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Abstract

The Qinzhou-Fangcheng (Qin-Fang) manganese belt in southern Guangxi is an important Mn-producing
area in China. Supergene Mn enrichment is related to the weathering of the Mn-bearing chert beds in the Upper
Devonian Liujiang Formation, and Mn-oxide ores are hosted mainly in the saprolite zone of weathering profiles.
The common Mn-oxide minerals include pyrolusite, hollandite, cryptomelane, lithiophorite and todorokite, in-

tergrown variably with other supergene minerals such as hematite, goethite, quartz and clay minerals. Mn-oxide
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ores are characterized by botryoidal, banded or massive structures, indica-

ting that their formation is attributed mainly to the direct precipitation of tetravalent manganese from weathering
solutions. Compared with the protore beds, the supergene Mn-oxide ores have much higher grade, with an aver-
age of 42.6 % Mn, and contain significantly elevated contents of Co, Ni, Cu and Zn, up t0 0.40 %, 0.53 %,
0.53 % and 0.22 %, respectively. The enrichment of these metals is mainly related to lithiophorite and partly
to cryptomelane, occurring as ionic replacements in the mineral structures or adsorption by the host minerals.
Chemical analyses of bulk ores and electron microprobe analyses of monomineralic grains reveal high Mn/Fe ratio
(generally >6~10), indicating intensive weathering and efficient chemical separation between these elements,
a condition favorable for the formation of high-grade and high-quality manganese ores. In comparison with Mn-
oxide minerals, the iron oxides such as goethite and hematite have much higher P contents. Such a preferential
host of P provides a useful guide for the separation of manganese ores. The present data, combined with a geo-
logical analysis, suggest that the formation and distribution of supergene manganese deposits in the Qin-Fang
area are controlled by a combination of lithological, climatic, tectonic, and geomorphological factors.
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Fig. 1 Simplified geological map of Qinzhou-Fangcheng Mn belt Simplified from Ru et al. 1992
I—Tertiary mudstone and conglomerate 2—Cretaceous tuffaceous rhyolite 3—]Jurassic sandstone 4—TTriassic conglomerate and sandstone
5—Permian mudstone and sandstone 6—Mn-bearing chert beds of Upper Devonian Liujiang Formation 7—Silurian sandstone and shale
8—Mesozoic granitoid 9—TFault and its serial umber 10—Mn-oxide deposit and its serial number (D—Tianyan @—Tanying @—Tunbi
@®—Liaolian ®—Dadong 11—Anticline and its serial number 12—Syncline and its serial number
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Fig. 2 Photographs showing modes of occurrence of weathering profiles and Mn-oxide ores in Qin-Fang area
a. Ferruginous duricrust Tunbi  b. Siliceous and ferromanganese duricrust Liaolian  ¢. Saprolite of great thickness containing industrial enrich-
ment of Mn-oxides Tanying d. Recumbent folds of Mn-bearing strata with supergene Mn veins developed along interstratal fissures Tanying
e. Mn-oxides black cementing brecciated chert fragments Liaolian  f. Mn-oxides filling open fractures in saprolited chert and shale Liaolian
g. Botryoidal manganese ores Tanying h. Outcrop of accumulation manganese deposits Dadong
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Fig. 3 Typical section showing modes of occurrence of Mn-
oxide ore bodies in Dadong a and Tanying b deposits
after Ruetal. 1992
1—Siliceous shale 2—Mn-bearing siliceous shale 3—Siliceous lime-
stone 4—Silicalite 5—Accumulated Mn-oxide ore 6—Mn-bearing

carbonate  7—Leached Mn-oxide ore  8—Drill hole and its serial num-
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Fig. 4 Selected XRD patterns showing principal constituent minerals of Mn-oxide ores
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Fig. 5 Microphotographs showing microstructural features and associations of Mn-oxides
commonly recognized in Qin-Fang Mn belt

