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Geological and geochemical characteristics of Daotuo superlarge manganese
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Abstract

The Dactuo manganese ore deposit in Songtao County of Guizhou Province is a newly discovered superlarge
and completely concealed Mn-carbonate ore deposit. This paper has reported the discovery history and basic geo-
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logical and geochemical characteristics of this ore deposit with the purpose of understaning the formation mecha-
nism of rhodochrosite ores. The Dactuo ore deposit should owe its discovery to field mapping and comprehensive
analysis of existing regional geological data. This deposit is characterized by high grade Mn, large thickness, and
good succession and expansion. The major elements show low ALOs, TiO;, and Fe;(; content, moderate F;0s
content, relatively high MnO and MgO content, and low Fe/Mn ratios. The trace elements of rhodochrosite
ares show enrichment of Co, and the Mn-bearing black shale series show enrichment of Co and Mo. The REE
values of rhodochrosite ores are characterized by relatively high total REE content, relatively moderate extent of
REE enrichment compared with light REE and heavy REE, and obvious positive Ce anomalies, while the REE
values of Mn-beaning black shale series show similar total REE content to PAAS, flat PAAS-normalized REE
distribution patterns and no obvious Ce anomalies. The carbon isotopes of rhodochrosite ores display depletion of
heavier isotopes, suggesting that organic carbon was involved in the formation of rhodochrosite. By analyzing the
elemental and isotopic fingerprints preserved in rhodochrosite ores and Mn-bearing black shales, the anthors hold
that, although now preserved as Mn-carbonate minerals, these deposits were initially precipitated as oxides or
hydrexides, which were reduced and converted to Mn carbonates in a diagenetic environment coupled with oxi-

dation of organic matter.

Key words: geochemistry, Nanhua Period, Datangpo-type manganese ore deposit, geological characteris-
tics, rare earth elements, carbon isotopes, formation mechanism, Daotuo area of Guizhou Province
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Fig. 1 Sketch tectonic map of Hinan-Guizhou-Guangxi sedimentary basin at the early stage of Nanhua Period
(after Zhou et al.» 2012)
1—Tectonic unit boundary: 2—Collision boundary: 3—Induced basal fault: 4—Grsben: 5—Sedimentary manganese basin:
6—Manganese ore deposit {spot)
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Fig. 2 Sketch image showing the division of Mn-bearing series for drill hole ZK001 in the Daotuo ore district
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Fig. 3 Sketch map showing regional geology of Daotuo area and sedimentary facies disttibution in the ore district
1—Silurian: 2—Ondovician: 3—Cambrian: 4—Sinians 5—Nantuo Formation of Nanhua System (Cyrogenian: 6—Datangpo Formation of
Nanhua System (Cyrogenian¥; 7—Tiesi" a0 Formation of Nanhua System (Cyrogenian); 8—Qinglmikou Systern; 9—Jixian System;
10—Stetigraphic boundaty: 11—Feaylt; 12-—Mangangese ore deposit; 13— Center facies; 14—Transitional facies; 15— Exploration area
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Fig. 4 Bubble-bearing rhodochresite and suture structure in
a Mn-carbonate cre sample from the depth of 1491 m of drill
hole ZK310 at the Daotuo ore district
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Fig. 5 Sketch geological section along No. 3 exploration line of the Dactuo Mn deposit
1—Qingxudong Formeticn of Lower Cambian; 2—Palang Formation of Lower Cambrian; 3—Biammachong Formation of Lower Carnhrian;
4—Jiumenchong Formation of Lower Camhbrian; 5—Liuchapo Formation of Sinian; 6 Doushantuo Fomation of Sinian; 7—Nantuo Formation of
Nenhua System (Cyrogenimm): 8—Datangpo Formation of Nenhuna System (Cyrogenian?s 9—Tiesi’ a0 Formation of Nanhue Syster { Cyrogenian )
10—Sendstone; 11—Silty shale; 12— Carhonaceous shale; 13—Clayatones 14—Dolomitite; 15— Limestone; 16— Siltstones 17—Mn-bearing layer:
18—Unconformaty; 19— Attitude of stratim; 20— Serial number and elevation of drillhole
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Table 1 Major elements content of Mn-carbonate ores and black shales from the Datoo Mn deposit

