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Fig. 1 Geological map (a) and tectonic outline of the study area (b,modified after Wang Ningzu et al. ,2019) (a) #1 5
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€(a) Geologica map: Jys—Suining Formation J,sh—Shaximiao Formation; J,z—Ziliujing Formation; Tye—Ergiao Formation; T,g—Guanling
Formation ; T,j—Jialingjiang Formation; T, y— Yelang Formation; P;/—Longtan Formation; P,m—Maokou Formation ; P,q—Qixia Formation; P,i—
Liangshan Formation; S, /—Longmaxi Formation; 0, ,—Middle and Upper Ordovician; O,—Lower Ordovician; €,_,ls—Loushanguan Formation;
€,¢—Qingxudong Formation
(b) F3E 43X IV -4-1-1— B T 5 A AR B X5 IV -4-1-2—7 K AL PG [0 48 Wil 5 IV -4-1-3— B b e X ; V-4-1-3 (1) —8 e T ks
JBIX;IV-4-1-3 (2) —EEAT OB R S (ARRBFFEIX) 5 IV -4-1-3 (3) —RUXI B 1L 1a] B A X8 A8 B IX; IV -4-1-4—3R K P S R A I X5 IV -
4-2-1—% L E B REBIE X IV-4-2-2 (1) — WS- 10 AR SR IE X 5 IV-4-2-3 (1) —#5I R b i) Al =R a8 B X ; IV -4-2-3 (2) —
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(b) Tectonic units; IV-4-1-1—Weining dome and basin structural deformation area; IV -4-1-2—Liupanshui NW-trending fold and fault belt; IV-4-1-
3— Northern Guizhou uplift area; IV -4-1-3 ( 1) —Zhijin dome and basin structural deformation area; IV-4-1-3 (2)—Bijie arc-like fold belt ( this
study area) ; IV-4-1-3 (3)—Fenggang North—South wide spaced synclines deformation area IV -4-1-4—Chishui gentle fold deformation area; IV -4-
2-1—Xingyi dome and basin structural deformation area; IV-4-2-2 (1) —Ceting East—West tight fold deformation area; IV-4-2-3 ( 1 )—Duyun
North—South wide spaced synclines deformation area; IV-4-2-3 (2)—Tongren compound fold deformation area; IV-4-2-4 ( 1)—Rongjiang open

compound fold deformation area;IV-4-2-4 (2)—Liping tight compound fold deformation area
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Fig. 2 Sectional stratigraphic histogram of the Jialingjiang Formation in the Puyi area
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Fig. 3 The field (a)—(d) and microscopic pictures (e)—(f) of the tuffites from the Jialingjiang Formation in the Puyi area
(a) PMO02 5B VT2 — BRI UBE IR th 65 T T BF AR 5 (b) PMOOG6 3% b VT 41 DU B JEE 35 U6 K 22 1) 300 1T BF A I A5 (¢) PM002-2rz
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Field photos: (a) the PMO0O02 tuffite outcrop profile, (b) the PMOO06 tuffite outcrop profile, (c¢) hydromuscovitized tuffite of the PM002-2rz

sample, (d) clayed tuffite of the PM006-33rz sample ; Micrographic photos with crossed polars: (e) hydromuscovitized tuffite, () clayed tuffite.

VRF—volcanic rock fragments ; Fs—feldspar ; Q—quartz ; Hm—hydromuscovite ; FeO—ferric oxide
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Table 1 Zircon trace elements (x10™°) analysis for the tuffite samples from the Jialingjiang Formation in the Puyi area
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HR

PMO002 | PM002 | PMOO02 | PM002 | PM002 | PMO002 | PM002 | PM002 | PM002 | PM002 | PM002 | PM002 | PM002 | PMO002 | PM002 | PM002

R
-2-3 -2-4 -2-5 -2-6 -2-7 -2-8 -2-9 | -2-10 | -2-11 | -2-12 | -2-13 | -2-14 | -2-15 | -2-16 | -2-17 | -2-18

La | 0.001 | 0.004 | 0.006 | 0.001 | 0.001 | 0.005 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.016 | 0.001 | 0.001 | 0.001 | 0.005
Ce 0.85 | 1.61 | 1.66 | 0.87 | 1.01 | 1.16 | 1.02 | 1.40 | 0.92 | 0.80 | 1.69 | 0.91 | 0.90 | 1.13 | 0.79 | 0.96
Pr 0.05 | 0.12 | 0.08 | 0.04 | 0.04 | 0.07 | 0.09 | 0.07 | 0.05 | 0.04 | 0.07 | 0.07 | 0.06 | 0.05 | 0.05 | 0.05
Nd 0.79 | 2.25 1.3 0.99 | 1.02 | 1.47 | 1.62 | 1.24 1.3 1.03 | 1.42 | 1.22 | 1.02 | 0.98 | 0.92 | 1.28
Sm 4.00 | 8.63 | 3.72 | 2.89 | 3.35 | 5.90 | 6.59 | 4.88 | 4.20 | 3.32 | 4.34 | 4.29 | 3.96 | 4.23 | 3.78 | 5.07
Eu 0.05 | 0.12 | 0.05 | 0.02 | 0.04 | 0.09 | 0.07 | 0.07 | 0.06 | 0.05 | 0.08 | 0.05 | 0.06 | 0.03 | 0.03 | 0.08
Gd 36.0 | 65.0 | 30.6 | 28.5 | 28.3 | 44.8 | 56.5 | 39.3 | 37.4 | 25.9 | 36.9 | 37.5 | 35.0 | 36.2 | 30.3 | 36.9
Th 16.4 | 26.6 | 13.1 11.9 | 11.4 | 18.2 | 24.6 | 15.8 | 14.8 | 10.6 | 14.2 | 16.2 | 14.4 | 14.4 | 12.4 | 15.4
Dy |250.6 |354.6 | 184.4 | 170.6 | 156.7 | 251.8 | 334.7 | 217.3 | 206.1 | 150.2 | 193.7 | 228.8 | 199.9 | 204.2 | 168.5 | 213.8
Ho 105.0 | 137.3 | 74.7 | 69.9 | 63.3 | 99.4 | 134.2 | 84.8 | 83.6 | 60.1 | 76.2 | 91.8 | 79.4 | 81.1 | 67.9 | 86.6
Er 533.3 | 654.0 | 374.4 | 351.0 | 314.5 | 477.2 | 662.0 | 410.2 | 412.3 | 296.1 | 369.8 | 454.0 | 395.0 | 397.8 | 327.5 | 425.6
Tm | 111.3 | 129.5 | 77.5 | 71.2 | 64.0 | 95.3 | 131.8 | 82.2 | 82.8 | 60.0 | 72.1 | 93.7 | 80.3 | 81.1 | 65.9 | 87.1
Yb ] 966.0 |1075.0| 667.0 | 623.0 | 549.0 | 812.0 |1132.0| 696.6 | 717.0 | 517.9 | 619.7 | 804.0 | 695.0 | 682.0 | 561.7 | 742.0
Lu 188.4 | 204.2 | 129.7 | 121.6 | 108.3 | 157.1 | 216.3 | 134.3 | 141.9 | 100.6 | 119.4 | 158.2 | 132.8 | 133.1 | 109.7 | 148. 1
Y 3276 | 4231 | 2349 | 2176 | 1992 | 3085 | 4249 | 2670 | 2659 | 1891 | 2367 | 2890 | 2501 | 2575 | 2122 | 2715

Hf 13364 | 12850 | 13189 | 12794 | 12976 | 12482 | 12774 | 12707 | 12673 | 13108 | 12443 | 12982 | 13350 | 12871 | 12947 | 12986
Ta 0.91 | 0.65 | 0.76 | 0.60 | 0.65 | 0.58 | 0.74 | 0.61 | 0.63 | 0.41 | 0.60 | 0.63 | 0.61 | 0.72 | 0.42 | 0.63
Nb 1.02 | 0.95 | 0.84 | 0.71 | 0.92 | 0.96 | 1.03 | 0.87 | 0.84 | 0.55 | 1.01 | 0.86 | 0.86 | 1.00 | 0.69 | 0.87
Sc 318.6 | 320.5 | 294.4 | 286.6 | 276.7 | 332.8 | 364.5 | 286.0 | 313.9 | 274.0 | 286.5 | 322.1 | 298.3 | 282.1 | 288.9 | 321.2
Ti 7.57 | 9.72 | 7.49 | 8.16 | 8.67 |10.86 | 10.07 | 8.91 | 9.72 | 10.06 | 9.68 | 9.73 | 9.10 | 9.36 | 11.65 | 11.38

SREE |2212.7|2658.9|1558.3|1452.6|1300.9 |1964.5|2701.5|1688.1|1702.4|1226.6|1509. 6|1890.7|1637. 8 |1636.3|1349.4|1763.0
LREE | 5.7 12.7 6.8 4.8 5.5 8.7 9.4 7.7 6.5 5.2 7.6 6.6 6.0 6.4 5.6 7.4
HREE |2207.0(2646.2|1551.4|1447.7(1295.5|1955.8|2692.1{1680.5[1695.9|1221.3|1502.0|1884.2|1631.8|1629.9|1343.9(1755.5
8Eu | 0.01 | 0.01 | 0.01 | 0.00 | 0.01 | 0.0l | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.00 | 0.01 | 0.01
8Ce | 5.39 | 4.01 | 6.02 | 6.72 | 6.99 | 4.74 | 3.36 | 6.17 | 5.69 | 6.14 | 7.25 | 3.79 | 4.85 | 7.25 | 5.27 | 5.83

FE 5 PM002-21z

PMO002 | PM002 | PMOO2 | PM002 | PM002 | PMO002 | PM002 | PM002 | PM002 | PM002 | PM002 | PM002 | PM002 | PMO002 | PM002 | PM002
-2-19 | -2-20 | -2-21 | -2-22 | -2-23 | -2-24 | -2-25 | -2-26 | -2-27 | -2-28 | -2-29 | -2-30 | -2-31 | -2-32 | -2-33 | -2-34

