"The Sea. Journal of the Korean Society of Oceanography
Vol. 4, No. 4, pp. 323—337, November 1999

offt

B9 S5 27 AF(KODES) Ao siAw A3}
REC SR

A3, e, A 18R, EAE
e dd T YR - ZIFATRY AT
ka4 AR AT

Characteristics of Seafloor Morphology and Manganese Nodule
Occurrence in the KODES area, NE Equatorial Pacific

HOI-S00 JUNG, YOUNG-TAK K0!, SANG-BUM CHI',
HYUN-SUB KiM' AND JAI-WOON MOON!

Geology & Geophysics Division, Korea Ocean Research and Development Institute,
Ansan P.O. Box 29, Seoul 425-600, Korea
'Deep-Sea Resources Research Center, Korea Ocean Research and Development Institute,
Ansan P.O. Box 29, Seoul 425-600, Korea

5% HBY $34181873 97 (Korea Deep-sea Environmental Study, KODES) X gollA sjA A&} wzhds]
TE 547 BAE Fetar] 93 o2 UM el(Deep-Sea Camera)®t FG 54 EAL |(multi-beam side
scan sonar, SeaBeam2000) 55 |83 BY AF B Yy RE S AFHA A Heez g
KODESAY AW E¥AM s woz A%44 e 54 ¢ AZes FAHT, dtzos ARsAT
FRHLR(ES] FAAGAA) vl A AFAsLE vepdn). olgjd A FHsle 10008 ol2e HY, £
GhRIg Zolel A §o2 vehis, BB Y AR 72 £50 BE Ao A, AFHHFA AT A
T HHES Ay, e old mE Bl HHEe x23 Lo we Axz gadd. oy Y W
T U EX SAHdE S vX A7AY U0y B¥) 84 A Aye AE Add. §, 99
B AFAGQAe L YDA 7t 2R - B¥SRe wba AF Az 4% FEAYOE 9¥ WA Es 3
iyt dehbke § B 540 Bysit. olgidt dxke Wriade ¥t 74, B3 HAES g3, HY
TF EE &% £H3Y 5§ dU% 29 we gtk 1E BIE JERE, odd oud 2
o] 43 dAd=E Yty PN Fgaty, FFHo2E PG AW AFRF £Fo] WidHe] Ry &
Aol 9FL vlFZ o AZtE). 3, AFAY F gl FF Qe ¥ 3~4 km E& IRE BHE A
Folx, olHF AR HFARL HEAMGEE WFos A A AFy NG Foz A

Seafloor morphology and manganese nodule occurrence were studied in the Korea Deep-sea Environmental
Study (KODES) area, northeast equatorial Pacific, to understand their relationship. Study area is composed of
three elongated valleys and hills with about 100~200 m height along NNE-SSW direction. Valley region is gen-
erally flat. However, hill region is very rugged with big cliffs of about 100 m height and small depressions of
several tens of meters depth. Tectonic movement along the Clarion-Clipperton fracture zone, consequent for-
mation of elongated abyssal hills and valleys, erosion of siliceous bottom sediments by bottom currents, and
dissolution of carbonate sediments on the abyssal hills below CCD result in the rugged morphology. Manganese
nodule occurrence is closely related to the morphology of the study area; mostly rounded-shaped manganese
nodules with about 5 cm diameter are abundant on the flat valley region, whereas irregular shaped nodules (or
manganese crust) with less than 5 ¢m to about 1 m diameter occur on the hill. These results supports the pre-
vious reports that nodule abundance, composition, and morphology are variable both on regional and local small
scales on the seafloor even within some abundant nodule provinces depending on oceanographic characteristics
such as bathymetric features, surface sediment type, sediment thickness, and so on. We suggest that such ocea-
nographic characteristics affect interrelatedly on the formation of manganese nodules, and tectonic movement
of the Pacific plate ultimately constrain the nodule occurrence. A potential mining place in the KODES area
seems to be the valley region, which is elongated to the NNW-SSE direction with 3—4 km width.