w(BY/ %

g AR B

CeD NaO KO MO MO PO ALDy TiO, TFaOy 8 LOI
ZK105-1 SEEATE 61.15 0.58, 2.03 415 1.25 0.9 0.09 17.36 0.60 502 2.8 7.38
ZK105-2 SEEeWSE 60.90 0.64 211 3.68 1.08 1.82 0.11 155 0.59 479 2.73 B.66
ZK105-3 fEBEEWS 61.80)0.33 2.21 408 1.05 0.42 011 17.14 0.57 4.5 2.61 7.10
ZK105-4 HEEGHE 6050 0.49 1.9 423 1.17 0.67 0,11 17.40 0.60 529 2.90 7.5
ZK105-5 SEREeHH 60,30 0.37 251 345 0.95 055 010 1550 0.5 572 3.7 833
ZK105-6 AERGTE 6230 039 234 314 09 071 010 16.10 0.59 429 2.65 8.00
ZK105-7 2y" 26,10 7.78 0.69 1.65 3.65 23.30 0.28 663 0.19 250 0.67 24.50
7ZK105-8 BEMEE 6140 0.33 098 6.90 1.19 0.12 0.12 2430 0.27 0.73 0.26 3.8
ZK105-9 EEBEGTSE 495 7.4 063 250 233 11.50 0.14 872 0.17 1.B0 0.57 15.60
ZK105-10 SEEGHSE s59.60 0.30 210 418 1.16 037 0.08 17.40 0.59 455 2.41 6.98
ZK105-11 HEEEWSE 6590 034 202 3.38 0.8 034 008 14.10 0.57 3.98 2.4 702
ZK103-12 1) 13.60 13.70 0.20 0.59 471 26,40 0.47 2.08 0.12 2.19 0.83 32.00
ZK103-13 1) 9.70 6.60 0.3 0.24 444 3670 0.20 1.16 0.08 1.80 0.32 35.10
ZK105-14 ) 15.30 11.00 0.37 1.47 2.8 27.90 0.54 511 0.25 3.25 1.68 29.50
ZK105-15 1) 15.80 7.19 0.42 0.51 4.07 3230 0.28 2.08 0.15 2.27 0.66 32.20
ZK105-16 1) 9.12 7.49 0.42 045 436 3620 0.28 1.8 0.17 1.92 0.29 4N
ZK105-17 &y H 8.76 827 025 1.15 3.52 .80 0.25 3.8 028 597 3.75 3110
ZK105-18 SEEGEE 62.40 0.89 2,14 353 0.9 1.19 0.13 14.8 0.59 4.69 2.8 7.93
ZK105-19 &y H 19.30 8.51 0.53 1.38 2.63 27.80 0.38 501 032 3.65 162 28.10
ZK103-20 ayra 16.70 8.8 0.49 1.70 2.75 26,10 0.40 3.96 0.42 532 309 27.80
ZK103-21 SEReRHE 5070 072 1.8 378 1.14 0.24 0.10 1520 0.38 6.65 4.59 9.14

