 3.06 34.58 91 9 7 76 30 8 o. \9 1.97 92. \ 0 \2 2.207 

1550 3.01 34.58 91.9 7 75 31.3 0.20 2.00 92.1 0.00 2.107 

H12 0 29.67 34 66 90.8 8 19 0.8 0.07 0.47 03 1 705 

300 13.12 35.00 91.6 7 96 13.4 0.08 1 09 7 1 1 950 

493 7.53 34.54 91 7 7 92 16.8 0.09 1 37 17.2 2.003 

89~ 4.85 34.48 917 7 84 18.0 0.10 1 69 33 3 2.058 
1100 3.85 34.52 91.7 7.83 27.4 0 08 1 99 69.5 2 056 
1252 3.53 34.54 91.8 7.81 20 2 0 12 1 42 56.9 2 104 

1300 3.41 34.55 91.7 7.81 24.1 0.06 1 66 71.8 0.61 2 088 
1400 3.16 34.57 91.8 7.81 27.0 0.07 215 83 9 0.51 2.100 
1520 3.04 34 58 91.8 7.80 22 2 0.14 1 56 60.0 0 45 2 145 
1600 2 98 34 58 91.6 7.78 27.8 0.09 1.61 91 0 0.28 2 151 
1650 2 96 34 58 91.6 7 78 16.2 0.15 1 43 35.3 0.50 2.207 
1750 2 94 34.58 91.6 7.71 19.0 0.11 1 67 44.9 0.68 2.242 

Min. 2.93 34.47 87.3 7.64 0.7 0 02 0 18 02 0 00 0.071 

M"' 29.73 35.20 922 8.35 34.7 0.47 2 32 102.3 3 31 2.360 
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Fig, 3-2. Vertical profiles of salinity in the study area. 
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"'t'l'!oJIA1 "I,'- ~'d:tf 7fc.el o-fi..f_s!_ "I,'- ,U±,;,t! %:it 'i'!'l!"1"1 JGOFS(the 

Joint Global Ocean Flux Study) 1}J_ WOCE(the World Ocean Circulation 

Experiment) % ~~l~ ~.,Z. i:ff1{0 17J.5:. ~l-cl(Goyet and Peltzer, 1994: Murray et 

al .. 1995). 

-i": '11_,'-oJIAj.ej * Jj!-71,U±•J,"_ :E;C02 ~_£_ii!_ i..fEf4i9;(.2.oj. 'lj:,t¾ Fig. 3-5oJI 

>!IAlo-f~cf. :E;co,:: 1. 6-2. 3 mM.ej 'll~-"- .lf.{'-ol ',;!-2 '?11.el 'o-710!I 1tfi!I ~'-I 

'o-71'{! 0.,'AJ.2._s!_ i..fElxl.2.oj' -'i'-'l'l•ff "l .el '1! ,'-'ll O!l-21 %AIU ..t¾ 

.'l~cl(•l 0J'1!,'-±, 1998: •H 0J'?1!-\'-, 1999). '!!~ HOl.el 1,150 m:: 1 JDMolo-1.el 

's;!-~ {f:~ li!.9f~r:il o],e -¥-¾~~oJ tiff-¥- §'~ ~"tiJ~A] o}l-]~ ~~~ .2..~l-~A] 

~•ff.el "f.ll._s!_Aj:: 'll"'l"l"I U-9.lcf. 

2f '!! ~ '!! Jj!-7l 'l! 0J'!J-li- '?"i-l"c3'ci} Fig. 3-6, 3-7oJI 4Ef4i9;lcf. 

-¥-7]~ 0Jte!'ff"e ~~~1{3..~2-.l "8~ .;fjJ~..fL~~ :&J-%'15"}2(Spencer, 1975: 

Chester, 1996) t!~% ol•ffo-1:: 7l-c'.- "l.ll.-"- ~-@-'{!cf. '?"i-l":3".el ~~- 2f 

~oJ~~,g Jt¾Ofl.kl ~~ ~.£-fi- &0]2 '9-AJO!l o:}c} ~;j;} ¾7}{! i:ffoJ~ ~"8-£ 

~ &oif-2 ~~r:t. Jj!.7] ~±~ ~ 0J~ ¾ 7};g. 'C 1:1Jff ~}AJ-OlE nitrate~ 

0.71-34.71 µM.ej 'll~~ .'l~2, nitrite::= 0.02-0.47 µM.ej 'll~-"- ',;!-,"_ ..t¾ 

i..fEf4!9;(cl(Fig. 3-6, Table 3-1). Phosphate ',.] silicate::= 0.18~2.30 µM:,t 

0.2~102.3 µM.ej '/JS,I-"- 4'!!"19;1.cl(Fig. 3-7, Table 3-1). Nitrate.21 

phosphate~ !fi:R~.£.i:: 411 1,000 m -¥-t"OflA'l l..}-s}~.Q.o=l, silicate~ 

-'Jt:faj.2._s!_ tj ~,"_ Of 1,500 m -\'-i:coJI 'i!-'1!"19;1.tf. Silicate::= nitrate, 

phosphate.21:: cf~ -il--tl'!l.el %•1<>11 .elU %<>11 .ejOJI •ff~1!"1oj, NO!l P.ej 

~:tf~"i •ff~-tl <I;.£ _llcf nf!e."l *"12 ~'1]:o-171 1Illii':0 ltl(Chester, 1996). 

~;>J)"l-2._ii!_ 'l!OJ'!J-li-:: t:ffOJ'"i -l",3"-!<i'-'11% _llOl2 '.lJ.2_\..f, '11"1" ~.£:: ~~•ff'!IOJ' 

.'lcf ',;!-,"_ .k-& .'l~cf. of~i!j 'l!-\'- '!!~.el ¾ • ;,,j{'-<>l]AJ:: ¾71.21 ~±71 'l!.Jil-'t! 

cf± 1!'/!U ._t.ej 'l'!~ _llol2 9J9;(.2.oj, 0 le!U 'll"l:: "l"l"i.2.-"- •ff"'l-tl~oJl 

.eiu •H-n-.ei 'l'!:tt,1 u2. 'l!'?"i-% %oil .ei•H 1'"171 *'1l'l!U :>,!% ,,_1,.1.-12 

9Jcf . .::ie!t..f ¾ • "'1¾.el •ff-li- "l.ll. '..l "l<ir"i~ "f.ll..el .lt"i-£ ~o-foj i'~U 

•ff"'1°1 7f-'8-o-fi!l i!f 'l!'c!'t!cf. 
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Fig. 3-5. Vertical profiles of total inorganic carbon in the study area. 
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~'ff. trJ~, ~. REE -§-.21 •"~j-~'fi'oJ ~~~ -?~~ ~ff~ 4;-.Q..~ -=g--g- r:l-(Bowers 

et al., 1988; Lilley et al., 1995; Pichler et al., 1999). 'l!-'r'"' "11 ~•fl 

~it!~ 1iff~Sl ~ ~:s:. ~t~ :£.0 1 ~ 7l:!r~~ ~~fi';:_ ~?~%~ ~CU ? ~~ 

¾..8.~ ..8.~~.;;. lt%'92, ~-.J cff.lt"i~ >e].t}~"i ~caj>:f.2.,e ll{]10, -It :::1.aJ.:;i. 

ty'~ %0] ~o] oJ-S-~2 ~.Q..t..J-(Horibe et al., 1986; Belviso et 1,, 1987: 

Cowen et al,. 1990; Charlou et al .. 1991 ), ~ 'cl.,'-ofl-"l c ~.tl--'r'± 0 J%-.foj 

-'r'~ ... ~t:f. ~.t1-4±c ofal]~ ~ 0 1 •ff-'r' ¾oflA7 HS 0 1~ ~•H.2. e~ ... aj off~ 

nf.ss7JI ~.t}-j'!t:l(Nelson and Fisher, 1995). 

H,O • H,S - H,O' • HS' ------ CD 

HzS + 0. 5Ch - S(colloidal) + H20 ----- ® 

HS- + 202 + H:z() - sot + HaO' ----- CD 

u}af-"J. ~!K"±c "114 ¾<>fl-"! 11il'0. 'ti* :::1.aJ.:;i. "J:fr&cf >1171 1c: 4;-.£71 

off~ llf .ss7] itll-!E:"1] -l!':-!<f ~ 1/.l ,"_ oJ aJ %0 ] 9.l~'-1-. 'l!-'r':t!>.l "11 qJ I "l 'll "i 

¾7J£A7 >iJAj-j'!t:f. 

~'Ii. ~J'.14± -'8-xe 'i!'li •H 0J:t!>.l~ 7.l~ o mM~ 'li'i'!. '1!1':t 

3-8 mM~ off~ * -'8.£~ .!;!.~t:l(Von Damm et al., 1985; et al., 

1988, Von Damm, 1988). !tfel-"l ~J'.f-'r'±c o]i!J~ -'8.£ "'I* 0 1% 4•HOI~ 

'ir Afofl lt%-1'J t:f. 

<c1..:;,.oJJ01~ ~!K"± -l!':.¥.c Fis. 3-8"11 '-+"l'-i19icf. ~-.1. <c1. 7:: 

'l!-'r'-'!%ofl ~~ plume~ °<l'J½ Jif"f-.171 ~-.loj ¾ · 7.\%--& ¾'\!~ 

-l!':-!<1"19ir:I. ~~OJ!Ai -l!':-!<f-1'! ~.ti--'r'±c o-3.31 µM~ 'll~~ '!!ir .63 µM½ 

.!;!.oj 'i!'li•ff 0J:t!>,l~ -'8.£.!;!.t:l '<t7JI -l!',-!<j!cj9;lt:l(Table 3-1). 21"1~.2. 

<cl.,'-•fl"'I ;: ~;>\\caj~;;;. '1!4-'!%~ 'lj•J½ 'l!;: ~~£ Al.ll.'Ht:1. ?\-.. 1. 5 µM 
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Fig. 3-8. Vertical profiles of HzS in the study area. 



o!AJ2j '!/.tf'r± o!"o'-'a'-£(sulfide anomaly)~ .'i'.'l.! 'l!'!l '.'. % 1271 ¾ 571 

'l!'!J('l!'!J HO], 02, 03, 07, 08).2..s'. PACMANUS.2.j- Susu Knolls •l"l 4AJ 1,000 m 

J/--2,2j 4¾oj'lJ_2, ti:'. 'l!'!JO!l;.f'r. ';!-'/- ojAJ -'a'-£-';;oj ~~5'J'litl. 

-'f-'ll£7l "'711 ~~5'l'li'i'.! 'l!'!l HOI2j ¾ • "1½40!1,.i:: -'1--li'c"!.2..s'. ~£21 

oj"o'¾71( Llt's0.02 t:)71 1.-fEl\.t.2.t,j, '!/i'.14± :<E~ o!AJ-'a'-£~ .'i'.9;!tl(Fig. 

3-9). of-a,cj 'l!'!J HOI;'. 27fl2j plumeo{] 2joj '!!•J'~ ~2 'lJ.'li.2.t,j 4AJ 1170 

m-'/--2:0 1 ti e ~.2.-". ~'1.!5'J'litl. 'l!4~%0!l 2j~ -'i''ll£.2.f '!/i'.14±21 ~711:: 

'1!-'i'-•1'421 ti;': 'll'!l~O!l,.i£ 'it !i1.oj1'-2 'll'litl. •14 ¾O!l,.i 'll4~%0!l 21~ 

plume'.'. -l,':,t,'-2] i':ol, -l,':,t•J2] 'l!.£.2.1- ii':½ 4;-£, ¾ • "1½ •fl-ll- .:lcl2 

•ff4'l!£-'I % Jil-~"!'1.! ~7.J2j '!j•J¾ '1,t.2.t,j 1'-'ll •14.s<. ~{!{!tl(Speer and 

Rona, 1989; Tivey et al., 1990; Helfrich and Speer, 1995; Lilley et al., 

1995). Fig. 3-10'.'. ~'.'. 'l/.£,tlAJo{I -'i''ll.'r..2.f '!li'.14±2j {J:~0 1 4\ll-012 

'l)<J;l.2.t,j o!cJ~ ;.11!.s<.-'/-"1 ~{!2f'l!ol 4½2j %'l!£\:!(isopycnic surface)¾ 

ttlcl 1'-'ll•l"l.2.-". ~~£12 'l/%~ ~ !loj1'-2 'llt\. tt1a\;.1 ~{1:5'.,l!~ 

ol%~tl\:! 'i!--iJ-~2j ~-'I 'l1 -li':½'8£~ ~'ll~ 4 'll.2.ol, -'l'f 0 10!1 •ff~ 

'1!-'i'-~ ~~~ <>1l'l! 0 ltl. 

~'ll. '1!-'i'-•fl"l2j 'l!4 'i!--il-~½ ~,1 -'tl-O\oj '!/i'.14± "\.ll.-lt 0 1% 

-§-;.1"J'o'21 4"1'<!\:!£~ ~'ll-019:\tl(Fig. 3-11). Fig. 3-110!1;.1 .Ro;.!{! sf.et ~ 0 1 

Z/ 'l!'!l~ 2712j -tl"o'O!l .'r.;.l-Ol9:!cl. -tl A:: 'l!'!l H04(151° 41.658' w, 3° 41.876' 

S)o{j;.j HOI(i52° 06.349' W, 3° 47. 765' S)¾ ~:: Of 45 km2j ;,ja!o!oj, ,tl s:: 
'l!'!J H08(151° 41.264' W, 3° 42.849' S)o{j;.i H09(151° 49.397' W, 3° 43.314' 

S).5e '1!'!:!{! ~ 15 km2] ;,jajojcf. ,tl A2] 7.J-'/-, '!/.tf'r±:: PACMANUS •1'4 'l!'!J 

H072J 411 I, 800 m-"1- H032j I, 500 mo{!;.i '1<'.'. 'a'-£~ .'i'.'li.2.ol, DESMOSo{!;.1 Susu 

Knolls ;.fo!2j 'l!'!l H02 'l1 H012j 1,200 mo{jAj cf± i':'.'. {/:~ '-fEl•ff'licl. 0 1"1~ 

ii',_,>;o{j;.i -.. n:il, •1"1i'.f{!lt%0 1 1:'l);~ •1'4~ PACMANUS2j 7.J-'/-, -'f-71 o]"li2j 

'i/-'if-~o] 'll~ ~.2.,;,. 't!'<!{!cf. o]el~ ;.fA.J'.'. PACMANUS2j W~'l.! ,tlBo{j;.j cj~ 

'it .'i'.<>l"l2 'lJ.::cil, 'l!'!J H082] 4AJ 900 m.2.f 1,400 m 4½0!];.1 °]-'ll 2-'a'-£½~ 

~~-0\9:\cf. ~Ai 'l!ia-{! ~f-"1- ~o] '<!4~%oj -'1~ plume'.'. .llo{-.2..;..2j 4"1"1 
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station HOl in the study area. 
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"t"" _,i_ c I;:: % 'll So 1 11] ,;:\ % trf a) -? 'll aJ .,,_.,,_ "t-:1'. "17) III) ii'-"il Ai _;,_ c) :' 7) -¥:I. .eJ 

*-il-~~ ?,t.2 ~~ 7,!= Af.ii.'i:!cf. ttfefAi i" 'l!'i'-7.'!2/0fJAi£/ :,/'~ 

oJ,r.J.2_~5:.:::: ~-?.;J-%¢JJ ~Hl .:g~J0 ] "?° ~i=}~_Q_§.. .it!'t!x.12, ~§-r-?-5:~ ~.5:.7t 

plume.'?.j 7T.£l..-} :!f--:J-lf%2-! ~~5:.oi] l:l]al]~q~, ~~ H07.£l \:t~BJ"OC0loj] 7}"1,~ ~ 

¾i;-!(:!o) ~~ ~...Q..£. ,t}£'{:!r:t, 

pH, 

.:goJC§'ff" ~ ~~?~ %.£ ~-7-i5)-9J,L.}. ~fiifl~ ~ iiffA~~~~%oJ ~~~ 

o~~_Q_~ ~~;;t;j <u:::: Papua ;-.;ew Guniea tl]Aa}.S=i ifl<ij_Q_~ PACMA.'.'JUS, DES~10S 

7?]2 Susu Knolls%~ .£~1Bt}, ~ ~.-?-~ ~~~ off+~ .xj~~~ ?-3:JA}~ 

0)% 'lj'7':,/'AJ ',/J-\7J'/J~ Jij'l)'Of.2, •H 0,,>;,f~7ij'l)2f <!"1 '°}7faj 'l!')l•ff"i9J 

Aicff'1) 0J •H"i -i''l'!.21 ¾ · 1/71 ¥'!7.J"i.llc af'(:!~ ~,u "'-"- 'i'-"!'Ofl ~cf. 

9-1--?-~2}, 4-r+~ 1;.I ~~4'29-1 o)AJ~5:.*~ ~~&}~c}. ~&). {jAJoj]Ai 

~~{! ~~-?.z:::: 0~3.31 µM~ ~,?.].tj- ~°tt 0.63 µM£ _!i!.~2. 1.5 µM o]AJ~ 

~~-?:5::- o]AJifS:.-i li!.eu 1~.:'. ¾ l27ij ¾ 57ff ~~(-~~ HO!, 02, 03, 07, 

08).Q..5:.. PAC~1i\Nl'S9..j- Susu Knolls t>flQ:f -?,,_J 1,000-1, 700 ID -¥-2~ -?-% ~o]r:L 

oJcJt, oJAJ'ff.'ic ~'J~ 'll-?"/%"11 7J'c['i:! ~2-!r_ '1!'i!>'lal, oJ~ {?OfJAi.eJ 

o\:::: 
~4-~½oJl .Q.1~ ~~~ ~~J.2..£. nJt:J£1~. u:}i!tA~ 0 1"1:l-~ ?J:z.\-:::: 7-)-=;1--~i!) A}.li., 

A]~-=;1-& ~ ~.-3:j~ A]~~~~ %-~ 7-}£~:I} AJ~ ~_!,1__2_~% *~}o:j ~4':.g-AJ 

l:JA}7ltti~ E~,£ '9"t:fl!.\-~ 4- I;)_~ ~~.£. A}Ji.~t:l. 
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Fig. 3-11. Vertical cross-section of H2S in the study area. 
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Manus Basin~ ¾ 0J.!;'-7f !lil7] 'i,Ef.s'. •16~-o-171] ~'l,'(oblique spreading)>'!:::: 

~U •ffI-l,':;,.]o]r:l(Taylor, 1976; Taylor et al., 1994; Martinez and Taylor, 

1995). Manus Basin~ "1~:zt ¾•JO\]!: 11SC(llest Spreading Center)1} MSC(Mid 

Spreading Center).s'. 'll'll'il 271~ ~'l,'ti(spreading zone)71 -l,':.£-o-foj '<l%4if<>\le 

SER/South East Rift).s'. -It•! Y:::: 171~ 'l!1fqj(rifting zone)71 ii':.£-o-f2 ~!:ti] 

o]'!f~ ZfZf 27ff~ 'cl½= 'c!'(;!>'Joj ~t:l(Martinez and Taylor, 1995). Manus 

Basin!:, •H'll•J '1!~ -1:J~o] ontong java plateau~ ~~= ¾'c!>'l2 'ft~oj)Ai 

Aff.s'.¾ -1:J~tft71 -'IHl>'l\1"1 "a-'/l'il, ~u ¾C,-¾ ~~ 'l!JAl(tectonic 

history)~ ~2 ~r:l(Marlow et al., 1991). •]'!!,YA);,.)"')~ Manus Basin %4if 

¾ 0J<>\] ~:>]-o-foj 4\11~ 'l!'r' "/%•] ~~,'J2 .!i'.2>'!2 ~:::: SER~ tft-'lf.Q.!i'. -o-foj 

AJA]:s'j~r:f. o] ;,.)"')~ 7]'/!'lt.g, tj]Afo)!e_ 71]-!-~ k!'ll'lt•]Dj lt'll:U 'l!!4' "/%0!] 

~31 "a-'/l'il 'l!4"d"-'o'•] ¾-'/--o-171] J;'-e6"f2 ~:::: ;,.j"')o]r:l(Binns and Scott, 

1993l. 0 1 "l"'i~ ~•H ~-'o'<>\l"l ¾'1-U "d-"<1-£ .!i'.0 le 'ii~~ :,-_;;,__;i_ •I~ "d"-'o':zt 

%AIU ll\)?'j,.1'j~<>\] ~;;ft '!!4 "<!'!1°1 "a'll>'l2 ~:::: "-1"1=£. '>lill"l ~r:}. 

0 1 ;<)"')~ lr'll:U 'l!'r' "!%~ ~u ¾"t-¾ tl1oJ]Ai 7]'l]-o-f:::: ~= 

~ Zf >'l :::: ti], o] ;,.J <ii~ ¾C,-¾ ti 1 :it "'I Ale O I ;;<J "') ~ ;,.J 'l! C,-¾~ "a-'/l '-'.2 .'f. 

o 1 ;,.J "l ojJ ii':.£ 6-f:::: 'lt""i ~ ~'ll 0!)£. 'l!°<l >'I oj ~ -& ~ oJ t:I. a:f •1-"l "l .Q.!a. 

'l}"")~oj) tfU ~~ %"l~(chemical geodynamics)"I 'c!C,-1} "]'l!C,-¾oj] tffU 

¾V"l 'l! 'cl C,-~ -'8-3ff o] ;,.j "'I~ ¾C,-¾ t\1 :zt '4 Af~ .!i'.t:f C,-"i!"f .Q..s'. 0 ] all~ 4 

~-£ ~•Jr:f. •laJU ¾V"l'l! 0 J3ftoJ1 x<;t,l~ al] tt'!!U 'l!4' "!%~ 4!'l!:zt 

ii':.£, t:i 1..f0 171 'l!4 "d"-'o'~ e•H'ii•i11- 4'-e"<l-i- '!111\t 4 ~:::: '!! 0 1 'l!;;! 4 

".?1-£ ~oJt:l. 
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~"ff'll"i Manus Basin~ sc,'-sc"l'<l OJAlo!I cff~ '1!'i'-:: sJ;,."] tf'l):irJ 

'l] '»S'J 9iE.1..f oJ -'I "1 7] •J'll"il cff~ 'll-"I :tf ~"1 '<.! '1!'i'-:: off1- -¥-~~ '\l•ff 01 t:f. 

01 ~2Aio!JJ.\:: 01 "1"1~ -Ii\-~~ sc,'-sc ~7<l"11x\ 7]~,lE.c.1c.l2 'llztS'J:: 

71'/!'ll~ -'1:tf~"l ~-'11-£ °#irl2"1 ~t:1. 

oJ'l!_ ',!Af:: 7f'!,' 'l!?"/%0] lf'l!o-12 'l!? '!,''\lo] ~_£0-f:: ~.Q.5'. 'l!i>J"-1 

9l:: SER-£ cff'\IE-5'. ?'»irf~t:f. SER~ -'lzt~ 'l!1R~ :tf~tf%o!J ~3ff off1-

-li\-~~ -'I '\l-& t.fEf \:l!t:\. -'],le.£ 'l!? ~½01 'l!'l!-6-1 -'tl '»5'12 9./2 ,a~ t:\'i{~ 

'l!"r' ~t.j(chimney)~ ~.£71 ~'<.!'\'! Pua! Ridge~ SJ* Yuam Ridge, Marmin 

Knoll, OJA] 'l!?~ ~t.j~ ~.£71 ~'<.!'i! Susu Knolls, .:J.c.12 7J~-'8~ 'l!? 

~½,'-7\ 'l!'il.'i! DESMOS '!!<~c.l % ~i!J:l} "t~ •R"1~. ~Pia\ %0] 

~.o'c~t:l(Binns and Scott, 1993). S1..!."l £-el!'i! •R 0J -'J:ztoJ 'l!7ff5']'1!Ai 

nf.:J.nf7f '\l-'115'Jo-J -'1~"1'<.! :tf~~¾o1 'lJ7]Ji1 5']2 ±-i/-5'.~ Ridge, Knoll, 

Caldera %ol 1U~oi ~ ~..Q..£. .>§zt¥!t:J-. 

J.1.ll.~ ~H41~ -'IOJ~ ~-'11-£ Z!"f-6-1711 'l!a]irl'1! 0lel!~ ~t:f. Pua! ridge:: 

SER~ Ai4i\-"il -?Jc>Jirl:: •Hi!JE-5'.x\ '\1-¥-o!I:: I~~ •fft.ft:\OJI ~•H 1993\1 '!!~'i! 

PACMANUS -']OJoJ ~.£-6-f:;L 9./t:I. SER ¾0J -¥-~OJI:: 'l!~"il ~•H ~-'11 Plume~ 

i""ff71 :11'<.!'i! DESMOS ~ci]af71 ~.£•12 9l.Q.oj %4'\-"il-e ~-2: 'l!? "1%0] 

~'<l'i'! SuSu KnollsoJ ~.£3\2 9Jt:\. o1'1to!J Pua! Ridge Ai4i\-o!J-e Marmin KnolloJ 

~~ft}-.2 ~.Q.t:Jt 38-~..Q.~,e Pual Ridge~ ~~ll}7{J Yuam Ridge7}- ~.£ll}-2 

9Jt:l(Binns and Scott, 1993). J.J.ll. ~ff41:: Pua! Ridge~ 'll'\1-¥- %4'\- Af'1!, .Ji\-% 

A\'1!, DESl'IJS ~~c.\, SuSu Knolls 'lJ'\1-'i'-o!Jx\ ')!A1,1E.nj .Ji\-% Pua! Ridge~ Yuam 

Ridge AfoJ~ ~;tJo!JAi Piston coreo!I ~•a -&al~ AJ.ll. %4i\- Af'1!"11Ai Piston 

core"il ~•a ~H~l'i! A].ll. OJAI ~-"]'1tl. Pua! Ridge~ DESMOS -'IOJ~ AJ.ll.:: 

SJ 'l! '!l ( aphyric )019;(.Q.oj SuSu Knolls J.J.ll.o!l-e off-,'- "I~ Af'!r-"I 'l!'ll ~oJ 
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~.oo.-f2 ~Cf. _s~;,j~ .5'.-'j' JO!j~ A,!A],12 zt _s~;,j~ !/-]*] 'JI *ff-tl'fl 

A].ll.~ li!r-'IJ.2- Fig.4-1, Fig 4-2~ Table 4-loJ] ~e.jxjoj ~rf. 

zt _s~;,j 'l!£ *ff-tJ'fl ~<,j~ ¾ -\J-tl~ A].ll.i!- -tl~~ 'f ±',j ~<,j 

'!!'<!7]£ ~-"l-£ -SJ-711 ~;):cf. ~71] 'l!ilf ~ ~-"l~ ujo]7JoJ] ,i,7-j ',12 ~%llf 

"1]~7l(ultra sonicator)£ -SJ-.". o]Ai]~ 'lJ];.-!ioJ ~~1"1 iJ.oJ'l! u:Jl7Jf;<J "?!JoJI 

~"'1 "11~--f~r::f. oj Aj.ll.~-£ .2.::'.oflA1 501;~ ~.'r.£ 48A]'(! <lz~ 'f Ball 

mill-£ oJ¾•ff ~~.-J ~'l!!J .-f~r::f. ~'l!!J't\ Aj.ll. ¾ ~~±!:: XRF~ ICP-AES~ 

oJ-8-'1!::<I] XRF~ "<!~ LiBO,i!- flux.'i'. oJ¾•ff bead,& ,1]-Sj-~ Cf 

~<,j1"f~cl(Phillips Co). V, Cr, Co, Ni, Cu, Zn, Rb, Sr, Y, Zr, Cd, Ba %~ 

~±!:: ICP-AES(Optima 3300DV, Perkin Elmer Co.)£, Pb, Cs, Nb, U, Th, Hf~ 

REEs(Rare Esrth Elements)!:: ICP-MS(PQil, VG element Co. )i!- oJ¾.-foJ ~<,j,1cf. 

ICP-AES~ lCP-MS ~-£ ~~ ~'l! AJ.ll. ¾•ffi!- ~•ff 'l!"f 0. 2 g~ AJ.ll.it 7)~"1! 

oi]E-1", ¾7Jofl '&2, HF, HNO, -t,101% ztzt 6:2~ uJ-&-.;;. '&~ 'f -'l'>g-£ 

'jj,,11,J;,]2, -'fE '-ll<>ll '\!*l't! 7f'll'1! ~oJl"l 175 t oJ.-1~ ~= 12,1n 

7f'l! • ¾•ffAJ!l[cf. AJ.ll.~oJ ¾•Hx!~%-& :It'll~ 'f r::fAj -'l'>g-£ 'l!2 {!~oJ 

~1,':.-J ¾'It~ u:Jl7Jf;<J 7f'l!'1! ~oj)Aj 'l!%AJ!l[r::f. 'l}%o] ,t\:l A]_ll.fi°,"_ 0.1 N 

HN03 ¾SlJ.Q..;._ 20~ oJAJ ¾~AJ?j 30 ml %7]oJ] ,i,7-j ',1~2 ~¾'l,'-£ 30 g oJ 

xj.'r.-i'; '.!-f~r::f . .::12]2 -t,!±oJ] a:fef oJ ¾"'I¾ :aJ'!l.-J !J-"l • ~<,j.-f~r::f. 
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Table 4-1. Location and description of each dredge haul on SER 

lliedge 

!l...ocation 

Pua/ Ridge 

Latitude Longitude Depth (m) Estimates of volume 

rock types recovered & desc~ptions 

HDg 1-1 3" 43.220 S 151" 40.467 E 1,694-1,678 60 Kg; ~~(99.9%)- zj.g. 1~ 9-¾"a ¾el~ ri]A}o]E(dacite), 98%2 {:] 

(Roman Ruins) 3" 43.438 151* 40.526 1!,%}oj '2-l= 1.9%7} ~~Sjoj 9.1.%. qi,¥-~~ t:.JJ-'+o].S.7} ~ 1HsJ<>l 9.1.%. 1] 
"Et(I.9%)- 0.1 % 11£9.l ~~Jl-iHiron oxide)~ '"Jl-%(sulfideJ 0 l -tHHl. 

HDg 1-2 

(Roman Ruins) 3" 43.214 S 151" 40.467 E 1,702-1,690 100 Kg; ~t.J(5%J- ql,¥-¾t- ~.g. s;.z}~s;. ~,t-o] ~¾- qi~ {JL..j~ S!lzt-¥ 

HDg I-3 

3" 43.459 151" 40.539 ¾t-. 7J-'4:il(anhydrite)7} 9llll• ~"8%}3!. 9.1,.2.oj o] !11-it Fe-Mn .AJJl--§-o] 

il"7ll llj:.}'0}31 9.1.%. 7J~:;r ¾ 'il'~.2.S.. ~ 1cm -¥--"'~ shpalerite ¾o] "J 
"'J, .:1 9-% 'Z}~.2.£ tj-.:C,{-!~ shpalerite ¾ 0 1 1-'85.JoJ 9.1.¾. ~~(95%)

zj.g. ,.,~~lo! 9-i'".AJ~ ¾i!l1. tf)A}o]E(HD.'( 1-lofl ll]aj] ~ ~1M5.J6l 9.1.%). 

(Romm. Ruins) 3" 43.258 S 151" 40.548 E 1.728-1.680 300 Kg; ~t-1(1%)- 55cmX24cm 3.7]~ ql1 ~L..jsif. T~.g. ~Y S:.Zj-%0] 

l!Dg 2 

(Satanic Mills) 

l!Dg 3 

(Tslwshi field) 

l!Dg 4 

3· 43.467 151" 41.162 ..:ff~tl. qi~ ~y~ .2.Jzt.g. "J-<1.zt.£.£ it7ll Dl*¥! ?J~:;roJuj 4% 

sphalerite ¼ 0 1 ~8'-1! 9.1,:i!, ..:1 4% 'il'~.2.S.. chalcopyrite ~~ 0 1 '111. ~ 
Ys.J £zt~ ¾ ~¥ofl barite {!.1! 0 1 ¾l-"'J~ -3.!£ 9.1.%. ~~(99%)- ~.g. 
~' 9-i'-"a, -fl-ej~9.j {!{1~ tflA}o]E. 

3' 43.725 S 151" 40.371 E 1.794-1,698 300 Kg; ~-'4000%)- zj.g.~, 4i'""il, ¾211!9.J {:]{!~ t:i]A}o)EZj. q,H!s.J 

3· 44.162 151 • 40.495 ~ ~ ~. 

3" 43.713 S 151" 39.990 E 1,645-1,632 80 Kg; ~-'4000%)- zj.g.~, c+i'""il. {t-2]~9.l {11!,~ rl)A}o]§.. A]li.% '5' 
3· 43.602 151" 40.137 ~7a 2.5 cm~ uff4L ~ 7]i'"~o] ~'i!'Sl~ '11-2 -3'!£ 9.1,.g.. o] A1li.%.g. 7] 

~·%-{l.£..£%{l~~~3':~%~~-

(Eastern 3· 44.150 S 151. 41.149 E 

151" 40.965 
1.994-1,759 00 Kg, ~~(100%)-~¥~~ 'Z}{}'it(basaltic andesite), ~!11!. Cl-i',..J 0 luj 

..g..2]{,!_ 3':~. lft1.g. -fHlsJA] ~%. ~?j ~ 6cm9.l -2' 7]i'"% %-{l.2.S. % 

11~~9.l 3':~,i ~ 0 11::' Alli£ 9.1.%. 

Pual Ridge) 3' 43.849 
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Table 4-1. continued 

Dredge 

/Location 

Latitude LonRitude Dcplh Im! Estimate,; of volume 

rock types reco\'ned & descriptions 

HDg 5 :r 43232 S 1:-il° 40504 E 1,681-l,nfi6 ~5 Kg; 'i!'-"--1(100%)- {:),,g.~ij, 7)-ro] ~-~"1 *i'l1)9.J {_]~~'. Ll)Ato]!i. ~-1 
/Rnman Ruins) 3° 43 184 151. 40.67:-) 

HDg 7 

(NE Pua/ Ridge) T '10.656 S 151" 44.501 E LK&H,Kl2 

DESMOS 
HD,:i 6 

SuSu Knolls 
HDg 8 

(Suzette) 

3· 40./439 151' 44.fi&1 

3' 42.013 S 151' 52.017 E 2,038-1.808 

3° 41.408 151° 5L998 

T 47 ~02 S 152" 

'.r 47.527 152· 

05.626 E 

05.929 

1,532-1,500 

H)Ato]!:_~ ~"T7]~ uJ{!~~.g.o] ~ 3mm :;i:J~-Ot2 'V~--. 

