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SUMMARY

I. Title

A Study on the Development of Deep Seabed Exploration and

Environmental Protection Technology
II. Objectives and Significance

Because of the poor reserve of the land-based mineral resources, Korea
has been sought the stable supplementary source of the strategic mineral
resources which are essential for the continuous growth of Korean economy.
However, continual decrease of the mineable resources on land and their_loéal
maldistribution lead Korea to prepare a long-term plan for developing deep
seabed mineral resources as one of the alternative plan for stable supplement
of the strategic mineral resources. At last, Korea became the 7th pioneer
investor country and secured registered mining site in the Clarion-Clipperton
area of the central Pacific in August of 199%4.

Deep seabed mining technology can be largely divided into t_hree fields;
exploration, mining, and processing technology. Among them, this study aims
developing exploration technologies for searching best mining site and
environmental protection technologies for minimize the negative environmental
effect which is expected to be caused by deep seabed mining.

Korea has carried out exploration in the C-C area for deepsea
manganese nodule exploitation since 1989 using technologies fitted for regional

survey. Therefore, at present, it is required to develope new technologies

_9_



which will be applied to the detailed survey for selecting the best mining
area. Such new technologies enable us to make detailed analysis for seabed
morphology and continuous measuring of manganese nodule abundance in
two- or three-dimensional chart using acoustic method. Together with these
technologies, studies on the genesis and distributional characteristics of
various deep seabed minerals including manganese nodule, Co-rich manganese
crust, and hydrothermal deposit provide us fundamental data for the future
deep seabed mineral exploration.

The deep seabed mining field can not be an exception in the
world-wide concern to the preservation of marine environment. Technology
advanced pioneer investor countries such as United States, Germany, France,
Japan have already carried out environmental impact experiment and
accumulated many useful data and technologies for the environmental
assessment of their own mining sites. The deepsea environmental assessment
relating to the deep seabed mining is now one of the duties required by the
provisions of the United Nations’ Convention of the Law of the Sea. Results
and collected data from the deepsea environmental research will be used as a
basis for designing and developing deep seabed mining technologies which

will minimize the negative effect to the marine ecosystem.

M. Contents and Scopes

The final objectives of this study are developing necessary technologies
for detailed survey of the manganese nodule exploration and evaluating
environmental impact which is expected to be caused by deep seabed mining.
This research will be carried out for 10 years from 1994 to 2003. In this

year, research on the background measurement of acoustic signature acquired



from multi-beam echosounder Seabeam 2000 was performed as a research
subject of the first stage development of exploration technology. Besides this
subject, research on the genesis and distributional characteristics of Co-rich
manganese crust in the western Pacific area was also carried out. On the
other hand, due to our lack of experience in the field of deepsea
environmental research, we attempted to collect basic information from various
parts. Such information will be fundamental basis for establishing future
research scope. This year’s environmental research subject was divided into
two fields: 1) deepsea biochemical environment including research on the
benthic organism and biochemical characteristics of sea water, and 2) deepsea
sediment including research on the pore water sediment mixing.

In addition, policy research for deep seabed mineral and technology
development was carried out in this study. The research includes policy
establishment for deep seabed mineral development in the Exclusive Economic
Zone (EEZ) of island countries in western Pacific and strategy establishment for -
developing deep seabed mining technologies. The feSUlts of 'such policy research
will be contributed to establishing our future research plan for developing

technologies in exploration, mining, and processing of deep seabed minerals.

IV. Results and Recommendations

1. Exploration Technology

In August 1994, Korea registered 150,000 km?® to the United Nations for
the manganese nodule exploitation and hereafter in 8 years, 75,000 km® of the

area should be relinquished. In this vein, in order to select the final mining



area of 75,000 kmz, research was focused on the development of technologies
related to: 1) the construction of detailed sea bottom topography and 2) the
assessment of resource distribution using acoustic method. In addition to the
manganese nodule, the origin of manganese crust that is regarded as a
mineable resources of next generation and is abundant in the countries of the

South Pacific island was also studied for future exploration.

1) Genesis of Co-rich Manganese Crust

This study examined the influence of surface water productivity and
deep water circulation on the ages, growth rates, structures, and compositions
of manganese crusts distributed in the Marshall Island, Palau, and
Micronesian islands of the western Pacific. Mineralogical and geochemical
studies revealed that the growth of manganese crust occurred in two different
period, and each part of crust shows different patterns of growth rate,
composition, and structure. Meantime, the early diagenetic reactions caused
by the biogenetic silica existing on the surface of manganese crust play an
important role in the early growth stage of the microlayers that are composed

of the Fe~-Mn oxides.

2) Multi-beam Acoustic Survey

Acoustic reflectivity was measured with 125 kHz Seabeam 2000
multi-beam echosounding system installed in R/V Onnuri and analysed
qualitatively relating to the manganese nodule coverage. Image processing
method was applied to the rearrangement of backscattered amplitude using
spectral analysis on the beam pattern of 121 intensity Seabeam 2000 projector.
A map of intensity distribution in a selected area was produced using
rearranged backscattered amplitude adjusted relative to the data acquired by

precision depth recorder EA 500.



2. Marine Environmental Research

In order to study the potential environmental impacts on the marine
ecosystem that are expected to be accompanied by the mining of deep seabed
manganese nodule, we collected and analyzed the physico-chemical, and
biological environmental parameters in the KODOS area. By accumulating the
data from those environmental baseline studies, we can understand the
pre-mining conditions of the open ocean (from surface water column to the
bottom of the sea), which are essential in assessing the effect of future
benthic impact experiment, Finally, all the information acquired during the
environmental research will be used in both designing the nodule collector and

developing mining system to minimize the environmental impact.

1) Benthic Organism _

During the cruise of KODOS 95-2, benthic organisms' were studied to
investigate the pre-mining conditions of deep seabed. The studies of
microorganisms were focused on;, (1) the establishment of method for
measuring ATP and living cell number; and (2) the selection of culture _Amedia.
As for the benthic fauna, species composition, vertical & horizontal

distribution, and the abundance of meiofauna, and megafauna were analyzed.

2) Biochemical Characteristics of Sea Water
Nutrients, organic fluorescence, and dissolved free amino acids (DFAA)
were analyzed to understand the chemical characteristics of sea water in the
KODOS area. Typically, nutrients were depleted at surface, and appeared to
increase with depth. Organic molecules were composed of two components;

(1) biomacromolecules were high at surface, and (2) geomacromolecules



showed increase with depth. The concentration of DFAA ranged from 0.17 to
117 M, and was maximum between 100-1000m depth.

3) Pore Water
It is concluded that the major forming mechanism of manganese nodule
is ’'adsorption process’ based on the results of sequential leaching on
sediments and of dissolved metals in pore water. Abundant organic materials
and metal oxides in bottom sediments are suitable for the adsorption, and
enriched metals in pore water are probably remobilized from the sediment
column, moving upward by advection process, and adsorbed onto manganese

nodules on sediment surface.

4) Sediment Mixing
Sediment mixing rates are calculated from the results of alpha and
gamma ray spectrometry. Sedimentation and sediment mixing rates are
estimated to be 0.22~0.23 mm/ky and 1.38~4.64 cm?/yr, respectively. The low
mixing rate indicates that deep sea floor is stable sedimentary environments
with low bioturbation activity. Meanwhile, a discontinuous layers in the 10Pb
depth profiles seem to be due to unstable sedimentation mechanism such as

the slumping of bottom sediments.
3. Policy Research

Deep seabed mining technologies which have been developed since 1960
are various in different countries. Therefore, it is effective procedure for
Korea as a late participant to establish a plan for acquisition of deep seabed
mining technology based on the evaluation of the existing different

technologies in different countries. On the other hand, establishing



alternatives for development of deepsea mineral resources within the EEZ of
island countries in the South Pacific region where many 'deep seabed minerals
such as manganese nodule, manganese crust, and hydrothermal deposits are
regionally preserved. Therefore, the suggested policy for developing deep
seabed mineral resources will be considered as a multilateral policy for

securing such mineral resources.

1) Technology Acquisition Strategy
In this chapter, the objectives and strategies of technology acquisition
are established, which the Korean entity for the deep seabed mining venture
is supposed to adopt and follow.
For this purpose, technologies for commercial mining are analyzed and

classified. International status of deep seabed mining is also explored.

2) Alternatives for Development of Deepsea Miﬁeral Resources

in the South Pacific Region

Most of the South Pacific region is included in the EEZ of the island
countries in South Pacific. Therefore, our participation to this region for
exploration of deep seabed mineral resources is closely related to the activities
of the South Pacific Applied Geoscience Commission (SOPAC) which manages
all the survey for marine geology and non-living resources in the EEZ of
island countries. In this study, the role of SOPAC and activities of both
SOPAC and supporting countries were analyzed for evaluating the possibility

and conditions of our participation to the SOPAC.






CONTENTS

| S o) A - o) (= T TP PO PP OTPPPP 29
LASE OF FEGUTE wrrveeverseeeeeeesesesssssessessemssssesssssssssssssssmsssssssssssssnsassssassssassesssssesssssssssssessseesessssrssenees 133
Chapter 1. GENeSiS Of MANGANESE CIUSE «-v-rseeeresseesssssssesssessssssmsemssssssssssssssssssssassessasssensens 41
SECHON 1. TNEEOQUCHION. <vrvevreerenrreermersermeereesess e emseesssssesess e ssesee s sesees e eesssssssss e 43
Section 2. Materials and Analytical Methods «----rermerrrrrercrerrereeeesserssecsceseen 45
Section 3. Geologic Setting ............................................................................................ 46
SECLION 4. RESULLS --rerevvveceeereneenertiimerruememeeitiiiriioioeaeeottseerarassseeseecensstermmammmsisoresessstesssae 49

1. Growth Structures Of Mn—Crusts - w-sorerrmmeerees S cereeneeeeeenmeenainnd e 49
2. Ages and Growth Rates of Mn=CrUSLS «-ersssemsereceereesssee eerreeeeeeeen  64 

3. COMPOSILIONS +ereversurmmeciiiiiniiiit i et aes 69

4. Interelemnent REIATIONS - o wwerrrrreremsirersesssersesssesssssssssaesessss s ssessasssssssesans 74

5. Regional Characters 80
SECHON 5. DISCUSSION -vvvveverrsresrerreseereressessresseseererssssesoeesssseeesse e R4

1. Accretional ProcesSes of CIUSLS wrrrrriemirrsmmorsmmsssssesssssssssesssssssssseesssssseesees 84

2. Oceanographic Conditions for Accretion of Crusts -, 87

3. Paleoceanographic Conditions for Accretion of Crusts -, 89
SECHON 6. CONCIUSIONS +ovrrereerersrssreseresersireaissesessesseess st sssssssssssssessssssssessesssssasssssnsssssenes 93
Section 7. RECOMIMENGATIONS «++wrwrrrserreresrerrmimisrsieassesstseaesssscsesassssessssssnssesssasssesesessessosns 95
REFEIEIICES -+ teeevvreeree ettt ettt ettt et e st e e saaa e e s ba e e s e e re s 98
ADPDENALX vrevverevsserssnasseessis st e oo s s 109



Chapter 2. Process of Multi-Beam Echo Sounding Data .o 127

Section 1. TNTTOQUCTION <o oooveeeerree ettt et et etr e s et s e et aee s e e eee s eate s e saeneeeeeeaen 129
Section 2. Multi-Beam Side Scan and Data Processing -« eeeeserinninnnn. 130
1. Backscattering Amplitude from EA-500 (Precise Echo Sounder) -........ 132

2. Backscattering amplitude from SeaBeam 2000

(Multi-Beam ECHO SOUNAET) - vovrrerreeereeeeerieseeeeeeeeeeeeee e eseeseeeeceseees s ees oo 138

3. Data Processing of Backscattering AMpItUAe - wweeeesrrrrreermenrereenn. 139
SECHION 3. COMCIUSION +vvvvvevreeeeeeeessmreereeeserseesessesesesereseseseeseeee e s e e eee e 149
REFETEIICES v vvveeveeeaem e e eee et ee e e oo 151
Chapter 3. BEIEHOS v eeerseeesreemsiesemsiemesns s soseosee e eee oo e et eee e eee e 153
SECtION 1. TNTOQUCTION «+eveeeeereeemrmmrarerieree i ettt et et eeee e ee e e e e ee et eeeeeeeeeeeesaeans 155
Section 2. Methods and Materials - veoeeoiiiiiciecee e 156
SeCtion 3. RESUILS «reeerrrreiiiii e e 160

1. Benthic ADNIIMAL « oot et e ettt e e e v e e e e e 160

2. Benthic MICTODIOIOZY - - rrvrvvveveeereveeemieaenesiesmssssesssssssss e sesesssss s 171
SECHON 4. DISCUSSION ++vvrsrveserrsermmsreerssiesesseee e e eeeee oo s eeeee s seeseeseees e ees e 176
Chapter 4. Chemical Characteristics in Water COIUMIIL - ocoeoeerreerereeeeeeereeereee e, 185
Section 1. INrOQUCHION - veerereeeeeeeeeeeeeeres e e e, 187
Section 2. Methods and MaterialS ««««ecceeeerrermmmmmmitmie oot 188
Section 3. Results and diSCUSSION < vvverereermierieintiiiein it ee oot e e 189
REFETEIICES w+++++11eerevessssie vt et 206



Chapter 5. Interaction between Sediment and Pore Water - .ooeeeeereoeremresosonn, 209

Section 1. INErOAUCHION «-vvevrevverr ittt 211
Section 2. Method - oo ee e s 212
L. SAIMPIES +-evveverrseerssseremicc ittt es s e oo 212

2. SAMPING MELROA - vvvevvervvreeeeeieee oot 513

3. Analytical MEhOd e vttt eee oo 213
Section 3. ReSults and DISCUSSION -« erormrerrrrimimmeeeeeeesss oo ees oo oo 214
10 NULTENES -veeeerereri oo 214

2. OTGANIC CATDOI - evvveeeeemeeeee et 219

3. Dissolved Metals in Pore WateT o eerermrrreieeereeeeeeseeeeecescese e 223

4. Metals in SEAIMENLS - wreevrereereeerriemerssies st eee oo eeeeeeeeeseeeee oo, 208

5. Relationship between Sediments and Pore Water oo, 230
Section 4. ConclUuSIOn « et SRS ST 247
REfEIENCES +rvvvvettit it 250
Chapter 6. Rates of Sedimentation and Sediment MixXing - ereeeeermrerereirmennn. 257
Section 1. INEOAUCEION - v rvervrereirirtie ittt ee e 259
Section 2. Analytical Methods - et 260
1. 7 —TaY SPECLIOMELTY v veververeir ittt ettt 260

2. @ SPECLTOIMIELTY vrvreeverereremcee it ettt eesre et eeat s ettt e et e ee e es e enes 261
3. Introduction to One and Two BoxX MOGELS - voroomormreeeeeeemeeeereeeeore 261
Section 3. Results and DISCUSSION - e eeeeeeeee e ee e, 266
1. Sediment RALE e v cverieirierieieccec ettt 266

2. Sediment MiIXing RALE - weerrereeereeeemtirseiseiees et et ee e eeeere e 270

3. Discontinuous Sedimentation Environments : Slump and Hiatus .- 283
REEIENCES -+-vrevvevrririaiiieii e s eee e 288



Chapter 7. Technology AcquiSition SErategy -« e 291
SECtION 1. OVEIVIEW «rreretiimtiiiinriririet i cteeet ittt tesseisesriratae e saaesesessiassirerneasaeassesinonoen 293

Section 2. Characteristics and Classification of Deep Seabed

MInING TECRNOIOEY - vvvvvvvveerrerearveriiesseseseesssesssssssssesesressssssssssssssssssssssnns 295
1. Chracteristics of Deep Seabed Mining Technologies - wemrrineiniini 295
2. TECHNOIOEY TIEE «-rvverrrrrrrrnrresnrssineressssssseeessenessissssssssssssss s ses e ss s sossesss 296
Section 3. New Technologies Applicable to Deep Seabed Mining - sweseeeseees 301
1. Material TEChNOIOEY v werreeeerrersscrumemrrrassesressssssessessmesssssssssssssssssssssseresssons 303
2. Machinery and EQUIDIMENL - - ceeeveeersrmssensssorrmsesssessssesssessssses e seveessesones 304
3. FADEIODLCS -+-vvveveevssveesseesamenesmnressnnesissesssesssssssssssssssssssses s sssees oo eee s 304
A, AULOITIALIONL -+ vvvrerevsererseseemseeseseeeseeee e seeeeeeee et et st seseseseeseseeseseeese s sse s esesees oo s sen s 305
Section 4. International Status Deep Seabed Mining - woeeereerecemiiiinecineiencnns 305
1. BEUFODE «vvvvverrevseeumnessmsiseseses s sis st s s sas s ses e e ee s e 307
D NOTER AINEIICA vvvvvvrvreereeremrereersesieneeesereeeresecessesesesssaseses s ssees e seesssseseesess s eeses e 316
3. AASIA ++evereerereem ettt ettt eee et et e e et e e et 321
Section 5. Means and Factors for Technology Transfer - ooeecvecveenenes 324
1. Definition of Technology TIANSTer - worrmmrmreissreeeeeeseeeeseeeseeeeseoeene 325
2. Characteristics of Technology Transfer i 326
Section 6. Technology Acquisition Strategy for Deep Seabed Mining - 335
1. ODJECHIVES «wvvevrreremremmrersmmrrierssresssssesssissessssss s sesesseseesesessseeseeeseesseeseeseseseesssseees 335
2. SEEALEGIES «-vrvrerresserseersenerssmessmnessssesissesssseresss e ssssessseees e sesssseeeseeesessseeess e erereses e 337
RELEIEICES +ovvverenreiitiiit e ettt sr e e eeeeeeeeearaaaeean 339



Chapter 8. The Alternatives for Development of Deepsea
Mineral Resources in the South Pacific REGION - wwwweeesesesmsrrreeesemneees
SECtion 1. TAEOAUCLION vovererererereerrerirreeeseeeseserinissrsseasssseneeesssesseses et sss s ensasssssneseesens —
Section 2. The South Pacific Island States’s Maritime Jurisdictions
and Legislations CONCEINEd - wwerrurrrmeeiriisinnesisiiser s
1. Characteristic of the South PacifiC SEAtES ««-reeocveeereemrrrerrreremmrnueenreriirerinenins
2. Current Status of Maritime Jurisdictions
Of the SOULh PACITIC STALES -veevrerrevereerimereesisessoesesseeseereeseaesesssesessssesseeseessessneens
Section 3. Deepsea Mineral Resources Development System
Of the SOUth PACIFIC STALES weeererrrrrreseeseeereserosssesessesesseeeseeerssmseseesresreees
1. Structure and Management of the SOPAC - werrevmoncesnicmionseinemaseviineens
2. Participating Procedures in the SOPAC Region _
by NON-MeMbBEr State ------rcerevresseserereerreneerersssens o ....... e

Section 4. Conclusions Recommendation -« eeemmmninnn e SR






FE B RF bbb 29
TIREER] oottt bRtk ettt sk e e 33
Al 1 A ZEZE Q] B e 41
A 1T A Al B e eeeeeeee e 43
A 2 A AZAE D AT et 45
IR TR I 5 OO 46
A A B T e 49

1 ZEZS) UHEL AJEFTEZR oot S 49

2. BFZFZEO] QBT AJFG oottt 64
T~ [OOSR e 69

4, AFTETAA] oo e e 74

5., DAL EA] oo 80

A 5 A E Q] s SOOI 84

1. BZEZEE] AZFTER o s 84

2. B74zve] AAA o] thdt NS ZAZZ o 87

3. Bzhe] AL 9 DA BETHA AL s 89

DB A Z B ettt 93
AT A AL Q1 oo 95
FEATEL T o bbb ek 98
Il B e s 109



Al

Al

2 A TFH SBFERALT]E oot 127
Al D B Al B et reeeen 129
Al 2 - FRAF ABHE D AFHT BI e, 130

1. EA-5009] AW AT AR IS s 132

2. SeaBeamn 20009] TR SRR S oo 138

3. SeaBeam 20002] TG FRAE X 2] BI e, 139
A 3 A 2 R st 149
T B et oot 151
B A A A A et et 153
AT A B e e 155
Al 28 AT Z HPH e 156
A 3 Z T e 160

L A AT B B e e 160

2. BN AR T A e 171
Al 4 B Q] e 176
B T R et 181
4% FIY] FFE B EA] e 185
AT B A B e e 187
A2 AT D I oo 188
A3 A AT D E Q] e e 189
FETLTE R oot 206



A5 A B E-TIEZE AT e 209

Al

A 1 A Al B e e e 211
A 2 A QU o nnsiesssnenenns. D]
1. AFB- AL R e 212
20 ALE AN B oo e e s 213
3. BFBFIE AL it 213
A B T ettt e 214
1. O b 214
. A 7 A o 219
3. T B FAQA 223
4, Bl E B BF B AN et 278
S, Bl R BT 7] AFT Il v 230
Al 4 D Z] B e e 247
FFALEE B 250

6 & HAHEQ EAEH QJAETHR 257
Al 1T A Al B e s 259
A 2 A AT T UM e e 260
1. U3 ZFORA Al e 260
2. BY LA A QIR AI e 261
3. JAETE FAL A% 4 Wl “1-4" medel® “2-4A" medel - 261
Al 3 A A B LA 266
1o BB BEIE it 266
2. QJAFILZE BT rerreeeies et 270
3, BHAEZQl A B ¢ SIumpel THAlUS s 283
BFTLEEBD oot s 288



A 7R ANA FYIVE FH O AHTE 291

A T A E B e 293
A 2A AFHA BY BARINEY EA D BT 295
L ASA TG 71EE BAD s s 295
2. AFA FYUY 71 AlBE oo 296
A 3A AFA B HE 75T YRS QAT]E s 301
1. AR 7] oot 303
2. Z1Al E AU 7] oo 304
3. SFAYG 7] oo 304
4. AFEBE 7] 2 et 305
A 4A AA 2o AfA BFY BB AL T s 305
L B B e 307
D L T] oottt 316
3. OFALOF coveeeemeimties ettt s s 321
A5 A 7)1E01A B B 8 Q1 304
1. 71201 M BB 325
2. 7120] M) WA}, BA W A E s 326
A6 A ANA FY7E R AT e 335
1o ZIELHFBE oottt 3135
2. Z1EBFE A B e 337
FE AL BB s 339



Al 8 A FeiHEGF ALEZRD M Zod vFOE 341

Al 1A A B e e e 343
A2A FeEF TAZV HEBTH A¥ e BADHES o 346
1 IS SATTTL] BA] 346
2. FEIHF ST FFBEA ATEBF oo 350
A 3Ad FeiEd TAZ71Y) AFERD WA A 352
1. G HES AT L3 9] AR D -LAIRE o 352
2. W3] 952] SOPACA Y A L I oo 359
A4 A8 AE D FYARTE e 362






Table 1-1.
Table 1-2.

Table 1-3.

Table 2-1.

Table 2-2.

Table 3-1.

Table 3-2.

Table 3-3.

Table 3-4.

Table 3-5.

Table 3-6.

Table 3-7.

Table 3-8.

(List of Tables)

Sampling sites and visual description of Mn~Crusts. --eeeereveveevenninne. 51
Summary of metal concentrations in Fe-mn oxide texture,

intertextural silicates and phosphorite, and substrate rocks

of Mn-crusts in the north central and western Pacific ---.vooooveiinenns 70
Correlation matrix of elements in older and younger crusts. oot 75
Regression analysis results of 121 Beams Multi-Beam Data -....ooo.. 143
Regression analysis results of 61 Beams Multi-Beam Data .......c....... 145

The sampling scheme for benthos at each station

in KODOS D52 ettt sttt ettt s s s 159
The individual number of macrofauna occurred at 'éaciltstatiori -

Of the StUdy Area. - cersiserassins 161
The individuals of meiofauna occurred at each station

OF the SEUAY BIEA wrveveeerrrrrermsmmmreesesinnsesssssassesssessssssssssssss s ssssssssssssss s ssssnssnss 168
Benthic fauna in the crevice and on the surface

of manganese nodules collected at St. 36, - wwrermrerrrmimemereminisieeeeesins 170
Comparison of abundance estimates for meiobenthos and

macrobenthos from deep Sea SItES. e, 174
Comparison of cell number of Box core sample 8

by MPN test with ZOBell MEIUML «-veeereerreermmreesiecersenismeeesesneseeecens 175
Number of colony forming unit of Box core sample 8

by viable counts test with ZoBell medium. «w e 175

Wet weight and dry weight of Box core samples. -, 177



Table 4-1.
Table 4-2.
Table 5-1.
Table 5-2.
Table 5-3.
Table 5-4.
Table 6-1.

Table 6-2.

Table 6-3.

Table 6-4.

Table 6-5.

Table 6-6.

Concentration of nutrients in the study ATCA. ++ovrrreeerreeruermmrrniniinareerees 192
Concentration of dissolved free amino acids in the study area. ------- 202
Porewater nutrient data, o ooooeoveerrmmmmiicer e eereererreeeee s e eearane e 251
Sedimentary organic carbon content data. «eoereremiminieni 252
Porewater metal data. «occeeeeeieeeiiiiiieiee e ee e e ettt eee e 253
Sedimentary MEtal data, - eereeereeeeeemieerenseeeenes i eesssee s ssereaes 254

Results of radiochemical determination of U and Th nuclides

in sediment sample 94-1-79. Ratios are activity ratios and

efrors quoted are 10 errors based on counting statistics. ---eeoeeeeenee 268
Results of radiochemical determination of U and Th nuclides

in sediment sample 94-2-15. Ratios are activity ratios and

errors quoted are 10 errors based on counting statiStics. «---oceereree 268
Activities of radionuclides, 21OPb, Ra and excess 210Pb,

from the sediment core 94-1-79. Errors quoted are

1o errors based on counting STALISTICS. «eeererrereeereranmmmmmeieiemaererieneneeneeenseeens 273
Activities of radionuclides, 210Pb, ’Ra and excess 210Pb,

from the sediment core F11-89-CP-8. Errors quoted are

10 errors based on counting StatiStiCS. e rvrorevemmmremrrreniicc e, 273
Activities of radionuclides, 210Pb, Ra and excess 21OPb,

from the sediment core F9-90-CP-34. Errors quoted are

10 errors based on counting StatiStiCs. -« e cecereereenees 274
Activities of radionuclides, 210F‘b, “Ra and excess me,

from the sediment core F4-91-CP-24. Errors quoted are

1o errors based on counting StatiStiCs. « e eeeorrrmmrernmiiieiiee e 274



Table 6-7. Activities of radionuclides, 21OPb, *Ra and excess me,

from the sediment core 94-2-15. Errors quoted are

10 errors based on counting StatiStiCs. - eeeeerereeimnninniinniann,

Table 6-8. Activities of radionuclides, me, “%Ra and excess 210Pb,

from the sediment core F8-91-CP-38. Errors quoted are

10 errors based on counting StatiStiCs. -« e wreeereereneeninninienirieninnens

Table 6-9. Activities of radionuclides, 210Pb, 2%Ra and excess 2me,

from the sediment core F11-89-CP-18. Errors quoted are

1o errors based on counting StatiStiCs. - ceeeeereecomeimmeniiininencnn.

Table 6-10. Deep-sea sediment mixing data based on 2Ph measurements

and SediMENTAtION TALES. - vverrerrerertemeraramrrrarieeeeeassserrerrmrerreeeseseeseans
Table 7-1. Technology Tree of Deep Seabed Mining «-eeeeevemmnieninens

Table 7-2. Technology Tree of Manganese Nodule Processing s

Table 7-3. Comparison of Various Techno-Economic Models

for Deep Seabed MInNing oot
Table 7-4. Trends in R & D acti;/ities ...................................................................

Table 7-5. R & D Investment for Deep Seabed Mining by Country ............

Table 8-1. The SOPAC Member Countries and their Exclusive

ECONOMIC ZOMES «+vveterermmmimmmmmimiieitiiiiiiiiiiie st s s s sesaestesaaans

Table 8-2. Resources Potential of the SOPAC Member Countries --...cccovrevees

Table 8-3. Maritime Jurisdiction Claims of the SOPAC Member Countries

Table 8-4. Enactment for Maritime Jurisdiction Claims

of the SOPAC Member COUNLIIES. «:oiorerrrrerererertrtteerieieiieeicccremesesennes






Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1- 9.
1-10.
1-11.

1-12.
1-13.

1-14.

ad s x

(List of Figures)

. Sampling sites and seafloor morphology of north central

and WeSteIT PaCIfiC. «ccwoerrrererreimmmmiimmiiiiiitinrieesimiis e ceseseessssssssssssosasesanes

. Relation of Fe-Mn crust thickness to water depth

Of SAMPHNG SILES, wrorreverrmrsersseerniiinirenstss st ser s

. Substrate rocks of crusts; basalt and phosphatic limestone. - .ooevee.
. A crack dividing sharply the CrUSL. - wrermmmsreres s
. Vug hole partially filled with euhedral phosphorite grains. -....cooovneee.

. Growth structures of Fe-Mn oxide aggregates:

botryoidal Structures. - oo

. Growth structures of Fe-Mn oxide aggregates;

COIUIMNAT SEIUCTUTES. -+rvvvrrreerrsrmireiiiiiiiiiiiirerecniateieeeeiesnrnraeese e ssssbssessessssssannns

. Growth structures of Fe-Mn oxide aggregates;

INIOLHEA SLEUCKUTES, vevvvereersereesrarsiesssseesssssessesasssssssssssssassssssssesssssssesssssassssssssens
Microphotograph showing phosphorite grains in a large void. oo
Planktonic siliceous tests and amorphous silicate layers. - -coeoeevenene
Ages and vertical distributions of internal structures and
chemical composition Of CTUSES, «+oeveereererrerrammirmnititiiinnrneieeeteeiisinesesseissiinsnsanenes
X-ray diffraction patterns of Mn-crust components. «..-...ecevesusesrnnennes
Relation of Mn, Fe and Mn+Fe concentrations to the abundance

of Ca+P in intertextural phosphorite grains and

STHCALE MMALETIALS. wveevrrerrereeeseresseseeessmeemsssseesseesssessssssssessssssases s sesessssssesrassans
Relation of Mn, Fe and Mn+Fe concentrations to the abundance

of Ca+P and biogenic silica in Fe-Mn oxide aggregates. ««-oeereieeevennns



Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

1-15. Distribution of factors controlling the variations in chemical

composition of the older and younger generation Crusts «-..ccoeeeeenns 81
1-16. Relations of averaged concentrations of Mn, Fe and minor

elements in the older and younger crusts to water depth «..coooeeeinene. 82
2- 1. SeaBeam 2000 Cross-Fan Beam GEOMELIY - oevrveirriinniiisesienesennes 131
2- 2. EA-500/SeaBeam 2000 SUIVEY ATEA - wrrrrreeessummmmmssssssssssssssssssssssmseneeees 133
2- 3. EA-500 Received Beam Pattern, o ocrecrreemerrrmerrererniinneeessesisraseesssssnnarsesorsans 134
2- 4. EA-500 Received Backscattering Amplitude. - oo 136
2~ 5. EA-500 Water Depth RECOTd. w----errrserereereresssssmmmssssisssssssmseneessssssssssseseeseeones 137
2- 6. EA-500 Water Depth Profile (After Noise filtering). «.wooeeecuseneiines 137
2- 7. SeaBeam 2000 Side Scan Image with Center Beam'’s

VertICal Profile, «iooeieerreeeieiin st ee e eeeeeesse e eeeeenes 140
2- 8. SeaBeam 2000 Center Beam's Backscattering Amplitude. ----eeeeevvneee 141
2- 9. 121 Beams Distribution of SeaBeam 2000, - s-rreeeeereeveesrvrmmmrmeresreeeerererseree 142
2-10. Regression Pattern of SeaBeam 2000 121 Beams. o eeerrerrnieinnevinninens 142
2-11. Regression Pattern of SeaBeam 2000 Port 61 Beams. . eooerereusenmiriinnes 144
2-12. Raw Image of SeaBeam 2000 Backscattering Amplitude. .-eoveeveveneene. 146
2-13. SeaBeam 2000 Backscattering Amplitude Image after filtering

with port side 61 Beam Regression CUIVE - - rereseremosemenesmsssssenns 146
2-14. SeaBeam 2000 Backscattering Amplitude. Image after filtering

with 121 Beam Regression CUIVE - serrrresmeserssmsserssmseesssssses s 147
2-15. 3-dimensional Map Of SUIVEYEd Area - mmmmmmmesmmemsmmmmesssssesmsoseeeeeeeeseee 148
3- 1. The study area and sampling sites for benthos

during the cruise of KODOS 95-2 «icovririniiiiicere e ciesesessse e ssersereesnens 157
3- 2. The species number of macrofauna taxa in the study area -......... 162
3- 3. The abundance of macrofauna in the study area -....ooeesersieninnn. 163

._.34_



Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

4- 2.
4- 3.
4- 4

5- 2.
5- 3.

5- 5.
5- 6.

. The relative distribution of macrofauna taxa

among vertical fractions pooled in the study area ...,

. Spatial distribution of macrofauna within 9 subcores

of a large box core sample at St. 40 oo

. Vertical profile of temperature and salinity in the study area --.........

Vertical profiles of nutrients in the study area -..eomriirnnsnenans
Nitrate versus Phosphate concentrations in the study area ..o
Typical characteristics of fluorescence of biomacromolecules and

geomacromolecules in the study area .o

. Vertical profiles of fluorescence intensity in the study area .......cocoovee

. Plots of fluorescence intensity vs. nitrate, phosphate and

Silicate In the study area -« oo

. Vertical profiles of nutrients and fluorescence intensity

In the study area ..o e

. Typical HPLC chromatograms of amino acid standard 'and

representive sample of DFAA in the study area ....ovemenecnncinc.

. Concentrations of porewater ammonia with depth ..o

Concentrations of porewater phosphate with depth .o

Concentrations of porewater silica with depth e

. Concentrations of porewater nitrite+nitrate with depth oo

Contents of sedimentary total carbon with depth oo

Contents of sedimentary organic carbon with depth «oeooiiiiinnnnnnn

. Curves of 1st order decay model fitted to the contents

of sedimentary organic carbon with depth -...ccooee. ettt eaoee

. Concentrations of porewater manganese with depth .o



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

5- 0.

5-10.

5-11.

5-12.

5-13.

5-14.

5-15.

5-16.

5-17.

5-18.

5-19.

Concentrations of porewater iron With depth -
Concentrations of porewater copper With depth ..ccceeeeeeermmeeseraesmmecnnne
Concentrations of porewater nickel with depth «.eeeemecrsineermesinennens
Correlation between sedimentary organic carbon content and
manganese in acetic acid leachant ..o e,
Depth profiles of sedimentary manganese, at St. 51, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric acid. «cormminieniciines
Depth profiles of sedimentary iron, at St. 51, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric aCid. - eeeeeerseeenseeseesesssssssesesssnsaneans
Depth profiles of sedimentary copper, at St. 51, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric acid. .. orerevininiiniiciccerenenceeenes
Depth profiles of sedimentary nickel, at St. 51, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric acid. .«
Depth profiles of sedimentary manganese, at St. 54, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric acid. - eeereminiicinicnrnnresesesesiniesensennns
Depth profiles of sedimentary iron, at St. 54, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric acid. - e rressmmrmssisesrsssseresssssssresesnens
Depth profiles of sedimentary copper, at St. 54, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric acid. et



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

5-20

5-21.

5-23.

5-24.

5-25.

5-26.

