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Fig.1 Geological map of the Xiangtaoyuan manganese deposit in Hunan Province
1 - WRR PGB DA 2 - ERA TGS - WEgR P BG4 - BER TS5 - FERF 6 - RERG KT - B H R KA RS A4
8 — JU AR LA 59 - )2 510 — ARG 11 - 512 - [R5 13 - W25 14 - B (/NED) 57 PR
1 — Middle Devonian Tiaomajian Formation;2 — Lower Silurian;3 — Middle — Upper Ordovician ;4 — Lower Ordovician;5 — Cambrian ;6 — Sinian Jinjiadong
Formation ;7 — Sinian Jinjiadong and Liuchapo Formations ;8 — Proterozoic Banxi Group ;9 — stratigraphic boundary ;10 — unconformity ;11 — anticline ;12 —

syncline ;13 - fault; 14 — medium - sized ( small — sized ) manganese ore deposit
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Fig.2 Stratigraphic column of manganese — bearing strata in the Xiangtaoyuan manganese deposit
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Fig.3 Structure within the Mn - bearing basin in Central
Hunan Province ( after Peng et al. ,2008)

1 - P XA 52 — UG A 53 - RITURRINTEY 14 — S R SF IR (m)
1 —regional faults;2 — Mn — bearing basin;3 — syn — sedimentary fault;

4 —isopach of Mn — bearing horizon(m)
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Table 1 Contents( % ) of major elements of the Mn — carbonate ores and black shales from the Xiangtaoyuan Mn deposit

AT W R R A T B W IR AR S A LT BRI ZK8801  ZK8803
FEfb4R'S  NSC-HI NSC-H2 NSC-H3 NSC-H4 NSC-HS NSC-H6  ZH4 ZHS ZH6 ZH7 ZH8
FEfm 24 7R Rit RIS WA REOUCH SRS REIUE WA ROIUs ROICH BRREYT REIUE

Si0, 59.17 12.49 12.34 33.26 18.20 63.78 11.72 64. 41 78.72 28.98 65. 46
AL, 0, 16.76 4.72 3.22 18.36 2.82 13.18 1.72 12.86 7.22 2.78 10.76

Fe, 05 2.44 2.75 0. 64 4.95 0.87 3.80 0.17 2.99 1.94 0.81 2.30
TiO, 0.85 0.31 0.17 0.98 0.16 0.68 0.09 0.58 0.30 0.15 0.52
Ca0 1.95 23.68 20. 35 7.20 23.82 1.17 14.24 1.88 1.63 15.70 2.72
MgO 3.20 3.87 3.29 4.20 3.48 2.35 3.76 2.00 111 2.70 2.00
K,0 4.35 0.75 0.81 5.95 0.79 3.78 0.45 3.44 1.87 0.79 2.76

Na, O 0.96 0.06 0.02 0.05 0.05 0.82 0.02 0.65 0.51 0.07 0.67
MnO 0.55 15.83 22.76 5.04 16.48 0.50 30.99 0.48 0. 60 18. 60 1.94
FeO 3.16 2.55 1.87 1.80 1.35 1.80 1.79 2.40 1.65 2.24 3.15
P,0; 0.01 0.09 0.12 0.10 0.28 0.07 0.05 0.08 0.05 0.06 0.11
Loss 5.77 30. 98 32.40 16. 84 30.84 7.47 31.71 7.66 3.89 26.16 7.66
AV F;IJ)“ Mt 066 0.13 0.08 0.53 0.09 0.61 0.03 0.61 0.55 0.08 0.51
(Fe+Mn)/Ti  8.99 87.98  186.46  14.97  147.97  10.87  466.62  12.45 17.27  190.47  17.87
Fe/Ti 8.16 21.27 20. 01 8.31 16.99 9.93 27.68 11.39 14. 69 26.36 13.04
Si0,/Al, 0, 3.53 2.65 3.83 1.81 6.45 4.84 6. 80 5.01 10. 90 10. 44 6.08

DB - FP [0 B BURR PP SE B 2, PRI ] 2017 04. 20,

Hﬂ [zl 4 ﬂu%jﬁaﬂ*ﬁ%th 5A12035 TIOZ \KZO\SiOZ N

Fe,0, Z [A] R B IEAHE, AL, 05 5 CaO MgO  MnO
ZIE R AR IR o AL O ATAE Sy ili U5 g A Jo 1)
BATEIR , Wl R (WG YRR 1) g A DT
TR Z /D 48R (5K K TREE,2013) o BERSERA , i
VIR BRI A LI 2 /0 B AR A4
A2 TR 3 04 PO, R 0 W 4 Oy 32 B0 il Y5
AP TOR T Fe B AL W) R A AL W HE AL
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Taylor et al. (1985) £ Hi: Si0,/Al, O, f{{H /& [X.
SIULARE W o ) E AR AR, TR TS P Si0,/
ALO,{E 1. 81 ~10.44 S35 5. 85; 57 )2
{H 3. 83 ~10. 44,5k 7. 02, & & T hh7e b Si0,/
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Fig.4 Correlation diagrams of major elements in manganese bearing rock series from the Xiangtaoyuan Mn deposit

