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T o TR Tty S L Aok AR A BN S R G EE R R CE ) R 48, 2019
b5 BR 3% v it 5 e i X FC AN o o T R R T AR A VI L85, TR FRIE I IR
Jei& 1wl (Nance et al., 2010). FEBEE LAFHIFETE . ALK AIZEE VI 7K (Goddéris
etal., 2017; Chenetal., 2018; R%E, 2023), X Lyt bE ERE T RARIEK)I
iz (Isbell et al., 2003; Fielding ef al., 2023), HuEREEEDHEN 5 A AT DLRFR LI 18] ik
R B KUK = A% CRIBE A AE AR K UKEA; Eyles, 1993; Montafiez and Poulsen, 2013).,

W oty AEAROR UK IR TT 46« 45 I 8] B K B RS 30  Fy 0 Y05 18 s AP 228 52 g 2 i s 240 TR
(Frank et al., 2008). JTIFIEIF2HE X LA T it b AR A7 (1 5 UK 138 Bl B R DRI DT ARE 3%

(Isbell et al., 2003; Jones and Fielding, 2004; Fielding et al., 2008), GLFEHOR—Z IR

WiE HHEA: 2026-02-05; WSS EHR: 2026-04-10
EETH: ERAARFESLTNE (42572135, 42172120)



IR

i SRS BHE. UKMUETH . PRABR—I . RO —WR. U BR%.
HIX SEAT Y C AL AL SR Z RS 5 1) b JZ I AAFR € (Isbell ef al., 2003; Heckel, 2008); [FJf HH
T JE BAVK )1 VH fit— 3G 3 R 5 0K T S PR e AR e, S AR 2= 1) 50 B I af: AR
iE (Smith and Read, 20000, [Klitt, B2 223 S IRt XA B SR W0 A0 20 AR g AR B
VRt A FLAHTURR R 31, 399 S8 A Bl ot i 2 o SR T 0 4 S P G oy R AR DK 8 AU IR 15 8
2R N 5 bR S B FEARLE UURUT S BT (W)€ Rl 2 (Fielding, 20215 Heckel, 2023). &
Bi. EEEET A LE S (Rygel ef al., 2008; Ahern and Fielding, 2021) MHiER{L 21455
(41 C-O [AIfz % ; Joachimski er al., 2006; Z$3CESE, 20105 Chenetal., 2013, 2016b; fi
ERRAE, 2023). @I K v 4 38 G IR 2 S I AN UR e AT (R R, AT A T T AR
BB R BE . — AN, . iR (<0.5 Myr; >20 m) 1 [ A8 40 v] s 52 0K 1 i
IS, TR P S M AT R SRR TR A K (Rygel eral., 2008). fAiRAZZER
AR TR A R T R m R R R\ (X AR, 1994; AR 4
25, 1997; 5KIEZFESE, 20065 Erosetal., 20125 Liuetal ,\2018), fR3UK)II AL 4 RifgF1H
A, 52X TLARIK 25 0K A8 Ak B4 A 15 (Heckel, 2008). 1l [X] FLAH VK 35 )38 574
R, A BRI E IR KA S A ORI BRIE 0 R AR T AR R S, IR B TAR ) C-O [RIfL 3R
K (613C F16'80; Buggisch et al., 2008 ) \JHH, {EHEBR AR MG, UK AR A 4>
S0 LB R h BB IR Eh P AR C-O Az Z EUfl (Grossman and Joachimski, 2022).
HARRI )y, 680 Thm (B R mdiikaifgK GHRtD. iffF (BBD E2 5 1°0 1R
K5 0PC Fhim (BRI SOMVARIL B 80E e B0 R I ANAR A 7= UK /N, KA pCO,
TR GHED, SRR CHPE) (Mii et al., 1999; Chen et al., 2016a; Yao et al., 2022).
YRR bR A o s R e SRR R, X BC A o Bl K ) 195 B 1 e 7 4 AR AF R 20 47) CRE Py
AR i B (Buggisch et al., 2008; Lakin et al., 2016; Caputo and dos Santos, 2020),
TR Bl ) B R R PR B A AR S R G4k (Yao et al., 2015, 2020; Kaiser et al., 2016; Maharjan
etal., 2018; Cheneral., 2021; Qieetal., 2023; Zhongetal., 2025). AitiXPiHEvk)IiE
B ER = S e T T AR A AR R id 5% (Fielding, 2021), ‘AT T# 5 #E AR 1
BEH (<1~2Ma) VKIZE M (Fielding and Frank, 2015; Montafiez, 2022). Xl FL44 bk
BN RRSE R R UK T B R AR UK ) 48 1 5 Ak 0 24 22
(Soreghan et al., 2019; Montafiez, 2022), {HIKEHA S BT[] AN BT . ELA o 4 52
I — L8 B R UK INE S J e sk )2 0 A TR R IMPTAR 2 (Montafiez, 2022
Fielding et al., 2023), Wi AEARIR UK 45 (RS I 5 Sl ik 8] 75 B AR AR 200K (s dil
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R T A5 S HIWIIL; Fielding, 2021).

