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Abstract This study employs various observation and analytical techniques including electron microprobe analysis X-ray di-
fraction (XRD) and ICP-MSCAES) on polymetallic nodules collected from the northwest continental margin of the South China
Sea. The analyses indicate that the cores of the sam ples are made up of quartz, illite, albite and chlorite, whereas the shells are
made up of MnO,. The samples are rich in Fe, Si and 2 REE and they are poor in Mn Cu, Co and Ni. These samples
show lower ratios of Mn/Fe. The characteristics of the REE (rare earth elements) show higher contents with more than
1472.30X 10 ° in average. Heavy REE (HREE) depletes relative to the light REE ( LREE) very obviously that the latter is

19.54 times than that of the formen and shows distinct enrichment of 6Ce. The elements of Fe, Mn, Cu and Co change obvi-
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ously in different ways from the inner crust to the outer. These characteristics show that the grow th of the nodules has been af-
fected by the environmental fluctuations and the change of terrigenous sediments. In this condition, Fe, REE and Si are enrich-
ment, but Mn and Ca are dilutedness. Elements correlation of Mn— Fe— (Cut N1 X 10 suggests that the origin of the sample
may be hydrogenic. This study comes to the conclusion that these nodules are dominative due to the special environment of the
marginal sea which includes the geographical condition and the oceanic environmental factors.

Key words: polymetallic nodules; geochemical characteristics; causative mechanism; the South China Sea; the northwest conti-

nental margin.
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1
Fig. 1 Morphological features and inner structures of the polymetallic nodules
1
Table 1 Minerals and major components of the polymetallic nodules
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3 ik e Table 2 Major components of the polymetallic nodules
M ? T Qs o @ B TFe  TMn  Ti0,  ALO;  Ca0
L5k 2 § 2 2w £ s = NHI1  17.32  10.87  0.81 4.74 1.36
M - a : - n i NH1-2 17.27 9.6 0.74 4.29 1.34
. A«MW‘L NH13 _ 12.31 13.77 0.52 5.88 1.43
3.0kp Q N
Q 3 MgO Nay0 K, 0 P50s Si
sk 8 Ta o 52 b ¢ ¢ NHEL 1.8 2018 106  0.64 /
' 1T B %32 = § & NHI2 164 232 0.78  0.66 157
\\w_"LJT Lo ) - NHI3 2,49  2.18 .32 0.49 13.05
v n f
& 3.0kp 7Q
2T Q3 Q Qe 3 3 10 ®
1.5k} 4 2o ® - ,
' - <3 b= s Ry Table 3 REE contents of the polymetallic nodules
AN - - o
WMM La Ce Pr Nd Sm  Eu Gd
=)
3.0kr ‘_3 20 NHI1 175.65 1431.16 30.89 129.47 24.70 5.76 27.50
£ E M 5 Q QM 5 NH1-2 177.73 1247.28 32.14 131.32 25.28 5.84 27.93
1.5k 8 2 w = = © NH1-3 87.45 603.28 16.34 64.17 12.01 1.49 10.55
= w @ = 32 5
R 7 =z = Th Dy Ho Er Tm Yb Iu
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Fig.2 X-ray diffraction analysis results of the polymetallic 10?
”
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Table 4 Trace elements of the polymetallic nodules

