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SR Rty S T8 A A5 TRl o2 1) B T 0T 5 R B B L, 255 0 AT T R e R RO R B A R A
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1998) . EAZA W) 5K (Sahoo et al. , 2016) M &7 IR
B (BIF) BIFEHL( Cox et al. , 2013) 4%, k4L
BT 5 25 I B TEE ZK A 2 1 ot B Al By
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MY A, P kAl A& A T PRI BRI R A oK) 1 =R
- ( Bl Sturtian F1 Marinoan vK3) |, 43 51 %} 1 & 1€ 7
Hi DX A YL T Pk AR R Ve kI (GBS 2 2 55,2011 5 5K
Bi4E,2016) , X PR KIS AR KR BE B 124
IF Y R ki KA AE P, I 0 — 20 3 B 1 v 1 1 Ak 2 1
JoT A AR AR 3 JRUIR S 1 2 A% A ( Hoffman et al.
2017) , TETE H X A X PR vk ) =2 18] & A T R B
(] A, XoF oy o T ] B 2 0% JC A 0, 7P A A0 ) 46 e
DIERL T F8 iR IR, Z4EMIR B,
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(PB4, 2014)  Anse N Ko (BT 5, 20135 Yu
Wenchao et al. , 2019; 5k F/A%, 2020) (KT
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2019) I EEWIVE (S B IR AE, 2016) &%, Hrh A A
FEMRAAAE K IE A — B (8 Y 200 iR
PR (EASEY LT A5 b DX R P ] e Y A
WrE iz —, TR AR B R AT
(EARL 2 45 f AR 20 R 5 HOE i VA 56
f) Sturtian VK1 S0 b i A i S0 R v A Ak
WFARSFE N B — BRI S (Li Chao et al. |
2012; Fhim A= %5, 2015; SFELSE, 2015; J& #r55,
2016; Lan Zhongwu et al. , 2020) .
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F 2 o — FR 0 [B14% € 4073 (10 Rb-Sr Sm-Nd
B U-Ph 3L EEE S vk )2 FE)2 R
SCAE A2 H 8 LR B A T ok SR, {H K 4
()42 52 A7 7 1 52 FLDAO0T S 4 St o R ) B I 1) o)
2y 1 it N A7 AR AR K 1Y JR) BR % ( Rasmussen,
2005) ., HEZ F,Re-0s EAE N LAE HIER & &
PLBTUT AR 5 (an S8 012 ) A9 U AR AF % ( Cohen et
al. , 1999; Kendall et al. , 2004; Z=#% 2014; Fu
Yong et al. , 2016; & R4, 2016) , LIS B
TN TEJE WA VR A (Can By AR AR 318 FH A5 ) 2
Firh A TUA TR Y Re-Os AR RATSREAR SR B A, BN
KA Re Fll Os TTR AU E KR BFRHL( Creaser et al. |
2002; Rooney et al. , 2010; 25#55, 2014) , X ffi15
Re-Os fEAF 5912 HIR BR g i 7€ 6 R U AR b 2
AT FLAE I3 ( Rooney et al. , 2010; Zhu Bi et al. |
2013; Tripathy and Singh, 2015)
1.1 Sturtian 7k /2 ZhEtE

Sturtian 7K HZ 76 2ERIE BN 1z 50 A, (0 8
AU KA UTRR 2k B MR IRNE 9K LT &
K EEEHB BT 1 5é Tl 45 4t X (Hoffman and Li,
2009; ¥ E E MA K K, 2011; Hoffman et al.
2017) o XU UKIPIXT I 2 A2 R b XV oK AR
FUTHUIT R (K + 5 ] slom BT 4 5 4%
223 40 ( Lan Zhongwu et al., 2014; JE 1F 7145,
2015) o TR BTN VK 2 vk N S5 R 3R R 1R
LSS5 B) S A BR L, A\ GE 33 oK R Bl A 2
HJZ P KO OREEIE J T RS A TAE , I U
T—FH R (K1 A5 1), H, Lan Zhongwu
Z5(2014) FRAT T A0 My DXOPF Y T 3R 458 K S5 493 D
AL B Hh X GE T 4 TR EE K 5 1) SIMS U-Ph
AR AR 716.1 £ 3.4 Ma F1 715.9 + 2.8 Ma;
Lan Zhongwu 5§ (2015) A5 AL E B ML IX 38 g 2
THHREE A SIMS U-Ph A48 8 714 + 8 Ma; HK %
2 (2015) RIS A B AR L X R YTAE IS U-Ph 4R 3%
A 717 Ma; Jiang Zhuo-Fei %5 (2016) K159 )1 7 4 [X.
FF AR 2 TR &8 A Je J2 1 SHRIMP #l LA-ICP-MS
U-Pb #4352~ 715.0 £ 9.8 Ma £ 718.8 + 9.4
Ma; Song Gaoyuan %5 (2017 ) 3K45 A4 30 74 Hb X A 12 A
THFRHE B %5 47 1) LA-ICP-MS U-Pb 4E#3°4 714.6 +
5.2 Ma; Z5IR 0855 (2018) ZRAS AL X K 22 4R
VK R A Bk 1 S 5 A1 1 LA-ICP-MS U-Pb f5z/ i
AR 04 & 719.6 £ 6.1 Maj Lan Zhongwu 4
(2020) 3K 15 1)K L4l 2 F HER 41 0038 19 CA-1D-
IRMS %547 U-Pb 4E#% (720. 16 + 1.42 Ma) , 3385

Monte Carlo FFLEFAE RS ML IX. Sturtian vKIH 1) & A= B}
[ B 72 76 717.61 + 1.65 Ma, KU, 451 #b IX
Sturtian PKIH ) & A= B [B] N R ~717 Ma,

BEXS Sturtian K9] 9 2 1A i 8], [ A 22 2 I
JB T KBS, Hb, Fanning £ Link (2004 ) 3%
578 P E. Grand Canyon Hb[X Pocatello 21 Scout
Mountain Bt I vk Hii 5 BEAR 0 80 A KBS A 10
SHRIMP U-Pb 4E# K 717 + 6 Ma; Bowring A
(2007 ) 345 F4 BT & Ghubrah PR 5 H A L% 358K
EHHBYEE A TIMS U-Pb 4R 713.7 + 0.5 Ma, iX
FRER T B4 3 BT 2 4 10 A5 K B0 S o s (1] 79 4T 1% 250
it AE T HORE S TR A 2 v Rl s T 2 J07 P51
UK Y S 46 B ) N FLF 713 Ma, Macdonald &%
(2010, 2018 ) 2K 454 T im 4 K 74 4 #F i IX Mount
Harper TR K HL 22 R b 2 KL K & o BER B
TIMS AF 1, 1 100 AR b $9r PRTARE DK A0 194 7S 1 sk i) R
SETET17.4 £ 0.1 Ma M1716.9 + 0.4 Ma, FHIL,iX
SEAERS A 7, A R 26 B2 AN [a] Kl /Y Sturtian
VKM AT REJE— R IR I Bl Y PR iy 3Rk vE e,
KRR A ~ 717 Ma( &l 1;Macdonald et al. |
2010; Lan Zhongwu et al. , 2020) ,
1.2 Sturtian KHAZERETE R EEZMEER