SO Kg: "f)-,,_---1(99.:i %)- {l~'IJ: r11Atol~{97 %}. -1-,,..l(Pumice, 2.5%), £14Y

(0.5%)- o] i:l El ~ t'tH 'cl -"'1 ;,~ ~(hem1peJagicl 

300 Kg; ~':,j(J{X)%)- Ll!-¥-~ ;,J.fi.1t J'.1171 ~IH~ !i!.'Z.1( 11JA'll-2-.£ 7,,1-e}~ 

(rndial joint\%~ 0Jclsll % ~--Pf-7], ,t3J1_:<.joj\ ~;;~ i~,}\!i_! ":'.;\Sc.~ '-»tj). ~~ 

.;JI, i::ti'~oloj 't)-{l,,g. rj,~1,_JA] ti'&. 9-]Zt2-~-l,!-Ej G1H!,.J *ol ?!~1,.J~ '-] 

~S'. '.U %(hyaloclasme- •greenish gray _.gray-•vesicular grny---->g\assy black 

yellow gray). JI'l!oJ] ~»Ji5~J1] 1':.7H{l(jomt) 0 ) ~o-j';-l- ';!I~~ 1Ji'o] oM 

4- ~'2"~ ,,_lli%~ -E•~ 

100 Kg: {lt..-1(30%)- qi~ {JYS!J- {lt.1!,.J S,ZJ~o] -'<~~1,.J~%. 0J.z}{!,§}*o] 

SJ ,n ¥ ~ .!f-,lt ,J.j-\,!- ~ 7J ~ .Jl(anhydrice) 2] zt-----sphalcrite ¾-----chalcopyrite 

~"11 ""cl1l" i--11-¥,oJ] 1]-i§'§ol -lf-~i5}oj 71-6" t.ll-¥-<>111'::- chalcoµyrite7t '11~~{}. 

'i}-'>j/60%)- i3-f':,;Jfo]oj %i!-J~g.J r1].<.}o]§.. Pual Ridgel.-} DESMOS 1:J~!,.J 

'i}-',jff,J.'l-1=- 'g2-j t;':71]0] ~xH~. ~~*(10%)- 7J.g."'!o]oj o]'i:]9.] g!T7]k) 

!<l tj-i} 4i- sl ~ *(metahferous sediments). 
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Fig. 4-1 Photographs of selective rock samples. 

HD 1- l - 3 (summit area of Puar Ridge) 
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Fig. 4-1. continued 

HD 2 ~ 3 (summit area of Puar Ridge) 
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Fig. 4-1 continued 

HD 4 (eastern part of Pua! Ridgel 
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Fig_ 4-1. continued 

HD 7 (north eastern part of Pua! Ridge) HD 8 (SuSu Knoll) 
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"'-"l ~:zt:: Table 4-2"11 lel~<>l 91.r:f. TAS ..'r.lf.<>11 ~1'\\'! Pua! Ridge lAJ, 

~% Pual Ridge 1}l SuSu Knol lsS] 'ti-~,'.:. Daciteo]o:j Pual RidgeS] f-~ ~ ~ 

'<!~'lf DESMOS >'1'4~ 'lf,!<j,"_ ~.!/-'lf1l '<r~'lf= :i'.fi'i!t:l(Fig. 4-3). AFM 

.'r..lE<>ll ~1'}\'! 0 1 'lf"lii.". .5'.-'f- Cale-alkali :>ll'i!<>li 4;-;;-\et1l Pua\ Ridge \I,) .::1. 

f'll'lf .::!.e).2 SuSu Knolls~ 'lf-"l.". 'll~ "'i:f "/%<>11 ~•ff r:1°Ji:f'i! ~,"_ ll)'l!'li 

~.Q._,a_ ~Z/'i!t:l(Fig, 4-4). 'li\'! DESMOS 'lf,!<j~ 7.J~ Cale-alkali :>ll'l!<>l) 

4;-0\71::; 1'\;,cJ'l! Pua! Ridge~ .::1. f-'11 .::1.e).2 SuSu Knolls~ 'lf-"l:zf 7ll'l! 0 1 

-,L"''i!t:l(Fig. 4-4), .::!."14 ~'<!71l<>llA1 DESMOS 'lf-"1°1 '1-"l•I 'llff"'i:f~7) ~ "'t 

1f;;J-,!<j "'i:f'(!7l)_,a_Aj, 1'ri'.- 'lf,!<j~:zf ~ ,"_ 7l)'l!.,a. ~ 'f" !l),-£ ;<I, .'f.:C: ~")= 

