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Multistage tectono-thermal events in the Yadong area of the Himalayan
orogenic beit: Evidence from zircon and monazite U-Th-Pb geochronology
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Sciences, Beijing 100037, China)

Abstract: The Himalayan orogenic belt is a natural laboratory for studying plate tectonics. lLocated at the core of
the Himalayan orogen, the Greater Himalayan Sequence ( GHS) is the key to revealing the collisional orogenesis
and orogenic evolution. This paper presents the petrography, zircon and monazite U-Th-Pb chronology and geo-
chemistry of the GHS granitic gneisses from the Yadong area. The field survey and microstructure show that these
rocks have the mineral assemblage of plagioclase + K-feldspar + quartz + biotite + garnet, and have experi-
enced a metamorphism of the upper-amphibolite to granulite facies with partial melting. Chronology and geochemis-
try indicate that the protoliths of granitic gneisses include the Neoproterozoic ( ~800 Ma) granodiorite and the Silu-
rian ( ~440 Ma) granite, both of which experienced metamorphism in Miocene ( ~16 Ma). The Neoproterozoic

granodiorite has negative ¢Hf( 1) values of —16.4 ~ —12.2, and crust model ages t5,, of 3. 11 ~2.79 Ga,
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suggesting that the rock was derived from partial melting of the ancient lower crust. The Neoproterozoic granodiorite
and Silurian granite have similar geochemical characteristics to arc granitic rocks, with negative anomalies of high
field strength elements Nb, Ta, P and Ti. The present study reveals that the Greater Himalayan Sequence has ex-
perienced multistage tectono-thermal events, including not only the Cenozoic collisional orogeny but also the Neo-
proterozoic magmatism associated with the evolution of the supercontinent Rodinia as well as the surrounding Ande-
an orogeny after the Paleozoic formation of Gondwana.

Key words: zircon and monazite; U-Th-Pb dating; multistage tectono-thermal event; Yadong; Himalayan orogenic
belt
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Fig. 2 Field views of the granitic gneisses from the

Yadong area
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Fig. 3 Photomicrographs of sample 92-1
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Table 1 Whole rock major (w,/ %) and trace (w;/10 *) element compositions

s Sio, TiO, Al,O;  Fe,04 FeO MnO MgO Ca0 Na, O K,0 P,0s H,0* LO1 L
92-1 68.04  0.41 16.94  1.07 2.34 0.04 1.26 3.80 4.03 1.61 0.13 0.54 0.45 5.64
922  74.43  0.24 13.56  0.90 1.11 0.03 0.53 1.47 2.65 4.70 0.10 0.00 0.28 7.35

FEdh 5 La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
92-1 57.0 110.0 12.3 48.6 9.24 0.95 7.50 1.27 6.77 1.34 3.73 0.53 3.60 0.50
922 21.0 37.2 4.08 16. 1 2.91 0.63 2.07 0.35 1.78 0.32 0.88 0.12 0.81 0.12

RS Rb Ba Th U Nb Ta Ph Sr Hf Zr Y (La/Yb)y 3Eu

92-1 153 289 37.0 7.93 21.3 2.11 20.7 221 6.10 186 38.40 11.36 0.34
92-2 274 653 13.8 3.17 12.6 1.01 41.4 101 4.68 136 9.74 18.60  0.75

( Middlemost, 1994), 7 AN AL N K5 KB CEIBE D . 1962 (HREE) 20 18 i 3 [ (La/Yb) = 11. 36

BRI RAOTE K (9220810, N 74.43% ,  18.60, 8 5a], B E A W 5K Eu 70 & 775 (SEu

ALO, HN 13.56% ,Ca0 8N 1.47%, 20 =0.34), Ja& K350 Eu JLHE 77 % (8Eu =0.75);

HHT.35% (K 1), /£ TAS K f# o ( Middlemost, — JR 4 Hbg b AE 4k B Al b, PN RE S 39 oA K 18