S RH BT

(1) Sturtian K I 45 ACES ], BT 48 mE HL IX
Sturtian PKIAMLE (WS PR Rz it i dl) b
v A & I ] T v R B A I TR U AR Ll R Ut
Sturtian PK 45 S A4 s ) 388 5 H b 1) DK 30 b 2 R
T AR B B K A JZ R ZE o Zhou Chuanming 55
(2004 ) FRA5 A A 53 4 2R A Bk b DX R 39t 8 2 G
TREE K A T B A ) TD-TIMS U-Pb 4F %4 662.9 +
4.3 Ma, 2 53t CA-ID-IRMS U-Pb 4 Z & 1F K
659.96 + 0.46 Ma(Zhou Chuanming et al. , 2020) ,
HF T R A A AL T R i 3 A A7, 0
Sturtian ZKIASE AT RI N & A T 207, RS, 5%
55(2006) W3R4T 1 5 M AR AR Ak b DX B /K ) T
KIS LI TREE K 4 SHRIMP U-Ph 4E§% 4 667. 3 +
9.9 Ma, ZJi, AFwH It —LITIET — R
Sturtian 7K ] 25 S 8] 1) 5E 4F T AE, 140, Zhang
Shihong %5 (2008 ) 345 142 R i 3L P4 348 b IX S5 4T Fig
TELH T BRI AR 4 (R IE A S 200 ) B K )=
BEAT) SHRIMP U-Pb 4F43 8 654.5 + 3.8 Ma; 43 3C
%5 (2016b) 1 Yu Wenchao 45 (2017) 3K 15 HY4E
St M AR TR b DR 2 L ) T RN VR V) ) T R W
YT B 4G DUA 2B 1Y LA-ICP-MS U-Pb 4%
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Table 1 Compilation of chronometric dates for the onset and termination of the Neoproterozoic Sturtian glaciation

™ 1 Ik AEIE (Ma) FA(T ) FR A E BERR IR
Hemg b X LA-ICP-MS U-Ph 719.6£6.1 | FRERKQHIRTBIKAHRA PR E 45 4 SEURIA4E 2018
AER VS CA-ID-IRMS U-Pb | 717.61+1.65 | HERZH RGO UE KA 2854 | Lan Zhongwu et al. , 2020
P&V Grand Canyon Pocatello £ Scout Mountain Bt [ VKA
SHRIMP U-P} 7176 . i Fanning and Link, 2004
HiX ’ * BOARTE SO Th B S anning and L
Mount Harper I #87Kii# 2
N \ TIMS U-Ph 717.4+0. 1 ount Harper I kSR T
P I E iRl JliZRE e A Macdonald ot al. - 2010
5 N acdonal et al. ,
Mackenzie 111 ik TIMS U-Pb 716.5£0.2 Mount Harper &5k P ER A Btk
- .ox0.
B T IS
LRV S IR SIMS U-Ph 716.1 3.4
22l 2 T R D 5 % Lan Zh al. , 2014
) 7S =T B SIMS U-rh 7159 2.8 KA Z TR b A T B A an Zhongwu et al. ,
AERHI R P ERPUFREE | LA-ICP-MS U-Pb 714.6 + 5.2 MR LR IR 2 TR AR b T i 5 A Song Gaoyuan et al. , 2017
Huqf T Sturtian F#F Ghubrah 7K A 19
&L #B Sultanate U-Pb 711.8+1.6 Allen et al. , 2002
Bj j[juK ultanate + ?ﬁﬁﬁ%@%qﬂﬂ%ﬁﬁ en et al
B S 6 Jebel X TIMS U-Pb 711.5+0.3 Ghubrah VKt Ak L S BE A P 0B A Bowring et al. , 2007
& Idaho HF SHRIMP U-Ph 699+3 N (BigCreek #f) Z FRYISUE T HEE A Lund et al. , 2003
5 Yukon B9 Hyland BESEFT X HE Y
TG TIMS U-Ph 688.6+9.5/-6.2 > Ferri et al. , 1999
HHETHLH: K AL e e et a
) , Pocatello ZH ScoutMoutain BtVKT & Z T HY . .
2 H Idaho FHP SHRIMP U-Pb 686+4 B B R (R 1 Fanning and Link, 2008
685+7 Edwardsburg 21 228k (VKA ) K LA
% Idaho H17 SHRIMP U-Ph Evans et al. , 1997
%I_] al UEP%B 6844 ;EEEPE/‘J%E vans et al. ,
AEE B AR B SHRIMP U-Pb 667.3£9.9 ISR AR W T B A1 FHEE R4 2006
F[E Pocatello F _ Sfouthountain ﬁﬁﬁk%ﬁ_{fi*ﬂ%@ﬁwftﬁ w . .
Porteut N X SHRIMP U-Pb 6675 IRERER A 2 1 20 m, {5 ZJ2UIEHRIREL % |  Fanning and Link, 2004
rt € - NT=d N (RN}
o Taow 2T TR KRR P B
HEm st MAABRIS 450 | LA-ICP-MS U-Pb 664.2+2. 4 RIFP AR BE I = TP s A RIS 2016
E48 Appila (Sturt) KA A2
WA CA-ID-TIMS U-Pb | 663.03 + 0. 11 Cox et al. , 2018
g Wilyerpa 41 J LR 2108 mes
HERE Bt M AR X ID-TIMS U-Pb 662.9+4.3 BRI AN R IE Y 4 22 18] e IR A 2 45 47 | Zhou Chuanming et al. , 2004
KIEEAURHS &4 T 2
AT S LA-ICP-MS U-Pb 662.7+6.4 Yu Wenchao et al. , 2017
HETE T AABE + EECE S R R u Wenchao et a
Laurentia Mackenzi
aurentia Hackenzie Re-Os 662.4+3.9 Hay Creek 2 Twitya 2540 B (6, BT Rooney et al. , 2014
Mountains # [X.
AR R L X U-Pb 661+7 R 1 FR K ARG 2 T A s RS, 2013
. DM 2 P L X R S 2 DR
AET BN PR L X CA-ID-TIMS U-Pb | 660.98 = 0.74 . N R tal., 2020
Y By Wity ey
AER SN AR AL L IX. Re-Os 660.6 = 3.9 | FNAIFBIER LA TIH 3 K BT Rooney et al. , 2020
15T S E Y Re-Os 660.6 + 7.5 KHEIEALRHS &4 R T i E,2017
IR R IR i X TIMS U-Pb 660+ 15 Laplandian 7K#i5tA 2 I K ILKE 454 Semikhatov ( 1991
AL R BT AR b X CA-ID-IRMS U-Pb | 659.96+0.46 | ERZZMFIKIE A2 I K 2% A | Zhou Chuanming et al. , 2020
B4B Appila (Sturt) dHikfis 2z -
! 11311 R SHRIMP U-Pb 659.7+5.3 Fanni d Link, 2008
AH) I R H + Wilyerpa 41 P A LR J2HOES 77 anning and Link,
4E SRR A1 SIMS U-Ph 659.3+2. 4 FYEYE2H & 5 VU BB T BB A Wang Ping et al. , 2019
217 Tuva—Mongolia Re-Os 659.0+4.5 Taishir 2 JIEHB 24 (0 T4 Rooney et al. , 2015
A 1) Fl VU b X CA-ID-TIMS U-Pb | 658.97 + 0.76 KIS L B & i TR 2 T i Es A Rooney et al. , 2020
TER N IABE 410 | CA-ID-TIMS U-Pb 658.8 + 0.5 I 2H B S R TR R A i Zhou Chuanming et al. , 2019
N Umberatan #f Enorama ZH 2 {f, 7 7
] INIAE3E: SIMS U-Pb 658 Fanning and Link, 2006
Yﬁﬂjﬁﬂﬂzrﬁﬁﬁ Mar’ino Arkose &qjﬁ'(]ﬁ%}g%ﬁ anning an INnK,
i ELE B LA-ICP-MS U-Pb 658.1+2.6 KBS BE IR 2 TP S A ZEW Jp 4, 2021
i )37 Adelaide Rift Appila (Sd HvkiA 2 E ) Tapley Hill 4
HKFITE Adelaide Rift Re0s 657 245, 4 ppila ( Sdturt) ‘E ‘kJ-FZ 0] d.E ey Hill 41 Kendall et al. , 2006
Complex i X JEHD Tindelpina B0 T
AT W P S L X CA-ID-TIMS U-Pb | 657.17 + 0.78 TS 20 JRCHB 2 i DU 2 P B A Rooney et al. , 2020
FPE ALV HbIX | SHRIMP U-Pb 654.5+3.8 | BABETCAL T MR AL EE A 205 A | Zhang Sihong et al. , 2008
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Fig. 1 The ages of the onset and termination of the Neoproterozoic Sturtian glaciation