Photos in b ¢ and { are back-scattered electron images under scanning electron microscope while other images are captured under reflected light.
Li—lithiophorite Cm—cryptomelane Td—todorokite C1 and C2 indicate distinct generations of crypotmelane. a—Needle-like crystal of hollandite

b—Needle-radial crystal of cryptomelane c—Short prismatic crystal of hollandite d—Gladiate crystal of pyrolusite e—Zonal structure composed of

cryptomelane and lithiophorite f—Sheet-like crystal of lithiophorite g—Cauliflower-like crystal of Todorokite h—FEarly Mn-oxides hoar
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Table 1 Chemical analyses of bulk Mn-oxide ores from Qin-Fang Mn belt
wp 1070 <20% wg % < 5%o
- - - P Mn Mn Fe
Co Cu Ni Zn Li Pb Ag P Si Ca Al Mn Fe
TY-1 582 809 996 1356 143.0 143.0 1.39 0.55 0.69 0.29 1.01 43.65 10.16 0.013 4.3
TY-2 590 624 323 1616 24.8 135.0 1.44 0.24 0.20 0.13 0.43 51.55 5.69 0.005 9.1
TY-3 512 1783 629 1437 101.0 596.0 4.53 0.51 1.16 0.11 2.11 38.97 14.22  0.013 2.7
TY-4 548 1815 702 1442 131.0 116.0 0.78 0.49 4.16 0.12 3.29 34.05 13.57 0.014 2.5
TY-5 117 127 300 2233 4.8 21.8 0.77 0.57 2.96 0.12 0.95 46.02 7.79 0.012 5.9
TY-9 234 373 193 787 5.3 22.7 32.00 0.51 4.18 0.06 1.01 45.66 7.48 0.011 6.1
TY-11 314 516 257 1107 5.0 4.4 33.00 0.40 2.03 0.09 1.48 42.79 11.39  0.009 3.8
TY-13 214 248 297 1484 2.6 7.0 0.93 0.61 3.72 0.10 1.25 43.24 7.74 0.014 5.6
TY-6" 42 319 479 774 7.8 37.9 0.45 1.48 4.45 0.05 1.96 1.07 48.63 1.383 0.0
TY-8" 28 93 434 1111 2.3 68.2 0.30 1.52 0.22 0.03 0.46 0.38 58.33 4.000 0.0
TY-10% 155 394 217 653 4.4 11.5 20.00 0.81 0.75 0.10 1.31 36.19 18.75 0.022 1.9
TB-14 190 1130 205 387  37.2 14.9 4.10 0.10 7.84 0.07 2.28 42.66 3.92 0.002 10.9
TB-16 179 311 293 1324 25.9 6.7 1.09 0.40 3.93 0.16 0.91 39.44 13.45 0.010 2.9
TB-18 103 140 304 909 1.4 3.4 0.52 0.39 0.70 0.08 0.48 55.05 3.206 0.007 16.9
TB-20 685 1321 2051 1627 315.0 6.7 0.53 0.31 6.47 0.17 2.95 37.36 7.89 0.008 4.7
TB-21 403 1037 1045 676 347.0 10.9 0.34 0.29 14.41 0.10 1.62 33.24 1.09 0.009 30.6
TB-15% 27 784 132 305 16.7 15.3 1.28 0.20 1.35 0.08 .77 16.97 37.64 0.012 0.5
TB-177 141 287 498 724 8.7 16.7 1.14 0.63 1.53 0.10 0.99 24.34 30.83 0.026 0.8
TB-19% 209 223 1276 1639 109.0 .2 0.87 0.64 0.92 0.15 0.95 32.55 22.85 0.020 1.4
TB-227 478 190 455 1496 9.2 8.1 0.98 0.48 0.61 0.18 0.54 37.80 17.77 0.013 2.1
LL-27 770 1713 2078 1454 430.0 11.3 0.71 0.28 11.14 0.08 2.34 42.40 2.61 0.007 16.3
LL-28 280 298 693 1364 50.6 7.5 0.89 0.15 19.21 0.10 0.81 21.10 6.84 0.007 3.1