. Depth profiles of sedimentary nickel, at St. 54, in sequential

leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric acid. - eeeeurcsencsivnneneninnennine, e 238
Depth profiles of sedimentary manganeses, at St. 15, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,

, and hydroxylamine hydrochloric acid. - errmiosmemrierriseinsesinsins 239
. Depth profiles of sedimentary iron, at St. 15, in sequential

leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric ACid, «-weerrresmecemseeeemsmneseseersennessueeees 240
Depth profiles of sedimentary copper, at St. 15, in sequential

leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric acid. s 4]
Depth profiles of sedimentary nickel, at St. 15, in. seciﬁential |
leachants of ammonium acetate, hydrogen peroxide, acetic acid,

and hydroxylamine hydrochloric acid. - ieessermeineeinnnns e 247
Depth profiles of the fractions of the metal contents

in acetic acid leachants to the total sedimentary metal contents,

at St 51 ................................................................................................................ 243
Depth profiles of the fractions of the metal contents

in acetic acid leachants to the total sedimentary metal contents,

AL Ot D crereiiiiii e et s s e e s et e s s s s b bneaeaas 244
5-27. Depth profiles of the fractions of the metal contents

in acetic acid leachants to the total sedimentary metal contents,

AL St 15, cerrerreermiienrirmenn ittt sttt s ettt s ettt et s 245
5-28. Correlation between porewater copper and sedimentary copper

in the acetic acid leachant at St. 51, cccererrrrerrrnreeneeerreeneeeeresensrsrsessaessnns 246



Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

5-29.

Depth profiles of the ratios of sedimentary manganese to nickel

both in the acetic acid leachant and in the hydroxylamine

hydrochloric acid leachant, at St. 15. i

. Separation scheme of uranium and thorium in sediment samples.

6- 2.

Plots of ®Thys activity and =’Thx/>>Th activity ratio

as a function of depth at 94-1-79 core. Srea=real sedimentation

rate calculated from data points below the first mixed layer. --....

. Plots of ®Thys activity and Z°Thy/*?Th activity ratio

as a function of depth at 94-2-15 core. Z*Thys=="Theowa->"U.
Srea=real sedimentation rate calculated from data points below

the first mixed layer, R2=goodness-of fit. Error bars refer

to 1- ¢ counting statistics and depth intervals ..o

. Excess %°Pb profile for 94-1-79. Data ponts represented by

by circlesvere not considered in the estimation

of particle MIXING TAES. «wrerrrrvrrsinisinsiise st ssssraens
. Excess 2%Pb profile for F11-89-CP-8. Error bars refer
to 1-0 counting statistics and depth intervals, -.coeerieniennnnnnnnn.
. Excess #°Pb profile for 91-CP-90-34. Error bars refer

to 1- o0 counting statistics and depth intervals, -

Excess 2°Pb profile for F4-91-CP-24. Error bars refer

to 1- ¢ counting statistics and depth intervals. «cccevmvniiincnenns.

. Excess ?°Pb profile for 94-2-15. Data points represented

by circles were not considered in the estimation of particle

mixing rates. Line represents the equation of regression fitted

for excess 210Pb data. e



Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

6-10.

. Excess *°Pb profile for F8-91-CP-38. Data points represented

by circles were not considered in the estimation of particle

mixing rates. Line represents the equation of regression fitted

for excess Zmpb [ - | - VT OO PP POTUPIPPPRRE

Excess “°Pb profile for F11-89-CP-18. Data points represented
by circles were not considered in the estimation of particle

mixing rates. Line represents the equation of regression fitted

OT €XCESS Z10PD ALA. weorvversresseeemrsrrrerssenessessssnesssenssses s ssssn s sessssssss s
. Flow sheet of Manganese Nodule ProCESSIng «-ss-ceeesseeeeeressssmssen
. Metal-Equivalent Values of a ton of Manganese Nodules --t-eve..
. Maritime Jurisdiction Claims in the SOPAC Area .- o vevivereinnninennn
. Implementing Procedure of an Exploration Program

in the SOPAC AT€A -rorveeeveirerimerrereres






x| 1

PO AN BN XN o o

A
e

o pb oo DY M oY N X

R S R | - - s

4






A14dA4 &£

BBl Sie k) WRize] §18 AP Aot AAY EE 4B
o) Jgor HAZo] Molx ¥ TEAAL REHoT T ANHoB WH

Tt (Friedrich and Wiechowski, 1980; Hein et al, 1985; De Carlo et al,
19873, b). 4B F T AF AHel] A E B2 AL AALYAA AEE
© Wge gad =

A" &A7E o]FojA gt} (Halbach and Manheim, 1984; Manheim, 1986; Hein
et al., 1988).

W TR e d-REE TEEHE ZFRO=FH Y x4 T4
3tEo] B0 AAs, 1 AFZEL 1~15mm/Aghdoe 2 v =3 AJF&
=2 R (Segl et al., 1984; 1989; Fute et al., 1988; Hein et al, 1992). %3}
Zrel A3 Fxe F4dd w2t odFsie, dirdel 438 -3 235 AN
A5 %4 58 5 Fuel FURAH JE et (Pichocki and Hoffert

e WF 5o AN AANZ Q8 oS R 4A7

:{o

2

X

1987; Puteanus et al., 1989; Neumann and Stiiben, 1991, Hein et al., 1992).
Ax HBYE Ao AEEE W4 2WE, YA, FHE GF T3
i 3o+ (Aplin and Cronan, 1989; Croman et al., 1991). H]i 2] <& FAlo)A]
AEEE 7 Ae W3 2RE, YA ko] 2 v, A IF2 A=
frd=EE 444 A9 <ol wesie 54& HAY (Halbach et al, 1983;
DeCarlo et al., 1987a; Aplin and Cronan, 1985). &3], @ e} A I o
53 7R AGo 2R H, Uz FYol AFHAAN AHaA FA veld
t} (Halbach et al., 1983; Manheim and Laneb-Bostwick, 1988). o}s}ge F&
FF EXEAL B4 A 27 B¢ AUl 545489 A E A @
#F #AZE Atk (Halbach and Puteanus, 1985 Landing and Bruland, 1987,

)

Alberz et al., 1990).



Ho Sol, na sty 2AER A aQEe] Wi H-93t T4l
2329 A£AQ AZS 2= Ao A on o Fofd g AT
7} a3 ARFAAT Yok e HASY Wzt an wine) 4

gake mxE wH gty AREL Be'H SI¥/ST B4
HAE o83 dREAL T H¥ & A (Segl et al, 1984, 1989 Futa et
al, 1988; Hein et al, 1992). ¥¥t&A o2 sHFa) EASE Wz EF PN
3 FFAES(AABW) £89 H3t2 Q3 oprld FW ol AAAUsFES
Bolt} (Halbach and Puteamus, 1984; De Carlo et al, 1987b; Pichocki and
Hoffert, 1987). 4% 27197419 #ztzte =gz AMAY dAEC] FA4
27z EAL Holn, o HAY o]l =d FFS AFI}T rlolL
A ZANNA F7] Fetel Bzte]l AT AlATASTS AAEY (Hein et
al, 1993). ¥raol 4% F9A9 Fzre B2 SAHEES R T4 R
¥xge A-3z FZ2E BAFEGY ol Bu wE AFSF £8F% AZ 7158
AzZZANA Hztzto] AA3A-2S VERAT (von Stackelberg et al,, 1984; Hein
et al, 1992). AAMF £ oshd, Witzre]l ARWsE F7180]H (Segl et
al., 1989; Neumann and Stiben, 1991; Hein et al, 1992), ol& 23| ¥@73 9 &
- E@71AQ Azt AA oz
B AFoae B30 A%, 9F, 4%E, F&, 28 4o 9% vA

£ A2 <83 R2ANLL A7) dstel ABY F - MY A BX3

£ aAaEzRE AAY 27 ge 71 A P34 Assan. 97d
3 oS WAEL 4Fe, AR TR Yol FAW Aols NAFE Tl

77 GE JREY 4AAAeE RAZ WA FrMAS P A F

e F71402 Az qARBAES Roln Wakn Yt WYL HAF, olE
AE719e ddsel F3t P dBHAUG. B ATAME F2 Kol
2AsE A2/ Ae7te 27144580 A-FIAHER 0Tl vl 5T

__44_



o) 4AxI0]l 24T AVE HL YL FAAALG. oldF AR B
AR 37] Bol Bzt Ao T4 BEAEANY WEs} de 6
o % 9tk

£

filo

A2A ANsAH R AHE

T FAT4 (KORDDE 1989914 1991 F<t 3ztllol 24 wmAAA
T4 FELE R/NV FamellaZ s ol§3dte} F - ME gBF 9AT
Marshall, Caroline, Palau %= 38 d|AAbA I3t gALE AASIAT. Al
EE HAFLo] @WIA %2 AL BAEL AEAGAAM =R (dredge)
g olg3td AMFsAT. FAARAHL BT (air-gun B 35 kHz)E ©]8-% 3}
A APAZ 9} £4A8 (KORDI 1990; 1991; 1992)5 Farstel AR 33t
Pzt AgE B9 6 - 12° Alole] nlEk el TR ME ?SHXV* Fdl
A ARsA |

B AFAIaqae 4 1,250 - 3400melA AFHE 70 AL AlRE B
Metged, ARE AP/ AASGEL WA R F7] mlo]le el FAHA
th AsEE ARZTRE B 5 JAEE 9ES At RAFT e 58t
A PR B A8 dod 3% RERS dReg AT F, arksiAnh
-t Ee] nFe R oo UETR2E BRI A3 nHdTu A
ASFE AT A9 EPMA (Superprobe JEOL JX-8600S)E |83l 40u &= &
AZ AFHAARALRA (back-scattered electron microphotograph)& <2 sttt
-G A eSS HEAE A3 AANE S o)stR 2R YY, lmm HEH L
2 137) 948 33T W, UE IF ANEE FEZA L Sr TH9Y94LE
g Q3 2mm FHL 2 ARE A £23 3T FEXAHAEAHS A3

o] PhillipsAt®} PW-710 X-4 3AEA7] (XRD)E ol83tAqo. 28, 433z



o] A8} AFES 3337 93 7IZFATHME e Thermal lonizing Mass
Spectrometer (TIMS)E AH8-3te] ¥Sr/PSrg ZA3Ath.  EZAARE teflon
bombell ¥2 & HCl, HNOs HF E38-9& H7lsl SALdAI2 o, AR
7b Ad AzREHLEF JtdwolA 7ttt fx8sdxE A8 6N HCIE
FA7rsle &A1) F A4AEYUZE o83l FFEAE FeAnk o) A&
ol 2RFFAR FAH columnE FTHAIA FTHYULE FE3Y. Ige &
BE2RLe AMY A4F TSrSSr 2= (Hodell et al, 199)A2E ZAZ 3o
S3 3

N

A3 dE ALEH

FT A BB Gds 489 AN HEe] A=Y dom, Marshall,
Micronesia, Caroline, Palau T %52 Philippines Basin ‘FZo|A] A|&ulgko 2
wasojglel (Fig. 1-1). Marshall v BA-GEw3ko 2 wakst wels) o)
FANT R olFolA Qomn, o5 Hi F4do] 4500m! MNAHA F18
(guyot) B o] sfALdT Adsde] dFQ FX(aol)2 o)]FAA ok o9}
< EXEF AALES FARTLR olFdl= FHIrl F7] (135-155Ma)ell 7+
SR e Edd Aol 223 GEo (fracture zone)o|A et (88-79Ma) T
ZatolQ Aol oA (51-59Ma)el ZH dF FAHA EEHgo o3
FA=o}F T (Larson and Hilde, 1975; Cande et al, 1978; Rea and Nallier,

I

Nl

1983). K-Ar WA FHLAE o] AuEAd 93t o] FEEL ¥
dHAA ] & BTl 3 FA=EASol BEAHT (Davis et al, 1989). 34A)
e BAREE AEHAA M3gelt degd, $3AVz wAd A=ga A
34 QIMNLGER o)Fo HAHZFo FHA (YWrHo 2 150m ol4}) HAUT
(Swab et al,, 1986; Davis et al, 1986; Hein et al., 1988). |A4k2) Almz} 7]
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ARole FER A3 HAHE EHAZ (mass-flow deposition)o] A= o] e
= (KORDI, 1990), ©]3ol 5-180mm F712] ®3tzto] EAgr}.

Caroline Xl °F 900709l HAFH} &2F HdEo] Aok ©] HE2 H
BFgo] FEEE urgohyd s FAZK AR Yap HTFELZ 3,000 kmol
A3 Jdgd=olA Aok (Acharya, 1979). F¥e A $4& 4500m Hoh 2X

Ron AEL YA olE2RE Aoz Y¥d Eauripik-NewGuinea 313 &

r

7IEeR FEIY ANEZERECR FyYHoR FEREHAZL E-W WIS HE
Caroline Z%=¢ M% ¥ NW-SE #ao 2 Udd rlo]a2uAlo} FEo) &
A& AZA=FNNY nlo]ARYAlo} FE HEF FHALEL 124Madl AT
oA FAHE dFoA BEFEo2 FAHULH, ol FAFOR AL E
AAAHo R O d¥o] 2AHASES HF1 Y (Mattey, 1982; Keating et
al, 1984). 3HH, Caroline? =t 2 Al Z7ldA nlo] QA % (30-24Ma)E <t
of 3P WEQ o2 Qg A ARG oz woprle) FA4d 7wy
5 Yol FAHAAG (Fisher et al, 1971). o] 3 AEL PHo 2 Ao
Bowl, 4ET AAL Aol HAE FEANNET LoD Baupk-New
Guinea &% 100-340m 579 432 HAER @A i, 4L 2500m
Bo g o] #lE 2 28-31Ma Alolell normal faults &2 strike-slip faultsell
o3l FHE F43ME (troughs)F 37 (trench)oll 23] E Pd 49
X (islands arc)2 ©)F°|A At} (Duncan and Clague, 1985, Keating et al.,
1984). A& Caroline #xol £X3l= Aol FAE B4 FA7F 30mn
o]3t2 UIF¥ patina FEZ AEEHE W, vle|FAR Aot B3kte FAV}
10-70m= FZA Yehdt (KORDI, 1991).

Mariana 37 3% %&£ Palau 3l 5% EAloldl 9X|3l= Palau HE

2 HHE Yapr ke olFod SFAEEE FAFT o5 mloloa T

¢

(108104 My)&gtel XZo 2 o)lF3le YRR PhilippineRe] XA

__48._.



go2M AR (Crawford et al, 1986), HZN= old @ BEL AsgT
Ney I AxE w|gyd Woltk (Acharya, 1979). ©lE MEL 2 WAL
Z2A714ge o)folA Qom Maldol FHE 7Y, ERule]E B =wgto)
Aoz dehdh, o] Ao Btz B¥E I F27 10m ol5kz 7wt
&< JE3}3 ok (KORDI, 1992).

A4d 2

L 332 R 4R

ATFA NN AEF F2H2HS Marshall FEA9 2 Look. 3 A4 NEds
89-DO1)Z B3 mpolA2ud|A|o} =2 Chuuk A 3 A4 mgei 90-D02) A}
delX AFHE F ARE AYIE MEZFOR AFE F4lo] XTI Ao
Aol @Al walt FAZE FXHFez 9l (104~15 mm) “ERGT} (Fig.
1-2). Aoz WgEe A4 (M), A4 32 M(sp), 332 (P)2 Bd

= F& (zone)2 2 WFolA1, FAL UL oME olEo] MR ns o Y
Bhdth (Table 1-1). 3ol delve #4d FE2 E3F 7235 BAFA
22 A 243 FHE Jeve He A48 qu ok gdF A2 L Puteanus 5
(1989)ell A& ALHRD RAAME H2 M9 APRFoz AZHE FAHAAM
(goethite)# o] H-& EF3i UYe FEEL FAdc Aoz BAG. A&R
2 ZFE olE D}%%_l%fi TR 724 s BolA g A Holyem A
olFut HAAE (scours)oll A3 ZAARIL Fio] FREHAXIE o}, w3zt

< B3 U 3] 7Nk A3, d5% Y, 2 %A (ferromanganese)d Q1
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Table 1-1. Sampling sites and visual description of Mn-crusts in the north

central and western Pacific seamounts.

Visual Description
Sampie No. Location (°N/°W) | Water
/Seamount Depth
(age) (m) Substrate Internal Surface
Thickness! Structures | Texture
(mm)
Marshall Islands
89-D01 Look 12 07.00/166 13.90 | 1250-1540| Basalt 69 M-P-M ! Botryoidal
(87 Ma) | 12 07.30/166 13.40 Breccia |
i
39-D09 Lomilik 11 45.10/161 33.60 | 2525-2530| Packstone 54 M-P(sM)- Slightly
(780 Ma) | 11 45.40/161 33.60 M(sP)-M Gritty
89-D11 Lomilik 11 37.00/161 41.10 | 1690-1870{ Basalt 104 M(sP)-P(sM)| Botryoidal
(780 Ma) | 11 40.00/161 39.80 breccia -P-M
90-DO01 Pohnpei A} 10 27.29/156 40.93 | 2105-2180! Not 85 M-P-M(sP) | Botryoidal
(€)) 10 27.02/156 41.80 sampled - M
Caroline Islands
90-D02 Chuuk A | 9 50.99/148 27.02 | 1980-2050| Limestone 20 M-P Porous,
(109 Ma) | 9 50.99/148 27.13 Gritty
90-D19 Yap I 6 35.95/142 16.48 | 2850-3050] Basalt 42 M-P-M-sP | Compact,
(10 Ma) 6 36.52/142 18.05 -M Gritty
Palau Baclg-Arc Islands
91-D16 Palau C 8 33.49/135 36.33 | 3260-3400| Basalt ! 15 M-sP Porous,
(10 Ma) 8 33.65/135 36.79 ! Gritty
i

Note! Internal structures were described from botiom to surface: M, Massive; P, Porous: sM, slightly
Massive. sP, sightly Porous.




At (phosphorite)2 #HZo= i AT UE ZAYgoz oFolx ot
(Fig. 1-3). 33z 71NitAtel ] AAIE 71kl SRl d#glol S
YERd

HEE AT FAHE FAL WS AduiFor FRV oI YRR
o FEFdAME Adddel £FEA 3t (De Carlo et al, 1989b; Pichocki
and Hoffert, 1987, Neuman and Stiiben, 1991). ¥3rzte] MR FTx+= gubzio
Z HolHog Wite Ao ddol A3 Fuio] pREE A2 JYRojAn
FAe By dERELS dvrdoz A-U AJEHER ANAH 3 F9 B
AAEIHE G B QRS Jvehdt (Fig. 1-4). 39 Axte 3¢ M2 &
gEol vetun SstAAGRAM ST WsE BaFX ged B$d g
Ago] 5mm BES] ©@AY FE (Fig. 1-4) & 43d FAHEZ o]F0A Yol

ol THHIE ok ¥ 7] (~20 me] A FF (vugs)Eol @
Uehue, o523 M3d M So] gy Fe& EAH ST (Fig. 1-5). o] 33
A3/ (phosphorite deposit)ollAl A E ttge) A& A& Fidle
A2 A3 (apatite) ZHEZ A4 At (Cullen and Burnett, 1986).

FH, e YRR H-UstE e 448, 2% 2 =)

7I€e 2 3t XXX (botryoid), 4 (columner, pillar), 4 (massive), 2

i
flo
(2

]

A% (mottled) F& (Fig. 1-6)5 47IA2 EHFT 4 Aot (Friedrich and
Schmitz-Wiechowski, 1980; von Stackelberg et al, 1984; Hein et al, 1990).
olg 77l & zAL AN FAHoln dA&5FHozZ wEIHAN Uride
Fee WA v HAan Fe AL g AGIER FAHY Uk
Microprobe 3 24je] 93tn] 92 M Felle FIho]l FTHE Wi, BT} o] T2
As de REL HE Bo FRsle Aez Ueldd  (Friedrich and
Schmitz-Wiechowski, 1980; Neuman and Stiiben, 1991, Hein et al., 1992).

TR AEHo] Qe ERN FReE 94530 H-UAEE  cuspatE
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Fig. 1-3. Substrate rocks of crusts; a) basalt consisted of acicular textures and
b) phosphatic limestone containing abundant calcareous fossils.
Especially, the boundary between the crusts and underlying
substrates is sharp. Bar is 100um on all microphotographs presented
in the figures. Symbolic presentation is shown in the right.
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Fig. 1-5. A vug hole partially filled with euhedral phosphorite grains. The

shapes of vug indicate that vugs have formed by dissolution of a

foraminifera fossil.



Botryoidal

Structures
Intertextural
Silicates
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T 1 1 T — L
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e
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Fig. 1-6. Growth structures of Fe-Mn oxide aggregates classified on micro-
photogaraph. Symbolic presnetation is showm on the right side.
Botryoidal structures are most distinctive in voids (a), often filled

with amorphous silicates (b) and phosphorite grains (c).



(F7A7F 10 mol’H) 8] 4L Hole S92 32 Btk oL 37 (AE
200 melgh7} ¥t F3o] AR A 2 Jehdt Columne M-43HAstE
QA7 e wiE Folul(UwZE 4= 100414 1,000 mm =017 A3 5 mm)7t
2 53L& 2AY9 (Fig. 1-7).

Fa7ze e E YEdE 27te) 250 gl 2@E6 B
AZPAE AT & FFWA oL olHFoA Koz AAEHWEA
A%ZAQ F9 ZA¥) o3 A (dendritic) +2E FA T

2 Hmassive) 7Z2E B39 gF2 F& HolAY, FATRe) ¥ FXE
o] A= EAL Ro|VIEF} (Fig. 1-8). A4 (mottled)N+= HEBHOZE
EAg el ExAtEo] BAA AT A At AR g
(Fig. 1-8). F717} 60 mmel} He Wtzte] 4% 3ie JiE=ad Qa4
A&7 AT AT (Fig. 1-6¢, 1-7c). Microprobe 224123} At A
< ZEd Jozgt FARAA gol wHAT (Fig. 9). U7 dHo E%32
E7199 FARAL g ZASE TR FATt FE ol$m ek Awn]
F& SRS YT (Fig. 1-6b, 1-9). B2tel 729 ats Juse) A
AWE 71Eo2 19 99 =AIEAT 89-D1 Azt A& (F7 65 mm)<)

rﬂ-

|

o
fr

AL IEATZRE Holu I ZA4E HFFRE Ho|x, b3y dFY7]
Aol B3d HAFTFRE Bk He|AAE A B o] FXEL XAZFE
o e Zl €8 B3P FEE Holn, WESA FAH0| Kol njR
HolA ok A FZEE (0-8 mm oD Z FINA = A
-3t 8 column®] §F¢] RAAT o] FAEL gRE FF I H-F
AEZF o2 AA=] Qv ARY 3T 5 39l amalgatedd FEW

botryoidssh 71 Aoz Uedth SRR 45 =m AL VugsSel neol
W ERe 449ES 2ol gt UIHdn UA5A Yt 54 pag &
N5 FAPAe e B-PRVHEFOR 3% 5]
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Fig. 1-7. Growth structures cosist of compacted and large columns (a),
vugged dendritic columns (b), and impregnated phosphorite grains

(white veins) (c).



Laminated
Structures

Mottled
Structures

Fig. 1-8. Laminated (a) and mottled structures (b). The former consist generally

of compacted columns or botryoids, whereas the latter shows no

distinct groth pattemé.
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zegoz AYA Aok R AYFe E TSR TEAEo]l BeiA 31
4353 T35 FEEG 7 2933 AVAY dAER A9 U
FEL 4904 12 mmst 45604 65 mmRolol Y F2 BAHT 1 99} Fo)

4

U Algd B

89-D9 Wzkzt AlEE FAZE 54 mmolx, JAHSt Bz B YA
ARG 1AL BEIT FARe A-UasEzgdd U 34
BTz} ZA Jrh A48 Ao nprsogich 4R (2-6 mm)E 2
2eEol T MET A A FATERIF dEhdth o] FATREL
e F43 X2 6-10 mmER TFAH R S o Y3, 2 FTIA
FARFHe F dwdE 2 F45 e dgdt FRRE (27-32
mm)el= AVAF PAER AAA e FI BEREE FHL WS
Hole Fe TRyl Ut ANt @ THEH QudAgd o9
TFEEHAANE EEAo] vehdth 53] 39014 40 mm FEE H-FAEE
Wgs gke ¥xafo]l Ate Eo] vehdt (Fig. 1-4). o] SelAME, F-%3t
e Wol A% nYIFHL FAEHEA e F (12%)9 Hy We
et Aok B ulE belANE, wite] ER (48%) AAW B 1T (2%)
ol itk @W, B9 9 FRe Hol FR (40%)sx, W3tol 1B (2%)R
202 Yol ANEY HAHEo] EFHer Jehdd FIEL £3] Usun
E3], 12614 20 mms}t 30614 40 mmZ el A F2 viehdth

89-D11 #ztzt AlgE F717F 104 mmolw, Aol X9 drgtd 2t
ALl BX T ERTEEL RE JhuA 2, 43R, 28 A ¥
=4z Ayt AFE (0-4 mm)e I3 RS 295 28 T
Az A Ak 3544 40 mmE Alolole W7tzdo] mottled® TFERE

9



Btk & 33 (HUASF 100 mEe] 2A# Qi 53], A (0-20 mm)H-<
3o F2 vehdr

90-D1 ¥4 AgE F77F 85 mmoln, 71w AFHHA gkt AFRe
T TANE S0l AAE TETFEE T4 HoUoh 1914 10 mmP
< ZAn BRI FAEo] =UIA AAY EAHEE FAY crenulating
lamination€ Role HAYTEE RUth column® EHEL columnEE TAH
10914 27 mm3 oA FAsA Yelbdt 27-33 mmE FRoe & 350 A
Ast A 33414 63 mm FE2 HAE) v JFTRE BAY IR
(63-80 mm)= QAAELYLeR ZIA FHE columne®E FAHS U,
column®] FH3IE o FAJY. FFEL 2914 60 mm Aloldl AAFHO e
WA FRojA v =EA #AdE

90-D2 WRAARE FE A3 A (Ca, F 4%z olFozR
A3A71A 9ol F 20 mme) FAZ EAF} o] FRAAIREE 18 mmBA
T REeR FEHY ARV FaEA sl o] AAs 3y 4=H-e
W FFd g3 TR ERHgE Zhddr A-U3 AEZo=m
FEHer R4 e WEF Aol FRIIL olEL zlold uwt HAZA
A Se2 Wb (Fig. 1-10). HAHe F2 FHATE2 FAHO Utk
84 12 mm F-Eedle & (300 m °)) = +F (F£2 column)7t Rolx
Z+E botryoids®} opalineE2dZ YA =2 glon, HI(:e FATLR
5o} 3.

90-D19 FAAAEE FA7F 42 mmoliL, 3RE HEA A4, OFA, A

HEAAN BgeR Was TxEE HAY. JARE Qe dadgem
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A3 (0~8 mm)=
e 2 o] BFer Hoelg & FATFRE FAH Utk 8~12 mm
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Fig. 1-10. Planktonic siliceous tests partially coated with Fe-Mn oxide micro-
layers and amophous silicate layers intercalated in interstitial spaces
of Fe-Mn oxide aggregates (a). The former contain exclusively Si
and Al, whereas the latter are charcterized by the abundance of Si

and often Fe (b).
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FE2 ¥AA opaline EFZ TRHAE ¥IEATERI F2 Ughun,
Wiel ATz SR S4e Holx fEth 12~ mm REe =
FA7ZE (A3 Y7 600 mel Zol7k 4 mmeldhEo] Holm $A4 Zo
Btk 34~38 mm7tAle) REL FJe) Won FIudt v Eyw
¥egoz FAS Utk HIE (38~42 mm)e FAY AV BEusin
z23A AR e FATRE )80 FI L HA4=T PP o] (23, 2,
31 mm)el A AR,

91-DI6 FZAARE EFe 9ol 15 mm TAZ Aol 9u AL
Btk FRZ ZEE A5} FolAe FAoz TAHY A HsHE (8~15
mm)¢] F3ES =717t 500 i, Eo17F H 6 mmoln] Z|NlgtE oz W
Eolat Atk FRE (3-8 mm)) T TN FAL un Zm HAPR (0-3

mm)o]l A WFeA AFg FHom WI:= £AY TS FAIL

—_—

IFEL H3E AL P0G AA 2A AAB

BZrel AR AL ¥l YTAAA FAAA Y AR Alzte s A
7t d3€ Hodell et al. (1994)2] A =137] (neogene)#4=2] Sr¥ /S alq)
£3t 238 S* /e Adsig A 239 Aadge 2AZ 9
1z7e] AFAZIE F SAZ IrodAd. A7 Alde mlolo A 279 Fr)=
AL (20-5 Ma), F7] Aloie Edo)AldA dAA7EA (5-0 Ma) £ A%
& Aotk (Fig. 1-11). o] AAGA e A% Horizon Guyote] W3Hzte)r] &3
g Sr*/Sr'lel o8l 49 Alvlol SIRE (Hein et al, 1992). oW 27|
ST aA et F7] wloleAE AAY FUuEge] AL AFE 6

mm/Myn) T w9 Ao)sith QEE Zzbe] Awxle) o3 AlAE

0

ol
32
fr
ox

__64_
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Fig. 1-11. Ages and vertical distributions of internal structures and chemical

and

-D19,

90-D01, -D02,

-DI1,

~DQ9,

composition of 89-DO01,

01-D16. Ages were determined. by plotting isope Sr86/Sr87 ratios

on the Cenozoic seawater curve (Hodell, 1992). Internal structures

were delineated based on the classified units in Fig. 6. Chemical

compositon was determined at points by using a microprobe.
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Fig. 1-11. Continued.
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Fee B4 WolA thesl uehdth Behey al4te MRadeel 91-D16
PRt AR (A1 mm/My)E AT, T Bzel SRR A7) Bzt
AREE (25-36 mm/My) 2t 2-4u) #WE (6-10 mm/My)EAL B} F7)
WAz ME gFe AFEol =Y UBY AN AFEIE dzAolr

(Segl et al., 1984; Futa et al, 1988; Ingram et al, 1990). 5 =7t9] ZAA= 3

i)

'~

4 mottled structure®] AHAA FEHAG (Fig. 1-11). A7] %3zre] na =3

de ER4T F4TR SF wW, F7) Bnae F4% ERATEs #3

XH JHEA 23, giige F2 A dat izie] A 321 745
o] AT (Fig. 1-12). 7% 47z} (89-D1, -DY, D11, 90-D1 Al&)jol A, %7
PN FRe ARHY BAG-AY, QA Wdoz THE ANAYE

FHHL Aok AY Pz FYRNA FIFEo| moly, WAL WA

(Puteanus et al., 1989; Hein et al., 1992). Q1At¥¢} AAEL =3 AH (BT
242~315%)% Q) (91~142%)F X &3k, Ca/P9] H|7} 26~2.7 (Table 1-2)°]
ot (Manheim and Gulbrandsen, 1979, Hein et al, 1993). A&A|7]1¢8] x}o]& n

ole ¥ % (89-DIIRNAAR) AAFS 2 FFUdA dat dAPez <
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7o %3 AFSF VAS BAY (Fig. 1-14). AE74 A7t ¢ FH&=
nx o gty shsto] Aol G AE7Ae i%ﬂr A HES 87}
5191 Aoz 2AATH (Honjo et al, 1982). 4%9) A7} (<4%)e, F FolA
BE 1 §o] 40%elm M2 BRAEHNES 2 ILEFFLES L Mn/Fe H
(BF 39)2 Holx 89-DOI'F3H A=oA 74 F5 (B 054%)34, d &
Fo] AU BL (154%) 90-DO1EZHZ AlgelA 7HE Atk (0.31%) (Table 1-2).
%7) wzizte) IRE FFS Ar] WA B F o) vhg B A4z U3z
A, ILE FEE GAR AR 242 F7HSAL (89-DOIFRH), Faditt
7} OAl Z743HE (89-DO17zEZ) 3ghagel o8 9"k (Fig. 1-11). YA
89-DO1I A B 9] oA 718 F8 (1.16%)3H|, ol TE Gz R
o —‘? Hl AEe] oot YA FEE Wrizte] Zolst 4@ BAES Holw, I
E poE 9zE o 9@3% 347 doh 53] 89-D119 WA 2w A
naoz 252 FasEd W, 91-DI6 FztelNE

A AP

fijo

yehd, et olde Hlxjh %‘%‘C%,YEPI%EL = 0.09~
0.20% Azolth mlauvl#e 89-D01 WHAAIRS AFA7] FEdX 7V F

(0.79%)3}™, Mn/Fed] H] (58) %3 7} Atk o] WztztAl =] dsnEn 2
9 ke 0.20~040%°lth. A7t FE= ABAA AL Ao w2} 27
9t (89-D01 W4e] AAA7] FEAME 069% : 91-D16 F3Fzel M=
193%). o A= 3gd H-U3 AFEL 7425 Bol TR Utk HE
I o FEE Eoldtu, T W Bk A7) @pdea ol 2-5Wi €O

l

[

(425~7.15% Ca, 1.08~224% P) (Fig. 1-11). J4€2 Ca/PH H| (54~77)7}
we F7) Wzt »u} Ca/Pe Hl (26~27)7F ¥ A7) Bzl v ¥ H o
2t} olalF B EAL microprobed] 9% ¥AZA e} H]SHAIRE (Neumann
and Stilben, 1991; Hein et al, 1992), AA st Axpohs Folsit. A
35t AN Wzl ZRE, YA 7|g niFe F40] 7] WA



Ho FH3HA EA. (Halbach and Puteanus, 1984; von Stackelberg et al.,

1984; Hein et al., 1988).
4. 3 BA
7} A71Szt

A7) Y] 74 dhe BAgHLR ABASFI 0400 2 AL JNFL
2 KA F(group)oE E-FHTH 1) Mn-Ni-Co-K-Mg, 2) Fe-Si-Al-Ti, 3)
Ca-P, (Table 3a). Al 1¥2 & F = whujeE FAS B A 2&3
Cast P} #AE FAE Thsid,

g9 70%0)4e] £AtelA, 2+ A4 FE W3lE 471 WS o3 9
"o ¥4 12 Mn, Co, Ni, Cuy, Mg, K &3] ALeA <) 2k (0.20~0.88)-&
Zte= W, Fe, Al Si, Ti, Ca, P &#9] A9aXe €9 gzt (-0.34~-087)<
Zt=1} (Fig. 1-15a). ol 53] Al 123 Al 2729 94 Fxeo o] 3B%YL
dAlete otk (Fig. 1-15a). ¥4 2 Cast PAXNT F=elAA 29 Fk
(-0.85~-0.87)2 zteth WS 32 Mgk AldlA -4 (0.56~0.65)%8], Mn, Fe,
Co ¥Fats SIS &0171‘—} 9] gkelth W< 4= Co, Cu, ZndlA 7
o+ (0.38~0.87).

