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Abstract: Two global-scale Snowball Earth events occurred during the Cryogenian period of the Neoproterozoic era (ca. 720 —
635 Ma), representing a crucial transition period for the Earth’ s biological systems and environmental evolution. An increasing
amount of evidence indicates that there are spatio-temporal fluctuations in the climate and marine redox state during the Snowball
glaciation. However, the driving mechanisms of the carbon cycle-land-ocean system interaction and glacial climate fluctuations
during this period remain largely unclear. Continental weathering is a key process linking snowball development, ocean chemistry,
and biological evolution, but existing research has been unable to effectively characterize continental weathering during the Snowball

period. This paper summarizes the current status of proxies for chemical weathering intensity during the Cryogenian period, and
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statistically analyzes the major-element data of 867 clastic rock samples from 28 Cryogenian sections (including drill cores) worldwide.

Using the index of In(A1,0,/Na,O), the evolutionary trend of the global average chemical weathering intensity from the Late Tonian

period to the Early Ediacaran period is quantitatively reconstructed. Three fluctuations in chemical weathering intensity are discovered ,

indicating that the onset and termination of glaciation are closely related to chemical weathering. In addition, the average weathering

intensity during the Marinoan glaciation is significantly higher than that during the Sturtian glaciation, possibly suggesting the

existence of a certain degree of hydrological circulation during the Marinoan glaciation. Future research can further apply the

comprehensive application of multiple proxies to deepen the understanding of the chemical weathering mechanisms during the

Cryogenian period, and provide more in-depth perspectives and evidence to support the exploration of global environmental evolution.
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Table 1 Common proxies for chemical weathering intensity based on major element compositions and their limitations
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Fig.1 Comparison of the global CIA records in the Cryogenian glaical deposits
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Fig.2 The Srisotope record of the Neoproterozoic seawater from marine carbonates (Cox ez al., 2016)
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W, 3 2% T ACNK E i i i A et T R i . ok
SEEAC A 9 KAk A Ry - A R ST R O
A —ATJ7 & i L HLEE R 77 AR s ) #EAR XA
P2k (Algeo et al., 2025), WIFTE A A WAL T 2
o, & K090 W 5% A8 S R, 503 i T U AR
oA R AR T 5K SR K & K
ACAE Wl T O 2 K I8 4 TR A B
ACNK P [ H 1] 7 1) 7 3t 5 30T 55 A 1] 1 KO A, (R
e JFE T Y S AR T R B R 2 B O
B 1 BB R B CaO -+ Na,O M1 X F KO i
P W CaO+Na,O 7680 K A1 JF i WAL T 2 2
Bk uE Il R A KU ) R & R BORE Y AR
ACNK [ F % i 2 CN 5 8 10 A-K il 40 28
CaO+Na,O Fl K,O By It & H 2 H2 301, 3k i A 25 1 3
ARl F o HAR AR B B AT T A-CN Bl 43
A7 5 AR K0 893 2K BT CaO+Na, O, i) i 4 He o
KA A RS AR B, W2 A R B A-
CN il 70 A 19 B 5 . X AR SC LS5 19 867 144 #F i 1
ACNK El it (F 5) , 45 R Bor, Tig &3k (L
P 1A R LR AR B ) R 2 R g L A 95 R R
V55 M X, 3k 28 B VK 20 B R G e S AR R U R
R NN ey A B VDA ) i T
& B Ry 35 ] BRI A AR T AU Ak A o AR
CaO+Na,O ¥ T K,O B it 2 3 Z5 fe, B &
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F 90 3 K AT A 2L 3 R R I S X R AL TR st S R DB BT 28 A A s AR AR T
2 P RE il (18] S REZRAE AR 50 RBLIN K & i &2 IR0A 2 22 5% B9 82 W (Lipp ez al., 2020) , T
SEARE, TR SN E/MD AR In(KO/MgO) M F 2 M 175 or 22 7 AR XS
K, RUIRE M T REL T 1 )5 W ACA ik A8 B K22 AR Y In(ALO,/Na,O) 5 REM TIER A, BN
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7O A N 147, b H 52 F B (UCC, upper
continental crust) & 1.55, M J5 K oy Hf 1 K A 3 70
7 (PAAS) (93418 R 2.76 ( Taylor and McLen-
nan, 1985; Wedepohl, 1995; Rudnick and Gao,
2014) , P4 0 1 oK 20 B D 5 Ak oE XU R EE A T
S35 1 M A R T A 22 0E) L B HE JE In(ALO,/Na,O)
B B R g5 R Y CIA 1 4y A 38k 3238 (]
6a) , B 45 78 T OB dh B T Db A XU AR B B Y AR
an o E S, X5 A vk 4l ab T ARIR R IR
W) G 48 R I8 A A 22 5 1 In (K,0/MgO) 47
B B A G R A 3 A, P E D 0.62 (& 6b)
fE 2%, b #3% 10 In (K,O/MgO) F ¥ 8 H
0.12, 48 1 IN K %5 4 0.45, PAAS i 0.52. 5 2 #
o, 2l s 4 St s BA BRI In (K.O/MgO)
B, 1 40 B 48t % A (BHVO-2) 19 In (K,0/
MgO) R —0.7, E @i & Z & A (BHVO-2) K

—2.63. W & 3a FF 78, In (K,O/MgO) >0 1§ /=
P8 oy D b R T <0 DU AR 2 R L R L vk
090 B RE B In (K,O/MgO ) F 2 {8 48 /i~
X — B A KA TR X M 3R R R A A DL
(1735l SN A S 17 i = - S R 2 g N S

I A, Ay Ay S AR B ICY B TR
R O O (= R O 2 NI (905 = ST (O 2
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DG/ I = S R 1 I N U = ST A
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SO T I TAY AR S (U P U o Al P B
A O A ol A I O [ =S 1 | R S A
WK A By R E B g 2 AR O SR 2
S 8SIO, T RM BT, AT BT ALO, 1Y
TECSFHCAWNITRE AR E . KA LSE
Ry R R g R 2 BRI SIOL/ALO, [
EAK T 5, 36 W 70 ik A = A A ok & mf
W XF X AL R bR RE R IR 25 8RN, K — A
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B VK 22 57 Kk Ml BK S R b ek g A e A
FLRY T A5 AN A AR T b BR Y b TR 3 A R
B, i Sy b 3K A= Py 1 AR RN 38 N 4R A TR A% Bk RN
P .k 2K 5 B — s A B T i KU A B R ISR
FEAE HAB A4S 2] — A Fr 1w ry o, in H R R £ R A
R SR RS TS e XAk R AR AR
AR 5 Y 25 R] 22 S 1 X R D0 AR AR Tl G 3
JCER o AT B A AR, WX — 2E [ R R bR A
2 A A7) a0 X 42 3RO [R) 3l DX Tl AR K S [E]
A2 Y HE A5 R SR W], iy T K il R G S i A Bl
NP i TG I B e 3 L BT -y TV e o 9 i
eyl lvS ey B2 SRS A N R AWN
800 Ma | 635 Ma Iy 4 Bk ¥ /K Sr [7] i % 4% fk
(Goddeéris ez al., 2017). 55—~ 4k B B A 22 Mok
A TR ok 800 sh gl R, T E T ok W s
of A& fE 7E VK iF - VKR J¥ %1 (Lang ez al., 2018bj;
Hu e al., 20205 Shen et al., 2022) , # % % #b 5%
W) 5 M Bk SR 2 R GE, A 0 B I a] JE AR Y A
JE R 220 ) A 4 sk XU AR ik B2 B DK T 3l Y 72 A R
A, DT AT BB 65 BE 4 b L AR b BRI R A
O 2 R EL X 4 TR B B 38 AR (9 2 0, Sy 4 I T G
SRR A AR AL PR SRR R S RS R