B AIR 1 —384R 1555, 2018 ;2—Lan Zhongwu et al. , 2020;3, 17—Fanning and Link, 2004;4, 5—
Macdonald et al. , 2010;6, 7—Lan Zhongwu et al. , 2014;8—Song Gaoyuan et al. , 2017;9—Allen et
al. , 2002;10—Bowring et al. , 2007;11—Lund et al. , 2003 ; 12—Ferri et al. , 1999;13, 29—Fanning
and Link, 200814, 15—Evans et al. , 1997; 16—J"5: £ 55,2006 ; 18— L4, 2016b; 19—Cox et
al. , 2018 ;20—Zhou Chuanming et al. , 2004;21—Yu Wenchao et al. , 2017 ;22—Rooney et al. , 2014;
23— =R SR, 2013524, 25 32, 37—Rooney et al. , 2020; 26—3% I ¥ 55, 2017 ; 27—Semikhatov ,
1991;28—Zhou Chuanming et al. , 2020;30—Wang Dan et al. , 2019;31—Rooney et al. , 2015;33—
Zhou Chuanming et al. , 2019 ;34—Fanning and Link, 2006;35—24* 8] £ 45,2021 ;36—Kendall et al. ,
2006 ;38—Zhang Sihong et al. , 2008

Data are compiled from: 1—Cai Juanjuan et al. , 2018&; 2—Lan Zhongwu et al. , 2020; 3, 17—Fanning
and Link, 2004; 4, 5—Macdonald et al. , 2010; 6, 7—Lan Zhongwu et al. , 2014; 8—Song Gaoyuan et
al. , 2017; 9—Allen et al. , 2002; 10—Bowring et al. , 2007; 11—Lund et al. , 2003 ; 12—Ferri et al. ,
1999; 13, 29—Fanning and Link, 2008; 14, 15—Evans et al. , 1997; 16—Yi Chongyu et al. , 2006& ;
18—Yu Wenchao et al. , 2016b&; 19—Cox et al. , 2018; 20—Zhou Chuanming et al. , 2004; 21—Yu
Wenchao et al. , 2017; 22—Rooney et al. , 2014; 23—Gao Linzhi et al. , 2013&; 24, 25 32, 37—
Rooney et al. , 2020; 26—Pei Haoxiang et al. , 2017&; 27—Semikhatov, 1991; 28—Zhou Chuanming et
al. , 2020; 30—Wang Ping et al. , 2019; 31—Rooney et al. , 2015; 33—Zhou Chuanming et al. , 2019;
34—Fanning and Link, 2006; 35—Li Minglong et al. , 2021&; 36—Kendall et al. , 2006; 38—Zhang
Shihong et al. , 2008

IFHFWR

670 660 650 640

19k 664.2 + 2.4 Ma F1 662.7 + 6.2 Ma; Zhou
Chuanming %5 (2019 ) K151 RS 25 B A 30 L X R I
WA HB 36 1R 2 o BE A JZ 85 A7 9 CA-ID-TIMS

i, Rooney 55 (2020) 3545 T
St M 2R R b ORI I e P
i IX R 38 ke 4 DT 5 Al 0 e
JZ2 &t K & vh 85 A 1 CA-ID-
TIMS U-Pb 4 #%, 73 5 h
660.98 + 0.74 Ma, 658.97 +
0.76 Ma . 657.17 + 0.78 Ma,
Hrh 660.98 + 0.74 Ma At
FEIT ORI Wl 21 IS A 1Y 4E 1
[A]Hs}, Rooney %5 ( 2020) i A5
T 5t 2R A EB R Bk 22 34 46 Tot
83 m BRI Y Re-Os
AEIH 660.6 + 3.9 Ma, i
— RS T H AL S
Re-Os 4RI TR AT S5V, 75
HE A AL SR X, 2 )l 4%
(2021) A5 F3) K 33 39k 24 )i
BECH B AT LA-ICP-MS U-
Pb 4% 658.1 + 2.6 Ma,
XL AR i AR A 1R 2 Y N
Se4—E, N4 R Sturtian
VKI5 RV A A AE ~ 660 Ma
H o

