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B 20 DA AN R A 3 B0 A e A KT Bl 3o R 8 BRI TS 0 R A AR A kL
TR IR — R ARG (Walter, 1976). {EAMER Ff ZMEMES RS —,
FOEBGE EIE 3 1 HBR S A iy 5 b B S 1 P R s A CEFRR ST ZE IR, 2009 W BG4,
2012; ZEAEERULAEN, 2023; Yuanetal, 2025). JRHAEH CHREBEAL) T NEE Z
BB ERYEZER AT, X — LA 5 % JE Wl KR AR «TJ/ BRI BER AR . KA
TR T K iR 20 5 A S P St 45 B O BT S AR T BN 8] EAES (Peters et al., 2017) «
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TIFAFRD IR SRR 2 B ARSS, 2024). B ICAFRBIR £ 5% & B0 5 WK
A, MOV AE D0 05 RT3 2E 0 /8 D (Grotzinger and Knoll, 1999; B4 &4, 2008; Planavsky
and Grey, 2008; Zhang etal., 2023a, b). {7 2## KBTI, HE—BL4R
TR S E AT, AR TS EA IS R A —I B E B
(XIBERTSE, 2002; Yuanetal, 2025). [N, BAAHE TS EAS MR, @idhsSE
RIS EEAIT AT, AMX AT 8 VPSS HON B B A TR AR LS, SOy B AT 5 e it
FAERSERN B 20 T LA SR AL 18 2 11, AR I S0 B A A 7 15 PR A AR P AR B AR
BT T SRR (IFPF, 20205 5KRAE, 2020 FE5HSE, 2024).

KEBCE AR ERNEE . RETENEEAEE. Sk gmooh SR ILA
ZRESEAOMAERE (FR5E, 2012; BEESE, 2003; B, 20200, HEEA
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AICEIEE & R A E WG SO 2387 755, SR MER A EAR, i, S
(RSP AR, JET R 73 ORRAR 2 S My g LBl A A, R 8 2 A0 ke oty A A i~ T
AR IR LA B A AR, D o AR AR W — PR B R S AL B AR BB L4

1 DX B e

] S 2 thE S B 2 T SR I S R R — o T AR R A A R, 3
EAEGHE h—Hon R R ARV B S GEBERSEZE, 2007). 78 oA
WzEFooE AR, WIS ROEREIAG AT T — RIVUUR G, SR B T R
My L AR 8 0 S A AT B IR K RT3 5 22 B P A A8 23 (Sun et al,
2020)

WAL AL THEAL AR B A ftth, 7RIS A T 5808 ) W 3y 2R 3 B Ko L v sl s A6
FEHZ X R R T s 2 X SRS X (Wan etal., 2019) o [X P H 85 2 LG
HARMTE AT N E, WERE R, HhdbBARSE TR LR b, 5 %
RABRF WA PAT AR AP, A 2B A. A% 13 MM (Xiaoetal., 2014) o il
VR NRRIR BRI, P T R RAKG OISR ICE, FRTFELEABORE (K 1o) (51
LIFEE, 2003; PERSKREE, 2004). LA EAFER PBURE I 81 LA-ICP-MS?Pb/>38U 4R i
N 910+£10 Ma. 953+10 Ma, FFRIEMEERETY 950 Ma (ERFEE, 2021). XRAEILAK
BE R RS AT A B AT U-Pb M 4E 45 L ROk, SHRIMP2Pb/238U 45 £ 4F 4 24 897+16 Ma,

LA-Q-ICP-MS2Pb/238U 447 455 890+14 Ma ( EiHHESE, 2011). T EikkEHhAIEACE
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Fig.1 Location of the study area and stratigraphic column of the Wangshan Formation
(a) location map of the study area (base map from the Standard Map Service website of the Ministry of Natural Resources, Map Review
Number GS(2019)3266); (b) regional geological map of the studydarea; () stratigraphic column of the upper section of the Wangshan

Formation of the Huaibei Group

2 HUZE BRI

WA EIE AL T 2B et = 2 B EiX (& 1a, b), B4 Z R, &
MFTE 362 m, A EHERIE RGN 10 MaJE . SHABUK N —ERMARR AT
BRI, et & SUTBIERAE T I 8 ey E=B (B 2).

