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Abstract Triassic volcanic rocks are widespread in southern Lancangjiang zone of Sanjiang area. Middle-Late Triassic volcanic
sequences exposed in full in Yunxian area in the north of southern Lancangjiang zone, can be divided into three formations as Middle
Triassic Manghuai Formation (T,m) , Late Triassic Xiaodingxi Formation (T;x) and Late Triassic Manghuihe Formation ( Tymh) from
the bottom to up. Acid volcanics mainly erupted in Manghuai Formation, formed a rhyolite and pyroclastic rock assemblage. Xiaodingxi
Formation developed basic-intermediate lavas mixed with pyroclastic rocks. Rhyolite pyroclastic rocks and basalt coexist in Manghuihe
Formation, showed “bimodal” volcanic features. Geochemical characteristics indicate that Triassic volcanic rocks from southern
Lancangjiang zone have dual characteristics of arc volcanic rocks and continental intraplate volcanic rocks, suggesting that their
formation environment is transition-type continental margin orogenic belts. Ar-Ar dating is carried on quartz andesite collected from
Jinghong in the south of southern Lancangjiang zone and yields the plateau age of 236.7 +2. 2Ma, which belong to Middle Triassic.
With the dating results, the main collision stage of Lancang River is inferred in Early Triassic. Middle Triassic and early Late Triassic
are respectively the stress relaxation stage after collision and continued subduction stage of oceanic basin. Until the end of Late
Triassic, subduction ended, Lancang River Ocean closed.

Key words Triassic; Arc volcanic rocks; Geochemistry; Ar-Ar plateau age; Southern Lancangjiang zone
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Table 1  Major (wt% ) and trace element ( x 10 °°) analytical data for Triassic volcanic rocks from southern Lancangjiang zone
S YX1059 YX1060 YX1061 YX1062 YX1063 YX1064 YX1065 YX1066 YX1067 YX1080
Eais YL MECH
HbJZE T,m
Si0, 69. 11 70. 43 76.51 67.85 68.76 71.70 69.73 72.97 68. 84 77.34
TiO, 0. 68 0.36 0.29 0.45 0.52 0.39 0. 44 0.45 0. 38 0.17
Al, 04 12.73 12.95 13.31 14.37 14. 74 13. 62 13. 88 14. 67 13. 66 11. 60
F6203T 5.87 2.92 2.50 3.58 3.87 3.40 3.45 3.25 3.45 1. 64
MnO 0.07 0.07 0.05 0. 08 0. 08 0.03 0. 08 0.10 0. 08 0.02
MgO 2.41 0.87 0. 62 1. 11 1.03 0.67 1.02 0.75 1.69 0. 66
Ca0O 2.48 1.73 0.20 1.46 1.91 0.39 1.83 0.39 1.72 1. 15
Na, O 2.05 3.40 0. 06 3.95 4.75 3.83 4.08 0.05 3.23 2.81
K,0 1.41 3.41 2.72 4.07 3.13 3.32 3.41 3.37 3.49 2. 64
P, 05 0.15 0.07 0.03 0.11 0.19 0.07 0.09 0.08 0.07 0.07
