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MEGERPEHLFELLHFRAHS
#,#2 0.10 % ~27.73 %, Bk MnO 1 ALO, 2L
Bk, 4 BiiE3E 27.73 %F 10.25 %, KK FeO #
Si0,, A B2 4.79 % 4.4 % KAELHNIT

Fabric of manganese nodule and detritus.
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Table 1. The chemical composition o manganese nodules
in the Gejiu and Mid-Pacific seamount (CAD19)

o MRESEE  CADY L1113

] &E%2) BB B
510, 15.97 16.38 48.36 9.04
TiO, 1.46 2.39 2.20 1.10
ALO; 8.09 1.25 10.71 0.27
Fe, 03 18.69 18.14 9.22 1.39
FeO - . 1.1 0.95
MnO 27.08 19.16 0.50 0.55
MgO 0.43 1.3 5.1 0.65
Ca0 0.64 3.7 9.83 50.35
Na,0 0.18 1.54 2.81 1.1
K,0 0.62 0.72 1.49 0.49
P,0s 0.64 1.04 1.57 33.00
€0, - - 0.80 -
B0 :5.?6 33.95 4.53 1.00
it 99.11 99,45 99.96
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3 WMEXE

NS T T (ICP-MS) 4 7 30 R i
BURNAED, EAMEEETE(E3), B
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HEATLR(S Y \Ta Zr HETiNb),, T E
(Sb.Bi As)FI3E 4T & (CoNi.Mo) K F & B/
FRATPEBSLESBETHETEYE. BR,
MRS PR TER, ¥R V.Zr Hf Rb. Sr,
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Table 2. Electron microprobe analyses of different lamellae in Gejiu manganese nodules

&% Bds B-RE BokR B=HE BERR BEAER BE

Ce,03 0.07 0.33 0.06 0.21 0.13 0.38 0.07~0.38
NiO 0.04 0.11 0.12 0.20 0.10 0.12 0.04~0.20
MO 66.55 41.19 .51 38.82 54.83 51.16 38.82~66.55
FeO 0.6t 3.2 1.81 .71 2.51 5.40 0.61 ~5.40
Ne:O 0.00 0.02 0.00 0.10 0.00 0.00 0.00~0.10
K0 0. 0.48 0.36 0.17 0.11 0.04 0.02~0.48
ALO, 2.53 12.78 9.64 10.37 3.82 6.27 2.53-12.78
Ca0 0.34 0.75 0.32 0.68 0.59 1.02 0.32~1.02
MO .00 0.55 0.39 0.57 0.15 0.00 0.00~0.57
Ti0, 0.02 0.4 0.08 0.34 0.07 0.05 0.02~0.44
$i0, 0.18 4.58 3.73 4.36 0.51 0.49 0.18~4.58

A¥E AERERARLEFRFV RERCEERAALRZIEHA.

AGGEBRUHRTRIIHER, x40 B.FeMMMTER, x300 C.MuEHMHIER, x300 DA NESHER, x 00
2 MBS FeMn Al B FHEMTER
Fig. 2. Results of electron microprobe analysis for Fe, Mn, Al elements, Gejin manganese nodules.
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%3 P EZESZERBITR I (wp/1079)
Table 3. Trace element analyses of Gejiu manganese nodules