K2 WHERET KRV ANBENEMETRMRER( x107°)

Table 2 Contents( x10~*) of major elements of the Mn — carbonate ores and black shales from the Xiangtaoyuan Mn deposit

B 2 5 FER AR Ag Ba Th U Cr Co Ni Cu Zn Sh
NSC - H1 kit 0. 064 2895 23.8 1.99 71.3 46.5 421 214 121 0.730
NSC - H2 R 0.058 1052 36.0 3.06 19.0 64.5 1205 324 202 0.330
NSC - H3 WRsRY  0.116 1829 6.62 1.92 23.1 62.8 700 355 191 1.90
NSC - H4 WA 0.336 1270 36.5 29.0 122 214 957 296 91.0 25.0
NSC - H5 R 0.056 776 4.22 3.44 22.8 37.2 414 71.6 69.9 3.30
NSC - H6 BOTUE 0.303 2017 17.2 12.7 87.6 34.9 228 102 107 18.0
ZH4 s 0.019 629 3.40 0. 831 19.2 51.0 602 26.7 102 0. 600
ZH5 WA 0.450 2519 16.7 10.7 87.5 36.3 163 108 93.5 8.70
ZH6 Beys 0122 1989 8.79 2.71 54.4 23.8 75.3 71.5 62. 1 4.00
ZH7 WIS 0.042 815 4.25 1.18 24.2 35.3 160 45.1 100 1.40
ZH8 TS 0.173 2594 15.8 10.0 79.1 85.1 678 166 353 7.10
FES S B 544 R As Rb Sr Zr Pb Bi Nb W v Mo
NSC - H1 Hi+ 2.80 197 119 311 14.7 0. 610 52.9 6. 05 106 0.471
NSC - H2 e 2.07 37.6 2590 159 57.2 4.31 19.1 3.41 124 0.512
NSC - H3 TRERER A 27.2 40.0 1186 109 574 0.910 9. 44 6.25 77.9 4.10
NSC - H4 e T 108 259 408 227 120 1.49 29.5 15.6 576 21.0
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Continued Table 2
[T k= FESh 2R As Rb Sr Zr Pb Bi Nb w \Y Mo
NSC - H5 LKA 62.0 38.5 1199 101 30.2 0. 436 7.90 3.35 54.5 6. 56
NSC - H6 A fa T 63.6 165 112 175 80.2 0.783 18.5 8.20 314 23.9
ZH4 TR 15.0 25.7 1084 98.4 14.8 0.307 7.58 8. 18 47.7 0. 856
ZH5 My 54.0 175 154 161 98.6 0.781 18.9 4.89 317 22.4
ZH6 M fa T 26.0 88.7 174 131 27.4 0. 406 14.1 26.4 181 5.68
ZH7 TR 30.0 41.8 540 115 23.4 0. 320 11.1 11.0 56.4 3.20
ZH8 HBaTUA 53.0 134 160 171 68. 4 0. 860 21.7 13.6 283 5.22

DAL - P R G M TR RS2 2, 3K 1] :2017. 04, 20,

1000 —=—NsC-HI —— 7H4
—+—NSC-H2 —e— 7ZH5
—&—NSC-H3 —=— 7H6

100 — NSC-H4 —k— 7zH7
—e—NSC-H5 —— ZH8

HEM/PAAS

0.01 .

Ba Th U Cr Co Nl Cu Zn St Z Pb Nb V Mo Ag Sb As Rb Bi W
5 WmFERET METE PAAS fRAELAEL S 425X B ( )RE#E Taylor and Mclennan,1985)
Fig.5 Normalized distribution patterns of trace elements PAAS for manganese deposits in Xiangtaoyuan ( base diagram from
Taylor and Mclennan,1985)
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B AR =AU O RIS AR R ) HAOK
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Fig.6 Diagrams of Co/Zn - (Ni + Cu + Co) (a)and Fe — Mn - (Ni + Cu + Co) x 10 ( b) for manganese deposits in Xiang-
taoyuan ( after Toth,1980;Yang et al. ,1993)

I -k T - 45k T - 203 < K TR IV - FOKTTE; V- Fe — Mn 52
I - hydrolith; T - nodule; T — hot brine sediments of the Red Sea; IV — hydrothermal sediment; V — Fe - Mn crust