1994) , ¥ NAE b6 X A C IS D o A 76% Rb [ IE 579, w7963 Nb.Ta P Al Ti 1]
TERRRLA AR HEAL IR B, ST A AfE i SR CESh) .
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Fig. 5 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace elements spidergrams (b) of the
granitic gneisses from the Yadong area
BB A R R A W B AR HE (SR Sun R McDonough (1989), H5 715 ~ 800 Ma 4¢ i it A4 i i JG 2 44 51 F Ding %(2016) Fll Wang 4%
(2017 5 B ~440 Ma 4E K JUH A T T 2 2 51 A s AR AR (2015)
Normalization values after Sun and McDonough, 1989; data of ~800 Ma Cona granitic rocks after Ding et al. , 2016 and Wang et al. , 2017;
data of ~440 Ma Gyirong granitic rocks after Gao Li’ e et al. , 2015
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Table 3 Rare earth element compositions of zircon grains
M5 fifi Ta Ce Pr Nd Sm FEu Gd Tb Dy Ho Er Tm Yb Lu Y REE
B 92-1
92-1-01  #¥# 0.07 5.18 0.12 1.90 6.71 0.13 53.88 23.89 313.41 122.51 596.17 119.91 1170.32 212.76 2626.96
92-1-02 ¥ 0.48 7.12 0.39 3.76 10.16 0.33 71.57 27.14 343.90 128.56 600.21 120.08 1 147.11 205.45 2 666.28
92-1-03 i 0.42 4.10 0.40 1.87 3.08 0.08 15.64 7.06 100.87 43.09 226.37 51.56 560.76 110.86 1 126.15
92-1-04 #¥# 0.05 7.45 0.09 2.08 7.00 0.30 56.63 23.12 315.20 122.31 596.57 120.88 1166.12 210.90 2 628.68
92-1-05 ¥ 0.08 18.64 0.06 1.91 5.05 0.21 34.61 14.51 193.51 77.09 364.36 75.00 768.46 141.70 1 695.20
92-106 #i#F 0.03 25.27 0.07 2.18 8.55 0.13 63.28 27.79 372.82 145.45 709.44 146.37 1433.75 261.47 3 196.60
92-107 #i#B 0.01 3.62 0.03 0.84 5.32 0.14 40.88 17.97 247.19 98.19 489.55 102.28 1021.91 178.18 2 206.11
92-1-08 ¥ 0.03 5.38 0.12 2.16 7.21 0.18 60.46 24.60 335.24 126.38 602.62 124.58 1218.48 207.14 2 714.55
92-1-09 ¥ 0.00 3.84 0.08 1.28 4.32 0.11 39.84 18.54 258.01 100.77 495.91 107.63 1054.95 179.34 2 264.64
92-1-10 #i#F 0.03 2.86 0.06 0.30 3.09 0.01 24.48 12.64 185.22 76.51 385.52 88.44 923.22 148.59 1 850.99
92-1-11  #3# 0.02 4.37 0.07 1.88 6.18 0.19 46.61 20.18 264.02 101.13 489.42 101.35 976.77 173.33 2 185.52
92-1-12  ## 0.12 3.76 0.20 2.46 9.09 0.36 71.91 28.59 373.67 141.73 668.84 140.63 1343.13 233.58 3018.07
92-1-13  ¥i#B 0.10 2.06 0.12 0.73 2.59 0.08 22.91 11.66 189.68 78.36 424.11 101.71 1132.91 211.02 2 178.02
92-1-14 ¥ 0.30 6.10 0.20 2.65 6.63 0.16 54.14 23.87 311.61 118.51 576.84 115.97 1126.79 198.39 2 542.17
92-1-15  ## -  5.44 0.08 2.16 5.54 0.25 44.92 19.00 243.15 90.03 442.84 90.49  886.38 153.30 1983.58
92-1-16  ##H - 20.89 0.09 2.23 6.04 0.17 44.11 17.79 235.83 88.29 426.66 83.07 859.91 155.20 1945.28
92-1-17  #i#B 0.02 16.92 0.03 2.32 4.68 0.10 35.93 14.64 198.20 75.31 373.79 76.79 768.45 134.76 1701.93
92-1-18 % H - 21.13 0.20 3.84 6.84 0.58 44.53 14.96 182.28 62.55 286.58 56.40 534.64 93.86 1 308.39
92-1-19  #¥# 0.09 2.66 0.15 2.47 7.54 0.26 55.87 22.52 298.30 111.56 534.87 113.03 1131.03 175.77 2456.13
92-120  #¥# 0.01 12.6 0.04 0.92 2.93 0.17 22.00 8.97 126.67 49.14 234.77 51.80 550.63 90.26 1 150.90
92-121 #i#B 0.02 3.85 0.05 1.19 5.27 0.13 45.88 20.52 283.93 107.84 522.31 114.06 1162.54 179.90 2 447.50
92-122 ¥ 0.28 4.21 0.15 1.68 3.82 0.18 30.40 13.39 181.49 70.28 342.53 76.73 850.38 129.31 1 704.83
92-1-23  #¥ 0.33 4.56 0.10 2.08 5.77 0.17 44.03 17.84 236.04 89.11 442.79 96.75 998.10 145.89 2 083.55
92-124 KZ#B 0.00 0.64 0.02 0.42 1.64 0.04 15.26 8.18 123.93 49.34 267.07 72.18 902.06 152.00 1 592.78
FEf 922
92201 Mg 0.01 2.23 0.01 0.14 0.79 0.06 5.95 3.56 64.20 30.06 175.95 45.92  499.00 106.61 934.48
92202 B - 3.30 - 0.28 0.56 0.15 9.68 4.93 83.92 39.50 219.95 52.80 550.24 116.97 1 082.29
92-2-03 #E#0 0.10 3.79 0.03 0.23 0.79 0.02 10.21 5.73 97.18 47.54 270.86 65.03 677.55 142.02 1321.06
92204 MB#HE - 3.11 0.01 0.07 0.98 0.13 10.64 5.54 95.56 43.65 244.20 58.75 624.27 130.36 1 217.25
92205 Mg 0.01 2.29 0.00 0.08 0.58 0.09 8.63 4.61 82.60 38.36  211.95 53.76  595.77 124.44 1123.17
92206 MEg#E 0.02 1.19 0.01 0.07 0.30 0.03 6.23 3.49 55.29 24.26 134.64 36.62 423.82 82.63 768.60
92207 ¥ - 2.63 - 0.04 0.63 0.05 9.08 4.80 74.61 33.10 176.82 42.08 444.36 89.97 878.18
92-2-08 ME¥ -  2.06 0.01 0.06 0.31 0.08 7.91 3.86 66.84 30.77  179.05 45.71 514.01 103.47 954.14
92209 Mg 0.02 1.82 -  0.09 0.42 0.11 5.85 3.33 54.14 25.30 146.03 38.61 450.16 93.84 819.72
92-2-10 #2¥# 0.00 3.22 0.00 0.13 0.68 0.05 9.54 5.67 99.27 47.35 271.04 66.11 729.95 150.03 1 383.04
92-2-11  M8# 0.10 3.51 0.01 0.07 0.67 0.09 10.48 6.33 105.40 48.95 274.14 66.56 701.31 141.94 1 359.56
922-12 M 0.01 2.39 0.00 0.10 1.14 0.15 8.76 4.12 61.16 24.13 125.13 28.49 302.99 62.16 620.74
92-2-13 ¥ -  1.80 0.00 0.06 0.59 0.05 6.57 3.55 59.44 28.91 170.09  45.97 517.49 105.33 939.85
922-14 ¥ 0.00 0.53 - 0.02 0.21 0.19 2.25 1.19 15.55 5.65 24.69 4.31 37.35 6.12 98.06
922-15 h# -  0.34 0.01 0.08 - 0.05 1.09 0.74 10.19 3.80 18.63 3.20 29. 66 5.06 72.84
922-16 4B 0.12 0.81 0.02 0.07 0.26 0.19 2.56 1.74 23.85 9.67 41.20 7.43 66.29 11.72  165.94
92-2-17 ¥ - 0.63 0.00 0.14 0.46 0.07 3.11 2.28 37.43 16.21 80.96 17.88 188.03 34.22  381.44
92-2-18 i4# 0.01 1.39 - 0.08 0.45 0.22 4.58 1.98 23.01 6.29 21.22 3.49 29.29 4.90 96.91
92-2-19 A# 0.01 1.59 - 0.02 0.20 0.27 5.55 2.25 22.70 6.75 21.54 3.58 26.99 4.67 96.11
92220 ¥ - 0.80 - 0.05 0.21 0.27 3.29 1.81 25.81 8.82 36.02 6.67 53.69 8.86 146.29
92221 H#EE - 0.42 - 0.11 0.13 0.10 1.76 0.84 12.69 4.32 19.19 3.45 28.11 4.72 75.85
92-2-22 ¥ 0.00 0.60 - - 0.04 0.19 2.44 1.45 17.16 6.30 26. 66 4.80 42.63 6.81 109.09
92-2-23  {A# 0.02 0.47 0.00 0.03 0.10 0.13 2.27 1.08 16.15 5.80 23.89 4.33 35.49 5.91 95.64
92224 4k 0.01 1.03 - - 0.36 0.17 6.14 3.82 58.95 23.27 110.98 22.81 214.85 39.74 482.13

