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Abstract The Neoproterozoic represents a critical interval in the evolution of the Earth surface
system, during which oceans transitioned from low-oxygen, microbially dominated conditions to a
stratified and progressively oxygenated state, accompanied by profound reorganization of seawater
chemistry and carbonate depositional systems. Marine dolomite cements, owing to their synsedimentary to
early diagenetic modes of formation, have been widely used to reconstruct Neoproterozoic seawater
chemistry; however, their formation mechanisms and principal controlling factors remain debated. This
study synthesizes petrographic observations together with multiple geochemical proxies, including C, O,
Sr, Mo, U, and Mg isotopes, from globally representative Neoproterozoic carbonate successions, to
systematically evaluate the petrographic characteristics and paleoenvironmental significance of marine
dolomite cements. The stratigraphic comparisons indicate that, despite regional variations in cement
morphologies and isotopic compositions, the timing of dolomite precipitation and associated genetic
patterns are broadly comparable, suggesting a dominant control by a common global seawater chemical
background. Multi-isotopic records further demonstrate that Neoproterozoic seawater chemistry did not
remain in a long-term steady state, but evolved dynamically in response to tectonic reorganization, glacial-
interglacial oscillations, and variations in continental weathering fluxes. The widespread occurrence of
dolomite therefore does not reflect a single, persistently existing “dolomite sea,” but instead records the
episodic emergence of favorable chemical conditions during different tectonic-climatic stages. Dolomite
precipitation windows are inferred to have been opened under a relatively elevated Mg/ Ca background,
when low sulfate concentrations, high alkalinity, and appropriate redox conditions acted in concert.
Neoproterozoic tectonic-climatic processes modulated seawater end-member inputs and material cycling,
allowing such precipitation windows to recur at the global scale and thereby accounting for the anomalous
abundance of marine dolomite during this interval. This study systematically clarified the key controlling
mechanisms of Neoproterozoic marine dolomite formation from a multi-scale and multi-isotope perspective,
providing important constraints for reconstructing the chemical evolution of ancient oceans and
understanding the co-evolution of the Earth’s surface system in deep time.

Key words Neoproterozoic, seawater chemical evolution, marine dolomite cements, dolomite
precipitation, isotope geochemistry
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(Liet al., 2020),
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(Hood et al., 2011; Crockford et al., 2021) . % Ik}
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et al., 2025) , SR, XL H =AML RS R HE
IK AT 2 A ME AT TE 9 S5 6 008 00 45 3R 22 ) A7
ERETE, 1 “Axab@” Eonl e
& I (Burns et al., 2000; £ 4 2 M4 4R %,
2022) . RAECAHWF NI . HADER K&
FLBR 7K AL S5 A BE X% B AT TR R, (HAE G
Pl B 3R B A Bkl R O AT A AR B S ) B
( Garcia-Ruiz, 2023; Wang et al., 2023), AN L&
LS 5 RN SR, B R R T T S A T
3 A B R R L B AIR Mg UK Ak BB 22 O 42 i A
WAz, T4 & H = A TUEM R (Jiang et al.,
2024; Liu et al., 2024) , #o¥F AN, BIFERL

T BB EA B B Mg/ Ca i S A TR B 5 1 45 4

90, 90°

ZEA TR T OB 0 i A s 1) 4 B AR B 5 08 K Bk VE R R BT S (1000 Ma, 750 Ma, 600 Ma 1 520 Ma) . [&] = BH 5% DX 5k 4k 00 17 8 K
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@) PECLE) . JEMORIER)  RRFE(EE) . MR QR E) o & S RLE KRGS B . A-A—Afif-Abas Hb/& ; Am—Amazonia;
Aus—Australia; Az—Azania; Ba—Baltica; Bo—Borborema; By—Bayuda; Ca—Cathaysia (4£ & itk ); C—Congo; Ch—Chortis; Chr—Chron
Craton; DML—Dronning Maud Land; G—Greenland; H—Hoggar; I—India; K—Kalahari; L—Laurentia; Ma—Mawson; NAC—North Australian
Craton; N-B—Nigeria-Benin; NC—North China; Pp—Paranapanema; Ra—Rayner (Antarctica); RDLP—Rio de la Plata; SAC—South Australian
Craton; SF—Sdo Francisco; Si—Siberia; SM—Sahara Metacraton; T—Tarim; WAC—West African Craton; Yg— Yangtze Craton (4% ve i )
B goed . 28R R Bk Pl 1 i AR BRI (H8 Merdith e al., 2017; A 1&2)