IEAN 12795 ek, wi AR Sl 37 2 1 Nd [ iz
Rt g A B T KA - ER & Ty T ok S5 vk
BB, N A oK 2 i vk T = 1 FT fE 55K 26 B b IX
1% A WAL O, B CO, 1 20w TH AR , #E 1
PRl 4 BR A AR VS L oK 22 00 1 ok Ll i Bl ] Be AR
Rodinia # K fili B9 25 B b X % A=, R Bl A 1l 2
BRGMHET UL Z AR IEHE4 (I Willouran
Guibei, Gunbarrel #ll Franklin K k i & & ) W) 2 7
(Lieral., 2013). 3% %6 J 1L AR A0 LM 9 52 9 XU Ak
GO T g b AR S PR R S i A Y
exa(2) , [A] IS} AT BB S B0 BRI AL V83X S0 AT 75
B T — 2 CIA W58 1 S HE , BIVAE 5 R 0K T R 2
A BT — R B KB AR AE T 2 B RN
A SEE SR b HE AT UK AL B LR R R B Sk i
FE A T BB 22 2R K VKO B ] (Pogge von Strand-
mann e al., 2017). {H 2 W 5 307 B R oK 90 i TR

KA R TS B, R R — U M ST T S
At 2 AU HRASE 1) TR K 48 W & B 43 5 & 5 Bk b Bk
F 0 7 KRB LR e S B K 25 R A A i
ST S 5 A BA LR ST DA SE K I 9 25 3 (Lan
et al., 2022) 74257 WAL AE HIAE by 3% 452 i b 5 9 7 19
B 3%, 75 3 2 o 78 vh 9% S5 0 0 T A 4 RE Y A
h T A RS, EESIT TR T
CIA .CIW .PIA .1 WIP 5 3 i AL 38 B In(ALO,/
Na,O) 2 [6] {8 L (K 7) , 45 5 B R CIA . CIW il
PIA 78 KAk w55 A0 88 55 19 X ] 35 5 In (ALO,/
Na,0) fH T —E B 6 & 82 78 KA 55 1Y)
X [B] B CIA # 1) F & 80, CIW Fi PIA W& 7E = K
Ak i Y DX TR S 1) T AR R, AT RE S T Mg Al Ca
1) F R BN , B AR AL AN B B CIA 7 it 2t
B R R XU R B A e R R B S
—EKERPYZER HAERASHHAEZIEKDY
0, A A In (ALO,/Na,O) B A B 4 i A 56
PE T WIP H A% & ALRY OE &, R Fn H Al L
A T8 A1 BB A K I A G M T NS A L AR
[) — A~ A T TR AR — BORE A AR 2 R
fla BE . R I 4 T AN B G A BTk 20 AR R
a8 WIP L7 R BE AR 4 db S me XAk (1 3
it X K 22 80l X oK 228 0 M )2 R A AR
PR R VK R ] vk L (B R AR M B T AR T
b T R Rk R BT U0 R T OB R A2 4F
R AE G T T R VKO b 2 b R BT P R
T vk N0 AR oty 30 ok 38 R K 22 ok 359 ) R e Ja] Y
B VKN UTRL (B 5 Ak gL, N UL 28 O ge 3 E
B & e BB AR R 40 B 7 21, 40 )R A vk S Bk
Bk 2h Z w0y B 22 i 8 (=59, n FR R G 1Y
BE B ) 0T LR KO (A 95 B LR i 3 b X
SR 7 € VLS U o SN I BT G
BT 53 5 ML X B I B A BT vk 0L AR T M X B K
UKW, n=91) 37 BRE R VK 0 (B AL R AR R
M DX R B AR A K X R MR, n=17) | W B4 UK
W2 F 2 HE AR 0 A UK, n=57) ik 42
[ia] K 99 O 10 A Fg 1) R 38 3 21, m=454) , B LR vk
) (475 38 B I Sk i XA TR 0 oKk B0 L T S
Hb DX 1 R Bl 222 1 VK0T BT S O b XY G R 2806 5
UK AEEE X B R VR UK, n=170) (A K bR
F o B K B T B R e R B g R (n=19) .
S F 8 In(ALO,/Na,O) % B [\ i 1 %1
345 B0 B 25 R 8 TR, G i T B E S v 4K
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BRI, % B 7R R 5 82 e D
oA S Ak R L DR A 22 1A S R UK A B
In(ALO,/Na,O) (1 7 24 & F1 b A7 B 25 4 W W 1
B, b BN 2.08 B E 1.53. Hi 22 B
In(ALO,/Na,0) A € £ & (X T PAAS 19 F 4 {H
2.76, UL R4 20 W 0 1) SR R C SRR N T
Yo O H3X — a5 3k AT URR UK iE — 20 BRI,
$o PRI oK 99 B4 R 2B 1.53 B 2 548 5 /48 R IR K
PR, R KRR T DT R vk 2
P (] DK 0 (R 22 21 31 A Al |, IR 1 A 31—
FERIRE (P EC=1.73) (B4 b TR I B B, 2
Je B30T LR P 2 CED oy 3k vk 381D 19 In(ALO,/Na,0)
T B A R R AR 46 (1.81) , A5 Al g ihd B Jiir ]
R VKA N B EROSR A AR B AU 0k Bl (R R AR AT SR b
TRV RS | 3t ] B 2 1T 1B R VK 4R 2 1 ] 45
K — AR B R AR AR R T SR AR, R
B DA SRR W Ak KA VE T (Lan ez al., 2015).
HE B vk 20 19 1] vk, In(ALO,/Na,0)
PR — AR EN ETH(2.21) B E= M T ki
Bl 22 P20 5 0 ) XUk R B A b 2E UL
WRE A G IR R RS T R R H Ik
H PE1 R UK 0T 1) 285 R A B 2 A 1 0 3 g X — )
1 4 BRE B 9t DO AR T R BB 5 A ML 2 A ot
ORI EA T AT — WK E AR E e
T DX R S R R e G A R AR R A
B30T, AT e 5 A e i S 2 0 A A D % A R A
% (Cheng et al., 2021). K& I 7 S AL 8 JFOR 45 2
AR ) e ZHE T30 R A 2SR AR A VK R E = R
i 119 % A8 B B, R i AR AT 6B & # T OC BEAE
JH 8 3k 52 e b 3 R K AR v (8 Ak 2 S N R ) T
B, HE T R e VR Y R SRR S L AR Bk Y
il AL 1 3 75 5 0 22 (4 F 5 ke IR, (K ki LAk A
1E b BR AL 2 AR AR R s S P e EE T 4
SUE T T Z M EH . Bl Wei ez al. (2020) 78 K Y
e 41 0 DU AR TR D v UL SR B 3 Y
Al 17 2% (8'Li) ffm A% | 3 3¢ B ik 19 46 XU Ak 17 5 J32 7
X B A ) 7% 9 8 L R 2 BN R R R Y R
5 25 A LA B2 vk N AR ot 2% 528 1 B f6F 7 ) 26 THD AT G
MATR] K 30 2 A E1)  HL 3 v, In(ALO,/Na,O)
H AL BN 2.21 BE AR 2 212, - ¥ (H AT A
Al S T — B R B T L vk 3T R A XA 5
J3E B R T R R UK (b 32 250 1.53) L 3 Rl B 35 11
ZRAEEE S D LRI RS T Kk

