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INRA G — (TETEVL %, 2013) , m AR %5 (2011,
2013 ) e A X HH G Ak e X g e 2% 51 T ) 485 A AR AR
5T, 2 1471 b g A6 22 0 FR 7€ 78 780 ~ 635 Ma,
TR S Tl AR 12 3 S VK3, 23 i R T
Kaigas  Sturtian £ Marinoan ; 7E1E7T.55 (2013 ) i i3 X}
VA DX VIRE (S AR REAE ) TR T EE I A
SERRITST I 9 K22 vk S S (8] 2 24 720 Ma, B
TR LB 720 Ma, 1T IE JLAF 7 2 2 35 1 i
B R R A TS, S T RE VR 2 Y 5 AR
BT L (R4S 2009 VEIETLAF ,2013,2015,; 5K i3
£i,2014; Lan Zhongwu et al. ,2014,2015a, b; Jif&
,2016; B JF ¥ 4%, 2016; 5t %6 1K 4%, 2018; Lang
Xianguo et al. ,2018; FR & 4555 ,2020) , Ju H 2 #idL
LS DG VS A TR R A F ) 7Y = VL X AR R R
TRAR Y EE K AT HE U-Pb 4R#% 53510 71448 Ma(Lan
Zhongwu et al., 2015a) F1 715.9 + 2.8 Ma ( Lan
Zhongwu et al. ,2014) , BERRE T H [ H 2 PTHR
AEWE I AR A G ) L L DGR TR A D
- EBEEIK A U-Pb 4E % 727. 3+£6. TMa ( T H1 %%,
2020) , Ak, BEAE &R IS FHAE IR N /N T 720 Ma, 5
HuIRIEVE A1 I 4R 1Y JS UK 2R IS A 2 (TEIE VLA,
2013; Rooney et al., 2015; Lang Xianguo et al.,
2018) , AL 20 I S TR 14 73 502 WA B R 5 (5K
BiAE,2016) , BLAM, BLE M DCBE L Ve 2H IR AR EE K 4
U-Pb 4F#% # 635.2+0. 6 Ma( Condon et al. ,2005)
7 T aE e (B AE) 2 b BEedHZ T
(TR L R A R AR 2 AR>S T K &R (720 ~ 635
Ma) , BB TCRF 5 A T i F a6 2 24 | Ak
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BF ]« SEPHARBEHE X K IESAH ST 5 4 0UA R F
FOE MBE K 7 )2, N 6] 5 1645 B L U-Pb 4R IR A T
663 ~667 Ma ( Zhou Chuanming et al. ,2004; 7 5 &
45,2006 ; A3 SCHEAF,2016) , W47 14l DXl kK8
LA IR 297 663 Ma( 18] 1) 5 R 75 1 AL K B
I B 20 TR A b B8 B K A U-Pb 4R 48 43 i
654.5+3. 5 Ma( Zhang Shihong et al. ,2008) F 654. 2
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[l T 654 Ma, PR, AR EEH 57 f AR 2L v 5
K THE (4 N (RIS B2 | WA 2506 R I 34 20 T g itk — 20 1) )
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JFHE T LA-ICP-MS #5471 U-Pb 4FA-E ST,
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FEE) (a0l F5 78 T FE8 1Tl AU PR B (1
A 2004 FFRLAE 20155 22 45 2019) , B
P Hek Bl oK 45 AR i R SESE R R A
H AR X AR IR FE VS . AR SCE a ZKT701 K
YA T R M ER b 2 RRAE DT I T 32 s 3 oty A<t i
ko, I3 3 37 BRI S A 1 PR E T DX R e 42 8] vk
AR B TR,

1 DX o A

BT H eI, 78 Rodinia 8 K Bl 7 4 1 75 5
T TWRIRARE G LT T R A (Wang
Jian and Li Zhengxiang,2003) , 2445 W Bt DA %
Hh PG LR ALK FREE T DU A SE Y6 41 AN b 7R P
FRGOK IR G T IR AR A AR (8] 1a,b) s H
B R (A2 T ok &) LR B BEn] 23 S 7110 vk
OB TR VKO | Ak 4 8] P R0y IR | ok
1) YE: 8] VK3 AN e e KO (8 4% B, 2016) 5 7E
PR hr e B R A T R R DU T BELLE
2H “ TEME” R £ 44 ( Lang Xianguo et al. ,2018)

T2 Ah R P IX AL T R 248 2 b AL
BoC A 0 AL TR R TR A (18] 1a)
IR AR T Sturtian BEHATTRN
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Fig. 1 Paleogeographic map of the Early Ediacaran in the Yangtze Plate (a, modified after Jiang Ganqing et al. 2011) ; map of

sedimentary pattern (b, modified from Lang Xianguo et al. , 2018) ; zircon U-Pb ages of the tuff bed from the Datangpo Formation

at different areas (c)

NT—F B s GC—tiilk/ B2 ; DT—ARHI/ MR ; FL—E AR ; BIF—BIF BB, CH—ICZ4 ; LT3
NT—Nantuo Formation ; GC—Gucheng/Tiesi’ ao Formation ; DT—Datangpo/Xiangmeng Formation ; FL—Fulu Formation;

BIF—BIF iron ore ; CH—Chang’ an Formation ; LT—Liantuo Formation
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2.1 HEmiEiR

AW ) ZKT01 B LA T b 4 85 1 Bk
ThAR M PR AR BR AL 45 29°487 18", K48 110°2342",
LAR 11 em, ZALIREE 272. 11 m, E5FLRRERA
(l 2a) AR INT

BB A (Nh,n), JB 181.53 m (fLIE 45.10 ~
231.30 m) , WK K & 4 )2 R —HOIR & BRED A
TR BRA r B A, ik 25 e M B ELIR
TR IG5 e fi

KIEWA (Nh,d) , )& 12,12 m, 3 R b FFEL,
FBJE 9. 11 m(FL¥ 231.30~240.53 m) , A Fifij |
P P €05 i 0T DL 3k VS K B D T T T BE
3. 01m( FLIE 240. 53 ~243. 58 m) , N 20 5 4 ik Jo
TUA (AR RE N KB A Ie KA, KK

S IR AR S Z BT (LIRS
240. 65 m i) KB —IZEL 2 em WKGEIKE , K
AT M T L, S E TR RE TS X5
(K 2b)  BUEE I %5 DTPNT( [ 2¢) o

A (Nh,g), )& 14.38 m ( fLIK 243.58 ~
258.0 m) A IR A R RR E R A
2.2 HEmRESSH
2.2.1 TEMKUEHRRESHT

YR JE 1 CIA (A2 TR HE 550 1 RE A8 3L T 1
J W2 b DX Ak 2 AR A 2 RS 38 e i o
EYENACE R R S5 5%, A E BT CIA 17 A%
5% ( Nesbitt and Young, 1982) . ki i ALUA Gl
TR WS FRAEAE T v LR e, 02
TR IX RN PR 5% 7R B () 7] 5 T EL ( Zhang Kaijun et al. ,
2012 2B R 45 ,2014) , ARWF5EAE ZK701 LR
ERYHTE G RE A 18 1, bl A 2 1, KIS
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Fig. 2 Paleoclimate index of Datangpo Formation samples from ZK701 drill core(a) ; macroscopic characteristics of tuff

for Datangpo Formation (b) ; Photos of tuff under microscope (c)

TEL6 1, FBEO M R dlRER 1 (B 2) . AR
B A BhFL AR R BN AZ JE S KU 5 e
FIEIE LR o TRk SRS e 2 a8 8 W D S A e I
#(DTPO1 5 DTPO3 %A AL 55 & 4 i , i dR An AU AR
RS BN R TE AL RN L DK R L 2R R
FFER A bR T 23k, Har A = i e 9
SR, AR 2 A RIS 0 S ik
JEARZE 200 H it i,

A FREICR T RERN LIS IrEH A R 5t
EAFIFIH H A Primus T X 5296 663E4X
(XRF) 73 Hr 58 1, ARG BEOL T 5% T 404 i)
FESAL B AR AN OB 200 H AL B T 105°C HEAS
HET 12 hy BRI~ 1. 0 o METHFE 5 B T 5 B
B, #E 1000°C Sk g Rybe 2 h UK R A 2%
TP AR &, 15 Be 2R & 3 AR 6.0 g Bl 44 5
(1i,B,0, : LiBO, : LiF = 9:2:1).0.6 g Ftfh,
0.3 g AL (NH,NO,) B T4, 7F 1150°C