Fig. 1 Schematic diagram of global plate tectonic evolution during the Neoproterozoic and Cambrian (modified from Merdith et al., 2017)
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(Chen et al., 2023 ), 75— 2R 0F 58 9 98 28 & Wk 4
1R B 7K BAL B ARG R w] FETTRRUS B Bk L s £
feid#e (Adineh et al., 2025) . SRT, A [ 754t o
Hz= A B Jp 22 S B 2, B — BUA B AR ME D il
B H % 8 M ( Bowyer et al., 2025; Liu et al.,
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TEHE—HLH ", TIAE TR Le K R R T Bk ROE I
Sk, WIRLE S B ik R L TE B SR L e

SR, ASTE DO T A E = A TE R P
AL HUERALE AR S DU 57 i 25 e, R
T B F I AE B — L B BB 4% A BE (Wang et al.,
2020) . fEML T H T, Hood 55 (2011) $ii 1 IX
T RS “CA—TMAaET KRN “Aaf
e B, RITE R Mg/ Cafl | RAHARER . id8UE &
SR E L REER T, Bool AU E T REAL T —
i RGEAEREHE A = A PIRE AR ROIRZS (Hood et al.,
2011; Wang et al., 2020; Liu et al., 2025) , %5
BOgFont A & f s SR r R BESR, H
FOR AR — P KRS E RO TP IR S, MU
AR 3 — A I B ) v BB, A7 R R 2 R
) S B 2 [
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G B %—RH UL R OK A 2 R TR R
MIFAR BE DT RREMIFEE (R 1) BRI
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T AN 52 B — IR G U E DR AR A 4 1 o X
— IR AR JRTE Z A MR XA 3] — BUA I, ]
wm, FEREE TS TG . KA Adelaide £ 4%
L AR H L Otavi 88 48717 DL K 56 [ 98 T 4% 55 b
X, TR B Eh A N AR U AR B s A RS
(K 2) (Hood et al., 2011; Shuster et al., 2018;
Wood et al.,2018; Zhou et al., 2025) , X LR L5 W)
BERE THEIPFAOK & AR S, Wl LT 6 Sk
23 R R — AR P, E— b R HTTRE R
HA B L (Hood and Wallace, 2018; Zhang
et al., 2022b) , H5RAHFRKMEA = EZE T T H
R RGN TTRRE U, oo AU
AT RE B 2 A IR A W A 3R 43 A TR A 7R HOR AT e
F B Y AR AR AR 2 E S R, iR R
— VLA P E (Hood et al., 2011; Spence et al.,
2016) ,

MG AR ER T, AR LXK = A RSP
i AR 25 A A K J7 50 2 B R R — By AR AE
(B 3) . JGiER KA Nuccaleena 24 & F [ 32 %
M ROR B = A B . K I Rasthof 2 H i
e EHa A A ). K1 Beck Spring 21 HOR FK
SPREA s ARSI E, B2 T E T A
KH W AR EROIR A e, HAL R AR 3 R B
Ho A LR SR 2 A K . Rk Hog ] —
¢ (Shuster et al., 2018; Liu et al., 2025) , X345
4 B A (] 5 B R B B s A AL e S AR
=, TE A FETUR AR BCE R T BT
VERIARFAE , $5 7 HIE i R 5 W) i K Ak 2 S R o
Y4 (Wood et al., 2018)

TELE A YRR AR KRG E Soa &
AOEEAL b, BE AR ISR — DR Al 1 4 A IX
J2Z A B ARk — 2k (B 2) o 7Eix 255 ool AL
i, 8UCHNZR AL 2 AN 5 2 A0 2 B M T X B S 1k
##, L H R TE Sturtian 5 Marinoan 7K %5 R )5 B9
i W BR W 2 v, 3 HH B 3 R T 1 £18T°C 57
W, JF S AR AR N KR RS2 BAT R AR O R
(Busch et al., 2022; Mitchell et al., 2023), It 4p,
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Table 1 Global distribution and depositional microfacies of the Neoproterozoic primary marine dolomite cements
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i . 635 Karibib 41 YK LT B 30 Gl — R Hood and Wallace,2018