$#: ZK105-7.ZK105-12-ZK105-13- ZK105-15- ZK105-16 S5 0088 3| B REEH(2013).
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Table 2 Trace elements content of Mn-carbonate ores and black shales firom the Datuo Mn deposit
w(B)/10™5
R WENR
Cr Co Ni Ca Zn Fb S Mo Ba Pb Th u Zr
ZK105-1 SEMEBTNE 110 42.9 20.7 40.4 622 105 162 99.1 7.76 726 31.4 1895 3.09 197
ZK105-2 HEEENE 117 45.2 245 493 731 118 137 93 10 616 284 149 3.21 210
ZK105-3 SEMBINE 124 43.2 215 4.1 648 118 174 98.5 951 739 27.5 192 3.09 214
ZK1054 HEHMENE 103 4 197 38 57,7 9.5 164 102 658 731 337 18.5 3.06 211
ZK105-5 SERMBNE 140 4£2.6 9 64 101 110 149 99.9 21.7 641 36.1 16.3 2.98 203
ZK105-6 HEEMENE 142 42.4 38.7 63 90.4 111 158 99.7 29.5 651 29.2 17.3 3.5 211
ZK105-7 a&E 30.3 19.6 21.5 16.8 10.2 89.5 &4.4 230 0.72 457 3.36 654 1.87 83
ZK105-8 ¥ERBFWHA 19.5 0.31 2.07 3.17 3.4 34 253 62.5 1.37 1281 3.534 23 441 291
ZK1059 EEREBTE 26.2 6.33 145 881 11.1 325 999 168 0.64 563 9.72 9.84 211 114
ZK105-10 SEBEENE 126 42.3 19.8 40.1 60.8 108 173 100 10.3 750 | 28.3 20.1 3.34 205
ZK105-11 4EmATNE 130 40.2 39.1 64.5 8.8 659 143 B86.8 33.5 690 34.5 148 3.06 19
ZK105-12 &% % 20.7 8.14 16.3 8.73 21.1 33.5 24.7 419 0.47 198 2.22 2.89 0.67 146
ZK105-13 &% 3.99 3.8 155 9.48 5133 0.7 7.97 266 0.18 182 0.12 1.12 0.29 21.1
ZK105-14 ®&¥F % 3.4 15.1 353 14.1 25.4 58.7 56.4 337 0.08 440 6.78 592 1.17 953
ZK105-15 &% A 10.3 4.3 243 10.5 10.6 17.5 18.2 256 0.09 214 1.01 2.2 0.48 34.4
ZK105-16 &¥F %6 8.96 3.96 11.8 6.35 5.67 355 16.4 29 - 211 0.14 1.9 0.49 30.6
ZK105-17 &%H 41.4 258 7.1 70.1 82.3 50.7 42.8 28 0.12 38 11.8 3.8 0.98 59.7
ZK105-18 HEFEETE 182 40.5 38.8 69.8 9.3 126 142 ) 100 22.1 860 17.8 13.4 2.8 204
ZK105-19 &% 546 19.1 83.3 30.4 40.7 46.3 526 278 0.35 431 7.33 592 1.11 8§2.4
ZK105-20 ®&9Fh 68.3 19.4 80 39.7 69.6 48 673 287 0.17 500 18.9 6.02 1.3 955
ZK105-21 #EEATE 173 4.8 469 100 115 111 | 146 B4.2 362 906 32 148 2.84 192
¥ ZK105-7.7K105-12. ZK105-13- ZK105-15. ZK105-16 S & M08 5| B AR FEErS(2013).
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Table 3 Rare earth elements eontent of Mn-carbonate ares and black shales from the Datuo Mn deposit
#hY kLol 1a/la® /G Ev/En"  Y/Y"
la C FBF N 8 B G T Iy Y B Fr Tm Yb Iu 3REE
ZKI05-1 454 92.9 10.3 40.2 7.13 1.33 5.57 0.99 591 321 1.27 3.53 0.61 3.88 0.57 251.68 1.05 1.02 0.9 0.93
ZKI05.2 35.5 75.4 7.52 27.4 5.04_ 0.9 4.15 0.75 4.5 28.1 1.05 2.93 0.5 2.94 0.46 197.20 0.9 1.06 09 1&
ZK105-3 48.6 95.4 11 42.6 7,95 136 62 1.06 588 35 1.29 3.7 0.4 4 0.6 265.34 1.04 0.97 0.89 1.1
ZK105-4 48 97.5 10.3 3B.B 718 1.45 5,52 0.9 5.5 31.4 1.2 341 0.58 357 0.54 255.M4 1.4 1.03 1.06 0.97
ZKI05-5 359 76.3 B.68 331 6.4 108 506 0.88 5068 29.9 1.12 3.2 0.54 333 0.3 211.08 0.9 0.97 D.87 1.00
ZKIOS6 41.4 88.2 9.3 343 6.49 1.16 511 0.89 5.15 3.1 1.18 3.53 0.58 3.7 0.5 23268 0.95 100 092 1.0
ZK105-7 43.6 106 10.1 38 &8.B4 1.84 B.6%9 1.44 7.45 37.4 1.45 3.84 0.59 3.58 0.55 273.37 O.9% 114 1.01 0.91
ZK105-8 40.5 o8.6 8.38 299 561 0.1 4.09 (.68 4.03 22.8 0.91 2.62 0.48 3.14 0.49% 153.01 0.98 0.85 0.68 0.95
ZKI0A9 385 M.7 B15 303 5.9 117 61 1.06 59 31.9 1.18 3.35 0.55 3.4 049 21758 1.03 1.05 0.92 0.94
ZKI0S10 49.2 95.9 10.9 41 7.66 1.4 6.16 1.07 6.07 34.7 13l 3.7 0.64 3.93 0.6 26433 1.0 09 0.%  0.98
ZK105-11 34.8 72.3 8.18 32.7 5.83 0.75 4.53 0.B4 515 32 1.17 3.5 0.59 3.5 0.51 20635 1.07 1.02 0.65 1.04
ZK10h-12 20,2 88,2 5.69 25 531 1.67 5.63 0.92 5.28 3.2 1.19 3.37 0.56 3.13 0.43 172.78 1.15 1.33 1.50 1.15
ZK105-13 18.2 49 4.3 18.1 4.05 0.92 431 0.75 4.3 23.3 0.91 2.44 0.4 212 0.29 133.45 1.15 1.36 1.05 0.94
ZKI0S-14 38 B8.2 9.16 3 7.88 1.8 7.66 1.19 6.77 40.9 1.45 4.04 0.64 3.68 0.52 25%0.94 123 120 117 104
ZK105-15 18.2 53.4 4.61 197 4 O0.98 3.98 0.67 3.71 20.1 0.8 2.3 0.36 2.02 0.27 135.14 1.18 1.45 1.18 0.93
ZKIDs-16 21.6 59 509 21.1 4.39 1.24 4.49 0.76 4.29 22,5 0.88 2.51 0.41 2.28 0.31 130.8 1.17 1.40 1.34 0.92
ZKI05-17 38.6 96.9 9.06 36.7 9.24 1.84 0.6 1.71 9.3 47 1.85 4.9 0.79 4.5 0.67 2272 111 126 0.92 051
ZKI05-18 29.6 66.1 7.19 27.9 5.16 0.76 4.00 0.7 4.07 24.1 0.92 2.83 0.48 3.11 0.4 177.50 0.97 1.08 0.7 0.9
ZK105-19 41.3 101 9.18 36.B 6.94 1.77 6.58 1.04 5.82 30.6 1.17 3.36 0.54 3.04¢ 0.42 249.63 1.14 1.28 1.28 0.93
ZK105-20 41.8 103 9.57 38.8 7.53 1.9 7.46 1.1B 6.6 34.7 1.35 3.91 0.65 3159 0.53 262.62 1.14 1.26 1.28 0.93
KIOSZL 40.6 79 B.97 35.4 7.01 1.06 .19 1.02 597 2.1 121 3.5 0.9 3.6 0.5 268 111 1.00 077 085

