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SUMMARY

1. 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 iwmport 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 waterial, environmental changes,
and the origin of life, Therefore studies deepsea hydrothermal systems will
also expand and jmprove marine scientific capability,

The purpose of our hydrothermal program is to conduct systematic survey
of the hydrothermal systems around the western Pacific island arc and assess

their potential as mineral resources,

by KORDI,

This multi-year Program is supported

In the first year, 1998, we conducted a survey in the Yap Island




This report 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.

II. 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 detaiied measurements were chosen, Bathymetric survey was
conducted using Sea Beam 2000, We also used precision depth recorder, Simrad
EAS00, 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 CTD 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,
Bougainville and New Britain Trench was surveyed to see if the two major
faults within the basin, the Weitin 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 Graben”
{new name). We also identified the extent of a basin to the east of New

Britain and named as "Saint Georges Basin”, The detailed multibeam



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 will be the most up-to-date map and serve as a valuable
information for ODP Leg 193 which will drill 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 il the differences are due to variation in the thickness of magnetic
source layer and/or its magnetization inlensity. The result will help us to
better evaluate the mineral potential of these sulfide mounds.

Hydrothermal vents are important source of €Oz, CHy, HsS, e, 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 He and Mn and therefore it is difficult to use HsS
in the general search and study of plume., However, very near the vent, it is
possible to use H:S and during our survey we measured concentration of HiS in
the range of 3~8 wM. 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 H:S anomaly(>1.5
gM) 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 Pual 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 concentratlions as high as 57% and those from Susu

Knolls 60% of copper, Both sites show high concentrations of gold and




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 will serves as important information for
future developments of massive sulfide deposit in the marine hydrothermal

environments,
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Fig. 2-1.

Fig. 2-2.

Figure Captions

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, .......... 40
Tectonic map of the eastern Papua New Guinea and the Solomon
Islands from Marlow et ai. (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). -........ 41

Fig. 2-3. Schematic diagram from Marlow et al. {1991) showing the development

of West Melanesian Arc from early Tertiary to the present, ....... 42

Fig. 2-4, Tectonic map of the Manus Basin showing the location of the eastern

Fig. 2-5,

Manus Basin, spreading segments, Djaul and Weitin Faults, and
their extension possibly joining the New Britain Trench, forming a
trench-trench-transfora triple junction, The circles depict active
volcanoes which correspond to the approximate location of the
Benioff-Wadati zone (courtesy of R, Binns), i 47
Diagram from Madsen and Lindley (1994) showing the location of
spreading segments and transform faults based on interprstation
from Sea MARC 1] 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 Weitin Fault can be traced
on land. Other transform faults do not exactly line up with the

structures on 1and, e s e b 48







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 DE STADBLE, vorrrerirrmer it res e e s g s s e e s ba e s et rrae e 50

Fig. 2-7. Plot showing the tracklines of R/V Onnuri during our survey. The

Fig.

Fig.

Fig.

Fig.

Fig.

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 iarge
area from the Saint Georges Channel to the New Britain Trench,
Multidisciplinary survey of the Manus Basin comprised the second

phase of our geophysical SUPVey. ..o 51

2-8. Plot showing the Sea Beam bathymetry that was collected during the

2-9.

2-10.

2-12.

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

survey area is represented in four plates (Figs. 2-9, 2-10, 2-11

Detailed bathymetric map of an area corresponding to PLATE 1 in
Fig. 2-8. The contours are at 100 m interval, i, 56
Detailed bathymetric map of an area corresponding to PLATE 2 in

Fig. 2-8. The contours are at 100 m interval. .., 57

. Detailed bathymetric map of an area corresponding to PLATE 3 in

Fig. 2-8. The contours are at 100 @ interval, ... 58
Detailed bathymetric map of an area corresponding to PLATE 4 in

Fig. 2-8. The contours are at 100 m interval, .o 59



Fig. 2-13. Bathymetric chart of the area around the Manus Basin and New

Fig.

Fig.

Fig,

Fig.

Fig.
Fig.
Fig.

Britain Trench based on ETOP0S regional hydrographic data
{National 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 Arm and Solomon Arm, respectively. Two
new napes 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). - )

2-14, Tectonic interpretation based on our Sea Beam bathymetric survey,

showing the location of QEG and SGB. A series of cross cutting
channels are depicted on the upper slope of the New Britain

fOrearc Prism, .o e §

2-15. Multibeam bathymetric map of the eastern Manus Basin. The contours

are at drawn at 50 m interval, The three well known hydrothermal
vent fields are clearly visible: they include: PACMANUS, DESMOS

and Susu Knolls, T TS < X

2-16. Magnetic field anomaly of the survey area after correcting for the

regional field variation (IGRF), The cross symbols represent

points of measurement. ... §]

2-17. Bathymetric map used in the forward model of weagnetic field, The

map was compiled by combining our Sea Beam data and the existing
data obtained from the National Geophysical Data Center in
Boulder Colorado, e ie et et eenes 6

2-18. Magnetic field anomalies resulting from our forward modeling. ----§7
3-1, Vertical profiles of water temperature in the study area. ... 76

3-2. Vertical profiles of salinity in the study area, ...niiinn 81
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3-3. Vertical profiles of transparency in the study area, ... 82
3-4. Vertical profiles of pH in the study area. ..o, 83
3-5, Vertical profiles of total inorganic carbon in the study area. - 85
3-6. Vertical profiles of nitrate and nitrite in the study area, ........ £6
3-7. Vertical profiles of phosphate and silicate in the study area, .. 87
3-8. Vertical profiles of H:S in the study area, .. 89
3-9. Vertical profiles of water temperature, transparency and H;S at

station HOl in the study area, . o1
3-10. Density versus transparency and H;S in the study area. .......ccocvenn. a2
3-11. Vertical cross-section of HS in the study area. ..., 93
4-1. Photographs of selective rock samples, - 106
4-2. Sampling location map of the SER, .t 111
4-3. The chemical classificaion and nomenclature of volcanic rocks

4-4,

4-5,

4-8,

4-8,

4-9,

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). -rcecorermemmerionmereoressressmsessassestsissassessestssnesssessssmasssssessiamsasessseressnas 116
AFM (Alkali, FeO, MgQ) diagram for volcanic rock samples of SER to
subdivide into tholeiitc series and calc-alkalic series (dividing
curve from Irivine and Bargar, 1971). «ceremmmimmmmmemmonsnimarssreenen 117
The subdivisions of SER rock samples using K20 versus SiQ; diagram
(dividing line from Rickwood, 1989) wrrmmiimiimineiinsisnsinssisnnnns 118

Variation diagram of seven major oxides against Mg0 for SER rocks . 119

. Harker variation diagram for SER rocks ... 120

The spider diagram of selected "incompatible elements’ nomalized
by N-MORB for volcanic rock samples of SER rocks ..o 122
Ti-Zr-Y ternary diagram to discriminate SER rocks from within plate

basalt (WPB). ittt s msas s bbb e 123
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Ti-Zr-Sr ternary diagram to discriminate SER rocks against MORB, . 124

Ti-Zr diagram to discriminate SER rocks against MORB. ....c.coooo. 125
Chondrite nomalized REEs patterns for velcanic rocks of SER ... 127
Element ratio variation diagram showinging diverse effect of

AFC-COMPONENL, +rtrirsaresiosmsisamsintrntesrosrestesssssassassastassissentarsarsassessrsssssssssssisssesser 198
Photographs of hydrothermal vent fields, . 142

. Back scattered-electron image of pyrite (dark image) and

galena (brighter zone) showing concentric overgrowth, ............ 144
Backscattered-electron image of pyrite (dark image) and
galena (brighter zone) showing concentric overgrowth. ... 148
Photographs of cross sections from hydrothermal chimneys showing
the position of the chemical analysis .o, 149
Variation diagrams of main elements of the hydrothermal chimneys
and circle symbols represent HD-1-3 and HD-8 chimney. .cooicvrien 150
Variation diagrams between main elements of the hydrothermal
chimneys, Square and circle symbols represent HD-1-3 and HD-8
chimney, respectively, .o {53
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, ..., 162

. Sea Beam map of the present survey area in the eastern part of the

MANUS BASIN, -vorierrrrerirrirriisinnisiisiasis s sissasieriesiossnrmnssensesraniass issasssssassasasanasaersanes 163
Location of the sampling and observation stations in the eastern
part of the Manus Basin during the KH-90-3, s 164
Bird-eye view of the DESMOS Cauldron, Active hydrothermalism and
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Fig. 6-5. An example of the rack of the DESMOS operation on the fine-scale
Sea Beam map, St, AQ34, KH-90-3, o 166

Fig. 6-6. The Sca Beam map (after filtering process) of the DESMOS Cauldron
depicted during the second leg of the “Hakuho Maru” KH-90-3

CrUISE, oottt e essts e enspassenes ] 70

Fig. 6-7. Track chart of the Dives #916 (segment connecting the points 1 to
3) and #924 (segment connecting 2-3). v 180

Fig. 6-8. Detailed topography of the “Onsen Site” reconstrcted by route maps
of the several dives and calibrated by the many CTF sonar images

from the submersible “Shinkai 20007, i |81

Photo 6-1, Tangle of slender pogonophoran tube worms with white chemical
precipitates and sponges. Near Calyptogena Site. - 196

Photo 6-2. Giant clam Calyptogena sp. colonizing on the sediment and a stone
crab Paralomis sp. Scalpellids cover the outcropping rocks,
Calyptogena Site, .o 106

Photo 6-3. Voracious bresiliid shrimp Alvinocaris ép_ living among vent
communities of the Calyptogena Site and Pyramid Site, ... 197

Photo 6-4, Another voracious hippolytid shrimp Lebbeus washingtonianus living
among vent communities of the Calyptogena Site and Pyramid Site, - 197

Photo 6-5, Elongated type of medium-size mussel, Bathymodiolus sp., They occur
both in Calyptogena Site and Pyramid Site, oo 198

Photo 6-6. Large vestimentiferan tube worms bearing scalpellids, Full scale
of the bar: 15 cm, Calyptogena Site. -, 108

Photo 6-7. A primitive scalpellid (Aeolepas-type sp. A). They dominated in
mumber among the members of the community as seen in Photo 6-2. .. 199

Photo 6-8. Another species of primitive scalpellid (Meolepas sp. B) on a tube

of the large vestimentiferan tube worm, Calyptogena Site, ....... 199
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Alvinocaris, Lebbeus and amphipods lured into a baited trap.
Pyramid Site. - e 200
Photograph of a mussel Bathymodiolus sp., opened showing the well
developed ctenidia. .o 20
Large vestimentiferan tube worms and white chemical precipitates
on a sediment-covered flat rock. Calyptogena Site, .ovvvrinen 201
Large vestimentiferan tube worm protruding short gill filaments
and obturaculum, Calyptogena Site, ..o 202

Large Alvinocaris sp, covered by "bacterial ?7 filaments, Pyramid

Vent polychaete (Paralvinalla hessleri) and their tubes on the
polymetallic sulfide block of the 1zena black chimney. ............ 203
Galatheids (Munidopsis-type gen, sp. B) with broad rostrum
aggregate and cover the flank of the chimney of the Pyramid
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Calyptogena sp. from the Theya Ridge, oo 204
TEM wmicrograph of the bacteriocyte in the gill tissue of

Calyptogena sp. off Miyako, Northeastern Japan, oo 204
TEM micrograph of the trophosome of vestimentiferan tube worm
(Lame!librachia sp.) from Sagami Bay, «cromomcsincns 205
TEM micrograph of the trophosome of the same individual of the
vestimentiferan tube worm (Lamellibrachia sp.) from Sagami Bay., - 205
Trophosome of a pogonophore from the Okinoyama Bank, Sagami Bay, -- 206
TEM micrograph of the another portion of trophosome of the same
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Photo 6-23. TEM micrograph of the trophosome of a pogonophoran from the
Calyptogena Site, Theya Ridge, ..o, %07
Photo 6-24, TEM micrograph of the another portion of trophosome of the same
individual Of PROLO 6-23. cwvrvrersirirrermsssisssesrmsssssssasenrssessssssssrarsssssees 207
Photo 6-25. TEM micrograph of the bacteriocytes in the gill tissue of
Ifremeria nautilei from the North Fiji Basin. ... 208
Photo 6-26, TEM micrograph of the rods near the surface of the
microvilli-fringed bacteriocytes in the gill of [fremeria
nautilei from the North Fiji Basin. e, 208
Photo 6-27. High magnification of slender-rod sulfur-oxidizer and
membrane-stacked methane-oxidizer of the bacteriocyte of
Ifremeria NULTIET, oot ionserecnessressassesnensersonasrens 209
Photo 6-28, Gill filaments of Bathymodiofus sp. from the Minami Ensei Knoll. ...209
Photo 6-29. TEM micrograph of the bacteriocyte in the gill tissue of the same
individual of the Bathymodiolus sp, [rom the Minami Ensei Knoll, --210
Photo 6-30. TEM microscoph of transverse section of the bacteriocytes of
Bathymodiolus sp. from the Minami Ensei Knoll, .. 210
Photo 6-31. TEM wmicroscopy of the bacteriocyte of Bathyvmediolus sp. from the
Minami Ensei Knoll, . 211
Photo 6-32. TEM micrograph of the bacteriocyte of the gill tissue of the
Bathymodiolus sp. from the Theya Ridge. - 211
Photo 6-33. TEM micrograph of the transverse section of the bacteriocyte of

the same individual of Bathymodiofus sp, from the lheya Ridge. . 212
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Fig. 2-1. Geographic map of the eastern Papua New Guinea and the Solomon lslands

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

The contours

as other major geologic features(adapted from Kroenke et al, (1983)).
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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
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Manus Basin®] & #AY A=A & Il AAAY x7LE:] HAE
A8t THTaylor et al., 1991). o] ZALE QI3f Manus Basin®] Zololl 21x|¢t
microplate?} A@X]o] ridge jumpe} T2 ZAFL] EAE X X ¢
At Al7t et M THTaylor et al., 1987: Martinez and Taylor, 1996).

1986dol&= Manus Basimfe] F&HolM HAHY ﬁ’ﬂ"ﬂ.ﬁ' utel #9H +F
Zio 2loll 23] d4X(hydrothermal chimney)®} vent fauna?} U3 231 (Both
et al., 1986), 434 CHS} He olAx7} ®The Aldo] Uehld s Eaue
Y drUFol UsAA H2AcHCraig and Poreda, 1987). o|3¢ WA
AAHLE Y 2 TN E Aofe]  BHE oYLz, g4 WEsln U=
AL B9 4R W FEH 2o o ol M2 F& XY WA
SEU #AAE T +ULS HAE YASIATE Table 2-1of Aol AAsa
s HAES adsidch. AHolx 4714 UEdn e dg £E A ¥(Marmin
Knolls, PACMANUS, DESMOS®} Susu Knolls)?} Southeastern Rifts{SER)& u}e}
uAs et



Table 2-1. List of previous surveys conducted in the Manus Basin since 1880

Year Chief Scientist - Ship Type of Survey

1990 Tufar Sonne Sea Beam, QFOS, TV-grav, dredge

1990 Lisitzin Keldysh MIR submersibles, CTD, cores, grab

1990 Sekai and Tamaki Hakuho Maru Sea Beam, magnetic, DESMOS,
CTD, dredge

1991 Binns and Scott Franklin Bottom camera, CTD, cores, dredge

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

bottom camera, sidescan sonar

1994 Herzig Sonne Hydrosweep, OFOS, TV-grab,
CTD, dredge

1995 Urabe and Auzende Yokosuka Furunc multibeam, Shinkai 6500
submersible
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1. New Britain Trench®} A I R=2}9] =]z

New Britain Trench?] H&Eo $2|3t Manus HEEAE A A3 AN
SHEY 3 Y AR o2 ¥E R (felsic volcanic-hosted
polymetallic massive sulfide deposit)?] ®Ae HAIY o2 I3 gt
HAEr S/ Y 3 R 7 "ol ustA gysie U 32
BRyFolM LAERE dede] s, ol Hejo EHAEL Yutos
HHSEHA JE2FSol A s4Eo] g3, uitiert ughEe] ojxt qle
Z1H & EYYIcHHerzig and Hannington, 1995: Hannington et al., 1995). 3L}
o7 E Y FEA TRE olnt 73 AW M oA
HE7E A 2] Qich

2000 11955 2001'd 19 Aole] 488%|:= Ocean Drilling Program Leg
193 Manus Basin 2] $&% do-E&X92 PAMANUS @-EEXY 9 ¢ o
FEE A2 vt Aolx 4748 AHoA #HAH 700 0 o7 ARYYK
AAY oEAad, A LPFe wel 3xY, F3 @ojA Rl 1x]He] W
Zojch  AlpatqgdolM HEY EE o/d sHj Jd4Fe UYRFTE
st 8ol Ha, AAA A& A&y 2 =80 W Holtl,

thrtR Eab1de] FRA dedael TR xAWNY wAL d4gaz
Bz & of vif 2 FMA FR48 ATk AMdE = ibw,
2HeAHE 2 Manus Basin®] d4Hato] Bojgt 2|2z Yl njaole] VAN HAH
FUY A7l it AR A grdS i gtk wd agichd
arc-trench system ®E[E 71X Qle TFE Aol FARRE Hefe] A4S &3
B71st=d glojd ni¢ Fo¥ A4E7 W ZHolrl,

Manus Basinmfe] F¥ol HA¢ HFFHAlolxe] 2=z, nviaml, @49
3182 New Britain Trench®] M 28 wjEo] whegh wjBe] @ylos My 4
ficks MollAl Folsich. o & &%, Manus Basin W8] SXol| X a2 24k
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2] Al S el HARTE 3 o Zigtis A& R ECHBinns
and Scott, 1993). 221} o] 3§t A YAEE Benioff-Wadati zone2ZHE] UF
da] "Wojx 2lvl. Fig. 2-4%= New Britain Trench?} Manus Basin #A3&41x]2}
#A L] New Britain Islandoll 2] ®zf] &4t 3pate] HAIE ulepdch

olg|§t Ao|& MWl §riA] AdL o A9y nianpEEzt ojof 4k
drgEol A G ARG FRIP EFHE e Y ZHHolR, Manus
Basin U x| LxA<¢] 3182 New Britain Trench?] ZIx}7] Zol= ZAof 2]s)
AP Tz ZHeojth o] Jhdel WET, Manus Basin®] F&Ho| TESI HFEHE
B Rojgls A2 2 F AY F¥olF ©E Djaul HH Weitin THEol
Lal71A] A&X T, dBOoTE v AAX o] New Britain Trench&} ZHsjjof
YcH(Fig. 2-4). @AF o 7Hd2 Manus Basing] Ay FHolF TUFE0]
d4H(lithosphere)& <FEAIA AU vlZHF Aejolre] WBE §HEr)
HrlHoz ARNE FAL A7 folstA mEAATe e ofn) .

% o] 7}def &5t Manus Basino M e YE&/ OS2 New Britain TrenchZ}A]
ARBE FHolF TEol VLS % ¥4 Y 2ol New Britaind] W&t
Bougainville Island®] YA&e] H8}= New Britain Trench?] + o] A=
triple junctiong& o|feiet ofd¥rt & drolME New Britain Trench®] F
&8 22} New Britain Arn2} Solomon Arn2 & W w§it},

Weitin %tFo| X2 AFHrh= AME New Ireland?] A|AEHOZEE
Bysict wickgcl, Fig, 2-5& Manus Basin $% ¥AY 2] Sea MARC II side
scan ©]nZ]2} New Ireland®} New Britain A|¥9] {4 =jAZLXEF A¥IAI2
Zo[tH{Madsen and Lindley, 1994). Manus Basinoi] &X&H= tfi-2o] HEgEF2
A&go] FFYBAIRY, KAJof EX3j= Weitin ©FLE APFHE HHthEo]
et A  ExpRich, el A A ZAEIHLZ Weitin ©Eo] dEBoE
A A= o 3 -sL-H ek A& 414 (trench-trench-transform triple
junction)g %Aets 7haalz] M) New Britain Trench?} Mtz ZAlsis
Rolth, vhE AelA velocity-space diagrams ©]-§3le] AFUHY AYEE
ZApsRALA} o)
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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 Weitin Faults, 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-b. Diagram from Madsen and Lindley {1994) showing the location of
spreading segments and transform faults based on interpretation from Sea MARC
Il sidescan sonar images of the eastern Manus Basin (Taylor et ai,, 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 Weitin
Fault can be traced on land. Other transform faults do not exactly line up

with the structures on l[and.
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2. AN A A

Velocity space diagram2 HEUHe FAYE ol#Hsi=d {KEY
A oltH(Cox and Hart, 1986). Bismark Sea plate, Pacific plate, Solomon
Sea plated] ZAARZ o]Folal Alp§tMo] ZaYiti 7}A 513!, Pacific plated
AR ¢l Bismark Sea plate?] H=(|V|w) 7} Solomon Sea platecl] “rjael
Bismark Sea palte] &=( |V |w)et vlaste FAUY, 2AAU A2 A 742 of2
Z2¥E 2estdrl. B4 Azt EE A folM gp-sp-dgcty: AsgEe
SR el 2 migtgch ol M AAM(Fig. 2-62] MA)o] velocity space
diagramoll A ¥t Hellq ghix] ofsthe AMde] AT AFyAe Edd4de
T ol FLEL] 22 ATt 2t FALY uixe FA UG o] Lrlx o)

A3t e S¢t840| Manus BasinoliA]2] Weitin, Djaul H@xhdazl
Aoy e o PP F2 UFE T2 HYg dutitia g
TE Yl 2z o|§ F&l NuIFol o] Atz AR WEo] »=Fe
Manus Basin®] ¥& d4gate]l TYefe] HAURED ot 24 MUY 4=
ATt

3. 49y

HEYHo] Manus Basin f4o] HYS 2fUchs 7182 H3UHY A4S
Yl3}7] $i5le] New Britain Trenche] 7}3=zle] F4/8 3 YF¢ iz
TH&% ZAHnultibeam swath bathymetric survey)& Z=8i5lgc} 53| Manus
Basin®] H% x| o] A2 E] New Britain Trench7}z] Djaul, Weitin TH&2] AN S
ZAPstglTh. AQE AT ANA G £HUEY A £y 4+ Aok
utelq CSIR0S] Ray Binns?] £&22 71 A2y Mgyos Fast o0&y}
333 2 G2 YA A =G o8] HAE $Rrl. Fig. 2-72 2 A
TRY XA Yehd ot

THEYZ 12 kHz £U& WA I Sea Bean 20008 o] &3}e] S#3jgc).
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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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Track Line

L =
152° 153" 154°

Fig. 2-7. Plot showing the tracklines of R/V 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 Marmus Basin, encompassing a large area from the 5Saint
Georges Channel to the New Britain Trench. Multidisciplinary survey of the
Manus Basin comprised the second phase of ocur geophysical survey,
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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 plates{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 PLATE @ 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 PLATE 3

Fig. 2-8. The contours are at 100 m interval,

in
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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 o interval,
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Fig. 2-14, Tectonic interpretation based on our Sea Beam bathymetric survey,
showing the location of QEG and SGB, A series of cross cutting channels are
depicted on the upper slope of the New Britain forearc prism,




151° 152° 153" 154’ 155’

Manus Basin

New Ireland

Chece it Foanine Busin

New Britain

New Britain Trench

151° 152" 153" 154° 155°

8000 -7000 -6000 -5000 -4000 -3000 -2000 -1000 O
depth, m

Fig. 2-13. Bathymetric chart of the area around the Manus Basin and New
Britain Trench based on ETOPO5 regional hydrographic data ({National
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 Arm and Solomon
Arm, 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 Manus Basin, The contours
are at drawn at 50 m interval, The three well known hydrothermal vent fields
are clearly visible: they include: PACMANUS, DESMOS and Susu Knolls.
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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.
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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 from
the Naticnal Geophysical Data Center in Boulder Colorado.
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Fig. 2-18. Magnetic field anomalies resulting from our forward wmodeling. In
(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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M. BREE 52| dESo] 78N THY 3¢ $25 FIHE FaY FEF AL
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2. & HxrAT
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T 0.0IN HCY M X ERE aH(hydrogen ion activity)S o] & ool #A A
218t AAVRATHParsons et al., 1984). XTCO,= ofef AAtAollM f, A W Fre=
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pH(at in situ temp, tz) = pHu + 0, 0114(t;-tz) =~ o)
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3C0; = carbonate alkalinity * Fr{pmoles/1) @

3. F719%AR 4

2 d3oA BME /)99 F(inorganic nutrients)= FAtH-A 4 (nitrate),
oyt -HAA(nitrite), <4tH-<U(phosphate) 2|3 FAtH-FL(silicate)
Solth  ®ald ¥F 2IY  Amt AHNE AW ¥ dod
AE-EA 7](Al liance, Nutrient-Autoanalyzer) R JU3TA|(HP, Spectrophotometer)Z
B3t cH{Parsons et al., 1984).
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Fig. 3-1. Vertical profiles of water temperature in the study area.
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Table 3-1. Hydrelogical and chemical data in the study area.

