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Abstract The plagiogranite, which outcropped at the south part of Qiashikansayi profile in North Altyn ophiolite belt, output among
the altered diabase as an irregular intrusive stock. The plagiogranite is characterized with high Si0, (70.42% ~78.29% ) , low Al, O,
(9.51% ~ 11.75% ) and low ratio of K,0/Na,O0 (0.02 ~0.09), belongs to quasi-aluminous low-K calc-alkaline series. The
plagiogranite is enriched in Th, U and depleted in Nb, P, Ti. REE patterns show features of low ¥ REE (80. 15 x 10 ™° ~104. 1 x
6, moderate negative Eu anomaly (8Eu =0. 68 ~0.73) and relative enrichment of LREE. All these features consist with the basic
characteristics of oceanic plagiogranites. Altered diabase is low in Si0,, Al,O;, K,0, TiO,, high in CaO and Na, O, while enriched in
Th, U, La, Ce and depleted in Nb, P, Ti. The high Na,O and SiO, values in particular samples can be observed in the altered
diabase, which are supposed to be influenced by seawater dominated alteration. The REE patterns of altered diabase show weak
negative anomaly of Eu and relative enrich in LREE. Mg" for the altered diabase ranges from 51.3 ~ 54, Ti/V varies from 11 to 22,
La/Nb ranges from 1.7 to 2. 1, and Zr/Nb ranges from 10 to 27. These geochemical features of altered diabase are consistent to the
ophiolite that have been studied in this belt. LA-ICP-MS U-Pb age of plagiogranite is 518.5 = 4. 1Ma for zircons characterized by
oscillatory zoning, £,(¢) vary from 4.25 to 9.90. The La-SiO, and TiO,-SiO, diagrams show that this plagiogranite is formed by
partial melt. Furthermore, in combination with the characteristics of low Sr and high Yb content, the plagiogranite is interpreted to be
origined from partial melting of the ocean crust which is beneath the altered diabase in the ocean crust section during migration. Whole
rock Sr-Nd-Pb isotopes of plagiogranite show that the sources of these rocks are EMII enriched mantle, suggesting they formed mostly at
the early stage of the oceanic crust splitting. Intergrating with regional geological setting and previous studies, we propose the
plagiogranite and altered diabase in this study are formed at age of 518.5 +4. 1Ma in the early stage of the oceanic evolution.
Key words Plagiogranite; LA-ICP-MS U-Pb zircon dating and Hf isotopes; Whole rock Sr-Nd-Pb isotopes; Enriched mantle;
North Altyn ophiolite belt
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Fig.2  Field occurrence and microtextures of plagiogranite
and altered diabase for North Altyn Tagh

(a) contact relationship between plagiogranite and altered diabase;
(b) the diabase xenolith in the plagiogranite; (¢) main mineral
assemblage in the plagiogranite; (d) quartz and calcite veins in the
altered diabase; (e) residual of clinpyroxene and veins of quartz or
calcite in the altered diabase; (f) diabasic texture in the altered

diabase.  Cpx-clinopyroxene; Pl-plagioclase; Chl-chlorite; Ep-

epidote; Q-quartz; Ce-calcite
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N Si0, 8 (70. 42% F1 74. 77% ) 36 Bt HAA =AY CaO
A I GR R T RE X LA A R T IR R AR 2 KA 5%
(UnlE 2¢) sRHCAER & AL O S AR, /v T 9. 51% ~11.75%



o
&
fr
i
=
_E.
£
i
o
i3
oE

ZRIE, RITRARL 9 Ak B B W R & L 2553

®1 PARERENRTEGEEEEE (W% ) JHE( x107°)

Table 1  Analyses data of major elements (wt% ) and trace elements ( x 10 ™) of plagiogranite and altered diabase

S 12A-30a 12A-30b 12A-30c 12A-30d 12A-30e 12A-30f 13A-22a 13A-22b 13A-22bR 13A-22¢ 13A-22d 13A-22e 13A-22f

Ak FHEAE KA AR ML

Si0, 77.82  77.97  70.42  77.08  78.29  74.77  49.67 52.95 53.07 57.45 57.15 55.08  52.65
TiO, 0.28 0.26 0.21 0.21 0.24 0.25 0.78 0.74 0.74 0.76 0.39 0.72 0. 69
Al 0, 11.42  11.48 9.51 9.8 11.22  11.75 14.95 14.61 14.66 11.74 11.51  12.91 14. 52
Fe,0," 1.51 1.39 1. 11 1.3 1.45 1.18 9.85 8.68 8.71 9.67 5.44 8.91 8.51
MnO 0.03 0.03 0.09 0.05 0.03 0. 04 0. 14 0.14 0.13 0.12 0.11 0.11 0.12
MgO 0.42 0.41 0.36 0.3 0.37 0.08 4.81 4.47 4.50 4.73 2.83 4.09 3.85
Ca0 1.09 0.91 6. 89 2.85 1.29 2.77 7.40 6.33 6.35 8.34 9.76 10.13 7.02
Na, 0 5.58 5.45 5.12 4.81 5.5 6.35 4.36 4.53 4.55 0.96 3.96 1.27 4.91
K,0 0.47 0.5 0.12 0.38 0.39 0.31 0. 34 0.53 0.53 0.13 0.18 0.19 0.18
P, 0 0. 06 0.05 0. 04 0.05 0.05 0.06 0.16 0.18 0.18 0.05 0.14 0.06 0.17
LOIL 1.51 1.92 6.26 2.81 1.53 2.59 7.74 7.01 6.98 6.19 8.79 6.32 6.93
Total 100.19 100.37 100.13  99.64 100.36 100.05 100.20 100.17 100.40 100.14 100.26 99.79  99.55
Li 2. 64 2.78 2.03 3.20 3.35 16. 4 15.1 14.7 12.9 10. 1 9.3 13.8
Be 0.81 0.91 0. 46 0. 67 0.76 0.78 0.71 0.70 0.74 0.49 0.73 0. 63
Sc 6.63 5.97 4.90 5. 66 5.75 34.6 30.6 30. 1 28.1 17.6 25.8 27.6
A\ 10.5 9.21 17.3 9.32 13.5 243 203 201 406 146 409 216
Cr 1.88 1.05 1.42 0.92 1.12 43.8 51.7 50.6 8.65 12.5 7.92 12.2
Co 113 155 52.2 97.1 94. 4 31.4 28.8 28.0 51. 1 19.8 36.5 27.7
Ni 2.43 1.94 2.05 1.46 2.25 18.4 19.0 18.6 11.2 10.3 9.5 13.0
Cu 8.70 13.56 1.89 5.66 28.4 41.0 47.1 47.0 127 14.3 157 40.8
Zn 10.7 10.6 6.14 9.84 9.32 59.2 57.7 57.6 44.0 34.4 35.5 48.5
Ga 11.7 11.7 7.21 9.47 10.2 14.3 14.1 14.0 13.7 8.9 14. 4 13.2
Ge 0.00 0.00 0. 00 0. 00 0.00 1.26 1.07 1.06 1. 60 0.75 1.61 1.14
Rb 14.5 14.9 4.54 12.8 12.1 13.2 19.7 20.0 4.59 7.49 6.35 6.57
Sr 68.7 66.0 87.3 85.9 72.1 232 185 187 338 168 401 208
Y 33.4 28.8 30.2 37.5 40.8 25.0 24.6 24.8 12.2 8.29 13.1 21.3
Zr 124 110 88.8 94. 6 118 60.2 88.7 87.2 41.8 81.7 38.2 79.0
Nb 7.09 6.21 5.48 5.42 6.29 4.89 5.73 5.66 4.05 3.01 4.00 4.54
Mo 0. 44 0.31 0.45 0. 64 0. 40 0. 00 0.00 0. 00 0.00 0.00 0.00 0. 00
Sn 1.01 0.91 0. 66 0. 89 1.07 0. 00 0.00 0.00 0.00 0.00 0.00 0. 00
Cs 0.49 0.71 0.09 1.04 1.03 0. 60 0.59 0.59 0.72 0.24 0. 64 0.38
Ba 148 72.1 79.0 264 143 187 219 220 83.8 59.7 121 102
La 17.7 16.0 9.95 10.6 13.2 10. 1 11.0 11.0 6.75 5.08 7.03 8.93
Ce 38.4 34.6 22.2 25.0 29.6 23.9 24.9 24.8 14.8 10.7 14.9 20.3
Pr 4.58 4.08 2.72 3.28 3.71 3.31 3.35 3.34 1.88 1.35 1.90 2.78
Nd 18.8 16.2 11.5 14.7 16.4 14. 8 15.0 14.9 7.71 5.59 8.04 12.3
Sm 4.22 3.68 3.07 4.36 4.36 3.62 3. 64 3.62 1.72 1.27 1.88 3.01
Eu 0.99 0.85 0.77 1.09 1.05 1.15 1.06 1.06 0.55 0.37 0.58 0.93
Gd 4.38 3.88 3.67 4.80 5.05 3.72 3.78 3.81 1.85 1.32 1.92 3.18
Tb 0.76 0.68 0. 66 0.85 0.90 0. 66 0. 64 0. 65 0.31 0.22 0.33 0.55
Dy 4.96 4.40 4.31 5.52 5.95 4.25 4.15 4.13 1.96 1.39 2.11 3.61
Ho 1.06 0.93 0.95 1.18 1.28 0.91 0. 87 0. 87 0.42 0.29 0.45 0.76
Er 3.42 2.87 3.05 3.68 4.03 2.67 2.62 2.61 1.26 0. 89 1.34 2.28
Tm 0.56 0.46 0.47 0.58 0.61 0. 40 0.39 0.39 0.19 0.13 0.20 0.34
Yb 3.74 3.17 3.29 3.97 4.23 2.63 2.52 2.49 1.24 0.87 1.31 2.19
Lu 0.59 0.51 0.51 0.58 0. 62 0.38 0.37 0.37 0.18 0.14 0.20 0.32
Hf 3.62 3.27 2.68 2.79 3.47 1.57 2.08 2.02 1.05 1.77 0.99 1.78
Ta 0.75 0.71 0.51 0.55 0.68 0.19 0.22 0.22 0.21 0.14 0.16 0.18
Tl 0. 07 0.07 0.03 0. 06 0.06 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0.00
Pb 3.36 2.82 1.21 0.94 0. 86 6.33 4.90 4.90 8. 02 2.84 5.98 5.75
Th 5.68 5.71 4.69 4.60 5.81 2.08 1.84 1.78 1.22 1.56 1. 14 1.78
U 1.43 1.19 1.19 1.18 1.41 0.63 0. 60 0. 60 0.76 0. 67 0.61 0. 46
Y REE 104.1  92.40 67.16 80.15 91.01 72.53  74.25  74.09  40.80 29.57 42.16  61.46
SEu 0.70 0. 68 0.70 0.73 0. 68 0.95 0.87 0.87 0.94 0. 86 0.93 0.91
(La/Sm)y  2.70 2.81 2.09 1.57 1.95 1.81 1.95 1.97 2.53 2.58 2.41 1.92
(La/Yb)y  3.39 3.63 2.17 1.91 2.23 2.76 3. 14 3.17 3.92 4.21 3.84 2.92
(Gd/Tu)y  0.89 0.93 0. 88 0.93 0.94 1.17 1.24 1.26 1.24 1.26 1.21 1.20
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Fig.3 FeQ"/MgO-SiO, plot (a, after Miyashiro, 1974) and AFM plot (b, after Irvine and Baragar, 1971 ; data of partial melting
from France et al. , 2010) of plagiogranite
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Fig. 4 Chondrite-normalized REE patterns (a) and primitive-mantle normalized spider diagram (b) of plagiogranite ( normalization
values after Sun and McDonough, 1989)