#: ZK105-7.ZK105-12.ZK105-13- ZK105-15-ZK105-16 S [OIIET| B REEpE2013) . AEia s B2 2.
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Fig. 6 PAAS normalized trace elements patterns of Mn-carbonate ores {a) and Mn-bearing black shales {b)
from the Datuo Mn deposit
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Fig. 7 PAAS normalized rare earth elements patterns of Mn-carbonate ares (adand Mn-bearing black shales (h)
from the Datuo Mn deposit

(PAASRREAL I FHE

BV ARG EELEIREGERETR: w(MaO)
X 23.30% ~36.70%, FIEH 29.70% : w(Si0,)
X 8.76% ~26.10%, FIE N 14.90%: w(CaO)
X 6.69% ~13.70%, F¥E N 8.83%: w(NapO)
$0.20% ~0.69%, FHER 0.41%; w(K,0) &
0.24% ~ 1.70%, FHMEI 1.02%;: w(MgO) H
2.63% ~ 4.71%, FHER 3.75%;: w(P05) H
0.20% ~ 0.54%, FIE N 0.34%: w(ALO,) K

1.16% ~ 6.63%. EHEN 3.75%: w(TiO) X
0.08% ~0.42%, FHIMEN 0.22%; w(TFe,0:) A
1.80% ~5.97%, FHMEH 3.21%;: wi(S) 5 0.29%
~3.75%, FIEN 1.43%: LOI 5% 24.50% ~
35.10% , FI{E R 30.60%: Fe/Mn HAEHR 0.07~
0.15, F#{E% 0.09-
SEBETSREANATEARINERE
A w(MnO) H 0.12% ~ 11.50%, F ¥ H H
1.55%: w(Si0,) & 49.5% ~ 65.90%, & K
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60.50%: w(CaD) J§ 0.30% ~7.40%, FIHEH
1.07%;: w(Na0) X 0.63% ~2.51%, FHHE K
1.91%; w(K,0) N 2.50% ~ 6.90%, FHMHE K
3.97%; w(MgO) A 0.83% ~2.33%, FHEN
1.18%: w(P,0s) X 0.08% ~ 0.14%, FIE X%
0.11%;: w(ALO;) ¥ 8.72% ~24.30%, FIME N
16.10%; w(TiO) 4 0.17% ~0.60% ., FIHHE K
0.53%; w(TFe,05) 4 0.73% ~6.65% . TF{EN
4.34%: w(S) N 0.26% ~ 4.59%, FHE N
2.55%;: LOI 5% 3.82% ~ 15.60%., FIHE %
8.13%.