- R TR R



440 wOAR O W % & & 38 4

100 pm

K6 MEARMLDXAE B 50T BRoE T AR MRS A B SOE R

Fig. 6 CL images of representative zircon grains of the granitic gneisses from the Yadong arca
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Table 4 HIf isotopic data of zircon grains

JEgs t/Ma 176 1y£/177 1t 20 76 1 u/ VT HE 76 yh/\ 7 HE TOHE/TTHE,  gHICe) 20 154/ Ga
92-1-01 794 0.281 965 0.000 023 0.002 672 0.085 053 0.281 926 -12.7 0.8 2.83
92-1-02 797 0.281 890 0.000 019 0.002 963 0.101 038 0.281 845 -15.4 0.7 3.04
92-1-03 796 0.281 910 0.000 020 0.002 152 0.068 445 0.281 878 -14.3 0.7 2.95
92-1-04 800 0.281 929 0.000 029 0.002 215 0.076 251 0.281 896 -13.6 1.0 2.90
92-1-05 800 0.281 892 0.000 017 0.001 288 0.042 970 0.281 872 -14.4 0.6 2.96
92-1-06 800 0.281 839 0.000 019 0.001 556 0.051 274 0.281 816 -16.4 0.7 3.11
92-1-07 800 0.281 898 0.000 017 0.001 654 0.054 310 0.281 873 -14.4 0.6 2.96
92-1-08 800 0.281 899 0.000 017 0.002 126 0.072 818 0.281 867 -14.6 0.6 2.98
92-1-09 800 0.281 900 0.000 018 0.001 965 0.065 123 0.281 870 -14.5 0.6 2.97
92-1-10 808 0.281 877 0.000 018 0.002 741 0.090 705 0.281 836 -15.5 0.6 3.05
92-1-11 800 0.281 870 0.000 026 0.002 538 0.087 473 0.281 832 -15.9 0.9 3.07
92-1-12 804 0.281 902 0.000 016 0.001 918 0.061 517 0.281 873 -14.3 0.6 2.96
92-1-13 800 0.281 959 0.000 016 0.001 520 0.046 447 0.281 936 -12.2 0.6 2.79
92-1-14 805 0.281 920 0.000 020 0.002 527 0.085 278 0.281 882 -14.0 0.7 2.93
92-1-15 800 0.281 881 0.000 015 0.001 505 0.049 569 0.281 858 -14.9 0.5 3.00
92-1-16 804 0.281 914 0.000 020 0.002 355 0.078 604 0.281 879 -14.1 0.7 2.94
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Fig. 8 Diagram of zircon £Hf (¢) values versus U-Pb ages of
~800 Ma granitic gneiss from the Yadong area (the inserted

is zircon crustal-model ages histogram)
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Table 5 Monazite LA-ICP-MS U-Th-Pb data for spot analysis

