a0 H2W PR I TR R SO Vol. 40, No. 2. 411~428
2021 4F 3 H ACTA PETROLOGICA ET MINERALOGICA Mar. , 2021

ZEAEEY FoHRRT E4F

— R ARRELFNKE UPhFERFRH AR EMY R

& R AT R AR AT, R F R
(1. =R HMERBlF2BE, =~/ B 650001; 2. AEE RS KHET =My FH ALK E, =8 B 650001,
3. ZERBREHAR A RR AT, =8 301 663701)

# E. RS0 REF -t U e B R KRB &0 IR Z — , B T8 B A 18 T o — HAE
UL AR T N A PR AL A8 (ST e — 20 4R R . AR SCRI A LA-ICP-MS X X P & 4 A1 3 ik v 0k 5
A KA FIE RN A KA SRS A TR T U-Ph AR5, AR A A U-Pb 4F#4 8 760410 Ma, R RIS
W X AT BEAELE B T A Az 1 SRAR TN A AL B IN A TR 85 40 U-Ph AR 43233128 77349 Ma i1 7669 Ma, 5
X35 I Rodinia 8 A i A AR 2 L M X A9 7 -8 VLA RS LU 5 200 s S AR — B, PR A 5INK A
A5 A DB ALY I [R5 3 2 U AE FOAE 1R 22 Y5 Rl N — SR AR 1, R W o i A 0 S T Be S INRA
AL B I B KR AR B VTR R B 3R o AR SO T AR S 09 JBEE |, 4655 T A i A - It iy
KIFED EB T I WIS 45 2R A RITE 0 7] Be 200 0 i AR 25 AR [R) 25 S 4 i — O 4 & ™ 1
W™=,

KA R INLLREIME I RIEAET; Boviht; PORAE A NS U-Ph B4

B4 EKS: P588. 1; P597 XEkFRIRES . A XE4HS: 1000 —6524(2021)02 —0411—-18

Neoproterozoic mineralization event of the Daping gold deposit in Yunnan
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Abstract: The Daping Au deposit is one of the most important large-sized gold deposits in the south of the Ailao
Mountain-Honghe River ductile shear zone. Due to the disputes on its mineralization timing and tectonic setting,
it’s difficult to establish the metallogenic model as well as further explore and exploit gold deposits in this belt. In
this paper, LA-ICP-MS was used to study the U-Pb geochronology of hydrothermal zircon from Au-bearing quartz
veins and magmatic zircon from diorite and granodiorite vein in the Daping Au deposit. The result shows that the
age of hydrothermal zircon is 760 £ 10 Ma, suggesting that there was a Neoproterozoic mineralization event for the

Daping gold deposit. The magmatic zircons from the diorite and granodiorite vein yielded ages of 773 £+ 9 Ma and
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766 + 9 Ma, respectively. These results coincide with the breakup of the zircons from the diorite and granodiorite
veins. Therefore, combined with their consistent ages within the error range, the authors hold that the Neoprotero-
zoic gold mineralization event might have been Rodinia supercontinent and the Jinning-Chengjiang large-scaled vol-
canic-magmatic event in the Ailao Mountain area. The hydrothermal zircons have similar Hf isotopic composition to
those of related intrusions of diorite and granodiorite. Although the Eocene-Oligocene was thought to be a main min-
eralization period for the Daping gold deposit in previous literature, the authors consider that the Daping gold depos-
it probably resulted from superimposed mineralization from the Neoproterozoic and Cenozoic magmatic-tectonic-
hydrothermal events, as shown by the determination of the Neoproterozoic mineralization event in this study.

Key words: Ailao Mountain-Honghe River shear zone; Daping gold deposit; Neoproterozoic; hydrothermal zircon;
diorite; U-Pb dating
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Fig. 1 Regional geological map of Ailao Mountain-Honghe River shear zone ( modified after Chen Yaohuang et al. , 2014)
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Fig. 2 Structural geological map of the Daping gold deposit ( modified after Zhu Luhua et al. , 2011)
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Fig. 3 Thotos of outcrop, hand specimen and microphotograph of gold-bearing quartz-vein (a), diorite (b) and granodiorite

vein (c¢) from the Daping gold deposit
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Chl—chlorite; Bt—Dbiotite; Hb—hornblende; Q—quartz; Pl—plagioclase
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Fig. 4 U-Pb age concordia diagrams and cathodoluminescence (CL) images of zircon from diorite and Au-bearing quartz

