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Occurrence and Intermal Textures of the Deep Sea Manganese Nodules
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LA 2

wztdH e o FHY L FHoE A LHAEE (ferromanganese oxide)©]
AEFBoly B4 5 FB% P4 0 £x vdFY) FALY 3UE olF
o ARl gtk widFe AFAHE F2 AFIHY ZHEAE ok &
Fata ok v 9o UM H-YAAEE A 3o AAY P&
ngste Aoy, ¢ A ARAL @ Wi fFEHOZ o} A @
2B 9o WRERALS #49 gy 2 4FEdS 458 & v

(Halbach and Puteanus, 1988).

wrje) YRxALe Sotoly AAANAIA BEG F 9k ANE 24% 1
Migel AN EE ARATAHANA BT F Ut AZHOE FRY 5
AT ANE A we AFAS] ga GFE £F $¥ol ANHYT (Sorem
and Fewkes, 1979; Halbach et. al., 1982; Usui and Moritani, 1992). v} ¢F& mj A3
g0 FHHoz dEH YHut Az A7 me By, Uy, F
g, o, QR B, T, T B, B, FA4 F 47 UE 2RE AS
3tal ok (Foster, 1970, Sorem and Foser, 1972; Heye, 1978, Sorem and Fewkes,
1979; Halbach et al., 1982; Kim, 1982).

E ATE ure) Azade aduTy ANE 243 nAz2AS 3 17
stel @ URE 7 AU EFeY 2 S4& AWung s

2. A7 R ARuhd
A7l AHEE ANEE EFUEYY S-S 8E dEUY $9 vt
BRG] 1998d AR-FAZIHES AHE AR FolA vlud 1 277 231
o] 7HA Pl AT ANZHE Hole A /Y ARE M3t
A AT 2 E B3t sAHE FAste G AEHHE BFINHALH, A
A ZHAHSBP)E F3te 3R HAZY ARANFFEE motstdo. ARy A3
AL G A AHEtdl A 8303 7] (Free Fall Grab sampler: FFG)2 A3 819
AdelA AHE ANEE Y, gdx3 ¢ Av|dz FE3Y9 AL T3S
P2 R Mol AxHA A EFstY AFAZ guksiath. A gl
Z ANge Y, ¥9x4, 27 € FHE VAT T AL dololEs F&
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o] g3t A7) whe} FEIT Add dHE At AXNHZRAE #F
33 ZANE FEIAL B3 o] ARE HE2AA AuiAE AZEd AxER
A3l ] FAghA A AF (Back-scattered Electron Image: BEDS £33l nA XA & @
st AAEnA L =72 AR dAT A9 CAMECA SX508 o] &33th

dHe WEEAL g d7AE g8 27 bg2A EREHAKH o5 ®
FHEE Faste] 8 g FrA el e 2REHES AAINAG. AAEA
Z A& FX4 (layered zone), It (massive zone) & T3 A (porous zone)Z T
23tk PlAEAS AAE v AZAA 259 iskEE geHe me 4
(columnar), 7 (cuspate) 2 I (massive) ZFoZ FEIHUT. "=z T4
(globulan =4 & Hou} o= HAgxAd] Este] E/FeATH

3. 43 4 B9

9 URE ANY 245 WAZAL @4 Leste] BRAY ofF AR
zANE Y= 7 Jdov 2F xAdge AAR JEVR et oo g g
o] XA FHZXAE Z+= F4Y (columnar textured layered zone), HAFZF A
Zt= 24 (cuspate textured layered zone), HAZAE z+e= ohF AU (cuspate
textured porous zone), F A ZA & zt= I (cuspate textured massive zone) ¥ I
NERAL zb= I Y (massive textured massive zone)e THA 7Fx|2 FE £ Q)
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FE=U%7F 0.05mg/m* o
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A3t B2 4FE EEd Hdoh =
A7t ekA AHCl glen, o AE Al g4 WRdstEsel A
ol gt 2 A& oA ke FL 2 4
7t 37 E gtk @Rl skl o] A o & R
A& BO2E At TFAtole] fhwrd FAbe] BA TN, HEH )
7 &3=g|% (Stratified Layer)?] ZAFA 4&" Azl o AY &
rEUxe W3yl A Foluy B2 AEE 13.95ky/md] ¥L FELUT =
Foll A Az AT diFd st tadFeR Hojge guxA S HAT M
49 g8 FEASE TAHLE UF, FT R ks
FHdle e dFgHo] FHH girh FAHEFTS Y| of

gel T 3
A = 2 A A4
A UREE 242 g3FdE didrste 548 Bold, WRAREZS AYUE
2A4UE FASY stk F A Abeld FUAREZE ¢ ALE G
7} l~mAEe FAE A9 AFag @de de gEd 2% wdd o
HEZ & FHE Ao o8 woig £4& Bk v AN E o -9
B E2e dutdl AAFRAE Mo, FAANESTY IALde W AL
ggzdoz Hol vy 8 F948 Aty de A= ES g2 T4
FEEY A TFHE HolE FHXAE HAth
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Fig. 1. Textural zone of manganese nodules, columnar textured layered zone (a), cuspate textured
layered zone (b), cuspate textured porous zone (c. d), cuspate textured massive zone (e),
massive textured massive zone (f).
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