FINATBEEN 9~10, BN 92.1 m, JRECLAK GRS KE 5 O R Te K
HRRLENRIE, REESKTFEZ . 17 B oy h— R e f s & 52 73 A7 H R 5
Zit%, TIERFRAZNIE 30 e IRRJE A T, RS B B B0, 22 OIS HRBIOIR, ikt 22,
TR BRIRBUEIE R BILATBCE RN 5~8, RN 1575 m, HMEAKETEE—EZ
B, AR AWM R AN G R L 2R A TR, S TRIE K
e EEANE. PRIESE. BN EBCA RN 1~4, JREON 1124 m, aPEE BRI
OHEE—REREABFKE MK, TZRAREA ARG, IR E LT 4
%55, LL0.7 m BRI A MRS N L NG L FE AL L



o R 2R
// v " -“M‘.’s‘n:
5 4L B2 [y |t
N
F. . FE
Giligedl | - 2 : ; : II : : :
A A A A
. - T T T T
e Semasemt
[oe T T
\ i3 2
BEMA ‘\ B o d A
\ — e e
e \
soEal |\ 3
5[ X 4
ATLA | | 1015 l5la0
\ A A
{5 el 41 \ J’_:’;i*:’
. \\ 5 [oeT Teoe
R 41 ' ]
o [ov [o [ o
\ 150 T T T
B \ +':'+':
\ \ 6| [eeieLe
Il 21 \\ Tﬂ'ﬁ’fﬁ
_ \ . T T
A \ i P ——
i |7 200-—‘-—1—r*r'—|—<l,<‘<,‘°<l,°
4 \ - e s
\ i
“ L& T %1
E K& H 1 Lo
TZ711 . . \ & ZSO-Alglrlxlg
B azmxs \ IESEE
\ s
E Ve 5K | i
\ 9 e
\ o
BEARE \ —. P
e \\ 3004 ITITITI
N —T—T—1
- - 1l \ 213 o o
BN srwpncs VB \1—1%%
: R
LT it %5 K \ —T A ]
\
ST=1 otk L
NN
DT p g its
2 B L ZE S M AR P R R S I T
(a) BERAINZE 3 A0; (b)) BRI

NG (1) WKOMBICH S OHRRIASBERLR
Fig.2 Measured strati

hic histogram and outcrop section of the Wangshan Formation

(a) bedded distribution of siliceous nodules; (b) conglomeratic limestone; (¢) molar-tooth structure; (d) rhythmic interbedding of dark
gray micritic limestone and yellow thin-bedded marlstone
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Zeiss i) 285 Axioskop 40. B G AT G EMLIN 50 R BEAT 4 XCHA IR
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Fig.3 Types and macroscopic characteristics of stromatolites in the Wangshan Formation, Xuhuai area
(a) regular long cylindrical stromatolites; (b) parallel bifurcated stromatolites; (c) irregular columnar stromatolites; (d) dome-shaped short
columnar stromatolites; (¢) rod-shaped stromatolites; (f) scattered bifurcated stromatolites; (g) wavy stromatolites; (h) horizontal

laminated stromatolites; (i) bifurcated stromatolites; (j) sketch of stromatolites
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Fig.4 Microscopic features of stromatolites in the Wangshan Formation, Xuhuai area

(a) curved and entangled filamentous algae densely distributed, cross-polarized light (XPL); (b) laminar stromatolite showing a transition
(along yellow arrow) from isopachous alternations of light and dark layers to alternating thick light layers and thin dark layers, XPL; (c)
yellow arrows indicate tabular intraclasts and ooliths, XPL; (d) yellow arrow pointing to pyrite within dark laminae, XPL; (e) spotted
microstructure, XPL; (f) upper section columnar stromatolites, dark layers in the form of a lens with a thick middle and tapering ends,

XPL; (g) continuous-discontinuous banded microstructure, gentle and wide layers, XPL; (h) window lattice structure, XPL
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gk (K 4f, @, WBORERESROTELE NI, BEHRLERR, HAREE. BHL
JREZFR, T MAT, JRABOT#, BT 0.3~0.7 mm, 2%y E BIHANYE 5
PR EL A AL A8 W BRI R R T A (K] 4d). et QUR R EEAFRE, M 0.05~1
mm A, T E Ry S RBRIR A A AR . SUZ AR LIS GOk, TR ARNZERIANK,
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51 FETLRHE

20 A RE gD ERETTRNNRSE RANEE 1 PR, SiO SER T 1.05%~12.50%, “FEIEN
3.68%; CaO ZEANT 34.05%~54.50%, “T-IMEN 49.71%; MgO &N T 0.35%~16.83%,
SEISE N 3.28%: K20 AT 0.03%~0.86%, “F-XIME K 0.19%; ALOs & & AT 0.16%~2.69%,
SEIMEN 0.65%; AERE RN T 0.03%~1.49%, P HIMEN 0.31%. R FEREITCEMNEE,
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Table 1

Carbon, oxygen isotope compositions‘and major element contents of Wangshan Formation samples in the Xuhuai area