BY AR ETRNRSERER: w(V R
(3.99~68.3) X 1075, FIHEH 31.6 X105 w(Crd
H(3.85~25.8) x 1075, EIgMHEH 13.3x 1075
w(Co) 2 (11.8~83.3) x 1076, FEH{H B 39.9 x
1075; w(NiDH#(6.35~70.1) x 1075, FH{E K 22.9
X 10761 w(Sr) A (230~419) X 1078, FIG{E N 295
X107%; w(Mo) 4 (0.08~0.72) X 1075, F&{H K
0.27%1075; w(Th) A (1.12~6.54) x 1075, 1y
% 4.05 %1075 w(UDHX(0.29~1.87) % 1075,
I9{E % 0.93 %1075,

CEBATERSHEBELCRARERBR:
w(V)H (19.5~182) x 107¢, FHEH 116 X 1075
w(Cr)H (0.31~45.2) x 1075, FH4E 4 36.2 X
107%; w(Cod N (2.07~46.9) X 1075, FIE N
27.1x107%; w(ND K (3.17~100) X 1075, P&
K 48.8 X 1076; w(Sr)H(62.5~168) % 107F, iy
4 99.5%1075; w(Mo) H(0.64~36.2) X 1075,
SEHIE A 15.8 X 10755 w(Th) N (9.84~23.0) X
1075, FH9E K 16.8 X 1075 w(UDH(2.11~4.41)
x 1076, FIY{E N 3.13x 1075,

@ AEERK Th/U R 3.50~5.33, 3
% 4.36, I KK 78 T RIE(3.8); V/Cr HAE
K 1.04~3,52, FIEN 2.29: V/(V+ NDEAERN
0.30~0.72, FHEN 0.57. SEBATREERAN
Th/U WAER 4.64~6.21, FHEH 5.34; V/Cr
B4 2.34~4.49, EBHER 3.25; V/(V + NI HAE
K 0.63~0.86, FHEN 0.72.

AR R E AN T PAAS ZHLH
B Co B, M V- Ces Nis Mo Cus Zns Rbs Se+Bas Ph-
Th-UZr SR THRE 62). FERETSE
HR P ETTEM T PAAS RELH B EH Co.Mo

B, B 2 SRR T R (ZK105-8 BT ZK105-
OZ5 R RNAF S PAAS AHILH V. Cr.Ni.
Cu-Zn-Rb-Sr-Ba.Pb-Th-U.Zr & E (& 6b)-

EETEATVAERNBR L oEERR
(133.45 ~ 273.37) x 1076, F¥{HE K 211.23 x
10 FEBRATAELNMLITERRN (177.5
~265.34) X 1078, SFHHE Kb 224.96 X 1075 &F
ARG PAAS AR L o EE AR B AAE L
T3 AYBHETE(E 72): O BT THERK, #
EEE T PAAS, B B R T8 IEH T R Kalahari
0 HEERER I (E 8 M H L AR K25
B (E 8b); @ PRI LEMAN TR.ER L
AREIH—SBEENEE HEMRHET A
FHAEKE 8): @ HEMEASHAEBRER
A E 8d), R HEM Ce IER MWL HEH
Y RHE. SERATTERAMNBLORE LR
BHYTRHA:QOHETELES PAASEIL: @
HEEA B A PHE, HEV—3:Q 5&7y AR
MARPE, KBFEHERYEL Ce ERY, HRFH
B Eu A REE 7).
3.2 BREMK

AR AFERBENRBRAMLELDR
BBChmapd A — 33.5% — — 31.7%, FHMHENH
- RN BBAER(EINFE)RAALRLAR
(Camuad A — 9.16% ~ — 7.05%, FHMH A
—8.53%(3 4), S5 A Brafisl e &7 i X HAh
— b LR RIS AT K A A ALK R AL
BB (Tang et al. » 19995 Fan et al. » 1999; A,
200848 —3, Bor H B RN R Ar 3 F4F1E

B o 7T W, ST K ET H 1H HLBHR A Ar
RARGCHREMNEIYREOBF LR BAAHE—
2, HBRA K (B FAA KM R T RER
HK R N CO, MEAHDTAATRER £ . ¥ K o ¥ HOO; BA
BRKBEASE LA HIBMER B R4 %,
BERRANERAMCE, HE, AN FHISE WE
KRB RME.