PIRA s Keilberg Bt Gk W TE ok b Hood and Wallace,2018
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HIG RG22 (Mitchell et al., 2023)

AL A = ARSI SH G R — &R
DB 22 5, SR BUAE i Ak 3R B U5 X0 2 () 4 5 B
A I (Zhao et al., 2021; Lu et al., 2023) . #]40,
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459, WOE I A o E A IR AL AR A B
Pics (Hu et al., 2020) . REWFFEERY], %
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Fig.2  Correlation of Neoproterozoic strata and carbon isotope characteristics in South Australia, northern Namibia,

western United States, and southern China
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GEH . IR AT B iR SRR AR (] 4-D & 4-1),
Wl H G PR 05 v 0 BR A Rl A A A . R
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BERFFAE (Song et al., 2024) . RAEHFHA = A1 1E
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(EMyiksE, 2023), 7EH T AOHEE AR R EE &,
Fl o A A5 T 2 30 S5 IR . R o R 2T 2 R 55
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2k (Shuster et al., 2018; Zhao et al., 2021; & &
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A—ZR e R A B A RS, RN S KE A EA, Nuccaleena 2, WM AR, i)t (Hood and Wallace, 2018); B—PIk &t E 4
BRASAKRSGY RIS OROL, MBI AR RO E, IR &R AP LM, Nuccaleena 41, MICF|IE (Hood and Wallace,
2018) ;5 C—ARMILTHER H = 4 AW, Rasthof 41, ZKILW, 1EZ MG (Hood and Wallace, 2018); D—EH Kt F B &5 ¥y 1A B 5 iR 21
WO RO, HHNEERE RS2, Rasthof 41, 44K LI (Hood and Wallace, 2018); E—HURH = A1 9 e ST R A = 11
HEFCHKE4SS, Beck Spring 41, SEET4, IEZMMIG (Shuster et al., 2018) ; F—FAM A Bon /A7 RAFM AL A = ARG E 5 THEH
SRR G A W I B R R S5 2 L, Beck Spring 41, KIEHSET 4 (Hood and Wallace, 2018)
B3 BTl AR TR M DX A = 0 IS W 3 2 5 RO OB R IE X L

Fig. 3 Petrographic and cathodoluminescence characteristics of marine dolomite cements from different regions of the Neoproterozoic
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X 2 R R I T B TR B A9 B 3 AL R AR
B, MEVERFN B = A RSV S 2
WA, LA 3 3R RO i 4 30 5 Ry s T AR —
A BN AE 2 A1 UV R P AR XA

MNARBRRER, AR AR = A B4 )5
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A—HEREZ 4, WK EMESUZIFREDT L, ERKF 4.4 em, SEEERRBEIRE R AR (Adachi e al., 2019); B—Hufk
BEAT, FEE (M) WG OBEYA AT Tk (T A I —BEEE M, B8 (BT) SHHEACKREES AT, KN 12 em, BEF#E Qarn Alam £
It Ara B (Mettraux et al., 2014) ; C—ZHPREES A7, WEBHRAW SR EIETCH LB, EKH 15 em, P PE Qarn Alam £ [T Ara ¥
(Mettraux et al., 2014) ; D—R& R4, WILESERGUZ, MBQEFAS A5 GRHEEMA T A B4R, WIEHITR4, Bhot;
E—2pHORBES A5 M, AU BB AN o BT W f 3 ok, SRERAG 0T, DU G AT R 40, Bl s F—He AOIRBESR A5 4G, BE Bl 3% Y
AR, ARSI R B 2 AR S Y, WA R A, DG C—IIRMZ A, AEEEEMK LN, B uRREEK, LB
W, DU AR AT B AL, SR OL; H—BOE 4, B0 i B B4l S0 B RS B RO SO2 58, I T R AL, O
I— iR 2544, AT RIS IR A5 i, 2[R JET-4F Beck Spring 41, 1EZ i)t (Shuster er al., 2018)
Bl 4 e RO 2 AR W S R

Fig. 4 Macroscopic and microscopic features of the Neoproterozoic matrix dolomite cements