t:I :'. 711 'l! ~ 'lf-"l 'li"'l ~ 'i'-'l! o-\7) l)~r:I. SiO,-K,o ..'r.lf.<>ll ~ 1'1\'! 0 1 "'l '4 

~~~,:: .£.f Medium K~ calc-alkali 7'!l~Sl ~~.Q...£. ~ ffx}2 DESMOS~ 

.£V•l<>l ~~l Al.ilc7I ~,"_ 71l'l!<>l1Ai "'i:f~ ~.Q._,a_ .'r.Al'i!_t:l(Fig. 4-5). 13" 

oJ'I,'~ "'-"- Al 203 ~'!)' '4;.l •l "'i"'i 'lf,!<joJ calc-alkali lll'l!'ll-£ 

"'l"'l~t:l(Table 4-2). -iJ•J").Q._,a_ medium K~ calc-alkali 7ll'l!.". -la'<l~e "'i'li~ 

AJ-¥- "'i~J(overriding plate) 0 1 r:j~ '11.\'!-'i'-'li ~'ll''i!.'r.<>ll-"1 4'.2. t-fE\'c!t:1. MgO:zf 

r:\:'. f~± AJ'i:!'i:!711 .5'..lE<>lJ ~1'1\'! Pua! Ridge~ .::1. f-'11 'lf-"l . .::1.e).2 Susu 

Knolls A)Jlc~,"c ~,"_ 7)~~ ol.::LoloJJAj ~i:fl! ~= 'li't!'i!t:l(Fig.4-6), 'fr\'! 

DESMOS ;,cJ'4 'lf,!<j~ 7.J~ K2D, Na20, CaO, Ti02 ~ 7.J~:C: -%-iJ ol.::Lol~ 

"'i:f :zf l .Q._,a_ OIJ-"l ~ '," !ti:: 71-'8"1! .". !l),.Q. 4 0 I AJ .li ii<>lJJ.i 'l,'r:ff "1 = .t ,"_ 
FeO, P,o.~ ~.x.:: 'IJ'li"i'li "'i:f:zfl.Q..2.:C: t)Jil •ff-"l~7J "1"1¾ ~.Q._,a_ 

~Z/'i!t:l(Fig. 4-6). 

Harker .5'..llo AJ<>li-"i DESMOS 'lf,!;):zf t:I:'. :<)'4 'l[,!<jl§-:zf:C: "1°) !: t:j~ 

-'f-.s i!J ~ r:I( Fig. 4-7). r:\:: "l '4 ~ 'lf "l ~ .". 'l! 'li"i 'tl a\ .::1.0\ "':t\ :zfl .Q.!a. 
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Table 4-2. Chemical compositions of volcanic rock samples dredge in SER 

Elements 
Pual Rid e 

HDl-1-1 HDl-1-2 HDl-1-7L HD1-1-7H Dl-1-8 HDl-2-2-1 HDl-2-2-2 HDl-3-2-l HD\-3-2-2 HDl-3-3-1 HD2-l-2 HD2-l-3 HDJ-1-1S 

' , 69.89 69.78 64.84 65.63 65.26 69.31 68.29 69.10 68.75 69.16 70 45 69.86 67.57 

TOi 0.61 060 0.79 0 80 0.81 0.63 0.62 0 61 0.61 0.59 0.61 0.60 0.64 

Al101 13.90 13.86 l4.69 1477 14.63 14.12 13 76 13.63 13 73 13.73 ! J.83 lJ.88 13.84 

F,O 4.34 5.06 5.73 5.51 5 83 443 4.41 4.27 4.24 413 427 424 4.96 

MnO 0.13 0 15 0 16 0 15 0.15 0.13 0.13 013 0.12 0 12 0.12 0 13 0 15 

MgO 0.91 \.04 \.,0 179 l.92 0.93 0.91 OJ!8 084 084 0.87 0'8 1 76 

c,o 3.01 3.56 4.57 4.49 463 3 12 3.12 3.01 2.97 2.92 3 04 3 01 3.78 

NaiO 491 4.88 4.45 4.42 449 4.84 4.97 488 4.89 4.75 477 493 4 65 

K,O 1 72 172 1 45 1 29 1.34 1.15 1.76 1.75 1 76 1.82 1.83 1.83 1.64 

P10s 0.12 0 12 0.25 0.26 0.25 0.13 013 0.12 0.13 0.13 0 12 0.12 0 15 

som 99.60 100 79 98 81 99.17 99.33 99.38 98.12 98.38 9804 98.19 99.92 99.48 99.14 

LOI 1 43 1.40 1 79 1 78 1.57 1 )8 l.30 l.33 1 52 1.50 l.33 1.85 1.53 

' 14 72 16.51 68.49 70.25 68 93 17.71 17.33 16 58 15.54 16.77 15.20 16 06 33 59 

c, 5.12 4.38 22 82 23 01 24.30 3.68 3.71 466 4.98 4.56 8.83 6.78 53.20 

Co 64.83 4456 214.19 213.87 200.90 37.41 54.55 62.86 8244 56.73 63 53 177.14 78.42 

N, 18.40 18 35 22.94 23 64 24.15 18 82 19 57 19.46 20.63 19.92 20.67 20 89 29.49 

C" \7.S\ 19.37 28.37 28.01 2755 18.15 19.72 19.55 19.\i 19.% \<J.68 19.86 18.'P, 

- Zo 70.40 71.07 80.50 84 05 80.53 74 87 76.39 74.10 76.81 75.48 75.50 74.65 77 68 - Rb 44.56 35.40 29 87 29.55 42.32 
w 36.56 37.62 25.31 45.53 42 44 35 30 39 95 30.00 

I s, 265 Q] 252.23 344.47 327.35 :n8.11 276.33 236 72 267.23 263.6! 255.10 251.14 247.86 300.82 

y 26.91 2379 24.69 23.78 23.57 25.22 20.25 27.76 26.71 23.93 25.61 22.25 27 09 

z, 103.57 101.83 80.33 82 57 82.24 109.48 109.63 108 98 111.73 111.24 I 14.99 111.39 99.82 

Nb 2.15 1.89 1.77 l.67 3.12 I.63 205 2.28 2.50 2 15 240 2.66 160 

Cs 048 0.48 0.36 0.38 0.39 0.57 049 048 048 0.49 050 049 0.45 

B, 320.45 3!4.39 267.80 258 45 268.70 340.05 323.86 330.38 338.96 331.08 342.77 338.28 316.77 

Hf 3.48 3.51 2.86 2.76 2.79 3.!17 357 3.56 3.57 3 57 3.54 3.55 320 
,.,, 859 8.44 7.46 7.87 8.10 11.26 900 8.16 8.76 8.69 891 882 8 16 

c, 20.11 19.71 17.67 17 82 18.78 24 68 20.69 19.62 20.44 20.23 20.23 20.34 18.94 

" 2.82 279 249 2.55 2.68 347 292 2.73 2 84 283 2.85 2.85 265 

Nd 13.72 13-59 12-73 12.80 13.34 16.52 14 23 l).44 13.87 13.75 l3 96 13.84 13 10 

Sm 3.55 3.48 3.34 3 32 346 4.21 3 72 3.53 3.61 361 3,61 3.56 3.40 

E" 096 1.06 1.09 1 08 1.08 1.16 1 06 1.07 1.18 1.20 1.09 099 0.95 

Gd 420 4 13 3.95 3 99 4.10 494 4.33 4 12 '28 4.29 4.22 '25 4.04 

lb 0.74 0 71 0 69 068 0.70 0.84 0.75 0.72 0.73 0.74 0.74 072 0.68 

Dy 4.87 483 4.47 4.45 4.59 5.50 4.97 4.79 4.91 496 4 85 488 4.60 

Ho 1.07 1 06 0.97 096 1 00 1 19 1 09 1 05 1.06 1.07 1.06 1 06 1.01 

Ee 3.36 3.38 3.00 2.96 3 04 3.12 3.37 3.29 3.26 3.32 3.33 3 32 3 12 

Tm 0.52 0.52 0.46 0.46 0.48 O . .'.'i7 0.53 0.52 0.52 053 0 52 0.52 0.49 

Yb 3.55 3.49 3.12 3 08 3.17 3.95 3.59 3 58 3 48 3.60 3.56 3.54 3.35 

'" 055 057 049 048 0.49 0.61 058 0.56 0.56 0.56 0.57 056 0 53 

Pb 4.87 4.58 3.79 3.92 3.85 4.67 4.83 5.17 4.67 4.55 4.69 4.85 436 

Th 1.19 1.17 0.94 0.90 0.99 1.37 1.23 1.17 1.18 1.20 J.23 1.20 I.JO 

u 0.7~ 0.76 0.63 0.63 0 65 0.90 0.78 0.77 0.77 074 077 0.77 0,1 



Table 4-2. continued 

Elements Pua! Ald"e SuSu Knoll 
HD3-l•ll HD3·2 HD3-4-l HDJ-4-2 HD4-4-1 HD4-4·2 HD4-4-3 Hl'Cl HD7-1 H07-2 HPCJ H 8-4-1 HD"-i-2 HD"-5-2 

~101 65.96 70.04 67.98 69.04 56.45 56.25 62.24 69.32 69.88 68.31 60.02 6490 65.06 65.18 
Ti02 0.65 060 0.74 0.59 0.94 0.95 0.93 0.61 0.55 0.60 1.02 0.75 0.77 0 76 
Al20i 13.85 13.86 14.40 13.97 15.23 15.18 14.93 13.53 13.74 13.51 15.03 14.37 14.33 14.33 
F,O 4.89 427 4.86 4.18 10.01 10.12 7.02 4.30 ]97 4.30 7.79 6.43 632 636 
MaO 0.14 0.12 0.14 0.12 0.!7 0.17 0.16 0 18 0.12 0.12 0.17 0.15 0.15 0.16 
Mg() 1.73 0.89 1.24 0.86 4 18 4.24 2.43 0.7l 0.61 072 2.66 \.SO 1.76 1.78 
c,o 3.80 3.05 3.69 2.96 7.85 7.89 540 2.69 2.47 2.68 5.89 4.80 4.78 4.89 
Na.20 4.52 4.78 4.66 481 3.33 3.35 4.09 470 4.66 4.87 3.95 4.25 4.28 4.25 
K,O 1.63 1.87 1.65 1.78 0.91 0.94 1.55 1.85 2.14 2.08 1.24 1.14 I JS 1.10 
P,0, 0.15 0.12 0.19 0 12 0.24 0.24 0 ]9 0.12 0.10 0.12 0.44 0.22 0.22 0.22 
'"m 97.33 99.62 99.56 98.45 99.30 99.34 99.16 98.01 98.24 97.32 98 20 98.82 98 81 99.05 
LOI 1.55 1.28 1.45 l.4S I.IS 1.28 2.46 2.22 1.57 1.97 1.35 0.78 0.82 0.87 

V 34.17 15.11 43.19 15 47 451.78 453.53 152.02 11 88 10.97 15.40 235.66 168.15 167.98 168.33 
C, 6(146 699 5.62 7.18 5.7] 4.85 18.05 I I 48 2.59 2.87 3.11 4.67 5.47 5.02 
Co 99.51 114.17 122.49 94.78 80.02 95 12 168.60 27185 111 33 109.35 101.79 79.77 67.63 84.42 
Ni 30.74 20.90 1950 20.87 12.07 12.31 17.43 21.60 21.15 20.28 11.84 I 1.81 12.20 11.97 
Co 19.93 19.81 31.10 19.59 507.49 499.75 23.38 11.16 18.25 U!..87 3-2.88 \39.85 140.92 139.36 - z, 79.12 74.59 79 33 74 88 77.84 78.31 86.50 82.13 75.52 77.05 90.35 85.10 86.11 85.62 -... Rb 38.94 31.84 44.67 42.76 21 73 23.47 35.05 46.91 50.25 ]7 6(1 32.64 25.33 24.97 25.84 
s, 289.70 232.37 310.17 269.41 399.62 409 65 407.65 271.85 278.10 277.08 448.53 409.94 409.27 412 79 
y 25.85 22 23 28.28 27.23 15.37 15.67 23.77 29.56 2694 21.49 23.12 21.18 21.20 20.99 
z, 99 89 l15.06 ]02.94 111.98 41.09 41.01 68.65 118.ClO 121.37 116.69 63.49 61.77 62.34 63.29 
Nb 1.84 2.52 1.98 2.44 1.63 1.71 1.54 6.17 2.42 2.33 2.11 2.19 2.14 2.12 
c, 0.44 0.42 046 0.50 0.20 0.20 032 0.54 0.58 0.57 0.32 0.46 0.47 0.47 .. 313.15 332.02 309.50 342.82 147.26 150.55 234.19 375 60 400.14 395.04 213.02 303.67 305.46 305 98 
Hf 3.28 3 49 l 16 ]64 1.57 1.56 2.38 3.58 3.70 3.6\ 2.11 2.04 2.11 2.10 
Lo 789 6.13 8.34 90] 4.46 4.50 7.13 9.31 9.47 8.79 6.61 5.38 5.36 5.22 
c, 18.59 15.38 19.52 20.82 10.64 10.11 16.97 21.65 22.07 20.94 15.83 1301 12.97 12.76 

" 261 2 07 2.75 2.88 I 50 1.52 2.40 3.11 3.06 2.87 2.31 1.87 1.92 1.84 
Nd 12.70 10.47 13.46 14.00 7.94 8.08 12.40 14.93 14.48 13.81 11.84 ,,. ,., 9.75 
Sm ]]6 2.77 3.42 3.71 2.20 2.24 3.29 3.84 3.71 3.47 3.13 2.70 2.71 2.69 
Eo 0.85 0.73 0.86 I OJ 0.64 0.74 0.96 O.SI 0 7] 0.71 06' 0.60 0.50 0.49 
Gd 4.02 3.43 4.21 4.31 2.80 2.80 3.96 4.50 4.25 4.08 3.77 J.40 3.38 3.31 
Th 0.68 060 0.72 0.74 0.46 0.4<i 0.65 0.77 0.72 0.68 0.64 "' 0.56 0.55 
Dy 4.56 4.10 4.13 5.02 3.07 l 02 420 5.08 4.76 452 4.10 ]61 366 3.61 
Ho I 00 0.91 1.02 1.08 066 0.67 0.92 1.13 1.04 1.00 0.88 Q.79 0.80 0.78 
E, 3.09 2.8.3 3.12 3.33 \.9' \.98 2 72 3.3'7 3.22 3.08 2.60 2.36 2.33 2.38 
Tm 05-0 047 0.51 0.52 0.32 0.32 0.45 0.57 0.54 0.52 044 0.39 0.40 041 
Yb 3.35 3.13 J.42 362 1.97 2.03 2.89 3.67 3.57 3.35 2.68 2.46 2.47 2.45 
Lo 0.53 0.50 0.53 0.57 0.31 0.3\ 0.44 0.57 Os, 0.51 041 0.38 0.36 037 
Pb 4.39 4.76 4.38 ,02 2.27 231 3.38 6.06 5.83 5.85 3.29 4.29 4.45 4.3~ 
Th 1.09 I 00 1.14 1.24 0.52 0.53 0.83 1.32 1.43 1.34 0.15 0.64 0 6] 0.65 
u 069 0.61 0.72 0.78 0.40 040 OSS 0.86 0 86 0.84 0.51 044 044 044 



Table 4-2. continued 

Elements 
DESMOS 

ESMOS HD6-l-l H -t-2 HD6-t- • HD6-l- HD6-l-4 HD6-1-6 HD6-1-7 HD6-2-L H ·-2u H HD6-3U HD6- L L u 
S1O2 56.36 56.05 55.99 56.08 56.54 56.40 56. 5 56.31 56.03 56.39 56.11 56.07 56.37 56.33 56.24 
Ti02 055 0.55 0.54 0.55 0.57 0.54 0.55 0.56 0.57 Q.59 0.56 0.57 0.55 0.55 0.56 

Al101 15.76 15.71 \5.73 16.02 15.74 15.73 15.81 15 74 15.62 15.73 15.72 15.64 15.62 15.76 15.73 
F,O 7.56 7.42 7.37 7.54 7.58 7.21 7.50 1.51 7.52 7.81 7.36 7.48 7.45 74,; 7.65 

MoO 0 14 0.14 0.14 0.14 0.\4 0.13 O.JA 0.14 0.14 Q.15 0.14 0.14 0.14 014 0.14 

Mg() 609 5.58 5.72 5.90 6.01 540 5.92 5.99 5.87 620 5.91 5.90 5.85 5.89 5.91 

c,o 9.82 9.62 9.54 9.75 9.79 9.27 9.76 9.87 9.70 10.12 9.48 9.65 9.55 9.50 9.90 

Na20 2 88 2.64 2.70 2.68 2.66 2.64 2.62 2.62 2.6!5 2.65 2.70 2.61 2.61 2.65 2.66 

K,O 0.85 0.85 Q.79 0.84 0.81 0.82 0.75 0.80 0.83 0.81 0.85 0.83 0.83 0.82 0.81 

P2O; 0.15 0.14 0.15 0.14 0.14 0.15 0 15 0.14 0.15 0.15 0.14 0.15 0.15 0.14 0.15 

mm 100.16 98.70 98.67 99.64 99.99 98.30 100.03 99.67 99.08 \()(1.60 98.98 99.05 99.11 99.25 99.82 

LOI 1.02 I 71 o.93 1.07 1.12 1.25 1.08 1.03 0.97 0" 1.72 0.83 0.88 090 I 13 

V 244 68 244.13 246.36 243.20 246.28 244.84 247.27 242.34 24-1.95 255.21 239.15 245.63 245.87 225.20 241.38 

c, 78.75 73.95 74.21 76.86 73.91 73.42 76.6-4 78.34 70.4-1 80.41 77.21 73.64 75.18 69.65 76.68 

Co 98.99 119.50 59.44 S-4.23 81.86 53.18 57.50 60.78 54.86 52.48 157.10 65.16 49.24 62.92 50.12 
N, 34.77 32.53 33.13 33.51 33.25 31.83 33.18 33.50 32.45 34.92 33.66 32.73 34.00 31.60 33.16 

Co 9\.75 93.00 96.24 93.26 93.47 91.82 92.96 92.04 91.57 96.01 93.02 92.42 91-70 88.30 90.60 - z, "'·" 63.62 65.86 64.92 65.66 63.7% 66.30 64.28 64.81 68.53 6400 65.19 65.67 58.95 65.23 - Rb 19.32 18.46 19.14 19.48 19.83 17.45 18.98 19.13 19.13 19.88 19.50 19.24 18.88 18.72 18 67 V, 

I s, 436.65 433.63 440.53 435.22 450.15 414.73 450.73 453.17 441.69 471.59 426.02 442.62 437.29 417.22 431.61 
y 12.70 11.84 12.29 12.19 12.17 11.70 12.44 12.12 12.33 12-94 12.08 12.40 12.45 10.60 12.42 

z, 38 27 36.68 37.72 37.17 36.94 36.53 37.54 36.53 37.24 39.10 36.96 37.39 37.49 35.11 37.48 

Nb 2.23 L88 1.46 1.34 1.64 L\2 1.07 1.22 1.03 1.03 4.06 1.44 1.22 1.52 1.02 

Cs 0.24 0.20 0.22 0.23 0.23 0.20 0.23 0.22 0.23 0.24 0.23 0.23 0.22 0.23 0.23 
e, 172.48 174.06 175.80 172.43 178.68 167.58 178.20 176.86 174.85 186.87 169.99 175.58 174.40 165.22 171.03 

Hf 1.34 1.37 1.38 1.37 1.37 1.30 1.32 1.34 1.37 1.45 1.32 1.40 1.32 1.31 1.37 
u, 3.92 3.92 4.05 4.01 4.03 3.75 4.09 3.99 406 4.25 4.03 4.05 4.07 3.99 4.04 

c, 9.21 9.31 9.53 9.36 9.52 8.93 9.53 9.34 9.55 9.99 9.42 9.50 '" 9.27 9.52 

" 128 1.28 J.30 1.28 1.28 1.22 1.30 1.27 1.31 1.37 1.31 1.31 1.31 1.28 1.29 

Nd 6.67 6.69 6.89 6.75 6.76 6.47 , ... 6.74 6.85 7.12 6.86 6.80 6.85 6.78 6" 
Sm l.70 1.72 l.'75 l.74 l.'77 \.68 l.8\ \.15 \.78 190 1.76 \.i8 1.13 \.'75 1.83 

Eo 0.27 0.52 0.55 0.54 0.5-0 0.52 0.56 0.48 0.43 o.5o 0.50 0.46 0.48 0.54 0.47 

Gd 208 2.05 2.04 204 2.04 1.93 2.06 2.05 2.12 2.21 2.04 2.06 2.06 204 2.13 

lb 0.34 0.33 0.33 0.34 0.34 0.32 0.34 0.33 0.33 0.35 0.33 0.34 0.33 0.33 0.34 

Dy 220 2.07 2.13 2.14 2.16 2.03 2.11 2.14 2.20 2.25 2.15 2.15 2.16 2 12 2.20 

Ho 0.47 04o 0.47 0.45 0.47 0.44 0.47 0.4o 0.48 0.50 0.46 0.47 0.46 0.45 0.47 

E, 1.37 1.33 1.37 1.37 1.38 1.31 1.40 1.38 1.38 1.47 1.37 1.43 1.37 1.33 1.41 

Tm 0.25 0.23 0.21 0.23 0.24 0.22 0.23 0.24 0.23 0.25 0.24 0.24 0.23 0.23 0.24 

Yb 1.40 1.36 J.42 1.42 1.40 \.30 1.43 1.39 1.40 I.SO 1.4-0 1.42 \.39 1.37 1.42 

Lo 0.21 0.21 0.21 0.21 0.22 0.20 0.20 0.21 0.21 0.22 0.22 0.21 0.22 0.21 0.21 

Pb 2.44 2.32 2.37 2.27 2.4-0 2.27 2.54 2.45 2.60 264 2.58 2.50 2.52 2.62 2.49 

Th 0.53 0.50 0.53 051 0.52 0.48 0.53 0.53 0.52 0.56 0.53 0.56 0.51 0.50 0.52 

0.38 0.37 o.38 0.37 0.37 0.35 0.37 0.31 0.37 0.39 0.37 0.37 ~-38 0.3• 0. 
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Fig,4-3. The chemical classificaion and nomenclature of volcanic rocks 

dredged from SER(South east rift) using the total alkalis versus 

silica diagram (TAS, after Le Maitre et al., 1989). Dividing curve 

between alkaline and subalkaline on this diagram from Irvine and 

Barga (1971 ). 
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Fig. 4-4. AFM(Alkali, FeO, MgO) diagram for volcanic rock samples of SER to 

subdivide into tholeiitc series and calc-alkalic series (dividing 

curve from Irivine and Bargar, 1971). 
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Fig, 4-5. The subdivisions of SER rock samples using K20 versus Si02 diagram 

(dividing I ine from Rickwood, 1989). 
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oJ..-8'!! ,;, ~::c-O 'liOII, DES~S A].ll.:C %'l!'!! Si02 Y'o'o-OAi AI,•,, Cao, Mg• %~ 

y',,'o] :ft'1!..-J it.Q.Dj Na,O, FeO, TiO,, .:Li!]:.!. P,05 %~ -1:[±.e 2 Y',,'0 ] :ft'1!..-J 

\;l:t:\(Fig,4-7). 'l!'li"I.Q..sc Na,O~ Y'llt •,!!~~ ff 'll.£ 'J1 'll'll"JA]~ ~.£-'t 

'l!'l:!O] ~.Q.Dj Fe•:: 'll'll"JA] 'lr"l .:Li!]:.!. P,O,-'t no,:: "'-1:! ~~ "8-li':~ li-"8:zJ 

'1!'1:!SeJoJ ~t:l(L-ir et al., 1992). a;fi!\"i Pua! Ridge ',/ SuSu Knolls:zj 

DESMOS ;tj<>j A].ll.~ -'/"-1:!±.o-O"i '-}o\'-}e o]aj'!! ;>\oj;: SERO] ~!}..-};: :zJ'lJo-O"i 

'lloJ 'c! t:f 0o''!! ;,j ,'-1!-i!] "I :t!7.'I '/!tf 7} nf .:Lnf~ 'l!"S £<\~ '1!.tJ¾ 7f"i ~%-& 

~nJ..-f:C ~= 'l!ZJ-¥\t:I. ~ DESMOS ;,j<>j~ '),'tjfaj.Q..£. 'stt Na,O~ Y'\lt •,!~ 

'I,! %%~ 'lJ.£7} \;l:,U7] 1IJ]il',.Q..£. '\!zt5'J2 FeO Y'll"foj;a, •,!~~ 'I !i'. %% 

"JA]~ 'lr"l<>l] ;>fo]7} ~~%-£ ~n]'!!t:I. 7i!]2 OESMOS Aj.ll.~ '),'cffcaj.Q..£. itt 

Al,03~ Y'\I ~ nf .:inf "J "8 "o'A] '1!"1 '!! H,O~ Y',,'o] '),'cff aj.Q..sc it'it-£ 7}~"8-£ 

~n]'!!t:f . .:Li!j'-} of~ DES~S-'t Susu Knolls ;,j<>j~ A].ll.7\ -¥,.r,..-f7] 1IJlii'co-0 

.5'.'l!!-& o]-S-'!! ff¾<!~ ii':"'!~ oJill¾ '),'tffo]Dj 9!.Q..sc c;.a,.c; \\tt A].ll.o-0 

cj'!! ii',"'!o] "i''l!SeJoJo) ~ ~= 'l!zt-%t:\, 

N-~RB!<. .£¾:tf'!! ~ .£A]'!! L!L(large Ion Lithophile) -1:!±.-'t HFS(High 

Field Strength) -I:!±¥~ -li',.¥c •ffi:!~ A].ll.'!!!<. ,e ;>foj-£ ]a.oj;,j ?J:Ceil. 2 

•Hi:!~ oj ;tj<>j~ 'll"'!¥oJ ~"J"I~ ~'\,''l:!.£ 7J-l:I_ 'lf"'i(Island Arc Basalt, 

IAB)'lJ-£ ;,JAJ'!!t:l(Fig, 4-8). LlL -I:!±.¥~ Y'\I~ '),'cjcaj.Q..sc itof~ 'ti's'! HFS 

-1:!±-¥~ Y'll~ '\,'tjf "I .Q.!<. 'l:! 'll Se! oJ ~.Q.Dj ~ '\,''I!.£ 'll"'i Oll "i lt'll "I .Q.!<. 

'-}o}'-}:C Nb 'l:!'ll ~AJoj :ft'1!..-J '-}of,Jt:l(Fig, 4-8). Ti-Zr-Y 1/Z\.£:C oj ;tj<>j 

'll"'!¥o] •,!~ Plume~ '!!~o'¾ '1J:;<j ?it ~"J"I~ ~'\,''I!.£ 7]-1:!'ll-£ 

'-}of';:ll,t:l(Fig. 4-9). 2i!]2 Ti-Zr-Sr 1/Z\.£ ',/ Ti-Zr .£,£ <>jAj 'J! 7j~ A].ll.~ 

;,l].2j..-f2 .5'..lj'- Cale-alkali :>l]'l!'ll¾ '-}of,!t:l(Figs. 4-10, 4-11). oj 'l:!* 

f--1:!±.0l]Ai '-}of'-}:: 7.l ~o':z+ cff ~] "I .Q..sc 'll "] '!!t:I. 

Chondrite.£ N:.¾ll-'1- REEs(Rare Earth Elements) ~~'E LREEs(Light REEs)7} 
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Fig, 4-8. The spider diagram of selected 'incompatible elements' nomal ized 

by N-MORB for volcanic rock samples of SER rocks. 
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Fig, 4-9. Ti-Zr-Y ternary diagram to discriminate SER rocks from within 

plate basalt (WPB). 
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Fig.4-10. Ti-Zr-Sr ternary diagram to discriminate SER rocks from MORB. 
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Fig. 4-11. Ti-Zr diagram to discriminate SER rocks from MORB. 
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HREEs(Heavy REEs)<>!] sjoj -'1)-t:j"f~!a. -'i'-:tf:se!<>J 9.l:C •Hii~ .!;!_ojoj cj 'I tEJ 

Aj.ll.<>!]-"J %El Eu o]-'1)-"]71 t.fof'c!cl(Fig, 4-12). LREEs7f -'1)-t:j"f= -\'-:tf:seJ :C 

~-'1)- ,", IAB<>!1 ,., t.fo\t.f:: '!! 'li"l 'll l';-'8 oj "-1 'l! %~ Eu 01 '11"1 Ej 7J -'/-:C IAB<>!]Aj 

~.-1 '1±1/:se!:C ~-'1)-,", ofi..jcf. Gena et al.(1997),", DESMOS "-l"l ~«!<>II t:ff~ 

'l'.l,.:;i-<>!]Ai 01 ;acl <>j ~«I oj)A1 t.fElt.f :C %El Eu oj '11"] ~ 'l!-?-"I¾<>!] ~ ~ ~= 

•J"'i,:!cf. r:ff-'1)- >Cj<>j £-\'- 'l!-?- "/,S.o] lt'l!~ ;acj'40]£§. oj ;acJ'>joj)Ai \..folt.f:: 

Eu o]-'1)-"]:C 'l!-?"l¾<>!l-"l 7]'l.\~ ~~.£ '1l'<!'!!cf. 

~'1'! '/!>!]"I'll o]•J~±~ *.o'. •111!.". '/! A].ll.71 %Af1'f;ac]'l! o]'l,'~±¥~ 

~'l,':zf ~±'{)~ sj :C zt A].ll.'!!!a. ;,fo]7f 'l[~'\':!cl(Table 4-2, Fig. 4-13) DESMOS 

A].ll.-e ~1": '?~± ~-'Joj)A7-\a; ~ ;,fo]~ .!;!_oj;,cj ?J,U'(! Pua! Ridge A].ll.~ SuSu 

Knolls A).ll. '{)<>!1£ o]'l,'~± sj:: "t'l'!~ ;).foj7f t.fof'c!cl(Fig, 4-13). 

\'!"1 l'J"f~~ '!j•J '!)£~ 7f'l/ ~ 'l}'!j~cf2 'lfaf"i 9.l:C Pb/Ce~ 7J-'/
SuSu Knolls A].ll.7f 0.34±0.015'. 7f'l,' ,..2 DESM0S7f 0.26±0.01 Pua! Ridge7f 

o. 23 ±0. 037l'l/ ,!cl( Fig. 4-13) 0] ~±~1:: ~ -'1!-'l!£ 'tl"'i ~"8 <>11 ';J 'll '!! 

l!J.aJ-!i-o] oj~ '!!•J '!)£~ 7f'l/ ~ 'li'!!1'1:C<il, oj~,", Pb7f ~«!<>!] sjoj 

£1~~0fl ~~£1 ~ 7J~J~ 1-}e}i.ffnt tiff 0J ~~~~ ~.g. 7J~ %£:-1 Ce o]"'J~I~ 

t.fofi.117] uj-W,o]cl(Othman et al., 1989), ~ oj Pb/Ce S]71 *~ !!!"I~~ 

'!!•J,& 'I.lo] '/]:,", ~«I= 'ilzt~ ,;,- 9.(cf. oj ej~ 7,!•J,", <>jA] -11-'ii--'J ~±<>!] 

~~ '!!•J~ '!)£~ 'l}'lj1'f-e Ba/La s]t.f Cs/Hf %~ sjoJ1A1£ s]0:,1'171] 

t.fof'c!cl(Table 2, Fig. 4-13) . .:le]2 Pb/Ce %:zf:C 'l}t:j.5'. %'ii-'ll ~±~ '!!•J~ 

'/]:~-?--ii- ,!of;,cj :C K/Ba sj :C <>j A] "!= Pua! Ridgeoj]A1 7f'l,' ,..2 DESMOS, Susu 

Knolls~ ii;Aj.§s t.fof'c!cl(Fig, 4-13). *«I'!! Susu Knolls ',l DESMOS A].ll.~ 

7ff-?-71 -\'-~1'f7] uJ!-W:<>!l 01-'l 'l!!~~ i.lle]7]:C ll¥"']'1! Susu Knoliso] 

%'ij-,jj~±~ 'lj•J~ 7f'l/ \'.lo] '/!'tl2 cf%,", DESMOS, .:1e]2 Pua! Hidge7f 

"Jtcl"I = OJ •J~ "I Ji] 'l!,g, ~= 'll Z\'!! cf. 4 oj "-1 "l 'tl"'i¥,g, ~'o''l!£ 

~~ %%~ ~±~(arc component)il ~~J~ ~~ll] ct0Jt"t?!l ~~ ~.Q...£ 

'ii Z\ 'ti cf. 
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Fig, 4-12. Chondrite nomalized REEs patterns for volcanic rocks of SER, 
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Fig.4-13. Element ratio variation diagram implicating diverse effect of 

arc-component. 
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~'?'! REEs ~0-J 7,lf-. /La!Sm),.2j 7,lf- 'l/tff"iE3s '1'!"'-171 "/"] 'tl(La/Yb ),.2J 7<Jf-:C: 

DESMOS ~"Jo] 1.85±0.02.£ 7f'l,' -,;;2 Pua! Ridge7f 1.59±0.11, Susu Knollsoj 

1.4±0.02.£ -'ll-ti"i= e "'-}oj~ !;1.oj¾t:f. 7 el4 ½I'l!(incompatible).2j 

'l!£7f e ~±it.2J aJ. Lu/Hf % ~± aJ :C: e "'-foJ,£ ,J;.oJ>'] ?J:C:cl(Table 4-2). 

»H~~A] ~-¥,~(Back arc basin basalt, BABB)~ Alt}tl-~C?.I ~"g;:_ N-MORBl..f-

1AV.2j ~~ 'l!£.£ '!/.ll:~1711 'l!eJ5'j;acJ;a, ¾~"1'1! 'l7l"i "'-1°1~-£ >!].2j1'f2:C: 

'll'tl"i.Q..<a. MORBoj) 7f7Jf¾ -!at-'il~ 'l,t:C: :>,!.Q..'a. 'll:a\'9 9.lt:.f(Fryer et al .. 1990). 

•II -a'"] ~:{l~ ¾ 0J•ff.goj] .2J•i 'il-'85'1:C: '?SJ. •1°J -.'>'1~0 ] "l4i"i'tl :ft'lt:,.f 

'!!'l!"i'tl -,'-~~ oJ'i'-2 9.J.:C:t-lJ 'tl•ff aJ_;,_"i W-€:- 7J'{! %'!! "1411'1.E'..£ of.:iof 

~}}71 -'ll-tl"i= 'Itel 'lloJ'-l:C: l:!f-'i!-£ 'l.t:C:t:l(Stern et al. 1990). •HI-a'"i.2J 

'il-'8 &.7J 011:: IAJ'lj£.2J aJ 2"1 71711¾ 7j el oil-'l 'il-'8 5'171 c:j]ii'-oll 'il-'8 5'J:: 

~"l ~ &.7]0{] I-'o''li£ ~"l"-1 %-'I~ -l!'r-'8~ 'l,tcf71 •HI -.'"171 ~~ cj 

:tt'l/5'12 IAJ'lj.sc..2j.2j 7j el 7f 'll oJ "I I'! -'-i MORBoil 7f7JI¾ J'.-'8 .Q..;;. ~}}•I 71:: 

:>,(.Q..;;. -'§ZJ-5'12 9.lcl(Stern et al. 1990) . 

.::Iclt.l- SER.::'.. A~EH~ 0JoJl iE'~l5"t~ ~1t!af'tl -?'ti ~Al(marginal basin).2-}:;: 

cf~ -Sf~~ ~7<JoJ7J c:jjii'-oll -1'l.2J ~~ 'll'tl"i'tl £"'1~ "1%1tf:C:ciJe -'o''it~ 

'?.2J~ '!!SJ..£ ~cf. SER.2J ¾SJ.~ ~'!) ¾.2J 1tft..f:C: oJ "i~ 0 J t!>ff :t!'lf..-f71J 

'l!7i(rifting)~2 9.l:C: >JQ'Jo]el:C: 'lJo]t:.f . .:J.'l:\c-lJ oj ;<jQ'j.2j -!ii-~~ ?I,.'fJ'. ~7,l 

c:jj½'-ol] cf;". 'll'tl"i marginal basin~"-1:C: ,l-eJ SEROJ ~}}~ :C: :zf'l!oil-'l ;,jzto] 

~~oil a1~1-e wcJ~ :t!:7J~ 't!i.t(axial depth, rifting rate, rifting direction 

%)71 'll--'§~2 °] :zf'l!oll-'-1 ~~.2j %% ~~(condition of melting)O{j \:!}}71 

'l)--'§ ~ ~ 71-\f-'8 o l 9.l :: :>,(.Q..;;. -'I'-~'¥! cf. ~.Q..;;. J;. cf '11¾ -'-l .llc.2j -a'"l "-1 '1! -,'-~ 

~•ff DESMOS 7l]'li.2J ~"l:,.f Pua! Ridge 'l,) Susu Knolls ,tj'lj.2j ~"l 'il-'8.2J ~e]"i 

~:{l~ -'l'-~•ffo) ~ :>,(oJcf. 
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.:!.\'lei]. SER~ s."f-s. :t!'(lof]Ai 71?/ ~u ~ ,"_ oj ;,cjqjo] ej_;;i_caj 7fJJI¾ 

7Je]of]Ai of-'i']il.2 ~::: •fl"r-~ Afo]of] e•HUcf::: Af,)J 0 ]cf. ~•H SER~ ~~Of]::: 

01-'f-~ •i"r-7} ;".>fli>f:::ci] oj "]°'I,"_ :i}7j •fl'!JOJ ;;<)'/!o] 'll£-~-9- ;;,jnJ.Q..s'. 

11'll"l~'i'! ;cJO!j.Q..s'. t!>ffe 1J'lJo] ¾'<!1'! 'ct•ff 0 ]cl(Marlow et al.1991). •ff'!! 0J 

Aj'{!-~ 1i~ ¾t!:~ Ontong Java Plateau£.l ~~.£. <naff ~-';§l! 7J~l! 

"]"1"1%of]Ai 7]'l]U ~.Q..s'. '\lz/'92 ~:::ci](Marlow et a/.1991), t!•H 1l'll,". 

¾'<!1'! 'ct•ff 0] "] '1! :a} 7l 11 'll "1 ~'i'! "] '1! ,"_ 01"1 '<!~of] ',1°1 ~ ~ ~.Q..s'. 

'\lz/1'! cf. .:J.i!]2 t!•ff of]::: oj "] "'i ~ ',I~ "J•J.Q..s'. ~-"-.g "] ,no] -li-.!a. a]:" 

•ff"r--"- 1J'lJo-f2 ~cl(Martinez and Taylor, 1995). t!>R -li-.!a.e]e •H"r-~ olf-~ 

•ff"r- Afo]~ 7ja]::: SER~ ¾1J~ 7]¾.Q..s'. ~ 11'.jj ~ 450 Km 'l/£.5'.Ai :i}7Jof]::: 

0 ]!i'.tl tj 7fJJI¾ 7la]Of]A1 nf-9-.!l.2 ~~~ ~.Q..s'. 4~"12 ~tl(Martinez and 

Taylor, 1995). 

'll'/1"!.Q.."- 11'll"1::: "1'1!,". •ff"r-ofl-"l '<!~4;-.Q.."- {1711 '11?/"le"ll 11'll 

APf!::i} >-J.!y-- :?-llli A}ol2l ~~~ :1. .£. 0J~ ~U:] 12.!~ ~7l(mantle wedge).£. 

-l,'e]¾tl. ~~J'll£ nf.:J.ofe oj '<!~ <'1]7]of] 11 'll"]'l!:i} tH!!,oJ 11 'll ~ 

3'j "I %0f1Ai 7)-tl_ ~ %>!](fluid) 7f %-il-'a oJ '<!~~ %-8-s.'1! oj '/'!J'.f'i'! 'I!:,} 

'\l'il'a::: ~.Q..s'. '\lz/"12 ~cf. .:J.i!]2 oj~~o] '\l'il'i'! of.::iofof] qjA) 

3'J"i%of]-"J 7]~~ Ba, Sr, Pb, LREEs % "'!>!] %%-'8°] ej_;;i_'!j i:'; ~±.(mobile 

element)71 'll-'i'- %-il-"1\'!-"l %~..!.:tl"!%(metasomatism)oj 'lloJi..} ~'ct'!!£ 

'll-"l~ "]J'.f~'!j ~-'8°] '\l'il'i'!tf. 11.~o-f';'! ~'ct'!!£ nf.::io}e '<!~ cfli7]0f]-"J 

'\l 'il 'a 2 3'j "i~of]Ai 7)-tl_ U %%'ii -¥!.±.~of] ~•ff n] 'l,'-tl_±. ~'il oj '\l-'81'! tfe 

~o]cf . 

.:J.\'!c-O SER~ '(l.j'- ;cJnJo] ~::,} '<l<!i!'of]A1 .5'..!j'- 1J'lJ"6"f2 ~.Q.E..s'. ;cJz) 

•Pl-e '<!• c<ll71(mantle wedge)7f of-9-!i'.2 ~::: 'll•ff'll ~ojuj, u:faf-"J 0 ] "]°'I 

'll-"l~ .5'.>\l71 1'! of.::in)7) '\l'il"l::: '<!~,"_ <'1)7]!;!.cfe 1!:z/'\l(triangle)~ 

'3JEH'l! ~.Q...£. ,"§Zf~t:t. ~ o] ~"ti' 1fZf'~(mantle triangle).Q...£.i:: n}¾-~ 

Off"r--"- 11'llU •ff'!! 0J "]'1!:i} -li- .!!a]~ •H"r--"- 1J'lJo-f::: ~."-.g ;c)'1!of]A1 

%,l-'a::: 3'j "I% 7]~ %%-'8 ~±.~o] ~?>fl %-il-'a ~~ ~E..s'. '\lz/1'! cf. tfA] 
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'!f•ff cf~ •ff~ -li':>'1 "]"I~ -lna-5'1:: ~'o''l!.£ =t't\'! ~±~~ i/-',j-~oj •lt.f'l!c~ 

'li•i 0 ] "]"I~ 27fo]E..s'. 'a'1l:se!:: of.::1of01].kJ t.fElt.f-e ¾-'ii-'11 ~±i't~ •].£ 

'o'cff").2..5'. c} 0J•i-'ll 4' 9.1:-£ -',!-2..5'. 1zt'i'!cf. 

oj "]"I -'-i.ll.i'tofl-'-i Pb/Ce, Ba/La % ~'o''l!.£ 't!\'! ~±~~ S)7f -'-].ll.Oi] 

ltfel cf 0J'ii~ -',!~ ~ofl-'-i 1!'l!'i'! •I~ ~oj ¾-'ii-'11 ~±i't~ iJ-',j-~oJ \'.17] 

a:11~'1! ~-2..5'. 1 zt'i'! cf. .:J.i!j t.f 0 1 i!J~ 711!-& ~ ¾•I 7J ~•i-'-i:: .!;!.c} \'.I~ 

-'-I.le~ -li'c""!•ff°F ~ ~-2..5'. 1zt~c}. .:J.eJ.:.t •i 0J "]'l!oJ 0J~ofl-'-i 11~~ 

'o'•ff oJ 7J a:IJ~of] i/-'e-5'1 :: %>11 ~ '!,' .'r. 'o'cff "1.2..s'. \'.19.1:-& ~ o j 2 o j ~ oj o] 

"I "I~ 'l! 4'"1%-& 'o'cff "1.2..s'. '!!'!!•I 711 ~-& ~.2..5'. -'l'-4'\'! cf. 0 1 "] "I 'l! ?~ 

~'8-& 0 l•ff•l7J ~•i-'-1:: 'lf""l~t/"1 -11''8:if 'ff? ~'-1-£ ¾~•I:: .!;!.cf ~~'\'! 

~-,'-7\ '!!St~ ~-2..5'. 1zt'!!cf. 
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-'J•H~4'll'tl 'Alvin'Oll .2f-.;-loJ 1977,1 •H"1'l!4"1%otl <MU "!~CR~!e.-\'-"1 

.:i i"':"ff71 :t'tl'fl 311"1'l!4'lMr"ll <ff~ '1!-'i'-;: -l\-"1.'~~'<141.2f 2-Yotl <M•J-.-1"1 

!lie- 11.~zt~oJJAi e ~'il% ~2 ~~~2 9,lcl . .::Laf\.f, •M"1'1!"i>~"1.'.2f ~-'11:zf 

~i!!'fl ~,", -li':"11-it. ~- ~AJ~ ~-'1/AJ,J;: 'l!"i>.2f 714!:zf ~!'.I. 'l!4Jfl '-II 

-11-%-il-4;% ~~.2f ic-41 '..I oJff ~'l!.2f '8-~:zf ~~7J,'-(mechanism) %.2f .;J-'!joJ 

~~-.;-J 0J4'-oj><J><J ?.J-ol ,YAl.2f 7ff".! '..l 1"11"1 'tf-8--'I! ~.!,'. %Oil 9,loj 'I,'',,'~ 

oJai%0J e•a-.-12 9.lcl. 0Jaf~ 311"1'1!4~"1.'0ll •ff~ ><I'll· ~"1.'tl"l -ii-'!!.". 

cl•J~ '1!-'i'-"J'll:zf V'11 ~"1.'otl •a~ ~~ti"! · ><J!'.ftl"l '1!-'i'-~ 4~~1"1 

%-%4!±.2f 71%:zf ~~:zf'll l;' ~ :t'i!V.Q.!e.Ai oJ,y-oJ'l! 4 9,lcl. 

•M"1'1!4~"1,',", -?!a. :,J"l,'.2f cl-;J-4;- :i'!'.f~~(polymetallic massive sulfides) 

:zf 0l<>ll 4'll~;: 'c!'<l'll '!/~ 'lo\ 01 !i ~ ~~~loJ '<!½isl;: •l 'l! 'I! -it± 'lo\ -ii-'<! 

'll ~~ %.Q..ie. ,'--'1/~oj 9,1.Q.oj, •ff4'1! 7J¾ Of 1,500 m '-11><1 3,700 m ~oJ.2f ',a 

•M"ioJIAi t:l•J~ ><J'i'-¾"! •H7<J:zf !'.f,Jl/'i;'OlJ 7J'{!~ ><J'l!tl"! ~7,j,>,}oJOjJ CR'!!~ 

oj t:}•J~ ><J!'.ftl"l 'l!'r-'/1% !;!_oJoj ~-'1/'flt:l(Herzig and Hannington, 1995). •ff"i 

'1!~"1.'.2f ~ ~!l ,", ><HP/l"'l (pyrrhoti te), :i'~"'l (pyrite), ~'ti"'l (mercasi te), 11 

of'1!"9 ( simleri te), 11%<> 1'1!"4 ( wurtzi te), :i'-%"'9 ( che]copyri te), 'ti%->! (bomi te), 7<J 

"92(anhydrite), •I'll'!! .;J-AJ(amorp-,oos silica) -itoJoj, o]"it 2~-'/1()300° - 350 

"C) '.,] "1~-'1!(<300 "C) ~¾l-tr-itOJ zt ~"1.'0lJAi .:I. ¾-'/1:zf 0JoJJ 9.loJ t:f 0JV% !a. 

0J2 9,lt:f. 0Jaf~ ~~ti"! ,>,fo];: •a"1'l!4~"1.'.2f ~-'11:zf CRi!!'fl ><],'-¾"! ~7,J. 

-? -"- ~ "1.''l!.'r.. •M~-lf:><I .:iaJ 2 ¾0J•M"'1 'J~:zf CR'!! 'fl ><I'!! ti~ ~7<l'l!'r-'1! '..I .5'. 

'll .2f ><J !'.I ti "I ~-'II % ~"1.'.2f ~ -'II :zf CRi!! 'fl ~ 7<l *1° I oJI 7J 'tl ~t:I( Tab! e 5-1 : 

Herzigand and Hannington, 1995). :<E~, ztzt.2f ~7,JOjJ.>.J ~'l!'tl •17<J'l!4'!/"1.'£1 
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Table 5-1, Bulk mineralogical composition of seafloor polymetallic sulfides from mid-ocean ridges and 

back-arc spreacling centers 

po py/mc sph/wtz cpy/iso SiO2 anh ba ga ten tel ss aof re 

Mid-ocean ridges 

volcanic-hosted 

sediment-hosted 

Back-arc ridges 

inlraoceamc 

in1racontinental 

+ 

+ 

+ 

+ 

+ 

+ 

+ + + 

+ + + 

+ + + 

+ + • 

+ + 

+ + + 

+ • + • + 

+ + + + + 

oo==pyrrhotite, py=.pyrite, mcocrnarcas(te, sph=sphalerite, wtZ"'Wurtzlte, cpy=chatcopyrile, 1so=.\socuban\te, S\O2"'amorphous smca. 
anh==anhydrite, ba=ba1ite, ga=galenite, ten=tennanMe (As), t&1"'1etrahedrite {Sb), SS"'SU!fosa)ts !Pb-As-Sb), .ap"'oroiment {As), 

re:::,realgar (As), Data compiled in Petersen (1992] .(After Herzig and Hannington), 

• 



chimney9.f mound~.£ :::!. '-l!Zl(interiors):,f .2Jzt(outer portions)O!JAj ~~~"!. 

1:\~"i ~'S'l'!~ .!i!.oj -'J'')!ti ~'S '1/ -'f-cJl'r-~71 '<!~"171.£ tit:l(Hekinian and 

Fouguet, 1985). o]clti chimney9.f mound~o] .I!.<>!'?::: ~'S '1/ -'f<l'r-~ 

(compositional zoning)::: ~'1/'!!'SO!f '<!~'i'! ojcJ 'l!1'-;,jJ 1-ff21 'l!'f-21 ~:§:\:,f'lj:,f 

oJ oJJ ?'li:.J::: .g..£, 'lf"i, metal %•1.£, pH %21 '1'!1:\0!] 7] 'l]-.foj t.f cf t.f 711 'i'! 

t:f. 

OJI "1 'l! ?~ '11 ~ 

~'1/~Pl '11~1:\~-'ll

~4!±.~~ .ig,.~ol ~~.af..Q.§., .:1 7J~~ ~~ff"'goJ 11ff~ .. ~ ~..Q.§. 

><!'<! "1 oJ "'l 2 9J. t:f. .'E ti, ~ t':O!l ::: ::1 'l! >II "I -'I-7f 7f "l 71 !i£ ~ -a-, ~ % 

'l-\-a-41-t:!±~21 ~1:\"\%0!] <i ti '<!'r-7\ t:\0Ji!I 11] ~ ';! :.j 2 9J. t:1, 0 ] s,J ti 

-a-4/-t:!±~21 .J/-j:\ <ej A] •ff ;,j 'l! 'f-~-'lf 21 '\l '8-£ >:] •f j;f::: ;a:] -'jl. ~ "J •ff 'lJ %21 

~'l!"fo]Ol] 21i!\oj :::!. 0J"i '1'!1:\7\ :t/'l!'i'!t:l(Table 5-2). Doe(l994)::: o]s,]ti 

•H"1'l!1'-~'110!1J<l21 ~'ll:;,-<lr-t:!±~21 t:\OJti ~~~'SO] 1:\-tl'S t':-t:!~21 

"'l 1:l~"i ~'S "1°1 Oil 7] 'l! ticf .:;i, '#'!It:\. '1/7] -a-4r-t:!±~21 ~~-£ ;a:J •ff i!fe 

'!!•ff "I t':-t:! ~=::: ~-'11-'ll'SO!f '<!~ ti "'l 'r-~"i ~'ll"1°l<>ll a:fi!l '!l 7] 'S 
1:\-tl~-li-'l! ~-'¥-~(basalt: mid-ocean ridges )=.l/-ol ~-'i'-'lf'!! '!!{!~(basal tic 

andesite)l..JlAJ,e <?!'-tl-~(andesite: intraoceanic back-arcs) ~ {!"'g ~-H!'tf¾'tl 
~~<:tl'-tl-il"(dacite), -fH!:-~(rhyolite; intracontinental back~arc rifts)ofl 

0 ].s7] :!'\>:] off-\'- t:l 0Ji!\t:f. •1"1 'l!?~-'11-21 1:\~"i ~'S 0 ] '!/>1 "I t':-t:! ~21 ~'S Oil 

7] 'l! ~ ~ •1 "1 'l! ?~-'11--£ 'll 'SA] '1] ::: 'l! 1'-21 7] 'H :,f ~ 1:\0!f'll oJ] <j ti 1l .) o] 

"i';!:.Jojo\ 'l!tt•l'!i ? 9.J.t:\. •l"l'l!?~-'11--£ "i!'SA]'1]::: 3'.7] 'l!47ll9.f '!I'S t 
•14" 7)-t:!'l!O!f 0\::101 7]JH9.f 3'.'\l? 7)-t:!'l! %0!1 21-.foj 'l!'l!"12 9,J.t:l(Rona et 

al., 1983: Yang and Scott, 1996). -'lf7]21 :,f'lj %0!] 21i!loj '!!'S'i'! 

•1"1 'l! ?~'1/½ 'll'S A] '1]::: 3'.7] 'l!?7ll t.11 'l! ,;- ::: off-¥, t:\0Jti '!!•ff 21 ~"l--!i-

1t!%( water-rock interaction)~ 4-tt!~tn:f tsW~::t.Jzt.Jjl--a, 'i!;:t!'ft}7fl ~2., 0 ] 

O!f'!lO!]Aj 'l!'f-21 1:\~"i ~'So] 'l'[:§:\-.f'l'!Ai, o]O!] a:fel c\oJti :§:\~~'SAJ ~'8-£ 

~i:; •1"1'l!'f-~AJ21 'll'SO!l 7]oj.-fJI] 'i'Jt:\, 
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Table 5-2. Bulk chemical comp:>sition of seafloor p:>lymetalic sulfides from Mid-ocean ridges and back-arc 

spreading centers 

Mid-ocean ridges Back-arc ridges 

Volcanic-hosted 1 Sediment-hosted2 lntraoceanIc3 lntracontInenlaI
4 

n 890 57 317 28 
Fe(wt%) 23.6 24 0 13.3 7 0 

Zn 11.7 4 7 15. l 18 4 

Cu 43 1 3 5.1 2 0 
Pb 02 11 1.2 11 5 

As 0.03 0 3 0 1 1 5 

Sb 0.01 0.06 0 01 03 
Ba 1.7 7 0 13 0 7 2 

Ag(ppm) 143 142 195 2766 

Au 1.2 __ D:B LL _;lJ! 
1 Explorer Ridae. Endeavour Ridge· Main Vent ana High Rise Fields, AX!al Seamount ASHES and CASAM. Cleft Segment : N and S Fields. 

East Pacific Rise 11 'N 13"N. 21 "N. 7'30'S. 16'45"S. 1 s·3o·s. 21 ·s. Galapagos Rift. TAG: Actrve Mound. Mir and Alvin Zones. Snake Pit, 

Mid-Atlantic Ridge 24.S'N 

< Escanaba Trough. Guaymas Basin 

:i Manana Trough. Manus Basin. North FiJt Basin. Lau Basin- Kings Triple Junction. White Chureh, Bai Lill. Hine Hma Fields 

~ Okinawa Trough. 

Data compiled by Geological survey of Canada and Freiberg University of Mining and Technoloriy. Germay 

{After Herzig and Hannington). 



-e'c ~'i'-::C ~'i'-"'1"1 cjOj)Ai •l?){! 'l!-? chimney}.)_ll_~ t:ffAJ~.sl ~~¾-'J2f 

¾%~±Si 7l%-£ .;J-'l/1'f2, Jf ,'-')j og.,,pg-% 'JI 2 ~~'8% {!_1,S_l/~!a.Ai -'1/7I 

•i"1'll-?'tAJSj 1A.J~'ll-R-'l'.9.f 1.'"11 t:j-'1/ 'll-?'t'o'Si VA!.9.f 711 'l! 'JI {l;.<J)aj 

l/%AJ {l_sS_o{J 7) oj j;-f ;;,_,cf ~t:f. 

c ej!,cj ~ 01 %~ A).ll.•141~ 'i-l•i 'll"'i 'il•i"1 ,)n\)cf A)~'\'!% 0l %1'foj 

i~Ai~~ AJA]Z}..Q...£ "f±~ ~ tf~ti-}5l:l,_2., OffAiq:! 1M ~4=-~¾..'.j1-2.j ~Aj~ 

~f"/1')'.s,t:f(Fig. 5-1). oJ ;;tj'>jOjJAi 1!A)5'19;l'<! % !OtjSj S")!:z) -% HD 1-2, HD 

1-3, HD 8 ½ 3tj 1)\..) A).ll. •l?lo{J AJ¾•)'.slt:). S"J!;<J~ -?'Wt! !/l*l.9.f Z/' 

S"J!"'l \!l ~'\J~ 'lf"i:£/~caj ~-'JOJJ 1J,...'t! sf.9.f 'l{t:f(Fig. 4-Z, Table 4-1). HD 

1-2-:i-i]Ai '-fl?l1:! ~\....j AJ.li;:: t.fl-¥-~ ~,':_ £4~£. ~¾01 ~¾ t:fi~ ~L..j2.j 

.2.lzt.2.£ -1.zf-~ct. oJ t:ff"$J {!L.J!: 7J~.2(anhydrite)7} AJ.li.~ .2-jII{~ ~AJi>f.2 

9J..2.n:\ 0l ~l ~ Fe-Mn ~~%0\ 'i:Jll :3:].lt"5}2 3l9J.1r! ?;l.~..£ AJ7-{~r.}. 2c}.2 

7J~2 ¾ 0~.Q..£ '1; 1 cm f~J9-j ~o}~~(shpalerite) ,¼oJ ~Ad£1o-J ~.£.o:j 

;:,. r:fg ~~~-"- cfi'-191 -jjof~"i {'oj ~AJ5'1oj ;Ur:). 

HD l-3oJlAiC 55cmX24 cro 3.7]£./ t:ff~ {ILJ.2.j- Y1?.f.':. ~q~ ~zt%0 ! 

>ff4)5'19;lcf. i:ff~ 1)1..)Sj .2)zj-,'.'. 0JZ!Z/'~5'. ~>\) ~l'S''E 7<J"J;;,.ojaj cf;; 

~
0 }~"4(sphalerite) ¾o] ~"8}.2 9,l.:;r 2 c}g 0~..Q..£ ~%~(chalcopyrite) 

~'l/ 01 AJ'l,'1'f:J. ;lief. 111.-JS! ¾Z/'-/it ¾ .9.f.l/-"11 ¾'l/-!j(barite) ~'l!oJ AJ~•J 

-:i£ 919:lt}. HD86flAi~ r.~~ ~1.-11.t {;11.-J~ :X.7-l"~oj "R~l£19i~t:,J] 0J-n1.!:§:.f-~oJ 

~711 -¥-* -¥-* Ifj~!f:! 7J~2(anhydrite)7f .2./ZJ-~ Y..>.,ftt2 9)_.Q.~ tl~~ 

{Iot'c!~ (sphaleri te) %0] ~ "a~o-J 91,2 .!i!.t\- 1-ft,¥-Oi) != ~%~ {chalcopyrite) 

~'jjo) AJ'l)-1')2 ;lief. 1)1..)Sj cff.J/-o{J::C 7)1)--Jito) ~.¥.•faj 7J1} cij.J/-OJl::C ojAJ 

W%~ 0 l ~?J-t»t.2 9.1.r:f_ 
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Fig. 5-1. Photographs of hydrothermal vent fields. 
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-lee 'l!'i'-:C: AJ7] E~><i(dredge)ofi ~..-foj ~ff-ti'\'! -<I.ii.iii; ¾ chimney~ 'JAJo] 

:tt'<l'H cff.Ro"I 'l.? chimney-<]il.iit-£ cff"o'-2-5'. ?~5'J9;lcf, cff"o'-<lil.:C: 

HDg-1-3><]"12\ HDg-8 ><]Oj(Fig. 4-l)<>l]-'1 ~i-t\'i'! HD-l-3 'J( HD-8(Fig, 

5-2 )-']il.o) cf. 'o'~~"l '1! 7 ::: -<]il.~ .J\-•,!'<Mt-£ 7] ~!a'. ..-foj vent!i'.-','-,aJ ~ "1 of! 

oJ~!::: .,Z.{!-f§. oJ~~a}~JB(double-polished thin section)~ ~]~lr}of 

'1! 'o'~ n] 7,l 2\ ~"'I~ n] i1:"'I (EPMA),&- ~..-}oj 'i'-'1l 'o'~2\ 2 }f~3'c'1l '1{ Jai-1) ¾ 

:tt'<l ..-191 cf. 

chimney~ }f~"f -!t'll 'll.'i'-e "o'7l 'o'~~"i 'l!'i'- ~2\~ 7]~5'. zt ,'-'{]:'i!!i'. 

i1:'lt-<lil.~ >11"/..-foj zt chimney~ -'i'--llc'i! Cf.fl_ ~±~ ~'il'2\ •H•fl 'll 71% 

Ji,'\!ofl cff..-foj ~!;'...-f9;tcf. 

I. 'o'"'l'o'~ (ore • ineralogy) 

Manus Basinofl-<1 ~Q-t\'H chimneye Cf !a. '!t'!!"I. "1'!!-"J. '!t'ii-"I. 

11 ° 1'1! "I I 11 -ll-01'1! "I, '1,1-'1! "I %~ 'o'"l 'o'~ !a'. ,'-'\! 'i'! cf. 2 ill '-I -, 0J"I -lie.£::: 

chimney 'i!!a'. .3.71] !<f01¾ _!io]t>j, -!t..-1, ~%(Cu)'o'~'<! '!t'ii-"12\ 

~of'l!(Zn)'!t}f'o'~'<! 1lo}'1!"'111l{l-of'l!"'i~ ~½~ .3.71] cfls]'\'!cf . ..,, '!t%"'1°1 

:,jAJ-2.!i'. cf',/ ~½..-f:C: Cu-rich chimney(HD-8).2} 1lof'll_"1!1l{l-of'1!"'10] '2l"o'-2-!i'. 

c}i!J 11-~lr}~ Zn-rich chimney(HD-1-3).£ ..,Z.~~t:L 

Cu-rich chimney(HD-8) ~ ~1l'9-l ~ ~tg ( columnar-cylindrical; Fig. 5-2)-tl-'c{ 

-£ ,!;!_o]t>j, vent!i'.-','-tj ~"17.11><1~ -'f'-'1171 5-12 Cm '!J.'r_o]i::f. chimney:C: \.J"l 

(inner wall )-2.!i'.-','-,aj ~"l "f-2.!i'. '!t'!!"I - '!t'!!"!oJ '?'lH:! '2J"o'~ '!t%"'1 -

'!t%"1-'!t'!! "I ( -11 °1'1! "I 111 -ll-01'1! "I I - ct''!! "'I- "1 '!! "J-'!t%"1-11 °1'1! "I I 11-ll-0 1'1! 

"I ( -"o' '1! "I ) % ~ 'o' "'i 'o'~ cff "o' 'l1 }I~ ,!;!. oj ¾cf. 'll "'i 2 ( anhydr i te I ::: \.j "l 2\ ~ 

"l<>ll 01.s!.:C: Z\,'-'{! ¾ cff"l "f<>ll 7)7.11½ ,'-'{!<>!]Ai 'I~ "\~!a'. '!t'!!"l:zt '2J"o'21 '!t 
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<HD-1-3> 

< HD - 8 > 

Fig. 5-2. Back scattered-electron image of pyrite(dark image) and 

galena(brighter zone) showing concentric overgrowth. 
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%-!<J %-£ -"J~-;;fof {!,½~r:f . .2J"!(outer margin)-'1-0l]A7::C ~'!!-!<Jo] ,j)j'!!-!<J!t 5'j 

:>lt.t. •J'1'!'-'lo\ .¥.Yi! %'11-1:l'lt.21 ~"1-'i'-~(Fig. 5-3)~ ..l!.of¾r:}. ~ chimneyO\] 

-"I ¾'!l"'l(barite).21 {!.}~ vent.21 "121 .2J"IOIJA1'1! 2o>f 'l/'11_',l~S'. Sl'<l"i! 1!': I 

-"l'"!'<l chimney ',1-!i-S'.::C st'1!5'!>'1 U::r:f. 

Zn-rich chimney(HD-1-3)::C at~ ¾~(pinnacle: Fig. 5-2).21 -tl'lt-£ 

..l!.of¾<:f. ~ chimney:: Cu-rich chimneyO\] •\..-fo\ •\.;;z.'"! 'i!si:~ ',t-!<J',/-!i-.91 

cfl'1,''l!~ ..1!.of"?oJ. 1.Jl:zt-'i'-O\lA1 -'i'--li!-'"!.2.S'. '1f"J'!,'.91 ~%-!<Jo\ "i'-'li-5'!:: 

1J 0 f '1'! "I-~%"'1 cf 7f '!f 'i!..-}oj 2.21 '11."IJ '"I .2.S'. 2j '1,'.2j 1J of <a "'I/ 1J ¾of '1'! "I 0\1 

±•J.91 ~'!! "'121 n\ '!,' .91 ~%->I 0 \ "r'lH:! tr. .ti .2l :zt-¥-0\l :: -¥-~'"1.2.."- "J'1'! '-'l .91 

{!ffoJ SIV 5'! oj. nJ 'IJ .91 ¾'!I "'I£ {!ff~ r:f. 2j '1,' .91 1J o r'1'! "I/ 1J .g.of'1'! "I ~ 

'11."'r~ n]~«j (EPMA)~21 3. 28-6. 40 mole% FeS.91 Y'!,'(Table 5-3)-£ ..l!.o\"?ol. 

'it'll 'll "'l '-ll .91 Y•J'l!!t '-t chimney 'II. "il '"I'<! -'Fcfl-:;i-~'1,'.91 Y'i>''l! ~ ..I!. o\ "'?"'I 

?,I:: C.\. ~'!! -!<j :,\ ~%'-'I ~ °'? .£ 110 \'1'! «j / '1'J¾Of'1'\ «j 1.Jj<>l\ {!~ '1f .2_§_ ~-'JS'j oj 

{!~~r:f. 

2. ~lt'!,' (• eta( contents) 

cij'1,' chimney~.91 "?.!l. ~~±Y'!,'21 2 7\%-!t-'S-£ Sl'<!..-f71 -?j..-fo\ 

!t~-li!-"'1-£ ~AJ-;;\~tf. ~-'I~ '1,'7J ',/~~'"! '1'!-'i'-~~ 7]cl'.S'. -;;fof vent 

\..\I :zt"l <>11-"l-¥-"1 .2l :zt ~-2.S'. cij 'lt-'i'-~~ {l:~..-\o\ A\ 1l. ~ "I "tt}~.2.oj ( chimney '!! 

~-!<jAJ.l:l. -?jo>Je Fig. 5-40lJ .lf.AJS'joj ~%). "?.!l. ~±~(Ag, As, Au, Ba, Cd, 

Co, Cu, Mn, Mo, Pb, Zn)<>I] cij-;;\of •fft.tr:\.9j Activation Lab. oJ ..l!.¾..-f.:.L ~:: 

INAA2.f ICP-AES(perkin-elmer optima 3000)-1!- oJ-S--;;fo\ ~-!<j-;;\~c.\. 

~"'1~21:: Table 5-42.f Fig. 5-50\l 'l!a\-;;\~tr. <icll'"l'<l 'l!"r chimneyO\l-"l.91 

"?.!l. 'il-4-1:!± Y'l>'~ 'II.it~ ',ti"~'"! '1'!-'i'--2-1 ~212.f '1,''i,'t-J 'l!-"IY-£ ~ "i'
~c}. Zn-rich chimney'lJ HD-1-3 chimney~ 7JJr- ~cff~~ ~ 

0 \\'l(Zn)Y'b'('!!iil- 447,667 ppm)~ ..l!.oj~oj, Cu-rich chimney'<! HD-8 chimney.9j 

1~ ii:~ %(Cu)Y•J-£ ..l!.o\¾r:l(Table 5-4). HD-8 chimney.91 % Y'l,'~ 7\7).91 
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Table 5-3. Representative chemical compositions of spherite/wurtzite from the hydrothermal chimney 

sample Weight Percent Mole E2ercent 
00. z, Fe Ma Cd Cu s Total z,s FeS MaS CdS CuS 

HD 3-1-1-1 62 55 3 00 0.02 0.27 0.26 32.77 98 87 94.05 5.28 0.04 0.24 0.40 
HO 3-1-1-2 63.30 2.59 0.00 0.03 0.37 33.11 99.40 94.86 4 54 0.00 0.03 0 57 
HO 3-1-1-3 63.00 2.68 0.04 0.23 0 27 32 86 99.08 94.60 4.71 0.07 0.20 0.42 
HD 3-1-1-4 63 26 2 95 0.01 0.02 0.31 32.92 99 47 94.34 5.15 0.02 0.02 0.48 
HO 3-1-1-5 63.30 3.06 0.03 0.10 0.20 32.59 99.28 94.22 5 33 0.05 0 09 0 31 
HD 3-1-1-6 62 39 3.26 0.02 0.43 0.41 33 26 99.77 93.26 5.70 0.04 0.37 0.63 
HD 3-1-1-8 62.38 3 68 0.00 0.37 0.40 32.91 99.74 92.67 6.40 0.00 0.32 0.61 
HD 3-1-1-9 63.36 1.87 0.11 0.49 0 33 32 87 99.03 95.56 3 30 0.20 0.43 0.51 

HO 3-1-1-10 63 69 1.94 0.00 0.00 0.27 33.29 99.19 96.15 3.43 0.00 0.00 0 42 
H03-1-1-11 62 98 1.88 0.00 0.45 0. 11 32 95 98.37 96.07 3.36 0 00 0.40 0.17 
HD 3-1-1-12 62.21 3.15 o. 11 0. 15 0.36 33.19 99 17 93 57 5.55 0.20 0.13 0.56 
HO 3-1-1-13 63.29 2.60 0 00 0.22 0.04 32 53 98.68 95.17 4.58 0.00 0 19 0.06 - H03-1-1-14 61.99 3 34 0.01 0.50 0 36 32.92 99.12 93.12 5 87 0.02 0 44 0 56 

8; HD 3-1-3-15 63 45 3.13 0.21 0.19 0.14 32 85 99.97 93.83 5.42 0.37 0. 16 0.21 
I HD 3-1-3-16 64 22 2 07 0 07 0.20 0 OB 32.92 99.56 95.96 3.62 0.12 0. 17 0 12 

HD 3-1-3-17 61.14 3.94 0.09 0.44 0.37 32.73 98.71 91.95 6.94 0.16 0 38 0 57 
HO 3-1-3-19 58.41 2.10 0.00 0.66 3.32 32 21 96.70 90.32 3 BO 0.00 0.59 5.28 
HO 3-1-3-20 57.70 2.09 0.00 0.92 3.66 31 69 96 06 89.53 3.80 0.00 0.83 5.84 
HO 3-1-3-21 57.91 2 30 0.00 1.16 335 31.89 96.61 89 47 4.16 0.00 1.04 5 33 
HD 3-1-4-22 63.71 2.21 0.00 0.24 0.01 32 92 99.09 95.88 3 89 0.00 0 21 0 02 
HD 3-1-4-23 63.24 2.81 0.03 0.24 0.19 33.69 100.20 94.53 4.92 0.05 0.21 0 29 
HD3-1-4-24 63.89 2 72 0 22 0.42 0.18 32.87 100.30 94.28 4 70 0 39 0.36 0 27 
HD 3-1-4-25 63.53 3.37 0.09 0.44 0.04 32.81 100.28 93.59 5.81 0 16 0.38 0 06 
HO 3-1-4-26 63 93 1.86 0.02 0.36 0.00 33.19 99.36 96.37 3.28 0.04 0.32 0 00 
_HD_ .3.-:-.t:--:1:--:_2.l.. 63,_9_! ____ 2.80 . .. _O,Q9_ 0.~5 0.20 32.98 99.97 94.52 4 87 .. 0 00 o_~Q 0.31 



Table 5-4. Chemical composition of the hydrothermal chimneys 

chimney sample Ag As Au Ba Cd Co Cu Mn Mo Pb Sb s, zn 
location no. Parts Per Million 

HD 3-1-1 293 1300 24.1 34000 1744 9 38212 302 200 1086 822 146 456000 
HD 3-1-2 377 1850 46.2 2300 1699 8 21081 412 130 2436 878 42 460000 
HD 3-1-3 426 1320 48.3 0 1922 7 19TT5 295 78 2292 1300 4 567000 
HD 3-1-4 260 1080 27.2 37000 1533 8 20861 276 110 1200 869 282 346000 
HD 3-1-5 507 1540 63.5 8600 1615 5 9839 263 95 2170 978 59 575000 

HDg-1-3 HD 3-1-6 346 1520 27.2 59000 1554 7 10060 231 79 1792 1240 158 403000 
HD 3-1-7 380 5630 4.6 100000 829 5 4567 140 40 1900 891 223 377000 
HD 3-1-8 215 1690 24.3 8700 1036 7 5296 243 64 2072 716 215 338000 
HD 3-2-1 - 425 1930 50.4 15000 1545 9 9715 323 89 2213 1060 81 544000 .,. HD 3-2-2 650 2690 28.8 7200 1712 7 6376 203 33 1993 1950 36 572000 ..., 

I HD 3-2-3 326 9120 0.4 190000 553 6 3222 161 18 21706 626 209 335000 
HD 3-2-4 442 12600 2.7 100000 964 7 5551 162 28 23895 1100 202 399000 

mean 387 3523 29.0 46817 1400 7 12880 251 80 5396 1036 138 447667 

HD 8-2-1 43 3170 14.3 300 12 267 >99999 27 2350 1637 287 16 1410 
HD 8-2-2 49 3560 11.5 220 13 219 >99999 15 510 1811 216 22 1200 
HD 8-2-3 68 3140 14.5 0 11 172 >99999 1 760 2024 200 7 1110 
HD 8-2-4 210 5630 35.0 0 108 232 >99999 151 360 4656 456 6 11800 

HDg-8 HD 8-3-1 93 8290 6.9 190000 192 14 4111 1141 43 2701 888 616 22800 
HD 8-3-2 37 2490 11.4 0 10 170 >99999 1 1900 1188 230 9 1320 
HD 8-3-3 58 3720 12.1 420 14 215 >99999 25 215 2129 227 24 1400 
HD 8-3-4 55 2050 8.1 220 13 125 >99999 96 610 926 138 10 1500 
HD 8-3-5 280 5450 29.2 46000 269 43 52142 176 270 2868 570 228 43800 

mean 99 4278 15.9 26351 71 162 >28127 181 780 2216 357 104 9593 
0: not detected 



Fig. 5-3. Backscattered-electron image of pyrite(dark image) and 

galena(brighter zone) showing concentric overgrowth. 



<HD-1-3> 

<H0-8> 
10cm 

Fig. 5-4. Photographs of cross sections from hydrothermal chimneys showing 

the position of the chemical analysis 
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Fig. 5-5. Variation diagrams of main elements of the hydrothermal chimneys 

and circle symbols represent HD-1-3 and HD-8 chimney, respectively. 
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7,l>l]'1l 9.t:::: -\o;''l)o] o]f-1~ ~.Q__;a_ Af.ll.t!cf. 9'.l<. ~~± ¾ ,f.S-\;-(Cd), 

"JZ,(l,\n), 'l}c]~(Sb) %~ Zn-rich chimney<>i] 'l/tjcaj.Q..!a. {-.!}xj:::: 0J''o'-£ 

!l."l9't>I . .il.'l/!e.(Co). ~i!]l!'(l!(Mo), s]±(As) %SI ~±:::: Cu-rich chimney<>i] 
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cf 'l,' {l ~ xi <>j -'\'-.!}'\'! ~ 2f .!a. A I .ll. '\'!cf . 

.tlc ltff:aJ'l!-?'!/'l/<>iJAi 'R1lSI J<_~oJ xl2 9.t-e is-· ~SI %~!:::: 7J !l.2-¥! 
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,tj ,:j %~ &-c} -!I'~ ~.Q.:s'. t1'tl xi <>j ~ 'lJ-A}"] "1 "11"1 'l! 4'!/>11 SI ,:j >l] '1l o] ofl ~ 

!,tJIJ 'lj7fxj<>j ~cf. t!'l'!. i'l- • -s":-SI -'\'-.!}'l/.'r.:::: Cu-rich chimney!l.cf:::: Zn-rich 

chimney<>i]Ai !if~ ~.Q..!a. t1'tl'\'!cl(Table 5-4). 0 ]:::: i'l--%. i'j--of'l'!SI 'l/'R 

't!Jll.5'.(Fig. 5-6)0i]Ai~ {to] i'J-SI %~]:::: 0 f'1!SI Y'l,' ¾7}~ Y'-'I] ¾7fltf-e 

'li'i'!, %SI Y•J'2fSI 't!Jll<>il 9.t oj Ai:::: 'll 'l! 'l,'( %Y•J' "-115, 000 ppm)7,1f;<) :::: 

SJ oil 'RAJ~ !l. oj 9' \..f %SI Y'l,'0 ] .:J. o] 'I,' .Q..!a. ¾ 7f lt},'! 'l/lOfl "I .Q..ss i'l-SI %~] 7} 

{f±YoJ t1'tl-¥!cf. o]-e ~ •H"l'l!-?'!/>i]SI chimney ~'SA] %SI {l~o] 
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i'J-SI {l~o] u]"-1•1"]2 .:J.-'f ~£SI {;±~ ci~oJ of'1!SI {l~o] A)'"\xl'i'!-"! 

is-SI 9'-¥! {!~0 1 ~".!'\'! ~21.ss •1->l'\'!cf . .'f.t!, i'l--~SI %~ 'll't!'R7lHFig. 

5-6):::: ~>I] "f .Q..ss s) ill!'t!A!~ !l."19'\..f i'l-SI %~ 7f 5 ppm oJ.-f'l! 7,1~ 

'1,'tl"f.Q..!a. ~SI %~7} '<r:%0 ] 't1'tl'¥J-C}. 0 ):::: -l\-'o'<>i]AiSI .!}{r'1) ~'l!-? '!r'o'SI 

.5'.'l!!2f 'It ,:ijs]t!c}. 
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!lice 20<>1 \1 %'1! 1l•i 'l!4"1"iofl ti~ ~.". 1111 ¾71:ssl:i!. 9Jr:f. 

Galapagos Rift of]Aj 'l!?"]"i \ll 'l!4>'1"1 ~i!-ofl tj~ -,! '1!<'!0]'1", East 

Pacific Rise~ '?J~ ~~. ~Jcl.;;t.Jo},Sl ~E:~, %EH~ 0J~ Juan de Fuca Ridge, 

:i.a]:;i tffA1•J %%S1 '1,1,"_ "l"ioflA1 'l!<'!:ss!<>l~r:I. :i. '1" tj -\'-~~ 'l:!?"1"121 

'l!41l! !:i .". ¾ 0J •H'll~ "ltff~ ~'11°1 9Jr:f::: ~~ '1!711 :ssJ9:!r:f. 

1986\1 !'Ii 5'1! -of~o] 'l:[.,Z.d,.~ "]'!! 'l:[.,Z.,:i'l! "Moana Wave" ::= 'l!?"]"l~ 

chimneys 9-} ~~ 0JSl ~~'ff(gastropods)~ ,q~..£ Papua New Guinea~ Manus 

Basinof]Aj ,tof~r:l(Both et al., !986). oJ~.g, Aj •i'll OJSj back-arc ~,"_ 

microplate ~•ff~ rift.,Z.3'.of)Aj 'l!?"]"l0]4 'l!?'IJ 1~s?-'ljo] 9.1,& 71,..'ll-£ 

!i'."1~ -,! ~':l"J'l! ¾:>J9:J.r:f, '{!,"_ •H D]~21 'l!~ofl ~•i Mariana Back-arc 

BasinoflAj ~?'l! 'Alvin'-& Af¾-of<>j 3',Af:ssJ<>l'll ~21. 41! 3,600 mof]Aj 

'l!?><]"l21 'l!4'1J 1~s?-'l!o] 'lf<'!:ssJ9:!t:l(Hessler et al., 1987: Hessler and 

Ohta, 1987: Okutani and Ohta, 1987: Hessler and Lonsdale, 1991 ) . .'E. 'l!~~ 

~'T''ll 'Shinkai 2000'0!1 ~•i 'l!~ .2.,)4~ ;;t]OjoflA1 'l!?"l"l:z\ 'l!41~-.''ll~ 

'let <'!-019:! r:f. 'ti ~21 E. 'i,1-cSj tt'l:! .,Z.21>11 'l! STARMER(! 987- I 992) of] Aj ::: "''if cSj 

~4-~ 'Nautile' 2} ~~~ ~-'?~ 'Shinkai 6500',£ A}-$-lltot North Fiji 

Basinofl"\ 'l!?"l"l:z\ 'l!?'IJ 1~-.'"J-& •J<'!•f9:!c\. 0 ];,\~ "1 •i'll 0JS1 ¾0J 
•i'll "ltlofl u:f:" 4~ sl' i:c"'!of]A1~ 'l:[oj ,"_ '!!<'!.2.!a. 'l!"il :>ja]"J.2.!a. ~'1!~ 

:>ja]~ ~29.l::= o]i!' zt "]"I~ 'l:!~'llofl tff~ ~1Jo] ~<>J,ar:f. oj;,j~ ~,"_ 

:,!AJ.2..ia.',',1'\ Manus BasinSl 'l!?"l<>\ 'J.l 'l!?1~tr'llofl i:ff~ 'HA\7\ 1990\1.'r. 

'i!~ %1tff~.i!. 'l:!.,Z.-:1 'Hakuho Maru 'of) S1•H ~"l"J'l! ;;tj3',;.f7f o]'i'-<>J;ar:f. 

Manus Back-arc Basin~ 'l!? ~%of! tij~ ~,"_ Sfo{]Aj "l*~af~ ~oj 1986\10] 

")%0] ~!:). 'Moana Wave' Sj PAPATUA 'HA)oflAj H. Craig~ :J.~ %Jl.~of] ~•ff 
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t:i ~<>I •.,> 'f +•I t-f af .ej 'll_-i'-'</ Af<>!I "i 'll ~"1. .tf ~"I , 'ii ~~"1 'll_-'i'-'ll i:ooJI 

.£%-& ~ 4- ~_Q_a] al- ~cl-. 

'l!?'i/ 'l!-§-ii'c'§!oJ ~;<f~oj)Jil ~<>) ¾.at! o)fr7\ .eJ9:!'1! ~ ¾.eJ $\'-He oJ 

¥ 'll~.eJ ;,j.ej7\ ;t)'ij-7,7f;,J 'l!aJ"i ~"I ~,". ¼!to)a\c: ~O!f oJ ~~.ej -'l''l'!<>!l-"l 

'll~.eJ 'i/'l/~.£1..\ 'll~lt'i/oJ '![,". ?1l.eJ 1l•R"1-'f sJ..i.•R -..:t:\c: ~- ::iaJ2 

•R"1oJIA-J ~;t.-fc: ~?<>II %.tf?±7f t:f~.Q.£ -"-tl.eJ<>J ~<>I %jj-4±~ 

%:i'oJq %{!.Q..s'. {!.tf.-\714 JJ!1~¾ {!.tf-o\") 'll~oJi'-'1"1~ ~He .tf~tl-'841-ir01 

~tic: ~o)t:f. a:fa\A1 o1-;l!-<>!1A1 °1~ :zt 'll~'!!.s'. "111-ffoj) ~'l!.-R:; "t<ile1o\oJI 

cfft! ~:<ft!D)7<! 'tr~ 1,:i)~ '¾f-.J .s!.71.s'. tlt:f. 
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Manus Basin~ New Britain arc-trench .,Z.¾oJ}A-12.l back arc -',t}:;i;l, lf1:1Jl! 
'<!(plate) ;:j;,fl-jl- .£~1'12 !U:C ;<Jo,joJcl(Fig. 6-1: Taylor, 1979: Eguchi et 

al .. 1989). 151° ZO'o\1-'-i 15Z0 10' E <>I\ t:I\~ Sea Beam "-]£:C Fig. 6-Z~ ~ti. 

'!j~o\J 9.1•ff 'DESMOS cauldron'o)i!f.:;J. 'li'li,'JoJ~ ;<)Osj,?; 3° 41.75' S, 151° 5Z.3' 

E'l] "]"1.2..s'. Fig. 6-3:,f ~cf. '!l~~ o\ "1"19.1 'tl-'-f %9.1 -lifca).2..s'. 1l•ff% 

1!-'-1'11 'l!~¾ c?f"1]i!f 'l,] Hjt\..2. ?>'="I-!!- 'tf%1'f!ljtf . .:::i.'l!o] DESMOS(Deep-Sea 

Multi-Mani taring System) oJct. 

4'-% 'tr-'-f?>'-="1:: ,',ol)<l)..2. '!fi!I "i!<l\H\~(stereo color TV), ,',ol\<l\..2. ,',',j 

c?}nl)i!l(stereo still camera, 35 mm, l. 700 frameoJ'o'. 100-foot9.j 'i!¾). 

CTD(Chlolinity-Temtrature-Depth Profiler: Sea Bird electronics, Inc. :model 

SBE 9111, modified by Tsurumi Seiki Co. Ltd.), 6-!-'!! .s'."i).'e. 4'-% :>ff4'-7)(PVC 

Niskin-type; ztzt 2a}E:}%), acoustic al timeteroj} 2ll! raleasing clamp, 

inclinometer, acoustic transponder, pendulum %. o)o)AJ ~.AJ--& ~7] .i,t]t:ff 

300~.'e.9.j ~§.~ >'l""il- 4i!:t:l\<>I\ ?>'-~~.2.ol 6,000 m'l! 0 \~ 14.4 mm phi9.j 

armored ;iJJoJ~(6 optical fibers, 4 signal wires and 6 power chords)~ 

-'-f¾~cf. -'-l~ ~'ll. •ff4'- :>ff4\, ~* A].ll. ;>.ff4)% -'=-•ll~(dredge):C 'l)A)'(r.2..s'. 

-\J.-'1)-o\);.j .5'.\..]e;\-jl- !;!.ol -lifca).2..s'. 1'}:C ?{±o\]Aj 'l)AJ1'f!ljcf. "T'"l 4'-'!icaJ CTD 

'cl,'!£~ CRT 5'.\..] !a-!!- -!-•ff 'l!~1'f!lj :C Ci). oJ aJ ~ CTD 'cl,'!£ :C 'l!"T'") Osj 9.j 0) 'o' 

~'o'-& ',!ofi.Jl:CciJ oF,'- wf~ 4'-'c!oJ7J.£ 1'ftl. 

'trAf?>'-:>)9.j •JOIJ ;:l.s'.~ 'l!~ ~ ,½ 87ff.s'. AOZ6, A030, A034, A038, A044, 

A047, A050 'l,] AO 54(Fig. 6-4, Fig. 6-5)0)9;!.cf. 'DES~S cauldron'~ 4'-11 ~ 

Z, OOOm.s'., 3° 41. 75 'S, 151 ° 5Z. 3 'Eo\l ~I ;>.J ~cf. oj 7) o\J;.J 'li"T' 't!%:zf 'li"T'~ 

~*ii!:~-& 'lti'.J~cf. 
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Fig. 6-1. Regional map showing the location of the hydrothermal chimneys found in 1986 and the present survey area in 

the Manus Basin and the spreading centers and transform faults that constitute the active plate boundary. 

The quaternary volcanos and trench of the New Britain arc-trench system are also shown. 
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Fig. 6-3. Location of the sampling and observation stations in the eastern part of the Manus Basin during the KH-90-3. 
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Fig. 6-4. Bird-eye view of the DESMOS Cauldron. Active hydrothermalism and 

rich biota were found on the NW inner flank of the cauldron. 
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151° 52'E 

Fig. 6-5. An exru,iple of the rack of the DESMOS operation on the fine-scale 

Seabeam map. St. AQ34, KH-90-3. 
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St. AQ26: SE ridge in the ~Kumul Trough#, eastern Manus Basin 

Date and time: Nov. 24. 1990; 12:36-}7:07 [LT: local time] 

Depth range: ca. 2,430-2,640 • 

Bottom observations: 03:25-06:12, Nov. 24, 1990[GMT] 

'll-'li.eJ cff 'I to]L.f ridge.e] let% Zr\'!~ u:Jlu:Jl.ss Zf"l'll.eJ '!l.ssf-1..f 'iioJe].ia. 

-"J<>{'il.Q.t,j -'i'-~¾ :oj.aj~.ss ~oj 'il9;!Cf. ,>Jcf\'! ~~l'joj '!!~-"19;!~ci] ,fff--li-~ 

Nelll8tocarcinus sp. 7} ~~~~~ "?"~~}2 9.J.~~ut. macrourid(Squa/ogadus 

11Jodificatus?)9f brotulids, .:::z.cJ_;i_ holothurians~ ~llJ~oJ ~~~~ xl<>i~:: 

".,!o] .1!.9:lcf. u:Jlu:Jl.ia. 'c,l~ 0J.e] .Rs';! '1:1'!!"1 ~~ 'll•ff.e] {!~71 .1!.9:lcf. cat~ 
-,'-',j:,) ~~ ".,!o] 1,,0ll !Q9;!-<] 0J ~'l!~ 'l!4-<1"1 ~'\l ~ ".!<'!~ 4 ~9;!tf. 

St. AQ30: Ridge top and NW and SE flanks of the wBugave Ridge# 

Date and time: Nov. 26, 1990: 12:05-17:39 [LT: local time] 

Depth range: ca. 1, 710-1,920 • 

Bottom observations: 03:20-07:06, Nov. 26, 1990[GMT] 

'll AJ:,j ridge.e] 4-'-l let% -'-I\'!~ -'i'-~¾ 3'\ .aJ ~Oll .eJ ~n ~oj 'il 9i cf. 

'!l.ia. f-, ¾'ll.eJ "-;l-, ~ .!/-'ll 'ii oj a] ~ 0] -'-I\'! Oll-'-i u:Jlu:Jl.ia. ~ 4 'il 9;! cf. "1 cf\'! 