vein from the Daping gold deposit
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Table 1 LA-ICP-MS zircon U-Pb dating result of diorite,
granodiorite and Au-bearing quartz vein from the Daping

gold deposit

wB/l()_6 Th/ [Al3; A #E/ Ma

EN=2

Pb Th U U 26pL, 285 1g 27pp/ 257 1o

NI
DP-02-01 174 456 302
DP-02-02 150 357 250

.51 766 20 766 25
.43 764 19 753 24

DP-02-03 192 476 263 1.8l 775 19 765 22
DP-02-04 219 526 334 1.57 767 19 764 20
DP-02-05 171 430 246 75 766 19 748 20

DP-02-06 170 392 363
DP-02-07 338 822 507
DP-02-08 401 1029 603
DP-02-09 152 357 252
DP-02-10 251 600 416
DP-02-11 194 472 372
DP-02-12 171 443 267
DP-02-13 348 915 470
DP-02-14 172 429 261
DP-02-15 449 1125 726
DP-02-16 138 327 265
DP-02-17 157 411 259

.08 768 19 768 20
.62 768 19 756 22
.71 763 18 745 19
.42 771 19 764 20
.44 769 20 714 22
.27 763 19 750 20
. 66 762 19 734 21
.95 764 19 762 20
.64 763 19 748 20
.55 763 18 776 18
.23 763 19 750 21
.59 764 19 768 21

m e e e e e e e e e e e e e = = e e

DP-02-18 102 237 230 1.03 763 19 76l 2i
AN
DP-03-01 190 334 539 0.62 766 19 746 21

DP-03-02 40.2 70.1 108 0.65 766 20 727 35
DP-03-05 262 455 662 0.69 756 19 773 20
DP-03-06 207 360 547 0.66 789 19 771 21
DP-03-07 132 239 406 0.59 770 19 737 21
DP-03-08 225 372 711 0.52 784 19 782 19
DP-03-09 80 132 233 0.57 791 19 794 21
DP-03-10 121 199 422 0.47 786 19 787 21
DP-03-11 298 557 891 0.62 766 18 758 18
DP-03-12 248 445 681 0.65 785 19 782 19
DP-03-13 147 255 485 0.53 771 19 761 20
DP-03-14 198 356 576 0.62 760 18 766 19
DP-03-15 119 209 367 0.57 760 19 773 20
DP-03-17 137 234 411 0.57 771 19 751 21

DP-03-18 179 307 546 0.56 773 19 772 21
DP-03-20 271 530 667 0.79 767 19 760 19
F Ak

DP-04-01 488 1329 297 4.48 761 20 748 23
DP-04-03 106 285 213 1.34 763 19 765 22
DP-04-04 485 1448 518 2.80 762 19 766 22
DP-04-05 13354 131 901 4.58 761 19 768 19
DP-04-07 153 417 287 1.45 761 19 757 22

DP-04-08 465 10451 555 0.67 764 18 784 18
DP-04-09 299 833 219 3.79 766 20 764 24
DP-04-10 49 117 168 0.70 763 19 769 25

DP-04-11 139 435 127 3.42 679 18 677 25
DP-04-12 159 448 288 55 716 18 723 21
DP-04-13 167 443 329 35 763 19 733 20
DP-04-14 382 1196 234 12 763 19 743 23
DP-04-15 11203 569 624 72 766 20 767 23
DP-04-16 705 2 254 270 36 768 19 768 27
DP-04-17 179 525 257 04 767 20 764 25
DP-04-18 476 1412 649 18 766 23 770 29
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T2 3, eHf(t) I I7IE L Soerlund 55 (2004 ) FH
F B (2019), 45 2R B R, DP-02 K &
B OHE/ T HE (B YE F A 0. 282 371 ~0.282 480, i
() eHE () [ETE R 2. 52~ 6. 39, 16, R AR Ny
1 500~ 1 260 Ma; DP-03 A5 #9"7 HE/ ' Hf {E 75 F A
0.282 155 ~0.282 274, i1 5 1Y) eHf (¢) A5 Fl K
=5.14~-0. 91,15, B4R A 1982 ~1 691 Ma, 7%
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Table 2 REE and trace elemental compositions of zircons from diorites, granodiorites and Au-bearing quartz veins from

