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Abstract Ecological evolution varied significantly across different water depth during the
Permian—Triassic mass extinction. Shallow-water carbonate platform environments, characterized by low
ambient water depth, hosted the majority of benthic organisms and consequently exhibited heightened
sensitivity to environmental changes. As such, they provide critical insights into marine ecosystem
evolution under disaster scenarios. Although middle to deep-water settings have been extensively studied,
research on shallow-marine environments remains limited. This paper focuses on the newly identified
Panjiazhuang section, a shallow-water carbonate platform succession in the Changxing area of Zhejiang
Province, and integrates sedimentological, paleontological, and isotopic geochemical analyses to
reconstruct ecosystem evolution across the Permian—Triassic transition. In the Panjiazhuang section, a
major extinction event is recorded at the top of the bioclastic limestone within the upper Permian Changxing
Formation. This interval coincides with a distinct shift in microfacies—from foraminifera-and algae-rich
bioclastic limestone to microbialite—indicating a rapid proliferation of cyanobacteria following the collapse
of metazoan communities. Additionally, the inorganic carbon isotope exhibited a notable negative excursion
during this time. The findings indicate that the ecosystem transition from bioclastic limestone to microbialite
facies at the Paleozoic-Mesozoic boundary in the Panjiazhuang section represents a single-episode extinction
process during the Permian—Triassic mass extinction event.

Key words mass extinction, shallow water, microbialites, ecological evolution, Permian, Triassic,
Zhejiang Province
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Fig. 1 Palaeogeographic map of the Lower Yangtze region during the Permian—Triassic transition,

location of Panjiazhuang section and field outcrops
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1, 2—Hindeodus parvus, WK F 200 pm; 3, 4, 5—Hindeodus praeparvus, 3 Fl 4 4Ry 200 pm, 5 R 300 wm; 6, 7, 8—Hindeodus
typicalis, 6 F1 8 Hofil R g 200 wm, 7 HAHIR g 300 wm; 9, 10— Hindeodus altus, 9 H i K.y 400 pm, 10 BBl K2 200 pm; 11 % 17—Isarcica
staeschei, 11 L@l RN 200 pm, 13, 14, 16, 17 HHIR Jg 300 wm, 12 F1 15 Fofil R 400 pm; 18—Isarcica isarcica, AR Jg 300 wm
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Fig. 2  Conodont plates of Panjiazhuang section in Changxing County, Zhejiang Province
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Fig.3 Carbon isotope comparison of the Permian—Triassic transition at Panjiazhuang and Meishan sections

in Changxing County, Zhejiang Province
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Fig. 4 Fossil distribution during the Permian—Triassic transition at Panjiazhuang section in Changxing County, Zhejiang Province
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Fig. 5 Sedimentary microfacies of bioclastic limestone of the Lower Permian Changxing Formation at Panjiazhuang section

in Changxing County, Zhejiang Province
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Fig. 6 Polished and thin section photomicrographs showing thrombolite of the Lower Triassic Yinkeng Formation at

Panjiazhuang section in Changxing County, Zhejiang Province
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Yinkeng Formation at Panjiazhuang section in Changxing County, Zhejiang Province
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Tl F A6 . 725 RN 28 0k 1 B[R] 78 42 BRI LA AT LA
g SR, AT DA TR )2 3R AR A 2k,

Je AN [ 2 B BT R A e /ML e AR AT 2 X
It ( Korte and Kozur, 2010). ) a0, HE il 5| m
8"C o MK UL 13 Clarkina yini 7 & 4145 JT 1
BFWREAL (B 3), 378 Clarkina meishanensis w7 H
BT PR FEAR I IR B B AR (AL TR Es 25 2),
ZJGTE Hindeodus parvus A7 (P FH e 27 )2
), X — e O (8 K OREAE, 2002; Xie
et al., 2007),

e o< FE F T, AR ik () 62 3% i £ 0 T AL
P, ZHRAY ZF/ A Z AR R R U YA ISR
TFIG KA s ALt , IR IR B ORAE, TERAEY) AR
FR I 2y 30 em gb A [l TE (18 3) o I, WK E
P TR A= 0 2 8 D0 AR B B R SO 24 1 0 o ) e
24e R AR R 29 JZ AR, AN, TEWE K E ) H
b AR R AR R At e e A A S A AR W K A Y
TEECIE 7), W B TRk AR i fw, X &R 2=
WR IR, WM RE &L S &2 M
s 55 £ W) K 4 A A7 AR — E 1 R

