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Abstract: This paper is the result of mineral exploration engineering.

[Objective] As a kind of metal mineral, manganese ore is used in many fields of national economy. Qianyang manganese—forming
basin is an important manganese ore base in China. Th type of manganese deposit is a set of marine manganese carbonate deposits
occurring in the strata of Datangpo Formation of Nanhua System, with large resource reserves and long mining history, but its
metallogenic model is still unclear. [Methods] This paper takes Jingzhou area of Hunan Province as an example, where manganese
deposits are concentrated. On the basis of field profile measurement and geochemical data analysis, the sources of manganese in
manganese ores are analyzed by Co/Zn—(Cu+CO+Ni) diagram, Fe—Mn—(Cu+CO-+Ni)* 10 three—terminal discriminant diagram,
(Zr+Ce+Y)x100— (Cu+Ni) x 15— (Fe + Mn)/4 ternary diagram, Al/(Fe+Mn+ Al) ratio, (Fe+Mn)/Ti ratio and Fe/Ti ratio. The
paleoenvironment of manganese ore deposition was analyzed by using V/Cr, Th/U, Ce/La and Ce markers of manganese
ore. [Results] The manganese element in the manganese ore in Jingzhou area of Qianyang manganese basin mainly comes from the
seafloor hydrothermal system, and the water body is in the oxygen—poor—anoxic environment at the time of deposition. The fault
zone formed in the early stage provided a channel for manganese migration. [Conclusions] The manganese ore in Jingzhou area of
Qianyang manganese basin is formed by the enrichment of the combination between manganese and CO,* in interglacial period,

and the manganese in the sea basin were from the deep crust through fault zones in the glacial period.

Key words: sedimentary manganese ore; manganese—forming basin; rhodochrosite; metallogenic model; sedimentary environment;
mineral exploration engineering; Hunan

Highlights: It is confirmed that the manganese elements in Qianyang manganese— forming basin are mainly derived from the
submarine hydrothermal system and deposited in an oxygen—poor—anoxic environment. The metallogenic model of manganese ore
is preliminarily established.
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Fig.1 Structural map of Early Datangpo Period of Nanhua System in Qianyang manganese—forming basin
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Fig.2 Typical field photographs of Qianyang manganese—forming basin
a—Gray white shale of Chang'an Formation; b—Yellowish brown sandstone of Fulu Formation; c—Black manganese carbonate ore of Datangpo