the Daping gold deposit

FEM S La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm

DP-02-01 0.02 7.25 0.00 0.42 1.57 0.28 5.25 1.99 23.4 7.89 35.6 7. 66
DP-02-02 0.00 6.61 0.05 0.80 1.44 0.42 7.13 2.30 27.3 9.60 42.5 9.46
DP-02-03 0.00 8.14 0.09 1.00 1.74 0.36 7.33 2.58 26.9 9.51 39.2 8.47
DP-02-04 0.02 8.83 0.07 1.19 2.31 0.60 8.03 2.69 30.1 9.95 43.8 9.91
DP-02-05 0.00 6.83 0.05 0.68 1.37 0.33 5.41 1.57 18.9 6.19 27.4 5.84
DP-02-06 0.00 8.32 0. 06 0. 69 1.18 0.40 6.76 1.81 23.1 7.42 33.8 7.31
DP-02-07 0.03 8.92 0.23 2.96 4.08 1.09 13.60 3.92 44.4 14.90 62.6 13.70
DP-02-08 0.03 11. 60 0.18 2.41 3.13 0.72 10.70 3.19 34.9 10. 10 42.9 8. 66
DP-02-09 0.00 6.47 0.04 0.51 1.02 0.24 4.54 1.58 19.1 6.90 30.0 6.95
DP-02-10 0.00 9.65 0.14 1.82 1.67 0.48 9.85 2.54 26.2 8.15 31.4 6.34
DP-02-11 0.01 7.39 0.08 1.39 1.36 0.40 5.58 1.90 20.3 6.93 30.4 6.81
DP-02-12 0.00 7.15 0.05 1.22 1.66 0.47 6.28 1.90 18.9 6.11 23.7 5.00
DP-02-13 0.00 11.50 0.09 2.03 1.86 0.55 9.89 2.68 28.7 9.04 36.2 7.82
DP-02-14 0.01 6.79 0.05 0.85 1.34 0.39 6.40 2.00 22.9 7.92 34.4 7.39
DP-02-15 0.02 29.80 0.24 3.97 5.58 0.81 22.30 7.32 80.2 28.90 123.0 26.70
DP-02-16 0.02 13.70 0.21 2.67 3.87 0.75 14.90 4.59 47.7 17. 60 78.8 17.90
DP-02-17 0.03 6.95 0. 06 0.83 1.71 0.54 7.48 2.40 26.0 8.29 31.0 6.31
DP-02-18 0.01 13.90 0.14 2.43 3.53 0.60 15.20 4.70 55.6 21.50 99.9 22.90
DP-03-01 0.00 24.90 0.04 1.08 2.19 0.74 10. 18 3.49 41.1 17.20 83.1 21.30
DP-03-02 0.01 24. 60 0.09 1.57 2.84 1.18 16.20 6.13 79.1 33.30 170 41.80
DP-03-05 7.18 36.30 1.53 7.22 3.13 0.82 10. 04 3.42 40. 4 16. 00 76. 4 19.50
DP-03-06 2.04 32.90 0.48 3.40 2.63 0.83 12.80 4.52 56.9 23.70 117.0 30. 10
DP-03-07 0.03 19.80 0.09 1.20 2.11 0.89 11.20 4.28 58.1 23.50 117.0 29.90
DP-03-08 6.81 33.70 1.48 6.28 2.47 0.83 13.20 4.10 54.6 23.10 113.0 30. 30
DP-03-09 1.73 15.90 0.43 2.42 1.93 0. 66 7.64 2.42 30.0 11. 60 53.3 13.60
DP-03-10 0.33 11. 60 0.09 0.82 1.97 0.15 14.30 6.18 79.0 33.60 164.0 39.70
DP-03-11 8.40 38.70 1.86 7.33 3.12 0.82 10. 80 3.68 4.2 19.00 91.9 23.50
DP-03-12 4.00 25.30 0.78 4.66 2.79 0.35 13.20 5.26 70.9 29.70 152.0 38.60
DP-03-13 0.15 18.00 0.09 0.83 1.29 0.65 7.63 2.89 33.8 14.10 72.3 19. 00
DP-03-14 0.00 23.50 0.04 1.06 2.53 0.53 11.30 3.73 46.0 18. 60 89.2 23.90
DP-03-15 0.17 13. 60 0.06 0.92 1.91 0.32 11.70 3.97 51.8 20. 60 98.5 23.10
DP-03-17 0.22 16. 00 0.04 0.96 1.34 0.59 7.33 2.73 28.6 12. 60 58.9 15.10
DP-03-18 0.02 26. 80 0.07 1.08 2.46 1.05 12.80 5.15 61.9 24.90 123.0 31.40
DP-03-20 3.56 37.00 0.89 4.89 3.24 0.80 10.90 3.91 48.0 18.90 89.6 22.70
DP-04-01 0.03 11.20 0.24 4.11 5.57 1.91 25.70 7.04 74.5 25.40 103.2 21.20
DP-04-03 0.05 8.26 0.13 2.25 2.79 0.82 11.90 4.15 46.7 18. 60 92.9 22.00
DP-04-04 0.07 6.65 0.27 3.34 4.87 1.31 14.50 4.71 54.6 20. 80 91.8 19.70
DP-04-05 0.11 18.70 0.70 7.55 9.15 2.87 69.30 23.20 257.0 86. 60 327.0 63.00
DP-04-07 0.00 4.84 0.04 0.68 0.96 0.50 5.02 1.54 17.8 6.73 29.4 7.01