Station Depth Temp.

Sal. Trans. pH Niwmate Nitnte Phosphate Silicate H,S I CO:
{m) () {psu} ] M) (M) (M) (M) (uM) {mM)
HO1 0 2952 3471 905 833 1.0 0.05 0 48 14 031 {669
300 1328 3502 920 800 145 0.04 1.01 95 037 2138
500 B8.14 3458 921 792 202 0.05 1.48 195 050 2144
750 556 3447 921 B.03 14.8 0.05 1.08 9.3 000 2117
1000 430 3450 920 782 260 006 1.92 59.8 017 2226
1050 415 3451 918 781 280 0.04 198 668 069 2279
1100 399 3452 905 7.79 27.7 0.10 219 705 019 2307
1150 386 3453 873 777 289 0.05 2 04 747 136 0071
1200 3.63 3454 91.8 778 276 0.05 1.97 761 031 2288
1300 3.37 3455 920 780 298 008 204 B47 032 232
1450 308 3458 919 7.74 301 012 205 924 000 22326
HO2 0 2944 3473 §0.3 830 08 0.03 050 03 115 1727
100 2755 3520 922 - 53 008 0 66 12 039 -
300 1400 3509 920 7.99 150 004 096 70 105 2064
500 7.96 3456 921 787 205 0.03 173 182 000 2122
750 553 3447 921 781 249 003 171 33.5 0.14 2224
900 475 3448 921 7.79 273 0.03 1 85 434 0.80 2.260
1000 4.33 3450 921 778 2865 005 187 570 048 2243
1100 402 3451 $18 775 279 006 189 643 0860 2.248
1200 365 3453 920 775 205 009 155 466 101 2268
1400 324 3456 921 774 299 0.02 212 874 093 2358
1500 304 3458 920 773 243 006 20 68.7 0.90 2.332
1650 295 3458 921 772 222 0.08 156 526 070 2.308
HO3 0 2966 3467 911 824 09 0.03 0 30 0.2 067 1.862
500 828 3458 920 7.82 233 002 133 174 033 2172
900 4.83 3448 921 7.73 315 005 1.74 48.6 - 2.315
1085 4.18 3450 921 771 309 004 1.61 567 070 2291
1500 4.07 345! 921 773 306 006 1.75 60.5 055 2285
1186 385 3452 913 771 347 003 186 691 101 2315
1207 3.74 3453 920 7.6% 345 003 183 763 078 22328
1490 3.05 3458 921 7.68 326 011 183 BO7 1.72 2341
1700 2.96 3458 920 768 333 0.07 181 54.5 - 2344
1770 295 23458 918 768 323 006 173 51 1 -~ 2 320
1850 295 3458 920 765 33§ 0.07 190 681 123 2313
HoO4 0 2958 3468 910 B8.27 1.1 004 0 49 0.9 - 1 603
300 13.23 3502 916 800 10.7 005 0 a7 5.3 - 1825
410 9.73 3470 91.7 - 179  0.07 121 138 - -
900 4.62 34.48 917 832 240 006 173 48 6 - 1791
998 436 3450 91.7 779 273 004 1 84 57 9 - 2.122
1095 393 3452 917 775 252 Q22 178 60.4 - 2112
1210 368 3454 @17 773 279 004 202 773 095 2102
1362 330 3456 91.7 774 276 008 227 757 042 2181
1400 3.13 3457 918 764 30.1 004 185 B76 029 2145
1500 3.07 3457 918 770 235 006 179 505 054 2113
1602 299 3458 916 775 27.4 005 232 77 8 - 2 082
1850 2.97 3458 8.7 7.72 260 0.05 1869 79.1  0.73 2201




Table 3-1. continued

Sttion Depth Temp. Sal. Trans. pH  Nitrate Nitrite Phosphate Silicate H,S8 TCO:
m  (T) ) (%) QM) M) M) M) (M) (mM)

HO5 0 2948 347! %06 817 11 003 o021 11 - 1724
900 463 3449 917 774 251 003 170 524 -  2.061

1218 3.59 3454 91.7 7.72 282 004 190 743 - 2122

1380 3.16 3457 91.7 7.72 21.7 017 154 534 - 21868

1476 3.08 3457 917 773 259 009 1.68 736 - 2120

1500 3.04 23458 917 774 9321 004 207 €8 - 2.4

1630 296 3458 917 772 315 006 200 974 004 2132

1695 2.95 34.58 91.5 769 317 006 200 915 067 2.124

1760 2.94 3458 91.6 7.69 321 004 201 975 044 2170

1819 2.93 3458 916 772 308 005 139 901 073 2107

1900 2.93 3458 91.7 772 297 005 192 903 069 2132

2000 294 3458 916 770 323 003 206 1023 0.47 2078

HO6 0 2967 3467 907 828 09 003 021 1.5 - 1587
485 B8.16 3457 91.7 788 160 0.10 107 14 0 - 1 987

000 438 3450 B 781 192 009 1 42 9.7 - 2024

1283 357 3455 918 778 211 008 132 503 - 2088

1402 324 3456 91.7 7.76 300 007 1.8 893 - 2119

1500 3.10 3457 91.8 7.77 333 005 205 973 - 2125

1578 300 3458 916 7.75 246 007 165 773 041 2099

1611 2.98 3458 918 777 311 006 19 954 051 2093

1668 2.96 3458 91.7 774 325 004 204 961 046 2156

1700 2.95 3458 915 775 32.0 004 205 956 033 2146

1800 293 3458 918 7.74 272 005 159 735 025 2110

1850 293 3459 91.8 775 323 003 201 992 047 2123

2086 293 3459 - 764 232 009 149 487 - 2360

HO?7 0 29.71 3467 909 8132 (.0 006 018 10 - 1707
300 1352 3504 917 786 135 005 0.84 8.9 - 1.854

500 768 3454 918 780 223 004 134 197 -  1.995

1000 448 9344% 918 778 279 004 141 54 - 2109

1100 4.02 3451 918 781 235 006 147 469 - 2117

1210 374 3453 918 781 228 006 140 46 - 2139

1270 356 3454 91.8 782 31.6 004 196 829 - 2150

1550 300 3458 918 7.78 28.7 013 1.73 75.6 090 2.7

1630 2566 3453 9.7 778 228 010 1.62 586 032 2177

1715 294 3458 9.7 780 241 007 1.66 632 1.32 2.184

1800 293 3458 918 7.79 324 005 203 979 297 2168

1950 294 3459 918 780 310 007 180 812 213 2124

HO8 0 2966 3468 909 831 16 008 119 2.0 - 157§
94 2762 3518 91.8 824 18 011 0.3t 7.3 - 1670

300 1308 3500 916 801 138 005 090 7.0 - 1875

493 835 3458 91.7 792 207 029 127 158 -  1.963

700 591 3447 917 787 196 007 118 228 - 10650

800 519 3447 917 7835 2901 Q05 160 433 - 1999

900 462 3449 917 784 299 008 1.76 539 331 2014

1000 434 3450 917 781 286 008 169 551 092 2042

1350 318 3457 916 778 254 041 - 549 210 2.150

1450 316 3457 917 779 318 005 .71 928 0.00 2.078

1550 305 3458 917 778 338 004 207 973 143 2114




Table 3-1. continued

Station Depth Temp. Sal. Trans. pH Nitrate Nitrite Phosphate Sihcate H,S L COs
(m) (L)  (psw) (%) (uM)  (pM) (M) (WM) M)
HoB 0 2965 3466 906 828 07 008 019 08 - 1 578
300 1303 3500 91.6 785 155 Q.03 097 84 051 1919
476 B8.68 3462 917 785 199 028 123 14 6 - 1 966
900 465 3448 918 775 287 002 150 534 059 2067
1100 398 3452 917 772 272 047 1.73 595 - 2136
1330 334 3456 91.7 771 298 003 189 785 091 2.109
1550 3.03 3458 918 770 338 002 205 963 0.03 2.087
1680 2.96 3458 91.8 770 285 004 14 766 0.76 2.145
1770 2.94 3458 917 768 264 0.05 177 57.1 049 2.180
1819 294 3458 91.7 770 209 005 154 427 023 2.236
1900 2.94 345% 918 77t 260 006 138 627 0.69 2093
2000 294 3459 918 789 182 0.12 121 437 046 2140
H10 0 2958 3468 903 835 09 005 047 2.4 - 1617
500 831 3458 91.7 - - - - - 023 -
850 487 3448 917 783 228 029 161 42.0 - 2034
1100 398 3452 916 778 274 015 198 666 023 2078
1490 3.10 3457 914 777 290 0.18 212  B13 - 2139
1572 299 3458 915 7.74 288 019 21 700 0.02 2110
1638 2.97 3458 89.1 7.66 28.0 021 158 635 0.28 2242
1680 296 3458 89.7 771 280 018 159 596 021 2142
1708 296 3458 89.7 770 286 021 213 676 021 2129
1765 2.96 34.58 90.1 - 296 017 18 638 0.28 -
1790 2.96 3458 - 7.74 283 0.7 203 71.9 0.44 2170
1876 294 23459 - 790 305 0.11 214 831 - 2128
RH11 0 2973 3471 B3B8 826 09 003 026 08 - 1718
100 27.71 3517 91.9 821 35 0.06 040 11 068 1705
300 13.48 3505 91.8 799 141 020 072 71 - 1.936
500 809 3458 91.9 7.87 13.1 020 096 84 0.62 2.000
300 4.88 34.48 91.9 7.81 267 0.18 1.67  46.6 - 2421
1000 432 3450 819 7.7% 237 Q.19 147 426 Q50 228
1150 396 3452 91.9 778 264 020 178 650 035 2119
1200 3.76 3453 91.9 777 237 0.20 188 751 095 2130
1350 3.28 3456 91.8 777 287 0.21 191 826 0.80 2153
1400 3.12 3457 91.9 775 31.3 020 20t 892 046 2152
1450 3.06 3458 919 776 308 Q.48 197 921 Q12 2207
1550 3.01 3458 919 775 31.3 020 200 921 0.00 2107
H12 0 29.67 3466 90.8 819 0.8 0.07 047 0.3 - 1705
300 13.12 3500 91.6 796 134 0.08 109 71 - 1850
433 7.53 3454 917 792 168 0.09 137 17.2 - 2,003
893 465 23448 917 784 180 0.0 169 333 - 2,058
1100 3.85 3452 91.7 783 274 008 199 695 - 2056
1252 3.53 3454 91.8 781 202 012 142 569 - 2104
1300 3.41 23455 917 781 241 006 166 71.8 061 2.088
1400 3.16 3457 91.8 7.81 27.0 007 215 839 051 2.100
1520 304 3458 918 780 222 014 15 600 045 2145
1600 298 3458 916 7.78 278 009 1.81 910 0.28 2151
1650 296 3458 916 778 162 015 143 353 0.50 2207
1750 294 3458 1.6 7.77 19.0 0.1 167 449 0.68 2.242
Min. 2,93 3447 873 764 07 002 018 02 000 0.07¢
Max 29.73 3520 922 835 347 047 232 1023 331 2360
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Joint Global Ocean Flux Study) @ WOCE(the World Ocean Circulation
Experiment) % =Z#| 2 A cjato]7| 5 Flth{Goyet and Peltzer, 1994: Murray et
al., 1995).
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Fig. 3-5. Vertical profiles of total inorganic carbon in the study area.
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i B4 (aphyric)o]3l2m SuSu Knolls Aol uiF 22 ARM PG




X3tz gl =¥Ae BEF 10HE AANT Zb =g ¢fx gl ajyd
Al22] 8L Fig 4-1, Fig. 4-2%} Table 4-1¢] Aa|E o] it}

A 3d AdEd

2t =32 HE AN 4HE F ALY ARd AL ¥ 4% o4y
AR7IZ2 of4S A st AA Feld d4EFS vlolFd %A 32 &3}
4| X7](ultra sonicator)Z Zk2 ol HEgFo| NS QoA wizlx] T
AH ANt o] ARES 224N 0T 22 4827 JAZXY ¥ Ball
mill& o] &3] A3 Lts} sigch EUHE AR F FULE XRFY ICP-AESH
ol-g%=rl  XRFY  F¢  LiBOE flux®  o|-83] bead& HAY F
28lAcHPhillips Co). V, Cr, Co, Ni, Cu, In, Rb, Sr, Y, Zr, Cd, Ba 52
{4 ICP-AES(Optima 3300DV, Perkin Elmer Co, )=, Pb, Cs, Nb, U, Th, Hf%}
REEs(Rare Earth Elements)i: ICP-MS(PQII, VG element Co. )& ©]-835}s] SA8ir).
ICP-AES2} 1CP-MS T4 & YU oW Al £51& #l8 A 0.2 g2] A2F 71
HIZR o] $3, HF, HNO; S 2z 629 M2 YL ¥ FRL
A7, F= ol HXE Jldut el 175 T oldly] LE2 1247
7td - $HA AT A EEe] SMEHUASS HRAY ¥ iy FHAS d2 gl
5% FHY dztA hdut el dbgAEch wkge] it Al2EL 0.1 N
HNO; B 22 207 ol 8&AMFA 30 nl 7o wA ©h: AFLE 30 g o]
He® oot dejn fad ul} o] £Ue MW MY . EM3gL]
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Table 4-1. Location and description of each dredge haul on SER

Dredge Latitude Longitude Depth (m) Estimates of volume
/Location rock types recovered & descriptions
Pual Ridge
HDg 1-1 3" 43220 S 151" 40467 E 1694-1678 60 Kg: ¥4(99.9%)- H& A2 o34 FaA ti}e] E(dacite), 98% = 4l
(Roman Ruins) 37 43438 151" 40526 Aebe] of 19%7F VA5 UL PR daolEr o AR & 7
EH1.9%)- 0.1 % HEe) 348 B(iron oxide)= 5218 (sulfide)ol B39,
HDg 1-2
{(Roman Ruins) 3° 432145 151" 40467 E 1,702-1,690 100 Kg; AU(5%)- 5 R e 22352 B2&o P23 diy A9 sy
3" 43459 151" 40539 E. 3 Z(anhydrite)7t $0l§ W42 U2n o] $& Fe-Mn A8 Eo]
gA DEala UL A2 H ABOT o lem $72] shpalerite %o] &
4, 2 & 4F ez cbFA 9 shpalerite £°] HAE] L. LA(G5%)-
2L Aeln o} FAIQ fEd dAle| E(HDg 1-191 w3 @ e ULl
HDg 1-3
{Roman Ruins) 3 43258 S 151" 40548 E  1,728-1,680 300 Kg; AY(1%)- 55cmx24cm 2712 Y AUs} $+8L A zgdgel
3" 43467 151" 41.162 ANY. dY HAde A& JPqnez ¢A FEd FHAdzen oI
sphalerite #°] ¥8t2 =0, 7 & XH S ZE chalcopyrite Z A 4%,
U 242 F %o barite 23] 4P A= AL FA99%)- 1 e
A, G4, frelAe Adg diAoE,
HDg 2
(Satanic Mills) 3743725 S 151" 40371 E  1,7%4-1,698 300 Kg: $H4(100%)- Fe4, cvbFy, #ejae] A dajeiEs) oo
3" 44.162 151" 40435 HAE
HDg 3 3" 43713 S 151" 38990 E 1645-1,632 80 Kg: A (100%)- D24, c}3A, Fel2e AlMg dAlE A% 3
{Tskushe field) 3" 43602 151° 40.137 A4 25 cme] vy 2 7(FEol HEHY UE HE U o] ARSLE V]
TE€ FHeR FANY 2L B,
HDg 4
{ Eastern 3744150 S 151" 41149 E  1994-1759 90 Kg, #4(100%)-8F 42 ¢4+t (basaltic andesite), A&, tdF¥Aoln
Pual Ridge} 3' 43.849 151" 40,965 feld 27 WP e g@HA & AF < 6emy 2 7FE FHeE F

A T2 Hol= NER UR.
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Tabie 4-1. continued

Dredge Latitude Longitude Depth tm Esumates of volume
/Location rock types recovered & descriptions
HDg 5 3743232 5 151" 405 E  1684-1666 25 Kgy @4(100%)- &M, 713 ®am faldel g dajele, 9%
{Roman Ruins) 3" 43184 1517 40675 el Ex Az disd s Sel o 3mm A58z U8
HDg 7
{NE Pual Ridge) 3 40656 S 1517 44501 E  1838-1,312 50 Kg: ¢A(995 %) A 4@ diAle]lE(97 %} # M(Pumice, 25%), EHHE
3" 40439 151" 44664 05%)- nfe] el E A E(hampelagic)
DESMOS
HDg 6 342013 5 1617 52007 £ 2038-1.808 300 Kg: ¢4(100%)- ti® P izt 7] dig mdgidez 2z
37 41408 1517 51998 (radial joins) S8 Add F AR mde] od) g3 Reg 4H) 4
4 g dcln vHe Ayga $ dAezRe 649 Fol FFHE 4
5% %l &thyvalaclasute-rgreenish gray +grav —vesicular gray—glassy black
— yellow gray), £Wa FBaA 250 Fjontlol Aol S 7] F0] =
¢ UgE AREX &4
SuSu Knolls
HDg 8 3" 472028 1527 05626 B 1532-1506 100 Kg: #1(30%)- oY Adst AYg ZFggol AAHUS. gl
{Suzette) 3 47527 152" 05929 g 2R 8E 4Eg AN d(gnhydrite) ®] 7} —sphalerite 4 —chalcopyrite

A% A4 dPd 71FSe] Bxéy 23 Wl chalcopyrite”t A3 #-S.
AA60%)- Fodole fFelHe tlrje]E, Pual Ridgett DESMOS 719 <}
AN ENe g el EAF. WHE(0%)- Al nlgA FR219
2] tt 2% El Y Eimetahferous sediments).
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Fig, 4-1, Photographs of selective rock samples.

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

HD 3-1-2
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Fig. 4-1,

cont inued

HO 4 {eastern pact of Pual Ridge)

HD 3-4-2
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Fig. 4-1.
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continued
HD 7 {north eastern part of Pual Ridge) HD 8 {SuSu knoii)

HD 7-2-1
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A 48 A3 FY

1. §44

24 AzH= Table 4-20 Helxo] 2rh TAS o 2513 Pual Ridge B4,
H% Pual Ridge ¥ SuSu Knolls?] 442 Daciteo]™ Pual Ridge?] FHYL
Qhitel DESMOS A]ge] M2 @R ke 2 FRYTHFig. 4-3). AM
THof &3ty o] PMES BT Calc-alkali Agol 43h=ul Pual Ridge R 2
FHe 22|32 SuSu Knolls®] €2 A& 3t 2pgol o3 ciYHH e AE
Ree MNZYcHFig, 4-4), ¥bd DESMOS &tMe] AL Calc-alkali Aol
&8}7]= #}=|9 Pual Ridgest I ¥ 283 SuSu Knolls?] ¢zt A de]
FEHCHFig. 4-4). vt grtAlolA DESMOS 4ol Mol BFEHRI A &
Zete EaciARA, o8 d4EY 42 AdE 8 £ S A, B Z2XLR
T2 Alge f44UAF st @ETL Si0KD X 2fFhE o] Ay
UMEL BT Medium K2 calc-alkali AF2 YHez ERET DESMISE
=ghdto] M A8y P Adold EHY Foz2 =APrHFig. 4-5). 13«
ojAe] W2 Al0; A oa] o] =g gMo] calc-alkali AlEYE
2|z $tchTable 4-2). YHL 2 pedium K] calc-alkali A HYH+s A2t
»4% Z 3 overriding plate)o] th& @AWVFR BAIFE x| F2 Lehdry. Mg0z}
T2 344 ABPA £Fo] 2/ Pual Ridgedt 2 FH ¢4, 2|3 Susu
Knolls A|2E2 %2 742 oiaolod iy Roeg wivtAcH(Fig 4-6), W
DESMOS =g 9142 29 K0, Na0, Ca0, Ti0 9o Ff= FY vliZupy
2izlger s{MY 4 dE AL Aoy o] AR oM Moz W2
FeO, P.0s2] HE: dutde 2y ozs ¢A siy=H7] o: AL=
Azt (Fig. 4-6).