4 A

ERBREA 2 MERHLE: © E8IE IR K&
T, H Mn®*" 5 OO HESSMIEERREKRE
¥4 QERA- B RS Bk S, Mkt ERER
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B 3 #4&EWRNTLTE PAASTHFRRSRAE
. BIdER TGEr {8 Kalshari 85" B FEEHER (3% Chetty et al.» 2011): b. FEEFRELRILTEHE HHFERLEGEER, 2011):
e REHERFZFEEMEAGEE Albic et al. , 1998); d. KPEEE SR RERE, 2002)
Fig. 8 PAAS-normalized REE patterns of some reference materials
8. Manganese carbonate of Paleoproteroomic Kalahati manganese ore field: South Africa {after Chetty et al.» 2011); b. Cap cathonate of Sinisn
Doushentue Formations South China Cafter Yans 20112: ¢. Pacific seawater at different water depth (after Albio et al. » 1998} d. Co-rich crusts
in the Pacific seafloor Cafter Cais 2002

R 4 ERETEEVEHREHERRGCRA
TGk R i M R
Tahle 4 Organic carbon isotope and carbonate carbon
isotope analytical results for Mn-carbonate ores from the

Datuo Mn depaosit

i b33 My % O Coma/%
ZK105-7 &% A —-31.7 —7.05
ZK103-13 a5 A -33.2 -8.9
ZK103-14 i) -32.6 -8.38
ZK105-16 25 A -33.3 -9.14
ZK105-16* g&y5 -33.3 -9.16
7ZK105-18 EEEATH -33.5 -8.46

: ZK105-16" 24 ZK105-16 ‘SRR EN MR 5.

iR o L E R B RN O B RV, VUHE
EREAEESFIMRNIIRY T, ERE BT

AP REEMYTESHTIYRMHELIEN, &
READRE ST RTRRN M2t 55
YRR TR 00~ HEE. BT EHER
#: (Calvert et al., 1993; 1996; Huckriede et al. s
1996: Roys 2006: 7 & €2F, 2013a; 2013b; 2013c:
EHHE, 2013). X2 AR REKERR IR
EARARAMLERTESF OFEEHENER F
N HART 2 MAFRKNAHRFE. K LEEE
(2013a; 2013bs 2013c)FIRFEHFE(2013)FEN £
FAEL K E AT RENTRBXFITHRE
H,“ KEHR "R K FHER UE LD REH L
M e UTEE I, B4 LB ) ER R AR £ B O 4T JR
EHREPT UM LS R,

—RmE, BFRAEATRESEPSR T IHRK
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K HEEEFER. ERERFET, M?* 5 COF E#

[A=co, B ATIRT RN EER LD 4, 2K T AP E

K LT P I 06 LR ¢ 730 ST 3 0 A L U 76

] w RIIG TR 97, JLHR R £ % 4L W) R i 32 L

— i B AT A RARNEN. Ti%

SRE P AR AT ERSERATUARANHE TR AL

S — | TERFR AR R B IEN G R
AT LR “uaf?|?l%>;ﬂﬁ£ HEATHIZ .

, . . ; ikt ; KEHSQNEMR TERY REV A%

40 =30 208”0-”’ ;%.]0 10 +20 (IR 7T R L T RS SR Y, R 4R

o BRAD/LMEZREEGRAS, 2004; B
F,2008) RIEBH KET A HFHUIRREHUERGR P AL 3 H Ak
14 R AE
Fig.9 Carbon isotope disttibutions of some major carbon
reservoira {after Chen et al. » 2004; Han et al.» 2008) and
organic and inorganic carbon isotope compesitions for
Mn-carbonate ores from the Datuo Mn deposit