4.3 EFTREE

TR =ZSLAZZNEY AR -2 ET
AW SR A B (Song et al., 2009;
Zhang and Gu, 2015; Tian et al., 2019; Li et al.,
2022) o TEFHR—HIKMX, AWK %4 SRR
FPHEFE R (Song et al., 2009, 2013) ®E 1 X
RERNER ALK 4 (Shen et al.,2019) . 7E ¥ K AH
X, REHBAXFFERZE 2R, Hh B riokai
WR T 2B FA (Li et al., 2021), T
W47 5% B b X R e A8V 2 b 1) BICST Bk R 6 A 5 b
W B o B UK 4 3 A2 (Tian et al., 20195 Li
et al., 2022)

W, — % HH 06 3099 3 b DX AL O ol 3 A Bk TR R
DURREREE, AWt 58k, aahaEwin 8&
RIS 28% L0, P LR, R K
RE¥HEED MM 7.81% ., 13.80% 1 5.92% , X
T LLSE S RN LR SE G AR A 3 0 A W B T A
JEAE R DL R A B A It A AR — R LA AR S R
(ZEWE M A1 T Mg4E, 19875 Erwin, 2006), J7{Z 7>
A TR . TR AR IR . B S 4 AR RMETE
FOER, X—ASREZEL, LRZHUEE
WA RY, R FHFA WL, 5P TL
L AT M XA K BB B R AR K 4 R 5K — X
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(Tian et al., 2019; Li et al., 2022), ME L4 T
B, ARG MR U] e e R W A
Te iR G, AYTE S LS =/ LRI N 2
B BIR K (Liet al., 2021) , FWIAEE RAEFE
P8 Ak 4[] Pof 25 52 B AN () oy e B A 52, 2R
YR 246 )5 TE AN GOIT 00 5%, AR R L N iEAME
FEEE, RN/ NE RS WFEE . A
B 2R FNG e, 31X 55 48 R 2 B0 Tl W o A R T —
£

Bl & A= Py RE T T AL, DR R A T
A VIR IR G R AR B R e 1, LUK
S i A 2k R v S A S U8 R KA AR TR A KA Y R
Ho W, TEHURK AL 2R % A T B WA 5 B
i, DLAIE YA B R A W K A = b AR S R B R
MABFFERT LAFE B, 8 40 R W 9 HEVE ot =5 7 1
BT R IR RS AR AR kA SRR B R K 4
BA RS RGE LA b; MEE S AR R
WIET, WA UK, IR I AR A
AU BUAEW ARG, BEE R =S iR
FEROHREIE, KRR AN, RIS A B, 3
EYrEWZ L T HAKKR .

5 #ig

1) WAKRRILEIE_BLH -FLZLS
DT 4 A UURAIEEAC Y BE . M & B T R T
WEE, MR & B LI LY S e s B
=F/REY NG NRR—ITREIREE, &7
A o B BESR O BUEY A s R RN £
NG RLRERR S A & R BRINEE, il k B A
TR VL R A S R TR R K

2) T“ERLRBIAEY RORK LA A KT
P TAT A G A A U R T D O TR, 1) LA LML |
RELY &ML, gEdE., NEELE, B
o MG FE AT, B RO 4 H A 2 )5 R AT
HIEB R

3) MR LRI B LS =B HRIF LR
Je e e 3 DUl B R DA e AR AE AR R
ZJE PR I o Sl s DURR B BER M 25 01
T2 24e J2 T RRES 29 )=
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