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Fig. 1 (a) Spatial distribution of Miocene adakitic porphyry in Lhasa block (Modified from Xu Wangchun et al. , 2010) ;

(b) Geological sketch map of the northern margin of Nanmulin basin
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BNSZ—Bangong Lake—Nujiang River suture zone; IYZS—Indus River—Yarlung River suture zone; MBT—Main Bounded Fault
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Fig. 2 Photograph of the thrust fault and the north—south rift valley in the northern margin of Nanmulin basin, Lhasa block

(a) From Google earth satellite; (b) shooting picture in the field
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Fig. 3 The photographs and microphotos of the granitic porphyry in the northern margin of Nanmulin basin, Lhasa block: (a) The

outcrop of the granite porphyry; (b) hand specimen of the granite porphyry; (c) the microphoto of the granite porphyry(—) ;

(d) The microphoto of the granite porphyry( + )

yr—E R BES s Q— A1 3% Pl—RHC A s Be— R & B s Mag—RERR T
yw—granite porphyry ; Q—quartz ; Pl—Plagioclase ; Bt—Dbiotite ; Mag—magnetite
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R ARRERHENERTER (%) MMETR( x107°) HHEREK
Table 1 Major elements ( %) and trace elements ( x10 *) of the granite porphyry

[ 3T ks TD008-3 | TD0084 | TDO08-5 | TD008-6 | TD008-7 | TD008-8 | TDO08-9 | TD0O08-10 | TDOO8-11 | TDOO8-12
Si0, 70.43 70.98 71.34 68.31 70.03 69. 88 70.03 70.16 69.60 69.91
Al, Oy 14.64 14.63 14.80 14.45 14.71 14.41 14. 65 14.77 14.91 14.52

TFe, 05 2.03 2.11 2.03 2.01 1.98 2.03 2.13 2.04 2.06 2.10
MgO 0.62 0.63 0.61 0.61 0.60 0.63 0.61 0.61 0.60 0.62
CaO 1.55 1.37 0.99 3.01 1.79 2.21 1.84 1.49 1.78 1.98
Na, O 2.68 2.87 3.11 2.63 2.76 2.82 2.86 2.61 2.78 2.87
K,0 4.69 4.71 4.75 4.52 4.87 4.52 4.65 4.96 4.92 4.69
MnO 0.04 0.04 0.03 0.05 0.04 0.05 0.05 0.04 0.05 0.05
TiO, 0.35 0.36 0.35 0.36 0.35 0.35 0.36 0.35 0.34 0.35
P, 04 0.13 0.13 0.13 0.14 0.13 0.14 0.16 0.13 0.13 0.13
[N 2.75 2.15 1.76 3.84 2.73 2.92 2.65 2.82 2.74 2.68
JESiy 102. 86 102.99 102.90 102. 88 102.95 102. 88 103.12 102.98 103.02 102.96

K,0 + Na, 0 7.37 7.58 7.86 7.15 7.63 7.34 7.51 7.57 7.70 7.56

A/CNK 1.19 1.19 1.23 0.98 1.12 1.06 1.12 1.19 1.13 1.08

TFeO/MgO 2.95 3.01 2.99 2.95 2.97 2.92 3.13 3.01 3.11 3.05

Li 103. 16 104.02 99.53 117.09 102.13 103.35 103. 89 104.10 91.83 88.56
Be 4.45 4.76 4.65 5.16 4.69 4.37 4.64 4.57 4.49 3.98
Sc 1.71 1.48 1.21 2.48 2.17 1.79 2.41 1.48 1.77 1.61
v 29.62 30.96 30.49 32.98 29.54 29.78 32.06 28.86 30.98 26.70
Cr 9.72 6.99 6.89 6.48 6.16 5.60 6.56 5.78 5.59 6.60
Mn 319.55 299.63 265.63 516.80 351.23 348.58 410.62 305.07 456.07 375.54
Co 3.62 3.86 3.56 4.09 3.56 3.73 3.93 3.45 4.47 3.59
Ni 4.38 3.03 2.76 3.61 2.89 2.81 3.14 2.76 2.95 2.73
Cu 90.73 50.28 83.73 64.01 88.09 37.71 31.92 102.94 26.22 62.93
Zn 62.68 67.14 59.72 68.76 62.84 64.68 66.12 57.91 67.40 56.86
Ga 21.02 21.57 20.62 23.37 21.20 20.54 21.52 20.80 21.87 19.15