SERE AR 14 min, B 3 8 B Jois %
585 R U DL XRE

EAMEITR TR ERN LIS IR A R 5T
£ 25 G R Agilent 7700e ICP-MS 3 M7 58 BT, IR
FEET 5%, FATF ICP-MS 437 AL S AL BRAN R . 45
200 HAESLET 105 CHEAT R HET 12 by HERFRER
ARFE 50 mg B T Teflon AL T S J5 K IR 2R
fEHIA 1 mL &4l HNO, F1 1 mL &4l HF ;6 Teflon
FEUAIE 37 25 B T 190°C HEAR o #4 24
h DLl RS FE SRS A, JF 35 )5 B T 140°C FL ki -
72T BRJEIA 1 mL HNO, J-HRZE T+ ImA 1 mL
2l HNO, .1 mL MQ /KA1 ImL AR In (BN 1
pe/g) , FH Teflon I FESIA W E  f7r B E T
190°CHEAR oA 12 h DL E 3 W% AR Skt
i, 3 2% HNO, Rk % 100 g A4 ICP-MS Il
i5.08
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Fig. 3 Cathodoluminescence image and location of laser spot for representative zircon samples in DTPN1
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DTPN1 HEHCH 85 A Pk | il #0 | BB & O R
OB BT T AR ZE I i BBk A FR B¢
RIS, B ok R ) ARG Pk, 76 XL
SR vz 374 2 I e 3N KT S T YA mEZ N ) =
HT S 5 B A BN & R AT B AN O v s A
L W 3BE (JSM-IT100) ; 85 47 U-Pb [H) 43 25 22 4F )
Fi LA-ICP-MS 437 5¢ i, GeolasPro #6122 48 b
COMPexPro 102 ArF 193 nm #E 4> 7 0O 28
MicroLas 6 2% 3 4t 4 i}, ICP-MS %5 fy Agilent
7900, FEAN 43 M i FE WL Zong Keging 45 (2017) , A
YA T BTG RE B 80 m) R 5 Haz, BOEHBE HL A2
932 wm F1 24 pum 857 AE IS TR T BRas 4
41 91500 EAMRFEATRIE .

BEAR 438 T 85 A ARFE GI-1 Al Ple X 040 i
PEAT W, A4 SR 43 M 603. 7+2. 5 Ma(n=4) il
336.9+1. 1 Ma(n=7) , SHEFA(EAE R 22U N —E
(Jackson et al. ,2004; Slama et al. ,2004) , %&£ &
it ) U-Pb AF W8 18 R0 51 25 ) FOAF 8 AT 111580 R
H Isoplot ( Ludwig, 2003) 5¢ i, #H MR 53 Hr 45
RWE2,

3 rirai i

3.1 TEMKUFESTER
AHIFE Y 18 PF AR IS 5 TR 4l i)

W& 1, aTRE M, B Sio, F 7 m 4 Rl ik
2l YR 66.28% , Ryt 4 I B4 Bt Sio,
ST, P BE S 0 62. 66% Fl 51.29%
Il MnO, ,CaO &M 5 Si0, & AR bk A I ; BR
AL AT & B Y DTPOL A1 DTPO3 4k, 16 ZFFE
1) ALO, & & A A K, 8K T 12.75% ~
16.99% {5 CaO & 2K (r=-0.64) , UiH]
RIRER S W) Al RE S5 16 B W) B A R RN K, 2
KA A W 18 RS PO, BN 0.07% ~
0.97% ,~F#7 0. 11% ,Fe,0, &4 2.05% ~6. 41%,
¥ 4.95%, TiO, & &K 0.13% ~ 0.71%, ¥
0. 60% ,Na,0 &+ 0.27% ~2. 85% , 14 1.52%,
K,0 &4 1. 14% ~5.00% , 14 3. 79% ,MgO % &
K 1.12%~2.99% , -3 1.78% , 5 A 58 FH & Y
IR IGZ Rb A Sr 20Hral SR W3R 1, 65D Rb &k
34.4x107° ~ 157.2x 107, 3F44 117.0x107%; Sr & 1
$929.5%107° ~1029. 6x10°°, -4 157.9x10°, Rb
Al Sr TR AR B, FEEAR A R
TEUUEI, AT RE Sz A TR R A G
3.2 EIREHA U-PhUELER

X DTPN1 A i b s A A T B & AR IR 48
KEBI A0 AR 43 W B IR i 2, 3R W R 28 10 19 e
[, DTPN1 A [FIUTRE & 1 KL EE K A & A kAR
BN, Z R RFE AR KB T 30~ 100 pm, K
53 S s TR TR0 R R R ER AT (1R 3) , Th/ U {E 3
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Bl [oonsnironaros-rons (LALS 56l £1) 73 JE AR 24w B9

B3| S FEARACEAdIEEEERERRRE]  WordmIR, SR ER 1 RSB
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0.113+ EFFER =657.842.5Ma
| (95% conf, n=28, MSWD = 1.4) 680
0. 1114 -
Z 670 -
0. 1097 . |
57 &0/ 2660- ||. HH . | |
= s 'w:}_;/‘gl = 650 A
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£ 0.105 N7 o
T \G40/ g 640 1
I L _
0. 103; / g30 1 nC7POY/n CUMACFEI4F# = 658.142.6 Ma
I (n=28, MSWD = 1.5)
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Fig. 4 U-Pb age concordance of zircon samples in DTPN1(a) and distribution of
n(*Ph)/n(**U) weighted age for zircon samples (b)

DR B e A 47 |

4 HHE
4.1 DEEDHEKERD CIA &
BERESEEL

U AR SR, 1R A R Ak i AR 8 B ( CIAL
Chemical index of alteration ) #{)" ¥ FH ¢ /o it 5 [X f4)
A2 KA R BE Bty S A€ ( Melennan 1993 ;15 3% 4%
2004 ,2006; MNFFMESE 2016 25 % ,2019) .

100 - n(ALO,)
" n(ALO,) +n(Ca0* ) +n(K,0)+n(Na,0)
Hf n(Ca0”) JEIRAGTRERREEH YT Y Ca, CIA
(EB R FE R RERR SR ) Na, K FIl Ca B M HE 5
HR IR £ |, b 2F AL B ( Nesbitt et al. ,1982) ,
AL n(CaO™ ) KIETTHE R, 2 n (Calyy ) =

10 .
n( Ca0)-n(P,0,) - ?,ﬁ n(CaOgy, ) <n(Na,0),

CIA

MIEL n (Ca0" ) = n(CaOgy); & n(Calyy ) >
n(Na,0) , M n(CaO" )= n(Na,0) ( McLennan,
1993) . TEAIA] By S 5540, WALz 5 TR Y
AT 7 1 CIA (B S A [« 28 A 4t 1) Ry M 2%
T RIUURR= YUY CIA (H— A T 80~ 100 IR B2 IR
TSRS T AT 70 ~ 80 17 FEVS T4 MR 551
TR KA R PR R R OREBUY T 55~ 70 (S iE R
45,2006) . {HFIH CIA F W Py U5 DX XU AL 2 B 1)
BEHE BR U0 AR BE 181, T0 AR S L A R TR R

( Gaillardet et al. ,1999; Garzanti et al. ,2013)
4.1.1 RL$sfrsmE &g

(D ICV Skedhifett . SFERIURYAAELL,
eI TR P AL R K,0 RIS T Sio,
5 ALO, A W B ALESN  HAb S A 2 T
B4R S 38 EL (ICV) ] LAz W T [R5 # ( Cox,
1995) .