Harker =¥ AtofM DESMOS €Mt T2 29 UHEH= Aol HR
ZoaAckFig. 4-7). TS 29 UMES A oiart £33 AFos
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Table 4-2, Chemical compositions of volcanic rock samples dredge in SER

Elernents Pual Ridge
HD1-1.1 HD1-1-2 HD1-1-7L___HDI1-1.7H HDI-1-8 HD1-2-2-1 HDI1-2-2-2 __HDI-3-2-} HD1-3.2-2  HDi-3-3.] HD2-1-2 HD2-1-3 HD3-L-18
Sit), 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
T, 0.61 0.60 0.79 080 0.81 0.63 0.62 06! 0.61 0.59 0.61 0.60 0.64
Al O, 13.90 13.86 14.69 1477 14.63 14.12 1376 13.63 13.73 13.73 13.83 13.88 13.84
FeO 4.34 5.06 573 5.57 583 443 4.41 427 424 413 427 424 4.96
MnO 0.13 015 016 015 0.15 0.13 0.13 013 0.12 012 0.12 013 015
MO o9 1.04 1.50 17% 1.92 0.93 0.93 058 084 084 637 038 176
Ca0 307 3.56 4.57 4.49 463 312 312 3.01 2.97 292 3.4 30l 1.78
Na,0 49] 4.88 4.4% 4.42 449 4.84 497 488 4.89 4.75 477 493 465
KO 172 172 145 12% 1.34 1.75 1.76 1.75 176 1.82 1.83 1.83 1.64
P03 0.12 012 0.25 0.26 0.25 013 013 0.12 0.13 0.13 012 0.12 015
sum 99.60 100 79 98 81 99.57 99.33 9938 98.12 98.38 98 04 93.19 99.92 99.48 99.14
LOl 143 1.40 179 178 1.57 138 1.30 1.33 152 1.50 1.33 1.85 1.53
v 14.72 16.51 68.49 70.25 68 93 17.71 17.33 16 58 15.54 16.77 15.20 16 06 13 59
Cr 5.12 4.38 22 82 2301 24.30 3.68 3.71 4.66 4.98 4.56 8.83 6.78 £3.20
Co 64.83 44 56 214.19 213.87 200.90 37.41 54.55 62.86 8244 56.73 63 53 177.14 78.42
Ni 18.40 18 35 22.94 23 64 24.15 18 82 19 57 19.46 20.63 19.92 20.67 2089 29.49
Cu 17.51 19,27 18.37 28.01 2755 1875 1972 19.55 19.17 19.36 19.68 1986 1292
Zn 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 36.56 3540 2987 29.55 37.62 25.31 45.53 42 44 3530 3995 30.00 4232
Sr 26591 252.23 344.47 327.35 338.11 276.33 236 72 267.23 263.61 255.10 251.14 247 86 300.82
Y 26.91 2379 24.69 23.78 23.57 2522 20.25 27.76 26.71 2393 25.61 2225 2709
Zr 103.57 101.83 80.33 82 57 82.24 109.48 109.63 108 98 111.73 111.24 114.99 111.39 99 .82
Nb 2.15 1.89 1.77 1.67 3.12 1.63 205 2.28 2.50 215 240 2.66 160
Cs 04f 0.48 0.36 0.38 0.39 0.57 049 048 048 0.49 050 049 045
Ba 320.45 314.39 267.80 258 45 268.70 340.05 323186 330.38 338.96 331.08 342.77 338.28 316.77
Hf 3.48 3.51 2.86 276 2.79 3.57 357 3.56 3.57 357 3.54 1.55 320
La 859 8.4 7.46 7.87 8.10 11.26 900 8.16 8.76 8.69 891 8§82 816
Ce 20.11 19.71 17.67 17 82 18.78 24 68 20.6% 19.62 20.44 2023 20.23 20.34 18.94
Pr 2.82 279 249 2.55 2.68 347 292 2.73 284 283 2.85 2.85 265
Nd 13.72 13.5% 12.73 12.80 13.34 16.52 1421 11.44 13 87 1335 1396 13.84 1310
Sm 3.55 3.48 3.34 332 346 421 372 353 3.61 ie6l 3,61 1.56 3.40
Eu 096 1.06 1.09 108 1.08 1.16 106 1.07 1.18 1.20 1.09 099 0.95
Gd 420 413 3.95 3.99 4.10 4.94 433 412 428 429 4,22 425 4.04
Th 0.74 071 069 068 0.70 0.84 0.75 0.72 0.73 0.74 0.74 072 0.68
Dy 487 483 4.47 4.45 4.59 5.50 4.97 4.79 4.91 49 485 4 88 4.60
Ho 1.07 1 06 0.97 096 100 119 169 105 1.06 1.07 1.06 106 1.01
Er 3.36 3.38 3.00 2.96 304 372 3.37 3.29 3.26 332 3.33 332 312
Tm 0.52 0.52 0.46 0.46 0.48 0.57 0.53 0.52 0.52 053 052 0.52 0.4%
Yb 3.58 3.4% 3.12 308 3.17 3.95 3.59 358 348 3.60 3.56 3.54 1,35
Lu 0355 057 049 048 0.49 0.61 0358 0.56 0.56 0.56 0.57 056 053
Pb 4.87 4,58 3.79 3.92 385 4.67 483 5.17 4.67 4.55 4,69 485 416
Th 1.19 117 0.94 0.90 0.99 1.37 1.23 1.17 1.18 1.20 1.23 1.20 1.10
18] 0.75 0.76 0.63 0.63 063 0.90 0.78 0.77 0.77 074 077 0.77 071




Tahle 4-2. continued

Elements _Pual Ridge SuSu Knoll
HD3-1.11 HD3-2 HD3-4-1 HD3-4.2 HD4-4-1 HD4-4-2 HD4-4.3 HPC1 HD7-1 HD7-2 HPC3 HD8-4-1 HD§-4-2 HDg-5-2
515, 65.96 70.04 6798 69.04 56.45 56.25 62.24 69.32 6988 68.31 60.02 64.90 65.06 65.18
TiQ, 0.65 060 0.74 0.59 0.94 0.95 0.93 0.61 0.55 0.60 a2 0.75 077 076
AlLDy 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
FeO 4.89 427 4.86 418 10.01 10.12 1.02 4.30 397 4.30 779 643 612 636
MnO 0.14 0.12 0.14 0.12 0.17 0.17 0.16 018 0.12 0.12 0.17 0.15 0.15 0.16
MgO 1.73 0.89 1.24 0.86 418 4.4 243 o 0.6) 072 1.66 1.30 1.76 1.78
Ca0 380 3.05 .69 296 7.85 1.89 540 2.69 247 2.68 5.89 4.80 478 4.89
Na,0 4.52 4.78 4.66 4 81 3313 3.35 4.09 470 4.66 4.87 195 4.25 4.28 425
K0 1.63 1.87 1.65 1.78 0.91 0.94 1.55 1.85 2.14 2.08 1.24 1.14 115 1.10
P4O; 0.15 0.12 0.19 012 0.24 0.24 019 012 0.10 0.12 0.44 0.22 0.22 0.22
sum 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
Lot 1.55 1.28 1.a5 1.45 1.15 1.28 2.46 222 1.57 1.97 1.35 0.78 0.82 0.87
v 3417 15.11 43.19 1547 451.78 453.53 152.02 11 88 10.97 15.40 235.66 168.15 167.98 168.33
Cr 60 46 699 5.62 7.18 5.71 4.85 18.05 11.48 259 287 3.1 4.67 5.47 5.02
Co 99.51 114.17 122.49 94.78 80.02 9512 168.60 27785 11133 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 2028 11.84 11.81 12.20 11.97
l Cu 19.93 19.81 310 19.59 507.49 499.75 23.38 11.16 18.25 1887 1288 139.85 14092 139.36
—~ In 79.12 74.59 7933 74 88 77.84 78.31 86.50 82.13 75.52 77.05 90.35 85.10 86.11 85.62
K Rb 318.94 31.84 44.67 4276 2173 23.47 35.05 46.91 50.25 1760 32.04 2533 23.97 2584
| Sr 289.30 232.37 310.17 269.41 399.62 409 65 407.65 271.85 278.10 277.08 448.53 309,94 409.27 41279
Y 25.85 2223 28.28 27.23 15.37 15.67 2377 29.56 26 94 21.49 23.12 21.18 21.20 20.99
Ir 99 89 115.06 102.94 11198 41.09 41.01 68.65 118.00 121.37 116.69 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 2.42 233 2.1 219 2.14 212
Cs 044 0.a2 046 4.50 .10 .20 032 D54 0.58 0.57 0.32 0.46 047 .47
Ba 3t3.15 332.02 309.50 342.82 147.26 15Q.55 23419 37560 400.14 395.04 213.02 303.67 305.46 30598
Hf 3.28 349 ER{.) 3.64 1.57 1.56 238 3.58 370 361 2,11 2.04 2.11 2.10
La 789 6.13 8.34 903 446 4.50 113 9.31 9.47 879 6.61 538 536 5.22
Ce 18.59 1538 19.52 20.82 10.64 10.71 16.97 21.65 22.07 20.94 15.83 1301 12.97 12.76
Pr 261 207 2735 2.88 1350 1.52 2.40 a1 3.06 2.87 231 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 1381 11.84 986 981 9.75
5m 336 277 342 37 220 2.24 129 184 i 3.47 313 .70 271 2.69
Eu 0.85 0.73 0.86 1 0t 0.64 0.74 0.96 0.5] 073 0.7 065 0.60 0.50 0.49
Gd 4.02 343 4.21 4.31 2.80 2.80 3.96 4.50 4.25 4.08 7 3.40 3138 3.31
Th 0.68 060 0.72 0.74 .46 0.46 0.65 0.77 072 0.68 0.64 055 0.56 0.55
Dy 4.56 4.10 473 5.02 107 ioz 420 5.08 4.76 4 52 4.10 j6l 366 161
He i00 0.91 1.02 1.08 0.66 0.67 092 1.13 1.04 1.00 0.88 0.79 0.80 0.78
Er 309 283 jn 333 198 198 172 337 A2 308 2.80 2.36 2,33 2.38
Tm 0.50 047 0.51 0.52 032 0.32 0.45 0.57 0.54 0.52 044 0.39 0.40 041
Yb 335 3.13 a2 362 1.97 2.03 2.89 3.67 3.57 3.35 2.68 2.46 247 2.45
Lu 0.53 0.50 0.53 0.57 031 0.31 0.44 0.57 Q55 0.51 041 0.38 0.36 037
Pb 4.39 4.76 4.38 502 227 231 338 6.06 5.83 585 129 4.29 4.45 4.35
Th 1.09 100 1.14 1.24 052 0.53 0.83 1.32 1.43 1.34 075 0.64 063 0.65
u 069 0.61 (.72 0.78 0,40 0 40 0 35 086 0 86 0.84 0.59 (.44 (.44 (.44
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Table 4-2. continued

Elemenis WD6ZL __HDEIU  UDCIE  WDe3U  HDeaL L U
$0; 3603 5639 561l 5607 3637 5633 5624
TiO; 0.57 0.59 0.56 0.57 0.55 0.5 0.56

ALO, 1562 1573 1572 15.64 (562 1576 1573
FeO 7.52 781 7.36 7.48 745 7.46 7.65
MnO 0.14 0.5 0.14 0.14 0.14 014 0.14
MgO 5.87 620 5.91 5.90 5.85 5.89 5.97
a0 9.70 10.12 9.48 9.65 9.5 9.50 9.90
Na,0 265 265 2.70 2.61 261 265 2.66
K0 0.83 081 0.85 0.83 0.83 0.82 081
P,04 0.15 0.15 0.14 0.15 0.15 0.14 0.15
sum 9908 10060 9898 9905 9911 9935 9982
LOt 0.97 058 1.72 0.83 0.88 090 113
v U468 24413 24636 24320 24628 24484 24727 24234 24495 25521 23905 24563 24587 22520 24138
Cr 7875 7395 7421 7686 7391 7342 7664 7834 7044 8041 7721 7364  TSI8 6965 7668
Co 9899 11950 5944 8423 8186 5318 5750 6078  S486 5248 UST.10 6506 4924 6292 5012
N 3477 3253 3313 335 3335 3183 3318 3350 3248 3482 3366 3273 3400 3160 3316
Cu 9175 9300 9624 9326 9347  S182 9296 9204  9L57T 960l 9302 9242 9170 8§80  90.60
Zn 6666 €362 6536 6492 6566 6373 6630 6428 6481 6853 6400 6519 6567 5895 6523
Rb 1932 1846 1914 1948 1983 1745 1898 1913 1913 1988 1950 1924 1888 1872 1867
Sr 43665 43363 44053 43522 450.5 41473 45073 45317 44169 47159 42602 44262 43729 41722 4316l
Y 1270 118 1229 1219 1217 L0 1244 1212 1233 1294 1208 1240 1245 1060 1242
Zr 3827 3668 3772 3117 3694 3653 3754 3653 3724 3900 369 3739 3749 3511 37.48
Nb 223 1.88 1.46 1.34 1.64 112 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 0.22 023 0.23
Ba 17248 17406 17580 17243 17868 16758 17820 17686 17485 18687 16999 17558 17440 16522  171.03
HE 1.34 1.37 1.38 137 1.37 1.30 1.32 1.34 1.37 145 1.32 1.40 1.32 131 1.37
La 192 3.92 405 4.01 4.03 3.7 4.09 3.99 4.06 45 4.03 4.05 4.07 3.99 4.04
Ce 921 931 9.53 936 9.52 8.93 9.53 934 9.55 9.99 9.42 9.50 947 9.27 9.52
Pr 128 1.28 1.30 1.28 1.28 122 1.30 1.27 £.31 137 131 1.31 1.34 1.28 1.29
Nd 6.67 6.69 6.89 6.75 6.76 6.47 6.84 6.74 6.88 712 6.86 6.80 6.85 678 675
St 170 172 178 174 177 168 1.81 175 178 190 1.76 178 173 175 1.83
Eu 027 0.52 0.5 0.54 0.50 0.52 0.56 0.48 0.43 0.50 0.50 0.46 0.48 0.54 0.47
Gd 208 205 2.04 204 2.04 1.93 206 208 2.12 221 2.04 2.06 2.06 2.04 213
Tb 0.34 0.33 0.33 0.34 0.34 0.32 0.34 0.33 0.3 035 0.33 0.34 0.33 0.33 0.34
Dy 220 207 213 214 2.16 2.03 211 2.14 2.20 225 215 215 216 212 220
Ho 047 046 0.47 0.45 0.47 0.4 0.47 0.46 0.48 0.50 0.46 0.47 0.46 0.45 0.47
Er 1.37 1.33 1.37 1.37 1.38 131 1.40 138 1.38 1.47 1.37 1.43 1.37 1.33 1.41
Tm 0.25 0.23 0.23 023 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 1.36 142 1.42 1.40 1.30 1.43 1.39 1.40 1.50 140 142 1.39 1.37 1.42
Lu 021 021 021 021 0.22 0.20 020 0.21 0.21 0.22 0.2 0.2} 0.22 021 021
Pb 2.44 232 237 227 2.40 2.27 2.54 245 2.60 264 2.58 2.50 2.52 262 249
Th 0.53 0.50 0.53 051 0.52 0.48 0.53 0.53 0.52 0.56 0.53 0.56 051 0.50 0.52
U 038 037 0.38 037 037 0.35 0.37 0.37 0.37 0.39 0.37 037 0.38 034 036
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Fig.4-3. The chemical classificaion and nomenclature of wvolcanic 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, MgQ) diagram for volcanic rock samples of SER Lo
subdivide into tholeiitc series and calc-alkalic series (dividing

curve from Irivine and Bargar, 1971}.

~117—



4 .
= High-K (calc-alkaline) serie
X 3]
g Medium K
ON {Calc-alkaline senies)
¥ 2

1

0 T ¥ T T T T T

40 45 50 55 60 65 70 75 80

SIO, (Wt.%)

Fig. 4-5. The subdivisions of SER rock samples using K20 versus Si02 diagram
(dividing line from Rickweod, 1989).
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o[slE 4= oli-uf ula], DESMOS A|2= FUR Si0, oA Al0; Cal, Mg0 F-29
Yaro] YAs] O Nad, FeO, Ti0, 2T PLs 58 dik O Hato] B3
WeHFig 4-7). QU0 Na02] YgE WES] §8 AT U WAl 258
#o] glen Fed: AAWAl ¢4d 122 P00t Tids 2 W& 422 544
#¥5o] rHLlangouir et al., 1992). wakr Pual Ridge W SuSu Knolls3f
DESMOS X4 A|E2] FdaolM Uelys ol2§t alo]= SERS] AXsH= AWM
dolit Ty AT FIY [A ANy} uianty] B 2P HHE TAUEE
Yulsl= ez BAHrE, F DESMOS A AjH e W NaLo P2 WE
BE 889 FEUl Wely] WfEo2 AYEI Fe0 Aol WEY HE &8
FA12] o Alol7} Qlgle= &lmuth 2|3 DESMOS AlE2] Hri3oR w&
Al0:8] H2 omhanl sdgia] Ty HO9 Yato] HrfA L2 wUS JMeEE
ojojgicth, 23U o}al DESMOSS} Susu Knolls xj¥e] A|Er7} RFsP7] wio
g ol 8% 88 2PY B4 o Adrleld fex ufy wWe AR
i E4o] fofxlojof §§ oz QHr]

2. u[ZHEL

N-MORBE. E&3% ¥ =A% LiL(large Ion Lithophile) ¥2} HFS(High
Field Strength) ¥4E4 22X M Agd2 I Ao|& HolA &, 2
e o g2 dage] HHAU TAAE 7|¥ ¢4(Island Arc Basalt,
IAB)YJ& A AJRIcHFig. 4-8). LIL €452 32 4rfzo2 wolzl ¥bd HFS
d282 U2 Audyez Ayse dln IPYEE UYelMd FHALE
Uellte Nb Y dito] 8d3] UehdtHFig 4-8). Ti-Ir-Y A42Z4EE o] 2Y
YA Eo| WE Plumed] U UA Y2 AHAY IYET Y&
UeEPATHFig. 4-9). 23|32 Ti-Ze-Se A2 3 Ti-Zr S8 A ¥ A 2§
A8t EBF Calc-alkali AYUS UEhdchFigs. 4-10, 4-11). o] Hi=
FHL2GM Yelubs Z 8 iAoz XYt

Chondrite® ¥-Z%}Yt REEs{Rare Earth Elements) ® X+ LREEs(Light REEs)7}
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Fig. 4-8, The spider diagram of selected *incompatible elements’ nomalized
by N-MORB for velcanic rock samples of SER rocks .,
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Ti/100
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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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Ti/100

Fig.4-10. Tji-7r-Sr ternary diagram Lo 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)e] H|3] Artjzez Eixo] gl 3ielg BHojm i)
ABAA &8 Eu o]Ax7l UEMGCHFig 4-12). LREEs?} Altfxeg 2ixe
HAHZ AR A ehde 4 AT 4 Eu oM B4t 1A
T3] TAFHE QWAL ohlrh Gena et al (1997)& DESMOS 2|9 4ol gt
A7 o] 2g ddoa Vet &4 Eu o|HXE IFAEol % Hog
FHAAUCL iy AY BF A FEo] U AHo)BZ o] AN Liehte
Eu o[ 42 doatgoA] 7[Ae Ao Z wittyry

PH ANAI w42 X i A R8I} FasiA nP@eLEe
U2 4] vl 2 AIREE Ape]7t WHHCHTable 4-2, Fig. 4-13) DESMOS
AEE 2 FH4 240 2 Aol BolA] st Pual Ridge A|E2} SuSu
Knolls A|& Ztol= m[R}e4 vl HAY Ato|7}t Uepdoh(Fig, 4-13).

HA HAFY 4% =& /1Y 3 vtz ¢#A A= Pb/Ced] B
SuSu Knolls A]&27} 0.34+0.012 7}3 %3 DESMOS7} 0.26+0.01 Pual Ridge7}
0.2310.037138 MWrCHFig, 4-13) o] LidE FANEAE o4 8o A
23 Ee] oA Y F=EF M H UPded, o)A Porl oMol 3
BHAg HAEE AYE Uehio Y HAES W 3L 39 Ce o|¥AE
Uehdrl ofZe|cHOthman et al., 1989), & ©] Pb/Ce H|Z} 48 ¥ A E2]
FrE Tol UL d¥og AW £ girt oYU FUL gA fEE i
olgt odnye] FEEF WS Ba/la H|LE Cs/Hf B8] dHldME  Hlx5}A
UebdCHTable 2, Fig. 4-13). 2|3 Pb/Ce B2} Wi 54 {49 A4
g48 yola|s K/Ba H|E= Q4] GO 2 Pual Ridgeo| 4 7}3F 3L DESMOS, Susu
Knolls®] £AM2 Ueldrh(Fig. 4-13). +4¥ Susu Knolls I DESMOS AE.9
A7t EEZ57] oIl oy AEE deErle PEAR Susu Knollse]
S 9Ae] odeks A "lo] gl CH2-& DESMOS, 2|3 Pual Ridge’}
AojEos oaks AA Y Ao ALY & o ¥ UMEL TYE=
B #%4Y Y4 E(arc component)®] FBE AW CigdA wE Aow
Azt el
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Fig, 4-12. Chondrite nomalized REEs patterns for volcanic rocks of SER,
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implicating diverse effect of




thH REEs W40 B9 (lassa)d] 3¢ Athdes mxr} 2= h(La/Yb e B4
DESMOS ¢t4o] 1.85%0,023 713 il Pual RidgeZ} 1.59+0.11, Susu Knollso]
1.470.022 Atjalos T AolFEF BogFEri. 222t XA {incompatible}?
BAE7l 2 4482 ¥, LwHf § g4 Hl= 2 xo|8 Ro|A] ¢=rHTable 4-2).

54 E ¢

vj B 2x) ©EeH(Back arc basin basalt, BABB)2] =|Z}e}Aol HAJd.& N-MORBL}
1avel g2 A= FEIA REHAe RUAT HA] ApolHE& Hstis
Juta o & MORBo| 7i7le BA& #:= Ho= ad3A glth(Fryer et al,, 1990),
e 22 HAL FSsiFEol s YAEEE Fo s EXFo] A&yl A}
A F2F o|f oled wf nizd gL 7 F A&322 nmpao)
AN AR LT W) Yot 548 PrHStern et al. 1990). wjEEA] 2
84 2de RAEE} w2y 27k Ao BAEI difd ¥AdE=
UMZ I BNEE UMz /KA BdE ZHoirl wiR X7 A o
Y=l BAdEee] Azl HolAHA MORBol ZP7hE: 2GS T A=
o3 MZE|J QItHStern et al. 1990).