g, 71932

%7 wme A7 wRh A9 wd vy Foz wmach 1)
Mn-Ni-Co-(Ca), 2) Fe-Si-Al-P-Ti. 179 7ZA$, &L 33 oA (r, 0.45)7}
AE W, 278 A9 o ekl UM ore BAS 2EC (r 022).
dWHo R, Az Wi 4@ WAL Ue nFBLEY Aeng A8

rlm
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vehdth. 53], 7l ol FEE, FF Fe AstEoly A4 7AEFvES
o) #Adde e d2EH A9 A# BAIlel S¥Holtk (Friedrich and
Schmitz-Wiechowski, 1980; Aplin and Cronan, 1985; De Carlo et al, 1987a,
Hein et al, 1986). ¥7] WziztolAl W] BXE A7|WAZGAA S 252
A e F4S Roln Atk (Fig. 1-15b). W4 1 , Al. Si, P §3e]
AgoME & 29 g (055~094& zt= Wi, Mn, Co, Ni, K, Ca &33=
&9 ghe et WS 2= Mg Cadld F=lAA & (085 060) ¥ @<
e, A Fo 2 Fe, Zn, K, Ti FFsldAes 9 &2 Z=dv ¥4 32 Zn,
Ti, Ca®] W37t &9 gro= v &3 gk (043~0.44)& Holx, Co, Ni, CudllM=
©.9] 2tS Z+E=t) WS 48 Co, Zn, TidlA & 32 Jeldia, Ca, PiA=E &
9} kol

ol 4¥ TAL WS REE WHAEC W-AstE, H-4sE, Y
4 271 F2 IR A HEE A=l A& FAEeE, ol Y

2 F
B A4 Przte)re]l ZA$-9F Zt}d (Aplin and Cronan, 1985 Manheim,

Jlm

1986; De Carlo et al., 1987a; Hein et al,, 1992). 7] B¥3tz}ell A, B4 12 H|A
Aol A-z 43 FE AEVY B F A AR EF v A% 4
42 T Astel AAH el (Fig. 1-15a), ol AE7IL wZFZA dg7tel
ol W Hi wzre] FF wstpAA B wpet 2o (Fig. 1-10, 1-12b).
A 2%, e Q9 Fihe uwet 3 Hol JAAHoR Frtsks AddA et
Zol, A3d AE AdHQ L3yt Uiy Heo FALFuEd s M
&0 9L 71A= A2 B 4 Ut (Fig. 1-14a). 23y, /4 A3 4
Ho] UtE A& 1~2 wi o {3 Agox B3tar, vAR A At
o o] F F&9 Tkl Wiz F¥ol B AHY (Martin and Knauver, 1973;
Halbach and Puteanus, 1983). &Fol5# Qo] e Halztsh Zeae 2 3
3l4 (Table 1-3a)S Hole AL R Hol igda #4Ad FEo] &53tA A
27194 2% AYE & £ A (Hein et al, 1993). »|F Y49 EF v &2
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AEZYD BA A% olF 2 AU @A ZHA &

A Aoz Mtk ILE FF3 FAHE WFEL I ZEHA A9 Fede
gHgiQlE], ole A&7 B39 filol AFHA
AatLo 2 YA AL AujFoh F) PN, WE 19 REE U] @
o9k Q33 wlE B X (Fig. 1-15b), ol FatoleAl o|F %zt
Zte]l Ao g AP T3 olFFSS vehdch H-A3E YA
Zn, Mg, Ti, Po] 93 ¥|&2 EA5= A= B A 24 g3 & F 3

o
£
K
T
|
N
i
o8
ﬂ"
>
o
il

So), 42719 BAL Fe, Zn, K, Tis @12e) 4A%e] $9aA g, ol
£ oo B 4Ee) ¢ Balol g A2 A9 Cast PE F ¥
A9 Fol 3%olatz Fadted, ok BE 445D 8% WA gL n

o F+= Ro|tt (Table 1-3b; Fig. 1-15b). Zng} A3}etAQ e O vk F

rir

£53E = BE Fuoln, ok B F 9 BgE WsE RXAA

B2zt Weld, -zt aseE
ANEAH Ade) gA9E 28F BAES BRI (Fig. 1-16). A7) Fzxbz ol
A, A ko] falo]l AoALE YAHo R ZIt (B0%IAN 135%)Fel wha,
7 FFe 308%NA 235%2 B4 Bk (Fig. 1-16a). ©] T T
9] AT} (37.4~38.0%). 4] 2,000 m FZoA ol EAL2 <Fzte] W)
§ Holzdl, Ao AUHQ Pekol FAF Z7Hlr] wWiEel, Wi A FFo
gto] 90-DO1 HzHz (54 1,800 m)olA+= &, 90-D01 B3+ (24 2,200 m)
dME Atk 2WE, UA, T, ofd, spaMlg FEE F4 2500 molA =

HElE AL Rolw, Mn/Fe W9t BAE Boln it zEw 4

r_‘

b

o
T

1

.-
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1,800mell M H3rgk (Z42h 7.15%, 2.24%)% Holil, Ald) uwat FAagch A7}
g HEHE2 AR FVkete v, gFoEe Wy A9 g 7] 93tz
Me 459 EXEAHLS FI8A 4o (Fig. 1-16b). T st olde 4
2,000 m o)A Wizte] Xo] A} Ao AYFte A7) BB} H|&
A BEH AT $4 2200 molA HUA (1.8%)S Jebdth w6, 24
(1.89~2.12%0)3 Q1 (0.29~0.40%) TFFL vl$ Ron F4ld Fuglel BEF,

A58 E 9
1. Bzhe) A ny

EA%H Bald] oW WY THYRE 28 MK THE = Pa
3%, U8R, ALY Edg) o5 ARHANY (Table 1-3; Figs, 1-0,
1-13). 53], 329 3 e P17ke] 4719 Ao)S Mol Hpo 4
A9 dzizte B¥n YHG BAS Bt 3 o] o9 FBL uAE
AeE AAAE H44 2ASE WAn)Jsh XRDEAZH W e FFL n
At (Fig. 1-12). W32t Ewe] AAHole 24T Ags) dase @
oo Er} £2 AE/AYE AT (Fig. 1-10). 25 Axome
AN RAHHE AW ol8F QYA HEY oBe) Fo] KUY HE
Fol W3l 5u) ol EThm WHATH (Honjo et al, 1982). ¥ 2ga Ag7Eo]
g ThE R P TAT 249 ARujEn Ansl Fo] Base
ARE WA AR 26 AP VHEL FHANE A2 B
Hgo] YNS-E AARITH (Fig. 1-10, 1-12b).  ol2at 2425+ Eob
A 74 B0 TR HH2A Ho) ATulwst Yt ME Sr=
3l A~HElo|EE FA3ATH (Jeong et al., 1994).
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Az7tet o] Agte] FZAuA ole F Witole 2 H-PastEe A
o Fleisl ol BATF) BAH 453 Ao ARl Pael 9l 4
Z8t (Fig. 1-14b). &FnxAgAoEx FAH uHTREe H-FHsE
JAES AFE FANARY (Albarez et al, 1990). A2, F3tzhdjo] FA o)
U Aol Z RAER AR Hol HAHA AUEZRE EFu|=AYAoE
7t 8EHY nATRE BHEAE =t (Le Suave et al, 1989 Puteanus et
al, 1989). old AN FHaFZEE HSst JaES] 52 27F WS
AZAIF| T G- s E ] Ao H9%-E vt (Sung and Morgan, 1981;
Ballistrieri and Murray, 1982; Dillard and Crowther, 1982). wWzte=] s} w7rz}
9] Mossbauer B354 APl olspd AtstA 27F Axre 27%0)d oz FHI
WA Ao A3 AErE oA vl (Pattan and Mudholdkar, 1991). ©l213%F 44
el Aole Wbl $A-H wWE FAE goxitd (Moorby and Cronan,
1981; Murray et al, 1985) WAIANENALs FEF EMo 93w ol %t
) ARAD Mol WIzte] ¥wo] Batel Yotk (Kusakabe and Ku,

t} (Halbach and Puteanus, 1983). 53| 7] 931z+e] 7%, olzg A4A
£ CatPe Fx7} ZAael weix el JJAH oz F7HT (Fig
133, 1-122). A7) WRZ) 1A 4FL wolt AL ANAY HEo IFL
u)x)7] W&ol (Fig. 1-14a), £ A3 wW3rel H4A &&57] HEel
(Balistrieri and Murray, 1982; Pattan and Mudholkar, 1991). ©]&3% zlo]l= 3}
SR Mo 98 8ra A3 (von Stackelberg et al, 1984; Hein et al., 1988; Grau
and Kudrass, 1991), o] 94 FEE52 H-U3HEE JAle) it o] J3k&

w1 A & F Adde vHlssith ol H-U3 A3ME JAVE AR o] F 4



A4 YAt E2ASe Il FRHLE AYAAY FAHoR R
Ao AlREY (Fig. 1-9). T SASE 444 & | AV 422 5
€ 9459 Fx9 #AYUG (Table 1-3a). ©]F dFL AV GAEol 3
FZolv} 25 UlelA FA4E (Piper and Codispoti), ©l YAEL FA &
A FIFE U A2 ¥3iE AN wkgo) o FAHES AAEH
(Manheim and Gulbrandsen, 1979; Cullen and Burnett, 1986; Hein et al., 1993).

F7] Bazee ZLE FFol A7) W HlE 2u) o) L W, Y
A FFe 4ol e AdoA AEE A7) B (89-D)elA AUl e B
Qh (Table 1-2; Fig. 1-16a). 53] 7] #3tztel A9 wig g A Bz
oA dutEo 2 verve 4T FAEHA Aol ol wet 73, ok, vt
g Fko] Z4Ase 7S BlY (Halbach et al, 1983; Aplin and Cronan,
1985; Manheim and Lane-Bostwick, 1983). @ ES} W3t §F2 o] A2 E9)
Ashgel ol QAR FEEA o3 AR HANY (Malistrieri and
Murray, 1981). &A%t §-MnO; E® e} 3 Mn?# Co”, Nite) A@e A$
A3} FRol=9] HENS] 7% A3tz A ddue FFo R Addn
(Sung and Morgan, 1981; Balistrieri and Murray, 1982; Dillard and Crowther,
1982). °ld AAEL FF ZF, vllE, FE, ol §9 o2& BA¥Y
15o1-ch. FAA £ 31A (Table 1-3, Fig. 1-15), ¥ztell g YA
e 32 F4oA e {7189 2ot FAIge] R 9 I
B4 EAEC] AFHIA AFA B} £2 FEF HYd. old Y
3 ILEQ ol AL WIte] FFol AFEHAA ZHe| Aol =4 B¢

o AF dojdrt (Halbach et al., 1983; Segl et al, 1989; Manheim and

o o
fo <
Ry

{m
fr
o=

i

Lane-Bostwick, 1988). ©W3 a9 ¥7] Wzxtzde I AZ4=7E A7) 93z

2

Hlal 2 WA 4 A Wao Fig 1-1D) olald UL deFe 424 23
o We Ralzh -3 4sEEe Y40l FlAF Asez AzH,



2. U3zt Ao W AFRA=zA

W3 B} 91 OE s ko) And wel Wsele A4 (Fig
1-16)2 43tz Aol FaolA 7ty He] AR 38}A (biogeochemical) &
Ao HgFE wkeg ountl. (Halbach and Puteanus, 1984; Aplin and

Rl

Cronan, 1985; De Carlo et al, 1987). 7] %ztztst A7) 943z 25, £4
2000m H-ZellA TR A9 FFASL A dgued, o FAHLAY FTF

3 33tH Agakol OMZ £919 & 9FE we AL ¢A?T (Halbach and
Manheim, 1984; Manheim, 1986; pinchcock and Hoffert, 1987). $]¢} #& EA
9 doz2e, HHHEYE AR A% sife] ) ooz FAH’A
£3] Mn o]2)E¢] nlHo2HY MEOZ £HAHQ olFL 3}y wliEY Ao
o+ (Knauer et al, 1982; Aplin and Cronan, 1985; Landing and Bruland, 1987).
ol|d AY, 549 dAFol FUFY FAUAMY 5 §£F4 s Frid
ANH (Jones and Murray, 1985), 2ut "hzhziol A WHz 5] | ‘\%t X F49
R A= stk (Fig. 1-11). 53] 7] %3tzaA, 33l mdE, ya,
T, ofqd, ntavlE e Wi ¥l FE, A 2 F4d) wha st (Fig
Aole
AT OMZe= BAHAGYdlA] 44 500-1000me] ZA EX3le=d (Fig. 1-2),

1-16a), ole WA 4Fo] RFF2 ANE A2 FFgFe v

14
flo

Az gH oM Her $4o] LH(800-1500m) (Piper and Codispoti, 1975;
Klinkhammer and Bender, 1979). Z+s3 Q1 3% §A4% Fide 7] 4z
o] o] ¥ FIFF A HAIAU7] WiEelnt (Fig. 1-11, 1-14b).

FAe w3 BE H FF¥ EX(Fig. 1-16)x, 8% ulH I $3]4
dgolzt @ 5 Utk FFAE /1A AHHQA Kl 93,
Aol B¥X= FFFoAEe A #4380 OMZolA sixde] 232 dRA B

K

N A 2

v



O

24, B+ ZA9¢E olgt with (Gordon et al., 1982; landing and Bruland,
1987). Alol @& X HolMe] A7) AUl ok W3, IWE, Yo &
A (Fig. 1-16a)3lE 22 OMZWdlA AE7|Y 29 FdqAaAa 348 9
-AkslE o] MeFHA FMhe) 7 Aotk (Knauer et al, 1982, Martin and
Knauer, 1984; Aplin and Cronan, 1985). Z&l\} OMZWl oA A9 AAAHQ ZHa
9] ZF7} Rolx e, 1 olfE RiAVF & =HA &= AEVILY AR ¥
F RE AAR 7] WY Holtk (Halbach and Puteanus, 1983; Landing
and Bruland, 1987). 3% 4949 £¥v ILES Wzbo] vl =
YAt Hol ul43slth (Knauer et al, 1982). YA o]&o] H-43tZolu} 3t-4t
JEZ o), FFHE HAol Bz IAAARA A gd=2vd= A

Ao WE Ho HAAHQ F7} (Fig. 1-16)= OMZ 59 X3d zAx 4

. _
2 93

A} 8 A (detrital materials)®] £3|= A3l FQ A3t H o2 FI F4H4E A
-FAZIE F2olze] FR o]l F7kd Adl 710% o (Aplin and Cronan, 1985;
De Carlo et al, 1986; Manheim, 1986). E%3€ A3d AL JHrg L
1-2¢9) 7+=F a3l vk (Martin and Knauer, 1973, Halbach and Puteanus,
1983). OMZ9] A3}l 3}5t#Ql A7t 7heg Hol 714 B2dH, ol & ol
2ol A EIEHo 4EFdAM JAGHE FdE £ ASE gudn
(Klinkhammer and Bender, 1979; Knauer et al, 1982; Gordon et al, 1982;
Murray and Leinen, 1983; Landing and Bruland, 1987).

-3t A3 E A B o] FoiAHQ FEL, U ZWAM AETY
oo £428 HAANA AelFoln ALAA HA Bzt o9 Fiel 7138t
Tt 74HE AAY £HEC 9FE By (Fig. 1-10. E7E o3 AL F
I AR EG 2w) JHEF &I HT] oy AAWAME ZF fIEd
(Edmond, 1974; Honjo et al, 1982). %3t H sk F7]4 vl £X=

AE71D AE7te) s 2T #dol =l (Fig. 1-14b), ol E559 A



A sl weh Wz} el AA JGPrEthe AL Audtt A=wH
Fol M, BES YA By e U0l B Intermediate Pa01ﬁc Deep
Water(PDW) 9} £Z&0] 2A 9% e IPDWY £5e AxE vl ¥£3
2 45 North Equatorial Counter Current®t North and South Equatorial
Current®] 3 &28-o] o3 WA (Wright et al, 1991). o] FR& MeBF
Z02 242 XA velhv=dl, Marshall, Micronesia, Caroline 5% 712
Azl A PR Eozw FI=E  AMF9 deep western boundary
current(DWBC)ell &J3] &xtdtt. ¢ Fej@de] Manihik A4 &9
Y722 8l 2348 E sh}e) DWBCE Marshall-Gilbert 313 ¢) B% ®-g
ua} AlAWEe 2 olFEln, Line 2% P2 5L uwel FuRY fprxoz
olEtt. AldA Wzl Sisk Fedl ol Fvhsle AL At we
IPDWe] ogko 2 Rt (Mantyla, 1975). DWBCst $&3 4% Az
=

r(r

@ gk, §EALFLE ETh

FEEREEN AoIAM, FA AA] §& Ho] FHEZ 1,000 mset 3500
mAlel 9] #7F43] (intermediate water column)E FAE Aotk (Le Sauve et
al, 1989; Neuman and Stiben, 1991). %41 °F 2500 m ©}3te] 3kztoA]
A gtet el Fo] FAZ FUMske AL o FHAAM AUHoz X3
Adg7tst FH ¥ & o)eE Wi AZAHG (Fig. 1-16).

3. el 4AE 9% naREAA =2

i

A4t (Cenozoic) 5% SI¥/SrPF A0l sl Qe Wrsel Ayl 23t
B, B3zt AR FH9 e AlY F vlolQAlsh, Setol e MlelA MA@
Itee RoFu ARz 4., TAE (AP Ao FFHAA Wz}
g JeIT (Fig. 1-11). A7) B3tz (vlo]oADEL dutde 2 xQsim {14

i



el 4 FIT=EE 7HAE E, 7] B (FgeleAdA dAEL o
AL FAATERS XY F2E B F7] YAEL Av] dgng 2-4
o] wE 4AsS JEAY (41-10mm/My). rharEe] wWeby] slxate] A7)
BARES T BB EFANA debdulst o] 27] vlo]l M FE Aol Az
RA=dl (Futa et al, 1988; Ingram et al, 1990; Hein et al, 1992) ol % H
B3 2ok 39 SNEQH FeteA e 7] nlo] A AAAEY] PrtRE
< EoleAl Bt FAHAT o)A wzkH o] FA A Y] &
Apole WIZHe] Aol olHel BAHE F3hztel A A 28 $AHo = Azt
A=<S AlAMEl £t (Manheim, 1986; Futa et al,. 1988; Puteanus et al., 1989).
oA oMo WNAEL FFT FHIEF AAULGAM FAQ HAHZonG 3
Aoz g 2 LdEEG (De Carlo, 1987b; Pichocki and Hoffert,
1987; Grau and Kundrass, 1991). ®#3tzte] W REFZe) A8l G243 ddad
3, AR 71A % BAEAA Yeivs FEFEN oA Uiz HAHE)
AArae w2t £ Wzt Fol FAHARNSES veh Sk sAE Sk A
A BAE BAAAGF HxA71 xol T3 HAHE o] uloloA F
FEHe R oS Yeh & dlE I NF Mg 3EAQ BF
< Hole AFR T FAAA BY -(Acharya, 1979; Keating et al., 1984),
MEARAG B2k Ao FHF AL TG F7] vlol2 Aol x7] Edto]l oA
g A4 AFd 4FE el Eoh

Bz AL dvrAo R FEFANEN 3EFe nRHY zAF
Wk Ftal AlFETgR AR e uA el BH I AABWS 43

—_—

gol o3 =P (Halbach, 1984; Hein et al., 1992; 1993). AAAUNE %3}

&
g AEge] OMZUlIA A= E RS uishd Q4o 3" 9=
=
_%

A CNS

i

B3] mlo]o M Ft Aol 2 EEFH el FAHE A7) W3
AA S Eoh HEE B BAZo 2 o)FFo ZAM, WrtEe]

uo,



H5E AL TMaol Aol HE AAE (A°N-S) 2oz olFad gk WY
AW AL (35 mMy)dl TASA Z7] whol A Tt wzizto]l AHT
AZAYL WMo iAol QA R} maFe] FALe ARG H4F 500 mol A
700 me B¢ Aoz AAHJUY (eb., ancient water depth of 83-DO1 crust,
800 m; 89-D09, 2,000 m; 89-DI11, 1000 m). 3F FHo] 7HF ZHL& 2
89-D09 WztzHAIRS] " RES A4Agel oA OMZe ARG Ha
of 500 me © @< 2000 m 7HA FFHJD Roz2 ALHUT (Piper and
Codispoti, 1975; Klinkhammer and Bender, 1979). &A=, 3 UloA ALY
Axte] FAL Frzbe) UF-Fel BYF g FES LI (Fig. 1-9). Sr
E99420 o3 B nig o] JAAAY AT AAFTHA 71FAse} A
2379 WS Fudks, F714A 7] shole M F¢ FAEENT (Kennett,

1977; Shackleton and Opdyke, 1977; Segl et al., 1989). &¢&}a ZFolxl F3t
ZoA, £ 2L AN AARL we) BaE Il FTRY E5FU
7] ded/Ar] LAY F7) SHTA/AY] vloleA] B A=A Wo]

A AAER g AaAY HAHE o3 33 51o]A Q1 (phosphorous)® 2%
5o} Yehdt}l ( Neumann and Stuben, 1991; Hein et al., 1993). wlo] Al zr
Zte] 2o AALL FE Uiy @ Axde AN H-U3 At

IREFEe AP 4 Jed o HEY ¥e o anHoR FHIe -

flo

w7t oxide flocse] ARl o8 A=A (Fig. 1-13a, 1-12b). o3& B5E
EF AE gk AaE Yo e A FaAE yE=H olRd
Ae Ee HEZHLol 4o I AHe JAIT (Hom et al, 1973
McKelvey et al, 1979). &%, R-4a3t25 AE7|d 2del Az Ao
o F7] wWtzbe) wE AFe HAEAY LA FholeMl el Lot
(Fig. 1-10, Fig. 1-14b).

A7) A3 F7) Bzizre) AR FAF AE oF 15MaZBel Lokt



2, 2R3 A4l ¥ mottled zoneoll 23 & 4= Uk (Fig. 1-11). F7] 33z
od AT FAF ExATERE AFFY TS FA e A-wasklae
Aol A3 AFEAAE v, AFFY o4 ¢t Je A7 FHAEL
A F2E 71Ah (Neuman and Stuben, 1991; Hein et al., 1992). Mottled 7%

 AEAYeA ] oA AF5o Fgo] 7HF U FAF A g
AEE] &I 83l 3 FAHATGT AAdd. olg EFJEL vlo)
Aot EoleAe AAGNMN AEF 8 F4F W AASE AARLL
BN Adalee e Aok vKsn F7] ol Al T fA3] AlR
H A (Woodruf et al, 1981; Keller and Barron, 1983). AABWY] f¢2 3=
A7} Paarg-ol FgFe ol Wahe) Fo] AARG BE 27| EFoloA 5
Ma) &<t 718 43tk o] WAL AWAHoR AlLsol F7] ulo] A
T AR} FFo PH A=E FAAUTH (Kennett and Brunner, 1973;

1—0

Shackleton and Kennett, 1980). ©o] Al7]&<t HE A ©S sz
AABW9] &8 9% shn} g9 @4 CCDE FokAA 3t OMzE
T30tk (Shackleton and Opdyke, 1977; Dunn, 1982). 359 &33 4382
A AA FAM OMZY dHel & WskE 7HA stk (Dickens, 1991). §7] &
ol Al (3.0-35Ma) B¢ Hunl Axe] AF HH ek BukTe) Wito] F
HEA AZe &80l o5y T AAz FAHEAY (Kennett, 1977
Shackleton and opdyke, 1977; Segl et al,, 1989). Wztzte] A9 o & g =
AEo] 7l A& o3 Ueus B2 ¥y 3}]11’:}9] AF el A
Ho =z Wste sFAA TS Lol FAHNY] WED Ao Bt
WA BFH AEEe F71HQA Wste Bz AZA AEPAA 9
F714Q e wgFE AEVE gty @9 2HE FAV A (Fig.
1-11, Fig. 1-14b). %3 He] x| FAlE F4d wat I3, gzt
Bzt delMz old F4EHEF O 99 UE vFesEo] ILES 53

oX



WS vlol law H2Y Wriztel YYSE FA AAAYAE 1 Fol
YAt (Halbach et al, 1983; Aplin and Cronan, 1985; Manheim and
Lane-Bostwick, 1988; Segl et al, 1989). #zt# H sxe F7|HQ wzie
LA AHAE F71Q 40008180}, Y} 71F2A0A o 2 WsFs S
7HAe ZAXME Bt (Neumann and Stuben, 1991; Hein et al, 1992). =7}l
AE71Q AdYstel HAL, AABWY #¢lel o8] Selmody w24 AR
4" PIWe] 23 &5F2 UAZ Z7iE AEAWNAL 9ndh (Thunell,
1981). z¥Zrel A ‘%7}% A3 A" w43 FEE, HEY FHHZ4
AE719 289 FHol AUY Wl 34 AAAo) 19 £oz =7} e
FaEe oA Vs FAAUL Aotk (Lyle et al, 1988, Rea et al,
1991).

ofl
oL

X

Ae6edd &

SHEE F - AR AN AHD N izl i ok 24
Ad WZrEL s kst
W FAEAAR wske A A% BAZozel oFd @A
AR S F7] Moty AdAA AAELS Z7] upol oAl Bt AAstAE
FA F=217 AFGA Aols nAZEu F Y] (vloloA) WHdEe
AdEgel  BYF - AFHEY APTERE Hol: wW,  F7)
(Fhol oMol dAEAEL d3ad FAY IxY T2E JHAEY 22
RE7IY 2FFo] #Y=E] Ak ASAAY Bl Axe] F7] LA
7] "ol Al EAMNA AAELS EdlolM Fetd FAFHUT F7)
CBIRELS A7 ARAERG il e wWE AFLL HAT (41-100

mm/My). B3EL F2 &5 £49719 Fe-9k Mn-231E, AE719 A7}

tlo
e

)
r [
PN
)
L

295 A44 wse wn 49

38
o



24 Aagdz TA=A Ak 5% FRMT AN BRG] 8w

AEND o) £AAET PR Yo Eriela Az B Wgoles
A5 Aol olsl H-PrsiEo] FAH7] Azt ol AAEL

Aol HJAT, WAZET ohlt He MM, FATE oF 40%u A
dRIEE A I3 TVt BFET AEID Adegte kol Fvighdl uka)
B FaEe vA HE UM ol2d EAHEL v IelA I Fe
Holx wzrzhel AR Fede ANULSES JEED. W JldA,
F71HQ B4 W3zt 53 A %zt Wl FReAEd, ol BEFge
AARE AAnste AYEV|E 289 EAE 7142 WHIgse Jekdn.

7178 AL FZe] A & Aozt Arle AL YA T
5859 Al¥ 28 (slope sedimentary process) W&ol olde] AR #zrzbs}
HAHES &4l 71U Ao g A

B2 JelA BRABtE 2R AYW oidzisid AAFSES Witz
ol HAZFEol ZAF AFAFA ALE WIS e wlol oA
W3ize] #BYUE JAEARL, Aol AZHI BANKoR olFde B
HEE AT g 4 F 2000 m7tA #$FEHE A4ATAE WA
FAENSES JeEbAh Aol Drake Passage® /W83 el ds tir %

ke
o
N

ot

mek e AL FJEY BEF5Y AT ZA IS By,
FIUAA A-BA3E 29 AEAHQ) I & Bz AFeLe 2
(<36 mm/My) At 7] HH7A Co, Ni, Cu, Zn 3% Mne TEE
F4ol RoALF FAdA, Mot FASHA Fe, Si, Cast P2 A&
3o, FI3WAAM FAH, JAVFLGEAEC] R Fhe]  FAH]
Ueha, dAldlA FeteleMZtA], F oAt @3izbe] H-wzb Absk A9
3eHa FAAAE ] F3t Wit

He



il

%7 Bze AANEo] BAZOR oEFel uet Hx gmF Ay
AG NdY AHe) EEe Wold AABWS 29 sdtdl dge w
YRS, 7] BRAe) ASAT 0P TEE AABWS a@o] IAY
Yaroel gl me) SMaBS M4 RS UehlE F71 BsEdn,
7t DAEY S4e AAPE BT Uiy, A, AAsE Asddne
SEaAn, B8 7] BeA mdEr A7) Budud A O ol
250 Qe WE OE NFDEALSE Fu uLsth B me
AZETR (41-100 mm/My) TR3 ILE 3
B ARE0] 30l 408 S FolA B3 U A5E YA FAol
golatel BRizte) el ZAR) @Rl

b 2

Lo

Fe, AEVY EZE R

A73A QA

g A% A A PARES drie ANRF
ZdUBEANA oloIFT. of Aede mael RN AR T BEE ol
Qe Ao =A o 6600748 Aol EAGC HAL & AT Arzte)
H4Be of 3y E (Manheim, 1986)0.24, oleig Fe Zetele-ZeNE
Fade) ARARAN AA7} FHsd Wi
gtk B AFA FRE Wizel dg B4 AuAL =58 gEPaelA
Wl Avie) FEALA Ui BA R ATVEL AYST FHs B
g0l 2 Aol

oM, HAoE wlolod Fr0lFR HUBEL TP AdTreEo) T

%

o

Qzke) AAEE wad &

[y

l

A9 AT MM AE AHAES Hsolt ASel AW Aw
AN AR BT ARFoza A7 AANSL AFrHoR BEo|
1)

guRRe Aotk AATEY LAHI AFe AAEA FAaFH|e)



FEFEEZA YA ALAHA Y-S LEign o2F AFAAZL ol
A s, AT FA—EES AIFEr] ol del g gl AAFEEF
A G 2REA R A57F A Fo oo

efid AN G A8E AFI}e Zo] © oot v Hd
HALH HLFE Fig. 1-200A BRE e} o] o 5748 @3tzto] X3
azy Hger FU™ HAEC Hd AR FHE A3 AFHI}= Aol
FAAQQ B2 D71 ATHET oh} Falo] WHzHE e ek "R
fEsich 2 A7 (A7l FODE 7 5 A9 A ALt T
FAZE SR Wz (89-D09)2 ZAAMA 99 HAEIF Uzizie] HELw WHe
H o Fol A4S AFY7] WEoz AT (Fig. 1-11). A3 AIEANF
QL D37 &AM, AFxH, AFELH 22 HEHTHA wiAFe 72E
F1 EAHFHAo] FF] A ojo} i

B gy 2gESG YA 2L JFFse 0F T3l
TS A7) gt Ax BEE A4l ®
¢ AL 22 FES FAGE Ae AANFA HE FHIA

s

v A

1A
7P el &YaA o=

4B

lo
A
N
r:,]_‘

NEE AAsokRT o2y 1S Table 1-2014 B vpe} o] F7] w3zt
(89-DOL)o] RE THE xele] Wizt wla) mlel LES AL ERap
Sasm Utk AN RwAR £ AT 2 Aol Adde ARt
298 o A7) WA s & 5 ARl ®L AR AL P
443 A% T $EL U@ (Fig. 1-11),

Aol AFE AT AR TAFBAN WA AFBA R
olalzt WEFolth. kst Wizhe) HE L TESe) AAAH Adls ol
g8l FA GFee A5 BehRye BeHln FAHA Wakel A FFL
w7) mgolth naFATA AN Sr-EAsd 9P Aol SFL Ndst Be



Ze OE F992e MR AL HEHolokdth B3 A4t
Fa4e F7) WA dAEg g4azgel o oA dshde e
F7heke P ulg e o Be %9 7] sisel g8 EFHAY) Wl
Eg ANdY PAE FHEE S uz} Zrldde Abde <4 weith
4602 ¢ HAZAN AREEHURCl -zt ASE RFMT St
LA E 471 93Al= 0.04M NHOH+CHsCOOH (25% v/v) &4& o] &3

off

Y F3&Y0o] A48T waltt (Kitano and Hujiyoshi, 1980; Tessier et al., 1980).
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SN Yne) PSo vy 2FAA A Acoustic Remote Sensing) ok
ZAhd AARe) BT AFAYNA olgse AATINN £5L FHeA
2ol @A Qskel AN S0l ThE Polo] HlslA 1 WRG) thS Hrh
agy S 464 2 el AsEo) vold F dm, FA R $A17)
o] HAG Mg o AsFSe Aslel MWL KA BAE £ gle olF ol
itk 29 g¥AATA) FEHE SHBAPGURZE CrossHl FA), A2
3 Z417)(Precision Echo Sounder)¢t Side Scan Sonar5 o2 ®F=Ho 2 4
Aol Sgoi R wt zk FuE o4 S Uk Tk wske) AW @A
SN ZolE ol HAZS AHE 1 Hlgol Bol B, AsideNy ¥
ZAY olE9] AR A3 B¥E Z2ASE deE o Fol BY. A2
dlE Asigrtvtet vte, FrAT g HAH HAW 2A} o]F0)%7]
£ 3 FAREEZANY B (Ground Truth)ol ¢ 42 A85E AZTE ¥ &

ARE AT FAE Roe ARl

—129—



SFAAPAN AP AAY AFES A4 BEY F4E5H TP o)
AW gago] N2 BEHA ARER THE A9 ST AW BAA B

S vk 53 Fgadel @ HAAY e AP AAG AAEe A 3
el me} ksl dehime 238 gyl 484 848 RIAAE Rel

U, A" gk £A3tE APAFZRE S JYEES dE Edopste &
ol&g-o] At

SeaBeam 2000 AlAF2 sjAHe] gk APFFAA Ao vlg- {88 FAL
Fuloln, ARk Ql #Fe] F4lxAl o]§=HE H(Line Survey) Mg 4%
73 vl vlawste] W(Swath Area)ol] e ST FAF 2 O FALIE
F3 Z5old MgolA B2 zel7k glol W Ade i Hlg ] ZAX
8 5] 7hedthFig. 2-1). ol WAE Y ZAPPES 4] A, ZAAHA
FAFS LA v AZAHY Roly, 53] 5 FARY AFE FA
3,000m ©) sHoA 12112 FA=H Qo S3AFe g A7 $Ax
7bsstth mEla B AFex e “S8FdAEAHAcoustic Remote Sensing)” 71%

< HE&3 Adig AREAS 94 7Ee =45 g5 FASFF 9
ZIAA]Y FAE 2T AYVIHLE Fdiste], AUz E ] Fud 3
5 BA3Y T4 e iAWY FF=E A FAsE, sagd A¥d F
WAE Are FABAE o183 VAT T Ao g AR A
A F2E AxdA

SN

A2d FRI@ A5 2 A=A A%

AsA AR TS Qe FRAH REs BAD FHID SRR

o g5e FTAFATLY £ AFRAIM FF 95T Qe AALYE

417190 EA-500€ o143 ZAtd el Hahy FRatd Adash thEy £
~130—



Fig. 2-1. SeaBeam 2000 Cross~Fan Beam Geometry.
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Fig. 2-5. EA-500 Water Depth Record.

- Fig. 2-6. EA-500 Water Depth Profile (After Noise filtering).

—137—



2. SeaBeam 20009] Wit =X 25 H5

Seabeam 20009] 441 S3lo] Wd Fupakgre] wiAlgl ko) W3 Y=o
sH(HAI)e] ZE( Intensity)sh SNAWL TAST Y= 2o s LA
543 3k(Acoustic Impedence)o. 2 Yeld 4 Aok

I = P/DxC S—

q714 P &te BEe Uehin, DE wAde A%, CE AW 33

9452 ey, DxCE SAW 7FARAe] SFAFEANS onj3itt Sdo

ZHEe gdold A= 29 < (Intensity of Sound)E

o

I = IxR*x(e™/(2r)") ----- (2)
2 Uetd & o, 47]A av exponetialFHF5ola, r& Rayleigh BHAL
Agoltt, 2)4elA WAty Ad Rt Ay Bow Hise] dig Fojd Af
o] A Atgte] gk #olgte] WAl R oh23 Zo) Yehd $ Q.