DP-04-08 0.10 6.70 0.35 4.14 9.08 3.85 39.00 8.89 72.3 18. 10 57.0 10. 50
DP-04-09 0.04 9.80 0.13 1.80 3.34 0.93 13.40 4.29 48.7 17.20 74.4 16. 30
DP-04-10 0.01 10. 50 0.15 2.51 3.60 1.33 24.30 8.83 119.0 50.90 261.0 60. 30
DP-04-11 0.03 6.10 0. 06 1.15 1.54 0.47 8.20 2.43 25.8 9.28 41.0 8.80
DP-04-12 0.00 4.19 0.07 0.95 1.17 0.75 7.41 2.35 27.3 8.81 39.5 9.30
DP-04-13 0.06 3.45 0.05 1.22 1.32 0.55 3.97 1.21 14.5 5.35 23.9 5.26
DP-04-14 0.01 13.50 0.11 2.12 2.80 0.58 13.00 3.94 44.9 15.40 65.9 13.50
DP-04-15 0.28 35.70 0.77 17.20 32.30 9.34 125.00  33.50 319.0 97.10 358.0 66. 00
DP-04-16 0.11 18. 40 0.63 10. 02 12.4 2.40 53.70 14.90 143.0 44.90 159.0 29.50
DP-04-17 0.10 5.18 0.25 2.99 2.66 1.44 9.64 3.00 33.3 12.10 56.9 13.30
DP-04-18 0.06 7.84 0.13 1.64 2.36 0.99 9.53 2.91 34.6 14.20 60. 4 13. 80
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Continued Table 2
s Yb Lu P Ti Y Nb Hf Ta Pb Th U Y REE
DP-02-01 71.4 13.10 201 9.60 252 0.34 9 323 0.44 174 456 302 428
DP-02-02 89.7 16.90 175 8.92 311 0.33 8 677 0.28 150 357 250 525
DP-02-03 78.0 13.0 161 11. 60 292 0.45 8 068 0.34 192 476 263 488
DP-02-04 92.8 14.90 183 11.80 330 0.41 8 710 0.26 219 526 334 555
DP-02-05 54.9 8.55 147 11. 60 201 0.30 8 082 0.40 171 430 246 339
DP-02-06 67. 1 11.20 189 14.70 238 0.32 7 342 0.26 170 392 363 407
DP-02-07 123.0 19.20 187 14. 60 453 0.30 8 590 0.51 338 822 507 766
DP-02-08 75.3 10.90 274 14. 60 323 0.38 7 839 0.41 401 1029 603 538
DP-02-09 67.0 10.7 141 10. 40 214 0.34 8716 0.30 152 357 252 369
DP-02-10 54.7 8.39 241 13.90 255 0. 40 6 812 0.34 251 600 416 417
DP-02-11 62.1 10. 80 161 13.90 219 0.41 8 700 0.40 194 472 372 375
DP-02-12 44.9 6.36 153 14. 00 195 0.38 8 243 0.37 171 443 267 319
DP-02-13 65.8 10. 10 199 18. 50 292 0.46 7 441 0.33 348 915 470 478
DP-02-14 69.8 11.30 159 12.30 253 0.29 8 697 0.31 172 429 261 424
DP-02-15 247.0  39.80 383 21.20 907 1.94 8 798 1.86 449 1125 726 1523
DP-02-16 177.0  30.60 285 19. 50 553 0.65 8 986 0.55 138 327 265 963
DP-02-17 55.4 8.17 163 12.20 244 0.29 7718 0.37 157 411 259 399
DP-02-18 229.0  39.70 276 20. 10 690 1.07 8 804 0.87 102 237 230 1200
DP-03-01 232.0  46.10 161 6.00 543 1.6l 11 073 1.31 190 334 539 1026
DP-03-02  452.0  87.80 277 6. 81 1 065 3.39 9413 0.98 40 70. 1 108 1981
DP-03-05 202.0  39.40 628 9. 60 499 2.29 10 866 1.61 262 455 662 963
DP-03-06  318.0  63.30 354 1.61 774 2.79 10 426 1.67 207 360 547 1 443
DP-03-07  324.0  65.20 203 4.60 761 1.72 9 769 1.10 132 239 406 1419
DP-03-08 340.0 - 69.20 1110 4.37 739 1.91 11 381 1.39 225 372 711 1439
DP-03-09 145.0  27.80 315 5.21 360 0. 64 9797 0. 66 80 132 233 674
DP-03-10  407.0  76.40 198 2.40 1 045 3.95 11 371 2.13 121 199 422 1 880
DP-03-11 255.0  53.60 1067 11.50 601 1.76 11 471 1.68 298 557 891 1162
DP-03-12  392.0  72.00 395 4.47 952 3.19 10 567 2.21 248 445 681 1763
DP-03-13 219.0  44.30 211 2.80 471 1.42 11 614 1.26 147 255 485 905
DP-03-14  258.0  49.90 155 4.37 602 1.84 10 990 1.65 198 356 576 1130
DP-03-15 238.0  42.90 190 7.14 635 1.09 11 207 0.95 119 209 367 1143
DP-03-17 171.0  33.20 182 5.17 386 1.05 11240  0.96 137 234 411 734
DP-03-18 337.0  66.10 254 3.59 796 3.18 10 900 1.66 179 307 546 1 491
DP-03-20  246.0  49.10 700 4.59 604 1.70 11 578 1.55 271 530 667 1 144
DP-04-01 184.0  32.60 217 16. 80 778 0.24 7 629 0.30 488 1329 297 1275
DP-04-03 215.0  43.60 320 13.50 636 0.42 7 309 0. 66 106 285 213 1 106
DP-04-04 172.0  28.90 163 13. 60 670 0.18 5757 0.18 485 1 448 518 1 094
DP-04-05 505.0  80.60 351 18.60 2632 2.18 8 095 1.52 1335 4131 901 4083
DP-04-07 63.9 11.90 193 12.70 216 0.16 5989 0.13 153 417 287 366
DP-04-08 84.5 12.30 161 8.68 508 0.77 6 398 1.97 465 1 045 1555 835
DP-04-09 149.0  26.70 266 20.20 549 0. 80 7287 0.53 299 833 219 916
DP-04-10  581.0  113.00 346 19. 40 1677 1.18 9512 0.46 49.3 117 168 2914
DP-04-11 85. 1 15. 50 175 16. 60 303 0.34 8 058 0.34 139 435 127 509
DP-04-12 85.9 15. 80 154 9.70 295 0.13 6 791 0.37 159 448 288 498
DP-04-13 50. 1 8.56 167 7.01 183 0.13 7 607 0.15 167 443 329 302
DP-04-14 118.0  20.10 247 21.20 493 0. 40 8 332 0.51 382 1196 234 807
DP-04-15 535.0  83.50 554 24.70 2874 1.96 7787 0.88 1120 3569 624 4587
DP-04-16  237.0  35.40 269 20. 40 1371 0. 64 8 086 0.71 705 2254 270 2133
DP-04-17 131.0  26.40 152 11.70 399 0.09 6 692 0.20 179 525 257 698
DP-04-18 129.0  22.50 326 0.20 444 0.27 5 836 0.12 476 1412 649 744
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1995)
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4.1 KXFET RARKEERHKERE