10 Ma i R &R Z — (B J& B By k9] 42 3R 0 A oK fist
FrRIE S, O Hol Hh HE R A G OR R G Hb DX AF AE UK
W %, B 55— ] AR M 2K In(ALO,/Na,O) {H
P T E B vk 39 09 W0 4k B B Ak 27 XA A 52
TG, T g D0 Sz e KT A 4 R A R, KR
AR R B T AR KO IR AT AR b 2 2
TR 2% B 5 BLo k40— i T e B AR 26 B b IX L {H 2
5 55 BR b BK i VR 0 B BOAE A R R AR A AL
JE 2 B A A6 A I35 BR A K 16 26 . 3% 5 30 4F o ok
22 (R IE 5 R R AL il A (Ye et al.,
2015) N[ {7 % (Song et al., 2023) .Fe 443 K& Fe-
S [Al i % (Shen et al., 2022) ¥4 ] — 4~ ] e 1776 /Y
% 45 3 T I /K d8% STushball (Y8 3R ER ) 3 5, & BL
VUK W6 S0 T RE A LR A B Y A KA 15 I Bl , R AR
SR E AR A Z AR A X i 1 1E J2& Rodinia
KB B JE — W24 (Lan ez al., 2022) , [l K=
CO, & HEATRERCE NI BUAALAE Tt A 5 21

UK 45 bR 35 5 Hb 3R A AR 48 0 W 3 AR L oK
4 Bk M 0 K B B R bR Y A A T AR s 9
VRS UK A S R B Y K R A R T R i
IR K 2 AT, 51 & T U 1Y) 6 5 A Ak 2 B oy AR
b T 1 R AR AT BB S R TV K ) B R I I
S, HE T R W T AR 0T TG S R 48 (Gan et al.,
2024) . AHEE T 1 L vk, 0l R Bz a2 BB A BT AR
SRk B4 & AR LY A 4L In(ALO,/Na,O) {A
R TE 2 2.94, & 8 > BIAE i >k B B8 LR Al B
Bl R R R R ER A A AN T RESZ B TS
B VE 52 e 4n SR HE B 3 LA R 9 52 ), R ik
R P In(ALO,/Na,O) Ak 1114 ¥ 3 w5, 3%
o L vk 01 45 R, Bk 6 2 BRI R A T — N
BT I B G T A I IO ) R KA i A i
F 5% 48 7 Bk Al FLAE i rhma Ve 4R 08 DU v i B
[ % (8"Mg) , U — B e vk 5 s Rk © &2
PG 58 204k 22 KUALAE FH (Huang ez al., 2016) , X 45
Mg 5 0 FE AL A FE B B 1 In (ALO,/
Na,O) i CF#{H=2.33) , 3X — il 211t 24 KAk F 4
AT BT B Bt vk e 4 Bk IR £ 5 56 2
AL HOATREE R TEAR ok T FEE R E RY R, X
Jak >k SCRTREAE 3 T R DR 7 T Ol VR AR AR AE T
WAFH TR RN LR AEZ YN ZFEA .
32 MKLKEABRUIEAEREX

FAR T R MR B LA B T M T AR AR A R R R
e AL 2R 0 SR, LA R o W Bk R R DB 2E 1 SRR
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H 7 3k In(ALO,/Na,O ) rf (L BB I ] 9 22 4k, 7t 22 U 55 0 3

H 2 30 AT of R B 22 1 I 4 3R W15 35K oK 0T e ok
g FEAL IR AFAE S AR AL FERIMAE (DT
FEURR < 7] G 498 J@ 07 PU /R 12 B Wilsonbreen 2H 5 BLi# vk
W . 2 [EFE T 4% Kingston Peak 4 3 K 7 DL e 3%
%] A T < 22 vk 30 0 e 38 vk OB T AR s 1 3R B S 2 )
TR 3 AR AR S A, R T I KR - ok
1B W UL FLE T (Allen and Etienne, 2008; Hu et al.,
2012, 2020;Benn et al., 2015; Busfield and Le Her-
on, 2016; Fairchild ez al., 2016; Fleming et al.,
2016; Lang et al., 2018b) ; It 7M 35 BR Hb BRI U A A
UK 8 T 7K R KT B T2 3k 1 00 2 S LR, 4K T 3
15 3 [ 42/ 22 A~ e T8 UK Bl LA o LA R R A T
Sturtian PKIA VTR A h R BRI A & 5 )2, R E
SR b 3K I 2 9 2K A B B Ak T A A AR 2 (Gernon
et al., 20165 kI8 %, 2020; Hood et al., 2022;
AEESE, 2022).(2) MK A AL L IR < 3 3 %) g e
H UK DIRUS A A 3 Bk R W] 7 R A S R
R S MBI ST R W X RE Y K B ][] R B

