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Fig. 1 Sketch geological map for the Daotuo super-large Mn-carbonate

ore deposit at Songtdo Country in Guizhou Province
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1—Cambrian; 2—Sinian; 3—Nantuo Formation,Nanhua System (Cyrogenian); 4—Datangpo Formation, Nanhua System (Cyrogenian) ;

5—Tiesi’ao Formation, Nanhua System (Cyrogentan) ; 6— Qingbaikouan System; 7 Jixian System; 8 —stratigraphic boundary; 9—fault;

10-—mangangese ore deposits; 11-—Daotuo manganese field
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Fig. 2 Sketch stratigraphic column show the stratum of
Nanhua System in the Daotuo manganese ore field at

Songtao Country in Guizhou Province
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Fig. 3 Photographs showing typical features of Daotuo super-large manganese ore deposit
at Songtao Country in Guizhou Province
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(a)—Rhodochrosite,anti™handed pyrite in rhodochrosite ores; (b)—bubble-bearing Mn— carbonate ores; (c¢)—layered pyrite in black shales
of the basal of the/IDdtangpo Formation; (d)—pyrite nodules in gray shales of the middle Datangpo Formation; (e)—gray to dark gray

claystone layg¢rd in the lower part of the Nantuo diamictite; ({)—gray claystone layers in the upper part of the Nantuo diamictite
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Fig. 4 BSE images showing microstructure for rodochrosite samples of Daotuo manganese ore
deposit at Songtad,_Cbuntry in Guizhou Province
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(a, b)—Two BSE images show microstructurés of rhodochrosite; (¢)—a BSE image show ring-shaped pyrite;

(d)—a BES image show fytite framboids with a mean diameter of less than 5pm
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Fig. 1 Results of X-raypowder diffraction of rhodochrosite ores and Mn-bearing black shales

at Songtao Country in Guizhou Province
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Table 2 The contents (%) of major elements of the Mn-carbonate ores at the Daotuo super-large Mn-carbonate
deposit, Songtao Country, Guizhou Province
[T R Si0; CaO Nay O K;0O MgO MnO P,0s Al, Oy TiO, | TFe; O S LOI Fe/Mn
ZK105-7 26,1 | 7.78 | 0.69 | 1.65 | 3.65 | 23.3 | 0.28 | 6.63 | 0.19 | 2.50 | 0.67 |45 | 0.10
ZK105-12 13.6 | 13.7 | 0.20 | 0.59 | 4.71 | 26.4 | 0.47 | 2.08 | 0.12 | 2.19 | 0.83 | 32.0 | 0.07
ZK105-13 9.70 6.69 0. 36 0.24 4.44 36.7 0. 20 1. 16 0.08 1. 80 0. 32 35.1 0. 04
ZK105-15 15.8 7.19 0.42 0.51 4.07 32.3 0.28 2.08 0.15 2.27 Q. 66 32.2 0.06
ZK105-16 9.12 7.49 0.42 0. 45 4.36 36.2 0.28 1. 84 0.17 1.92 029 34.9 0. 05
S 14.9 8.57 0.42 0.69 4.25 31.0 0. 30 2.76 0.14 2. 14 0. 55 31.7 0. 06
AL A A 17.0 8.65 0.31 1.03 2.77 29.0 2.36 3.65 0. 20 2. 3% 1.45 — 0.08
W R AR 13.8 3.33 0. 34 0.57 3.45 37.7 0.24 1.72 0.10 1567 - - 0. 04
AR VIR B 27.2 5.32 0.62 2.50 2.91 22.1 0.67 9.27 0.32 4v14 1. 85 - 0.17
WS ST AR 14.3 6. 50 0.32 1.22 3.56 31.1 0. 36 4. 36 0.\24 3.31 - 29.4 0.10

Wl WA B S A TR (2013) , DU AR AR A AR 51 A K R KEE2013b) . B AR GRS M S A BUIE 5] A AR (2008) 5 — — 5
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Table 3 The contents ( X107 °) of trace and rare earth elements of the Mn-carbonate ores at the Daotuo
super-large Mn-carbonate deposit, Songtao Country, Guizhou Province