BB 303 LR SR Y SRR, YRR TR AR O AL 2 i)
VAR R SRS Y e DU R SWER ER TR =R

AR R A (M JEME S, 2005) o SR, RS A gy
A5 30 BT 508 oG A K PR R — B, U AR T
E IR E (Johnston et al., 2012; Fernandes et al., FE— RSB, A A REY SR Fig
2024) 12?’3513(%%?1‘]5%%@@%—@(@%%, #Hr ot IKERIIE R ZN (Zou et al., 2024; Wang et al.,
WA KRR AE R KRR b2 85— Bk ETF S 2025)

i, AE = ATITESR ML T AT XS L A b R Ak 2= HE 42 KRGS R G 0 55 10 = A Bos 83 50 1Y

STOMEI A P &M (4-10%~0), HIER
M IX 2 ) 77 76— E B (1K 6) o 8 0 A& T 6"C T
532 BT R R B RO K M A AR R R

8"CH (A-6%~0) (F6), LT HALKS
EHE R B, T 8 ik S O B
oL A A I TR N R A R R AL
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A—HCRIERE LR AR B 2 A 45 (FSD), SR OGTT 7m W L B RE ) o 45 3% 20 AR K I OIR EF E 45 0, U I 25 AT 52 415 B—A A9 R
SERER, K E WA A ROEH, RRRES M ; C—FSD, LG T AR EAR, R IE FEVE G v IR, R ORI W AR I L
Jik At #8 Balcanoona 241 ( Hood and Wallace, 2012) ; D—HUFR EZEPE A =47 (RSD), B 6T dh i 28U R B FLBEE 7] N A, 7)1 4 b
JTE 4, E—D MBI ECIR A, UL ES MR ADIR BOLL s F—RSD, EASMRIGT Mk 20tk Ak, TEEHOCH M, 5 KR I o bk
1L kIt # Balcanoona 41 ( Hood and Wallace, 2012) ; G—HUR i iEd: (1= 41 (FFD) FGHIR AL T = 41 (RFD), Bt T RIEIEES AR
O, RER R EALER, 2 EMET- A Beck Spring 2 (Shuster et al., 2018); H—FIH k6N RAH LM &G, EEIET:4 Beck Spring 4
(Shuster et al., 2018) ; I—FFD 1EAARIGHHE, VU 2 HIAT 541 (Zhao et al., 2021) ; J—RFD iF AR GHRAE, DU 45 kT 58 41 ( Zhao et al., 2021)
B 5 Hooii R4k B = R4S B S MR AE

Fig. 5 Microscopic structural characteristics of the Neoproterozoic fibrous dolomite cements

(Corsetti and Kaufman, 2005; Wu et al., 2019),
HlEE o AR B R MEOR F, R A AT
TEXS 42 BBk IF PR IE gl BA B U (Busch
et al., 2022) . SR, FMEEA A 670 (HRKI M
BB X 5, A T 2 AKX (2 - 18%0 ~
= 12%0 5= 10%0 ~ = 2%0) (& 6) ., Hrp, ®y—5
Il B 2 358 o B 1) 8770 {1/ B T R 52 3 R SRR
FLBR K P R M0 s G2 o A T ey, e LR
JEH g K AL (Nelson et al., 2021) . T &K 5 H1
HEHIR B o, T 5RO ETT O 22
B ok h, HRTRETC SR UKo DR (] 1 5 78 T 4 5

SR KAEREEAE (Busch et al., 2022; Tang et al.,
2023) o XFSCAER—B, 870 XKIRIF S A L4 AR
FARW], ABRIEE K AR AF AR H B oo AR AL R A
M —% K %, I R Hb OB B 0 870 i 3 2k
AR

S TR R, Hroe il AURR (R AL 3R e % 2
B — RN B ) RS E (' 7)), W
Majiatun 5 & . Bitter Springs & % . Islay 5§ % X
Shuram S8 55, J W 142 BRI R 7R A ) # 3i — <A
MrEE B 2 Ik B 20 ( Mitchell et al., 2023; Tasistro-
Hart et al., 2025) . X SERMF 5 5 = A A5 1 H#
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BHE Sk U5 T SCHk Corsetti and Kaufman, 2005; Cui et al., 201
Nelson et al., 2021; Tang et al., 2023;

7; Tostevin et al., 2017; Hu et al., 2020; Wang et al., 2020;
Fernandes et al., 2024 ; [Ext4E, 2024
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Fig. 6 Cross—plot of carbon and oxygen isotopes for the Neoproterozoic dolomite cements

