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Fig.1 Paleogeographic map of the Permian Maokou times in central Guizhou ( modified from reference[ 11])
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Fig.2  Geological map of Nancha manganese deposit in Zunyi, northern Guizhou
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Fig.3  Stratigraphic column and core photos of the Nancha manganese deposit in ZK401
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Fig.4  Core photos showing typical Mn-bearing lithofacies in the Nancha manganese deposit in ZK401
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Table 1 Main trace element contents( pg/g) and inter-element ratios of Nancha manganese-bearing successions in ZK401
BEEAA K5 Mn Ni Sr Mo Ba Cr % V/(V+Ni) V/Cr
U B BRI ZK401-1 2622 672 1102 117 37.3 178 126 0.65 0.71
TREFIICAE (HRTTJR)  ZK401-2 1 667 425 252 119 36.3 325 452 0.52 1.4
B R 7K401-4 131 800 90.1 1505 5.94 33.8 49.4 74.7 0.45 1.51
TR 7ZK401-6 111000  37.3 1745  3.86 30.4 27.5 56.5 0.6 2.05
LR ZK401-7 172 900 113 783 5.94 46.5 99.7 107 0.49 1.05
B ) B ZK401-11 240 400 309 878 7.81 55.7 386 107 0.26 0.28
B3 7ZK401-12 286 100  87.5 806 6.99 56.6 56.3 73.2 0.4 1.3
R R E ARG A o 7K401-15 16 340 45.9 386 15.4 11.9 17.1 350 0.88 20.47
KOS A 7K401-17 12 800 244 124 19 18.1 17 456 0.65 26.82
s A 7K401-18 145 140 422 9.97 234 74.2 343 0.71 4.62
1 ZK401-19 666 87.1 333 33.9 69 67.2 352 0.8 5.24
R ZK401-20 940 82.7 291 158 92.5 135 431 0.84 3.19
HE IR R KA 7K401-21 9 098 29.5 1857 2.61 68.6 22.1 180 0.86 1.51
HEYIWEE IS 7K401-22 6188 25.8 2157 5.96 26 52.5 54.4 0.68 2.23
HE I B A 7K401-23 3614 30.4 1450 2.24 217 5.99 117 0.79 4.18
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Fig.5 Vertical variations of some trace elements and their ratios as wells as REE variations

in the Nancha manganese-bearing succession from ZK401
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Table 2 Rare earth element contents( pg/g) of the Nancha manganese-bearing successions in ZK401
AR B La C Pr Nd Sm Eu Gd Th Dy Y Ho E Tm Yb Lu 3SREE dCe oFu
8 ) i TREFURE 7ZK401-1 26.5 15.2 4.17 16.6 3.2 0.65 3.46 047 2.8 26 061 1.74 021 137 02 1032 03 09
SRR S (T2 ) ZK401-2 9.07 112 1.53 6.43 1.4 026 1.86 026 153 139 033 1 012 074 012 498 07 0.7
BHEIKE 7ZK401-4 11.8 11.8 1.72 6.87 1.24 0.26 1.48 022 142 124 03 091 0.1 071 0.11 513 06 09
B 7K401-6 6.78 6.86 0.94 3.63 0.68 0.17 0.93 0.15 094 9.7 0.21 0.73 0.09 0.53 0.08 324 0.6 1
KA 7ZK401-7 24 249 3.2 12.1 2.28 0.51 2.73 0.38 243 222 0.57 1.67 02 1.15 0.17 985 0.6 0.9
A B 7K401-11 134 77.6 24.8 105 19.3 4.28 20.7 2.68 163 87.7 33 9.78 1.16 7.65 1.03 5153 0.3 1
3N 7K401-12 119 50.5 24.7 96.1 21.3 453 20 32 19.1 838 3.73 10.8 143 9.5 137 469.1 0.2 1
BHEDE  Sa68RE  ZK401-15 104 316 35 155 35.4 529 28.7 3.52 17.7 749 3.07 791 0.84 494 0.66 7929 12 08
SO SERE  ZK401-17 56.8 299 36.4 195 443 3.46 259 252 106 385 1.72 47 051 329 043 7231 13 05
FE e o T o= 7K401-18 146 166 16.6 41.4 6.78 1.25 5.86 1.09 6.2 295 1.18 339 045 3.16 043 4293 0.7 0.9
JC 7K401-19 67.2 196 17.6 64 11.6 1.62 8.62 1.13 6.03 293 123 372 052 372 057 4129 13 0.8
B ZK401-20 102 251 249 91.8 164 234 13 188 114 68.6 247 829 1.19 854 134 6052 1.1 0.8
A KA 7ZK401-21 38 71.8 8.33 30.1 5.34 099 532 0.75 4.57 29.7 097 29 039 258 0.39 202.1 09 09
KW E IR 7K401-22 6.02 12.9 1.38 4.84 0.94 0.15 0.83 0.12 0.69 4.66 0.13 042 0.06 04 006 33.6 1 0.8
AR K 7ZK401-23 26.3 48.8 5.69 21.8 4.53 1.15 3.9 057 3.32 167 0.63 1.88 024 1.62 024 1374 0.9 1.3
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Fig.6 North American shale composite( NASC ) normalized REE patterns of the Nancha manganese-bearing succession in ZK401
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Table 3 Carbon and oxygen isotopic values of the Nancha

