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Fig.1 Location and characteristics of manganese nodules

A—Location of manganese nodules: the starting point from Qiongga Village to the pasture; B—Shape of

single and botryoidal manganese nodules; C— Inner structure of manganese nodules

(original sample width is 26 mm; the number in the figure shows analytical area of EPM in Table 2.)
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Fig.2 Geological section of manganese nodules—bearing strata

1-Black manganese nodules—bearing silt slate ; 2—Shattered silicite ;
3—Shattered basalt
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Fig.3 Stratigraphic sequence of silicate and basalt

(The left where the man sits is basalt; the right is silicate. )
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Table 1 Major element analyses of manganese

nodules

FERL TR RS % RN

Si0y/107 15.65 56.16
AlLO; 3.67 11.42
Fe,Os 7.42 11.12
FeO <<0.001 0.0016
CaO 0.488 0.186
MgO 0.184 1.26
K,O 1.04 2.55
Na,O 0.052 0.047
P,0s 0.176 0.200
MnO 54.48 7.92
TiO, 0.21 0.529
Cr05 - -
H,0" 6.52 6.33
H,O 5.44 1.91
TOPN 12.62 6.98
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Table 2 EPM analyses of major elements in
manganese nodules

FERERE HFHERRL PR 2 PR3
Si0y107 3.82 5.607 17.606
AlLO5 1.303 1.018 1.35

Fex0Os - - -
FeO 2.677 1.373 4.987
CaO 0.262 0.323 0.245
MgO 0.075 0.076 0.083
K0 1.18 0.776 0.576
Na,O 0.076 0.009 0.026
P205
MnO 55.798 55.751 29.332
TiO, 0.099 0.048 0.17
Cr05 0 0.141 0.112
H,0 - - -
HO - - -
Hak - - -
B 65.291 65.122 54.487
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Table 3 Trace element analyses of single and botryoidal manganese nodules (Au 107,

other elements 10

P B Cu Cr Li
MD8021-1  FuUGIER 45 % 256 24 536
MD8021-2  ##ihesls 271 71 27.7

Zr Hf Be
MD8021-1  FugURR 45 % 114 1.82 4.02
MD8021-2 iR 25 % 102 3.14 2.66

Rb

22.8
106

B

12.2
62.0

w Sr \% Sc Nb Ta
5.84 210 29.0 134 0.70 <0.05
8.60 45.6 63.7 129 13.5 0.97
Sn Au Th F

1.40 1.18 5.04 1340

2.00 7.52 14.7 1180
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Fig.4 Spider diagram of trace elements in manganese nodules
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Table 4 REE analyses of manganese nodules and other rocks in Waneng mélange (10

s Ff La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb
8021-1 f‘;f’;; 292 832 72 277 578 14 649 104 632 124 366 062 4.08
8021-2 7‘2:};‘ 406 969 972 372 766 162 812 117 654 125 37 06 39
[ P14 Wi 378 706 846 324 6 109 536 079 418 082 231 039 2.46

[1 P26 T 263 499 6.1 24 476 097 419 064 353 0.68 1.88 0.32 2.07
[1P1 Ea 442 926 11.8 491 944 272 7.87 1.21 6.3 1.16  3.04 0.48 292

[1 P53 bt 523 97.9 11.2 427 7.89 1.61 7.07 1.05 5.73 1.12 3.14 0.53 3.36
M2024 ZH 290 608 8.25 360 747 225 6.38 1.04 554 1.04 271 0.44 2.66
1 P23 Zut 157 32 3.52 146 343 1.14 338 064 4.1 085 234 0.4 2.63

PEYS P Lu Y  SREE  LREE  HREE ZZC;/ SEu \((t‘)’{\] é%;{l 3Ce s(;e)ir/q
S0l Eiﬂ:m 0.58 367 17851  154.48 17.54 881  0.70 4.83 527 134 3.18
80212 Ak

o 056 323 21954  193.70 17.72 1093 062 7.02 643 1.4 333

F P14 EORA 036 213 173.02 15635 1131 1382 0.8 10.36 742 091 3.96
F P26 R 029 183 12564 11204 9.41 1191 065 8.57 624 092 3.48
Pl W 04 291 18451  166.50 12.35 1348 094 10.21 820 096 295
H P53 W 048 2901 23608 213.60 15.41 1386  0.65 10.49 754 093 417
2024 Zikd 037 265 16395 14377 13.80 1042 097 1.73 139 023 1.24
2024 ZRAE 039 231 85.12 70.39 1135 620 101 0.94 073 025 1.28
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Fig.5 REE partitioning model of manganese nodules and other associated rocks
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The discovery of manganese nodules in Garze-Litang suture zone

PENG Dong', LIN Li*>, WANG Quan—wei’, KAN Ze—zhong’, FU Xiao—fang’, PENG Bo'

(1. Regional Geological Survey Party, Sichuan Bureau of Geology and Mineral Resources, Shuangliu 610213, Sichuan, China;
2.Institute of Sedimentary Geology, Chengdu University of Technology, Chengdu 610059, Sichuan, China;3. Sichuan Institute of Geological
Survey , Chengdu 610081, Sichuan , China)

Abstract : Manganese nodules were found for the first time near Zhongmula Village of Litang County in Sichuan
Province, along the Garze —Litang suture zone. Based on geological mapping and integrated investigation,it is
found that the manganese nodules are distributed in the black silt slate of Waneng Mélange belonging to the
suture zone,and its sedmentary sequence is basalt—silicite—black manganese nodules—bearing silt slate. The major
chemical compositions of the manganese nodules are characterized by high Mn and low Fe, Si, Ca. The Mn
content is 42. 19% which is 1.83 times higher than average Mn content of oceanic nodules; Mn/Fe ratios are
relatively high, reaching 8.1. The content of most of the trace elements in the manganese nodules is lower than
that of ocean nodules except for Cr whose content is 2~7 times higher than that of ocean ones. Rare elements
have distinct Ce positive anomalies, and X REE,LREE/HREE, § Eu are similar to things of sandstone and
siliceous rocks but are very different from things of the basalt. The tectonic environment of the manganese
nodules is a continental margin with weak volcanic activity,indicating that sedimentation occurred in an
environment of the most strong expansion of the Ganze—Litang Ocean, during which the width of ocean was still
limited in comparison with modern oceans.

Key words: Garze; Litang; suture zone; manganese nodules; Waneng Mélange
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