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Discovery of tuffaceous siliceous rocks in the Meishucun Formation, Leibo area, southern Sichuan, and its

geological significance

Abstract: [Objective] This study aims to determine the rock type, depositional age, and tectonic setting of the volcanic
materials, thereby providing an important basis for regional stratigraphic correlation and studies of metallogenic events
and changes in sedimentary environments. [Methods] Three layers of waxy-yellow tuffaceous siliceous rocks were
identified at the base of the Meishucun Formation in the Leibo area of southern Sichuan. Zircon U-Pb dating, trace
element analyses, and Hf isotope analyses were conducted on these rocks. [Results] The results indicate a concordant
zircon U-Pb age of 539.3 + 2.7 Ma, &y (¢) values ranging from —1.2 to 2.9, and two-stage Hf model ages (7pm2) ranging
from 1,312 to 1,567 Ma. [Conclusions] Comparison with regional volcanic and sedimentary records across the
Ediacaran—Cambrian transition indicates that the zircon U-Pb age provides a chronological constraint on the age of the
basal Meishucun Formation and corresponds to the Fortunian Stage of the Terreneuvian Series, consistent with the
internationally recommended age for the base of the Cambrian System. Regional stratigraphic correlation suggests that
the Ediacaran—Cambrian boundary in the southern Sichuan—eastern Yunnan region is more appropriately placed at the
contact between the Daibu Member of the Meishucun Formation and the Dengying Formation. The widespread

distribution of coeval tuff layers reflects the temporal correspondence of tectonic events across different regions and
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provides an isochronous marker for comparative studies of basin evolution. In conjunction with basin evolution and
metallogenic processes in the Yangtze region during the Ediacaran—Cambrian transition, this age provides a
chronological constraint on the onset of phosphorite deposition in the southern Sichuan-eastern Yunnan region. It also
constrains the period of most intense activity of the first episode of the Xingkai Movement in southern Sichuan to
approximately 539 Ma. Zircon trace element and Hf isotope analyses indicate that the tuffaceous components are
rhyolitic in composition and that the source materials were mainly derived from partial melting of juvenile lower crust.
The magma was likely generated in a magmatic arc setting. The tuff formation may have been related to the collision
and amalgamation of continental blocks with Gondwana, or to the subduction and collision of surrounding microplates
toward Gondwana. [Significance] This study improves our understanding of the nature, provenance, and tectonic
setting of volcanic materials during the Ediacaran—Cambrian transition in the Yangtze Block. It also provides important
chronological evidence for determining the Ediacaran—Cambrian boundary, constraining the timing of phosphorite
deposition, and reconstructing basin evolution.

Keywords: Yangtze region; Meishucun Formation; tuffaceous; zircon U-Pb age; Hf isotope
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Fig.1 Lithofacies paleogeography of the Yangtze Block during the Early Cambrian and geological characteristics of the

Leibo area, southern Sichuan

(a) Lithofacies paleogeographic map of the Yangtze Block during the Early Cambrian (modified after Zhou et al., 2013); (b)

Stratigraphic section of the Meishucun Formation in the Leibo area, southern Sichuan; (c) Geological map of the Leibo area,

southern Sichuan
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Fig.2 Sedimentary characteristics of the Meishucun Formation in the Leibo area, southern Sichuan
(a) Siliceous bands and tuffaceous siliceous rocks in dolomite from the lower part of the Meishucun Formation; (b) Three
layers of tuffaceous siliceous rocks in dolomite; (c) Collophanite bands in siliceous dolomite; (d) Grayish-yellow tuffaceous

siliceous rock; (e) Photomicrograph of tuffaceous siliceous rock under crossed polarized light (+)
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Fig. 3 Cathodoluminescence (CL) images of zircons from tuffaceous siliceous rocks of the Meishucun Formation in the Leibo area,
southern Sichuan
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Z= | #5 PMO010-7 LA-ICP-MS £5f U-Th-Pb U Z SR
Table 1 LA-ICP-MS zircon U-Th-Pb isotope analyses of sample PM010-7