La 0.001 | 0.001 | 0.031 | 0.007 | 0.058 | 0.001 | 0.003 | 0.013 | 0.018 | 0.001 | 0.001 | 0.003 | 0.013 | 0.001 | 0.001 | 0.001
Ce 0.98 | 1.00 | 2.85 | 0.87 | 8.74 | 0.93 | 0.83 | 1.42 | 0.81 1.28 | 0.93 | 1.03 | 1.18 | 0.65 | 1.58 | 1.23
Pr 0.04 | 0.05 | 0.35 | 0.04 | 0.50 | 0.08 | 0.06 | 0.08 | 0.05 | 0.08 | 0.07 | 0.08 | 0.08 | 0.04 | 0.09 | 0.09
Nd 0.84 | 1.05 | 5.22 | 0.94 | 7.11 1.54 | 1.14 1.8 1.06 | 1.78 | 1.32 1.6 1.72 | 0.82 | 1.74 | 1.94
Sm 3.49 | 4.29 | 8.83 | 3.37 | 11.39 | 4.88 | 3.85 | 4.59 | 4.22 | 5.37 | 4.27 | 5.43 | 6.69 | 2.88 | 6.32 | 6.48
Eu 0.12 | 0.07 | 0.29 | 0.05 | 0.34 | 0.05 | 0.04 | O0.11 | 0.05 | 0.15 | 0.05 | 0.08 | 0.06 | 0.05 | 0.05 | O.11
Gd 29.4 | 37.2 | 49.7 | 30.5 | 55.1 | 40.9 | 31.4 | 34.0 | 36.3 | 36.0 | 32.1 | 45.4 | 56.5 | 29.0 | 43.2 | 48.1
Th 11.5 | 15.5 | 15.7 | 12.4 | 16.6 | 16.8 | 12.3 | 11.4 | 15.6 | 13.0 | 13.2 | 18.7 | 24.1 | 12.7 | 17.7 | 18.8
Dy 155.2 | 218.4 | 192.4 | 173.3 | 189.2 | 229.9 | 167.4 | 143.1 | 219.8 | 166.0 | 180.8 | 259.5 | 339.0 | 184.7 | 243.3 | 248. 1
Ho 60.4 | 88.7 | 71.5 | 70.7 | 65.7 | 92.7 | 66.7 | 51.3 | 88.4 | 61.2 | 71.4 |102.6 | 137.1 | 76.6 | 95.7 | 95.8
Er 294.7 | 441.0 | 327.0 | 348.0 | 283.4 | 458.7 | 326.6 | 230.0 | 435.7 | 280.8 | 350.8 | 503.0 | 660.0 | 385.0 | 463.6 | 455.6
Tm 61.3 | 88.4 | 63.3 | 70.2 | 50.6 | 92.0 | 65.3 | 45.5 | 88.0 | 54.7 | 70.0 | 102.2 | 132.9 | 79.4 | 93.0 | 90.7
Yb | 516.0 | 757.0 | 543.0 | 614.1 | 396.0 | 782.0 | 540.1 | 398.0 | 750.0 | 467.0 | 605.0 | 849.0 |1106.0| 696.0 | 779.0 | 767.0
Lu 103.4 | 148.9 | 103.7 | 120.7 | 74.3 | 155.4 | 107.4 | 76.3 | 146.6 | 90.9 | 117.5 | 166.1 | 213.0 | 135.5 | 154.1 | 145.0
Y 1887 | 2756 | 2109 | 2213 | 1923 | 2932 | 2118 | 1590 | 2778 | 1881 | 2264 | 3219 | 4260 | 2439 | 3021 | 3024

Hf 13174 | 12742 | 10882 | 12868 | 11647 | 12425 | 12527 | 12242 | 12864 | 12266 | 12882 | 12788 | 12788 | 12759 | 12822 | 12394
Ta 0.52 | 0.70 | 0.64 | 0.55 | 1.17 | 0.67 | 0.44 | 0.59 | 0.64 | 0.53 | 0.52 | 0.62 | 0.76 | 0.61 | 0.73 | 0.56
Nb 0.78 | 1.01 | 1.20 | 0.78 | 2.19 | 1.01 | 0.64 | 0.79 | 0.83 | 0.76 | 0.69 | 0.99 | 1.19 | 0.93 | 1.09 | 0.94
Se 314.6 | 312.2 | 298.7 | 303.0 | 233.2 | 321.4 | 281.5 | 340.0 | 360.2 | 369.8 | 291.5 | 330.7 | 326.1 | 295.5 | 300.9 | 346.0
Ti 9.03 | 7.88 |23.10| 8.90 | 2.12 | 10.45 | 13.00 | 14.00 | 9.17 | 12.76 | 10.06 | 10.00 | 9.41 | 8.44 | 9.51 | 13.40

SREE |1237.4|1801.6|1383.8|1445.1|1159.01875.91323.2| 997.6 |1786.6|1178.3|1447.4|2054.7(2678.4|1603.3|1899.3|1878.9
LREE | 5.5 6.5 17.6 5.3 28.2 7.5 5.9 8.0 6.2 8.7 6.6 8.2 9.7 4.4 9.8 9.9
HREE [1231.9|1795.1|1366.3|1439.9|1130.9|1868.4[1317.2| 989.6 |1780.4|1169. 6|1440. 8|2046.5|2668.6|1598.9|1889.6|1869. 1
8Eu | 0.02 | 0.01 | 0.03 | 0.01 | 0.03 | 0.0l | 0.01 | 0.02 | 0.01 | 0.02 | 0.01 | 0.01 | 0.0l | 0.01 | 0.01 | 0.01
8Ce | 6.90 | 6.11 | 2.46 | 6.52 | 5.15 | 3.69 | 4.37 | 5.31 | 4.47 | 4.81 | 4.40 | 4.09 | 4.14 | 4.96 | 5.31 | 4.27