e No.1 No.5 No.8 No.9 No.10 No.12 No.20 214 TR FHE
i 5 En HK BEM HEW KRR 9,3 11 (CAD19)
Pb 41331.01  38921.58  39172.90  39455.89  35284.87  27621.13 359.80 31735.31 825.95
Zn 1131.34 2953.50  A4B.71 2391.13 2983.34 2218.07 543.45 2107.79 423.91
Cu 272.15 1307.86 1368.64 1004.83 1208.34 1673.28 257.16 1013.18 1440.51
Ni 73.48 122.84 173.52 149.58 166.31 272.19 184.28 163.17 2519.50
Co 217.43 70.27 78.60 82.36 72.87 82.01 180.09 111.95 3269.92
v 26.81 395.18 410.41 410.77 381.81 496.90 265.73 369.66 363.61
Sc 14.08 5.2 17.85 13.65 15.75 25.14 25.03 18.10 0.9
G 70.96 4.7 2.24 33.15 41.31 30.38 62.56 =~ 44.19 7.93
Ir 137.38 111.9 112.26 108.67 55.07 152.13 137.25 116.39 437.59
Hf 3.87 3.4 3.30 3.18 1.69 4,70 4.52 3.53 8.67
Rb 88.28 36.74 32.76 35.92 47.84 29.62 67.49 48.38 10.00
Sr 32.27 62.38 46.1 4.4 50.03 36.49 482.05 107.71 834.80
Li 28.79 42.85 4.81 37.55 46.80 9.36 83.75 55.84 2.53
Cs 6.74 5.55 4.89 5.59 6.80 6.32 10.58 6.64 0.54
Ba 533.76 617.53 680.65 769.62 783.56 1043.84 5075.01 1357.71 1145.71
Ta 1.09 0.68 0.67 0.74 0.28 0.89 1.06 0.77 0.88
Th 9.51 10.92 11.36 10.78 10.65 14.65 17.67 12.2 17.70
U 14.80 21.86 19.06 19.93 19.50 18.82 7.82 17.40 8.35
w 13.05 85.30 71.29 53.71 55.93 56.57 184.64 74.36 43.93
Sn 2.64 92.95 51.92 51.84 35.71 35.26 18.47 4.11 9.16
Bi 18.79 9.4 37.49 31.28 32.37 18.63 1.58 27.05 31.30
Mo 11.82 70.55 65.42 63.21 60.92 58.52 43.%9 53.48 21.16
Nb 15.68 8.97 8.7 9.57 4.3 11.48 14.15 10.41 43.74
As 522.89 815.05 651.75 678.91 723.44 353.58 251.31 570.99 134.12
T 16.66 14.75 16.82 16.23 15.44 18.46 14.89 16.18 120.50
cd 14.73 55.04 55.21 58.48 58.20 39.91 13.37 42.13 2.89
In 2.14 4.54 4.21 3.19 3.39 5.33 0.3 3.29 0.43
Ga 110.44 190.51 197.74 192.64 184.61 24.23 235.70 190.84 142.27
Ge 0.92 1.37 1.34 1.41 1.05 1.01 2.08 1.31 0.97
Sb 440.04 102.01 8.9 83.49 88.72 51.82 332.61 169.37 44.13

SHEA FENERMRCEHART RERAEEZFERLRE ICP-MS 4.
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£4 FHBHRLTRIFEE (0p/1076)
Table 4. REE data for Gejiu manganese nodules

#5 F# la Ce Pr Nd Sm Eu Gd

Tb Dy Ho Er Tm Yb Lu Y ZXREE

41.80 9.47 2.37 9.5
73.23 17.41 3.74 15.13
91.39 20.62 4.72 18.61
68.19 15.2 4.27 13.56
9.61 18.39 4.09 17.24

1  EBE 33.64 10.91 11.18
5  EIT 51.26 240.73 17.74
8  #/K 59.79 254.79 21.58
20 EK 70.13 305.23 17.79
9 HEMN 72.07 246.17 21.88
10 E#EM 61.43 214.16 21.35 85.59 18.58 4.19 16.76
2 HEWA 76.71 276.83 31.75 131.55 30.86 6.67 25.81
H{E A IHF H60.71 238.86 20.46 83.05 18.65 4.29 16.66
19 CADI9 160.15 758.4 34 145.46 30.01 7.3 35.14

—

21.55 36.84
40.17 447.74
48.41 501.59
44.83 567.45
53.73 555.4
48.31 502.27
54.31 687.53
44.46 542.69
94.51 1226.26