. L8/ (X10°) [FIAE % LB F#/Ma
P Th/U

Pb Th U 207Pb/235U 20_ 206Pb/238U 20_ 207Pb/206pb 20_ 207 Pb/Z}SU 20_ 206Pb/238U 20_ 207Pb/206pb 20_ 'LIEA___I? *[] E
PMOT0-7-1/1-69 1 311 | 686 | 0.45 | (7040 | 00260 | 0.0872 0.0020 0.0600 0.0032 sar1 |15] 539 12| 590 | 120 | 100
PMO10-7-3 156 | 379 | 492 | 0.77 | 9090 | 00260 | 0.0873 0.0015 0.0593 0.0030 543 16| 539 | 9 565 120 | 99
PMO10-7-4 131 1 190 | 271 | 0.70 | (6950 | 0.0670 | 0.0864 0.0024 0.0582 0.0054 532 |39] 534 |14| 490 | 200 | 100
PMO10-7-61 1151 568 | 1015 | 056 | 7500 | 00370 |  0.0875 0.0015 0.0590 0.0036 550 |22 541 | 9 558 140 | 98
PMO10-7-7 167 1 297 | 662 | 0.45 | (6930 | 00280 | 0.0872 0.0018 0.0588 0.0031 533 |17] 539 | 11| 555 | 110 | 99
PMO10-7-8 1 1111 650 | 973 | 0.67 | 7135 | 90370 | 0.0871 0.0024 0.0592 0.0036 sa6 | 22| 539 | 14| 558 140 | 99
PMO10-7-9 1 71 | 328 | 698 | 0.47 " (7130 | 00310 | 0.0871 0.0018 0.0608 0.0034 sa6 | 18| 538 | 10| 616 | 120 | 99
PMO010-7-

33 | 179 | 350 | 0.1
10 0.6870 | 0.0360 | 0.0866 0.0023 0.0578 0.0034 530 22| 535 | 14| s04 | 130 99
PMO010-7-

69 | 300 | 671 | 045
11 0.7140 | 0.0280 | 0.0874 0.0017 0.0614 0.0035 551 (20| s40 | 10| 4 120 | 98
PMO010-7-

73 | 463 | 656 | 0.71
12 07120 | 0.0380 | 0.0868 0.0021 0.0609 0.0039 sas | 22| 536 | 13| 616 | 130 | 98
PMO010-7-

33 | 230 | 286 | 0.80
13 0.7300 | 0.0680 | 0.0869 0.0024 0.0596 0.0053 552 |39 537 14| 590 | 210| 97
PMO010-7-

72 | 430 | 657 | 0.65
15 0.7080 | 0.0260 | 0.0876 0.0014 0.0588 0.0030 sa2 |15| sa1 | 9| saa | 110 | 100
PMO10-7-

78 | 433 | 659 | 0.66
16 0.7120 | 0.0400 | 0.0874 0.0021 0.0582 0.0038 sas | 23| sa0 12| s10 | 140 | 99
PMO10-7-