FESh YR 5 La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Eu Cr
ZK105-7 43.6 | 106 | 10.1 38 8.84 | 1.84 8. 69 1.44 | 7.45 37.4 1.45 ] 3.84 | 0.59 3.58 0.55 | 19.6
ZK105-12 | 20.2 | 58.2 | 5.69 25 5.31 | 1.67 5.63 0.92 | 5.28 36.2 1.19 | 3.37 | 0.56 3.13 0.43 | 8. 14
ZK105-13 18.2 49 4.36 | 18.1 [ 4.05 | 0.92 4. 31 0.75 | 4.3 23.3 0.91|2.44| 0.4 2.172 0.29 | 3.85
ZK105-15 18.2 | 53.4 | 4.61 | 19.7 4 0.98 3.98 0.67 | 3.71 20.1 0.8 | 2.34]0.36 2.02 0.27 | 4.3
ZK105-16 | 21.6 59 5.09 | 21.1]|4.39| 1.24 4. 49 0.76 | 4.29 22.5 0.88 | 2.51 | 0.4X 2.28 0.31 | 3.96
5 g Co Ni Cu Zn Rb Sr Mo Ba Pb Bi Th u Nb Ta Zr A%
ZK105-7 | 21.5(16.8 | 10.2 [ 89.5 | 64.4 | 230 | 0.72 | 457 [3.36| <C0.05 |6.54 | 1.87|2%4 | 0.11 83 |39.3
ZK105-12 | 16.3 [ 8.73 | 21.1 | 33.5 | 24.7 | 419 0. 47 198 | 2.22 | <C0.05 |2.89|0.67 ,0.52| <C0.05 | 146 |20.7
ZK105-13 | 15.5 | 9.48 | 5.33 | 60.7 | 7.97 | 266 0.18 182 [ 0.12 | <<0.05 | 1.12]0.29°] 0.09 | <C0.05 |21.1]3.99
ZK105-15 | 24.3]10.5|10.6 | 17.5 | 18.2 | 256 0.09 214 | 1.01 <0. 05 2.0 | 048 | 0.57 <0. 05 34.4|10.3
ZK105-16 11.8 | 6.35 | 5.67 | 35.5 | 16.4 | 299 <C0. 05 211 | 0.14 <20. 05 1.99 N0.49 | 0.35 <20. 05 30.6 | 8.96

AN LAY R HE I SR T IR Cly IR 57 2 RAR LRI PE &
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PAAAS-normalized trace elements distribution patterns (a) and enrichment factors (EF) distribution patterns

(b) of Mn-carbonate ores from Daotuo super-large manganese ore deposits, Songtao Country, Guizhou Province
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Table 4 the trace elements Enrichment Factor (EFx) of the
Mn-carbonate ores at the Daotuo super-large Mn-carbonate

deposit, Songtao Country, Guizhou Province

B R S| ZK105-7 | ZK105-12 | ZK105-13 | ZK105-15 | ZK105-16
\Y% 0.75 1.25 0.43 0.62 0.61
Cr 0.51 0.67 0.57 0. 36 0. 37
Co 2.67 6. 44 10. 98 9. 60 5.27
Ni 0. 87 1. 44 2.81 1.74 1.19
Cu 0.58 3. 84 1.74 1.93 1.17
Zn 3.00 3.58 11. 64 1. 87 4.29
Rb 1.15 1. 40 0.81 1.03 1.05
Sr 3.28 19. 04 21.68 11. 64 15. 36
Zr 1.13 6.32 1. 64 1.49 1. 50
Nb 0. 40 0.26 0.08 0.29 0. 20
Mo 2.05 4. 27 2.93 0. 82 0.51
Ba 2.01 2.77 4.56 2.99 3.34
Pb 0.48 1.01 0. 10 0. 46 0.07
Th 1.28 1.80 1.25 1.37 1. 40
U 1.72 1.96 1.52 1.41 1.62

EWH T TR P Th/U E A 3. 50 ~
4.58, 44 4. 065 V/Cr FL{H 1. 04~2. 54, K
2.05;V/(V+ND K AE 0. 30~0. 70, F {4 0. 56,
Th/U.,V/Cr fil V/(V+ND HAH 2 5z e 3T FR ER 55 Y
A8 I A& R 1) #2550 (Adams et al. , 19583
Jones et al. ,1994; Tribovillard et al. , 2006) »J#
%, Th/U HAEAN T 0~2 Z [ FE 7R —Fh il A G I
KAREREE , Th/U A K T K Bl L 5€ 19 4548 3. 8
W4 735 — Fofr 80 Ak 19 B 85 25 47 (Wignall et al, 19965
Kimura et al. ,2001);V/Cr<Z2. 00 {{ 5 A5,
2.00<<V/Cr< 4. 25 ¥R K & E R V/Cr>4. 25
RFRA M H 35 (Jones et al. » 1994);0. 84<<
V/(V+ND<0. 89 3K BITE 5 G 2 1 K M b A 5
fift H,S BIAEAE 0. 54<< V/(V+HNi)<0. 82 F xR K
FE43 )2 B8 B 25 M i S BAR 0. 46 <<V /(V+ND <<
0. 60 £/R T 594728 A (Hatch et al. , 1992),
B4R Th/UhE . V/Cr HfEF V/(V+ND
Lo A 55 S Ak BRARRE T 2R 48 bR 24 4 S IS BB K 44
AALIRE .