D2 Co - D1 G
R —mm——— — 3
D2Co + D1 G
o714 D9} C= Fojde A5 94w 2 o 3l L
B = -20LOG(R) -———- (4)

olmZ (AT (DAL 7oz 3o AN FFHAE el
FE AET & Ao F AR Y AFA L (roughness)E WHALTF2] BHito) 23
Al £9 4 Qo ri(SeaBeam 20009] FFT Beam Former®] 93), #Hizte] <)n|
= Atk e) B 2 gt e] Wskg(Variance)S E A& 2 S et

718 @iz A HAE 9 o PAEA 9% AZERn)S Wave
Number(K)¢}9] Atolol= K x Rn << 1 : smooth bottom, K x Rn > 1 : rough

i

bottom, K x Rn = 1 91 7%+ smooth®} rough® Z7k4ld], SeaBeam 2000

o]8& Fuo] EAe wal K x Rn = 1 9 Ao AAA 2 Fresnel Zonek
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o wiAbste] @ H(Ensonify Area)ol S8 Hobd mlR¥e) wiAlste AEe o
Atskel tgt AFe) Foz 1 Edol st slAMe) HABEA HAE
Aol gare QA oA 2AHY FA%E AT AT ddu
(Bandwidth)ol ®1a)4 2R ED. %, ajxwe] FA40] 228 smoothstel LA
Ak A FARA Yehdthe 7Hstel siRRgel Fol e Wiede o
PR AR JR U SRR FAT § 5ol 2
oe Al 2 RS B,

Fig. 2-7¢ @414 HASY ScaBeam20008 AAW FPNF FAATO 2
F}2 A7 59 ping 015 45dBE 1 ARBIY I, &0 o8 Ie] MGzt
A WE oxst £FAMS AT AL X2 RAHAY. 2PN AZL E
oF 15km AW Fuardd tF 7)Eo|m, $2& SeaBeam 20009} Hdhute)
g FANEMALE AE)9) 71Zolth BEe) TPM WA ZErt A AE
Moz FAHY, AUFL R °ofFt A= HL ’—‘Hii ¥3dHY. SeaBeam
20009 A= A5 el FUWl U FRAE FEE 405 oISl °
3 BA AE §F -60dBAlA -70dBe] EXE R oF 10dBS] WY S Holes wh
H(Fig. 2-8), EA-50091 M= <F 30dB2] #¥ & ®Qlt}. o= SeaBeam 20009 7
* $4 F O £4 AEE VYA A uA P Tshgo] FA]
Hge) 90%E FAFOR AN LAH, ok A JuiAd g A, Hx
ko) BXE WAAZD & 7] WRolth Telu £AY FUAVFT o 2
ZEHe 9A gt

3. SeaBeam 20002} F333d FAA= A A

Fig. 2-9¢ ¥Szs AAc dig Wikl EX=2(dAIASgl +90dB2]
offsetit e FAl: olt FAXNYS A%H) T V@A AW B3 £y 2@
SHe of 5dBSl AolZ RATh ol 28olA ARG uish o] VAHA L5
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Fig. 2-9. 121 Beams Distribution of SeaBeam 2000.
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Fig. 2-10. Regression Pattern of SeaBeam 2000 121 Beams.
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Ae

o] EXEAHoR & 479 AsAYE ol UF EEI}E $HHoE Y59
o #HE9) HoFAEEAR S o 7682m olx, $d] HFAISEHARE of
7545m olth. YEA R 7 B F4L 47%6mE AA X Go] A9 Hersl,
+90dB9] ©15& 3l HI P> 2478dBolx, HA S 20.33dB o)1 B
FHE S AAMA DA 2215dB(EZFHA 1.21dB)eltt. Fig. 2-9¢ g
1217) 9248 o] 44056 oigh R3PS A5t U ExXgMe i@ o
F3H 4L AAAY F Fig. 2-102 Fig. 2-99] g &3 H B4
F FEFAES U, o] FHL FANF UF EAZHeE FT

o f9 dFIAALAYe eF Zon O Ane Table 2-13% 2t}

_h

il

-h
3o

Amplitude(Beam#) = Ao + A1 X Beam# + As X Beam# + Az X Beam#s_ +

Table 2-1. Regression analysis results of 121 Beams Multi-Beam Data

e #* FEUA
Ao 19.699799 0.14609
Ax 0.121600 0.00553
A - 0.001004 0.00004

Fig. 2-112 #d9 W AT ZEFNL o83 A e, ole AT o)
3 e, #0059 EXA e Zo] Ay} $Ho U FAAR
o] BX¥7} A9 o2 EXFHER o]F 7o HAAJHE FAH3Y 417
Az g 2dHYe FA3AT JALMAL
Table 2-2¢} At}

L
L
I
3
e
o
iz
¥
b
X
fr
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Fig. 2-11. Regression Pattern of SeaBeam 2000 Port 61 Beams.



Table 2-2. Regression analysis results of 61 Beams Multi-Beam Data

W% 3 E2uR
Ag 20.335673 0.05764
A 0040965 0.00429
A; - 0000524 0.00007

Table 2-13 2-2¢lA19} o] Zk W9l oA 4 Fad Ase #
e BX Aol FadA veldtl Fig. 2-12= I53 A Fuhitae
Aoz 290719 pingAEE 43k 100mX100mel Az A2 Auddd Ro
2 Qi stazrl 9% EERUAE 427700 Foue) Aud Z@ Fiad
Z=7F A Jderdi $E ¢ 4 Utk Fig. 2-132 Table 2-29] A A 9
AN 142 AN Qo2 AAATERE FSHe] Fuualgs) vnd ¥
THE Y Hold T AT Wl W B FoilEE & 5 8
t}. Fig. 2-14% Table 2-19] 12178 & o] &3 3AX ] MFE o83 A
Aoz WA TAd UP BEHF vaA 2 oRolA AT & AU

o o

Lo

53] Fig. 2-1201M& &4 & 2¥she IS FErt FoHoz @

2 Aoz Busgont o] AAME 0358 AdAeR FF FTuAI BT
£ Bt} E3] 3x19ez B3I FAIF A A FAREE(Fig. 2-15)dM e

o] @Y AWM FUAE FES F B FI on, FAA

S} vjawste] WHHAAANE A el i@ AT Ferh 2 2
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Ship’s Track

Fig. 2-12. Raw Image of SeaBeam 2000 Backscattering Amplitude.

Ship’s Track

Fig. 2-13. SeaBeamn 2000 Backscattering Amplitude Image after filtering with

port side 61 Beam Regression curve.
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Ship's Track

Fig. 2-14. SeaBeam 2000 Backscattering Amplitude Image after filtering with .

port side 121 Beam Regression curve.
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434 3 &

739 SeaBeam(169)& o83 AaA AWM WAl Pk o)
EXote] FBBA= 19859 23h 2~ 3 FAdT4 9 Christian de Moustierell €]
A 1ARZ AZEHAT F, ZAMY F4 157009 A3 8L o83
A= FAPEA o oF 30%9] AT EFSAT 53] BAY AFARe
SeaBeam®| A& (Fig. 2-9)o tg Aule] ouz] EAE mste] F49
A5 AmREE o]833Y] W A¢dol UiF FEF HEo] o]FAXA
3t W] B AT oAM= SeaBeam 20009] Aol e =3
(120° FAhel %50l HAS5=E 12709 2tg AAE ol&3r] A3ty 142 &
A el EQEAS Jd e 4 FE 34 BEE GAHE JPE o8
3t Aul 3l A3t v

ANLE FPNF FEE ZAITFAY M (+00dBY] offsetS THH Fho )
sagkel WAZ} o 409 WHE BT ol EA-500014 HSH 4 Fupa
@ dxe X oF 30dBo] HAsk IAAA stAghol HF REES FAY £
AN (Fig. 2-14). oldl W& ZAI}e Ao 3 HAh(B40A 379 2¥)
o) £X7t RAMTH ) FYol EXdH, ol EHFHOE EA-5009] T 7
E7} -35dB ©]39] gkel ABEE HFago R AAA EdHol ¥ 4 JukFig.
2-149] #HF Fad 2 5 FEL T AY). o FNEY Fxd 9

o

—

=
ez FAEY wEtA B A7 Ayl A% 3449 AH 2 4 nE 5
¢Heted, EA-5009] $4bd 2= 123 SeaBeam 20009 G4A
2l A% F -36dBol HFHT o Auidd] osiA siEAHA Fdd 39t
o E¥E: A4 AGAH] B2XAGd e MEAHA RFEA) FAEEY ]

)
_>"|.',
f
i
&
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AHor HFo BEd}e 9t €A A = U 53 SHE o843
FdAGAY FASE AT AV Flvler Al2", ddA nFae
Deep Towed Side Scan Sonar 5)RAIS AAIZF £FH oz 43 ASfsd F
B el A AFHA 259 F3 o] Pasi

rir
dlo
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wta A, WY, A, o8, AEE, 1994 ¢ A IYE ol8T A
x5S FAEA2 AL 7, A 7 3 AeA el =83

Bl A sy, o]&=, MRS Aegn, 1995 ¢ SeaBeam 20002 WIEA 2 A
A FgE A 7, Al 8 3 AsAAREGEUS] =73

De Moustier, C., 1985. Inference of manganese nodule coverage from SeaBeam
acoustic backscattering data, GEOPHYSICS, V.50(6), 989:1001.

De Moustier, C., and Matsumoto, H., 1993. Seafloor Acousﬁc Remote sensing
with MultiBeam Echo-Sounders and Bathymetric- Side Scan Sonar
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Magnuson A. H., 1983. Manganese Nodule Abundance and Size from Bottom :
Reflectivity Measurements, Marine Mining,V.4(2—3), 265:296.

SeaBeam Iﬁstrumén‘g Inc., 1992. SeaBeam 2000 Bathymetric Swath Survey
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A13d A 2

A Beas ABste FPA okl HAZS) wdolut RiEe A
HAHS AXEZAAZTE AXAE A niAAE JFAEE wetsirl Y3 7]
ZGAZA AFol FRPHI] Aol A AAFANY AMBAZAL WA et}
© AFoldy FAHME FHHoz Mmool & FaFAeltt (Thiel,
1992). ol2g #FNA B AFE FFo] AF /teAGe R fdd TEF &
B o] Fe-FAME HAWAN AMERRR FolH AMYPERLE F
A0 27 7|RZAEA FYPHA.

ANGUAL) DRH AAF D AAFe) FHNES HA YAFS] 0%0]
2& bacteria7t A Ja, 5~10%E  40~500um =71¢) FIFE
(meiofauna)®l, U™ A 5%°]13+E 500m ©]’¢e} W¥FE (macrofauna) E& A
HYEE (megafauna)el AP, AAUEE 8w ARG ANEEE 2~300
AA/1,000 m* (0.002~0370A/mHoln RYAMEES Aol 95~221570]
/ml, FEAMEE-LS 80~5007#1/10cm® (80,000~500,00071 A /m?) )1, bacteria
£ 12~72x10" inds/m’ o] ©]&t} (Rowe and Pariente, 1992).

AAZAME 6] g LA A=A FALT JAAT 7
Adl AR FARoke] g FFAQA A} ojHa] A" Ao wj$ <n 9l
= doltt. AF7AAE A3Ad AMAZ UF Ase dFE B39 43
FRoA Arab A7l 8 AYD PEL FAHSE ¢ FAHA A
AZ5e Aoy B ZAME HE ZAAFASY AgFe] AdHo2 RS
A AFAHQ AE FS54 AF3luz slged, Az FFE JA B
megafauna®t AAA4 ol Fdl Wi A5 52 F JF Ao

AR FWelXM e AdTE FE megafauna®t macrofauna®) FZ2A3 o=
A HEF EXo #¢ A7t FHUoY, wg- A2 AEAEFE Y
AulAQl BEFRE wrEA] Zata Yk Ao AWl AsA AeiAlel o

i)
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N

F F8 ATFFeRE (1) AFol AMBAY AETH oud F¥e v
A AT} (2) @7t o] AGA AL AU (3) ol=} EAPE &
ohy7] 3 oy Aoz HII vz AJ 7t F AVEA AR At
o] o, o1& 913l DISCOLoI BIESH 2& project F3te] AsiAMYE <)
ZREA, MAARAY, QANEE, AYUH 5 T & 77 FAHAAG
A AYF gk A=A 1919FE v, o B FFATFHAAZE BIE
(Benthic Impact Experiment)oll Al 333njell 23 AsjA HAZ ] ] o7
HAE AAst 2Rd HHE AHHZG 3 HFEHAZ] £3E Hold
18 L Fe718 27 A9

AR e AGEZAPASE ZAL e 2R E 5 AT

AT WA B AAdExrt ¢ AdE £ RRAMETE Foke A
2850] fY3tn 738l Awa] ¥k bacteriast FIFAMEE
o2 #n gk Aotk WA Ty ATE olHE dPE 4 & Y=s
QATUFE AFHT Aot Ul meko] ayHT,

SMEALNME AMAES) EF ABHA A=F vete] FYE FuA 1)
B BEF, 33 2 NIANERY 2Rs AEY, AdH R FAH ¥

FH5E ZASA

¢

A 23 Asg L Iy

ZAA AL BB Clarion - Clipperton Fracture Zone &34 3oz
29 9 30° - 10 30, 473 131 50° - 133 20 X3} (Fig. 3-1), FA7IHE
1995 79 1¢4%E 8¥ 1¥97-A 01t 2AMALS FF3AFA+L47F BFF AR
25 TE 0)43A1, F 1471 BHNA Box corerg AH&3t] AA o] 7}
T XL 1070 AR
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HAZd M4ste plAER AMTES A3 Y84 Box corers (50cm
X50cm3R 20cmx30cm=7]19] core)E AH8-dte], F 1470 AN Alzsgou,
AAZ HAE ARe] 7hed A I AR Ul AP AME e A
A=HAG. 2+ FHM A Box corerd 79 subcoreAl 29 A= Table
3-13 Zon, 371 FHNA ¥ Box corers AHE3ER 70 AHAA 427
Box corerg AHE-3tAth

nAE A8 AL HAFE oW 4F (0~1lemP, 1~-2cmZ, 2~5cmZ,
5~10cm3)LE W3 2zt HAHFAAM, 5714 2 714 FFE Y98 "HAE
S0miE AH3}AT. = ATP F&& A3 HAE 2mis & 8= 39z,
AlEe FFe FA%7] d3 1~214 ¥z HAE AR 2m¥E A
3E HANHAY. ATPFEL 05M A4S HAE Algd H7ste FA7l9 ¢
31 200im FES AR AL F 4TAAM of 208 T AR F dERBEHY
o

AXNEEL ZAfole A% 94cme) subcored AME-3le] 20cm7bA| o] EHAHE
ARE 1~-3 FH3tn & AIR¥Z 571%, & 0~1cm3, 1~2cmZ, 2~4cmZ, 4
~6cm%, 6~10cmT o2 WA AFHF F 10% X2 nZ3Ych ol
A 5483 1gE HMEE B 7l(extractor)d]l ¥1 EEHO UoE RAE

tlo

100m mesh# &} 300m meshAE F set= B Ao Wobr] 70% o eh-go] K gs}
AT FIAMTES] EFRAIE A8 Fe] 87] W 20 ml B dge=
7HS AL F ASE F 42 F auoz 2 mE FHay s oAl B
3Pk =3 A3 36oAM AHE FE e Futpye] MAste AMFES
ZAFe7] Q8 WG E 10% T2 n3Z3Hh olddx Wy =A
o A28 Free-fall graboll 23l 7+5 A AET 10% T22AA 213K
o.
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Table 3-1. The sampling scheme for benthos at each station in KODOS 95-2

(July, 1995).
Station Water Box Corer size No- of Sampling items
depth subcores

12(BC1) 4300 50 X 50cm 3 bacteria, benthos
21(BC2) 4658 20X 30cm 1 "
22(BC3) 4860 " 1 "
26(BC4) 4841 " 1 "
28A(BCb5) 4789 " 1 "
29A(BCS6) 4830 " 1 g
31(BC7) 4818 " 1 "
34(BC8) | 4970 " 1
40(BCO) | 485 | 50x50cm 9 v
36(BC10) 4749 50X 50cm 0 manganese nodules
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A34d 32 #
L ANEE
7t HAANEE

(1) AYPAXNTE F=24

N BHANA ZEF ANTEL 1] TEFOZ ANHoZ B o AXFE
8] 3 H(crustaceans)&dE  AAFE(Ostracoda, Copepoda, Amphipoda,
Tanaidacea)ol 7} ®Wo] ZH3lYx, AMYFE(Nematoda, AL 27%)3}
Nemathelminthes (11 %), %5&3%%—‘5—9—] YR F(polychaeta, A2l 10 %)Eo =
FA3IAT (Table 3-2). AF WolME @A copepods?t 74 B HZES 3

A A IL(AAN 9} 38%), ostracods7t FHAZ BE MA5E RATHAA 2] 9%).
(2) ExX%4

FhAGHA B

B 2AeA 2 AN 2EF AMFTE 2F59 AA$E mw St21
AN 770 FETol TE3Y N GFF 224 HYT 2 99 AHYA 3~
51 BE7ol £WSAT (Fig. 3-2). St269 St29A0A 27t 13434 =ws
QI (HADE 47370A/m’), St.28AIA A (MARE 1094A/mI)z 73 A
ATh ALY AA) HF MAAEE o 364MA/m’2 FAHUYG. I A
238 MAF7F B 2L St.267 St29ARA 22 13704 (473 ind/mdDA =83}
A3, 3 g2 St2lol 71 AL A4S B e St28AFA 3HA (109
ind/m’) ok (Fig. 3-3). St.12e1 X% 370 subcoresel X 9~1170719) Z&MA 42
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Ba gaghol 10704 (364 ind/m)R R, St.d0slHE 871 subcoresl e 4~13
A7 2R3 Bk 6704 (216 ind/m”) Ak

Box corerdlolAe] AR EXFFE H7] A3 subcoresitdl FAIEE
Bray-Curtis®] FAIEX S F3k . Stl1261412] 37] subcore?t 28 FET
o] FAIEAFE B 046224 24 & AL ofYn o] subcoreztel &
272 ARG AAFA AAAA Aolb ASS vebd Rolth a2y A
g7t AdHoz REF AZolr] g o' AEE Ve o AAo
th A St400lA 97l subcoretel FHF FETS TR MATE =434
Fig. 3-5°] etttk M2 QAT subcoresE3t ¥ FAIRASFS Byt
l2X subcore 13 4, subcore 2%} 3dlAME FAIZAFFO] 082 EkL,
subcore 5elA £ TE subcoreE#] AA Q) FALE AFgko] 02 FEL2 W
Stet.

St.4001 4} dFo] B3] Box corerd] ARV} AdA AJEHJYL FHAO
2 HAE Azt AU dEd Box core WA A7E EXFF-S
getgee 2 2w AAdo] ul¢ ok @A A subcoreE ol A
SR ko] 0601322 YetY fAM T2 Bl o2 B o AR ud
o] ARt FEHE AXMFTEY FHEEYSS patchy X7 obd iz o
2 g X E 32 Ue Ao AAdEn o] &AHd REFES AF A3
T B2 A8 FHo] ojok HpE & YL Folnt

) FHEE

HAZYW AMFTEY F£H3AHY BXPFS 27] 98 Box coreld] AZd$
st HAHE ARE IF2E UFrA, HHE 9 ASFd £FH AMTERE
A AL T8 3 5 FETOl 4 HAEFAN FEE NASF
ste] AA g AELRE 3 A= Fig. 3-49 2ok F& $HTET AA
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study area (July, 1995).
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Co-eo Co- Co-
Po-e Po-e Po-
Na-e Na- Na-
Ta- Ta- Ta-
Total 6 47 * Ne: Nematoda
Ne- 9 Os: Ostracoda
Os- 7 Co: Copepoda
Co- 15 Po: Polychaeta
Po- 10 Na: Nemathelminthes,
Na- 5 Ta: Tanaidacea
Ta- 1

Fig. 3-5. Spatial distribution of macrofauna within 9 subcores of a large box
core sample(50cm x 50cm) at St. 40 (July, 1995). (Left figure

shows the number of taxa.. Right one, individual number)
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Tdabo] A2 I Bgon @A) 50 % olel demelsteld FHFL
1y gEEE HAZYZ duse HAon ANFEE RSFHHSAA
7} $¥sEE 259 MARAE ¥SROE F HAZH U o] £X¥ AL
2 AzZt"Ett.  Amphipodagl 7§l 0~1lemZF# 6~10cm% 01]*1?_} Z¥3AE
g, ol A= Box corer A&7t mslo] Yehd Agow =Ry, A=
o XY ANETEEL AAZE X2 A2 Box Corer A%Ael 355t
E2EHB0] A2 F Y wFske Asolth B A ZAdge HF vl
weokglk Agdr B33 AXFTEY HAZY F£3FH %EE AAFE0 &
Ao Frlo) we ARPL BART F8 taxa¥ FHHY BIFFE FHete
7] Q1M E 06 B2 AgY 50 a7dHH
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U $3FE

23529 ARE B2HABASY 1A 2AEAEY 91 B A
2YEE A EHS 2@ e DNFFE & & U (Table 3-3).
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subsample® At} 571Ae] 2] ole N AUE 1800 HA/m’l 3| FH ).
ols} ol AEFo] vokg Ao Ury Aozt A EIHARY m
Boz FHANEFZO URE 2UNUS Role 7Y, EARE YA B
o HHETH ¥ 42 A2 DAHYY WEd uRY FHo2 EARI
ol RulHjo] 2AHYE 7F5A, AAZE subsampling®) Fol YR HolA
9% Qe 54, WAZE FIANEEY A4UEs AR o Axz
22 Aol MAEL & & QAo odEitA AHFE 1T 9 A7) R 3
A AAE) 45 BEHoD el vkt Adan AzEt gy W@
AZAE o) AR Ao e @] Mol A% v FHshu U e
AaYSo] YPANNE FHANEEY REPol TxAel B 4L 7]

7} @3t}
ot gAY AMFES

St.360A4 Q1%¥d WreH e Fubrye A4she 21/‘1'%%:%‘ AYHoE =
A}g A3} Table 3-49F & £ZAE Byt 300um ©)dolAE harpacticoid
copepods7t 714 ®o) £¥35 %R, NematodaZl 2 g FTETOLE JgRTh
100im~300mol A= Nematoda$t harpacticoid copepods7t @ AL
Tanaidacea, Polychaeta, InsectaZ} 170414 &3t g a3t 3
' %4 AXNEEZE 300m mesh Aol 2 vl ] worme] HAl LA

Atk o5 AT 7HAY 7% T3} A HYT

St. 3614 HAEZE A7 AFHA &9ky] i FAEAME I JF
o) AXNFTEF HAHZUS AMNFED T2l Z2A BEAE vud 71
A2t Thiel et al.(1993)ell <J3hd rgks WiRel X FELS ooze HAES
ANEEF] F2Ao) FA dEdxu Riudyd. A4 F& +3FH T
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nodules collected at St. 36.

Table 3-4. Benthic fauna in the crevice and on the surface of manganese

Taxa.\ Mesh-size

> 300 gm (No. of Ind.)

> 100 ;m (No. of Ind)

Nematoda o0 (2) |ooeoeceee (7)
Copepoda 'YX X (4) XXXXXX) (7)
Tanaidacea ° (1) |e (1
Polychaeta ° 1) |e (1)
Amphipoda ° (1)
Insecta o (n
Nemertea o (1
Worm 1(unid.) LI (5)
Worm 2(unid.) L (1)
Unknown o (1
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nematodes, harpacticoid copepods &©]%11 polychaetes, tanaids 5% 2% &3
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E AFdAMe F vAE AAFoRZE A8 ATPYS ZAPHY 2 di

=

HQ nAE 2FEY AT olF AFAUAAM BAT £ e AR A

3 2 7 aFe BEE RAL 4% 4TS5 2HS B9t

7h FOIAE AAF S

Ao A QAo 2 FE3}A] paticulate—-ATP(P-ATP)Z YERAH A8 S
AR AU elA oot 2L 7] ALFHLE 0] 83te ATPFES ST

Mg? -luciferase
LH; (luciferin) + ATP _— E-LH>-AMP + PP

neutal pH
E-LH,-AMP + O ———— > oxyluciferin + E + CO; + light

A& 2mlE 0.5 M phosphoric acide} ¥H&-A1Z1 F 4°CollA] 2083 W83l

A ¥ glass filter2 A4 F I A3 4L Sigmarle] ATP biolumenescent
assay kitE AF83le] whgA]zl & W2 luminometer2 A JcH ) A3 F7
Al el £A43% ATP standard®-49] calibration curve®] #F =9} vl 3] AR
o] ATP =& AT AAZ9 AxFd gd2%E £F3le CATP 34
A4 ZARRT (A WPHSE ATPSE7) InM ©]8lQl 3% @3S o] o)}
A ol FE2H ARE FF3 wHEAAL .
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Y ARk SRy

TEYFH T MPN test2 ZoBell HlX(Marine Broth, DifcorhE Al4-51e
A QAN AFY A APAR 2wg F EAY g wmste dAga
BARFE A5 BAA 9 Wzls 2AIRA gt o] AR AES =
< APAAA ZoBell FAMAGAN 28-S AT & gle vARo BMx
A8 AVMYFATZE FRAAT L AYF, TEL JuxQez
ol AFE & Je AFIFLE H2ENE WA & H, grUg 5 &
A7t 2AEY. SASATY A UHe duAdoez Agste] =A%
T A= AMIED FRS FLHIYA AL B EAPY AL T
Y A FTEIFANTF A AEA A 94 5 de AFase

EABS EAYHAR A ADZA el TAYHuRBel wAHy

N

-

a2 A%e ofy BEWow BuHY. o] 1Fe B¥ B 1 7% RAIS
& Bacillus 359 TAPAAT 2elado)] @ FHY. AFRE 229

A EQ FFolt ARE sabourode-maltose agartl A& o] 83t BAIFIt}

L

o2
)

A& Boxcore 8& MPN testZ £43 23} Table 3-6¢] Jeld A2 A
dAME AR Iml B 10° olFe) AFSTE BAE v W ewd AR A
3 BARE 10 X 10/ml AEZ @FaA A Aae) A Bo ga @
kot
ARE BA3HE Zo) B A% BAS 98 ey Row AmIT. AT

O

1= & e A8s 42 E24F glolAR 7h53a Ao vl E

= Aol ¢ Al® Boxcore 8 Iml 2 3 x 100 X9 AFS7F BAMLQn
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Table 3-5. Comparison of abundance estimates for meiobenthos and
macrobenthos from deep sea sites.

Number per square meter

Area and water depth (m) source
Meiobenthos | Macrobenthos
Venezuela Basin
3450 13.1 X 10° 678
3950 81 X 10* 263 12
5050 49 X 10 238
Demerara Abyssal plain
4420 278 X 10* 493 34
4850 145 X 10* 236 ’
Bay of Biscay (3000 m) 39.0 X 10* 1180 3
Coral & Solomon Seas
2426 180 X 10° 273
3264 141 X 10° 134 5
4350 9.8 X 10 163
Cape Verde Basin
4950 62 X 10° 95 4
5190 87 X 10* 100
Porcupine Seabight
2650 545 X 10 1180 4
4820 50.0 X 10* 420
Vema Fracture Zone (5100 m) 130 X 10° 200 4
Norwegian Sea (2600~3600 m) 710 X 10° 740
Scotian Rise (4600 m) 235 X 10° 2215 6
Clarion—Clipperton Fracture Zone 1.8 X 103 .
4 h
(4600~5000 m) (Max) 36 this study

(1), woods & Tietjen, 1985; (2), Richardson & Young, 1987; (3), Sibuet et al., 1094;
(4), Sibuet et al., 1989; (5), Alongi & Pichon, 1988; (6), Thistle et al., 1985
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Table 3-6. Comparison of cell number of Box core sample 8 by MPN test

with ZoBell medium (Marine broth, Difco).

Sample (BC8) on board (cell/ml) in lab (cell/ml)
0-1 cm > 10° 10°
1-2 cm > 10° 108
2-5 cm > 10° 10°

Table 3-7. Number of colony forming unit of Box core sample 8 by viable

counts test with ZoBell medium (Marine broth, Difco).

Sample(BC8) CFU/ml
0-1 cm 31 x 10
1-2 cm 30 x 10"
2-5 cm ‘ 28 x 10"
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(Table 3-7), o] Table 3-8dlA ¢} o] =X AlgFo=2 sl A=x AR 1
g2 10 - 15 x 10° o] BAXZ ZoBell MiA oA 2 2 AT § UL
& & Ak

FTATEFL £40 AolA ATP BAFA Alsod € AY HEsEs AT
FET A 2871 9e3te A Ar)e] whE A9 oj gl Jerz Y
e RN A8EE 1A FFAn|Hoz EAs= EE AL3n
£Hl (Schriever, 1990), °181gt Wi-& AR ATPEA YA WA3o vjme
o) Wad Ao AlgWLh

A48 & 9

1. AMEE

ZAHAE AANE Fu B W AXMFEL F24L 94957412 box corerdll
A ARE AMTE Aue vndd dXFEY A4 F, $IEEY dEF &
o7 A ol ARG} wlg RASTE (FFAER, 1994). 12y #HA
o= 500im mesh NS AHE-S 7] W&ol Nematodes®] Edo] QIUAI B =%
Abe] 7% 300mm mesh AE A3t 7] Wl Nematodes®} Z&o| ol 3
FETLoE Vet ?ﬂ?l‘f‘, dlA+= Nematoda, harpacticoid copepoda 5-& 3
Al FRAMTER HIFHAT H3dAME NBAMEES Z717F 300m 1%
9l Roez Wol zHF37] wlFo] (Hessler and Jumars, 1974; Smith, 1978;
Khripounoff et al., 1980), A¥ A FYFE o) £3}= FE) HIAFTEA ¥
FEAT. duiFor A3 Y AXFE] FxAA YoM HORF
(Polychaetes)?} 7F8 33l T2 2 RUEJT (Alongi, 1992; Thistle et
al, 1985; Khripounoff et al., 1980; Parulekar et al., 1982) 3% &9 A Sol=
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Table 3-8. Wet weight and dry weight of Box core samples.

Box core sampling depth wet weight dry weight
(cm) (g/ml) (g/ml)
BC-1 0-1 1.426 0.314
1-2 1.271 0.308
2-5 1.173 0.323
5-10 1.328 0.210
BC-7 0-1 1.291 0.358
1 -2 1.165 0.383
2-5 1.245 0.332
5 -10 1.270 0.384
BC-8 0-1 1.253 - 0.367
1-2 1.313 0.386
2-5 1.274 0.428
5 -10 1.328 0.578
BC-9 0-1 1.246 0.408
1 -2 1.214 0.366
2-5 1.183 0.536
5-10 1.316 0.428
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Nematodes7} 7 43 o2 HUHATY (Woods and Tietjen, 1985;
Alongi and Pichon, 1988; Richard and Young, 1987).

HE 24FE A5 B A AFdAE GEFY "Fo] gi ve Ho
o, 23]2] Copepods ¢ Nematodes 9 H]Fo] © Eth U FI5E53
BrgHo] AAdte AXEFEQ 7ol Nematoda 9 Copepoda’l $-743ki
AR \

NHAMFTE] A4dxe doNE F4o) FAF tE AsiA93} nas)
o HRH FAG FFd USS B (Table 3-5). FH 19943% 33
KODOS 94-19] box corer A9 d¥AMFTES Hd Z3AMAS7E 1974A)
GI67A/m YA A v]whA w]-¢ FALG gholth ojAez 2 ul dFAA
59 AFel= box corer7t WAZ & AYAN YL AAgTE au
AR FHEXEFEE 2AE] AdME Holx 025 m )4+ box corer
Abg-o] e Foln, MAFPA ] ARG B Frt 87HL & F UAT &
T AMPEAIRS] Fol HUHoR RE3 Aoz W 8o B Al7ho]
A8 5= box corer o= free-fall corert} free-fall box corerg® 1QHste} 7+
Hel] B2 o] YEAEE 28 5 ool & Aoz AzHEY. o]2)g free-fall
typed] ARZNEL FFeolvd Z7I7F F] W&ol sFo] Y HLox 280]
753l Al SHHEE 71€9 box corerdl HlE © ¥ Ro= AztHT.

FTEAMNETEY Ao AR EAIL AojA B &Aoo YUA Ro=Z
Faso]l R vad 5 £ YA X7t 5070 A /core2 A thE 1,80070 A /m
o sl &8 XA 10089 1% ¥ nAEs v$ e grolth (Table
3-5).

AR e AR MAse FHAMNTEY A= F2AH4L JFsA o
o437l A E dA AMHS-3ta & Box corerEAE AP EAE g3 9

AN RAYY oz AAH, 9T, AT AATANA HTo] AHgsn 3
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+ multiple corer (Barnett et al., 19844 %29 Schriever} BorowskiZl 713
A}Z] multiple corer (Schriever, G., 1990)7} Al3lx FHFTE ZAtdle 43

AuQ Aoz YFan,
2. AN TIAE

griaaFE g BT oM FaT AAES BE ¥
E9o] Bolz2 AI4E F JE vAEY FAAFoIth. LnEH o EAN YFe
ZRshe ATEC] @3 1 2FAME £ WA FAT A7 EAFEe] wE R
(Burnett and Nealson, 1981), Wole AT Fo TAAE v ES ATFAt W
Hole WREZdAE I, 73, A4 AFEol FFHAHNGhiorse, 1980).