T P SR AL A JEOIR S 9 A8 Ak 7 PKGR B RS K A5 45 5
S AL, T P B D) Bk 4 (Shen ez al., 2022) .3
— & BT WG T AL 51 T Bk BR A8 UL A 4 BRI TE IR N
VI B T B AR B A B (3) AR kA il R . — gk 2R
P VKR R T AR AE R AR A IR K Tt 3 B
b PR SR BRI T RE Sk AN B A5 4R AL A A7 Bk M T
(Hoffman, 2016) , Jf- 4 i T 78 25 Bk i BR 19 (8] 7] fig
FE I T8 B S AF 78 47 R IT BOK SR (water belt) |, s 8
xR 8 Bk Hb 3R 4L 8 (Pierrehumbert ez al., 2011).
HHEEMMEICHRBRO A RZTRAET FEW
JEE WG 22 AR Ak A7 (Ye et al., 2015) ,3F H &M
5 Bl R B 20 % MR 2SR 35 28 M L Y ) ik 4
A X SR S AR AR O A VR R AR E I
Z3 (8] . R B 9T R Iz AR A J2 T 2R 6 T N TR A
FREAE R BLZ B W AE E — A 0 BR 0 AU O,
W] b g b X A7 7E JF R K 3R (Song et al.,
2023 ). LA I 3x 6307 & 9 ik 25 1 55 ek ek R
[ EE S TR UE? S0 P <o Y O == 7 1 11
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KN & B R BEE 3 Bk, 78 IR 4 8 I A7 A
FERE KR 7E B T] b, 35 R UK 00 0 9F — IR 22 1
UK TR Bk 2 kR B vk 0 R B R AT

AW 58 T 4 BR 22 A vk 228 350 TR S A A 46 TR
FE & BLAE A I3, XU Ak o AR AN R — AN AR A
JUAE G 45 B v 6 8 R ¥ (E g 6% w4 BRAE
2 B0 - 28 LA i B 5% O TR) AT A7 AR B R 1 253 )
AV ] 22 5% (L 9) . 1E i A 78 4 BROBT 76 4R S [A]
L FE ST T &I, iR B 22 L A
R AR KRG A W5 % 0 IX ek A S e 5 5% 1 nT it qk
KA A A [ B R 20 R i i CO,.
SO, A R MW 5, #5AT LUAE 1k R 3 14 1k 27 XAk
(Goddéris et al., 2017). #t4h, B T2 FEH R W IR
1, I K e 2 45 40 U-Ph R4S ] DL 345 v R B 1
AR BOHE (2R, 2023)  HJE 52 IR kR i 25
] 43 A, AR 22 M 2 A7 8 15 R SR 47 b 2 3R, 3 b oy
i 40 F B 4 K () Bt 10 AN Ti) b DX 30 T ok 1 R L A
I AR B 5% 5 A5 FE TN 4R BR 2 WA A R, R A
In(ALO,;/Na,O) X — 8 tr o 2 i 1L 7Kk 28 4> 5k 7 3
WAL SR BE . BE B T 2 o R R AR B R R ROk
WA AT R T A [ 5 AN RS 200 Y 221 T ik 2 B 5
55 T O6F PR ik B UK 40 A 3RS AR b 2ok B v il b R R
ARAE FH 6 B 25 43 A HL AT J 28 5 S ok 22 91 1] 7
KB RACAE FIC s THUER R T 5 KR K LR FZZ
6] A A AR T B A e BRI AR AR B G
B UK e Bl AN Al A AT A B A 4 R A Y R 2
AR A, XA AL R AR R R Bl XU 2 3 X 2
ARNAZS FR G0 A VR 52 3l 5k 40 A AN [ 4 T 1
Kbk KA AR, o7 LA 7 3 2 4 3R A5 AR A 1 B 23
AR, A Bl TR0 A oA A A AR A 1 1 B R SRR

R Bifi AUk A 6T b 3K Ak 24 46 38 (4n C . Si L Ca
FEIOLR MG ) B E A oK ) vk
15 Bl F1FE ¥ A 2% 1l R BRI T R B XU AR i B
TS H RS CO, M B TF i 78 8] oK, S
A5 % R RE I i K Bl KU AL 38 S 2 KU VR F R R
SR CO, i 4R 20 Bili i, DA X 4 BR B A 38 7 AR
AN A R R ORI T 118 St T = A
2 g E P R A BB (DOC) F1IE fflf JC B Bk
(DIC) 1y & 4k 143 A, HE 100 52 0 Vg 39 119 158 Bk 32
A= ) b ER b 2 o BRI B X 4 BRI AR 40 0 R YT
P A BR AL 06 0 B B o B L.

ST SR U UK 40 T K B LA A R A 5
AALAT LR A AT X 2o 2 b Bk M AR Ak Dy s R

B 30 o T AR o A A Ak s He R B 5 L HL
A Bl 2R B S TR R AU A Y
A5 Ak, W] DL R Hb Bk R G s AR AR BL L O 4
BRAZ AL W 5 0T B AR R A K A A B A O

4 REiHES

25 A VEAS B VK 40 T B 1 Ak 2F KAk 5 B
K Zfitabr, Hrp P8 & am NI
BT BT A MY WA A
E(= i o W~ S o N [ Y VA 2 o = A S VA R O
G2 N 5T, R ) AR R VK 22 Y R S A
i 6] 7 2 0 4 TR AL A R i — P TR AR SE
b2 AL VR FAE B vk 42 AR & B T 2 Kk
FUR) A A6 . B T Y K Ak 2 E i 32 A A —
B & FR A0 CIA L ¥Sr/*Sr 1 Nd [ fi7 & 45 , {5 jx 4t
b T R | W TR S = SO P | AN TE ¥ e 3 £
Z M BR AL 2 F Bk B i vk 42 Ak 2E KUK 1Y 5k
FUAE F S BB, DA G b 3 Doty Vi PR BT L O 2B
AR BE T X 5 Bk Bk 73 OF B A B AR ()
INRRTAE TN S 2 1 N LI S S (UL I N s
In(ALO,/Na,O) 1] LAE Ry —A~ B 47 i KA AE
BAVIEAR, SIE5H CIA \CIW S5 AR A HE %35 b
Xof KA 114 735 £k B Ay SRR TR) S o U 1) S AR Ak A
AR W G A BR X R 1 867 EREE A E
BT Z R, 45 B B oR In(ALO,/Na,O) 1E [7] — I
WIAFF mICEYRNREFEFAED EES,
X B R K 20 K il AU AL T RE 37 B M A 1R LRk
B A VLK T 0 b 5 R T A A A JR 3 X e 3R
FR) 5% R T A7 A A R 22 Sk L 5 — i, In(ALO,/
Na,O) i - 35 25 J 22 B, D307 181 o oKk 99 0% it i 114
LA 20 6 ) L ) B g UK 4 R R R 20
W, KBl RARAE T 22 D7 T 22 YR 55 1 348 58 1) 105 25
Xk [ A BRI BOHE A 2R T DT Y 4 Bk OT 3 X
A B, R B 2Bk e B T In(ALO,/
Na,O) H& 5 % 5 25 1 o AN 50K T e 2 6 174 XU Ak )
T2 T MRS B B 2 5 KUk
YEH S5 vk R & & 5238 2 i) #2418 1 15 92 A9 B
F AR NS A0 B 2 AR ARHE B2k g A T
PR BRI 5 1k 2 Kk 22 | R R
BeAh vk 4 B RRR I TUBUT 81, 76 PG ik 55 Bk
HhER R P9 Y & B T UUBU B9 AR 4k [ I XUAR 4R
P, 3% B DK 3 PN A A 2 AT AT, — S b, X34 7T
FUT U MO R 8 2, 3K R oA R F 5 2 43E 1397 14 )y )