i N CAEARAUTRUF B T Z R0 7wl siEde P A2 655 (Smith and Read,
2000; Wright and Vanstone, 2001; Al-Tawil and Read, 2003; Gallagher et al., 2006; Bishop
etal., 2009; Giles, 2009; Waters and Condon, 2012; Fielding and Frank, 2015; Kabanov et
al., 2016; Cozaretal., 2022, 2023; Hounslow etal., 2024), {HILAIHLIS 8] H0771E B 2
S R4 K Z B0 T A0 T AT 18] )9 Asbian BT o 3 2020 U S5 i 78 A AR K vk 9
ANAFAE Gt — I il L 0K )1 Bl 5 2l B[]0 25 2 2 BOuE 70 % b 25 A8 AR AR AN AE i 3 BUR
B2 ARG [a] B AL 7 EEBELA T KA R MR R G R A T AR R RO B AR B
R — BT AR APER M (Scotese, 2021), ANSZUGIGE LESHE R, HITHIC
SEARESE B L. BARAT A C AR5 HY Asbian ] (Liu ef al., 2015). Brigantian §14] (Chen
etal., 2019) FYEE—UF & K2 2 (Chen et al., 2016b; Huang et al., 2020) &[]
VKIS TH T B, (RS s8R b 3B = et () 0 R B i I 7 I LA, B
I RGN LR T A AR IT, AR R Ao VL e 7 ke A Rt b I m gk AT
B X I LR S HAEARHE R 28 (Liveral., 2023a, b, ¢, 2026a). =TIk, ASCH 4
VT 2 4 2 T ST £ 7 W 5] T #1822 2 b 3R AR5 20 B DT AR RO R AR — R e (R AT 9 [
o 45 B A BR R IR AR Z F TE R, RE BN At Sze P o S Fie b, M JEE 5 B oy AR AR KUK
A B RORS H R S TR] S BRI UK B

1 HFE

R AR B E 47 B SR S Tt R PE T 7 o AR R IV VL g i LD i DA T (Cawood et all,
2018). Fpr i, ERIRPAE T AR IR ATEIL AR ER X (] 1A; Scotese, 2021). AL
AL TR R PU B 3 IESE, 1999), (4NN, ZEH L =K R4 (H
TR —iR TR S m— PRl R A —m T W2 )\ A4 5 E AL (Zeng et al.,
1995; Cai and Zhang, 2009; Yangetal., 2012). {HiRiT Wang et al. (2020) XfitHEH T
5, AT I e i 2 T B SR AT T AR AREORT AR AR, b Y R IZAR LR A A
BB B R AA I MBS R R o XM R, VLA B K, GFE A Tl
Bfio SR EER S IF S R PTG RBRIR B G BT S B H SRR B (& 1B).

FERHRE L B L, A3 VL G A T R T 502 R CHI T Wi 3 R & (I
1A o 5330 R i 3o M 56 14 325 1L I (B A0 Ay 2 A YT 28 M A D4 1) 5 28R 30 ) (Wang e al.,
20200, HRURAMELR, AR ARSI S SO ISR 5k 5 806 T A IR B sl K i 2
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KRG (Zengetal., 1995; Metcalfe, 2013). L& B2, 7ERH A HE AR T F 2 IOL R
MR Eh 5 & M K R H IR SR S R, I FE il B 2R B T R IR & Hh CR RS
2006; Liuetal, 2015). EWp —Ft—R =S, MG FAEBUR SRR T 5 ST
IR, AR AR AR 5 BN SEAR B i, A5 VT s A N TR 25 (Yang er al., 2012;
A %S, 2013; Wang et al., 2018, 2020). X— R ¥ FF S EUH L7 H N LR R 5
HEMmEE M ALZES R (Lehrmann et al., 2015; Liuetal., 2015),