LOI 2.10 3.09 3.72 3.12 1.53 1.78 1.26 3.87 2.53 1.17
Total 99. 06 99.30 100. 01 100. 16 100. 51 99. 20 99. 27 99.95 99. 14 99. 28
La 25.4 55.9 45.1 53.9 62.0 45.0 56.6 39.8 36.7 27.5
Ce 53.7 97.8 87.1 99.0 112 87.0 103 81.5 74.0 53.2
Pr 6. 30 10. 8 9.79 10.9 12.3 9.26 11.4 8. 48 8.30 5. 86
Nd 24.8 39.7 36.5 40. 4 45.5 33.7 42.6 32.0 31.4 21.1
Sm 5.15 7.23 7.21 7.31 8. 14 6.11 7.50 5.61 6.12 4.09
Eu 1. 08 1.36 0. 96 1.69 1.77 1. 18 1. 68 1. 00 0.95 0.76
Gd 5.02 5.93 6.36 6.57 7.11 5.05 6.52 5.00 5.83 3.40
Th 0.78 0.83 0.98 0. 96 1.03 0.73 0.94 0.75 0.91 0.44
Dy 4.79 4. 60 5.73 5.36 5.95 4.21 5.74 4.42 5.71 2.20
Ho 0.98 0.88 1. 15 1.09 1. 10 0. 80 1.07 0.87 1.12 0.34
Er 2.74 2.66 3.33 3.12 3.21 2.41 3. 15 2.70 3.29 0. 88
Tm 0.41 0. 41 0.52 0.47 0. 47 0. 38 0.49 0.43 0.49 0.13
Yb 2.65 2.60 3.41 2.84 2.93 2.32 2.92 2.77 3.09 0.90
Lu 0.39 0.42 0. 50 0.44 0.45 0.38 0.44 0.45 0.47 0.15
Be 1.34 2.00 2. 14 2.72 2.15 2.09 2.08 3.13 3.03 3.23
Se 13.5 7.48 7.24 8. 86 9.05 7.39 8.39 8.98 6. 46 3.97
\% 96.7 17.7 18.0 30.7 30.2 23.0 26.8 27.7 26.3 12.6
Cr 67.9 6.62 7.01 10.4 15.3 14.9 17.1 11.3 82.1 19.5
Co 14.4 6.97 5.85 11.5 14.2 8.97 13.4 10.2 11.2 12.4
Ni 32.3 3.51 5. 60 4.92 6. 08 12. 6 12.5 11.6 75.3 15.0
Cu 29.5 3.66 23.6 8. 00 4.04 9. 86 6.20 3.51 4.55 16.5
Zn 209 68.9 53.2 65.8 81.8 127 97.0 71.0 79.9 90.2
Ga 15.1 16.3 17.5 18.2 19.2 17.7 17.6 20.5 16.9 14.6
Rb 72.7 141 133 151 103 127 119 168 149 117
Sr 103 129 12.2 256 234 198 295 15.2 119 132
Y 28. 1 24.7 32.6 30. 1 31.4 21.4 30.6 24.3 31.3 9.49
Zr 190 222 190 222 236 216 242 226 165 150
Nb 10.7 23.6 24. 4 22.5 25.4 22.3 23.1 24.6 22.0 9.23
Mo 0.32 1.54 1.81 1. 63 1.26 2.47 0.50 3.66 0.58 0.27
Cs 5.41 4.58 4. 67 3. 14 2.37 3.17 2.37 8.58 5.29 3.11
Ba 184 758 127 928 840 868 900 497 618 440
Hf 5.04 6.31 5.69 5.98 6. 44 6.04 6.63 6.44 4.95 4.75
Ta 0.83 1.73 1.91 1.52 1.75 1.75 1. 68 1.81 1.78 1.91
Ph 263 59.9 29.7 56.8 47.2 874 69.5 68. 8 33.9 625
Th 9.75 16.2 17.1 13.9 15.5 15.0 14.9 16. 1 16.5 14.6
U 2.26 4.17 4.39 3.56 3.83 3.80 3.61 4.33 4.00 9.38
> REE 134.2 231.1 208. 7 234.0 264.0 198. 6 243.8 185.8 178. 4 120.9
(La/Yb) g 6. 89 15.43 9.48 13.63 15. 18 13.92 13.91 10. 32 8.52 22.00
SEu 0. 65 0.63 0.43 0.74 0.71 0. 65 0.73 0.57 0.49 0.62
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A YX1068 YX1069 YX1070 YX1077 YX1078 YX1079 YX1072 YX1076 JH1003 JH1005 JH1006
i KM EA ZRZ A A MmERE s MaCH ZIA
)2 Tsx Tymh
Si0, 50. 13 49. 54 51.23 51.77 54.50 53.49 46. 05 68. 05 86. 56 79.38 55.44
TiO, 1.43 1. 82 1. 68 1. 16 0.91 1.31 2.23 0.97 0.14 0.39 2.85