®3 WHRETHITRMKALER(x107°)

Table 3 Rare earth elements content( x 10 ~°) of manganese rocks in Xiangtaoyuan

5 LREE/
i;%j la. Ce Pr Nd Sm Eu Gl Th Dy Ho Er Tm Yb Lu IREE oo 8Ce 5w

NSC-H1 47.7 108 9.56 32.6 5.69 135 5.18 0.879 4.04 0.932 2.67 0.576 2.99 0.561 222.71 11.49 1.21 0.77

NSC-H2 50.3 563 11.0 44.1 9.62 2.80 11.2 1.58 9.49 1.86 5.26 0.884 5.07 0.830 716.67 18.82 5.71 0.83

NSC-H3 30.1 954 6.05 21.1 497 1.18 5.13 0.878 4.93 1.02 2.83 0.460 2.74 0.397 177.23 8.64 1.68 0.72

NSC-H4 346 83.8 833 28.2 538 0.767 4.52 0.767 4.10 0.870 2.72 0.497 3.22 0.473 178.28  9.39 1.18 0.48

NSC-H5 255 669 5.17 16.6 3.67 0.978 3.99 0.681 3.32 0.635 1.79 0.287 1.52 0.222 131.29 9.56 1.39 0.79

NSC-H6 40.1 97.6 9.57 347 6.53 1.16 5.24 0.797 3.79 0.762 2.31 0.386 2.66 0.400 205.95 11.61 1.19 0.61
ZH4 26.0 50.2 4.69 13.6 3.08 0.701 3.37 0.576 2.62 0.538 1.55 0.238 1.37 0.201 108.71  9.39 1.08 0.67
ZH5 44.6 108 9.99 37.3 6.69 1.17 550 0.783 3.70 0.747 2.29 0.418 2.73 0.443 224.24 12.50 1.22 0.60
ZH6 29.2 51.7 6.00 19.0 3.56 0.672 3.30 0.524 2.14 0.436 1.30 0.220 1.46 0.225 119.72 11.47 0.93 0.61
ZH7 26.9 547 478 14.0 3.37 0.926 3.74 0.658 3.34 0.682 1.82 0.299 1.65 0.250 117.14  8.42 1.14  0.80
ZH8 43.7 105 9.29 34.1 6.17 1.00 5.25 0.783 3.78 0.741 2.34 0.407 2.54 0.376 215.17 12.28 1.24 0.54
DA TP 6 G b FURUR) 0 SE 86 2, I 35U ] : 2017. 04, 20,

1000 N o B 4G K m B R - & & (SREE)
1ok NS 16 108.71 x10™° ~716. 67 x 10™°, B, T 2 FI K +
EAR RS MO R A 119.72 x 10°° ~ 224,24 x

<10 1070, 535 BOK TR PR - & BRI 2, (L A
%1 b T H T B R b RO . A LT =
# P - (1) % 5 RE MR BF A J55 o B 0 3%, {0 B PR i
0.1} R S B0 TR 26 B A A T HES A o 5 2 1
ool L St 5 (2) Fe — Mn BUHRGR7 H 1 7 ik 0k
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm YbLu X 25 (B 25K, 2011) 5 (3) LAY kS -4

7 IERET WLLR PAAS IRRRCRAE (RER x50 3¢ A ARG T AR Ol
paior s Mlenmar, D) SN 1999) . ARLER T + 00 % M BER L Ce En 5

Fig.7 PAAS -normalized rare earth elements patterns for
ALz, — B Al — b b N
manganese deposits in Xiangtaoyuan ( base diagram from AR S RN HLT Y BT BB R 1 G
Taylor and Mclennan,1985) F B BOKTIRRRE .
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Table 4 Carbon and oxygen isotopic results of the manganese bearing rocks from the Xiangtaoyuan Mn deposit

SRAFEHL A Fayis 8"3C/%0( PDB) 5'%0/%0( PDB) T/C('%0 )

Hit -7.8 -14.0 99.3
IR -12.8 -13.1 93.2
TR -15.6 -11.9 83.6

WE IR A P B
BETUE -15.6 -12.2 86.2
B IR -11.5 -12.7 90.5
BETUE -11.7 -14.1 99. 4
RIRERD™ -19.3 ~11.1 79.6
BOTE -8.3 -16.6 120. 1

i1 V5 15 345 23 )

u%{sﬁz%fgobég? REIUE -11.5 -15.0 106.5
TRIR GG -12.5 -10.1 70.9
BEOTUE -12.1 -13.6 93.7
* VR AL AR TR i -1.7 -12.81 90. 4
* BT RO EH S A -16.83 -12.4 87.3
* 2 S T RO -16.83 -11.67 82.0

DB - A% Tk AE B BRATFTE 5 A A 72 oL, 3R i) :2017. 03. 2355 T - = AR RO EHR 5 | H HEALAN 47 (1998) .