EH R I BLRA RN R, HE— R
H= A UL I ARB LA AR, TR ) T 75 2 BR AR
PR e A 3 P Bl O B B Bk Az

3.2 "Sr/MSrE5iEKIETENEL

B[R] A6 2% 2 8RR 8 A 0 2 ST K ) T s A\ 25 A
FHRK WL (Weldeghebriel et al., 2023; Mtonda
et al., 2024) . FHAE i K 45 BN E] (2 2 ~
3Ma) WFEKTHFIRAME (41 kyr), KLk
K Sr/ " S AE S A R iE A BRUE K RE KL
A5 i S B AE e 2Z 1) 19 A %) SF i (Halverson
et al., 2007)

AR G s s o (8 7)), B ool AU K
VSt Selg Bk REFS T, B 0. 7055
B ERM KA L A 0.7085 PL | ( Hessler
et al., 2017) o X — WAL B S e T Bk 3R 2
G 1 PR AL A T A 1w Rl KU g A T P AR A
Bery, 5% e R B A R . K — 1] ok R
foe Pk UL B X TU A R Bl 2R G i e DIAH O, R
T o 2H R P B AT 3, T R A s A
B TS MEE 5 M (Chen et al., 2022; Mton-
da et al., 2024)

FEB G AR, T K Se/MSe A 4t F5 78 A X

BAR HASE YK P, BRZH R T 232 v R A AR S
IR T8 S P e — R R o Ak 45 (Chen et al.,
2022) o kB Bexd i % e A Ok i A R 58 H
WNESRA T 2 K BRI IEE 5, AR R
B, PRORCE A A 3K W) BUIE 6 b o U
(Zou et al., 2024) . HEASLAR LG Mok 22, FF
Bl B Rl 72 A0 L AN 2 A BR UK T Y R AR S
filt, ORRl XU 38 A ) B BR AN Sl ((Tasis-
tro-Hart et al., 2025; Yang et al., 2025), ¥ /K
St/ SefHiT R 2 AW BT A, X 2 %K
UIGTTH R B B, B R oK i IR A R i R R R XL
Aty AT 55, o TS s PR R R N ) P O B AT
PE, BHR KAL), MK Se/ SefE ik BH T
w188 R KR B S 325 P A A A i
TG, XN EL A R B 2R A Sz AR IR SRR Y
KA 3 16 T 5 58 (il 3 SR B Be (Zhou et al., 2020;
Zhang et al., 2022¢) ,

Sr [A) 32 2 K B oo i A B = A UUTE & A 1A 3
T, BRETE PR 4 — R iR — R RS
X—BRREREEEAFI 2, X —A R
B, Booh A s a2 REIFERETESR—.
RSB T ST, T AR AN R AL 3 B BRI A AN
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Fig. 7 Schematic diagram of the Neoproterozoic seawater geochemical records and ocean redox stratification

7] 9 S5 AR R 2 O B

3.3 Mo-U B RARKEFRNLTERLEH

Ho(Mo) . g (U) [z PR7E K H BA
KA B I ], JFTEA ] A I8 B R R R &R
GEMER) X IRAT R, W T A T AL
R B A58 7 R AE (Zhang et al., 2022a)
Mo, U [m] oz 28 X S8 Al i Jirt A 455 14 e 7 AL ) 47 7 35
225, HOIRBEHE R B S 25 N A WA 1 DO AR T £
5EEPEERZ B (Wei et al., 2021; 0’Sullivan
et al., 2022) .