J#ut SERS Mefgofol ZEdte Wbyl FH TA|(marginal basin)fh=
e S5 #3407 wfEel 1 A2 diAd x4E FHEIede FPY
2§ Was %rl SERY Fay BF Fo shte o] A¥o] € MusiA
A (rifting) ¥ 2 3l xjHoleks Holoh, 2Yd o] o BHUY =72 #¥A
wfZof T2 YA marginal basingE3= W] SERO| UME = ZAolM x|Zto]
o] vjxe By Wl Wil axial depth, rifting rate, rifting direction
)7t AR o) ABolH WEL £& ZW(condition of melting)of W37}
WIS 74l gl Zleg 3t dog Hr B AR EM3 dF7E
%) DESMOS Al ¢4} Pual Ridge B! Susu Knolls A@9] o #Ade] Ea)3
HE & FEsoF & Hojrt.
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J2dd, SERY 272 ®HoN 7MY ®5Y A2 o AYo] vz 77k
Azl R e M7E Aol Exjicts AMdolcth. ¥ SERY [FJole
upPrs 3Rt EAstsul o AYY A BBEY AIe) AR-VFE FIpo g
MUY Age2 Hals Mol 2wt AefoltHMarlow et al,1991). BB
2] Mo F5H2 Ontong Java Plateaud] &2 Qs g4y Zey
Al x] 3Hgof A 7]y Aoz HAF gliEt(Marlow et af,1991), VA MY
FEE delelz A dYEAY A o WMo Hop g Aoz
Aztde, Tl g@AfdlEs o x4 HE YPLT LHEE A3o] FHEHE
L& M5t Qlti(Martinez and Taylor, 1995), ®|xj H.e|E sl opea
|7 Atolg] Azl SERY FAE /[ELE Y of ¢ 450 Ko BEEA HAdde
olBtt o 7I7k& Azl ulrE 3 A& 2o 2JHI YchMartinez and
Taylor, 1995).

dtzeos gedHe A2 s wWESKLE dA dAHed dY
AT} AE AL atojy] WEL 1 Ry BEr wWE 27 (mantle wedge)®
B2t 3MEE mlduke o] WE #r|o] MYzt tEo] HYy
HAEAN 7|9 #A(fluid)7t FFEo| WEY Hgzdo] HHHE 3y
PEEE ALEZ 4Zsin gl ez ojezte] HAH ulane] 4
HASol 7|9 Ba, Sr, Pb, LREEs & NA] {Fdo| vy Z Yi(mobile
element)7} W% FIFHAAM EWIZH3}E(metasomatism)o] o} INEE
U2 =Y Higo] FAHHCLL KYSIH IYHE ofavk:s WF 7oA
HEHER RAEA ZIHE 5 HiaEo] 3 n3us S0 HAHUcks
ot}

2¥d SERY B¢ x¥o] HEKY HEHoM EF MYtz gdemz 2z
3= W #)7](mantle wedge)?} npFE L U= Vel Ao, uletA o] AY
WHe] BN ¥ uianrt g WEL HVIRoEe A% (triangle)?]
deld oz AA¥rh F o] WE AYW(mantle triangle})2TE npeA
M2 Yyt el xum 7 B HFE HYsie &EE AnbA
Z2EHE HYE VY /454 d4Sol WA FIFHAE Hoes: yAHch o4
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Hel chE vl 22 A9 FFEHEe TYEE FH YAFY FIHo| shuely
il o] Q& 27folnz WAHE miantelid uvehibs 54 H4EY HE
BAF L tiY 4 gl Ao PHr}

o AY A|EFoJA Pb/Ce, Ba/la T TAUE AW Y4£FY v|7t AR
wel ot AL fold dEE vish Po]l fEAH W4EY FIFHOl @I
2 ZAeg FZdch Iy oY S AFII] HMAME R w2
AlEE SMor ¥ Aoeg ARt I WG Aol UF/olH MUY
efol7] el FFEHE $AY FE YriHez gokg Fola olFle] o
XA drigg Aoz WistA UL 22 FFHULL o] Y F5Y
F8& olfsty] HMAE dHNYR FY3 44 AU FYste Eol AP
A7t wag Aog Azt
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A5 E AN 5N

ALEH A &

AsiaaAl ‘Alvin'ol 28] 19779 A 43l it AJAPSHE
3 Za7} ¥ AL it A3 KAHSALY el cfu]dle
HIT AAZFoM T VUL A2 AYs 2 gk 22, A Ie-FAe] E4
dH ge A& JF S A8 €49 19z A, deA W
FE245F FU 29 4 olF A Y} AA7|(vechanisn) F2] FHOI
QAY] olfol2|A] ot A Y W FAHF WY AE Bl o A
ojg{&o] Eajsti lrl. ol HAFTHAo] iy A - FAYY P
chddt Azl g9 Byl oYt FEYA - AXHYA dFF 7Yt
U4 AFa AARY & UJAYLZA o]FoH + girh

HAETHYS T2 2A4te o< WHPS(polynetallic massive sulfides)
2} olof FHIElE ©AE FE W olEFF FUNA AEIE iBH 742 P A
d #E FLE TEH 9o, e 71E 4 1,500 m WA] 3,700 = Zol A
Aol chadet ALZ A ufF2 ibgFol 711 A A B Aol BIE
of tieg AHY3 HP& Holm 4B rhHerzig and Hannington, 1995). A
4B FTHFEL AFEM(pyrrhotite), MM (pyrite), WM (marcasite),
ofd 4 (sphalerite), d-foldM(wurtzite), WF(chalcopyrite}, UHE-4(bornite), 7
M (anhydrite), H[HA F4Hamorphous silica) FolW, °o|& L-&4(>300° - 350
T) R AH&9(<300 T) BFTEol & FdollM 2 2421 Qo o] tidghe 2
ol glrh ol % RFuA Aol s ALY A BIH g2 8A,
FE YA, MEEA] e FYsAAYa} FFE QYA #ARY A R
do] A 54 F AL A4z dFH A Aolof 7jyrKTable 5-1:
Herzigand and Hannington, 1995). E%b, Z}zZre| B7exd RHB A Ad4FAY

£
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Table 5-1. Bulk mineralogical composition of seafloor polymetallic sulfides from mid-ocean ridges and
back-arc spreading centers

po py/mc sph/wiz cpyliso SO, anh ba ga ten tet s8 ap/re
Mid~ocean ridges
volcanic-hasted + + + + + + +
sediment-hosted + + + + + + + +
Baclc-arc ridges
infrapceantc + + + + + + + - +
intragoantinental + + + * + + + + + +

po=pyrrhotite, py=pyrite, mc=marcasite, sph=sphalerite, wiz=wurtzite, cpy=chalcopyrite, iso=isocubanite, SiQ,=amarphous silica,
anh=anhydrite, ba=barite, ga=galenite, ten=tennantie (As}, 1et=tetrahedrite {Sb}, ss=sultosalts {Pb-As~-Sb), ap=omment {As],
re=realgar (As). Data compiled in Petersen (1892) (After Herzig and Hannington),




chimney$} moundZ % I JZinteriors)z} #J2(outer portions)ollx FFU3H,
ghutd RPHAE Ho] £ 24 4 FriTxt BAFHZ = ¥UchHekinian and
Fouguet, 1985). ©]2|%} chimey®t moundFo] HoiF= ZA4 A Frfiz
(compositional zoning): #4443 HHH A A e A5 AHIE3
ololl FutEE 2%, ¢4¥, metal §IE, pH F Ul slalste vehiA €
}.

HAGeFAE SRR L) BgEe]  FXst= A8 FElY
FAS(ANRYLY 5z dlasid Aoz vif w2 FI old F
2HPLEL] FAol FAox, 2 AAY Hajyde] dlf wE L=
etglolaln glvh =R, HIoe 2 FAY RO S & < T
ASE5U4LEY UKo ot a7 chedstA AR odrh oy
ZE4ALE2] $Y A sHALTFAY B8 Azhe AFRY WF Y
BRxlole] 2sted I FA WP HAHTKHTable 5-2). Doe(1994)& ol
NAR YR e] BASZHEAEY CfR¢ ARHe] HUE ZHLY
Aty Fagdatolo] rjgitin wiTh A7 S45U4FEY AL AuEe
Ay ZHYeRE P4zt @I ARz BRHReld wel A4
Yatetieol ®HE 49K basalt: mid-ocean ridges)e E82E @E¢HA Qhilqi{basaltic

andesite)&x] > <¢t4lqt(andesite: intraoceanic back-arcs) W Abd HatehRel

o

AdQtstel(dacite), F=%U(rhyolite; intracontinental back-arc rifts)of
o|27|71A] nf¢ tiedsitl, WA AsHA}e] YUty Figdo| kY ZTHUL [
7Y HAFERYE AGA7E 5 143 AR oy ol
dexlojo} WY 4 olth. AALTAES AL 27| d-AY Y
M4 71ddz) rlaol 7jde 244 714 ol st dEHa 2lthRona et
al.,1983; Yang and Scott, 1998), 47| AUA Fof 2l HAH
HADTRLE B8N FE 27 dAd | 44 off o Bely o4-5
b8 (water-rock interaction)& WISt AR ARE 2WPA FHI, o
RN 2] Ny Fido| WMsiH A, olof uwlz} iyt HuRGY HYE
3t A AsRLE Aol 7loistA Hrl
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Table 5-2. Bulk chemical composition of seafloor polymetalic sulfides from Mid-ocean ridges and back-arc

spreading centers

Mid-pcean ndges Back-arc ridges
Volcanic-hosted’ Sediment-hosted? intraoceanic? intracontinentar®
A 890 57 317 28
Felwt%) 23.6 24 0 13.3 70
Zn 1.7 47 15.¢ 18 4
Cu 43 13 5.1 20
Pb 0?2 1.1 1.2 113
As 0.03 0.3 0i 15
Sb 0.01 0.06 0 01 0.3
Ba 1.7 70 130 72
Ag{ppm) 143 142 195 2766
Al 1.2 0.8 29 3.8

' Explorer Rigge, Endeavour Ridge” Main Vent and High Fuse Fields, Axal Seamount ASHES and CASAM. Cleft Segment : N and S Fields.
East Pacific Rise 11°N. 13N, 21°N, 7°30'S, 16°45°S, 18°30°S. 21°S, Galapagos Rift, TAG: Active Mound, Mir and Alvin Zones. Snake Pit,
Mid - Atlantic Ridge 24.5°N

¢ Escanaba Trough, Guaymas Basin

? Manana Trough, Manus Basin, Norlh Fiir Basin. Lau Basin® Kings Triple Junction, White Church, Bai Lin, Hine Hina Fields

* Okinawa Trough.

Data compied by Geological survey of Canada and Freiberg University of Mining and Technology. Germay

{After Heraig and Hannington),




T AFAY ol MAY @4 chimeyEE thAto 2 #istz Az

TEHAY AFS FFAIL F TY FHFE U T UYHS ARYO A A

T BEVERTS WA iy d4Ede WA Ay 9 A
e AR szl ),

AzA NEAH Y A4 v

EAAE ol &Y MRS s WA AHA Aujel A2Rg o) Lsia

MRS AMPeE AX o Hedsldw, siME W YpEaTe By
ThelBllthFig. 5-1). o] Aoid HASUY % 1080 =3z 2 WD 1-2, HD
1-3, WD 8 ¥ 3% HU AR Ao IFstdrt SHxE 2ug gxo 2
=392 8 542 A3 Bgdof Jl4¥ ulel Yrh(Fig 4-2, Table 4-1). HD
1-Zold A" HY A2 ofE 332 2453 B wa rfH Hye)
Yoz AAYrh o thy ML HMI(anhydrite)7} A28 1S W5
Si2m o] RE Fe-Mn AMBo] g IEsn dw Hoes MM ez
BHL F ABoZ o 1 cn T HoldH(shpalerite) Fo] HAF ol olon
ClE U%oR chaale] dotdy Zo] giadsloel i)
HD 1-JolAME 56cmx24 on 3719 of® A9} 4me e zzEe|
AR ofE AU e wrnez ghA NEH Aoy THe
gotdM(sphalerite) o] Mot 9lu 2 t}e omow %% (chalcopyrite)
F¥el ARt vk MUe] z2zE & o¥ol 2P A(barite) AFo ‘g atat
AxE Qglch HDBRME oY Huist Mol 27Fo] YAF r) riatsiDol
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Fig. 5-1. Photographs of hydrothermal vent fields,
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<HD-8>

Fig. 5-2. Back scattered-electron image of pyrite(dark image) and

galenalbrighter zone) showing concentric overgrowth,
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itk  Zn-rich  chipneyQl HD-1-3 chimney?] Z-$¢ Acfyog R
R (Zn) (WD 447,667 ppm) & BodFf, Cu-rich chimney?l HD-8 chimney?]
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Table 5-3. Representative chemical compositions of spherite/wurtzite from the hydrothermal chimney

sample Weight Percent Mole percent

no, Zn Fe Mn Cd Cu S Total ZnS FeS MnS 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
HD 3-1-1-2 63.30 2.59 0.00 0.03 0.37 33.11 99.40 94.86 4 54 0.00 0.03 057
HD 3-1-1-3 63.00 2.68 0.04 0.23 027 32 86 99.08 94.60 4.71 0.07 0.20 0.42
HD 3-1-1-4 63 26 2495 0.01 0.02 0.31 32.92 99 47 94.34 5.15 0.02 0.02 0.48
HD 3-1-1-5 63.30 3.06 0.03 0.10 0.20 32.59 99.28 94.22 533 0.05 009 031
HD 3-1-1-6 62 39 3.26 0.02 0.43 0.41 33 28 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 2.9 99.74 92.67 6.40 0.00 0.32 0.61
HD 3-1-1-9 63.36 1.87 0.1 0.49 0.33 32 87 99.03 95.56 3.30 0.20 0.43 0.51
HD 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
HD 3-1-1-11 62.98 1.88 0.00 0.45 on 32 95 98.37 96.07 3.36 000 0.40 0.17
HD 3-1-1-12 62.21 3.15 0.1 0.15 0.36 33.19 99 17 93 57 5.55 0.20 0.13 0.56
HD 3-1-1-13 63.29 2.60 000 0.22 0.04 3253 98.68 95.17 4.58 0.00 019 0.06
HD 3-1-1-14 61.99 3 34 0.01 0.50 0 36 32.92 99.12 93.12 587 0.02 0 44 0 56
HD 3-1-3-15 €3 45 3.13 0.21 0.19 0.14 32 85 99.97 93.83 5.42 0.37 0.16 0.21
HD 3-1-3-16 64.22 2.07 007 0.20 008 32.92 99.56 95.96 3.62 0.12 0.17 012
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 0.38 057
HD 3-1-3-19 58.41 2.10 0.00 0.66 3.32 3z 21 96.70 80.32 380 0.00 0.59 5.28
HD 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
HD 3-1-3-21 57.41 230 0.00 1.16 3.35 31.89 96.61 89.47 4.16 0.00 1.04 533
HD 3-1-4-22 63.71 2.21 0.00 0.24 0.01 32 92 99.09 95.88 389 0.00 021 002
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 0.21 029
HD 3-1-4-24 63.89 272 022 0.42 0.18 32.87 100.30 94.28 470 039 0.36 027
HD 3-1-4-25 63.53 3.397 0.09 0.44 0.04 32.81 100.28 93.59 5.81 016 0.38 006
HD 3-1-4-26 63.93 1.86 0.02 0.36 0.00 33.19 99.36 96.37 3.28 0.04 0.32 000
HD 3-1-4-27 63.64 2.80 0.00 0.35 0.20 32.98 99.97 94.52 4 87 0 00 030 0.31




Table 5-4. Chemical composition of the hydrothermal chimneys

chimney  sampie Ag  As Au Ba Cd —Cu Mn Mo Pb Sb_ S Zn
location no. Parts Per Million
HD 3-1-1 203 1300 241 34000 1744 9 38212 302 200 1086 822 146 456000
HD 3-1-2 377 1850 46.2 2300 1609 8 21081 412 130 2436 878 42 460000
HD 3-1-3 426 1320 48.3 0 1922 7 19775 295 78 2292 1300 4 567000
HD 3-1-4 260 1080 272 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 50 575000
HDg-1-3 HD 3-16 346 1520 27.2 59000 1554 7 10060 231 79 1792 1240 158 403000
HD 3-1-7 380 5630 46 100000 829 5 4567 140 40 1900 891 223 377000
HD 3-1-8 215 1690 243 8700 1036 7 5296 243 84 2072 716 215 338000
! HD 3-2-1 425 1930 504 15000 1645 g 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
; HD 3-2-3 326 9120 04 190000 553 6 3222 161 18 21706 626 209 335000
HD 3-24 442 12600 2.7 100000 964 7 5551 162 28 23895 1100 202 399000
mean 387 3523 29.0 46817 1400 7 12860 251 80 5396 1036 138447667
HD 8-2-1 43 3170 14.3 300 12 267  >00999 27 2350 1637 287 16 1410
HD 8-2-2 49 3560 1.5 220 13 219 >90999 15 510 1811 216 22 1200
HD 8-2-3 68 3140 14.5 0 1 172 >99999 1 760 2024 200 7 1110
HD 8-24 210 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 6450 29.2 46000 269 43 52142 176 270 2868 570 228 43800
mean 99 4278 5.5 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,
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<HD-1-3>

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. Variaticn diagrams of main elements of the hydrothermal chimneys

and circle symbols represent HD-1-3 and HD-8 chimney, respectively,
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Fig. 5-5. continued
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Fig. 5-6. Variation diagrams between main elements of the hydrothermal

chimneys. Square and circle symbols represent HD-1-3 and HD-8

chimey, respectively.
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UH A A2 A9 g= Aotk iy o] z¥o] T} A9} TiEA Ex=
FEYoE BY £ e AIYY By g dex9 BEEFY 2/ °© 259
Ael e ey zojo ojsl I T= EMulart F7bHsdich oheby
of7lofd e EAciyel dRAYV|GARLI HAE AAY FT Ay
A8 E JHet & whxpe] @Yo AMEsid RIE ¥t ols Y ARG
TlEo] B ¥ e uJie] d7gael AW, ey, FFHY d7HI
=& &€ 5+ 9l Ech

A4 BETHol YAEAA 4o T8t oIt HAW A F st ol
& AEY A7t AS7A dEA A 42 FEolehks A o] MY FHoA
REY A&z JEEEe] g2 A d3Ae) vz wthe 2, 222
o) F&sl= Lo [HeL7 TiEeE EZHFEo glo] #Ee4LF
folu} fareE AbYBPALU HEHS Al AgelUz]E dE HEgtd Aol
sithe Zejth, @l o|ReA o]l& 2} BEHE Aufje FA¥3t= e e]ofo
it Mg F A JAAHE 9E B2UIE gith




A 2 A Manus Basin® @43 ©AF @ A

Manus Basing New Britain arc-trench FXollA2] back arc $|&], WU
2Hplate) AAE XU UYE= AYo|tHFig. 6-1: Taylor, 1979: Eguchi et
al., 1989). 151° 20°ofl4 152° 10" E of tfR} Sea Beam Z| == Fig. 6-22 3dvh.
Q] Eof 2|8} 'DESMOS cauldron’o|2t BEE oA A|HL 3° 41,75° S, 151° 52.3°
EQl A®¥2= Fig. 6-33 Ztl &2 o] 299 ¥} 59 FIez AHANE
AAZ #RE ot % e AXE WEstdrh. o] DESMOS(Deep-Sea
Multi-Monitoring System) o]t}

5 WA= AHdAe U2} HAv]M(stereo color TV), AH|HL AW
i 2} {stereo still camera, 35 mm, 1,700 frameo]dt, 100-footd] HE),
CTD(Chlolinity-Temtrature-Depth Profiler: Sea Bird electronics, Inc. !'model
SBE 9/11, modified by Tsurumi Seiki Co. Ltd.), 6%% ZAE £ZF xjs7[(PVC
Niskin-type: 2} 22]e]®), acoustic altimeterol] 2J§} raleasing clamp,
inclinometer, acoustic transponder, pendulum F. o|o]x] FA4& 7] %)
3004 ES] 2R WRE 4Fde] HUYew 6,000 noist 144 w phid
armored FAlo] (6 optical fibers, 4 signal wires and 6 power chords)S&
AHEHict A @Y, i A, AE AR AHE EdF(dredge)= AANLE
AxelA BUHE 2o BFoz st FboN AAsdct A +33Y CD
Y EE CRT RUEE B wastadenl, ozt CTD shiAxRs @4xdY o4
& dohdr ofF wiE 4dol7|x it

watgx|e] %) A=k HAL £ 8/ AQ26. AQ30, AQ34, AQ38, AQ44,
AQ47, AQS0 I AQ 54(Fig. 6-4, Fig. 6-5)0]4lt}. 'DESMOS cauldron’-& Z:Al
2,0000=, 3° 41.75°S, 151° 52.3’Eo] $IA¥ich of7]oM €4 EI @44
AEIL Y& WANTL

£

]
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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 alsc shown.
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Fig. 6-2. Seabeam map of the present survey area in the eastern part of the Manus Basin,
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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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St. AQ26: SE ridge in the "Kumul Trough”, eastern Manus Basin
Date and time: Nov, 24, 1990: 12:36-17:07 [LT: local time]
Depth range: ca. 2,430-2,640 m
Bottom observations: 03:25-06:12, Nov, 24, 1990[GMT]

Aare] vf HEolL} ridged] WEF UL wiwf2 Zgte] WEHU Hol2E
Holglen TAL HAHEE "o dgch Ayt 4550 UAHAEH AR Y
Nematocarcinus sp.?} EHABYE 4932 d¢dLy, macrourid(Squalogadus
modi ficatus?) @} brotulids, Z2l3 holothurians®] Bu[Fo] IFUAHE EoUE
Zo] Bedrt wimjg g o] IR Az P2 HPefy HBIP Bk 32
FHA 2L ol o =zt Hdg ey HAH2 wAg 4+ glolch

St. AQ30: Ridge top and NW and SE flanks of the "Bugave Ridge”
Date and time: Nov. 26, 1990: 12:05-17:39 [LT: local time]
Depth range: ca. 1,710-1,920 o
Bottom observations: 03:20-07:06, Nov. 26, 1990[GMT}

A3 ridged] 84, dF AMES FAE HyEA Y3 "o addch
U, Boto TE HEY Hojzlgo] Aoy i # 4 glolch FHTiRd
B A%l Ophiuridae, nematocarcinid shrimps, asteroids, crinoids, Hyalonema
eef2] $f¥, gorgoniansZ} branching®ele] A¥&Eo] WAR LM ol ridges
upel si4e] TFol A& olopr] sFEch Ridged] AAlol=  Munidopsis,

Aldrovandia, 2|3 holothurians7} W% %A Ulelktcl.