323



324 385

M OB

AR AN FTEIeE FHe UYes 297 - X
e B% 49y SSE-2d9E F9d A9 (Clarion-
Clipperton fracture zone, C-C A|9¥) A HE ARAZE £
A Bk Ae R W ohE)l HaA HUHErg ¢
sk 9ol 8 4 vk 2 B9 C-C Aol B3 AR
S W] A8 FXprheel 98] 53] Be] J5HUAT o)
5 odiejulz Bisle] dulele A ggty, @A 4%
kg uio] 5188 SEH FHALE FEA717] 94 geA 52
28 AdFor FAHS SrhPaul er al, 1978; Tilot,
1992). SEUEe SEajgaTArt BeT AsiA 7 Deep-
Sea Camera) A28 0|43 2 JEE S g2, olg
T AEe s g WrkE A% Y S g9g
=2 B8 48 AR seviel, 1995 v F, 1996,
1998) oFA7kA] okt AFoAM olE ARIAEE &4 - BT
=R Folny) gET}

Y, AEiAE AFL Pidde] By 2 Ao UHE 9
o] 2t} I 29 A AYelle 7Y s 2ds
2 Exsied v diAEY Jdde £47198 widsst
2 A& " chPiper and Blueford, 1982; Usui e al, 1983; A,
1994). ©)21 42 FdL SAE 83 G Aeto) =, U
op7k At} i AEEFe 3%, 54 XY WaE O
aqlel B§3 Alolth(Piper and Williamson, 1977; Cronan,
1980, Frazer and Fisk, 1981). S8, 2zicts) 2ads, 24, 4
B & yhdy) YEgert 58 A9 JoME F9 F2 9
A R FEF WS RItHUsui and Moritani, 1992).
ol2]d W3} PFe S4IH3MHalbach and Ozkara, 1979; Pautot
and Melguen, 1979; Craig, 1979), A2 HE9] A7 == A&
Y4 (Exon, 1983; Aplin and Cronan, 1985; 3 %, 1990), ¥
% BHEY HFA(Usui, 1983; Usui er o, 1987), 83 2%
(Moore and Heath, 1966; Calvert et al., 1978; Craig, 1979,
Mizuno er al, 1980) E& £ FHEFS FAUsu and
Tanahashi, 1986; Usui et al, 1987, Usui and Tanahashi, 1992;
Jeong er al, 1994, 1996) 5 v}¥st 8203} o] Qe AL
2 Bydn ¢, dWkEoZ AEAHE dids] Fesis Ay
i) gloy, 3 X9 YolMe g3 ws) 3A 931, A3
gHo2 T P del(steady state)E 7FY37]o) R Ngog
22157] 4ok, 1994; Jung er al, 1998). 22 & |74}
SAEY Wbz g2 sy velly, ol gidse] B
X 2 F534 dslele 43E Ao &4

2 d7dre 84887 9 (Korea Deep-sea Environ-
mental Study, KODES) XgollA 4siA7 etz #49% sixd
ARLE ARG AFAA B4 - dATgess Yridale] B
Tob AYY BAE w8z, oyt B A B4 33
A zdagld dis 2R g

X474 2

E5HEF C-C A Aolell A7 Ly A7Aq

A

TQE - Apd - WIY - BAlS

KODES A9-& %%%7 4% (Benthic Impact Experiment, BIE)
AR AEe Bxoz AME F9ojt}. KODES A9L d=
A8]9F(Korea Deep Ocean Study, KODOS) X 9% 71& A}
29 oAs] Yo B Uyt 22, F9d XYL o7
gkl Auyl 2881 ¢ Ao d&HE A9eE AAE
ei=g ’

WA DL 1998 6~7Hol AA AU, 131°10'~133°
50' W, 9°50'~10°30' N Afolell $iX)8P(Fig. 1), &AF §49
AXE Fg 1o} YeRd uiel 2o A3AYS oF 2,500 km &
=ol= SE|HYFL (East Pacific Rise, EPR)0] &A1313, &
FAY Bz Fete]e F9d(Clarion fracture zone) L8|
G&Zo= olgt HiPF Ugoez FIUHE FE(Clipperion
fracture zoney’} AL} A7 AYL C-C AGF &Y &
B E g Broh s ot 39, ApAge Ay
2 9F 4900 me) FAE Ho|x, 4L AFXY FHOIAM A
22 7hdA golAe g HUtkFg b

C-C AY Aol 2 Ad7AgE $4H0E HRie Fd4
Y, 283 gFde 43FdVrt 2X3e ZeE BRIdEY
(Hom er al., 1973). 28 471G 34 HAHE HIAGL
T2 HEEo] AujFelzl sht BF) fAs A 9, 10, 11,
21904 g4k EHEE A2 ErFig 2). B HEHELS 1)
< waEe] Yx, AR EFe ulFE 2N 4 HHEE Y
At 74 HHEL URE A9, AEFEGFE A V)
ol Ho] F1§ 2uelo|Es} §471499 YEolE), A FH,
A A3 £E vlA 9] (micronodule) 28 74 E
o] ATHEIYE, 1996). A, APRY QA2dX BRI
(Carbonate Compensation Depth, CCDye EZ3f|5olx HE7]
4 HAE FFo] AY T g AZsFo] <3 oF 4,500
m oo $1x]3th(Seibold and Berger, 1996).