manganese-bearing successions in ZK401

AR B BRAEAEZ C D C O RR RS E R A7
R YRR COMX E AR AR A K U
BC, MG ERZ TR A Y BT A N A SRS g 1)
FRE2C 1 B TCHLAR 2 C 1Y 4R, A i K
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Geochemical Constraints on the Manganese Mineralization during
the Latest Maokou Epoch of Permian— Example from the Nancha
manganese ore deposit in Zunyi city, northern Guizhou

JIANG Ran' FU Yong'”> XU ZhiGang® PEI HaoXiang” WANG FuLiang' ZHOU WenXi'

(1.College of Resource and Environmental Engineering of Guizhou University, Guiyang 550000, China;

2. Institute of Mineral Resources, Chinese Academy of Geological Science, Beijing 100037, China)

Abstract; The manganese ore deposit in Zunyi is one of the important types of manganese ore deposits in the Permian
in China. The Nancha manganese ore deposit is a medium-scale subtle one found in the manganese ore zone of Zunyi
area in recent years, and is the representative of the Zunyi-type manganese ore deposits. Trace element, rare earth el-
ement, and carbon isotope geochemical studies on manganese-bearing rock in Nancha manganese ore deposit show that
samples predating Mn-ore deposition have V/( V+Ni) ratios between 0.6 and 0.65 (close to 0.60) ,and V/Cr ratios
from 0.71 to 2.05 (avg. 1.34), as well as moderate Ce negative anomalies, indicating a dysoxic water condition under
which they were deposited. The samples of Mn-ore deposits yield V/( V+Ni) ratios close to 0.45, and V/Cr ratios be-
tween 0.71 and 2.05, as well as weak Ce negative anomalies, pointing to an oxic to dysoxic condition. Those samples
postdating the Mn-ore deposition have V/(V+Ni) ratios between 0.65 and 0.85 (avg. 0.76), and V/Cr ratios of >
4.18 mostly, as well as slightly Ce positive anomalies, suggesting an anoxic to dysoxic condition. The §Eu values
range mostly between 0.50 and 1.00, indicative of a weak influence of hydrothermal activity. Carbon isotope data re-
veal an obvious negative excursion across the Mn-bearing succession, reaching the nadir in the manganese ore horizon
(-12.5 %o V-PDB) , indicative of organic involvement likely associated with organic decaying. Therefore, the Nancha
manganese ore deposit was initially precipitated as manganese (hydro-)oxides in the oxic water condition, which were
reduced to Mn”" and subsequently combined with CO? to form the carbonate manganese ore deposit (MnCO,) below
the sediment-water interface while the redox interface was gotten rising due to the sea-level rise (or transgression).

Key words: Nancha manganese ore deposit; geochemistry; oxic to dysoxic; mineralization; Permian; Guizhou



