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Tectonic evolution of the western Yangtze Block during the Ediacaran—Cambrian: evidence from

detrital zircon U-Pb geochronology

Abstract: [Objective] The Yangtze Block was a crucial component of the Gondwana supercontinent. During the
Ediacaran—Early Cambrian, its western margin underwent a marked transition from carbonate- to siliciclastic-dominated
depositional environments. However, the tectonic dynamics and geotectonic setting governing this pronounced sedimentary
facies shift remain poorly constrained. Thick Lower Cambrian terrigenous clastic rocks widely exposed along the western
margin of the Yangtze Block (Western Yangtze) serve as a key archive for tracing sediment provenance and deciphering
Early Cambrian geotectonic evolution. [Methods] This study presents systematic detrital zircon U-Pb geochronological
and whole-rock major- and trace-element geochemical analyses of the Lower Cambrian Qiongzhusi Formation in the
Western Yangtze to constrain its provenance and tectonic background. [Results] Whole-rock geochemical data indicate
that high-field-strength elements (HFSEs) and large-ion lithophile elements (LILEs; e.g., Th, Zr, Hf, Ba, Pb) in the
Qiongzhusi Formation clastic rocks align closely with upper continental crust (UCC) values. Conversely, elements such as
Co, Ni, Y, Nb, Cs, Hf, and Ta are depleted relative to UCC, with Co, Cs, and Ta showing the most significant depletion.
Characteristics of immobile elements (Th, Sc, Hf, Zr, Ho) and rare earth elements (REEs; e.g., La, Ce, Yb) consistently
indicate a predominantly felsic igneous source. Detrital zircon U-Pb age spectra exhibit two primary population peaks at
ca. 590-500 Ma and ca. 880—720 Ma, alongside two subordinate clusters at ca. 1900—-1500 Ma and ca. 2500-2400 Ma.
[Conclusions] Integrated with regional geological evidence, we propose that the Early Cambrian detritus was primarily
derived from Ediacaran—Early Cambrian magmatic rocks within the Longmenshan tectonic belt, as well as weathering
products of late Neoproterozoic felsic magmatic rocks from the Panxi—-Hannan and Ailaoshan magmatic arcs. Subduction
of the Proto-Tethys Ocean beneath the Western Yangtze during the latest Ediacaran—Early Cambrian established a Late
Ediacaran—Early Cambrian magmatic arc. This tectonic event converted the Western Yangtze from a passive margin into an
active continental margin, supplying voluminous Early Cambrian detritus that drove the major depositional transition from

carbonates to siliciclastics. [Significance] These findings establish key provenance links between the Western Yangtze and
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surrounding orogenic belts, providing critical constraints for reconstructing the tectonic and paleogeographic evolution of
the South China Block during the Ediacaran—Early Cambrian transition.
Keywords: western Yangtze Block; Ediacaran—Cambrian; detrital zircon U-Pb geochronology; whole-rock geochemistry;

magmatic arc
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Fig. 1 Regional geotectonic framework and simplified geological maps of the study area

(a) geotectonic map of South China and adjacent regions (modified from Liu et al., 2023; Liu et al., 2025); (b) Ediacaran—Ordovician

stratigraphic columns in the Nagu and Yimen areas (modified from Xiong et al., 1980); (c) Simplified geological map of the Nagu area,

Dongchuan (modified from Xiong et al., 1980); (d) Simplified geological map of the Yimen area (modified from Xiong et al., 1980)
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Fig. 2 Field outcrops, hand specimens and thin-section photomicrographs of representative samples

(a) Field outcrop photograph of sample YM-35; (b) Hand specimen of sample YM-35; (c) Plane-polarized light (PPL) photomicrograph of

sample YM-35; (d) Hand specimen of sample DC-5; (¢) PPL photomicrograph of sample DC-5; (f) Cross-polarized light (XPL) photomicrograph

of sample DC-5
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Fig. 3 Representative cathodoluminescence (CL) images of detrital zircons from the Lower Cambrian clastic rocks in Nagu Town, Dongchuan

District and Yimen County

Red circles indicate U-Pb analytical spots, red numbers are spot IDs. Values below zircons represent corresponding U-Pb ages; laser beam

diameter is 44 pm.
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Fig. 4 Detrital zircon U-Pb concordia diagrams and age probability density spectra for the Qiongzhusi Formation in Nagu Town, Dongchuan

District and Yimen County

(a) Zircon U-Pb concordia diagram for sample DC-5; (b) Zircon U-Pb age probability density spectra for sample DC-5; (¢) Zircon U-Pb
concordia diagram for sample YM-35; (d) Zircon U-Pb age probability density spectra for sample YM-35