R1 HRERXKELARIREAANRARE IR TRGE

i g RN (%) FEILE (%)

o Fe/Mn MgO/CaO

" PE® 8150 Si0, ALOs MgO Na;O K20 P20s TiO2 Ca0 TFe203 MnO LOI TOTAL
WS-16 3.75 -5.73 6.8322 17120 0.686 0 0.0175 0.5154 0.0618 0.108 8 50.1159 0.3803 0.0356 39.598 7 100.064 2 4.740 0.014
WS-20 2.61 -5.53 12.500 9 2.685 8 3.2438 — 0.862 5 0.048 4 0.153 6 42.802 3 1.4917 0.0349 36.351 8 100.101 1 18.967 0.076
WS-25 3.39 -5.91 3.5425 0.674 6 0.4409 — 0.198 6 0.0314 0.055 2 53.368 0 0.3447 0.026 8 41.6537 100.331 6 5.707 0.008
WS-30 3.26 -6.39 3.960 3 0.7127 0.7902 0.036 8 0.2194 0.0375 0.058 5 52.550 7 0.2653 0.0317 412435 99.906 6 3.714 0.015
WS-34 3.33 -5.72 1.692 8 0.870 4 10.100 4 0.0312 0.2732 0.030 7 0.0617 42,2499 0.617 1 0.024 7 43.605 1 99.5572 11.087 0.239
WS-35 3.62 -6.85 2.8330 0.784 2 16.829 2 0.0342 0.243 1 0.033 1 0.0529 34.051 4 0.568 2 0.046 7 44.495 5 99.971'5 5.399 0.494
WS-46 4.39 -5.63 5.402 8 0.833 8 8.3039 0.054 7 0.2377 0.044 3 0.064 0 42.448 7 0.258 0 0.016 6 42,144 1 99.808 6 6.897 0.196
WS-48 6.26 -6.84 2/169 7 0.4255 0.7599 0.013 8 0.1185 0.030 0 0.048 5 53.8599 0.220 1 0.012 2 423583 100.016 4 8.006 0.014
WS-52 3.65 5.8 24572 0.3957 2.870 1 0.001 7 0.1070 0.0323 0.044 6 50.635 6 0.1339 0.0109 42,6347 99.323 7 5.451 0.057
WS-53 372 -6.72 1313/ 0.156 2 22151 — 0.032 4 0.018 7 0.0335 52.963 6 0.2016 0.022 0 43.436 6 100.315 4 4.066 0.042
WS-57 3.09 -6.51 6.2912 0.3312 2.680 1 0.003 4 0.089 1 0.086 8 0.043 3 49.714 4 0.1752 0.012 2 40.906 4 100.333 3 6.373 0.054
WS-60 3.6 -5.44 4.062 1 0.526 4 48331 0.0117 0.1590 0.043 2 0.053 6 48.1923 0.1546 0.0116 423323 100.379 9 5914 0.100
WS-64 2.96 -6.44 5.600 1 0.5322 0.504 0 0.027 4 0.147 1 0.029 0 0.048 2 52.468 1 0.0790 0.009 9 40.856 5 100.301 5 3.541 0.010
WS-66 2.63 -7.34 3.2900 0.490 9 7.006 0 0.0330 0.136 0 0.027 2 0.048 4 46.111 8 0.3214 0.013 8 43.1138 100.592 3 10.335 0.152
WS-68 4.07 -5.76 1.229 6 0.496 7 0.3510 0.0383 0.1224 0.050 6 0.050 7 54.498 0 0.2823 0.008 0 42.664 7 99.792 3 15.659 0.006
WS-69 3.87 -5.77 12379 0.2579 0.5757 — 0.059 9 0.026 8 0.038 4 54.496 8 0.176 3 0.013 7 43.094 1 99.9775 5.710 0.011
WS-70 3.07 -7.26 53015 0.2155 0.640 0 0.0110 0.052 4 0.087 7 0.036 4 52.1399 0.259 8 0.0127 40.910 0 99.666 9 9.078 0.012
WS-73 3.48 -6.01 1.144 5 0.2820 0.805 7 0.005 9 0.0717 0.0310 0.040 4 54.056 3 0.029 2 0.008 3 42,6829 99.1579 1.561 0.015
Ws-81 3.97 -5.85 1.054 0 0.2411 0.9387 0.020 5 0.065 3 0.029 4 0.036 5 53.9919 0.073 4 0.009 5 43.0270 99.487 3 3.429 0.017
WS-93 4.42 -6.43 17721 0.3812 12123 — 0.105 1 0.045 5 0.041 4 53.506 2 0.1550 0.019 4 42262 4 99.490 7 3.545 0.023
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Fig.5 Heat map of correlations between major elements in carbonate rock samples from the Wangshan Formation

in the Xuhuai area
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Fig.6 Vertical distribution of major elements in carbonate rock samples from the Wangshan Formation in the

Xuhuai area
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