St. AQ34: "DESMOS Cauldron”(Eyespct 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®] 31 & walA| DESMOS7} o]%& B}HAM cauldron®] ®£F &
Hel wlglaolM FuEt d4yd AEEY} EFAHE YAUCHFig. 6-5).
Fehat  x}e) Ak galatheid Mudinopsis sp., Aol F 1A WY
Vestimentiferan tube worms. 2|2 sf<o]M p&siALIn} @4=2] o]A} VAL
Ho{Fort, €42 ZHME Adololes o|ufxi#& Calyptogena sp. 7} FAE
HAZol n 28 AUt Egg $AN) o P HYEY BFS Y Ex
sikMe] Fuol ¥ "ol ged o= HuAd HAHo|u e elol mfE
B2telolzlct. si42 ARoMEe QAMsA w2 wltat Witel Eis AR,
25X 0.01 ToA 0.2 T o[ag Hech 2 o|8o|x Tadpole Hef2 a7
Squalogadus and/or Triacanthonus, chimaeras, brothlids12|3l nematocarcinid

AR 2 dd= o

St. AQ38: "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]

d42]Hgel eyespot of butterflyx|¥& ZE HHOT TiA] thH ZALE
Mok Wttt d WFE cauldron] Fuwhy] EeF| AMFelx donti &
ZAg 2ol HAS 359 HE cauldron®] @&2| ol Bta|E Hofy
BRI, oML oFF Rt 4o FxE Ko Fyrh

St, AQ44: 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”¢] EXof X%t A2 ridged 8F¥F uiskel NEE-SWWE
AR Bofrlde Hrol $2& HAE Fol WA vk WY A
galatheid ¢l Munidopsis sp., ophiuroids, holothurians{Benthodytes and
Enypniastes) 22|32 252X uvj&® wl4dE, hyalineshHHF, chipaeras
brotulids Fol 2+ St Dy BNy @44 JEZH F2 FE5ou
Aol Uehtes o4t Bty S8 whg2 Jehta] ofslth

St. AQ47: Western and the northern rim of the "DESMOS Cauldron”
Date and time: Nov. 30, 1990: 14:11-20:29 [LT: local time]
Depth range: ca, 1,780-2,070 u
Bottor observations: 05:11-09:49, Nov. 30, 1990[GMT]

Cauldron?] @M%2] ¢t& Ho|u} & Mk gatae A9 o] B4
§49 oAt =l 2/100 TE RYolx EF3D dFA oLt d4/d FETLH
Rolx]  qkatrh  ZAIFS "M e ZH  gHuA A Yol dF9
o] FHAH0. 104 0.26 T)ol Yehtz d5Hd AELHe] UEth A4
HETLHE olF w2 YE2] A3 galathidsQl Munidopsis sp., vestimentiferan
tube worms 12|31 THEZQ olufzfe] Calyptogens sp. ©|gltl. & o] A ¥L ¢t%
He olF I F&FoA ojagt WEo] dojut AU HA ¢ = ddrth

St. AQ50: Ridge-trough system west of the "DESMOS Cauldron”
Date and time: Dec. 1, 1990: 11:18-15:56 [LT: local time]
Depth range: ca, 1,620-1,930 m
Bottom observations: 02:09-06:13, Dec, 1, 1990[GMT]

22217 oy ®AE uUehd Ao siiE A YA, Zlciete

Ct2A ridged # FrollA J41, ¥E A2} "DESMOS Cauldron™s] AFHEE
B8 trougholl & oFF T2 B3 Fo] Wol AT, o] A|do] AjFA THEA
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Hojx dojzhs RS NolAl Yttt WEAGL AWHOT wE FHA Ut
oldAel d4 eg urhdul o) WAL crinoidsy} ATl sAR
oA sFel LEo] Yol Q&g wrANTH

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: 01:51-02:17, Dec. 2, 1990([GMT]

“Brian Spot” 2} "Gothic Forest” A 3L W& ABoZHE ¢ IHMAS
gol2l AHolrt. o] 2ol Als) galatheidsEF¢l Munidopsis sp., A5t
9l polychaetes, sea anemones%o] WX olx dox]dga} ofF ZHYE AIYYUS
Wl 3¢ o},

% 3 3 %Y Manus Basin DESMOS 3|22 d<4Ead3)

).ﬂ L :,L;ﬂ

19964 1094-11"o ‘Natsushima', ‘Shinkai 2000 & o|&%d HEBALAE
Frlod ¥ ZH 0lxA Back arc basing] 4 F&F ZEA} Bicaccess-Manus 96
A7 wHsizl HAl=Egdch o] He Fo 53 S 1990dxe] WARAA FA
“DESMOS #i2"¢l A 8 oF 1,900 m 441 A8 W2 i, 3 {4, FA4E
& ¥ YAsh= d44 BEIHIAcE. BAY U, E&F FH

Malghs BES 22U 243, BV A HHY(Mo])E THIE= Yol FH
Eoler}. DESMOSHIE S “2M site” = 90-112 TH 2% 0 gpd2] 44
i EEHTOR o|RolzE AN, g} YA FHY papping, FEFHY

712 R A3 HEY AMPE ATASE AAutact VEWZIN(Calyptogena
sp, }J 78 afdol Adzpelgd 2L 53 UFY WU Holzith. DESMOS|E 2]
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dToEd W 478 HELYL F2 AP Yol ${ AT back manus N e
obF W o7} A, 23zt via§ AMEIR g},

A& eS| AD B New-Britain back arc 3[-tA]&] ulfof #]x]¢t Manus
Basin2 ¥¥3Y A4YUF FRAIZH A74Y, A7E2], AHYA}FA 3|
F&& Yol (Craig and Poreda, 1987; Taylor, 1979: Taylor et ail., 1994), =
ol zatlM doEd FH(Chimey)z dFEEFT 4EZHY #8120l
ARy o ZEETHBoth et al., 1986). E, TRAUY 3P d7r2 dFA
“Hakuho Maru"2] KH-90-3x} 83f Al 2 leg. (1990 119 2440 - 129 249 ol A
AtEe], A2y, AUy, defy 15 EHYOR Manus Basing] FFol
#x§ F¢ 3HH Southeastern Ridge(SER) 4}2] =X “DESMOS Site”ollA
rEFH 9 TEF 2S5 H S UAY

U2 WUBfellA Sea beame] A¥ SAA B2 AY mapping, ZZE 2|
AT 98513, AYY CTD-multi rosette of &¥t hydrocast 2 it w2zt
dFalEe] FF plured] Z2AF ¥, UM =Ax)of gt 2d Y, HIL A3
T ©HAHHE FAAA ABeigchSakai et al., 1990: Ishii et al., 1991
Gamo et af., 1993). AJsfeAE Fluligl B H[c]2Q! “DESMOS’ (DEep-Sea multi
MOnitoring System)= FZAciY IordFAo)a] Agx]olxl ASE pack arc
basin®] @4EE HEolu} subduction zoned] B BLHEZHY Yarel, AW
mapping, BFEYE TRHLE A=A Zlolth{hta et al., 1990). ol
Fele AHEHL TV Fivlle}, A2 AW sz}, CTD rossette bottleo| %
AulE A= 913, & wultimeter, FAlA, SSBL transponder systemS
BzARIER 233 9tk 6,000 o Wold HABE A U LI
3004E9] UZA WX 477} A G ulPED real timel s MAtoM RUE 9
#Ho] 7Hs8let.

<= YoM 8708 FHAAM HFo] o)FojHAul, E ZA zhujo] o8y
WU d4uFY AETH0l UddHArh A= FHE 24 o 1,800 o 9
Zoetatel 2%, BA “DESMOS Cauldron” &) HA l-l]‘!](fi" 41.75° S, 151° 53.3°
E, ca 1,900 m)oflA o]fojZrl 259 ol4l, ¥ ©M2l 34, w3he] Bz
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stebdel mar, 444 HA €Y Mo i HE e Y, AL
BEDBE SeleE 7 oo HELE Eolgle vestimentiferan tube worms,

Uz W2 Hulofld AR M-S Munidopsis sp. 5& HAHcH
et UBW=F) Calyptogena sp, Alvinocaris sp,(Jpn. : Ohara ebi), <

tle] A)$F Nematocarcinus sp.(Jpn: Itoashi ebi), 1 2o I FHo=

}fll

L2x4}o]2} Chimaseridae sp., Brotula multibarbata(Jpn: Itachiuo)7} @4t A&
BaEgct, 2 ¥ o4 SHxEs QEURARY Y] FPF(mussels)
v, 389 Fo ¥ Y KT vestimentiferans{7t 2 FH T}

53], %5 wmanus back arc basino] ¥ FHRI|F Calyptogens sp. F7}
Zxsta Aol FHEch ol ® FUEMF Calyptogens sp. & H|ILHY
He EHAEd g 3HE E3n U, = W& pHY FEFE TN

Foll AT e eiBY MEolMe] © FTURINRF Calyptogens sp. 2
Ag 23 glo], BFAANZ Hol 97/} back arc basin®] BFE WL EHA

Aol e X 7lo dolofA| o]Fo]2 Manus back arc basin®] ZA}el|lA manus
¥r] & Manus Spreading Center(MSC) o @o]o] Ql&= "Vienna Woods
Site”(309.8°S, 15016.7'E; Both et al., 1986: Tufar, 1990. Lisitsyn et ai.,
1993)oit}, nleA My ridgeAr2] "PACMANUS Site”{Binns and Scott, 1993: Binns
et al., 1995) 5ol WAHAUCE 1996'd 10-11498] “Yokosuka” “Shinkai 6500"¢]
Manus flux B3 919 IholA HY AP} o|Fo|x, J/3| 27333,
AAYY HHEF o]F<itHAuzende et al., 1996; Manus Flux Cruise Report,
Oct, -Nov. 1995(1996}; Gamo et al., 1996, 1997).

55] DESMOS Site: E4 <@ RFo|r|Erth:s A4t #4dEE
ez YN Atgedel $@ol wuE 4+ b Axel ol wHACH
BB A #AES BHHLAHY Z1E “Vienna Woods Site” 2} “PACMANUS Site” 2]

fd BE FAo], vl m|F, Alviniconcha}l Ifremeria(Jpn: Yomotsu
heguinina §)5el WUTE WS HUYW4 AF T4 FOE s Pyolw,

“DESMOS Site”7} vestimentiferan tube worms$} ¥ 2U=7] Calyptogena sp. &
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s Wy F FOR s FHols| wiEol, R "DESMOS Site” 7} "PACMANUS

Site"®} €Al Eyt Manus BHAr] gl 100 kmo[ufe] el Qlthe HolHdcth

71N e 100 ka BE2 Azl BoiAdE XETHC] A= = FFALUR

e A JF2 I/FU7 s AR AEEARA, FAHA 2R Holq U,

AEFZH ARl 242 Antey Y AFS s Y HE APk
A& HEA T2 FL oln] N ekBY ol 25|} back arc basin,

[zu-Otahara 34t @, Mariana back arc basin, North Fiji i€, d&4

KagoshimaQl 5-& W X2 Chishima 3}-FollA Nankai troughe] ©]E27]7}x]

subduction zone?] ¥ B4 HE Fof thahA, 4 keolM £ W g £ A kn

AP Bed& Fol HATh 100 kmo[Lfe] FHA BITHRG o] o] B

apol7t ole AEAZ RA:s B 1990302 Hekuho maru®] s, 199532

“Yokasuka” "Shinkai2000" "Dolphine3K"ll &%t BIOACCESS-Manus 96 cruise:

e &S] Dr. Hashimotod 402 zAF o] FHuitt oudFLe]

Dr. Ohtar} A 2 legd® VRWY 2og AEY, njdEY 2 o 7Y,

AAYAZA $FLT ofFo]Z Fojdrt B g et Aoz v}

e d7E £ H "Ao= Art

(1) “DESMOS Site”#} “PACMANUS Site™®] F @+ &% 39 U HEFHY

Y71

(2) #Tigt L2 8 Hol& 2342 H4ETHTHY vl HE

(3) 748 48 T2 A=Y A3

(4) R3% Heehd ciatAlY ey, T4y, Feldty A7

(5) W& pH, W2 dU=E, &2 F449 F=2Y AL+

(6) vent capefl &% u|PEHY AT

(7) %4 L 2245 SUIE AEZUY 4y a7

(8) 718, 34 T AU, 4uiyy I+

(9) AHA o] A A4 e Wi, 254 47

(10) AY=2 ZAAAAY vl ¥ ¢ £EF ¥F R AETIY

HE(Hol)2] AL
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a9 YA 108 =Y HAE(11Y 269)0h el Tavurvurhitol
Ao BetstgAet d¥TiE A7ZAH WWEQTH DESMOS basin®] ‘Onsen
site’ of X|4ehate] Rio] TISY VAY WL Rolx YA oA Usls)
A8 ThEal gL Wiy d4 WES Holx

1. # 916381(1996. 11. 18)

A4 1,860 - 1,924 o
el FEAL (1) “Onsen-Site"& FHLE sh= DESMOS 3 HA
UaRe] cisia @olold zuke] xal 829 FA 712§(2) manupilator
slub gun of &i§t A4 BEZFY F82 74 F MY, J3 calyptogena sp.,
vestimentireran tube worms, crustaceans, 2Alo]H 52| o|Fo aH. (3)
AEoI B 1 FA Y 718t

BEA Pl M= HE¥ Calyptogena sp. & FEY VL= A=
Zolgitt. Slub gun, RMT 2% 2% prob, &8 E27[%, AR 17, 7ol
2708 AW 2 ARRYch 19908 "Hakuho maru”ofl 2]¥t DESMOS basin2] sea bean,
map(filter® 2] ¥£)& Fig. 6-60ll, E Dive 9162 track chart§ Fig. 6-7¢f], oA
2z XA DESMOSEIEY] HEA e e A2 HAAY A¥Poldch
&8 Al Y o] Ao oiHE Ao olF WY FEEFo| HFHo
oldith. oA 2= zjHo=e 72 F, 1,600 m FAoljx Ay WeteF ghA
H2, 1,620 m Zolof A -FH] plumes] wUSIAAT, FY &l F24
=AM BREYR 2= o2 Holx| olti(2.98 T). 1,700 m Zeolo4 o]
plure2 gt ulsfaEch 1,830 o2} 1,840 o Zo|(B|A A 65-75 m)olAd THA|
pluned] ®olZtn, o7lME 233 A& WH 2 A A2 AL VY
HEEAR P ULATh o] Al AFHE WS EENSZ 88l Tt
oAFcf2 A+AE 1,915 o Pold A2 ejtlef A il =YAY EAHE
Holgle HASZ <} 20 cn T2 FAZ S W3 glgda, Aol AF 5-20
o A=Y HIF FEF Uy Fo] A4 ol "o glcth(bacteria mat7}
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ig. 6-6. The seabeam map{after [iltering process) of the DESMOS Cauldron

epicted 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 Chta et al., 1997).
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ohd Zue| WMEIEAZ HY) =2 U2 £ o oA AUy Yo
HiglR, 4 VFULE AAFoldch. X  lobatetERE Hol: FHUR
I3l EQIt), F7t37]8] venstimentiferan tube worms7} HRof ZAslT
it

Ayt 8 EUXNF “Calyptogena sp."(%7 15-20 cu F)7} 2, I7H4,
2o 172004 2/3& HAF B AYox mt 3 glodch miatd =289
TS A& 20 cnB T o] Le R Ho{ych YEURI “Calyptogena sp.” 7o
AATUTE 10x10 o Heof 2070 wrelojsdc). W EwZEZ/F “Calyptogena sp.”
bed 2 S A= WxE ol 87iMel ¥ EURIJF “Calyptogena sp.”
& wpanipulator® 2 ¥} E4r(Honshu of Japan) F& sfetel 3] W4
2lchel W EUXAF  “Calyptogena sp.” THAE TIEA oAM=
manipulator® ¥ &E& RN IhlolE, HAFZY XF oldto] ZAN HYUFS
A3 Ho|z] Qtetrt.

Al =YW 2 HAEN 42T HAEY EYEolglct. Corer catcherd
WREE AfudE, 108 BE AN FAUEdE E3stn HAELE obF
olefgt A HE 4= qlalch ol A% FA= ¥ EURANF “Calyptogena sp. "
BES A®s F¥e4LE vhaut ol HAFE 5 4 BY £ R
2ol opd& olo7] #Ech o] W FTHEINF “Calyptogena sp.” X AL
et B cle] AjSF Nematocarcinus sp. $ Alvinocaris sp. 7} 9% BT
FFUE 1 AA/m’ = YoUrh ¥ EYXINF “Calyptogena sp.” 3 Fol 21
sjzt& Fo] WEPH, Alvinocaris sp.= ¥ EWZANR “Calyptogena sp.” 2}
AMEE Y] 8l BRI B2 riE] MLF¥  Nematocarcinus sp. &
FUAHA = AIFHL EE&E Kol|x] gsith. o] #HL ol AMEF
Nematocarcinus sp. 2] £t U7l #2 Y= § Kol gli= o[ fF uietsts] gtk
FEH 02 slub gund AMEHITh Zejub oYY HEUAHwrE &¥o] FH=z| o}
Ao Msiyct o W FTUXNF “Calyptogena sp. TRYL A5 E&F ¥
3 A7t ozl 2 2% 4 ¥ o o[ EAFE uicte] Qlthke o £8%
Wert vk Aciyt A4 BXHEHN Y HIES a3tk A(LHF
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EPRS] Zepstas M SURIAF “Calyptogena sp. 7F o] ¢ el & Liepd)2t, H
EWRZNF “Calyptogena sp. 2| Zu]9] I|&o] JPASL, DESMOS T [FA
U 2] Apd £& doolis Aoy o & Hejeta #&HTL

H EUXINF “Calyptogena sp. 2| MAUS mfA3L, o7lo] L ®A] Fof #
916-1 HAg ¥ Mg HeFo WS ulPdrt. &, Adx2] "Shinkai
65007 ool 2t EA]Ho] #3I75 ¥, o] x| AL FA{Fo BN St Yo
BAAMY XoZ, HF AP 20-40 cnd W2 A=po] FNE O At o]
Hold viH S BLERE YsiA &eles AT £&of Holn, 17 FHe]
HiglE2 HN HEHEE ¥ "o gtk ofF w2 WEY 4l a2 AU
Munidopsis lauensis(30-50 ZAM/m’), 24to|z} Chimaeridae ©]¥, Alvinocaris
sp. 7. Aol {7 len F2] 4% HUN(Provannidaert dhLte] 743l & b 2071
A=)7t EEYch 4A%e] Yrjdz Eastn QAR AR e oMLt
tfEoR Ml wiFEEy A& 713 vestimentiferan tube worms2] tubeZ} 9|
aigle] FHo WHEe EEHO gt o] 837 #A FolziE HFHAE
BE&oz Augch #Heolwt ubgle 912 &ehzbE wol ¢F 10 nd] P2 ¥y
AR FHold 3 ¥Hg A Hrh Ad f¥ex ¥ @93 Holziz
AAF AT o] WAL HeozieE BEIF Roju:s FETE HolA
ok, WA ¥ ZMg YW 9Lt vestimentiferan tube worms, REF7}
S F-(trophosome) & folHiel 4Aldgr f8 FHoladrh o] WY WG F§Y
e dHol: Z¥EA  AMe]  lobate lavad] THEE RBAT, ESUME
Aozl “Frid EHAY" o] Hols M HFY YMo] HYrh
SFHUol dol AWA leachingH A HAYel FAF] W Aoletn
Ao, UEFY d YFE Hrh AHRo] altiz sl Hr}
SH(FFH)Y *2 oz HYS AL +4 1,860-1,890 mollA chA A2
ekt A9 A& WHtvie] AHE “Onsen Site"ofd AL £ A oiF
Yol FAYrh. AreME BEEE &t §4 249 & (82 ¢FE
XY NEEFE HeAdrhE rthe WAYch AW AN Munidopsis  sp.,
Alvinocaris sp. = T3 ®3, R[3] AP dR7t Aol A A2
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AT R ofF YW <7l UMY IEE2FH #Hol &g dE o Fof
&4tk E 24013} Chimeridae o] 72 WET EUTHIO AM/n’). o] Fae
2rto|2t Chimaeridae o]F= £7[u}8} back arc basin®] g4 EHB3F = gol}
Abztul gt B84 2f Y] Zab= TiEA o}F ¥EHo|drh RFEFY A v &
'3, 38 =5 wach ©, #FH F 280 A A Munidopsis sp.,
Alvinocaris sp. *$E& ZEABE= AL EAs: d2 ¢lgct Slub-guno =
I7AMS 24U 4+ AdATE AF 7 Onsen site”] WA ¢lo] AE 238} bed
cap A28 point& =] F3ln FAdsiart. =R, AP EF5 "Wyl dAsts
ZFF+E ohA|Tt Chimaeridee OiR(AA =mel§ EHHAM 50-100 cn B =)%Y
Acanthonus armatuso ©Al 7]t § o7 Rl o 4 Qlgch FHUCl E4
=& I IUx AR a8 EAAY $1AE AABRR, /7] oA
FHo =z Fate] Huigt g sl Qvia BAHe Rl AAHAT FH
AlBE vheat drh YMEWRI| Calyptogena sp. 87N, AMA)L Munidopsis
lauensis 3274M), &Alo|2l olF Chimaeridae 17kA|, AlS$+ Alvinocaris sp.
I7§M, Provannidae gen-sp. TUl%, Stalked barnacles 97f¥], Straight,
Semi-opaque vestimentiferan ca. 20, Sediment core 17, Zt & 17 He|qit}.

+ diveol] 2|%¥t sampled] ¥ A7¥&F} 42z ch&H Pl Calyptogena
R4 HelZ-F(0hta), DNASfMoll &%t AFHA A2(Kojima), 7|84 copepodal)
ety AL(Toda), 7|14/ vIRFY SHRUY A7 (Miura), FH4tautezo}s)
Bely3 AF(Prouski: Paris 6th Univ.), o7 HeldRK(ETH), A=
44H(Ohta), HWIF(FHUAHUEH), TR (Yamaguchi),

2. #7924 Y

DESMOS #f+&: “Onsen Site”

Al % 1,895 - 1,917 w

o] FRAHL (1) A pHel ¥ + Q= “Onsen Site” £&FY M8 22
UFe Mo BUE, (2) "Onsen Site” 38 AW A% 34, (3) DESMOS

L.
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M2 B4 Y 44 AEZFY FR FHE F OAASFA Fo oA,
manipulator2} slub gunojl 2J%t aajdr}t. 2Ao|2} Chimaeridae §, A2 WAF,
A3 EURY 277t oSk FEEllAY oF 98 A4, UATY
2 471(27)), slub-gun, RMT 2% &% probe, AEE EE &7, A 1A,
A8 FEA] Ho| 218 FH AuIZH Agsiodrh. ALl stereo still
cameral= 255 Mg #Ele] MRsigdch Bor oplsl, H A FelA
A4y e] Ayt AolE ¢a) SONARY Q4E, Hand TVEG7]e] W73, F¥ land
markol sl i g1 BALY Aol Y& J&ZIZ Hrh oA AA
A AL DESMOS B EEA udol gl “Onsen Site”?] W& 2 wiehh 39
z|golglc}, W olLlz} dive #9242] track chart: Fig, 6-78 & 2A6A A
Mg ARk 322 A dA¥ch

|8 A xBogel B &, 1,559 o Lol(AAHEHE <« 300 w)olr EF
o} gk wWE} pulmeR WHTE 1,860 m Lol (BAZEE <F 50 m)ollA FB4e
plunec]| A Blojyit}, ZEAL $4 1,906 nd] W&o AT e 2z} glof AA
gich, Tt <o) AIBARH Munidopsis sp., Chimaeridae, Provannidae gen. sp.
Hzie} wiytth, F Dive #9160 =&%¥ [Shinkai 6500] dX|& # 37 Fold
o} Jlzhe, AN d4 E&2vie] A, olF F2Y AU “Onsen Site”of
ol A @42 g2t FEEe @ WAL monitoro] FHE & HWart 9o,
U0° Helol M58 FAsn], AHS HAstHA AU dut & glo] “ Onsen
Site"ol] E@s}7|Z4x] 1,890 n ~ 1,910 ng 4 Hf|ollA 4328 "Spur-groove”
222 g ¥t o] 2 EERE HollA FoF 4 #1, #2, #3, M 2
HAYUCHFig. 6-8). o]l E&YE 44 4 140° HHY trendE 71N, FHEE
F 60° A% U7l AHAE 1A AMAHes A% (enechelon) & F
saseigiart. 42ty e S&%F o By FA(AFRBolzlr A4 =
Aot Ao F2AoT 2Y twhHE(140° Helo)] Hayt ol robeitd
HEaglo] MY whAg RErh #1 9 #2 spuro= Hale] d4 UFL2 Holz
sjafch ¥z AYstA de+E EEste EE8F 222 HH o|Fofx]& “Onsen
Site” & #3 4l #4 S5 Apolol X s= Zo| HFoFcl #3 o] 7%
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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.
1: 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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: PMastaring of shenantal malfur

SRR e g Vs

s My b

Fig. 6-8. Detailed topography of the "Onsen Site” reconstruted by rout maps
of the several dives and calibrated by the many CIF 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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Aozt Wy ZHFS RO 4 1,900 ng Z|AFo] IAY UE FE& FE
Zkx 32 Qltl, O F¥Hols Alo}lE vestimentiferan tube wormso] S WUEES
AAsta glsdth ey s ARY 2 e 13z M HE EEY
Ale] 8] groove AWAMHO| ZH gtk ©, 3 xAHs SiF @219 o ZHEA
gelo] oalgdrt. #4 spurE A 1,895 n Holl & A AAre Zk3 9l o]Fo]
land marke] dF7} Haivh ZHsd ¥ -2 wirle At IS s g
o] land mark?] ${XBAEF Ar) 2AEE 2337 3, & 50 ¢ =
Mg HollE ©A| SONARY FAi¥y o[n|x|& Hand TV #odrlo] YH¥rh Fig.
6-8% original mapZ o]2|%t B Adol o3 TiAl FAHoZ Zolrt zI%
Gl o] Hulgt A4 BEHS 44 1,900 ~ 1,905 moll glE 2@ S%o] pluster
Hojd Apde] FRozRE Y oA Ul AoEN, WRE HiLdYy
HEE Ao AR 93, noduleFE AL FoAx HAE FEHA
SEAeE Aol il ek £HA I,

dead 2z &HE o [ENFH] e Ay AFsPAME ¢
HE(AY dive oA Aprt ZHE ANA wE Aui¥ach). =iy
AMres HrePE 45° AR Alde AFsiAl Y& ZHol AlGAM FaA,
MERAE EFUA 4t Aejoda #elx] ged ¢ Hrh Y Ao}
A4 FYE 238 &o4M dsix] ded o Hrh 274y EE&F T
BAA7] Fole ol ZolE o 90 T(MHsl: divedldE 23 111.9T)7)
71&=o], AEEY Manus flux MY AFA g F&  FAA
gk A (o] vlE7] wiZed HEAE dA3A AU FAAH)R A
& ¥Foletxr ugtEojATh ehuldg A7 Tavurvurdtite] BfEales A3
& 371 olFrh Rotaryd THA 7] 4FY Ao HF, 2 #d
FEBZY A4y a2, H4ed 4 7o U2 A0 18-S AR ¢4
diveolxd M2 HA Foj: Lojx] QIUD, #9240y BEAMY 2% Rol§
g4, 5 FHAHo] MHAYr). o A Foz LA dfe] ozl %t
BAS AGRrh FEFT FHY Ado] Wyl W H2 pMAe Pz g
Z|Lpzicth zpAlst BEs) 2 A o o] EE4d UiH] SuslE dFEM FAMH
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Aol A Faufe] A flesh¥t o] roll uplt Zlojgta HHTh o Y&
22420 BEHe dive #916 W olH divedlMT ThA UER [SAto|Fa4l o
3 A8 BEe AR £ H 0 AXEER olF ZFSEME HHIA Ao}l
At As oAt