THE S Al DX RS T
HAE R IX IS RLAY AR 10, o
—BRAE T Sturtian vk 25 H
FRBFR] 51 an ) 55 48 K Rl 3R A%
#9 Mackenzie Mountains i [X.
Hay Creek #f Twitya 2 JiCH0 2R
O Re-0s 420 662. 4
+ 3.9 Ma ( Rooney et al.,
2014) ; T 75 Bk 5 7 /R Hb X
Laplandian #Kfit 7 2 T K LK
JZ S A1 1) TIMS U-Pb 4R i H
660 + 15 Ma ( Semikhatov,
1991) 5 8 M) 1. 1 74 il [X 5%
4K Appila (Sturt) ZH yKHsi A 2
I Wilyerpa 41 v 2k 1l K )2 &5
A1) CA-ID-TIMS U-Pb 4F %
1 SIMS U-Pb 4 #% 43 il y
663.03 = 0. 11 Ma(Cox et al. ,

2018) #1 659. 7+5. 3 Ma( Fanning and Link, 2008 ) ;
K | W Adelaide Rift Complex Hb X Appila
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(Sdturt ) 4 VK5t 7 2 b B9 Tapley Hill 41 JiE
Tindelpina BE 2 (A0 219 Re-Os 4E 44 657.2 + 5.4
Ma ( Kendall et al., 2006 ); 3 # Tuva—
MongoliaTaishir £ it #f & {5 U1 %5 1Y Re-Os 4F % Ky
659.0 + 4.5 Ma( Rooney et al. , 2015) , XLEE4ER S
R b DX AR A5 1Y) AF % 7 152 2 30 [ P4 58 4 — B (K
1), Hit, 2 BRYE A Sturtian 7K A4 25 5 AT BE 2
—ANEFIF A L R AR TE ~ 660 Ma ZHij, H A 2R
ff 18] 25 247 57 Ma ( Rooney et al., 2014; Zhou
Chuanming et al. , 2019; Rooney et al. , 2020)

(2) w46 2 M AR R AR T AR, T
Sturtian PKH45 R IF R 3 200 i E A IR 4 IR
FRBE I 5 M ALV (AR AT ) 3R, X
SEAE Y- X g A A R A R T I AT TR
SE o T, BETEHAE (2017) FRAT B9 BT AR E IS AR
W RIS — B 5 B AD DUA Y Re-Os [A)3 3 S5 I
LRAEWY M 660. 6 = 7.5 Ma; Wang Dan %5 (2019) 3545
R 5 P 2R AL R 2 L L T DR S S AL &5 i 0
JEE IR A T AT Y SIMS U-Ph 4E#E 4 659.3 + 2.4
Ma, ok SEAR S BAHh 7E 152 2 Y0 R Y 2 — B0y, DR ke 45
BT NI (AR K TR R e 2 R e R AR R
JETE ~ 660 Ma, XAF e I %) 122 I 39 e 4 4l L 28 4
SRV A ) S e B A B AR G Y AR I 2 R [
INFRE A B U AR GEAR S A AF IR HE L

2 mMtPAF RS IS AL

AR, EREAR ZH AP RS S
Rodinia /& i (14 24 2 VAR OG (£ 8145, 20015 4
A4 2018) . Hih, Rodinia #8 KBl 8 i T
JE AR (1300 ~900 Ma) B4 Bk Rl L3z 3,
XA i1 Bl LT % AT 9 R Bl 3 (Hoffman
1991; Li et al. , 2008) , K5, B Aa#I( ~750
Ma) A= TR ZSVE R, 2 Rodinia 8 K PG
R B4, IF B AAE 600 Ma 58 & fi#AA (Li et al.
2008 ; Zhao Guochun et al. , 2018; Wang Wei et al. ,
2020) , £ Rodinia # K Rili (IE l—2 i 1t 72, 3
TR AL AR 830 Ma % A fill 48 T ) A6 G A
BT R 0 (F HSRAE, 2012; P9 4,
2013; X 724145, 2015; Li Qiwei and Zhao Junhong,
2020) ,Jf A 820 Ma JT- i K Az 2 s R Bl R A
A ( Wang Jian and Li Zhengxiang, 2003) ., FEI 7 5¢
T THRRNIE T LA e 24 F o AR A T
REaJT A A RS ( B4, 2004; Fhit
H:4E | 2015; Zhao Guochun et al. , 2018) , [F] B} Fg4E

S48 G N A & B — FR 5 i R TRR 2 4 ] ) b
A —HhHTR A A (] 25 M55, 2016) o

T8 T E 40 (~800 Ma) 55— K 24641 sh iy /E
FH L AEMPE S 28 b IX (7T R R o Y P B ) 4l
URL T — 250 AR DR & RN K LS BB E R T
BUNERAE W) MR B T VLRE PRI EE (L A 45,
2015) ., WIS, BEAE20 (~725 Ma) KA T4 — Ik
FEa T Bl , 760 B 20 B b X TR T R 3 40 D) 2R (e e
Fier 22 N FRIE B TR K UUAR (18] 3 ; Zhang Shihong et
al. , 2008) , 1M H 2 ( ~635 Ma) &4 T 26 =k
B3 8, A VLR ARG 3 AR M B T AR J3 I8 A &R
FUOKTUBUAFRE R B R—B M R )2 ok
F PB4 A (1 9%) v Rl 4 R Be
R AAT F M | RAE— PR e B =5 W IR R 45 4
Hb 3 A~ T REERFRTT, B AT AT 3 — 20 TR S [ B 3
AR 11T 5 55 M A2 2544 | Qi H—/ NS el Uk 2 i
S AE L A —A BRIR G B A 7 L —4 PLIk 9%
b5 235 4 e RS — AT VR G b 5 235 b (1R 25 SR By
45, 2016) , FEXSEHBET LML, RIS 41 DURUR
H A o 1) i R TR (L 3) . S — T
T, PSS 2 DX i) 0 VG XA B0 A P R W AR K
FARLL AR I A R B I A 22 e Ak
BHTE S (W44, 2019)