~~~!~ Ophiuridae, nematocarcinid shrimps, asteroids, crinoids, Hyalonema 

tgcH9.l ?iff~. gorgonians:i} branchingtgcH2l -tli"fi'0 1 ~~5:l9i::t:il o]:: ridge~ 

tttct ?i«4-~ -ti"~o\ 9J.g~ o\oi7\ t«¾tl Ridge~ ~AJo\l1;: Munidopsis, 

Aldrovandia, .:tt!.J2 holothurians7} "'lJ.£ i!i"Jll q~}xl:t:L 

St. AQ34: nDESMOS Cauldronn(Eyespot of Butterfly), E. Manus Basin 

Date and time: Nov. 27, 1990; 12:24-18:12 [LT: local time] 

Depth range: ca. 1,820-2,120 m 

Bottom observations: 03:23-07:24, Nov. 27, 1990[GMT] 
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Cauldron.sJ Z) ~ ttfel).i DESM0S7f o]%-& o-f'<!,,_i cauldron.sj lil-~ '1!~ 

"I .sJ Ell afcoil ,.i 'll 'l!f ~ 'l! ?"Ii ~ ~il-'ll::,} 'l! "P"'i "1-& "Ji'! "'-"H Fig. 6-5). 

:,jcj~ ~"-1.sl 'il•i ga\atheid Mudinopsis sp., "l<>lcr. -'i'- 7f>C] ';lEj.sj 

Vestimentiferan tube worms. ;:,;JQ;f~ aff46fl~ o]~"O'l-7{[1..tal- ~-?~ oJ.AJ ~~~ 

.>!.<>l-'1'-9;J,cf. 'l!?"'i "i -2:"I <>il,,_i:: AJof9;J,:: o]uff•ff-n-.sJ Calyptogena sp. 71 -'i'-'11 ¾ 

3'J"J{-<>i] llf ~.-j 9;J.:: .£.* '!fi'!"'-Cf, :J. -'1'-'l! l'j'Oj~_sj .lt{-~ x\'!~ :!E:: 
o-f'l}~.sj ~'l!o] -'ii ,-joj 9;!9;J,::ci] o]:: :tf~cal'l! {lfo]i..f "fEilel 0 1 off!ecel2 

~zt~oJ~cf. •H"i".sJ ,.l.Ja.oJl,.i:: ~;<J.-fJil l-i~ oJl't!:i} 0JZ!0 l c1c~~<>l 9;!9;!2, 

~.'r..'r. 0. 01 'C<>il,,_i 0. 2 'C.sj o]",J--& .'i'.9;l,cf. :J. o].2J<>il!r. Tadpole '.l•ff.sJ ii,27] 

Squalogadus and/or Triacanthonus, chimaeras, brothlids.:!.&]2 nematocarcinid 

•H-'f--li-71 -'1'--"- ".ti'!~ 9;J,cf. 

St. A038: "DESMOS Cauldron*(Eyespot of Butterfly), E. Manus Basin 

Date and time: Nov. 28, 1990; 14:29-19:53 [LT: local time] 

Depth range: ca. 1,940-2,135 m 

Bottom observations: 05:40-09:16, Nov. 28, 1990[GMT] 

'l! "P"'l "i 'l! eyespot of butterfly"'] '4-& ~ ~ -ii-cal ~.s'. cf,,_l ~'i! ¾,.I¾ 

"'-cf. l!'I!~ 'l!? l!%~ cauldron.sJ ~n:Jl7] .£.0J.sJ "i'l!-\'-<>11,,_i 'l!<>li..12 9i:: 

~ ;,j '/l .'i'. 9;l, cf, :i,j cal~ .lt{-.sj 'l! :tf:: caul dron.sj 'Et~.sJ o f-'1'- 'l! 'li•i"'i e '<\ oJl ,,_i 

:,!1{~9;!2, o]'J!-<>il,.i:: of-'1'- u]Of~ 'l!"i".sJ 'l/¾~ !;!.oj .ar,.9;J,cf. 

St. A044: Ridge to the northeast of the "DESMOS Cauldron* 

Date and time: Nov, 29, 1990: 22:34-02:24 [LT: local time] 

Depth range: ca. 2, 150-2, 185 m 

Bottom observations: 13:24-15:45, Nov. 29, 1990[GMT] 
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"DESMOS Cauldron"~ ~~Oil ~;i;J~ ~::_ ridge~ -4Jt_! 1.1JgJ~ NEE-SWW~ 

7JAl'lJ~ 'l.tcff7]0llc: _!;l_t::I -'f-7Jj¾ '1"1% ¾0 1 goj 9.l9;!cl. 'It{!-"!~ 1l•ff 

galatheid ~ Munidopsis sp,, ophiuroids, holothurians(Benthodytes and 

Enypniastes) .:12)2 7~.£-¥-Ei 1:1ff¾~ l:lfl~~. hyalinei!i~~,W-, chimaeras , 

brotulids %0 1 "I-? -lif:zj~9;!cl. :J."14 'll~~ '1!4'11 -'i/%,c-{l ~~ -'i/%~0 14 

'l!40l1Ai 4"-l4c: o]AJ"l'<l ~~"1. %'1~"1 'li%~ 4"-14"1 ?.19.lcf. 

St. AU47: Western and the northern rim of the wDESMOS Cauldronw 

Date and time: Nov. 30, 1990; 14:11-20:29 [LT: local time] 

Depth range: ca. 1, 780-2,070 m 

Bottom observations: 05:11-09:49, Nov. 30, 1990[GMT1 

Cauldron~ 'ctA1~~ '1!"f >/jo]4 'ct"f~ 'l'!'ll~ Ei]al"""li '1!4~ o],J ~'J'<l 

'114~ o]~~.'<.'<l 21100 'C~ _!;l_'!JOl].'<. '.l-'r-~12 '1!4"]<>\ 0]\..I '1!4'-'i! -'i/%,c-'l)o] 