BEeHgY g352 ) o2 diEHed, & AT 2
¥ EZ(Clipperton Formation), 2 3o} wl2#| AL (Mar-
quesas Formation), 2|3 #H3hEd| UL TF(Line Islands
Formation)©-.2 FAHY, Ftde A Fo] EAgtH(van
Andel and Heath, 1973). S8IHESE A 3| L8 F&
Hed, HAE 22 vlo|oA 2718 Mg d#FE Aud,
WRE 25 m ol3te] FAE o]RX, FE WAE AU 102
ulgte) By 2 B4R AE(zeolitic clay)gE TsiH, 97
=PMe FriCook and Zemmel, 1971). 2 ol &8
A T2 2, B T QARM Zo| ERjsketl, &
A2 2 g3 AYrt 23 - &8s, FAE 50 m ol3tolth
FHEZ] Hsioe B4 2 d4 Ex e gday
Zo| Yehled], HEXAGA o] Fo FAE 200 m o3
@8lch(Halbach er al., 1988). wiEAALFLS LA 7]
~alo] QA F712) ABL IAY, @AY ¢ wWotew 74
o] o}, o] & 30-360 me] FAS Holn, FErt W
B, WAl 3 T= ZAg g, RIEESS ZHESY
7hed &3 fAlehY, 2318 A E(chert), ¥t Fol YERdT
o] ZoME 4 IS5 3 FAY ¥ T 49 A
w7k AgLEel wi=glo] E(dendrite)’t FEH3A S4EET
(Bostrom, 1973). o] & 25 m AX9 FAE RolA%, C-C
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Fig. 1. Map showing the study area. A

towing line of Deep-Sea Camera and
multi-beam echo sounder is marked in

13" 10w the figure (lower).

A G M= 10

aveE W NS4 A gelA ol
kg/m? ©)&t2 RTh(Fig. 2).
2~4 cm 271 AV B

me AN YHE 7 AR A3 e Wo) TAE ¥4
24 we A7 BRRAL Hole A9t wMsDEIRY,
1996).
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Fig. 2. Photographs showing the seafloor features of the study area arranged on a chart of water-depth variation along the towing line with
towing time (GMT time). Towing time was added one hour to the GPS time marked in the MDM system. Phase numbers below the figure
are explained in the text (see result section). All the photographs are arranged with phase number. Numbers of the LED data chamber display
in the photographs represent GMT time (hours (00—23)-minutes (00—59) in the top row, and seconds (00—59)-date (01-31) in the middle
row) and altitude (00.0meter).
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1996). &3] a7, F4EES] BVEE, AnBIpREE S| Mz ¥ W

3 BEEY ANE ANAES] EF EHS RS HEA

U FalE 9 54E U2 3908 84, 3% HAEL vo) ArAY ghaks FHGATFR o] RV 2FEE olF
2 A3 A4 &4, e TRY SRV HEE AR ol% s, o] ARl AsATHEE nFEs 2 Aol AgE
g oy &R, 12|l e HHE BFE 2o "ol v RE A gxEo] Aok A7AY sAE G4 BS5o] Ale-
AE E4 § 1 ¥EZE KODES A9 giRie] gdeld | AsiA7iels vl BenthosAtollAl Al 2Heh AR, oA
WA CHE S, 1996). o] Hxj mol¥ =YY (Tow Slad, 2X1xX 1 mys] A= 3 7F
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Fig. 2. (continued)



38 B35 - TG - A - A - A

-4700+
E 4Phase8 ) Phasel0 ol Phasell
£ -49004 /. Phase? ., h ~~
Q_ -
& 1 —
1]
"5100 1 T T 1 T Y H T T T L 4 ) 4 ¥ 1
9:30 10: 00 10: 30 11:00 11:30 12:00
Time
Phase 8

Photol7 (09:22) Photol18 (09:23)

Phase 9

Photo19 {09:28) Photo20 (10:42)
Phase 10

Photo21 (10:58) Photo22 (11:18) Photo23 (11:33)
Phase 11

Photo24 (11:36)

Fig. 2. (continued)