LL-30 360 1105 1585 1516 277.0 11.9 0.90 0.24 1.50 0.11 1.57 44.69 09.81 0.005 4.6
LL-31 320 883 483 1421 18.0 40.5 1.02 0.17 3.04 0.04 3.81 47.64 0.69 0.004 69.0
LL-32 482 1931 1029 726 255.0 2.5 0.44 0.40 0.57 0.08 2.11 53.26 0.58 0.008 91.8
LL-33 111 1090 493 1224 25.0 7.1 0.44 0.36 0.22 0.11 0.72 54.01 2.78 0.007 19.4
LL-34 2512 5341 3091 1530 995.0 6.7 0.38 0.43 1.92 0.06 4.76 37.49 9.88 0.011 3.8
LL-35 616 943 250 835 13.5 9.4 30.00 0.29 1.79 0.04 2.45 40.30 12.16  0.007 3.3
LL-36 102 598 198 597 10.9 5.9 1.45 0.43 1.08 0.11 0.65 40.68 16.35 0.011 2.5
LL-37 107 402 257 783 22,5 3.6 0.8 0.39 1.16 0.11 1.23 48.11 6.51 0.008 7.4
LL-38 96 210 197 731 10.3 13.4 0.67 0.38 0.62 0.12 0.64 54.94 1.41 0.007 38.8
LL-39 125 218 140 459 3.5 2.3 0.33 0.38 0.28 0.12 0.34 55.94 0.28 0.007 201.2
LL-40 969 2470 1440 1011 380.0 29.2 1.03 0.22 1.77 0.05 3.76 43.55 6.17 0.005 7.1
LL-41 3998 5341 5280 1125 1647.0 9.0 0.31 0.28 3.01 0.03 6.58 31.70 11.42  0.009 2.8
LL-42 192 362 272 852 4.4 43 0.5 0.38 0.46 0.13 0.60 54.92 1.85 0.007 29.6
LL-43 68 804 282 1128 10.8 4.1 0.70 0.37 0.44 0.27 1.30 45.93 8.27 0.008 5.6
LL-44 163 1578 417 623 37.5 10.0 0.60 0.12 1.24 0.04 0.78 54.69 2.95 0.002 18.5
LL-45 118 304 194 408 31.1 38.9 0.61 0.05 3.84 0.03 0.98 51.77 1.02 0.001 51.0
LL-46 152 392 263 220 88.2 21.7 0.59 0.17 11.54 0.11 6.89 26.54 2.01 0.006 13.2
LL-23" 106 108 186 1435 6.5 12.9 0.65 0.11 1.99 0.02 1.94 10.43 43.27 0.011 0.2
LL-25" 121 301 224 575 42.6 25.8 0.66 0.32 4.55 0.04 5.77 7.20 35.88 0.044 0.2
LL-26" 103 231 128 498 17.4 27.8 0.68 0.29 4.76 0.05 6.00 9.07 33.59 0.032 0.3
LL-247 174 208 276 1526 13.4 46.3 1.8 0.09 2.56 0.03 2.73 21.54 29.79 0.004 0.7
LL-297 358 367 208 1798 9.6 73.9 2.98 0.46 3.97 0.07 2.25 35.27 15.89 0.013 2.2
DD-47 260 1877 2016 786 403.0 25.2 9.00 0.34 3.90 0.13 2.89 37.03 12.33 0.009 3.0
DD-49 701 1523 730 1064 58.7 11.7 12.50 0.21 0.73 0.25 1.19 47.82 5.14 0.004 9.3
DD-51 134 108 223 649 22.8 12.3 4.43 0.51 1.91 0.15 2.50 47.70 4.12 0.011 11.6
DD-52 130 66 176 613 8.3 16.5 1.65 0.52 2.67 0.13 3.10 43.86 5.42 0.012 8.1
DD-53 883 1445 1273 1034 143.0 34.6 9.60 0.21 4.66 0.20 1.73 41.63 7.73 0.005 5.4
DD-54 319 608 343 773 10,6 9.6 9.30 0.35 0.81 0.50 1.73 44.37 9.76 0.008 4.6
DD-58 50 104 298 389 o61.2 7.4 2.96 0.10 27.30 0.13 0.81 13.40 0.70 0.007 19.2
DD-60 504 146 98 905 12.6 15.0 17.00 0.12 16.49 0.08 0.8 26.50 0.83 0.005 32.0
DD-48 65 158 243 581 18.5 24.6 3.67 0.46 1.09 0.12 2.23 28.99 24.74 0.016 1.2
DD-397 514 1813 722 624 138.0 1.9 0.76 0.48 1.11 0.02 3.25 17.73 32.92 0.027 0.5