72 | 528 | 643 | 0.82
17 0.7590 | 0.0730 | 00872 0.0036 0.0645 0.0068 573 |42] 539 22| 750 | 230 | o4
PMO10-7- | 59 | 423 | 488 | 087 | 610 | 00580 | 0.0863 0.0023 0.0579 0.0049 538 |35] 533 14| 500 | 200 | 99
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PMO010-7-
78 | 499 | 719 0.69
20 0.7140 0.0310 0.0877 0.0022 0.0597 0.0032 546 18 542 13 582 110 99
PMO010-7-
93 | 401 | 874 0.46
21 0.7040 0.0410 0.0860 0.0024 0.0591 0.0043 540 25 532 14 550 160 99
PMO010-7-
45 | 171 | 472 0.36
22 0.7300 0.0750 0.0860 0.0029 0.0618 0.0067 554 44 532 17 630 230 96
2 FERPMOI0-T 5 EMBTRAMER (x10°)
Table 2 Trace element analyses (x10) of zircons from sample PM010-7
) Sc Ti Y Nb La Ce Pr Nd Sm Eu | Gd Tb Dy | Ho Er | Tm Yb Lu Hf Ta Th U Pb
PMO10-7-1 | 284 | 2.42 | 2332 | 429 | 0.05 | 12.37 ] 0.11 | 1.89 | 544 1 029 | 38 | 1450 | 22 | 24 | 27 | 30 | 625 | 120 | 12450 | 1.45 | 311 | 686 69
PMO010-7-3 | 379 | 8.20 | 4080 | 3.45 | 0.05 | 12.06 | 0.44 | 7.62 | 17.90 | 2.25 ] 100 | 31.22 | 378 | 135 | 613 | 116 | 967 | 182 | 9080 | 0.82 | 379 | 492 569
PMO010-7-4 | 424 110.80] 2580 | 3.25 | 0.03 | 6.16 | 0.24 | 3.40 | 7.60 | 1.46 | 48 | 16.82 [ 213 | 83 [ 397 | 78 | 656 | 129 | 8720 ] 0.68 | 190 | 271 31
PMO010-7-6 | 270 | 4.30 | 2109 | 5.32 | 9.19 | 40.90 | 3.83 | 19.30| 9.00 | 0.39 | 38 | 1291 [ 171 | 67 [ 327 ]| 67 | 570 | 110 | 12860 | 2.15 | 568 | 1015 115
PMO010-7-7 | 272 | 2.47 | 2471 | 2.94 [ 0.10 | 11.04 | 0.11 [ 1.94 | 6.00 | 0.31 | 42 | 1530 | 202 | 80 | 384 | 77 | 665 [ 127 | 12520 | 1.21 | 297 | 662 67
PMO010-7-8 | 338 | 4.30 | 3610 | 5.64 | 0.23 | 16.20 | 0.39 | 5.46 | 11.50 | 0.96 | 76 | 24.53 [ 315 | 118 | 550 | 107 [ 900 | 167 | 11340 | 1.66 | 650 | 973 111
PMO010-7-9 | 251 | 2.33 | 2409 | 2.00 | 0.16 | 10.50 | 0.11 | 2.59 | 6.36 | 0.35] 43 | 15.61 | 203 | 79 [ 373 | 76 | 655 | 125 | 12420 | 0.95 | 328 | 698 71
PMO010-7-10 | 337 [ 3.15 | 2219 | 1.45] 0.00 | 6.25 ] 0.15] 3.68 | 8.13 ] 0.96 [ 50 | 16.61 | 206 | 76 | 340 [ 67 | 569 | 104 | 10480 [ 0.63 | 179 | 350 33
PMO010-7-11 | 258 [10.00] 2003 | 3.14 ] 0.08 | 12.01 | 0.13 | 1.74 | 4.57 | 031 | 33 | 12.05 | 156 ]| 65 | 318 | 65 | 561 | 111 | 12340 | 1.43 | 300 | 671 69
PMO010-7-12 | 404 | 4.50 | 5140 | 3.62 | 1.98 | 22.80 | 1.37 | 13.50| 23.00 | 2.50 | 127 | 40.90 | 488 | 175 | 764 | 148 | 1192 | 219 | 10130 | 0.93 | 463 | 656 73
PMO010-7-13 | 526 [12.30] 4200 | 2.16 | 0.71 | 11.30 | 0.96 |12.80] 22.50 | 4.68 | 118 | 35.50 | 415 | 144 | 626 | 118 | 998 | 184 | 8340 | 0.46 | 230 | 286 33
PMO010-7-15 | 320 | 4.48 | 2863 | 6.16 | 0.02 | 18.40 | 0.20 | 3.41 | 794 | 0.86 | 56 | 19.74 | 249 | 93 | 435 | 84 | 715 | 132 | 10990 | 1.83 | 430 | 657 72
PMO010-7-16 | 441 | 7.20 | 3113 ] 3.95] 0.18 | 9.05 ] 0.33 ] 491 | 1045 ] 1.10 | 64 | 21.74 | 273 | 105 | 472 | 92 | 769 | 150 | 10100 | 1.31 | 433 | 659 78
PMO010-7-17 | 400 | 8.20 | 5250 | 3.69 | 0.67 | 18.60 | 0.64 | 12.60] 21.50 | 2.64 | 137 ] 39.60 | 496 | 172 | 775 | 142 | 1191 | 214 | 9900 [ 0.94 | 528 | 643 72




PMO010-7-18 | 405 |12.40] 4350 | 3.91 | 0.12 | 16.50 | 0.52 ] 9.20 | 21.10 | 2.10 | 109 | 3420 | 411 | 144 | 640 | 119 | 978 | 185 | 9820 | 0.88 [ 423 | 488 58
PM010-7-20 | 398 | 5.00 | 2853 | 4.82 ] 0.01 [ 11.86 [ 0.20 | 3.76 | 8.97 | 0.74 | 57 | 20.19 [ 256 | 96 | 426 | 83 | 688 | 129 | 10150 | 1.34 [ 499 | 719 78
PM010-7-21 | 375 | 5.10 | 3200 | 3.51 | 4.90 | 23.04 [ 2.15 ]11.90| 10.20 | 0.55 | 57 | 19.45 [ 265 | 103 | 498 | 100 | 885 | 169 [ 12560 | 1.31 | 401 | 874 93
PMO010-7-22 | 263 | 5.00 | 1499 | 2.13 |33.70] 93.00 | 13.20]65.50| 18.40 | 0.56 | 38 9.33 | 122 | 47 {237 | 50 444 83 | 11930 | 0.86 | 171 | 472 45
73 #Ef PMO10-7 $5A Lu-Hf B R4 R
Table 3 Lu-Hf isotopic analyses of zircons from sample PM010-7

