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Ordovician Tectonic Evolution of Harlik in Eastern Tianshan
of Xinjiang: Constraints from LAJCP-MS Zircon U-Pb
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Abstract: The volcanic rocks in the Harlik orogenic belt of eastern Tianshan Xinjiang are combined with a set
of acid to basic rocks ( thyolite dacite andesite basalt) intercalated with pyroclastic rocks( dacite tuff) . U-Pb
dating of zircons from the samples of rhyolite by LAICP-MS yields weighed mean **Ph/**U ages of (468. 8 +
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9.1) Ma which indicates that these volcanic rocks formed in Middle Ordovician. Geochemical analysis results
show that the SiO, contents are from 49. 12% to 78.24% ; TiO, contents are from 0. 12% to 1. 00%; Al O,
contents are from 11.31% to 20. 86%; A/CNK ratios are from 0. 80 to 1. 31( with an average of 0.99) ; and
Rittmann indexes ( o) are from 0. 19 to 3. 86( with an average of 1.29); Mg” values are from 8. 87 to 49. 29
( with an average of 31.20) . The rocks are rich in large ion lithophile elements( LILEs e.g. Rb Ba) and
light rare earth elements( LREEs e. g La Ce) and depleted in high field-strength elements( HFSEs e. g.
Nb Ta Ti). According to the relevant diagrams the ratios about the trace elements and rare earth elements
and xenocrystic zircon it indicates that there are typical arc volcanic rocks in supper-subduction zone and that
the magma intruded the continental crust. Moreover based on the analysis of regional geological data during
the Early Paleozoic ( Middle Ordovician to Early Silurian) we can claim that there is a large island arc evolution
related to the Caledonian tectonic magmatism which tectonic background is the oceanic crust subduction of is—
land arc environment and its formation may be related to east Junggar Kelamaili ocean of the south subduction.
Key words: Harlik orogenic belt; Ordovician; island-arc volcanic rock; subduction of the ocean crust; LA-

ICP-MS zircon U-Pb dating; geochemistry
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Fig. 2 Geological section and sampling sites of Ordovician volcanic rocks
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Fig. 3 Outcrops of the Ordovician volcanic rocks in Harlik Mountain
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4 ( )
Fig. 4  Petrographic microphotographs of Ordovician volcanic rocks in Harlik Mountain
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Fig. 5 Series diagrams of the Ordovician volcanic rocks in Harlik Mountain
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Table 1 Major (%)

Harlik Mountain

1

(wp /%) ~

(wgy/10

-6)

rare earth and trace( 10 ~°) element compositions of the Ordovician volcanic rocks in