oo 1T 2021 4E
- B PM002-2r7 B PM006-331z
i PM002 | PMOO2 | PM002 | PMO006 | PMO06 | PM006 | PM006 | PM006 | PMO06 | PM0O06 | PM006 | PMO06 | PM006 | PM006 | PMO06
236 | -2-38 | -2-40 | -33-1 | -332 | -33-3 | -33-4 | -33-5 | -33-6 | -33-8 | -33-9 | -33-10 | -33-11 | -33-12 | -33-13
La 0.210 | 0.010 | 0.001 | 0.001 | 0.025 | 0.001 | 0.001 | 0.001 | 0.071 | 0.001 | 0.001 | 0.001 | 0.002 | 0.001 | 0.001
Ce 1.74 [ 12.30 | 1.15 | 0.84 | 1.24 | 1.05 | 1.64 | 0.79 | 1.06 | 1.57 | 1.07 | 10.26 | 0.97 | 0.90 | 0.91
Pr 0.13 | 0.02 | 0.09 | 0.04 | 0.09 | 0.06 | 0.15 | 0.05 | 0.14 | 0.14 | 0.12 | 0.03 | 0.10 | 0.03 | 0.08
Nd 1.48 [0.199 | 1.45 | 0.95 | 2.29 | 0.99 | 2.48 | 0.93 | 1.69 | 3.11 | 2.24 | 0.63 | 2.00 | 0.52 | 2.11
Sm 3.90 | 1.03 | 4.76 | 3.36 | 7.16 | 2.97 | 7.00 | 3.70 | 6.06 | 9.83 | 7.84 | 1.67 | 6.08 | 1.45 | 5.54
Eu 0.10 | 0.11 | 0.10 | 0.02 | 0.12 | 0.01 | 0.17 | 0.01 | 0.05 | 0.10 | 0.12 | 0.15 | 0.20 | 0.01 | 0.15
Gd 26.5 | 8.1 | 34.0 | 30.30 | 56.60 | 20.80 | 48.50 | 27.30 | 46.60 | 71.10 | 67.20 | 11.70 | 36.40 | 15.10 | 43.70
Th 9.0 | 3.9 | 13.5 | 12.83 [ 21.68 | 8.59 | 17.85 | 11.38 | 19.06 | 27.80 | 28.48 | 4.13 | 13.72 | 6.42 | 17.50
Dy 117.1 | 57.9 | 176.0 | 180.2 | 296.8 | 110.5 | 237.9 | 161.4 | 273.2 | 372.0 | 411.9 | 55.1 | 181.3 | 93.0 | 234.0
Ho 44.3 | 24.4 | 67.9 | 69.4 | 110.3 | 42.4 | 87.7 | 62.1 | 106.9 | 133.0 | 161.1 | 21.3 | 68.1 | 37.4 | 85.8
Er 213.5 | 131.3 | 326.6 | 344.3 | 523.1 | 208.1 | 422.3 | 304.2 | 511.4 | 612.0 | 785.0 | 107.2 | 319.8 | 186.7 | 412.0
Tm 43.8 | 29.6 | 65.1 | 67.9 | 101.4 | 42.4 | 83.2 | 61.6 | 104.0 | 118.2 | 154.9 | 23.7 | 64.7 | 39.8 | 78.0
Yb 383.0 | 286.9 | 556.0 | 583.0 | 859.0 | 366.0 | 701.0 | 526.0 | 890.0 | 967.0 |1297.0| 218.0 | 545.0 | 349.2 | 679.0
Lu 69.1 | 59.3 | 106.1 | 113.5 | 161.3 | 72.3 | 135.6 | 101.4 | 168.8 | 180.5 | 248.7 | 43.8 | 104.0 | 68.5 | 123.7
Y 1387 | 784 | 2157 | 2466 | 3826 | 1353 | 3057 | 2173 | 3735 | 4520 | 5569 | 688 | 2380 | 1322 | 2970
Hf 11758 | 12574 | 12123 | 12372 | 12206 | 12177 | 11512 | 12445 | 12435 | 12058 | 12197 | 13011 | 12252 | 12392 | 12014
Ta 0.36 | 3.20 | 0.91 | 0.40 | 0.57 | 0.28 | 0.54 | 0.46 | 0.56 | 0.47 | 0.77 | 1.38 | 0.44 | 0.54 | 0.72
Nb 0.72 | 2.77 | 1.45 | 0.72 | 0.85 | 0.50 | 1.01 | 0.51 | 0.74 | 0.89 | 1.14 | 1.62 | 0.57 | 0.57 | 0.64
Se 295.0 | 252.3 | 376.8 | 253.8 | 265.9 | 258.7 | 279.1 | 254.8 | 301.9 | 278.6 | 350.1 | 190.1 | 263.0 | 210.3 | 307.0
Ti 17.20 | 5.10 | 10.92 | 10.51 | 9.53 | 12.92 | 11.24 | 9.44 | 9.62 | 10.46 | 10.89 | 4.70 | 8.90 | 6.54 | 2.12
SREE | 913.8 | 615.0 | 1352.8 | 1406.6 | 2141.1| 876.2 | 1745.5 | 1260.9 | 2129.0|2496.4 | 3165.7 | 497.7 | 1342.4| 799.0 |1682.5
LREE | 7.6 | 13.7 | 7.6 | 5.2 | 10.9 | 5.1 | 11.4 | 5.5 | 9.1 | 14.8 | 11.4 | 12.7 | 9.4 | 2.9 | 8.8
HREE | 906.3 | 601.3 |1345.2|1401.4(2130.2| 871.1 [1734.1|1255.4(2120.0 |2481.6 |3154.3 | 484.9 |1333.0| 796.1 | 1673.7
8Eu 0.02 | 0.08 | 0.02 | 0.004 | 0.013 | 0.003 | 0.020 | 0.003 | 0.007 | 0.008 | 0.011 | 0.075 | 0.032 | 0.004 | 0.021
5Ce 2.48 |169.95| 4.08 | 5.91 | 3.78 | 5.43 | 3.48 | 4.60 | 1.97 | 3.38 | 2.68 | 95.94 | 2.96 | 9.57 | 3.70
BESL R FE 5 PM006-331z
i PMO006 | PM0OO6 | PM006 | PMO006 | PMOO6 | PM006 | PM006 | PMO06 | PMOO6 | PM006 | PMO06 | PMOO6 | PM0OO6 | PMO006 | PMO06
-33-14 | -33-17 | -33-18 | -33-19 | -33-20 | -33-21 | -33-23 | -33-24 | -33-26 | -33-27 | -33-28 | -33-29 | -33-30 | -33-31 | -33-32
La 0.003 | 0.001 | 0.001 | 0.025 | 0.001 | 0.001 | 0.001 | 0.071 | 0.001 | 0.001 | 0.001 | 0.002 | 0.001 | 0.001 | 0.003
Ce 0.69 | 1.09 | 1.03 | 1.24 | 1.05 | 1.64 | 0.79 | 1.06 | 1.57 | 1.07 | 10.26 | 0.97 | 0.90 | 0.91 | 0.69
Pr 0.02 | 0.05 | 0.02 | 0.09 | 0.06 | 0.15 | 0.05 | 0.14 | 0.14 | 0.12 | 0.03 | 0.10 | 0.03 | 0.08 | 0.02
Nd 0.57 | 1.06 | 0.42 | 2.29 | 0.99 | 2.48 | 0.93 | 1.69 | 3.11 | 2.24 | 0.63 | 2.00 | 0.52 | 2.11 | 0.57
Sm 2,02 | 3.90 | 1.95 | 7.16 | 2.97 | 7.00 | 3.70 | 6.06 | 9.83 | 7.84 | 1.67 | 6.08 | 1.45 | 5.54 | 2.02
Eu 0.01 | 0.05 | 0.01 | 0.12 | 0.01 | 0.17 | 0.01 | 0.05 | 0.10 | 0.12 | 0.15 | 0.20 | 0.01 | 0.15 | 0.01
Gd 20.50 | 33.3 | 15.2 | 56.60 | 20.80 | 48.50 | 27.30 | 46.60 | 71.10 | 67.20 | 11.70 | 36.40 | 15.10 | 43.70 | 20.50
Th 8.55 | 14.17 | 6.40 | 21.68 | 8.59 | 17.85 | 11.38 | 19.06 | 27.80 | 28.48 | 4.13 | 13.72 | 6.42 | 17.50 | 8.55
Dy 123.7 | 203.4 | 89.5 | 296.8 | 110.5 | 237.9 | 161.4 | 273.2 | 372.0 | 411.9 | 55.1 | 181.3 | 93.0 | 234.0 | 123.7
Ho 49.7 | 79.4 | 36.5 | 110.3 | 42.4 | 87.7 | 62.1 | 106.9 | 133.0 | 161.1 | 21.3 | 68.1 | 37.4 | 85.8 | 49.7
Er 250.9 | 391.9 | 186.3 | 523.1 | 208.1 | 422.3 | 304.2 | 511.4 | 612.0 | 785.0 | 107.2 | 319.8 | 186.7 | 412.0 | 250.9
Tm 51.9 | 79.8 | 39.1 | 101.4 | 42.4 | 83.2 | 61.6 | 104.0 | 118.2 | 154.9 | 23.7 | 64.7 | 39.8 | 78.0 | 51.9
Yb 454.3 | 676 | 345 | 859.0 | 366.0 | 701.0 | 526.0 | 890.0 | 967.0 [1297.0| 218.0 | 545.0 | 349.2 | 679.0 | 454.3
Lu 88.6 | 126.6 | 65.7 | 161.3 | 72.3 | 135.6 | 101.4 | 168.8 | 180.5 | 248.7 | 43.8 | 104.0 | 68.5 | 123.7 | 88.6
Y 1650 | 2669 | 1187 | 3826 | 1353 | 3057 | 2173 | 3735 | 4520 | 5569 | 688 | 2380 | 1322 | 2970 | 1650
Hf 12815 | 12234 | 13086 | 12206 | 12177 | 11512 | 12445 | 12435 | 12058 | 12197 | 13011 | 12252 | 12392 | 12014 | 12815
Ta 0.36 | 0.65 | 0.48 | 0.57 | 0.28 | 0.54 | 0.46 | 0.56 | 0.47 | 0.77 | 1.38 | 0.44 | 0.54 | 0.72 | 0.36
Nb 0.65 | 1.12 | 0.78 | 0.85 | 0.50 | 1.01 | 0.51 | 0.74 | 0.89 | 1.14 | 1.62 | 0.57 | 0.57 | 0.64 | 0.65
Se 226.0 | 255.4 | 198.0 | 265.9 | 258.7 | 279.1 | 254.8 | 301.9 | 278.6 | 350.1 | 190.1 | 263.0 | 210.3 | 307.0 | 226.0
Ti 9.64 | 10.14 | 5.80 | 9.50 | 12.94 | 11.24 | 9.45 | 9.67 | 10.43 | 10.84 | 4.75 | 8.91 | 6.54 | 2.12 | 9.62
SREE |1051.5(1610.7 | 787.3 |2141.1| 876.2 | 1745.5 [ 1260.9 | 2129. 1 |2496.4 |3165.7 | 497.7 | 1342.4| 799.0 |1682.5|1051.5
LREE | 3.3 | 6.2 | 3.4 | 109 | 5.1 | 11.4 | 5.5 | 9.1 | 14.8 | 11.4 | 1227 | 9.4 | 2.9 | 88 | 3.3
HREE |1048.2|1604.6 | 783.9 |2130.2| 871.1 | 1734.1|1255.4|2120.0|2481.6 |3154.3 | 484.9 |1333.0| 796.1 |1673.7 | 1048.2
8Eu | 0.003 | 0.010 | 0.002 | 0.013 | 0.003 | 0.020 | 0.003 | 0.007 | 0.008 | 0.011 | 0.075 | 0.032 | 0.004 | 0.021 | 0.003
3Ce 9.63 | 6.48 | 14.34 | 3.78 | 5.43 | 3.48 | 4.60 | 1.97 | 3.38 | 2.68 | 95.94 | 2.96 | 9.57 | 3.70 | 9.63
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Fig. 4 Zircon cathodoluminescence (CL) images and ages (Ma) of the tuffites from the Jialingjiang Formation in the Puyi area
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Fig. 5 Chondrite normalized REE patterns (b), (d) and Th/U ratios distribution (a), (c¢) of the zircons from

the Jialingjiang Formation tuffites in the Puyi area ( chondrite normalized value after Sun et al. , 1989)

R (45 AE . HE—U/Yb K (1 7a) R PFDTEE
TR RE S R Bl B A L 5 B ER K
T K AL 2R A A 8 E 4 8 Rl ( Liu
Yongsheng et al. ,2010) , X5 FHASKFETE LR
HHEE AT (MORB) , La—(Sm/La)  Ef# (& 7b) h
F AL La TR ARSIV T25 KBS A X 3
DAL, U0 B A it BE AR oA 227 81 I 0 AR SRR B 1 5 ], 35
g3 R 5 47 (Hoskin, 2005) . Y—Th/Yb [ i
(Bl 7e) e i 24 % T KB A b 00 I 4 A 19
BN, 5 g5 —3, [FEF, Pb—Th Bl (& 6d)
HFE R XSRS A R EORIE T S BIAE K A, 7T RETE AR
T 55 e hifAE A 5C 1 #a  PRBE (B R4, 20165 I
45 2019)

& Belousova 45 (2002) 2 H 8k A E TR IR
0 S VL g X DO IR TR AT T A . U—Y
P (] 8a) BRI 4 4 I A R B8 T AL R A
ERA S (ERIERE ) Mo ek B S X
Yb/Sm—Y Elff (&l 8b) M x5 KB 4375 T 4L <1 4 Al
Bt TS X Nb/Ta—Y &I (&l 8c) I 5 25
ETHRNE S (NS ) K, a7 ALK
i dia (FERRIE KA ) X3 8Ce—Y (18] 8d) I 5 %
AT A (AR O A) MIE KM s E
B XA, i e s ) S AR
(A AL B A2 U IE KA 28 B ME 22 G /R DLk
TRAEREA T RE AR R 5 46 5 5o 3, Rk o vk IE
KA A S X SR 35 R TUBE K A 115 42