Ge(72) 5.49 5.73 5.57 6.12 5.75 5.09 5.78 5.44 5.73 5.13

Ge(74) 1.28 1.28 1.24 1.39 1.48 1.23 1.29 1.28 1.30 1.20
Rb 221.88 219.62 219.72 228.16 233.51 240.13 221.33 229.00 226.26 192.70

Sr 130.72 115.52 101. 49 306.33 158.33 209.32 185.14 123.82 195.53 165.76
Y 6.66 6.34 6.51 8.31 6.90 5.49 7.64 6.34 7.76 6.95
Zr 222.83 220.88 238.42 285.30 239.94 228.72 246.57 215.74 223.52 208.01
Nb 11.56 11.65 11.39 13.28 11.66 11.99 12.38 11.05 11.48 10. 82
In 0.04 0.03 0.03 0.03 0.04 0.03 0.03 0.04 0.03 0.03
Sn 2.28 2.30 2.06 2.46 2.12 2.22 2.38 1.99 5.06 2.02
Sb 0.46 0.52 0.40 0.56 0.43 0.38 0.68 0.50 0.72 0.40
Cs 17.98 20.89 18.12 15.74 18.46 15.74 17.22 18.54 17.63 13.32
Ba 566.19 574.39 688.32 703.98 670.72 544.61 656. 10 743.06 826.74 584.53
La 26.99 27.18 24.15 35.43 26.67 16.78 30.56 26.10 32.47 26.44
Ce 30.48 24.48 18.06 70.17 25.30 20.04 33.56 24.76 59.06 29.50
Pr 6.00 5.84 5.37 7.63 5.58 3.26 6.63 5.94 6.95 5.78
Nd 19.93 20.78 19.12 20.71 19.71 11.76 22.32 20.85 21.11 20.42
Sm 3.52 3.36 3.18 4.29 3.25 2.08 3.77 3.50 4.19 3.34
Eu 0.77 0.76 0.73 0.93 0.77 0.54 0.84 0.80 0.95 0.74
Gd 2.89 2.74 2.46 3.87 2.63 1.78 3.12 2.67 3.49 2.7
Th 0.30 0.29 0.28 0.40 0.28 0.20 0.33 0.29 0.35 0.31
Dy 1.34 1.22 1.14 1.73 1.29 0.90 1.39 1.28 1.47 1.36
Ho 0.22 0.21 0.19 0.28 0.22 0.17 0.24 0.21 0.25 0.23
Er 0.70 0.66 0.60 0.90 0.71 0.54 0.74 0.65 0.75 0.74
Tm 0.09 0.08 0.08 0.11 0.10 0.08 0.09 0.09 0.10 0.10
Yb 0.63 0.60 0.55 0.81 0.69 0.56 0.64 0.60 0.63 0.68
Lu 0.09 0.09 0.08 0.12 0.11 0.08 0.10 0.09 0.09 0.10
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FEh G TDO08-3 | TDO0S4 | TDO08-5 | TDOOS-6 | TDOOS-7 | TDOOS-3 | TDOOS-9 | TDOOS-10 | TDOOS-11 | TDOOS-12
Hf 4.65 4.82 5.01 6.03 5.05 4.87 5.14 4.59 4.78 4.42
Ta 2.28 2.25 2.22 2.61 2.32 2.35 2.35 2.20 2.32 2.11
W 6.04 4.9 6.64 5.44 6.22 4.50 3.19 7.01 4.09 3.56
Tl 1.75 1.82 1.72 1.88 1.86 1.73 1.77 1.88 1.89 1.58
Pb 45.06 | 47.04 | 40.54 | S1.18 | 45.41 | 44.66 | 42.75 | 42.13 | 45.86 | 39.46
Bi 0.23 0.25 0.16 0.15 0.15 0.27 0.53 0.12 0.32 0.28
Th 28.05 | 27.25 | 23.35 | 41.35 | 27.33 | 22.10 | 32.60 | 26.55 | 33.29 | 28.17
U 6.82 6.86 6.75 6.79 6.37 5.28 7.29 7.01 7.50 6.06
La/Sm 7.66 8.09 7.59 8.26 8.20 8.05 8.10 7.46 7.74 7.91
Nb/Ta 5.07 5.17 5.13 5.09 5.03 5.10 5.27 5.02 4.95 5.14
Rb/Sr 1.70 1.90 2.16 0.74 1.47 1.15 1.20 1.85 1.16 1.16
St/Y 19.62 | 18.22 | 15.59 | 36.85 | 22.96 | 38.10 | 24.23 | 19.53 | 25.21 | 23.86
(La/Yb) 30.94 | 32.69 | 31.49 | 31.49 | 27.89 | 21.59 | 34.31 | 3121 | 36.81 | 28.02
T,.(C) 830.10 | 829.17 | 839.40 | 830.57 | 830.64 | 820.23 | 832.68 | 826.99 | 824.30 | 813.31