8"O(PDB) (%o)
20 -15 -10 -5 0

T T T T

1L

L

(=)
5'C(PDB) (%)

--20

B8 naiEiREH 6°0(PDB) -5 C(PDB) X ZE
Fig.8 &"O0(PDB) —§"C(PDB)relationship of manganese

deposits in Xiangtaoyuan

XFBRBRERAT 2 i IR e SR A8 DU i AR A
ZHEAT TIRE 80 - 10. 1%0 ~ —16. 6%0, F-X{HE
N =13.13%0( % 4) , -4 Epstein {11532
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720

TH M EAE
5 #a

(1) &0 JZ2 19 MnO  MgO,CaO %45, AL O, |
K,0,Na, 0, TiO, . P, O5 i & &8 AL, 54 4 h P/
Mn<0. 003 ,Mn/Fe =6, AHs: KB AR A TR
FREGH 1. Horp Si0,/A1,0, . (Fe + Mn)/Ti Fe/Ti,
Al/(Fe +Mn + Al) 1 LA H A LAY i FOK TR
FERio

(2) e R Bos B B R Y Ba Co Ni Sr,
Pb Mo U & 4E Rl & Ba i 15 LU 1
Ba J2HLIRHI AT R , FEOR B IRERIE , Th . Cr Zn
Nb Zr Z:5CE AN PAAS 54, Co/Ni FL{H A Co/
Zn — (Cu +Ni+Co)Fll Fe —=Mn — (Cu + Ni + Co) [
i EB R N B A B S AR A ISR () 2 5,

(3) M VA IR AR & B AR AR 0 A RRAE S K
FINEJG K 1 T8 (PAAS) fF7E — & 22 5], SR i
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Geochemical Characteristics and Genetic Significance of the Xiangtaoyuan Manganese

Deposit in Taojiang County , Hunan Province

LIU Hu, LI Qinghong, CHEN Yan,WU Jibing, HUANG Fei, WANG Zhe ,GONG Guanglin, LIU Dongsheng

(1. Hunan Geological Exploration Institute of China Metallurgical Geology Bureau, Changsha, Hunan

410016,

2. Central South Geo — Exploration Institute of China Metallurgical Geology Bureaw,Wuhan ,Hubei 430080;3. Guan-

gxt Fourth Geological Team, Nanning , Guangxi

530031 ;4. Ceniral South Bureau of China Metallurgical Geology

Bureau , Wuhan , Hubei 430080 )

Abstract; The Xiangtaoyuan manganese deposit is located in the Taojiang manganese — forming basin in central Hunan Province. A group of NNW —

trending synsedimentary faults developed in the basin,forming a series of fault troughs, which control the distribution of sedimentary facies. Black shale,

manganese — bearing limestone and manganese carbonate are the best lithologic assemblages. The chemical compositions of ores are various,and the abun-

dance of Co,Ni,Pb,Mo and Ba is relatively high. Co/Ni,SiO,/Al, 05, (Fe + Mn)/Ti,Al/(Fe + Mn + Al) ratios and Co/Zn — (Cu + Ni + Co) and Fe —

Mn — (Cu + Ni + Co) diagrams reveal the participation of seafloor hot water in the mineralization process of manganese deposits. Rare earth element distri-

bution patterns,Ce and Eu anomalies indicate that manganese deposits were formed in a passive continental margin environment and have the characteris-

tics of hydrothermal deposition. It shows the characteristics of light isotope enriched with carbon and reflects the characteristics of deep hydrothermal depo-

sition and biological processes during the mineralization of the Xiangtaoyuan manganese deposit. The calculation of paleotemperature by oxygen isotope

provides favorable evidence for the genesis of low — temperature hydrothermal deposition of the Xiangtaoyuan manganese deposit in central Hunan.

Key words: geochemistry , Ordovician , geological characteristics , manganese mine , Xiangtaoyuan , Taojiang county , Hunan Province

 RBiTM
|
3

722

N s
e S s
?/ > e
(ORI 7N VRN IV g i VR gV ARV AN AN VRN VR RN VRN VRN R N VRN N PRSIV AR 7 )

Q. 5C_.5C_.5C . 5C_.5C . 5C_ . 5C_ . 5C_.5C_ . 5C_ .5 . 5C . 5C_ . 5C . 5C_ . 5C . 9C . 5C . 5C .5 . 5C . 5C . 5C .5 . 5C .5 . 5C .5 . 5C . O5C .5 .5 .5 .5 .5 . O5C .5 .5 .5 .5 .5 .5 .5 .5 9





