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ABSTRACT : Internal textures of manganese nodules from C-C zone of northestern Pacific ocean are
classified into five textural zones, such as, columnat-textured layered zone, cuspate-textured layered zone,
cuspate-textured massive zone, cuspate-textured porous zone and massive-textured massive zone. Vernadite
is the main constituent mineral in the columnar- and cuspate-textured layered zone. Buserite sometimes
occurs in the cuspate-textured layered zone. The cuspate-textured massive zone is mainly composed of
buserite. Todorokite is also associated with buserile in the massive-texiured porous zone, where cuspates
and globes are partially replaced by massive texture. In the massive-textured massive zone, todorokite,
buserite and birnessite occur together. The analyzed elements of all zones are classified into four
elemental groups by the cluster analysis of correlation coefficients, such as, Mn group, Cu-Ni-Mg group,
Fe group and Si group. Mn group consists of Mn and K. Cu-Ni-Mg group consists of Cu, Ni, Zn, Mg
and/or Ca, Na. Fe group consists of Fe, Co, Ti and/or Ca, P. Si group consists of Si and AL Each
textural zone is composed of three or four elemental groups. These four elemental groups are correlated
with mineral composition, such as, Mn group with todorokite, Cu-Ni-Mg group with buserite, Fe group
with Co-bearing iron-oxyhydroxide minerals, and Si group with silicates.
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Fig. 1. Photographs of samples and sites for BEI photographs and sketch of sampling sites for XRD analysis.
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Fig. 2. Back-scattered electron images (see site in Fig. 1). .

a) Cuspate-textured massive zone of sample A0l (A site). b) Columnar-textured layered zone of sample A0l (B site).
¢) Columnar-textured layered zone of sample A01 (D site). d) Cuspate-textured massive zone of sample A03 (C site).
e) Cuspate-textured porous zone of sample A03 (A site). f) Cuspate-textured massive zone of sample B02 (B site).
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Fig. 2. Back-scattered electron images (see site in Fig. 1).

g) Cuspate-textured porous zone of sample B02 (C site). h) Cuspate-textured layered zone of sample BO2 (E site).
i) Massive-textured massive zone of sample B02 (F site). j) Columnar-textured layered zone of sample B02 (D site).
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Table 1. Mineralogical compositions of each textural zone.

Zone Layer Sampling site* Mineralogy**
Columnar-textured Quter layer A0I- 2 bus, ver
layered zone Middle layer AQ1- 3 ver, (tod)
Inner layer A01- 4 ver
AQ2- 7 -
Cupate-textured Inner layer B0O2- 5 ver, bus
layered zone B02- 6 ver
A03- 2 bus, ver
A03-12 bus, tod
Cuspate-textured Outer layer A01- 1 bus
massive zone A03- 1 bus
A03-13 bus, bir
B02- 1 bus
B02- 2 bus, (tod)
Inner layer A03- 3 bus
A03- 5 bus, tod
A03- 9 tod, bus
A03-11 " bus, tod
Old nodule A03- 7 bus, tod
Cuspate-textured Out layer B02- 3 - bus, tod
porous zone Inner layer A03- 4 bus, tod
A03-10 bus, tod
Old nodule A03- 6 bus, tod
A03- 8 " tod, bus
Massive-textured Middle layer B0O2- 4 bir, bus, tod

massive zone

*  See sampling site in Fig. 1.

** bus: buserite, tod: todorokite, bir: birnessite, ver: vernadite.
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E AAHu B4

i o tiste] 2AYER
Aol FH B9} B2 N ARE 1#3}
H(Table 2), Mno] &ao A2 i)
(43.7 wt.%), HF22 FAU40.6 wt.%), F
FEA FHUES9 wtn), FEEA I4
(31.9 wt.%), F4=32 F4U(23.8 wt.%)9]
AR ZF ZAY7} Fo 8 AolE FHAH(F=125.57,
P<0.001) Z4&3le AgS Het)h Fed &
Tz %—%ﬂ%(lS-Z wt.2%)7t 7 = A4
Z24 FTG10 wtonet A Hdd.42
wt.%)7} AR, A thEE (.61 wt.%)
o Az HAFT0.39 w7t 7 e A
MY 2Eoz FEHUKF= 189.97, P<0.001).
Mn/Fegt-> #dz2 #(487.8)14 71
£e 3he A, 324 TeARes8t
Oote oz o, AAZA IAY(19. 5), =
A FAU(19.4) B FAEE SETHE43)
= AR frof3t i@l%— HolA| ereTHF=21.85,
P<0.001).

Table 2. Average contents of elements and analysis of variance in the each textural zones

Cuspate-textured Massive-textured Cuspate-textured Cuspate-textured Columnar-textured
massive zone

massive zone

porous zone

layered zone layered zone

Zone (N=137) (N=40) (N-99) (N=T6) (N-97) F ratio**
Aver., DMR* Aver. DMR* Avér. DMR* Aver. DMR*  Aver. DMR*
Mn 318 D 4371 A 4061 B 3588 C 238 E 12557
Fe 442 B 039 C 161 C 510 B 1520 A 189.97
Co 025 A 004 D 011 C 023 A 016 B 34.87
Cu 105 B 120 B 126 A 079 C 048 D 39.82
Ni 157 A 107 B 141 A 108 B 050 C 36.49
Zn 016 A 008 B 017 A 009 B 008 B 3526
MnFe 1954 C 48783 A 9581 B 1937 C 443 C 2185
CutNitZn 278 A 236 B 284 A 196 B 106 C 4077
Sios 479 B 67 D 346 C 438 B 883 A 6332
AbLO, 204 A 125 C 281 A 229 B 296 A 15.94
TiO, 068 B 008 C 022 C 093 A 098 A 53.18
MgO 312 B 201 B 362 A 309 B 215  C 17.67
Ca0 193 B 112 D 175 ¢ 192 B 204 A am
NarO 159 C 245 A 207 B 126 D 158 C 2111
K20 074 C 115 A 101 B 066 C 050 D 46.83
P,0s 007 B 000 C 003 C 004 C 030 A 59.92

*: Average contents are expressed in an alphabetic order and “A” represents the highest content.
The same alphabet denoted no significant difference.

* 1 P < 0.001
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Fig. 4. Mn/Fe vs. elements diagrams by electron probe micro analysis data of the cuspate- textured massive
zone (<), massive-textured massive zone ([J]), cuspate-textured porous zone (V), cuspate-textured layered
zone (A\), and columnar-textured layered zone (+).
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diagram by electron probe micro analysis data.

1. Poorly crystalline layer in the columnar-textured layered zone,
II. Poorly crystalline layer in the cuspate-textured massive zone,
M. Poorly crystalline layer in the cuspate-textured layered
and porous zones. ‘
. Crystalline layer in the columnar-textured layered zone.

. Crystalline layer in the cuspate-textured layered, porous
and massive zones and remained layers in the masswe-

< =

textured massive zone.
VI. Recrystallized layer in the cuspate-textured porous zone
and massive-textured massive zone.
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