E5 & R AL N A L RIR h A 3 (X, 2014). JKIEFITHA T ES &
b2k, FEAFEIMLAMZ . HAIE 434 K, PR A A R th A 4 22 A 58 A % i
B3R, BE R AR E ek — R K A . PR SRR K S . RS
mHEWKEHR (B 2; Livetal, 2023a). #HHH Fifi EIEHE 9 MEFLRAY A,
9 BN s R 1 R 4t Pojarkovella nibelis-Endothyranopsis compressa i ~ Cribrospira
panderi-Eostaffella ikensis i  Climacammina 7 « Janischeivskina delicata 5 < Eostaffellina
decurta ifi « Bradyina cribrostomata i « Eostaffellina actuosa-Eostaffellina protvaensis 7
Plectostaffella i M1 _E 41 % 8¢ Pseudostaffella antiqua i (B 3). Hd, Plectostaffella 35 5
Pseudostaffella antiqua 7 Z [N VAT ALK R (Livet al., 2023a), ZPUR [AITHE AT 5 3
flu AR 23 b X L — WA R 5 PR P AT ) AN BE 45 [T £ %t EE (Blake and Beuthin, 2008; Rygel ez al.,

2008; Bishop et al., 2009; Erosetal., 20125 Chenetal., 2019).
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Fig. 1 Paleogeographic reconstruction maps of the globe and South China during the Early Carboniferous
(A) Global paleogeographic reconstruction map of the late Early Carboniferous (modified after Scotese, 2021); (B) Lithofacies

paleogeographic map of South China during the Early Carboniferous (modified after Feng et al., 1999)
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Fig.2 Detailed sedimentologic log of the Du’an Formation in the Shuidong section (Red arrows indicate sampling

locations)
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Fig. 3 A comparison chart of middle Carboniferous chronostratigraphy in the Youjiang Basin, South China, and
selected global regions

Note that dashed lines indicate boundaries that have not yet been definitively established. Regional chronostratigraphy of United
Kingdom is from Cozar and Somerville (2021), Belgium from Poty et al. (2006); Russia from Alekseev et al. (2022), Ukraine from
Poletaev et al. (2013) and Nemyrovska (2017), China from Wang et al. (2019) and Shen et al. (2020), and foraminiferal and conodont

biozones of Youjiang Basin from Liu et al. (2023a, b, c, 2026). Abbreviations: C.-Chadian; Asb.-Asbian
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A HKHE Dunham (1962) 4p2K77 % . Wy rp AR YRR A W BURL 20 73 F 70 L & &
T b E AL E AT G D (Mathews et al., 1991), FH%HE 0%, <1%, 1%~5%, 5%~20%,
>20% LA FRBATR > B LEE IR EALEE . B, Ak, S50, Wik,
WO ZH 73 5545 I, 8 TR R B R TR BRI o 8 J AR AR OAE R T AR A 2 & E AR R o S O
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(D) &7 MBI (LB MIeRiACs: (B) & @b (ZLERTR) MIehAE: (F) BENTE, K%
HA s mE b (LEFELETR): (G SRR IR K (LEFkFTHR): (D JE Rk o T8 T ki 2K
#Hz by (D BRMERICE: (D ERBIAERE A, BREIERFEE (OHRR). E: EEAHLI7 AR bE T
Fig.4 Typical field photographs of the Lower Carboniferous Du’an Formation at the Shuidong section

(A) Microbialite containing abundant evaporite minerals; (B) Microbialite displaying both thrombolitic and stromatolitic fabrics; (C) A
monocrystalline ooid layer (indicated by the red arrow) at the basal Bed 30; (D) Packstones containing whole tabulate corals (highlighted
by the red box); (E) Packstones containing whole brachiopods (highlighted by the red box); (F) A brachiopod shell bed exhibiting a
predominantly convex-up orientation of the shells (indicated by the red arrows); (G) Wackestones with thrombolitic fabrics (indicated by
the red arrow); (H) Massive shoal oolitic grainstones overlying subtidal wackestones; (I) Shoal grainstones; (J) Upper slope rudstones

with normal graded bedding. Note: Yellow arrows indicate the stratigraphic top
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FEKUF ST B A B GeE 24 P LR 12 PO CH MFL-12 T % 1), Xk
WAH AT E—2 & 58 4 BB A G KA, O RIRGHEH S JFiE G A S il
LRRORLMEAH AL A A AR LA
4.1 REREMAELEES

Mfl: A= B WIRE S = H o R F B TR 2008, ARk A= & RARE E
ZEWRRER ARG . WA B R 2 H = A ik CRAREE /N T 50 pmD) 24K, &
HEVEE, BRBTFE (B SA), RIILA IR S ARH (=4 (Gregg and
Sibley, 1984; Warren, 2000). HJ ABFFLINA, XFEARHHE = A NIE = 2 i1
BHNE 5T (Lumsden and Caudle, 2001), ZEARHF- [ 1 i #E {42 A = A Ve 2 e
JM (Ning et al., 2020; Hueral., 2021). [z AbFAAR] GERTI6-T-1H T B )5 25 R 16
T R XK (Machel and Mountjoy, 1986). £iEFTR, ZMWAHTTR T 2 1 _E s
B CRILJUEE, 2024).