Data of ocean ridge plagiogranite and Troodos plagiogranite are after Pearce et al. (1984), while data of plagiogranite from Gao et al. (2012) are
attached
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®2 FKIERE LA-ICP-MS $55H U-Pb EELHER
Table 2 Zircon U-Pb isotope data obtained by LA-ICP-MS for plagiogranite

— U . Wl {3 L fH % (Ma)
5 (x107%) (x107°) ( x1079) oy zzz,fll; o 22037513) 20 220;[3“ 20 ziﬁ o 2:37513’ 20 220:813” 20
1 75.3 111 20. 8 0.68 0.0573 0.0026 0.6716 0.0342 0.0850 0.0012 506 100 522 20 526 8
2 115 131 33.8 0.88 0.0611 0.0040 0.6973 0.0479 0.0826 0.0019 643 140 537 28 512 12
3 66 93.3 20.6 0.71 0.0557 0.0052 0.6679 0.0670 0.0857 0.0022 439 208 519 40 530 14
4 113 156 28.4 0.72 0.0573 0.0023 0.6840 0.0355 0.0865 0.0012 506 73 529 22 535 6
5 113 137 20.5 0.82 0.0635 0.0037 0.7076 0.0469 0.0808 0.0011 728 122 543 28 501 6
6 96. 0 125 3.64 0.77 0.0548 0.0029 0.6370 0.0396 0.0842 0.0013 467 118 500 24 521 8
7 91.2 126 15.8 0.73 0.0581 0.0031 0.6820 0.0409 0.0850 0.0013 532 118 528 24 526 8
8 123 138 9.27 0.89 0.0539 0.0032 0.6176 0.0393 0.0831 0.0013 369 130 488 24 515 8
9 94. 4 135 19.0 0.70  0.0591 0.0032 0.6943 0.0415 0.0849 0.0011 572 110 535 24 525 6
10 184 181 24.2 1.02 0.0624 0.0037 0.7020 0.0445 0.0815 0.0014 687 116 540 26 505 8
11 132 175 8. 84 0.76  0.0573 0.0030 0.6827 0.0406 0.0861 0.0014 506 103 528 24 533 8
12 57.7 110 25.2 0.52  0.0625 0.0036 0.7350 0.0446 0.0854 0.0015 700 126 559 26 528 8
13 60. 5 100 21.3 0.61 0.0630 0.0034 0.7368 0.0422 0.0851 0.0015 709 114 561 24 527 10
14 114 122 8. 08 0.93 0.0628 0.0038 0.7445 0.0500 0.0854 0.0015 702 130 565 30 528 10
15 131 164 15.6 0.80 0.0576 0.0028 0.6685 0.0381 0.0843 0.0012 522 108 520 24 522 8
16 105 128 20.7 0.82 0.0601 0.0040 0.6940 0.0518 0.0828 0.0019 609 78 535 32 513 12
17 131 140 15.7 0.93 0.0612 0.0031 0.7000 0.0419 0.0836 0.0013 656 112 539 26 517 8
18 177 224 20. 1 0.79 0.0601 0.0035 0.6977 0.0515 0.0840 0.0014 609 130 537 30 520 8
19 163 167 5.50 0.98 0.0570 0.0041 0.6438 0.0542 0.0819 0.0015 500 160 505 34 507 8
20 157 158 24.0 0.99 0.0579 0.0030 0.6482 0.0489 0.0817 0.0013 524 106 507 30 506 8
21 177 183 4.29 0.97 0.0606 0.0032 0.6881 0.0591 0.0822 0.0016 633 112 532 36 509 10
22 85.5 130 21.0 0.66 0.0562 0.0029 0.6535 0.0555 0.0841 0.0012 457 118 511 34 521 6
23 114 129 29.6 0.88 0.0639 0.0035 0.7088 0.0644 0.0809 0.0016 739 118 544 38 501 10
24 184 182 0. 00 1.01 0.0583 0.0045 0.6607 0.0701 0.0828 0.0016 543 180 515 42 513 10
25 137 152 10.5 0.90 0.0603 0.0039 0.6842 0.0727 0.0826 0.0017 613 138 529 44 512 10
TP ™ RO A
0.094—— 10000.0
o2
0.090 g;ﬁ 0)1000.0
. £ 100.0
o 0.086 e
& S 100
£ 0.082 ;z
g 10
©
0.078 D il
ey ®fLa Ca Pr Na Sm Eu Gd Tb Dy Ho Er Tm¥b Lu

207Pb/235-u
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Fig.8 LA-ICP-MS zircon U-Pb age concordia diagram (a) and chondrite-normalized REE patterns of plagiogranite (b)

J& MY (Hoskin and Schaltegger, 2003; X #R1E, 2010), 25 4> 4. 1Ma [HE5 A8 0] IR R BHR L M A 145 AR -
FEATDILE R Th {35 A T 60 x 1070 ~ 184 x 107°, U f 75