wy/107° )7 % b [ #4687 Ma
R tho
Pbmml 232 Th 238 U 207 Pb/235 U 10_ 206 Pb/238 U 10_ 207 Pb/235 U 10_ 206 Pb/238 U 10_
FEfh 92-1
92-1-01 86.0 111251 11099 0.000827  0.000007  0.002709  0.000030 0.3 17.4 0.2 16.7 0.1
92-1-02 90.8 122542 10406 0.000 798  0.000 007  0.002 745  0.000 028 0.2 17.7 0.2 16.1 0.1
92-1-03 70.3 84557 9854 0.000834  0.000 007 0.002718  0.000029 0.2 17.5 0.2 16.9 0.1
92-1-04 82.8 100964 11716 0.000822  0.000 007  0.002723  0.000033 0.3 17.5 0.2 16.6 0.1
92-1-05 76.0 96 404 10 444 0.000 807  0.000 008  0.002 624  0.000 029 0.2 16.9 0.2 16.3 0.2
92-1-06 59.1 73592 7861 0.000843  0.000 008  0.002659 0.000035 0.2 17.1 0.2 17.0 0.2
92-1-07 75.9 99125 9831 0.000797  0.000 008  0.002 684  0.000029 0.2 17.3 0.2 16.1 0.2
92-1-08 65.9 86706 8713 0.000792  0.000 007 0.002587  0.000036 0.3 16.7 0.2 16.0 0.1
92-1-09 70.9 89656 9761 0.000 808  0.000 007  0.002 673  0.000 034 0.3 17.2 0.2 16.3 0.2
92-1-10 72.8 96165 9025 0.000824  0.000 007  0.002739  0.000 034 0.2 17.6 0.2 16.7 0.1
92-1-11 71.3 96021 8410 0.000810  0.000 007  0.002 633  0.000 037 0.3 17.0 0.2 16.4 0.1
92-1-12 76.8 96717 10191 0.000 829  0.000 007  0.002 649  0.000 034 0.3 17.1 0.2 16.7 0.1
92-1-13 80.0 106624 9642 0.000812  0.000 007 0.002634 0.000035 0.3 17.0 0.2 16.4 0.1
92-1-14 86.8 114166 10716 0.000 810  0.000 008  0.002 645  0.000 030 0.3 17.0 0.2 16.4 0.2
92-1-15 67.9 84279 9625 0.000805 0.000008  0.002650 0.000030 0.3 17.1 0.2 16.3 0.2
92-1-16 77.2 99171 10438 0.000 803  0.000 006 0.002 635  0.000030 0.3 17.0 0.2 16.2 0.1
92-1-17 81.3 100084 10 604 0.000 837  0.000 006  0.002 866 ~ 0.000 034 0.3 18.5 0.2 16.9 0.1
92-1-18 56.9 73116 8131 0.000795  0.000 008  0.002 600  0.000 034 0.3 16.7 0.2 16.1 0.2
92-1-19 82.4 105666 10976 0.000812 0.000007  0.002 640  0.000 030 0.2 17.0 0.2 16.4 0.1
92-1-20 64.0 81199 8905 0.000808  0.000008  0.002598  0.000028 0.2 16.7 0.2 16.3 0.2
92-121 58.3 73053 8688 0.000794  0.000007  0.002591  0.000033 0.2 16.7 0.2 16.0 0.1
92-1:22 78.6 100 990 10 649 0.000 817 0.000 007  0.002 595  0.000 031 0.3 16.7 0.2 16.5 0.1
92-1-23 66.2 84442 9073 0.000813  0.000 007  0.002709  0.000 032 0.2 17.4 0.2 16.4 0.1
92-1-24 77.8 91584 11980 0.000818  0.000 007  0.002 628  0.000 034 0.3 16.9 0.2 16.5 0.1
92-1-25 76.3 99189 9927 0.000801  0.000007  0.002745  0.000032 0.2 17.7 0.2 16.2 0.1
92-1-26 65.1 79555 9363 0.000823 0.000008 0.002664 0.000029 0.2 17.2 0.2 16.6 0.2
92-1-27 88.5 114491 11300 0.000 821  0.000 007  0.002730  0.000032 0.3 17.6 0.2 16.6 0.1
92-1-28 83.1 104 667 11267 0.000 808  0.000 008  0.002 673  0.000 030 0.2 17.2 0.2 16.3 0.2
92-1-29 75.9 89992 11568 0.000803  0.000 007 0.002663 0.000029 0.3 17.1 0.2 16.2 0.1
92-1-30 68.3 87171 9023 0.000803  0.000 007 0.002 673 0.000030 0.3 17.2 0.2 16.2 0.1
92-1-31 59.2 67991 9626 0.000816  0.000 007  0.002 634  0.000 028 0.2 17.0 0.2 16.5 0.2
92-1-32 67.4 81768 10014 0.000 815  0.000 007  0.002 666  0.000 029 0.2 17.2 0.2 16.5 0.1
92-1-33 96.9 128 668 11949 0.000 827  0.000 008  0.002 697  0.000 032 0.3 17.4 0.2 16.7 0.2
92-1-34 81.6 99274 11626 0.000825 0.000008 0.002753 0.000033 0.3 17.7 0.2 16.7 0.2
92-1-35 39.9 49451 5666 0.000811  0.000009  0.002 641  0.000 036 0.2 17.0 0.2 16.4 0.2
92-1-36 80.4 101 826 10579 0.000 807  0.000 008  0.002 701  0.000 032 0.2 17.4 0.2 16.3 0.2
92-1-37 63.4 78187 9129 0.000821  0.000 008  0.002 648  0.000 033 0.2 17.0 0.2 16.6 0.2
92-1-38 70.5 81825 11175 0.000809  0.000 007  0.002 661  0.000 029 0.3 17.1 0.2 16.4 0.1
92-1-39 84.9 91147 15885 0.000798  0.000007  0.002578  0.000026 0.3 16.6 0.2 16.1 0.1
92-1-40 80.2 88448 14802 0.000806  0.000007  0.002550 0.000026 0.3 16.4 0.2 16.3 0.1
FEdh 922

