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Abstract: The Ordovician granite in the Hala Lake area is characterized by relatively rich sodium(Na, O>K,O) and medium potassium—
high potassium calc—alkaline series.Rock types include gabbroic diorite and granodiorite. The whole—rock rare earth and trace element
characteristics indicate that the material source was derived from mantle material, and the tectonic environment was most likely the island
arc granite formed during the ocean subduction. The zircon U—Pb isotope ages were determined by LA—ICP—~MS.These zircons yielded

a *Pb/?"U weighted mean age of 46614 Ma, suggesting that the granite was formed in Middle Ordovician.In the two—way expansion
and subduction stage of the North Qilian Ocean, the southern Zhonggilian block was subjected to subduction and extrusion, which caused
the mantle material to migrate upward.At the same time, the continental crust was partially melted and the intrusions were formed by the
mixture of the two melts. The age of the intrusion provides new evidence for multi—stage subduction of the Qilian Ocean.
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Fig. 1 The tectonic position (a) and simplified geological map(b) of Halahu area
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Fig. 3 Field outcrop(a)and microscopic(b) characteristics of diorite
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Table 1 Geochemical compositions of Middle Ordovician intrusions in Halahu area
. 1GsC3097 QIVPM21GS5IPm103Gs2 [Pm103Gs16 . 1GsC3097 QIVPM21GS5IPm103Gs2 [Pm103Gs16
S 1Gs2003 1GS0809 |[Fefhs 1Gs2003 1GS0809
-1 -1 -1 -1 -1 -1 -1 -1
i AN BN RN A A AN K A KN MR N A
SiO,  56.89 57.45 57.99 50.44 50.45  51.64 || Eu 1.09 1.15 0.92 0.96 1.21 1.09
TiO,  0.80 0.80 0.77 0.83 0.90 0.74 | Gd 4.08 3.97 3.24 3.62 4.42 3.79
ALO, 1487 1553 1632 1219 1227 1226 || 16 070 0.63 0.59 059 0.71 0.64
Dy 3.82 3.87 3.77 3.27 3.73 3.69
Fe,0; 3.47 3.97 3.78 2.23 2.14 1.36
Ho 0.81 0.77 0.84 0.68 0.76 0.76
FeO  4.12 3.73 4.75 7.65 7.67 8.80
Er 2.27 2.15 2.46 1.85 2.09 2.07
MnO  0.12 0.12 0.16 0.17 0.18 0.20
Tm 0.35 0.34 0.38 0.30 0.32 0.34
MgO 471 .41 379 9.07 8.99 %46 1 vy, 2.32 2.07 2.50 2.00 2.04 2.04
CaO  5.14 4.48 3.30 10.08 10.11 6.85 Lu 0.35 0.31 0.37 0.32 0.30 0.30
Na,O  2.64 2.81 5.56 2.10 2.34 2.35 Sr 474.99  484.95  300.81  428.41 44896  277.45
K,O  2.64 2.72 0.90 1.59 1.43 204 | Rb  87.91 87.36 20.10 35.85 28.86 61.12
P,O,  0.26 0.27 0.14 0.17 0.23 024 || Ba  671.66  760.40  246.84  379.85  439.84  405.40
Bt 3.62 3.01 1.84 2.40 227 324 | Th 805 921 >4 4.96 5.68 713
BE 9971 99.70 99.73 99.76 99.74 9974 | T2 0.70 0.69 0.47 1.28 0.82 054
. Nb 6.31 7.46 6.16 5.53 6.12 7.09
Mg?  60.32 59.57 51.86 65.41 65.25  64.33
Zr 12490  129.00  82.20 67.70 75.00 96.40
A/NK  2.07 2.05 1.61 2.36 2.27 2.02
Hf 4.31 4.52 2.43 2.04 2.36 2.57
A/CNK  0.90 0.99 1.01 0.52 0.52 0.66
Cr  115.81 91.19 30.35  274.80  279.40  369.60
La 2370 22.80 10.77 16.06 1806 2146 11y 50704 18350 272.83 25236 220.00
Ce  45.54 46.30 23.36 32.07 36.55 4258 157 173 114 103 104 171