Al, 04 16.73 16. 36 17.26 16. 03 18.26 17.77 15.71 12.58 4.92 12. 57 14. 57

Fe,0," 9.85 11.21 10.43 8.42 10. 74 11.27 13.28 6.67 3.9 1.42 13.38
MnO 0.19 0.18 0.21 0.15 0. 06 0.07 0.24 0. 10 0.01 0.01 0.09
MgO 3.51 4.67 4.63 3.95 4.12 3.03 6.95 1.77 0.76 0.3 2.54
Ca0 4.82 5.17 3.39 5.64 0.79 1.71 4.92 1. 88 0.23 0.09 1.8
Na, O 4.96 5.03 3.19 3.91 6.25 6. 84 4.76 2.27 0.32 0. 08 5.32
K,O0 2.48 0.46 4.42 1. 18 0.94 0.32 0.62 2.01 0.09 2.02 0.23
P,05 0.48 0.52 0.78 0.54 0.34 0. 67 0.75 0.39 0. 01 0.04 0.33
LOI 5.21 4.94 2.74 6.29 2.99 3.02 4.12 2.37 2.63 3.63 3.39
Total 99.79 99.91 99.95 99. 03 99.90 99. 53 99. 64 99. 06 99. 57 99.92 99.93

La 17.8 36.9 65.7 55.1 13.3 31.5 31.3 45.7 11.4 42.6 14.9
Ce 44.7 77.3 124 106 29.0 74. 4 70.0 80. 4 21.4 88.8 34.4
Pr 5.96 9.05 14.3 12.5 3.91 8.92 8.74 9.83 3.39 12.5 5.56
Nd 26.9 37.6 57.0 49.1 16.6 35.1 37.2 39.2 14.8 56. 1 26.9
Sm 6.20 7.29 10.3 9.08 3.76 6. 56 7.97 7.88 3.74 15.7 7.74
Eu 1. 65 2.47 2.56 2.05 0.94 1.29 2.32 1. 80 0.7 3.19 2.33
Gd 5.83 6.71 9.34 7.95 3.76 5.69 7.62 7.19 4.74 18.6 8.93
Th 0. 87 0.95 1.34 1.15 0.56 0. 81 1. 11 1.05 0. 89 3.19 1.54
Dy 5.05 5.48 7.69 6. 41 3.39 4.41 6.75 6. 04 5.93 19.1 9.62
Ho 0.98 1.02 1.38 1. 18 0. 66 0. 81 1.27 1. 14 1.24 4.08 1.97
Er 2.65 2.87 4. 06 3.25 1.98 2.39 3.54 3.28 3.55 12. 1 5.36
Tm 0.36 0.41 0.56 0.42 0.28 0.34 0.51 0.48 0.53 1.85 0.75
Yb 2.21 2.56 3.64 2.73 1.82 2.18 3.16 3.04 3.68 12.2 4.98
Lu 0.33 0.36 0.53 0.41 0.28 0.32 0. 46 0. 44 0.58 1.87 0.77
Be 2.03 1.43 2.16 2.39 1.28 1. 44 2.90 1.99 0.63 1.94 1. 48
Se 19.6 23.4 21.4 17.5 15.2 16.3 28.4 15. 1 2.33 5.43 39.3
A% 152 165 166 155 123 135 235 59.4 8.79 5.14 423
Cr 97.1 62.6 65.5 33.4 38.4 42.2 240 57.0 36.7 4.03 11.2
Co 24.4 22.2 25.3 20.5 20.2 21.3 42.8 17.5 9.17 3.84 33.5
Ni 49.4 15.5 25.6 18. 1 31.9 23.3 109 26.0 40. 8 5.7 17.6
Cu 19.5 27.5 20.2 5.78 4.09 70.7 13.2 6.34 12 2.44 17.1
Zn 345 159 520 163 53.5 86. 4 215 98.2 43.3 82.9 153
Ga 18.9 19.6 19.7 19.4 21.7 20. 8 19.3 15.9 5.18 24.8 21.1
Rb 94.4 11.1 128 61.1 38.1 11.5 12.7 119 3.23 41.5 5.8
Sr 155 344 311 386 66.9 228 192 233 11.4 14. 4 233
Y 28.5 28.6 42.6 33.7 19.9 23.6 34.8 33.5 38.5 111 56.4
7r 162 241 389 287 276 271 249 206 163 695 234
Nb 15.3 20.8 37.1 20.6 19.0 25.1 22.3 17.3 5.49 22.7 7.02
Mo 0. 40 0. 89 1.39 0.38 0.34 0.43 0.50 0.45 9.05 0.63 0.56
Cs 4.56 1.92 1.95 4.08 1.02 0.90 3.27 10. 8 0.84 3.09 0.55
Ba 463 138 1572 239 63.4 79.6 97.3 396 696 131 108
Hf 3.95 5.32 8.48 6. 47 6.55 5.98 5.44 4.84 3.92 16.9 5.97
Ta 0.84 1.26 2.16 1.19 1.25 1. 40 1.28 1.10 0.33 1. 44 0. 46