The blue curves represents the U-Pb concordia curve, and numbers along the concordia curve indicate concordia ages (Ma). Red ellipses
represent analytical data points with 2o uncertainties. The inset shows an enlarged view of the data-rich portion of the diagram. n represents the

number of valid zircon analytical spots.
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ca. 590~500 Ma 4E & . W A K Al w5 WE—mME—HFE—MN EBELEFRATA . &
Gondwana # K Fifi 8 5 & B2 192 JE A 18 (L /E A ¢, Jor 5 BT U A S IR KA DR, BELRR 1 AR A B
F2 R TR B MR AR S 1 Kuunga i LU AT FED B2 B 4% Hh e 5 A 2 b B DL K B RE A B 2R P R A
i e VG S £, 45 G IR o+l 75 N 1Y Cadomian & L1177 A 2Z 18] /Y # J5 22 it (45 48 I 45, 2001, 2002; Liu et al.,
(& 7; Liu et al., 2020; Chen et al., 2021) ; 7E 1€ 5 Mg Bk 2023) ., g L HE W, Kuunga & L5 Al = JT — 1% 38 (X
WER, ZI A K -G il F B T - R AREdFEY FHLIL T RSB AW EEREY
X, IR K& IR (Lietal, 2017; Guet . AHELZ N, 55 AR 4R 307 70 AR o 4 AR OG 14 5
al., 2023; Deng et al., 2025) . R 1fi, &b AR —rd 75 [ A7 (Cadomian & LI 47 DL K g 177 111 b X)) B AT fig 2 I
JE AT AR — TR GOK M (LA TR i — EEAE Y I (Deng et al,, 2025) . AWK AT
PRl e W E TR - FER GG A iz R 8 8 A 2 B A IR—kg
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Table I Whole-rock major and trace element compositions from the Qiongzhusi Formation,Yimen County
FEfdS  Ag Al As Be Bi Ca Cd Co Cr Cs Cu Fe Ga  Ge In K Li
YM-35-1 009 372 37 101 007 673 004 59 24 243 393 318 887 <005 0.116 172 535
YM-35-2 008 38 30 103 005 637 074 47 25 241 840 298 884 <005 0.160 176 555
YM-353 009 381 35 1.03 008 678 008 6.1 25 254 491 322 892 <005 0.126 176  53.8
YM-35-4 006 390 28 105 006 656 005 52 25 261 387 301 922 <005 0122 180 560
YM-35-5 009 383 41 105 007 684 004 64 25 261 39.6 332 923 <005 0.122 177 533
FEM%S Mg  Mn Mo Na  Ni P Pb  Rb Re S Sb Sc Se  Sn Ta Te Ti
YM-35-1 408 1615 685 004 168 890 53  61.0 <0.002 044 060 58 1 13 049 <0.05 0.208
YM-35-2 386 1500 472 0.05 148 880 44 589 <0.002 027 049 58  <I 13 047 <005 0214
YM-35-3 415 1615 898 005 170 880 53 632 <0.002 049 063 6.0 1 14 049 <005 0214
YM-35-4 404 1575 575 0.05 147 890 41 634 <0002 019 046 60 <l 14 048 <005 0220
YM-35-5 414 1635 858 005 186 80 55 630 <0002 054 070 60 <l 14 050 <005 0212
PSS T w Zn Ba Ce Dy Er Eu Gd Hf Ho La Lu Nb Nd Pr Sm
YM-35-1 033 1.0 38 604 294 540 235 145 654 33 100 140 031 75 165 391 629
YM-35-2 031 09 419 544 292 502 224 139 622 33 095 142 030 7.7 166 391 6.1
YM-35-3 035 1.0 79 490 301 556 245 151  6.86 36 102 144 033 77 174 400  6.56
YM-35-4 031 1.0 39 597 302 517 226 139 628 3.6 097 146 032 77 169 404 628
YM-35-5 035 1.0 36 403 296 531 238 147 646 34 097 142 031 76 169 391 630
RS s T Th Tm U v Y Yb Zr  ALO; As,0; BaO CaO Cl  CoO CrO; CuO
YM-35-1 475 097 622 035 181 49 276 202 127 712 <001l 007 9.66 001 <0.01 <001 <0.01
YM-35-2 453 097 625 032 174 52 262 190 123 739 <001 006 9.9 001 <001 <0.01 <0.01
YM-35-3 475 105 647 035 192 52 280 206 134 733 <00l 005 980 001 <001 <001 <0.01
YM-35-4 463 097 629 034 18 52 269 190 130 739 <001 007 920 001 <001 <001 <0.01
YM-35-5 466 098 627 034 182 48 270 195 126 741 <001 005 975 001 <001 <001 <0.01
Ha%iS  TFe,0, K,O MgO MnO Na,0 NiO P,0O; PbO  SiO, SnO, SO, SO TiO, V,0; ZnO  ZrO, LOly
YM-35-1 467 210 697 022 005 <001 018 <001 5254 <001 1.04 <001 035 <001 <001 001 1572
YM-352 438 217 662 021 005 <001 0.19 <001 5400 <001 064 <001 035 <0.01 004 00l 1505
YM-35-3 474 213  7.08 023 005 <001 018 <001 5197 <001 115 <001 035 <001 <001 001 1599
YM-35-4 431 216 675 021 004 <001 0.19 <001 5368 <001 044 <001 036 <0.01 <0.01 001 1555
YM-35-5 484 216 7.0 023 005 <001 019 <001 5180 <001 128 <001 035 <0.01 <001 001 15.87