_!;l_o]"l ?,19.lcf. ~A]-f~ "1--"l >/j~ t"l Ei]af-'- "i°a"llA1 '1!4~ 

o] ~~ ~( 0. I Oll Aj 0. 26 'C )0 ] 4"-142 'l! 4'11 -'i/%,c-{l 0 ] l..fEf ,;!cf. 'l!4'i! 

~~~~ ::_ o}T ~::_ tS:.~ 1J~H galathids~ Munidopsis sp., vestimentiferan 

tube worms .::Z.2]2 r.ff.B:¾1{! o]t1H~H~ Ca]yptogens sp, oJ~cr. ~ oJ ~1Q:j::_ ~~ 

>/j~ of-? "!-"1'<1 "1-"f"l]Aj o]eJ~ :tt-'§-o] 'l!oJ'-12 9.19;!%-£ SI-'<! '1- 4 9.l9;!cf. 

St. AQSO: Ridge-trough system west of the "DESMOS Cauldronw 

Date and time: Dec. l, 1990: 11:18-15:56 [LT: local time] 

Depth range: ca. 1,620-1,930 m 

Bottom observations: 02:09-06:JJ, Dec. 1, 1990[00) 

:c<]:c<f7]"1'<! 0 1-\l- ~AJ¾ l..f"-1'<1! "i°'l'!l"ll J]cff~ '?!711 '-l,:c<]'s!, 7]cff2}c: 

cf.§.71] ridge~ ~ -'i'-~Ol]-'1 "1-A], 'ct% "1°'12/ 'DESM0S Cauldron•~ -"J"f-lj!-~-£ 

•.;>~ trough"l]!: of-? -'f-7Jj¾ '1"1%0] ':11"1 9.l9;!;;1]'s!, o] ;;1JQ!jo] Aff-i!l-711 '<!¥oJ~ 
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~cff;;<JOjoJaf::: ~,"_ _lil_oJ;;<J ~9,lcf. 'Ef%"1"lS!l ;tJ'J.aj.Q.!a. i<.". -\'--li':oJJAi Ol'{!S!J 

oJ",l-'l'l! '<I-? 't!¾-£ t.fEf,lcf. <>j''{!S!j •ff'<!-it.21 crinoids7f 'lf<'!"loJ OJI"!'<! 

oJ]Ai •ff-li-S!l ~;;o] 'l!oJ42 9.1%-£ 'il'll~cf. 

St. AQ54: #Brian's Spot# in the central Manus Basin 

Date and time: Dec. 2, 1990: 11:00-14:12 [LT: local time] 

Depth range: ca, 2,365-2,480 m 

Bottom observations: OJ:SJ-02:17, Dec. 2, 1990[GMT] 

"Brian Spot"' 2} "Gothic Forest" Al~~ 14~ ~11~-¥-Ei tit 350M~.£ 

'!i!oJ~ 11!o]i::f. 0 1 "]"loJ]Ai::: AJ•H galatheids¾-ll-'l! Munidopsis sp., -?'lJ-.f:;t 

9.J.~ polychaetes, sea anemones%oJ ~:z1£lo-J~ ~4AJqj2} o}-? t'~l! ;t.JQ!f~~ 

w•ff~!l!cf. 

::tl] 3 ~ %-¥- Manus Basin DESMOS tifl~~ ~"f-~¾~:;!} 

.,_~~~'§) 

1996\1 10-'H-ll-'HoJ] 'Natsushima', 'Shinkai 200(1-£ oJ%-.f"1 -'1/~'l'!'i'-"~ 

¾>d..Q...£. ~ %-¥- 0}4°"~ Back arc basin~ ~4~ff &.,q Bioaccess-Manus 96 

'l'!'i'- •J•ff7f 1!-'-]"l!l/t:f. oJ •J•ff;,J ~.fl ~"I,"_ 1990\15'.oJ] 'lf<'!"loJ~ !-"il 

"DESMOS tiR~"Sl ~A-{ f-~ ~ 1,900 m 41:l .,q~~ ~~ pH, 2 %:t\-4±, %~cg 

-li':½ .2c~oJI 'l!*J-.f::: '<!-?'11 -'l!il:-.L{l 0 J!l!i::f. l!1!S!J 1'l!7J•ff. -li':~-ll- ~'rtoJI 

-'-i-'J-.f::: -'1/il,S!J ¾-li':t! >ff~]. l!7,j;,j A]'{!"! 'jj_~(~oJ)it '<!~,;f::: 'lJOJ ~~ 

~.JEo]'.dt:\. DESMOSOJl-li', !-',l ".2,~ site• C: 90-112 -CS!] ~t! "1 sr-?S!J -?1] 

Jij;,j -li':½'8-.Q._ss oJ-'r-oJ"I::: ~±.ss"1, •ff-?.21 ~,,q ~'jj_S!j mapping, -'/1~-.'{l S!j 

7J>ff '.1 'l'!'i'-% -'1/~S!J >N'l/~ '8'8--'J.Q._ss 1!-'-J-.\9:lcf. ~-li',',[3'7ff(Cal;ptogena 

sp. )-ll-S!J >ff 'l) oJJ '1/ '8--.\9:l '1! ~ ,"_ ~-.J 't!-af ~ '1H! ~ oJ '.di::\. DESMOSOij-li',S!j 
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'll 1'-l/:ff 'l1 'll 1''8 ~ ~-;c-~ ~ '{/ ~ •ff 'lJ 'l{oj) ~] *] ~ back manus •ff "1-"l ~;if:: 

o)--f- \'J~ *foj7f 9.12, .:l~;zf-"J •].;;tit 1!1'].!;!.7)5'. ~t:f. 

•M>il½ .zr'i!-.J 1!1').!;!.\'! New-Britain back arc •ff-i'->11-"l •ff~oj] -'t]*]~ Manus 

Basin~ lt%"1 'li1'lt%-"l ~.!;!.e<).£"1 e<).,Z.:tf~. e<).,Z.~e]. e<) 'll~"lii'oJl -"l•ff 

?~ ~ 0 HCraig and Poreda, 1987; Taylor, 1979: Taylor et al., 1994), :i 

~-"J 3',.Afoj)Aj 'li'r'-lf:* ie,i\'(Chimney);zf 'lj4'-l/:½* ~~-;c-~_gj ¾•ff-;c-~o] 

Af'1J:tf\'!E..s'. ¾~xJ9J.t:f(Both et al., 1986). EE, %>;l<ff~ •ff 0o' 'f!.,Z.± 'f!.,Z.1j 

"Hakuho Maru"-"J KH-90-3*1 •J•ff >l] 2 leg, (1990\J ll'f,I_ 24'l! - 12'(,I_ 24'l! )oJl-"l 

e<).,Z.~e]. e<).,Z.:tf~. e<) '!!~. ~•ff~ .::1-jil--"J ~-'ll'll.2.!i'. Manus Basin-"! ~oj) 

-'ti*]~ %'Et •ff'lJ Southeastern Ridge(SER) AJ-"J ~~ "DESMCS Site"oj)Aj 

'li1'lt%:zJ- '!!4--l/:½* ~H~~ 'lf'l!~t:}. 

'{/ ~ •J•ff oJ]Aj Sea beamoJ] 2] ~ •ff "le<) 'a 2] 'l! 'll mapping, E!i'.-E ¾"I 71] 

1tl'A.£ 4'-~S-}2., ~11:lt!- CTD-multi rosette ofl S!-1t!- hydrocast ~ Dillt!, 0J~. 

'lM'-0 1~-"l ¾% plume_gj ;".e<ff~ ~'l!. 'll"""i ":J!e<)oj) -"I~ e<}'l'[¾:i', ~-'i'-'lf ~ff4J 

% ,YAf'l!-'t]~ '?:!'lJ•ffA1 Aj".j-.}9:lt:l(Sakai et al., l990: Ishii et al., 1991: 

Gamo et al., 1993). AJ•ff,YAf¾ ,foj]ef 'l1 •Jt:]..2.'l! "DESMCS'(DEep-Sea multi 

MOnitoring System):: %>;l<ff~ •ff 0o"'f!-i'-±oJ]Ai 7ff'lfxloJ'1! ~.2...£ back arc 

basin-"l 'li1'-l/:½ :V%o]t.f subduction zone2] 0J %1'~~-;c-~2] ,YA}-'f, 'l!'ll 

mapping, :tf>;l~'l!~ -'i'-lif.a\E.!i'. '\<!>l!xJoj~ ~o]t:l(0hta et al., 1990). o\ 

?>'•1:: 6e!]<l\..2. TV ,foj)e}, 6el]<IJ..2. 6'!1 i7}ll!]cl. CTD rossette bottle0] -'i''t! 

~l:lJ.£. ~~~o-1 912, .g.-a-J~ multimeter, ?JA}i'll, SSBL transponder system~ 

.!;!.~'\<!•1.£"1 :;!4'-2 9,lt:f. 6,000 • ",)0\-"1 ~;>1]0]~.!i'. •ff"loJl 1.ffa\ ,&e\oj 

300.efE-"J ~..£'(!! ~E 47ff7f 'il"lit •J-i'oj real time.2.!i'. 1j'l{oj\A-j .5'.1.\oj..£2] 

'?±~0 \ 7f-'8'-.ft:f, 

'{/~ •J•ffoJlA1 87ff2] 'lJ~oj)Aj '?±~o\ o]'i'-oJ"ae<J',!, ~ ~'l! 'lfS)oj) -"J•H 

~'l!~ 'li1'lt%:zJ- ~~-ic-~ 0 ] 'l!<'.lxJ9J.t:f. 3',.Af:C -'i''ll.!f 4-1! Q./ 1,800 m 2] 

~<i\cfAJ_gj e<\';/, ~~ "DESM0S Cauldron• 2] .Ja\-A1 '-i!"l(3" 41.75' S, 151' 53.3' 

E, ca 1,900 m)oJ]A1 o\'i'-oJ"at:f. ~.£-"! o]'I{, ~ "f""i-"l •ff'?, .'r.'i'!""i-"l :"".a\, 
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~l-<tl~!4 mat, ~-?-"8 ~~ t!.1f-~. ~~ 'll-'d~~ ~Jr-~ EF..i:: ~~~. ~~471-

-tr~tr~ -&2}.2.i:: ~ o]~oJl.£ Jj;;-§..Q..£ !9°'19.l.i:: vestimentiferan tube worms, 

'1,~ 'l!£.e] ,;I~ .e]u]Of]~ 71]-lt'll ')l,;-ij,j-'f- Munidopsis sp. %-/!- ~'l)~cl 

-2-1:IJoJli:: ~~uJ.z1H Calyptogena sp, Alvinocaris sp. (Jpn, : Ohara ebi ), ~~ 

c.]-cJ .Afl1f--W- Nematocarcinus sp. (Jpn: ltoashi ebi), 7 ~OjJ :J. 4,~oJli:: 

~AJ-oi.2}, Chimaeridae sp., Brotula multibarbata(Jpn: ltachiuo)7l- ~AJ AJ..Q..£ 

~'ll-"l 9).cf. :::1. 'f.e] 'lt-"I ;")!;,:)£i", ~-ll':'l!¾7fl-lt~ AJaj '!-l!-lt(mussels).e] 

:nt~. ¾~ ¾~ -t! ~~lff'~ vestimentiferanS-W-11- .';fffp:.J9J.t:l-. 

a,;-j ..,. ' %11- manus back arc basinoJl ~ ~1if~7H'ff" Calyptogens sp. -lf-71-

~,:H~l-2 9J.%oJ f--Jij-!99;:lt:l-. oJ*~ ~ ~1i[.Z7Hf' Calyptogens sp. i:: ti]~=!! 

f-E=I¾ ~~~oJl lIHzt£ it!~ ¥~12 9.l.2, .!f. 1st~ pH~ ~'½~-&- ltjtffA-j 

f-~11-oJl -kj~~l-2 9.l.i:: EH~ 0J A-j~OjJAi~ ~ ~W~7ff-W- Calyptogens sp.~ 

~~~ ~~2 9.l.oi, t±.7J~~l.£ _!j!_~ . .2.?'11...J-.2.l- back arc basin~ t±.7J~ a:-j..Q...SJI! 

t)cf. 

;,j.e] '{):~ A]7]0f] ';'!ojojAj oj'f-oJ'l! Manus back arc basin.e] ¾AfOf]Aj manus 

~qj ~ Manus Spreading Center(MSC) oJJ ~oJol 9.1.i:: "Vienna Woods 

Site"(309.8'S, 15016.7'E; Both et al., 1986: Tufar, 1990: Lisitsyn et al., 

199J)oJq, o]-4"".6. .kf'el" ridge~~ wPACMANUS Site"(Binns and Scott, 1993: Binns 

et al,, 1995) %0] 'l!~.xJ9icf. 1996'<'! 10-11-,..e] "Yokosuka" "Shinkai 650U'.e] 

Manus flux •J•ff:C !/-].ej 3~±0f]A1 'lt'J ;f.Af71 °)-'\'-oJ"I. -!1-1'] ;a:J.:;z.:zf~'"!. 

:x.Jil~~ AJ.2.J-'fi" oJlr-9J.t:.l-(Auzende et al., 1996: Manus Flux Cruise Report, 

Oct, -Nov. 1995(1996); Gamo et al., 1996, 1997). 

~ll] DF.S~S Site'E ~4- ~t!- &_~0Ja]-7J_!j!_r:ti:: ~AJ:tf--'J~ %-'J~~ 

cf•J.2.£ .¥.lft! -tl"8~-1oi..eJ ¾*Oil <l•l~ 4 9.1:C '!J.£.eJ -!1-"8°1 ~-.-t~cf. 

>§~~:x.]-of[Jf[ ~1}~ ~2:{~..Q..~1c!_ ~~ "Vienna Woods Site".2.} "PACMANUS Site"~ 

•Ha ,,-, Alviniconchat-} Ifremeria(Jpn: Yomotsu 

heguinina -li-)%.eJ 'l:!•l~ o)-,.o-fJI] :lf~l/"8 <l]ir ¾~ ¾.2..£ "li'c i,:'1]0)2, 

"DESMOS Site" Jt vestimenti f eran tube worms.2.} !I ~t1J~1R Calyptogena sp. ~ 
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~~ V'I/ '8-'l'l ¾..Q.!a. ~f:: -;cc'§/0J7J u:Jl~<>il, !Et! "DESMOS Site" 7f "PACMANUS 

Site"-'/ V'-'11 %\st Manus •H'll'lf<>il !U:: 100 kmoJ'-lJ21 sc"J<>il !l).cf:: ~oJ~cf. 

oj 7\ .>.1 4-el :: 100 km 'l! .<r.21 71 el oj '!! "1 "1 !ll:: 'l'l ~;r; '§I O 1 oJ = 'l! .'r. ff"l 'l) 7,1f 

~He; ~11 .;,,0_ 2%¾'l!7,1f ~•:: ~-£ 'l'l-!i--ic:'§/3'.'1/, *~"• .;;l.ff-21 \'!<>11.>.1 >jf-.J, 

'l'l~-ic:'ll21 ¾'l'l-lf:{lolt.f -ic:'ll21 ~Jif-\,-oj21 'i=l¾¾ ~He; .'i'.'l!/ ~~ 'l'lzt~cf. 

'l!~ 'l'l-!i-Jll 'lJ-i'-7¾,°_ oJoJ -'-1 Ei'!l 0J •l"!Oil-'-1 .2.,Jt.f.s} back arc basin, 

Izu-Otahara .l.J-{!- ~. Mariana back arc basin, North Fiji ~H~. <¾J.-e!-~ 

Kagoshima'<! %.£ .5'.'l!/5'., "i ,°_ Chishima •ff-i'-<>il-'-1 Nankai trough<>IJ oJ.st7J7,Tf>tJ 

subduction zone~ t-J %4- ~~ ~{Jofl t.ff~ffAi, ~ kmof]A"} ? ~ 1}J 4- ~ km~ 

:zjaJ't! .'i'.'l!/-£ ~of ~>tJ'l! 100 kmoJ1-ij2j -;cc'lJ<>iJ-'-1 'l'l-!i--ic:'§/3'.-'J<>il !l).oj oJ 1/.'r.21 

0<\0)7\ !ll:: 'l'l-!i-711~ _l;l_>tl:: *~c\. 1990\121 1/akuho maru21 •J•i, 1995\121 

"Yokosuka" "Shinkai2000" "Dolphine3K"ofl ~HJ BIOACCESS-Manus 96 cruise!:: 

•ff 0J 11 tj-7J 'io'~ "121 Dr. Hashimoto~ ¾11..Q..5!. 3'.31 S'j oj %~ cij ~ •ff 0J'l'!-i'-±2J 

Dr. Ohta.>.\ "11 2 leg~ 'ir"J~'1! ~..Q..s'. 'l'l~~- ol'l'l~~ .:J.¾Oil >tl-i'-~~

>tJ~tj-'l'\-,'->t\7f V%..Q.!a. 0J','-oj~ ~oj~cf. ~ •J•ff:: 'l'l•ff~ "I..Q..5!.:: c\%11 

'{[-/':: 'l'!-i'-il- -'/" 't! ~"I..Q.!a. •f~cf. 

(1) "DESMOS Site"-'/ "PACMANUS Site"21 -'f- '1!!? -lf:½'8- •i<!l 'J.l 'l'l~-ic:'§121 

1/'l!7J>H 

(2) ;,Jcf~ cff&.~ _l;l_oJ:: 2'l/±21 'l'l-!i--ic:'§/~'1/2J uJ_;;i_ {15'. 

(31 -i'-'11 'l'l-!i- ¾21 11"1U ~ff'§! 

(4) il-'t' ~~V'II <H-'-\Jll2j 'l'le]~"\, _g_±~"I. 'l'l•itl-"I 'l'!-i'

( 5 I ,t .°. pH, '>t .°. 'l!'l!el .'r., '1r: .°. %{l'll -'Ir .'r.-;cc 21 "I% 7)-i'-

( 6 l vent cap<>i] 21U o]-'iJ-!i-tl-"I 'l'!-i'-

(7) ¾%--'J 'J.l -2-"1%- ~•Ja.~ -'il-!i--ic:'§121 'l'l•Htl-"I 'l'!-i'

( 8) 7] 'l'l , '8-'l'l ¾21 'l'l-!i-tl-"I , -'il•i tl-"I 'l'! 'i'-

( 9 I -'-l.a.-11 ~ Oil 21 U '1!!?-'J 'l'l-lil-21 "J-'iltl-"I, ".!%~"! 'l'!-i'-

oo I 1! ".! S'J oJ ~ 3'.-'-\-'-1 ~ 112J UJ.;;!.Oi] 2J U '1!!? -lf:½'8- 'it% 'J.l 'l'l-!i--ic:'§/ 21 

'l'! ~ ( ~ 01 I 21 'l'! 'i'-
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1l•J_gj "i~'ll 10-'!! ~~ •J•l¾(ll-'!! 26'l!)ofl afsf~_gj TavurvurJ:l,tloj 

:zj'!!.-}711 -li',J:}.-f'l:l>']'l! of]'!l<i.5'. 'c!'i'-Sc-'-}7} 'l\'J,a'l:lt:f. DESMOS basin_gj 'Onsen 

site' ofl >'1"1/J:l,tl_gj -li',t\ofl <1%~ ~7.j~ 'll.J:lc: _lil.oj,cj ~'ll"'l'lr oj~_gj •J•i-2! 

7J_gj t:f!a.>CJ ~;'_ ~•J~ 'l!? ~-'ii--£ _lil.oj.::;i_ 9J:'l:lt:f. 

I. • 916~'1t(l996. II. 18) 

:g41l.£: 1. 860 - 1,924 m 

:g~J~ 9°~~~ (1) "Onsen-Site .. ~ '?-~..9..§. ~l-:::::: DESMOS ~ff~ ~Ai 

1.-J'c!-'1-ofl <i•ff-'-i 'c!o]oj'l\ ~•J_gj Sc-'-} -'f!,l.>CJ_gj '!!~1f 7],j(2) manupilator .2\ 

slub gun ofl _gj~ 'l!?-'1! 'i!!!:Z11_gj -?il. 'i'--'1! ¾_gj ~»11. ~.-J calyptogena sp., 

vestimentireran tube worms, crustaceans, ~~ol-W- %.!>..l 0Hf~ *ff~. (3) 

'ii iico] 1.-f 't!'-:J _gj 2 ¾~ 'l! "l)-_gj 7] Jl-oj 'l:l cf. 

~~*fl~Oil cff3J1Ai:::::: ~½~ Calyptogena sp, ~ *~l! 0J..9..§. *ff~,e-l-c 
~oj'l:[cf. Slub gun, RMT 2~'J ~.'r. prob, 'i!ii:% 5'.~7]'?-, ~ffi..j~ 17ff, -'/-0 1 

271~ ~Sj.5'. A}%"1.c}. 1990\1_gj "Hakuho maru"ofl _gj~ DESMOS basin_gj sea beam, 

map(filter;>jaj 'fl~ Fig. 6-6ofl, ~ Dive 916_gj track chart~ Fig. 6-7011, ofl'!l 

-?.t"l "']1J;>_ DESMOSOj-li',_gj -!il--!il--'-1 i..ff"iofl 9J:i:c "/;'_ Ellaf~"l)-_gj ,cj>Joj'l:[cf. 

7] ~_gj Sc-'-} 'Ji ~_gj ~•Jofl _gj .-f't! oj 7] of] 0 1-? l!•J~ -li':1l~-'ii-0 1 11 ¾>'1 "1 

9J:'l:lt:I. ofl'l! -?.t7<J >Cj1j.Q..5'._gj -&-} 7J ¾, 1,600 m ?Adofl-'-1 '11~ "'I"!?~ 'l!t-1711 

,a2, I, 620 m ~o]ofl-'-1 -ll-"'f"'l_gj plumeofl -ii'll"l'l:l>']'l!, ~?'l!_gj _gj.:;of] -'1--?.t~ 

~.'r.;,j]ofl-'-7 ~'l!~ ~.'r. oJ-'i/;'_ _lil.oJ,cj ~'lJ:t:1(2.98 'C). I, 700 m ~o]ofl-'-1 oj 

plume;'_ 'l! '<! !l ~•l ~cf. 1,830 m-2\ 1, 840 m ~ol( •ff"1-'i!- 65-75 m )ofl-'-1 t:f-'-1 

plumeofl fi""1~2. oj7]-'-ic: .2..-Jaj AJ-£ 'I!"]~;'_~'{{;'_ 7f-'-l.af'll 3.7]_gj 

~"!~~.£. 'i'--'1!>'1"1 9J:'l:lt:I. oj A]n_gj "1½-il-i:c WWSofl-'-i EEN.2..5'. •J.-foj 'lJ:'l:lt:I. 

ofl '!I <I .5'. ~?'!I ;>_ 1, 915 m ~oJ _gj "I;>. oil a}~ofl -?.t7<J "1.t:f. Sc '11 ~ _gj .5'. all .5'. 

>'1"19J:c: S!j.aj~;'_ ~ 20 cm 'l!.'r._gj -'f-'-'l].5'. 7]'l!~-£ g.::;i_ 9J:'l:l2, ~oJ "I~ 5-20 

m '!i.'r._gj S!l.afiic .l1c½ofl "1/"'I {'oj 7114;- 'l!.J;1-,']oj ,-!oj 'lJ:'l:lt:l(bacteria mat7f 
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... .,.,,. 

... .,.,.. 

.:::-1--_.:::::;:,.~::::::=::=:::..4-L.:::::2::::'.__:_:s"i__ _ _j_ ________ J 
E 151" . .,,. 1:151" .,.,.. E 1$1° ..,,. E 151" ..... 

Fig. 6-6. The seabeam map(after filtering process) of the DESMOS Cauldron 

depicted during the second leg of the #Hakuho Maru# KH-90-3 Cruise. Depth was 

not corrected(minus 50 m is the rough correction factor). Insert rectangle 

represents the span of Fig. 6-7(After Ohta et al., 1997). 
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of'cl {i!:'l!-'1/~ "11"'1-¥-71~'!1.5'. .l!.'ll) . .'r.*'H '>/"'I.°_ 'f- m ol-'11~ ;,Jcfft! !J7J"'i~ 

sf~l.5'., 1!'11 ~-¥-'>/.2..5'. 1zt,eJoJ~i:f, .'E. lobate'i'-~~ 1a.01:: {ii,*'>/.£ 

j!-j!-olJAj .l!.'tlcf. ¾{!3.71~ venstimentiferan tube worms7f -;£-:£-<>II -ii':1~12 

91.~t:}. 

;,Jcfft! ~ {i!:',!~7ff-ii- "Calyptogena sp. "(~"<! 15-20 cm -i,)71 2, 37ff"i, 

•Hzt~ l/2<>1IA1 2/3~ S!J"ii!:olJ -11,;;J ,J'IJ.Q..5'. nf -11,;;J 9.J:~i:f. ttfefAj :s,J")~~ 

-'i'-''li :C: ~±t! 20 cm'!!.£ ol-'l/.2..5'. .l!.oj~i:f. ~{i','lf~7ff "Calyptogena sp, • -ii-~ 

Aj")'l!.£:C: IOxIO m 'll~olJ 207ff;\fl '<!~lol~i:f. ~ {i','lf~7ff-ii- "Calyptogena sp, • 

bed .5'. ~aJ'l! '!!.£~ 'l!.£:C: ofi..J~i:f. 87ff"il~ ~ {i','lf~7ff-l,- "Calyptogena sp, • 

~ manipulator§. .':Q~~r:}. ~4r(Honshu of Japan) %~ tiff<tl~ 1Jtsff 1.-g.g.4-

"'lcff~ ~ {i','lf~7ff-\'i- "Calyptogena sp. • -ii'c-'ll:zf:C: cf.!s71] oj7]<>l]Aj:C: 

manipulator.£ S!J"i l!~ "J~•ffAj nf'-l]oj.£, :i,j")~~ .Jt{' ol~l<>ll 7J"'i ~-1:[¾.°_ 

~;;J _l;!_oj;a:J ?,!9.l:cf. 

;,J~ ~'ll'!l~ .5'."11 :i,j")~:zf A.j_!s'!) {!~~~ ~V~oj~cf. Corer catcher~ 

'-ll~t! •ff'-1'1!~. JO!! '!!.£ 7114;-•ffAj -'f''ll'-!1%<>1].£ H~l2 S!J ")~.°_ of-? 

o]'l,''1! •H~'!t 'f- 9.J:~cf. ol"1t! -'I/~ ¾7J:C: ~ {i','lf~7ff-li- "Calyptogena sp. ·~ 

1~¾ ;a:J•~•l:C: ¾:tf'i'-±:C: of.::i.of 7l-1:[ol2. S!J"i~ .lt{'~ ¾1! ~-1:[ ¾ ¾"11~ 

;,!oj of'El~ ojo)7j •ff~cf. oj ~ {i','lf~7ff-it "Calyptogena sp, • {ii,.¥. "'l"l .°_ 

t:ff852l ti~ c,t2.J Aff~'ff Nematocarcinus sp . .2-} Alvinocaris sp. 7} 0J~ .2.f 

'll'1-'l!.£ I 7ff"l]/m2 .5'. '1.19.J:cf. ~ {i!:'l!~7ff-ii- "Calyptogena sp. • •ff~ ¾Oil .:J. 

:;:ffzt~ ,¥-4-ol 1:fi2.Ji;1, Alvinocaris sp.::: t! ~1M°¾7Q"ff" "Calyptogena sp. "~ 

"d~J,¥-~ tij7] -¥-]tff .£.o:f,ffAJ1l}- fit~ r:}2.J ;:ff-!j!-if" Nematocarcinus sp.::::: 

¾'tl ,el oJ "'I :: ") ~"1 'tl 5'. ,ar~ .I!. 01 "I ?,!9.J:cf. 01 fit.°_ cf el >ff f--li

Nema tocarci nus sp. ~ ~'ff"£} ,Y~J §~ ~.£-£ ~0]2. ~::: 01%~ n}~0-}7) ~lt!' 

-lif"i .2..5'. s I ub gun~ A\%'-!! cf. .:J. "1 '-I Oil AJ'-!i'i:! 'S-'tl "l '1!1e" *<>lo l ,el "I ?,!of 

•ff-'ll<>ll 1!•ff'-!lcf. ol ~ {i!:'l!~7ff-li- "Ca/yptogena sp. {i!:.¥.<>j .°_ 'l!'i'- {i',ff "'1"1 

7 "'1"1]71 of'-)ef, .:J. i="J 'f- "11 m 01'-ll~ S!J"i~ sf-r<>ll 9.l:cf:C: ;;!<>!] -'l'-Jif'!t 

'l!.il.71 9J: cf. 7J cff t! -'ll>H '11 '1!~-it .5'. "1 -1:! "11 ~ S!J "1 ~~ .il. 'i'-t!cf:: ;;a! ( .2. ~l aJ 
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EPR~ ~efJif.:;t,'o ct! ~Wic7R-ii- "Calyptogena sp. 71 o]'\l"~ '\l"Efl~ 1..fEf',J):ZI, t! 

i!!-JR~7ff,W- "Calyptogena sp. ~ ztnl~ n]~oJ ~~~~}.2, DESMOS '3ff~ ~~.A1 

t! ~1H"±7H""ff° ''Ca/yptogena sp.9.l *f~~ o}*l.2, o:f7Jo{] ~t jf_~ -¥-0 1 # 

916-1-& 11*1~ 'f A7'E/.2..;e. ~?'l!~ ",f'.l'£ "f'\'9;lcf. ~- ~'cl.£~ "Shinkai 

65/J(}" ~•Joi) ~~ lf."')-';'-o] #37~ ~'11. oj "]~ .". -li!-A1-'i'-Oil '\'!!"I -&af{! l"!o] 

-¥--"l"'i"i'I.! *~• '!Iii: ");,>I 20-40 cm~ \/,f.;e.¾ zt~oj ¾11£1<>1 ~9;lcf. oj 

.fioJ'd "I~~~ :'i~-¥-"1 Of-Of;,j] -&ef..2.c: .,o,~.;z.~ -§-;to] .!;!_oJ.:;i_, .:i -'1''/1~ 

"I~!~.". >J!/,!Jl ~~~_;,_ .i;J "1'!"1 ~9;lcf. 0 1-'1' ½e.". '!!.£~ 1l•M •fl~~ lil'l!'1! 

Munidopsis Jauensis(30-50 7ff~J/m2), ~"'o'-otzf. Chi1118.eridae 0Ht, Alvinocaris 

sp. ff', ~oJ ~7J 1cm "g"~ &::.tg ~:1tfl(Provannidae7} ·a}t.t,~ zt~ ~~ c.J 207H~l 

'l!.£)11 ~.!lc'-9.cf. ±'ll~ w• J'!!.£ .,..~ .. 12 ~9;1"'"' AJJl.~ •H4l:: oJilJ~cf. 

r.fftg~ ~-tl af<tl ~ftgt!: ~~ 7}~ vestimentiferan tube worms~ tube7} o] 

~ .2_.;e. ~ ~ '-9. cf. .;j oj 1d "I~!~ ~l.51. -&af7f,'! ½,oj Qf 10 -~ 'it~ ~ >l!/ ,!Jj 

~ii.£. "ioJ~ 4~ "1% 'l!t.f ;,j) 'i'Jt:f. "l'l:! %'!/ .2..51. .i;j ,>loj ~ ~o] a}.2 

-t zt "I oJ 'a cf. oj >l!/ ,!Jj ~ i!f~.£-¥-Ei ~ 'ir~-3"~ 'j!-oj cfl c: %~4:: .!;!. 01 "' 
U~2. >l!/ ,!Jj "' ?~~ 

,>!.:;t 9.l.:: vestimentiferan tube worms, ..£.-'f-7} 

'lr "I 's'! Oil c: 'S" ~ 'll 'l/ ~ 

-tzt"i<>l"l c: "-'i'-•R'i'! 3'J"l'lf" 

lobate lava~ tj~.£ .!i!.911, ~~~,\!].£ 

2f :Y0 I .!;!. 0 1 -e !1,!Jl ~ -¥-'ll 'll 'lr "'I o 1 .!;!. 9:1 cf. 

~,J~o] 'l!?Oi] "4'!11'f;,jJ leaching£!oj~ '/lil'lfol -'8":zl"ioJ 'i!oJ~ r,!ola\.:;i_ 

-tzt5el oJ ~ cf. l/%"1 'l! 4' l/%.". .!;!.cf 'l/-¥-Oil ~ cf 2 'l/'\l-£1 oJ, .!;!.c\ 

1,860-1,890 moj)A7 CfAJ "I."_ 

el]e\,'o -i'-ic~ 2),l<_cj~ 0J,±tl(o] "']~.". "Onsen Site"oj]A7 ~~ 4' -';J o]tj 

'i! oj ~ 'l/±9:1 tf). oj 7J Oi]A1.£ .,, ~.,, ~ -&a\ ..2. c: '1'-'ll .,0,4'~ %~( %½ oJ.;z.:: 

>l!f,!lj ~½~.;e. ,>loj~tf)~ t\4' ~'1!'-9.tl. 1J•i •i~ Munidopsis sp., 

Alvinocaris sp. ~ ,¥-~ 1?1912, ~tiJ 119-~2-J 'M,¥-7~ -gff~otl ~~lt .af~ 
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%zt'l!=.5'. 0 f? 'I.I~ ~,cf7f 'lt"'l~ ::2.,.!e.-1'-"1 !fl"1 ~cf.2\ !Ef]it o]-'i'-"1 

%-SJ9:lcf . .'E ~-'ll-"121 Chimaeridae "1-l}~ ',l.5'..5'. '1,9.lcf(lO 7J>l]/m3
). 0 ] 'l,1-&c~ 

~AJ<>i2J- Chimaeridae o-f-W-::::: -2..711.-]-9-f. back arc basin_g_J ~'?- ~¾.:g. A]~o]l..} 

Af7fn]'l! 0J%4 "]•fl~ r,!2f::C cf!a.71] of? '!t%"1o]'llcf. %'ll¾~ 7ff>ll ej-£0 ] 

~2, ¾~.gl!:: 4;-.£..5:. 11V}J2.cl-. 1t!. ~~ ¾ .:1~0 1 1:}!ff ;;ff-¥- Munidopsis sp., 

Alvinocaris sp, J.ff4"~ ,£~-a};:: ~~ ~2:j-$};:: ~~ ~~c}. Slub-gun~§. 

171>1]~ •141~ 4 <U'llcf. '(!!.;i- " Onsen site•~ >l'l!<'! l!J_oj '<'!~ >fl?l'-f bed 

cap -1<1•1~ pcint~ ~"'] *~12 -\'--'1J-6"f9jcf. 'E~. -SJ~ 'll:4 '!!%<>11 'll•l~I:: 

¾-l}::C oft.j,cj'l} Chimaeridae "1-l}(A,j>J] :,;,_a]¾ .¥.~•flAi 50-100 cm 'li.5'.).2\ 

Acanthonus armatus<>i) '>fAf 7]'{! ¾ oji!J :,!-<>l]Ai 'l!\t 4 'U'llcf. ~'t)l!J_oj 'll:4 

ii':~ 2 'll.'i'. 'il~s1:'lJ .Q.!e. 2!/-l .¥."'1 "'f ~ '1-l ,1 it "l"'l o-f 2, % 1) <>11'-'i "'l ~ 

?'l!.Q.!e.~ -li':-tl<>ll i'jcf'I! "l~-£ 0-}2 <Ucf2 'ilzt5'1"1~cf. •H'll5'1"1~ ?'t! 

A).E.;:: t:}%2} ~ct_ t!ie'W~7ff Calyptogena sp. 87ff.;\{f, Ad-gffJ.ff~ Munidopsis 

Jauensis 327H~l. ~~o-f.2} o-f"fi" Chimaeridae l7ff;ljl, ..tR-,~-"ff" Alvinocaris sp. 

l7ff.;\{f, Provannidae gen-sp. t:}"f", Stalked barnacles 97H~l. Straight, 

Semi-opaque vesti111entiferan ca. 20, Sediment core l7ff, zt ~ 178 %oJ~c}. 

~ dive<>!] ~~ sample~ ?'t! 'l'!.,Z.•J-ai-21 'l'!-i'-"'f::C cf%:,} ~cf. Calyptogena 

-It~ "i!•ff:C \'i(Ohta), DNA•ff"'l<>I] ~~ 71]~~"1 'l'!-i'-(Kojima), 7]'i!';l copepcda~ 

'il•l~"i 'l'!.,Z.(Toda), 7]'il'il cf.5'.-1}~ -li':-l}~"i 'l'!.,Z.(Miura), %'!/{!!f"fE!]cJof~ 

'il cj ~"I 'l'!-i'-(Prouski: Paris 6th Univ, I, "1-li-~ "ii •H-li':-!i-( llJ"IE), -'J"'i 
7J zt-!i-( Ohta), 'le! •ff-It( .;i-'t) 21~"1",'¼~ I , 'l! zt-li-( Yamaguchi ) . 

2. #924 w~ 

DESMOS '3jJ~: "Onsen Site" 

11 -5:,: 1,895 - 1,917 m 

~t;J~ -?.5t~ ~ (1) ~ pHet ~ 4 9.l.i::" "Onsen Site" ~*~ ~M-?9+ ~ ~ 

'!!%~ \:l 'l!!f~ 5'.t.)!Sj, (2) "Onsen Site" ?'l!~ 'li'll "'].'i'. "f';j, (3) DESMOS 
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•ff-l!!- -al-A1 'l1 'l! 'll-'r'\! 'il-!1-ii'-'ll ~ f SL -'I-'\!¾ ¾, •ff 'll-\'-~~ ¾<>II cff •ff Aj, 

manipulator-2} slub gun<>il ~~ >ff,}1~cf. ,"_',toj::,} Chimaeridae -li-, 1J;;t] 7.rzt-li-, 

-ll•ff .:g.v.i;.~ 4'7171 SL-,'-S'j~cf . .!a.Elel"'l~ cf¾ ~% •ff-'r7l. t.-1~{!"'1 

•ff-'r71(27ff), slub-gun, RMI 2~'i! ~Sc probe, 'il~¾ .l;!.~ %71. •Ht.-1'1! 17ft. 

±. 'ii .lf."'! 4'-0] 27ffi!- 'Ft! 'l/"I .!a."i Af¾trl~ cf. ~-'r'll ~ ~ stereo st i 11 

camera:: 25.s'. ~"J--£ •Jtrfoj J.Jl 0.Jtrf~cf. 1\''1! ofl.-]al. 'JI 7ff~ 'l,'±.<>l]Aj 

~-'r'll~ ~"J- 'l/off-!1- 'if"i SONAR~ 'l'l'lt~. Hand TV~'l'i7l<>11 \et7]2, 'Ft! land 

mark<>II cff•ffA1 'ljcffcaj ~l•I '1!711~ ;;t'lJ<>II ~-£ 7]~0 17l.!a. 1l_cf. Oil'll ~;<f 

;1;]1_1,:: DESMOS ~Hif:' ~~Ai i..ff~ofl ~J..e "Onsen Site"9.l \:I"~ -31-~ E:f]i!}C:. AJ9.l 
;;t]".jo]~cf. 1',' ofl.-]af dive •924~ track chart:: Fig. 6-7~ "ii 2~<>1IA1 "ii 

3~~ 'll.7-!trl:: *"' 71~ 'l!'-lticf. 
<>ll'll ~;<f "i~~.£~ $f7J ¾, 1,559 m ~ 0 i(•ff"1£-\'-"1 Of 300 m)<>IIA1 ¥'l1 

off ~ti """I pulme£ '1!1.1:cf. 1,860 m ~ 0 l(•ff;<f.!a.-\'-"1 01' 50 m)<>l]Aj %"'1"'!~ 

plume<>IIA1 ')!ojl;i:cf. ~-'r'lJ,"_ -'r1l i,906m~ .!~<>II 7JAf7f 9.l:: zt"I ~l<>11 ~;<f 

!;le}. ~t 4~ {JtffAff--9--fl- Munidopsis sp,, Chimaeridae, Provannidae gen. sp. 