Mf2: & EIADIE TR S — VR « X AR B K2 MR B 2 R i i A
FRIE I B A M R S A N RHE (18] 5B, RIJHRE Tl LA+ 5058, R 52 H
T KRR EE RN (Figel, 20100, BESh, #5402 00 AT L& A HUUS0Z R & i H it
R CE (B 5C), HrTfe SAFRBEIEAN R MR . Fiah DRh Y B A 2 E A 2R )5
FB o AT TR AN B o R B N LI 08 (XGRS, 2025). EBUHVITR T 500, a8tk
SV A PRSI o BRI A A Y (Fligel, 20105 XUGRRSE, 2025).

Mf3: &R WINED S . SR LTFA SRS, DREFENAE (B,
W T RATZEAR) S5 R 5 BEHUIR /B IR A AL RS AE (B 4A~B, B SD~E).
ABERRBT WA MBI, RAERERME, KAEREEA, BRI AT s
(Warren, 20100, FEBEZKMR SR EIANITE &, J5AESIWEEED, QI THF T HEDE
K. EFHMIAEE (Riding, 20000, HEebf FUZ IR AEDIE G A 4 TR BARAE M UTR RS
(Wilson and Palmer, 1992). £g bR, ZGAHTTAR T 5 A b5 280 [A) 7y 2R 55 .

Mf4: & B R YR A o I P RFAE A& CE ORI T THT 2 R B R iR 2 (]
4C, B SF~G), HAIRESE S HITE USRI K 5 7E B B MR 5, 2 WRB A P ANV ) A K< ik
I AR, HH 5 7 A R R B CRR AR R TEAE T s Ma et al., 2008; Aigbadon et al., 2024) .
BEAh, B SIRL = A 2 T B Al SR JE o R DB SRR A G (1] SFD o i IMAHTE Bk
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T o BRI, LA TR U T 52 A E F B [ 1] 5 (Wilson and Roberts,
1992,
42 FEAGHEAE

MI5: & & A FLAURIE B A TR o % 000MH DA 5 5 107 FL SR B4 A O RRAE
(E sHD, HAEIAEYRRLL SR 30%0A Fo HRik WAL R, i B2 fEk
S5 W URE LA B AU BRI P TR i S R R R o SR MR 2, BT FE P, R R
25 (Yang et al., 20200, AfLHE. WES. Bid. BEEEMA SR ERITIE G 5L
( Alsharhan and Kendall, 2003; Youssefetal., 2017; Sallam et al., 2022). % ik, i%
AR T 7K 3 70 4 A vh S ) T e A, 0T IE R RIE 2 .

Mf6: & e RIEIRAICE o 2 LUK B & 70 B 30 30 i 22 A0 A RO EERR K o R AIE
([ 4D~B). S:FUlH AN AYRE (OREEE . M58, AILH. EEMEE A5,
ABRRLRIBRER $h i (B SD, WAL T IEH R AIREE 2R B K R RE A R (Fligel,
2010; Boboye and Okon, 2014; Liuetal, 2018). ZFERMEYIA & H AR KAEE F=MEE
FEIEE IR S (Figel, 201000 ZHAHDUR T I i@ & AR E] R~ 55 .

Mf7: i A eI ERR K « %A 20 UK & 2 A 58 NRHIE, T 3e 2 (B
4F). BN FEE N BRI R (4P, FEFUEF TR E (K 6A~B),
TR A K ) 71 44, LRI IE T KA IRBL ] 15 RUBR TR B 1T 2 1) S8 () R AR (b i
JRALEIEREYIR Z [6]; Butts, 2005; Yao etal, 2016). b4k, # WLAIHER . i & AR 2
SR A, RN IEH SPEAIT FEE RS (Chesnel et al., 2016). %5 LFTIA, ZHAHE KT
T & HAHE] 5 R R

MI8: BEHCIRKLVE KA o AR 2 0 b B B B IR a1 (B 4G), B FBRFEE e
RS A W5 20 8 A R A i A (& 6C~D), I8 H WAERRL. NREIE . M2 i E & MRS
A5 A AR R T R, X T R T SR W B A A A AR R i R e 28 8 e o R O
7EJE TR A% (Riding, 2011). R, ZARTE BT I8 B ER K] N 9K AE A 5 (Riding,

2000,
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B Sl T ) PR 65 AR 55 T i 5 R S TR SR IR Ay