AF93x107%~224x107°, Th/U=0.52 ~1. 01, KF0.4, 4.3 $EF Hf BT

) = Ny #/wt/%mm H MR () 3 ‘?:/ S 1 Ly aly g 2 T =
DA L RHIE R RHE A 5 8 A HLAT LT 2 S A I AR 1 SR 78 B 2R 4K AE U-Ph 4RI 10 8 1 k4T HE R
(Claesson et al. , 2000; Corfu et al. , 2003) , [ I}t 518.5 +
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3 BRERE LAICP-MS SRR LTRMELER( x107°)
Table 3 LA-ICP-MS trace element analyses of zircon from plagiogranite ( x 10 %)
¥ La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu >REE §Eu
1 0.03 15.1  0.10 1.50 4.27 1.70 35.4 13.3 186 75.8 382 77.5 860 153 1805  0.269
2 0.14 20.1 0.13 1.49 3.62 1.60 28.7 11.5 163 68.3 351 72.7 824 147 1694  0.281
3 316 19.9 0.62 3.77 4.50 1.74 32.1 11.9 167 67.4 338 67.9 756 133 1607  0.288
4 0.06 21.6 0.10 1.53 4.63 1.64 36.9 14.7 199 81.0 405 82.4 920 162 1930  0.255
5 0.75 22.1 0.30 3.05 497 1.97 36.8 13.9 195 79.9 398 80.6 884 156 1877  0.305
6 0.00 20.1 0.06 1.30 3.88 1.60 30.9 11.9 166 67.5 336 68.0 756 133 1596  0.271
7 0.33 20.0 0.14 1.57 3.31 1.34  26.3 10. 4 146 59.5 302 61.5 691 122 1446  0.246
8 19.8 60.8 4.86 26.4 12.2 3.06 551 18.9 251 99.4 483 95.6 1052 182 2365  0.373
9 0.03 20.6 0.05 1.14 3.20 1.08 25.2 9.93 142 57.6 289 58.8 674 116 1398  0.203
10 0. 81 27.6 0.18 2.48 579 2.32 449 16.8 231 89.9 435 86.7 949 161 2054  0.325
11 0.13 22.4 0.04 .19 3.18 1.06 28.3 10.9 154 63.1 314 64.3 715 124 1502 0.189
12 0.02 15.7 0.04 0.90 2.79 0.99 23.4 9.46 135 57.7 301 63.6 744 133 1487  0.193
13 0.00 13.3 0.04 0.8 3.04 1.01 231 9.25 136 55.9 287 59.2 681 121 1391 0.198
14 7.02 37.6 2.70 14.3 6.89 1.97 31.2 11.1 153 60. 3 298 59.9 657 114 1457  0.319
15 0.01 21.8 0.06 1.43 4.19 1.56 32.7 12.9 180 72.8 366 74. 1 818 143 1728  0.257
16 0.37 19.1 0.17 2.59 6.00 2.29 44.1 16.3 219 87.5 426 86.2 952 162 2024 0.323
17 0.03 21.1 0.11 2.24 6.16 2.35 47.3 17.6 241 94.7 458 91.4 998 171 2151 0.321
18 0.37 28.8 0.21 2.59 456 1.70 40.7 15.7 218 87.9 442 89.8 1005 174 2111 0.253
19 0.00 24.3 0.05 1.30 4.48 1.83 36.5 14.1 194 77.3 382 76.2 834 143 1790  0.286
20 1.58 26.3 0.62 4.59 4.8 1.61 30.9 12.0 167 67.1 329 65.9 728 126 1565  0.269
22 0.14 19.0 0.08 .17 2.82 1.05 24.2 9.45 136 55.1 278 57.2 637 111 1332 0.202
23 0.02 21.7 0.08 1.42  3.91 1.63  31.1 12.2 175 69.9 350 70.0 778 136 1651  0.275
24 0.11 25.4 0.15 2.12 6.58 2.10 46.3 17.1 237 93.1 462 90.8 1011 175 2168  0.288
25 0.02 21.3 0.09 1.70 4.08 1.78 34.1 13.1 186 74.1 365 73.3 805 139 1718 0.288
&4 PKERSE LA-MC-ICP-MS $57 Hf B RUELSER
Table 4 LA-MC-ICP-MS zircon Hf isotopic compositions of plagiogranite
5 70 Yh/' Hf "7 Lu/'"" HE O HE/ ' HE enr(1) 20 towin (Ma) — tpyp(ee) (Ma)
1 0. 055094 0. 002110 0. 282632 4. 84 0. 88 934 1157
2 0. 053316 0. 002165 0. 282624 4.57 0. 80 949 1177
3 0. 051596 0.001993 0. 282694 7.02 0.55 840 1016
4 0. 058662 0. 002259 0. 282620 4.36 0.62 958 1190
5 0. 057773 0. 002282 0.282767 9.50 0.73 744 862
6 0.057826 0. 002219 0. 282640 5.05 0.73 928 1145
7 0. 067066 0. 002554 0.282627 4.25 0. 68 960 1191
8 0. 057377 0. 002279 0.282775 9.70 0. 66 732 846
9 0. 059953 0. 002190 0.282643 5.00 0.77 922 1141
10 0. 056681 0. 002141 0.282708 7.19 0. 66 824 996
11 0. 049482 0.001948 0.282630 4.78 0.82 930 1157
12 0. 051089 0. 002001 0.282743 8.37 0.74 768 915
13 0.067617 0. 002616 0. 282683 6.02 0. 86 880 1072
14 0. 049946 0. 002041 0. 282641 4.94 0.94 918 1141
15 0. 049364 0. 001797 0. 282630 4.85 0. 65 925 1152
16 0. 072644 0. 002783 0. 282792 9.90 0.74 725 832
17 0. 080595 0. 003094 0.282681 5.76 0.72 902 1095
18 0. 064048 0. 002445 0.282628 4.32 0.55 954 1185
19 0. 046212 0. 001761 0. 282694 7.14 0. 60 832 1007
20 0. 072485 0. 002668 0. 282662 5.38 0.82 913 1118
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x5 MRENELSE S-NI-Pb REBS
Table 5 Sr-Nd-Pb isotope compositions of plagiogranite

s 12A-30a 12A-30b 12A-30d  12A-30e
Sr( x107°) 68.7 66.0 66.0 72.1
Rb( x107%) 14.5 14.9 14.9 12.1

8 Rb/% Sr 0. 61004 0. 65409 0.65404  0.48643
87Qr/80 gy 0. 712084 0. 711991 0.711141 0.711949
20 0.000016  0.000026  0.000015 0.000015
(¥St/%8r);  0.707580 0.707162 0.706312  0.708358

£, (1) 52.4 46.5 34.4 63.5
Nd( x10°¢) 18.8 16.2 16.2 16. 4
Sm( x107°) 4.22 3.68 3.68 4.36
47Sm/ 1 Nd 0. 13545 0. 13725 0.13725  0.16097
BNd/Nd  0.512369 0. 512457 0.512451 0.512531

20 0. 000013 0. 000011 0.000017  0.000011
("Nd/'"Nd);  0.51191 0. 51199 0.51198  0.51198
ena (1) -1.26 0.34 0.21 0.19
tpmz (Ma) 1344 1214 1224 1226
Pb( x107%) 3.36 2.82 0. 863
Th( x107°°) 5.68 5.77 5.81
U( x107°) 1.43 1.19 1.41
206 pp,,/204 pl, 20. 662 20. 845 23.340
207 ph/204 phy 15.752 15. 760 15. 889
208 pp, /204 Py 41.017 41. 340 44. 481
(™ Ph/™™Ph),  19.669 19. 858 19.232
(27 Ph/?*Ph), 15. 702 15.710 15. 681
(*®Pb/®Pb);,  39.765 39. 819 39. 098
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Fig.9  Zircon Hf isotopic & (¢)-t plot of plagiogranite
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0. 0023 , W4k A7 v iy ™ Lu 28 T8 18004 JCS M  RT HE 3
AR, P75 75 197 HE/7 HE 7 L3 DU 26 FL 45 B
Hf [7] {3 Z& & & (Jonathan Patchett et al. , 1983 ; 5 1 JC %,
2007) o T £ (1) BLE by, IR FH & ST B U-
Pb AR 25 B BN, ZAHKAE I A B A YT HE 4y F
0. 282620 ~0. 282792 2 fii], s (1) =4.25 ~9.90, ¥ {if
6. 15, I BPREARHS 1y co, 29 832 ~ 1190Ma,
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4.4 £ Sr-Nd-Pb E A =434E

445 Sr-Nd-Pb A R AHr45 IR (£ 5) iR, AH- ALK A
FE ™ Nd/'™ Nd = 0.512369 ~ 0.512531,% Sp/®% S =
0.7111410 ~ 0.7120835,* Pb/*™ Pb = 15.7523 ~ 15. 8888,
26ph/*™ Ph = 20. 6618 ~ 23.3401,”® Pb/*™ Pb = 41.017 ~
44,481, J R EA AR 9 N/ N, B HAS R R
19" Se/* Sr LA K IR RO PR B Ph & R A SRR
P & S18Ma (i AP ¥ 48 I E AT H A 2] ey (1) =
-1.26 ~0.34, ("*Nd/"Nd), =0.51191 ~0.51198, (¥ St/
%Sr). = 0.70631 ~ 0.70836, (™ Pb/*™ Pb), = 39.098 ~
39.819,(*"Pb/* Pb), = 15.681 ~ 15.710, (** Pb/*™ Pb), =
19.232 ~19. 858, TEZ a2 H g rp (18] 10) 45034
T 5 EMIT B 42 b o 70 0C R VI RR 2o