“Onsen Site”®| #cfe] Aef¥d FAPL A&7l AFLK3] 7 w47 Fols
s +&F H8° F 9 UR 4 BEF olF url= Aolrh. $4 “Onsen
site”®] WSt F4|7] Foll= ¥ FURINF Calyptogena sp., A3 FYUF
Mussels W} Alvinocaris sp, & el Znde F&5o] $ich o Aol
dofr= olF W2 pHZE(-2.1) ol2ln BAFojzch = W& uzx, yF
B A, S¥rA BT AAY 4 rHGamo et al., 1997). tigo] EHo]
ErsfR[A] ¢4 Tt Fuol A WA Qo] T&EF ofF Tulel At
F2ES o] M3od: Ax[YolH Paralvinellidst), 22 $1§ Zol thy:
polynoids 78 AM&stiis WL FEo QlolA X Ztex = 2§ 2oelx
ek Arttrh, B WY 2F ¥EF “Onsen site™= 30-60%8] FAPH
#1282, 2Rte e FAHI] fvie Ao oA, dao] Aol ¥ HYY
H&E o} ol EUFsITIA ¥ 4 slvh wEbee] Ay Jug =z dE
FEHFL, ‘Aol #4” T R AY 2&Fol Forcl: Uy €4
T&d AsTHol Hrch ZFAJAoz Tt A= AL oAy Fo
vestimentiferan tube wormso]il, I3}t Alojef] Al= Als) A|9F Munidopsis
lauensis\}t Alvinocaris sp,, <4tolzl ©o|% Chimaeridae 2|31 Ae] Huf
Provannidae gen sp. olt}, & crjo]H FE slub-gund] &8o] F=x| glolA
olf2 AL AMSlER, Alvinoccaris sp. & 27§Me] AMo] ARAr}
manipulator® tH% vestimentiferan tube worms(Type 11}& 2fMstgct. 3¢
MAFL 22 gr} Vestimentiferan tube worms F-(Ci®: Type I11) 100 7RA
olAb SIENEF-8(Ohta, Miura), ThA}Ae)&HFiala-Medioni & Pruski: Paris 6th
Univ), -R3zxt #§48(Kojima), M8 Al® Munidopsis lauensis TH 2|8},
Anara 24, JHA4 UHAF EFE, Alvinoccaris sp, 270A):  §-3=A}
8f44-8-(Ohta), “Onsen site” ¥&F i+ 3 + 1 AY FHMg: 2L
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B (Ishibashi}, o]Q¥EZY(J-L, Birrien: CNRS), “vestimentileran tube worms
A w34 27k FHdes AFHYUY F4&(Ishibashi),
o] B S&(J-L, Birrien), “vestimentiferans tube worms™ FAZ|¢ AERE: HFE
Ha 2(K Gena: Akita Univ, PNG), “vestimentiferan tube worms” TAZ]8| ¥3E
coreri §7] 24 8&(Yamanaka), RMT &5 &3 B2 7|z]-&.

A 4d A BEIE L SR

i

d £&F 292 P2 we Aozt ddey A4 Y LS
248 EF wACME el x|zt ux] ki, ‘dr(genus)’olil ' F(species)’
2 UBslEAs Hrh xeld Belch webd £2] ueleld JHE AR €
A dEy 27t A AFo BF AZE Al F EF D FREA
Sol uigt 478 S AL, A F g Uiy de 7Y UAES 1Y
oq7)A gk AFE SR gict  FAERAC A= WelM  AAMF
AgEleja Aoltt, 27|uisle] ool dE(lheya Basin)e] @4 E&F Ao
A a8ls EES photo 6-101M photo 6-162F T} o] & AFell it Ak al
ol#E R E4=HY riEH, Pa}TIiA(Galapagos, 21° N) H& ¥ o
F¥7HJuan de Fuca) E4F FHY AaTE R BEAY oisty e
ABB7I2 gt d4EEFol FoHe weld 4 ®WE dnly FAARY
AV s AN (Munidopsis spp.: photo 6-16 X=X), wWu|A, BRathograea thermydront}
ol EoA o] HMY A, 8| Alvinocaris lusca(photo 6-3 HR)el:=
AR 5T Y4H "xst MM wobd Utk 22l3 thRF(Polychaetes)7t
R F4 10 0 3% A& offy FEYTHphoto 6-15 FXE). Aoldle
Mojelr Ui = ol 2d¥H Held X312 ¢l= vtF(Neolepas zevinae
photo 6-7, photo 6-8 AR)FEE BaFA qtl E£&4F ¥ 4 no:=
Bathymodiolus thermophilus(“mussels”: ¥tzte] WAME T vy e ojuimiF,
photo 6-5, photo 6-11 =), Calyptogena magnifica(”giant clams”: HEURY:
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photo 6-2 A=z}, 2 AHrigt 3 P/t Basde] & Alojol Wyt glch
Ezol 2 o, A 3~5 coof Wl= o|RL 1980 doll Riftia pachyptila@iiL
HEwold, ©j&o] L Pogonophorad] o|R-ojd} W 4 Q& Vestimentiferagii
3= A2 FEE(M)o] 4tk Jones, 1985: photo 6-1, photo 6-6, photo 6-9,
Photo 6-12 ¥Z). o] HEL B TonVE otrin]d LLAUSL U=
HEIRYg UPeRE ZP HENS ¢ ¥ 2YY I2F 5L W w32
olch. o] Ee] ol g4A| A2 2#Y HIUL U= Neomphaluss2
A8AUTNEI HE Ao 93, JHE Thermarcesd] o]H7F UEludctt atetAr)
vl 2w 42T ¢ 10 T M¥olrh 30 Tolde 724 FH(chimney)?
R LR 22 Z] & o] {Polychaeta ) 2] Ul Alvinella pompe janalt
Paralvinella(photo 6-15 22)7} MAIslZ Qic). E% o] 722 BE&Re) gl
g 4 = ol XAIx}s) Qlol, (Cyanograea praedatorz}il sh= Al7b ol&E
ttRHa Ad4sia slch

25 F2 £E&F ANyt 2ALEEES MEB(HH)EClR AN AL
&3S ol 2Fel7ld, oE EY 20Pb Yoz B 154 o7l
E&Fo] 77 & A oluelan wetE ofFtHLaubier and Desbruyeres,
1985). Ao ze ciy [ FAY Aotz & 4 oiAch E&-F
Boj3ow (W)L o5 oLt Calyptogena \} Bathymodiolus7b A& 254
AxT ZHI} A2 & +8& 7lA 2 Qltk= 2 (Turekian et al,, 1983: Rhods
et al., 1981: Roux et al., 1985)2 o|& HUF YTl ojopy] ® < UAch
BRAZRAFANE AEUHLRZ HYs] 7|Agsiedol ¥ A2 w2 2%
=& sixyolvt, TE&Hele} MO HzolMd w2 WHHIL 9=yt FW
A% £ oF 2 Tol vlasl T&FY Y7ol Al AEE w2 28 ARt
Ze2tol ATk ZiA A FEo] RAErt 7 UEER JIdE STEUPL
2~20 Tolth 3 Fot 150 Toldy Lo V|AGMT ANYE njBEE
B 7¥)3 ¢Jt}(Baross and Deming, 1983, 1985). E black smokerol #H& HAAIH
WAs= A=A|gole] sl Alvinella pompejana®) A-Y B2 rHRojiMe
20~30 T, o] LAURA] Fo] 25 MAM(sensor)F 12 coF YA FAME=
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100 T8 Y3, 20 caRYqt RolME 250 T7 71 g=lgic), H 2712 Ao
AEYY A& AnEd, MANEY A7 AN el oA E2UAE
o] epggolut ciMAe] oF 30Ky deIIAFM AMAEFE Fiaist
TEol®  ith  Newman(1985)cff 28 85%F, Tunnicliffe(1991)of ojsf 236%F,
Desbruyeres and Segonzac{1997)c] izl 7 HI7lx[8] RJ/ S UFII= F
Uyt APt aj&E AUtk o]l& Tunnicliffe(1998)7F RF  Fcf/d st
71 Y d1XEFS UEo] #M3F0 o2 F HF/E UEIALE o)t
HEo olFge] W FARFEE ohzt olF/gel Ashe, 2 Ao AF
&3t xR olfY T FE= udEsidch = o #ES U F9
&l E75t3, Al 71 E(Phylum)o] &8l= ME&ol HAY & d&
A E&E =Bl A& RoFgcrHVan Dover, 1990: Tunnicliffe, 1992).
$HH, o|g§ d4d HELS MAALE ofF W& Add EXstT USd
S5aL, 3 Fes 27 vl "gria elepr] ¥ 4+ Qv ¢ e gA
A EE Fo & 7xE AAsln dlen, 44y dEEHE A9 &
Galapagos, nEPR sites and Guaymas BasinofjA] tith+& Alx|§ic}. Copidognathus
papillatuse 47128 x| AQol|M, limpet?) Lepetodrilus elevatuss 5719 A ofA]
WUAE o] &=d olo] v polychaete)] Amphisamytha galapagensiss= tiM &
MAY 2E A 2 doM dAz ot G(Genus)HHE Rrizlx ¢ 2ol
MMl o 40x8 A8} 9lr}. Provannidaed] H{E W4 gAauu
sEfeof M 5 YPFo|x] = TFeolt}

A5 A A8 AEZHl BT WY ezl
AR By

LT HEZWOIU B §4 A9y 2P AUny 2 8 & shus
fgasbreeloht it asbdlelold  Mulel FAAUeEH  HolBE
A YT AGeld PASE qUAE 2o FEF] Aol Uths
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Folth &, d+ E2FT AETHY WA olF AEol AN uE
BEEY MAZAY do] BN FHUE R71E0] AT AN =&F T2l
B ol AEZUE #AHZL e Zol o7 k= ME
9l9lx|eH(Lonsdale, 1977), &S AAWEI ol gthe Aol Ayl
QAT AR A, HUHAHEE she AFe ddolu, ol MFa HBAESH T4l
YA = AT Bo} of AEFHY HEHo] F&fo THH IYES HY
A= Aol 28t Holzls Rzt #A HLAcHChildress et al., 1987).
4 E&3Y 2L vl Zetd BoIiE Bof glot ZA4E KUAS
st g, ole A¥E4, F5% AYUE Hddx HUES 3= Aldel A7
wf-£oltHJannasch and Mottl, 1985). olej§t VAl Zelutad WA o[F su2
E£&-3ol Y=, T2 ¥ASE AT Addch E&F FHY sy 24
Ed Bolx Aol Eeflth dafa FuRu HojAF, wAF A H2
2= A& &5 243 Aoy FUY £ 93, AYAFE
Z1AEHY nBES Y Aoy AUY 4 Urh o|&F [HY LML
3o A ¢drt. AEMY =k}l A A(Rau, 1985: Saino and Ohta, 1987),
XS HW(Fry et al., 1983: Sakai et al., 1987)59 <AZeM v
AEALL dYTAE FHBe dR2FEH ol W2 FEol HUuUPAZY
SR A FHA vlo] R S FEvie A WA o). De Burgh 2}
Singla(1984) ol 2]3] A4 limpetsd] of7in] 23 Qte]q AL OT AQY WES
5t it Zlo] ¥H Hr}, Galapagos pogonophoragl Riftia pachyptilag
A ZLR Vestimentiferao] ERF o1 Z1& & Yl Wbl vsegtol osf
A o] £8I] FAZE Rolx] ¢t Flolgtt. o Az Ay FEM
3 FrREY AAYYErUeE FAHARE AZFo R Yt}
22 g3eld & 70xEF A3tz HIAVL wdsts ¢ A (trophosome) ol =
HRAAIE Rele A, R Azl €nFY FHo] A AHE o ¥y
AEZo]l  Fukste] gl A, I sl HRYUPMAFA  SAHY
H LA (calvin-benson cycle® o] ojat¥igtsd A HAA, {HF 9@ Hicycle
T4ANY FEEAY A & FUSA FpLatiyge NG ERHGFMAFS
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Mol TAHAF|Z gtk Ho| HastA EoichFelbeck et alf., 1985: Kim and
Ohta, 1991). & HF7} Galapagos Calyptogena(BEUZR)of CisiME
AR ofzim] 2 MR fo FAst: Aol F[UIA UK ArHFelbeck et
al., 1981, 1985: Cavanaugh, 1983). ZJf2 & 229 “¢/'%C u|l= 4Z2 3=
F gtz FAL frlEe] FAste Zol wysirl Yz o]
ojufzfeii = siphonolLul Aupgo| E|HE[ojgle] FBAZ 27t o] HMNoj
&3l glthe o] st Felbeck et al., 1985). o|& %Yo FEAE
5oz WAV UL gy RIS R Atk Ay HEH
718 BUgel WAy oliywia, ILMUFLE FE §FV FFUC2
siejale BRA oA efiuixgd  EEeEYEHY fieas
AErEFHY A4E FISHA d2d o ®Hrh Zut o714 Ayt Egol
A, fAedsE A sRIE AIA JYsin =Y HARIFE
+2HE BHFAEA chitochronCe] ¥AS A= FHEUoLE 2y
Zetut A VestimentiferadiMe HRZIZW Ailo] {Ipgiol ibihof itk
Bo|Aol AYHHE zt= Z(Arp and Childress, 1981: Felbeck er ai., 1985:
Childress et al., 1987), HelulaACalyptogenao] T3 = W Fof Y54
Ao guta}-2Ex} thijo] Zmiglo](Felbeck et al,, 1985:; Childress et al.,
1987), olFo] B Fof ool A4 F st E, F49 UNE AAdl=
Aoz AgzsEejict. = deedF T W AAF = AEE TS
nolsfo= KULAE ANEA RACE ubRo] &It FHUrLBANME
oislA gl AIzle] X $|§ Ax|Bl eltH(Childress et al., 1987: Ohta and
Kim, 1992).

A4 HETHA ZA3Ns Yeeote BAE Yol 315t deAQ F
7ol ti2 @ AY Ay tfFAQ P Fo ool AU Z & ALY #US
w1 tH(Table 6-1).
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Table 6-1. List of samples observed by TEM and Iight microscopy

Station vessel
or or Date Locality Position Depth Specimen

Dive No. submersible

SR.127 R/Y Tansei Maru 17.June 1980 E of{ Miysako 39*18.73'N 1700m Calyptogena sp. A
Sanriku 142*50.3° E

+ 381 SHINKAI 2000 05.Nov. 1988 Hatsushima 35*00.0" N 1170m Lamellibrachia sp.
Sagami Bay 139*13.5’ E

% 381 SHINKAI 2000 05.Nov. 1988 Hatsushima 35*00.0’ N 1170m Pogonophora gen. sp.
Sagami Bay 139* 13,5’ E

# 410. SHINKAT 2000 11.June 1989 Calypt. Site 27*32,94'N 1400m Lamellibrachia sp. B
Iheya Ridge 126*58.20'E

£ 480 SHINKAT 2000 16.May 1990 Calypt. Site 27 32.94'N 1400m Calyptogena sp. B
Iheya Ridge 126.58.20°E

* 480 SHINKAT 2000 16.May 1990 Calypt. Site 27°32.94’'N 1400m Calyptogena sp.
lheya Ridge 126.58.20'E

= 480 SHINKAI 2000 16.May 1990 Calypt. Site 27° 32.94°'N 1400m Pogonophora gen. sp. sp.
Theya Ridge 126*58.20'E

+ 481 SHINKAI 2000 17 .May 1990 Pyramid Site 27*33.03'N 1400m Bathymodiolus sp.
Iheya Ridge 126" 58.15'E

= 315 SHINKAI 2000 06.Nov. 1990 Hatsushima 35*00.0' N 1170m Pogonophora gen. sp.
Sagami Bay . 139°15.14'E

= 342 SHINKAT 2000 26.May 1991 Minami Ensei 28*23.5’ N 700m Bathymodiolus sp. B
Qkinawa Tr. 127°38.5' E

STALO NAUTILE 05.July 1989 North Fiji B. 16*58.67'S 1975m Ifremeria nautilei

173*54.96'E
] SHINKAT 6500 07.8ep. 1991 North Fiji B. 16*58.67’'S 1975m Ifremeria nautilei
173* 54 .96E
=80 SHINRAT 6500 11.8ep. 1991 North Fiji B. 16*59.46'S 1965m Ifremeria nautilei

173°54.87'E




1. 92 o9y} oj¥o} 828 Calyptogens sp. A

Calyptogena sp. dollA= F4 #felzlote} o] Q& ofrin|(gill) ¥o]
YA ojuizie] Réa= ciEA gEE AusA g AL o 4 Qr)
A2 Z(TEM) 02 opyul M AWRW ¥MHQ TR Calyptogena
zagnifica 2} off fANE B5-& LlEPACH(Fiala - Medioni and Metivier, 1986).
lalyptogena sp. & op7lnl& AT g ANEE 2A F ddez ug 4+
ek, Shtbs, & B RESE MEZAY G AW ME2 o
FEoli, E shite olvtule FH YHog A ulaolE ol W Ei)
EA3L Qe FEolth P Rk oprln] zale] ol APA Mg
TEE Uz o] RAol: A WY unERz ol M B < g}
op7tule FAFEE W UWH HolE % AHA AL B 2 Arkphoto
6-17). 2zt welziol Mol o] EHol: A UWH § Rore| i QL)
delzlol MEE &2 WE2 o]F HEHS LIYUE coccoid Gram-negative
type?] Helzjobg gt lalch. o3& Calyptogena soyoaes] §WAME U e 2] o}e]
T+ RAY YelE ehUCHEndow et af., 1987). weizloly 7 YyRL <
0.9014 4.3 m& Vtelsdch wfef2lo} M2 JRE 2Ee] 2HPo|L} MR gl
NEE Byt Ut

2. & vlolm R o8] Calyptogena sp. B

ol 34 otztn] QA ofF Arfslg, ofrtulle of Y& ulelz[o} M2
M el er} coccoid Gram negative atef2)ote] WEE o Witk photo
6-18). Welzlole] T AR 0.8014 3.7 mE el Qdch. = o] 8| of2]
Calyptogens sp. 8k TIEA °] && FHAojME ARE B 4 ¢4t o5=
AMA 2= Calyptogena magnificash GA}gH RESS Bo $eri(Fiala-Medioni
and Metivier, 1986).




3. Ap7tulqre] Vestimentiferan tube worm(Lasellibrachia sp.)

%A %A (trophosome) 2 ©]F vestimentiferan FE& Mo 7} ¥arzyal
FRoln], af Fa|@ g4 o] HEo] gict Fauefzlop= woz T3 4o
R (71222 AMY) A9 YL FZF A QUE host cellol] 23y
AdEoxE Rez BorKphoto 6-19). ©ol& =& ugzlo} MHEHe
oig&olM 8 5 oo, 27uts &S & pogonophoransFs C}E PAtg
Bt o] tube worm®] FABAH= Gram-negative B9 AEMEL ot FA
defzlol AXE Befy 22 YA $ 42 el e 4 chphoto 6-19,
20). X W= 3P gele 33, JRYo2 B2 Hel§ sz o, HF
AR ckell 3N 571 WHY P4 Boln rh coccoid el AL
2.5014 7.3 m o]Zict Fe R 2L Y} GASA FolA U BEE 8
« At ol $F2 Z Helt lysosomedo] B Y wle] T2E dAlH
gich ¥ sl FAAY e dM dFU S AEHT Zoby A o
1.0614 3.8 m&E LEpRTL Pale fenestrationo] €2 HERETl:= vz @A
Vet of 22 2L dU%M(trophosome) MEEE I VB AN qix
lobule&2] FaolA AiEles 2 73, wezole] ztAsl A=Y FAcrlgt vi4g
71%%& 2t& lobuled] WIZHE ¥ilo] Z7)9 AU AR gz
AR oz whapfos AfRujHolAcin P o Achphoto §-21), FAATFL
2R AA 2 U] FFL BAF gloew, NFAEAY carboxysomes
poly-B-hydrobutyrate(PHB) 2 F4¥ojal 2|3 ANPAF =UsI= AAY
HolcHJensen and Sicko, 1973: Shively, 1974). Vetter{1985)%= %S BEY
oluis}F2] olrtulof A o)8} vl&T AAES PAWCE Fe|IAYE QALY Hie
FEY F2 Bl gt Z UrHphoto 6-20). T Tl FelzAL
dAFH T2t Ut FHArigt electron-dense bodies@ efzjo} M Eo] RE
EFoM ddyU 4 Qlt photo 6-200M& MFAM k] ZEBug & 4 glth
°l electron-densets d4te] HAolu ofulx] guat Bl A- AAY
HelcHFaure-Fermiet and Rouillter, 1958: de Brugh et al., 1989).
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4. A}l7}u|ak2] Pogonophoran tube worm