3.3 WL UEAFE

B T on RIS Ry TR 3, 18
AR Y ot & M A T 133,45 X 10 °~273. 37
X102z, EHE R 173. 12X 10 °, PAAS briE
AL i STve ) T s W 3 = S R S I i BT A S
( 6a): O +ICE B K, 85804 & T PAAS,
B i & F pg AR T ool AR kalahari ik R 5 (] 7a,

Chetty et al. , 2011) FH7 70 ot A W 91 1) 25 M Btk R 2
(J 7b, E L, 2011) s @ PAAS Fr L + 00 & i 43
P B R — o R R e M T R
A C B =X B B A 5 T BRI K (B e Albio et
al. » 1998) ; @5 BACHE I A 45 7¢ (W d, 5558046
2002) FHABL - B B 1 Ce 9 IF S8 LA B B Y
SH . BT S R A 6b) L R L
BB (& 6, A SUOR K& 2 B8 O B8 7R 1Y 1% 68 i
(] 6d. 5K & KZE, 2013b)i kot 2 FFAE 59 A L1
HRE B AR 3 A4S B i YRR L 2R B E YR R R Y
TUVE I 205 HA JUAS il R A B < 1 1 12 it PA R
e s S A AR UTVE Bl Bk R A A AE A 1 R
G AT B G %8, 2013a, 2013b), X iF— 4%
A R 33 S B T e T =LA
3.4 WETESE

B [F) SRR FEAE 9 23 B >R SO, 78 . B ) 5
W) R ey 8 AL R TR — A 5 oS RSV T WG
RSN A o 7E 48 € I EE Z AR RN Ay SO,
SOMZ 3t 3 WAV BF VRt NI — T 7KIR &
FEAR IR 258 & 2l Ak 55 B 0 ) 0 2% 5 4 s ki L 30
mL/min (&4 He K AGE L —HAEHR 6 mm, K
JEH 2.2 m S 0.5 nm 43§ 19 (4 3% AL 2lifk .
WAL HRHE He S5 ¥ SO, e 78 3015 I 1 FE
S, F A Finnigan MAT 253 %8 i 3% {3 3 17 6%
WL I e . R B4 & ok FEm: 6S
= [(6"S/6"S) qumpte / (8™ S/8% S)yerr — 1] X 1000,
&S HIKEE 0. 20%,. S [Al iz Rk 45 R 5 T %
5,

x5 BRMERREEEBREGEY RAVERHARDET
AREGT RETYSAMENXER

Table S S-isotope results for pyrites in the Mn-carbonate ores

of the basal Datangpo Formation, Cryogenian, at the Daotuo

super-large Mn-carbonate deposit, Songtao Country, Guizhou

Province
FE it G 5 FAETRBE (m) FE it 24 Bk 8% S venr (Y0)
H20 1299. 29 B 63.0
H18 1297.97 Wk 63.3
H14 1295, 42 W 62.5
H13 1294. 11 WY 62.1
H11 1292. 22 H R 61.5
H10 1289. 88 W 61.0
H7 1286.53 WA 60. 6
H4 1283. 55 B 59. 8
H3 1283. 05 BT 57.6
H2 1280. 57 HART 56. 2
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Fig. 6 PAAS-normalized rare earth elements distribution patterns for Mn-carbonate ores of some typical

Datangpo-type mafiganese ore deposits in Yangtze Block
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(¢)—Guzhang manganese ore deposits_tHunan Province; (d)

SIERA RN ek VAL R R 7R [ K VA S
R AN 23 B AR S O BER T 671 Svenr (H 5
B B B 1 0% Sydr A T 56, 2060 ~
63. 3%, FIMH Ny 60. 8 H M T Kk i K 4
JEFRER A A 2 AL A R DU R BT
8" Svepr fH— BT, 1990 ; 2 4E A 55,1996 Li R
et al. , 1999; fif ZFES:, 2001 ; Chu Xuelei et al. ,
2003; Chen Xi/et al. ., 2008; Feng Lianjun et al. ,
2010;Li Chadeet al. ,2012; 5Kk K K4F,2013b), B
e o Gy AU S0 T A P L TR R R e o U A 3 i
I B AL 1 19 6™ S.vepr {H ( Hayes et al. , 1992;
Canfield et al. ,2009) s @ A1 3F H Ath 3 AR 67
SRR A R AL R 6% S venr (HAZ AL TE
BN 8) I EE .