5

5.1 SHKTERAEHRERER

RHCAE R A B RUA A Z 2R, (046 1 A L iUTCA J
S ko SR LR RS AL B o, PLBE 2 A R T A A
HOR A NTRIEIE F B, DA R 5e 38 B 2 B P R TR 4
By AR AR S ROE R R B KA 5 ((Coleman and
Donato, 1979 ; Aldiss, 1981 ; Flagler and Spray, 1991 ; Pallister
and Knight, 1981; Brophy and Pu, 2012 ; France et al. , 2010;
Gillis and Coogan, 2002; Koepke et al. , 2004, 2005, 2007;
AR, 2003 X —4F, 2003) . dggga AN [H
R B ARHAE B o T O AL SR 1 PR35 1 AN ) , 76 3
BRALZRAE E AR AR AR 25 5, il o 43 PR 4 22 5, 7T LUB
RHSAE B B LA 2T

AU FE I RHE AL 4 o BF A 52 AS R kTR iz B2 AR 7
TS 2 T A A R R A S AR I R
R A 7 R Sy M5 Rl 45 & Brophy (2009) BB 5E, BE#&
Si0, &R TE T, B2 4 SR A R AR 1 s B R AR Y
La 2 BAURIX AR B9 Yb &5, 45 & 70 5 R B985 11
MEA B ZE TR La Yb &6, AR RWFFE M RHC AL K a8 H
Ay La (& 11a) F1 Yb (3.17 x107° ~4.23 x 10 %) & &t
AEE B 43 B R R AR B R o RO, BT ATE K A
KA R 2R AR S B S 6 v BLHR R BLAT IR O, 35
HAYFFIE(TIO, < ~ 1% at Si0, > ~55% ), iX —%§ sl B
SRR AR A I S 2 R 0 BB 0 A RO A T AR
(Koepke et al. , 2007 ; France et al. , 2010) . ASKBFFT AR}
KAERK Ef TiO, B3 & AR T 9256 b MORB 231 B9 R BR
(B 11b) 454 EIRFHE , A WRHEF M RHCTE K S IR TE L
THHE LR BUE R AL G5 5, A TS TE WU 8 4344 il
AR

WA B TR e I RHR AR B A 1E Se Y Y /&
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(a) exg(1)-(7St/%Sr), (FKiHEEE, 2008) ;5 (b) (™ Nd/™Nd);-(YSt/%Sr) 5 (¢) (P Pb /% Pb);-(*Ph/*™Pb );; (d) (™ Nd/'"™Nd);-
(29Ph/2Ph ). £ MG A Zindler and Hart (1986) 5 S B Hiu i 3 £
HIMU-E&78 U/ Ph (M . & a B N Z AR IX ; Be R JEIRIX ; C M BEFEIRIX

Fig. 10

Isotopic Sr-Nd-Pb plots of plagiogranite

: DMM-5 50 055 EMISS 1 2% T 4 i EMIIS 2 26 7 i

(a) exg(t)-(¥St/%8r), (Zhang et al. , 2008); (b) (3 Nd/'"™Nd);-(¥S/%Sr) ;5 (¢) (*"Pb /2 Pb),-(*Pb/™Pb ),; (d) (¥ Nd/
Y4Nd) ;- (2 Pb/?Pb ),. End member component of mantle is after Zindler and Hart (1986) ; DMM-depleted mantle; EMI-the first kind of enriched
mantle; EMII-the second kind of enriched mantle; HIMU-mantle with high 2*U/?** Pb. In Fig. 10a, B stand for origin of basalt; Bc represent an

origin of transitional mantle; C is from continental source
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K11 AR A La-Si0, FEf#(a,i§ Brophy, 2009) LA X Ti0,-Si0, & fi# (b, Koepke et al. , 2007)
Fig. 11 La-SiO,(a, after Brophy, 2009) and TiO,-SiO, (b, after Koepke et al. , 2007) plots of plagiogranite

it B2 B BIA s IRRIE (2R W A ARk, 2003) , )
AL0,=15% ,Sr >400 x 10™°,Yb = 1.9 x 107°,Y = 18 x

107°, AWRBFSE I RHC AL b 5 BRI 241§ R B AL O, =
9.51% ~11.75% ,Sr=66.0 x 10 ™° ~87.3 x10™°,Yb =3.17
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x107°~4.23x107°,Y =28.8 x107° ~40.8 x 10 *, 2Bk
HAK Sr & Yb BRRS, SRR AEANENER . FtAs
SRR STAR ek AR v AR P R B R LR ) 43 s R B
Mo MIRHCIER AR AR Se & Yb (1945 55 7R 55 (2006)
e 5 e e A DG Y VR 5 ) T O K R A I e
AR TERHE AL B 44 Sr <100 x 10 7%, Yb > 2 x 10 ~° 45 1iF —
3, R H AT AR R AE AR B AR E A T B0 A RIE B

KT HEFEIEL B ) A2 v B 20 4 Al U RHR AR 5 5 B B
i, H G I AT R A A e B K ST AR s il S 5 9
FET Y SMIEIE I TR HARRE Y DA S RHR AR i 5 1
R R B B R T R AE BT U)ASTE | B K AR v 5E A
TEZIBA T 15 T 50 K AR BRI AR R PR T 38 S H K
Z ] 2 I - A i T, PR Tk A PV T TR S R DL
TR L R AE R & Az 3 4 44 fail, AT T BUARHE 7 1 A
(Koepke et al. , 2007 ; Rollinson, 2009) , ASYKAE <A kR i L
AR ew (1) 1H, ALO, FHRAF 9.51% ~11.75% Z ],
Na,0/K,0 >1,Mg* =37 ~43 [}z B4 &% ¥y LREE & £ #1
FHE , 528 AN ZERAE (2003 ) B gh e s IR T e %
TFE SR YA , B B R AR B A TR B RHR AR B
# AL O, <15% ,Na,0/K,0 >1,Mg* <50 [{) Hi R {b2% FEAF 41
W6, TR0 5 e R4 5 ( 2012 ) HiR T8 I £l DX RHR AE 1<
FHLERIE A FRIE— 3, DRI, RIS 1 B HK T8 B A HE R A
NSRBI R P E RS 5T R ARG BIE Y .

Sy i — 2 B E B IR IS 2R TE 5 TR A 1
STV TR BE SRR EE A4S (45 A France et al. (2010) #5541
PR A W 5 25 B0k 8 00 T JASHIS T 1 2 1) 52 6 &4 SR
17t France er al. (2010) FR5347 Al SC 90 (19 SL 86 551 T =
850°C ~ 1030°C , P = 100MPa; {2 1 ¥ %} 1 SiO, = 50.38% ,
ALO, = 15.04% , Fe,0, = 10.29% , MgO = 4.99% , CaO =
7.19% ,Na,0 =4.44% ,K,0 =0.19% ,LOI = 4. 74% , 54k
WEFE A I AR WA T IX N g g EL AT A fRL ) b R Ak 22 A
HAER R e Rl R B S A AR 2 E ARG OC R (H
3b) ,9f H/hF 910°C 52 56 9 78 43 4 ml B2 & 3/ F 10%
(France et al. , 2010) , A SCRHSAE <A 1) AFM {5 5 #5853
SERL SIS FORN AT L (18] 3b) | AHK TR 2 1AV £E 850°C
T 43 R SIS 06 1 ) s M R A SR BT . X — 5 SR DT —
AR TS T A SCHTR G TR W AHR AL 5 i i stia
B B RIS 5 T kA TR E % AR s [/, 45
GASGES E A RN T RS A TR T EIZ X RH
TE < 1T X 45 FRLBE 43 3118 750°C F1 780°C (3R 6) , FL[R] F
TE R AE B 5 TR BB 4 J Rl IR B2 7T e 750 ~ 850°C, Jf- gk
— 3 AR R /T 10%

T340, 5 R BN AR RIS B AHE AL 5 A 10 B A (AR
SRS ) A & I 0 i SRS B T I, BRI, 4 D
TE BT BE N IZ B FLA (AR WA ) BT AR 4R R o I
Rl = WriE RS 5 S R B4 ISR B Y I A G A
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HR
Table 6 Zircon saturation thermometer and Ti-in-zircon
thermometer values for plagiogranite
\ AR A B T
RS M D, T,(C)
12A-30a 1.39 3984.52 766
12A-30b 1.31 4490. 00 761
12A-30d 1. 84 5243.53 713
12A-30e 1.42 4203. 34 759
P
WS ]
1 6.54 765
2 9.54 801
3 6.43 763
4 8.39 788
5 7.95 783
6 7.47 777
7 8.20 786
8 5.39 747
9 8.29 787
10 6.49 764
11 6.23 760
12 5. 80 754
13 7.56 778
14 17.2 862
15 6.29 761
16 9.23 797
17 9.11 796
18 6.70 767
19 8.57 790
20 8.07 784
21 8.02 784

H: M=(2Ca+K+Na)/(SixAl)% Si+ Al + Fe + Mg + Ca + Na + K
S =1 (KRB THOMEO Dy Y 496000/ 4 i i T, (°C)
=12900/[ InD,, + 0.85M + 2.95] - 273.15 ( Bruce Watson and
Harrison, 1983) ;7 (°C) = 5080/(5.711-lg (Ti )) - 273.15 ( Ferry
and Watson, 2007)