XF T Mo [AIAZ R &, HAE N i S A8 IR
SR R AR AR B H B 2 U0 AR PR B AL T AR AL i S AR
(Lu et al., 2020; Nan et al., 2023) , fEiZHEH,
T 7K v P A 25 BH D A R R B AU 1 5 RO
J, DB 87 Mo {8 1] 452 4y . 24k 7R >4 Bt ¥ K o oG 41
NI S > S5 S AR T o N R e e e
(Kendall et al., 2015; Wei et al., 2021) , #PTFEF
S AN AR B A s SR B 5 AL S, Mo 1 £ BRad #R
HAEARTE S, HENLR S 2 R 8
TR 56 R ALBR K R B, BB DUAA 67 Mo X
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PIARR i AR J5OIRZS (Nan e al., 2023), 5
Mo ANJa], U [ 43 2 0k fofe 480 R 358 14 o 17 3 2 0K B 7E
BRI JZ 1 (Li et al., 2024b) o fE A AL
L URLU (VD) BRI AL, mAEskE . T
HoEmAb i, U (V1) KA 5 I Bl m sk
W, e RN, MK FE ok 67U [
{EfW# (Tissot and Dauphas, 2015), Kb, K
Je HGm RO R i 87U A4, X 4x BRI FBL DY Bk
S (JUHRmRAL) i s AR A A2 Al B R, T
FH T3 5 2 o3 v R S A JEUIR 25 19 5 Ak i 3
(Lu et al., 2020; Wei et al., 2021),
TERLF 28 2ok 22 548, oK Mo 55 U A A7 3
B, HBRUNEBTERRTZ LT AR
(K1 7) (Huang et al., 2023) . iZFf Ak 15 8 KRl ¢
il R E IR R A IR L WA T ) B MoK Ak
Ay ESE TN IR A — 3 ( Tostevin and Mills, 2020;
Sun et al., 2025) . KA KIILEA, Mo-U [Alfi &K id
SRR B B A A5 ) O SRR AL, R LR RS 1
ERE DG e IR = W NN [ I B 0 o = B S 2
(Kendall et al., 2015; Wei et al., 2021), —J7 1,
ROV KBRER R 5 (I Shuram FEAEAH G2 7)o
8UU I BAVHG K (-0.39%020. 005%0) ,
R T B Btk i 2040 72 B2 42 T ((Tissot
and Dauphas, 2015; Andersen et al., 2016), 7 —
Jr, RK B B PH GTRBA ZR b ) B R Y
8" Mo 1 8" U, 875 TR J2 K AR EAH 24 4 Bef ] Ay 475 4
iR (Zhang et al., 2024a) o X FpE)= 5K
JRZ B R ALER o0 57, SR oo ACE Uit v B oA
CKREBLEMN. WERZIRE" 52 AR5
zE#y (Clarkson et al., 2023 Li et al., 2024b) ,

3.4 Mg Ffi&Z5Mg/CalEi5 R E % i
KE=

Mg [F] 4 2R 10 5% 1 Bk 76 A [W] 3 oG Y 4 A 22 57 e
HLAEGR IR R UUTE S R vh 1 0 W00, Mg/ Cafl 32 %
Fewitg Kt Mg 5 Ca YA X BE 25 5 25 ) F 7 (BR
WHAE, 2021; Xia et al., 2024) , Hit, FE K PHE
AL R T Tl AR AR R A B R R
(4R T 22 (Ries, 2010; Guo et al., 2019;
EWEE, 2026)

MK R R, Hioo il UE K Mg/ Caff
BRI R L. X —BHEE oy 5K
il A 75 5 Rl 1 G % B T AR R il PR R AR

IR B8 5 L2 B 3 o AR S A AR 0 i 58 A 3 R A K
(Higgins and Schrag, 2015), Mg/ Caff i) T} 155 ot 48
TP RIRER T MR E Y, 30 ST R
A HUE, IR & P R A = A1
JE R i b B B 5 Bk Al (Ries, 2010; Zhang
et al., 2022b) o JAF UK B BT R A S 0] Ca™ 5 A
BRI Mg/ Caff AP Sl , (HAE VK I fil 5 i U8
WAL B PRER R E =T, Mg/ CafBR S AT AE
PE S 3 ool AT 1 R K0T AL o R AR 1S DL 4 £
(Kasemann et al., 2014; Ahm et al., 2021), & {&
M5, X — B 0] i 7K 52 30 LR ARG T 0 oot A
BAH VW E R MK E BT R (Wang et al.,
2020) ,

Mg [a]fi; 2R ic s O bk g K A 22 i Ak S it 1 it
FEJZTH A A TE L (& 7) (Guo et al., 2019) . B
HWFEEW, Bl ik 8 Mg (R Rz,
AR A AT BE S W T A [R]85 A S oG Y AH X BT R 25 R
£ 45V IS AR BB Bl U KU i A L B g R P 7
A 7K R 32 e 45 [ % ( Higgins and Schrag, 2015),
HEAIKZE IS, BEA KRR 20 s, Rl
BN AT IR IR P A R 4R 5, WK 87 Mg fH
EHLH B BEVE T R, 48 8 i KRG PR 0 T AR
Wi ot 3 5w Bl IR S oC 5T Bk 4 9RO 1n) 3 Ak
(Kasemann et al., 2014; Ahm et al., 2021) ,