Mp=y T\fj 75y b/HE 20 SLw/"THE 20 SH{/THE 20 ene (0) | 7HE'HE (£) | enr(9) | 1o Tom/Ma Tov/Ma Srume
PMO010-7-1| 541 0.059192 0.001415 0.001911 0.000048 0.282487 0.000018 | —10.1 0.282467 1.1 0.6 1109 1426 —0.94
PMO10-7-2 | 540 0.066903 0.002918 0.002198 0.000077 0.282503 0.000020 | 9.5 0.282481 1.6 0.7 1094 1397 -0.93
PM010-7-3 | 535 0.071386 0.000749 0.002247 0.000024 0.282518 0.000020 | —9.0 0.282496 2.1 0.7 1073 1367 —0.93
PMO010-7-4 | 53¢ 0.077998 0.001026 0.002558 0.000037 0.282546 0.000021 -8.0 0.282520 29 10.7 1042 1312 -0.92
PMO010-7-5 | 537 0.124052 0.002088 0.004068 0.000042 0.282530 0.000027 | 8.6 0.282489 1.8 {09 1112 1381 —0.88
PMO010-7-6 | 541 0.047097 0.001719 0.001568 0.000056 0.282426 0.000017 | —12.2 0.282410 -0.9 | 0.6 1185 1554 —0.95
PMO010-7-7 | 540 0.089505 0.001049 0.002825 0.000027 0.282518 0.000020 | —9.0 0.282490 1.9 [ 0.7 1091 1377 —0.91
PM010-7-8 | 539 0.110704 0.000456 0.003506 0.000019 0.282542 0.000020 | 8.1 0.282506 25 (0.7 1077 1341 —0.89
PM010-7-9 | 533 0.151380 0.002734 0.004795 0.000060 0.282495 0.000036 | —9.8 0.282447 02 |13 1191 1478 —0.86
PMO010-7-10| 540 0.081386 0.000556 0.002590 0.000018 0.282499 0.000024 | —9.6 0.282473 14 (0.8 1111 1413 —0.92
PMO010-7-11| 532 0.052479 0.000901 0.001786 0.000017 0.282515 0.000019 -9.1 0.282497 2.0 0.7 1065 1366 -0.95
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Fig.4 U-Pb concordia diagram of zircons from tuffaceous siliceous rocks of the Meishucun Formation in the Leibo area, southern Sichuan
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Fig.6 Comprehensive stratigraphic column of the Meishucun Formation and adjacent strata in the Leibo area, southern Sichuan
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Fig. 7 Zircon trace element discrimination diagrams for tuffaceous siliceous rocks of the Meishucun Formation in the
Leibo area, southern Sichuan
(a)Y vs. Hf diagram (modified after Belousova et al., 2002); (b)HfO,vs. Y,0sdiagram (modified after Grimes et al.,
2015)
I=kimberlite; [I—ultramafic, mafic and intermediate rocks; IlI—quartz-bearing intermediate acid rocks; IV—acid rocks
with high SiO, content; V—greisen; VI—alkaline rocks and alkaline metasomatic rocks in alkaline complexes;
Vll—carbonate
Some fields in panel b represent overlapping compositional domains of zircons from different rock types; therefore, no
single field corresponds exclusively to one rock type: la—tholeiitic plagiogranite; lb, lc, 1d, and le—alkaline
granite/rhyolite on solid solution line; 1¢, 1d, and 1e—alkaline/peralkaline syenite/trachyte; 1c—Hawaiites and alkaline
basalt; le, 2, 3a, 3b, 3c, 4a, 4b, and 4c—alkaline granite/rhyolite below the solid solution line; 4a, 4b, 4c, 5a, 5b, Sc, 6a,
and 6b—intermediate to mafic calc-alkaline rocks; 5a, 5b, and Sc—calc-alkaline granite/rhyolite; 4a, 4b, 5a, and
Sb—high-K calc-alkaline or Mg-K granites/rhyolite; 4c, 5a, 5b, and Sc—alkaline or Fe-K granite/rhyolite; 3b, 3c, 4b, 4c,
5b, 5¢c, 6a, and 6b—peraluminous porphyritic granite/rhyolite; 3¢, 4¢, Sc, and 6a—peraluminous leucogranite; 3¢, 4c, Sc,
and 6a—in situ produced peraluminous leucogranites
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Fig. 8 Zircon Hf isotope diagrams for tuffaceous siliceous rocks of the Meishucun Formation in the Leibo area, southern Sichuan

(@) end(?) vs. t diagram (modified after Wu et al., 2007); (b) ('""*Hf/"""Hf); vs. t diagram (modified after Wu et al., 2007)

t—zircon crystallization age; end(f)—zircon Hf isotopic composition at time ¢; ("°Hf/'""Hf);—initial zircon Hf isotopic ratio
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Fig. 9 Zircon trace element discrimination diagrams for tuffaceous siliceous rocks of the Meishucun Formation in the Leibo area, southern
Sichuan
(a) Sc/Yb vs. U/Yb diagram (modified after Grimes et al., 2015); (b) U/Yb vs. Nb/Yb diagram (modified after Grimes et al., 2015);



(c)Th/NDb vs. Hf/Th diagram (modified after Yang et al., 2012); (d) Th/U vs. Nb/Hf diagram (modified after Yang et al., 2012)
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