3 R RE AR HTIE &

“CEERHBER R BEIA N B ool AUk 4 vk 1 55
P25, MR e Sy il 3 AR A DR IRl PR B
s ) A 25 WA AR 3 72 ( Hoffman et al. , 1998;
Hoffman and Schrag, 2002) , B AWFFE RN, KA X
AAE FH XTI 3 5 32 0 0T ) s A IR B Y
M) , I3k — 20 1 22 W K ) AR JFOR A e B 7R
Yy 5k A 23 3 B0 R K I A6 A 7 IR
AP 0L B UT A ( Yeasmin et al. , 2017; Huang
Taiyu et al. , 2019; Li Chao et al. , 2020) , &AW
GNP A R B A VS (s — B H IE
2 U AR K R AL 38 JFOIR 285 19 1 29 (] 75 )8k 4
2014; Wu Chengquan et al., 2016; 4% 3 # %%,
2020) . AT BB RIS (SON YR AL) A AR
7N RS DU T U VY R AR 2 1 LA i
RS HTNCRH— R bk 245 hr PR T KR
WFFE AR, e s MR AL 27 CRFEIRAE ) 20135 5K
B5F, 2014; Wu Chengquan et al. , 2016; #X & 5®
4% 2019) f[A Z (Chen Xi et al. , 2008 ; FETEF
4%, 2020) Bl 7% (Li Chao et al. , 20125 7K KK
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Fig. 2 The tectonic architecture of rift basin of southeastern Yangtze Block and distribution map of Mn deposits
('modified from Du Yuansheng et al. 2015&)

1—E R /N FET 5 2— 8 BT (LR VA T 53— F R 75 LI 2B ZR IR 54— SR AN AR B TR AR 0 5 S— SN AA B T ST B ™ 5 6— B JH
BEPHRARER D™ 3 7— St 7L BRI 5 8— ST M AR T LA PHR R IR 5 9— S N BT S AR # 0 5 10— 5t M AL/ M40 8™ 55 11— R £ 1
RURERD" 5 12— rE R IR o (D 18 1 —/ NS I R R AE 3t 5 @ AABE—A PF R B 5 43 5 B T3 10— 4 JLk P 4 G ; @ BRP—
NIV K]

1—Xiaochayuan Mn deposit, Xiushan, Chongging; 2—Yanjinggou Section, Xiushan, Chongqing; 3—Bijiashan Mn deposit, Xiushan, Chongqing;

4—Daotuo Mn desposit, Daotuo, Guizhou; 5—Liangjiehe Mn Deposit, Songtao, Guizhou; 6—Xixibao Mn deposit, Songtao, Guizhou; 7—Taoying
Section, Jiangkou, Guizhou; 8—Shizhuxi Mn deposit, Wanshan, Tongren, Guizhou; 9—Banqiao Section, Xinhuang, Guizhou; 10—Badang Mn
deposit, Congjiang, Guizhou; 11—Minle Mn deposit, Huayuan, Hunan; 12—Xiangtan Mn deposit, Hunan. (D Xikou—Xiaochayuan sub-graben
basin; @ Songtao—Shiqian sub-graben basin; (3) Wanshan—Cenggong sub-graben basin; @ Liping—Congjiang sub-graben basin

4%, 2013; Wang Ping et al. , 2019) #4H 43> (Li Chao 2012; Cheng Meng et al., 2018; Tan Zhaozhao et
et al., 2012; Ma Zhixin et al., 2019) &[] {7 & al., 2021) , ST WIWFFEERI, vKI i) ] DK 3 2 46 iy
(Wei Wei et al. , 2016) FE-E[F 73R (Yu Wenchao B, Kl UL FA 8 Il f sk -85 1, TR A7
etal., 2016; RICHE, 2016a) FH[FNI K (Cheng % 2RI SN ( Huang Kangjun et al. |, 2016; Li
Meng et al., 2018; Ye Yuntao et al., 2018; Tan  Chao et al. , 2020) ., %% HgH20 B 1E 4 Hb i ik XL
Zhaozhao et al., 2021) HR[F] A7 % (Wei Guangyi et {L3REARL, fif AN EJF R T2 MRS B CIA; 57
al. , 2020) 5%, 4R PR, AR TIBUKIRR SR #1145, 2015; ZEBA 45, 2019; Wang Ping et al. |
R JFRS KA T 3 B © WK BE 2 2020) FRFEI2(8'Li) (Wei Guangyi et al. , 2020)
HREEIRG Q) WU B B O RIZ KA R R R A [ n ("M 0s) /n(F0s) 5 26 W 4
KRB 73 2R EE ;) TA R FERE 2017 15 RS, 3B —E A,

U DU B 32 2 B SR B8 (Li Chao et al.
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Fig. 3 The architecture of the Nanhua rift basin during the Lianghejie—Datangpo Age of the Nanhua Period (a, modified from
Zhou Qi et al. , 2016&) and during the early Datangpo Age (b, modified from Zou Guangjun et al. , 2020&)

(b)

3.1 LMY (CIA) FERME (8'Li)
KBl 22 AR A e i 2 A2 4 0 R
( Nesbitt and Young, 1982; Sheldon and Tabor,
2009) , R IR IR T SRR S UUEE |
e R S R AR IR R R E KA ] TR XA
FH (Schoenborn and Fedo, 2011) , Al 80 i ook 7
B A S B A R £ 979 (Johnsson et al.
1991) , AHIWZ N 76T B A <y = 1, AR
TTVE M AR IR 55 138 3 3085 1 A2 KA AR
FH i LA BRARAE ] A2 AR AR RTSE A 24, A
M2 A 55 b AS SRR X R KUAR /Y D0 AR
(Nesbitt and Young, 1989), [H I, Neshitt Fl Young
(1982) i Hi i 1k 2% 1 A% 5 % ( Chemical index of
alteration ; CIA ) A] /£ 24 PFA% 1 e AT AR 1k 7 XUAL
R B2 R bR, 0T B T % 5 L (Sheldon and Tabor,
2009; Zhai Lina et al. , 2018; Wang Ping et al. ,
2020) . TEA[R SR FAET , WAL Rz Z 5 I
DU Y B A TRl 9 CIA {H ( Nesbitt and Young,
1989 ;1% 45 ,2006) , BN, RFGBIE M FE T
TR DU CIA (BB 5 9 80 ~ 100 ; il B 91 <

Mg 5 R — 5 70 ~ 80 FEVS T4 S A 51k F I A
PRI CIA {8 55~ 70 (V% F 55 ,2006) , {H
TEVEREE, TR CIA (5] fig 432 2 YR 4H
B S AR T B K Bl T B AR FH B S A2 AR
YEF % R E H52 0 ( McLennan, 1993 ; Bahlburg and
Dobrzinski, 2011; Z2HE4E, 2021), MHILZ T,
(Li) JCRAE AR T FH L) Lit & TR, i H.
T A AR (R €5, 2017) , R ISR BoR,
KBl RARAE P AT 385 AR Li [R) 67 38 A e K418, (HAE W)
YERJLT A 23 0 Li [R) A7 28 19 20 18 (A e R4,
2017 ; Wei Guangyi et al. , 2020) , 7£ XLtz i F
H RRRY Li R 2 (L) SPER AR 8 b g
WA TR Li FAE (L) W2 gidikis 2T,
N0 AH B ARG 0 38 5 5 LR KR =
YIS 87 {H (#j B KAE, 2017; Wei Guangyi et
al., 2020), P, AR 400 8 DLRUA H 9 Li [6]
AR 2H ol 32 Bz A T Bl s e 9 o S AR A A
R W L B G Li R R AR