Bt e 2R BA 329

=
o
ol
josl
w
2
19
N
ot

47007 Phase13 il Phase5
— Phasel? ase ase
E — S|« >
8 .
‘5100 T Y Y Y T 4 T T T i i ' 1 ¥
12 10 12 . 40 13:10 13:40 1410

Phase 12

Photo25 (12:12) Photo26 (12:18)

Phase 13

Photo27 (12:44)

Phase 14

Photo28 (12:54)
Phase 15

Photo29 (13:24) Photo30 (14:04)

Fig. 2. (continued)
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Fig. 2. (continued)
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det 2 TV 7H2he 38l siAde) deE s 7158
F A A7 real-time) SIAE P4 HE AL} o] e
A 2" 2F A=), 93], AlolE(Tow Cable), 33 (Tow Frame),
34 9 A wE7)(Multiplexer (MUX) subsystem), H|t].2
AlEE] AR Al=Elo R o] gt 5EE AR A
Hel A7 HlEe G dike A7 Be dAE A7 704
o8 #9g¥ A21(35 mm photograph, el ARk 800%HeIt).
ARz et AMEE ARIZIOlE FEA AR S RS
oM #5 LF(Nikon) 28 mm A2V} FakElo] glom, ARy
290 Kodak plus-X pan film(100 feet, SW)S )23},
iAo A AT A Ay SAS A 1%
(altitude, H)9F 58 AR 712 (P1), AZEP2) 2717 BAE
ZFzb P1=0.93XH, P2=0.63XHe|t}(Benthos Inc., 1992). M,
HANE AtE B BE AR (%) AR ST
st WA E A EHe] AAEE AFEIL Sebg o]&sle] 4
g Zrolrh.

dalAzidiels 8 9% BE Aframed 0)83to] Ko}
slarab], AX]o] Z4AJYE A4 17 mm Ao|BR MU 2~
10 m A=ZE FASTEA 2AMAS] o}F(1~2 knotell Wt ol
- ZHEgt. AE7Rs Fdl 4L 7,500 melth AR U
it AN AR I ARE 722 SfAES 2
B ol Zhashas 94 AA2A71= 283

A FE Wkl A SAEARE SEiA AEFANEE]
(EA-500 =4, SimradAhE ]88t} o] vl 12 kHzthe
Fo GAG AMEE, 102 2HHoE dHolErt HEEH, o
50 m Zol9] AL T & Sk o]gA H5E $4 2}
E 28] KONMAP systemol*l H<4¥ Global Positioning
System(GPS) ¥ A A S+& Marine Data Management(MDM)
System®] °J8} ZA¥H(mergeyd F AREHSIUTH TG AT7A A9
F97 AFHAE 93 FIPAHEH 7] (multi-beam  echo
sounder, SeaBeam2000 =4, ODEC*hHE A+&-3}3th. o] )
= 2809 9 BT sale] SR FAE 9
o AR WEE A UE, AR AeE UeE
ZAM Eo s RoR AabEo) gl o] 717] FE ¥
el HAEAAge 2k oF 7,930 meh 7,950 me]i, ol&
Sk 92 12 kHz oW, 20 HA9] 46 FAlAd g 920
o] S4I7HE 7RIS A, diEFEQl A gAb £4S 10,000
mo|t},

Hres S dedes wide 54 53] o9 dF3e A
A O™ (Wilson, 1960; John, 1967; Medwin, 1975), ©|&|&t
o] 548 FAlEE AYAFL] FAPY 28 AAbAR] ALt
of j9- Fa3t B4 ALt € wEbs £ wige) uE &
& BA4E 98] XBT(Expandable Bathy-Thermographys $-8&
sslen, % . Mg ANEE AT 448 olgs)
of 2 F Sde] FAR B AR AFAEAL, o] AFE
& oA AA ARl diE Aeste] BgE AEE g5
Atk

A7 oQE o AN Ayl YT & gl3 o
ol Heke] Fmlel] $iAjehA Hrt webA Asizeke] YXE
ZAMd Yehd GPS 91X|9F YA s AL Bubedlw, o

of

vghs AR o N7k ARHE FaL AR 3 ok 22
kel delElE Zow AMNHEZE 5, 1998), & A7 ©]
Az} gl A8l ARE sasdt & B A A &
718 BE MDM A7 AlEceabde) AR GPS Alhe 9A
AENA AR W grolrt,

WAle] B4 e ZriFig. 2).