HA SR 6% S veor (H 1 8B 2 T A K I

WAL IR (IO K R AE . 2013a) 5 (©)

(a)—Daotuo manganese ore deposits, Songtao Country, Guizhou Province; (b)

W LA s (D — B AR PR BT Gk C RS, 2013

Gucheng manganese ore deposit, Hubei Province;

Xixibao manganese ore deposits, east Guizhou Province

ek TE R 67 28 4 BR AL 27 I TR — A BB RRAE
5 H Firx X Bl 55 = 0% Svenr 18 B B A5 K
o BT B IR Y R R E A AT B R R
Rk L JF HoA R £k % & 2% S(Chen Xi et al. ,
2008; Li Chao et al. , 2012; 3§ K K%4:,2013b), B
K200 AR b (9 Bt R £ e Ak ) 1 A [) oz
ZE P (Hayes et al. , 1992; Canfield et al. , 1996)
FEH o0 AR B vk 22 T vk 1 AR o gk B T
AT Th e 19 07 Sovenr (H B LR A B 7R
T [ 46 F I B AL S 1) 3 i 2 A A B AR R
KA A Amadeus Z # H 19 Aralka 4H (Hayes
et al., 1992) . 44K kb W. 74 #P B9 Nama 2 (Ries et
al. , 2009) F1 /0 &= K Twitya 4 ( Hurtgen et al. ,
2002) #b 5T 57T » & W VK 22 (R 48 A% [B) 0K DT AR B
B BA R H RS 0 Sverr (H R BRI S .
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Ediacaran Doushantuo Formation, South China {¥an B, 2011); (c¢)—Pacific seawater with different water depth (Albio et al. ,

(d)—Co-rich crusts in the Pacific seafloor (Cail¥ H, 2002)
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FE—LE 22 0] . 31X 26 22 5| W] BE 2 B B W R A G AT L K
PR IR AR A ST B 72 b P 3 55 R 3R 2 5 52 Tl 1)
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2002) fH Co® 145 5 Bl 1) AL W AL Co® ' JF:
B 1 A AL B W B SR B AL R Co w 4R
(Murray et al., 1979; Crerar et al. . 1980; Bau,
1999; Kawabe et al. , 1999), Mo ZEE ST F
PRTRE B RS MoO,” JE X AETE. 2 # Mn
A8 ALY FEH F 35 (Crusius et al. , 1996), fER
JEZ& T, Co Fl Mo #2455y Al H.'S 45 & DL ¥ 14
Uitk A & 4 (Huerta-Diaz et al. , 1992;
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Fig. 8  Sulfur isotopic compositions (8* Syepr) for
pyrite form Mn-carbonate ores of some typical Datangpo-
type manganese ore deposits in Yangtze Block. Data are
compiled from Tang Shiyu (1990), Li Renwei et al.
(1996), Li R et al. (1999), Chu Xuelei et al. (2001,
2003), Chen Xi et al. (2008), Zhou Qi (2008), Zhang
Feifei et al. (2013b) and this study.
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Abstract

Daotuo manganese ore deposits at Songtao County in Guizhou province isd newly explored super-large
and concealed Mn-carbonate ore deposit. In this paper, we pioneered\td_veport basic geological and
geochemical characteristics of the deposit. The ores are hosted in the basal of the Cryogenican Datangpo
Formation, comprising primarily of banded, massive and bubble Mn-carbonate ores. The major elements
show low Al Oy, TiO,, and Fe;O; contents, moderate P,0O; conténts, relative high MnO and MgO
contents, and low Fe/Mn ratios. The trace elements show ‘depl¢tion in Rb, Nb and Pb, relative
enrichment in Co, Zn, Sr, and Mo. The REEs are characterized by high total REE contents, relative
middle REE enrichment compared to light REE and heavy REE,vand obvious positive Ce anomalies. The
pyrites in the Mn-bearing series of Daotuo manganese ore deposits have extremely high 6" Sycpr values,
with 6* Syepr values range from 56. 2%, to 63. 3%, with“a) mean of 60. 8%y. in summary, the Daotuo
manganese ore deposit is a typical Datnagpo-type manganese ore deposit, which provide us a unique
opportunity to study Neoproterozoic manganese mineralization and its well-characterized Cryogenian-to-
Middle Precambrian stratigraphic framework also provides a unique opportunity to rack the co-evolution of
coupled tectonics, the Snowball Earth event, sédimentary manganese metallogenesis, marine chemistry

and rise of earth’s early animals.

Key words: Daotuo manganese deposity Datangpo-Type manganese deposit; Neoproterozoic; S

isotopes; Songtao, Guizhou