ZEHEAE (2021) FFJ& T SRV E H Hb IX gL L
ZK701 FHE R R IEYE 2 SRR AR 2 B (8 88 i Ik A
AR B CIA 23T (B 4) o il 2 TR A A
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iég% BiFl ZK4207 5 ZK1408
o N oo
wf  233F (ML, 2015) B R
SIS ETIE 0 om ORI
HEXTTSSL (A (K 4). |
S [ S o o o s S @ I g s é;:g %ﬁﬂgﬁgﬂﬁ&%ﬁ%ﬁ@”}%
“®E 8 8 v s 8§ @ig © 2 I S8 - 5UN o AL A S
giv T T BEXE  WMEEmRmME, T
N e EEEFE-EC 2 gﬂxé"%} BES Xt CIA 5 R
B % g ues gamy—»:; SAG B,y T3 B %
= . %Z%§§.§§§ il 5% Wi, Wang Ping %%
gm$§§%},@ (2020) % 25 4 H I 4 4L
2] — == =t
3 | gféé §§:§ ZK2115 555" J2 M T 2238
2= o9 079'0+="""17, g sEs o FORE MRS, R A
] - I SCea IR o (TR
~| =3 h \. N
%¢ % 8§ % B g . Eg - -&:’%% S (b B 0 R O B
- M—— =3 oX B2 NS ey el
ﬁd%:-:-I:LI:I-I:I-I:I-II||I||||||||||||I||I||I||I||| § I ZRe¥i 53 =) - N
IIlHIE"SE ® I+ H &K s 5 T ¥ PIREAE— MR X 8, 34
el K & ¥ = Il 22 atwmzr, maen
=1 B3 RO, OF 5 W A
5] S®E ¢ R oW MR AmEY
g s
2] 2l : S ZKI01 K AL s (1
o 2 N
2] B5 Txlwe 2 4), BMABARENKW
S 152 ESELEERT B amEm A A
. XERESEXD S'Li A A5 AR U B 0 B
I I ﬂ]ﬂm ( Wei Guangyi et al.,
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2020) , BAKFE ,6'Li fH H RIES AR T
e — B AR — P T 55 9 e 3, 48 7R 78 R 3 30 40 9
Yo TR AU 5T R Rl XU A T2 W si s , 98 ) 7
A Al B T A 18 5 Rl XUA AR P 4 o
FEAE G R S FEV T IRRAS TS Rl WAL AE Bt
Z s (L 4) o Bl RS S v s 300 A i e 334
o N RBE XA AE IR 5 22 4k (B 45— 3w 1Y
SRIE
3.2 HEMIERAM[n("™0s)/n("™0s) ]
TERACPE K, Re F1 Os 38 % LA ReO™ Fl
HOsO™ 45 i A R L RAFTE , 7238 S5 K
W) 2 9 38 TRk 3 X 5 % 19 AR A B 1 ( Peucker-
Ehrenbrink and Ravizza, 2000; Yamashita et al. ,
2007) ., T Re.Os AN, & A PRI
FEDURR IS TR 2 W B — 2 B0 YR Re \Os B T,
i —J7 i, B AR TUR S (AR 50s ) Os I
R FELOKBURE, N30 AL TR S B A
55 [a) i 391 3 K A TR B9 Os [R) 47 R ERAE [ B # 4R
n("0s)/n("™M0s) {H; 2=, 20147, WL, v
it Re-Os 8¢ ERARRS L ARAG B A DL TS (4N 2B
B TUE) AR ("7 0s) /n (" 0s) fH, LK L3R W)
A B3 K B Os R & HEAE ( Cohen et al., 1999;
Peucker-Ehrenbrink and Ravizza, 2000; Cohen,
2004; Fu Yong et al. , 2016; Wei Shuaichao et al. ,
2017; Rotich et al. , 2020) ., 5 Sr [F/{vi Z—FF, H1JF
[ s s i K Y Os [l 2 A O F AR R R AN -
AL AR H 2 ( Cohen, 2004) . /K HH) Os [Fl &
I FEA 3 YR O A 2 TR T
EFEAAL Os[ AT R (™M 0s) /n("*0s) ;1. 4
~1. 6;Peucker-Ehrenbrink and Ravizza, 2000 ] ; @7
R RO T R R OA R R B B P Os
[n("™0s)/n("™0s) 2} 0. 127 ; Esser and Turekian,
1993; Cohen, 2004 ] ; G4 42454 ke (i i S
Os [ n("™0s)/n("™0s) 2 4 0.127; Shirey and
Walker, 1998; Cohen, 2004 ], BEUOKF | iK1
Os [FIf R FEIEX 3 WORIE M LR G 45251 By 5
I 300 ¢ 2 A [ A i 2 AR A [ e oG 1) L 4 1
i, NI AT BB 1 B KOs [A] A 2509 A48 B I 3
(Ravizza and Turekian, 1989; Finlay et al. , 2010)
A IEH WK (" 0s)/n("™0s) 2 1.05 ~ 1. 06,
WAL RAARZS T K P Y Os R 3R 2H g 2%
VR Tk S 1 i 72 1 RUAEAE H ( Levasseur et al.
1998; Peucker-Ehrenbrink and Ravizza, 2000) . T
K i KB n("™0s)/n(™*¥0s) {XL K 0.1 ~0.15

(Anbar et al. , 2007; Yang et al. , 2009) , JI| 45 7 5k
AR IEKTY Os A4 3R 4 FE 2RI T D
B PR A5 H ( Hannah et al. |, 2004 ; Kendall et
al., 2009) . P, ik Os [F) 0 3 FFAE A 22 AL 7T
AR L1 FF oHe 7 i o J 7 Sk s R 35 TR /A0 A5 114 i
AL FEAE (van Acken et al., 2013; Gibson et al.
2019; Rotich et al. , 2020)

RUERTFER LKA Os [N R H BB,
Hn("™0s)/n("™0s) {HAEMARR I B ph38 n
P 5) , ATRE R TR i U
#2(Li Chao et al. , 2012; Pufahl et al. , 2014; Fan
Haifeng et al. , 2018; Cole et al. , 2020; Uahengo et
al. , 2020; Wei Guangyi et al. , 2021), F&% #1145
(2017) 345 1Y 5 M 8 Y8 500 R I 3 20 IS 38 28 5, 0L
AW G (" 0s)/n( " 0s) N 0. 781, 1% (H A
T A IEH K BIn ("™ 0s)/n("™0s) H (1 5),