* # Mn Co-Li Ca Al Fe ICP-AES P
Pb Si PGS2 Ag
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Table 2 Electron microprobe analyses of selected Mn-oxide minerals from Qin-Fang Mn belt wy %
Na K Mn Ca Fe Al Si P Co Ni Pb Zn Cu Ba
5 0.06 2.84 57.56 0.22 0.06 0.25 0.03 0.24 0.02 0.02 0.00 0.23 0.06 0.52
54 0.09 3.53 56.52 0.04 0.25 0.83 0.03 0.14 0.11 0.04 0.00 0.15 0.10 0.88
22 0.08 3.82 56.77 0.07 0.38 0.61 0.04 0.21 0.03 0.04 0.00 0.13 0.03 0.69
DD-01-1 0.03 0.00 36.51 0.011 0.04 12.76 0.00 0.00 0.00 0.62 0.00 0.65 0.75 0.001
DD-01-2 0.00 0.00 36.46 0.01 0.03 12.75 0.01 0.00 0.00 0.54 0.00 0.63 0.74 0.1
DD-01-6 0.03 0.02 38.69 0.02 0.04 11.68 0.00 0.02 0.01 1.14 0.00 0.89 0.26 0.1
DD-01-7 0.03 0.00 36.18 0.01 0.05 13.18 0.01 0.00 0.02 1.40 0.00 0.89 0.39 0.0
DD-06-6 0.05 0.64 43.90 0.12 0.05 7.75 0.09 0.04 0.59 0.43 0.00 0.26 0.54 1.4
DD-07-4  0.03 0.05 35.76 0.01 0.05 13.00 0.01 0.00 0.50 0.67 0.00 0.66 0.51 0.0
DD-07-5 0.03 0.27 38.00 0.01 0.03 12.40 0.02 0.03 0.29 0.79 0.00 0.88 0.22 0.0
TY-01-5 0.02 0.00 33.91 0.01 0.04 12.65 0.00 0.09 0.03 1.46 0.00 0.70 2.28 0.0
TY-01-6 0.01 0.00 33.80 0.01 0.06 12.44 0.01 0.07 0.05 1.85 0.00 0.67 2.14 0.0
TY-10-1 0.01 0.00 33.66 0.03 0.39 12.64 0.03 0.00 0.25 3.69 0.00 0.55 0.88 0.0
TY-01-3 0.11 1.90 46.69 0.08 0.07 6.18 0.05 0.00 0.11 0.38 0.00 0.20 0.76 0.1
TY-10-3 0.04 0.99 39.29 0.04 0.39 9.45 0.03 0.05 0.08 3.02 0.00 0.48 1.08 0.1
LL-04-3 0.03 0.36 37.37 0.02 0.51 11.41 0.02 0.00 0.04 1.72 0.00 0.25 0.41 0.0
LL-04-4 0.03 0.10 38.52 0.02 0.22 12.65 0.02 0.00 0.04 0.88 0.00 0.22 0.45 0.0
LL-04-5 0.03 0.13 33.37 0.01 2.59 12.51 0.03 0.00 0.12 2.97 0.00 0.40 0.26 0.0
0.03 0.30 37.47 0.03 0.30 11.56 0.02 0.02 0.14 1.44 0.00 0.56 0.78 0.1
3 0.01 0.13 60.86 0.03 0.19 0.33 0.26 0.11 0.00 0.00 0.00 0.07 0.04 0.17
5 0.04 0.41 45.12 0.09 8.03 0.99 0.12 0.43 0.11 0.08 0.00 0.08 0.07 9.62
- 3 0.08 1.54 51.12 0.01 0.13 2.75 0.11 0.14 0.10 0.03 0.00 0.09 0.14 5.11
14 0.05 1.56 53.64 0.21 0.12 1.82 0.08 0.17 0.12 0.15 0.00 0.25 0.14 2.44
2 0.01 0.00 3.27 0.00 54.25 1.41 1.13 0.70 0.05 0.02 0.00 0.10 0.00 0.07
12 0.00 0.00 0.39 0.00 56.38 1.95 0.35 1.92 0.05 0.02 0.00 0.08 0.05 0.01
JXA 8800 R 15kV 15nA 1~3 pm
'R . W .
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-~ g}
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Fig. 7 a. K-Ba correlation of crypotmelane and hollandite b. Ternary plot of hollandite-group minerals

based on electron microprobe analyses
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