ARG R IR, L EMBESEAR LT
FIFIE (Bolhar et al. » 2004: 2007 Frimmel, 2009s
Zhao et al.,» 2009; Sawaki et al.» 2010a; 2010b).
Hit, AT WAE SHAKEHUNMELE
LT RBE: AR, BENaL SRSy
FEREEEPEAMBRNERRE, FFES5R
EGHHEREBATRANBECREE. R
B, ERELPNEELHHIRBEBLTERFTRT
KB EER, SBHEEFRERNMBETEW W G
MO LCRBE, BEEERERL 124
B4 (Surya Prakash et al.» 2012). Bk, 55E
HEHVBEBRE RS Ce AREARNE, RS
HHREE I EEHEN Ce ERFE. Ce BTH
JLE,F 3R +4 B E. BEERMEHNT,
Ct EALBR Cett T R AEVTIE SR B K4+ B BN
B, SBKBEEHBEN Ce iRE. BHUEL
YRHEEAWEETRBIIREL CS AR CH
By, R H, ENE YR ELYRE RS
R Ct AFRANBFEES, SBRAE /LY
REECYELEHBY Ce IER % (Koppi et al.,
1996; Takahashi et al.» 2007; Ohnuki et al. » 2008;
Feng: 2010: Surya Prakash et al. » 2012).

BT BT R IR R 250, Lk 2 A
% B R TR R AR S 2R B ) 4L R 7 T AR

2 E LR A B R U N, 34 BT LE
RERRR I R RE RS R P H TR, RXFH
AR LR Lo R IR PRI — S h
E—WARg . GV AARNE L OE
BREE, BTREET PAAS, H E & T HIER A
FEHRERE(EELEE LA SEER)
(F 8b)CEHR, 2011, PL AR T FE 4T B Mn2*
500" &E8EBEHRMNERLY (W Kalshari &5
HI )CE 8a)(Chetty et al. » 2011)s FEBETERER
ML TREBERS LS PAAS 838, HK, &
FERNBRLOREIHEIAHBE N TFRAEAK
(E 8OM AR RHEARPITRKR E:(E 8b), BUTH
REBREERSZEET(E 8, 2 HBERNE . EMR
TRESHRTMI R L TETEN BRI
T BATCARE SRR 1 I0E PAAS IR 2
ARBTHE 70, R\ET ARESH LORLS
R AR A @7 WiERg. i, 8
VRSN LTE PAAS RS EAE LR
B HBM Ce ERE, MYRRATEEHUEH
BRI CeERY. R Cc. LRERBFET WIR
1, T RE Ce ERFRAENELPREE MY HE
RIFNRE2 —. FEiL, @7 AR SE BT
Fd R L TR IER S, &Y AP HENEE U
FHRBME PR ATIER, BN E PR
SV Z FRFREEGE T T, TR E
EREDSEHMRAEER, @Rt REn
HBOE R Me?* , TIH LA B E AR T8
AEECO  M2" 5 OO ERMINIEHETE S
TR T BE&Y HEREFET K. KREAHH
SAH AT B 5 # L B (Tribovillard et al.
2006 )7 7~ Hp -
(CHyO)06(NH; ), H PO, +236MnQ; +472H —

H;PO, +236Mr?+ + 16NH; + 10600, +366H, (1)
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HENFRBDAEER 00, 5 RGF YR
AEEHUMNHAMAEAR. AREFTR(DF™E
B M2 5 00, Z i EE LR 236: 106, TTFE
7 (MnOO)H M2+ 5 0O, Z RIS FEEA 1:1,
WA, BIAHES @B KRS 00, BH,. FIRY
F RO, ZAME AN ERSTIWREEEAR
BT, AT AR EN R YRSy,
REOEE (bW R S48 1k 7 DL R B R #h % ( Tribovillard
etal., 20060, EFKTFHEE, b HEBRED,
MR & B3 (K (Blumenberg et al. » 2012), Bk, 7
KA LTI ET LM co, NE.
Tribovillard 2£(2006)78 H, & MK LB RB KLY
SAFHRILE P FFERN Fe R CO, Z MY
JRE N 4241106, TR ER £ S AL F LR Br = 42 9
S 00, 2SRRI Y 53:106. KX ER/T
EWRSERRY, By REV A Fe i1 S &Y
BAK, X 2 MREW RIS 00, AR EDIRH
HERAAREEY FIRBEWN CO,. Bk, NiZE
FHARRRER 00, WTABFRERY, LHY
h FIREAFI HEFRARE, ZAE (W F AR
M T, FH &4 R B R (Irwin et al.,
1977):

2CHL,0—~CH, + OO, 2

WEBRPA LR AHBERAMLELTE, 2
B CH, P EEHEMEZFALFE(ATIX - 75%), T CO,
o B AR E M AL R (TIE + 15% ). ALK
FREV AP EHERACRARRERAMLER
TR ER, K sBCupafEl —33.5%~ — 31. 7% F
WEHI - 32.9% B Cogma EH — 9.16% ~
—7.05%a, TFHIE K — 8.53%, H BIETF BT H HLR
R AR AR, EX R T % KO THLBRE E
KR FE R R4 RC(E 9). HiF RN AFBROFTF=4K
CO, 5EVBMRERE B R4, Hit,
DEBEHANERRNERMLEN CO, DA, R
FEROA R EERNRAMLE.