'l:!•ff-21- '1!1;1:cf. ~ Dive #916<>llA1 ~½ti rshinkai 6500J 11"'1~ • 37 -\'-0 1<>11 

off 7f7,1f¾, {!7ff'i! ~-'r -lE-½"icff<>II ~"1. of'F ¾SLti :,}"!I'll "Onsen Site"<>II 

9JoJA1 'll-'r"i~ •ff-'r-21- -l!'.-½'i!•ff~ >J 'l!.tf~ monitor<>II <>j~-£ ~ '!!SL7f 9.loJ, 

340' 'll~<>II ~-'r~ *"ltrft>I, "i'il-£ :Jt'l]trf'c\Aj {!~1l_cf. 'l;jof 'll 9Joj " Onsen 

Site"<>il .s'.,itrf7]7,1f;;t] 1.890 m ~ 1,910 •~ -'r1l'll~<>ilA1 4.tf~ "Spur-groove" 

-,'-3'.~ "J--'1--£ :Jt'l]~cf. o] "/,"_ 'l,f,l-\'-¾ \et<>l]Aj -al-~£ ztzt #J, #2, #3, #4 £ 

'll.7.l1l.c\(Fig. 6-8). ol~ ¥½-\'-:: Z\Z\ 01' 140° 'll~~ trend~ 7f;,,\, %'El~!i'

"1' 60° 'l).s'. i..Jlaj7f:: 7.JA~ 7f~ {!>1l"'1~£ "il'i!(enechelon)~.!a. 

•ff 'l! 5'l oJ 9J ~cf. ztzt~ "/,/'; 'l,f,l-\'- '>l-s'c ~"""I~ ~~ ( "l'll.%~0 1 af 2 'ilzt ).!a. 

',!oj9J~cf. 71~ -'r"l~.!a. ~:zj'!:! 't!'c\(140° 'll~<>II "!~ti '<!¾~)<>II:: robe',t~ 

-l,!-,t~o] ¾ti'!:! '<!'cl-£ ];!_~cf. #] \11 #2 spur<>ile ~,ff~ 'll-'r tr%","_ _l;!_O];;t] 

?,!'l!cf ~,ff Zj~trl7il """l-'r~ -lE-,l$f:: -l!!-*'8- ii'-'ll=-\'-"1 o]f'"i"i:: "Onsen 

Site" :: •3 \11 #4 ¥ff~ Afo]<>1I i];>c]trf:: ~ 0 1 :Jl'l)S'joj~cf. •3 °1 7f'l/ 

-179-



£1$1' 
11'411" 

£1$1' .... £111' .,.,.. 

Fig. 6-7. Track chart of the Dives #916(segment connecting the points 1 to 3) 

and #924(segment connecting 2-3). Depth was not corrected(minus 50 m is the 

rough correction factor). Insert rectangle represents the span of Fig. 6-8. 

J: landing point of# 916 dive= Calyptogena sampling point; 2: Landing point 

of #924 = diffuse vents; 3: the #Onsen Site#. (After Ohta et al., 1997) 
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•••••• • lky.Jlh 

Fig. 6-8. Detailed topography of the "0nsen Site" reconstruted by rout maps 

of the several dives and calibrated by the many CTF sonar images of the 

submersible "Shinkai 2000". Depth was based on the readings of the depth 

gauge of the submersible. (After Ohta et al., 1997) 
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'l)-cff~ ~"I -'i'-"1-~5'. _lloJ2 4'AJ 1,900 m~ 7J"l-'1-ofJ 37H~ ~"\ ,it½ ff 

7}.-tl.2 91.t} . .:r -?1t!o-JI~ 1(0}9.J.~ vestimentiferan tube wormsoJ ~~ ~.£§. 

.,,,"l .. 12 9.l9i'ccf. :J.ci'-} ~"\4'~ "i'!!~ .:t½ ~%t #3:,} •4~ att ii½-'1-

),fOJ~ groove "i'a-'-f's'!ofl 7f'l/ '/J9.lcf. '<!, :l. ¾"l:C: .-I'll' 'l17J~ :l.~ofl 7filf"l 

:tt'lJoJ oJ ilf~cf. #4 spur:C: 4'11 I, 895 m ~ofJ % 'o'~ 1'o'% 7,/2 9.l2, 0 J-!,;oJ 

land mark~ 'l!-'l-71 5'j9icf. 71-'8-~ ~ ¾t sJcJ~ 'l!'o'~ 7J~% O-filj,l;<J'1), 

oJ~ land mark~ ~"-1'<!'11~ '!!cff c"il¾-"- ..J.'l/0-f7J fl•H, ~ 5 m 4'11 '!!5'. 

'l\•J 'l)-off~ '<l"i SONAR~ -'1-•ff'i! ojoj;,J~ Hand TV ~'1l7Jofl 'lJ"l,lt:f, Fig. 

6-8~ original mapt oJcl~ 'l/'l! "l'll<>!J ~•H cf.,,J -'i'-'\JS'JoJ~ ~ojcf, ~~ 

-R-~"11~ ~~t! ~"r ~¾~ "rAd 1,900 ~ 1,905 mo-JI 91.~ ;t;}~ -fi-~oJ pluster 

S'JoJ~ .,,II'!~ -'i'-'ll~-"--'1-,;J -"l'll ~oJ"i '-l~:C: ~~-"-"\, 'l!:tt~ ~t.l'o'~ 

-'i'-.z:: 'll15'JoJ;<j;<j ?.)2, nodule-'/-~ >ij-}j.-filf2 0-f<>j.£ AJ>JJ-". -'i'-.S'lf;,!J 

"% 71 aJ :: ~ o I 9i7J a:jj-lE-o!I z,'<).-J -'i'-J.1 "l "1 ,a cf. 

'l!4'•i-}J'-l ~£~ .\1 t oJ f~"i~~J <>!I 1Jcj ~4,0-f<>jJ,j :C: 'tl 

5'j :C: cjJ ( {! '.I! d i ve oil A7 :C: •H 4'-'i'-7 I ,it 'l{ 5'. •H-?-1 '9 "1 iJf 1! ~ff ,l 9i cf I . a:f c I Ai 

•H4':: .g4''))½ 45" 1£~ -'-f's'!<>!I '\!¾0-1711 ¾"l~ ~oJ 7114i-•HA1 1,;ci.,,,, 

"'1%-ltofl£ '°"-!tci"i U:: 'o'•Ho!JAi '.l!O-f"i U~'s'! 'tl 't!cf, .g•J Aj{!oJq 

.g4''))~ ¾"1£ 2/3~ ~<>!Ai '.l!0-1"1 U~'s'! 'tl 'i:!cf. 27ff~ ,it½~ -'I-~ 

~"i\'!71 ¾ofJ,e oj.'cc ~oJc: ~ 90 t({!'.l!O-f:C: diveofJAi:C: ~2 11I.9t)7f 

7J-l\t5'JoJ, 'l!'.1£~ Manus flux •J•H~ 114"-I \It .:t½ '1l'o'o!JAi 

-'!!'<l•ffAi(.g4'')) 0 J cf~7J a:jj-lE-<>!I 11£"-I:: 'i!"-1•1"1 ?i"l'1! %'l!"i~l:>1- 71~ 

~~ ~%0 Jcl2 '1!'<!5'JoJ:llcf. afsf,& "1-'i'-~ Tavurvur:t\-\1~ -1i'::t\'l!%:>1-:C: -"l~ 

cff%% O-f7] oJ'IJcf, Rotary"] cf'li •H4'7] 4-W-~ •ff-}Jo!] 'a~. :l. ~ofl 

'fl'!tt1~ :t\~"l ~2-"., {14'1 zt -'I-~ t.lc'{! •H4'7J 1-w-~ a.J-%AJ!:lt:I. ~~ 

diveal].k\ 'i!'-],l'<l .!E"l -'/-o]:: _lloJ,q ?.)9./2, #924ofl.,,i .!E"l~ ±1\1 Jfo]{i

•H4', ~£ ~'ll"l~o!l 'i!'-J,lcf. 0 1 •H4' ¾oil£ {14'1 '#~ ,fllflcl<>!I ~~ 

't!',t~ ;,j]<!;,lt:f. :,'_ ~ '8 'fl'!~ Af's'i_of] ~"J~ ,g ~~ \..f{:['o'~ -'i'-.z7f 'l!~_s!_ 

:<Jl..f~cf. ;<f,jJO-J 't!'it•H ~ 'is!:,} 0 1~0 ] .:t½4'o!] cff•H -il-'l!S'J :C: -2Hi-5'.Ai 1-'-f's'! 
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'l,'o\lAi ',ii!{l-jjilj ~'<! f!eshU ~oj roll upU ~o]i!l2 'l!'t!'i'!t:f. oJ <!J~ 

2.g-4=,Sl ~~~ dive #916 1311 °J1tl diveOilAl£ ct.Al l:IJ~l! I .':AJ<>Ht~&::.J 4 

-'i''l! -tl7i-'/l *½:iJ-i= Aj.s'. ? 1l m 'l).£.s'. of;;- i:,~1'f'lj_Aj.£ 'l!:st1'fJIJ >foj7f 

9J.t:f2 ~Zf>'JoJ,llcf. 

"Onsen Site"~ ~•l~ ~•l~"! ~11,". <!J~?71 "'f~;;J '!'.! *~71 ¾otl:: 

'll? *½* ~~oJ ¾ ?, '!l.£ ? .'i'.f of;;- ,!t:le ~oJt:f. -\'--:1 "Onsen 

site"~ <!J~? ~~! 7J ¾o\l:: ~ ~'l[&.7l-lt Calyptogena sp., 1l•l '!-tHi· 
Mussels 4- Alvinocaris sp. %Sl "If!{!~~ ~29.l~ %,~oJ ';j.t:}. oJ ~~otl 
9J.oJAi:: of;;- ',!,"_ pH{t(-2.1) 0 ]i!f2 ~Zf>'loJ~t:I, .'E. ,!,"_ 'lf'(!i!].'r., '-1-¥

-.,,"_ %-tl'll, %i:f?± ~.£.£ ~Zf~? 9J.t:l(Gamo et al,, 1997), t:f%otl .J!'l!oJ 

"l"l•ff"'l"'i "',". -5'cU ~'l!otl 71~711 ~"1 9J.oJ ~tt~ o\;;s -i::"Jo\l '<\'ct~ 
,Z.~~-&- ~~o-J 1{29.J.:::: ~AJ~oJ"ff" Paralvinellidsl.f, :J.. ~~ ~o-f t}l..},e

polynoids-l,£ >il~1'f.:;i:: vj,"_ ~~Oil 9J.oJA1 1!~ 7]'<!.Q..£:: *"IU &.~o]i!f.:;J. 

1;!,cf, Jiit:}71, ~•i <!J~ ~½ 'If%¾~ "Onsen site":: 30-60.'r.~ ia}A}'l!otl 

~l"i"f.:;i_, .:i~'s!.Q..£.£ -'g-:,J>'J7J '!Jt:I:: ~o\l cJ•l-"1. 'l}->JoJ 'll4-otl ~~ 24'i!U 

:£~~ igor o}-f *~~~}t:}2 \I" 4'- 9J.t}, ~~4'-0jj ~~ ~~J~ t!'AJ ~:::: 

i''rt-¥-t.f .• ,"_AJoJ-ll- 11±" %~ 'i'-'l!U ,tl7i"a ~½¾Oil Jj!-~!;!.t:f.'r. ~'l!~ 'll? 

:;'. ~¾ ~~i;;~oJ !;!.'<!cf. ~'t\"J.Q..£ 4'-~!;!.t:f -\'-{l1'f:: ~.g. "1 i!I ¾~ 

vestimentiferan tube worms<>J..:;z., zt~~ A}-oJofl Ar-e- 1}-aff J.ffM Munidopsis 

Jauensis'-r Alvinocaris sp., ~ ~o-f:z} o-J.W- Chimaeridae .=!.EJ..:il &::.tSl ~)tff 

Provannidae gen sp. oJcf. ~ t:f0 J.!! ¾Oil.£ slub·gun~ ½"lo] ¾"'I "'ofAj 

oJ-ll-~ >l-1-1:: -'<l•ff1'\9i.:;i_, Alvinocaris sp. 'r. 27j;>\j~ ~~oJ ~..!/-9it:\. 

manipulator.£ cfftg vestimentiferan tube worms(Type II)~ ,:ff~lll-9it:l-. .:tff4J'f:! 

.:tff~~,:: t:}-g.2} ~t:}. Vestimentiferan tube worms 'ff"(t:ff~: Type II) 100 7ff~l 

0 \~: ~'E.Hl·ff(Ohta, Miura), t:ffA'f-1el~(Fiala-Medioni & Pruski: Paris 6th 

Univ), ft~Al- -sff~¾(Kojima), 1Jiiff Aff4 Munidopsis lauensis t:J-4; ..i§eJ"6:l-, 

~i:f~"! ~->J. 7]~-'J {iz/-11- ~-ll-%, Alvinocaris sp. 27ff;>\J: %~"'\ 

•l->J%(Ohta), 'Onsen site• :.'.~'8- •i? 3 • I 7l.2} i''rt•l?: "'i-i'-i:f~"] 
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1",-ej (Ishibashi ) , •] 'ii~~( J-L, 

i,l'/i>e]" ~ ~±:~•ff? 27ff.2f 

Birrien: CNRS), "vestimentiferan tube worms 

~~%(Ishibashi), 

a]~~~(J-L, Birrien), "vestimentiferans tube worms" ~~A]~ ~~~~; ~~ 

~~%(K.Gena: Akita Univ. PNG), "vestimentiferan tube worms" ~~Al~ lq.:!j~ 

corer: %7] 1"-!<1%(Yamanaka), RMI ~5'.~'!i: t!>:i 7]>ff%. 

'i!!? 1":ff "'i "'I.". >e] a] .aj.2.§. U .". *1°171 9.l~'-1 'i!!? >el "'I 'ii~;;' 'll .". 

'a'~ 1"-W- '1!>'1lof1Ai c: ::ia] S<fo]JI \..f>e] ?,12, '4f(genus) 'o]t..l '¾(species)' 

'1!~.s'. t.1ii>]7f's'!Ai .'i'.t:I S<fo]~ .'i'.~t:I. ttl•l-"l ~•I l..fafof]Ai 7f'lr 7f7.lf¾ 'll"r 

>e]"'I~ 'l!~~ .2.il]\..f.21 'i!!? >e]"'lof]Ai 'ii~ A].ll.~ -'fff]..-foj ¾ 1"-i'f- 'JI ¾'/i~>'!l 

%of! Cil~ 'l!-,L~ ?~?l'<! ~~. -'I -t ~•I '-1•1~ 'll? 'l!-,L~ ~~~ ~•ff 

"i71Ai n'<!-0-1 ~.,,~ .-1,1_.,,_ ~"1. ¾'il~>liofl <ff•ffAi::: 'l!ofl-"l "'1"1.-1 

~-e-"loJ'!! ~o]t:f . .2.il]\..f.21~ 0]"1]0) •ff1a'(Iheya Basin)~ 'i!!? 1"~¾ >e]"'lofl 

"1-!,J-O-fc: '/iliHi.". photo 6-lofl-"l photo 6-162/ 'ltt:I. o] ~ ~~of] <ff~ 7ff").aj~ 

o]•ff~ ~..-foj 'i:!?"'1'4~ <ff.llcaj~, 'ltafJif26(Galapagos, 21" N) ~.". t! <ii 

,t;,f(Juan de Fuca) 'i!!-?¾ ~'ti.~ '/i~:i'..£ 'JI '/i~'o'ofl <ff'O'foj 7ff").aj~.s'. 

A,!llj.'i'.7].s'. ~t:1. 'i:!?1":~¾ofl ~i:':~ofl ttfafAi ~-tl 'Iii.". ~ •]~ 'lll!Ht~ 

'll•ff,ff~(Munidopsis spp.: photo 6-16 ~~). ',!• ]'l[, Bathograea thermydronel 

o]~ ~o:J~ ~oj S!J:J:1-i! 711, -=ti!J.2 Alvinocaris Jusca(photo 6-3 ~~)C}i:: 

,ff~-li- % 'UZI-It~ 'i!5'.7f "1A7'0'] ~of;,.j ncl. ::ia12 t:f.5'.-lt(Polychaetes)7f 

'i:!?1":ff ~'ti. 10 m 15'. 'l!>:i~ o]-'i"uJ 1",.'l'C~t:f(photo 6-15 ~~). 1fof9Jc: 

:J:J,~oj al-2. W1M" "? 9.l."E- .2..lll~ -tgeff¾ ,R--AJ°O'l-2. 9.l.~ lllzt*(Neolepas zevinae: 

photo 6-7, photo 6-8 ~~)%5'. .1i'.25'joj;,.j 9.lt:f. i!'cff c•J -? moflc: 

Bathymodio/us thermop,ilus( "mussels": -'S'-~2f~ ~'It"'!~ ~ <ff'l! ~ o]• ff~fffi-, 

photo 6-5, photo 6-11 ~a:.), Calyptogena magnifica("giant clams": t!~1M"&.1fl: 
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photo 6-2 ~~). :ieJ:;i_ 7Jt:1'1: 'i:! 'll0il71 1J-'o'¾'tl~ -ll- -'-1°!0ll '!Bl•l2 'llt:I. 

,'il-~oJ 2 m, .;J7J 3~5 cmofl 'i!"lc: oJ~;'_ 1980\:iOll Riftia pachypti/ael2 

'll'll"1<>1:<\, t:j-9;-o\ !\s,- Pogonophora~ o\¾o\e} '!t 4' 'll1:c Vestimentilerae}2 

;;1:: >fl!a.¾ H-li':(r,)o\ ..J~t:l(Jones, 1985: photo 6-1, photo 6-6, photo 6-9, 

Photo 6-12 ~~). o\ '.!ii:;'. :i'~-"i~ 'i:!E...£-'i'-"1 017}0\~ %-'!~-£ ~:: 

Ol\!i'.~!a.'ll-& t:l'l,'.2...5'. .£V~ -:1-!--"i~ ~ -oJ !r.0o'~ ,'-~ii- <?¾.Q.!a. cl! ./g,2 

'l)t:}. oJ 'i:!~ -?-I ofl:: "l-'-1 ~:!f-'-l"f .2.!a. .2. ;eff {! 'II ii-£ ~:: Neomphal us4,>~ 

±'l!'l:!~fl-li-71 "ii~ "1<>1 'll2, 71-it Thermarces4;-~ ojfi-71 L}c}l;!t:I -'-lel~t:1 

~t:}. se-•J~ •flt~.£:: ~ IO t: ~,to\t:I. 30 t:o\-'o'~ 2~'11 ii}!!f(chimney)~ 

.lf.'<\Ol\.£ ".l!"\'lJol(Polychaeta)~ 'l.!¾'<.! Alvinella pompejanal..} 

Paralvinella(photo 6-15 ~~)71 -'-1°'1"\2 'llt:\. !E~ 01 :;i_~_gj -li':ff~ -?-je\2 

\I' 4=, 9.1.!:: *oll::: .£~Al-7} 9.1.°'1, Cyanograea praedatorC}2. ~l::: 7117} oJ~ 

C}.£."ff"~ ,tf~lr}.:;I. 9J:c::}. 

;;}!!f ~;: -l\':½'8- "}°'1\7\ ~~4'.ss-¥-"1~ "l½(:Jilli)~o\:;i_ 'i\'l'l7}c: c~ 
-li':½'8--& ,atolaJal:: -&,'!Jo\7\ofl, oJ\it ~'1! 210Pb '!1.2.!a. .!;!.'<\ 17fl~ 'l!.! 

~~-'8-oJ 7J~~ffo): 4 1:1\1 0J4!c}2 ]{11(!-~o-]~cl-(Laubier and Desbruyeres, 

1985). "l~~"f.2..£.£ 'i!'!f '>I ¾:l:'ll'll~ "'7Jo\el2 -!!!- <? 'll~t:1. -li':½'8-0ll 

~o\caj.2...5'. ic-(ff)-£ o\-'f-2 'llc: Calyptogena l..} Bathymodiolus7} 71~ 25\:i 

1.£.£. ~~:zj- 71~ ~~ "9-tg-£ 7}AJ2 9J.c)--e ~(Turekian et al., 1983; Rhods 

et al .. 1981: Roux et al., 1985);'_ oJ~ '!;!'1!1J~t:l2 o\o)7\ '!t <? 'l)~t:}. 

~7J~~¾Oll-'-1.x. -'l!~~"f.2.!a. ~'l!"l 7\"fl•l<>l 01 '!t ~;: -..;: ~£-"-I~ 

-li':½<?~ :!f~~"J•lt:1. -li':½'a•a~ !J-,q~ 'll.£"11-"1 l'J;: 'l!:!17} 'll"i'll -'i''l! 

~¾ <?~ 01' 2 'COll s\..i.•fl -li':½'8-~ ~,'-ofl -'-}:: -'.!~;: ',t;: ~.£~ 7Jt:}'1, 

~.£"10ll "1 '1! ~t:1. 71-'-l aJ '<.! -'l!ii:01 -'i'-'?;!.!;!.t:1 2 'll.£.ss i!2'll:: ~£~7J-l'c 

2~20 to\t:}. :1 ¾Oll:: 150 to\-'o'~ 2~£~ ~7Jofl-'-1'l1 '\€2'llc: o\-'.!~£ 

.!;!.:;i_5SJ:;i_ 'l)t:}(Baross and Deming, 1983, 1985). !E black smoker0l1 'i:!-& -¥-~-'-l;,f 

'll'll"lc: ".l!"1'll 0l~ •l'-1'1! Alvinel/a pompejana~ 7J~ %~ x½'\'-Oll-'-1:: 

20~30 'C, 't!o\ ¾]"1<>1~ :i!-Oll ~£ 'l'!-'-1(sensor)~ 12 cm-'i'~-'-1'{! :i!-Oll-'-1c: 
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100 'C~ ';!2, 20 cm"i'-'ll~ *Oll-"1 c: 250 'C7I 7]->l-£19it:f. ~i:c"'l"l '1!.:;t£!<>1~ 

"il%~"1 'l:!-E-£ 'i!:af -"-'1!. -"1 "1 "il%~ '1! ,'-71 'l! '.liloJl ttfaf. oJ "1 "il%~"l½oJl 

~•fl •H'!l 0J 0 jl-f cfl.<1°J~ ~ 307H~ 'll4'<!'1'!o<J"1oJl-"1 -"1"11%~ .Jil,;lcf7f 

'l!li-<>1'9 ~cf. Newman(i985)oJ] 9.f•H 85¾, Tunnicliffe(i99l)oJ] 9.f•fl 236¾, 

Desbruyeres and Segonzac(l997)oj .:::u,J:zf ~"il ~i:c'!'fo<j9.f ~~-£ '!!.lf:•lc: % 

'!!'I!~ '1! .:;t"1 :zf 71 •H-!l £12 9i t:f. o! ~ Tunni cl i ff e(l 998) 71 .5'.-'f' '1) cfl "ii 1l-foj 

71~ ~ic-9.f '1!.:;t-lal-->l--£ 'l!it<>I 443¾0!1 o!.ssc: ¾ -al-~ 'l!.lf•f~cf. 019.f 

t:1~<>1 0!%"110] ',;t,"_ 4'-~-Mi--li-~ ofl..]cl 0!%"110! 7J•lt>I, 2 "i"1oJI "I-? 

½~•le: '-t"i-1l-9.f oJ-1l-9.f ¾ -lil-->l-£ '!!.lf•f~cf . .'E~ ~:zf ~.". u.". ¾9.f 

-"1"1•1½£ "1"1•12 9i%-£ -"-"l-?9it:l(Van Dover, 1990: Tunnicliffe, 1992). 

~'!!. 01"1~ 'll4"1! "illis'.'. -'ilJilcaJ.2..2. 01-? el.". "i"1oJI -li':3'.•12 9i%oJl 

B•l2, 2 ¾-'i°c: 2~oJl •l•H 1',lcf2 °1°)71 ~ 4 ~cf. ~ 'll4"1"1oJl-"1 

'l!Z'!5elc: .5'.:': ¾9.f ~ 75•~ "1"1•12 9i.2.t>I, 47fl9.f cfl.lf£1~ o<J"1 <1' 

Galapagos, nEPR sites and Guaymas BasinoflA-l t.flc:t-?-~ *}AJ~c:t. Copidognathus 

papil/atu~ 47ff9.f o<J"1oJl-'l, limpet~ Lepetodrilus elevatu~ 5789.f "i"1oJl-"1 

1M"{!S:l<>iAJ ::c.iJ oJotl 1:f)!ff polychaete~ Amphis8.IJ1ytha galapagensis';:_ cffA-l 0J~ 

"119.f~ .5'.:': 'll4 o<IQ']oJl.<1 '!!Z'!5eloJ'l!cf. 4,>(Genus)'<!-?1.2. _sl_t:1cl£ ~ "i"1oJl-"1 

~"119.f Ol 40>-ll, "1"1•12 9it:f. Provannidae9.f 1~c: 1..J4 %~cfll-f 

2 '11"'1 oJl-'l £. '!! Z'!"" oJ "I ::: 2 ~ 0, t:f' 

~l 5 ~ ~4-"ci -'-gw~~oJl ~~"D"t;:: ~-&:.J-~-'-J ~Ellcl 0 t~ 
~;,.}~o];,J ~~ 

'l!4-li':-!lii- 1~0''11°1\..f 1..J %4 "1"19.f -s!':'119.f "il•H~"I e -";-'li ¾ •11..f~ 

%:i'-tl.tf "-!Ell cl O I '-I llil'l! -tl.tf "-!Ell aJ 01~ c>1J1..fl oJl ii-"il -"l fl .2..2."1 "1 ° l ff 

{l'}j1l-fo<j 1',12.£. -tl.tfoJl-"1 'l!"il•lc: oJ)Laio<I~ i:c'(r.2..2. "il-li-~01 'i[Of712 9it:lc: 
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_,!ojcf. ~. 'l:!4 ~';!!% ~~i!':'ll~ 'l!'<'i.•JAJoj) oJ~ ~~oJ ~•ff~ cf;: 

-'\!~~~ Aj"J~'l:121 7JoJ .!t¾<>!JA1 %'11'i'! %7J~oJ •H-li-<>11 ~•ffA1 ~ff -\'-"'<>!] 

.£.oj;,,j oj'j!- ~~i!':'ll½ %;<)1')2 !Uc: _,!o] o)',177) 1'\i,; 7)~£ 

!il~"]'t!(Lonsdale, 1977), 2~~ A]"J'll£7) o!f -.,c)c: ->!<>I] ~'11~ 

'l!-i'-2f'll<>!]A1, :t\~V-'8-£ -ofc: Ai]-it~ 'l!'<'l.0)4, oj~ Ai]-il:21 cff"J~%~ .:g.~oj 

'l!'<'i.>'J c: -,!.2.£ .!;l_o) oj '£- -'\!~i!':'ll~ -1:!%"1 oj ii!-½?<>!] ~ ~'i'! :t\V~ ~ :t\~ 

V-'8-6-fc: Ai]-il:<>11 ~~ _,!o] afc: -'\!zt-£ -6-f.?il ,'j~c\(Chi !dress et al., 1987). 

'l! 4 -li!-½'8-~ 1~. Bf-¥-)~ 7,!a\'l] ~ .2.£-\'-"1 -l!foj -&af .2. c: -t':~4 c: -R-"lf "'I-£ 

1')2 9.lc:ci], oj c: %:t\4'±, ;.-~ %:t\~ ~<>!]£ :t\~V-'8-£ •le: AlJ-ito] ',1~71 

uJl{',oJc\(Jannasch and Mott!, 1985). oJej~ ~'o'-t'c 7,!e)lI\2~ '!!<'I. oJ'f 4'1.l.". 

-li!--½'8-o] ".!'<'i.>'l~c:c-O, 7J.". ~~% 71"]2 9.l~cf. -li!-½'8- ~'ll.~ lif'1-]L\ ~7i~ 

.!t'l! %<>!]£ AlJ-itoJ -ltoJ9.lc). ~•i{! ¾V-li-4 'lfD]'l!-!i-, 't!zt-il- %21 ~.". 

~<l's"IC: Ail-it-£ -'li'-<l-1'foj ±:t\1'1c: ->!'<!.2.££ ~tt~ 4 9.!2, ±"a'l:l•i-li-c: 

7]'!!.!t'l!~ a]-';!%-£ "le: -,!'<!.2.££ -'\!tr~-? 9,lcf. oj~ 7]:,!~ ±:t\'t!.". 

5'1:tl>'loJ 9.l;tj '1.lcf. ~~;>fl~ ~±4 '!!±(Rau, 1985: Saino and Ohta, 1987), 

"-t'c %'!,'(Fry et al., 1983: Sakai et al., 1987)%.21 'l!'ll%-¥-JOII li]£ 

'a%'<! "'114 '!I 0J'c!7l] ~ ~"f 1'1 C: 'l!-i'-"'--\'-"1 °] '£-.21 'I.I.". %%01 :tl~V~J AiJ-it ~ 

~'!!"!~ 'l!'ll %-¥-!;>fl li]<>!l 71771¾ .,(~ ~c:cfc: ->!£ 1\$1"'1 9,lcf. De Burgh~ 

Singla(l984) <>!] .2J•i 'l:!4 limpets.2] of7fa] ~aj 'l!~Aj "1%.2.£ "1-'\!tr tr%-£ 

"a}2 ~c};:: ~ol ~ti:j~c}. Galapagos pogonophoraqj Riftia pechyptil~ 

AJ.aj-.2.£ Vestimentifera<>!) ~-li->'loJ'l! ->!.". -ff "a•H.21 'll'l!"I~ B]5c~<>I] cJ•i 

~±~ '\1"11~ ±:t\7] '<\71171 .!;l_oj;<j Uc: _,!o]~t:\. oj 'l!£~ :,jci~ tt>ll71 

'l1 4't4 "'--'i'-"1.21 aJ {J '!I 0J¼4'<!.2.£ %"1 ,'J oj '11 cf 2 c: -'\! zt>'l oJ "i "] 'I.I c: cf. 

2ej4 %7J0J~ ~ 70%~ J<f;<)-6-12 ~'1!7l]71 'l!'i!•lc: '!1°J"i](trophosome)<>!]c: 

%"1,'':J"\71 .!;l.0 Jc: ->!. -'i'2f ~"I ~ 0 11.21 'l!{f<>!l ~•H-'1 All-"' t.11<>11 -1:!~ 

A-1l~'o'01 ¾'<l"l"l 91 c: ->!. 2 '1-1 <>!I :tl~V-'11 A-11-it<>!l ~'!I "l ~ 
.B:.d::Jil(calvin-benson cycle~~ oJ{!i}~&:: 2~ X&::Jil, ¾~ 'i! ~.±cycle 

~±7lll~ ¾'ll>'loJ'l! ->! %% ¾V1'foj %:t\4±{!!/"a~ :tl~V'\1-!ii-.!'!1°JA-0-it-£ 
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o>ili-11<>11 ¾'il,._l,12 !Ut:1-e ~ 0 1 :ti-\! .. 1711 ,a!tlt:f(Felbeck et al., 1985: Kim and 

Ohta, 1991). ~~ 'l!-i'-71 Galapagos Caln,togena(tl-l,','lf3'.7Q)<>il cff•i,.1.'r. 

>g-Ofo\"i o\7ful 3'."\ J,\1.¥. i-11<>11 ¾'iJ-Ofc: ~o] :ti'i!-Of;,\] 'l-\-.j~t:f(Felbeck et 

al., 1981, 1985: Cavanaugh, 1983). 3'.7ff~ % 3'.-'l~ 13C/ 12C •1 c: 'iliir~ ~:zf 

~ cff%-Of2 °J;,f:{!<>il %7l~o] ~i!ll"lc: ~ 0 1 'll"'i•ft:I. 'ilzt~cj.s'. 0 1 

ojnijJtff<>j);.1 c: siphono]t..f ±t}'t!ol 3'jt},sjoj!l)_oJ ¾'il-'llir<>il ~~ <>il'-1"1 11~<>11 

~,e,e-}2, 9J.r:};:: ~o] ¾~~oi1J.t:.r(Felbeck et al., 1985). oJ~ 0J1Y'~ %~0lJ'E° 

ff"i.2.!a. '<!'<!7ll7f 'l.t.!-•12 t:\'l,'~ ~1.£.il-!a.'l!¾ ~2 !lJ.t:I. -'iliir~ t+~"i 

%7lii' 'il~-'8<>11 ',!Jl_~ ol~t}'<!±, ~±!t~ii'~ ?!a. .:r?71 ¾-il-~t:12 

-oft:1el.<r. ¾'il'iliir<>il cff•R,.1 <>11'-l"i~~ -l,',½?!a.-¥-"1~ %!t'?±~ 

"1%'?.s'.-¥-Bf~ ~±it ¾ia-"1"1 ?,l.Q.'i'\ 0 1t.J -'flt:1 . .::lejt..f oj7]<>11 7't:\\'! 5'.'1co] 

-'§7-!t:I. %~±c: '\J7ll ~1.£.il-!a.'l!:zf ~'ll .. 1711 '11~"12 .!E~ ,11.¥.~¼ 

?¾<>il,.1.'r. ~¼.it± chitochromC~ lf-'8-& "l•i"lc: %•H¾l-~ 0 ]t:I. .::lejt..f 

~i!\ll\2-'- Vestimentifera<>il"i c: ~]5'.i,-.s'.'/! ;<}';:\ 0 ] %!}?±~ ~±<>11 cj~ 

lt0 J~<tl 1Hl¥-~~ ~:::: ~(Arp and Childress, 1981: Felbeck et al., 1985: 

Chi !dress et al. , 1987 I, ~i!fllf 2-'-Caln,togena<>il cff•ff ;.1 c: ',! <l!J ¾<>11 %!}?± 

'l!¾~ ¾•J;<f-2-l,',"I 't}'lljo] ¾'ll,aoJ(Felbeck et al., 1985: Childress et al., 

1987), 0 1~oJ '<!<l!J ¾Oil !l)_oj;.j %!}?±~ .!"J"lo\ .!E, ~-'a~ •,!'1,1- "1"1"1c: 

~.Q.!a. 'ilzt,sJoJ'lJcf . .!E 'll'?~~* -?'ll<>il Ill~ 7Jzt-li-c: "11.lf.~ ~:zf"foj 

'll'll•H..2.c: %~±it •H"l-"-711 -&~.Q.!a. •K'-oJ •8~"12 %!t?±:t!1<>11,.1.<r. 

t:Jt::J~tJJI 2.~j;~Ar~ AJ-9-j"fi' ;;i;},AJ'8"t1 9J.t:.}(Childress et al., 1987: Ohta and 

Kim, 1992). 

~'?-'a 'il~-ac'll<>il ¾'il-Ole "tSilel 0 1~ 't!7l1~ ~ 0 f.!l7J .Y.1-0fo\ 'll'?"l<>l ¾ 

:t!1°J cf;: 'l 7ff~ "l'>l:zf cff.lf."i~ 'ilii'<>il ~-Olo\ ~"\tl_oJ1-& ;.f¾~ '<!~-& 

-0\'lJ.t\(Table 6-1 ). 
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Table 6-1. List of samples observed by TEM and light microscopy 

Station 
or 

Dive No. 