78 RIESLH AR UL K b Os TRl 3R 2H
VR VIR CTE o A i AR O 2 3l 2 i R AR
W) 2 KB RS TG S — B (FhiE A 4, 2015,
Ji F A, 2016), 3 — J7 W, AR W WA
n("0s)/n( " 0s) (HBIE R T GHTFHXTFER TR
G 5T AR 55 W KUAKER 2 . Rooney 45 (2020)
SEE TR Sl XN EE R Sturtian VK HEJZ 1 Os
AL AL 2 )2 (& 6) , AT Wn (" 0s) /n ("™ 0s)
M Sturtian PKA A TR AT ~ 1. 4 1207 % 28 B UKt A ~
2.5m ) ~0.4, )5 BT, n("™0s)/n("*0s)
H AL R AR 38 78 1 Kl XA A i B2 1) A2 Ak e
i, B Sturtian 7K 145 5 B Bz Bl KU AR FHAH X 8¢
5, FEATR PKHA 2 J5 , R Bl KU AR T RT BE B S 0 355
P 5 P33R (Li Chao et al. , 2012) , Sturtian #K3]
22 (] DRI R i AR AR RS B2 9 728 AL A AIE 5 Marinoan
VKK 2540 ( Huang Kangjun et al. |, 2016) ,

4 BRA R R K R AR A R AR R
B LR

4.1 SEH KRBT ER

R R A5 A7 2R AR AN ], 3% = A A R K 0T
Oy M AU Jal—UiRUR BRIRER A P vk
DURAL (B 2457 /) 528 AR A G $AR A
AR R F AT 6 PP AL(fF B AF, 2014) , Horp
A 3 AP RA FEZ PR AL TP E 5 2R A
F RO R X0 R A Tkt Bk, B
R Tolk fiff i (45 58 4§, 2014; Maynard, 2010,
2014) A o B 5 R AE A 2 I A A
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5 AZHE IR T Kendall et al. , 2009 ,Rooney et al. , 2010, 2011 FEHFHEE, 2017
Data are compiled from Kendall et al. , 2009, Rooney et al. , 2010, 2011 and Pei Haoxiang et al. , 2017&
124 1
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Fig. 6 The composite Os isotope chemostratigraphy of the post-Sturtian successions ( modified from Rooney et al. , 2020)
5| %4l A8 T/ Data from: Peucker-Ehrenbrink and Ravizza, 2000 Meisel et al. , 2001 .Rooney et al. , 2014, 2015

RS T 4 M 2 8 25 2% U A 56 (Roy, 2006 15 55 4
2014) , EEXTUCRAYEE 7 IR, B A E N Ah e 3T
Ko B SEBI oE 42 0 T PRI R A T B A B R A

O &R B A P EIETTE A (18 7a) ;@ W
ALK P A (B Th, o, ds B E AR,
2020)
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Fig. 7 The main metallogenic models of sedimentary manganese deposits
&2 A /modified from: Force and Cannon, 1988; Huckriede and Meischner, 1996; Roy, 2006; Maynard, 2014

(1) &5 Bl 40 /K b BB TOIE ™ e —
XA UK M T R HAFE Mg X 22
KRR W Eh—pH 545 (Roy, 2006) . 7£4%fkK
B B LAY (Mn, 0,) TUTE I S AE 1 78
W JE MK A ) S B DA A AS Mn™ 3 I8 A7 7
(Krauskopf, 1957) . 7EIACHEEE B UK A (A IT ik
VI 1 /N 2 AU SR BIR VAR 9 43 23 AR AR B RS s 4
) Y Mn®* FEEEE Hh R S 8] BF 5 RS 6 AR 4
TR, AR BRI M ¥R B R e ATTTE
HUBR R 5 ( MnCO, ) 4 ( Mucci, 2004; T8 %,
2018) . J3—77 I, HAR R 5 0 1 2 M T b Ak
1, T Mn™/Mn (OH), 438 J5 47 b Fe™*/Fe
(OH), & (Lu Zunli et al. , 2010) , 7£3%& X4 i) 16 J5 5%
AR RN 1T & A 43S ( Krauskopf, 1957) . {H K
(A FE SC ) B, DR BUEE T IR o - A A B B 1
BRER 7T RS (Maynard, 2010) . PHth, a6 0480T
K EEEITTE O B A A Rl — 2 IRTIE

(2) BUAFLBRAK R AL, X Rl B = 32
FALHE 3 B O Mn® B TR R B AEUK (R
s ;@ AL R A I Z I s B it ki) Mn™
BRI U A (SCE B ) KA TUTE
QG A IR AL, DT —K AL 2 F %
YT A5 Sl — AN D A A AR S5, R OB R A S Ak
(SR EE ) B R SRR Mo ™ 257, H 5 LR
KRR AR (CO,™ ) B 45 5 T8 B Rt ( R 22

W) KA UUHE (Roy, 2006; Maynard, 2014) , K
ORI ST 20 S s | 3 R A8 3 3 8 R A e HL AR AL
R 5 2 45 H) 19 Z Hb b (Roy, 2006; Maynard,
2014; FEHESE, 2020; RIGHESE, 2020) , Hipi
TR AR BT 2 S5 T T 2 PR 45 1
S L S S P (UK PR 55 5 TBT 7h ) A SR IR AR TR BR
SZ PR e/ NEARAT 5K (1] 7o) K15 1 B SR
A% A (18 7d) % (Force and Cannon, 1988; Li Chao
et al. , 2012; Maynard, 2014) . JT4E2R R LAY
PN TETUR B AR Jiad 72 b s A= ml e
WAL A 5 HZ W AEH (Fan Delian et al. , 1999;
Yu Wenchao et al. , 2019)
4.2 EERMBEREY BT HIE

FETT 0T, H RO R 2 4 A= 48 AL, %
HuIRRZIREE VAL 2 5% A RN OT R A PRl T 4 7
A TR IFZ A ( Kump, 2008 ; Lyons et al. , 2014;
Cole et al. , 2020) . K& B, KRTEAA
B RN IR AR A R TR AE P R
PRI 2 5 A 35 B A B 7K ( Canfield, 20055
Lyons et al. , 2014) , ‘Efi155I M 2.1~2.4 Ga &£
1 R E LS4 ( Great Oxidation Event; GOE) 1 0. 75
~0. 58 Ga 24 BYH T i RS AL 44 ( Neoproterozoic
Oxygenation Event; NOE ) ( Kump, 2008; Lyons et
al. , 2014) . 7R R S R v, B oo AU ok
ok bR T LR ERVER vk N 0, vk
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B R IR 25 BE NG G b D (RP T Bk ek
Hoffman et al. , 1998) , A o] #1472 BRXT LAY P
WUKIAK Sturtian K3 A1 Marinoan #K39), 43 51 %t i
HE T 1 DX A VI I o D) R R e KT (B AR K
&, 2011; k5 BLRN 2% PR, 20165 W4T HE A,
2019) . TEPIUR PRI 2 [ B 6] oK 40 29 1], 42 g 3 X
P AR TR T GOK AR S A (B S 2 ) ,
M TER — I S IX