ICV = [ n (Fe,0,) +n (K,0) +n (Na,0) +
n(Ca0" ) +n(MgO) +n(MnO) +n(Ti0,) ]1/n( AL 0,)
X n (Ca0™ ) & 8 KALIE T LR clA it 5,
Cullers 55 (2002) #5 th 4 )8 A ICV {E>1 B, R X
EAOE R LR SR T AR T Sl Y DT
2 IOV fE<1 I R BTDURY A KRR R 167
Yy, ATRESLE T T RRDURR Y 7 Wy 5 = v Ak XAk
W E IR, ABT5E 18 BERL Y ICV fE A T
0.91~2.59 MR 1. 15(FK 1), EE NG ShH
(B R TORR, AT LA b S il X XA R E

(2) KBS X RE S CIA fH 52, ARE T
S5 (2012) W5 R, 7K Bl ) 43356 T LIS o Yo 3 8 17
Y CIA (ERY AL DR REBRAN , 2+ 2H 7 AR 4 CIA
(OB T n(AL) /n(Si) fER S B TURR P FIORL R /N
(Bouchez et al. ,2011) , AHFFT IR b H6 K IHIE
AR S D ARL AR Y, HAAARES & 8T 2%
R A RE R n (AL /n(Si) A F 0.22~0.26, i %
VRASME AR B SR BE X CIA (B MR ] L) Z 5

(3) BUE B ASARME RIS 72 s 1 ot
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o Z Y5 32 SRR A ARR R AR B B R
AL, 1 CIA (EARERR LA (R B, T 2R
A—CN—K &I J0 e A ot B0 A8 AR B (P i 8 5%,
2004) , A—CN—K H, Tiil XAk 32 B 1A
WG o TE G WA B %42, B AT T A—CN i, i
ZKT701 H 5000 i 75 5 O 25 B8 R 3 i 1 4 Bt il
(ES), KUAREM—E R il 32 78 S RAEH,
PR 7 3 i A—CN—K = 1 &I X RE h CIA 4T 4
REIE RASRAFEP S AN TR L Y K, 0 19 3 i (15 3%
HAF,2004) , R IEJE RS CIA R CIA™ FR
(£1),

100

901 rh&s, BmELZERML
80 1 E-3bel

70
60 ﬁ%%%mﬁy//
50 Bzt

CIA

0

CN o [e) A
TR RIEWA A

Gucheng Formation Datangpo Formation Nantuo Formation

P 5 & S IX ZK701 FEdh B A—CN—K &
(¥ Fedo et al. ,1995)
Fig. 5 A—CN—K diagram of ZK701 drillcore samples
in Zouma area( After Fedo et al. ,1995)

() WIEI R , BEAk, 7 IE VLS (2000) BF 5T
R, R CIA SR BRAL2E 5 o0 Wby SR Z T, 45
e L ML 85 4 5, AHERR IR A 2, T
PR G 8 ( Wang Jian and Li Zhengxiang,2003) ,
BB AL 20 b F b i pE A b AR R (TR IE
TLAE,2013) , S0P Hb X 6356 A 58 v by il e 350 A
FEWTRA i, AFAT XA T 1A ol i 5 2 ] A 7 1
Rty (R D5 45, 2016) , m A RPIR £ 2ok B AL
(R Bl (B4 45, 20163 RIF4E,2016) , T X AH
XA  FEM R SRS A B A &
1A CIA (B AEERIE 3
4.1.2 KIEWA CIA R HSIREL TR
ZK701 BhFLA SRR R CIA ™ e BT X U8

DX Fg ARl IR ) e T4 T T AR T (PR
b CIA H5350 0 57. 1 F1058. 1), K3 Ik 1] vk 3 L 11
SAMRIRTEY (BR CaO S48 1Y DTPO3 F1 LT BE
I EBIUTRAY DTPO6 # f A1, CIA™ {E A T 56.5 ~
64. 6,318 59. 8) , R v G 3 A=A i A2 T 12 Y 17
(CIA* AT 69.8~78.8, M 75.5) . MAb, W%
SIS B TR IR TR NTO1 FESL CIA™ 1 76.9, )%
B R R I ] 1 S 1 (HAZ R S AR EE T
VKA W BE T, DT AF e P ) . B CIA R e 2
J5 5 1Ak KARRIE 25 FE 8 IR —I AR R A B ] R
&, CIA R WS S A — & i )5, NTOL F
AR A IR DX I 3% 1) K 300 e 39 1) KAk B i 7=, T
REA AR /R T KIS A S e 4R i SR DT st
FRR] B4

EH BRI TE S IX ZK702 5 fLRS R &R
YR G R BRI 2E R AE , S5 0 5 ZKT701 S i )
WA LR e 4 — 3l K AR E S TR
(CIA™ (HJEFBIY 69. 2 1 I = T0ERAY 57. 8, HI{H K
62.2) , KU R VK E R SRR IRFER (CIA ™ A
T 54.3~62.7, 915 59. 7) , K I v s 309 S A5 52
T B 1R e T AR g (CIA™ A T 70.2~81. 1,3
{8 75.8) (Z=W 855 ,2019) .

SENE A (2018) BFSR AR i, CIA (B B2 52 R A
A CRFERSE LR SC R SEZ R R, A
CIA TFFE SRS, LI 25 6 A% 50 (W A —7 A%
Brids, A AR BB E . 159 e 8 A 1T B 04 At 6 L ) ikl
KIES T Btk Bt v A 1) CIA fE AT 66.5~67.6,
P2 T AR L (A ) 19 65. 2~ 68. 9, G X
FAZHN R YES A B 74 (V5 3E 55,2004 ) ;
PRV BH R HES A CIA FRIRHRAY 67 2 7t & A b
(9 74 (ST 2018) 5 5 MM WA Bk b DX A 39 s 4 S 34
BRI BT 1 CIA AR, AT 52 ~ 68 (57 #l 5%,
2015) . PHIL, SRVY X R CIA TEAL AR IT
AR, 58 I B ORI X K IESE AL CIA TE AR B
FEAR— 3, S ST R A 2 ) TR DX R B R =
MUY T S T e R AR, AL, A A R RE S
KIE I TER (1 A BEIE S | B AR A Bk His IX
KIEYE LR B )12 & B VKSR A e )2 (57 4%,
2015) ,AHESE X RIES AR S i A R R T
KA VK BLERA 2 (22 W e 55 ,2019) |, AT g R IE
(UK, BSR4 T A B Lm0 N KPR VK 53
CL 2R, (HIR X AR IR FEYS | i Hb = T 4 X 1 %
B KT BB A T — DA DT 2
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4.2 X¥EHA CIW {EK Na/K Mg/Ca Rb/Sr {&
H5EX &S REEL
4.2.1 CIWESHSIE

KR, BT RAE T E
TEUTAR W) v 22 T A W U DX BE e v T Oy AR
(Nesbitt et al. ,1989) , FiH R K,O B30, Harnois
(1988) 51 A T Ak XAAE T 5 (CIW) -
~ n(AlLO,)
n(Ca0" ) +n(Na,0) +n( AlL0O,)
K n(CaO ™) FREIAIEI LR CIA BITE., CIw
(EL R, AR VR X R TR B i, S5 R Xy Sk
) T BN (AR /N VR AR, 20185 E DA AR,
2020) , AWFGEEES CIWAES CIA™ {H & 8 3% 1E A
X MR BT 1. 0( 8 6a) , 34 RIEDEA T
BL(BR DTPO3 A1 06) Al b BLRE & CIw 34948 43 3] K
66.5.69. 3 1878, LR Y CIA T4 —3.
4.2.2 n(K)/n(Na)BE5HXE

n(K)/n( Na) {E2A A b ARHS A KL TR B

Cclw x100%

e HR , K AREEFHC A S & Na, A A ]
A AEEE S K BT RHG A B KL R G K 4
KA1, ALY R n(K)/n(Na) {85 H XL TR B 5
iE (B B 4, 2001 ), ZK701 &5 FL b #F &
n(K)/n(Na)5 CIA™ 55 BEIEAHC (B 6b) ,r=
0.93,3X 5 17 3] = 1 PN I8 b 32 2 UL B9 AR A Y
n(K)/n(Na) Fl CIA {8 (223855 ,2019) B —3
i, Hop RIS T B n (K)/n(Na) ¥{E N
124 W AR T - By 344 2. 59, U6 HA KI5 3% 1a] vk
WU X AR A T KRR B AT R B i
.
4.2.3 n(Mg)/n(Ca)BE5HXIE

DRI n(Mg)/n( Ca) (HREARSF 46 78 v L BE
ARk BRI O A v 1 IR FE TR T Mg TR, 3L
n(Mg)/n(Ca) B4R (RHZ:5E,2004) , ZK701 K
Y F B n(Mg)/n(Ca) BE R 1. 11, 4230 7 W4l
LAY 0.97, AR TR IESE A B 4. 60, UEEA A
KI5 B B0 = o B9, & <R B A

10017 @) 47 (b) °
y=1.1971x-2.3688 *
501 =0.997 ¥=0.116x-6.0244 °
=31 7=0.926 2
&
=
807 =
" &
= 24
B
701
14
607
50 ! ! 1 0 T T 1
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207 CIA CIA CIA
5
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| 4 °
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S » 23
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Fig. 6 Correlation diagrams of relevant indexs for ZK701 drillcore samples in Zouma area
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n(Mg)/n(Ca) 5 CIA" WHA KR, KR
k0. 52(K 6¢) .
4.2.4 Rb/ Sr BEHSE