T BRI GEREF 4 DX R o DA 1 A 0
EJT R TR B TAE, JFA i TR 4528, it
F 55 (1994) 1] Rb-Sr S5 I £ EE I 15 R 1Y E

AR R 481 Ma, 1M Ji5 5 1E A2 45 (1997) SR K-Ar %
AR A4 ARl 844. 63 £33. 66 Ma, I3 it
b TN A R A5 B0 W) AF 8 Ol 926. 15+ 94. 51 ~
845.26+12.74 Ma, H TN AMAEREL, Hd £ 1A
A1 32 B J 9 22 A A A FH S e, 34 i T Rb-Sr 4§
PR K-Ar 15 3R A5 B AR 08 I AN 2 P, 5K ke
45(2011) FIFHES 47 SHRIMP SE4E )5 LR AR IN K A Y
AN 77312 Ma, BRFEKE (2015) FIH LA-ICP-
MS #5457 U-Pb 78 45 J7 2 AR A5 TN A 1) A AR 18 R
7617 Ma, BARES AT RAT M TN A A A 5 Ay ]
5, ASGHE T LA-ICP-MS 3545 Bl ‘A N A5 48 5 A
KA WAL L Y U-Pb IIACF- 148 530 766+9 Ma
F1773+9 Ma, 7R 22 705 Bl N 55K 55 (2011) FIBRIE
FE(2015) MAS A LA I 28 RIEA —8 A4 i
G R, K40 XN A R TH oo R i 5
AR =), L5 X 81 R BFY] Rodinia #8 KBl 24
FIRE A LM X8 57— P8 T AR K 1L 25 3 335 30
FUFTE R LB N — 3 (A%, 1994; RIER
4 2001)