92201 70.7 82783 12229 0.000830  0.000 009  0.002 657  0.000 034 0.3 17.1 0.2 16.8 0.2
92202 84.2 98980 13726 0.000827  0.000007  0.002813  0.000 031 0.3 18.1 0.2 16.7 0.1
92-2-03 92.6 105809 15857 0.000 820  0.000 008  0.002 820  0.000 031 0.3 18.2 0.2 16.6 0.2
92-2-04 86.8 96575 16458 0.000804  0.000 008  0.002681  0.000029 0.3 17.3 0.2 16.2 0.2
92-2-05 89.5 93132 17 144 0.000 812  0.000 008  0.002 804  0.000026 0.2 18.0 0.2 16.4 0.2
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Continued Table 5
wy/10 6 IF) 7 2% LA [F] 7 24 8/ Ma
J=g=1 rho
th!(d] 232 Th 238 U 207 Pb/235 U 10_ 206 Pb/238 U lo 207 Pb/235 U lo 206 Pb/238 U 10’
92-2-06 84.5 106423 13 712 0.000 802 0. 000 008 0.002 580 0.000 031 0.3 16.6 0.2 16.2 0.2
92-2-07 51.4 61906 8050 0.000 834 0. 000 009 0.002 660 0. 000 044 0.3 17.1 0.3 16.8 0.2
92208 106 106 909 20 111  0.000 812 0. 000 008 0.002 848 0.000 028 0.3 18.3 0.2 16.4 0.2
92-2-09 89.7 105762 14 094 0.000 819 0.000 008 0.002 775 0.000 031 0.3 17.9 0.2 16.6 0.2
92-2-10 89.7 103 032 14 936 0.000 806 0.000 008 0.002 767 0.000 029 0.3 17.8 0.2 16.3 0.2
92-2-11 94.8 109 094 16 308 0.000 799 0.000 008 0.002 707 0.000 030 0.3 17.4 0.2 16.1 0.2
92-2-12 78.3 105319 9835 0.000 826 0. 000 008 0.002 649 0.000 034 0.3 17.1 0.2 16.7 0.2
92-2-13 101 105 551 19 356 0.000 794 0. 000 006 0.002 784 0.000 029 0.3 17.9 0.2 16.0 0.1
92-2-14 79.6 103 033 11 523 0.000 809 0. 000 008 0.002 593 0.000 038 0.3 16.7 0.2 16.4 0.2
92-2-15 91.7 106 904 14 786 0.000 826 0.000 008 0.002 730 0.000 029 0.2 17.6 0.2 16.7 0.2
92-2-16 78.9 95860 12483 0.000 811 0.000 008 0.002 737 0.000 032 0.3 17.6 0.2 16.4 0.2
92-2-17 79.2 99960 11418 0.000 821 0.000 007 0.002 723 0.000 031 0.2 17.5 0.2 16.6 0.1
92-2-18 91.7 109 667 15074 0.000 806 0.000 007 0.002 686 0.000 029 0.3 17.3 0.2 16.3 0.1
922-19 96.6 117 879 13 859 0.000 827 0. 000 008 0.002 832 0. 000 030 0.3 18.2 0.2 16.7 0.2
92-2-20 80.3 96937 12594 0.000 799 0.000 008 0.002 754 0.000 035 0.3 17.7 0.2 16.1 0.2
92-2-21 85.1 99698 13850 0.000 798 0.000 008 0.002 729 0.000 031 0.3 17.6 0.2 16.1 0.2
92-2-22 91.0 123922 10731 0.000 810 0. 000 008 0.002 768 0.000 031 0.2 17.8 0.2 16.4 0.2
92-2-23 84.6 98 100 13 880 0.000 797 0.000 008 0.002 764 0.000 034 0.3 17.8 0.2 16.1 0.2
92-2-24 76.2 94292 11190 0.000 823 0.000 009 0.002 626 0.000 035 0.3 16.9 0.2 16.6 0.2
%6 MEA LAICP-MS HETESNER wy/10 ¢
Table 6 Trace element compositions of monazite grains
R La Ce Pr Nd Sm Eu Gd Th Dy Ho FEr Tm Yb Iu 3IHREE Y
BEff92-1
92-1-01 131589 219 695 25271 99 201 16 911 457 11516 1078 3177 290 320 17.6 49.1 3.98 681 6 744
92-1-02 130 141 214269 24 791 94748 16209 444 11095 1060 3187 289 323 17.5 48.0 3.48 682 6 804
92-1-03 135490 229 004 26 283 101 272 16957 473 11424 1108 3329 303 324 16.9 42.9 3.36 690 7 092
92-1-04 130 121 220346 25 314 97 355 16947 473 11712 1147 3465 322 351 18.6 50.3 3.58 746 7 539
92-1-05 135508 223717 25573 96 690 16378 555 11181 1131 3514 329 361 19.6 50.6 3.44 764 7783
92-1-06 139 115 237951 27373 103363 16848 492 10999 1119 3582 347 402 22.5 60.9 4.69 838 8 128
92-1-07 140 513 224977 25297 95756 15952 464 11120 1120 3544 347 395 21.6 63.3 4.67 832 8 176
92-1-08 133709 229218 26654 101 851 17421 483 11763 1198 3781 359 393 21.3 58.6 4.40 836 8 323
92-1-09 136929 229099 26596 101 384 17123 516 11647 1191 3771 369 420 23.9 66.4 4.59 883 8592
92-1-10 134966 230565 26564 101 468 16383 485 11065 1125 3721 374 440 24.7 68.3 4.95 912 8 839
92-1-11 130832 225025 26020 100761 16874 516 11580 1189 3819 377 454 26.8 81.0 6.05 945 8 843
92-1-12 132964 225884 25829 100008 17054 497 12085 1226 3910 377 431 24.2 65.9 5.04 903 8 850
92-1-13 129283 219972 25 465 99 147 17020 485 11865 1200 3870 375 440 25.5 71.0 4.87 916 8906
92-1-14 130 172 215479 241712 95428 16757 463 12004 1236 3973 383 437 25.2 68.9 5.07 919 9 100
92-1-15 139488 231057 26036 94 844 16 150 454 10930 1171 3852 380 440 24.8 69.2 5.09 919 9 166
92-1-16 132966 224 774 26 060 99492 16833 515 11733 1201 3942 399 465 26.7 75.2 5.19 971 9 345
92-1-17 132 640 227 561 25 878 96 177 15714 493 10669 1104 3758 399 495 30.7 92.8 6.63 1024 9731
92-1-18 136 704 235214 27274 105162 17 187 499 11725 1234 4131 411 488 27.6 75.6 5.72 1008 9756
92-1-19 130 284 224 462 25 420 95835 16588 467 11633 1244 4174 414 478 27.4 73.5 5.12 998 9 810
92-1-20 133334 232613 27140 104976 17891 504 12443 1292 4280 426 507 28.2 80.5 5.38 1047 10099
92-1-21 135239 234193 27135 105357 17425 502 12018 1286 4224 424 507 28.5 84.3 6.09 1050 10 151
92-1-22 129 485 222148 25722 99 554 17312 486 12219 1284 4288 434 500 28.4 81.0 6.12 1049 10 163
92-1-23 135091 230590 26382 103650 17206 514 11956 1254 4186 437 537 31.0 89.4 6.69 1101 10401
92-1-24 128 919 225027 25752 97 145 16 692 506 11385 1274 4394 457 568 35.5 103.4 7.96 1172 10 878
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Continued Table 6
8= La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y HREE Y
92-1-25 132 107 224 734 25890 99591 16518 515 11501 1231 4244 453 581 35.5 104.0 7.74 1181 10 889
92-1-26 131 993 229409 26 580 102908 17 521 504 12122 1317 4455 461 552 31.1 88.7 6.52 1139 10907
92-1-27 125377 217 087 25239 96042 16 542 461 11 811 1268 4430 470 579 33.9 100.8 7.33 1191 11 149
92-1-28 127 780 219291 25280 95436 17 058 508 12165 1325 4603 492 597 36.0 105.2 8.19 1238 11454
92-129 129 468 225843 26025 97236 16671 485 11175 1262 4465 469 608 38.1 116.1 8.60 1240 11 534
92-1-30 130 572 227 027 26 171 100 178 17 330 506 12327 1341 4725 526 664 41.8 120.1 9.12 1 361 12 379
92-1-31 142 214 236354 26502 98898 16674 489 11758 1323 4798 539 731 48.4 150.9 11.09 1480 12599
92-1-32 132 688 228 984 26 729 103 250 17 582 483 12435 1373 4871 525 659 39.0 113.9 8.19 1346 12721
92-1-33 122271 210551 24558 94093 16 805 464 12362 1360 4827 533 694 43.5 134.3 10.66 1415 12 791
92-1-34 129 606 221 688 25541 94911 16374 505 11752 1325 4795 529 698 43.1 135.4 9.52 1415 12793
92-1-35 139 094 239 086 27 723 106 786 19 438 708 13508 1587 5609 567 690 39.4 109.0 6.88 1412 13 055
92-1-36 126 400 219 382 25640 97771 17 449 461 12443 1377 4897 553 731 45.2 143.8 11.07 1484 13 369
92-1-37 133 564 230807 26770 104534 18370 533 13152 1472 5214 575 744 45.4 132.0 9.39 1506 13933
92-1-38 129 809 224 504 26 000 99 556 17 673 531 13064 1507 5570 632 828 52.6 155.5 11.83 1 681 15 257
92-1-39 120 579 214 798 25283 97717 17 500 400 13306 1636 6349 717 897 53.5 145.3 10.51 1824 17 357
92-1-40 125702 218 212 25597 98912 17 303 350 12915 1556 6250 741 1003 64.3 196.2 13.89 2018 18313
P 922
92201 137 719 227 119 26424 93 475 17 066 327 11455 1220 4324 446 540 32.7 88.4 6.85 1114 10 937
92202 137941 222 187 24820 87371 15186 350 10408 1152 4204 433 521 31.6 90.3 5.85 1082 10 760
92-2-03 134 109 211 547 24021 86971 15494 326 11169 1286 4628 482 592 36.0 95.3 6.41 1212 11964
92-2-04 124 775 204290 23339 82482 16140 311 12635 1842 8926 1238 2070 165.4 558.3 48.25 4080 30 928
92205 132433 214110 24295 87663 16324 288 12695 1622 6573 752 966 59.6 175.3 12.09 1965 18 329
92-2-06 132 043 205037 22388 79922 14336 309 11141 1542 7841 1109 1827 141.4 481.1 39.37 3597 27270
92-2-07 149 408 240203 27207 97270 16 635 340 11125 1125 3744 368 450 26.7 79.1 6.29 931 8 736
92-2-08 125990 208 308 24322 87398 16844 318 13075 1653 6474 717 904 57.5 164.9 12.71 1856 17 594
92209 136 178 219 336 24 570 86461 15044 358 10488 1175 4262 453 550 33.0 91.8 7.43 1135 11 130
92-2-10 139394 219173 24438 85651 15061 336 10588 1187 4355 459 563 33.6 95.3 7.08 1158 11 210
92-2-11 123 657 204 705 23 154 82670 16437 285 13296 1808 7907 972 1376 91.8 277.6 20.71 2738 23878
92-2-12 144 078 229988 26300 92771 15760 533 8555 609 1416 107 105 5.1 14.3 0.87 232 2 148
92-2-13 126 950 210 107 23752 85750 16 812 313 13147 1641 6660 745 952 60.2 171.5 13.16 1942 18 412
92-2-14 143 914 222 657 24674 85132 14671 521 9490 1022 3791 435 594 37.7 118.6 9.19 1195 10 489
92-2-15 134 027 216 663 24 064 84312 15099 367 10667 1251 4662 479 585 34.7 100.1 6.63 1206 11 908
92-2-16 136 681 219807 24083 85783 14449 340 9674 1017 3593 363 436 26.5 73.3 4.66 903 8 838
92-2-17 137 551 219646 23635 84014 14034 498 9 206 966 3309 337 429 28.7 94.7 17.85 897 8 303
92-2-18 129 644 207 377 23020 83009 14 383 310 10149 1197 4422 462 552 33.8 93.2 6.66 1147 11 245
92-2-19 126248 206 727 23021 83516 14784 370 10815 1119 3815 352 391 22.0 62.5 3.90 831 8 786
92-2-20 133 810 217377 23632 84614 14438 414 9713 1091 3836 386 449 26.6 69.0 5.02 936 9 326
92221 133 636 217274 23452 84577 14 425 339 9945 1130 4162 443 555 33.7 92.6 7.18 1131 10 743
92-2-22 138 088 213 033 22668 81036 13 190 426 8 693 822 2619 247 276 16.1 40.7 2.80 583 5916
92-2-23 133876 214878 23649 85410 14220 342 10021 1134 4143 436 546 32.5 95.7 7.20 1117 10376
92-2-24 137 204 222455 24184 85511 14 358 550 9 149 900 2803 247 255 13.0 32.9 2.30 550 5913