Rb WYE TRk, WMt M eom , 5 2 w8k +
W BRI B R K, I Sr BB TR BN, B
P FROK BE 1T KA A, L, Rb/Sr fBL A K/INAT
DI Wik A B, VR T A /N ke i R
Fok Uk, Rb/Sr {58 Xt AU A IEAH R (3K
B4 ,2018) , ZK701 RIESLAFESL Y Rb/Sr fHA T
T ARG (E 2) , F Be A B2y Rb/Sr ${E 5
AR 1.02.2.69(5% 1) ,5 ClIA™ {EEN ) FBAE
R —EE (FER B 0.62, & 6d) ), S ikt Aiff
G DR X R 3 B0 2 v G B R KO v 2 | AR
TR IR

ZE b, CIW{H 5 n(K)/n(Na) .n(Mg)/n(Ca) .
Rb/Sr ff, S T #fF 53 DX R Xy A0 R K 3 B 1)
F14) T FE YA M o) v WG 30 %) I Y W b2 XUAb R
Xof N7 AR A 1
4.3 DTPNI $5A U-Pb F g 3115 FHRER K IEH 2B

HRIEREERERHY

H AT, 8 F AR oK 6 25 S e ] 3= 2257 5t
SRR b X I8 39 20 30 55 i o &R Hh 8 K U-Pb
AERSRR S, B TR AR5 Bl Ak Ml IX R e 20 1
(i) A2 b A2 X5 b 5 DX I 1 0190 45 A S () e
4,2017) , Hb 22 X 5 % X R I3 41 R0 & 46 A &
Tz R B R E W BE IR 2 M A X5 R I ) I
KB 2R B BE K A 1 TIMS &5 4 U-Pb 45184
662.9 + 4.3 Ma (MSWD = 1.24, n = 6; Zhou
Chuanming et al., 2004 ), 7K B H I BE K A
SHRIMP 1I #5457 U-Pb 4% 667. 3+£9. 9 Ma( MSWD =
1.6,n=19; Fr&2E % 2006) ; Hi 22 X ¥ 42 1) i
LA-ICP-MS #547 U-Pb 4E#% 664.2+2.4 Ma( MSWD
=0.57,n=28; A CHE,2016) , = MER B INCE
BIA K 664.0+4.0 Ma, - #5 22H N 618. 8 ~ 666. 6
Ma, 5/NAEIRE Y 662. 9+4. 3 Ma, £ W47 T Mk ity
WK E5 SR B[] )3 A 24 663 Ma.,

i ZK701 5fLHP DTPN1 BEJK A 1 n] S 4R IR
H 658, 1£2. 6 Ma, H ™ T RIEW A CIA {8 HRFL
fi] T ek A (I 2a) |, U6 R 3k 1] k7
(663 ~658 Ma) , 5% IXATHIR 3= 824532 5 IX FEV S fik
TRALT=II IR . B SCTIR, 32 E—I " DA
PRSI, CIA S Wil DXl S5 B A BT IER (1
EH NN AR RS T, 5P 75 b X 7 658 Ma
AT REAT) F2 B4 52 PR IX (SR il ) 663 Ma Z Hij

Cly koI ) KA =9 (R 3 AT, 5 AT RE Y 1%
P, K [B] VK0T 401 (663 ~ 658 Ma) , IR $ T
M 1 R 1 25 1 P IR DK EL T il (E PR X dn sk
TR ) AL T 988 AR AR, W BRI A7 AE R Bl vk
I, FORSE RKN A AE T3 b X AR AR AR E 5%,
HZE 658 Ma, 7T I 2 Al i XA 58 a5
B, 40 55 2, 4 F A - S (Rl vk S R AR T REATS
SRJE T Sturtian 7KEI KB .

Ak Sturtian PK IV PRI fl s [E) 5L
St DX D DR AR T i 26 T 1 A R AR i X K 0
PR EER B & A & 1 7E Rodinia 88 K Fifi 241 75
SR BRI EH B R I 7R B A L DX R A R
Wik TG 3l , [FDURINTZ 5 T s e sl b 5 |
TG SR Z (B8 T4, 2018) |, f i K iR A 3 —E
FREE LA THST 5 bR A, STig IR 0 S B, 7E R
A & 5 A R TTIE T Kl KRR B s
T DURRAA i (R F5 45, 2017) , H: 62 C [l 7 & 40 ity
55 b JSAE = A B TEHL SR R e SR AR ) B
45 2013) , FFHE X BL R 5 e 10 1R 5 R, B AR
o L0 A = 10| 7 A 0 § LA O L T T O
AL gk el | A AR B R 4 | A 1545
TR By Bl DA P L, HU BRI S 45 9K T Sturtian
VKIA
4.4 BFHERAERERERESHETNN

K BFRIT

(EER SR OPE DRI i e 3
TEEIEE SRR OUA, — RO E A LRI
R B A ity A 7 R T . AR B SR OR
KIS I F R SR IER DI SR A B0s
He PR T B SAGE S A FE AN VT L, 150 B R 20 &5 4 7
F A PR BEIEAS R BRI T 241 R i 4
BIRIGA 7= H1 . B AR 55 (2002) XF 55 0 A5 Ak L X
TS SR B 2R A B AT T AR5, R K U
Wt P& 4 a2 (25007 FIRR J5R 00 ) B 5 rp i
TR EEE (0~ 54 A ) SR T H B3R @ JK
RS B (201 ~ 690 ), 22 B R I 1 L0
AR AR, M AR VK EL T R, (HIEV 1S A
KPR T A LA, Z 5 W S T
N, vy A ) TR R, AP DX I 4
FRZ WX AU S b T iR A
B B3 2 AR AT EIE T ASBIF 5 R 38 3 108 ol /= f
fhid

FIES R TR KA LT T BRI T R 4
AHRT . Peng Xi 45 (2019) X i 4 25 i AN [F] 7K IR
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RYE 20 A LB R0 3R LA T T 220 3 Bt
AT, IR 48 7 M K R T (53 O A Ak i R
RUR) FATEBI 1Y 6°C,, A% (6% ~ 8%o) , TTTTRIK
T (9 R IR ) 8°C,, FEAS AR (£ 1%0) , X il
8C,,, 73 [H] 4347 1) 2 S MEIE S 7E R 340 o e 23t
AR XS AE — > BRI AT LB B, BF 50 DX R I
e 2H TR B A LB N 12 3 R T ol Sl T
DRI RS DR AR . BIRITSE OIS AL T
T EREE  AE AT i 4 B vty Vi 7K AR AR X AR (5K K
,2014) Izl SARFER A DL R AF SR AL T
ARG o RIES T A 5 I e ) e i A
W & Jre  (H R i 3 20 v A LT 2 s A1 )
BART FB(Peng Xi et al. ,2019) , HFEH AT e 5 K
BESO PR AR AP K (KT, 2014)

A BH AT B M FA B I S 20 v k™ 1) A ) 2
RAERIEI AL RO IE 45 R AR B, g AR 20 18] pKk 0 oy T
BA B A E AR I B A RIES R
ATREAAAE— U W 3 R L R S T IR IR
(5K KK, 2014) B I A B9 A ALK DR A
B T R AR AR, S ORI, Rl XA
YRR 2 1, RIES e CIA 72T, K
el B HLR & i B BRI, AT RE E A H T
H A LR e i i — 2D Bl AL T L T i T AR A Y
TE AR AL , 45 DR A= 1 v A 4R 75 ki —
AEEm

AT KB, 4 F Bk Sturtian 5 Marinoan 7K
SR e oI T AR — BAL T B RS A
SFHEMEE T SN FAREHE X Marinoan VKT 2 H =
A H BRI A RRE | & PLIZ X Marinoan VK347 78 I ik
AR (TRBEIR A5, 2020) |, 158 B 47 B B g 4 28 vk 3
AL SRR W 3, B2, TRk
Rl AR AL SR A R KR A A
v ix A5 AN T] 3 Y ReLZ A AR T (H B ATTA
TRRHE G G R I T A P FIR R |

5 %5

(1) A SGHE XS E B HLIX ZK701 £ fLEg4E
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S SRR R R, 47 F Al Tl X P
AELE R IES A K U SR T8 T8 57l oKk I
FEIT , v B U S R S TR R R

(2)XF ZK701 BhFLRIES A T A RCA T T
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A

(3) P AR 1R 22 RIS e 8 e g
1] 29 0 658 Ma, K3k 35 (] vk 9] 17 20) (663 ~ 658
Ma) " BEJ& T Sturtian JKIIARW], 7k mgte 4l
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Gt T 3 b —Aor B 44 e N2 AR SCER B 52 58

=
=N

2 % X W / References

(The literature whose publishing year followed by a “&” is in Chinese
with English abstract; The literature whose publishing year followed by a
“#” is in Chinese without English abstract)

fF50E. 2016. AR T AR I S ALIE ] 4t 22 2 A0 50 K LR S
GO R, dE P ERLEURE () B S ALE S 1~
43.

