DU
ACTA SEDIMENTOLOGICA SINICA

20264F 45444 4551

http://www.cjxb.ac.cn

SIRRR G TR, 05, IR I, 45 . 2026, FRifE A AL SR T it SR 1 21 5 J2 40 SN Rty PR 7 [0, AR, 44.(5) £ 1783-1799.
YANG ZilJie, LI QianQian, XU BoYang, et al. 2026. Types of Stromatolites in the Neoproterozoic Wangshan Formation at the Northern Margin
of the Xuhuai Basin and Their Paleoenvironmental Significance[J]. Acta Sedimentologica Sinica, 44(5): 1783-1799.

DOI: 10.14027/j.issn.1000-0550.2025.041 CSTR: 32268.14/j.cjxb.62-1038.2025.041

mERMIEGHTEFAELAERARB L HINE

M T, 8 ARTEE, 30 R, %548 I

TR B TR R 2B TR B E 454003

H E [BMSZE A0 KSR R R A A 5 TR A B Rl L A B . AL TRl AR R G A X
B RRINAE R AT ZET B2 T HOWRAE K RIS i mi i AL -5 S Asde s = SO AR [k 1 L Il
TR A GRS W B R A R O AE T, 45 e R R AR R T, RE R B I A& 2 A TR ,
SRR MR A OC R I R 2 A A K A B R (SR LA R 2R DR RSz = RS 2 A Bk
2B R, 8 CAEA T+42.61%0~+6.26%0, B = A~ LTI T A E . POs T i 5 ALO; K20\ TiO K Si0, S 554G, H.
PO, & 1€ [ (B R 8 1A R B A AT IR R S K& R A 5 45 . Fe/Mn {1 Ca/Mg {1928 fb A8 7R ORI P S AR TR 25 .
(Ze 12 E 24 08 SR E Y S5 Z LR S R, HESIN S T RA0E R TR ARG X R WME
W sh B AH BAE #2982 A RO . REIRE S 4 AR EE XGRS — e B LR R E YA A0 T A A

[] D' BB B RIK B 1) PRI R 3 & 2 A B R WUE S o 2P et AU A S BRBE b Rl A B A TORrIE S

KR SR BRI HOh A TRE R

F—1EE BT, 5, 2004 A AR, HiBT%: , E-mail: y2j32062588371@outlook.com

BEEE FEN, B #457, E-mail: zhengdeshun@126.com

FE DS P534.3 P588.24" CHEEFRERED:A  3LE4RS:1000-0550(2026)05-1783-17

0 55

B A AT AN B 0B W e A K st
TR RGN ANDCIE B W BT s A AR ) O T T B —
A TR 1 (Walter, 1976) o YEMHIER Il
IEAES R G2 — , HE it Bl 5% 7 ek
1A= A 5 b S BRI 1 T ]V b o 3 SR = IR
2009 ; H EIGAF, 2012 A5 A FIASAEI, 2023 ; Yuan
et al.,2025) . JLHAEH OTH SR A & T N
TR B L ERPE IR 5T, X — AT 5 P e
VAR K 24 BERMBR F A KA A R IR
Pt R 20 5 AR B S A R b B AR Y A
[6]_F#54 (Peters et al.,2017) . BNz S E A
ZEE WY SAEAG BT IR AT, A B TR

Y PR AR SR 2R, B RE S PR A A S R
14 R AL B AL d AR

B JEZ AT WO RS A RO E s AR KRB
OGS, AR KR W BORIR K 3l ) 2R ARG
Wi 15 S PABE N 3R (B NRF , 2024) o Tl BN 3R
B REGE SR A R WIEA , oA ) =
T Y1E F (Grotzinger and Knoll, 1999 ; B 5145
2008 ; Planavsky and Grey, 2008 ; Zhang et al.,2023a,
2023b) . # 53 R TR AL 2 o B 0 O i i —
AR T T FE R S E AT U G A AU
T 20 LS O R M) — R AR R (]
BEFi % ,2002; Yuan et al.,2025) . [A], AR LG
1220 A6 R R 38 e vl 48 2 A0 B s, AN
AT 28 VAL R S 8O0 & 2 A TE S R AR AL

75 B H#A:2025-04-07;; &[5 H #5: 2025-09-07 ; % A H#§:2025-11-03 ; M 48 H kit H #5:2025-11-03

HEEWB : HE QAR FEET H (42172131,42572141)