Hr 4 SRR WY, BRI 40 A2 BT RUTE R RO iR 99 B
AY, 2% Ph/P2 Th AR RS AR, Ja o 17.0 ~ 16.0
MaC £ 5), IBCF ¥ ER N 16. 42 = 0. 08 Ma
(MSWD = 2.8, 9a). i -J0 %A/ Bl ¥ 35 5%
AR CEREE, R TR T8, B REW
Eu JGHE 7 55 CE 9b) o RSN, KA F 1)
WAaEMETGES R FEAREZEN. b
A[45 () HREE S5 (681 x 10 °~2018 x 10 *) Al

Y UESHE(6744 x 107 ~18313 x 10°°)(£6).

FE&L 922t Js A G 1, K AR 2924 50 ~ 150
wme 15 HUR EHE W, K 2 HOM s A G T S5,
RS CEL9dD o 43T 45 B WY, 24 A7 #t /U
S Ph/ A2 ThAE RS AR, JE [ 16.8 ~16.0 Ma( 3
5), B AER K 16.41 = 0.10 Ma( MSWD =
2.4, 9c¢). Mitou o1 B BRI B 1
TCEREE, BRI, HA B ENEUTE
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B9 M ACHLDS A B 5T R AR U-Ph SRR Ca A o) R 70 3% BORE Bt A7 B AEAL &I (b A D
(e AE S Sun and McDonough, 1989)
Fig. 9 Monazite U-Th-Pb age concordia diagrams (a and ¢) and chondrite-normalized REE patterns (b and d) of the granitic

gneisses from the Yadong area ( normalization values after Sun and McDonough, 1989)

S CEod) . HT S R R A AR L) HREE &L
(232 x 10°°~4080 x 10 OMY wEEFE(2 148
x 107~30928 x 10°°)(F£6),

6 WiRL4L

6.1 FRFHER
T I A A OB R A AR, AR IR RS T 2 10
#: ~800 Ma. ~440 Ma fll ~16 Ma. N UK XX
3 MRS HEAT M T2 A R
R85 A7 1) P 3508 45 A4 R0 Ak it G 2R AR AE, 1 A A
FAE B U R (92-1) R ik B AT R -1 454, B
FIFEAEC <10 um) TVEBAT IR, 45 4 %350 2
B R B A B4R 3 2000, B o = o XA
R L TR, SRR, A REN Eu ot
f i, A Th/ U EHR s CRT0.01, B 10D, Bk
RRAE ¥ 3 B B 0 A% 5 O 45 2% i R C Hoskin - and