Greenslate (1974)€ @32l 4&o] Alzad o EFAE, 53] tholol5 AA

A A

A W3t A o] AZETE 745k, benthic foraminifera e A5 )
FEAE SIRRAN BRSO ol BE T Bol Ho| mAEe
g3 A B v oE Pue vnst 2AHAL Reldn FAsA
Ferromanganese noduleolA] A1 AJ&<Ql Foraminiferast o4& AEE 4%
She R0 wALATE e BEle AR AT Aol olF Fasith
32 AARITL upehE e BEESE UAES Holz GxdM 4FE
% 5 AASL A gRolth WVTRe nAESE Uxte] BHel F
sahed Boe wak ohle} AFAEL st AAFEY Hol2 ATHIE @
o wEA B #2906 AAse nlAze $3e olF TAse AMNEE
2 A% 12 A4Fe AE= 2 only} =,

o8 259 NAES B3 vz} EAske AAE0 A4 4 tkn
AR $4 AR Bemds wpE W AT, BRBAANT

5 5 ook W) AEEE cange 49 Pxrel BeaAdel Y

L
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FAH A= #A7 (immobilization) E-&34) F3to] &3HAd9] Fuz WG
Je #3202 UE 5 ded, F F3F 2F Uil AsHAY U= WS
o2 B £ o P2 W3 AFEMLF oxidase)ol A G
glycocalyxes, METAEZD T W3 AFEEC 3 AFPAHo=R Asdd.
DRAHLRE Yo o3 Wzto] AstEle B¢ AR ool oxidant A
Aol g 73$-9} olaslgd, Rl AR, gRYoLe] WiEFA Y AEF
7F 2 AawA Fo nhE FHEA 199 83k, Mn(D chelators] el 7]
o1gttl. g9 FHASIul A E - mixotrophtt heterptroph® mixotroph®l 7
S AL ol dquAE dx gihPoze {HUIEE AHEEH
heterotroph®] 7% WZHIBlA ouAE AR ¥ BHEF= T
Mn(IV) @247 AFAdM zA A3 AATAAR #7180 X=9, &
A, 24, U 5& o83t FEHYYAECIT RS AT EH
A7 A AFEL 37142 B7HE 3/1F0R T Fr|HoR #ANE F
1tk Mn(1V) oxide: Cu, Co, Ni¥9 F&ol &3 2 A= devl dF Al
A ZARE Asp Aged o8] PRisiEe] §dE Ae ol F&Ho] &3
(mobilization) ¥ & o] AU olig AL nYEC] A% U3t &
Qo) AFANA AN FEE] 5o FoFE AT FTHIY WD
Azl ATl T4l e F71EY EAVE a7EHE oY {f1E

& A7 EE Ngd v s AXHAG vAER AXEE T A}
A7d 2 ATA Hed ol2F Hole Bl A A3 WBFe WsE B
Azl JaMe SM 71E€T PlAE FANE ) B A3, &4 AFE, $59
% AvAF, AVLDFATE, NGFATE Y BE E 2 s A 7|2ARTL
a3ttt ol2g AFE Fald AREHoAY A FAH «GF R EXA o
@ A7 F3o| Hi, B2 @ AF Al Al WAsE 53] vidES

T Wzt BE WolE RYY T 4 Y& FYol 4 Aol

Jm
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KODOSo4 A7alde ames4l el HEaQ fdssn gho2n &
2ok2 ARe BEEPZ L NGt e 2NN ranye] §739s)
o) 89lo] A9 g AFBAL AL Yok 2 ANA FHAAS 9T @
A2 e gl B BAHA 4UA B FFA Yo F Ax B
T D ol W LA WHES dZei ol Hasar] st 8RN
so] gHIF FAREL T 712AT7F V=A "ass olE oln UNsIY
Yo A12gel FAHA e vhsk ok WAADY FEA PV Lol
& e 7Hd 389 AdozE A F 24HE P42 JAA HEE 3

Fuld xR FAHH e TS /712 2L FI5 T AW
Zol 4 X2 AuAe) T 52 5 & Ao 714 A gl £3HA
2EXE 2 AATHQA 713HE<t AEA(biosphere)® 4@ (hydrosphere) L&
3 ¢4 A(lithosphere) Atolel B4 R AAZIZe) FHE B3kl AR AT ¥
o AT oF Lel7k KODOSH dldold FHAoz gAsn AT dokd

AR setEe SFAE L YUY GBS FAY 9
AR AUYIFEH R71E S0l o]AF AHELS Broecker (1974)e <3 Al
E- A3 A (biolimited elements)2 TR =] e, UFE EFELZ 125
o] AT AZeGelAN YART] HE Bajo] BT AP 5 A= EA
Uehdth meld B dTdaE $H8Fe BE 82u80e wotsin @7
REQAT 712ARS AT G3te] A8 L HAZ 3235 YT B
EASE BE 19 FEAT A vehde 4 #9542 gotst
gk olEld xFe SYUIE 9o A9 1970WhEE FALL ulF, A
= AR mPx 13T F2F oy B EN U5 TAHA N12xdAT7R
e 7198 4 Y2 KODOSHs o) e dwxol uigk ulujA s A&7bsd @
AREL fAs=H & 7108 & 4 AL Ao woA
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A24d As 2 ¥y

Aol "Qa3 AR+ Rosetteol Niskin samplerS ©]-8-3ta] A4 3tghon,
AHE AH5rFT dE¥EF 24L A% A8 d4H10% HC) AE plastic
vialsell 2#3A. §& {7183 #8d Axe FAH10% HNOs) A€ 20
ml glass vials(teflon liner bottles)oll B #3}Ath ztzte] Al2E -20° C o3}l
A BasEo] AA2 EAA B

1) & 2 9L : CTD meterE ©]43le] 4389t

2) 7199875 YT RAH ASE APAZ AR F G4Y AR
A 71(SKALAR)E ©]-& A3 er ¥4 A= A/D converterg F3l IBM
XT/ATZ A$" F AutoStar T2 o) Az = A

3 7718 F& 9 349 FFEAY : #4 11§ C-18 Sep-Pak cartridgeZ F
Z3l9em FEE K718 1/ FFEA L spectrofluorophotometer(Shimadzu,
M/D:RF-540)2 A A8l th. Mopper and Park(1993)el <)l F&H A
A3 AFAN BHE A2t} 33 Ex280/Em330, Ex330/Em430(band width: 5
nm)ol A FA3At BEFFY Al AAY E29 739 Ex280/Em3309) A
tryptophan(Sigma, T-0254) 1 ppb 32 1 TUZ A3 ey, AFANERAL
Ex330/Emd430) A4 0.0IN H2S04, quinine sulfate(Fluka, 22640) 1lppb %2 1
QSU=Z 3t && 7189 32d FJEAL YT 7I7I(M/D:RF-540)5 ©]
43l excitation®F W9 220 oA 520 nm, 123l emission I3 B 260 ol
2] 560 nm 7}A], excitation 20 nm A 22 WHE scan 3T WHEH scanAs
£ A/D converter® %3l IBM XT/ATEZ A2¥® ¥ ScanStar T2 9
3 Az HUA.

4) && A{F 2 BF ofmi4te] HPLC £4 @ 342 £& z{ olvpiit

(DFAA)% primary amine® amino sugar #2412 pH 952 ZAH boric



acid(Sigma, B-0252)¢l o-phth-aldialdehyde(Sigma, P-1378)9} N-acetyl-L-
cysteine (Sigma, A-7250)5 £-3JA]# precolumn fluorescence -deﬁvatiiatién-%
8 Q% & binary gradient ChromaStar HPLC system(OROM, Vintage 2000)-2
o] &3l e A3t o] W A8H columne reversed phased ODS HPLC
column(Rexchrom 250 X 4.6 mm, 10 m)< AH8-3ldth & Eolneite] £
Mo ZZ2E A5 9AFE FHel freezer dryer® 7 2A1Z] ¥ vapor-phase
hydrolysis®H'& |8 7IRaAZIt 7teisd AsE Afotuxite] 4
3 F9F wpgoz EAEUT

A3d A% R B9

-

2 d7E d4Fe 999F L §& olvlat 9 BAHARE Féo A
o] 31eta FAEAE Hsta, zb =5 EAde A7ES FF 2 3
FARYE B AR {F71EY 24¢ HPLCE olg3te] 23l BAle
AT FHHoZ AYPd f7] HAE As5E AL #/7] @&
A D olge] WE dUA BE, FF & A2 FH FE, AT @
2 &%, B35ty 1@, aya 53 Bob 4% AErE FHAZAY 8 F
7 @At kg A7 EokdA FH B4 tide] H 21 Ak AFFT

< 7hi Aoy 53] AEAHAEHIAE 4F 2 A9 3 &7
So oEstn NG L AHo) B ALFE WSS HolER g2 ATk =
a3 A= Hmst 44 %2 Holth(Rashid, 1985). A HZ7A 9] LR =
F2E 931A A% AA HE F F 0% AETe] BHUHANer FIFHE
o] o7 ura x| @ttHWilliams and Druffel, 1987; Hayase and Shinozuka,

38

1995). 38 AJE A}A)(dead organisms)el E3dllo) 71913 FIEEL FHEHo=
234350 H@EH Ao AAA UL AL RE {7 E @A 3}
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A A5ty FFge o, B3 F49] AuoEs LI, FAH, 7%, AcH 2
ZZ o] #HF} o]8§ humic substancet TH FFEAAL o]83ly SA =T,
£ aFdXE FFEAC w2t AW EZS AFAN EAE 7R3 S35
RXH(Park et al, 1994). AAA {F718Q o=t AA §ER/VIE F HE2 ¥
E(05%)Z Tl ESAFAN AEA EFIEY A4 T 2 AP E
o] Jqux] FFYezE 83 HFuhrman and Ferguson, 1986; Fuhrman, 1990;
Suttle et al, 1991). &% olul:=it2 AEA AR 1 FFolA AR
02 E¢rgste B e 1k FA37ee o2 o

ZAR| RN Y £ F GRES FARYEE Fig. 4-14 Yehiit. 32
3 4] 50-150m Atole] T FoFFo] EASY LA FY 4S5
o ALende 4EF4 e e dEHJ] FA5EHLS Holn Ao
Zt AFONAM &3 E +35d d¥E FEE Table 4-13 o] AU A
Al 9¥EQ) nitrate + nitrite> 5353 - 0.11 uMe] A= EAHAL T2 F

o,

=

e

O

AR EE 4 50 - 100molA 53037 nutriclineo] =0} Qon =203 A
F4E PE BE KIS Holk WH AZ4E e R Molk d o

A=

=
AEToA AEH o8 o3 nzZ" Aoz AddAY. FH 44 1000m
FZolA nitrateF =] HUAE Holx, AF7A v Fade Ao e

fr

e ole REAHOR AR nitrateF=7F FAF0] ZAd= Aoz AlEH
t}. Phosphate 2 silicated] F&=+ Z+z} 0.05 - 260 uM, 3.11 - 17537 uM 9} =
= MR SAHUY. o FAREEAL nitrated] BERFTT {FAGE X
Z ZAE e H silicate®] 739 nitratet} phosphate E.t} nutriclineo] £+7H3}A)
FAEE d ol FAH(silicic acid)®) §-3ld A% AP} £=7F NI Po 7
FAXMAME A5t AYAEERT w22 R 4ushy] g g Ao R A
9 Fig. 4-2). ZAHI9 9] N/PHI= Fig. 4-39) Jeld nie} Zo] 52 o
ArEA vetgo v AFeAM e oF 1602 Mg E g2 Rolu gtk



Salinity (psu).
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Fig. 4-1. Vertical profile of temperature and salinity in the study area.
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Table 4-1. Concentration of nutrients in the study area.

Silicate

St. Depth NO2+NO3 Phosphate
(m) (uM)
6 50 37.02 1.46 24.40
75 29.82 0.99 19.25
100 40.71 1.91 29.55
200 32.03 1.38 39.98
300 44 .43 215 50.47
500 53.51 2.60 83.36
750 45.54 222 103.69
1000 49.09 2.39 173.38
2000 46.78 2.25 174.27
3000 4227 212 173.86
13 0 1.18 0.16 3.46
10 0.96 0.17 3.57
30. 1.21 0.16 3.49
50 11.34 0.89 9.74
75 28.53 1.38 19.38
100 37.37 1.74 23.88
150 38.88 1.69 23.91
200 34.10 1.43 22.81
300 41.62 1.68 28.20
30 10 1.50 0.21 4.57
20 1.30 0.21 4.53
30 1.43 0.21 4.67
50 1.98 0.79 7.13
75 28.10 1.66 18.64
100 37.64 1.46 21.63
150 35.27 1.72 25.94
200 35.72 1.77 31.07
32 10 1.27 0.21 3.30
20 1.43 0.11 3.11
30 1.21 0.05 3.26
75 23.42 1.05 13.66
100 35.38 1.56 22.01
200 39.28 1.68 26.09
300 40.92 1.77 30.22
500 4273 2.44 47.47
750 51.21 227 83.19
1000 53.63 229 99.90
2000 52.13 219 107.74
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Table 4-1. Continued.

St. Depth NO2+NO3 Phosphate Silicate
(m) (uM)
41 10 0.78 0.22 4.33
20 0.74 0.22 4.29
30 0.79 0.22 4.12
50 0.75 0.76 6.83
75 24.20 1.22 17.59
100 36.13 1.80 25.02
150 38.22 1.77 28.45
200 35.20 1.77 28.00
300 37.32 1.79 31.95
47 50 9.04 0.86 9.80
100 36.89 1.76 24.66
125 36.24 1.70 25.85
150 37.24 1.71 26.57
200 39.08 1.92 27.16
300 40.45 1.85 31.67
500 43.91 227 48.51
750 51.87 248 76.79
2000 47.15 227 170.97
3000 45.71 2.31 172.51
3642 44.64 215 172.32
52 10 1.50 0.23 5.09
20 1.13 0.21 4.95
50 4.70 0.88 8.79
75 18.85 0.41 11.52
100 31.37 1.27 21.56
125 33.01 1.45 23.07
150 38.82 1.95 27.66
200 37.91 1.84 29.64
300 31.89 1.55 30.26
500 41.92 2.21 47.49
750 43.37 2.06 74.87
1000 51.72 2.51 103.36
1500 48.94 256 167.06
2000 48.04 2.44 174.12
2400 45.77 2.37 175.37
86 0 0.81 0.25 5.43
84 5 0.65 0.23 4.96
71 0 0.55 0.23 4.67
74 0 0.11 0.17 3.50
Max. 53.53 2.60 17537
Min 0.11 0.05 an
Avg. 28.32 1.41 44.12
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Fig. 4-3. Nitrate versus Phosphate concentrations in the study area.
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45 F718-2 5% AZM 1/ FFAE AUR JoH ol#F
BEYUH EA4E o83ld EAd U AkA ARE AITEE £ UAH
(Lanne, 1982; Sierra et al, 1994). ¥ Q7oA AAlE fF71E8FZF4 2T 334
Y324 A3 Fig. 4-49F o] Ex280 nm/Em330 nmollA Aol FFA71E Vet
W A ANR7]1E A (biomacromolecule) ¥ Ex330 nm/Em430 nmellA o) 33
A71E8 e AFANR71E 4 (geomacromolecule) 2 T2 = 1tHPark et al,
1994). EZ oM AEHFZTIE AT P € AEWAIER-] FITFEL
2 AzsEle AARERLE 3ol 53 F49 FUtd wa nYE 2 FE
el 3l H2 Fade e YEgthFig. 4-5). 23u ATANEIL 4
WrE FARYEE Holn ¥Fo] Yinl F4e] Futd wE FA FUtete] 4R
#E JehdlE © ol ASsHo R Earted
EASHA =Hol s F AFAEe]l vig Zo)X7] WjEoltH(Chen and Bada,
1992; Park et al, 1994). |8l AFAHANEZA FAREE Fig. 4-601419 o]

oo
(il

r°"

Aol AAY F Brayes

G S LHF (53] nitrate, phosphate)®] FAE X} FEAAE 23 3o v (Hayase
et al, 1988; Chen and Bada, 1992; Park et al., 1995), Fig. 4-6, 4-73} Zo] %=
of AUAE Holeg AANEL L FAZ UM nAELHALEE F3l9 o8&
F HRE FEF AU F2%F ol A diE EEA R1EN ATFA

Az uHo HAAAA F2 TER EASA He Aoz AlgHu
(Hayase, 1988, Park et al., 1995).

B AN s98 §2 Af obul=Ale Fig. 4-8¢] et 7 719
E Ao wa} acidic group(Asp, Glu), amidic group(Asn, Gln), aliphatic hydroxy
group(Ser, Thr), aliphatic neutral group(Gly, Ala, Val, Ile, Leu, a-Aba),
aromatic group(Tyr, Trp, Phe), basic group(His, Arg, Om, Lys) sulfur
group(Met) 522 FEHIX 24 A= Table 4-20] JeERATE A RAL
AR F=E 017 - 171 uMe] HE Bgon z+ 719 opuiite] i3
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Fig. 4-4. Typical characteristics of fluorescence of biomacromolecules (A)

and geomacromolecules (B) in the study area.
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Fluorescence intensity(QSU)
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Fig. 4-6. Plots of fluorescence intensity (Geomacromolecule’Ex330/Em430) vs.
nitrate (A), phosphate (B) and silicate (C) in the study area.
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area
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representative sample (B) of DFAA in the study area (l:aspartic
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Q BHE mole F-H&(%)S aliphatic neutral(38 %), acidic(27 %), aliphatic
hydroxy(22 %) 231 basic(13 %)9 ¢«o2 8 BEAEAJY. 2+ ZARHAA
o] HdEEE 4 100 - 1000 mAtoldl EAstgen ole 243 X £F
FHoA e i3 WYEUAL o) 7% Reg FRAY £F 2AH olvx
AL B Goll A HSuiES] EXo AT BEE uAEUAS A B
giet AA9 20% oldE AAse Aoz E@lA  AtHFuhrman and
Ferguson, 1986; Fuhrman, 1990; Suttle et al., 1991).

FTHEE AL & AR oAt FEET BFoA U vAE Fo
ol 8] YA el oF 200 - 500me] AM22} £&okF EIZqM HdZ el
Ho7t gAl AR M e FaEH dests Folth(Table 4-2). & A
ofmli=ite] 7 =A uEhd 200 - 500m FAdAE A4 =3 Az =4
7t e FE @3 B o o] RIoA A IvA R L% s S "3
AZHY FrlEEd 22 olgt BFHE & A obrxie] JARIIERTH
o] AA4te] vy FdaiA doutn USES & & Uk
FZ2E 7189 7t 3ty 2 2MEE §& 7ifs olvxite 2t
4 ol:AtRTE WFE 108 ol4te] BEE Holn e AXA &8 FLY
He-g Ph(Bada and Hoopes, 1979). 39 o2 g 78l Ao &) 2F of
o)i=dte] EXoME Ao FRHA ¢t D-amino acid7t ¥ A€ o}n
=AHglycine2 A 9))2 170 o]Ate] chiral center$! ©4AYAE ¥ Iz D,
L-form(enantiomers)& ZAl = A|3te] Z3}e] wel racemization®F-E AX
A "} (Lehninger, 1982; Carey and Sundberg, 1983). w}g}A] o]2)dt D/L form
29} racemic ratioo] Wet A5 F K71 YU 9L FAY & Yo 2
AF AN S vl = F3(Park et al, 1994) 2 F3|(Park et al, 1995)¢]
A8 E BWA $£353¥2 alanine®] D/L racemic ratiooll &3] 439 AF nvlw7}

g, giH g A AFANERL D/L racemic ratios ¥ ZA Aoz 7



2 Z7letd AFY o7l AoiFoz ofd AYe AAMER JAtH(Bada
and Hoopes, 1979). @4l D/L racemic ratio®} B A3} AlF EA Foln 2%
humic substance® ®Wo] WXL e AsiAe] HAE 2 154 S 2439
HA8Z 2 #3A54E Wil $8% A8E ol8E F A& A= Algdoh

9 AF KODOSHANA a7k 5008HES] #HAH & BAEeE & 5%
o] RFEAFN A5 WY FFEHF £
UE HAE o ZFAuA A4 #FAxF(environment stress)E E F 3
ot by 9rAd 29 F BAEHE AEee 712ANEE Aidsls 23
AeAt Ay L {F7|ERAE E23) AP A= F4 200 - 500mF
29 nAE A 9L FA ge FAELT 500m ol wERE

3
Skl WEEHoJof & Aoz o
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414 A &

AxEo) oW ARE AX PV T4 He Ao BE A
AN AT ARE T A 2o UEHT A T o] BF MR
QxS0 WUND fluxse P92 APAGE PolA A FEH AT

2 4 gont 1 27k} FAA W Ao} A A WA o2e Al
& Q450 §E4H A VYR ols YT Ul8o)x (Klinkhammer,
1980; Callender and Bowser, 1980; Klinkhammer et al., 1982), 5 W o]&&
|E 9450 TARLD oFHGE Ugelth = Ede FAHE Pgoz
o FHTHE W Eolth (Fischer, 1984).

G2 UAd A9, R A 88 F MEHA 3 Aok 3 olfE B3
+2RE AW 4 AT YRl YA ol BATe] YE oI5 Fol v
A AW A7 MBI, OxicE HAEY FIFREH FANE oIF FHU2
59 BAEE o|Fo] Bel RANE FAg vl WA A AT
Nk oY TR REL Az Yuunze) J9ud IFoz MW
wels AEE 3191t (Boudreau and Scott, 1978). L2iuh, shaola B7heks)
2 AW TEHs ¥ e 4o poz AuHY. HAZO B @
Aot Melm e W Aed ) Biim Uds g3el HARe el
= R W yAel gl el 4 AA Usiudm Qo mebA, sl
A Nz AW FEHE ARoE ou wHozEX HAZ YolA ol
Fa9453e 4Eagel BEA WS A Ao ARIUG (Calvert
and Price, 1977, Lyle et al,, 1977).
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3280 o3 @M E FFE AR HoltH, FIFS ] A% FFFLS F
£z £t Beolth, olF o] qAHHE FST
o] F7t2 meHojol & Aojtt. o] T 7|&d AFHE Aoew HAE ¥W
o] F&slo] A MolF4 A2 Eo] gAHWUAM FAEAR olFHe Ve &
B Ao AAsz} Fo)

HAE gdolge ot ta FAHI Mdez HIESE T e I
EAES ¥AL FH3e foloith JAA #71E, 444 HAE, a9 @

€

O:

7 8 ¥3lg) €350 Panz o5 E o, & A4 FHEY FTEA
27} 2 Aoz Agdd AF A5EEH FFHE GET AAA HAEY

2 Alg"t

Al 23 AFTEY
1. AHE Al

KODOS-94 dAZAzAF 7I12te) gnd FA-dF Ml F3H ) Box-CoreE 473}
BEAQY Alg2 Atk Al AH-E BT KODOS-9%4 AR &2 A
Sxetn e, AP P& 27 St 51, St 54, St 15 otk o] BH S 9
29} F4Fd B3 AR KODOS-94 =AME S YA A RiXe] T2
AsE Fstr) ay,
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2. A= AH

7t 3YolA HEH Box-coredl PVC BolZE AAIA HHEH 334 A
2 %8S A% subsamplinge Stk PVC HolZo] £747 ASE 2-5 cm
RFoz Ausle FI4 £3 FUAHE WF uRsgd. LwHoz sia
29 FEWsl7l =ZA JeEdE B4 10 cm Zo7HAE 2cm AOE AR
3 AU, 2 oldte) RololME 5 cm HHo2 A

¥4 nod Azt ARE 44 AL B34 AHrA A4 BAR
%, Aagd o3 TI49 HAZ Yoz 7tz RAHQY. 23d IS
50 - 75 ml AEoPor, $2H 27e 324 ARE GUY L Hoj2% 9

A BHE Q8 A2 1/3 2 /3 REo2 Bujsiyc d%d BUE IS5 A
' 0

3E BBRAT. FIF FEF 4 HHE Yol v WMol Yol W na
s

3. 3}sHEA

Hel 3349 542 A= B3

Lo

CZATEF A U AgdE evrd A A

, 34594 (Mn, Fe, Ni, Cw), #7184 2 Ax T o] &=
EAE 99%Yg-2 Ammonia, Nitrate, Nitrite, Silica, Phosphate S°|Qth. EAHE
dold g BMLE FAHJ FEA AME 3 FEFEC i8] Atomic
Absorption SpectroscopyE AH8-3te Wl 7FA] F4A4e ML sy
At8-" FFA+= Ammonium Acetic Acid, Acetic Acid, Hydrogen Peroxide,

Hydroxylamine Hydrochloric Acid®] Y] 7FX k. F3<Fo] digh Wl 71x] 34
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HHE gololH 50 mg AEE UEZ wojulo] §riga @ Az BMe A}
$EAt. 3% A=W 50 mg = HHRR ASA 10 mg FES CNS
Carlo Erba 1500 7]17le} ¥ ¥ ©#42%Fg AL, & I& 10 mg Z=9
B A5 sulfite §4-& FJ7IAA FrleLE AAF F (Verardo et al,

1992) Carlo Erba £217]o) Yo f71ebA%FE SA3YH
A 33 A7 2 E9
1. 944

A A St 51, St 54, St 1501M FEHo 2 {78 Eid g FA¥¢E AN
oz ghmyjol, A4, FAR 5 57} Aolol P} AwHo R Frlshe @
A& BAFED (Figs. 5-1, 5-2, 5-3). St 519 Rl FEAg ] FAto] =A
e AL 2449 096 e Aoz Asdd. Blankgk olde) goz

239 = ¥3%Y AR LAHHAE St 519 FRU ARE A o)
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o
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Fig. 5-1. Concentrations of porewater ammonia with depth.
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Fig. 5-2. Concentrations of porewater phosphate with depth.
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Fig. 5-3. Concentrations of porewater silica with depth.
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Nitrite + Nitrate (uM)
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Fig. 5-4. Concentrations of porewater nitrite+nitrate with depth.
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20 (Fig. 5-4). o}aA3AY ¥T& ANY 559 10%S s38e ol 23
o rz ALY oldAge Fow RIE IPL AN JAY] TR
¥E UYedoa Hokw Rwsith ANde) st Hages dehie 10 -
15 cm 2Wo] St 151X At AAW APEE Aoz Alzd. A%
& At AARL X NN 7129 HHo) G ok st u@
ste] sobd 4 9le elth St 15 WF WAL @AW St 51 2 St 549

< ARG FE BE Pdo] TAY w), 5-10 cm AN A3BQ AAW
o]l Yehhe oz Almgd Al 3 BF FI40 $28 ANAW ol
4 FE w37l Pol vkl wet ZF7lad Bashs AFL Holey, olRe

oxic R suboxic@ HHERZANA £ 5 e WYHA wxg Fdold

2. 71 Aa
F71ea FqF d4 F FF 2F gold uwg Zade E¥XES HAY
(Figs. 5-5, 5-6). ¥4 & 332 90 % ol4S f71ear) AAHEZ g4 2

FF X FEE 2FLS
Frlgae] lold B& 7
JFge) 7+ Pt 2 RE=HD Yok o, AMNHe ¥F g AA =23
2o AgE Holed, 1 Aol Carlo Erba Column®] packing material®} =%
o ANED AYA, obE Al A A9 KODOS-94 A& 3 HAHZ 3
A= F7Igad] FFo) AR olFA Fe A= T o HFAT devt

£

fF71ek4a 3 B X 1st-order reaction kinetic 2% HR AL H L3 curve

fitting S|E™A St 15004 fF71g4d 2dl&ol 71 wE R & 4+ Ao (Fig.
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ig. 5-5. Contents of sedimentary total carbon with depth.
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Fig. 5-6. Contents of sedimentary organic carbon with depth.
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Fig. 5-7. Curves of 1st order decay model fitted to the contents of

sedimentary organic carbon with depth.
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5-7). et =2d A6 HALE A5rt FUHEGE frlgdrd R4

¢4

J
i

Aoz Hotahs Aol 715ae, olRe Frluae] B AR2Ae
o) AYEES 2ANE Rolth. ol L Yge B BAle EBH}E 2
A gomz JHsAT AFY A WS sHM s AFolnh

oﬁ.

E?‘-'
$ul

3. 334 42 F4£494
F559 8EH Mn, Fe, Cuy, Nigl & v AWH oz Zlolo wa}t ZF7}
5l S RQY (Fig. 5-8~11). Wztel A$- ZoM AEFez dupEo

2 2718 (Fig. 5-9), a9 VAL TZolN Ao 27ttt 7asia
Al Z7kske e BT (Fig. 5-10, 5-11). A& old wa} & wWis
RolA v Ao = FHAMEHY (Fig. 5-9), ¥ F& #F BHAY dA=Z =
A9 AHAE AT Ak Fele 9L AVAOR % ol order 3
U AE B4 Ugted, olA® 244 AAHA QFI UANY Aoz Alg®
9. aed, 7ae) A9 ol 4E B Wi el Al 3F 25 FEH]
g FolA A3k A AAE A ’

Moz Amel Baol MBI F¥ol Y FF5 HAEAY AAL nAY o)

Lo
oX
ot
o
L
AU
=
rr
Y
p
fu
>
Gl
.
o
2
rE

T35 st YA 27t Zasitst whastiel Zlske e Hole 5
- 10 cm o) AbstEde] FAWo 2 wotsly (Figs. 5-10, 5-11), F3+ %
= o] e Qo] olstel M I FE ghel Z7b7 7HE 2 dEdm Qe A
o2 Hol (Fig. 5-8) A& ZHAIHo] 5 - 10 cm WA YElVL Qe
Aol WL FAAY. 1 o9 gL WHE UM ARG ABA Fetu
A3 @A FARL] AR & A Aol A &=
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Fig. 5-8. Concentrations of porewater manganese with depth.
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Fig. 5-9. Concentrations of porewater iron with depth.
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Fig. 5-10. Concentrations of porewater copper with depth.
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Fig. 5-11. Concentrations of porewater nickel with depth.
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4. A3E

o

#F F59a

Ammonium Acetic Acid, Acetic Acid, Hydrogen Peroxide, Hydroxylamine
Hydrochloric Acid ¢ ¥l 714 FZAE ¢£aHo2 AS3le FE2H AR
3l Mn, Fe, Cu, NiT9 U FFS FAHIF AP Acetic Acid ¢
Hydroxylamine Hydrochloric AcidE Al8-3la] &3 FZ2AAT o]lE &

A9 FE7t 9% FEHJUS B, 2 VA FE2AE AHE] A9l
7t FAE AR uF FEHAY

O E A2 QIAAl EW FFEHO e FEALE

fr

F

i

FZ3= A=A
E o] B9 o
(Callender and Bowser, 1980). Al A A fF71ed 33 olME A FF
B WU Ty AuddAe RAvE #FAZ JeEda 9] (Fig. 5-12), 71

E ®do] 34447 FFRFHeH FL @4YS & 5 Atk B A A A

fllo

715 ¥4, 849 3E 34, FEFE, 44033

ol
o

A8

e

Frleae FFL e AA Yesto= 2 (Figs. 5-5 5-6), 844 #& 39
o F3d S&£AAEY ¢S HL o= AmH

Acetic Acid ¢} Hydroxylamine Hydrochloric Acid A& AF&-d Aot
AeEFe 447 SAHAGT GA AFIFAAT, o] FrHAY FEA
XX Hydroxylamine Hydrochloric Acid ¢} 7Z2-$7F 83 &Y 24594

95 % ol’d2 AAIL AATh  Acetic Acid FE A7 F&

P
dz
k-
1o
o2
flo
()]
X

njuke] e Foltt, Hydroxylamine Hydrochloric Acide %7
E 59 F543M8e AR TR YR Adgn e 2459

Aoz 42]# AY (Callender and Bowser, 1980). wlalr], F&4£UAEo]
Hydroxylamine Hydrochloric Acid F&2°] A9 22 A= A
47t Q2 54 ASEA FAHASS AART. B 2AX Y] FRI

B B E a2 9, o9 22 Ade 4A A48 &+ A
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Ful2¢ AMAL Acetic Acid FE 24 EA3le F4949 §Fol HFAA
B EeZ AFE Zade dAdoldt (Fig. 5-13~24). HAE EAs=
FE£A4 FFd UlF Acetic Acid FF 7199 45849 RES HE Zold
w2} plotd LA o] FFe
5-27).

o

<% FHIA =2ido (Fig. 5-25, 5-26,

5. BAE-TF50 F58A

Acetic Acid & 7199 3594 §3Fo] HAHZo] Frtd we} Fade &
A AF FHVQ F5£94U ol FUte] weE AT AL onigt
£Q2E0] frigd FFH Aud BAES BAD ARE AE (Fig
5-12), 718 B2 dA {7123 EZHHo| FolEWAN F&HAL7E F2
INE O BF FEAL, WA, ol F7td w2t FF714e F4U%
o] Az Aoz AlREd. FAHE Kol FAE WEFY F&dae WA
FI4E olFHAUE R FRHAY F f71E BV AYHAUA {I1EA
Edo F3E A FHAAEC] FIFIF K02 olFHAL AR FAHE
Rolt}, FFFd £EH FEHLAEY F Fhgkol AYtHo=R o] FUld w
g 71899 Ade (Fig. 5-8~11) AR oz 33 2 43¢,

WA, FFFd §E2H FHY4LEY F FE #FF oMHE A FEFE VY
9] F&£94 FE g Atolel guj FAIS <daE F o, FEe Fe o
e BAZ} 74 FEA ek ok (Fig. 5-28). 23, A&7 A
FolF4% dAEY Fue HIAEZTAAM FHE FUZ @ol A%, #7E
37 gol AYE HARJFZAME o] T35 &EE FHRE ol A4
3 AR 893 E 4 AN

HARZAAM F&E Fu2 A%l F4£L4LE FToe R7I1EA Edd F

ol
B
oft it
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Sediment Mn(ppm) #51
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Fig. 5-13. Depth profiles of sedimentary manganese, at St. 51, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid, and
hydroxylamine hydrochloric acid.
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Sediment Fe (ppm) #51
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Fig. 5-14. Depth profiles of sedimentary iron, at St. 51, in sequential leachants
of ammonium acetate, hydrogen peroxide, acetic acid, and
hydroxylamine hydrochloric acid.
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Sediment Cu(ppm) #51
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Fig. 5-15. Depth profiles of sedimentary copper, at St. 51, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,
and hydroxylamine hydrochloric acid.
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Sediment Ni (ppm) #51
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Fig. 5-16. Depth profiles of sedimentary nickel, at St. 51, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,
and hydroxylamine hydrochloric acid.
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Sediment Mn(ppm) #54

0 1000 2000 3000 4000 5000
0 T T Al T 1
- >
>m
S
m
>m
10 s >N
o om
a2
g
15 @ . -
(e}
a
23]
o
20 =
g .
bl >
=3 o
g 2
25 m > .
=
=]
]
30 - (%)
=

BST

40 w

5

Fig. 5-17. Depth profiles of sedimentary manganese, at St. 54, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,
and hydroxylamine hydrochloric acid.

—235—



Sediment Fe (ppm) #54
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Fig. 5-18. Depth profiles of sedimentary iron, at St. 54, in sequential leachants

of ammonium acetate, hydrogen peroxide,
hydroxylamine hydrochloric acid.
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Sediment Cu(ppm) #54
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Fig. 5-19. Depth profiles of sedimentary copper, at St. 54, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,
and hydroxylamine hydrochloric acid.
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Sediment Ni (ppm) #54
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Fig. 5-20. Depth profiles of sedimentary nickel, at St. 54, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,
and hydroxylamine hydrochloric acid.
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Fig. 5-21. Depth profiles of sedimentary manganeses, at St. 15, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,
and hydroxylamine hydrochloric acid.
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Sediment Fe{ppm) #15
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Fig. 5-22. Depth profiles of sedimentary iron, at St. 15, in sequential leachants
of ammonium acetate, hydrogen peroxide, acetic acid, and
hydroxylamine hydrochloric acid.
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Sediment Cu(ppm) #15
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Fig. 5-23. Depth profiles of sedimentary copper, at St 15, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,
and hydroxylamine hydrochloric acid.
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Fig. 5-24. Depth profiles of sedimentary nickel, at St. 15, in sequential
leachants of ammonium acetate, hydrogen peroxide, acetic acid,
and hydroxylamine hydrochloric acid.

—242—



a
a
a A
L) a
o’-
A
a
- a
]
(7] A a
4
[=]
d A T v T i T . haad N |
(=] o o o (=] o
® - N 153 < e
o‘j a Depth (cm)
‘91
@
-
o
1 a
z]at
o
o
o
=3 A a
4
[
-
o
- a 4
3 2]
.~y m
o
3 a
g . ‘s
o T M T v T v Y M 1
(=] (=] (=] (=] o (=4
- N (o] - w
Depth (cm)
[se
Qg
o
<
a
g_n 'Y
(=]
A
a
- a a
E A
o a a
-
n A a
7]
b
8
b’ L) v ¥ L] L o L]
B = o o [=] (=] o
o - o (2] - wn
. Depth (cm)
8
o A,
1 'y a
=
] a
S at 5
= &
j £ 4 a4 a
a A
> v T o L] d L v L) v L]
OO o o (=] (=4 Q
- ~ ™ < vy

Fig. 5-25. Depth profiles of the fractions of the metal contents in acetic acid
leachants to the total sedimentary metal contents, at St. 51.
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Fig. 5-26. Depth profiles of the fractions of the metal contents in acetic acid
leachants to the total sedimentary metal contents, at St. 54.
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Fig. 5-27. Depth profiles of the fractions of the metal contents in acetic acid
leachants to the total sedimentary metal contents, at St. 15.
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Table 5-1. Porewater nutrient data.

depth (cm) pH  Temp{(C) NOZ{uM) 5102 (uM) Ammonia (uM] P04 (uM)
2 §.13 14.00 1. 62 33770 -1. 31 4,77
4 7.92 14. 00 1.98 90. 64 -3.13 3.24
6 7.87 14. 60 1.17 153. 00 -4. 38 2.99
8 7. 81 15. 40 1. 48 140. 00 -0.68 3. 16
10 7.97 14. 60 1. 02 77. 64 3.30 3.31
12 8.17 13. 80 1.24 121. 16 1.28 3.30
15 7.93 13.20 0.85 566. 85 9.44 6.65
20 7.94 13.50 0.68 407.76 6.18 3. 46
25 7.85 13.10 0.83 87.59 -1.98 3. 06
30 7.93 13.10 0.25 408. 69 -4.43 2.88
35 7.99 13.10 0.23 285.69 6.61 3.02
40 7.96 14. 60 0.17 179.28 -1. 64 2.76
45 §.11 15.10 0. 38 353.62 6.03 3.55

depth (cm) pH  Temp (C) NO2 (uM)  S102 (uM) Ammonia {uM) PO4TuM)
7 7.97 15.50 0.96 123,81 311 4. 13
4 7.91 16. 10 1.43 107. 49 6.51 3.28
6 8.36 16. 00 0. 47 302. 54 4. 21 3.81
8 7.90 15.90 0.83 307. 18 6.18 4,30
10 8.35 15. 40 0. 44 *285. 69 3.15 3.55
12 8. 04 16. 20 0. 88 107. 63 153. 49 3. 15
15 8.22 15.70 0.33 253. 71 7.57 4.22
20 8.28 16. 00 0.88 272.02 13.56 5.20
25 8.28 15.90 - 0.25 444. 64 17.07 8.52
30 8.07 15.70 0.75 626. 69 7. 57 5.82
35 8.34 15.90 0.27 336. 11 11.79 7.65
40 7.95 15. 80 0.35 424,61 17.31 8. 82
45 8.25 16. 40 0.20 341. 42 17. 64 5.45

St. 15

depth (cm) pd  Temp(C) NOZ (uM)  S107 (uM)  Ammonia (uM] PO4TuM]
2 8. 38 17.00 0.39 181. 13 14.19 3.00
4 8. 39 17.00 0.54 255.04 16. 15 2.92
6 8. 46 17. 10 0.83 292. 32 19. 18 2.88
8 8. 30 17. 00 0. 80 312. 49 16. 54 3.02
10 8. 40 17.40 0.36 309.57 19. 08 3.28
12 8.43 17.20 0.25 357.21 26. 76 3.30
15 8.11 17. 10 0.25 288. 21 26. 85 3.02
20 8.50 17. 00 0.23 529.83 18.98 2.59
25 8.37 17. 00 0.24 302. 14 15.53 2.91
30 8.34 17. 40 0.21 285.95 21. 38 2.60
35 8.23 18. 00 0.26 325.76 22. 87 3.02
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Table 5-2. Sedimentary organic carbon content data.