5.2 PREREREREMER

Zindler and Hart (1986) i i X MORB FI OIB [ {3 % 4
AEHEATHESE , He 10 s 53 26 433 43 2 =5 453 3t 2 35 7 DMML 701
=AE AR T4 HIMU, EML A1 EMIT, X 5 & 45 e
UG U, HIMU H8 HA7 5 197 U/ P HOAH, A b 2
WP 5E 20 43 HE TR B M S By (Hofman and White,
1982; Weaver, 1991; Chauvel et al. , 1992; Kogiso et al. ,
1997; Hofman, 1997; Andreas et al. , 2003; 3k i% 37 4%,
2007) ; EMI Hu % ELAK' Nd/™ Nd ™ Pb/*™ Pb il v 25 19 Y St/
% Sr, i L 5T ) P0G PR B b 08 5 A 1 FH A4 45 SR ( Milner
and Le Roex, 1996; Andreas et al. , 2003 ; 3§ 748, 2007) ;
EMII #1824 55 00% St/% Sr, 2°Ph/2™ Pb il v 25 1 ' Nd/
N, BN Ry 5 R TR A A o b5 B ok A 5 ) T P AT
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Nbx2 (b)

Th Ta Zr/4

12

AR fE S e HE/3-Th-Ta [Ef# (a, 3 Pearce, 1982) & Nb x2-Zr/4-Y Kfi# (b, #i Meschede, 1986)

Fig. 12 H{f/3-Th-Ta diagram (a, after Pearce, 1982) and Nb x 2-Zr/4-Y diagram (b, after Meschede, 1986) of the altered

diabase

A F(Weaver, 1991; Chauvel et al. , 1992; Dostal et al. ,
1998 ; Hofman, 2003 ; 35745, 2007) ,

XHFAR Y I8 A A AR A R B, JL (NN =
0.51191 ~ 0.51198, (¥ Sr/® Sr), = 0.70631 ~ 0.70836,
(*™Ph/™Pb), =39.098 ~39.819, (*” Pb/*™Pb), =15.681 ~
15.710, (**Pb/* Pb), = 19.232 ~ 19. 858, E. 45 5" Sr/® Sr,
200 /2% Ph i1 e 4 15" Nd/ ™ Nd 19485 5, ey (1) = = 1.26 ~
0.34, e, (1) =34 ~ 52,78 ZF [F) 7 V) 1 LUABAH OC (&1 £
(E10), SR B A EMIT B 2 M8 FRAE . 78 ey, (1) -
('sr/%sr), B (F 10a), (7 S/ Sr), AR AR AR K, T
ena (1) FEARAZ HOR B (7 Se/% Se), (¥ Th 78 1 A, %6 W
(Su/*Sr) , BASARJE AK al A% 1 4 1T - A 0 5 00 SR A A
AR =1 MR AL, 1995) . A CAHK IR K A 5 X R
(1999) i) Ph [Fl{3; 22 25 R — B, R WIAE I R RHL AL 5
) Pb R A KM . BLAk, X R (1999 ) X} X [N # 4
BZRERHATT Sr N O [FA R I3H7, FF-15 ) Sm-Nd S
RARIE Ny 512.9 + 30Ma, JL[RfAL R 45 R 5 A R Y RHE
165 A R FFEAE F AH L (B 10) , ¥ 58 7R EMIT 2 & 4 Hh
WBRFAE , AR LB — 8 X4 R RHRAE 4
BT RCT X S IR AL T 1R 36 7 1 RS, R
ik g 2 VR DX 1) e 2 b 8 AR AT 1 7S JEC W] BB TR TV 7 2L A
HIRI R B

5.3 MEEX

T i b 2 A o A ek I 1L, R A8 1 R B R Y
Th U %55 4 AR5 451 Nb Ta Ti (W4HEAE, 0 {0 A8 4 )
FEE4E Th U MiAEXS 7 5t Nb. Ta, B/ 5 590 KR A XA
FERLBR L2 AE . B i 55 A 2 w0 Th & &, 7
5 Th A5 W3 1 550 [ fif v, 5 38 ) Th 3 SCIE % AT
I SR G YRR s (8] 12a) o (HpRAS MRS N 1 & i
43.01 x107™° ~5.73 x 10, @ F il kil 2 (1.26 x 10 %)

-5 N-MORB (4.35 x10°) (Holm, 1985)—%k, [a]if L Zr/
Nb=9.6~27.1, HZ A T 9.6 ~ 17.4, 3 H. N-MORB # E-
MORB [#J4%54iF (N-MORB F1 E-MORB 1 Zt/Nb 4351 FFFi/)N
F 16,Le Roex et al. , 1989) (X ,1999), 5 Nb x 2-Zr/4-Y
EIff a5 R —B (B 12b) o S5 RIALE EMIT B 5 42 Mg 1y
R IR MR ) TR T 2% Wk T T BT R I I R AE T R
Rl FE TR YL TEG , & SR HG IR XA B 2 KB TR A G R N X
Hof AR W 2 RN A6 b 2 R B ) A 3 P AR e AR AE
B ETAER, MAHCTE K A 45 A HE 762K TR A M RRE
[V W] R AZ i HE M i R 45 2R o

LTAIITE -SRI SRR e A P A e g, AR AR b BR 1L
SRR ] LI A3 W2, 43 5 0 MORB B FIE & X A
(KIS, 1997; MR, 1999; RIR %, 2002; 54 4% 5%,
2002, 2008 ; & ZHEA, 2010) . I H #4055 3% W LM 4 -
PR et PR S B S B 4855 (2008) 1
MRAM G EHA G RF g AT R AN A
SHRIMP 44>}y 479 + 8Ma, 3 & B H bSO 2 =22 ol 1y W
MO AN S AU AR, 256 00T P ARRAIE L) T g g v
mn ) S RIS - O A O - RO A K
-7 Cpx RHEULA ML BT /R £ 47 7E SSZ Rldp4tA s i
BEHAE(2010) S5 A LTl B XA A A A G ik — 22
BT SR AL 5 R R A AT RIS At & & i L, B
BT U-Pb A5 5 | A B REL 45 (2007) , 4 448.6 + 3. 3Ma; 43
S FSEE(2010) LA BORRHHE 45 (2013 ) 76 lp 2 AR O s iz K
T X R A B AR Y RE i X B A B T 5
IRIAEE , (HIF RS BAEACEAE o X PSS oA 2 1) 28 o
FOIEAE AR - SRR RN B (2006) 5 BKEHI S (2007 ) B
WA IE B LT/HP 8 s M E M afEs A s
HAZEEE Ar-Ar 4R 491 ~513Ma, 456 X NAE R AT
R B O 55 R 5a IR o D6 19 5 9IAE i) BT A4 500
~481Ma( &4 3%, 2005, 2007; B2EFE, 2005; %,
2011) o X TARPFFR ML S A KU, L 518 £4. 1Ma [TF
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AR BA BFRTARAE A SSZ R s3I 7 e 4 2 (1 4F
%, L DX AL A R DR PR AL e R B o S A AR
SO, PG, SEAS T LLHERR IR BT 5 NS R,
BCTTTEAE B i Al A2 ki 7 0 o TR 4% 114 T RE R A2 Bl L ok
o X R (1999) Z54 O [AAz R LLMIA T P E LA 1)
X R R I AR T B R 2 1 RE e R S
SRR DXIRYE B, X —Z5 B AR S A SCRHR AE M TR IX R
A EMIT R R A R AE AR 5

HILAGE X P g A S8 R R T, AL BT R G 2 T
FERME AT, g g a R I 85 5 9 534 ~ 479Ma (XK,
1999 % [ A5, 2002; BEHRLAE, 2007; 228245, 2008) ;
e RIS (2012) TELLMINA VY G R B T —BRHRAE R &, A
41 U-Pb 4% 512. 1 = 1. SMa, 5ASR TS5 H B RHS AE R
518 £4. IMa [9f541 U-Pb 4RI — 2. 45 G ASCSHATAR
(AT R, SRS AE b o [ H BOR  0 g  U X S g
HAT EMIT R4 8 (9 Ak, AL AT 52 2 1Y
WItaBr B PO B T A AT AL , R SR M i g 5T X
il 2 B TC U R 15 5 4, Pk, RHTE G 45 518 =
4. 1Ma 9R5 A7 U-Pb 4835 AT I LA SR AL BT /R 5 £0 40 3 -4 i
SRA R HEIT R 1 R

6 &iie

(1) ZEH0a A AH IR ) g O A R AE B o B A S A
RN BRAR SSAL T [l kA e 2 v S R AE R A i
JLRPFAE B SR A A0 2 R I ARHRAE R A B e s
A7 R KA Tl e R A B B T A W S vp 45 R Y, JER 23
TR ARLEE <10% , K RiRE > 750 ~850°C

(2) B K6 K & LA-ICP-MS 4% 4 U-Pb 4E#% 4 518 +
4. IMa, f FHIE TR im0 ok i, DHGZ AR T DL
X PR TR AR

(3) BHRAE R S AR RS MR AL A 5 i R B 7
TRAH R AL 5 B RHCAE R i 40 HE R 3R (42 Sr.Nd Pb
A7 28 B X P g g [R) 3 FRATF T AR, 3K Fif 4t 7 T e P AR A
Je B2 R X O EMIT B4R 0 i pl ) o 171 A o i 42
M R PR AR A b S R ok A8 2o o 7T T 2 2R A
Y], L0 iR R QL FR Dy 518 +4. 1Ma,

Bugt  EPANTARAREN 0 AR SR ) A Il 5 B A
Fiaf AR A SCHR 7 BB O DL AN 5 S TR —TF 3%
NI

References

Aldiss DT. 1981. Plagiogranites from the ocean crust and ophiolites.
Nature, 289(5798) : 577 =578

Andreas S, Michael B and Salters Vincent JM. 2003. Recycling oceanic
crust;  Quantitative  constraints.