B BV H I IX R =B S5 R T DI K A 454 LA-ICP-MS U-Pb 4E#% i L FRAE 13

(Ma),
"(a)Ff i PMO002-21z sl ® 2607 (c)
0161 Sample PM002-21z g0 & =
7 256
i B 50.041F
50.12} 7007 =
ol “20.040} 252
S —_ -
20.08}- 50977 & 0.039) |
& £ baTREERAE || 249
T 300/ 247.244.0 & 944+35.0Ma| S a0l W A% A
0.04F £ >(b) MSWD=0.86 R i 24 250.6+0.6Ma | 244
MSWD=0.95 AR 3 £ H249.7+1.1Ma
100 L) n=33 MSWD=0.68, n=33
0.00 240 2
0.0 04 08 12 1.6 0.23 0.27 0.31 0.35
n(zmpb)/n(zssU) I’I(ZMPb)/n(Z“U) (Ma
0.20[(q) ##h PM006-33rz neg] **@ 266 [{f)
I Sample PM006-33rz A T
0.16]- 900, &
=) - - 2 258
2.0.12¢ 700,77 “0.041F
S g =
2 T ~ = 250
~0.08) 500,/ e £0.039
e o raTREERN | < ‘
T [ 300/ 247.3+4.7 & 1097+48.0 Ma| " szfj)%f 242 I
0.04+ #F—(e) MSWD=1.30 0.037- = e Mg I
¥ MSWD=0.08 ﬁu#x—*{’—i@ﬁ%%jb%Ql:&l.SMaJ»
100 Y AN o MSWD=1.30, n=25
0.0Q 0.035 234
00 04 08 12 16 2.0 021 025 029 033
n(""Pb)/n(**U) n(*"Pb)/n(**U)
Il 6 3 FUHI X 52 BT 2H DLBE IR A5 40 U-Ph AR W88 1R FNAFE I8 15 14
Fig. 6 U-Pb concordia age and relative probability plots of the zircons from
the Jialingjiang Formation tuffites in the Puyi area
BT AR PEAE R A 280 3 O ik IR A SR D B vk

(EAR SR A, BARAT A T 2 M a3 K
Bl A o R B T B A R T R R
I e (AN TC I i e 2 2R RS A fE oo A [E)
HEMHER X 5>, B & XA — 24
ThEE e, P, S T B0 ) 00 AN [R) 2%
HIFIR A4 A FRAE , Belousov 5% (2002) F F K&
TR A i B L 32 B AR R R (CART) 1R
Shy X A et o0 2R R ) TR A v b e 1, DA
AR XTEA F R HERG 2, 7 CART K (&
9) ,PM002-2rz A 35 /NI i H 5 NI A5, [l 05 /s
F 65% Si0, £ 35,30 AN S BT 70% ~75%
Si0, f£ £ 2 ; PM006-33rz £ i 27 AN i 9 4>
WA FHT /N T 65% Si0, 465K 528,16 AN 44 1]
HT 70% ~75% Si0, 465452, BeAM A A PRI A5
[MVE S ENTSS =y = I [ D G S ey e
AR e RS U R & i M A RRIE S TR R
WA A — AL, NS & 454 CL BI&
H S A D i A B A I RRAE DU B A 2
A DEIEAR S

g LTR  F A E T UUEE K A B R B LIR

%,
5.2 BERXRMWERERMCEITIS

IS U EE A B A SRR A AT T 4
W ULEE A TS A AR AT RE R IR T 5 (WAl e 0 72
TERU) S BIAE I . FERS A T o0 R A4 15 340 ) 14
H UUEE A A T S X7 T 5 55 R al AT DG 1) i
LA P45 (Bl 10a b)) AR BE 9K EE (Bl 10¢) , F8 78
PR IXAL T 518 LA A G 5, =St
1, BT B S A A ek AR i B Tk Ll A K
W, LR 287 FE B 32 2 4% F P4 e b DX 2 b T
BUXTE 7 V0 X = & i 2 b 2 H ok
L —C AR e g e, e e B ARER MR 2
VPR L IX 72 43 4 B9 Olenekian—Anisian $4k
(OAB) Ab2R TG4

FIL AR 2R 5 U5 XA 3 IR 5E M AT T — &
VINOESE W2 R I Ik 5k =0 ) R xS DN UL S
() Al T8 3 1L PR B R AT (2016) A AR AR G
(2017) 3 i XA PHH X OAB FLER 4t B i FT A
SRR DX A T B LR A A B
U FE AR O o A B A SR AR B S AR R



14 oo T 2021 4F
1000 10000 £
E (a) B PM002-2rz YN (b)
r Sample PM002-2rz E
il FE i PMO006-33rz i
100 3 Sample PM006-33rz 106p =
10 3 = 100 =
S F = F
B & B
E < 10E
0.1-§ P 1k
" | I TN T N T T T N T Y T e | : CR I I A W (A M ) (N 1 L L L Ll 1L L L Ll L
0.0 T6b00 20000 30000 0.1 0.1 1 10 100 1000
Hf(X 10°) La(x10)
10 10000
= (C) E (d)
- KL R R C
L ERMEA C
e SHIIE K
F 1000}
£ol E:
0.1+ T L
= E 5,
B F = F
r =
- 100
0.0 u
- R 72 4 i K
8 . ARIER
0001 1 1 ||l|||= 1 |||||||l| 1 111111y 1 11 1111 1 Illlllll 1 lIIIIIII 1 lIlIlllI 1 L1 11111
710 100 1000 10000 100000 0.1 1 10 100 1000
Y(X10°) Pb(x10°)

[ 7 B X 5 B LA LB A B A ST K < (a) HE—U/Yb % (3 Grimes et al. ,2007) ; (b) La—(Sm/La) &l
fi# (¥ Hoskin,2005) ;(¢) Y—Th/Yb Ef# (#& Grimes et al. ,2007) ; (d) Pb—Th [&lff# (#& Wang Qing et al. ,2012)
Fig. 7 Different zircon types discrimination diagrams for the tuffites from the Jialingjiang Formation in the Puyi area: (a)Hf—U/

Yb diagram ( after Grimes et al. ,2007) ; (b) La—(Sm/La)  diagram ( after Hoskin,2005) ; (¢) Y—Th/Yb diagram ( after
Grimes et al. ,2007) ;(d) Pb—Th diagram ( after Wang Qing et al. ,2012)

b —AE R AR B A e b A A Rl R fof A R R
RABEIIE B LS 857, I 76 Al 4 3 1L B JE
— RINF 1 I | 1 1% I S A 1 K LT B A
PR A AR A (EHRANSF,2014) , 78 UL [ A i 3k
FE R A I 55 BTAE 6 5 AR FE 259 ~ 245 Ma Z [H]
(Hoa et al. ,2008) , 54 AR AT ITEE KA U-Ph i
FIAES (250. 6+0. 6 Ma ,249. 1+0. 8 Ma) PTB 4k
BEJKCH AR (252 Ma) K& OAB B4R 4% 5245 4 i
(247.2 Ma) FEAR—ZL; A5 51 58 B AR 1<) 5 TR i
ARIEA DR AR AR, B WA KA A1
FEAE (Thue et al. ,1995) , Xt 548 SCUTLHEIK 7B 4+
PR D B R IR AT 1) B S A
(2019) 5 XA VT 45 o OAB L 4t 0 5 Hrh i
Bl AR E— 7 Rl JO LA s ER LA AE X L &

W, AT A S EH—T T RN —h =&
T LA M BR Ak 2 1 o v B — 3, Y HLAA T s KB
NG 5 T IR PR IE S FHIE X —45 R
I 5 A S B T AL DUHE IR 77 I PTB FL 2R BE K A
TE TR — 2 (¥ PE 45, 2012) , MTARIE T B3R BP9
XTI BAAEE AR X, (HICIS R LA &
ek S e — 7 Rl kg, B e AR
FEART R P B (5 5T AR B S AR R 5 b — A p Al B
R B G R T L R R Y Y D S
IFEF =1, Bk, 28 3 S 76 s B - ORI ol —
BN A TR X, B AR S5 LA i A R —
TRk A

[RJESF 355 4327 285 3 4o ot A 7 il X . = B i v
itk JOLEA TRF T IA N, 328 KO 2 B T 1%



B BV H I IX R =B S5 R T DI K A 454 LA-ICP-MS U-Pb 4E#% i L FRAE 15

Y(x10°)

1 (O 111 AN SN UN AT 1 NN W WU T AN M O O HNN 117 [N W O O 117 M SN S AN AR TT! | L1
0.01 0.1 1 10 100 10° 10°  10°
U(X10°)
10° E
= ()
0 K
10°
10° i
o b osfm : .
X B T~ e
10k IOHBRERESE
= EKH
i B PM002-21z
10 = Sample PM002-2r7
= PE 5 PMO006-33rz
= Sample PM006-33rz
1 ! ool ! ooyl ! [ R W T
0.1 1 10 10

Nb/Ta

Y(X10°)
2,

10

—
<
T T T T T OO T T T T T 1 1)

=3
—
—
—E
(=]
—
(=3
9
—_
o
%

10“%
B : ERFRE
10° E 4 40
< F L ERH
X 10°E VMR B
=0 F I
- TR AR
o L. 141 & e 5 75 W 24
= 2-16 &
= 316 K I K A &
- | 3@'%[‘/?]&%
1 vl L 1 1 11l 11 1 1 114 1 1111l
0.1 1 10 10° 10°

5Ce

Pl 8 M b X 5 e VI TR 5 A e Jo R I L L £ (9% Belousova et al. ,2002)
(a) U—Y [Efift; (b) Yb/Sm—Y [Efif; () Nb/Ta—Y [Efff; (d) 8Ce—Y [Eff%
Fig. 8 Source rock discrimination diagrams of zircon trace elements for the tuffites from the Jialingjiang Formation in the Puyi area

(after Belousova et al. ,2002) : (a) U—Y diagram;(b) Yb/Sm—Y diagram;(c¢) Nb/Ta—Y diagram;(d) 8Ce—Y diagram

Bl KBt % AR AT fig 5 KT 2 v A e 1] SI7 P Al B
PF R 24 0 CR A3 ,2001) . FIA oRfE
I RRH YR L M R L R R e T T
TR B8 AR AT 26, T — R 91 g o 2k
A, X, B E SR A A T R XA SCUTEE
R BT B 45 54T 29 3R ( Watson et al.
2006) , HHE 45 R LR . PMO02-2rz KE & 55 47 45 5 1R
JE e N 820°C , F Ak N 620°C , *F-1 739°C ; PMO06-
33rz FE B 45 R B B R O 764°C, AR
620°C , F-#4 726°C , X —Z55 534 F M7 i B 3k
A3, FORUUBE KA PEA A K EZORIET T ot
TR S IR T R L s, i HLBE 2 R dE R
TRV AT A R 1) IV I AR SRR i 472 s i ) Sy g, =
E (AL, 2018) , Pt B3 7E 5 = F tHf op s

BT BAT /NI A T S G R K L
JRWSE R T B e R ) K LCRR R [ Pk XI5
B TR PRI S OAB FLER Lk 5 F 14 B 74 £ B
Oy JEL JRE TSR B 22 ks e (1o S 2, 2019)
I 78 M A D5 DXL T P R 7 AR BT o 25
EROM WS cE i SIS RLE R U R SRR /3
R ORI T R P AR e i) Y A AR o
(T REPERL /N

i LR R TTADIEE KA 5 PTB FLELBEIK
H OAB FLAEk G A HY HAT [ 5 DA [ e st 2 11
R JE T 3l KRl i % Y A 3 LD 2R, R IX 32
BT B B K L e R — T Rk
o



16 Mo R

it I 2021 4F

>20. 71%x10°

<20.71x10° Lu

>0.62% Hf <0.62% <601x10°Lu >601x10°
[Err———

.....