Na,0+K,0 (%)

K,0(%)

e 32 B TC R ST 2 AR AR T b 553 BT IS O TR S B S 36 I X o SE AR (2015) |, 3 M Jr g AR 22 WL IE 3
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Fig. 4 Classification diagrams of the granite porphyry in the northern margin of Nanmulin basin,Lhasa block: (a) Si0,—
Na,O + K, O diagram; (b) AR—SiO, diagram; (c¢) Si0,—K,O diagram; (d) A/CNK—A/NK diagram
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Fig. 5 Primitive mantle normalized trace elements diagram (a) and chondrite-normalized REE distribution pattern (b) of the

granite porphyry in the northern margin of Nanmulin basin in Lhasa block ( chondrite and primitive mantle values are from Boynton

(1984) and Sun and McDonough (1989) , respectively)
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Table 2 Zircon LA-ICP MS U-Pb dating of the granite porphyry

TR GR(x107°) IF (7 5 LA [7) {37 5 4R 1% (Ma)

P o " U Th/U | n(*7Pb)/n(**Pb) | n(*"Pb)/n(**Pb) | n(**Pb)/n(**Pb) | n(*"Pb)/n(**Pb) | n(*’Pb)/n(**Pb) | n(**Pb)/n(**Pb) | jfnps
e lo A lo e lo e lo e lo e lo (%)

1 410 | 975 | 1942 | 0.50 | 0.0493 | 0.0054 | 0.0117 | 0.0010 | 0.0018 | 0.0000 165 302 11.8 1.0 11.5 0.3 | 97%
2 5.53 | 3379 | 1679 | 2.01 | 0.0476 | 0.0068 | 0.0125 | 0.0014 | 0.0020 | 0.0001 79.7 311 12.7 1.4 12.7 0.4 | 9%
3 4.41 | 1530 | 1793 | 0.85 | 0.0469 | 0.0059 | 0.0119 | 0.0012 | 0.0019 | 0.0001 42.7 274 12.0 1.2 11.9 0.3 | 99%
4 2.41 | 1015 | 923 | 1.10 | 0.0523 | 0.0091 | 0.0120 | 0.0016 | 0.0019 | 0.0001 302 352 12.1 1.7 12.1 0.4 | 9%
5 2.44 | 1295 | 707 | 1.83 | 0.0492 | 0.0101 | 0.0136 | 0.0016 | 0.0022 | 0.0001 167 409 13.7 1.6 13.9 0.7 | 98%
6 3.24 | 246 351 | 0.70 | 0.0469 | 0.0063 | 0.0444 | 0.0054 | 0.0069 | 0.0002 42.7 296 44.14 5.21 44.53 1.24 | 99%
7 2.56 | 209 243 | 0.86 | 0.0533 | 0.0081 | 0.0519 | 0.0065 | 0.0079 | 0.0002 | 343 315 51.4 6.3 50.8 L5 | 98%
8 6.34 | 1547 | 2391 | 0.65 | 0.0490 | 0.0063 | 0.0128 | 0.0014 | 0.0020 | 0.0001 146 274 13.0 1.4 12.7 0.4 | 98%
9 6.20 | 2033 | 2635 | 0.77 | 0.0508 | 0.0058 | 0.0122 | 0.0012 | 0.0018 | 0.0000 232 241 12.3 1.2 11.8 0.3 | 95%
10 4.23 | 1073 | 1689 | 0.64 | 0.0501 | 0.0068 | 0.0129 | 0.0014 | 0.0020 | 0.0001 211 276 13.0 1.4 13.0 0.4 | 9%
11 2.42 | 168 262 | 0.64 | 0.0470 | 0.0068 | 0.0458 | 0.0040 | 0.0071 | 0.0003 55.7 306 45.4 3.9 45.8 1.6 | 9%
12 2.61 | 515 976 | 0.53 | 0.0495 | 0.0099 | 0.0139 | 0.0018 | 0.0021 | 0.0001 172 411 14.0 1.8 13.6 0.6 | 97%
13 6.54 | 2333 | 2607 | 0.90 | 0.0475 | 0.0082 | 0.0119 | 0.0019 | 0.0019 | 0.0001 76.0 367 12.0 1.9 12.1 0.4 | 9%
14 |12.00 | 696 | 1482 | 0.47 | 0.0475 | 0.0036 | 0.0439 | 0.0029 | 0.0068 | 0.0001 72.3 183 43.6 2.8 43.4 0.8 | 99%
15 0.58 | 288 197 | 1.46 | 0.0405 | 0.0265 | 0.0129 | 0.0059 | 0.0019 | 0.0002 165 312 13.0 5.9 12.2 1.2 | 94%
16 8.13 | 713 | 1005 | 0.71 | 0.0464 | 0.0040 | 0.0418 | 0.0032 | 0.0065 | 0.0001 20.5 193 41.61 3.12 41.87 0.96 | 9%
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Fig. 6 CL images and analyse points of the zircons of the granite porphyry in the northern margin