(A AAEKE MfD), syé_z 03'm; (B) JMAKAE (M), KEANFMEKHEIMIL, SDB-98, 1393 m; (C) &
HU I SRR G R AIE VR A "ME2D, SDB-105, 146.5m; (D) SARMETMMMENE (MB), AIRAHRS (HE
ik B RUCAE I AR 410 (LLE LR, SDB-216, 338 m; (E) B BHH-BAEMING 5 & 4 MM AEN S (Mf3), SDB-260,
383.8m; (F) Jedd i (M) B T8 BRIIR EEFER MKRAE (M) Z b, —FCLGURE BT ATE, EErayii
MW 2 N R B RARME (LGSR, SDB-214, 337m: (G) K F RHHOK, 0] W8 ik 2 2 T i Ve Atk 2,
SDB-214, 337m; (H) JERIAKA (MfS), SDB-140, 205.9m: (D E#EAKE (Mf6), WeHMBHIMH, SDB-186, 313.4 m.
WGE L Oo-fiik; Cr-METiey; F-HLE: Li-MME; O-ATEd; Co-FliH

Fig. 5 Microphotographs of typical microfacies from the restricted and open platform facies associations in the
Shuidong section

(A) Dolomitized limestone (Mf1). SDB-218, 340.3 m; (B) Mudstone with dissolution pores of various sizes (Mf2). SDB-98, 139.3 m; (C)
Packstone with laminated fenestral fabrics (Mf2). SDB-105, 146.5 m; (D) Microbialite containing abundant evaporite minerals (Mf3),
with gypsum pseudomorphs and microbial-related fabrics highlighted by yellow and red arrows, respectively. SDB-216, 338 m; (E)
Microbialite displaying both thrombolitic and stromatolitic fabrics (Mf3). SDB-260, 383.8 m; (F) A mudstone (Mf2) overlies a packstone
(Mf4) containing monocrystalline ooids (indicated by the yellow arrow), with the two lithologies separated by a sedimentary discontinuity.
Note the root structure developed beneath the discontinuity (indicated by the red arrow). SDB-214, 337 m; (G) A close-up view of local

figure 4F, showing a micritized ooid layer underlying the monocrystalline ooid layer. SDB-214, 337 m; (H) Packstone (Mf5). SDB-140,
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205.9 m; (I) Floatstone containing whole tabulate corals (Mf6). SDB-186, 313.4 m. Abbreviations: O0-Ooid; Cr-Crinoid; F-Foraminifer;

Li-Litholacst; O-Ostracod; Co-Coral

MIO: AUBRKLYE KL —RURL A « Z AR L = & BB RRAE (B 6E), LB |
R A 8 B ORI AL R AR A i R o R 43 e M 2, KRV AT i 200~2
500 um, 5£E SRR K S A7 AE K ZE 3] (Tucker and Wright, 2009). Kk, %A
AT BT ROREME f A R A PG, A7 T IR R AR B 2 E B M (Hiineke et al., 2001 ;
Amirshahkarami ez al., 2007).
43 IhGFRMEAEEE

Mf10: SR E o AZAH 0 B R IA B R JZ Ik A (B 4HD, B F L& 4riktk
B[R] Co i AN /D BB RFAE (B 6F ) o fifiphr S8 73 32 L0 45 1 5 il A= fify (1] 6G),
A DL ARG, FCAZ O 22 AL AN A0 /N AE DR T o AR GEWL RN T s BIDRE T Jl T Bk R 2 aod
AL KB IR K B %A (Harris, 1979; Diaz and/Eberli, 2019; ZE €%, 2024).
PRI, AZ A TE BT /K 3 T8 ) & Hiil GORURLERA B8 CPalmare? al., 2007; Figel, 2010).

Mf11: AN BRI o A% 2 00 2B T 2 A AR e S SR k2 (B 4D).
WORLAHE E S e AL JERAESRE S v, WE IR, NS . ik SE
ATy (B 6HD o B i RIURL S A 4 AINEE [l 2 35 0, S R L TR BT i /K B RE DT AR FR 6
(Tucker and Wright, 2009). ZGAHITAYT S Z Rk (Blomeier et al., 2009).
44 ERBREAE

MF12: AEVIRESEBRIE K o 0O 2 0 EARAE 35 R P JE B (I 40D, 55 T AT WL N B
JE AUBRKL. E A PR STEL BRI R S R kL, BB A, s (B 6D,
TXLEHEAE 2R B 1% A T BT AT _E R 2R 85 (Bahamonde et al., 2004; Reijmer et al., 2012),
AT IEH R AIREE AN KRR AL T 2 4] (Hiineke er al., 2001).

gi bR, SR KR E 1 )RR G JFRE e, G i G A Y S
RLMERT RIS (B 7). B 5 G HAbS 5 S MONAREL, #K B A BURLME (Liu ef al., 2015;
X, 2017). Rk, E5GHEBE T B S KL IR & s 6 1.
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B4 (M), SDB-263, 384.2m; (D) FitRAMAIRIIEK S (Mf8), ™K