<2.7x10°Lu >2.7x10° IFK = |

~0.8% Hf <0.8% 2 AEKA

slAs  wmmamw 1 KRS
i ZRE
<4433x10° Y >4433x10°

1

ERKE/ZKE

n,=0; n,=2

1K 5 >75%Si0,
>1.015%

>501%x10°

___________________ ,

1t K 5 70%~75%Si0,
n,=30; n,=16

16 K 25 7 T65%8Si0,
n,=5; n,=9

e R A 2

regression line of samples measure points

n,— B B PM002-2rz4% £ 25 [ A 47 %% regression frequency
of measure points on the zircon PM002-2rz

nzf# |:'::|'qPM006—33rZ’é§E“|{)'lﬂ )-‘j‘ ] Egﬁﬁ regression frequency
of measure points on the zircon PM00 6-33rz
P 9 B M X 57 B VT TUBE I 4 41 i JTC R CART
T 051 FE % (45 Belousova et al. ,2002)
Fig. 9 Classification and regression trees ( CART )
discrimination diagram of zircon trace elements for the

tuffites from the Jialingjiang Formation in the Puyi area

(after Belousova et al. ,2002)

5.3 MRKREHEABRINEX
55 A K FN IR AR

DUEEICH BT T A A A RRAE SR - 35 0 A SRR
AU LA B S A9 T s VIR B i % (18] 2e) , UL
WA O B B A JE B 5 A SR A (B
,2018) , TERA S LML AR A K R e
H 3l T A R RS e . s,
Bl AN IR A T BUR S T Y
BT YR SRE TR C 45 fh ) 3Rk A
T B AL A VAR G5 A, O R AN A
STV H P b 45 A8 75 DU ARAF I Je 4 58 L &5
Ao

BEA7 Dy /Yby F1U/YDb FAH 8386 0 e e
RS S R LS (Liu Dong et al. ,2014) , YTEE K
FEAOR IR WRTE 255~ 240 Ma 4E I3 BCES 41
L2 Dyy/Yby H1 U/Yb (HE S A (1K
1la.b) , ULBH7ESLE B Fe b T — A FEE R Y i
2, [FEE, BSCEE T UTEE KA BA 7 2K B2k
HF R b5, P HEI U5 X 5 IR 45 A AR T Rk
RUE T My 78 3G RS B B A s L, o, 255 ~

240 Ma X0z 2 B S 1LY, w578 F IS5 L 2L
O H 21 58l DX A i e i A e R v b e b TR
R VLR B, 2 BT M5 1 TR AN A2 TR v T fin A
ARSI AN 25 25 9K 52 T B 5 e FC
B EA T RINREE 4 T AR 5 OF R AR
R Y TS, i R o A E K TR E A )
FRA T BBERIITIE UG T2k
54 MBREEFRFERE=ZE1
27/ B=Fi ok 0] )va

B 4% 7 PO R X —rp =S R AR s
AT T R B B PEFE, 6 4 Olenekian—
Anisian FY 5 2R 4F WY 29 K 7E 247.2 Ma [fl iF
(Lehrmann et al. ,2006) , =St 2 _—2
AR A ) IR 4 22 52 55 i) | 2 B, HLAZ o Bt
FER K L Bl 2 T B0 S A R A 3R G 52 5 Y
PR &K (Erwin, 1998 ; Payne et al. , 2006; Galfetti et
al. ,2007a; {19655 ,2013) , (H R =Bt if i) f 2 A8
VAN K LA A GE , SEHR N R AT
RSO AR AR IR OAB AR + 5
(B Sm) BA T ZMiAesE 3 A AARRIE i 1 2 )2
KNSR LA A AN R iR X = i
BEKCE 2R (<3em) 2 KA R, L ARE
SIS EITRTIZ G, [, AR TR 56
S E N TR =S R Y )2 S R
Hi R RYESE AN S G b 55 Ak T X B = et
L= 2 BT

A CHAG R = B 5 B VL2 — B S DU Be A
LT BE JK 5 8 FAF 1% 70 50 250.6£0.6 Ma Al
249. 1+0. 8 Ma, 55 — 4 YL EE JK A AR W g K T 48 —
AR TR =S P Jol g, Kb
250. 6+0. 6 Ma f4E#4 5 Smithian—Spathian (S—S)
MV By Bt 28 4F % (250.7 Ma, $% Sun Yadong et al. ,
2012) HeA —H, A3 T % S L 0T — R Y
Kl =S S g Sk T
K3k 5 Ma BRSO 2 JH A 2 3 B AR AR
(Sun Yadong et al. ,2012) ,{H7E S—S W B A&k H)
A — IR R RS, SRRk A AR
[0 E RS, TP LR I R A T 0025 19 52 75 (Song
Huyue et al. ,2019) . Galfetti %5 (2007b) tAH S—S
B AR K g S SO YRR il = ) T
PR IR0 T RS R S Ll A, DR K L R g
RERSZIFIERT R iR 2, B <=0 f
2ty IR BF A SRS b 2 P 2 e, AR R R AT YV
A bz B, R SR XN A



513

B P H I IX T =& % 5 BT UTSE K A 85 A LA-ICP-MS U-Pb 4Ei#% S o R H-E 17

U AR A B+ 558 A V200 ) T b 2R AE s (1R 2)
2 it S—S FL K F T, T A Beh— 1
TUTBUA SR i I AR IR £ #3678 e B U ok
W N AR TS S 2, B bt 3 B i 40 A8
FRFAE , W6 I IZ I 77— YR K Pl R 78 V6 1) R
FF, I VAR T A K R R
2 B DU RR IR B3 475 LA R e PR BE R /K 3R 855 0
B 7N T I AR S RABE ] A /N, VA S 1T A
K, G/ NHRIAR R ) 5 A BRE R R A )
B, AR A P S S0 3T 10 2 9 At %) k)1 A 2B
02, SRR P G /INIR BE R R VI ol SR P b a7
DATE Y csE WA RS RS & T ARl
A GRG0 1012 R 90, T DR SR T 5 Bk
TR B g A=,

249. 1+0. 8 Ma AY4FEH4 X} Spathian ¥ B H 35,
T RV L T M 2 AR s (R 2) BRI B

0.01¢

0.001

TTTTITT T TTTTIT

Nb/Hf

0.0001

0.00001+

10

100

T T TTThr

10 E

5

U/Yb

0.1

T T TTTI T_TTTTI

0.01 1 1 11 1 111 1
0.001 0.01 0.1
Sc/Yb

ERTIBUT I G , UURUE 8 h ¥ AR 4 i 5 PO [m)
TFARBRFRER A 7, R B UURRBI A R AR X 722 T
(iR RS B2 i S—S LRI I Y IR
FHFRFEAF )G, 2 Spathian 3 By 39 06 B 2 5 0]
FEZ Smithian 3 F e 3 0 B s v T A, KT
IS LS s G ST QTN DR o) S G 11 73
VLB EIR R B AIEL 1 m B &R
(AR E>1%) LB R 2 IR e
1 Spathian 3By o]k LS4 SRR AU i 5 4
(R340 SRR T K 1 s R Ak T BRI 9 2 95 19 A=
PR 2, ik 6] A6 28 0 Bl 22 O A ) W 1 AR
(Sun Yadong et al. ,2012) . Hj ABFGE A& B, # iy )
el AT 5 R = AR KR HECA G (Algeo et
al. ,2012) . DRI, #0322 s 300 ko 1wt o 3% 5 I
b AR O A R e R A AR A K LR = AR
BHEI 2R IR 1 i 2 8500, 4 52

1000+

100+

Hf/Th

10+

1¢

Lol po ol AT | Lol

1 10 100 1000
Th/Nb

o FE&h PM002-2rz
Sample PM002-2rz

B fh PM006-331z
Sample PM006-33rz

P10 5B X5 B VT 2H TUBE IR 48 A1 i JT 3R AR 368 0 01 (1A - () HE—U/ Yb 81 (98 Yang Jianghai et al. ,2012) ;
(b) La—(Sm/La) y FEf# (i Yang Jianghai et al. ,2012) ;(¢) Y—Th/Yb Efft (H& Grimes et al. ,2015)

Fig. 10 Tectonic discrimination diagrams of zircon trace elements for the tuffites from the Jialingjiang Formation in the Puyi area.