Schaltegger, 2003 ), K, 3R A2 Ph/>* U AT
RS ~ 801 Ma & A1 B AT 46 B U bR s R 45
e HORATIR A (92-2) I B AT R AT
- R, R R ST A P A 1 7
PRGN H1 T RGN AN Gk, A5 M 70 21 S 7 A
TP, B A0 8 8 1) T A T 3R B, B A I
i, BAT YR Eu TGRSR, IRAE Th U (HED S
CKT0.01, B 10D, 5 B 45 A0 08 38 O 5 2 R B
(Hoskin and Schaltegger, 2003), fIt $k 53 f1* Ph/** U
INBCF 2B ~ 440 Ma 2435 AT B AR (AL R 5 (RTE
JRAE WS s FE i 92-2 HUBS A L FAN HLBAAT S RO G H0NE
S, A e R B B h ] WA LT R S
WA C A SR AT R, R W5 SRR W]
a#, AR WK Eu JCER U3, 1A Th/U {H
BARC/ANT0.01, B 10D, Ui B85 A7 3 5 b A2 it B Al
( Rubatto, 2002), BRI, $RAT )7 Ph/#* UINALF- ) 48
i ~16 Ma 43 AT BT IR (AL b e (AR AR
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045 R, Z=90), Ik BSE &R AR I 1% 32 2 ik
N zz;gz;zﬁ o Th ﬁ%ﬁ‘]ﬁ%ﬁ%ﬁ:ﬁiﬁﬁ, BSE &4 Eﬁﬁ’]ﬂ%ﬁj%
] o $ AL TR (B U JT3R, Z =925 Ce L3, Z =58;

La JTZ, Z =57) #5152 W ( Gibson et al. , 2004) .

g o 8 ek, t T BSE 5 R LI 1 2 TR

gw g AN, 21 259 Ji 7 e 50 KD S AR AR T 0l A AR 1 R A

JEI, BSE UG AT n] BE TC kA7 250 48 7 g i 41

0.10 g Ry U I 43 AT R AE ( Williams et al. , 2007) . T
A5 E W] BSE BRI IR 5 AE I 5 IRk =

0.05F 60) M & P ( Cocherie et al., 1998; Rubatto et al.,
N —.—%— ol | 2000). SMHRER AR, ASORE b 0 £
0 100 200 300 m::fM:m 600 700 800 900 TTEEFEH—H, EMtTcESMEST,Y TES

10 M AH DX A b JFy IR R A () Thy/ U A
U-Pb 4% [ fifé
Fig. 10  Diagrams of zircon Th/U ratios versus U-Pb ages

of the granitic gneisses from the Yadong area

B ARG B TR R (92-1) 35 1 KAk 2
T B2 (92-2) W Al A, RV 4 76 BSE B4
BATARFN R 6o, B, B g SRR W, AN
R IBAE R ICE S HHI ThU B Y JCE) Al
SEAELE R BT R 25 3B, BSE B R
T AREU 0 2 B R T 5 B0 J6 3 R G WS (il
Gibson et al. , 2004 ), i@ BSE PFI% X 43 b i A7 1
Iy IR S bR bR R A T R TR O E
i E A S KR A Thc % R T P 8ot

20000,

a 921
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FEREAERS AR NG I 1), 35 Wk A B i
AR A TR o AT O, T AR A R A R R A AR IR
AR o Bl ok R e, LS A S S S A R A S A
SN 3. IBAk, K B R Eu SR U
W Ut B A T8 o B A KA R 3 R A K
({511 Bea et al. , 1994; Pyle et al., 2001 ), Lik4s
(EJ WAL it v R A T T 3R AR T 4k 45 i o
T, SRAFH Ph/ 22 Th NG 4EES ~ 16. 4 Ma A3
RAR AR .

R4 A1 AR 27 BIF 5T &5 L, AN SCHE DU R B oo AR
( ~800 Ma) JE B 18 5 TN G A (92-1) 5 B35 7
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Diagrams of monazite Y content versus U-Th-Pb ages of the granitic gneisses from the Yadong area
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6.2 ZHAMEREH

ASCHEA HIWF R B, 75 58 e Jt— o 5 o fE oy
JTEAFAER O AR S R AR SOR B AR
DR Sy R 2 S 0 R A AR TR R (92-
1) S5 G AR T 70 AR 801 Ma, JiU A 45 B 1k 1E
B G B BT 5 1) Eu JTER U W BN A A
2 T RA M S EsAER], B4 HE [RIAL R AR —
Bl eHICOEIB R U -16.4 ~ —12.2), 58 Hf
B AR R84 2. 97 Ga, BB S5 K A&
N TS o M. BRI Ah, K SR
Bt Black Mountain Hb[X ~ 823 Ma 114 i Jit /i K
( DiPietro and Isachsen, 2001 ). Peshawar i [X
~816 Malfi 45 it 5E)iK ( Ahmad et al. , 2013), 4 Bt
AP EH B HLIX 855 ~ 808 Ma ) IR BRAR 1L & v
% CThimm et al. , 1999; Richards et al. , 20063
Ding and Zhang, 2016; Wang et al. , 2017) LA & R Bt
Hapoli Ht [X ) ~ 837 Ma [ 1E H Bk ( Yin et al. ,
20100 AT IRIE, /N5 A Chor 31X A7 823 Ma
(R4 i TN K 4R CSingh et al. , 2002) . 4k, B
Malani ‘K B 48 [0 5 AR T4 6 0 ~ 800 Ma
( Gregory et al. , 2009) , $7 " Hifk 2 2 Hi[X ( Zhang et
al. » 2012b) FIGIAAEE HL X ( Dong et al., 2011) 47
TEFAR A J AR B R XA, o il AR A