(A EHRAFEEE M)
I, SDB-262, 383.8m; (C) HEHULM
FORECEMDE GEEFTLATIR), SDB-263, 3842m; (E) A2 MUIRKIRIZCE (M), SDB-191, 317.6 m; (F) ffi
KLl (Mf10), SDB-242, 361.1m; (G) SRLAE (MfI0), #lLZ RO IE R AL, SDB-237, 357.4m; (H) £
BRI (MFID), SDB-241, 360.2m: (D BREKHE (Mf12), # WU MAKTEE (B EEKL7 R HTHE), SDB-234, 355
m. 4F5E e Brofid; Cr-iffE & Li-WHE: Ga-2; N.O-IEWHf; S.0-%fif

Fig. 6 Microphotographs of typical microfacies from the open platform facies, shoal, and upper slope facies
associations in the Shuidong section
(A) Floatstone containing convex-up brachiopod shells (Mf7), SDB-147, 218.6 m; (B) Floatstone containing mostly convex-up
brachiopod shells (Mf7), SDB-262, 383.8 m; (C) Thrombolitic wackestone (Mf8), SDB-263, 384.2 m; (D) Thrombolitic wackestone
containing tubular calcified cyanobacterial fossils (indicated by the yellow arrow) (Mf8), SDB-263, 384.2 m; (E) Poorly-sorted peloidal
grainstone (Mf9), SDB-191, 317.6 m; (F) Oolitic limestone (Mf10), SDB-242, 361.1 m; (G) Oolitic limestone, with predominantly
concentric normal and superficial ooids (Mf10), SDB-237, 357.4 m; (H) Bioclastic grainstone (Mf11), SDB-241, 360.2 m; (I) Rudstone
showing normal graded bedding (indicated by the yellow arrow) (Mf12), SDB-234, 355 m; Abbreviations: Br-Brachiopod; Cr-Crinoid;

Li-Lithoclast; Ga-Gastropod; N.O-Normal Ooid; S.O  -Superficial Ooid
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(Mf1-Mf4) (Mf5-Mf9) (Mf10-Mf11) (Mf12)

Vi

7
e

FWWB

SWWB

K7 Bt b B S0 & b TR (B E Ik, 2017)
FWWB NIEH KTIRIEM, SWWB X IR
Fig.7 A depositional model of the northern Bama isolated platform during the middle-late Early Carboniferous
(modified after Liu, 2017)

FWWRB denotes the Fair-Weather Wave Base, whercas SWWB denotes

e Storm-Weather Wave Base

Table 1 Microfacies characteristics and environmental interpretations of the Du'an Formation in the

Shuidong section

UM AR AL 4t i EEHR A R R
FR A A Ml Az — TN AR AT A RE, TR LA
Hikey
Mf2 U — e ERkIG )L A e
R
Mf3 S Bk, BIE W WARSTY, WAERS )L A e
bIN b
Mf4 Aﬂﬁiﬁwﬁ*@f& o I B B R U A B AL )b A )
JEiE G A MfS /)Eﬁ% \);. TEEMOALLAE A, FWHABA B, 3. BT R, FWWB 2
HeE /& AABRRLAI Py e g 45 +
Mf6 ERRIR S — R s A A, R LBERRL. RS AT W R R, FWWB 2
L HgEE IR GRS D
Mf7 ERRIR S — MR TR, A E BRI RN, WEE. W T, FWWB 5
i e 55 SWWB Z ]
Mf8 PRy Sy PR i OAUBRARL. REIE . R SRR WOKE T, FWWB 2
D
M 'R —m — TR BRI AR, L. R, 5K, N L, FWWB 2
WK H WEA. B BRI AL R S b EkiE
WUORLMEAR 21 Mf10 SRR £ — A R, B AAERRL ERILRUEESTb AL
&
Mfl1 IR — FTEEMOERRANRRG, #WEE BEE. bE.  GHuLSERIRE
WORLIR A M. Lo, BBk, GRAAEE, 5IX5E

BRI A M2 BRE R A L 2 1 R ERRERR TS, WOLERL. B WEEA . gD LRE,




IR

& A LA A FWWB fil SWWB  [i]