PR 2L I3, Rodinia 8 it i) 247 A5 TR 1
TR G HO RIS G A ) S AR B A ]
oSl (ESIAE, 2001; FHmE%E 2018) , 55—
THT , TR 1% S 8 ) DRI 224 28 8 T kg RS AR 4 it 3
1B, X SRR TR A g R A5 ) o ) B 2k
U5, SRy e b DX R S 3 4 A 2 0 i ) Bk
T (5K K KEE, 2013; Yu Wenchao et al., 2016;
Wang Ping et al. , 2019) . ItAh, KB XAGAE 58
AR (A0 CIA BR[F 2 3R R R 3R 240 55 )
T Sturtian VKIS RG4S0 2 30 0 oK DI €%
TR VT Sy T R T, 3% T AR 19 K s XU AR T
R R BBl A S A1 1 R Y R o (2= i e
%, 2019; Wang Ping et al. , 2020; Wei Guangyi et
al., 2020) , Sturtian PKIIZE S5, Bl VK 35 10 T4 il
FRAEAE ARG, B e 2 3% J2 1 7K 2 7 9
Al (B FR A AAT) O R 38 J5L 59 5% (Li Chao et
al. , 2012; Wei Wei et al., 2016; Cheng Meng et
al. , 2018; Wang Ping et al. , 2019) , 7EXFhE Lt
JE 53 R KA Mn® B8 - 1 Je 70 I8 S PR AR KA
BT E 4R LIRS Y Mn™ B s B 2 A ik
JR St 2 AR U e (R E ) &
A DUVE ; BE EATURRY) B MERR AR — K i 2
TIBEE AR g — Ak R SR B S A (B
FAL) B A WA B R Mn™ B, 5 LUK R
MBRIRIR (COT ) B 145 & T LBk IR i ( R Z2 560 )
KA ULRE (Roy, 2006; Maynard, 2014) , Ak, 58]
WESEEB , UK TH Rl S 1) a1 2R A0 IS O Pl e 2
TN 7 b TR T K AR S A T S 1) kM 4R AE (Yu
Wenchao et al. , 2016; Wang Ping et al. , 2020) , T
W ST o , FEDTRUST Mn® S0 Ah [ 2o 7 A 1
EHHT B MnO, 1Y-FHIE 55 Bk R B 0 VE R R, SR
Yl et % 4E F 204 H (Fan Delian et al. |
1999; Yu Wenchao et al. , 2019)

5 %5

(1) B4E 7 Sturtian VKRR ShAIZE R 5 4

BRI A b IX A —F, 7350 & A AE ~ 717 Ma Fil ~ 660
Ma Z i, FFEEmTR] 258 57 Ma; HE5fE 2 i 1 &R
KIEW AR KA T ~660 Ma Z 17,

(2) 7E Rodinia #8 KRl 2 fE/E -0 T |, B4
B NI R E — F 5 i [E TR 2 1 i b
a—HbEL R G A M, T A U E SR T R 2 A (]
AR, PRI IR A R e 7 A T ARt T R )
BT, X RS S AR & HA B
YEM .

(3) BfEZ L Sturtian VK B 1) 2 [R] vk 30 K 3
I A A A S M 32 B R FEVS T, B S e Ol TR R 1
IR P Ry FEVS T . 28 R IBIBI0 rh e 1, <
B FER TR E IR R, I — R R E R

(4) Sturtian PKIAZE W5 | B4R 2 1 3% 2 1 /K5
WAL, IR UTRUK M H B R 18] B S AL R | 31
TWORBE WA A Mn™ B 546 MnO, & A DL3E, IF:
TERUA R B B e S A W VR R e 808 1 22 4
W

Bigt SR L RN BT G X A SO R
) S
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Metallogenesis and mineralization backgrounds of Neoproterozoic
Cryogenian manganese deposits in Nanhua Basin

FU Yong"?, GUO Chuan"”
1) The College of Resources and Environmental Engineering, Guizhou University, Guiyang, 500025
2) Key Laboratory of Karst Georesources and Environment, Ministry of Education, Guizhou University, Guiyang, 500025

Objectives: The Neoproterozoic Cryogenian Datangpo manganese of the Nanhua Basin that was formed after
Cryogenian Sturtian glaciation has been one of the major manganese production sites, the mineralization
backgrounds and development mechanism of which have received much more attention. The initiation and
termination ages of the Sturtian glaciation and the mineralization ages of the Datangpo manganese deposits, the
architectural evolution of the Nanhua Basin, the weathering intensity and climatic conditions, and the formation
mechanism of the Cryogenian manganese deposits were reviewed.

Methods: This paper systematically summarized the commence and termination ages of the Sturtian glaciation
elsewhere around the world, the tectonic architecture of the Nanhua Basin and the paleoclimate evolution during the
deglaciation of the Neoproterozoic Cryogenian; meanwhile. the causal relationship between the metallogenesis of
depositional manganese deposits of the Nanhua Basin and the aforementioned major geological events were
comprehensively documented.

Results: The Sturtian glaciation of the Nanhua Basin initiated at ~ 717 Ma and terminated before ~ 660 Ma.
The syndepositional fault-controlled horst and graben subbasins were formed in the interior of the Nanhua Rift
Basin. The weathering indices such as chemical index of alteration ( CIA), Li isotope (8’Li) and Os isotopic
composition (n('Y0s)/n("*0s)) are indicative of a cold and arid climate of the Nanhua Basin during the late
Sturtian glaciation to early interglacial Datangpo Age. The climatic condition changed into a warm and humid
climate, quickly returned into a cold and arid climate until the middle to late Datangpo Age, and then transited into
a warm and humid climate that persisted into late Datangpo Age. The surface seawater of the Nanhua Basin was
well oxygenated after the Sturtian glaciation; meanwhile, the deep water was dominated by anoxia with
intermittently oxic condition.

Conclusions; The initiation and termination of the Sturtian glaciation of the Nanhua Basin took place most
likely synchronously with elsewhere around the world. The mineralization timing of the Cryogenian Datangpo
manganese deposits likely developed before ~ 660 Ma. The hydrothermal fluids provided considerable amounts of
metallogenesis materials for the Datangpo manganese deposits and dictated their developments, which were
precipitated, and were accompanied by organic matter burial and microbe-mediated to transferred into rhodochrosite
during early diagenesis.

Keywords: Sturtian glaciation, paleoclimate, Datangpo manganese deposits, Neoproterozoic, Nanhua Basin
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