%3

AR L5 97 7 7 P 7 2205 B R 15 f 2 S P 1061

FIPR A 5B 2% B0 [l (2 28 7 BB AR 49 4 Li (K Rb 25
B ICE 1 R 2R R A AT gl ok B 2 AL

LERORE 75 I8 B) A Bk S B O 0 A8 ] 22
PERBIL RGN E It TELG G 2 n ik 1T
VEAl A AE T 0 4 T M PR A R vk 42 B Ak 2 XUAR AR
JH .70 & Hb 2K Ak 2 AR A7 R b BK Ak 2 00 2R B N
H L BE % A 08 FH VT A6 AR B v L aE 2 R 8 e
g8t 0 J7 B AL VE R O TR A48 s i vk 42 Ml 3K ik 1
I B0 52 2 kRN B A5k A R L L A B T
4 T b B A b K AR 4 b Ak 2 XA B9 AR RS

M R BT LR R
BLFRARBOEZXFSAEL!

P & L https://doi.org/10.3799/dqkx.2025.006.

References

Algeo, T. J., Hong, H. L., Wang, C. W., 2025. The
Chemical Index of Alteration (CIA) and Interpretation of
ACNK Diagrams. Chemical Geology, 671: 122474.
https://doi.org/10.1016/j.chemge0.2024.122474

Allen, P. A., Etienne, J. L., 2008. Sedimentary Challenge
to Snowball Earth. Nature Geoscience, 1: 817—825.
https://doi.org/10.1038/ngeo355

Bahlburg, H.,Dobrzinski, N., 2011. A Review of the Chemi-
cal Index of Alteration (CIA) and Its Application to the
Study of Neoproterozoic Glacial Deposits and Climate
Transitions. Geological Society, London, Memoirs, 36:
81—92. https://doi.org/10.1144/m36.6

Benn, D. 1., Le Hir, G., Bao, H. M., et al., 2015. Orbitally
Forced Ice Sheet Fluctuations during the Marinoan
Snowball Earth Glaciation. Nature Geoscience, 8: 704—
707. https://doi.org/10.1038/nge02502

Berner, R. A., Lasaga, A. C., Garrels, R. M., 1983. The
Carbonate-Silicate Geochemical Cycle and Its Effect on
Atmospheric Carbon Dioxide over the Past 100 Million
Years. American Journal of Science, 283(7): 641—683.
https://doi.org/10.2475/ajs.283.7.641

Busfield, M. E., Le Heron, D. P., 2016. A Neoproterozo-
ic Ice Advance Sequence, Sperry Wash, California.
Sedimentology, 63(2): 307—330. https://doi. org/
10.1111/sed.12210

Cai, X. F., Luo, Z. J., Ye, Q., 2017. Sedimentary Char-
acteristics of the Nantuo Formation in Siduping, Hu-
nan and Its Coupling Relationship with Paleoclimate.
East China Geology, 38(2): 91—98 (in Chinese with
English abstract)

Cheng, M., Zhang, Z. H., Algeo, T.J., et al., 2021. Hy-

drological Controls on Marine Chemistry in the Cryoge-
nian Nanhua Basin (South China). Earth - Science Re-
views, 218: 103678. https://doi. org/10.1016/]. earsci-
rev.2021.103678

Cox, G. M., Halverson, G. P., Stevenson, R. K., et al.,
2016. Continental Flood Basalt Weathering as a Trigger
for Neoproterozoic Snowball Earth. Earth and Plane-
tary Science Letters, 446: 89—99. https://doi. org/
10.1016/j.epsl.2016.04.016

Cox, R., Lowe, D. R., Cullers, R. L., 1995. The Influence
of Sediment Recycling and Basement Composition on
Evolution of Mudrock Chemistry in the Southwestern
United States. Geochimica et Cosmochimica Acta, 59
(14): 2919—2940. https://doi. org/10.1016/0016 - 7037
(95)00185-9

Ding, H. F., Ma, D.S., Yao, C. Y., etal., 2009. Sedimen-
tary Environment of Ediacaran Glacigenic Diamictite in
Guozigou of Xinjiang, China. Chinese Science Bulletin,
54(18): 3283—3294. https://doi. org/10.1007/s11434 -
009-0443-5

Dodd, M. S., Shi, W., Li, C., etal., 2023. Uncovering the
Ediacaran Phosphorus Cycle. Nature, 618: 974—980.
https://doi.org/10.1038/s41586-023-06077-6

Fairchild, 1. J., Fleming, E. J., Bao, H. M., et al., 2016.
Continental Carbonate Facies of a Neoproterozoic Pan-
glaciation, North-East Svalbard. Sedimentology, 63(2):
443—497. https://doi.org/10.1111/sed. 12252

Feng, L. J., Chu, X. L., Zhang, Q. R., et al., 2003. CIA
(Chemical Index of Alteration)and Its Applications in the
Neoproterozoic Clastic Rocks. Earth Science Frontiers,
10(4): 539— 544 (in Chinese with English abstract)

Feng, L. J., Chu, X. L., Zhang, Q. R., et al., 2004. New
Evidence for a Cold Climate during the Deposition of the
Xieshuihe Formation in Northeast Hunan. Science Bulle-
tin, 49(12): 1172— 1178 (in Chinese).

Fleming, E. J., Benn, D. L., Stevenson, C. T. E., et al.,
2016. Glacitectonism, Subglacial and Glacilacustrine
Processes during a Neoproterozoic Panglaciation, North-
East Svalbard. Sedimentology, 63(2): 411—442.
https://doi.org/10.1111/sed. 12251

Fu, H. J., Jian, X., Liang, H. H., 2021. Research Progress
of Sediment Indicators and Methods for Evaluation of
Silicate Chemical Weathering Intensity. Jowrnal of Pal-
aeogeography (Chinese Edition), 23(6): 1192—1209 (in
Chinese with English abstract)

Fu, H. J., Jian, X., Pan, H. Q., 2023. Bias in Sediment
Chemical Weathering Intensity Evaluation: A Numerical
Simulation Study. Earth-Science Reviews, 246: 104574.