Formation; d—Light brown pebbled mudstone of Hongjiang Formation
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Table 1 Results of major elements in manganese ore and surrounding rock in Jingzhou area(%)
FEAZER  FEMNS RFEHLA FeO MnO  CaO  NaO MgO K.O ALOs FeOs SiO, P.O:  TiO;
ZK2104-3  MEEERET 167 2064 7.90 104 293 241 799 1.84 3022 042 039
ZK2104-4  WEELET 185 1195 7.90 182 221 229 970 568 3745 026 046
MJA-2 SRR 164 2366 7.82 060 397 198 697 258 2222 035 026
WY-2 LA 0.10 10.05 0.67 020 090 2.66 7.63 9.04 5750 0.61 034
p— PY-1 PERHEAT  0.15 6185 0.15 003 042 156 458 643 957 025 0.05
PY-2 FERHARAT  0.08 4486 0.13  0.03 049 207 379 2603 887 0.67 0.09
PY-4 FERHARAT  0.09  17.65  0.07  0.02 034 128 348 5210 11.08 1.09 0.08
D-3 IIREEHT 029 31.02 867 022 460 113 350 1.80 1845 034 0.13
D-4 WIRELHT  0.64 3378 591 028 408 131 466 192 17.10 035 0.16
ZK2104-5  WEWARET 186 2035 723 1.04 259 1.84 685 258 3268 039 036
MIA-5  DFU4HT 118 394 380 292 139 290 12.82 357 5681 023 0.61
WY-1 Ay 048 053 031 024 124 473 1314 1.6 73.04 0.05 0.75
WY-3 WA 010 384 027 030 066 238 749 1613 6030 1.11 032
% D-2 AT 069 624 477 031 176 516 1534 830 4254 0.66 0.71
D-6 PR 190 083 036 143 154 396 1468 3.86 61.18 036 0.83
ZK2104-1  #HEERHT  0.84 326 23.63  0.06 1465 0.18 147 009 2027 0.10 0.05
ZK2104-2  WEELET 010 0.09 045 178 1.00 357 1361 206 6875 0.01 0.70
AT A BRI TR A FRTTAT A R 3 (L4545 . ZSX Primus 1 .
K2 BEMNMXET ARESHMETEMILER(10°)
Table 2 Results of trace elements in manganese ore and surrounding rock in Jingzhou area(10 )
FERZEA FERS RS V. C Co Ni Cu Zn As Mo Sb Ba U
ZK2104-3  E3EARHT 101 371 280 312 113 389 73.0 801 129 509 583 258
ZK2104-4  EIEERET 101 436 328 344 236 152 972 767 160 529 103 299
MJA-2 DA 947 30.8 316 419 489 409 975 156 127 490 496 230
WY-2 M 957 515 831 327 134 557 127 112 107 514 733 1.66
- PY-1 PEFHERDT 583 9.72 678 592 392 604 541 10.8 745 4940 1.07 7.66
PY-2 FERIARAT 827 19.6 390 321 263 449 153 9.07 184 6032 2.62 8.44
PY-4 FERHARAT 122 299 308 369 181 394 241 6.66 21.3 4213 271 791
D-3 WURES" 600 146 243 295 179 408 550 952 370 579 2.18 1.33
D-4 TRMRD 638 147 37.6 423 179 134 687 224 673 579 148 1.32
ZK2104-5  WEARET 105 404 343 338 623 121 882 935 165 487 736 288
MJA-5  DFUERHT 127 487 234 434 476 707 987 991 203 557 114 325
WY-1 FLZER 129 762 241 595 111 264 331 127 757 918 109 323
WY-3 LR 102 505 524 143 165 51.6 213 124 173 545 839 1.97
[ D-2 WRET 223 81.0 122 133 570 133 229 620 226 1811 11.5 7.85
D-6 WURERA 231 747 169 419 472 952 101 467 120 98 158 5.59
ZK2104-1 AR 190 651 272 623 738 254 119 127 046 483 087 0.64
ZK2104-2  HEARET 224 624 674 144 342 216 505 444 191 703 144 423

TE T EA - RO L% S TR R SEAE 2 ) 5 A8 LS - Agilent 7700e.
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Fig.4 Relationship diagrams of majors element of manganese ore and surrounding rock in Jingzhou area
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RIFNEXET AREEH L TRMRNER(10°)
Table 3 Results of rare earth elements in manganese ore and surrounding rock in Jingzhou area (10°)

FERE BERgMS KM La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y

ZK2104-3  MEEERET 510 148 125 551 117 3.2 123 241 149 275 6.74 1.04 554 080 668

ZK2104-4 MEHEELET 503 138 13.0 548 119 259 106 1.92 11.1 2.09 518 0.83 492 070 463

MJA-2  DEHER 384 119 102 42.0 9.70 247 9.78 1.97 12.1 235 572 089 537 0.73 55.0

WY-2 FLZER 347 869 9.66 392 9.88 245 899 192 123 245 655 106 646 087 543

- PY-1 FEBHARET 613 108 11.8 61.1 16.1 579 38.0 670 44.1 9.83 222 281 140 2.16 404

PY-2 FEBHERHT 260 109 728 343 9.66 3.36 13.5 255 157 339 834 1.07 533 084 202

PY-4 PEPHAGH™ 202 62.8 560 27.7 870 3.17 12.6 274 188 4.11 102 146 7.78 1.17 196

D-3 HFET 365 105 9.19 365 7.51 208 7.89 162 11.0 224 566 0.89 467 0.63 502

D-4 M 353 106 9.15 39.7 894 237 952 210 144 267 685 1.06 533 074 62.8

ZK2104-5 SRS 521 168 13.6 557 124 3.19 119 231 13.8 264 643 101 6.63 081 73.1

MIA-5  EHUEEAT 39.7 88.5 9.88 40.1 7.60 1.64 649 1.07 593 120 3.27 0.60 3.78 0.58 26.2

WY-1 AR 357 636 652 221 292 083 270 045 270 0.64 239 042 272 041 156
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Fig. 5 PAAS—normalized trace element patterns of manganese ore and surrounding rock in Jingzhou area
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