Gefzjot MERL trunk?] B RE-EOZHE opisthosomed] i Aol
o] ¢f HE| AA ueldrt RE ule2]ol= close-packed “JER2] host cell
gof E& #oislthphoto 6-21). F4F Wel2ob coccoid typel 2 et A4
1.3 4.1 m 2,500 6.3 mE UEluWE, cytoplasm@tel E4tE o]
FelaAz ge 4=xE #3 odchphoto 6-22). ©l& coccoids= I FA
oyt WWAEY U WASA FEFAH, MEYG Y AFHAY
dAwxe] HOT  Cram-negativedtl. o] FAEAlY AEXIAL vz
electron-densed}® uwjul2 electron-lucent EE EQitlphoto 6-22),
Electron-lucent AF: AHrigt FAzalEci= 32 ZAgxjolAiMRct o &
gAF A EHAYE AEF 7IE2E of AEeetd ¥l 9lglthphoto
6-21). ulejzlol AR @ BEEL picrovillitd HdE71 gt siedolr) &
Mz weeiote] 4& A7ole HE sectionfofMzT ofF =EFAV Wol
BXsln gl A% Y AL HH7E Yo 2Tl photo 6-212 A2
@ ot (trophosome) MEE lobules?] ZFUFolM A4ts &S HofFo,
stefglo}r} A LA T wjd7eS AL 9= lobules?] HIREZRS % 5lo
A2 f2uisolAc), BN lobuless] ¢HFolAM Wew A4K FEA
A7 AXAE AR

rr

5. o|s]o} 3|52 Pogonophoran tube worm

A XU oefalols @MY coccoids HeNH2n, oF 1.5-6,0 m o A
7122 9lglcH photo 6-23). A2 Gram-negative el2lo}E 3 gith
FARe) AEALE AP RA UYEE B lighter corere 97t
electron-dense strandsd Zt3 Q4 cthFig. 6-24). 2H|Z[ ol host A ER ]
o) B o o, /AEY HEE OFE B2 Udrh E lysosome2
Adxle wjeziols Tyt ok &28 dZ(pinocytotic vesicles)= HYEE
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a1 ode wezlote] ¢4F F2 g xF Jepdth oA wE[ost
A Xete] Alolof tiile] WS YA Il BAATE. MRS A2 49

a|EZ=golE k3 glalrt

6. R¥x] 8} 22| Ifremeria nautilei

Ifremeria nautilei o}7ju]2] FHajen]7 Aol 7h=rlgt Hefe] F4
Helejol7t 2 WEE e AT S ¥ 4 Ucthphoto 6-25). =felE]ots
defalotdxete] WHE UdR, F MxxY JHofr] FIelN &
9iglcHphoto 6-26). FTiar ela4E3 e dxts AY YeleoldEed 7]H
S-2ol &3 sdthphoto 6-25). F 7HA| el F4=i7} wfefzjol MR gtolA
gAax At shube, =yl Held Ze=2, o 114 3.9 m FEe
A7l cHphoto 6-26). F Wzl Vel A2 A Hal A 7 AY wiwshy
ol gt W] whg EEsin dgded, ol 71&Y EaH ot olF A
Ags  ugelote] A HAMcHphoto 6-27). ol Hefe YelolEL
1M RBZel FEFHel st Adrh. UH/ BSF Gram-negative HEejo
AR 7 clddoh. 7 712 Bel F %Akt izl 71 W& yol
Liebsieh Bkt o-f =telzjole MY o 5% KL 1 o3y HiF ZHAx
st

7. Minami-Ensei Y %] Bathymodiolus sp.

of x¢e Fgte] ofrto] F2E vl deAgout EE4AIGY FgEo|
oftuj&e] WrulzioldE FAAFIL & A KABSHA el ole 23 FASH
4o FESA AERHA glci(photo 6-28), A WuiFoluh Hx Hu|Hoj
o|gt of7tn] filamentse] [HeJM 1ES 34 EFE Z:e G2 PAXE yos
TAE dgrh oprhu] Hm¥e] oprhu] MEEL 4719 tiE HelE Az
%glth. 1) Ciliated HAZEZ &2 wEo nEIclolsl YUAH Fry
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T8 7z dddden, o, FAA e ge=2 ugEel Adch 2ES
HAEo[Z & ARE FAdE HegRE B oy filamentd £ FEo
#x %l 2) CiliateddE £ FAY MREES FFY A2 W12 E
Eshs A W] off WE wA Uehts wet F2o &3] Se] uElkich
3) B35 MAEES FUd 3R deeleldE sixlz vk 1&2 o]
filament®] FH FFojdltl eelo} HZ2ES FFolA ofrln] filamenty
izt FES VUSSR Tt Ao doE 2§ 2 g4 HAE2s3
ZM57 s sl 4) @2 $7 HEMEE(intercalary cells)& 2ez|o}
Axu HdE7 g REEY wy B MdRo] o8 Fejslo] gk olF
HESS 252 713=e] € 29 microvilli v HE, Hclgt o 2fsj
T gl JIAFZ FEBA ExYrct n[EEEz(ohd 4AXMNE olF
intercalary cell& QrojjA] WA 2},

dfefajo} MEe] Aap @7 FHold BB Heelolrt otrlm] filament 9
F4 SR BAaEe FXE3t 2gl3, Gram-negative ©]%THphoto 6-28 B
photo 6-29). F4 YHglol: 2 nlMZXolxjxt Z7|EE Joeg FRIALL
1} coccoid®efe} AME, < 0.804 1.2 w2} 71 IAF3} g YiE Mgxdete]
Bgoly 8% 7lAa odglch 2) rodBefel MX, o 32004 4.4 mo 2
A7, 94 FBF 713 ot 3) dub3ojx] o2 ui¢ 2 Helo] qfelz|o}
MEE 7.6 moll ol2glct FAAtlE o slef Heglolrt Ho|sd oigt
A3t wtelgjole Bgci(photo 6-29). WHtY o g dgglel= ol7in| ) o}F HE
2o #lxista 3laict

ol7tu] filaments®] wtealo} AEo] F #lofd FANt 4AFA Y2
T8 XY g2 2 HAEES 83 4 2Addch Rod Hefe FA4AE g elo}
AEe] Fdo] AY HYsIA HAsl Ades ZAME Horh o] omlx
FTAARL] JtA 2% /U 317 A Reg FYHr). AF AEEY R
F2E= ofZlo] 23 g sl WHEol AREY FAl YAs=U ol A2
2HE MEEo] elglel MXEES FHLERYE AREZHAYH sl FLeR
X A} photo 6-30, photo 6-31).
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8. o|3 o} 8]@ 2] Bathymodiolus sp.

°lF FEY o7lnl: o3t & ¥ H¥e LR MmE

filaments® F/g4E o] 2lglrt. ofrtu] filaments: 2E2 gH Tz 2o
B A% filibranchiaolgr}. e)zjo}d Egsln g

ol7tul  filament®] QPET P4F I EAs gastdch AxEo Al
BHAM elejol AE QY FHAE 2 2N FURE Ho 2oy
microvilli= 32 32 ¢§F§ LIebiti{photo 6-32). EPR & 13 °N @4xi4e]
Bathymodiolus thermophilus off ulaf 2} & obe] wiejelols 2, 37] A e
TF Llepf oo (Fiala-Medioni et al., 1986), A7)ef 9lo|Alx Bathymodiclus
thermophilus BT 247 Uejubth ZAAIE coccoidil BE rod HEjE o Fy|-
coccoid HEf7} 0.7804 2.5 wmAEEF, rod¥E: 1.891 4.0 mE HdH
ToChphoto 6-33). FAzHs wHlol MES T HEo| HAFo| olarh
Hrefzlotrie] @ FEolub dtelelol Mxe)l sMETo) AXNL} u]E 2]}
Al S Wizl F U o] Agct o] & FAaL wqle) 22d 2N

& o A% ogk ushielole] RES BedRm gt
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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 claw Calyptogena sp. colonizing on the sediment and a sione

crab Paralomis sp. Scalpellids cover the outcropping rocks. Calyptogena Site.
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Photo 6-3, Voracious bresiliid shrimp Alvinocaris sp. living among vent

communities of the Calyptogena Site and Pyramid Site,

Photo 6-4, Another voracicus hippolytid shrimp Lebbeus washingtonianus living

among vent communities of the Calyptogena Site and Pyramid Site,
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Phote £-5. Elongated iype of medium-size mussel, Bathymodiclus sp. They occur

both in Calyptogena Site and Pyramid Site,

Photo 6-6, Large vestimentiferan tube worms bearing scalipellids. Full scale

of the bar: 15 cm. Calyptogena Site.
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Photo 6-7. A primitive scalpellid [Neolepas-type sp. 4]. They dominated in

number among the members of the community as seen in Photo 6-2.

Photo 6-8. Another species of primitive scalpellid [Aeo/epas sp. B] on a tube

of the large vestimentiferan tube worm. Calyptogena Site.
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Phota 6-9, Pogonophoran tube worms and sponges, Calypiogena 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 Bathymodiclus 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 vestimentiferan tube worm protruding short gill! f{ilaments

and obturaculum. Calyptogena Site,

Photo 6-14. Large Alvinccaris sp. covered by “bacterial ?” filaments, Pyramid

Site,
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Photo 6-15, Vent polychaete{Paralvinalla hessleri} and their tubes on the

polymetaliic sulfide block of the Izena black c¢himney,

Photo 6-16. Galatheids{Munidopsis-type gen. sp. B) with broad rostrum
aggregate and cover the flank of the chimney of the Pyramid Site,
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Pheto 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 mm.

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 bactericcyte: sb: symbiont bacteria, scale bar: 5 m,




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 following photo. Ed: electron-dense
materials: n: nucleus of the bacteriocyte: pf: pale fenestrations: sb:

symbiont bacteria. scale bar: 10 tm .

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(l m). Ed: electron-dense material:

gg: glycogen-like granules: mi: mitochondria; pf: pale fenestration. scale
bar: 10 .
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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 larger symbionts membrane structure{pm) reminiscent of the lamellae of
the larger vestimentiferan symbionts. n: nucleus of bacteriocyte; sb:

symbionts, scale bar: 10 sm.

Photo 6-22, TEM micrograph of the ancther portion of trophoscme of the same
individual of photo 6-21. Note 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., N! nucleus of bacteriacyte.
scale bar: 10 ym,
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Photo 6-23, TEM micrograph of the trophosome of a pogonophoran from the
Calyptogena Site, lheya Ridge. Ed: electron dense mwmaterials: gg:
glycogen-like granules; mi: mitochondria; n: nucleus of bacteriocyte: pf:

pale fenesiration, scale bar: 10 m,

Photo 6-24. TEM micrograph of the another portion of trophosome of the same
individual of photo 6-23. Note the occurrence of lighe cores containing some
eleciron-dense strands(es) in the symbionts. gg' glycogen-like granules: mi:

mitochorndria. scale bar: 5 gm,
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Phote 6-25. TEM micrograph of the bacteriocyles in the gill t{issue of
Ifremeria nautilei from the North Fiji Basin. Ls: lysosome-like structure;
mh:  methanotrophs: mi: mitochondrial mv: microvilli: n: micleus of

bacteriocyte: sb: sulfur oxidizing symbionts. scale bar: 10 (.

Photo 6-26, TEM micrograph of the rods near the surface of the microvilli-fringed
bacteriocytes in the gill of Ifremeria nautilei from the North Fiji Basin, mv:

microvilli; sb: surfur-oxidizing symbiont. scale bar: 2 Jm,
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Photo 6-27. High magnification of slender-rod sulfur-oxidizer and
membrane-stacked methane-oxidizer of the bacteriocyte of Ifremeria nautilei,
Note the connecting canal to the outside of the cell and dividing stage can
be observed, ec: empty cavity: mb: methanctrophs: sb: sulfur-oxidizing

symbiont, scale bar: 1 g,

H

Photo 6-28. Gill filaments of Bathymodiolus sp. from the Minami Ensei Knoll.

Transverse section through one face of gill f[jlament showing bacteriocytes
and intercalary cells, Lysosome-like structure with the bacteria are
visible(ls}. Bn: bacteriocyte nucleus: Ic: intercalary cell; In: intercalary

cell nucleus: mv: microvilli: sb: symbionts, scale bar: 10 m
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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 Knoll. bm: basal
membrane: c¢: cilia: mv: microvilli: lIc: intercalary cell: mv: microvilli.

scale bar: 10 im.

Phato 6-30. TEM microscoph of transverse section of the bactericeyies of
Bathymodiolus sp. from the Minawi 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 4,
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Photo 6-31, TEM microscopy of the bacteriocyte of Bathymodiolus sp. {rom the
Yinami Ensei Knoll., Round free cells also visible, c©i cilia, s lysosome-like

structure: mv: microvilli: sb: symbiont bacteria, scale bar: 5 pm,

Photo 6-32. TEM micrograph of the bactericcyte of the gill tissue of the
Bathyvmodiolus sp. from the Iheya Ridge. Stacked internal membranes are
typical of type 1 methanotroph{Tm). 1s: lysosome-like structure: mi:

mitochondria: sb: symbicnt bacteria: va: vacucles. scale bar: 1 gm,
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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: vacucles. scale bar: 1 /m.
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Appendix 1. Cruise time table

Location Oper. ltem Dist. | Time | Cum. T{ Cum. T Date
Lon Lat km | hour | hour | day/h yr. mon. day time

WP.07 15037.7 | 308.2 1999 05. 13 00:00

Transit 9028 | 3.90 | 3.90 | 00/03 | 1999.05.13 03:53
MP.01 15120 | 332.5

SB/Mag 36.66| 247 | 637 | 00/06 | 1999.05. 13 06:22
MP.Q2 15133.75| 3468

SB/Mag 628 | 034 | 671 | 00/06 | 1999.05. 13 06:42
MP.03 15137 | 345.83

SB/Mag 217 1 0.12 | 6.83 | 00/06 | 1999.05.13 06:49
MP.04 15138 | 345.22

SB/Mag 690 | 0.37 | 7.20 | 00/07 | 1999.05,13407:12
MP.035 15141 343

SB/Mag 231 [ 012 7.33 | 00/07 | 1999.0S. 13 07:19
MP.06 15141.75| 342

SB/Mag 281 [ 015 748 | 00/07 | 1999.05, 13 07:28
MP.07 15142.8 | 340.9

SB/Mag 3.70 | 0.22 | 7.70 | 00/07 | 1999.05.13 07:42
MP.08 15141.35 | 339.52

SB/Mag 281 1 015 | 7.85 | 00/07 | 1999.05.13 07:51
MP.09 15140.3 | 340.62

SB/Mag 274 | 0.13 | 7.99 00/07 | 1999.05.13 07:59
MP.10 15139.4 | 341.8

SB/Mag 584 | 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 | 1999.05.1308:21
MP.12 15135.96 | 344,12

SB/Mag 534 | 0.26 | 8.63 | 00/08 | 1999.05.13 08:37
MP.13 15133.18 | 344.88 :

SB/Mag 7.39 | 0.35 | 897 | 00/08 | 1999.05.13 08:58
MP.14 15134.32] 348.72

SB/Mag 7.22 |1 039 | 9.36 | 00/09 | 1999.05.13 09:21
MP.15 15138.04 | 347.54

SB/Mag 250 | 013 | 9.50 | 00/09 | 1999.05.13 09:29
MP.16 15139.19] 346.83

SB/Mag 796 | 043 | 993 | 00/09 | 1999.05.13 09:55
MP.17 15142.6 | 344.2

SB/Mag 1.88 | 0.10 | 10.03 | 00/10 [ 1999.05. 13 1{(:01
MP.18 15143.2 | 343.38

SB/Mag 2.81 | 0.15 | 10.18 | 00/10 | 1999.05.13 10:10
MP.19 15144.25| 342.28

SB/Mag 8.81 | 0.48 | 10.66 | 00/10 | 1999.05.13 10:39
MP.20 15145 342

SB/Mag 556 | 0291 1095 00/10 1999.05. 13 10:57
MP.21 15152 342

SB/Mag 556 | 029 | 11.24 | 00/11 | 1999.05,1311:14
MP,22 15155 342

SB/Mag 3.69 | 020 | 11.44 | 00/11 | 1999.05. 13 11:26
MP.23 15155 344
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Appendix 1. continued

SBMag | 11.11]0.56 | 12.00 | 00/11 | 1999.05. 13 11:59

MP.24 15149 | 344
SBMag | 3.69 | 0.18 | 12.18 | 00/12 | 1999.05. 1312:10

MP.25 15149 | 346
SB/Mag 11.11] 060 [ 12.78 | 00712 | 1999. 05. 13 1247

MP.26 15155 | 346
SB/Mag 14.95 | 0.77 | 13.55 | 00713 | 1999. 0513 13:33

MP.27 15202.5 | 343
SBMag | 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
SBMag 20.08 [ 0,93 [ 1576 | 00/15 | 1999. 05.13 15:45

MP.30 | 15204.16] 341.88
SBMag | 741 | 034 ] 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 | 1999.05.1317:10

MP32  [15206.94] 35312
SB/Mag | 1532 0.77 | 17.96 | 00/17 | 1999.05.13 17:57

MP.33 15215 | 355
SB/Mag 26.67| 1.37 | 1933 | 00/19 | 1999.05. 13 19:19

WP.08 15227 | 403
Trapsit 15.60 | 0.84 | 20.17_| 00720 | 1999.05.13 20:10

WP.09 15233.4 | 408.5
Transit 47.49 [ 2.04 | 2221 | 00722 | 1999.05.1322:12

WP.10 15236.2 | 434.1
Trausit 4326 | 1.86 | 24.07 | 01/00 | 1999.05. 14 00:04

WP.11 15249.5 | 453.4
Transit 12.39 | 0.53 | 24.61 | 01/00 | 1999. 05. 14 00:36

WP.12 15256.2 | 453.4
Trapsit 64.40 | 2.77 | 2738 | 01/03 | 1999, 05. 14 03:22

WP.13/DP.01 | 15330 | 445
SB/Mag 43.04 | 223 | 29,61 | 01/05 | 1999.05. 14 05:36

DP.02 15318 | 505
SBMag [ 2479 | 1.24 [ 30.85 | 01/06 | 1999.05. 14 06:51

DP.03 15330 | 511
SB/Mag | 3504 1.84 | 3269 | 01/08 | 1999.05. 14 08:41

DP.04 15330_| 530
SB/Mag [ 4207 234 | 3503 | OUI1 | 1999. 05. 14 11:01

DP.05 15344 | 548
SB/Mag 35,04 | 1.85 [ 36.89 | OI/12 | 1999.05.14 12:53

DF.06 15344 _| 607
SB/Mag | 87.46 | 4.80 | 41.69 | 01/17 | 1999.05. [4 17:41

DP.06A 15416 | 642
SB/Mag 19.00 | 1.06 | 42.75 | 01/18 | 1999.05. 14 18:44

DP.06B 15408 | 648.5
SB/Mag 90.73 | 4.32 | 47.06 | 01/23 | 1999. 05. 14 23:03

DP.07 15335 | 612
SB/Mag 101.56] 4.53 [ 51.60 | 02/03 | 1999.05. 15 03:35

DP.08 15245 | 549
SB/Mag 68.91 | 4.28 | 55.87 | 02/07 | 1999.05. 15 07:52
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Appendix 1. continued

DP.09 15210 602
SB/Mag 11.66 | 0.79 | 56.66 | 02/08 | 1999.05. 15 08:39

DP.10 15208 336
SB/Mag 73.03 ] 3.76 | 60.42 | 02/12 | 1999.05.1512:24

DP.11 15245 542
SB/Mag 102.52] 4.23 { 64.64 | 02/16 | 1999 05.1516:18

DP.12 15336 604
SB/Mag 12.91 ] 0.51 | 65.15 j 02/17 | 1999.05.1517:09

DP.13 15336 337
SB/Mag_ 102.54] 3.82 { 68.97 | 02/20 | 1999.05. 15 20:58

DP.14 15245 533
SB/Mag 29.83 ] 1.07 § 70.05 | 02/22 | 1999.05.1522:02

DP.15 15230 541
SB/Mag 57.16 | 2.41 | 7246 | 03/00 | 1999.05, 16 00:27

DP.15A 15230 510
SB/Mag 20.66 | 091 | 73.36 | 03/01 | 1999.05.1601:21

DP.I15B 15240 505
SB/Mag 20.66 | 091 | 7428 [ 03/02 | 1999.05.16 02:16

DP.15C 15230 300
SB/Mag 27.66 | 1.02 ] 75.29 | 03/03 | 1999.05.16 03:17

DP.16 15230 445
SB/Mayg 28,63 ] 1.07 [ 76.36 | 03/04 | 1999.05.1604:21

DP.17 15226 430
SB/Mag 18441 0.72 | 77.08 } 03/05 ] 1999.05. 16 05:04

DP.18 15226 420
Trangit 21651 1.17 { 7825 | 03/06 | 1999.05. 16 06:15
Rabaul 15215 416 Pickup 1.37 [ 79.62 | 03/07 | 1999, 05. 16 07:37
Transit 5398 251 | 82.13 | 03/10 | 1999.05.16 10:08
CTD.01 15206.5 | 348 CTD 1.77 | 83.90 | 03/11 | 1999.05.16 11:54

1.86 | 0.10 | 84.00 | 03/12 [ 199%.05. 16 12:00

S DSC1 15205.7 | 347.39 Start of DSC
DsC 045 | 7.37 | 91.37 | 03/19 | 1999.05.16 19:22

E DSCl1 15205.6 | 347.17 End of DSC

1526 | 0.83 | 92.21 | 03/20 | 1999.05. 16 20:12

CTD.02/MP.34 | 15158.6 | 342.8 CTD 1.35 | 93.56 | 03/21 | 1%99.05.1621:33

SB/Mayg 23.25 [ 2.02 ] 95.58 | 03/23 | 1999.05.1623:34

CiD.03/MP.36 | 15146.3 | 340.28 CTD 161 | 97.19 | 04/01 | 1999.05.1701:11
S DSC2-2 151440.54 | 343.93 Start of DSC

DSC 2.03 | 4.82 j102.01 | 04/06 | 1999.05. 17 06:00

E DSC2-2 15140.15] 342.9 End of DSC

349 1 042 1102.43 1 04/06 | 1999.05. 17 06:23

CTD.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 J105.91 | 04/09 | 1999.05.1709:54
Transit 495 | 0.22 106,14 | 04/10 | 1999, 05. 17 10:08
MP.37 15146.061 344
SB/Mag 284 | 0.31 [106.44 | 04/10 | 1999.05.17 10:26
MP.38 15145 | 345.11
SB/Mag 1.32 | 0.07 j106.52 | 04/10 | 1999.05.17 10:30
MP.39 15144.6 | 345.7
SB/Mag 929 { 0.44 10695 | 04/10 | 1999.05.17 10:57
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Appendix 1, continued