TERRIREEIVEL P, Fm A X Mg 19 i) i R
SRR il L 67 Mg A Xt T K A R G DR RS
X —HHETE OB s N = o B B B A] R
A% (Tipper, 2022; Lin et al., 2023) , R4&#A
Fl o A1 B Al i Mg [ 057 3% 4 s xE DA 1 422 4K 3R [ 30 1
K uGTG, A AR IR B B — S04k, {7 R] sk
2 I 78 R B T UE I R 1 3 R DL S B AT B
TEHE KPR P Y 2 AL (Merdith er al., 2017;
Liet al., 2024c) , $R & EMe/ CaflE T 5T, H
ATUUTEXS BE Y FR 2R TH AR, P REUE— 2D ORI K 1k
FERMS A s A8 R Z B A RO (Zhang
et al., 2022b) ,

i Mg/ Cafti 5 Mg [/ 2 R UEH , Bioc o AL
PR T A XTI Mg/ Cafi 1) 45 22 5 B3R A 1 5%
o TEMALF IR T, KRR ER R R4 S i A
AFTACE A = A8 e E w0 (BRIE 5E,
2021; Lin et al., 2023) , %8 SEHEET AT H
ARSI B s A5 Z KT B A A
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JH, Ay 3 R R 20 ¥ Vb 2 i AR SO S 1 AR ) T
BEE 7 A B A F (Hood e al., 2011;
Hood and Wallace, 2018) .
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W1, B TR I B T A, T
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R A, AR A O L R D
B LA BB A3 3 AR R, MK B 4

L AR Eh K 5 R IR IR A A B AR AL, DL
RPN ARGRE a2 EIAIDE N <28

FEL 28 2 ok 22 ) (B 8-A) , %l Je
TR A il P4 45 0 2R A 2 0 58 1 PR T K S AR
WG 2l , 7K — 70 22 18] B e S 4 2 A i 7K AL
FHME EE LR (Li e al., 2008) o & i AR
FEFFLERG IR Ca, AR T 7 Th A2 5 R0 0 21 48 5
BRI Mg Jid, T K Mg/ Cafif 40 T 5 £ i 5 R
& (Xia et al., 2024) o A [A) {1 K Bl R4 % 75 A
Fy g e e Bt T A E AL, XX G DLAR R
M EEPE— S £ o 32, Sr 5 Mg [Al 3 3 RF AL X
DA 2 AR 4 BV K S oG 4L ( Tipper, 2022) .
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Fig. 8 Model of the Neoproterozoic seawater chemical evolution and dolomite precipitation response
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JREARG A, BRI POR AL AL
2 ¥ J  ( Tostevin and Mills, 2020; O’Sullivan
et al., 2022) ,

BEJS , 2 RT3 BRI ER UK e FG ] DR YT AL BT o
TG AR AR A 2 T AL b B Oy TR ZL I 4R 9 B B (18] 8-
B) (Li et al., 2023; Thomas and Catling, 2024),
UKIBTIATR] )32 8 oK o A A ORIl XAk 5 e e A
JUIT 5=, IR R B T & B A (Dutkiewicz
et al., 2024) , WK T 2 O o T 5 N A
PEER R, B R R WK B E — P AR, Mg/ CafBi 1E
Ca iy A 32 BRI 25 A 7T 2 455 78 AR X B K-, Mo-U
[Fi) (37 28 W e A e e 8 08 28 AL JZ 1Y 2 2% 25 4 (Abhm
et al., 2021) . KIVIIH Rl J5 B4 62 285 a1 B B DU it
A R Bl R R i AN XU T 0 S S i, R ST
PERR . WM TCHLER S8 Fr b wlim ik v, S
B KE BT, IEBURBRIEES . BRAEE E
IKAL 24 45 L B P B2 4 ( Kasemann et al., 2014 )
USt/USrERYBETE . B3 B8 C i S LU K Mo-U [
MR, EEER T X ARSIk R
(Yang et al., 2020; Chen et al., 2022)