1784 A

S

5444

Ay PR i FE B ZC DB B NS 2 A T L $ A3t
THE L, WS AT A P TS S IR B A B
FHI AR R B 57 T 2 BRI Rl (F7 )%, 20205 5K 7
2020; 4140 AT, 2024) ¢

KEB T A LERMER AFETHNSEE
A, WEFALE T A RIS 2R &
JZ A R U R 2 (B AR TR A5, 2003 5 RIS A5, 20125 9
=G4, 2020) ,1H S 2 A 2 OW AR AE B 6 DR
B2 0 R AL AR R B SO R B, iR 20 R
FURARTT . ASGE L E &2 A 7 WS 5
WLLAAR AT )5 s | 5 M R AL A 0 , 20 b ok Vi
AR AR, 2R 2 OB AR S AR )
ST, BRI B2 Ky A RN 1 AR Ak
ey o ML A B Fe VR R o oo i AR AR ) — A 3%
PRl AR 5T S UL B e

1 X dmf b S I

Aot sE i Bl R SRl 2, B
H R — ol R B A R R, EARES
B —on i A R WA T DU 2T 8 (G
M2 ,2007) o 8o QIR =oAL,

Wb e PR AR NG R E T — RV, £
R B 5 T R L LU AR B ARSI A 1T
2 B 1) K 2 AL I3 5 2 s S A v 4 THE 235 1
(Sun et al.,2020) .

WG XA T At R e G AR e A, 7R 3 1 o7
TR e 24 P A R 3 LU Bty AL, 7 L Z X
R F & T s 2 X AT AR 4R X (Wan et al.,
2019), XN HEERHZ LIT i SO R AR R 3
R OAF R4, PR S8 TR 4= LI
Z 1,5 PEERZBEZ A AT RS M, IE
2L GHTAE S 130540 (Xiao et al. ,2014) . BRI
AR IRIRER IR, 13 T s R KGR 55 T 0T
TRTF 4 L ZEA R AR (E 1) (B3 05,2003 ; 1t
KORAE,2004) o B 5% 20 o5 A7 5 o 0K B T B A
LA-ICP-MS **Pb/**U 4E-#% 24 910£10 Ma,953+10 Ma,
B AR I (E AR % R 950 Ma (FERFE, 2021) . XHZA
A L2 9 A AT I B A U-Ph I AE 25 SR s
SHRIMP **Pb/”*U 5 41 4F- 1y 897+16 Ma, LA-Q-ICP-
MS *Ph/**U %% £1 4F #% F 890+14 Ma ( L 35 45,
2011) . HET BRSO AR B , 45 X St o
s, I R A DT R B AR R A T 910~
890 Ma.

()
N

de |
2
T
m
%
il &5 s
T T T TI7
TT7T7T7T
=
& EHIEA WEsk P
/A ——
e =
——1
RH [EPNv/ =t [z W WA A=A o~ WFFEIX

BT WRTE DX e 1 R B o 2 ot J= AR AR A

(a) BIF5E XA 2 P (OGR4 11 AR e U A b PR R 55 Il 7 P15 GS(2019)3266 %5 ) 5 (b) B9 X X skt [ ] 5 () WAL B2 1L 20t SR AR IR

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 study area; (c) stratigraphic column of the Wangshan Formation of the Huaibei Group
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Fig. 2 Measured stratigraphic histogram and outcrop section of the Wangshan Formation
thin-bedded marlstone

(a) bedded distribution of siliceous nodules; (b) conglomeratic limestone; (c) molar-tooth structure; (d) rhythmic interbedding of dark gray micritic limestone and yellow
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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; () 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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Fig. 6  Vertical distribution of major elements in carbonate rock samples from the Wangshan Formation in the Xuhuai area
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Fig. 7 8"C, "0 and their correlations in samples from the Wangshan Formation, Xuhuai area

(a) 8C, 8"0 point-line diagram of the Wangshan Formation samples; (b) correlation between §"°C and 8'*0 in the Wangshan Formation