1 SAI(4:30~5:30): 44] 308 FE] SA] 308 Ale] & 1A
ol oyl XH o g, Photos 1, 290 vheEld mpe} Zho] Wl
7} sjAlel] tigrs] wo)] ¥k} Wity BE UnE o
7raz) s AEe € gle wAnE e W 60% o)de
o s AZideke) et ZhzE 41 m, 52 m |22 AR
7tExAE2E Z42b 3.8X2.6 m, 48X33 mE AL o
Fslo] Wity A718 AMRPE Z717F 10 ool o2 &
w7 Bo] B8 ThPhoto 1). ¥FH, Photo 29141E 5 cm
ojate] Yutxl Zrle] Wity who] #AFHTE 194 T #

30%e] ApRlol vl w7 ¥ Photos 1, 2¢9F

Ae) GAkslt), Bz AUE € s HANE 60%,

] Bt #2E 5 cm, WEH9] wet densityE oF

228} SPE A, 1994) P7hAT] FEETH(A)=(4/3)X3.14X(0.25)°
X 10%ecm*X 2.2X 2407} /m*X 35 kg/m’= AAFETE

2 GAI5:32~ 5:46): 1TAIeRE 213 thE o] vehhe,
Photo 28} 32 28 Alojo] A3 A E--3lar¢s A7
gho] FAl ofel £Trt oF 12%EQ g IHd
o o]E3 Age & 50 mY) I W¥ido] Fds vEth
Photos 3, 4] VERd ule} 2ol 1~2 m e & Wojg|Eo]
) o)E WolgEe ¥4 27LE HojAE §h, opwt

[

o

£ 10 L

i

&

49 Ao Azt 3, Photo SelAl= Hid

A BRI, AR SYFl 84 HAHgo] =EE o] #Ed
Al BARA

oo
ol
Ny
oy
L,
Ol
e

r
i)
:N_L
o

I

el Bslal ik B Eo) &35 das
1997)2 g uf o] Aol HHEL B4ty FH
Hog myd AR Az

IHA (5:48~ 6:02): 1A} FATSIAl 1A el Wzt
awse Bgsltl Photo 690A41F 10 cm o9l BlwH & %
2heta) Eo) @EEL Photo 7oA 5 em o8} Wy )9
st #2 k)

4 A (6:03~6:08): Photo 80 e nle} 7re] EZFE9]
LAY AZaF 28] HalEo] Uk 5t FeE Helrh
5% ok b= o8 4514 542 oF 100 md] L VA
I 9= Ao AAETH Photo 89 ol 9F 20 cm 3]
E7HA7 #EEn

L
o
o
=2
2
b 9
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5 GAI(6:10~7:44): 2 A7 3089 o2 71 A7F
FEE 5 AN E wHE U&{hﬂ?} 4~5 kmoll 23
3} glo] #EAHEY. ¥EAoR wWidy] Wt dhshs 3
Aot AAH o i ‘k%_* = & 93}
Fob Wl EU(60% HAH)). Photos 9, 1ol E
718} AXMAE EEEF o] #ayct
AL 4dAl el o] silEe] ARl A A)slkiy ojr]A
v E8] HAEE Ao, AAMES] A EHES ZEAA U
et A3z =)

6 GA|(7:46~7:49); Photos 12, 135} Zro]

o] ok 3EL =

- e el

S 0% Mg

ol 5
1~2 =
o 4B BE B4L 2

2.
L

)

el =2y
50~100 moll AA viERdTH dsiAsdEE o2l

FA olefdt A wiio] 33] Igt AolE Ho) 52 1T
o g9e] ol HY 5 m A=E FAHHED, o3 HHe 4
Aol veld iAW el thEa, REEQ HHE &
3 EE %491 AR EHelvh ¥ Aol wrinkdrt so
Ast SdstA g veldtl Photo 139 vl T e
H71% 5 em AEO)|AWE Photo 12914+ 10 cm )49 B
g Felo gy wart A

7 @A (7:50~9:20): Photo 14, 15, 16o] Yt nlel 7do)
gy REUTE vl B (50~60%2 HAH]), o2 %k

Ao 5%74]-‘4 v"}OP‘ﬂ oF (AIZF 305 = 4~5 kmoll ZAF =
W3l glo] A&dr) siHHEe & 22 ¢lo] Haslt}h Photo
1500 oF 20 cm 2719 913 Wz7raE s vehlsd| (784 o)