Hf Ta Th U v Y Zr Nb Sr
NHI-1 8.59 0.15 61. 10 3.96 340. 06 73.52 451. 81 54.24 874.02
NH 1-2 7. 46 0.04 44. 48 4.10 210. 24 66. 43 454.71 40. 33 846. 40
NH 13 8.40 0.00 58. 10 2.97 214.74 42.49 329.19 25. 86 634. 39
Pb W Zn Cr Co Ni Cu Ga Ba
NH I-1 1768. 62 19. 54 33.91 22.09 64. 45 269. 00 36. 06 20. 22 13%8. 50
NH1-2 2051.64 7.97 59. 82 19. 41 56. 17 215. 05 24. 61 17.23 1216.99
NH 1-3 1484. 81 15. 25 10. 22 23. 14 43.39 434. 06 35.25 25.76 1133.92
5
Table 5 Some elements relationship of the polymetallic nodules
Mn Fe Mg Cu Co Ni /n TiO, Al,03 P,0s5s CaO
Mn 1. 000
Fe —0.980 1. 000
Mg 0.997 —0.972  1.000
Cu 0.690 —0.436 0. 634 1. 000
Co —0.763 0.924 —0.809 —0.059 1. 000
Ni 0.998 —0.969 1. 000 0.643 —0.802 1. 000
Zn  —0.969 0.848 —0.948 —0.847 0.581 —0.952 1. 000
Ti0, —0.860 0.975 —0.89% —0.225 0.986 —0.891 0.709 1. 000
AL O3 1.000 —0.959 0.998 0.673 —0.778 0.999 —0.963 —0.872 1. 000
P,0s —0.981 0.993 0.942 —0.538 0.873 —0.991 0. 904 0.972 —0.985 1. 000
CaO 0.996 —0.987 1. 000 0.790 —0.904 1.000 —0.994 —0.902 —0.995 —0.99% 1. 000
6 2P
Table 6 Comparison of main elements betw een the different samples
Al A2 A3
Bl B2 B3 B4 B5 B6 B7 B8 Cl C2
TFe 17.30 17.30 12.30 3.73 4.32 6. 60 14.50 17.60 16.30  10.40 4.10 8.01 8.23
TMn 10. 90 9.60 13.80 29.10 32.90 29.10 23.90 19.30 22.00 23.30 29.90 25.50 25.00
TiO, 0. 81 0.74 0.52 0.47 0. 40 0. 69 1.72 1. 45 2.57 1.21 0.36 0.77 0.49
AL O; 4.74 4.29 5. 88 6. 00 4. 67 4. 04 3.25 3.98 2.08 4. 47 5.10 5.20 5.58
Ca0 1.36 1.34 1.43 2.00 2.10 2.25 3.05 3.08 3.88 2.31 2.57 1.92 2.30
MgO 1. 84 1. 64 2.49 3.87 3.73 3.00 2.24 1.90 1.73 2.68 3.08 3.74 2.90
Na,0O 2.18 2.32 2.18 2.96 2.81 3.36 2.35 2.27 2.30 2.18 3.48 3.53 3.02
K-,0 1. 06 0.78 1.32 1.69 1.52 1. 00 0. 80 0.75 0. 64 1. 09 1. 04 1.37 1.42
P,05 0. 64 0. 66 0.49 0.51 0.49 0.52 0.79 0.97 0.78 0.59 0.51 0.61 0.58
Si / 15.70  13.10 3.93 3.25 4.02 / / / 5. 66 9.56 5.49 6. 67
Muw/ Fe 0. 63 0. 56 1.12 7.79 7.62 4.42 1. 66 1. 09 1.35 2.23 7.28 3.18 3.04

Al= NHI1-1; A2= NH1-2; A3=NH 1-3;
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Table 7 Comparison of trace elements between the different samples
S04-1 7168 MID24 MID21 7034 A202A INDIA-1 INDIA-2
Cu 31.97 20 508. 11 1754. 80 1202.18 5459.09 5459.09 10 446. 43 899%0. 21
Co 54. 67 309. 04 5 804. 58 8041.14 2743.44 2743.44 348.61 153. 39
Ni 306. 03 16 801. 93 5832.62 4933.93 8 771. 61 8 771. 61 9435.98 8480. 07
Pb  1768.36 284. 80 1544.75 1812.36 590. 63 590. 63 370. 61 500. 89
Ba 1249.80 280. 44 932.53 1945.39 1578.43 1578.43 300. 74 9. 40
Sr 748. 94 630. 90 1315.32 1673.10 801. 74 461. 44 575.25 469. 51
Nb 40. 14 21. 84 44. 82 84.28 37.38 12. 86 27.71 15. 32
Hf 8. 15 4.32 8.23 12.49 8. 87 2.94 5.91 4.51
Th 54. 56 15.13 16. 41 49.17 31.90 2. 64 18. 61 32.76
’ 5 ’ ’
Fe.Mn.Cu.Co , ,
’ ’ -
9 2
Fe.REE.Si ,
, Mn.Ca /
Ma ’
3.3 3.5 mm/Ma(
, 1985) , 10~
8 2 ) 1. 7 Ma .
6. 15. 38 mm/Ma,
7. 1 ~3 mm/Ma ( , 2007; ,
2008),
. TMn/TFe ] ’
O. 737 ?
6.48, 1.51, 3.11,
TMn/TFe 3. 70, » Mn/ Fe 0. 73,
. Si 14. 38 %, (<2.5); Mn—
5.51 %; ALOs. MgO. Fe— (CutCot+Ni)X 10 s
Cu.Co.Ni , ¢ 4,
) 318.35.4 34.4 , ;
H
4 ( ., 2005) :
9
K
9
b b
b b
¢ ) ’ s ’
) Fe.2 REE.Si
Fe ’

Fe
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