2R LI, B LA Al PR R A A A e s R
155, MR Ak 2548 bR RE 8% 55 Ry T b i 46 T
FIREERFIE
6.2 SUERHEXIS

HR A B2 1L 241 51 M WA & 2 AN RS AR
YIRFEXTCRAR AT 00T (18] 8a) . B ILIZH T B
DI IR (20 A 5 i a2 e Ko i B2
I, AR 20 R E L fe s IRBEE K K
S5 O R BAE 2T (e S 2R AR ([ da)
FE R HOE BT FARAEMHY o ) A8 S e i K e
WRJE DA 2 BRIE 2 0 fiR & BLRHES (8] 2b)
FER T REA T RBRTRFL M DL, VR B 0D,
WK RS

hBCAYE RO RO Th B EIR K S . 8 )R
KEHREEA(E3a), ZAKHEZA 200K
BT X, ] B R E R A, BRI
FEW /N, RBKEN 1 B LW 55 . ERA8EZ
Ry i S — WSRO ey R B RE | AT [R] % 7 i
L HRARTRE RS A e, H8 758 1145 i e RE TR
WEEGEIEFSE,2018) , A F TR IR HEm AL K
W mEARE R A 720 2208 KA R
AN KR DU (LR OR 45, 2004)  ARR B ILZ
R BB R R A DU AR R A2 B T — B R A X
YERSE . 26 6 2 B /K P82 RE Z A 8UZ 8
% (K 3h) , S J PRy, JTo WL i gl R, 4878 5 1
SUAEZ LR85y Rl <10 B Y [T e s e ol = 3 i

Iz R B RS 2 1E 208 BT ) FREE 1
TER KA il ik . — AP al BEAYf RBE , iH
AR o R ata N i) b WA DAY B LI BUN 7 G W B S
i, PSR R 7K AL AS R T F 45 480 385 A T 1 (Shen et
al.,2016;Liu et al.,2023) . &KW, B4 Bl
SE T ) 0 LA AR 8

WFFE 35 T s B 1 4 b BERR R £ A TR 51 L
AR E W RN AR, AA A A T L EIE
BIUR A BIKE B ECE S5l KA 520 A it
WA, SRR TS REZ A Rk REs .
BIZABZER RIF k&, R H 3% 1Al
R M 1] A2 A 5 A o 25 A% S S R, 20002
W HOE AR 2 B AR Sl o SR AARRRIE SR R R K
TRRE PR, A7 G i) by sl (AR e 1Y DR AIE
B BT AZ 30 25 KRR 355 , L = A
HIE B AT 8 5 0 B PR 100 ) 30 e i A AT e
ACVERA e, T2 A TR 4R H B eRGE Ok A IR
T (Bl 3g) 2R ALE & & B EMN RS, 5K
LU RS E A A O T 2 S K AR e & (T
2020) , I 5 AR JE 4 A A AR SR A
fER KR RE R TR IRl A I VE R R . 2 B i
FFRIRE R IR A, 8072 2 Rk g —Wialily
R 3, BE SR T AR 1 (& de) , 802 R FE AR
JE L ARRPERR 2%, B R A AR IR SRS FU 8RS
e T 5 Bl 9 A K e RE PR HEM AR A B
EL A B2 YR A FH = S 1 ) e R



1792 LN AR 4 a4t
b b ) ; d -
O | Rl g | w | [Pwwen | € s D ep s
B (2| B AR B 1‘f~J‘ = | # TR
/m Al | A | A P,0./% Ca/Mg Fe/Mn T W ke— %
L @ — | "o%oa T olog | 0 "0 g0 Voo 04 K TR :
%] ol = [
2 | .. |
I |
SR ol [ w |
B MT| @ |
- =ML |
vl & |
4 ° == | }
1004 - |
T °lL = '
ESESEE o mT| = :
5 T T T 1 o5 b |
. b !
1501 — i :
6 : : : : . : . ‘ MT| == |
[ ]| ° L |
o EEEE | !
B |7 2004 e :
B 1 | m !
] I
8 ® '
250+ g :
) | |
) |
300+ ' :
24
|
10 e |
|
|
350 i
1 [ = = [ ] M &= E
PP SUIR ARERIR QURIREEA BREEA AR FBEAR BIREEA BOFa Uk RER A 1A L5 % FA Vi it
T2 [s3xe) 3=y 3= "EAH

&l 8

v b DB Ly B T AL 1R

(a) ENZH TR 5 (b) iy A NI AL PRFAE 5 (o) thy BN ] AR PURFAE 5 ()P TET B Sl th 2%

Fig. 8 Paleoenvironmental evolution diagram of the Wangshan Formation in the Xuhuai area