Bk, ZHA b, BT REET K M2 E
Bk B AR S S A E S R E
B CO, FIRENaLE 2 4, © FIYWRER
KE AR LY. EHELREE UK
IR GBI N CO,. X 00, R A S5URY
RE L EMUNRFLRL R BRRNRER
PR, Q ENEEATHEIBRERERBER MBI

£ CO,, X CO, BERBHWERAMER. X 2 e
BRIGTR A W R G MR A SO T B B I 32 0 I BR
FIALRALRE. B4t ¥R FEBITH CO, I
B b AL BRUK B T 38, i PT ARV R R T R A
T CO,.

L ERFTE, RN N EET X Z2EY MR
B L RRR BB BN KERET,
M’ DG BRI AR A bR, &L
VR EENYEILZ R BEEREWZ T, ER
HRETSHIYRHELEN, SHNEAYREAR
HYBE TR IR M, B AL RBEE AL TR
AR OO : FE, FHRE KA RAR
MR E AL, LRAEAEHNE S T RERR
R BT AL COF T M2 5 CO§~ &, Tl
FER T RET HBRE TK.

s

(10 Ro HHBE/R T 1996 FAB S LREIERE
FUEE GBI RS T 18 W, N TR SRR R
B RS E A RS T Bk, S R — ok S
STHABO R ERE . ILEE RS LGRS
R N (it B: 45, 2005). BRBARET KK RN
R HE P DA R ot BRI B B B AT SR B A AT I R
RE M 103 MR A B E B2 THE MBI, S7ERHE
4 X F- R PRI BN IR, L Rx KRB B R
BY KINRT B AFEERX.

BT, BIREY REARE. KEERRRC
WMATHEFL FRERXRRZDSWHREEREL
e, FLIE—H R 586 ~1499 m, ABFFTHIRITH R
R AN BIREFE, EORASRETHEH
&4

Q) EREVXEYVAEMMEETERRH
HEM Co BE FERATUERR AT HEN Co.
Mo B4, ERLAEFHERAN: © BV AHEN
ML IR BESTREE PAAS. SEEATAR
REFHLLERES PAAS +HAHEIE: @ &5 A#
MR LT E PAAS FRAEALAL B B R 3R
BEftaEHNTH®H. PH L oRBRMERAHE
AR, FEEAT A RN KB L TE PAAS
AL AR TH, XX 2 KRBT
ERMEANERTREHNSET WIIRA: Q&
PREEREALITR PAAS BFRARSSEAEER

5 &
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HABK Ce ERYE MEAEEATARESUE Ce
RE.RECERNHERY YER. BT
BETGREERRH, BERET KTFRHELEL
Yk S MR A ITIE .

G BRETFXWABRMMN B Capp N
—33.5%a~ — 31.7% “FHIHE A —32.9%0 3°Cun
H—9.175% ~ — 7.051%0 PR N —8.534%, #
HiZE 2R T B B RN A THBRAT BN S
5. BHAN, ZETPHEIRQEG 2 HRE: O
ENELYREE L. ENELYREE LD R
RS AH MY T = £ M 0O, X 00, 5F
PLBME R R MR LR ER: @ ABEAT
HEH R R ER=EK CO,. X 00, BER
BRI EFAL K. Hh4t, BAKPERBE Co, Bt
VLR FLERK B T T BR A T I T B R £t
TH#4 0O,

(4) BT REET BB AL E: Rl
GREERACMERARE D, @R EEMIHITRE
B BmRA S EG MR MSEES D, ERE
TR, ALY RIARIY SH IS RA EE
TR T #4685 .

(5) &g, FE X R A &V K& T
o, B BRI A A oy R R BRI Y k- B R AR
BT, BT HRREELEHEENEL-ERAE
e B8 b AT RR R AR N A A A M .
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