of Nanmulin basin, Lhasa block
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Fig. 7 U-Pb concordia diagrams of zircons (a) and its chondrite-normalized REE distribution pattern (b) from the

granite porphyry in the northern margin of Nanmulin basin, Lhasa block (chondrite value is from Boynton, 1984 )
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Table 3 REE of zircon from the granite porphyry

0 s, 1 2 3 4 5 6 8 9 10 11 12 13 14 15 16
La 0.19 0.17 7.23 0.01 6.25 0.01 0.11 0.16 1.76 | 0.46 0.35 0.01 0.02 1.84 0.01
Ce | 26.10 | 88.90 | 90.42 | 41.23 | 81.10 | 18.78 | 47.13 | 70.35 | 47.62 | 23.18 | 77.97 | 62.81 | 25.86 | 44.19 | 58.89
Pr 0.09 0.32 1.68 0.17 1.92 0.06 0.11 0.15 0.59 0.15 0.17 0.03 0.25 0.54 0.09
Nd 1.19 | 4.36 8.86 2.55 | 11.67 | 1.06 1.78 2.77 3.30 | 0.76 | 4.12 1.23 2.91 3.62 1.04
Sm 1.50 | 4.89 6.37 4.82 9.37 2.78 3.31 5.63 2.77 0.86 6.45 3.09 6.29 3.07 2.65
Eu 0.54 1.58 1.71 1.66 3.09 0.67 0.97 1.46 0.91 0.17 1.72 0.41 1.50 1.14 0.55
Gd 7.32 | 17.79 | 26.92 | 23.72 | 36.58 | 13.59 | 12.64 | 26.31 | 11.99 | 7.21 19.68 | 17.23 | 19.86 | 12.62 | 16.11
Th 2.37 4.12 7.61 6.65 9.66 5.54 3.64 8.00 3.50 2.80 5.57 7.27 5.86 | 4.32 6.09
Dy | 28.71 | 41.24 | 80.88 | 68.10 | 93.93 | 68.64 | 38.48 | 90.17 | 41.21 | 37.88 | 63.07 | 95.71 | 52.82 | 48.51 | 80.53
Ho | 11.32 | 13.61 | 30.62 | 23.67 | 30.66 | 30.26 | 15.54 | 35.56 | 15.91 | 16.59 | 23.01 | 42.35 | 17.93 | 19.29 | 33.82
Er | 59.03 | 59.87 |137.15|101.07 | 123.78 | 149.44 | 77.89 |167.20 | 77.07 | 90.75 |101.43 |216.77 | 79.64 | 88.15 |175.49
Tm | 14.04 | 12.72 | 29.85 | 20.63 | 24.51 | 32.95 | 18.83 | 38.52 | 18.45 | 22.10 | 22.34 | 51.63 | 16.31 | 20.10 | 41.57
Yb | 157.14 | 125.97 |303.67 | 191.30 | 218.36 | 338.48 | 210.72 {399.51 | 204.67 |232.43 |249.71 | 534.62 | 157.12 | 207. 63 | 457.45
Lu | 38.57 | 28.78 | 66.46 | 40.45 | 41.08 | 72.16 | 50.14 | 92.29 | 49.90 | 51.50 | 57.01 |110.71 | 33.02 | 46.35 |105.13
Y |393.76 |465.31 |944.72 | 688.63 [907.61 | 889.14 | 543.17 |1129.30|538.88 | 542.21 | 730.80 |1374.28|551.27 | 604.09 |1094.57