Geochemistry,  Geophysics,

£L¥F]| 2015, 31(9)

Acta Petrologica Sinica

Geosystems, 4(3) . 1525 -2027

Brophy JG. 2009. La-SiO, and Yb-SiO, systematics in mid-ocean ridge
magmas: Implications for the origin of oceanic plagiogranite.
Contributions to Mineralogy and Petrology, 158(1): 99 —111

Brophy JG and Pu XF. 2012. Rare earth element-SiO, systematics of
mid-ocean ridge plagiogranites and host gabbros from the Fournier
oceanic fragment, New Brunswick, Canada: A field evaluation of
some model predictions. Contributions to Mineralogy and Petrology,
164(2) . 191 -204

Bruce WE and Mark HT. 1983. Zircon saturation revisited; Temperature
and composition effects in a variety of crustal magma types. FEarth
and Planetary Science Letters, 64(2) : 295 - 304

Claesson S, Vetrin V, Bayanova T and Downes H. 2000. U-Pb zircon
ages from a Devonian carbonatite dyke, Kola Peninsula, Russia: A
record of geological evolution from the Archaean to the Palaeozoic.
Lithos, 51(1-2):95-108

Chauvel C, Hofmann AW and Vidal P. 1992. HIMU-EM: The French
Polynesian connection. Earth and Planetary Science Letters, 110 (1
-4):99-119

Che ZC, Liu L, Liu HF and Luo JH. 1995. Discovery and occurrence of
high-pressure metapelitic rocks from Altun Mountain areas, Xinjiang
Autonomous Region. Chinese Science Bulletin, 40 (23 ). 1988
-1991

Che ZC, Liu L and Luo JH. 2002. Geotectonics of China and Adjacent
Regions. Beijing: Science Press, 207 =369 (in Chinese)

Chen XH, Gehrels G, Wang XF, Yang F and Chen ZL. 2003. Granite
from North Altyn Tagh, NW China: U-Pb geochronology and tectonic
setting. Bulletin of Mineralogy, Petrology and Geochemistry, 22
(4):294 -298 (in Chinese with English abstract)

Coleman RG and Peterman ZE. 1975. Oceanic plagiogranite. J.
Geophys. Res. , 80(8): 1099 - 1108

Coleman RG and Donato MM. 1979. Oceanic plagiogranite revisited. In:
Barker F (ed. ). Trondhjemites, Dacites, and Related Rocks.
Amsterdam; Elsevier, 149 — 167

Corfu F, Hanchar JM, Hoskin PWO and Kinny P. 2003. Atlas of zircon
textures. Reviews in Mineralogy and Geochemistry, 53 (1) 469
-500

Cui LL, Chen BL, Yang N, Chen ZL and Ding W]. 2010. Geochemistry
and genesis of basic-intermediate volcanic rocks from Kaladawan,
East Altun Tagh Mountains. Journal of Geomechanics, 16(1) ; 96 —
107 (in Chinese with English abstract)

Dilek Y and Furnes H. 2014. Ophiolites and their origins. Elements, 10
(2):93-100

Dostal J, Coisens B and Dupuy C. 1998. The incompatible element
characteristics of an ancient subducted sedimentary component in
ocean Island basalts from French Polynesia. Journal of Petrology, 39
(5):937-952

Ferry JM and Watson EB. 2007. New thermodynamic models and revised
calibrations for the Ti-in-zircon and Zr-in-rutile thermometers.
Contributions to Mineralogy and Petrology, 154 (4) . 429 —437

Flagler PA and Spray JG. 1991. Generation of plagiogranite by
amphibolite anatexis in oceanic shear zones. Geology, 19(1) ;70 —
73

Floyd PA and Winchester JA. 1975. Magma type and tectonic setting
discrimination using immobile elements. Earth and Planetary Science
Letters, 27(2): 211 -218

France L, Koepke J, Ildefonse B et al. 2010. Hydrous partial melting in
the sheeted dike complex at fast spreading ridges: Experimental and
natural observations. Contributions to Mineralogy and Petrology, 160
(5):683 -704

Gao XF, Xiao PX, Guo L, Dong ZC and Xi RG. 2011. Opening of an
Early Paleozoic limited oceanic basin in the northern Altyn area:
Constraints  from plagiogranites in the Hongliugou-Lapeiquan
ophiolitic mélange. Science China ( Earth Sciences), 54 (12):
1871 - 1879

Gillis KM and Coogan LA. 2002. Anatectic migmatites from the roof of an
ocean ridge magma chamber. Journal of Petrology, 43(11) . 2075 -
2095



EARIF

Guo ZJ, Zhang ZC and Wang JJ. 1998. Sm-Nd isochron age of the
ophiolite belt at the margin of the Alty Tagh Mountains and its
tectonic signification. Chinese Science Bulletin, 43 (18): 1981 —
1984 (in Chinese)

Han FB,Chen BL, Cui LL, Wang SX, Chen ZL, Jiang RB, Li L and Qi
WX. 2012. Zircon SHRIMP U-Pb age of intermediate-acid intrusive
rocks in Kaladawan area, eastern Altun Mountains, NW China, and
its implications. Acta Petrologica Sinica, 28 (7): 2277 —2291 (in
Chinese with English abstract) .

Hao RX, Chen BL, Chen ZL, Wang Y, Li SB, Han FB and Zhou YG.
2013. Geochemical characteristics of basalts from Kaladawan in East
Altun  Mountains of Xinjiang and their implications. Acta
Geoscientica Sinica, 34 (3): 307 - 317 (in Chinese with English
abstract) .

Hofmann AW and White WM. 1982. Mantle plumes from ancient oceanic
crust. Earth and Planetary Science Letters, 57(2) ; 421 -436
Hofmann AW. 1997. Mantle geochemistry: The message from oceanic

volcanism. Nature, 385(6613) : 219 —229

Hofmann AW. 2003. Sampling mantle heterogeneity through oceanic
basalts; Isotopes and trace elements. In; Carlson RW (ed. ). The
Mantle and Core. Oxford: Elsevier-Pergamon, 61 —101

Holm PE. 1985. The different

tectonomagmatic environments using hydromagmatophile element

geochemical  fingerprints  of
abundances of tholeiitic basalts and basaltic andesites. Chemical
Geology, 51(3 -4): 303 -323

Hoskin PWO and Schaltegger U. 2003. The composition of zircon and
igneous and metamorphic petrogenesis. Reviews in Mineralogy and
Geochemistry, 53(1): 27 —-62

Irvine TN and Baragar WRA. 1971. A guide to the chemical classification
of the common volcanic rocks. Canadian Journal of Earth Sciences, 8
(5):532-548

Jafri SH, Charan SN and Govil PK. 1995. Plagiogranite from the
Andaman ophiolite belt, Bay of Bengal, India. Journal of the
Geological Society, 152(4) : 681 - 687

Jonathan Patchett P, Kouvo O, Hedge CE and Tasomoto M. 1981.
Evolution of continental crust and mantle heterogeneity: Evidence
from Hf isotopes. Contributions to Mineralogy and Petrology, 78
(3):279 -297

Kang L, Liu L, Cao YT, Wang C, Yang WQ and Zhu XH. 2011.
Geochemistry, zircon LA-ICP-MS U-Pb ages and Hf isotopes of
Hongliugou moyite from North Altyn Tagh tectonic belt. Geological
Bulletin of China, 30(7): 1066 — 1076 (in Chinese with English
abstract )

Koepke J, Feig ST, Snow J and Freise M. 2004. Petrogenesis of oceanic
plagiogranites by partial melting of gabbros: An experimental study.
Contributions to Mineralogy and Petrology, 146(4) : 414 —432

Koepke J, Feig ST and Snow J. 2005. Hydrous partial melting within the
lower oceanic crust. Terra Nova, 17(3) : 286 —291