HEAS R 4L b g 9 (18] 8-C), Bl XKL
PREEZ LR G FZAEE ILERI T Z 2/, Kb
AR B 7 iR e HC b 3R A A7 RN | Y e 3 Y O
(Merdith et al., 2017) . #5427t & 19 6 K “Se/*Sr
B AR A TR 67 Mg fif, & WK Bl UL 2 AR
SRS e, 1 2 ) T AR AL 2 Y 3 5 3w T
(Li et al., 2013; Peng et al., 2025) ., 5 ik 6] &,
Mo-U [f] 437 28 1 53¢ 7 ¥ v 38 20 i N7 i B 1 43 )2
ARG . RZKKE T EAL, TR ZE AR 2 Ry
BRECIRZS (Zhang et al., 2018) o X — B BL 1 ¥ K
e A br A e AU RO AT W)
AL ERET BRA R AR

4.2 BRKUFEZEHNEBZATMENMEE
EED)

e R AR EAE =T, ook iaaa
WITZREIHFRATER - P RKWREFEN "B e
ATHE” T S T 2 A DT X i K AR 2 A5 By
BevEws R R . 1= ATEZ RIE K5
PR P E W2, R R R X IR R
PR ERTKF- L 78 M AR B EE 1t 4 DA N R ) A AL R I 2%
PR R E I [8] #1385 oh [6] i) B 4 (Chen et al.,
2023; Garcia-Ruiz, 2023; Meister et al.,2023), It

b, EEE AL R Mg K AR A KR, 0
H = A U0 R 3l ) % BoA Bl s, B AR A id
O B B L R D AR R S5 A 2 A A S [
WE B 7 e A AR B ( Arvidson and Mackenzie,
1999) , MiX BE2y g Pl 2 I, AT UL A AL
HE = A TR H

Frooh R E = A I B —E FEEE B2 TR
ORI SZ e, AH AR R W] 58 T WA W 22 K G i
0 (Tang er al., 2023) . ool AT KK E S
BER H AR, 3 s AT PR
Jay BR8] £F BRI S5 50 28 R BRBE L I AT )Tz Y B AE
TG & i ih G 2 RS 2 R ULBUA R
( Crockford et al., 2021), W, HxH it =4
F1% 25 ) 73 A1 5 22 B 4 BRIE K AR 27 25 A 1 B B P A
A, AR B OB O B Jg R 4R

TE LARIR A 40 hy 3 Y KR & b (18] 8-A)
R B . R IR #h HoBUZ A m il SR A &
AR SR T KR TE R AL B Al (Adineh et al.,
2025) , TETRIE G b B Gl A 0 T 2 B R 1% BR Y 24 5
e, XM A A T R B s A e
B, R R BT R B AL BRI BR (Lu e al,
2023; Zhuang et al., 2025) , ZEWH = A VLTET
FEARNSESE, HACEHERAR, R WEF R, T
120 AT B DURRRALE o

TEM S L sh B 5T (B 8-B), HafAdl
bR S I AN o (1 NS | A =1
Mg/ Cafll . RAR IR R F5 5ETE VKIS B Be I oK 37 B g
SEANTE ', MR T 8 A HY IR A R B KU A S,
o % P B 58 7 L I ) PN 5 B 0 B i M AR ES (Fang
and Xu, 2022; Thomas and Catling, 2024), 5 it
[FIIF, P oK s o) it 5 0 PR T 5% A BT 51 A /Y ik K T
W, FTREANBh ) 2 2 1 B A Mg™ B /K E 42 JF it
A A A, AT 2 35 32 T B = 1 DUTE Y AT AT
Moo SEEe 5 PIEPT TSR], W T e A B TR
Gk 25 18 T B A 8 U T i 1) 3l ) o e, e
AT B AR 7 3o 10 1 % A 1 T K A R B 25 5 0 A S BR
UUVER 1 (Chen et al., 2023) , M, KEHZA
FE I ] ARG T TE , JF RS B 8 T R R
Sr [f]f; Z A Mz (Zhang et al., 2024b) . [H i,
K5 PR [l I AN 20 T K B T4, e R
SUR TSR RN = DA R DO R [P WL A & e D LS
P AR A O R
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B A K Il KA AR P 4 5 348 i ATV 0 2 S8k 4
WL @S (K 8-C), Mo A1 ULvE dr Ry
12 S o B e 78 Oy 3 B R BR A A0 R B R
(Zhang et al.,2021) . BB, BV ¥ K AT O8 15 A1
X EBERHE , SRR K AR SR e X
nAEBT A E R AR, [ FEERRTRES
ML d A K MR SRR W AR D DT BB B
(Huang et al., 2024; Li et al., 2025) . [12 4 % L)
AR REUSSPIR RS YR U, RV B = AT
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