SREE|348.10 | 404.31 | 799.43 | 526.04 | 691.96 | 734.43 | 481.30 | 938.07 | 479.66 | 486.84 |632.60 | 1143.9 | 419.38 | 501.37 | 979.39
3Eu | 0.41 0.46 0.34 0.39 0.44 0.28 0.40 0.31 0.41 0.15 0.43 0.14 0.37 0.48 0.20
3Ce | 48.24 | 71.11 | 6.14 | 73.77 | 5.68 | 89.28 | 91.91 |104.60 | 11.40 | 21.28 | 78.69 |544.29 | 30.77 | 10.71 |205.32
Th [974.97 |3379.3 | 1530.5 | 1014.9 | 1295.5 | 246.05 | 1547.3 | 2033.5 | 1072.9 | 168.38 | 2333.2 | 695.56 | 287.86 | 593.20 | 712.95
U [1941.8 |1679.1 | 1793.3 [922.53 | 707.25 | 350.86 | 2391.2 | 2634.8 | 1688.6 | 262. 16 | 2606.6 | 1482.2 | 196.70 | 742.39 | 1004. 6

Th/U| 0.50 2.01 0.85 1.10 1.83 0.70 0.65 0.77 0.64 0.64 0.90 0.47 1.46 0.80 0.71
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Ao MRS (2010 ) AR 45 &5 SRR AZ B2 v 4k 7K 4
£i U-Pb SHRIMP 4E 445 Hi7E (55 +10) Ma 78 1E 9 1
F5L, S Ar i b B p A L 1 ki — P i £ 1 ] R
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>
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TR B EE 5 0 K Rl e 0 8] AR TR
o E TR HR A S A I B TR I B 7, S
AR ZE R — 0 L, 18 5 BEa R U T8
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2ot & B IR L MR 1 %5 (Defant and Drummond,
1990 ; XS & #5845 ,2015b)
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Fig. 8 La—(La/Sm) diagram (a) and Sr—Ba diagram (b) of the granite porphyry in the northern margin of Nanmulin basin,
Lhasa block (base map from Li Xianhua et al. , 2007)
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F4 MR EEA Lu - Hf G EEE
Table 4 Zircons Hf isotope data of the granite porphyry