Koepke J, Berndt J, Feig ST and Holtz F. 2007. The formation of SiO,-
rich melts within the deep oceanic crust by hydrous partial melting of
gabbros. Contributions to Mineralogy and Petrology, 153 (1): 67
-84

Kogiso T, Tatsumi Y, Shimoda G et al. 1997. High n (HIMU) ocean
island basalts in southern Polynesia; New evidence for whole mantle
scale recycling of subducted oceanic crust. J. Geophys. Res., 102
(B4): 8085 -8103

Le Roex AP, Dick HJB and Fisher RL. 1989. Petrology and geochemistry
of MORB from 25°E to 46°E along the southwest Indian ridge:
Evidence for contrasting style of mantle enrichment. J. Petrol. , 30
(4):947 -986

Li WX and Li XH. 2003. Rock types and tectonic significance of the
granitoids rocks within ophiolites. Advance in Earth Sciences, 18
(3): 392 -397(in Chinese with English abstract)

Liu DY, Jian P, Zhang Q, Zhang FQ, Shi YR, Shi GH, Zhang LQ and
Tao H. 2003. SHRIMP dating of adakites in the Tulinkai ophiolite
Inner Mongolia; Evidence for the Early Paleozoic subduction. Acta
Geologica Sinica, 77 (3): 317 - 327 (in Chinese with English
abstract )

LT R de kiR 2 8 P AR AL R 8 09 R B A LR E L 2563

Liu L. 1999. High-pressure metamorphic rocks and ophiolite in Altun
Mountains and their geological significance. Ph. D. Dissertation.
Beijing: Institute of Geology and Geophysics, Chinese Academy of
Sciences, 1 =70 (in Chinese with English summary)

Liu L, Che ZC, Wang Y, Luo JH and Chen DL. 1999. The petrological
characters and geotectonic setting of high-pressure metamorphic rock
belts in Altun Mountains. Acta Petrologica Sinica, 15(1);: 57 —64
(in Chinese with English abstract)

Liu L, Chen DL, Wang C and Zhang CL. 2009. New progress on
geochronology of high-pressure /ultrahigh-pressure metamorphic
rocks from the South Altyn Tagh, the North Qaidam and the North
Qinling orogenic, NW China and their geological significance.
Journal of Northwest University ( Natural Science Edition) , 39(3) :
472 —479 (in Chinese with English abstract)

Lu SN, Yu HF, Li HK, Chen ZH, Wang HC and Zhang CL. 2009.
Preliminary Study of Precambrian Geology in the North Tibet-Qinghai
Plateau. Beijing: Geological Publishing House, 1 - 203 ( in
Chinese)

Meng FC, Zhang JX, Yu SY and Chen SY. 2010. The Early Paleozoic
pillow basalt in northern Altyn, western China and it tectonic
implications. Acta Geologica Sinica, 84(7) : 981 =990 (in Chinese
with English abstract)

Meschede M. 1986. A method of discriminating between different types of
mid-ocean ridge basalts and continental tholeiites with the Nb-Zr-Y
diagram. Chemical Geology, 56(3 —4) : 207 -218

Milner SC and Le Roex AP. 1996. Isotope characteristics of the
Okenyenya igneous complex, northwestern Namibia: Constraints on
the composition of the early Tristan plume and the origin of the EMI
mantle component. Earth Planet. Sci. Lett., 141 (1 —4). 277
-291

Miyashiro A. 1974. Volcanic rock series in island arcs and active
continental margins. American Journal of Science, 274 (4): 321
-355

Pallister JS and Knight RJ. 1981. Rare earth element geochemistry of the
Samail ophiolite near Ibra, Oman. Journal of Geophysical Research,
86(B4) : 2673 —2697

Pearce JA. 1982. Trace element characteristics of lavas from destructive
plate boundaries. In: Thorpe RS (ed.). Andesites. Chishester:
Wiley, 525 -548

Pearce JA, Nigel NBW and Tindle AG. 1984.
discrimination diagrams for the tectonic interpretation of granitic
rocks. Journal of Petrology, 25(4) : 956 —983

Pearce. 2014. Immobile element fingerprinting of ophiolites. Element, 10
(2):101 -108

Rollinson H. 2009. New models for the genesis of plagiogranites in the
Oman ophiolite. Lithos, 112(3 —4): 603 -614

Qi XX, Li HB, Wu CL, Yang JS, Meng FC, Shi RD and Chen SY.
2005. The zircon SHRIMPU-Pb dating of the Qiashikayi granodiorite
in northern Altun. Chinese Science Bulletin, 50(6) ;: 571 =575 (in
Chinese)

Sun SS and Mcdonough WF. 1989. Chemical and isotopic systematics of

Trace element

oceanic basalts: Implications for mantle composition and processes.
In; Saunders AD and Norry MJ (eds. ).
Basins. Geological Society of London Special Publications, 42 (1) :
313 -345

Weaver BL. 1991. Trace element evidence for the origin of ocean-island
basalts. Geology, 19(2): 123 —126

Wu CL, Yang JS, Yao SZ, Zeng LS, Chen SY, Li HB, Qi XX, Wooden
JL and Mazdab FK. 2005. Characteristics of the granitoid complex
and its zircon SHRIMP dating at the south margin of the
Bashikaogong basin, North Altun, NW China. Acta Petrologica
Sinica, 21(3) ; 849 —858 (in Chinese with English abstract)

Wu CL, Yao SZ, Zeng LS, Yang JS, Wooden JL, Chen SY and Mazadab
FK. 2006. Bashikaogong-Shimierbulake granitic complex, North
Altun, NW China: Geochemistry and zircon SHRIMP ages. Science
in China (Series D), 49(12); 1233 —1251

Wu FY, Li XH, Zheng YF and Gao S. 2007. Lu-Hf isotopic systematics
and their applications in petrology. Acta Petrologica Sinica, 23(2) :

Magmatism in Oceanic



2564

185 —=220 (iin Chinese with English abstract)

Wu J, Lan CL, Li JL and Yu LJ. 2002. Geochemical evidence of MORB
and OIB combination in Hongliugou ophiolite melanges, Altun fault
belt. Acta Petrologica et Mineralogica, 21 (1) : 24 —30 (in Chinese
with English abstract)

Xiu QY, Yu HF, Liu YS, Lu SN, Mao DB, Li HM and Li Q. 2007.
Geology and Zircon U-Pb age of pillow basalt at Qiashikansoy in
northern Altun Tagh, West China. Acta Geologica Sinica, 81(6) :
787 =794 (in Chinese with English abstract) .

Xu ZQ, Yang JS, Zhang JX, Jiang M, Li HB and Cui JW. 1999. A
comparison between the tectonic units on the two sides of the Altun
Sinistral strike-slip fault and the mechanism of lithospheric shearing.
Acta Geologica Sinica, 73(3) : 193 =205 (in Chinese with English
abstract )

Yang JS, Shi RD, Wu CL, Su DC, Chen SY, Wang XB and Wooden J.
2008. Petrology and SHRIMP age of the Hongliugou ophiolite at
Milan, North Altun, at the northern margin of the Tibetan Plateau.
Acta Petrologica Sinica, 24 (7): 1567 — 1584 (in Chinese with
English abstract)

Yang JS, Wu CL and Shi RD. 2002. Sheeted dike swarm in Hongliugou,
northwest of the Altun region: Evidence for seafloor spreading.
Geological Bulletin of China, 21 (2): 69 — 74 (in Chinese with
English abstract)

Yang WQ, Liu L, Ding HB, Xiao PX, Cao YT and Kang L. 2012.
Geochemistry, geochronology and zircon Hf isotopes of the Dimnalike
granite in South Altyn Tagn and its geological significance. Acta
Petrologica Sinica, 28(12) ; 4139 —4150 (in Chinese with English
abstract )

Yuan HL, Gao S, Dai MN, Zong CL, Giinter D, Fontaine GH, Liu XM
and Diwu CR. 2008. Simultaneous determinations of U-Pb age, Hf
isotopes and trace element compositions of zircon by excimer laser-
ablation quadrupole and multiple-collector ICP-MS. Chemical
Geology, 247(1 -2) . 100 -118

Zhang CL, Gao S, Yuan HL, Zhang GW, Yan YX, Luo JL and Luo JH.
2007. Sr-Nd-Pb isotopes of the Early Paleozoic mafic-ultramafic
dykes and basalts from South Qinling belt and their implications for
mantle composition. Science in China ( Series D), 50(9) . 1293
-1301

Zhang JX, Zhang ZM, Xu ZQ et al. 2001. Petrology and geochronology
of eclogites from the western segment of the Altyn Tagh, northwestern
China. Lithos, 56(2 -3) . 189 -208

Zhang JX and Meng FC. 2006. Lawsonite-bearing eclogites in the North
Qilian and North Altyn Tagh: Evidence for cold subduction of
oceanic crust. Chinese Science Bulletin, 51(10) ; 1238 — 1244