5 KURF T A7 5 Gt 4R — AR e (e ef R iy A= AR UK 34 J 30 i o

YENERFE 7B EZN A2 —, #fr—#FRER (Johnson and Murphy, 1984;
Johnson ez al., 1985) Bii#F{Z—#FiB)ZF (Embry and Johannessen, 1993) f2iffT#Hh. X
SN 4 R R R i Z 06 B 45 2T L (Catuneanu et al., 2009; Qiu et al., 2014; ZANJE, 2017).,
— AN SERE (AR — AR (B L4 — AR A R AR — AN IR AR R, T DR RO TH A 5
7 8 [ B S22 137 T A8 2 B T AL B KRR T [ 4 (Embry,  1993). R4 G2 —
IR E B, R IAR AR A 2 2 DU O SRR P 51 S L ) R e (] 8), FERTLAME S &
7K R 1) T 44 5 b 0 28 4 B KB (Alleksinian PR & Zapultyubian WD FERHIH 7 A4
HZ—IEER (K 8). % Aretz et al. (2020) WIHARHZRE L, FeT %S0 (0 B (]85 15
AT RN ] (5 SR I T) CERAR PR i [ml PT REE AN R A T s, I GE T AR — iR %)
RS AT A, HEZERY B3 3 MRl (TR1—TR3) FFLERL RN 1.4~2.0 Ma, 15 E KR 4
ANBElEl (TR4—TR7) FREETAIY 1.1~3.0 Ma (9O, L, X 7 MGR—IFIR e E T =
%477 (Catuneanu ef al., 2009). 7 & EIE AL [a] 5 B2 AIE R 4R b5 22 BT RURL L #]
M CEEMEYE, 2013) FISRNAMEAKHIT (Chenet al., 2019) EAREFHIATG ek, AHITH
A R ) TR AR [ 3 ) T AR R A e DX SR

AT SN N, AR H X )R /N T 0.5 Myr B8 FE KT 20 m 31 [ ARk ] s e 52
BRGS0 (Rygel et al., 2008; Fielding, 2021; Montafiez, 2022). R4 IL%:
HK U # A 2 4 7 D ERRFEDAE 26 MUK R —ER R (K8, K 9). 4E%EM
TR1 1 2 MU AR —F IR e R 4, P E 2108 0.75 Ma; TR2 i 4 MU GER—R
JEEIZH R, ~FHAIZ 0y 0.5 Ma; TR3 201 3 MUK EEZ—HERBE R ZH R, T35 A A
=T 0.5 Mao B EE KRBT 4 M =RZ 5 i1 17 AR 1R — iR e Rl 4 %, ~F 25 12570 0.45
Ma. 2 HCHUAR B R I A BL R BR R Sh R R 2, (R 2 1) & il IE 6 R AR R THT I K R P A
20~30 m (Immenhauser and Scott, 2002; Immenhauser, 2009, 4 KU I T ST AR HERL 5
HUFW S AARKH P AR 2R (B 10D, DA AG T2 KR B A 6P T AR (320 m)
JF6T Aleksinian V55 Mikhailovian JEF2 A2 CEF TR TR,  FRBLAZK IR X A & #i34
X RIURLE—ME J e KB R A — IR K T ) L AR PR AR AR . R B PE, ERATLE
b w4 AT THI AR5 546 T Aleksinian-Mikhailovian #1238, A Al A0 R A2 AR K
UK 3 5 B0 FR e 8L
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Bt R A VL A A, AL SRR S5 AR R T 41 v B 3 1 33 17 2R AL 9 v A0 v T T
TS, (HEYIBI AR EZR (4 3~4 Ma, Aretzetal,, 20200, FEAFE=FiE
W (& 10): Asbian #7730 (J£[H, Wright and Vanstone, 2001). Asbian Ff:3 (%57 T Chesterian
WIWIEL Mikhailovian #]#]; Cozar et al., 2023) (EE RN, Smith and Read, 2000;
 [E P W A, Al-Tawil and Read, 2003; %%/K2%, Gallagher ef al., 2006; 3 [H N1
ik, Bishop et al., 2009; HNE K, Giles, 2009; 3Rl ZHy, Kabanov eral., 2016) Fi
Asbian-Brigantian #1225 (J5#% %, Fielding and Frank, 2015), Wit K253 8 —FiEER
GrEERNN, Mk AR IR UK AT BEANAZAE Gt — (¥ ek oK ) 1135 311 )8 Bl 18] (Arretz et al., 2020).
AEURRAR 104 0k [X 3ok 24 52 B — 38 22 SR A AR 2 0T AT TE R, 8 A X P 22 5 R B 2
JELAE 35 ok 1 2 AR R (R AN 5 T BT o 900, RSP AT AL R A 3t 2 AN R A b R F T 2R
B, o e ol R AL T Asbian BE3], TMIARYI] (Waters and Condon, 2012; Cozar et
al., 2022, 2023; Hounslow et al., 2024). {EJ5E 2 ZRi%IMX , Brigantian T K St HH VF
k&7 BRE (Fielding and Frank, 2015), {HTEZHA =304 BV Brigantian JZ & T,
VF #R 7 A C RN Asbian Bl (McLean et al., 2018). Kk, HHERGAT 7 HidR—5L,
ESRARER YRR 51 v a3t s W AT T AR AR 5 S0 T Aleksinian-Mikhailovian 2 58 (%%
AT~ Asbian B35 Chesterian H131), AREAEM S ARV /M E D). HE R,
A [ A A2 720180 185k (C. panderi-E. ikensis L 207 D A2 /R 2 BER Eh 4k 416'%0 id
S (Cfoy 1 LA L FHX— W (B 10): f£Ff Aleksinian-Mikhailovian #2228 Fi 41
e M YT T AR A A5 5 B R OO B 3 1R 3 301D, by AT W PR /K SR THI I RS BRI PRI 140 4°C
~5°C (Barham et al., 20¥2y, Ydo etal., 2022) (& 10).