1062 HERBL2E  http://www.earth-science.net

5550 %

https://doi.org/10.1016/j.earscirev.2023.104574

Gan, T., Tian, M., Wang, X. K., et al., 2024. Lithium
Isotope Evidence for a Plumeworld Ocean in the Af-
termath of the Marinoan Snowball Earth. Proceedings
of the National Academy of Sciences, 121(46):
€2407419121 .https://doi.org/10.1073/pnas.2407419121

Gernon, T. M., Hincks, T. K., Tyrrell, T., et al.,
2016. Snowball Earth Ocean Chemistry Driven by
Extensive Ridge Volcanism during Rodinia Breakup.
Nature Geoscience, 9: 242—248. https://doi. org/
10.1038/nge02632

Goddéris, Y., Le Hir, G., Macouin, M., et al., 2017. Pa-
leogeographic Forcing of the Strontium Isotopic Cycle in
the Neoproterozoic. Gondwana Research, 42: 151—
162. https://doi.org/10.1016/j.gr.2016.09.013

Halverson, G. P., Dudas, F. O., Maloof, A. C., et al.,
2007. Evolution of the “’Sr/**Sr Composition of Neopro-
terozoic Seawater. Palaeogeography, Palaeoclimatolo-
gy, Palaeoecology, 256(3—4): 103—129. https://doi.
org/10.1016/j.palaeo.2007.02.028

Halverson, G. P., Wade, B. P., Hurtgen, M. T., et al.,
2010. Neoproterozoic Chemostratigraphy. Precambrian
Research, 182(4): 337—350. https://doi.org/10.1016/j.
precamres.2010.04.007

Hoffman, P. F., 2016. Cryoconite Pans on Snowball
Earth: Supraglacial Oases for Cryogenian Eukaryotes?
Geobiology, 14(6):  531—542.
10.1111/gbi.12191

Hoffman, P. F., Abbot, D. S., Ashkenazy, Y., et al.,
2017. Snowball Earth Climate Dynamics and Cryoge-

https://doi. org/

nian Geology - Geobiology. Science Advances, 3(11):
€1600983. https://doi.org/10.1126/sciadv.1600983
Hoffman, P. F., Kaufman, A.J., Halverson, G. P., et al.,

1998. A Neoproterozoic Snowball Earth. The American
Jowrnal of Case Reports, 281(5381): 1342—1346.
https://doi.org/10.1126/science.281.5381.1342
Hoffman, P. F., Li, Z. X., 2009. A Palaeogeographic Con-
text for Neoproterozoic Glaciation. Palaeogeography,
Palaeoclimatology, Palaeoecology, 277(3—4): 158—
172. https://doi.org/10.1016/j.palaco.2009.03.013
Hood, A. V. S., Penman, D. E., Lechte, M. A., et al.,
2022. Neoproterozoic Syn-Glacial Carbonate Precipita-
tion and Implications for a Snowball Earth. Geobiology,
20(2): 175—193. https://doi.org/10.1111/gbi.12470
Hu, J., Li, C., Tong, J. N., et al., 2020. Glacial Origin of
the Cryogenian Nantuo Formation in Eastern Shennon-
gjia Area (South China): Implications for Macroalgal Sur-
vival. Precambrian Research, 351: 105969. https://doi.

org/10.1016/j.precamres.2020.105969

Hu, J., Wang, J. S., Chen, H. R., et al., 2012. Multiple
Cycles of Glacier Advance and Retreat during the Nan-
tuo (Marinoan) Glacial Termination in the Three Gorges
Area. Frontiers of FEarth Science, 6(1): 101—108.
https://doi.org/10.1007/s11707-011-0179-9

Huang, K. J., Teng, F. Z., Shen, B., et al., 2016. Epi-
sode of Intense Chemical Weathering during the Ter-
mination of the 635 Ma Marinoan Glaciation. Proc
Natl Acad Sci USA, 113(52): 14904—14909. https://
doi.org/10.1073/pnas.1607712113

Jacobsen, S. B., Kaufman, A. J., 1999. The Sr, C and O
Isotopic Evolution of Neoproterozoic Seawater. Chemi-
cal Geology, 161(1): 37—57. https://doi.org/10.1016/
S0009-2541(99)00080-7

Kennedy, M. J., Christie -Blick, N., Prave, A. R., 2001.
Carbon Isotopic Composition of Neoproterozoic Glacial
Carbonates as a Test of Paleoceanographic Models for
Snowball Earth Phenomena. Geology, 29(12): 1135—
1138.  https://doi. org/10.1130/0091 7613(2001)
0291135: cicong=>2.0.co0;2

Lan, Z. W., 2023. Research Progress on the Chronostrati-
graphic Study of Nanhua System in South China. Sedi-
mentary Geology and Tethyan Geology, 43(1): 180—
187 (in Chinese with English abstract)

Lan, Z. W., Huyskens, M. H., Le Hir, G., et al.,
2022. Massive Volcanism may Have Foreshortened
the Marinoan Snowball Earth. Geophysical Research
Letters, 49(6): e2021GL097156. https://doi. org/
10.1029/2021gl097156

Lan, Z. W., Li, X. H., Zhang, Q. R., et al., 2015. Global
Synchronous Initiation of the 2nd Episode of Sturtian
Glaciation: SIMS Zircon U-Pb and O Isotope Evidence
from the Jiangkou Group, South China. Precambrian
Research, 267: 28— 38. https://doi. org/10.1016/j. pre-
camres.2015.06.002

Lang, X. G., Chen, J. T., Cui, H., et al., 2018b. Cyclic
Cold Climate during the Nantuo Glaciation: Evidence
from the Cryogenian Nantuo Formation in the Yangtze
Block, South China. Precambrian Research, 310: 243—
255. https://doi.org/10.1016/j.precamres.2018.03.004

Lang, X. G., Shen, B., Peng, Y. B., et al., 2018a. Tran-
sient Marine Euxinia at the End of the Terminal Cryoge-
nian Glaciation. Nature Communications, 9: 3019.
https://doi.org/10.1038/s41467-018-05423-x

Li, W. P., Li, H. L., Wang, Y., et al., 2022. Neoprotero-
zoic Glaciations in Yecheng Area, Southwestern Margin

of the Tarim Basin. Earth Science Frontiers, 29(3):



%3

K I 25 < 7 7038 1 B 20 5 BR M BR 5 12 S A 1063

356—380 (in Chinese with English abstract).
Li, X. L., Zhang, X., Lin, C. M., et al., 2022. Over-

view of the Application and Prospect of Common

Chemical Weathering Indices. Geological Journal of

China Universities, 28(1): 51—63 (in Chinese with
English abstract)

Li, Z. X., Evans, D. A. D., Halverson, G. P., 2013. Neo-
proterozoic Glaciations in a Revised Global Palaeogeog-
raphy from the Breakup of Rodinia to the Assembly of
Gondwanaland. Sedimentary Geology, 294: 219—232.
https://doi.org/10.1016/.sedge0.2013.05.016

Lipp, A. G., Shorttle, O., Syvret, F., etal., 2020. Major El-
ement Composition of Sediments in Terms of Weathering
and Provenance: Implications for Crustal Recycling. Geo-
chemistry, Geophysics, Geosystems, 21(6): €2019GC008
758. https://doi.org/10.1029/2019gc008758

Liu, B., Xu, B., Meng, X. Y., et al., 2007. Study on
the Chemical Index of Alteration of Neoproterozoic
Strata in the Tarim Plate and Its Implications. Acta
Petrologica Sinica, 23(7): 1664—1670 (in Chinese
with English abstract).