(a) Hf—U/Yb diagram ( afterYang Jianghai et al. ,2012) ;(b) La—(Sm/La) y diagram (after Yang Jianghai et al. ,2012) ;(¢)

Y—Th/Yb diagram (after Grimes et al. ,2015)



18 o oW T 2021 4F
0.3 1.4
1 () (b) e HEfh PM002-2rz
— Sample PM002-2rz
A o
. Lé . BEfh PM006-331z
— A Sample PM006-33rz
T 1.0~
N A A
Z _ - 0.8 AA
2 0.2 AA & @ A
& ]a 206 M o % .89 A A
(1 [ X
. : L S
A
— 0.4 A e
] 0.2
0'1 |l|l||||||||||||||||||||||l|||||l|||||| 0 |||l|||||||||||||||I|||l|l[||l|[l[l[ll‘
240 245 250 255 260 240 245 250 255 260
U-Pb4E#R(Ma) U-Pb4E##(Ma)
B 11 b X 55 B VT DUEE IR A5 40 Dyy/Yby (a) 1 U/Yb (b) HCAELRE R B 2R fk
HaBE (P Liu Dong et al. ,2014)
Fig. 11 Temporal variation of Dyy/Yby(a) and U/Yb(b) ratios of zircons
for the tuffites from the Jialingjiang Formation in the Puyi area (after Liu Dong et al. ,2014)
INIHEEA S R G N2 8 32 FA), A4 5 Ty i 6 ZEib

PR — IR I 2%

{EAFIRITI 2  [RIARE A SO S S—S SRR 5t
2RIl 1 S BT A BRME Y B IR 1, T
Spathian M. H 3 59 KL SRR T IR % RO,
KRG 565 B TLA 2 8 2 # ik,
AN R AT REA LA T JLA . OS—S R
LRUTHE KA L (29 2 m) S KT Spathian B
DLBEPA (29°0.5 m) JE B, K57 Spathian W By H 4
A K L P RETT RE 2L IE /N T S—S SE R AR N
A8 K L PRI A A 6 K LR AR R RE
SERT AR T IR s QUUHBE K o 5 8 22 57 [ B
78 1 Spathian MR 3 L 36 3l mT 8 DA B AH
F U, DR A A e 5 i i e A DRk
Lk 2 MR R T e A A B KL R D
@A Wrih )z R | S—S FEM SOl FAF B33 2R
SR FEAR, 15 T IR AR 7 AR B, e
JEAP A= W) B 2 95 AN JE A RO AR R R &
PRAY B s N2 5 B R AUZ oh SO R AR B 2 20
U/ O B S ) 8 T A A 3 L iR = A Y
£i 9 QUASES ST VAR R/ ) 158

] 5 2, LR AT B 5 T Y, W P B 22 K]
REFG RIS R (H AR 5075 2R ok 58 227
FHE RN T R AT

(1) 385 B DX B VA T T IR B A N
SER AN TR FRIE Y s ke i B A 2R 0 1Ry
fiE AR IS 43 51l 250. 6+0.6 Ma Fl 249.1+0. 8
Ma, Jf HAE d s i 8O % E i fe b g 1
DR RS AT

(2) DUBE AR i i A1 B Rl S BUAE R E KK
B BRHE B EEDIRYEAE R A 2 3 IO
PEIERCE R B 28 I8 T 1 g R bl i 2
R 42 3t 1LV PR I X 2 A T P B B A LA i
aRA—tIRIL KA, 5 TR RS8R AL
(PTB) BEX 75 B Olenekian—Anisian #-28 ( OAB) 4¢
e FA [ 5 DA [ S35 R ALE

(3) B T A AHAE AR R B UTBE A Bl A 38
G FE AR S AN 25 5 SRR AT JSGHs VIR J
S5 3% AT B B 33 Lk AR o T 5e 4 R
BRI RN 25 A C

(4) FL=Z A3 S0 Jl i e 5 3o
USS FIAE ) Jo 00 52 b ) A RO 2 Y R R -
HA Lt DX LBE I R i R 250. 620, 6 Ma 4F
W FRE XTIV % Smithian—Spathian 28 B 1 /) 4
BRYERE IR SR A 95 350 5249, 1£0. 8 Ma 4Rl
FIRE S X N Spathian SV B 345 s g T S R 9
FRUCR A5, X P RE 2 B RSB 2



LERE !

B BV H I IX R =B S5 R T DI K A 454 LA-ICP-MS U-Pb 4E#% i L FRAE 19

PHAZR G R 45 2R, (BB A HIL A7) 75 16K R 4k
ST,

£ % X # / References

(The literature whose publishing year followed by a “&” is in Chinese
with English abstract; The literature whose publishing year followed by a
“#” is in Chinese without English abstract)

MRTESR R RS, BEOGHE, B8 DK, P40 6, BR UMK, 1 22 8%, BT 4R, 2017,
4 PR RS e = Tl B R A S A T . KM
A ,41 (4) ;653 ~ 662.

BRIR, B M, T, FLBREE, EAE. 2017, S N B E
LELA A A BRI 2 AR SR . IR RS TR, 27
(12) : 46 ~ 50.

W, ML M A WA B PR, I Y. 2012 AL
i | B — S B EERA I RO TR . M Bk Rl
(P E TR AE ) 37 (1) 2 125 ~ 138.

BT R 2 E R, MR R, G R T 1996, Bt N & T WO R
JEOA-" AR AR SHAFIL 12 (3) 2 409 ~ 414.

R A, RS, R, KB 2016, AR [FZETE I A s
AHFFHERTSE. 0777 53057,30 (2) : 289 ~ 293.

Pt B4R RO AT, 2011, HCH T T00 LD VG 3 ) R =S
Smithian—Spathian FZEJKZHT5T. o EFRA  HIkFL 42 (2)
: 149 ~ 157.

PRE YR AR, AL AR B ARkl 2001, HEPYR R =St
PR L B TR R . R 5 2,25 (2) 141 ~
148.

I = e, BB I E O, 2R, SKRIFET. 2017, #E PR
X “ 4% 757 PR S 85 A1 U-Ph 4E I8 K O R 7 . A i
i,36 (6) : 649 ~ 658.

KR ZE vt N 200 B, 2010, BT/R 2% 9 4% ] 4 )y 7
Ml A28 K LS oy B S A B U-Ph ARG HF [6] 07 2 FRG + 00
FRFIE S R . A2 42,26 (10) . 2946 ~ 2958.

MG BT VKA, Sk e, 2016, ALK TILX SR —=8& &
LM 1 B ARG - bR 2 R AE R BT A, 35 (6) -
979 ~ 988.

FEAS,VFSCR, B, B S0, 2018, i OKOF MR B AR R KR R Y
REwi s s AR AL W B 2% vh AR R — il T 2 A SR ae k. T E AR A
HERB,48 (5) & 549 ~ 583.

SRR, BN R AR, 1995, BT A HFTLIRE b =&t
W SRS R 15 (3) 17 ~ 33.

F— ST A DL, RS ke, 2014, 1 T LXK R AR TR
FEiE AL, MhIREL 2 b TR AF 2R R ) ,39 (8) - 1065 ~
1078.

TG, JH G, TR, I, T, e 2019, F o
Jegk S Je At AL AL - R B b X B A A A A A
RN T B A BB AR Hb2ER, 93 (12) . 2997 ~
3037.

T, s S AT K Al AR, 2019, SN B PE
KIEH X v =8 1 A A1 4 H A 4 1 U-Ph AR ML BR k%
FRAE RS . BYa 4,39 (1) ¢ 82 ~ 91.

TSI AR IR S R, B2 2014, - R K LR A
RIBERAIN Bz KA K A LA-ICP-MS #5417 U-Ph 4EI% K Histh
B . TR G R, 33 (5) : 66 ~ 74.

T, X B —, MR, 22 4 ik, Tz, lEEE. 2004, B PR
T—H =BG ARAAER. TR ,78 (5) & 586 ~ 590.

EZEM, 22 2017, BB ES A T T R X PR X A4 R« LU R

SICmBEA . HBRRTR 36 (2) ;36 ~ 57.

W, R IRR R B GO0, 03, AL 2013, WA
TR TREE PR HEAT AR SR L. HHRTE,59 (1)« 159
~ 164.

IS , 22038, PR SE BE, B %, X2 55 sk A, B 0T,
35, XB/NAS. 2019, AT A BV R 2 h = & G0 I AR L R Ok
R—LIA LA E I — A BEHCH Bl H BB TR, 65 (2) -
319 ~ 334.

MR BRR, 33O, 52, 3 BB, 2016, £577 U-Pb E4F 51
ICE AT BTN . RS, 34 (18) ;221 ~ 229.
BIRAE. 2016, YRR ICR A BN T HORCE T SOR ). Rt

it 5 4,40 (5) : 986 ~ 995.

s, AV, M, 2T TRARBR. 2019, JITTUREWIBIX T =&
G5 QA DG ZH by R A 2 REAE K S X D52 R A 3 PR 1) i s B S
THIEA,39 (3) 152 ~ 59.

sk EEAN, TARAK, EAHE, HE R, TSESE, A BLME. 2018, 5
L AR AR A B A S A I 5 o IR A R
U-Pb AFAREEIENR. A a2EiR,34 (6) @ 1641 ~ 1656.

FRTR], SR, BRI, 250 M K. 2016 LB FAEBX IR =S
KA B YU : R B W8I 0 I 45 41 1Y
M. HBUeIE,62 (1) ;55 ~ 72.

AR ATE RGEAL, E T AVTRL 2019, BN B PE B RS X
HEBH R AS AT Y FERHE. 777 515,33 (4) . 642
~ 649.

REBK,EH. 1986, LI TG RHMXE h =&t 4G s
DURRRG A d B, Al 5 R, 7 (4) @ 344 ~ 355,
RILF. 1994, BPNG =B RS SR H YA T SN T

W REEZEAR,23 (5) : 19 ~ 24

P BRDUM, S & . 2016, 13 P4 g L U5 20 7 = B i
PR R MG TS HERFLE 41 (8) : 1309 ~ 1321,

BEFE XIHR, T3 A FE I B, R, S E . 2018, fE Ao
TCR M HAR BRI L. H2AAT2R 25 (6) « 124 ~ 135,

AR, W, AW, R, Far s R, 2010, SEN R L
X% JR B IS 45 41 SHRIMP 4F I 45 5. i 232 41, 84 (8) -
1112 ~ 1117.

Algeo T,Henderson C M, Ellwood B, Rowe H, Elswick E,Bates S. 2012.
Evidence for a diachronous Late Permian marine crisis from the
Canadian Arctic region. Geological Society of America Bulletin, 124
(9 ~ 10) . 1448.