H A" X N R A i AR 7 i 2k B3R (LOI
TE 1. 34% ~14. 03% Z 4] ) (REEEESE, 2014) , F T
T 5 AR T 2R MR A 27 R R X B R B A 1
AT AR T REAFAE IR IR 22 . B A 25 P AS [R) e [
MIES A (AR RS A A8 S A R S A ) i AT
TEEAN IS, & A [ R B A i o R AL
[, AT L 3 4 A s - B e e 3 R TCHL i PR RN B
AR X AR Dy sy B A R SR B
(Hoskin and Schaltegger, 2000; % JTC{# %, 2004;
Wang et al. , 2012; THIR, 2013), I TEAHA
HREE R A F R AR E AN 5 A2 I AR S e 4 T
PUHSRATIE 25 32 A0 110 1 PR O 24 SR H O i 1) 4 1 75
S, KIFEET INEKA P e A HA B &M U/Yb EL
FORF—300 HEY &6, BA SR EUA R 52 IR X RHE
(& 6a.6b) , FHKIF L0 X N K 7 7] 8 = 2ok K
FhtiFe, 85 Hf R R RS o, R 27
F A U DO 5 0 L 43 5 A A b7 Y R[] ( Zheng
et al. , 2006; FRIEZE, 2007) , & 4 A1 Bk ( DP-
04) 1 1, BEAF AL 1 512~1 019 Ma, 4
HFE1.5~1.0 Ga ZH (&l 7a), HIEM eHf(¢)
(2.64~10. 41, F 7b) , XN A5 1 5 N A 7 1
HHEAEZ W B AR S e HE () 18, UL
B APk B AR T BEIE BT S AN R AR
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Table 3 HIf isotopic compositions of zircons from diorite, granodiorite and Au-bearing quartz vein from the Daping