Fobk (& 3), 3878 30 IR 328 R E, ik — 45 S0 3E 1k e
J& W ] RE Sk H 3 7 V8 S AU B e 1T LR i A Bl
Cadomian & L7 .

ca. 880~725 Ma 4E I I 4 F Mk iz K H %
KW, EE AR ZEE DR A KK (ca. 725~
888 Ma; Zhao et al., 2017, 2021) . P4 [ & % 7 111 4 i
5 (ca. 834~731 Ma; Cai et al., 2014, 2015) }2 75 7§ %
VI FE 38 14 (ca. 840~742 Ma; Yao et al., 2019) , i%
BT 0 JiE 45 A T A5 2 b A — b AR, 48 R I R R
iz (& 3) o (HUTRRAR 43 BT 2 W], VL RE 3 1 78 i B
WAk T VT RS A b K X, T 2R T IR A 2K R R
A2 1L R A ) 8 T R X 3 5 b X, RS
A BE R ¥ 1V Sk A BN R B

ca. 1860~1730 Ma 5 ca. 2500~2400 Ma 4 % £f .
ca. 1860~1730 Ma 1 3¢ %5 it sk 75 4% 1 V4 2 B BH ¥ K
115 o B gk oK 8 (Wang et al, 2012); ca. 2500~
2400 Ma & 3¢ 55 W) UL 47 - b P e 08 b, 1XC (3.5~2.5
Ga) K #B PG Jb 356 A9 P4 3% (Phan Si Pan) 11X (2.6~2.1
Ga; Zhao et al., 2019) . 1% 2 31T J8 i A7 35 3 5 B —
BAR (& 3), 2 W H B A 06 20 L L, v BRI A 4 F
Hb e i € B 40 b )2 Y PRI 3A o

Zi L Y oug T 2R G Y o LR TR TR
RHEYBEFELERAY PSR ILZAEBS
E SN LR A J RS G 4 NN 7R I G
LI A8 385 e I I A e BT 5 IR A DL R A A Y
AL Bk 7= 8, 22438 5 VIR T3 F I 245 b X
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Fig. 5 Upper continental crust (UCC)-normalized trace element spider diagrams and chondrite-normalized rare earth element (REE)
distribution patterns of shales from the Qiongzhusi Formation,Yimen County (Chondrite normalizing values are from McDonough and Sun,
1995; upper continental crust normalizing values are from Rudnick and Gao, 2014)

(a) UCC-normalized trace element spider diagram; (b) Chondrite-normalized REE pattern
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Fig. 6 Geochemical provenance discriminant diagrams for Lower Cambrian clastic sedimentary rocks on the western margin of the Yangtze
Block

(a) La/Yb vs. REE (basemap from McLennan et al., 1993); (b) Th/Sc vs. Zr/Sc (basemap from McLennan et al., 1993); (c) La/Th vs. Hf
(basemap from Floyd and Leveridge, 1987); (d) Co/Th vs. La/Sc (basemap from Wronkiewicz and Condie, 1987)

Red squares denote data from this study; blue triangles denote literature data from Chen et al., 2023; Yang et al., 2024; Liu et al., 2025.
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(a) Pan-African magmatic rocks; (b) Neoproterozoic magmatic rocks
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Fig. 8 Trace element tectonic setting discrimination diagrams for Ediacaran—Lower Cambrian clastic sedimentary rocks on the western margin

of the Yangtze Block
(a) La—Th-Sc; (b) Th—Co—Z1/10; (¢) Th—Sc—Zr/10

Red squares denote data from this study; green circles denote literature data from Gu et al., 2023; base maps are from Bhatia, 1983.
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Fig. 9 Detrital zircon U-Pb age probability density spectra and cumulative distribution plot for the Ediacaran-Lower Cambrian on the western
margin of the Yangtze Block (Data from Wang et al., 2012; Chen et al.,2016; Tian et al., 2020; Gu et al., 2023; Liu et al., 2023; modified from
Cawood et al., 2012)

(a) Detrital zircon U-Pb age probability density spectrum; (b) Cumulative probability distribution curves of detrital zircon crystallization age
(CA) minus depositional age (DA)

n represents the number of valid zircon analytical spots.
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tectonic setting discrimination diagram (base map after Yang et al., 2012)
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