Al w13 £9), ol#8h £ s Photo 120049} ol AW
Fol vkl v sl GA BaEE Aotk AAA
S8 TA EANE Photos 14, 163 7o) 5 em o)t #2719
WA ol e- dHE 283 4o BEEsiy], AMEE
gq *Szh: u}o{ 34.711—1;1\;](

8 ©A|(9:22~9:23): ©] YAE oF
A A YeR=d], Photos 17, 189
Algk FAFsHA siA o] 2k 24
Photo 179= #7kas Brhe w7iz
o] siAwd] 988 Hel2 vehdod. Photo 1891 A7l 10
cm oPdola EFAS EG A wzidknEo] Ay ANEd
e, Y sRREelE WibaE s 2EA veldr) ofgl
W] S 71 4, 6Ale] Ve Aafel gkl

9 A (9:24~ 10:54): Photos 19, 2001 ekt ulel o} n
7 REEEE 40~50%] AENE 2 olgd dS
TEASH AR oF IAZE JE & 4~5 kmoll 23 & W3}

| #4¥h Photo 199 AMAEC] ARG 7]o] T
Aol AwslA verdtl Photo 202 wl-$ 2HEA A E
RAF(TE 2.9 m), AR 5 cm 279 LeHyF MHat
VERELL ] AR A Bl E| 27h wEx)o) glgo
kg

2% & 50 m Az 4
ek mhsh ol 4, 6%k
8 398 v,
ol7iziz }_ F/H U]—;’Vq—p;}_

«
T=

o
il rlob ¥Q v o

o X

16 SA(10:56~11:34): o] TA= 2F 308 2 05~1 kmoll
AA A&He, ﬁ%@_&% gy Rl wr) YokPhoto
21). Photos 21, 239] 7% wzidky ¥& AT 10% ©|319

mla

WANE 7HIg WWM?P HAHS G Sl WANE 10%,
B W 2718 4 emPt sh IR BETHA)=4/
3)X 314X (0.2 X 10°em* X 22X 407} /m? =3 kg/m*= AlAbe T},

B4 333
Photo 2241 & 0.5~1 m Z7]e] BAE, ¢4, e M
22 Holx & dojglzl #FdT 10 WA E Aixog
gy REuwst wRlvk #e A)7REotels oha] ek
—?5“257} Z7}sl= A% 937, Photo 59 Zro] ¥k EA

2 AddE g sAZe] meld A% vt Photo 23
W-‘é MragEoe] AHLR Eolrle RS B 4 vt o
Eeo] #A7)E oF 50 cmE F4¥c
11 A (11:36~12:04): Photo 2491 vjehyt
o9 =5, olefgt OU% 5,
ok 3 S5~1 kmol] 24 &
7rd Bl A€, Photo 24 %
A

) awlr wo] ke

Bz e
e

;q“l“?:e

12 SAI(12:06 ~12:18): Photo 259 YErd nke} zho] A A 2

Y FELARsE 10% olske] A2 2o Photo
e B e LR 20 em o =719
b Bl pREg AREFECl Photo 26904+
Photo 5011~)~%9} o) BHAMY EAER Al7EE fe] BAEo)
AW wEEo] o] HFET

13 BAI(12:20 ~12:52): Photo 2700 Vet nhel 7o} izt
3 REUTE 60% Wele] RHuR wig- =3, oH T it
5,7, 9, 119AI9} FAITE oF 308 & 05~1 kmoll 4%
Hg} glo] w7y FEebdo] fAE. 13%HA)
7191 Photo 260 WrERG vl o] tiE ezl hd A
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THUsui and Moritani, 1992). Craig(1979)
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7180] A% FEX (abyssal hil)olAE 4719 EA4S Ad
Wiy TEEE AEH, v 4719 MR FEdUR
HEEo] 9 AP LA (abyssal plain)olHE £4971492) 7
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beoth () & 3. Detailed bathymetric map of the

study area around the towing line. The
map was charted by multi-beam echo

sounder (SeaBeam 2000}, and the tow-
ing line is along the center line of the
multi-beam chart.
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Good place for mining Poor place for mining

Time (hour)

memm CG-type mmmm :F-type - :P-type

Fig. 4. Schematic diagram showing the characteristics (manganese nodule occurrence, seafloor morphology, and surface sediment) of the
study area. G-type is characterized with flat morphology, high nodule abundance, and consistent nodule shape (rounded), whereas P-type
is with rough morphology, occasional occurrence of calcareous surface sediments, very variable nodule abundance and irregular nodule shape
(see text). Good place for mining is composed mostly of G-type areas, while Bad place for mining is alternating with G- and P-type areas.
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