FEMETS, M, MG, 2018, XFRIAER TN CIA (HIER
AL R HE—— LA P PR 28 PG b e e R e
Bl ELF YA, 37(4) : 621~636.

MRt s, FURESR, FERe, 2, TRERER, RAIAD, B4, E3CM,
SEEEIR. 2020. MRS oo AR — BT e il AR A
BEFELS TR, HBIETT, 66(3) : 533~554.

Wiz, WRIR, XUESC. 2001, H i PG 04 G 55 = 20 20 KG 1 i fL 2% 20
LA ACHRE. MU 22274k, 7(2) : 167~175.

R, XL, BERiE, XFE, EIUEL 2020, FiiPEE sedshs i X
Frsin 15 vk R IR GRS BT, HBUR T, 66(2) @ 324~
336.

HER, SELET, SR B, sKIEM, A, ZAE. 2004, HVHILREAE
BRI AIEVR B BB . B, 49(12) : 1172
~1178.

R, S, REM, Eh. 2006, TSI E—T SRR UK
RBEFR BPIRUC S, S Ak, 22(9) : 2387~2393.

MG, T2, Hedide, skiEfE. 2011, P EP—Foo U2 4R
RMBIE—HA U-Pb AF R XHEICHZ R 29, H)Z 220,
35(1): 1~7.

ARG SREBE, T, 0T, MRS, sk AE 1, £ R R, 2013,
L % LA e g 0 B pK R B Gl S X L. MBI 2R, 34
(1):39~57.

wdE, HRAEIE. 2009. KIL =B B AL M A S A B KA A
SHRIMP U-Pb AF i B HAGHE M 2 58 . M BTl 28(1) « 45~
50.

BITRE, Wy, ZEE, W, WA, EaE. 2016, WIJLRARALTY
FRFRLLH A B R L. MRS, 23(6) 236~
245.

W, BRA, B, IRIHE, BICE. 2018 WA R HLIX S A R
DU ER AL 2 FRAE S R LA. M oy 4, 92 (11) : 2331 ~
2348.

TA%E, UK, F A5, BEMEEN. 2016, 3730 =it X 7 Ve 4 UK
HIPRRE . 5O E R ERA 2. HERRLE ) 41(10)
1630~ 1654.

SOEIR, BiRT, AW, TAE, IREUE. 2018, =k XHTCH
FEVRAIR M EE IR & 45 41 SHRIMP U-Ph 48 £ 4% K H b B .
AR (HUBRRLERR) | 48(1) : 165~180.



LERE !

RN A P M X R A 2 ISR R DI AR S 51

U0, FRAEINT, BOGE, X EHE, B, BRI, ZERA. 2014, B
8 5 IR A M R 2 3R U S5 IR 2 R iF B PR 8 N ) TR B
T4, 88(2) : 228~238.

0T, BEAK, WS, R, Fwot, FEA, WOk, 8%,
P 2019, BRPEAE T b X R AR 40 iy Sk 01— e e 0 S
Hy ERHTEAL . SR [ AR i 25 0 3R b BR AL 22 10 E Hl. b T 2
R, 93(9) : 2158~2170.

ZiiE, U, RRORER, LW, JEFEEE. 2019, IV =AU HL
T2 ORI KA RFAE S X A W 7 F 4 78 7 . ML ie
i, 65(1) ;: 40~51.

ZEHTT, RO, X, L, BUNGE, R, $iarBt 2015.
RS LA-ICP-MS U-Pb B 4F )5 . Hbii2é4le, 89(12) .
2400~2418.

MM, S, HINTE, BB/, ZEHIBE. 2013, SNk
HJZ Y FEARE. Hh)Z 200, 37(4) « 542~557.

XM AL, SR, ZEEAR, . 1980, 85E H R K45 Xt A
M. ERRE, 15(4) : 307~321.

XMy Ae. 1991, PEERR. Jbnt, Bl .

WA NIREOR, REEAS, PRELE, AT, 2004, T REHOREI &%
FRAM)ERT L. 2200k, 28(4) : 354~359.

FEEL, AROCH, HumAs, R, S5, BAER, B9, R4 2015.
TR P A 20k 2 ) A — RSO o AR AR . SR A CIA RYHIE
. METRHE N R, 34(6) . 47~57.

BREE, BTk, 2012, Ab2E 0l AR $5 50 (( CLA ) R B V03 30 A ik 1R
A A S Z S e BlFamdl, 57(11) : 933~942.
LHHE, B S, BEL, SRR, k. 2020. fERIRELRITEK
R 1 DU R (L2 10 s ——F A B AR ra e R g vl
Mz A i F A E R T R IEE. MBS TT, 66(1) : 214

~228.

KIF, HEE, T, B3R, 2016, 5T HLIX B0 RS
BEA U-Ph 4R B CHX B IR AE A M BRRS R I 24, ML R2AR
90(10) ; 2661 ~2680.

IMEFHG, BROIEBE, B2, S0b, ARMGEE, X4, 2016. WKOEAE 5
oot UK 0, Sk A CIA FEEUM IR, MU T,
62(1): 29~36.

TEIEVL, WRubAE, JKERSR. 2000. PPURAHTIOBESY S, TIBUS 4y
PEITHLET, 20(4) : 104~110.

EIEYL, T8, VIR, MG, moRIL, Mg, A, fikoe,
XEET, AR, 2015. LR BT i A 2 50 4 X FUBF ST
PER. MRS, 61(1): 1~20.

TEIEVL, Vb, MR, Bk, XRAr, LAk, JA/hk 2013, mife
PKIARYR AT . R B UURRE 5 R AR ARG, HhBRBL %
HERE, 28(4) . 477~489.

FH, IR, HIME, 3, HAGE. 2020, T RESHGHICE
YUK IR 1% DX 38k 0 A R LT B e 18 BF 5T Hb BT IT, 66(4) -
1060 ~ 1080.

FRME, R, S, KK, B, 2020, EVEAALS F =S5
A DU IR B AR e 4T, LTI, 66(5) : 1199~
1215.

T A, FHEE, mARGE, Mk, B, RIE1E. 2006a. 1L
JEZEWEFT G A )2 R 4 R L. Hi2E T, 13(6) . 268 ~
279.

T H#E, FHRE, mARGE, B, WA, XS24 2006b. HE =2
BB X B 1 B A A0 AR 48 BORRIE S pa A R R4 o LAY HE. b
JRIBIE, 52(5) : 577~585.

S, ZEHAS. 2004, IAVTRY) R 7858 R SR T T
REA. HhERELEER, 19(5) @ 97~100.

H/NgE, B JR S, 2018, FIFUR BT b 2% o 25 48 B0 B 4 8 X XUk

PRI AR R K. i B SEAR , 20(3) « 515~522.

AR, BRI AT, RS2, T, 2508, khife, mEE. 2002.
TR B R SENAR B AR BTG, BT RER, 22(4) 329~
334.

FEER, TOHE, B, il FA, MK, TR, XImEs.
2006. SEIMAABERE AR 2R R IE I 41 BE K 4 #5417 SHRIMP 1T U-Pb 4F
. HEAA, 80(2) ; 273~278.

ROCH, fhimA:, AR, ER, RRZA, R, W0, gg, TR,
LR, 2016. B ZR Ak HL X K 41 LA-ICP-MS &% 41 U-Pb
AR RO TR . BT, 62(3) ¢ 539~549.

E22, X HZE, Veerle VANDEGINSTE, Tk 4, BREEA K i 0L,
2020. AEJLTEHLIE AR B Lo AR XU B AL UK WU RLUT B B
1k, HIFEIE, 66(2) : 307~323.

KK, 2014, AERTRIAR R AR ERE (I8 UL 5 R AR 4D IR) VK
FEIEALIRRES. S0, AR, dbmt. o B SRR e
TR 1~99.

b, TR AR, R, R#HETE. 2018, FIFH Rb/Se H AL
BRI 2 B € F A SN e ST el X 7 SR BE AR . MRS 2R
1% 46(2): 107~113.

FRIABL, 2. 2016, MfER VEICHLFR MBS, MR
&, 40(3); 297~301.

RIS 2014, KT RERIKAFLH 780 Ma BUAMTIE. HZ TR
&, 38(3): 336~339.