~800 Ma

FAE AL A BRI ORI AR % 49 1 R b Bk
Al Laurentia KKt 32 K&, f A ARVl 2
1K Bl 2445 P 53 vh T8 B BE R4 N 30 Al 1K
WE A 5 3 20 it VR DKot 2R 1) M A
A K (K 12, Heaman et al. , 1992; Zhao et al. ,
1994; Park et al., 1995; Li et al., 1999, 2002,
2006, 2008; Frimmel et al. , 2001; Shellnutt et al. ,
2004; Maruyama et al. , 2007; Wang et al. , 2009) .
SR, A WF SR IR 738 o AR a RAE AL, s
7= 7 Seychelles E. Madagascar F1E[] B 5 655 Mala-
ni LSBT A4 22 22 AN AR RS ML IX B E s B K
TR IR 3 P 5, 55 3% 30 K i 300 5 1) 22 585 M Y i
fE H A 5% (Torsvik et al. , 1996; Tucker et al. ,
2001; Meert and Torsvik, 2003; Rino et al. , 2008;
Gregory et al., 2009; Bybee et al., 2010; Dong et
al. , 2011: Zhang et al. , 2012b) . AT AW 24
DR R HE A A5 A A AT A B o R R
Hu DX TR FR) 10 B o 28 B A AL 94 E B Jo s M 3k
AR, R w586 % NbTa P A Ti (1) 47 5
W O Ze HE TGRSR (B Sh) o BRI, ASTA N
R Sy MEFT oo ACE JRAE T 22 55 i A 3t 1L AR
AT R, AH A, AHOR B RIE 5 B3 — 8 B WF 9T AR
SRAE o

=" West Affica_

K 12

| — s
Lk

20 i

Wi Je W K Bl ~ 800 Ma Z4if 7~ = B[ 4 Li Z5(2008) 514 ]

Fig. 12 Schematic diagram showing the ~800 Ma breakup of Rodinia Cafter Li et al. , 2008)

HH NN » 5 SR A AT B R KRR Gt i
PRT IR X BLAh KR, 2200 17 )z iz AR 1
X BL A K i P B 5 I R O F AN BT B A TR
D7 &G LR, SRR Oz AR L (570 ~

520 Ma) o Horb, 23 X BL AN KBl 0 55 R E L B RE
b 39r 0+ 2R v AR R R R s A M B ( Rogers and
Santosh, 2003; Cawood et al. , 2007 ), B 1P &L
FRAELHG A% P s R S o S in FR B b B 22 1) )
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Kuunga 1& LH1EH (560 ~ 530 Ma) BA K K] W7~ 1
I DOMTER 82 b e 22 8] () Pinjarra 3% 114 1 (560
~520 Ma) . BEAG X ELARBERIHES, RS IT IR TE
JSGHT (AR ety ARG A3 VR S DX B 9 oK Bl A 2
AR R BN KB 1 S, 1 830 Sk eh T ISP VE AR o
DN NGRS N NN h & N | = P
VU FE 5 1 Terra-Australis 18 1177 (530 ~ 490 Ma)
AB S 30 S T AR AR e 1) A ol A BN RE b R AE S
JE B Bhimphedian 1& 1117 (530 ~470 Ma) ( Cawood et
al.» 2007) . CAWFFTRI, 755 8 ORAT T K E )
AR S R Gl s, 4 @ F R HE A A
P A A R A A - B AL s K R
( Cawood et al., 2007; Lee and Whitehouse, 2007;
Liu et al., 2007; Quigley et al., 2008; %I %55,
2008; Dong et al. » 2010; Zhang et al. , 2012a; Zhu et
al. , 2012) F17% i F 4 (Kohn et al. , 2004; Gehrels
et al. , 2006a, 2006b; Zhang et al. , 2012a);2) =15
P e ML 6% M A 22 P S A KR ~ 500 Ma R
5 %5 A1 ( DeCelles, 2000; Hodges, 2000; Gehrels et
al. , 2006a, Dong et al. , 2010; Myrow et al. , 2010;
Gehrels et al., 2011; Guo et al. , 2012; Li et al.,
2014) 5 (@) T R L HRLEE A R LA P M X
LA i T 2D L A A BN S A ( Fu-
nakawa, 2001; Miller et al., 2001; Z=A4 %%, 2010;
FHAE, 2012; HOEEAE, 2013) 0 ASCR H A M
DRI A R A IR (A 2 (92-2) T] A I8l 440
Ma, % 18 2| 7 5¢ 405 o 21 i 56 8 43 7] DA 45 2 150 Ma
BRI IR P 46 T ~ 200 Ma, 21 E1E —RR WK Fif
fill4% ~ 55 Ma) , A A X 14 A5 T AT RE 2 X B4
Gea IR AR e 2L . Ak, M AR E K
AR A 5 T A oy 1) it e b DX AR AT i, v R ek 45
(20150 Ky I )& B 208 1) o 2 A T A A 0 2K X
FLAN R i A S 15 J G ol ol DR i — i il e A T A 740

PP AP SR B, A SR H AR H XK ) iy
A T e A b I R (92-1) 1 HL G B
e s (92-2) LR AR T8, 355 147 K 27 1
AR, BE T AT RS B AR 15 45 S 4 5 Ul WA T SR
225 T A N E AR A AR VR L, IR AT
AN Rl B AT RIUA R A7 U-Th-Ph £ AR 2 0 52 3
W1, B il 92-1 FR A AT IR B T AL AT, 7551 T16. 8
Ma (178 5T CIR AR 50 SR o PSR ity o 3 A il 5%
T 16.4 Ma [FRAR BT I8 o 3K AR B4R 08 76 5 )t
MG LA ) I OE CIRPEI S, 2017), 18 H AN

28 ~ 13 Ma J& 3 Ty Al i Lo P op oK T B A 3R
(IR AR T IR B 18] ( Zeiger et al. » 2015) o RIS
MY, K SR 2R A E e AN ) R AL 3 o e 4L
FLAR TR 3 4 il A T AR AT B & AN ] 149, 491 Gt 8 73
e NVIEN VIS N PN E DA N ol <L
PR 3 SR A AR5 S 3 e R I TR g S T U Y
(Kohn, 2014; Wang et al. , 2016) . Zhang %(2017)
HIWT ST W, 2R M DX FG) 8 0 RR KL 7E N2 31 Ma
3 20 Ma R HEAR 5t/ W AR el R h e g 1 o)
Rt AR SCR H AR MU DX (48 B 5 BRE I % T4
16 Ma FJIEAR J5 I 8], 35 B o 7 AR M XA K5 E o
Mem R 1 T AR R P IR RE R, B W R XK
BRI 2R N A AEAN R R E

gr EpTid, K SR R AL % 7O AR
NEE R AR (S PSS RS VWU WS E S LVER| A PN
Wi T s AL AR 5K ) e i LRt AR A B K
Wi 433 Je B J) 5 2 o S A LR D
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