MP 40 15140.68 | 348.84
SB/Mag 292 | 0.14 | 107.09 | 04/11 | 1999, 05. 17 11:05
MP.41 15139.34 | 349.67 j
SB/Mag 839 | 0.39 [107.48 | 04/11 | 1999.05. 17 11:28
MP.42 15135.04 | 350.11
Transit 2040 | 1.17 |108.65 | 04/12 | 1999.05. 17 12:39
CTD.06 15142.9 | 34336 CTD 185 [120.50 | 04/14 | 1999, 05. 17 1430
1.07 | 0.58 [111.08 | 04/15 | 1999, 05.17 1504
PC.1 15142.38 | 343.61 PC 236 |113.44 | 04/17 | 1999.05. 17 17:26
18.56 ] 2.38 | 115.82 | 04/(9 | 1999 05.17 19.48
PC2 15152.24 | 3418 PC 375 {11957 | 04/23 | 1999. 05, 17 23:33
11,60 | 0.57 [120.13 | 05/00 | 1999. 05. 18 00:08
PC.3 15146.11| 340.5 PC 192 |122.05 { 05/02 | 1999, 05. 18 02-03
5.14 | 0.56 | 122.61 | 05/02 | 1999, 05. 18 02-36
CID.07 15143.53 ] 341.53 CTD 160 | 124.21 | 05/04 | 1999.05. 18 0412
506 | 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
551 | 043 [126.24 | 05/06 | 1999.05. (8 06:14
CTD.08-1 | 15144.18 ] 343.16 CTD 134 [127.58 | 05/07 | 1999.05. 18 07:34
930 1 0.72 [128.30 | 05/08 | 1995.05. 18 08-17
CTD.0% 151492 | 343.34 CTD 1.53 [129.83 | 05/09 | 1999, 0S. 18 09:49
644 | 0.61 | 13044 | 05/10 | 1999, 05. 18 10:26
CTD.10 | 15152.09| 3414 CTD 235 1132.79 | 05/12 | 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 213 | 13593 | 05/15 | 1999.05. 18 15:55
1.50 | 0.30 [136.23 | 05/16 | 1999. 05. 18 16:13
DG.1-2 15139.75 ] 3429 Dredge 2.57 [138.80 | 05/18 | 199905 18 18:47
0.72 [ 0.53 [139.33 | 05/19 | 1999. 05. 18 19:19
DG.1-3 15140 | 342.6 Dredge 298 [142.31 | 05722 | 1999.05. (8 22:18
1.46 | 030 | 14261 | 05/22 | 1999, 05. 18 22:36
DG.2 15140.5 | 343.21 Dredge 290 {14551 | 06/01 | 1999.05. 19 01:30
140 | 0.30 {14581 | 06/01 | 1999.05. 19 01:48
DG.3 15139.96 | 343.74 Dredge 276 | 148.57 | 06/04 | 1999.05. 19 04:34
2.33 | 043 [149.00 | 06/05 | 1999. 05. 19 05:00
DG.4 1S141.15 ] 344.15 Dredge 2.35 [151.35 | 06/07 | 1999. 05. 19 07:21
2099 | 1.16 | 152.51 | 06/08 | 1999 0s. 19 0830
MC1 15152.24] 3418 MC 235 |154.86 | 06/10 | 1999.05.19 10-51
18.56 | 0.84 [ 155.70 | 06/11 | 1999.05. 19 11-41
MC?2 15142.38 | 343.61 MC 231 [158.01 | 06/14 | 1999, 05. 19 14:00
S DSC2-1 [15142.054] 343.26 | _ Start of DSC
DSC 140 | 6.62 [164.63 | 06/20 | 1999.05. 19 20:37
E DSC2-1 | 151413 | 343.27] End of DSC
1.75 | 0.53 [165.15 | 06/21 | 1999.05. 19 21.09
DG.5 1514036 | 34337 Dredge 1.72 [ 166.87 | 06/22 | 1999.05. 19 22:57
21.70 | 1.79 | 168.66 | 07/00 | 1999.05. 20 00:39
DG6 15152 | 342 Dredge 246 [171.12 | 07/03 | 1999.05. 20 03:07
13.09 [ 0.71 [171.83 | 07/03 | 1999.05. 20 03:49
DG.7 15145.19 | 340.11 Dredge 2.60 | 174.43 | 07/06 | 1999, 05. 20 06:25
Transit 936 | 0.56 | 174.98 | 07/06 | 1999. 05. 20 06:59
SM.1 15140.14 [ 340.326
SB/Mag 19.84 | 0.92 [175.90 | 07/07 | 1999, 05.20 07:53
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Appendix 1. continued

SM.2 15148.1981347.412
SB/Mag 1446 | 0.67 [ 17657 | 07/08 1999_05.2008:33
SM.3 15149.5 | 339.68
SBfMag 18.70| 092 |177.48 | 07/09 1999, 05, 20 09:29
SM.4 15157.661] 345.65
SBMaE 9.12 | 0.48 |177.96 | 07/09 1999, 05. 20 09:57
SM.5 15200 350
SB/Mag 4.70 {1 027 |1178.23 | 0V10 1999, 05. 20 10:13
SM.6 15202.54 | 349,985
SBfMag 1577 0.80 | 179.04 | 07/11 1999, 05. 20 11:02
SM.7 15210 |345.857
SB;‘Mag 9.50 | 045 | 17948 | 011 1999.05.20 11:28
SM.8/CTD.11 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 3474 Dredge 3.00 | 184.12 | 07/16 1999, (5. 20 16:07
Transit 5531 2,39 {186.51 | 07/18 1999, (5, 20 18:30
Rabaul 15215 416 Unload
Transit 20871 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 1524652} 455.33
SeaBeam 5443 2.26 |192.94 | 08/00 1999, Q5. 21 00:56
DP.21 15313.04 | 508.15
SeaBeam 15951 0.66 | 193.60 | 08/01 1999, 05. 21 01:36
DP.22 15320 | 513.26
SeaBeam 23.67 ) 058 |194.59 | 08/02 1999 05,21 02:35
DE.23 15327.6 | 502.93
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Appendix 2. Sampling locations and analytical parameters

Cruise No. KODOS 99-1 | Station Mo, : HCID 01
Observation Time
571671999  19:42:00
{Local Time)}
Logi tude Latitude F¥ater depth
Observation Location
________ ) 152° 0§’ 03° 47.28’ 3,099 m

Water Sampling Depth

0 100 300 500 1,000 1,050 1,100 1,200 1,300
1,450

Analysis Item :

42 & pH, DO, Nutrients, Total CO;, HpS

Analysis Ttem @ 72,

Cruise Neo, KODOS 99-1 Station No, : HCTD 02
Observation Time
5/16/1999  23:10:00
(Local Tiwe)
Observation Locati Logitude Latitude Water depth
ryaien mocalien 151° 57. 850" 03> 41,830’ 1,750 o
Water Sampling Depth
0 100 300 500 750 900 1,000 1,100 1,200
1,400 1,500 1,650
oYy

¢l 2 pH DO, Nutrients, Total CO;, H:S

Cruise No. KODJS 99-1 Station No, : HCTD 03

Observation Time
5/1671999 23:10:00

(Local Tirme)

Observation Location Logitude Latitude Water depth
151° 46,271’ 03° 40,2927 1,927 m

Water Samp!ling Depth

0 500 900 1,085 | 1,100 1,186 1 1,207 1,490 | 1,700
1,770 1,850

Analysis Item :

4&, &%, pH, DO, Nutrients, Total CO;, HzS
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Appendix 2, Continued.

Cruise No, KODOS 99-1 Station No. : HCTD 04
Observation Time

5/16/1999  23:10:00
{Local Time)

. ] Logitude Latitude Water depth
Observation Location 151° 41,658’ 03° 41,876’ 1,743 o
VWater Sampling Depth

0 300 410 900 998 1,095 | 1,210 | 1,362 | 1,400
1,500 | 1,602 | 1,650
Analysis Item : &, €. pH, DO, Nutrients, Total COp H;S
Cruise No. KODOS 99-1 Station No, : HCTD 05
Observation Time
5/16/1999  23:10:00
(Local Time)
Observation Location Logi tude Latitude Water depth
151° 45,3827 03° 41,374’ 2,163 m
Water Sampling Depth
0 900 1,218 | 1,390 | 1,476 | 1,500 | 1,630 | 1,695 | 1,760
1,819 | 1,900 ; 2,000

Analysis [tem : &,

AE pH, DO, Nutrients, Total COz, HS

Cruise No, KODOS 99-1 Station No. : HCTD 06

Observation Time
5/17/1999  23:10:00

(Local Time)

Observation Location Logi tude Latitude Water depth
151° 43, 161° 03° 43.614° 2,086 m

VWater Sampling Depth

|0 485 1,000 1,283 | 1,402 | 1,500 | 1,578 | 1,611 1,668
1,700 1,800 1,850

Analysis ltem : &, ¥+, pH, DO, Nutrients, Total COz, H;S
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Appendix 2. Continued.

Cruise No, KODOS 99-1 Station No, : HCTD 07
Observation Time
5/17/1999 23:10:00
(Local Time)
) Logi tude Latitude Water depth

Ob tion Locat

servation toestion  TURI® 439670 03° 41.956° 2114 u
Water Sampling Depth

0 300 500 1,000 | 1,100 | 1,210 | 1,270 | 1,550 | 1,630
1,715 | 1,800 | 1,950

Analysis Ttem :

&, @&, pH, DO, Nutrients, Total CO;, HS

Cruise No. KODOS 99-1 Station No. : HCTD 08

Observation Time
9/17/1999  23:10:00

(Local Time)

Observat ion Location Logitude Latitude Water depth
151° 41, 264° 03° 42.849° 1,673 m

Water Sampling Depth

0 94 300 493 700 800 900 1,000 { 1,150
1,350 | 1,450 | 1,550

Analysis ftem :

T2, ds, pH, DO, Nutrients, Total CDs;, H;S

Cruise No. KODOS 99-1 Statjon No, : HCTD 09
Observation Time
5/17/1999  23:10:00
{Local Time)
Observation Location Logitude Latjtude ¥ater depth
| 151° 49.397’ 03° 43,314’ 2,138 m
Water Sampling Depth
4 300 478 500 1,100 | 1,330 | 1,550 | 1,680 } 1,770
1,819 | 1,900 | 2,000

Analysis Ttem : &,

¥+, pH, DO, Nutrients, Total CO;, HS
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Appendix 2. Continued,

Cruise No, kKODOS 99-1 Station No, : HCTD 10

Obgervation Time

5/17/1999 23:10:00
(Local Time)

Observation Location Logitude Latitude VWater depth
151° 52.163° 03° 41,325 2,082 o
Water Sampling Depth
0 500 850 1,100 | 1,490 | 1,572 | 1,838 | 1,708 | 1,765

1,680 | 1,796

Analysis Item : &, ¥+, pH, DO, Nutrients, Total CO;, H;S

Cruise Neo, KODOS 99-1 Station No. : HCTD 1}

Observation Time
5/16/1999  23:10:00
(Local Time)

Logitude Latitude Water depth

Observation Location

152° 05.008" 03° 46, 881’ 1,81 m

Water Sampling Depth

0 100 300 500 900 1,000 [ 1,150 | 1,200 | 1,350

1,400 | 1,450 | 1,550

Analysis Item : =&, g% pH, DO, Nutrients, Total CO;, HS

Cruise No. KODOS 99-1 Station Ne, @ HCTD 12

Observation Time
5/17/1999 23:10:00
(Local Time)

Logitude Latitude Water depth

Observation Location

1517 44.176° 03° 43.162° 1,839 m

¥ater Sampling Depth

0 300 493 B93 1,100 | 1,262 | 1,300 | 1,400 | 1,520

1,600 | 1,650 | 1,750

Analysis Item : =&, €&, pH, DO, Nutrients, Total CO;, H:S
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Appendix 3. Location and description of sediment samples

95 g 3 I 2 = o2
7o} ol qite] Hulel Hez 2pE
-t 2.2a F44 HAE Y5 , i
. =] & J.H ﬂ"ﬂ'ai R
ipe 1 | *Pusl Ridge Mo} @4 w@|  Satanic Mills 8% |- Zzae] o4 a4 HNE ijﬁ;;f}igi ‘f‘}o};]?f 3;_’?_; zﬁ;f
Spabatge] ARG FH|(151° 42.98°E, 3 4.61'S) |- AR o] spibRo] Jlulte®| 4 cae
PRAS U 248 B L gngel gy 208 2oz Auy
- 0|ge] HAE3} o 50g0] WEYH . Fo]7} ehile] £ule Aoz M2
wpc 2 | DEMOS X8 Chas B DESHOS wAAR wje ;;a;@;}s} 918 Bwe o
o AR JY met | (151° 52.24°E, 3 41.8'S) |- WRete chgAo)m 4gE) AU o a00 aae o
L= Ay - e
- - o7} qhwiel ¥RY oz Yoy
*Pual Ridge®| <9Q4==2}&3} North Eastern Pual Ridge - o - o
HPC 3 .0 c Ab L= MUY 8 PR 2 RO
Batge] 94 71 (151° 52.20°E, 3° 41.85) | 0 BT ARG % w4 A5 32;4 TAZ A Hct '
-Pual Ridge®} DESWOS 23+ X cn EA
L | Aelo] REsie E3 BN g HAE s L @page BAE HolA US
= Y5 13 '
- 20 cn 4 HHE HS
aic o |- Pual Ridge ¥% 322 % e L 4 Tz g uws v
3 AXE A - s _geagel 2A2 BRHA A4S

- o u]§jo]y volcanic shard7} 4

S 2ol el TEH.




—EET-

Appendix 4. Location of deepsea camera sysiem

a4 A a4 A
B2 - satz E
(g A] Zh/GMT) (A2}, &%)
5/16 still camera 1803 ¥4
UDSC Line 1-1 03:25 - 05:57 03° 47.103, 152° 05,608 B/E video 628 & o o
125 - 0&: /R vi - sal
(SuSu Knol1) 03 47,670, 152° 05.625 ° @ 3
{04:11 - 05:34) color video 772 #of
5/16
HDSC Line 1-2 03° 47,918, 152° 04.8% still camera 1203 #9
07:15 - 08: 43
{5uSu Knoll) 03° 46,819, 152° 06,117 B/¥ video 585 #4
(08:44 - 07:48)
5/16 still camera 126% &4
HDSC Line 2-1 03° 43,141, 151° 40.211 .
_ 15:45 - 17:35 B/¥ video 68% 4
(Satanic Mills) 03° 44,221, 151° 40,513
(16:27 - 17:35) color video 512 &4
5/19 still camera 1303}
HDSC Line 3-1 06:25 - 08:10 03° 42 478, 151° 39.595 8 vide saH,bgf% g 2 .
195 - 04: /¥ video B8+ e
(Romen Ruins) 03° 43,624, 151° 41,181 ° N #3
(07:03 - 08:11) color video 68% ¥4




Appendix 5. Meteorological information during the cruise,

DATE @ 1999 59 4¢ #-=(8C) ZY(C) o= (0} ul{R) <7N(F)
. ) Temperature
Local Location Wind Barometcr (*C)
Time F {mbar) Weather
: orce . i
(N) {W) Dir, (Class) Air Sea
04:00
08:00
12:00
16:00
200001 Transit (Papua New Guinea) E 3 1008 1£3] BC
24:00 " SE 3 1010 15 BC
DATE : 19993 5% 5¢]
. . Temperature
Local Location Wind Barometer ( N C)
Ti (mbar) Weather
me (N) (W) Dir. |Foree) tmbar Air | Sea
ass})
04:00 Transit {(Papua New Guinea) | NW | 4 1010 16 0
08:00 " NW 3 1012 17 BC
12:00 30" 49" N, 129° 52' E NW 4 1011 22 22 O
16:00 " NW 4 1010 26 RC
20:00 " NW 4 1011 22 BC
24:00 " NW 4 1014 20 O
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Appendix 5, Continued,

DATE : 1997'd 5¢ 6 9&(BC) EJ(C) oFEY(0) Hl(R) UIN(F)
Location Wind Temperature

< el 0 Mo
(N) {W) Dir. | ass) Air Sea

04:00 | Transit (Papua New Guinca) | NW 5 1012 22 C

08:00 # NW 4 1012 22 C

12:00 25" 477 N, 132° 43" E NW | 3 1013 25 24 0

16:00 n N 3 1013 24 0

2000 # NNE| 4 1012 23 C

24:00 " NE 4 1012 22 BC

DATE : 1999\d 5% 74

Local Location Wind  |garometer Ten:p:e;ture

Time . . |Force| (mbar) ] Weather
(N: (W) Dir. | clase) Air Sea

04:00 [ Transit (Papua New Guinea) | NE | 5 1012 23 BC

08:00 # NE 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 u SE 3 1014 25 BC
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Appendix 5. Continued,

DATE : 1999\ 59 8¢ & (BC) ZRI(C) o}FER(0) wW|(R) <HA(F)
Local Location Wind  |Baromcter Te";‘fegture
Time Force! (mbar) Weather

(N) (W) Dir. (Clase. Air Sea

EELY
04:001 Transit (Papua New Guinea) E 3 1012 27 O
08:00 # SSE| 3 1012 28 BC
12:00 16 38" N, 138" 05" E ESE| 3 1014 30 30 C
16:00 " SSE | 3 102 31 BC
20:00 # ESE| 3 1013 28 BC
24:00 # E 4 1013 27 BC
DATE : 1999\ 59 9¢)
Locati Wind Temperature
ocation in ] .
L?cal : Bzz.roll;ne‘;er (" C) Weather
Time (N) (W) Dir. fc‘f}"?f; fubar Air | Sea
H55

04:00 | “I'ransit (Papua New Guinea) E 4 1012 28 BC
0R:00 " E 3 1013 28 BC
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 1011 29 BC
24:00 # ENE| 4 1012 28 BC
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Appendix 5, Continued,

DATE : 1999'd 5% 104 #(BC) ZR(C) oFZ(0) HI(R) <QH(F)
Local Location Wind  |Barometer Teﬂ(lpucga)ture Weather
Time (N) (W) Dir. (F(‘:{:l::;:s (mbar) Air Sea
04:00| Transit (Papua New Guinea) E 4 1011 28 BC
08:00 " ENE! 4 1012 28 BC
12:00 7° 37 N, 143" 16" E ENE| 4 1013 30 30 C
16:00 " 4 1010 31 BC
20:00 # 5 1010 29 BC
24:00 # 5 1011 28 C
DATE : 1999 54 114

. , Temperature
],(:,ncal Location Wind Barometer ("0 Weather
Tmel (W) Dir, [Force| (mbar) | 551 g,
(04:00 | Transit {Papua New Guinea) | NE 5 1010 27 C
08:00 " b 1012 27 R
12:00 03" 12' N, 146" 04" E E 4 1012 27 30 R
16:00 " 4 1010 30 C
20:00 # ENE| 3 1011 28 BC
24:00 # E 4 1013 27 BC
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Appendix b, Centinued.

DATE : 1999'd 54 124 I(BC) EF(C) olFEP(0) H|(R) QIZI(F)
Local Location Wind Barometer Terrtlpiege;ture
Time (N) (W) Dir, |Force| {mbar) |y 1 e eather
* | (Class)
04:00 | Transit (Papua New Guinea) 3 1010 28 BC
08:00 b # E 4 1012 28 BC
12:00 1" 13" S, 148" 57 E 4 1042 30 30 C
16:00 " NE 3 1008 31 C
20:00 “ 2 1011 28 C
24:00 " E 2 1011 27 C
DATE : 1999 549 13¢
. . Temperature

Local Location Wind Barometer o)
Time . 1Foree| {(mbar) , Weather

(N) (W) DAL | (Clase) Alr Sea
04:00 | Transit (Papua New Guinea) E 3 1000 27 C
08:00| 3 44.906" S, 151° 33.167° E 1012 27 C
12:00| 3" 45878" S, 161" 48984 E | E 3 1012 30 30 0O
16:00| 3" 43.401° S, 152° 01799 L | Sk | 2 1010 28 O
20:00 | 4° 03.868° S, 152° 28031" E |ESE| 3 1010 27 C
2400 47 49.103° S, 152° 48726 E |ESE| 3 1012 27 C
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Appendix 5. Continued,

DATE : 1999'd 54 144 gh2(BC) ZF(C) olFE(0) ul(R) 47N(F)

Local Location Wind  |Barometer 'I‘en-(q::e:ture

Time " TForeal {mbar) : Weather
(N) (W) Dir. {ciaee) Air Sea

04:00| 4° 49.020" S, 153" 2749 E | NE 1 1010 28 Cc

08:00| 57 30.041° S, 153" 30.070" E ] 2 1011 28 BC

12:00 57 57634 S, 153" 43.908" E |SSW| 3 1010 30 30 0

16:00| 6" 29635° S, 154" 11336 E | S 2 1008 29 Cc

20000 | 6° 37.454° S, 154° 00454" E | SE 3 1010 28 C

24:00| 6 07.123 S, 153" 24340 E| C 3 1011 27 C

DATE : 1999d 59 159

Local Location Wind  [Barometer Terr(lp-egmre

Time (N} (W) Dir, [Force| (mbad |45 | gep esther

’ " |{Class} )

04:00| 5° 50730" S, 152° 40.343° E | NE | 2 1009 28 C

08:00| 5° 56.603" 8, 152" 08229° E | NE 1011 27 BC

12:00( 5" 43.783 S, 152° 40291" E [NW | 3 1009 28 30 o

16:00{ 6° 00.699° S, 153° 28315° E N 3 1007 331 BC

20:00 | 5° 57594" S, 152° 50932 E |NNE| 3 1010 28 BC

24:00} 5° 16597 S, 152° 30.042" E | NW 3 1011 26 C
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Appendix 5. Continued,

DATE : 19994 54 164 & (BC) EI(C) ofFzY(0) u(R) QH(F)

Local Location Wind  \Barometer Tenzpﬂ@g;ture

Time .. " [Force| (mbar) ; Weather
(N} (W) Dirs | ictase) Ajr Sea

04:00 | 4° 34528 S, 152° 27.206° L 1 1009 27 BC

08:00| 4° 14871 S, 152° 15999 E 2 1011 33 BC

12:00| 3° 46.860° S, 152° 06.149° E [ SSE| 2 1010 30 30 C

16:00] 3° 47.280° S, 152° 05003 E { SSE| 2 1010 30 C

20:00 | 3° 43417 S, 151" 59859 E I BSE| 2 1010 29 C

24:00 | 3 40.270° S, 151° 585 E| B | 1 1010 28 0

DATE : 1999 59 174

Local Location Wind Barometer Tenzpaegi)ture

Time ~ TForce| (mbar) ' Weather
(N) (W) DIt |/ iase) Air Sea

04:00] 3° 43109 S, 1517 39179 E | E | 2 1010 27 0

08:00( 3" 41646’ S, 151° 42842 E | E | 3 1011 26 C

12200 3" 47404" S, 151° 38819 E |ENE| 3 1010 30 30

16:00| 3" 43469 S, 151" 42431' B | E | 2 1009 30 BC

20:00| 3° 41721° S, 151° 52.232° E |ESE| 2 1009 28 BC

2400 3 40446 S, I151° 46792 E | ESE | 4 1010 27 C
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Appendix 5. Continued,

DATE : 1999 5% 18% gt2(BC) B (C) o}FZR(0) ul(R) <eHH(F}

Local Location Wind Barometer Ten;l.‘:e(r;ture

Time (N) (W) Dir. [Force| (mbar) | n; | oo, Heaiher

{Class)

04:00 | 3° 42448° S, 151" 43609 E | E | 2 1010 27

08:00| 3° 43.266" S, 151" 48113 E | E 1011 28

12:00| 3° 39925 S, 151" 51507 E |ENE| 3 1010 30 30

16:00| 3" 43380° S, 151° 30786’ E| E | 2 1009 30 BC

20:00 | 3° 43.164° S, 151° 40357 E |ESE | 2 1009 28 BC

24:00| 3° 44276° S, 151° 40541 E |ESE| 4 1010 27 C

DATE : 1999'd 54 194

Local Location Wind Barometer ’I‘enz]::egture

Time (N) (W) pir, |Foree| (mbar) 1 po 1 o, Heather
" | {Class) :

04:00| 3° 43584 N, 151° 39906' E | E | | 1010 27 C

08:00| 3° 43472° N, 151" 44925 E |ESE| 3 1009 32 BC

12:00| 3" 44555" N, 151° 41244" E |ESE| 2 1009 30 30

16:001 3° 42818 N, 151° 39324 E | N | 2 1008 29

20:00| 3" 42683 N, 151" 39793 E| N | 2 1009 29 BC

24:00 | 3" 42.035° N, 151° 51485’ E |ESE| 2 1010 28 0
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"~ Appendix 5, Continued,

DATE : 19994 5% 204 gh(BC) ZR(C) olF-ER(0) n|(R) <7(F)
. ) Temperature

Local Location Wind Barometer (°C)
Time (rnbar) Weather

(N) (W) Dir, |Foree| SmBAT 4 A | Sen

“lass)

04:001 37 41.286" N, 15]° 44226 E| N 2 1009 27 BC
08:001 3 43924° N, 1517 44956 E | N 3 1010 28 BC
12001 3° 46917° N, 152° 0n.019° E |NNE| 3 1010 30 30
16:00| 3° 84406° N, 152° 08.197" E | NW 3 1008 31 C
20:00) 4° 18579° N, 152" 26024 E | NW 3 1010 28 BC
2400 5° 02656 N, 153 01500° E |NNE| 4 1010 28 C
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