AW FTH R v AR AR UK = = 48— 1 J5 B[] (R Aleksinian-Mikhailovian #2 %2),
AR By AR AR KUK YT AT B AN A7AE B — 0 s Sk ) 1135 30 5 S 1) 7 B35 Fr) I ff ek B 38 7
AR KUK 5 5 B (K SRS SR AL 1 DG 2 0 . 128 B 1] (Rl , A X 3 A0 4= R b
WA BT R WRAER PR T A, a ANFFFRM, 727G 11iE 3
[F], UK &85 bt DX 530 % 10 I Il A 8 o K T AR RS P — R B M R R MR (JA T 335 Ma T, P
Aleksinian 14| Macdonald e al., 2019), iXLEIBIEA BT RAE AR R, 2VHFER PR
B COzo [FAII, fEpg X AL 1 2P 98 (Liv ez al., 2026b), FH]4BRYEEH
YK 3K (Xiong et al., 2013; Xue et al., 2015; Cascales-Mifiana, 2016) /& it
TR R I EZ G o ffiro b 5 Al K8 IR SIC NI, RBOR e R I 46
A0y, B RERAR P KE CO B (Liuetal., 2026b). Kk, Aleksinian H B
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Fig.8 Comprehensive stratigraphic column illustrating sedimentary facies and transgressive-regressive cycles of

the Du’an Formation at the Shuidong Section
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Fig.9 Distribution of third- and fourth-order transgressive-regressive cycles at the Shuidong section (absolute ages

from Aretz et al., 2020)
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Fig.10 Comparison of relative sea-level changes in the Youjiang Basin with global far-field proxies for the
middle-late Early Carboniferous
The yellow-shaded interval denotes the stratigraphic level marking both the first occurrence of high-frequency, high-amplitude sea-level
fluctuations and the onset of the main phase of the Late Paleozoic Ice Age. Global sea level changes cited from Haq and Schutter, 2008.
Sea-level changes and oxygen isotope records from multiple geographic regions have been integrated into a unified chronostratigraphic

framework
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Lower Carboniferous Sedimentary Cycles in the Bama
Platform of the Youjiang Basin: Responses to the Onset of

the Main-phase of the Late Paleozoic Ice Age

LIU Chao, SHEN Chenyang, LI Xin, QI Junjun

School of Resources and Environment, Henan Polytechnic University, Jiaozuo, Henan 454003, China

Abstract: [Objectives] The middle to late Early Carboniferous witnessed profound reorganization of Earth’s
tectonic paleogeography, climate systems, marine environments, and ecosystems. Establishing the precise temporal
sequence of these events is critical for elucidating the coupled interactions among Earth’s spheres and systems
during this major climate abrupt transition. To refine the initiation timing of the main-phase of the Late Paleozoic
Ice Age (LPIA), [Methods] this study integrates high-resolution sedimentary facies and their stacking patterns
analyses of the Du’an Formation in the Shuidong Section, Youjiang Basin, South China. A robust
transgressive-regressive (T-R) sequence framework was established, enabling quantitative reconstruction of
relative sea-level history for the basin during the middle-late Early Carboniferous. [Results] Twelve microfacies
were identified across the section, spanning the middle Visean to upperSerpukhevian. These are grouped into four
distinct facies associations: restricted platform, open platform, platform-margin shoal, and upper slope. Seven
third-order sequences and at least twenty-six fourth-order T-R cycles were resolved within the upper Visean and
Serpukhovian. [Conclusions] The onset of high-frequency, high-amplitude relative sea-level fluctuations in the
Youjiang Basin coincides with the Aleksinian-Mikhailovian boundary. This is independently corroborated by other
low-latitude far-field proxies, thereby providing febuststratigraphic evidence that the main-phase of the LPIA
initiated during this interval.
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