Pb 111 810 497 304 71.7 71.3 103 86. 1 657 77.2 113
Th 2.52 5.29 8.98 14. 1 18.1 5.82 3.08 9.08 2.05 8. 13 2.55
U 0.57 1. 40 2.33 2.83 3.49 1. 40 0. 89 3.59 2.63 2.77 0.57
> REE 121.5 191.0 302. 1 257.3 80. 20 174.7 181.9 207. 4 76. 60 292.0 125.7
(La/Yb) y 5.77 10. 34 12.93 14. 46 5.23 10. 38 7.11 10. 79 2.23 2.50 2.14
SEu 0. 84 1.08 0. 80 0.74 0.76 0. 65 0.91 0.73 0.51 0.57 0.85
T FRICR ST RAE T E T (A0 50) B XRF IR, S0 BEAF T 5% s 2 A i JO R & 72 Y M 5T 0 (B0 B A8 5 0 7= ¢

5 5 52 30 % (GPMR) Fi ] Agilent 7500a 1CP-MS 347 52 1
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Table 2 *Ar/* Ar data for plagioclase of quartz andesite( JHI001)
O Ay B Ar 2T Ar B Ar P Ar AR
e Cre R €l I vl R €l g (x107mol)  (Ma) #20 (M
J=0.005745, W =83. 75mg; S/ {RLEHS =227. SMajr, =236.7 £2. 2Masz; =228 £ 19Ma
700 61. 4563 0. 1602 0. 3470 0. 0590 14. 1425 0.52 140.9 3.8
800 31.2716 0. 0228 1.2010 0.0170 24. 6310 1.89 238.8 2.3
860 28.2027 0.0138 0. 2994 0.0157 24. 1546 1.74 234.4 2.3
920 28. 7547 0.0154 0. 1791 0.0164 24. 2266 1.86 235.1 2.2
980 30. 0939 0.0185 0.2712 0.0173 24. 6331 2.41 238. 8 2.3
1040 31.0346 0.0272 0. 4581 0. 0203 23.0412 1.17 224.3 2.2
1100 31. 3499 0. 0329 0. 7084 0.0226 21. 6817 1.11 211. 8 2.2
1160 29.9108 0. 0325 0. 7790 0. 0265 20.3778 0.48 199. 7 2.4
1260 32.4521 0. 0335 0.7141 0.0316 22.6120 2.37 220.3 2.1
1320 38. 1271 0. 0458 0. 5365 0. 0373 24.6514 0. 44 238.9 5.5
1400 44. 4127 0. 0546 0. 5663 0. 0401 28. 3300 0.36 272.0 3.8
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Fig.5 TAS (a) and K,0- SiO, (b) plots for Triassic volcanic rocks in Yunxian

Hollow design data is from this paper, solid design data after Zhu and He, 1990
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A At E D b SR} 25 B b S5 A 5 T ] - YRR R
{0 28 Hb JoT HE 0 S0 S8 Il R A Y B B IR AR R A 2
P, B A BOn A 30min, 4k 30min, %S AT R AE 24
WA SR BT Helix MC E3E4T 1Y , 45> W (B 24 5% 48 20
AR TR BB FE R A 3 B (R S AT

MR IE KRAEKIE 2 AR EM TR E R RERIE, |
T RS b AR BT AR A T IR 07 3R AR I 2R 50 3 43 BT RS
iF i K,S0, il CaF, 34K 45, Al . (° A/ Ar,), =
0.0002389, (* Ar/* Ar), = 0.004782, (¥ Ar/7 Ar,), =
0. 000806 ,*" Ar 283 it St PR AR I 1T 3 K T2 AR H 4 N = 5. 543
x 107 "74F " (Steiger and Jager,1977) ; | Isoplot i J5 118 1
SRS S IE A I 2k (Ludwig, v2. 49,2001 ) o FPAR %1% 22 D
20 5t TRANSEE AR AT G SCEE (BRSCEE,2006; 3K 245,
2006) ,
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Fig.6  Variations of major element with SiO, for Triassic volcanic rocks in Yunxian
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