Mills, B., Watson, A. J., Goldblatt, C., et al., 2011. Tim-
ing of Neoproterozoic Glaciations Linked to Transport-
Limited Global Weathering. Nature Geoscience, 4:
861—864. https://doi.org/10.1038/nge01305

Nesbitt, H. W., 1979. Mobility and Fractionation of Rare
Earth Elements during Weathering of a Granodiorite.
Nature, 279: 206—210. https://doi. org/10.1038/
27920640

Nesbitt, H. W., Markovics, G., Price, R. C., 1980. Chemi-
cal Processes Affecting Alkalis and Alkaline Earths dur-
ing Continental Weathering. Geochimica et Cosmochimi-
ca Acta, 44(11): 1659—1666. https://doi.org/10.1016/
0016-7037(80)90218-5

Nesbitt, H. W., Young, G. M., 1982. Early Proterozoic Cli-
mates and Plate Motions Inferred from Major Element
Chemistry of Lutites. Nature, 299: 715—717. https://
doi.org/10.1038/299715a0

Nesbitt, H. W., Young, G. M., 1984. Prediction of Some
Weathering Trends of Plutonic and Volcanic Rocks
Based on Thermodynamic and Kinetic Considerations.
Geochimica et Cosmochimica Acta, 48(7): 1523—1534.
https://doi.org/10.1016/0016-7037(84)90408-3

Nesbitt, H. W., Young, G. M., 1989. Formation and Dia-
genesis of Weathering Profiles. Journal of Geology, 97
(2): 129—147. https://doi.org/10.1086/629290

Nesbitt, H. W., Young, G. M., McLennan, S. M., et al.,
1996. Effects of Chemical Weathering and Sorting on

the Petrogenesis of Siliciclastic Sediments, with Implica-
tions for Provenance Studies. Journal of Geology, 104
(5): 525—542. https://doi.org/10.1086/629850

Och, L. M., Shields-Zhou, G. A., 2012. The Neoproterozo-
ic Oxygenation Event: Environmental Perturbations and
Biogeochemical Cycling. Earth - Science Reviews, 110
(1—4): 26—57. https://doi. org/10.1016/]. earsci-
rev.2011.09.004

Ohta, T., Arai, H., 2007. Statistical Empirical Index of
Chemical Weathering in Igneous Rocks: A New Tool
for Evaluating the Degree of Weathering. Chemical Ge-
ology, 240(3/4): 280—297. https://doi. org/10.1016/j.
chemgeo.2007.02.017

Pierrehumbert, R. T., Abbot, D. S., Voigt, A., et al.,
2011. Climate of the Neoproterozoic. Annual Review of
Earth and Planetary Sciences, 39: 417—460. https://
doi.org/10.1146/annurev-earth-040809-152447

Pogge von Strandmann, P. A. E., Desrochers, A., Murphy,
M. J., et al.,, 2017. Global Climate Stabilisation by
Chemical Weathering during the Hirnantian Glaciation.
Geochemical Perspectives Letters,: 230—237. https://
doi.org/10.7185/geochemlet.1726

Qi, L., Yu, W. C., Du, Y. S., et al., 2015. Paleoclimate
Evolution of the Cryogenian Tiesi’ ao FormationDatang-
po Formation in Eastern Guizhou Province: Evidence
from the Chemical Index of Alteration. Geological Sci-
ence and Technology Information, 34(6): 47—57 (in
Chinese with English abstract)

Qi, Y., Gu, S. Y., Zhao, F. Q., 2022. Redox Characteris-
tics of Marine Environment of Nantuo Glaciation, Nan-
hua Basin. Acta Sedimentologica Sinica, 40(3): 715—
729 (in Chinese with English abstract)

Rieu, R., Allen, P. A., Plotze, M., et al., 2007. Composi-
tional and Mineralogical Variations in a Neoproterozoic
Glacially Influenced Succession, Mirbat Area, South
Oman: Implications for Paleoweathering Conditions.
Precambrian Research, 154(3—4): 248—265. https://
doi.org/10.1016/j.precamres.2007.01.003

Rooney, A. D., Macdonald, F. A., Strauss, J. V., et al.,
2014. Re-Os Geochronology and Coupled Os-Sr Isotope
Constraints on the Sturtian Snowball Earth. Proceedings
of the National Academy of Sciences of the United States
of America, 111(1): 51—56. https://doi. org/10.1073/
pnas.1317266110

Rudnick, R. L., Gao, S., 2014. Composition of the Conti-
nental Crust. In: Holland, H. D., Turekian, K. K.,
eds., Treatise on Geochemistry (Second Edition), Else-
vier, Oxford. https://doi. org/10.1016/b978 - 0 - 08 -



1064 HERBL2E  http://www.earth-science.net

5550 %

095975-7.00301-6

Shao, J. Q., Yang, S. Y., 2012. Does Chemical Index of Al-
teration (CIA) Reflect Silicate Weathering and Monsoon-
al Climate in the Changjiang River Basin? Chinese Sci-
ence Bulletin, 57(10): 1178—1187. https://doi. org/
10.1007/s11434-011-4954-5

Shen, H.J., Gu, S. Y., Zhao, S. F., etal., 2020. The Sedi~
mentary 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 Re-
view, 66(1): 214—228 (in Chinese with English abstract).

Shen, W. B., Zhu, X. K., Yan, B., et al., 2022. Secular
Variation in Seawater Redox State during the Marinoan
Snowball Earth Event and Implications for Eukaryotic
Evolution. Geology, 50(11): 1239—1244. https://doi.
org/10.1130/G50147.1

Shi, W., Mills, B. J. W., Li, C., et al., 2022. Decoupled
Oxygenation of the Ediacaran Ocean and Atmosphere
during the Rise of Early Animals. Earth and Planetary
Science Letters, 591: 117619. https://doi.org/10.1016/j.
epsl.2022.117619

Shields, G. A., 2007. A Normalised Seawater Strontium Iso-
tope Curve: Possible Implications for Neoproterozoic -
Cambrian Weathering Rates and the Further Oxygen-
ation of the Earth. eEarth, 2(2): 35—42. https://doi.
org/10.5194/ee-2-35-200710.5194/eed-2-69-2007

Song, H. Y., An, Z. H., Ye, Q., etal., 2023. Mid-Latitudi-
nal Habitable Environment for Marine Eukaryotes dur-
ing the Waning Stage of the Marinoan Snowball Glacia-
tion. Nature Communications, 14: 1564. https://doi.
org/10.1038/s41467-023-37172-x

Taylor, S. R., McLennan, S. M., 1985. The Continen-
tal Crust: Its Composition and Evolution. Blackwell,
Oxford.