3.36  0.51
5.83 0.76
7.19 0.97
5.58 0.78
5.78 0.82
5.66 0.84
10.16 1.38
6.2 0.87
14.67 2.33

1.32 7.72 1.36 3.1
2.13 123 2.2 55.95
2.72 159 12.73 17.65
1.9 11.14 2.06 5.83
2.41 3.14 249 6.72
2.4 12.8 2.4 6.83
3.8 21.87 3.8 10.44
2.41 3.56 245 6.74
4.72 28.03 5.67 15.37

0.54
0.88
1.12
0.9
0.94
0.89
1.48
0.9
2.31

YT AL . R AR BRI E R ITT R F ERE KL RE ICP-MS 4.

B3 AEELEEM CADI9 G2 &R LR

Fig. 3. Chondrite

normalized REE patterns in Gejiu and CAD19 manganese nodules.

£5 A IBEELH CADI EE B AR
Table 5. Comparison of physical-chemical compositions between CAD 19 and Gejiu manganese nodule

% B A~ B3 F H

CAD19

RAEBHEART

FOHR
KA, 885 %

ALO, 8.09; MO 27.03

Mg0 0.43;Ca0 0.64
Na,0 0.18;K,0 0.62

S REE 542.688

g% (%)
BiTRETER(%)
BELRTHER107S)

BEREH AEER BE1~15m

WHEY , BRY , h&T &7, FHE, 8
BAE HEE, RkE, A, BEAA, 854,

EEBEE, EEEB AR 10~20 o

BEY WS ST, AR, BEOG, fk
\,98%7F

AL0;1.25;Mn0 19.16

Mg0 1.37;Ce0 3.17
Nex0 1.54; K0 0.72

> REE 1226.261
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WY K G RABBLNERD, T BB R
S REEENFPTRERBEERXBRS K
PRI
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SURFIE R 25 MM i SR IE A IR R 45 B 4
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EAHERORAEER ZAR EER . AH

R EFRASILAR RS AR,

T BEERTHBLITERIERS
CADIS BHES BT —5 ABEES XK
REHESS], MHEERB LTRGELRS
W H LS HRERAEY R L TESTH
JEHHBIALEDE Ce R Lu 4,

WP AEEETHBTE, SR V.4,
Hf.Rb.Sr.Ba.Ti.Te-Nb.Y.Th,W.Cu.Bi.As.Ga %
ABH5HATHERE L (CADI)ELE B P BT
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ganese deposit in the Tangganshan region of South China [1].

PRELIMINARY DISCUSSION OF GEOLOGY -GEOCHEMISTRY
AND GENESIS OF GEJIU MANGANESE NODULE DEPOSIT

ZHANG Bao-gui, ZHANG Zhong, HU Jing, FU Ya-zhou, LIU Shi-rong

( The State key Laboratory of Ore Deposit Geochemistry, Institute of
Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China)

Abstract: The Gejin manganese nodule deposit in the Quatemary system placer is situated at the top of the cassiterite-
polymetallic sulfide orefield. This paper further deals with the Gejiu manganese nodules in the following six aspects: (1)
Geological occurrence; (2) chemical composition; (3) trace elements; (4) REE; (5) mineral association; and (6)
conclusions. The Gejiu manganese nodules are of marine origin in a strange land, and they were transported and later
deposited in the Quaternary system placer. At the same time, systematic studies were conducted on material composition
and trace elements of manganese nodules ( CAD19). The relevant data from the Central Pacific Seamount are alsop
resented. REE studies indicated that the REE patterns are similar for Gejiu and CAD19 manganese nodules. The REE
pattems of manganese nodules are characterized by relative HREE enrichment and remarkable negative Eu and positive Ce
anomalies.

Key words: manganese nodule; origin of manganese nodule; cassiterite-polymetallic deposit; geology and geochemistry;
Yunnan Province