BEE, Mk € 2011, 2FRFOCH KB IC R, &A%
M, 27(2) : 545~565.

JAMEW. 2016, X B CHACHTE B M2 5T . Hh )2 g2k,
40(2): 120~135.

JAlEs, Fhimd:, B 2013, R BV BT KT R4
5 R —— LU it 40 X R AR 40 < R YE B A a1
W IRHBT, 32(3) : 457 ~466.

JAR, Mo, RRA, WK%, BEE, W0, ROOE, T, mIE,
FEL, XIFR, SR, BNE. 2017, RRKBIRDOREY G
PREGH RS T —— L B I 4T X g A 40 < Wb = S 7y 491
AR, 91(10) ; 2285~2298.

Bao Xiujuan. 2016&. Cyclostratigraphy and Floating Astronomical Time

Scale of the Neoproterozoic Datangpo Formation in South China.
Tutor: Zhang Shihong. Beijing: A Dissertation Submitted to China
University of Geosciences (Beijing): 1~43

Bouchez J, Gaillardet J, France-Lanord C, Maurice L, Dutra-Maia P.
2011. Grain size control of river suspendedsediment geochemistry :
Clues from Amazon River depth profiles. Geochemistry Geophysics
Geosystems, 12(3); 428~452.

Cai Xiongfei, Ye Qin, Xiao Mingyuan. 2018&. Some opinions
concerning the understanding of CIA cold climate of the Liantuo
Formation of Nanhua System: Exemplified by the Nanhua System
from Shennongjia in western Hubei and western Hunan. Acta
Petrologica et Mineralogica, 37(4) : 621 ~636.

Chen Yang, Chen Jun, Liu Lianwen. 2001&. Chemical composition and
characterization of chemical weathering of late Tertiary red clay in
Xifeng, Gansu Province. Journal of Geomechanics, 7(2): 167 ~
175.

Chen Jianshu, Dai Yaran, Tang Feng, Peng Chenglong, Zhang Jiawei,
Zhu Heshu, Chen Xing, Wang Wenming, Gong Guiyuan. 2020&.
Discussion on the Mesoproterozoic and Neoproterozoic major tectonic
events in marginal area of the Yangtze Block. Geological Review, 66
(3): 533~554.

Condon D, Zhu M, Bowring S, Wang W, Yang A, Jin Y. 2005. U-Pb
ages from the Neoproterozoic Doushantuo Formation, China.

Science, 308(5718): 95~98.



52 Mo R

it I 2021 4F

Cox R, Lowe D R, Cullers R L.

recycling and basement composition on evolution of mudrock

1995. The influence of sediment

chemistry in the southwestern United States. Geochimica et
Cosmochimica Acta, 59(14) : 2919~2940.

Cullers R L, Podkovyrov V. N. 2002. The source and origin of
terrigenous sedimentary rocks in the Mesoproterozoic Ui group,
southeastern Russia. Precambrian Research, 117 (3 ~4). 157 ~
183.

Deng Jun, Liu Chuanpeng, Ge Yuejin, Liu Tong, Wang Kaikai.
2020&. The
Neoproterozoic Tereeken glaciation in Quruqtagh area, Xinjiang.
Geological Review, 66(2): 324~336.

Fedo C M, Nesbitt H W, Young G M. 1995. Unraveling the effects of

potassium metasomatism in sedimentary rocks and paleosols, with

lower limit and provenance analysis of the

implications for paleoweathering conditions and provenance.
Geology, 23(10) : 921~924.

Feng Lianjun, Chu Xuelei, Zhang Qirui, Zhang Tonggang, Li He Jiang
Neng. 2004&. New evidence of deposition under cold climate for
the Xieshuihe Formation of the Nanhua System in northwestern
Hunan, China. Chinese Science Bulletin, 49(13) ; 1420~ 1427.

Feng Lianjun, Chu Xuelei, Zhang Tonggang, Huang Jing. 2006&.
Liantuo sandstones: sedimentary records under cold climate hefore
the Nanhua big glaciations. Acta Petrologica Sinica, 22(9) : 2387
~2393.

Gaillardet J, Dupré B, Allegre C J. 1999. Geochemistry of large river
suspended sediments; Silicate weathering or recycling tracer?
Geochimica et Cosmochimica Acta, 63( 23~24) . 4037~4051.

Gao Linzhi, Ding Xiaodong, Yin Chongyu, Zhang Chuanheng, Frank R.
2013. Qingbaikouan and Crygenian in South China; Constraints by
SHRIMP zircon U-Pb dating. Acta Geologica Sinica, 87(6) : 1540
~1553.

Gao Linzhi, Ding Xiaozhong, Pang Weihua, Zhang Chuanheng. 2011&.
New geologic time scale of Meso- and Neoproterozoic of Nhina and
geochronologic constraint by SHRIMP zircon U-Pb dating. Journal of
Stratigraphy, 35(1): 1~7.

Gao Linzhi, Guo Xianpu, Ding Xiaozhong, Zong Wenming, Gao

2013&. Nanhuan
glaciation event and its stratigraphic correlation in Tarim plate,
China. Acta Geoscientia Sinica, 34(1) : 39~57.

Gao Wei, Zhang Chuanheng. 2009&. Zircon SHRIMP U-Pb ages of the

Hnangling granite and the tuff beds from Liantuo Formation in the

Jiazhen, Zhang Chuanheng, Wang Ziqiang.

Three Gorges area of Yangtze River, China and its geological
significance. Geological Bulletin of China, 28( 1) : 45~50.

Garzanti E, Padoan M, Setti M, Najman Y, Peruta L, Villa I M. 2013.
Weathering geochemistry and Sr—Nd fingerprints of equatorial upper
Nile and Congo muds. Geochemistry Geophysics Geosystems, 14
(2):292~316.

Guan Kaiping, Tian Li, An Zhihui, Ye Qin, Hu Jun, tong Jinnan.
2016&. Stratigraphic succession of the Nanhuan Period in the
Shennongjia area in western Hubei and its regional correlation. Earth
Science Frontiers, 23(6) : 236~245.

Guo Yu, Li Yucheng, Ling Yun, Zhang Huaiguo, Hou Yuanjun.
2018&. The

metallogenic mechanism of manganese-bearing rock

sedimentary  geochemical  characteristics  and

series  in
southeastern Chongging, China. Acta Geologica Sinica, 92(11):
2331~2348.

Harnois L. 1988. The CIW index: A new chemical index of weathering.
Sedimentary Geology, 55(3~4): 319~322.

Hoffman P F, Schrag D P. 2002. The snow ball Earth hypothesis:

testing the limits of global change. Terra Nova, 14(3): 129~155.

Hoffman P F, Kaufman G P, Halverson G P, Schrag D P. 1998. A
Neoproterozoic Snow ball Earth. Science, 281 (5381); 1342 ~
1346.

Hu Rong, Li Shuangqging, Wang Wei, Chen Fukun. 2016&. Source

Characteristics of Tillite the Nantuo Formation in Three Gorges,

Northern Yangtze Block: Evidences from Zircon Ages and
Geochemical ~ Composition.  Editorial ~ Committee  of  Earth
Science Journal of China University of Geosciences, 41(10):

1630~ 1654.

Jackson S E, Pearson N J, Griffin W L, Belousova E. 2004. The
application of laser ablation-inductively coupled plasma-mass
spectrometry to in situ U-Pb zircon geochronology. Chemical
Geology, 211(1~2): 1~69.

Jiang Ganqing, Shi Xiaoying, Zhang Shihong, Wang Yue, Xiao Shuhai.
2011. Stratigraphy and paleogeography of the Ediacaran Doushantuo

635 ~ 551Ma ) in South China.
Research. 19; 831~849.

Jing Xianqing, Yang Zhenyu, Gong Yabo, Wang Heng, Xu Yinchao.
2018&. A SHRIMP U-Pb zircon geochronology of a tuff bed from

the bottom of Liantuo Formation in the Three Gorges Area and its

Formation ( ca. Gondwana

geological implications. Journal of Jilin University ( Earth Science
Edition) , 48(1): 165~180.

Lan Zhongwu, Li Xianhua, Zhang Qirui, Li Qiuli. 2015b. Global
synchronous initiation of the 2nd episode of Sturtian glaciation; SIMS
zircon U-Ph and O isotope evidence from the Jiangkou Group, South
China. Precambrian Research, 267(1) : 28 ~38.

Lan Zhongwu, Li Xianhua, Zhu Maoyan, Chen Zhonggiang, Zhang
Qirui, Li Qiuli, Lu Dingbiao, Liu Yu, Tang Guogiang. 2014. A
rapid and synchronous initiation of the wide spread Cryogenian
glaciations. Precambrian Research, 255(1) : 401~411.