Wang, J., Li, Z. X., 2003. History of Neoproterozoic Rift
Basins in South China: Implications for Rodinia Break -
up. Precambrian Research, 122(1—4): 141—158.
https://doi.org/10.1016/S0301-9268(02)00209-7

Wang, P., Du, Y.S., Yu, W. C., etal., 2020. The Chemi-
cal Index of Alteration (CIA) as a Proxy for Climate
Change during Glacial - Interglacial Transitions in Earth
History. Earth-Science Reviews, 201: 103032. https://
doi.org/10.1016/j.earscirev.2019.103032

Wang, Z. Q., Yin, C. Y., Gao, L. Z., et al., 2006. The
Character of the Chemical Index of Alteration and Dis-

cussion of Subdivision and Correlation of the Nanhua

System in Yichang Area. Geological Review, 52(5):
577—585 (in Chinese with English abstract)

Wedepohl, K. H., 1995. The Composition of the Continental
Crust. Geochimica et Cosmochimica Acta, 59(7): 1217—
1232. https://doi.org/10.1016/0016-7037(95)00038-2

Wei, G. Y., Wei, W., Wang, D., et al., 2020. Enhanced
Chemical Weathering Triggered an Expansion of Euxin-
ic Seawater in the Aftermath of the Sturtian Glaciation.
Earth and Planetary Science Letters, 539: 116244.
https://doi.org/10.1016/j.epsl.2020.116244

Wu, Z. Y., Gu, S. Y., 2019. Potassium Enrichment of
Diamictite in Neoproterozoic Nantuo Glaciation in South
China: An Example from the Cryogenian Nantuo Forma-
tion in Songtao, Guizhou Province. Journal of Guizhou
University (Natural Sciences), 36(5): 43—49 (in Chinese
with English abstract)

Xu, X. T., Shao, L. Y., 2018. Limiting Factors in Utiliza-
tion of Chemical Index of Alteration of Mudstones to
Quantify the Degree of Weathering in Provenance. Jour-
nal of Palaeogeography (Chinese Edition), 20(3): 515—
522 (in Chinese with English abstract)

Ye, Q., Tong, J. N., Xiao, S. H., etal., 2015. The Surviv-
al of Benthic Macroscopic Phototrophs on a Neoprotero-
zoic Snowball Earth. Geology, 43(6): 507—510. https://
doi.org/10.1130/G36640.1

Yu, W. C., Algeo, T.J., Zhou, Q., et al., 2020. Cryoge-
nian Cap Carbonate Models: A Review and Critical As-
sessment. Palaeogeography, Palaeoclimatology, Pal-
aeoecology, 552: 109727. https://doi.org/10.1016/j.pal-
ae0.2020.109727

Zhang, Q. R., Chu, X. L., Feng, L.J., 2011. Neoproterozo-
ic Glacial Records in the Yangtze Region, China. Geo-
logical Society, London, Memoirs, 36: 357—366.
https://doi.org/10.1144/M36.3

Zhang, S. H., Evans, D. A. D., Li, H. Y., etal., 2013. Pa-
leomagnetism of the Late Cryogenian Nantuo Formation
and Paleogeographic Implications for the South China
Block. Journal of Asian Earth Sciences, 72: 164—177.
https://doi.org/10.1016/j.jseaes.2012.11.022

Zhao, X. M., Liu, S. D., Zhang, Q. X., et al., 2011. Geo-
chemical Characters of the Nanhua System in Chang-
yang, Western Hubei Province and Its Implication for
Climate and Sequence Correlation. Acta Geologica Sini-
ca, 85(4): 576 —585 (in Chinese with English abstract)

Zhao, Y. Y., Zheng, Y. F., 2011. Record and Time of Neo-
proterozoic Glaciations on Earth. Acza Petrologica Sini-
ca, 27(2): 545—565 (in Chinese with English abstract)

Zhou, C. M., Huyskens, M. H., Lang, X. G., etal., 2019.



%3

K I 25 < 7 7038 1 B 20 5 BR M BR 5 12 S A 1065

Calibrating the Terminations of Cryogenian Global Gla-
ciations. Geology, 47(3): 251—254. https://doi. org/
10.1130/G45719.1

Zhu, M. Y., Wang, H. F., 2011. Neoproterozoic Glaciogen-
ic Diamictites of the Tarim Block, NW China. Geologi-
cal Society, London, Memoirs, 36: 367—378. https://
doi.org/10.1144/M36.33

W X5 % STk

SENE R, WY, MEE 2017, 151 U AR BE R T 4 U0 R AR AE
iSRRI A R BRI, 38(2): 91—98.

R, S, I, 45, 2003, fhAE P AR F8 BU(CIA) K
HAER T AR E A iR L R, 10(4):
539—544.

WG, SR, BB, 55, 2004, P L R AR AR K T 4
FE R O fE R N R B AE B . BE 2kl R, 49(12):
1172—1178.

€&, A, BhuifE, 2021. fk R 5k 1h 2 XUk 5 B 2EAh 1
UUBU 46 b 5 O B R gT O R L M 2 R, 23(6):
1192—1209.

il 2023, R AR R AL )2 A F O R L TR S Ay
PRI T, 43(1): 180—187.

RS, 2EF, FH, 4, 2022, 85 UK 200 7Y B 20
X IC AR K . 2B T2, 29(3): 356 — 380.
gk y, KET, MR, A 2022, H AL 2 KUK 98 bR 4554

N5 R e B B A 4, 28(1): 51— 63.

XV A, TAEE 45 2007, B HK MR He T A 2 Ak
PR R BCRE Y M HOE XL A A A, 23(7):
1664—1670.

FEL, SO, MO, 4, 2015, B AR B AR 20k 2 - R
I Bl 300y A AR - SR CIA ROIEE . b o R B A
iz, 34(6): 47—57.

AR, B X, BRUEL, 2022, B A 45 b B 18 vk i Kk 4R Ak
M JERHE . DORR AR, 40(3): 715—729.

ot bE, W X, BE L, 25, 2020, AR TR R R TR KN U
PRI B ) DU M R A 24 i ok SR BB AR i R R M TE
2 2 2 i S TR) 02 35 RN Bl i o0 3 A IE U . Ml I8 O
66(1): 214— 228.

THR, FHREE, AR, 45, 2006. 5B =3 R X p IR R
2 b AR i BURFAE B2 A R 500 4 6 LG . Hb e
P, 52(5): 577—585.

L, B SC, 2019. A8 R BT AR R VB A R A T R A
GTESE: DL BN A Bk I T 4L R ). SRS 2E R (A
SRBLERR), 36(5): 43—49.

/N, B R S, 2018, FI U8 5T 7 Ak 2 1ok A5 38 5043 Bt 4 TR
XA B B PR O R, 2003):
515—522.

BN, X SEFE akAN S, S5, 2011, BP0 K BH R AR R HER 1k
SRR AR TS R T X R M2 X L L MR AR, 85(4):
576—585.

B, MK TR, 2011, 4Bk T i AR K B9 18 S AR RR
BRI, 27(2): 545—565.