15

St.
tot C(%)

org C(%)

0.52
0. 48
0.44
0.43
0.44
0.36
0.31
0.25
0.26
0.21
0.13

0.61
0.57
0.52
0.52
0.51
0. 41
0. 36
0.32
0. 32
0.25
0.18

54

St.
tot C (%)

org C(%)

0.48
0. 41
0.38
0.39
0.38
0. 36
0.34
0.34
0.35
0.29
0.28
0.26
0.25

0. 56
0. 48
0.43
0. 46
0.44
0.41
0.40
0.38
0. 40
0.34
0.32
0.31
0.29

51

St.
tot C(%)

org C(%)

0.44
0.41
0.39
0.37
0. 36
0. 36
0. 35
0.37
0.34
0.33
0.32
0.34
0.29

0.52
0. 48
0. 46
0.44
0.43
0.44
0.42
0.43
0.39
0.37
0. 38
0.38
0.33

Depth (cm)
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Table 5-3. Porewater metal data.

St. 51

Depth {cm)| Ke{ppb) Mn {ppD) N1 {ppb) Cu {ppd)
7 U.30 U.05 0. 10 U277
4 0.02 0.16 0.05 36. 62
6 0.26 0.19 0.04 33.15
8 0.21
10 0.08 0.21 0.09 45. 47
12 0.03 0.22 0.02 17.79
15 0.04 0.29 0.05 54. 05
20 0.12 0.27 0.05 62.11
25 0.33
30 1.00 0.32 0. 02 69. 17
35 0.18 0.38 0.03 49.63
40 0.21 0.44 0.07 48. 68
45 0.17 0. 46 0.03 '83.28

[t 541

Depth {cm){ Fe (ppb) Mn (ppb) N1 {ppb) Cu (ppd)
7 U.18 0.07 U.03
4 0.16 0.03 0.11 55. 89
6 0.22 0.13 0.05 88.73
8 0.32 0. 04 0.02 31.51
10 0.26 0.05 0.06 66. 39
12 0.20 0.04 0. 04 19.77
15 0.27 0.10 0.04 62.95
20 0.37 0.21 0.07 43.03
25 0.28 0.07 0.07 54. 81
30 0.39 0. 18 0.05 37. 49
35 0.47 0. 04 0. 02 46. 28
40 0.52 0.23 32.96
45 0. 40 0.09 0.05 52.34

Uepth {cm)| Fe (ppb) Mn {ppb) N1 (ppD) Cu (ppb)
7 0.57 0. 17 0. 006 T3.05
4 0.55
6 0.53 0.05 0.01 49.09
8 0.57 0.10 0.03 23.84
10 0.67
12 0.59 0.16 38.78
15 0.65 0.05 0.05 40. 33
20 0.69 0.06 0.04 30. 77
25 0.63 0. 06 0. 04 51.92
30 0.74 0.08 0.03 36. 66
35 0.73 0.61 0.03 49. 81
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&
%

Aste AW TAE BFolth o AL +HA WERTG £ WF B

o] 7] wj&e] tiFEe] AvAtel sl g ozt
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Fecls

Dissolution

;f Filter insolubles

Coprecipitation
Fe(OH)3

Main anion column

(Cl form)
0.1 NHCI——; €— 8 N HCI
| |
U fraction Th fraction
Second column Second column
(nitrate form) (nitrate _form)
8 N HNO3 —P» <@— 8 N HNOs3
3> Washing
0.1 N HCI —p et— 9 N HCI
v v
Eluates Eluates
Plating Plating
9 V, 90 min

4 V. 80 min

Fig. 6-1. Separation scheme of uranium and thorium in sediment samples

(Anderson and Fleer, 1982).
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Nirrouer et al. (1983/84)2 A&l <%t &3, HAZAE, WAL T4
B39l Wbzl AR YIE AFAHE XD MRS SR ol 43t

25E olg3te] A LTS e
b AR md

Goldbergsh Koide (1962)8] 1-4% ®ule si4-H8% AANN 43¢ 2
AR QBT YIUT 1 olFlAE AERe] Ythw AR Rdolh,
SHo)F-BARH L QAR olFo] olFsh Hite] 3 olFolMrin BE
mgolth o714 B4e HAT YAt 22E 0BT 4 7] WRel AR
% £ (Bioturbation}& rlske ol A7t HAB o5l A5-HAF
AAGNA HAS AR AXAT} oFHE AL dEdT  dATt 0BT 1)
Azbel et ¥se @4L melstel A YA RIS vehim,

A71A, C=AMA 949 AYFE(dpm/g) , De=E€FA4 (mixing coefficient
em?/y), S=E#-&mSedimentation rate; cm/y), Z=H1HE Zol(cm), A=¥AIY €

29 2A5(yHE Ueldh. A (Steaty state)ol A dukdlE

C= Pe¥+ Q% ®)
4714, A=(5+3E2}@) . B=(s+@) ol Ps}t Qe A%
B B
£ yvepdo
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oluje] AAIZ7A (Boundary condition) ©&3 2t}

D&% :2=0 C=Co

2) ol WA AF ] Rk Zoo, C—» 0 ZBARASEZR
B 42)g 23 A4 dF EFAE L o]§ HALEE(S)o st B 4
()¢ e

s=—’?—4€m(§0—)—Tn—é7—co @3)

@AM & 71271 m)E Y22, 4(3)2

S= mDB—T',}z- )
2 ued £ 9g. AW YARS ASDs 2 Aesd AG) % 2o

Dp=-1 (s+%) ®)

m

. "2 AR Rd

AERLZF ZAgol Ze HAEZA vdegue 3e, adFAES d7ded 2 4
A7 Rdo] Agsitt. 244 R¥EL fFS AT AERTo] doju offFS
dEng zZe YEaTJo] dojdtin AF 2otk waM HAF FAA
zoA #9 2Pbe AT EXE AL 71¢77 08 2l Fer T
Bt EZAA IJAZFA 712719 Wyl dojuve HAHZZAAE EYW ud
%(Surface mixed layer:SML)2} 3la o] FdA e AERIZEo] Fdslo 3}
o) 2pbe] FAFxr} old we LAFIA Jehdo HAA FRielA 1Y
2%Ppe) FEE Awlshe WHAL



dac, 2 O C,
= Dl(a g)—s(a ) ACy (1)

olx, FHA A=

4Gy 2 Co G
T =Dil "% ) =502 ) ac, (@)

olth, <rlN RHA 13 2& AMA FAst FHA FAE vekdg. 4 (L%

(2)9] Yutsle
C= P+ Q" (3)
371M, A;=(S+{ST+4DR)/2D; , B,=(S—\S'+4DA/2D) & viehiim

WA (-] BE D RA Ak Sud AAE Jerdt, AAZRAL G
I

1) 27 353 :Z2=0, C=Co
2 %% A%A :Z=L C =Cs

C C
Y Flux 94 5 2L, -9 | =—Di(0' 5% )

HEZZolo o] WALY AEo) FHEZ 1 Z —oo C— 09714 L=3WH
ARt FAA Ao ZARE duiget. 949 FAxAL o83, 2= 4
(D3} (2o g E48E Kim and Burnett (1988)9] ol wat Ak "
B7)" AL (St "AA" HAHE(Sra) LB Do) BAE TS o] Fo
At

A
-5 )= S—\ S +4DA/2D,
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A 4 )& Dol Wit EW, g AL & & Ut

Dyt QAR & F, FAAZNN #P7Pbe) FAFELE W3t 3
A A2 733 Sum of the Squared deviation (SS)o] HAart 8 w712 Co} Dy
S 2 WHBIAITIHEA O FE T

A3E A 2 nF

1 H3&5x

Y4z Salwe Bz AAE Prhe AAHAEEZ FE3] 29 HY
AART HHAZNN HYPThez ZA@th  HHEN *The WA
P The/*ThelE ®The) wHh7)(te = 7520000 wet HAE zlold] utel A
FesHoz it #Y PThaed 27 H3ME F XThiAlsgo 24 H
Puezng FFHe OThe w2t *'The = #™°Th - ®U). FAAEY
T hee A5 B3 PThe/~2Thel o) A5d442 it HALES FA8 0
AeHEt HASEE g o8 PThe WA F FAFER X O
Hazreyd o JAFPM r]&r2nE FR

(230 Thm), — (230 Thex)z=0*e(—a/s)z

&714 S=8 AL E(mm/ky), a = The WAFSZT ®The/"?Thu] 2] 71&7],
A= 2°Thel BAH49.22 x 100 y-), Z=84 %9 Zol(cm)E Jetdth A}
37, PThe/?Thy] 9] 71271258 e Wioz HHLTE T 4 gt
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(20 Th;c/ 232 Th) = (B Th o/ B2 TH) o v ¥

REUEHZNAN FLF JARI AL R 18R PThest *The/Th HlE
FHHoR Y FERIES Holu Yk o]d ARWRAEL HAHEE
FFE vIA7] HEe B ATNNE JERIAEo] He FARIE olate
®Thex o ®The/ Thulel 3l EHHLES 7347 o8 "AA"H &5} 3
At

7}. Core 94-1-79

FAAE 94-1-799042) FTh ot ®The/ Thulx HAAHo 2 5443
A4a3e BEXE RHAFEY (Table 6-1). 234 HAE 2 o 20cm7tAE
Thee 9 ®'The/Z*Thul7} $£AH 02 AT FWHEFZ(SML)o] vehdth
(Fig. 6-2). ] ¥REFZS ANANES) 85 alA HAZo] A nas
At AL dduidt. AERYF ZAEe FA ] Lojrks HA o)y w R
EAEGESUAAN W3717E 21 *The) Abs ¥3e) ade Jehdx gu +
AAAoZ UYAF FEEEE Holx AR AlgHT:

20cm ©3te) HAE M Thest ®The/*Thule A5+ H0 2 Fasies
AL 1t ERHFZAE HHEe Taago] FIg wd, 1 )3}
HHZoAe dFgo] njefstAY EA8A 97] W&ol °Thol WALs 33
o 9 FAEHI} et AsgsHon Fad wes A HALEE
FEAERE oot ®The 9 PThe/CThel AT Wate] sAYHOR
T 71271228 7. Thed $HAEX2RE 7§ FHAE ¥4-1-799)
HHgLe 032 £ 007 mmky ©10%, PThe/?The] $ARTEZRE 239 F
£2 038 + 007 mm/ky ©IQTh. F7hA AuEA wHo R AW HALE
£ a9l Qe AT o)A HFHEE KODOS 90-36 F4A 29 A
(0.28 mm/ky; table 6-10)3 A k& R Eth (Moon and Kim, 1995).

ol

i

o
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Table 6-1. Results of radiochemical determination of U and Th nuclides in

sediment sample 94-1-79. Ratios are activity ratios and errors

quoted are 1o errors based on counting statistics.

94-1-79
Depth 238y 2321 230Th 2307h
(cm) (dpm/g) (dpm/qg) (dpm/qg) (dpmy
1-2 0.77 £ 0.13 4.26 + 0.24 110 #3.11 107
5-6 0.55 +0.10 8.72 £+ 0.43 136 +4.48 134 %
9-10 0.75 + 0.08 2.49 +0.18 105 +2.82 103 ¢
15- 16 0.75 £ 0.10 5.81 £ 0.50 57.2 + 3.07 556 #
19- 20 0.69 + 0.06 2.58 £ 0.19 55.8 £+ 1.76 545
24 - 25 0.79 £ 0.12 6.58 + 0.31 24.5 £+ 0.86 21.8 ¢
29 - 30 1.08 £ 0.15 2.09 £ 0.14 10.3 £0.37 9.38
34 - 35 1.54 £ 0.14 1.78 £+ 0.10 2.90 £ 0.13 0.59 ¢
Table 6-2. Results of radiochemical determination of U and Th nuclides in

sediment sample 94-2-15. Ratios are activity ratios and errors

quoted are 1o errors based on counting statistics.

94-2-15
Depth 238U 232Th 230Th 2301—}
(cm) (dpm/g) (dpm/g) (dpm/g) (dpn
1-2 1.13 £0.20 3.68 £ 0.26 141 + 4.44 140 #
3-4 1.51 £0.17 3.53 £ 0.21 148 +3.81 143 %
9-10 0.81 +0.09 5.51 £ 0.30 137 +4.09 136 #
15- 16 0.91 +0.09 2.98 £ 0.16 91.9 +2.18 89.9
19 - 20 0.95 +0.16 3.81 £ 0.20 73.0 £ 1.85 709
24 - 25 1.29 £ 0.13 2.51 £0.18 18.0 £ 0.66 16.1 #
29 - 30 1.90 £ 0.14 1.66 + 0.15 3.42 £0.22 0.99 ¢
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Fig. 6-2. Plots of ®Thys activity and **Th,/?*Th activity ratio as a function

of depth at 94-1-79 core. Sraw=real sedimentation rate calculated

from data points below the first mixed layer (20 cm).
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Y. Core 94-2-15

ZANE 94-2-150149] PThe 9 ®The/The] F2EXE (Table 6-2)
®2 o 0cm7AAE TE7t 79 Y BEE RAFT U3, 20l8e] Reold
Ae AFFAJA sx9 FA2E RAEY (Fig 6-3). FAAE 94-1-79¢9 2
o] ¥2HHENN The & ®The/ ?The) AL X7t AT e HAHE
mLe] 3] dolu: UL FAY 4 Atk WA FAAE HU-2-15414
o) RAEFE(SML)S F 20cmelx o] RolE AHAZ A3 ollF 9 The
s} PThe/Thel $AFE 712719 Wiyt #Zdg.  FUEHSE ol
The ¢ PThe/Thel +ART2RE 48 HASEE 2427 022 = 0.08
mm/ky # 027 + 007 mm/ky oIt F7HA AUSAHE o83 FARA
HALz s el dxstdoth

2. YALHE &%

AEHENA TARAFY Zole YAude] #3 o] AT ®F
E|AE oF 10cmeldtel A BEHAth (Goldberg and Koide, 1962; DeMaster and
Cochran, 1982 Aller and DeMaster, 1984; Cochran, 1985). ¥ Q7oA Atg-d
ZAANE9 ®The 9 ®The/™Th XM EATFZ0] o 20cmel A B3
HAtt dAnTY FAE A *Pbe £HRTAA Yedd. “Pbe vzt
71 (t12=22.3 )& P°The] V371(tz=75200 8 0 #7] W&, F3F 1lmme]s}
9 HAH2TE 7HAE AdNEAZANE FY?%Pbe] HHE HE Fmmoluidl
A=) lojof k. aE B AFeA] AREE FFAIRAIAE 30cm o] 3t
Mz 39)?%Pho] EAskE AL ATAAY EZEHABNM ANYE 9T n
AFgo] B3d] FVHT LS vehdnt, W 21 A AF(FThe) S

—270—



230Thy, (dpm/g)
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Sreal = 0-22 £ 0.08 mm/ky

35 W EETTY L2 1114 1110 11131z

30

230Th,,/232Th  ratio
0.1 1 1 (I) 100

O rrrrymm Ll LBRILEALLL 1

94-2-15

5 4

10

15

204 ————————— ——t

Depth (cm)

25

RZ = 0.97
Syeal = 0.27 £ 0.08 mm/ky

35 1 1111-1:1 Al lllllll L1 118811
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Fig. 6-3. Plots of B0 hys activity and B0 Th/*Th activity ratio as a function
of depth at 94-2-15 core. PThe="’Thwm->"U. Sra=real
sedimentation rate calculated from data points below the first mixed
layer (20 cm), R2=goodness-of fit. Error bars refer to 1- ¢ counting

statistics (horizontal) and depth intervals (vertical).
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S AEEStY dojue HAE ERHAR Foe PAls A4 9% v= #
£7F YetA 871 gl 48 FAAAY e was HAE Eo)
B3 golute AFHAZ AN PThy AsFe $AHO2 ARAF B ¥
g Btk WzrIvh 2 HARY #E e ol A4AL oM HAEB Huw
@5& AARY (Cochran, 1982).

7}. Core 94-1-79

Pbed] FHAFE EIE FAANRGN AAHOZ A54H P4E B
F3 At (Table 6-3). F=& HY*Pbe o]l WAL ZE ZAARNA 40cm 2ol
74 EARAT (Fig. 6-4). AXA HAB A 39 “Ppo] Wilsde g
EZF & cmoldlol =0} Qe A wsl e HABGN 2Ph,o PALEZ
of EAYTE AL 94-1-79 FAA B T HHE nIgo] EAF
e A AuRth. B3 EZEHAZ oA 39%Ph o] WHAls o] u]olAHA
22 Fe & BAFT el (Fig. 6-4) o)t Thao 2%E 23)5)0] 44
¥ PRacl HAEA 52 a0 WALy gEolzt AR AT (Cochran,
1981). wetA Phy o] HAAYAL T u BE) 29 A A

Thasl $4%E EXN IAYMY 712717F "@ake Zol7t 0cmel A
UYEFYR o] HolZlANE ERERH(SMLICZ AU (Fig. 6-2). HAZ ¥
T3 AFY dARG AFE T A%t 2FA'RDE o)EHAY (Kim
and Burnett, 1988). EWEZS(SML)olsle]l EA13lE “Ph o) SRR TS
FH JAALE FIAL 2 71e710A "RARI1'EH LS FEch oy "Rr
HA&E 038 £ 0012 cm/y2 FAHNT. 27 HALTo REERS 7

g 2R B g3l AA P} TUA AR YAAY FES
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Table 6-3. Activities of radionuclides, *®Pb (total), ®Ra and excess *°Pb
(21°Pbxs=21°Pb—mRa), from the sediment core 94-1-79. Errors quoted

are 10 errors based on counting statistics.

94-1-79
Depth 210pp 226Ra 210pp
(cm) (dpm/g) (dpm/qg) (dpm/qg)
0-1 68.2 +1.49 38.8 + 0.45 29.4 £1.56
1-2 66.1 £1.13 43.5 £ 0.36 22.6+1.19
2-3 60.8 + 1.36 45.2 £+ 0.46 15.6+1.43
3-4 54.7 £+ 1.41 39.6 £ 0.46 15.0+1.48
5-6 62.3+1.77 47.3 £ 0.60 15.1 £1.87
7-8 62.2 +1.15 49.1 £ 0.40 13.2 +1.22
9-10 53.5+1.26 42.1 £0.43 11.4+1.33
12- 13 36.2+1.53 27.0 £0.51 9.21 £ 1.61
15- 16 33.7+1.33 25.1 £0.44 8.62 +1.40
19 - 20 28.8 +1.06 22.9 £0.36 590+1.12
24 - 25 20.8 £0.78 17.5 £0.27 3.32 £0.82
29 - 30 16.8 +0.79 14.0 £0.27 2.86 +0.84
34 - 35 23.2+0.82 21.1 £0.30 2.17 £0.87
39- 40 10.2 £0.59 9.22 £0.21 0.97 £0.63

Table 6-4. Activities of radionuclides, 210py, (total), 25Ra and excess “°Pb
(*°Pb,=2%Pb-2*Ra), from the sediment core F11-89-CP-8. Errors

quoted are 10 errors based on counting statistics.

F11-89-CP-8
Depth 210pp 226Ra 210pb,,
(cm) (dpm/g) (dpm/g) (dpm/g)
1-2 82.5 +1.33 36.2 +0.43 46.3 +1.37
5-6 69.3 +3.22 37.0 £ 0.84 32.3 +3.33
9-10 37.6 £0.99 15.9 +0.24 21.7+1.02
19- 20 12.0 £0.69 8.69 +0.20 3.30 +0.71
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Table 6-5. Activities of radionuclides, *°Pb (total),
(*%Pbys=2Pb-?*Ra), from the sediment core F9-90-CP-34. Errors

1
Ra and excess 2°Pb

quoted are 1o errors based on counting statistics.

F9-90-CP-34
Depth 210ph 226Ra 210pp
(cm) (dpm/g) (dpm/g) (dpm/g)
3-4 65.9+9.32 44.5 +0.30 21.3+0.98
15- 16 64.2 +1.23 46.5 + 0.41 17.7 £+1.30
24 - 25 25.3 +0.81 16.9 £+ 0.26 8.40 + 0.85
34 - 35 6.17 +0.70 4.56 +0.20 1.61 £0.73

Table 6-6. Activities of radionuclides, H0py, (total), *%Ra and excess 2°Pb
(Zmexs-‘-me—mRa), from the sediment core F4-~91-CP-24. Errors

quoted are 10 errors based on counting statistics.

F4-91-CP-24
Depth 210pp 226R3 210ph_
(cm) (dpm/g) (dpm/g) (dpm/g)
1-2 66.7 + 0.88 33.8 +0.25 32.9 +0.92
3-4 48.1 +1.09 37.8+0.37 10.3+1.16
15- 16 21.9 +0.90 12.9+0.26 9.00 + 0.93
24 - 25 8.86 +0.58 5.88 +0.18 2.48 +0.60
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%19Pb,, (dpm/g)
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O LI II 1 | ] L LB AL IB H T
94-1-79
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4 Dg=596cmisy u
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£
)
\ —— — — rman — o— e ] — h— — — - —
<
a
o 25- s
o Dy = 7.77 cm?/y
- D, = 4.46 cm?/y =
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35 i S 0.38+0.012 cm/! i
app — TTT T vy e 210pp
] RZ = 0.94 n &
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45 1 |||I 1 111 |||I 1 T 1 box model

Fig. 6-4. Excess 0py profile for 94-1-79. Dp = particle mixing coefficient
estimated by 1 box model (line), D: and D2 = particle mixing
coefficient in the 1st box and 2nd box estimated by 2 box model
(dotted line), L = thickness of the first mixed layer, S.pp = apparent
sedimentation rates estimated by excess 20py, profile in lower layer
than the first mixed layer. Data ponts represented by circlesvere

not considered in the estimation of particle mixing rates.
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24390 AR FANAY AR £ (DYE 777 emy ol FHA 3
A9 PARL? £E(D)E 466 cmYyoZ FRAHAD. FHAel AR
? &£x0) Hole AA Pk ok HAE XEH AZdA HAT uIdAE
o] Wi FYF £EZ dojum YdE A& Audth. wEA o] FAAE
AN AR FEES Bt 3te] 1A R AR A} A&
Aoz Andt. ou HA&LEE PThe 39 "AA'HAEES AHE3}
Q. AAEDE F3d JARJAF(De)E 596 cm’/yE 242 B 4
Bz3 3Rz AART £59 FUEE BAFEH

o] ZAARNA Y JARF £EE L KODOSAY ulolAx Seamountell
A9 QATF £E(2F 20 cm¥y)EthE @A UYElston] (Table 6-10) A31A] %
fdejMe YAETFEHAE HET F(SF 10ecmYy)E Rl FAT (Moon, 1993;

Moon and Kim, 1995).
Y}, F11-89-CP-8

RN BNN 2Phee] WAHsFE Zolo] wet AFFPFHoR AFIA F
A%t} (Fig. 6-5). E3] EZ2dAME "Pbed) WAL 463 dpm/ge 2 ThE
Ade] F2EAHERT =0} (Table 6-4). ole EZEHHE 9 weto] HojN B
Absaol e AZHARFY Eo]l A7 WEd EENN ¥ “Pbusl WA
S%e RAZRT EF 20cm HEAZAM “Pbudl WAFeHL 33 dpm/go R
Wpp,.o} w5 Fo] FA8 #aste ol Yehrted, ol HAEZY ndEd
t Ax AoFez Mabs B3 93 “Pbe WA F FrEINVE A Y
ezl wEol.
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210p b_ (dom/g)
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Fig. 6-5. Excess 20py, profile for F11-89-CP-8. Error bars refer to 1-¢

counting statistics (horizontal) and depth intervals (vertical). Ds

particle mixing coefficient estimated by 1 box model.
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94-1-79 s} 94-2-159] FFAEAA FHE HH HFE 029 mmkyS "1%4
A nde) Agste QARG £ (Dp)e FH3AT. JAETEE 138 cmy
2 FRHAYG. o)A gAmF £E= KODOS 90-363 KODOS 89-15614 "2
AA'RLRZ Y BAELS olshe] YAETHE (09~08 co’/y)st FALR 7k
(Table 6-10) R 933 At (Moon and Kim, 1995). ©] FAA|F A2l A&}t
nF £ U HAEERO: A4S HAE ndzgo] dojva gl

k. F9-CP-90-34

DPbe®] FHA WANsFL AFFFHoR AT (Fig. 6-6). HZHE
ZolXe  Pbeo] MAMsFS 213 dpm/glR  YAWPF LTIl He
F11-89-CP-8 ¥ZEHE oM Pbyo] WAbeFHT Aok (Table 6-5). o€
A MPhus] WAFsFE HAZ RAAGoT A AZHAEHS L

Eolgt Atgdth. EF FHAIEY Bemz ool PPheo) BAsEFO] FAA]
® 94-1-79s} W] %3}e},

BEEA£029 mm/kyd] g 1A R 283t QAELS(De)o] 4.64
e’y FRAFAT o] e FAAR 94-1-79614 G 9 AE T (Ds=5.64
cm?/y)3} Wl 43,

2t. F4-91-CP-24

FHNEZF EZHAEZ PheirlsFo]l 32 dpm/glld 245 cmelA
“Pbe] WAMeHE 248 dom/gR A5 PFHO R FAFT (Table 6-6Fig.
6-7). BTEZAZ(029 mm/ky)el g "1 R AL AEFLS 2
A3At. FAY YATFEE 435 cmy 2 FHAE 94-1-799F FI-CP-90-3
9 AAEFEF FAMR g RAEY (Table 6-10).
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Fig. 6-6. Excess 2°Pb profile for 91-CP-90-34. Error bars refer to 1-¢
counting statistics (horizontal) and depth intervals (vertical). Dg =

particle mixing coefficient estimated by 1 box model.
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Fig. 6-7. Excess “°Pb profile for F4-91-CP-24. Error bars refer to 1-o¢
counting statistics (horizontal) and depth intervals (vertical). Dg =

particle mixing coefficient estimated by 1 box model.
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Table 6-7. Activities of radionuclides, *'°Pb (total), ®Ra and excess *°Pb
(Zmexs=2wa-mRa), from the sediment core 94-2-15. Errors quoted
are 10 errors based on counting statistics.

94-2-15
Depth 210ph 226Rg 210pp
(cm) (dpm/g) (dpm/g) (dpm/g)
0-1 63.7 + 0.90 27.4 +0.24 36.3 +0.94
1-2 58.0 +1.48 33.3 £0.44 24.8+1.54
3-4 56.3 +0.84 38.1 £0.27 18.1 £0.88
5-6 65.3+1.53 45.4 £+ 0.50 19.9 +1.60
7-8 63.2+1.30 46.1 +0.43 17.1 £1.37
9-10 56.7 £ 1.57 41.0+0.52 15.7+1.65
12-13 51.4+1.66 34.6 £ 0.53 16.8+1.74
15- 16 38.4 +1.25 22.0 £ 0.63 15.3+1.30
19- 20 26.0+0.88 17.3+0.28 8.65 +0.93
24 - 25 23.3 £0.91 15.3 +0.29 7.95 +0.96
29- 30 29.9+0.70 21.7 +0.23 8.23 +0.74
31- 32 25.8 + 0.63 17.9+0.20 7.88 +0.66

Table 6-8. Activities of radionuclides, *°Pb (total), 226Rav and excess “°Pb
(*%Pbxs="""Pb-"°Ra), from the sediment core F8-91-CP-38. Errors

quoted are 1¢ errors based on counting statistics.

F8-91-CP-38 ;
Depth 210pp, 226Rg 210pp
(cm) (dpm/g) (dpm/g) (dpm/qg)
3-4 76.0 +2.13 38.9+0.57 37.1+2.20
15- 16 78.3 +2.24 37.8+0.59 40.5 £2.32
24 - 25 77.2+1.14 46.5 +0.35 30.7 £1.19
34 - 35 63.7 £1.13 36.7 £ 0.34 27.0+1.18

Table 6-9. Activities of radionuclides, 210py, (total), Ra and excess “°Pb

(ZIOPbxs=21°Pb—%Ra), from the sediment core F11-83-CP-18. Errors
quoted are 1o errors based on counting statistics.

F11-89-CP-18
Depth 210pp 226Ra 210pb
(cm) (dpm/g) (dpm/g) (dpm/g)
3-4 50.2£1.10 24.4+0.28 25.8+1.14
13- 16 48.5 +0.93 23.3+0.24 25.1 £0.96
20- 25 48.4 +1.32 23.4+0.33 25.1£1.36
25 - 30 43.7 £1.59 23.8+0.43 19.8 +1.65
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3. E4£7Q §AFHPAT  Slump & Hiatus
7}, 94-2-15

20pp, &2 Hol WAMs e ARF REXE Holm Utk T PTheo 43
FERYZ AT TUEFEZ(SML=20 cm)E AAZ "PhuFAETe] BAL
Ho] EA3 (Fig. 6-8). 9714 sll4<k FH3la e HAS(0-2 cm)olA HA
ARoz e Mph, Pby = FPb - PRa)PAlsFo] BRHEU, olE
BThe 2RE WASE AR FFHE ®Racl &atd 23 H5EFo2 mAUzt
AL WrgFAT) (Table 6-7). wWatAd 2Pbe FHUWANSZ B ol i 3 AR A
< 78 0 59 F3n e HAHF0-2 cm)] 242 AAAIFHTH

o] FAARC HWFEAL(029 mmky)e "1 Rl Hgatd JAEF
2e 2R EUHAZOMLWY “PoufAWASE EE tste] 3
Y JAETFEDp)S 1088 cm’/yoli, HREHHF(SML)oIstelXE 8804

Yy otk ol HAAHoT 2 YAEFES Aol A Rolgr] Bk
BAZ e A" Smp)E A=l Atk A7l U sHe HAZ nB

Aol g Ams} B iAok B RAoltk,

I

Phe = H A s o] g SAZ Mol HHUEFZ(SML)BA M Ed Lol
Uehdth (Fig. 6-8). o1 “PhAbsFel 2942 "HAZAS (Hiatus)‘ 22
ARt Pbad W77 (tie =223 Q)L o183 HAASH A F 20
do g A", old HAZZS U] AdAME o] FAAR tF o=
HAA 2z ol gAT Awst @R & Aol
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20Ph_ (dpm/g)

1 10 100
O 1 1 llllllI IQIIIIII

94-2-15

15 - Slump or Hiatus (?) B

e R i

25 - B

Depth (cm)

30 ‘ o

35 Y

Fig. 6-8. Excess 20py profile for 94-2-15. Data points represented by circles
were not considered in the estimation of particle mixing rates. Line

represents the equation of regression fitted for excess 2%y data.



1}, F8-91-CP-38 # F11-89-CP-18

F8-91-CP-38 #4429 P Als ¥ HAE zlold weh 447 53
2¥7} #3350 AZHAZGNE DPb Al sFo] ¥A Yelhdth (Table 6-8
~9; Fig. 6-9~10). PbAt5% BXo tis] "1 2d -2 Hg3le] YAIE
3go] F8-91-CP-38clM+e 2312 cm’y2 FAHUL F11-89-CP-1841M =
4053 cm’/yZ AREAT oA AT YAELHEE HAHZFY slumpe] o3
A" Aoz AlsdY.
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21%p b_ (dpm/g)

1 10 100
O L L R | ! L N S
F8-91-CP-38
5 _

10- s
15- . B

20+ -

Depth (cm)

25 -
30 D, =231.21cm’/y

35 Slump (?) B

40 T T T T T T 171 T T T T T TT

Fig. 6-9. Excess 210py, profile for F8-91-CP-38. Data points represented by
circles were not considered in the estimation of particle mixing

rates. Line represents the equation of regression fitted for excess

2pp data.
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21°Pbex(dpm/g)

1 10 100
F11-89-CP-18

5_ -

10 | -

E 15- s
=

§' 20 % =

25- 5= 405.3 cmz/y B

Slump (?) '

304 s

35 T T IIIIIII T T T 1 T Fr 1T

Fig. 6-10. Excess 20py, profile for F11-89-CP-18. Data points represented by
circles were not considered in the estimation of particle mixing

rates. Line represents the equation of regression fitted for excess

pp data.
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A14d F &

10939 1290 NAR ZAZR el 9Z2E AdA FEAL ALAY
(o1t ‘AalA Folet ) 2AAY) waw, daix B ne B3
52 Zulzgol A9 1RARA, St 19939 89 8l AHH A
A7F R FANPYARL AY F¥19 D3 (013 ‘FHD TN AaA B
e F7o) g HATAYL $2L oldowa FRIUYG. 190, FTES
olF WrHE YAV 9T J1x L Aer1Ee ARl AIY 2w,
Ag71&e) N olF FYANES AT AMALT YL HFo| A 3@
Az 4ol 3tk 28 AR 190496 AlZEo] 2003de] ERHE Ro=
Agsol Yom, AQAe 9% 4er1Le] ARE BT S Atk GA
HYEA} 52 BEE 9 197 ALY weke 23, 29 AddAE 8%
o) W97k SRR olu} A, AR, 87§ HAA B9 A el %
A= 2.