gold deposit

FeSh T t/Ma  '0Yh/"THE 20 76 Lu/ T HE 20 o181 He 20 eHi(t) tpy/Ma  15y/Ma  fluom
DP-02-1 766 0.005 092 0.000 045 0.000 191 0.000 002 0.282397 0.000 021  3.43 1183 1447  -0.99
DP-02-2 764 0.007 849 0.000 074 0.000 296 0.000 002 0.282 403 0.000 026  3.66 1177 1437  -0.99
DP-02-3 775 0.006 676  0.000 022 0.000 226 0.000 001 0.282371 0.000 028  2.52 1219 1500  -0.99
DP-02-4 767 0.006 222 0.000 015 0.000 221 0.000 001 0.282 406 0.000 026  3.76 1171 1426  -0.99
DP-02-5 766 0.004 094 0.000 015 0.000 140 0.000 001 0.282 415 0.000 030  4.08 1156 1404  —1.00
DP-02-6 768 0.006 664 0.000 039 0.000 221 0.000 001 0.282 480 0.000 029  6.39 1069 1260  —0.99
DP-02-7 768 0.011 482 0.000 029 0.000 365 0.000 001 0.282380 0.000 024  2.82 1212 1490  -0.99
DP-02-8 763 0.006 048 0.000 013 0.000 196 0.000 000 0.282 398 0.000 031  3.48 1181 1445  -0.99
DP-02-9 771 0.005 744 0.000 021 0.000 202 0.000 001 0.282 417 0.000 029  4.16 1155 1398  -0.99
DP-02-10 769 0.006 746 0.000 028 0.000 195 0.000 001 0.282394 0.000 029  3.32 1187 1452 -0.99
DP-02-11 763 0.005 590 0.000 016 0.000 186 0.000 001 0.282 378 0.000 028  2.76 1209 1491  -0.99
DP-02-12 762 0.004 160 0.000 013  0.000 128 0.000 001 0.282 403 0.000 028  3.66 1172 1433 -1.00
DP-02-13 764 0.006 289  0.000 039 0.000 193 0.000 001 0.282 443 0.000 031  5.06 1120 1345  -0.99
DP-02-14 763 0.006 122 0.000 029 0.000 205 0.000 001 0.282 407 0.000 024  3.81 1169 1425 -0.99
DP-02-15 763 0.022 057 0.000 179 0.000 677 0.000 004 0.282399 0.000 026  3.52 1194 1458  -0.98
DP-02-16 763 0.013 419 0.000 155 0.000 476 0.000 006 0.282 380 0.000 022  2.85 1214 1494  -0.99
DP-02-17 764 0.005 363 0.000 016 0.000 166 0.000 000 0.282390 0.000 022  3.18 1192 1463  -1.00
DP-02-18 763 0.024 867 0.000 380 0.000 856 0.000 010 0.282 448 0.000 026  5.24 1132 135  -0.97
DP-03-01 766 0.016 750  0.000 166 0.000 661 0.000 008 0.282 184 0.000 018 —4.11 1492 1937  -0.98
DP-03-02 766 0.047 985 0.000 710 0.001 827 0.000 022 0.282271 0.000023 -1.03 1415 1780  -0.94
DP-03-05 756 0.018 035 0.000 244 0.000 730 0.000 009 0.282 196 0.000 018 -3.67 1478 1918 -0.98
DP-03-06 789 0.015 619 0.000 188  0.000 599 0.000 007 0.282 191 0.000 020 -3.88 1481 1906  -0.98
DP-03-07 770 0.027 008 0.000 569 0.001 041 0.000 019 0.282214 0.000025 -3.05 1465 180  -0.97
DP-03-08 784 0.030 607 0.000205 0.001 247 0.000 006 0.282209 0.000021 -3.22 1480 1889  -0.96
DP-03-09 791 0.015 956 0.000 127 ~ 0.000 625 0.000 005 0.282 198 0.000 023 -3.62 1471 1889  -0.98
DP-03-10 786 0.026 265 0.000 403 0.000 925 0.000 011 0.282237 0.000022 -2.25 1429 1816 -0.97
DP-03-11 766 0.015079 0.000 095 0.000 596 0.000 003 0.282 196 0.000021 -3.67 1473 1907  -0.98
DP-03-12 785 0.036 000 0.000 497 0.001 255 0.000 016 0.282274 0.000 022 —0.91 1 389 1744 -0.96
DP-03-13 771 0.018 696 0.000 162 0.000 787 0.000 006 0.282240 0.000 026 -2.11 1419 1812 -0.98
DP-03-14 760 0.018 435 0.000 243 0.000 739 0.000 010 0.282 163 0.000 022 -4.86 1524 1990  -0.98
DP-03-15 760 0.015274 0.000 099 0.000 548 0.000 002 0.282207 0.000021 -3.30 1456 188  -0.98
DP-03-17 771 0.015 557 0.000 238 0.000 649 0.000 011 0.282 177 0.000 024 -4.36 1501 1949  -0.98
DP-03-18 773 0.011 037 0.000329 0.000 464 0.000 014 0.282155 0.000024 -5.14 1524 1991  -0.99
DP-03-20 767 0.014 628 0.000 307 0.000 622 0.000 013 0.282 183 0.000019 -4.15 1492 1938  -0.98
DP-04-01 761 0.020 296 0.000 133 0.000 634 0.000 004 0.282416 0.000 030  4.13 1169 1420  -0.98
DP-04-03 763 0.022 108 0.000 074 0.000 795 0.000 003 0.282 422 0.000 037  4.31 1167 1412 -0.98
DP-04-04 762 0.023 129 0.000 039 0.000 732 0.000 002 0.282 434 0.000 043  4.75 1148 1383  -0.98
DP-04-05 761 0.052 708 0.000 081 0.001 380 0.000 001 0.282 482 0.000 036  6.46 1099 129  -0.96
DP-04-07 761 0.010 730  0.000 093 0.000 383 0.000 003 0.282 404 0.000 049  3.69 1179 1440  -0.99
DP-04-08 764 0.009 536 0.000 088 0.000 281 0.000 004 0.282 429 0.000 039  4.58 1 141 1378 -0.99
DP-04-09 766 0.018 573 0.000 284 0.000 641 0.000 012 0.282 561 0.000 033  9.25 968 1092 -0.98
DP-04-10 763 0.047 939 0.000 204 0.001 752 0.000 005 0.282559 0.000026  9.19 1000 1134  -0.95
DP-04-11 679 0.014 234 0.000 690 0.000 421 0.000 014 0.282 564 0.000 030  9.37 958 1132 -0.99
DP-04-12 716 0.009 709 0.000 175 0.000 360 0.000 008 0.282 481 0.000 042  6.41 1072 1295  -0.99
DP-04-13 763 0.004 825 0.000 111 0.000 157 0.000 005 0.282 514 0.000 035  7.57 1021 1185  —1.00
DP-04-14 763 0.012220 0.000 088 0.000377 0.000 002 0.282 427 0.000 032  4.48 1148 1388  -0.99
DP-04-15 766 0.032 112 0.001 382 0.001 046 0.000 027 0.282556 0.000 035  9.08 986 1117 -0.97
DP-04-16 768 0.023 487 0.000 304 0.000 692 0.000 012 0.282 594 0.000 032  10.41 924 1019  -0.98
DP-04-17 767 0.017 702 0.000 226 0.000 704 0.000 013 0.282375 0.000 039  2.64 1 230 1512 -0.98
DP-04-18 766 0.023 249 0.001 097 0.000 783 0.000 033 0.282 469 0.000 041  6.00 1100 1303  -0.98
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EAFELE RN 33.76+0. 65 Ma, REKAESE (2011) XK
P& &AW K ESR EARSS B2 ] i i4L
29 ~17 Ma, i SEUAFESS 543 568 BT RE R T e AR
B 5 300 WKl e R Rl R O e L A
LIS 3 7 R RS 1 8 U052 8, R AR LS 5
Fa ¥ 5l A 2 ot A v 1) e s ) TR R 37 52 o AT
ARG B YA O, 2 R PE 40 T BB A7 737 o0 i 1R
AT AP &0t Fi 1,