Belousova E, Griffin W,0Reilly S Y, Fisher N. 2002. Igneous zircon
trace element composition as an indicator of source rock type.
Contributions to Mineralogy and Petrology, 143 : 602 ~ 622.

Chen Shenqiang, Zhu Min, Xiong Guangyao, Zeng Qing, Zhou Hongfei,
Chen Hanlin, Xiao Ancheng, Jia Dong. 2017&. Evolution of the
Late Triassic Paleo-uplift in the southwestern upper Yangtze Region
and its tectonic significance. Geotectonica et Metallogenia,41 (4)
653 ~ 662.

Crofu F,Hanchar ] M, Hoskin P W O, Kinny P. 2003. Atlas of zircon
textures. Reviews in Mineralogy and Geochemistry,53 (16) . 469
~ 495.

Erwin D H. 1998. The end and the beginning: recoveries from mass
extinctions. Trends in Ecology & Evolution, 13 (9) . 344 ~ 349.

Galfetti T, Bucher H, Brayard A, Hochuli P A, Weissert H, Guodun K,
Atudorei V, Guex J. 2007a. Late Early Triassic climate change .
Insights from carbonate carbon isotopes, sedimentary evolution and
ammonoid paleobiogeography. Palaeogeography, Palaeoclimatology,
Palaeoecology,243 (3 ~ 4) . 394 ~ 411.

Galfetti T,Hochuli P A, Brayard A, Bucher H, Weissert H, Vigran J O.



20 Mo R

it I 2021 4F

2007b. Smithian — Spathian boundary event Evidence for
globalclimatic change in the wake of the end-Permian biotic crisis.
Geology,35 (4) : 291 ~ 294.

Grimes C B,John B E,Kelemen P B,Mazdab F K, Wooden J L, Cheadle
M J,Hangh J K, Schwartz J J. 2007. Trace element chemistry of
zircons from oceanic crust ; A method for distinguishing detrital
zircon provenance. Geology,35 (7) : 643 ~ 646.

Grimes C B, Wooden J L, Cheadle M J, John B E. 2015.
“Fingerprinting” tectono-magmatic provenance using trace elements
in igneous zircon. Contributions to Mineralogy and Petrology, 170 (5
~6) : 46.

Griffin W L, Belousova E A, Shee S R, Pearsona N J, 0’ Reillya S Y.
2004. Archean crustal evolution in the northern Yilgarn Craton ; U-
Pb and Hif-isotope evidence from detrital zircons, Precambrian
Research,131 (3 ~ 4) . 231 ~ 282.

Guan Dongdong,Zhao Fei,Tong Yabo,Song Biao, Yang Zhenyu. 2010#.
Geochemical characteristics and genesis of mungbean rocks in Qianxi
County , Guizhou Province. Resource Information and Engineering,
27 (12) : 46 ~ 50.

Hennann J,Rubatto D, Korsakov A, Shatsky V S. 2001. Multiple zircon
growth during fast exhumation of diamondiferous, deeply subducted
continental crust. Contributions to Mineralogy and Petrology, 141
(1) : 66 ~ 82.

Hoskin P W O. 2003. The composition of zircon and igneous and
metamorphic  petrogenesis. ~ Reviews in  Mineralogy  and
Geochemistry,53 (1) : 27 ~ 62.

Hoskin P W O. 2005. Trace-element composition of hydrothermal zircon
and the alteration of hadean zircon from the Jack Hills, Australia.
Geochimica et Cosmochimica Acta,69 (3) : 637 ~ 648.

Hoa T T,Anh T T,Phuong N T. 2008. Permo-Triassic in termediate—
felsic magmatism of the Truong Son belt, eastern margin of
Indochina. Geoscience,340 (2 ~ 3) ; 112 ~ 126.

1996&. The laser
mass-spectrometer **Ar-*Ar age of green pisolites of Guizhou
Province. Acta Petrologica Sinica,12 (3) : 409 ~ 415.

Huang Hu, Yang Jianghai, Du Yuansheng, Huang Hongwei, Huang
Zhigiang , Xie Chunxia,Hu Lisha. 2012&. LA-ICP-MS U-Pb dating

of zircon from tuffs of the Upper Permian—Middle Triassic in

Hu Shilin, Li Yuejun, Dai Zhuangmo, Pu Zhiping.

Youjiang Basin, Guangxi Province and its geological significance.

Earth Science
(1) . 125 ~ 138.
Lehrmann D J, Payne J L, Felix S V, Dillett P M, Wang Hongmei, Yu

Youyi, Wei Jiayong. 2003. Permian—Triassic boundary sections

Journal of China University of Geosciences, 37

from shallow-marine carbonate platforms of the Nanpan jiang Basin,
South China: implications for oceanic conditions associated with the
end-Permian extinction and its aftermath. Palaios, 18 (2) : 138 ~
152.

Lehrmann D J, Ramezani J, Bowring S A, Martin M W, Montgomery P,
Enos P, Payne J L, Orchard M J, Wang Hongmei, Wei Jiayong.
2006. Timing of recovery from the end-Permian extinction
geochronologic and biostratigraphic constraints from south China.
Geology,34 (12) . 1053 ~ 1056.

Li Linghui, Zhou Qiming, Zhao Zhidan, Zhang Chao, Tuo Tianen.
2016&. Characteristics of zircon annulus in different types of
magmatic rocks. Mineral Resources and Geology,30 (2) : 289 ~
294.

Liang Dan, Tong Jinnan, Zhao Laishi. 2011. Lower Triassic Smithian—
Spathian boundary at West Pingdingshan Section in Chaohu, Anhui

Province. Science China Earth Sciences,54 ; 372 ~ 379.

Liang Jinchen, Deng Jixin, Chen Maohong, Jiang Bochang, Jiang Bochang,
Zhu Jijiao. 2001&. The early Triassic intermediate—acid volcanic
and its tectonic environment in Southwestern Guangxi. Geotectonica
et Metallogenia,25 (2) . 141 ~ 148.

Liu Dong,Zhao Zzhidan,Zhu Dicheng,Niu Yaoling, Harrison TM. 2014.
Zircon xenocrysts in Tibetan ultrapotassic magmas :

deep crust through time. Geology,42 (1) : 43 ~ 46.

Imaging the

Liu Yongsheng, Gao Shan, Hu Zhaochu, Gao Changgui, Zong Keqing,
Wang Dongbing. 2010. Continental and oceanic crust recycling-
induced melt—peridotite interactions in the Trans-North China
Orogen: U-Pb dating, Hf isotopes and trace elements in zircons from
mantle xenoliths. Journal of Petrology,51 (1 ~ 2) . 537 ~ 571.

Mezger K, Krogstad E J. 2004. Interpretation of discordant U-Ph zircon
ages : An evaluation. Journal of Metamorphic Geology, 15 (1) :
127 ~ 140.

Mundil R, Ludwig K R, Metcalfe I, Renne P R. 2004. Age and timing of
the end-Permian mass extinction ;: U/ Pb geochronology on closed
systerm zircons. Science,305 ; 1760 ~ 1763.

Payne J L, Lehrmann D J, Christensen S, Wei J, Knoll A H. 2006.
Environmental and biological controls on the initiation and growth of
a Middle Triassic ( Anisian) reef complex on the Great Bank of
Guizhou , Guizhou Province, China. Palaios,21 (4) : 325 ~ 343.

Rubatto D. 2002. Zircon trace element geochemistry : Partioning with
garnet and the link between U-Pb ages and metamorphism.
Chemical Geology. ,184 (1 ~ 2) . 123 ~ 138.

Song Guoxue, Qin Kezhang, Liu Tiebing, Li Guangming, Shen Ping.
2010&. The U-Pb ages, Hf isotope and REE patterns of older zircon
from Devonian volcanic rocks in Ashele basin on the sourthern
margin of Altai orogen and its geological significance. Acta
Petrologica Sinica,26 (10) . 2946 ~ 2958.

Song Huyue,Du Yong, Algeo T J,Tong Jinnan,Owens J D, Song Haijun,
Tian Li, Qiu Haiou, Zhu Yuanyuan, Lyons T W. 2019. Cooling-
driven oceanic anoxia across the Smithian/Spathian boundary ( mid-
Early Triassic). Earth-Science Reviews,195 . 133 ~ 146.

Sun Yan, Gao Yun, Wang Denghong, Dai Hongzhang, Gu Wenshuai, Li
Jian,Zhang Lihong. 2017&. Zircon U-Pb Dating of ‘ Mung Bean
Rock’ in the Tongliang Area, Chongging and Its Geological
Significance. Rock and Mineral Analysis,36 (6) : 649 ~ 658.

Sun Yadong,Michael M J, Paul B W, Yan Chunbo, Chen Yanlong, Jiang
Haishui, Wang Lina, Lai Xulong. 2012. Lethally hot temperatures
during the early Triassic greenhouse. Science,338 ;. 366 ~ 370.

Sun S S, McDonough W F. 1989. Chemical and isotopic systematics of
oceanic basalts ; implications for mantle composition and processes.
Geological Society, London, Special Publications,42 (1) . 313 ~
345.

Takahashi S,0Oba M, Kaiho K, Yamakita S,Sakata S. 2009. Panthalassic
oceanic anoxia at the end of the Early Triassic : A cause of delay in
the recovery of life after the end-Permian mass extinction.
Palaeogeography , Palaeoclimatology , Palacoecology , 274 (3 ~ 4) .
185 ~ 195.

Tan Mei 2016&.

Geochemical characteristics and genesis of T/P boundary clay and

, Zhao Bing, Zhou Bingyang, Zhang Xiaoshi.

event clay in Dafang aera, Guizhou Province. Geological Bulletin of
China,35 (6) : 979 ~ 988.

Tang Jie, Xu Wenliang, Wang Feng, Ge Wenchun. 2018&. Subduction
history of the Paleo-Pacific slab beneath Eurasian continent

Mesozoic—Paleogene magmatic records in Northeast Asia. Science



%11 B P H I IX T =& % 5 BT UTSE K A 85 A LA-ICP-MS U-Pb 4Ei#% S o R H-E 21

W

China Earth Sciences,48 (5) : 549 ~ 583.

Thue D D, Trung H. 1995. Magmatic formations of Vietnam. Hanoi:
Sci. & Tech,Publ. House.