Bu)oh A9, AR, Ao} 5o Fa AF AYTo] 197090 2RE o)
A Pl NG T2 AFF Y& DAL u, 19809 FEE FFL A
& auete AsA Bde AolA FF FZMate starten & 5 Aok
A BRdl BY =oE 98 AAFnAE, FRe 4424 FRES AR &
e @rptge s on] 2353 e AdA B A VAN FEFAQ
287} 7lae Gugd AAA F.3 neFol & AL e B

A, AsA Fe) ABA 2 T 71EHA AdL 19809T 24X A
4 2x2e A7NE BF0) o oln] SPEo] AUtk AR AL FolE B0
A olF A 24v]ee) AAHS wasd AZe A B2 of
3 a78 Wesl Ate FFL 7% AAL, ok YAHew N2e AF

Aol tig Fo #7] AALoA o]FoA= ozt & AT whd, o=

1
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OMCO¢] Conrad Welling, %34 AFERNOD®] Jean P. Lenoble, 5% THETIS
o) Hans Amann o] Qe a7l A4 B ARAEL A4 T
PUA 2 B 716H Ade B Ax AN 2He) TEE AF 84
o) BREE5% FE)o] olr] Ao} Atkn FAsT Ak F, ANA B
g9 7le5d Suel Folst Pgu e 8 8xs1%e v} okl A%
9 FERE AT SA RASGE Aok

A, SAURE FUEAA Foln RE J1HE U@ B8] g 1)
SEAHY A2BN A2E 27adel Gt ot FAEA et
ABEREe] ool F& /e ABE LANT SAHRA LD
TAY WaE Yok A2 Bl BE gAA B TAZHY 12 A
He Bad B St BEY 4 YE F4F /192 AAstolo} Bk,

AR, B2 AR A§3 BRAH SAH GEIH FHo| W
g3t 8ar1Ee 9REREe) £q0] e, A2y $85H APolut
AERe) AgTolt SAH wedo] Fursolol ek qeU, of A
AWFRTo] NG o278 FHE A8 (know how)T AW sl
A¥e megRoz BeT + Utk

GA, EARA AP dd@Ad nAE 9% 48 sw
(acceptable) 091 ol A olFolAo} 50, o|F AaME Ass B, A
8730 B@ o7t Wasth Bpumns FAANdE B4 AL FT A
A3 ek Busl BHel @ Ao «@aHm Yoy, oA Auard we
A7 AAMOZ 323 ololAx RIUT AA YR, Bo), ARYY A
x4 FNEL F2 AN87 ave) NAFam Uk

B B AR TR wgos FuzAe Suuast AdARdel

!

geg 71eS a&For IR Ysle AFslo

rr

2
i
z

tlo

g }FE AAEE

del 2 EAe F3 Yok ATAANES 2w, 69X AfABY BAse B
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4 BAFT 2271¢S BRI, olge) A FoiA oRe FHY
371 A5t AA AT NeAE dFe zAART oBE F1&e) 54 2

8%, 29 JeAedge oz 5SA %R HIe ANGnA
shsith.

A2Ad AHARY VA 7€ §A

¥
M
3

1 48R Y F1ed B4

A B9 71EAH 54 o3y ol 3T £ AUk

AA, A FPS ALHA, 54, 24, 74, 2ZEHO T g2 Fol9
gEFt a4ved 9e = 22, rlshdd e ohAl A (multidisciplinary). <
o] a7HTh

E4, AdAGE T AABAL IR Yokl Z oo Y 847
=9 A4S Q73 ol 8AV|Ee FHFol AYrlee) WA LY
#FAL 9n oz V&R HAAHA Are LA HAFAEAES AL

AR, AdA BYELE  dsiMe ANY71E(deep-sea  intervention
technology)®] #gel 8F7HE=2, Halx Fd 12 )¢ Mo Acd o
< A Aoz AqAEh(F7AQ & FAFEH). AF A AA A
o] EAA o=z /MEd de fdod, A7 FAF I dEHE T
Helle A3A ;(}%94 ME7IA7E A F74E Aoz Jgd

ot
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2. A3A #F VIEATE

AA BFYY 71ERokE GAL AR, 5, AH, 8RAT T AN 2ok
2 2R u, 28749 Frd JHE B FA 8FHE ok A Al
a

Bololt}, Table 1-13} Table 1-2& o] F ¥oko] 7I&ASEE el Aot

7} AFEor VAR

A A Bzras YBrle] FFAN2Y TS 44 593 Jles Ze @
B 28 (sub-system)SFH 2t FRAAE S HHL LS EZHE FHLEA

% (integrated operating system)2.=2 o] FojAt}  AsA Bty HFe] U
o]A B & S(nodule flow)e] EHAFHo A9l 7} A28 HAH] 3
Al =¥ (collecting sysbem)PJr A FAzte] FFAl 2" (lifting system), L
Fa AASPEFoR giEdn. e FPAANE fdstde AFAI=H
o] zZ} g47|£9) M-} giol AA Ax"e] HAHLEI|s FHI} F
a3tk AFA2=e] HAL-8(optimal operation)o]|@ ‘A EFe] HH3 F
FAzAY FA'S gugt. olF YdME B, FBA2H, HFSREF
5o ¢ BEHY 8471&9 AR I Bre olFLk: H HBEE
FRRZ o] 2E3} ¢ $4% X (transportation concentration)®] 24, HFER
EX YA L ARLEA T5& FZde TRLEA2H] FoA
AR WU IS X

1980t Fwto)l ¥ AFEZIET AR-FTAZIE Fobe] F71HQA EAL2 214
71 AA F7e FeMde] sHeAdE AASFI Yok FHE, 7 FFA|2H 2]
sogojel Mg 7xset 2 S8 nshEore] AT LA WF Tl A
ARE AZE 23 Yo, HAFEH L LZEJU|IEY F8or SARA
Hg" £ Y T2 ko] AL AU
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Table 7-1. Technology Tree of Deep Seabed Mining
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nl
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AFENEE dA7Ne

3 arBe O }_D
717 2dn) ;;l;“;—'; = | #RsErane
e | 2SS e Y37 AN A&
NG AN | aeha) AREnE
Vo= A% Rov
FUAYNEE, 9E, Ug-+uE
o , AL LS 7. 3% % ANz, MRS ¥E
97 AL RE A a7, WE, 437, AR
H) o} @-#471A LR ERRIPY
22714 BRI
A4 Ay
N AAZIE QR AZEQ0], 7137
Qee | PWIE & zuile
215372 CAD, CAM, CAE, CIM
. 5 FZUH FU&F 77
12, AX
g2 3382 BEETAS | yhua auAann
A& AENN-Yrizle | (RR)¥5A18 371
ZA-ERRZIE | vindAle
File 239 WeziE, wH7lE
WAy Assl
AZNNA | &7
o A7N3F 2 A7 E AA | AGAes], AFALs), {2
A7y | HARA AANZEEA B UdEA, a%s U
A% | mmaadel | AuaEs Sa e wses A8
AT W =23
ol 7l e
A, A7, 73 @ FAA=R,
22878 | 3a.q ANAN AR FB-22, 9N, AN, 4
Ae |0 mhE W A )
A=) 7)1 5AE 2A%, 8=}y
At 4] a2, g, ¥z 88
7]et2A] FeldR, Felpew
ARSI | Aodraxlre DSP
R FH=} Network,/communic AL BVl RS232, RS422, VME Bus
207% on7] & 2#7e PR
ationZ|& ‘?']"{,‘%’:l GIS
oy 24% TV 9 VCR/ VIR, AZF&
AAENE 7, AEARI], hEAERB)
A s CPU, Transputer, Chips
ARG A Q7)E Bs P15, FHEE, FFA,

BAS, BEEEA

A% AAQTL

—297—




AFHEE 71EAFTEN JEd 84752 7IE7&Fdd B vl
uel AsA Fdolgte B4 B o3 ARE 1f7IEe oiun, AAFS
2% oln "R Jg=Ho gtk <Table 7-1>¢ YEhd AJRE 71&$A5E
E 71A - Ao, A -3, BE - FA Bobo) Hd 847|EE Wol 3o =R
A, AFRoE 71&o HGAE BAFT k. o] Rold A EAHA Ji&
M 7HEAL U #A FAdrieRold WA T g8 Utk ‘A87lEe F
Bae EXd 474 A4 0, Z242Q JEdd A= Qs R
o Yok AFEote] QoA 7R AL, aA0] RZRE =YHA
A ZAAFHoRE NIHAY, FE 7IEEE EAFH0E AARA AR A=

&+ FA2AL FE3= dl A7) W)tk

flo

U AbdRok 7lEAFE

wre Albried $449 laterite FA A—@ZIEI {FARE Fol ok W3¢
@3E PA A-IAEEe] JARANRA, UM, ILE, F F

-0 A3FE ARG el E4SEO A7) WRel B4 2 RSS2
AFTH AArleNoRe AFHAH0 R F4¢ T 4 Yok WA, laterite F
A AP olgEHE WA thh fASHA AR EHA G WA s A A=
s A4 2 F4 Aol MLHANY. A& wek A 94 MR Ax 9
AdHol /LET e A2 g Aed, ol HAe Folye ¥B
ste] B o] Ad FHEE AASE Fig. 7-19F 2ok 2@l3, Fig. 7-1el
Uetd Bdes] A-be F8 FARAL v e=R VSASEE HAIA Table
7-2% &t}
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=
opp
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Fig. 7-1. Flow sheet of Manganese Nodule Processing
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Table 7-2. Technology Tree of Manganese Nodule Processing
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A3A AAAZAN A Mo A= 847 E

oA B ANEAEe 1980 2AA A AaAPe) A7ANLBE
g8 AAHAEE, 1 Ade FoRE FEY Rolth AAARY B B
4 BAL T0dYsH ‘WG FWA F2 ool A, oWl AEW Fxiek
Anjga 249 A7 A9 FEsEH FLAAE geR FHE Ao
THTable 7-3). &t Q0dH) ol ¥ B&712 FAS AR AAY B4
o HeE T&o) Z 0] AN 2wl ozt BA AR ol gl
GTH<Fig. 7-2>). W, WAe) FA FEHE 2L AgviE AZe FA

o
v
)

NEsmde] o8] 4EHE ARFFol A7 PAd AN RAuch bk Hol
2 Aoz Aud + Aok

W AZe] ARAEA AT} o1TolA olF AAABA) AMHL A
Az - Q= 89 w@ wgsigul, aze uE R2r1ee WAl
QoY) =9k o]F 90l ZWAA AR, 54, 1A, A, £EZES] FokilAM
A Bl Seslol BETe AMESE AL ¢ AE F 71ESe)
g AR ol s1eel A T ¢4 AL PV Y

o] A7F 99u]-8-(operating cost) FZ ART FA HAY Aoz Q=T

3

ABNEL G a47|Ee HESo] ¥ AFEoklA HId AL F
a7|&0] LgHThA AFRoke] $Pul g MITEDS} TAMURH ] +
A A9 1/2 $£Fo2 74T Ao A3l A
Aa1e) Ak slewd Folz B u, AsA Fhol UM A& ¥
a3 ole) WE gFulEe A stsAe FoE AL A Rolnh BEH
o) Mwso] AsA Bl HEE AS 2dv§ R FAHE Azl A

4% Aoz AEE WEEE NS thed 2o
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Table 7-3. Comparison of Various Techno-Economic Models for Deep Seabed

Mining

(29 : winkg, ‘0dE B¥7HA)

MIT 28 |TAMU %3 |GEMONODX. 3| KORDI &3

ATFAIA 1982 1984 1988 1992
AZF AR F 3005+ ST | 3009+ MT 1509+ MT 3009 MT
AR 22}
- A% 4179 (23) 4012 (17) 282.0 (30) | 3382 (18)
- &% 3286 (18) 2450 (10) 188.0 (20) 3826 (20)
- AA 593.5 (33) 583.7 (25) 470.0 (50) | 933.7 (48)
- 71€} 459.1 (26) 796.5 (33) -- 275.6 (14)
- 4 QLA - 350.0 (15) -- -

& A 1,799.1 (100) | 2,376.4 (100) 940.0 (100) | 1,930.1 (100)
AZEL-Gm]
- A3 84.1 (29) 95.7 (14) 48.0 (20) 95.7 (18)
- % 478 (17) 477 (7 36.0 (15) 105.2 (20)
- A4 129.7 (45) 136.0 (20) 156.0 (65) 301.1 (58)
- 7€} 2713 (9) 176 (3) -- 176 (4)
- NFEE QA 364.0 (55) - -

3 A 288.9 (100) |661.0 (100) 240.0 (100) |519.6 (100)

Azt 4 516.5 1,221.2 495.0 1,008.0
4% 713
- (A2)L¢ -- $0.47/1b $0.30/1b $0.33/1b
- yA $4.86/1b $4.36/1b $3.65/1b $3.50/1b
- ILE $7.32/1b $6.40/1b $6.80/1b $12.00/1b
- % $1.62/1b $1.44/1b $0.95/1b $1.03/1b
B52-8(%)
- 3MES AARA] 921 389 -~ -
- L LA -- 12.35 14.00 16.3

—302—




350

3004

2504

200+

Us $/mT

150

\ In Constant Dollarg
In Nominal Dollars

0 T T T

1975 1980 1985 1990 1995
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FBAAE FFo=2 Fe JEHA AolE(umbilical cable)?] ®¥9E &A =
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O FFe] ARE AL 5 Ao FAAF L F AR (optoelectric) Al (sensing)

A& GA AR A Az BAld 2o 7)ol Aol
4 A% 1%

A 70909 Mute] w3l TEE AR duto] AzHT Atk A5
A HAZY 27, R0 e ARAol AL & AL ol
2w oheh Axdel oA 14 AVt Ausw wAte JBA2Y

S AL FE YL Aotk alm, ABAe AT YUY = =)

do2H Lgul8] Azl A 71QqF ot

iy

A4A AA 27 AAA 39 #E A7 S

AA FEALE ML) A =20 0=, Aol BAAN 59 27}
ol Frreslel NP BAES AAF 6000 e Ase L,
olF T0dY Zel Yol MATES) GFoz FTAFEAMF FEHA v=H
Fhith 99 M1YE FAOR AA P1eAE ALaAs] AT FARL
Alglo] AT ol 243 KCON, OMA, OMI, OMCO 5 4th 724 %o)
T0AE B A AT TASE BUG A7HE BFS AN 40
A£A19 F OMA, OMI, OMCOE 544 ARA2E il 78 o

ToA o] efHF A AA AFAH A AHpilot mining test)2 F£33Pon, 4
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W BaAge FRen=Ry B, U, 2R § 59 5L I8
Ae AABAY AL BE 542 stavh oy U@ APz AARo}e)
s Ade e5tA £45T Utk 95 o2 A AN FHE A
ATANLEF ] 74 BASA o12AAY A7lE 40 AAA o] AZHA T
o UAE 70T @ 4 Qe Aotk ek, B0 & Bojh TAlF
£AAY ARG AA5E 2P HolA 4N A2AYY AFAVBVEEL @
W AAZE) HOIEA N

am) A&ANS) ATANL] FHE FAE FYNAE BINY} ZAL F
Moz Brade FUPLL AR ATNLe] FEL ALY BN
© 80T} Zwro] Zuj AsiA B9 A4AY9 AFERNODS) FE2 uoh dn
Aol ABAEGRY AL Aol WFE FAE FAAAG. ol AwEs} A4
sglo] BUA BRAE BMERE 447 AsA B YA el B 27

HQ AFE YA EIAM L UL 0 FREHE @FATN TA

e

dulol HolSoiME olAlole] FwIvlel AEst FIoM ZR FE
Fug ATNABFo] MG Yok WA, 0], AR, =Y, BAAN Fo) Aw
FhEe AW 2 DY ATNLBEL L TaaT A B e
BFAQFAT) AF3E AFL Bolx Utk

BdE xd MAL FANAZT A 12 F3AAN A" e A7su
=43 zAgd osd, AIRA AAHeR F 6B dE AFo] AA
2Fhe AT Vet SAHAG 5ol &3 274A o 435 WL A
3ol A FuEaATel FQer, 1 A2 uE, AR, dAopt HAu=3 Yok
A Bhe FAF F/MES BE AA AAY 96 QoM el g%
£ F7bEol, @39 Avde A7 T &9elu XA 114)% A
A" 910959 2 119 a7k Al L8t ik
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Table 7-4. Trends in R & D activities

A9 A7MNE F8 A A &% F84
5 T 70,3t B39 B AT, =71
FEAH L a27E B
g 5 2 Hot
Y 2 QB | 7090 T 80dE | ALY B A7 -3
o}Alo} ‘90T g, A-bEor A7, ARFE
A
L& ¥
7t 284

EIA L AdA FEH BAF EFL 1969¢ TN LA (CNEXO)7F
E3AH ZvAlobl]l RESE WG] gk ZALE Fo2M AZFE UG
1971 9% o) Yl I7EAEl & Societe Le Nickel(SLN)AFSF §H7 xida 7l
E}A ZAM ZSEnh 7] By Pale E3AE EVlAolE 4L
2 3 g A e o, AdHeE o] 7t wew
F4E Fedde At 2% GBS A=g¢E ddes § FUH4
A EHAPE Aoy, 19750 ol2 M= FANAAA ol FeiB < Clarion-
ClippertonA 9(C-C AQ)e =2 FA =Yt
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Table 7-5. R & D Investment for Deep Seabed Mining by Country

« 9 = 7t i
1 =4 435
2 0= 390
3 Y 381
4 Al ok 343
5 = 196
6 A= 191
7 ETA 149
8 3 108
9 2= 95

10 i 83
11 =g 65
12 7hich 64
13 Zg= 63

197435 ¢l 7]1£9 SLN3 CNEXO7F 98 o] AlEl(CEA) ¥ £4 3
AFQINORMED(Chantiers du Nord et de la Mediterranee)st 7 #3ta= 7|
ATE A% FA2AY AFERNODE ZAstdedl, 349 AAJAIE 1977
YRE 1980@7FX] AFERNODeCl #oslth. o] 8 AFERNOD:E ©AE-F
S AFALE ] MR E FHpsle] FA ARG FH0I FAH A4u3Y
#4714 Z(Continuous  Line Bucket Syndicate)ell F<3t71= 3ttt 19774
Zde Fue Hukg o] 8§ A& Adyel g AIFYLo] dAEHIE
FRou, 27 ditRFoz FAET

CLBel tig Q53 /Mds A0 Az2e AF Alxgd i 475 A5
o} 78dx 79 UAD FA BAaAGe] AFAIFATAA AAEL] AL
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Mol A Aol Sl WFE Doh(clifn), T8 (pothole) Fol WAH w
2t JB7le) oy mE&AQ 38 "y Aol ArIFALE. old uwal EHea AR
B AfolE4 2R MBS A 9% 49709 ATAYLS AFsA o] Al
292 FRAFLMo] sAHeA UEE IFsln £3 Y= 43 AL
3 Jygo= 3 vk T FPALtel o] Al2’E o]y fME=
13] el 1,20089 FFe8L 2= HE 16U7F B4l &dslejof jic &
TA ARIE 4483 19 ZFo) o2& 2 AFE Lol Ro] MEY 93
(prototype)7tAl 2Pl BEF38l1, 1983d%] olZelaes o] A]AEo)
ZlEHo2E &4 JHedhv dAG FAuE egujgo=z Ad HAx F£4
dol A7t A s 494 olfo] Ertssitte 20 el a8y, &
A AEIIES MEALH] HE AAG AR 242 slde] oz¢, o
Alxdlo] Zhe 1x 9] AY FAAE 1T of 2 7 3 Al AFAI2H] tig
+r 2 ZeE R Qv EFA ARV HME A2 g 2
g 7] Foe EE AARS FAMHR F83luA e FAHT Ao,
MEA2F O tig g FA7F o}y Adugle] Pz FFo Aid
Zxto] oFgeg vl Aoz YA L A

3 F 1984del= AAAAG7IE NEE A% ARAIYE A7) 5
&AM g 974, CEA, 28l1 CEA9 #3419 TECHNICATOME®] 3§H7)

=g mdo]

gk
off

tlo

GEMONOD(Groupement pour la mise au point des moyens necessaries a
I'exploitation des nodules polymetalliques; Tha493 7idte] Had WS 2
A7l A% 2H)E 243Uk GEMONODE olHej 71#d 71&5S A%7)
31 AFA2YL AAHFE}7] Y3 AFE 9ol 19843 2E] 198817k A o] A
75 vt o ® GEMONODZF AAIRE AalA #h Al=" 9 73 o3 o
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- AF4 37 (Hol 18 m, E°) 5 m, T 15m, A 330 &, 23 78 ,
AlYE BF 600 B, 3FHE 3MW)

- g AelE (600m ZHel, 15“ AA) 2 A (rigid)e] Ho|ZTAEH
(Fo] 4,800m, W 27 40 ~ 50cm, F71AY & 5944 HILAW)

- ¥ Z4] AFEPE (Catamaran type, 2] 110 m, Z 70 m, E°] 40m)

- AEgA o dryel FEW, B AEY Ze AW-8-8 (direct smelting)

GEMONOD®| 7€ AAl AGAI2"o] @3 713 H2eo ojFA aAxa
= Holl 9u)7t ek

1988 RE BdA e HaA FL AT ZE ATNLL BAA YA
o,

B34 198YE 9 F4A Nautile o83 ARG o)F AdA 34
< A% 71e7iE BFE A FOF Ao AT U} 1988ET o] BIA,
Y, d& ol AFA2H ol digd FEAEAYe) FAHVE stgot, AR
B2 BRdAE FAA RQn 52, QB 7] ulekgt FZBARZ ALYo)
FrA =Y 2T7t 19939 %] 943 Fuid Ao R gAYt

SFME A AdA A AHHQ FEe QAW AHA 87 A7E
FR3ta glen, ol sl WAY A 2000 mo] BEANES AASHER U
(Z2AE 9: NEREIS). ©] #3 Aulte A $£4 A1 6,000m7tx 47} 7}

2

o] TAE0 d¥E HF

A(IFREMER; CNEXO9] F4)dl| o) #&=x

32

e

# 2/ ke TE 4TS 1 Aokw B
BUAE 1059 39 FAl AAA BAL AT PAbsk SN £ 19 5
WEe SASAT o £ 90% A5 AFL AR HRRAe T SAaAY
on, ulx 109% AES A71%00] TASAT. BaNE JAA BPL 27
Fol UM WzhrYel FAnTHE 2rbrinel AEFO2H Ade 0] 4

A
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QA BN AAHQ omo] FPE Wol Wtow, AEAxG Ak
A g At AR E uE oled ARFT o7 ARIAA HENL
Aoz BM=x gl

AR BYE A J1eMdel FolsAd B ArIge e A
M) ¥oke] Thompsonil, ERE AA D A|FA|28 Hofol DorisAl, A& Hof

o 1014 Metaleurop Recherche®} KresbA7} )t
U =5 o
19690l FAl E5d9 A9 AT H(Federal Ministry of Scientific

Research)ell 2j3} 3| FFEAAL] Hrte] g A7 Z2afo] AZE YT o
Y 27 8L F2 V1xARY 4 LS FRoH, dad 5 1z

d 2 AdF7IFe] 70 T TIERE I F olFojA A YANE ZAMM Propector
o] 4z o] A3 EF FAPYL Ao 2 AP
19729%dle EEA-E NEF ZAMM ValdivaZl Btes 2 71 E3E

P9 HILE A7 FAAEGY FAHAT 2L 3 59, Metallgesellschaft AG,
Preussag AG, 18l3 Salzgitter AGol 23 =9 Asx 3 #ALAYGY
AMRe] FAEew, 1973d%xc)+= Rheinische Braunkohlen-Werke AG7}
AMRel 37 x 39y Salzgitter 9} Rheinische Braunkohlen-Werke AGE
o] ¥ o] GHIHT. olF AMRE HBEYH A=A JZFAHA SAEES &
F3A.

19759 %0 AMRS OMI HAaA o] Foddtgon), o] OMI] BAMAI ol
FAHY A2 9yt OMI= 1978 3¥o ejH gl Asd 34 F
kel AEsGTh OMIE Al@AAbelA 4527k oF 150089 #zhetnizl 34
3 Aoz gEAa jeow, AZAe s dEe A ABUIY =4
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Preussago]l A&7 71A14 JF717F B=Rw 5L 7144 AJ7le A"
T SA

197895 E A4 ESHoM lxd 25008 FE ZAMM  Somnert
Valdivag A3t 2™, o]lF PreussagAtel F& 3lojl tho) RIZE7¢), A7)
#, tigto] Fostel ZAF Fulo) Ay Pide] EX R 246 BF A7,
aglal AFAIAEY AARE FA3kYTh PreussagAts  olwl @At
(caterpillar) B}1e] 2454 RF7lol tig $3AES %ol st 1980d =
d= AM¢-totE]njopst £ FFe] @ w2} Preussagihs 3iA °F 2,200m
ol R&E3e Fae] FETR AEFF A A AZYNE Y3 AT

T3 PreussagAte 714Uthe] INCOALS) $HA| AAF Ao B3 AFoe o
s, olwl A AL HAAAYPe|UTh ABITAH Al
Duisburgell 2% KHDAFSE ofdlgdi, dH=adiste #AUG.  INCOARst
PreussagAtel Q7ZAdtel] o3t AAA[Y o] ouiA] Au|FE AX7E ALA
g BAE ne¥ W §RES FAAA JHE AR yolde AR =23}
Aok ok 19819 1983W7kA] 2@zt vttt Colburndl A AlEABATE 3HH
ok o] W] AP oRE AAE 2L 32 cladding@FoINW Aoew &
A3 et

A9 AAEE A% FH FFL2 80Ul FUARA oo on, 1 olF
2E B4 #27t 343 LA o '0ddiel EolAE U wE
ARJate 2 A Fx7F A9 S el HAEAD. dAE AMRo)
A e g3 WEH B TES T FuEGY Zeguxs B2 AR
EollA, 49T BT A7 o)FojA 1 YHAFAIEE: TUSCH). 89 E
T8 AlFE o] A7Agel 939 =E/tA & 17008tz A £ e, 96

¢

rr
et
e

[+3

rk

=]

TR QFAge) Algd AR etk AMRY ZTE F4 4000mBER Hol:e
FA, @3] A7)7t EqHse HAZ UR o] 9 glolA FEAL
A 7HA7E e "oAE Ao @A AT
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Preussag2 ¥4 AFEEI AAF T FAF OMIY ZE A2L
METALEUROP®| %X 3t telol®, Metallgeselschaft GA] ‘93 ~ '94 W% 7o
AFAEAIZNA 309 nt2a9) &35 B olF OMI A&E 7Nt INCOs
| @21 AZejoltt. watA, dA 52L& OMIY A&E A 2y YA oo

59 1999 3¢9 A F 4359nhE-S AR FFL AT B3A 2 vl
el T2 o] fofo} MA Ho FA=olh A= B0dd LA Ayl
H) 8] 2/3F FE3trl O olF 122 dRv1 vk 5A9 Jeid 35 W
ZH714Q! Preussaght7t FE3le] EdMutE AYH F7)0d 2o FA70A A
o2 dHAR Y. EYo HEVES AAA FHol "/ MEolY &g
ol mi2E| Pt AzZtstn glow, Fdo e AAJutez FEI JlEND

o

X

ok =29 o]

r2dgole 98 A-f7F24H](offshore oil and gas industry)ol] $5% 71&

Z 71Hke B3k lom, AAEE 90%c]de] sk AR Yok H2

EE 3%YEZ o9 HgFel Qu, AATeRA FEY ARFHUE Bolm
o ST 2o HRTtaNgel E5E F1Erlwne 25 3l
AaA ol ARAQ oldE 7T YA ot AN Fol Aol A

& 71eAlAS AT Ao =2 sl Yk

fr

== 9 o)

fr

zdolde AFFEAANRII2EFH NEE A3 5718 FZAAR
A, U 2071 BEVIYe] FAF = go] #BY1E(the Norwegian Mining
Group)e] A= At =2doje] FPaFde Ay P Simradrts

H] £ 3}y, Aker, Frank Mohn, Seatex/Oceanor 5°] #a3dlx o FUY1E
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9] 23 ¥ &2 Fridtjof Nansen Instituteo] 83l Aot & =2 gole Y
€ T3, R/ 2A dov e oz E3td =240 o HIHA AL
A9 FRAAE A, olg R HANE L I3 FAANYS
FA3T Yok 2 7 eyt x2de) FAAEFH Az HANERIT HEWI}
ol P e Ax-=2d0] 2 IEHHAYS E + Uk

JE-k2do] 2k 7L 181Kz ALy arhd, 1980y Fuky
H 23 EAY QS 40as gale)] a2 go)e] RAMMo] FglHa, =29
ole] Fule] 74, AR/ 2 2 18, FF ATAIAY F} T uhyes 7
=3 Yo] o]0

198 ERHE dx-x24d013 294 Al dF =8 AF=EHe
B, FIF2 19959 1095 19 6719 Ft I BAES 38712 FAst
287 dE ez F38 3 FAAe O FBl(riser) Al2He) tig Fshd A
A Aded @ J3B71 24 AR @ BA ==Y (Remoted Operated
Vehicle)9] 71 Folth.

2ol FRAaF A Bl g LaH DA AF HT AN
" A3 AR7tEMETIeS AA B gAY AFRR A2 Ak 3

A3 FEATE Rolh,
2. Ao}

g AloHF AR)e] AA FPd izt BAL 238 FH}5Y(Soviet Academy
of Science)ol 23t A Vityaz7b ©AHS Al 1960912 AL Lzt
. a2 oF ®WAMEELS 4&A AAAY(Ministry of Geology) W9
Yuzhmorgeologiya(Southen Production Association for Marine Geological

Operations)oll &3 Fx=AG.
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HAloke] AFAILH L F2 Mo AAFFAY MRl 87 Fog By
o a2y ol3F Yol AAANME adlzE HEE 5 ASA ogFeln. T
2989 HAA FY NeMLd FAP sBoREe mazul PYATA
(Moscow Mining Institute), Bl'd22t= 34 U4 (Leningrad Mining Institute),
$2E Fhxnz23e YR} ZYPH| A F 4 QT4 (National  Nonferrous
Research Institute at Ust-Kamenogorsk), 53¢ 97 4(Gold Mining Institute)
ol At

EF T 48 AZ=9 Hd F93AIQ] Rauma-Repolarl9he] & N
F2IRE 53 19809 29 OMCO71&& AHEQRTE Aol At A p=yY
< EAFY ol R BA=R9 JVE5E S A3 Agsin AU uwIA, B
F=9 OMCOZ1E =412 EHolithar gttt

T AU AF=9e] IFAYEE 53 RIAERA HAY HF9} 71AY-
44 E@ L4 9 3R] (collecting device) S hgsicha ok e, A
FA2del UP AL SQ 2238 2aish AU +ASYTE. AT
AREL 5U9 Preussagitet 5} AAYolH3jAI] THETIS7E B33t
u, 71%9 A#dL Rauma-Repola7t A®33 ok F71Qdd4n £4A%
g gk ARE o]Folpen, T4 ri&d o3 BFAER PE Ho|X, £

T HEA2H, 784 Fo] MEHAE AR FeA 1 o

o

I

1987dx e FFARTIES FHFo=Z I AAA FY 42419 IOMnter
Ocean Meta)o] AR AT Y FA|9 Fo=rle Erlgel, v Azs2u}
7ol B5, ERE, 4™, HEY Foloy, nEYE 1 olF g@EHIN, F=E

& 50 @R gat AEe ¥)5ar
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A7 FFE=(Szezecin)ol EHF-E F11 e IOME 4A¥9 ZAMAE Yty
HHHgo A EAMEFo FE} Ay, 1991d0l JMHAE Fvl9elA el
C-C A9 g By F7eo) g AFFATE FFA I3t ‘HUdxol
= T3t NOAA(National Oceanic and Atmospheric Administration)$} 3% 2
373 A3 (Benthic Impact Experiments; 3l AH @A 3A)o] Z4sle] 3ol 3
AR wdd Ageje] i AFE FAIAAL, 'HBAE AFol Ao} AN
Yuzhmorgeologiya®t NOAA2] 3|AH w2 7](Benthic Sediment Resuspension
System; 9% Disturber)E @it AW w3 AP FAF3Ao

IOM2 =9 TY# 7 4™ AA S Q3 3y & gAS Bgron)
A o /A RS T4 R HES &FE tn Uk AFEEFA A
AREY 71&E /ILsr] A% 544 =82 HE QU 2o R Bl of
e o] BEe] 71& IHAFQ sAlotel A AlFo R Holu, Aot A
A 43R ZleNdel E oS AL R dtdn

l

ol

L

g

2.5 7

SellA 71 ukel o], nFdAlE 60Ul FWHEE FE UVQY &%
FRE F7A o @A 2 A8Ts vlidre]l AlFEo] 80 Z7HA AR
3 FA47F o]tk o] ZIzt F wlEH Jhdrhe] YIde] Frde 4U =
Al AAAYYU KCON, OMA, OMI, OMCO% &5 23] 2529714 583 &
AsA FHe 71E Adel F¥EHAT a2y, Ylslide] Mg s ol%
x| 70 FRHFE FEAL W Fo AAHR FEIT] AAEA
a1, '80ddlel FolEolM e IAl FEAIGCl F2AHA AA FAEA HUh
old we} 4 LAY e oA FAZIY HASA HUW 'HUdxde=
KCONe] sjA=ERom, YA 371 HAAIYE Bt A8 B dAde 5ol
AL e ARt
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o] ¥tol wZeJMNE AAZAFZ(US Geological Survey)# 3tsto] FAIAE
(East-West Center)7t F4lol =o] elH¢ A7t 2b=o] wetd HAA5H
el E¥she 2REZy gFs F33dd o gARES 703d%E 3
8 geon, 709 FWHEE NOAAZE AdA Fol we #ZA9FE A75 53
Ao Utk 53] 80dH Zutolx: NOAAS ©2EFTE(Ozturgut) BHAlbe] <)
8 AW wFA 3 (Benthic Impact Experiment; BIE)o] A E At oo ute}
2F olAe Ad A4 dIF A7 A= ooyl 191¢dE 2@
(disturber)S A 23t AJgsg ot AolE EFoZ Asfsrt 1993 %=
1o AAE R@VNE Az nd Ao AFAen, Uik e uF F
A3l ASEUT 2 s NOAAE 49| BIE Al Festglon, 959 o
Zdl IOM9] BIEA A E FHstdth

AR Fd 71€d ghdole P=EH v 71l F2 4 ALY
o] d%o] AAHoIRoEZ 7 47 HAAYY AT S AVEIR
o}

e

7}. KCON

KCONe9l 7192 1 gAl uZ7]golA™ KennecottAt7d 2 ZF3|ARSI Bear
Creek Mining A 53 sFEALE Alzg 609Ul 22 Afe S0t 2
FAle] FE B35 AF7IREA A 5 D] 24 B, ABJAS
g 7o) g4 AL AP FE(bench-scale)e] MAATF Fo FH= F
o} 624 2H-E KennecottAh= g A77]@2 @A HE AL3ithrt 1967
ERE ZAMAE dUiEn @A 2 AlgAFH gu s st AAHA FALAA
g ZFJPY 2 F AEATE A3 FRI Fo wEAT HrgoezA

KennecottAhs FE 22 gRYol A& /Ml ol AF3dr FZd2
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drYol AEYLE 7EHoZ YA, ILE, F F I F£9 I5E EXEF 3}
v, AR RE 3ze FUHAQ sk Jhsd 3ol

19749 19, KennecottAle= G59 3FY3AIR] Rio Tinto ZincAbet
Consolidated Gold Fields, 7hthel 3443)AlQ] Norandarl, 2] w]2u]AJA}
3 34 AaA 3 AaAY KCONS 7AsAT. 2 §F KCON® 1 F '76
Qe7tA] Z g3 A] 438 A% AFA2E 7S FA300u, ARA
A 3% vk gtk KCONS 76 E7A] & 50uwhtES &@AF 2 7]&7lde)
BE2F A2 AR A 1984d 50l C-C A e @iras] o) o
3 Y3 A(exploration license)< vl=re] NOAAZRE JAAFwgton, E3j, C-C
TGl AAF} E OE F7d diF gRAE 95 Il o3 drbEgidh
o] ¥ KCON& wWuigt olojocrrt 1994de] aAIENL, KCONY JFe
OMCO®| ¥x== Ut

U} OMA(Ocean Mining Associates)

OMAS9] 7198 19683 %xdl ul=7]1%] TennecoAlt7t ‘62 ERE A o)A
Brge)] g GAS L™ v]xe2] Newport News and Shipbuilding and
Dry DockAlE 143l Deepest Venture A}S A3 w23 AZdc 2 F
Deepest VentureAl= @A 2 X877} Au] gl =&H3ged, 53 4u &
%9 s Y3 AJITAY Jidd B FAS o deay
(hydrochlorination process)-g& 7H&3ldth. 1970 o= vl ZXolF et E2 gt
F 3¢ 2o = WA Y Blake Plateauol Al 34242 712§ Deepsea Miner
35 AJFEYPFLRE 3o A 70mel FE3e FUEH
B AZATA AEAAT. 2 F FAINGAEE HBER &RoH,
60t ol ANME N2 FAM Prospector 35 HAIEE A £4stAh

oo

Ao
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3 olF BAMED AFA2Y Adte] Feiste] FAYN 157 ARA
AL FPsl7)o) ol2Fth 1978 11€0] OMAE 37I0% 4oz gy Y 3
A 4500mol REF FAAN S FFshe vlol AT 198495 ¢= NOAA
2ZRE C-C A W 150,300 km® o] @3} F7ol gt @FAL A7hdgich

t}. OMI(Ocean Management Inc.)