Zhang JX, Meng FC, Yu SY, Chen W and Chen SY. 2007. 3°Ar-* Ar
geochronology of high-pressure/low-temperature  blueschist and
eclogite in the North Altyn Tagh and their tectonic implications.
Geology in China, 34 (4): 558 — 564 (in Chinese with English
abstract )

Zhang Q, Sun XM, Zhou DJ, Qian Q, Chen Y, Wang YM, Jia XQ and
Han S. 1997. The characteristics of North Qilian ophiolites, forming
settings and their tectonic significance. Advance in Earth Science,
12(4); 366 =393 (in Chinese with English abstract)

Zhang Q and Zhou QG. 2001. Ophiolites of China. Beijing: Science
Press, 1 — 182 (in Chinese with English abstract)

Zhang Q, Wang Y, Li CD, Wang YL, Jin WJ and Jia XQ. 2006.
Granite classification on the basis of Sr and Yb contents and its
implications. Acta Petrologica Sinica, 22 (9): 2249 - 2269 (in
Chinese with English abstract)

Zhang Q, Wang Y, Xiong XL and Li CD. 2008. Adakite and Granite:
Challenge and Opportunity. Beijing: China Land Press, 1 =344 (in
Chinese with English abstract)

Zhang ZQ and Zhang Q. 1995. Geochemistry of metamorphosed Late
Proterozoic Kuanping ophiolite in the northern Qinling, China. Acta
Petrologica Sinica, 11 (S1): 165 — 177 (in Chinese with English
abstract )

Zhao ZH. 2010. Trace element geochemistry of accessory minerals and its

applications in petrogenesis and metallogenesis. Earth Science

£L¥F]| 2015, 31(9)

Acta Petrologica Sinica

Frontiers, 17(1): 267 =286 (in Chinese with English abstract)
Zindler A and Hart SR. 1986. Chemical geodynamics. Annual Review of
Earth and Planetary Sciences, 14(1) . 493 -571

Bt 325 S0k

FHR, R, X, 240, 1995, Fi/R 41l H X &5 AR 5 e i
AR RIS BB, Blagidl, 40(14) : 1298 - 1300

AR, ¥R, ¥4 2002, §E KA X Xy A
Al BheE R, 207 - 369

PREAE, Gehrels G, F/NRL, B, BRIES. 2003, IR &1Ltk 1
B 2 BT BRI B HLM s BRBE 3R, 5 A Bk Ak 2
22(4) ;294 -298

BEIRFY, BRAOAK, B, BRIESR, T 3CH. 2010, BIJR 4 il A< Bewg i
KV R KA A BRI 2R R IR SO AR T 22
#, 16(1): 96 —107

FlEE, R, b, SEMT, BTN 2012, JUBJR 4 HL IR R
AR BRVE IR BT : ok A RHRAE S A IR b R (H
BRRIE) , 42(3) ;359 —368

SRR, kB, AR, 1998, BI/R 4 LAt Zoke 4k A A 1Y Sm-Nd
SEHE 2R AT A S LR A i B . B R, 43 (18) ¢ 1981
- 1984

R, BRAIAR, RIS, TR, BRIES, ¥oRE, &m, .
2012, Bf/R 4 1L R 5 M X R AR A SHRIMP 4T i J
B HAER, 28(7) : 2277 2291

HOEAE, BRAIAR, BRIES, ok, 20, iR, Rk 5t 2013, 37
SRERAT ZK 4 1L A VSl X2 R 11 b R A 27 R AE R b BT L
HuER2EAR , 34(3) : 307 =317

B, YR, HES, T, 3008, K/ME 2011, JURT/R &5k
HrELHIE PR TR 14 2 BR AL 2 FRAE \LA-ICP-MS 4% 7 U-Pb 7 4F:
HHE R A AL HFTE A, 30(7) : 1066 - 1076

2R, ZEHRAE. 2003, dg s v A6 k) T A P 2 R 5 4 i
. HBERRLSEER, 18(3) ; 392 —397

Xg—, ®F, R, KRS, G, MR, TKER, W
2003. 5T EIMRELIE SRS IR A SHRIMP U-Pb Jj4F:
W ARARPESE I IR, MR 2EAR, 77(3) « 317 -327

XUEL. 1999. Baj/R 4 AR i S st RO KA 3 . 1+
SEAESC. JERT: v ERL B LT S O ER Y BRI ST T, 1 - 70

XUE, HEB, F4, PAiE, BRI, 1999, B /R 4w A B
FRFAE A 0 . A2, 15(1) : 57 - 64

SR, PHE, EH8, 3. 2009, B/R4: Sedbst 502200 i )T -
AL FE A AR QR T gt e B M v R S bR IR
(BRI , 39(3) : 472 479

Flbn4E, TEdE, ZE0Rim, BRAEZS, T EA, skiEAR. 2009, syl
1L (HR- V) AT FE R AT, Jbe . BT kL, 1 -203

T, ESH, TRESS, BRRAJK. 2010. UK /R 4 240 R A
PR % i S R b 2 L. bR, 84(7) : 981 =990

BEERE, AT, Rk, A, TR, BT, LT, A
5. 2005. JERT/R G A AR EEAKAE 5 TR 5 19 85 47 SHRIMP U-
Pb @4 S R . Rl i, 50(6) : 571 -576

RAK, &, ik, 845K, BNk, 285, R,
Wooden JL, Mazdab FK. 2005. JtBiI/R 4x B2 43 1 1 25 48 b4



EZARFF, L RAEWNGREE T PARILR 50 8B & LT &L 2565

A IRHIE K B A1 SHRIMP JE4F. 5 A4, 21(3) : 849 858

RAK, MMk, B4, MBS, Wooden JL, Bk, Mazadab
FK. 2007. AUBIR 4 B A2 - Hr oK AR A B 0 46 b 20 R E B 4
£ SHRIMP U-Pb %24F. P ER2(D ), 37(1): 10 -26

RHTT, A, KK, Bl 2007, Lu-Hf [ 24K R LA
220 . AR, 23(2) : 185 220

IR, ZEAR, ZFdksE, ATRZE. 2002, FUR GLTMIVARESRIR A T
MORB 5 OIB 4 & f s ERIL-AIETE. A a0 ¥r 2k, 21(1)
24 =30

BRI, T, XA, BEFAE, B, ZFER, 24, 2007, [
IR ACGAUIR LB 1 M B AE S LS A1 U-Pb AR S, M2
2, 81(6): 787 -794

VIRSE, MGsk, A, 240, 25, B3 1999, /R 4 W
S 3 BT L B s A R BT IBLR]. A, 73(3) -
193 -205

WS, AR, SATHT. 2002, BTJR 4 LUK 22 £1A098 B S AR5 B
BE: WY IR TR, MFER, 21(2): 69 -74

M, AT, RAK, BER, BRI K, T4, Wooden J.
2008. JL B R 4 b X oK 24 21 M) VA i 4t 5 0 A O AF R AE R
SHRIMP GE4F. A4, 24(7) : 1567 — 1584

s, XVR, TN, KEhe, WEs, Jed. 2012, mb/R4:m A
IR E AL A HER L 2% 85 A U-Pb 4E4024 5 HE [l {3 22 4R1E

FOM RS MR . A, 28(12) : 4139 -4150

SRS, wl, R, SRE, ZR, PR, B 4. 2007, M
ZRWe R AR AR PR T . Sk 1 R R T B A K Sk Ll
i) Sr-Nd-Pb [Flf 2448, P ERE(D ), 37(7) : 857 - 865

TREEHT, i ZEHR. 2006, UARIEFILET R 4 S ARG . BT
WE e G IESE. FHEiE R, 51(14) ; 1683 - 1688

SREHT, W, THESE, BRIC, BRFAJK. 2007. JuBi/R4: HP/LT #
AR A1 Ar-Ar A AR 2 OO XSl b 32 73 3L v L L G
34(4): 558 - 564

SRHE, INGRAR, JRTEGE, BRI, PR, FEUT, BESE, . 1997.
ACA FE dE s W RRE A S A 1 B . IR 2
12(4) : 366 —393

SRHE, JEPCE. 2001, rpEkgstE. dbat: BlAmt, 1-182

SRHE, A, AR, Fook, GWER, BEE). 2006. 185 F A Sr-
Yb 4325 S FLM R B 0. A, 22(9) 2249 - 2269

W, TG, BE/AR, ZERLAR. 2008. MRk RIAE A PR S L
B dbst: P EKH R, 1 -344

KRR, TKHE. 1995, AUZRUA G T T AR TE BRI e a2 vp AR T R ok
WA R IR 2EARAE. A A2, 11 (3R]« 165 - 177

AR, 2010 FIH i 0 R BRIk 2 RRAEAE B BT 1 BT
TR . HAERTS, 17(1) : 267 -286



