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Tab. 1 The X- ray diffraction data of the nodule
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Fig. 1 The infrared spectrum of the nodule
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Tab.2 The SEM analyss results of the nodule(Wt% )
Si0; AL O3 MgO Fe 03 MnO Ca0 K>O NiO
29. 58 9.22 — 4.8 2. 80 1.50 1.54 —
18.16 6. 66 6. 60 312 58.37 1.46 2.58 2.67
67.97 16. 19 — 2.66 0. 68 — 7.67 —
34. 67 8.08 — 6.53 1.17 0.28 6.20 —
20.09 8.71 7.9 15.75 45.01 1.84 — 10.9
6.21 — — 16. & 66.99 3.81 0.23 1.79
24.74 6.24 3.1 10. 93 31.54 1.40 0.52 0. 16
20.35 4.79 2.3 16. 8 35.42 1.29 — —
18.22 0.75 — 27. 8 45.83 3.54 0. 06 —
43.67 15.59 3.04 7.09 17.73 0.93 3.99 0.32
65.83 18.25 — 3.36 3.8 — 3.95 —
Mn Fe . Mn Fe R Mn

Fe

6— MnO»



422

31

2.4 XPS

CPS (% 10)

XPS
5.0

4.0
3.0
2.0

1.0

6.0

50eV,

R -

MnO+MnQ; 0

3
<

G36.0 638.0 640.0 642.0 o644.0 646.0

1.80

1.44

—
=

1.08
0.72

0.36

0.00

705.0 707.0708.0709.0 710.0711.0 712.0713.0714.

6.10

4,88

3.66}

2.4}

1.22

0.00

852.0 853.0 854.0
#aikev

2

855.0 856.0 857.0

Mn(a) Fe(b) Ni(c) XPS
Fig.2 The X— ry photoel ecton spectrm of the nodule s

Mn(a), Fe(b),

Ni ¢)

6— MnO2

0.45eV

B

XPS

,Mn MnO
Fez04 Fe; O3
NiO,

,Fe Mn Cu Co Ni

H20

Fe Mn Cu Co Ni

3.1

B

Cu Co

MnO»
, Ni

)

Mn Fe Ni
2)

, Fe
NiO



4 : 423

6— MnOz; , ) s
6— MHO2 B

3.2
Fe Mn Cu Co Ni

) ?

CC (Eh= 450mV) (pH=
7.9), OH™
(Halbach et al, 1981),

3.3
CC , CC
OH™ s
86— MnO, Y- FeOOH
( , 1999 , 1998)
3.4
, 6~ MnO, Y- FeOOH s
, 8~ MnO, [ MnOs |
(Crane, 1981), \ Mn* Cu* Co™ Ni*
) [ MnOs | ) (Usui,
1979), ,
§— MnO;
4
4.1 , R
6— MnOy;
§— MnO2
4.2 ,Mn MnO  MnO, Fe Fes04

Fe3(2, Ni NiO  NiO2



424 31

4.3 )

4.4

. , ,19%8 ,29( 5)
458 —466

\ , , 1999, ) ,30(3):321 —325

,197 ,84—110

, L1992 . : ,2—58

, , , 1993, ) ,24(6): 571 —576

\ 199, CC ) ,27(4):
405—413

Burns RG, Buns VM, Sung W o al, 1974. Ferromanganese nodule mineralogy: suggested terminology of the principal mar
ganese oxile phase. Geol Soc AmMeet, 6: 1 069—1 071

Crane S E, 1981. Structuralchemisry of the Marine Manganate Minerals. Unwersity of California, San Diego, 56—61

Halbach P, Hebisch U, Scerhag C, 1981. Geochemical variations of ferromanganesen nodules and crusts fran different
provinces of the Pacific O cean and their genetic contiol. Chenical Geobgy, 34:3—17

Piper D Z, Riley J P, Skirrow G, 1984. Oxidation state of marine manganese nodules. Geochmica et Cosmochimica Ada, 48:
2 347—2355

Potter R M, RossMan G R, 1979. The tetravalent manganese oxides: dentification, hydration and sructural relationships by is
frared spedroscopy. Am M, 64:119—1 218

Usui A, 1979. Nickel and copper accumulation as essential elements in 10A — manganite of deep sea manganese nodules. Na-

ture, 279:411—413



4 : 425

MINERAL COMPOSITION AND OCCURRENCE CHARACTERISTICS
OF POLYMETALLIC NODULE IN THE EASTERN PACIFIC OCEAN

FANG Yin- xia, JIN Xiang— long
(Key Lab  Submarine Geosciences, State Oceanic Administration, Hangzhou, 310012)

Abstract Based upon the nodule specimen ohtained during the polymetallic nodule resource survey of the eastem
Pacffic Ocean in 1988 and its information, this paper used modem techniques such as X— ray diffraction, infrared
specirum, X— ray photoelection specirum and scanning electron microscope, analysed the mineral composition and ek
ement occurrence characteristics of the nodulé s core, laminar part and taxitic part. The results shows that: (1) The
nodulé s core almost consists of clay minerals, only contains a few manganese— iron minerals of low crystallinity. The
crust is composed predominantly of manganese— ion minerals. The laminar part mainly consists of §— MnO,. The
taxitic part consists of 6— MnO, and birnessite which has higher crystallinity. (2) The main metal elements in the
nodule exist almost under the oxide condition, such as Mn appears as MnO and MrO,, Fe appears as Fe;O, and
Fe;05, Ni possibly appears as NiO and NiO. (3) The main formation of the nodule is mainly controlled by physical
absorption of the high valent Mn and Fe oxide/ hydroxide colloids, and the influence of the physical chemistry and b+
ology functions. (4) The crystallinity of the manganese~ ron minerals & mainly contwlled by the reciystallization and
other petrogenetic functions during the long growth process.

Key words The eastern Pacific Ocean Polymetallic nodule Mineral composition Element occurrence
condition
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