OMI9] 719& AAlS) UAAZS Awsta e 7hdthe] Inco AHF AEA
el
2z} Inco AHE 19709 %8 OMAS) XA Prospector55 lulshe] BA <
SALEE-S AlAstg o, e A Y vs atA] HASHolA= U™ A
Zoh a2t Inco Abs FA 249 s o B2 =85S 7o, AR
vl o) AMAl(dredge head design)t Bzias 3ol 814 2AME OHE 7] d
A% SAh EF 709U Zels dRo] FEI A4 ARriexy
o FArE stAeH, FEH AdS A A
Mrste] ole] g AIFALE 37IE S

Inco AH= 1975 590 529 AMRH, 2°ER IF & 3td d&2] 19

Ag 25 712 g4 RAbd A4 60dd FHeE AsE &

i

»
2
e
3
oo
do
ot
o
rX
i)
e
o

AN 71480 FAste FAFT DOMCO(Deep Ocean Mining Company)d 7
OMIZ  Agsdr. oF o= AFHAd  SEDCO(Southeastern
Commonwealth Drilling Co.)%= OMIol Zof sttt

OMI= B A 2Re Aon Algadd 433 Hzo] Ao Ydolnt
OMIE Al54 SEDCO-445%¢ 7914 F3AH-E Ab8-3ste] 1978 3del A3
°F 60 FUEHE FFstcHlal AEsiAn

HAEE S 599 AMRAVE FEsier, 599 2AM Valdiva(1971 ©
1978)¢} Sonne(1978% ©1F)7F A=A OMIE 84 8¥o C-C A Wl
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135100 km® W09 F7o] et @Als7dS NOAARRE A7MEstcth OMIE
A AT Y% GA S} i) 50 T 100 WiwtE AL S EX3 HAoew ¢
FA 1 el BEEe Fxp= 19809 o)Al o]FolzTh 90ddel S0 5¢Y
o] AMRE OMIZR¥ A43dct,

2}. OMCO(Ocean Minerals Co.)
23]= 189 Lockheed Missiles and Space Co.(8A= Lockheed and

Martin Co.2 ¥HAAL)E AMAE B/t e 25399 JAdrles 3

4
Ao 72 A¥-FEIr] AT A PO 60dW FHEEH WS
C

Aol BAL £ BRI ZALE gch 197090 ZelE B3 CIAZ A9
T SIS F2) Summarlrt FESGE AGFEAY ABAL FoAstarh

Summa AFe} AEFEAD S Aol m, HdARE A H=F
Ao} FAeg-E AW gz - Mxriso A FRE 53] A%
RolQet. olWl ZAMA Glomar Explorer 37} AZEAJL X 3= A
sloll m=te] 22 ake3 A8 Colorado School of Mines)ollA] #ztats A|AA
7 FREPE, olu M FPAeR AF-H FALS ISl
OMCO AAAIYL 1977 11¥€0) vj=e] 23| =a2F3 AF3AF Amoco Al
a8l yid@=¢] Royal Dutch ShellAte] x}3AFQ] Billiton B.V.9}+ 3fF x4
013 3)AIQl Bas Kalis7} &gt ¥ = At OMCO+= 1978d% 2ol Glomar
Explorer 38 AF4o=2 st op|ultit 27 F W49 JA7|E AHE3te] 7
e AFo] A ARAE Axsigod, BieH s Fgde tde A
st 2 F OMCOE C-C A w9l 165533 km® Kolel FFo it gAts]
7}4-€ NOAAZRE 7Pttt OMCOE Ald A FEALA Mo oF 120 Wk

B2 FAR Zdez <A o
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Ugda=e] AR Foibes Udd=rt sy A= v vjse Yok
o MHA ke HA HA FA ABAY Agel oFUE HE S
OMCOZHH S A&-& A53Ad. OMCOS A A TAHL wFe) =23

rlo
gt

1§l 50%, Cyprus Metal A} 50% =2 o] it}

OMCO+x== KCONe°] ‘94dxe] sjxlgel wal KCONS #FTo] gk dAzs o
=gkt old] mak OMCOE AAlA 7HE W&, dao 3rds Fo o)
& AIYE BR3A A

3. ok}
7h 4

YuAME 1975EERE SAN4Y Aate) FEBUANGT] AR
N SAEEE U] Astgon, o A8 T4dEs) BdEe F2t A
28 A NP BE WY 257 TR

RATAE AAA BYL AT U D29 ATAANLEAIAL

AR FH94 FaE FH3n dod, AR FAHL 7R FEFUA
o] 80%, 4871 W1zt71ie] 20%= =of Atk DORDE 87dxol MY Ful9
dx C-CA = F7o g SEFA/E Fo2M, AsA FYel Ao
A dES dESE V|Fo] HAth olgk WME=2 YR uzirIYdES OMIst
‘Mzl A E KCONAE FHoste] 71&Mde oM w=, shut, 5o
o) AAZTIER FF BEE FHeU|E sy

ANFA "] e AT FF2 2T)de 74dEe AYPHE AHAAFEAL

NEHIHE A2 FAH vyt QUERH 71&ATE2TE AN EA

[ﬂ
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2" A A (Technology Research Association of Ocean Mineral Resources
Mining System; TRAM)ol oj@E At AFAIAg 6 g |7 gu gL 54
Akl Al e} Aal71#Ql F71€ Y (Agency of Industrial Science and Technology:
AIST)o 23 Adwn lon, A7y gde A4 AFA2H, #44 9F
U (FrARE o M), F7194] QA 2" ] g, kgl i, ARz
A8 A4F 1A A, ASAAA LT T Fo] £FE] gtk TRAMS
BEIEHE AEE AMFA2dol T ADAA ZAGol F3ste] '0OEE7AA A
A=) ¥ (prototype) A2 EriAth dES TR FAFA 2T &8
Weg 2% nzgu] 2 2 Aws FAE ok Fo0dd A )
A 5,000moll A 2}FA F A2 H(pilot mining test) & FFEY AlFoluou, AlFALL
AL A4 A7), 4389 @A 'Tdx A FHY e WA 2,000m
oA e] oulAlE A AHPre-Pilot Test: PPT)9] 3 R % FA3 AL ol

PR AFMLRF A EAAJ] F2 AAH AFA2=P L u53n
Ak FHolvk, Y A/EeL AJA @A 2" HFA S0l A5
FA 29 25 7 30%0) BIHHE AL AR AAA A A RS W
A FEER 1AW AFFHZE AFsive AL AL YT

AR A FAFYFATE FTHAHZ Sy Ao, QB o) wWE o
AgEte 2 A NEEE o] ANFH o= 9%H
AAFY FAAAE dFHo 2= W-AFEFHE Al o, AFNEAT

9] A (source)T} EAMEZ B u FRFL o HAHo] Zsidn & & ok

JxEe 197797 H AHe Ade o2 =

PalSFATAae] FEZ AT T A
Pd2gd o] gt SgAIEE S AN Qon, e FAAJATE Hadn



Ak A= A7hEe 19819 Add iRyl A3t oy, A+
Mo MHo] AR ZRE AL

Qe BAERE AAABFTAR g2l FZTAH dE A7ML &%
< F£33F gton, '0dW o] Eo9lA = Bhubaneswerdl ¢ X% Reginal Research
Laboratory(RRL)eI A 42Ul A& F 8AFEF T o3 Frdy 200 kg

AR £ AN AAE ALY e SARE UHAYe] T3}
vz B7HE ALF I AFFE FE FHE F1 U
AFJAI2"  #AF A7 WEERYH FYUAIFSA A (Central

Mechanical Engineering Research Institute;, CMERD] 23] 351 Jed,
AA7A JAFA 2" AFAZ L BHEA(test basin) ol A A2, Al 1
A 4A3z2ARAZY Y (Remoted Operated Vehicle)?] 93 AZ 2L 23 E X A{e]
AEAE, B4, 37194, 23 fdA ATl i FEAME Sol olFA
o} =9 JAFALE L A4 JFAF 71AIA JFVIR o]FojA Jon, o]
o the Algel ‘el AE At 4 0melA A egoletn k.

AEE WA T2 viRol AAARY wopl ALl A AFHA =
7}olt}, A

Axx STdE ] JAxYd ey FFd dig NPT/ T5& oz

frAsidy FFAMA wE HAAA HAFATo] HU
o F =

FFe 7090 FNRE AANA FEAAA dE gAREES ITHAIYESR
Fstel gron, '8l FuzkA BlF Lol A F 200km’el o]z A de] Wit
AU EALE Al BEPERE 'WEAEZA TF BT AR AT PAEE S
C-CA QA ARt T 191 ¥ Er]HolA] JFF+ TF A
TP QAx, TFA AR Aol o] SWA MYPFATo] HATH
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Ndxole AiA FHE AF ATNLY 718 F 23, HYFAIRA S
dfrdl FANE 3 HAHoz FRuldRdALAT/NEE 3 (China Ocean
Mineral Resources R&D Association;, COMRA)7} @3 th. COMRAE &%
3 Zrhr1Bo 2 el (State Ocean Administration)®] ZH=S wowy =7}
¥, A ABYA(Ministry of Geology and Mineral Resources), 4434
(Ministry of Metallurgical Industry), 284392 3AHChina Nonferrous
Metal Industry Corp.) S22 E A7 NEAFTE Aol Fo AF-7]He] &
gttt COMRAE #zheayd AdAe 943 A7 awigAde +d3ia,
AL A, A™, &7, 28 Z1e 22A A BoF Tl g o/l a7
29 FF3AL Uk

FEL FTTE oF FTEVE AT AT E £ Fon, Bole F
2379 30%E T/E «lARolar gk AFRopAME HAZIA KA
frdal 2 7 AFAE, FFAH F FE 23 AP A% ZFEEAS
24, 44 FAF7iol At AP Altest tank) A JSAIE, ASA A 2H)

of g JiddT Fol AT AR EokllMe A4 R FAAE $Z =

=

A5 A Jleolde Wy R 82
FLFAQL $AUGR2ME, AFozRH 9 VEEe] v EARH &

g A 8% 73S FAsER, B doMe 7lEolde Y 2 e W
3 gt
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7b. 71&01de] A9

71gdol AYBE WA 71462 FEaHe dele AA W AL 3
‘nzuee) yJEEq ogke F A wol Ak ey 744Ee Ju
oz 3 vty m& 2 AAsE vlasEz 557199 AFAAE o2l
FRPAEGE A2 Yo slesd 883 921 9 cleks T kA
2 UrE ol S AMFHGT B 4 Yok o] B ANEEAR JelA ‘9
719 E¢' L 71EATEIEY YA B ‘z=r]ed AlF o] Hi, o
A% s1e9 Tt 2L ARA AFAA wE FlEol o] Ak

W, slgolHold Lol mE BH wal oAz o=z gtk
Brookst “71&olAE He5 slge] Azte BES Fahel Aas] e 3
oz Fostn AAHOZ A AsAhE Yol DPAA sjEgre of
Ax YT Uk) Kohler S “Z71zte] 7140 A0l 2ol o7 EE
Aol AAT A1 HBe TRl oA AWIAY LA BAY 4
Qe e ABE R olgkm Pekel2 slEolHo] wed olWE S1&e
AT £ e S99 odoldm WAL ou, FAAF FelNwse
(UNCTAD)OIME “A2e WAAM7 84 7HESel Aue) e st 4
A EE BABY FYUOD WY 71EAAR%e) ool MALT AUE
gEAtolel A o]Fold W o]E F7hgt 71$olA” ola: st AT

=

1} 71golde) THRL

Nsoldnge il BEE FAe T Aoy omd BHAe 2tesn

te-9 67 842 FTAHO )



AR, NAWFRZA Fo] olAHAET BACI F TAHA WA
5 ANBQZ EE BEA PAPAA FAA} EE =5HPAL B 059
A%t Seint.

A, NEAFAZA Tk AT Jee) BPAL 2k B B o
AT AT} RETh?

AR, AEEYHAEA F71 N1EATAZRE ol ANIB L 53

=712

WA, ol oA oAU YEe] AYE ojm Yoz AFARRE AS
AoA AgHE? F1EE QA dAMA7t BE JFTY FEA7?

OAA, NEFBEE2A FIEEE FrhA SdqN PEL ¢ de v ¢
A F E7E ARE AFR LY Fo g 7 O AFS ARE7] 99
Aerg ZFed Z2de ‘2¥d £85HE 7IZMimitation lag)’ 7 EARE
AAF ME=71e) AZE ART Fol BTl 48 | o £8P
Zol| £8 5+ 7]1ZHdemand lag)’ ©] AT

A, vlAE 8 4E E4AY] FFEdelth ol Zled ANAHLE FF
7] 9% =AY e wate Aoz AEIL AEI|E e FHefow
A71E Foeedol ngsiy wetA st gd REEE HRQ7ES A9
AAA 3] AL @A "t

FAZYe) 714¢ oS de NFs oyl Wk Tl szl
49 Flgeldel Qom TRy slgelde © FH wolxs FA sl&olH,
E

@ ZWE $£E249) pre-care$} after-care® UE 4 Q01 after-carew +UZ
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WES o ZH AH%, FAE =9-3190 AF, ZAE AR 71EAE 2
FAe) RARATA S TP ATk /A Gole Lo ¥
se) sl WAL Sluldte @ WA HEES w1 e T4 WA 1S
g A RIHL Qe =5-8% Fol At WA
54 - AgAGE - W - ARD - Ao o WA WEE WA Pa:
RozE w989 J1SAE - A YUAA} - AU Y Mojux - T
Z - 348 4EF AL So| Ak,

oleig 71golde WAL J1¢A Ao} BR BIAH AU BRI Uy
Ax e, 7148 Adel EHEA FAVLT ML A (UNCTAD)AIAE o2
e 7129 Wee J1FeR de O 7b54 AT, @ oAU Zl&s) Ws
&9 4%, @ AZFH, @ AU 4, © WA AY, ® 71&H
B FTA, @ AN Y AW 4G, ® AR, @ IAH AFLA
9 4 5 oEANE ERSL A% adm wYH AQY RFZA
Baransone 71&oldel ti4e BaH AN O AVLA, @ A¥AY, @
ARAG S AT $As7] A DALY 5 AMAR EFSAGD

¥, Davise 7]&olAd ¥XJEH= 714848 7|&ARAFEY AKX, A

fuc

F9 A8, FEF ALY, ALA, 71e899 7HAR £/ HAF
W o)AF BEE 71EA Ad BYH Ade] F A AAE FHEA =
%

7162 17HXE BHF33, 19773 394%E 19783 697X d=tol =€ 306
2 P $2 Jate] Zlexq] Ade #etsgthy a1 117HA
71E€S 1) B3, A8A¢H AAAE, 2) ZIeARAR, AAX, 3) ABirdy], 4) 44

)
fllo
e
=
2
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o

B BRI 5) 7EAFTZY 715849 6) 71e5dAY 7EnSFEY 7) EFAAAL
71 8) A4 71+ 9) vlolAI" 714 10) AFAMEA 11) AR Folth
71X 2P Davis(1977)E A3 718 AF S e
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NEFUZY AFAAL W AAT NG A2 Fob 2 & itk Davist ¥
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N1E49E IP3A B B ARG AFe] FE agn REFF o=
shlolal e sl 712 A9t uh0

wela] ZADGF AN L3 o) (UNCTAD)S} Baranson, Davis Sl 93 &7
H 71E84ES B W olAAVIES V& BHGAHNA dRE 72543
1&olut &-871&0] ohd AriEoln, V14 EAFTHAgME AA E 1Y
Eq471E2A 719 dol A" dfriseltt. Eg AF 2 TF7IE0] EFHE

orn Arl& Wk ol & 2 Hels B¥HE AvlEo] ETFEoO] D

30

)

W VeoldY B=

71Ee o ARE F3e] olHE 4 or ox AFMy HHo=w F3}
£ 71%0AY A2ZE g 2R 53 reodA el AFAHL It
g 71 AAAA Aol uFo] werE 4 Urh1

Z1geldY ArRe St wet AR ERHAY, ARHoR A7 F
Helol AL AR v1Eo) @l A A Aol g r]&olHelth1d)

>

A

fr

(1) X3 71&old
B7re]  Jlgolde dwroez  FA N Z(official  development
assistance)9] YO =2 o]FAH, 1 FME E3I| JeHFY AXE Jisd
Z(technical assistance)2}il 3ttt
O I3 NEazx
TH APz E ARALAMY FEALE 53 7Iolde FuEM F
22 FTFAREANAN Z2AER2 FAAsA APt diHoz FuiER

o] NEEYZo] Hu, ol5e 1&FS Felol vlotd sel YAE TaAE
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z4 - S guvoe MATo VY BAdYG. o AZE AAe) FE
7} o} Zm, vmA FrHA AUAY] B ATAA TE g FRAY|
o HXE 59 u@d TR s1Eoldo] LTHE Ao APsh

i

o] A 7|14 ¥ = (technical cooperation)o]etE 30y, b7l F AN agd=ze)

& FHEA ZIe=slse] JAFGH 2 B - 71EFE S FAAN Y] 9T wy
oltt. 7Z1&dxE ©&d MEA A& FUdnt O FHo] Y Aol
ol Hoh Fystan FrIztel ZAM ARHA, 245 ATAEY HFE 5L
PP dAAYTS FE FY SN an 2RAQY FHEORI AU
B, ARBIZPHARE O dide] =y, Adz3 A 7199 rlesEe 498
ook Feld B9 dvrd o)tk

(2) A Aol g 71&EolA

q7ldle ZlEolgte BGYANRANE olHATE oA, 71Eu oY

B AR, 39 5 TFT BPAVLLT o INTE AAAYEAY T Ahx
ARRRI Yow, 1 JdE FABENEAT, ARALY, HABYZ Yol
WA 42, 71ed) B, 7ledld 5 A7} ATk

K
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53], AzxTR, AX,
3 S 2L FHAAHA U AE4AS A E(oyalty)E W 71ex 0z
(licensee)oll Al A|F3e= 7lEolMAIkS T3}

Zhol A AlFE T ZiEolde ©1A ke A7IHQ uidA 719 A
E3 AR vie T8 FRelth. Ty o= Y reyAdEE HHo

2 ol el ATIHAY e HHo 7 oA S wiAs A9 ok #

o
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& AANNE A7 NEREF A&y FRBAV S 223 S
Ae 7199 72, AAEFE 283 7eFEd wet FoldiA vehdth1o

golalg Akl wE ZE (royalty)e ol Aol Fidke 7led &
&, 7IEE9AY V1e5E, 71E3FAN AAY Ak ue ARG
Teece?] Aol WaA FA7j&olHY 7ML 7I&F3FAL 71€0ARR, 7€
=d&te] ARBFIY 7149 A% (vintage) T Wl dckn FRRhAD

ZFolAAdE BT 7iEolddde AN =935 R 3= Ve
Al 2k (technology licensing), % < iAoz 3= AEA K brand licensing),
719734 dube] A} AViEe dHoR Ite 7 F@EA F(management
contract)® X 2}o] A (franchinsing) AIF T2 FEHTHIY

@ HAHHFFA

AP T AEFAL FRkEAY 52 FwelA ¥ #EVE
(managerial skills), 7)< (technology) Z12]1 A]&A]4l(marketing knowledge)®)
35S ¥E3e /Mdeln v

H YA AFFA A% 7]Eo)He ANITH MEFAM A M2 g
ol 2 AREE Aol Atk A9 EE d=AZIAMNC)Y BAL e MW
AAZ7LME A7 o]9E REE7] A3t GFATIYE T3 71E/E
Nz W Rolx low, MEIME tFA7Idd A% AP TV AH
A 5AAAE ASB olE Qe 3l AABAI Fotd sheAdel tishe
A2 v 3o g 7RALL QT

a2y e AAAPEAT Belvisd Y, AlREnrE, AGEAY

T T& T3} AEFA L-e ATE THE Foue J & A Fe= e
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® AL AF

Aol Wstglo] she QALY BRI WO BN, AFH AFE 2
ARRRA S BAE(by-product)olth. HZe] FAF ZAHA) wsle A9
2E FuAdd FAST sl JYSE ST AAH AAsIN BEA
Potoz BrIste HEBA 7L 43I 27eA n Aok AFH AFe
Bo] 8 Al AABAY FaMHAE ATFIZ/Y B2 Arled A
&9 s, ad1 AAAA S

Ausl, ZARE B 4 A oYAE LM &7 B Sz WAAH F
Asto] GE A T, ATNL, AAE AL 3 wuse AL %
2712k 2 71z A16AR vt A AR AFE Ug 2471 Yk

QS0 AL AFE o LA uA = FAE BHe e vk

A, A9 AP FHU ASH AR BN BHo2A, Arls, AT
R, AAE Al BE Ee TANE, leP L BATAC GE wrhig,
ARASR A 2748 vl vlg Se J1go2 SelF vgrdel B
JERAAA AF, FFY, YA, 7% D ok 52 ATHE AF
AL WMol UM DEG A, AL AAH AP dae ISR D
EQAIIS TAASAY obUT AEL 8 olet AR AFHA DED A
A, &3 ABY FLG ST WeAT Feoz AFs RAEY SEH
NFERS AEA d2zAE AR FA, P4 5 242 ojholr) $3W
nlo] Bobg & 4 Atk WA, & Agd Oig B2 A gus A8 7|
dSe AFH AFE AT LI A, A% 22 e Je D A
EZ 339 BaYS U AT Yol olo) ulg meueto R ASH A
#7b 22t

AFe) uE M@, AAdE DT 5 ALFAS B /A At
AW 71z FRBAES Bol Kok, A2 ABH AFE ARFAel A

o
b
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FAAEel B93e] 5SS AU FAEA g JdFRoKATAE,
AR, vHAR, A2 Sl ZH driFor JHARAE D= R 5o
TAHeR AR FHE B HA, 7I19E A /M Bel E8HE AF
FEQ) ZNEARFEAM, FEATNY, 2A FolAd, 5T R F o] VIEsAF B
Fo &30, FFATNLOIR AAFoIG A7I&e] ML Y3 E o) o
EUrt HEAAE 2 2E 2 o] $H HFEE 9A A7t s
o, AFZ2FAEA AAEF] AT @rie dEY Az 5xAFHow FYPse
Zo] BFolnt, wzt oAl FIHFTRE FAVIEAF F£E22A I
B4 A ARl TVEREHE A A(LCD)R oA At ol AP S
AZZ vk Aot EA, AIAFEA DA AFe ARl HadE, 7
HEL TF TTAY FFS 58 e AAE olFo] Aatul g RS H
izt gt

53] AZlEoly AAEFS ML 7o) olF P s Wrlde &g
BINERZE 4EFL BF, 7189 dF AaddAle &8 22 F A

A, ARFAAFEA 3T FEUY AR RS HE53= A: AFA
2o Ago|tt, TEZYQ FAHportfolio investment)ohs 2] xR aede] AlF
de FEUSC] AMZY ZHE Hdig A7) 8 dFd ARAF(Ea oA
g, 3F A7ML F) 7t FukEe Aol BEolth WA, ALAAe 2N &
du] g3t A Feu]go] BtiEte] Z]gEAte] oz FIEulr] dE e B¢
AFz297 R 2Ho T o YAyl Foss AArA Yol AN yu
At AR, BFAFZA Ab AFE AFs ol § QTEopit A
o]Fo|Aty] Roke AT, 22, A4, A F

o8] AT Bopo 2x EgHo g ool Ro] YurHe|th 1 ]
off EARorl TN FIBAL ol TolANAE, HAHeR Fye AFE
AR 2R Yrhe F4E Bk
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@ "7 (Turn-key) E2HE

By T2AE = AR A (capital goods)et A4 H] (production facilities), ¥
(equipment)St 7171 % (machinery), 71%# A4l (technical know-how), A&
(consultants)® #2l(management)5 2 71&9] #A7|AH1n & 5 Ut

Hy|zzAe 714 & @yF9 shie Hl&(cost)o] HIMTHE Reolth. ¥
A gAsA AARste] Q3 He Bl 71EEdAE v Ad7eE
AARYE 1F FrIeS 1EY £¥" AdAYY Qlolx 7t & U= F
He JIA T Qb2 SR 8% FAo| Auy Au|yt BE Zvte] 87
o ZE AL opth dE o] gl ulF e AAAAE vnH FH
3 ghol & Ay HAZIAE Aol AHEdTe THgstel AV | A+
7} wom = olgg 71&9] AFFIt Ahwtel 5l Wk A= &A=
2x oA =HAch @E olRRe] M7rEe nAEY - AYd7Hhigh-volume
low-unit cost)dB ¢l A$7t gom= oleig 7|52 dFPAA iR AR
g AAZ 3= A$7F goh®

gzto] Wt E Turn-KeyZ2AEES 7)&o|de] Fa3 $TO0F AA3}A
U A$Ut BAD, vFe] gZHsI¢dol £8F 26709 B ZRAES AT -
BN Azt oapbd HaHez A7 - 7|A REAXE 36%, 3% AFFE
A E 10%2] g0l MA TRAE] ugFd 7lFoldg e BE vEL
2 BARM  ol2F rlgoldd wWE ugL gl v NEEFE, 7|

£xgAe) Aol YWVSE poldum ¥ & A%

l

® IFAALEH
A A+¢] & & (international joint technical research)2 F2 AXIF Y= A

t Paugierel 71te g AR o5d HAFTUR(M - QL - 5 -
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Q- ol-7b- B)Tele TR, s, 9= S B3k Ad7]
39 2o JYPFA uk6) ol FAFTE YAE 71 58T AR A
A 8ol g g0y, Fox YAE 7199 7I&FFeHol nxdidor &
H2(+)9 AU A (synergy) &3S 7IHE 4 A Holth

O

2]

AMA el AR EFF NN AEA(capital goods)= T AA7E %9 7&S
WE3IL 7] WiZol AHRA Q] o]lF ZlEoldF YHT BA don AEx
ATE HE GAAHQ A ke AT, A=Y AVAHA EX, F AW
A4 A A= 7] £E2GA 22 A (export-oriented) 2] FTE 9} 3l
A 98 AAse RAolth

@ AAFFFI BAATLH3]

shtel AFAH s AHFAL B, F HAAFATANA Mz gFo R
Wk doam ZYAAIIEe) ARE AEZ ALd 27 YAE ou ER
719e AABAZ W AAATLE HAste] 71&e FFo Bnt HFHez
7188 4 Qi

ol ZI€9 AdRe UEHY W ojHANE ATV} A¥d BwaE o

Ao R A&t AAS AU Udenl 2vet Z1do] nj=z Az 9
EAAQL California®] Silicon Valleydl 273 2Z3 Aldles & A9 e ¢
7} € & Uth

71499 AR

Michalet®] F727 o\ OECDE Ao @raw 7]&Q3e JAE e &
8 oldAde] a3kt ole F2 FDV|EAM WTAe] o= A% A
Uz Hlad sl 2Esd 71 497 g



® 71849714

7148971 (Consulting Engineering Firm)-& Z34u]e] A4 2 olo) "Ug
T AP FAol B JheAd w4 2 O ARAYL FA4sE /1U9QE Ak
AZFE, AR, A/3F 594 2 EE3E 7goldd Fa7 A48
S 928

A6d HAAAFA7E GunAg

1. 71893k
AfAZUE FPH APz F87] YeilXe 89 A% QYL =
-9l oAWU3Ble) gRo] a8 o7 AL Jolrtol & 74015} ol ¢
e AAAFE 71/ D dg FUH Fols JAsn Bd Ay
& AAsE z3het FYo YAF 2 HZ(total approach) 2.2 7]&&Al

& A&HAA UAES slof & ot
olst 2L AARAAGIA 2EAEE 2ATel AolA Lel7t AeFsholor W

& test ol ANFTA Pk
7h AAS - Fd TS S WA FRe 9% 2AF Avan

S AaARLe] NeABALL AN 1SN LADe) 19 vlghe) B
satel, ol I JEANE S FAS TR dale STHATAT

R FAH APFAHED AT 71&NE8ES FH7] Asty AAE
Ho A=A FRsoF ot
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23 259 AARALNE BARE AATANFWTOAAY 715 o
2 AABSE EEE BS BAREC 2 Al wFo] Fa ARATFH S|g
q2e 2oan WA 2L FUFoN ML ojdn WX YAs|&
FRE AYFNES ofol & Zolo

oleg AgelA A A& Anel Y5 D FYolAE FAsy] A8 =
AZFATAAE AT FAsj0lo} Bk 9= HEJLY FUaA 2 FURES
o) SBAL Bus WA, 1 AT Brlucks 2d ol4e) Iz Ao
2 de Aol By wiEAs,

F9 AANARUNE di AIAY NS oo FAPTP S0
meh Wed WAL ng FoNA Qe 1LYSE AT A4S 249
Yrtot & Rl

AAA ARAE D WG] ATISeY Avrles AR 3] wE
o, AYAATEE A A5A77) N2 W Fee AFHD opHe 7|
£7340) AANBAA g AT ARA FPe A8 AA @k e
AAZS FAE AAA AB7IE D wAlsel TEALE AP oS
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Exol & Zolth, FEAAF F& ITA 53T olfd HARE ALA
71< (proprietary technology)®] 7%t ZAUE A3l Zo] uigsd & A
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e HEAA HEe) AR 4E 5 gokn B
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@ F4E8-AH(Buy-It Strategy -2 Commercial Strategy) @ 71&<9 A&
ot A=svt 4As JYd Fol "arleg T-Astsle 83 AFE
oo g},

® £A3A A (deferred-action strategy W intermediate strategy) @ NF
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4 71 Eoke TRLEEASE, &, 2 RSt ALH slseld A<M
A w71/ EAZIZE AFEHE V1ERole AAANLTHY &5 T
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Table 8-1. The SOPAC Member Countries and their Exclusive Economic Zones

= 7} % S A A A (k) EEZ A & (ki) S
Australia 7,680,000 4,496,000 17,000,000
Cook Islands 240 1,830,000 18,000
FSM 700 2,978,000 95,000
Fiji 18,376 1,290,000 737,000
French Polynesia 4,000 5,030,000 181,000
Guam 541 218,000 140,000
Kiribati 822 3,550,000 72,000
Marshall Islands 181 2,131,000 48,000
New Caledonia 19,103 2,100,000 152,000 .
New Zealand 268,105 4,833,000 3,494{300
Nieu 258 390,000 3,000
Papua New Guinea 476,500 3,120,000 3,600,000
Solomon Islands 29,785 1,340,000 325,000
Tonga 747 700,000 101,000
Tuvalu 26 900,000 9,250
Vanuatu 14,763 680,000 150,000
Western Samoa 2,934 120,000 163,000

¥ = 3d=4.



Table 8-2. Resources Potential of the SOPAC Member Countries

4
= 9 2 ANFE | A F | AFAUA | el A
AtFE
Cook Islands | wi-9-®1%F - &4 nE F-EA
FSM ujl -5 oF HeF | ofg-ulek LR REA
Fiji ol $-9-4 By 5 LR 5
French Polynesia Hiek Ry BEA g BE)
Guam ofg-wlek | whg wiek |wjg-wlek s 2EA
Kiribati FZEA Bl of HEA LR FEA
Marshall Islands | $-&A Ry FEA nE FEA
New Caledonia | ®"I-¢-%-% | vi+¥ef | BF LR FEA
Niue vig-Riek | Wl | REXA vy REA
Papua New | yosw | wg |mses| n% uE
Guinea
Solomon Islands | }-$-$-< Rk ¥ E e
Tonga o) -g-11 2F By 5 LR ol] "1}
Tuvalu =7 Hiok Wk HE REA
Vanautu RS Hlef nE RE £ 2
Western Samoa | wi-9-¢ | sj-¢RIF | FE3) LR ofj -1 of
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Fig. 8-1. Maritime Jurisdiction Claims in the SOPAC Area.
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Table 8-3. Maritime Jurisdiction Claims of the SOPAC Member Countries

ER 43 | H&49 | EEZ EFZ &% e %t;“‘s“o&%i? =
Australia 12 X X 200('78) | 200m/EXP | 10 Dec. 1982 | 5 Oct. 1994
Cook Islands 12 X 200077) X 200/CM | 10 Dec. 1982 | 15 Feb. 1995
Federal States of | 15 |« |200c88) | x x |20 Apr. 1991
Micronesia
Fiji 12 X 200077) X 200m/EXP | 10 Dec. 1982 | 10 Dec. 1982
French Polynesia | 15 | 54 | 200078)| x |200m/EXP| 10 Dec. 1982 x
(France)

Guam 12 X 200(‘84) X 200m/EXP X X
Kiribati 12 X 200(‘83) X X X x
Marshall Islands 12 24 200(‘84) X X X 9 Aug. 1991
New Caledonia |y, | o4 1900(78)| x |200m/EXP| 10 Dec. 1982 X

(France)
New Zealand 12 24 200(77) x 200/CM | 10 Dec. 1982 X

Nieu 12 X 200('78) X x x 5 Dec. 1984

Papua New | 1o | X 200078)| x| 10 Dec. 1982 x

Guinea
Solomon Islands | 12 X 200(‘78) X 200 10 Dec. 1982 X
Tonga 12 X 200(79) X 200n/EXP X X
Tuvalu 12 24 200('84) X X 10 Dec. 1982 X
Vanuatu 12 24 200('82) X 200/CM | 10 Dec. 1982 X
Western Samoa | 12 X 200(‘77) N X 28 Sep. 1984 X
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Table 8-4. Enactment for Maritime Jurisdiction Claims of the SOPAC Member

Countries
% 9 ¥ ¥ 9 ¥

. Fisheries Amendment Act No. 99 of 24 August 1978
Australia

Fishing Legislation Amendment Act of 22 May 1985

Cook Islands

Territorial Sea and Exclusive Economic Zone Act No.16 of 14 Nov. 1977

Federal States of
Micronesia

Proclamation on Exclusive Economic Zone of 11 May 1988

Fiji

Marine Spaces Act No.18 of 15 December 1977
Marine Spaces Act No.15 of 6 October 1978

French Polynesia

Decree establishing, in implementing of the Law of 16 July 1976, the
economic zones along the coasts of French overseas departments and

(France) dependencies in 1978

Presidential Proclamation No0.5030 on the Exclusive Economic Zone of 10
Guam

March 1983
Kiribati Marine Zones(declaration) Act No.7 of 16 May 1983

Marshall Islands

Presidential Proclamation No.5030 on the Exclusive Economic Zone of 10
March 1983

New Caledonia

Decree establishing, in implementing of the Law of 16 July 1976, the
economic zones along the coasts of French overseas departments and

i3
(France) dependencies in 1978
New Zealand Territorial Sea and Exclusive Economic Zone Act No.28 of 26 Sep. 1977
Nieu Territorial Sea and Exclusive Economic Zone Act No.38 of 30 Mar. 1978

Papua New Guinea

Declaration of Fishing Zone of 17 March 1978

Solomon Islands

Delimitation of Marine Waters Act No. 32 of 21 December 1978

Tonga Territorial Sea and Exclusive Economic Zone Act No.30 of 23 Oct 1978
Tuvalu Marine Zones Declaration Ordinance in 1983
Vanuatu Maritime Zones Act No.23 of 1981

Western Samoa

Exclusive Economic Zone Act No.3 of 25 Aug. 1977(amended in 1980)
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Fig. 8-2. Impiementing Procedure of an Exploration Program in the

SOPAC Area
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