Tong Jinnan, Zuo Jingxun, Chen Zhongqgiang. 2007. Early Triassic carbon
isotope excursions from South China : Proxies for devastation and
restoration of marine ecosystems following the end-Permian mass
extinction. Geological Journal ,42 (3 ~ 4) . 371 ~ 389.

Wang Jialin, Li Zhuang. 2017&. Trace element compositions in the
detrital zircons as an indicator of source rock type : an example from
Liaohe Group in the Liaodong Peninsula, Northeast China.
Geological Science and Technology Information,36 (2) : 36 ~ 57.

Wang Ningzu, Zhang Xiangwen, He Bi, Zhao Fei, Jin Canhai, Ren
Guangming. 2019&. Zircon U-Pb geochronology and geochemistry
of the mung bean rocks of the Middle Triassic Guanling Formation in
Daizhai area of Qianxi County,Guizhou Province. ] Mineral Petrol,
33 (4) : 642 ~ 649.

Wang Yanbin, Liu Dunyi, Yao Jianxin, Ji Zhansheng, Wang Liting, Wu
Guichun. 2004&. Age Derermination of the Lower— Middle
Triassic Boundary at Ganheqiao, Wangmo, Guizhou Province. Acta
Geologica Sinica,78 (5) : 586 ~ 590.

Wang Qing, Zhu Dicheng, Zhao Zhidan, Guan Qi, Zhang Xiaogian, Sui
Qinglin, Hu Zhaochu, Mo Xuanxue. 2012. Magmatic zircons from
I-,S- and A-type granitoids in Tibet : Trace element characteristics
and their application to detrital zircon provenance study. Journal of
Asinan Earth Sciences,53 ; 59 ~ 66.

Wang Xunlian, Zhou Hongrui, Wang Zhentao, Shen Yang, Yu Zidong,
Yang Zhihua. 2019&. Tectonic evolution of the northwestern
Yangtze block in central China during the Early—Middle Devonian :
constraints from petrology, zircon U-Pb dating and trace element
composition of the Tapo Formation in the Liieyang area. Acta
Geologica Sinica,93 (12) . 2997 ~ 3037.

Watson E B, Wark D A, Thomas J B. 2006. Crystallization thermometers
for zircon and rutile. Contributions to Mineralogy and Petrology, 151
(4) . 413 ~ 433.

Wang Jiangli, Lin Fangcheng, Peng Zheng, Xuan Meifeng, Wang Hong.
2014&. LA-ICP-MS Zircon U-Pb isotopic age of porphyritic
Hornblende—Biotite monzonitic graniye of Phia bioc pluton in
Truong Son Fold Belt, Laos—Vietnam and its geologica significance.
Geological Science and Techonology Information,33 (5) ; 66 ~ 74.

Wei Yi,Zhang zongyan,He Weihong, Wu Nianwen, Yang Bing. 2014&.

Evolution of sedimentary basins in the upper Yangtze during

Journal of China University of
Geosciences,39 (8) : 1065 ~ 1078.
Whitehouse M J,Platt J P. 2003. Dating high-grade metamorphism

constraints from rare-earth elements in zircon and garnet.

Mesozoic. Earth Science

Contributions to Mineralogy and Petrology,145 (1) : 61 ~ 74.
Wu Yinglin, Yan Yangji, Qin Jianhua. 1995&. Palaeogeographic
reconstruction of the Western margin of the Yangtze platform during
the Early and Middle Triassic.
Palaeogeography, 15 (3) . 17 ~ 33.
Xiang Kunpeng, An Yayun, He Yongzhong, Zhao Lei, Yi Chengxing, Liu

Sedimentary  Faces and

Kuiyong, Zhang Housong, Huang Yong, Pan Yingjuan, Deng Xiaojie.

2019&. Provenance of the volcanic ash in the bottom of Middle
Triassic, southwest margin of the South China plate : a case study of
the tuff in Gannan region, Zhebao, Youjiang basin. Geological
Review,65 (2) : 319 ~ 334.

Xie Tao,Zhou Changyong,Zhang Qiyue ,Hu Shixue, Huang Jinyuan, Wen
Wen, Cong Feng. 2013&. Zircon U-Pb age for the tuff before the
Luoping biota and its geological implication. Geological Review, 59
(1) : 159 ~ 164.

Yang Jianghai, Cawood P A,Du Yuansheng, Huang Hu, Huang Hongwei,
Tao Ping. 2012. Large Igneous Province and magmatic arc sourced
Permian—Triassic volcanogenic sediments in China. Sedimentary
Geology,261 ~ 262 . 120 ~ 131.

Yang Fu, Chen Gang, Zhang Wenlong, Tian Wen, Tian Tao, Zhao
Xuejiao. 2016&. Zircon U-Pb dating and its trace element analysis
applied to geology. Science and Technology Review,34 (18) . 221
~ 229.

Zhao Fei, He Bi, Zhang Zhixi, Sun Pingyuan. 2019&. Mineralogical
characteristics of mung bean rock of the Middle Triassic Guanling
Formation at DaZhai area in Qianxi County, Guizhou. Mineral
Resources and Geology,33 (4) : 642 ~ 649.

Zhao Zhidan, Liu Dong, Wang Qing, Zhu Dicheng, Dong Guocheng, Zhou
Su,Mo Xuanxue. 2018&. Zircon trace elements and their use in
probing deep processes. Earth Science Frontiers,25 (6) . 124 ~
135.

Zhang Heng, Li Rentao, Ba Jin, Li Xiaoping, Ma Jiyue. 2019&.
Geochemical characteristics of the Lower Triassic Feixianguan
Formation in Meigu area, Southwestern Sichuan and it significance
for the provenance and tectonic setting. J Mineral Petrol,39 (3) .
52 ~ 59.

Zhang Jianling, Xu Deru, Yu Deshui, Wang Zhiling, Ye Tingwei, Yu
Liangliang,Zhu Yihua. 2018&. Petrogenesis and tectonic setting of
the Shanzhuang monzogranites in central Jiangxi Province, South
China: Evidence from lithology, geochemistry and zircon U-Pb
geochronology. Acta Petrologica Sinica,34 (6) . 1641 ~ 1656.

Zhang Yingli, Wang Zongqi, Wang Gang, Li Qian, Lin Jianfei. 2016&.
Chromian spinel , zircon age constraints on the provenance of Early
Triassic Feixianguan Formation sandstones from Huize area, Upper
Yangtze region. Geological Review,62 (1) : 55 ~ 72.

Zhen Liandi, Yao Jianxin, Tong Yabo, Song Biao, Wang Liting, Yang
Zhenyu. 2010&. Zircon U-Pb Dating for the Boundary of
Olenekian—Anisian at Wangmo, Guizhou Province. Acta Geologica
Sinica,84 (8) : 1112 ~ 1117.

Zhu Lijun. 1994&. A Study of the clay mineralogy of green bean rock
between the early and middle Triassic in Guizhou. Acta Guizhou
Engineering College,23 (5) : 19 ~ 24.

Zhu Zhongfa, Wang Guanxin. 1986&. Paleogeography of before and after
deposition of Green-Bean rock ( altered tuff) between the early and
middle Triassic in the Upper Yangtze Platform and its adjacent
areas. Oil & Gas Geology,7 (4) . 344 ~ 355.

Zhu Min, Chen Hailin,Zhou Jing, Yang Shufeng. 2016&. Provenance of
early Triassic in Yanyuan Basin, Upper Yangtze and its implication
for the tectonic evolution. Earth Science,41 (8) : 1309 ~ 1321.



22 B T T Y 2 2021 4F

Zircon LA-ICP-MS U-Pb ages, trace element characteristics of the Lower
Triassic Jialingjiang Formation tuffites in the Puyi area,
northwestern Guizhou, and their geological significance

MIAO Yu" ,WU Liang" ,XIAO Changyuan" ,LI Suoming"
LI Zhiwei" ,SONG Wenting” , TIAN Yufeng"

1) Kunming Natural Resources Comprehensive Investigation Center ,China Geological Survey ,Kunming ,650001 ;

2) Technology and Business University ,Kunming ,650001

Objectives: The frequent volcanic events in the Early Triassic period were the main causes of the global
climate and marine environment anomalies. A lot of research on the volcanic events during the important boundary
period of the Early Triassic have conducted, but few reports have been made on the other volcanic events stratas
beyond the typical boundary.

Methods: In this paper, we carried out some researches of the Jialingjiang Formation tuffites in the Puyi area
by petrology, petrography, zircon geochronology and trace elements assemblage characteristics in the Southwestern
margin of the Upper Yangtze.

Results : Most of the tuffite zircons have the internal structures of acid magma zircon, the trace elements are
characterized by a strong loss of LREE and strong enrichment of HREE ; obvious positive Ce anomaly and negative
Eu anomaly, and Th/U ratio> 0.2, which have the characteristics of typical magmatic zircon. The two groups of
the zircons concordant ages are 250. 6+0. 6Ma and 249. 1+£0. 8Ma, which correspond to the Smithian—Spathian
(S—S) boundary and the middle Spathian substage in the early Triassic.

Conclusions; The parent rocks of the Jialingjiang Formation tuffites are mainly acid granites, followed by
neutral syenites and a few basic rocks. The tuffites of Jialingjiang Formation have the homology with Permian—
Triassic boundary (PTB) tuffites and Olenekian—Anisian boundary (OAB) mung bean rocks, which formed in the
collision orogenic environment of active continental margin. The source area is probably located in the Changshan
tectonomagmatic belt—Shiwandashan volcanic belt in the China—Vietnam border area. During the continental crust
collision, the crust of the source area was in a continuous thickening stage, and the partial melting of the thickened
lower crust formed the upwelling of supplementary magma caused the early crystalline minerals partially melting
corrosion. Frequent volcanic events in the Early Triassic period were the main factors leading to climate change and
biological rebirth and extinction, the reason may be the result of the comprehensive feedback of factors such as the
parasol effect and the greenhouse effect. However, the specific evidence still needs to be constrained by the more
comprehensive results of more disciplines in the future.

Key words: Jialingjiang Formation; tuffites; zircon U-Pb geochronology; zircon trace elements; biological
retardation recovery
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