L n (" Lu) n(76Yh) n(OHF) /n( " HY) n( O HE) Tou Torn .
J=3 177 110 177 ey (0) [ 177 ] ene (1) Srwne
(Ma) | n(""Hf) n('"Hf) M 26 n("7HD 1, (Ma) | (Ma)
1 11.5 | 0.00058095 | 0.01401206 | 0.28283016 | 0.000007 | 396688. 1 0.282830 2.3 591 944 -0.98
2 12.7 | 0.00083542 | 0.02239810 | 0.28287789 | 0.000008 | 439125.1 0.282878 4.0 528 836 -0.97
3 11.9 | 0.00082263 | 0.02005192 | 0.28274920 | 0.000006 | 410833.7 0.282749 -0.6 709 1126 -0.98
4 12.1 | 0.00074733 | 0.01879764 | 0.28286653 | 0.000009 | 417906.6 0.282866 3.6 542 862 -0.98
5 13.9 | 0.00061525 | 0.01661038 | 0.28280907 | 0.000006 | 481562.1 0.282809 1.6 621 990 -0.98
6 44.5 | 0.00072232 | 0.01854261 | 0.28289934 | 0.000007 |1563706.0 0.282899 5.5 496 768 -0.98
8 12.7 | 0.00102971 | 0.02708492 | 0.28276182 | 0.000009 | 439125.1 0.282762 -0.1 695 1097 -0.97
9 11.8 | 0.00054751 | 0.01372509 | 0.28281628 | 0.000007 | 407297.3 0.282816 1.8 610 975 -0.98
10 | 13.0 | 0.00096463 | 0.02240395 | 0.28281602 | 0.000008 | 449734.3 0.282816 1.8 617 975 -0.97
11 | 45.8 | 0.00079994 | 0.01799830 | 0.28279746 | 0.000007 |1609679.5 0.282797 1.9 640 997 -0.98
12 | 13.6 | 0.00063817 | 0.01657177 | 0.28276586 | 0.000007 | 470952.9 0.282766 0.1 682 1088 -0.98
13| 12.1 | 0.00076281 | 0.01865590 | 0.28275607 | 0.000007 | 417906.6 0.282756 -0.3 698 1110 -0.98
14 | 43.4 | 0.00048792 | 0.01329492 | 0.28282873 | 0.000007 |1524805.4 0.282828 2.9 592 928 -0.99
15| 12.2 | 0.00103119 | 0.02528919 | 0.28282607 | 0.000007 | 421443.0 0.282826 2.2 604 953 -0.97
16 | 41.9 |0.00124369 | 0.0282369 | 0.28306710 | 0.000010 |1471759.2 0. 283066 11.3 263 391 -0.96
TSRO ik R B 22452016
Harrison, 1983) 2y 828°C , 7¢ i M SE g AH B H 0 T 41
20 s . o
T B AINOTE , RN AT R I Xk
PRI, 76 5 A R A R E A TR 90 (La/Yb)
[ ] y
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Fig. 9 Zircon gy, (t)—(U-Pb age) diagram of the granite
porphyry in the northern margin of Nanmulin basin, Lhasa

block (date from Hou Zenggian et al. , 2015)
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Miocene Adakitic Magmatism Located at the Northern Part of
Nanmuling Basin in Lhasa Block: Zircon U-Pb Age, Hf
Isotope and Geochemical Characteristic

FU Yangang'’, HU Guyue'’ ,GAO Yiming'’, YANG Zongyao” ,LIN Bin"’
1) Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing, 100037 ;
2) College of Earth Sciences, Chengdu University of Technology, Chengdu, 610059

Abstract; There are plenty of granite porphyry stocks and dikes, spatially coincide with the secondary faults
associated with the NS - striking normal faults, intruded into the Linzizong volcanic suits located in the northern
margin of the Nanmuling basin, Lhasa block. This paper carried out detailed field investigation, zircon LA - ICP -
MS U - Pb dating, Lu-Hf isotope and element geochemical research for the granite porphyry. The results show that
the granite porphyry are high silicon alkaline series, with Si0, = 68.31% ~ 71.34% , K,0 = 4.52% ~
4.96% , K/Na = 1.53 ~ 1.9, and Al index (A/CNK) = 0.98 ~ 1.23. The granite porphyry is characterized
by high LILE and low HFSE contents, in addition, it has high (La/Yb) (21.59 ~ 36.81) and St/Y (St/Y =
15.59 ~ 38.10) values. Zircon LA - ICP - MS U - Pb age of the granite porphyry is 12.23 + 0. 12 Ma and &y
(t) values is —=0.6 ~ +4.0. Petrological and geochemical characteristics indicate the granite porphyry was
originated from the partial melting of juvenile lower crust, and garnet—rutile—hornblende remains in source area,
with the fractional crystallization of alkali feldspar during the invasion. The granite porphyry formed in Miocene,
consistent with the deveopment of North—South striking ridge, and its composition similar to high-strontium low-
yttrium porphyry and the potassic rocks in the southern part of the Lhasa block, which is formed associated with an
extension setting during the collision of India—FEurasia.

Keywords: Nanmulin basin; Lhasa Block; granite porphyry, adakitic porphyry; Miocene; extension setting
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