Lan Zhongwu, Li Xianhua, Zhu Maoyan, Zhang Qirui, Li Qiuli. 2015a.
Revisiting the Liantuo Formation in Yangtze Block, South China;
SIMS U-Pb zircon age constraints and regional
significance. Precambrian Research, 263(1); 123~ 141.

Lang Xianguo, Chen Jitao, Cui Huan, Man Ling, Huang KangJun, Fu

and global

Yong, Zhou Chuanming, Shen Bing. 2018. Cyclic cold climate

during the Nantuo Glaciation: Evidence from the Cryogenian Nantuo

Formation in the Yangtze Block, South China. Precambrian
Research, 310, 243~255.

Li Tongtong, Ye Siyuan, Han Zongzhu, Yuan Hongming, Pei Lixin.
2019&. Weathering Characteristics of the Surface Sediments and
Their Indications for Biological Process in the Liaohe Delta
Wetlands. Geological Review, 65(1): 40~51.

Li Minglong, Chen Lin, Tian Jingchun, Zheng Deshu, Xu Keyuan, Fang
Xilin, Zhao Jun, 2019&.

Paleoclimate and paleo- oxygen evolution during the Gucheng

Cao Wensheng, Ran Zhongxia.
Period—early Nantuo Period of Nanhua System in the Zouma area,
West Hubei: evidence from elemental geochemistry of fine clastic
rocks. Acta Geologica Sinica, 93(9) ; 2158~2170.

Li Minglong, Zheng Deshun, Dai Guangzhong, Liu Changxiong, Zhou
Lu, Cheng Yong, Li 2014&.

characteristics of the Jurassic argillaceous rocks of the Jiyuan basin,

Chengcheng. Geochemical

western Henan and the implications for environments and
provenances. Acta Geologica Sinica, 88(2) : 228 ~238.

Li Yanguang, Meng En, Wei
Xiaoyan, Zhao Huibo, Jin Mengqi. 2015&. U-Pb dating study of
baddeleyite by LA-ICP-MS.
Geologica Sinica, 89(12) ; 2400~2418.

Lin Shuji, Lu Dingbiao, Xiao Jiafei, Xiong Xiaohui, Li Yantao.

2013&. Stratigraphy of the Nanhuan Nystem in Guizhou Province.

Wang Shuangshuang, Liu Minwu,

technique and application. Acta



RN A P M X R A 2 ISR R DI AR S 53

Journal of Stratigraphy, 37(4) . 542~557.

Liu Hongyun, Dong Rongsheng, Li Jianlin, Yang Yanjun. 1980&.
Problems of classification and correlation of the Sinian system.
Chinese Journal of Geology, 15(4) : 307~321.

Liu Hongyun. 1991#. Sinian System in China. Beijing: Science Press.

Liu Pengju, Li Xianhua, Chen Shouming, Lan Zhongwu, Yang Ben,
Shang Xiaodong, Yin Chongyu. 2015. New SIMS U-Pb zircon age
and its constraint on the beginning of the Nantuo glaciation. Chinese
Science Bulletin, 60(10) : 958 ~963.

Ludwig K R. 2003. Isoplot / Ex version 3. 00, a geochronological toolkit
for Microsoft Excel. Berkeley, CA, Berkeley Geochronology Center.

Meclennan S M. 1993. Weathering and global denudation. The Journal of
Geology, 101(2) : 295~303.

Nesbitt H W, Young G M. 1982, Early Proterozoic climates and plate
motions inferred from major element chemistry of lutites. Nature,
299(5885) : 715~717.

Nesbitt H W, Young G M. 1989. Formation and diagenesis of weathering
profiles. Journal of Geology, 97(2) : 129~ 147.

Peng Xi, Zhu Xiangkun, Shi Fuqiang, Yan Bin, Zhang Feifei, Zhao
Nina, Peng Pingan, Li Jin, Wang Dan, Shields GA. 2019. A deep
marine organic carbon reservoir in the non-glacial Cryogenian ocean
(Nanhua Basin, South China) revealed by organic carbon isotopes.
Precambrian Research, 321, 212~220.

Peng Xuejun, Liu Yaorong, Wu Nengjie, Chen Jianchao, Li Jianging.
2004&. Correlation of the Nanhuan strata on the Nouthern margin of
the Nangtze landmass. Journal of Stratigraphy, 28(4) : 354 ~359.

Qi Liang, Yu Wenchao, Du Yuansheng, Zhou Qi, Guo Hua, Wang
Jiawu, Wang Ping, Xu Yajun. 2015&. Paleoclimate evolution of
the cryogenian Tiesi’ ao Formation Datangpo Formation in eastern
Guizhou province: evidence from the chemical index of alteration.
Geological Science and Technology Information, 34(6) . 47~57.

Rooney A D, Strauss J V, Brandon A D, Macdonald F A. 2015. A
Cryogenian chronology : Two long-lasting synchronous Neoproterozoic
glaciations. Geology, 43(5) : 459 ~462.

Shao Jingging, Yang Shouye. 2012&. Does chemical index of alteration
(CIA) reflect silicate weathering and monsoonal climate in the
Changjiang River basin? Chinese Science Bulletin, 57(10) ; 1178~
1187.

Shen Hongjuan, Gu Shangyi, Zhao Sifan, Wu Zhongyin, Feng Yong.
2020&. The sedimentary geochemical records of ocean environment
during the Nantuo ( Marinoan) glaciation in South China —Carbon
and oxygen isotopes and trace element compositions of dolostone in
Nantuo Formation, Nanhuan System, in Eastern Guizhou.
Geological Review, 66( 1) 214~228.

Slama J, Kosler J, Condon D J, Crowley J L, Gerdes A, Hanchar ] M,
Horstwood M S A, Morris G A, Nasdala L, Norberg N, Schaltegger
U, Schoene B, Tubrett M N, Whitehouse M J. 2008. Plesovice

zircon

A new natural reference material for U-Pb and Hf isotopic
microanalysis. Chemical Geology, 249(1~2): 1~35.

Song Fang, Niu Zhijun, He Yaoyan, Yang Wenqiang. 2016. U-Pb Age
of detrital zircon and its restriction of provenance & paleogeographic
characteristics of Early Nanhua Period in Middle Yangtze. Acta
Geologica Sinica, 90(10) : 2661 ~2680.

Sun Jiaopeng, Chen Shiyue, Peng Yuan, Ma Shuai, Shao Pengcheng,
Liu  Jin.
Oulonghuluke Block ; Evidence from CIA Index. Geological Review,
62(1):29~36.

Wang Tian, Wang Zhengjiang, Xiao Yuanfu, Yang Fei, Du Qiuding.

2016&. Early Neoproterozoic Glacier Event in

2020&. Study on the regional subsidence and its sedimentary

response before the first Neoproterozoic glaciation in Yangtze Block.

Geological Review, 66(4) : 1060~ 1080.

Wang Jian, Li Zhengxiang. 2003. History of Neoproterozoic rift basins in
South China; implications for Rodinia break-up. Precambrian
Research, 122(1): 141~158.

Wang Zhengjiang, Chen Hongde, Zhang Jinquan. 2000&. Provenance
analysis: perspectives. Sedimentary Geology and Tethyan Geology,
20(4): 104~110.

Wang Zhengjiang, Wang Jian, Jiang Xinsheng, Sun Haiqing, Gao
Tianshu, Chen Jianshu, Qiu Yansheng, Du Qiuding, Deng Qi,
Yang Fei. 2015&. New progress for the stratigraphic division and
correlation of Neoproterozoic in Yangtze Block, South China.
Geological Review, 61(1): 1~20.

Wang Zhengjiang, Xu Xiaosong, Du Qiuding, Yang Fei, Deng Qi, Wu
Hao, Zhou Xiaolin. 2013&. Discussion on the bottom of Nanhua
System: evidences from sedimentology and isotopic geochronology.
Advances in Earth Science, 28(4) ; 477 ~489.

Wang Ziging, Yin Chongyu, Gao Linzhi, Liu Yongqing, Tang Feng,
Zhang Chuanheng. 2006a&. Chemostratigraphic studies to explain
Neoproterozoic stratigraphic division and correlation. Earth Science
Frontiers, 13(6) ; 268 ~279.

Wang Ziqing, Yin Chongyu, Gao Linzhi, Tang Feng, Liu Yongqing, Liu
Pengju. 2006b&. The character of the chemical index of alteration
and discussion of subdivision and correlation of the Nanhua System
in Yichang area. Geological Review, 52(5): 577~585.