(a) evolution diagram of the sedimentary environment of the Wangshan Formation; (b) vertical variation characteristics of paleoproductivity; (c) vertical variation character-

istics of paleoclimate; (d) sea-level fluctuation curve
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Fig. 9 Sedimentary model diagram of the Wangshan Formation in the Xuhuai area
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Types of Stromatolites in the Neoproterozoic Wangshan
Formation at the Northern Margin of the Xuhuai Basin
and Their Paleoenvironmental Significance

YANG ZiJie, LI QianQian, XU BoYang,SUN FengBo,ZHENG DeShun

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

Abstract: [Objective ] Stromatolites are among the oldest microbial ecosystems on Earth, and they are profound sig-
nificant for understanding the co-evolution of early life and geological environments. In the southeastern margin of the
North China Craton, stromatolites were widely developed in the Neoproterozoic Wangshan Formation in the Xuhuai
area. However, the macroscopic and microscopic characteristics of these stromatolites, their response mechanisms to
different sedimentary environments, and their paleoclimatic implications remain insufficiently clarified. [ Methods ]
This study focused on the stromatolites of the Wangshan Formation. Stratigraphic sections were systematically mea-
sured at the Heituwo outcrop in Chulan township, Suzhou city, Anhui province, and representative samples were col-
lected for further analysis. Macroscopic observations were conducted to document the external morphology of stromato-
lites, and petrographic thin sections were examined under both plane-polarized and cross-polarized light to investi-
gate microscopic characteristics. In addition, geochemical analyses were performed, including major element testing
and carbon and oxygen isotope measurements. The integration of macro- and micro-scale observations with geochemi-

cal indicators made it possible to systematically classify the sedimentary facies of stromatolites in the Wangshan For-
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mation in order to reconstruct their co-evolution with the depositional environment, and to evaluate the primary con-
trolling factors that influenced stromatolite formation during the Neoproterozoic. [Results] The stromatolites of the
Wangshan Formation are mainly divided into three types: columnar, wavy and laminated. Columnar and wavy stro-
matolites occur predominantly in high-energy intertidal environments, whereas laminated stromatolites are stably dis-
tributed in low-energy supratidal zones. Geochemical tests show 8§"°C values between +2.61%o and +6.26%oc. At the bot-
tom of the section, the §"°C values decrease slightly, indicating a small-scale sea-level fall. Toward the top of the sec-
tion, a significant positive increase of 6"°C was recorded, corresponding to a rapid marine transgression. During this
interval, three successive cycles of 5"°C increase and decrease are recognized, interpreted as reflecting three com-
plete transgression — regression events. The §'*0 values of all samples are greater than - 10%o¢, and there is no clear
co-variation between 6"°C and §'*0, suggesting that the isotope signals largely preserve primary environmental infor-
mation. Furthermore, the MgO/CaO ratio of most samples is <0.125, implying that the overall diagenetic modification
of the Wangshan Formation carbonates was weak and that their geochemical indicators reliably reflect original deposi-
tional conditions. The P,0Os content are only weakly correlated with Al,O3, K;O, TiO; and SiO.. It is notable that peak
horizons of P»0s are often associated with storm-related bamboo-leaf-shaped intraclasts and stromatolite enrichment.
The Al>03, K,0 and TiO; contents display a marked increasing trend in the middle and upper portions of the Wang-
shan Formation, reflecting two distinct phases of sea-level rise, and are consistent with the fluctuations indicated by
8"C. In addition, Fe/Mn and Ca/Mg ratios suggest that the depositional period of the Wangshan Formation was charac-
terized by frequent climatic oscillations. [ Conclusions ] Stromatolites of the Wangshan Formation record significant
paleoenvironmental changes that occurred during the depositional period. Their formation was the result of complex in-
teractions between biological processes and environmental factors. The flourishing of stromatolites was closely cou-
pled with shallow-water environments that developed in relatively arid climatic conditions. On the microscopic scale,
the metabolic activities and interactions of microorganisms constrained stromatolite morphology, whereas on the
macroscopic scale, factors such as the intensity of terrigenous clastic input and the occurrence of storm events influ-
enced microbial ecological succession. Moreover, accommodation space, light intensity, and hydrodynamic condi-
tions collectively shaped the external morphologies of stromatolites. These findings provide new evidence for the
co-evolution of life and the environment during the Neoproterozoic.
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