Pr 5.72 5.95 3.10 4.13 5.14 5.27 Y 20.22 19.43 20.56 17.40 19.09 17.77
Nd 2212 2291 12.81 16.84 21.57 2034 || Sc 19.20 18.18 38.23 41.17 30.16
Sm  4.38 4.44 3.12 3.62 471 4.37
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Fig. 4 SiO,—K,0(a)and AFM(b) diagrams for Middle Ordovician intrusions in Halahu area
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Fig. 6 Zircon cathodoluminescence images for gabbroic diorite in Halahu area



Fig. 7 Zircon U~Pb concordia diagrams(a) and weighted average **Pb/**U age(b) for gabbroic diorite in Halahu area
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Table 2 Zircon U-Th-Pb isotope determination results for gabbroic diorite in Halahu area
Pb 206 Pb/l}SU 207 Pb/235U
N Pb/PPU 1o MTPh/PPU 1o Y7Pb/**Pb 1o *PPb/*Th 1o PTh/PPU 1o o lo
/1070 /107° AF#E/ Ma AFE/ Ma
159 777 0.0758 0.0008 0.602  0.012  0.0575 0.0009 0.0303 0.0010  0.0247  0.0005 471 5 478 10
298 714 0.1424  0.0014  1.342  0.019  0.0683 0.0008 0.0472 0.0013  0.137 0.001 858 8 864 12
3 41 502 0.0780 0.0008 0.620  0.013  0.0576 0.0011 0.0215 0.0006  0.572 0.003 484 5 490 10
4 44 574 0.0758 0.0007 0598  0.009  0.0572 0.0008 0.0261 0.0006  0.318 0.002 471 5 476 7
5 23 294  0.0757 0.0007 0.590 0.014  0.0565 0.0012 0.0230 0.0005  0.3880  0.0004 470 5 471 1
6 38 474 0.0758 0.0007 0592  0.012  0.0566 0.0011 0.0224 0.0005  0.528 0.001 471 5 472 10
7 41 570 0.0716 0.0007 0.565  0.010  0.0572 0.0009 0.0331 0.0008 0.2261  0.0001 446 5 455 8
8 49 590  0.0797 0.0008 0.640  0.009  0.0582 0.0008 0.0130 0.0004  0.924 0.002 494 4 502 7
9 91 1181 0.0762 0.0008 0.610  0.010  0.0581 0.0008 0.0224 0.0006  0.369 0.003 473 5 484 8
10 34 449 0.0743  0.0007 0.590  0.011  0.0576 0.0010 0.0242 0.0006  0.3392  0.0007 462 5 471 9
1194 1275 0.0727 0.0007 0.576  0.008  0.0575 0.0007 0.0230 0.0005  0.3392  0.0004 453 4 462 7
1253 676  0.0759 0.0007 0.598  0.014  0.0572 0.0013 0.0241  0.0006  0.3989  0.0004 472 4 476 1
13 19 244 0.0750  0.0008 0.599  0.018  0.0579 0.0016 0.0125 0.0003  0.946 0.005 466 5 477 14
14 43 568 0.0737 0.0007 0.577  0.011  0.0568 0.0010 0.0215 0.0005  0.4411  0.0003 458 5 462 9
15 73 995  0.0736  0.0007 0.578  0.009  0.0570 0.0009 0.0165 0.0004  0.450 0.003 458 4 463 7
16 46 762 0.0587 0.0006 0.446  0.007  0.0551 0.0008 0.0100 0.0003 0.7160  0.0005 368 5 374 6
17 60 821  0.0749  0.0007 0.589  0.010  0.0570 0.0008 0.0160 0.0005  0.317 0.002 465 4 470 8
18 44 564 0.0748  0.0007 0.583  0.012  0.0565 0.0011 0.0219 0.0006  0.490 0.001 465 4 466 9
20 28 405  0.0735 0.0007 0576  0.013  0.0569 0.0013 0.0210 0.0005  0.0628  0.0000 457 4 462 1
21 35 471 0.0742  0.0007 0585  0.011  0.0572 0.0009 0.0217 0.0005  0.3703  0.0004 462 4 468 8
22 150 1821 0.0732  0.0007  0.596  0.009  0.0590 0.0007 0.0210 0.0005  0.819 0.002 456 5 475 7
23 122 1841 0.0647 0.0006  0.498  0.007  0.0559 0.0007 0.0160 0.0004  0.497 0.002 404 4 41 6
24 95 1320 0.0722  0.0007 0560  0.008  0.0563 0.0007 0.0226 0.0006  0.3214  0.0007 449 4 452 7
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