HI AR R B2 1y L B 2 20 2 Ao R Y
WA © PRS2 TR B -2 ) 5y
V1A IR K8 SR R4, 7 T X B Jo s v, Bl
WA 5512 K AR AR KRB 1 20 28 30 Bl [F) 25 | 3
SRR A A A A SR A5 1L R B (PN A 5
2006, 2007a, 2007b; REfE(5 % 2006a, 2006b; Sun
et al. , 2009; £ RHZ 2010) ; @ X HA £ 4HHgFI
WA 5 250 9 4 T | B il AR 2R K 4y
T TR AR R R Rl R AR IR IR GR 45 5 (5
KT, 2007 ; #3758 5, 2010, 2011) , £ KIE4
W HA R GIR AR &0 R FEIE . B R4
WA B2 5 e B TR PR AR O (AR FE 407 X N R
KI5 2 1 F [0 39 7 Bl RS A K L
SEARAE (2011) 48 HUR KPR A PR IA S TR 5 11 7 +
TSR TR R TR 2 B DR T L g e Sl L
LLIZRY 7 TR 9 oS AR kA 78 4 40 DR R A SRR AIE 17 Ji
B T RIS R T 78 1) 3 242 Ll -2 ) 49) % 57 )
WA T B2k sl J 2 Ak, S 8O0 o R
BORE SR, ENEEME SRR AR ER ~ 55 Ma fiffi , 25
A ARG B e —r T T B3, F 5% X AL 1o L R
UABERZ S Qe AT b A= I IR AW A A
BRI 2 3R 32 B R AUK I & ks (55 R
&5 2007, Zhang et al. , 2018) , k&A= 1 AR IR IR
ey, NI & b FMkE, K40 T hE
Py IR AW X AW N TIPS A iR e 28 & X C =
B VE 459
5 5B

(1) INRKZAFAE K IN K 5 IKES A U-Phb 4R iy 45
RER, KIS XK INK AT T8t i R (7739
~766+9 Ma) , A] 2 X I8, I [F] B ) Rodinia # K fili
14 R 7 L DX -V VT AR ok 1Ly A
LEDIER LIS/
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10 Ma, RUIRIFE &0 FAAEF o R b4k, 5IX
WINK 7 A8 i TN A K — B0 A A 1% (766 £9
Ma) FUFHRU) HE [ 4 2 4L R AE , 2 B8 e i 18 4
TAE SN AR AT REA BV R HIK R, Hioc
AR SR, SR T KPR A T AR R BT T
AR AR AN ] 5 IR 48 1A = 1 28 ™ 1
FHE=4

i BRI EH AR AERAGER
FEHB AN 2k TARIFE K A B, R St A
ZHRFRIL FREEELTTHANI FAT
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