SR. 12 7 

~ 381 

, 381 

;: 410, 

, ,1so 

' 480 

' ,so 

' ·18 1 

::: 5 15 

:: 3,12 

STAl0 

::: 7 7 

,so 

vessel 
or 

submersible 

R/V Tansei Maru 

SHlNKAl 2000 

SHINKAI 2000 

SHlNKAI 2000 

SHlNKAI 2000 

SH!NKAI 2000 

SHINKAI 2000 

SHINMI 2000 

SHINKAI 2000 

SHINKAI 2000 

NAUTILE 

SHINKAI 6500 

SHlNI\AI 6500 

Date 

17.June 1990 

OS.Nov. 1988 

05,Nov. 1988 

11.June 1989 

16,May 1990 

16,May 1990 

16.May 1990 

17,May 1990 

06,Nov. 1990 

26.May 1991 

OS.July 1989 

07, Sep. 1991 

11.Sep. 1991 

Locality 

Eoff Miyako 
Sanriku 
Hatsushima 
Sagami Bay 
Hatsushima 
Saga.mi Bay 
Calypt. Site 
Ihcya Ridge 
Calypt. Site 
Iheya Ridge 
Calypt. Site 
Iheya Ridge 
Calypt, Site 
Iheya Ridge 
Pyramid Site 
Iheya Ridge 
Hatsushima 
Sagami Bay . 
Mi nam i Ense i 
Okinawa Tr. 
North Fiji B. 

Position 

39• 1S,73'N 
142'50,3' 8 

35• 00.0' N 
139'13,5' 8 
35'00,0' N 

139'!3,5' 8 
27'32,94'N 

!26'58,20'8 
27'32.94'N 

126,58.20'8 
27'32.94'N 

126.58.20'8 
27'32.94'N 

126' 58.20'8 
27' 33.03'N 

126' 58.15'8 
35•00.0' N 

139' 15.14'E 
28.23.5' N 

127'38.5' E 
16• 58.67 1 S 

173' 54.96'8 
North Fiji B. 16•5B.67'S 

173•54,95'E 
North Fiji B. 16.59,46'S 

173' 54.87'8 

Depth 

1700m 

1170m 

1170m 

1400m 

1400m 

1400m 

1400m 

1400m 

1170m 

700m 

1975m 

Specimen 

Calyptogena sp. A 

Lamellibrachia sp. 

Pogonophora gen. sp, 

Lamellibrachia sp. 8 

Calyptogena sp, B 

Calyptogena sp. 

Pogonophora gen, sp, sp, 

Bathymodiolus sp, 

Pogonophora gen, sp. 

Bat.hymodiolus sp, 8 

lfremeria nautilei 

1975m lfremeria nautilei 

1965m lfremerin rwutilei 



1. 'll~ _2.;,]4~ o]"lot "I~~ Calyptogena sp. A 

Galyptogena sp.~<>1JAi'.:: ii-~ "rE!]alof.2} 'tl\'l.o] 9.l'.:: of7foj(gill) ffo] 

'l)'{!caf'tl o]off•H~ .2.'la"-:zf'.:: t:fE.Jil "o'"Jl\"] 7Jcff..,.ff;,.j 9.l'.:: ~% 'lf 4' 9.lr:f. 

~"-\~n]1(TEM) = o\7fu] 3',"]% 'il:"l!l'l! ~"11"1'1! -,1-3','.:: Galyptogena 

magnifica .2} 014' %Al~ .'i'.* 4"1\!Cl(Fiala - Medioni and Metivier, ]986). 

Calyptogena sp. ~ 0 f7fo]~ 'l!'i'!~ 'l!-& 'il:"l!l'l! =lJI] -¥- 'll"'l.2..s'. 4,;t 4' 

9l Cf. ..-14::, 0J ~ .!/--lE-.2..s<. 1l .2.3' "1 :zf 41 Z! ~ ~ ~ 'll All 3'..s'. "1 oJ 9.l:: 

J/--lE-o]:;i_, !E. ..-\4::; 0\7\o]21 f~ .!/-~.2.;;. ii-'! "l"E!la] 01~ of-,;< '!!£ ~Jil 

.!i!.%"6't2 9,1~ ,¥-~oJt:l l=IJ.-} .£. 0J~ 0 t7}aJ &~g.J 0Jit'OiJ~ ~!J~<?! 11.£.2l 

iE'~~ 4~}412 oJ ~~OJ]~ ~ 1if1tl{! oJ~~E..eJotl-f- t!J~ ~ ? 91.c}. 

of7\u]21 ¾°o'.!/-¾:'. 'll" 'lt.!'fl "l-1'1]a]o\.s<. 7\lit ~H-Y<"1 9l%~ l5c ? 9.lc\(photo 

6-17). zt "l-E!]a]of "!]3'._gj ")-_gj .l!c'l!O!l'.:: 'If '!!.!'fl ¾ .2.0J21 1';'7]71 9./.r:\. 

"l-E!la]of Al].>'.'.:: ',;,9c '!!£21 •Ii' Al].£"!% ~29.l'.:: coccoid Gram-negative 

type~ "fE!le]oHt ~2 9.l'l!Cf. o]~:'. Calyptogena soyoae21 %~'o':lf"l"E!]al•I~ 

-,1-3',~ %A\~ 'il<H~ '-fcf;l.t:\(Endow et al., 1987). "l-E!]a]o\~ '1] "]>,!~ O} 

0. 9<>1JAi 4.3 µ,,~ '-fo\;l.cf. l!fE!]a]o\ Ai].£21 '!1-'i'-'.:: .:2-!j'_gj -i''l!'ll•lt.\ "113'. '<!Oil 

~ 3'.i!- 3'. y..-f 2 9.l 'l! cf. 

2. 'l!.~ 0]0}31. "l<>I~ Calyptogena sp. B 

o] ¾21 of7fo] <>jA] off 7Jcff..-f'l!2, of7fo]<>1J'.:: cff -'i'--lE- "l"E!lelof A~.>'..s'. 

~i~1"1 9./.'l;l.2.t.\ coccoid Gram negative "r1'1]e)o\~ 'll£'.:: off ',['!)cl(photo 

6-18). "l"E!la]of~ Z! "1::l:'. 0.8o{]Ai 3. 7 µ,,~ t.\Efl-ij:;J. 9.l'l!r:f. 3'.~ o]Oll•t~ 

Calyptogens sp . .2}::; t:}E.Jil o] ~_gj -i''l!'l/<>11-"l '.:: ~3'.i!- l5c ? ~'lief. •l-!i£ 

~"ilcaf.2..s'.'.:: Calyptogena magnifica.2} %Al~ .'i'.%-£ !loj f'l!Cl(Fiala-Medioni 

and Metivier, 1966). 
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3. ,1,}7}n]ift.gJ Vestiaentiferan tube wora(La.ellibrachia sp.) 

~ 0J~(trophosome),'.:, oJ~ vestimentiferan ¾fi'~ ~ 7Jofl 7}~ t!J11af<tl 

¥ ~oJaj, ,ff 'll~7J't! oj-<J oJ 'i' ~ojJ 9,),cf. -'8-'ll"telJaJoHc "I~ ~el ~"1 

9J,J>.aj(7]~"1~ 7ll>IH!) "'1~.2} 'lat~ 'i'-~~ 7}:<]2 9.l::C host celtoj] .21•1 

'll~!ilo-J>'1::: ~2..ss !;'.'l!cf(photo 6-19). 0 ]~ "I~ "tlSile!of "il~"l.21 

•l'lt~<>!l"'l ~ ? 9,),2.aj, .2.,JL.f.2} •H-li':.21 "r~ pogonophorans:zf::: cf:'_ 0J'<,',£ 

!;'.'lief. 0 J tube worm.21 *'il"I::: Gram-negative 'l!.21 ,jJ~"l-£ ~:::cf. *'ll 

'!\1'11•! 0 1 "11~::: 'J•f!\2..ss ~"\%1711 -'f- 7):<J 'J'-1.ss '-I';;; 4 9,),cl(photo 6-19, 

20). ~ 'l!~H *'il"'l.21 'J•H::: 3.2, 7]~"1~ %-e 'J•ff~ 7r"'l2 9.lJ>.al. '~'" 

"ii~ ~oj] 37joj]J.j 57ff.2j 'l!{/~ oJ"o'-£ !;1.0 ]2 9,),cf. coccoid 'l!•ff.21 "!~~ 

2.5<>!1-<1 7.3 µm oj~c}. ;;;a].ii'(l!:zf :{!~ '!):<}71 'l)'!}%f;,j] ~o-J"I 9.l::: .£..;;.£ ~ 

? 9,),~cf. oj ¾~.21 -i3: 'J•l~ lysosome~.2] '!J.;;L{t Li-¥- "1.21 -'i'-~-£ ~"o'>l! 

~cf. -'f- 'l!~H *'il"'l.21 ';11eff{c ~-<i 'l!.,.-l! %i:c'J.2l ~~!;I.cf "i0 }J.j "!~ Of 

I. 0ojJ-<i 3, 8 µm~ 4'-f'<!cf. Pale fenestrationoJ ~.21 ~~!;I.cf::: •!..t"'l 'oill! 

\..}E}\:!-i::}. 0 1 ~~ Aj~{t ~ 0J~{trophosome) Al3':~~ z! ~{!- -2:-~oft 91~ 

lobule~.2] ~11<>!1-<i 'll~!il::: -,! '![2,, "tlSi]aJof.2] {f±.2} "ll~.21 i>jcf'(! •H-'11 

7J-1,,£ ~¾ lobule.2] •lit~-£ •Jo-f<>J .':L7J .2j i>J 'll:zf "'1~.21 'l!'it:zf ~"'1 

~ "l"'l J>..ss "J-<I'<,' J>..ss >ff-li'c•H "1 o-J '11 cf 2 'll 2/"1 o-J ~ cf( photo 6-21 ). %'ll ,jJ,r.g. 

i,re\.ii~1\ ~~ 'll"'l.21 'llff -"'-"142 9J.J>.aj, ,jj,rA~~'li.21 carboxysomes,e 

poly-B-hydrobutyrate(PHB).ss -'i'-"J!ilo-J'i! "'I'll "\~±~ ~~.-f::: ~;>J;,J 

!;l.'1}cf(Jensen and Sicko, 1973: Shively, 1974). Vetter(1985)::: %'!/-£ !;'.%l} 

ojoj~ff-li-.21 0}7}n]oJl-<1 o].2} •l~tt OJ;c!--!, 'l!<'!~c}, ;;;a].ii~~~ 'll"'r.21 'll~~ 

f~"I -'i'-~.2} 'l!'!lo] 9.l::C -,! ~cl(photo 6-20). \\I~ %'il"'l~<>!l "'el.ii'(l!~ 

'll'll!i'Jo-J -l!':~o-}2 9,),~cf. i>jcf'(! electron-dense bodiesi!, "t1'1laJof ,j]~.21 oJ~ 

5'.-'/-<>!!"'1 "J<'!~ 4 9,lcf. photo 6-20<>!]"'1::: 'il.r"il~'li.21 -'i"¾"I-£ ~? 9,),cf. 

o\ e I ectron-dense::: 'l! '\1.21 ;;<\ ~oj '-1- ojJ '-\ :<] 'lJ ~:zf '!!'I\ o\ 9J.::: ~ ;>j ;,J 

li!.<tlt}(Faure-Fermiet and Rouiller, 1958: de Brugh et al., 1989). 
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4. A}7}nl~~ Pogonophoran tube •or• 

~~lal<>} Ail.£1! ~ trunk9.\ ¥CU i;!,¥-it.Q..~,¥-c,\ opisthosome,2.'j itcfH ~u-f°'I 

oJE..~ ~ .!jl~Oil ~j;f 4"E}1dr:}. ..2..-E l!l"t::!Ja]o}~ close-packed AJEH~ host cell 

"loJl ~cl 'l,foj~t:l(photo 6-21). 'l?-"il "lol]i<]of:: coccoid type~ 'll~l:: "!~ 

1. 30!],._i 4.1 µm: 2. 50!],._i 6. 3 µm~ l..f•l':.12, cytoplasm~oJl {i!--tlx!<>J~ 

-aaJsI..{!12}- ~~ ~A}~ :Q1 S,J.9ic}(photo 6-22). 01~ coccoids~ ~~ 78711611 

sH:! ~"i•il-""Sl 7]'t!:it:: ~;,J;;-fJil -'i'-'!!xi•i"i"i. "il.£'!!:il "I~ ~'li"l'<l 

-1,!")"i].'l'oSj ;::;!l?.§. Gram-negative9;lt:f. 0 1 'll-"il"ISJ >i].£'!! ~ Sj_;;tc,j 

electron-dense-S}oj a:ffitli§. electron-lucent <!!f..¥.~ ~~c}(photo 6-22). 

Electron-lucent "'i.£:: S'jt:f.! '8-"il"\.'i'.c\:: "!~ 'll-"il"l<>ll?il,.i.'i'.t:l t:i 'lt 

'l!<'!xl<>J~t:l. -1,l'li'!!"I~ ,<fl.£~ 7f§.:sj :': 41 >ii.£"!~-£ ~o'"l2 ~9;lt:l(photo 

6-21). "l6']eJof >i].£Sj 'l-t~ -'/-{,!-,"; microvilli\..f 1!.5'.7\ \ii:: ,'!s,;"l0 Jcf. ~ 

>i].'l'o"J "lo\li!]O\Sj 4~ ,<fl7]oJle '!{~ section\.ff<>ll,.i.x. of~ .'=.~7]\..f 'l,j-oj 

{i!-.£"12 ~:: ~~a'-£ _Iii.~ ~.'r.§. '/l~7f ,;loj -t'c.!~t:l. photo 6-21 ~ >ff§.¾ 

~ 0J~l(trophosome) ;;~J!!;.~ lobules~ ¾ 0J.!jlofJAi ~~5:12 sJ.%~ ..!i!.ol9"ol, 

"161)ejof71 ~~ ~±xj<>J:sj2 •ff'\!l7)-'o'-£ ~-1'2 ~:: lobulesSj sf'ft~-£ ~J.-foj 

~;>:f§. >ff{i!-•ffxl<>J~cf. 'll 0o'-'11SJ lobulesSJ ~"'1-oJl,.i 'ti~-" ~4~ 'll-"il"ISl 

3.7):: ~;>:f§. S'j~cf. 

5. oftfoJ 'lf¾.9.f Pogonophoran tube wora 

"i].£4) "lo\le]of:: N~~ coccoids 'li•ff9:l~t>I. "I 1.5-6.0 µm SJ "!~,& 

7}AJ2 S,l.~t:}(photo 6-23). ~~~~ Gram-negative ~t;;{Ja)o}~ ~1 ~c}. 

'8-1'-lS\ ,<fl.£'!!~ "l"J~ 2~'-1 ".!£.~ .!;!.9:l~\..\ lighter corere Q}'{!Sj 

electron-dense strands~ ~2 ~9;lt:l(Fig. 6-24). "l61Jejof:: host "iJ.'l'o"loJI 

Sjafl ~cl ~oj ~9i~t>I. 7fl'!!"l ~~ :J.¾,& 'li'll"l2 ~9;!t:l . .9c. lysosome~~ 

~A}.£ l!l"t;;JJaJo}-a, ..¥.~-6"}1 S,l.t:}. %-3J-% ~..¥.(pinocytotic vesicles)'E ~!!;.~ 
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~2 9J.c: '!foi]ejof9.f 'l!~ ~,"_ 'l-t<>!l "K'- t..fEf'c!cf. oj~,"_ '!foi]ejof9.f 

~f,il£9.f9.f Afojo{j tffAf9.f 2~-£ 'lJAJ•ff¾cf 1'f3:![cf. 'il£'l!,"_ "f,"_ 4'9.f 

a]~~.S~]o}~ ~2 9J.9itl 

6. ~lf~l 4¾~ Ifreaeria nauti lei 

Ifremeria nautilei 0 f7faj9.f -'i'-.:z\~>Cf~aj,:j :,±{foj)Aj 7f-'=ccf'() "J•ff9.f '/l-'i/ 

'lfoile]of7f ',r~ 'l!.'r.~ ~c: '<fl!] ~"1~ ~ -? 9J.cl(photo 6-25). '!fol]e]ofc: 

'!foilel 0 l,il£'l!<>!I 'l!~:se]<>I 9J.9i2, ~1'I 'il£9.f :.lttff7] -'/--a':<>!]Aj ~ -? 

9J.9icl(photo 6-26). i>Jcf'() e]±±%.2\ ~,"_ 'lJ>Cfc: 719.f 'lfoile]of,j)£9.f 7]"i 

-'/--2:<>!l ~ill 9J.9icl(photo 6-25). -¥- 71"1 "J•ff9.f '/l-'i/"171 '!foilel 0 f -'ii£ 'l!<>!l-"1 

'!/'1\:seJ9icf. 1'f\..f-e, "ftff7] "Jsff9.f ~=. 4l J.Joj)Aj 3.9 µm 'l/.'r.9.f 

.3.7]9:lcl(photo 6-26). -¥- 't!•fl "J•ff9.f ~,"_ ~ 't!•ff ~-'I .3.7]c: 719.f e]~1'ft..f 

1-Jl-'/-<>!I 7JU 'l!'.!9.f "I-£ £~1'12 9J.9ic:til. o] c: 71~9.f .!a.2'1! llil't! o]-S- "~ 

'i/lt"J '!foilei 0 19.f ~.2\ %Af'-'lcl(photo 6-27). o]i!JU "J•ff9.f 'lfoile]of~,"_ 

7)~~ -¥--2-oJl ~¾5:1°'1 ~.£~}.2 9J.9ic}. 0J~ -5!.f Gram-negative $JEH~ 

'il-"'"l~ 71"]2 9J.9icf. -¥- 71"1 "J•ff ¾ %:>g{!:tf 'lfoile]of9.f -?71 cj.J\- 'I.lo] 

t..fEf;;l:cf. llil't! 0 1% 'lfoile]ofc: ~"119.f 4l 5" ~,"_ :i 0 ]1'19.f e]~ 7f>C]2 

919:l:ct. 

7. Minaai-Ensei ~12f~ Bathyaodiolus sp. 

o] >C]<,j9.f -!'~9.f of7fa] .,Z.~c: cf;: 'lj4'>C]<,jo]t..f <J%4';,cj<,j9.f ¾~~oj 

of7faj4ioj] '!folle]of~ 'IJ-'i/Aj,]2 9J.c: ~.2\ %Af1'f;,J] t..fEfl..f aff-'f- .3.2 -'f-~-'f-t>j 

-l\-'!1°1 -'f-~1'1711 -\l•l-?-J-"1 9J.9icl(photo 6-28). OJ~ ~a],:Jo]t..f ~"I ~aj,:jo{j 

9.f~ of7faj filaments9.f 'l±1f<>!l-"1 :2~,"_ ¾~ ti*-£ ~c: ~,"_ '<!Ail£ "l= 

.,Z.'\!:se]<>I 9J.9icf. 0 f7faj 11.£."!9.f of7faj -'"11£\ii ,"_ 47ff9.f cf;: ";!Efl~ 7f>C]2 

9J.9icf. I) Ciliated >il£',t,"_ ',r,"_ -'8-.'r.9.f a]-"'.~.'=.e]of9.f 'l!~'i'! .3.a]±'lf 
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.,Z.i!,-£ 71"12 'll~.Q.t,J, ~. 7,JAf;tJ>!I 'Ee: 91= t.f'l!"1o>f 'll.~cf . .:!.~,le, 

~;<ft!n]7.J% A).!U'. '!!'t!'tl '1!.Q..s'.-'/-"1 .'i'.'1! of7foJ filament21 ~ -'1--l/:Ofl 

~ ;>-.) '11.c\. 2) Ci I iatedA\].¥. ¾21 11 "I Ai].¥.~./', H~ A\].¥.'!! '!l-'li--'i'-a,~ 

.¥,\j-..-fc: 11"'1 "J~oj of'\' 'l!.'r. -jr,n t.fE\t.f-e 'lk't! 'I >'Of! -5t..-J 'IJoJ t.fEf,;!cf. 

3) %-'I-~ A\].¥.it,". ~'l!~ %~ >!fla]e]ofi!- 71"12 'll.~cf . .:!.ff,"_ of7foJ 

filament21 i''tl 7' ,'oJ~cf. >!fla]e]of A\].¥.~,"_ 'f-'1-0f]A1 °f7fttj filament21 

71771¾ -'1--ll:-£ •J~-?~ ~.<r.71 'l:/±"1o>J;acf. allitll-"- .::!.¥,". .::i 9121 >il.¥.¥21 

¾~"17J.'r. ..-f~cf. 4) 9,]',"_ ¾.z! {'l.5'.A\J.¥.¥(intercalary cells),"_ >!f1'1!e]of 

>i].¥.t.f {'l.5'.71 ~c: ~-'l--li':21 •H-'il ~~ A\].¥.Of] 21"11 -l1,a]!<jo>f 'll.~cf: 0)¥ 

A\].¥.¥,"_ .:J.~21 71?>'-"\e] ~ -'l--li':21 microvilli t.f {'l.5'., 7]c\'i'! t!!Of] 21•1 

-'i'-'S "1 of 'll c: 71 "'1-'l-i:':Ofl -l,'-'/-..-1 >il e•H '11. c\. nJ !a. i"== aJ o \t.f ±.¥.-'1\5'. o l ¥ 

intercalary cell¥ '1!0f]A1 'lf~!<j~c\. 

>!fla]ejof -'i!.¥.21 ~"I t!nJ7,J 'l!~Ofl{! %~ >!fla]e]of7f of7foJ filament 21 

%11 ¥-~Cills\ ~~~o\ it~~r.2 ~~.2. Gram-negative 019J:c.}(photo 6-28 ~ 

photo 6-29). -tl-~ >!f1'!Ja]ofc: ~ • JA\).,Z.i!,oj;<)'l! 3.7J'l!!a. ~= -li':-1'i-"1o>f'ia10l. 

I) coccoid'i/Eff21 -'i].¥., ~ 0. BOf]Ai l. 2 µm21 '11 "17.J2f "1-~ cff-'1- -'i].¥.'!!"121 

%%o]t.f 'i"-¾& 7\"]2 'l).~cf. 2) rod'i/EH21 <i].¥., <,I 3. 20f]A1 4. 4 µm21 '11 

"11, S'JAJ i'*~ 71"12 'll.~c\. 3) ~'l!"foJ;<J ~,"_ afff- '11 'i!•H21 >!fla]e]ol 

-<ii.¥.-". 7.6 µmOf] oj~!l:(cf. -il-~"l'li<>!lc: oji!j 7H21 >!f1'1Jejo\7l .',l.oJc:ti] Of]'i'! 

AJ~ >!fla]eJof.'r. .'i'.~cl(photo 6-29). ~'l!"f.Q._s!_ "-/1'!JeJolc: of7fnJ21 of-';' .lt¾ 

'i' l!' Of! -1'1 *I ..-12 'll ~cf. 

of7foj filaments21 >!f1'i]e]ol -'i].¥.21 'l!S'J ,>]Of!A1 -'8-~"\4 ±£-'II {!,"_ 

.,z.a,~ .¥.\f~ 'IJ,". "!% -<il.¥.it~ ~ -? 'l).~cf. Rod '!!•121 -il-~"lc: >!f1'!]aJ 0l 

-'i].¥.21 .lt'1!0f] >421 '!!~..-\>!] ~>cj..-f2 'llc: ~"i;,J .',l.'l]c\. oj c: o\• f.'r. 

%1"\-"-21 7\~ ..!.'!!Of! %QJ..-\>il ..-\71 -1'1~ ~.Q.!a. 1:zt'tlcl. "1% 41.¥.¥21 Yl-¥

.,z.a,::, of7fn] il,"J '110!1 'llc: >!f1'1Jajof >i].¥.¥2f %A]Of] 'lf~'O"fc:ci] oJi!j~ ~,"_ 

"!% .<11 .¥.¥0 l >!f1'1! aJ of -<il .¥.¥21 'l/ 01.Q.-".-'/-"1 "1% -"-~ "l il1 ..-1 c: ~.Q.!a. 

.',l.oj~cl(photo 6-30, photo 6-31). 
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8. oJ .. ot .. '11-"1 Bathyaodiolus sp. 

o]~ ¾~~ 0}7}011;:: tfi2} 0J ~ ,¥-~oJl ¾-¥-l!- ~.£~ ~¾ ~1?.t~ 

filaments£ ~-'.g~<>l 1).9:lc}. 0}7}al filaments1;:: 1~~ ~~ ~~ %..Q..~4'-Ei 

.!i!.tt! ~~~'t! filibranchiaoJ~c}. ~Ej]aJo}~ .£Y'0'}.2 '.lli:: ft{l.£~,': 7JJr-OiJAi 
ofJfoJ filament~ 

'le'it01)-'-\ "lci)e)o\ >l,o '<!-"1 *1:l>-\~ :::i. j:->-\01)A1 "lcJ~~ _l;l_oj 'r'llE.'--) 

microvilli~ ..:t2J 3.AJ el;;,£ L}Et;,fc}(photo 6-32). EPR 2-j 13 °N ~,4:A]~2-] 

Bathymodiolus thermophi!us "11 sJ•H zj- <l.£ '<!-"1 "lcl)e)of~ 2, 37ff 'l/.1'..se. '>!'.'. 

'?~ L}E}~..2..o:j(Fiala-Medioni et al., 1986), ::J.. 3.7]o{j 9.lolAi..£ Bathymodiolus 

thermophilus &i.:} ~711 \..tE}7lt"-}. %"-!7-}1;:: coccoid\..-} ti~ rod ~~l~- 2 3.7\1;:: 

coccoid ~Eff7} 0.7oJJAi 2.5 µm1£~, rod~Eij1;:: I.80{JAi 4.0 µm~ ..1i!.o:f 

'r'lltflphoto 6-331. '8-1:l>-f~ "lcl)e)of >i).£-') -l1- -\'--li':011 {/¾;'J<>J 9.['llcf. 

"!El)e)o\cj.<,j VJ -\'--ll':o)'--) "l1'1le)o\ >i).£-"1 7)>-1-\'-ic:"1)~ do.£>i)Lf o).',_~ce)ofojJ 

.9.ltff %c1 ~oj~ ~ ~~~ ~ 0 1 919:lc}. 0 \ ~ ~~t~}1;:: 14<¼l~ 4~~ -¥-~% 

~ IIJl ~~~q__t nJltt -'Jll~1cJJ2] 0 }£.! .2.%.£ .!i!.o:J~2 ~9it}. 
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Photo 6-1. Tangle of slender pogonophoran tube worms with white chemical 

precipitates and sponges. Near Calyptogena Site. 

Photo 6-2. Giant clam Calyptogena sp. colonizing on the sediment and a stone 

crab Para/omis sp. Scalpel lids cover the outcropping rocks. Calyptogena Site. 
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Photo 6-3. Voracious bresil i id shrimp Alvinocaris sp. living among vent 

communities of the Calyptogena Site and Pyramid Site. 

Photo 6-4. Another voracious hippolytid shrimp Lebbeus washingtonianus living 

among vent communities of the Calyptogena Site and Pyramid Site. 
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Photo 6-5. Elongated type of medium size mussel, Bathymodiolus sp. They occur 

both in Calyptogena Site and Pyramid Site. 

Photo 6-6. Large vestimentiferan tube worms bearing scalpellids. Full scale 

of the bar: 15 cm. Calyptogena Site. 
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Photo 6-7. ~ primitive scalpellid lXeolepas-type sp . .\]. They dominated in 

number among the members of the community as seen in Photo 6-2. 

Photo 6-8. ~nother species of primiti\·e scalpel lid [.\E'olepas sp. B] on a tube 

of the large ve&timentiferan tube worm. Calyptogena Site. 
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Photo 6-9. Pogonophoran tube worms and sponges, Calyptogena Site and Pyramid 

Site. 

Photo 6-10. Alvinocaris, Lebbeus and amphipods lured into a baited trap. 

Pyramid Site. 
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Photo 6-11. Photograph of a mussel Bathymodiolus sp. opened showing the well 

developed ctenidia. 

Photo 6-12. Large vestimentiferan tube worms and white chemical precipitates 

on a sediment-covered flat rock. Calyptogena Site. 
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Photo 6-13. Large vestimenti feran tube worm protruding short gi 11 ft laments 

and obturaculum. Calyptogena Site. 

Photo 6-14. Large Alvinocaris sp, covered by "bacterial 9 " filaments. Pyramid 

Site. 
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Photo 6-15. Vent po!ychaete(Paralvina/la hessleri) and their tubes on the 

polymetallic sulfide block of the lzeoa black chimney. 

Photo 6-16. Galatheids(.1/unidopsis-type gen. sp. 8) with broad rostrum 

aggregate and cover the flank of the chimney of the Pyramid Site. 
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Photo 6-17. TEM micrograph of the bacteriocyte in the gill tissue of 

Calyptogena sp. from the lheya Ridge. ed: electron-dense material; mv: 

microvilli: sb: symbiont bacteria: va: vacuole. scale bar: 5 µm. 

Photo 6-18. TEM micrograph of the bacteriocyte in the gill tissue of 

Calyptogena sp. off Miyako, Northeastern Japan. mi: globular mitochondria: n: 

nucleus of the bacteriocyte; sb: symbiont bacteria. scale bar: 5 µm. 
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Photo 6-19. TEM micrograph of the trophosome of vestimentiferan tube 

worm(lamellibrachia sp.) from Sagami Bay. Symbiont bacteria in this photo are 

round and smaller than those of the fol lowing photo. Ed: electron-dense 

materials: n: nucleus of the bacteriocyte: pf: pale fenestrations: sb: 

symbiont bacteria. scale bar: IO µm. 

Photo 6-20. TEM micrograph of the trophosome of the same individual of the 

vestimentiferan tube worm(lamellibrachia sp.) from Sagami Bay. The symbiont 

bacteria have lamellate membrane structure(! m). Ed: electron-dense material; 

gg: glycogen-like granules: mi: mitochondria: pf: pale fenestration. scale 

bar: 10 µm. 
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Photo 6-21. Trophosome of a pogonophore from the Okinoyama Bank, Sagami Bay, 

Note the incremental series of cell size from left bottom to upper right. In 

the \arger symbionts membrane structure(pm) reminiscent of the lamellae of 

the larger vestimentiferan symbionts. n: nucleus of bacteriocyte: sb: 

symbionts. scale bar: 10 µm. 

Photo 6-22. TEM micrograph of the another portion of trophosome of the same 

individual of photo 6-21. :,,..·ote the occurrence of vacuoles(va) and 

electron-dense materials(ed) in the symbionts. Glycogen-like granules(gg) are 

dispersed in the cytoplasm of the bacteriocyte. I',': nucleus of bacteriocyte. 

scale bar: IO µm. 
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Photo 6-23. TEM micrograph of the trophosome of a pogonophoran from the 

Calyptogena Site, lheya Ridge, Ed: electron dense materials: gg: 

glycogen-I ike granules; mi: mitochondria; n: nucleus of bacteriocyte: pf: 

pale fenestration. scale bar: IO µm, 

Photo 6-24. TE.Iii micrograph of the another portion of trophosome of the same 

individual of photo 6-23. Note the occurrence of lighe cores containing some 

electron-dense strands(es) in the symbionts. gg: glycogen-like granules; mi: 

mitochondria. scale bar: 5 µm, 
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Photo 6-25. TEM micrograph of the bacteriocytes in the gi 11 tissue of 

lfremeria nautilei from the North Fiji Basin. Ls: lysosome-like structure; 

mb: methanotrophs: mi: mitochondria: mv: microvilli: n·. nucleus of 

bacteriocyte: sb: sulfur oxidizing symbionts. scale bar: 10 µ.m. 

Photo 6-26. TEM micrografYl of the rods near the surface of the microvilli-fringed 

bacteriocytes in the gill of Ifremeria na.utilei from the North Fiji Basin. mv: 

microvilli; sb: surfur-oxidizing symbiont. scale bar: 2 f.8I!.. 
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Photo 6-27. High magnification of slender-rod sulfur-oxidizer and 

membrane-stacked methane-oxidizer of the bacteriocyte of Jfremeria nauti lei. 

Note the connecting canal to the outside of the eel I and dividing stage can 

be observed. ec: empty cavity: mb: methanotrophs: sb: sulfur-oxidizing 

symbiont. scale bar: I µm. 

Photo 6-28. Gi 11 filaments of Bathymodio/us sp. from the .\Hnami Ensei Knoll. 

Transverse section through one face of gi 11 filament showing bacteriocytes 

and i ntercal ary ce 11 s. Lysosome-1 i ke structure with the bacteria are 

visible(ls). Bn: bacteriocyte nucleus: le: intercalary cell: In: intercalary 

cell nucleus: mv: microvilli: sb: symbionts. scale bar: IO µm. 
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Photo 6-29. TEM micrograph of the bacteriocyte in the gill tissue of the same 

individual of the Bathymodiolus sp_ from the Minami Ensei Knol 1. bm: basal 

membrane: c: cilia: mv: microvilli: le: intercalary cell: mv: microvilli. 

scale bar: 10 µm. 

• 
C --. .. 

Photo 6-30. THI microscoph of transverse section of the bacteriocy-...es of 

Bathymodio/us sp. from the Minami Ensei Knoll. Free round cells are seen 

above the bacteriocyte layer of the gill filaments(Rfc). c: cilia: mv: 

microvilli, sb: symbiont bacteria. scale bar: 10 µm. 
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Photo 6-31. TEM microscopy of the bacteriocyte of Bathymodiolus sp. from the 

>.,Hnaroi Ensei Knoll. Round free cells also visible. c: cilia, ls: lysosome-\ike 

structure: mv: microvilli: sb: symbiont bacteria. scale bar: 5 µm. 

Photo 6-32. TEM micrograph of the bacteriocyte of the gill tissue of the 

Bathymodiolus sp, 

typical of type 

from the lheya Ridge. Stacked internal membranes are 

methanotroph(Tm). ls: ]ysosome-1 lke structure: mi: 

mitochondria: sb, symbiont bacteria: va: vacuoles. scale bar: I µm. 