Wang Zhongwei, Zhan Wangzhong, Gao Yuan, Yu Fei, Xiao Yang.
2020&. Provenance and tectonic setting analysis of the Upper
Triassic Zangxiahe Formation sandstone in the Northern Qiangtang
Basin. Geological Review, 66(5) : 1199~1215.

Wu Lijun, Li Minglong, Chen Lin, Zhang Biyun, Cao Wensheng, Zhao
Jun. 2019&. Geochemistry characteristics of major elements and
their indication to paleoclimate in the Datangpo formation of Nanhua
system of ZK701 drillcore in Zouma area of western Hubei province.
Journal of Henan Polytechnic University ( Natural Science) , 38(6) :
47~54.

Wu Yanhong, Li Shijie. 2004&. Significance of lake sediment color for
short time scale climate variation. Advances in Earth Science, 19
(5): 97~100.

Xu Xiaotao, Shao Longyi. 2018&. Limiting factors in utilization of
chemical index of alteration of mudstones to quantify the degree of
weathering in provenance. Journal of Palaeogeography, 20(3) : 515
~522.

Yang Ruidong, Ouyang Ziyuan, Zhu Lijun, Wang Shijie, Jiang Lijun,
Zhang Weihua, Gao Hui. 2002&. A new understanding of
manganese carbonate deposits in early Sinian Datangpo stage. Acta
Mineralogica Sinica, 22(4) : 329~334.

Yin Chongyu, Wang Yangeng, Tang Feng, Wan Yusheng, Wang
Ziqiang, Gao Linzhi, Xing Yusheng, Liu Pergju. 2006&. SHRIMP
II U-Pb zircon date from the Nanhuan Datangpo Formation in
Songtao County, Guizhou Province. Acta Geologica Sinica. 80(2) :
273~278.

Yu Wenchao, Du Yuansheng, Zhou Qi, Wang Ping, Yuan Liangjun, Xu
Yuan, Pan Wen, Xie Xiaofeng, Qi Liang, Jiao Liangxuan. 2016&.
LA-ICP-MS zircon U-Pb dDating from the Nanhuan Datangpo
Formation in Songtao area, east Guizhou and its geological
significance. Geolgical Review, 62(3): 539~549.

Yue Liang, Liu Ziliang, Veerle Vandeginste, Ma Yongsheng, Chen
Hongde, Zhang Chengjian. 2020&. Glacial sedimentary sequence
and evolution of the Fengtai Formation, southeastern margin of the
North China Craton. Geological Review, 66(2) : 307 ~323.

Zhang Feifei. 2014&. The Formation Mechanism of Datangpo Manganese



54 Mo R

it

2021 4F

Ore Deposits during Nanhua Period in South China and the Paleo-
redox Conditions of Nanhua Marine Basin. Tutor; Zhu Xiangkun.
Beijing: A Dissertation Submitted to Chinese Academy of Geological
Sciences for Master Degree: 1~99.

Zhang Kaijun, Li Bing, Wei Qingguo. 2012. Diversified provenance of
the Songpan—Ganzi Triassic turbidites, Central China: Constraints
from geochemistry and Nd isotopes. Journal of Geology, 120( 1) :
69~82.

Zhang Kun, Ji Hongbing, Chu Huashuo, Song Changshun, Wu Yanfei.
2018&. Reconstruct paleoenvironmental changes based on the
results of Rb/Sr, 8" Corg, 8" Norg and "*C in Guizhou karst area.
Earth and Environment, 46(2) : 107~113.

2016&. An update on the
chronostratigraphy of the Nanhuan System. Journal of Stratigraphy,
40(3): 297~301.

Zhang Qirui. 2014&. Comment on the age 780 Ma at the lower boundary
of the Nanhuan period. Journal of Stratigraphy, 38(3) : 336~339.

Zhang Shihong, Jiang Ganging, Han Yigui. 2008. The age of the Nantuo

Zhang Qirui, Lan Zhongwu.

Formation and Nantuo glaciation in South China. Terra Nova, 20
(4):289~294.
Zhao Yanyan, Zheng Yongfei. 2011&.
Neoproterozoic glaciations on Earth. Acta Petrologica Sinica, 27

(2): 545~565.
Zhou Chuanming, Tucker R, Xiao Shuhai, Peng Zhanxiong, Yuan

Record and time of

Xunlai, Chen Zhe. 2004. New constraints on the ages of
Neoproterozoic glaciations in south China. Geology, 32(5): 437~
440.

Zhou Chuanming. 2016&.
correlation across the Yangtze Block, South China. Journal of
Stratigraphy, 40(2) . 120~ 135.

Zhou Qi, Du Yuansheng, Qin Ying. 2013&. Ancient natural gas

seepage sedimentary-type manganese metallogenic system and ore-

Neoproterozoic  lithostratigraphy — and

forming model; A case study of "Datangpo type” manganese deposits
formed in rift basin of Nanhua Period along Guizhou—Hunan—
Chongging border area. Mineral Deposits, 32(3) : 457 ~466.

Zhou Qi, Du Yuansheng, Yuan Liangjun, Zhang Sui, Yang Binnan, Pan
Wen, Yu Wenchao, Wang Ping, Xu Yuan, Qi Liang, Liu Yu, Qin
Yongjun, Xie Xiaofeng. 2017&. Exploration models of ancient
natural gas seep sedimentary-type manganese ore deposit; a case
study of the Nanhua Period " Datangpo" type manganese ore in the
conjunction area of Guizhou, Hunan and Chongging. Acta Geologica
Sinica, 91(10) : 2285~2298.

Zong Keqing, Klemd R, Yuan Yu, He Zhenyu, Guo Jingliang, Shi
Xiaoli, Liu Yongsheng, Hu Zhaochu, Zhang Zeming. 2017. The
assembly of Rodinia: The correlation of early Neoproterozoic ( ca.
900 Ma) high-grade metamorphism and continental arc formation in
the southern Beishan Orogen, southern Central Asian Orogenic Belt
(CAOB). Precambrian Research, 290. 32~48.

Study on the paleoclimate during the Datangpo interglacial stage of the
Nanhua Period in the Zouma area, western Hubei Province

LI Minglong" >, YANG Boyong” , ZHENG Deshun® , CHEN Lin” , TIAN Jingchun"
1) Institute of Sedimentary Geology, Chengdu University of Technology, Chengdu, 610059;
2) Second Geological Brigade of Hubei Geological Bureaw, Enshi, Hubei, 445000;

3) Institute of Resources and Environment, Henan Polytechnic University, Jiaozuo, Henan, 454000

Objectives: The Gucheng Formation and the Nantuo Formation of Nanhua System ( = Cryogenian System) in
Western Hubei belong to Sturtian and Marinoan glacial deposits respectively, and the Datangpo Formation
represents interglacial deposits. In this paper, the evolution of paleoclimate in the Datangpo interglacial period was
studied, and the zircon U-Pb age of the tuff in the lower part of the Datangpo Formation was used to restrict the
time of paleoclimate warming, and to provide the basis for the establishment of the time framework of the glaciation.

Methods: In this paper, the main and trace elements of the fine clastic rock samples from the Datangpo
Formation of the ZK701 drillcore in the Zouma area were measured, and the paleoclimate proxy indexes, such as
CIA, CIW, n(K)/n(Na), n(Mg)/n(Ca), Rb/Sr, were calculated. Zircon U-Pb age of tuff was determined by
LA-ICP-MS.

Results: The CIA values of the two samples in the upper part of the Gucheng Formation were 57. 1 and 58. 1,
respectively. The CIA values of the lower part of the Datangpo Formation were 56.5 ~64. 6, with an average of
59. 8, and the CIA values of the upper part were 69. 8 ~78. 8, with an average of 75.5. The evolution process of
CIW, n(K)/n(Na), n(Mg)/n(Ca), Rb/Sr was consistent with the CIA. The n (**Pb)/n(**U) weighted
average age of zircon in DTPNI tuff sample was 658. 1 + 2.6 Ma (MSWD = 1.5, n = 28).

Conclusions; The climate of the provenance area in the Yangtze Plate was cold and dry during the late
Gucheng glacial period. The climate in the early Datangpo interglacial stage was still cold, and the climate of the
middle and late Datangpo stage was warm and humid. The paleoclimate warming time of the Datangpo interglacial

was about 658 Ma, and the early Datangpo period in the Yangtze Plate (663 ~658 Ma) may still belong to the end
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of Sturtian.
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