-211-



~· ., 
• •• • •• - • ., 

• • '\ ...... •• •· . '. • ... , .. 
ml ll!!l ...... •• • 

' • \, • !iii -
' '• . . , 

' , ' • ~ •• 

Photo 6-33. TEM micrograph of the transverse section of the bacteriocyte of 

the same individual of Bathymodiolus sp. from the lheya Ridge. mi: 

mitochondria; sb: symbiont bacteria: va: vacuoles. scale bar: I µm. 
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Appendix 1. Cruise time table 

Location f\-er. Item Dist. Time Cum. T Cum.T Date 

Lon Lat km hour hofil day/h yr. mon. day time 

WP.07 15037.7 308.2 1999.05.13 00:00 

Transit 90.28 3.90 3.90 00/03 1999. 05. 13 03c53 

MP.01 15120 332.5 
SB/Ma!! 36.66 2.47 6.37 00/06 1999. 05. 13 06:22 

MP.02 15133.75 346.8 
SB/Mal! 6.28 0.34 6.71 00/06 1999. 05. 13 06,42 

MP.03 15137 345.83 
SB/Mag 2.17 0.12 6.83 00/06 1999.05.13 06:49 

MP.04 15138 345.22 
SB/Mae 6.90 0.37 7.20 00/07 1999.05.13 07:12 

MP.05 15141 343 
SB/Mag 2.31 0.12 7.33 00/07 1999. 05. 13 07:19 

MP.06 15141.75 342 
SB/Mag 2.81 0.15 7A8 00/07 1999. 05. 13 07:28 

MP.07 15142.8 340.9 
SB/Maa 3.70 0.22 7.70 00/07 1999.05.13 07:42 

MP.08 15141.35 339.52 
SB/Mal>" 2.81 0.15 7.85 00/07 1999.05.13 07'51 

.MP.09 15140.3 340.62 
SB/Mag 2.74 0.13 7.99 00/07 1999.05.13 07:59 

MP.10 15139.4 341.8 
SB/Ma11: 5.84 0.29 8.27 00/08 1999.05.13 08:16 

MP.11 15136.81 343.61 

SB/Mag 1.83 0.09 8.36 00/08 1999.05.13 08:21 

MP.12 15135.96 344.12 

SB/Mal>" 5.34 0.26 8.63 00/08 1999. 05. 13 08:37 

MP.13 15133.18 344.88 
SB/Marr 7.39 0.35 8.97 00/08 1999. 05. 13 08:58 

MP.14 15134.32 348.72 
SB/Mag 7.22 0.39 9.36 00/09 1999.05.13 09:21 

MP.15 15138.04 347.54 
SB/Mau 2.50 0.13 9.50 00/09 1999.05.13 09c29 

MP.16 15139.19 346.83 
SB/T\.fav 7.96 0.43 9.93 00/09 1999. 05. 13 09:55 

MP.17 15142.6 344.2 
SB/Mao- 1.88 0.10 10.03 00110 1999. 05. 13 10:01 

MP.18 15143.2 343.38 
SB/Mao 2.81 0.15 10.18 00/10 1999.05.13 10,10 

MP.19 15144.25 342.28 
SB/Mau 8.81 0.48 10.66 00/10 1999.05.13 10:39 

MP.20 15149 342 
SB/Ma!) 5.56 0.29 10.95 00/10 1999.05.13 10:57 

MP.21 15152 342 
SB/Marr 5.56 0.29 11.24 00/11 1999.05.13 11:14 

MP.22 15155 342 
SB/Mag 3.69 0.20 11.44 00/11 1999. 05. 13 1 U6 

MP.23 15155 344 
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Appendix I continued 
SB/Mag: 11.1 I 0.56 12.00 00/11 1999.05.13 11:59 

MP.24 15149 344 
SB/Mag 3.69 0.18 12.18 00/12 1999.05.13 12:10 

MP.25 15149 346 

SB/M:ag 11.1 l 0.60 12.78 00/12 1999.05.13 12:47 
MP.26 15155 346 

SB/Mag 14.95 0.77 13.55 00/13 1999. 05. 13 13:33 
MP.27 15202.5 343 

SB/Ma2 20.08 1.07 14.63 00/14 1999. 05. 13 14:37 

MP.28 15208.6 352 
SB/Mag 3.70 0.20 14.83 00/14 1999. 05. 13 14:49 

MP.29 15210.26 350.88 
SB/Mag 20.08 0.93 15.76 00/15 1999. 05. 13 15:45 

MP.30 15204.16 341.88 

SB/Ma2 7.41 0.34 16.10 00/16 1999. 05. 13 16:05 

MP.31 15200.84 344.12 

SB/Mag 20.08 1.08 17. 18 00/17 1999.05.13 17:10 

MP.32 15206.94 353.12 

SB/Mae. 15.32 0.77 17.96 00/17 1999. 05. 13 17:57 

MP.33 15215 355 

SB/Mag 26.67 1.37 19.33 00/19 1999.05.13 19:19 

WP.OS 15227 403 
Transit 15.60 0.84 20.17 00/20 1999.05.13 20:10 

WP.09 15233.4 408.5 
Transit 47.49 2.04 22.21 00/22 1999. 05. 13 22: 12 

WP.to 15236.2 434.l 

Transit 43.26 1.86 24.07 01/00 1999. OS. 14 00:04 

WP.ll 15249.5 453.4 

Transit (2.39 0.53 24.61 01/00 1999. OS. 14 00:36 

WP.12 15256.2 453.4 
Transit 64.40 2.77 27.38 01/03 1999.05.14 03:22 

WP.13/DP.Ol 15330 445 
SB/Mag 43.04 2.23 29.61 01/05 1999. OS. 14 05:36 

DP.02 15318 505 

SB/Mag 24.79 1.24 30.85 01/06 1999. OS. 14 06:Sl 

DP.03 15330 511 
SB/Ma!! 35.04 1.84 32.69 01/08 1999. 05. 14 08:41 

DP.04 15330 530 
SB/Mag: 42.07 2.34 35.03 01/11 1999.05.14 11:01 

DP.05 15344 548 
SB/Mag 35.04 1.85 36.89 01/12 1999. OS. 14 12:53 

DP.06 15344 607 
SB/Mae. 87.46 4.80 41.69 01/17 1999.05.14 17:41 

DP.06A 15416 642 
SB/Ma,a 19.00 1.06 42.75 01/18 1999. 05. 14 18:44 

DP.068 15408 648.5 

SB/Ma2 90.73 4.32 47.06 01/23 1999. 05. 14 23:03 

DP.07 15335 612 
SB/Mag 101.56 4.53 51.t,O 02103 1999.05.15 03:35 

DP.08 15245 549 
SB/Mag 68.91 4.28 55.87 02/07 i_ 1999. 05. 15 07:52 
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Appendix 1. continued 
DP.09 15210 602 

SB/Ma.2 I 1.66 0.79 56.66 02/08 1999. 05. 15 08:39 

DP.10 15208 556 
SB/Mag 73.03 3.76 60.42 02/12 1999.05.15 12'24 

DP.II 15245 542 

SB/MaJ!: 102.52 4.23 64.64 02/16 1999. 05. 15 16:38 

DP.12 15336 604 

SB/Ma.2 12.91 0.51 65.15 02/17 1999. 05. 15 17:09 

DP.13 15336 557 

SB/Mag 102.54 3.82 68.97 02/20 1999.05.15 20:58 

DP.14 15245 535 

SB/Ma2 29.83 1.07 70.05 02/22 1999.05.15 22:02 

DP.IS 15230 541 
SB/Mag 57.16 2.41 72.46 03/00 1999.05.16 00:27 

DP.ISA 15230 510 

SB/Ma.2 20.66 0.91 73.36 03/01 1999.05. 1601:21 

DP.15B 15240 505 
SB/Mag 20.66 0.91 74.28 03/02 1999. 05.1602,16 

DP.15C 15230 500 

SB/Mae: 27.66 1.02 75.29 03/03 1999.05.16 03:17 

DP.16 15230 445 

SB/t,,fag 28.63 1.07 76.36 03/04 1999.05.16 04:21 

DP.17 15226 430 

SB/Ma2 18.44 0.72 77.08 03/05 1999. 05. 16 05:04 

DP.18 15226 420 
Transit 21.65 1.17 78.25 03/06 1999. 05. 16 06:15 

Rabaul 15215 416 Pickun 1.37 79.62 03/07 1999.05.16 07:37 

Transit 53.98 2.51 82.13 03/10 1999.05.16 10:08 

CTD.01 15206.5 348 CTD 1.77 83.90 03/11 1999.05.16 1 U4 

1.86 0.10 84.00 03/12 1999.05.16 12:00 

S DSCl 15205.7 347.39 Start of DSC 

DSC 0.45 7.37 91.37 03/19 1999. 05. 16 19:22 

E DSC! 15205.6 347.17 End ofDSC 

15.26 0.83 92.21 03/20 1999. 05. 1620:12 

CTD.02/MP.34 15158.6 342.8 CTD 1.35 93.56 03/21 1999.05.16 21'33 
SB/Mal! 23.25 2.02 95.58 03/23 1999. 05. 16 23:34 

GID.03/MP.36 15146.3 340.28 CTD 1.61 97.19 04/01 1999.05.1701;11 
S DSC2-2 15140.54 343.93 Start ofDSC 

DSC 2.03 4.82 102.01 04/06 1999. 05. 17 06:00 

E DSC2-2 15140.15 342.9 End of DSC 

3.49 0.42 102.43 04/06 1999. 05. 17 06:25 

cm.04 15141.72 341.85 CTD 1.21 103.64 04/07 1999.05.17 07:38 
6.85 0.92 104.56 04/08 1999. 05. 17 08:33 

CTD.05 15145.39 341.4 CTD 1.35 !05.91 04/09 1999. 05. 17 09:54 

Transit 4.95 0.22 106. 14 04/10 1999. 05. 17 10:08 

MP.37 15146.06 344 

SB/Mae: 2.84 0.31 106.44 04/10 1999.05.17 10:26 

MP.38 15145 345.11 

SB/Mag 1.32 0.07 106.52 04/10 1999. 05. 17 10:30 

MP.39 15144.6 345.7 
SB/Mag 9.29 0.44 106.95 04/10 1999.05.17 10:57 
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Appendix 1, continued 
MP.40 15140.68 348.84 

SB/Mag 2.92 0.14 107.09 04/11 1999.05.17 ll:05 
MP.41 15139.34 349.67 

SB/Mag 8.39 0.39 107.48 04/11 1999. 05. 17 11 :28 
MP.42 15135.04 351.11 

Transit 20.40 1.17 108.65 04/12 1999. 05. 1712,39 
CTD.06 15142.9 343.36 CID 1.85 110.50 04114 1999.05.17 14:30 

1.07 0.58 111.08 04/15 1999.05.17 15:04 
PC.I 15142.38 343.61 PC 2.36 113.44 04117 1999.05.17 17:26 

18.56 2.38 115.82 04/19 1999. 05. 17 19:48 
PC.2 15152.24 341.8 PC 3.75 119.57 04/23 1999. 05. 17 23:33 

11.60 0.57 120.13 05100 1999. 05. 18 00:08 
PC.3 15146.11 340.5 PC 1.92 122.05 05/02 1999.05.18 02:03 

5.14 0.56 122.61 05102 1999.05.18 02:36 
CTD.07 15143.53 341.53 CID 1.60 124.21 05104 1999.05.18 04,12 

5.06 0.52 124.73 05/04 1999. 05. 18 04:43 
CTD.08 15141.21 342.98 CTD 1.09 125.82 05/05 1999. 05. 18 05:48 

5.51 0.43 126.24 05106 1999. 05. 18 06:14 
ClD.08·1 1)144.18 343.16 CTD 1.34 127.58 05107 1999. 05. 18 07:34 

9.30 0.72 128.30 05/08 1999. 05. 1808:17 
CTD.09 15149.2 343.34 CID 1.53 129.83 05/09 1999. 05. 18 09:49 

6.44 0.61 130.44 05/10 1999.05.18 10:26 
ClD.10 15152.09 341.4 CID 2.35 132.79 05112 1999.05.18 12:47 

21.72 1.01 133.80 05/13 1999.05.18 13:47 
DG.1-1 15140.5 343.21 Dredge 2.13 135.93 05/15 1999. 05. 18 15:55 

1.50 0.30 136.23 05116 1999.05.18 16,13 
DG.1-2 15139.75 342.9 Dredge 2.57 138.80 05/18 1999. 05. 18 18:47 

0.72 0.53 139.33 05/19 1999.05.18 19,19 
DG.1-3 15140 342.6 Dredge 2.98 142.31 05/22 1999.05.18 22:18 

1.46 0.30 142.61 05/22 1999.05.18 22:36 
DG.2 15140.5 343.21 Dredge 2.90 145.5 l 06/01 1999.05.19 01:30 

1.40 0.30 145.81 06/01 1999.05.19 01:48 
DG.3 15139.96 343.74 Dredge 2.76 148.57 06104 1999.05.19 04:34 

2.33 0.43 149.00 06/05 1999.05.19 05:00 
DG.4 15141.15 344.15 Dredge 2.35 151.35 06/07 1999.05.19 07:21 

20.99 1.16 152.51 06/08 1999.05.19 08:30 
MC! 15152.24 341.8 MC 2.35 154.86 06110 1999.05.19 10:51 

18.56 0.84 155.70 06111 1999.05.19 11:41 
MC2 15142.38 343.61 MC 2.31 158.01 06/14 1999.05.19 14,00 

S DSC2-1 15142.054 343.26 Start ofDSC 

DSC 1.40 6.62 164.63 06120 1999. 05. 19 20:37 
E DSC2~1 15141.3 343.27 End of DSC 

1.75 0.53 165.15 06121 1999. 05. 19 21:09 
DG.5 15140.36 343.37 Dredge 1.72 166.87 06/22 1999. 05. 19 22:52 

21.70 l.79 168.66 07/00 1999.05.20 00:39 
DG.6 15152 342 Dredge 2.46 171 12 07/03 1999.05.20 03:07 

13.09 0.71 171.83 07103 1999.05.20 03:49 
DG.7 15145.19 340.11 Drede:e 2.60 174.43 07/06 1999.05.20 06:25 

Transit 9.36 0.56 l74.98 07/06 1999.05.20 06:59 
SM.I 15140.14 340.326 

SB/Mae: 19.84 0.92 175.90 07/07 1999.05.20 07:53 
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Appendix 1. continued 
SM.2 15148.198 347.412 

SB/Ma~ 14.46 0.67 176.57 07/08 1999.05.20 08:33 

SM.3 15149.5 339.68 
SB/Mag 18.70 0.92 177.48 07/09 1999.05.20 09:29 

SM.4 15157.661 345.65 
SB/Mag 9.12 0.48 177.96 07/09 1999. 05. 20 09:57 

SM.5 15200 350 
SB/Mag 4.70 0.27 178.23 07/10 1999. OS. 20 10:13 

SM.6 15202.54 349.985 

SB/Mag 15.77 0.80 179.04 07/11 1999. OS. 20 11:02 
SM.7 15210 345.857 

SB/Mag 9.50 0.45 179.48 07/11 1999.05.20 11:28 

SM.8/CTD.ll 15205 347 CTD 1.53 181.01 07/13 1999.05.20 13:00 
1.99 0.11 181.12 07/13 1999.05.20 13:07 

DG.8 15206 347.4 Dredge 3.00 184.12 07/16 1999.05.20 16:07 

Transit 55.31 2.39 186.51 07118 1999.05.20 18:30 
Rabaul 15215 416 Unload 

Transit 20.87 1.16 187.67 07/19 1999.05.20 19:40 
DP.19 15226 418.5 

SeaBeam 77.80 3.01 190.68 07/22 1999.05.20 22:40 

DP.20 15246.52 455.33 
SeaBeam 54.43 2.26 192.94 08/00 1999. OS. 21 00:56 

DP.21 15313.04 508.15 
SeaBeam 15.95 0.66 193.60 08/01 1999. OS. 21 01:36 

DP.22 15320 513.26 
SeaBeam 23.67 0.98 194.59 08/02 1999.05.21 02:35 

DP.23 15327.6 502.93 
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Appendix 2. Sampling locations and analytical parameters 

Cruise No. KOOOS 99-1 Station No. : HCTD 01 
Observation Time 

(Local Time) 
5/16/1999 19:42:00 

Observation Location 
Logitude Latitude Water depth 
152" 06' 03" 47.28' 3.099 m 

-~ ···---
Water Sampling Depth 

0 JOO 300 500 1. 000 1.050 1. 100 1. 200 1. 300 
I. 450 
Analysis Item 4~- ~iE". pH, 00, Nutrients, Total CO2, HzS 

Cruise No. KODOS 99-1 Station No. HCTD 02 
Observation Time 

(Local Time) 
5/16/1999 23: JO: 00 

Logitude Latitude Water depth 
Observation Location 

151° 57.850' 03° 41. 930' I, 750 m 

Water Sampling Depth -----·-
0 100 300 500 750 900 I, 000 1, 100 1,200 

I, 400 I, 500 I, 650 
Analysis Item: h.2. 

T~- "'~ u"'i!:", pH_ DO. Nutrients, Total CO2, HzS 

Cruise No. KODOS 99-1 Station No. : HCTD 03 
Observation Time 

( Local Ti me) 
5/16/1999 23: IO: 00 

Observation Location 
Logitude Latitude Water depth 

151° 46.271' 03° 40.292' 1,927 m 

Water Sampling Depth 
0 500 900 I, 085 1,100 I, 186 I, 207 I, 490 1,700 

1. 770 1. 850 
Analysis Item : A.2_ 

T~, "' ~ p"'i!:", pH, DO, Nutrients, Total CO2, HzS 
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Appendix 2. Continued. 

Cruise No. KODOS 99-1 Station No. : HCTD 04 
Observation Time 

5/16/1999 23: JO: 00 
(Local Time) 

Logitude Latitude Water depth 
Observation Location 

151° 41.658' 03° 41. 876' I, 743 m 

Water Sampling Depth 
0 300 410 900 998 1,095 I, 210 I, 362 I, 400 

I, 500 I. 602 I, 650 
Analysis Item : *· "' ~ p 'i!:' pH, DO, Nutrients, Total CO2, HzS 

Cruise No. KOOOS 99-1 Station No. : HCTO 05 
Observation Time 

(Local Time) 
5/16/1999 23: JO: 00 

Observation Location 
Logitude Latitude Water depth 

151° 45.382' 03° 41.374' 2,163 m 

Water Sampling Depth 
0 900 I. 218 1,390 1,476 I, 500 1,630 I, 695 I, 760 

1. 819 I. 900 2,000 
Analysis Item: .... ..2. ,~. "'~ ):l 'i!:"' pH, 00, Nutrients, Total CO2, H,S 

Cruise No. KODOS 99-1 Station No. : HCTD 06 
Observation Time 

5/17/1999 23:10:00 
(Local Time) 

Observation Location 
Logitude Latitude Water depth 

151 ° 43.161' 03° 43.614' 2,086 m 

Water Sampling Depth 
0 485 I, 000 1,283 I, 402 I, 500 1,578 I, 611 1,668 

1,700 1,800 I, 850 
Analysis 1 tEim : -t ~. 'i§~. pH, DO, Nutrients, Total CO2, H,s 
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Appendix 2. Continued. 

-
Cruise No. KODOS 99-1 Station No. ' HCTD 07 
Observation Time 

(Local Time) 
5/17/1999 23,10,00 

Observation Location 
Logitude Latitude Water depth 

151. 43. 967' 03" 41. 956' 2, !14 ID -- ·-··· 
Water Sampling Depth 

0 300 500 1,000 1,100 1,210 1,270 I, 550 1,630 
1, 715 l, 800 1,950 
Analysis ltem: ?~, ~~. pH, DO, Nutrients, Total CO2, H,S 

Cruise No. KODOS 99-1 Station No. HCTD 08 
Observatjon Time 

(Local Time) 
5/17/1999 23,10,00 

Logitude Latitude Water depth Observation Location 
151" 41.264' 03" 42.849' 1,673 ID ---

Water Sampling Depth 
··--

0 94 300 493 700 800 900 1,000 I, 150 
I, 350 I, 450 1,550 

Analysis Item : A-2_ 
T~, "'~ r.t'i.:!:", pH, 00, Nutrients, Total CO2, H2S 

-

Cruise No. KODOS 99-1 Station No. HCTD 09 
Observation Time 

(Local Time) 
511711999 23,10,00 

--··· 
Logitude Latitude Water depth Observation Location 

151" 49.397' 03" 43.314' 2,]38 ID ·--· 
Water Sampling Depth 

4 300 
~- ·- 478 900 1, 100 I, 330 I, 550 I, 680 1,770 

1,819 1,900 2,000 
Analysis Item: A.51_ ,~, ~if-. pH, DO, Nutrients, Total CO2, H,S 

- -
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Appendix 2. Continued. 

Cruise No, KOOOS 99-1 Station No. , HCTD 10 
Observation Time 

(Local Time) 
5/17/1999 23,10,00 

Observation Location 
Logitude Latitude Water depth 

151 ° 52. 163' 03° 41. 325' 2,082 m 
Water Sampling Depth 

0 500 850 I, JOO 1,490 I, 572 I, 638 I, 708 1,765 
I, 680 I, 796 

Analysis Item: A..2. -~- ~¾. pH, DO, Nutrients, Total CO2, HzS 

Cruise No. KOOOS 99-1 Station No. , HCTD 11 
Observation Time 

(Local Time) 
511611999 23, 10, 00 

Observation Location 
Logitude Latitude Water depth 

152° 05.008' 03° 46.881' 1, 81 m 

Water Sampling Depth 
0 100 300 500 900 1,000 I, 150 I. 200 I, 350 

1,400 I, 450 I, 550 
Analysis Item: A.2. -~- ~¾. pH, 00, Nutrients, Total CO2, H,s 

Cruise No. KODOS 99-1 Station No. , HCTD 12 
Observation Time 

(Local Time) 
5/17/1999 23,10,00 

Observation :Location 
Logitude Latitude Water depth 

151 ° 44.176' 03° 43.162' I, 839 m 

Water Sampling Depth 
0 300 493 893 I, 100 1,252 I, 300 1,400 1,520 

1,600 I, 650 1,750 
Analysis Item : ?~. "' ~ o>!:"' pH, DO, Nutrients, Total CO2, HzS 
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Appendix 3. Location and description of sediment samples 
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Appendix 4. Location of deepsea camera system 

~~ 
'll -'-l 

I 'i!'ll-'-1 Z! 100 I 

5116 
HI6C Line 1-1 

03,25 - 05,57 
I SuSu Kno 11 I 

(04cll - 05c34) 

5116 
HI6CLine 1-2 

01,15 - os, 43 
I SuSu Kno 11 I 

(08c44 - 07c48) 

5/16 
HIBC Line 2-1 

15,45 - 17-35 
(Satanic Mills) 

(16c 27 - 17,35) 

5119 
HIBC Line 3-1 

06c25 - os,10 
(Roman Ruins) 

101,03 - os,111 

~ "-I 
~ .!st-=;t+ .li l:1]2 

l-'-1.s/, ~.!l.) 

still camera 180t f°a 
03" 47.103, 152" 05, 608 

BIi' video 82~ f°a ~'? !c~7 t°a 
03• 47,670, 152" 05.625 

color video 77~ f°a 

03' 47. 918, 152° 04. 894 still caaera 1201 ~OJ 
03' 46,819, 152" 06.117 B/W video 58~ f°a 

still camera 1261{ t°a 
03' 43.141, 151' 40. 211 

B/W video 68{t f°a 
03" 44. 221, 151' 40,513 

color video 51 {t f°a 

still camera 1301,' ~~ 
03" 42,478, 151' 39.595 

B/W video 68~ -f°a ~'? ~ t°a 
03' 43. 624, 151 • 41.181 

color video 68~ lf°a 



Appendix 5. Meteorological information during the cruise, 

DATE 1999\1 5~ 4'l! itg(BC) tr,;J(C) 0 f','-..,.'lJ(0) Bj(R) ',!7ff(F) 

·--· 

Location Wind 
Temperature 

Local Barometer I. Cl Weather Time 
(N) I (W) Dir. Force (mbar) 

Air Sea (Cl,is:-,;) 

04:00 
-

08:00 

12:00 
- -

1600 
-

20:00 Transit (PapuH New Guinea) E 3 1008 16 BC 

24:00 " SE 3 1010 15 BC 
-

DATE 1999,1 5~ 5'll 

Location Wind 
Temperature 

Local Barometer (·Cl Weather Time (NI (WI Dir. Force (mbar) 
Air Sea (Class) 

04:00 Trnnsit (Papua New Guinea) NW 4 1010 16 0 

os:oo " NW 3 1012 17 BC 

12:00 30· 49• N, 129° 52' E NW 4 1011 22 22 0 

16:00 " NW 4 1010 26 RC 

20:00 " NW 4 1011 22 BC 

24:00 " NW 4 1014 20 0 
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Appendix 5. Continued. 

DATE 1997'<'! 5~ 6',! 'lf%(BC) ~;;j(C) o)';'--0-;;)(0) Sj(R) V,7ff(F) 

Location Wind 
Temperature 

Local Barometer ( . C) 
Weather 

Time (N) I (W) Dir. Force (mbar) 
Air Sea (Class) 

04:00 Transit (Papua New Guinea) NW 5 1012 22 C 

08:00 " NW 4 1012 22 C 

12:00 25· 47' N, 132· 43' E NW 3 1013 25 24 0 

16:()() " N 3 1013 24 0 

20:00 " NNE 4 1012 23 C 

24:00 " NE 4 1012 22 BC 

DATE 1999'<'! 5~ 7',! 

Location Wind 
Temperature 

Local Darometer ( . C) 
Time I 

(mbar) 
Weather 

(N: (W) Dir. Force Afr Sea 
(Class) 

04:00 Transit (Papua New Guinea) NE 5 1012 23 BC 

08:()() " NE 4 1012 25 BC 

12:00 21· 20' N, 135• 24' E NE 4 1012 27 28 BC 

16:00 " SE 3 1010 32 BC 

20:00 " SE 3 1011 27 BC 

24:00 " SE 3 1014 :!-5 BC 
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Appendix 5. Continued. 

DATE 1999\1 5-1, 8'lJ ~%(BC) "~(C) of.'i'-"~(O) S!(R) '(!7fl(F) 

Location Wind 
Temperature 

Local Barometer ( . Cl 
Weather Time 

I Force (mbar) (N) (W) Dir. 
(Class) Air Sea 

04:00 Transit (Papua New Guinea) E 3 1012 27 0 

08:()() " SSE 3 1012 28 BC 
t-·--

12:00 16" 38" N, 138" 05" E ESE :, 1014 30 30 C 
.. 

rn:cxi " SSE 3 1012 .JI BC 
. 

20:00 " ESE 3 1013 28 RC 

24:00 " E 1 1013 27 BC 

DATE : 1999\1 5-1, 9°lJ 

Location Wind 
Temperature 

Local Darometer ( . Cl We;ither 
Time (N) I (W) Dir. Force (mbar) 

Air Sea (Class) 

04:00 Transit (Papua New Guinea) E 4 1012 28 BC 

08:()() " E 3 1013 28 nc 
12:00 11' 58' N, 140' 47' E E 4 1012 30 30 BC 

16:00 " E 4 1010 33 BC 

20:00 " ENE 3 !Oll 29 BC 

24:00 " ENE 4 1012 28 nc 
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Appendix 5, Continued. 

DATE 1999'<'! 5~ JO'!! i!%(BC) -0-~(C) oi4'--0-~(0) BJ(R) '1}7ff(F) 

Location Wind 
Temperature 

Local Barometer 
( 0 C) Weather 

Time (N) I (W) Dir. Force (mbar) 
Air Sea (Class) 

04,00 Transit (Papua New Guinea) E 4 1011 28 BC 

os,oo ,, ENE 4 1012 28 BC 

12,00 7° 37' N, 143° 16' E ENE 4 1013 30 30 C 

J6,oo ,, E 4 JOJO 31 BC 

20,00 ,, E 5 JOJO 29 BC 

24,00 ,, E 5 1011 28 C 

DATE 1999'<'! 5~ II'!! 

Local Location Wind 
Temperature 

Barometer ( , C) 
Weather Time 

(N) I 
Force (mbar) (W) Dir. (Class) Air Sea 

(WOO Transit (Papua New Guinea) NE 5 1010 '2:1 C 

os,oo " E 5 1012 27 R 

12,00 03° 12' N, 146' 04' E E 4 1012 27 30 R 

16,oo ,, E 4 1010 30 C 

20,00 ,, ENE 3 1011 28 BC 

24,00 ,, E 4 1013 27 BC 
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Appendix 5. Continued. 

DATE 1999\'! 5~ 12'll W%(BC) ";,cl(C) 0 f"/'";,cl(O) sl(R) 'l}7fl(F) 
... 

Location Wind 
Temperature 

Local Barometer I • C) Weather 
Time 

IN) I (W) Dir. Force (mbar) 
Air Sea (Cla!.!.} 

04:00 Transit (Papua New Guinea) E 3 1010 28 BC 
-- "-·-· 

08:()() " E 4 1012 28 BC 

12:(XJ 1· 1:r S, 148' 57' E E 4 1012 30 30 C 

16:00 " NE 3 1008 :ll C 

20:00 " s 2 !Oil 28 C 
···-··--··-

24:00 " E 2 1011 27 C 
,., ···-·--·--

DATE : 1999\'! 5~ 13'l) 

Location Wind 
Temperature 

Local Barometer I • C) Weather 
Time IN) 1 IW) Dir. Force (mbar) 

Air Sea (Class) 

04:00 Transit (Papua New Guinea) E 3 1000 27 C 

08:00 3' 44.906' s ' 151° 33.167' F. N 3 1012 27 C 

12:00 3· 45.878' S, 151' 48.984' E E 3 llll2 30 30 0 
I-------

16:()() 3· 43.401' S, 152· 01.799' E SE 2 1010 28 0 

20:00 4· o:J.868' s, 152° 28.031' E ESE 3 JOJO 27 C 

24:00 4· 49.103' S, 152° 46.726' E ESE 3 1012 27 C 
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Appendix 5. Continued. 

DATE 1999,1 5~ 14<;! i,tg(BC) -0-'l](C) Off-0-'l](0) •l(R) 'il7fl(F) 

Local Location Wind 
Temperature 

Barometer ('Cl Weather 
Time 

(N) I (W) Force (mbar) 
Dir. (Class) 

Air Sea 

04:()() 4' 49.020' S, 153' 27.549' E NE 1 1010 28 C 

os:oo 5" 30.041' s, 153" 30.070' E s 2 1011 28 BC 

12:00 5' 57.634' s , 153' 43.908' E SSW 3 1010 30 30 0 

16:()() 6' 29.636' S, 154' 11.336' E s 2 1008 29 C 

20:00 6' 37.454° S, 154" 00.4fi4' E SE 3 1010 28 C 

24:00 6° 07.123' S, 153' 24.340' E E 3 1011 'I:/ C 

DATE 1999'.e 5~ 15<;! 

Location Wind 
Temperature 

Local Barometer ( . C) Weather 
Time (N> I (W) Dir. Force (mbar) 

Air Sea 
(Class) 

04:00 5· 50.730' S, 152' 40.343° E NE 2 1009 28 C 

08:00 5' 56.603' S, 152° 08.229' E NE 3 1011 27 BC 

12:00 5• 43.783' S, 152' 40.291' E NW :l 1009 28 30 0 

16:()() 6" 00.699' s, 1:i3° 28.315' E N 3 1007 331 BC 

20:00 5" :i?.594
1 

S, 152' 50.932' E NNE 3 1010 28 BC 

24:00 5' 16.597' S, 152" 30.042' E NW 3 1011 26 C 
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Appendix 5. Continued. 

DATE 1999';'! 5-1,l 16'!) 'lf%(BC) "'IJ(C) 0 f~""'IJ(O) Sl(R) 'l_l:7ff(F) 

Location Wind 
Temperature 

Local Barometer < .. · Cl Weather 
Time (NI I IW) Dir. Force (mbar) 

Air Sea (Cl;,ss) 

01:00 4' 34.528' s. 152' 27.206° E N 1 1009 27 BC 
. 

03:00 4' 14.871° S, 152' Ei899' E E 2 !Oll 33 BC 

12:00 :r 46.869' S, 152' 06.149° E SSE 2 1010 30 30 C 

16:00 3' 47.280° S, 152' 05.003' E SSE 2 1010 30 C 

20:00 3' 43.417' S, 151' 59.859' E ESE 2 1010 29 C 

24•00 3' 40.270' S, 151 ° 4fi.876' E E 1 1010 28 0 

DATE 1999\'! 5~ 17'!1 

Location Wind 
Temperature 

Local Barometer (' Cl Weather 
Time 

(NI I Force (mbarl 
(WI Dir. 

(Class) 
Air Sea 

04•00 3' 43.109° S, 151° 39.179' E E 2 1010 27 () 

os:oo 3· 41.646' S, 151' 42.842° E E 3 !Oll 26 C 
. 

12:00 3' 47.404° S, 151' 38.819° E ENE :; 1010 30 30 0 

16:00 3' 43.469° s ' lfil" 42.431 ° E E 2 1009 30 BC 

20:00 3' 41.721' s ' 151' fi2.232' E ESE 2 1009 28 BC 

24:(J() :J' 40.446° S, 151 ° 46.792° E ESE 4 1010 27 C 

-240-



Appendix 5. Continued. 

DATE 1999,1 5-'!, 18'!! '¾!%(BC) -0-'i)(C) 0 ff-O-'i)(0) Sl(R) 'li7fl(F) 

Location Wind 
Temperature 

Local Barometer ( . C) 
Weather 

Time (N) 

• 

(W) Dir. Force (mbar) 
Air Sea (Class) 

04,C)() 3" 42.448' S, 151" 43.699" E E 2 1010 27 0 

08:00 3" 43.266' S, 151" 48.113' E E 3 1011 28 C 

12:00 3" 39.925' s. 151" 51.507' E ENE 3 1010 30 30 0 

16:00 3· 43.380' S, 151° 39.786' E E 2 1009 30 BC 

20:00 3" 43.164' S, 151" 40.357' E ESE 2 1009 28 BC 

24:00 3" 44.276' S, 151" 40.541' E ESE 4 1010 27 C 

DATE 1999\1 5-'!, !9'!,! 

Location Wind 
Temperature 

Local Barometer ( . C) 
Weather 

Time (N) I (W) Dir. Force (mbar) 
Air Sea 

(Class) 

04:00 3" 43.584 N, 151" 39.906' E E 1 1010 27 C 

08:00 3" 43.472' N, 151" 44.925' E ESE 3 1009 32 BC 

12:00 3· 44.551i' N, 151. 41.244' E ESE 2 1009 30 30 C 

16:00 3" 42.818' N, 151' 39.324" E N 2 1008 29 C 

20:00 3" 42.683' N. 151. 39,793' E N 2 1009 29 BC 

24:00 3· 42.035' N. 151 ° 51.4851 E ESE 2 1010 28 0 
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Appendix 5. Continued. 

DATE 1999';1 5'1! 20'i,! ¥1°%(BC) -0-'l)(C) of4'-0-'l)(0) el(R) ~7ij(F) 
.. 

Local Location Wind 
Temperature 

Barometer ( • Cl 
Weather Time 

(N) I (W) Force (mbar) 
Dir. (Class) Air SeH 

04,00 3· 41.286' N, 151' 44.226' E N 2 1009 27 BC 

os,oo :r 4:lD24' N, 151° 44.956' E N 3 1010 28 BC 

12,00 3' 46.917' N, 152° 05.019' E NNE 3 1010 30 30 0 
- . 

J6,oo 3" 54.406' N, 152' 08.197' E NW 3 1008 :ll C 
----

20,00 4· 18.579' N, 152" 26.024' E NW 3 1010 28 BC 

24,00 5· 02.6fxi' N, 153° 01.500' E NNE 4 1010 28 C 
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