Si0, TiO, ALO; Fe,0; FeO MnO Mg0 CaO Na,O K,0 P,0; Mg S A/CNK
WLO1 78.24 0.13 11.50 0.66 1.03 0.4 0.16 0.8 2.14 526 0.0l 100.00 15.12 1.55 1.07
WL-02 71.75 0.71 13.22 4.33 1.25 0.1 2.05 1.93 3.03 1.48 0.13 100.00 41.52 0.71 1.31
DLO1 77.88 0.12 11.31 0.54 2.10 0.05 0.14 0.13 3.22 4,50 0.01 100.00 8.87 1.71 1.09
DL02 73.29 0.97 12.19 2.03 228 0.14 0.9 3.41 424 0.24  0.25 100.00 29.20 0.66 0.91
DLO3 63.12 0.62 17.07 1.62 3.8 0.13 2.19 2.43 6.35 2.46  0.13 100.00 42.27 3.86 0.97
DL-4 68.97 1.00 14.04 1.70 3.71 0.18 1.20  4.07 4.57 0.30 0.26 100.00 28.95 0.91 0.92
DLO5 49.12 0.93 20.86 5.36 6.95 0.35 3.38°10.68 1.06 1.15 0.15 100.00 33.88 0.80 0.93
DLO6 49.94 0.86 19.56 5.94 6.49 0.33 3.09 12.45 0.8 0.33 0.14 100.00 31.72 0.19 0.80
DLO7 60.94 0.8 16.36 2.92 3.82 0.15 3.51 6.53 2.75 1.95 0.19 100.00 49.29 1.23 0.88
Cr Ni Co Rb Cs Sr Ba Sc Nb Ta Zr Hf U Th
WLO1 6.43 2.60 1.41 134.34 8.95 113.69 389.62 4.18 2.19 19.40 1.94 163.61 5.27 7.34 30.02
WL02 17.98 6.46 11.13 31.59 5.37 248.28 411.88 58.59 15.38 9.13 0.78 138.03 3.92 0.74 4.01
DLO1 12.81 3.84 1.66 137.60 2.27 54.68 113.85 4.39 1.67 22.17 1.79 564.04 13.97 5.66 21.41
DL2 16.02 2.78 13.86 5.66 0.70 147.18 50.98 108.97 26.49 2.42 0.17 106.85 9.27 0.83 1.72
DLO3 35.35 9.00 16.51 55.68 3.91 164.98 401.47 104.04 18.01 5.60 0.46 179.66 5.08 2.37 8.06
DL4 1458 1.3 1826 6.11 0.73 17722 55.86 133.44 27.28 2.57 0.19 113.14 12.15 0.88 177
DLOS 122.23 52.95 20.04 28.27 3.02 289.83 601.59 220.87 37.11 241 0.19 67.96 2.59 0.5 0.9
DLO6 114.37 49.11 2546 8.33 0.85 322.5 172.00 194.88 38.58 1.99 0.15 63.78 2.08 0.66 0.83
DL-O7 22.80 10.80 20.60 36.60 2.43 710.00 1450.00 151.00 23.00 6.18 0.53 160.00 4.57 1.86  6.41
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu YREE &Eu
WLO1 48.67 100.84 10.70 39.94 7.30 0.48 7.92 1.35 7.49 1.67 593 0.8 579 0.95 239.87 0.19
WLO2 29.39 61.62 6.49 29.95 6.10 1.62 5.74 091 491 1.03 298 0.42 2.89 0.47 154.54 0.84
DL-O1 62.39 119.27 14.98 67.03 14.98 0.59 13.61 2.31 12.92 2.76 8.07 1.23 8.05 1.27 329.45 0.13
DL-02 13.83 29.63 4.22 2240 5.60 1.3 55 098 563 1.19 3.46 0.51 328 0.52 9.17 0.73
DL-O3 17.94 38.00 4.67 20.81 4.16 1.25 3.94 0.65 3.68 0.80 2.42 0.37 255 0.41 101.64 0.95
DL-04 15.54 27.92 4.06 21.77 5.55 1.48 573 1.04 587 1.29 3.66 0.54 3.62 0.60 93.66 0.8
DLO5 8.91 16.16 2.67 13.85 3.63 1.52 4.13 0.73 4.47 0.98 2.80 0.41 2.86 0.46 68.59 1.20
DL06 8.21 18.01 2.39 12.90 3.48 1.40 4.01 0.77 470 1.02 2.97 0.4 2.92 0.47 63.68 1.15
DLO7 17.20 37.20 4.89 19.70 4.52 1.43 4.58 0.86 6.06 1.24 3.65 0.58 3.60 0.56 106.07 0.9
FeO'
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Fig. 7 Chondrite-normalized REE patterns and primitive mantle-normalized trace element abundance spider diagram of the

Ordovician volcanic rocks in Harlik Mountain
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Fig. 8 Cathodoluminescence ( CL) images of zircons for the rhyolite ( DL-01) from the Harlik Mountain



3 LACP-MS U-Pb 469
2 (DL-01) LA-ICP-MS U-Pb
Table 2 LA-CP-MS U-Pb analyses of zircon for the rhyolite ( DL-01) from the Harlik Mountain
/10 ¢ /Ma
BRI
01(C) 297 1077 0.28 0.0568 0.0016 0.5280 0.0159 0.0659 0.0010 483.4 56.5 430.5 10.6 411.2 5.9
02(C) 369 410 0.90 0.0565 0.0017 0.5354 0.0162 0.0677 0.0011 472.3 97.2 435.4 10.7 422.6 6.7
03 446 585 0.76 0.0558 0.0017 0.5694 0.0172 0.0728 0.0011 455.6 73.1 457.6 11.1 452.8 6.7
04(C) 4067 960 0.49 0.0581 0.0012 0.5718 0.0113 0.0703 0.0008 600.0 50.9 459.2 7.3 437.9 4.6
05 140 231 0.61 0.0565 0.0018 0.5747 0.0167 0.0734 0.0010 472.3 70.4 461.1 10.8 456.8 5.9
06 316 1044 0.30 0.0555 0.0011 0.5804 0.0115 0.0746 0.0009 431.5 44.4 464.7 7.4 463.7 5.1
07 182 497 0.37 0.0574 0.0014 0.5830 0.0141 0.0725 0.0010 509.3 53.7 466.4 9.1 451.3 5.8
08 727 1019 0.71 0.0573 0.0015 0.5858 0.0158 0.0727 0.0010 501.9 55.6 468.2 10.1 452.4 5.9
09 369 739 0.50 0.0565 0.0014 0.5965 0.0148 0.0753 0.0010 477.8 53.7 475.0 9.4 467.8 6.0
10 149 362 0.41 0.0568 0.0018 0.6017 0.0175 0.0763 0.0010 483.4 72.2 478.3 11.1 473.7 6.2
11 225 619 0.36 0.0579 0.0017 0.6075 0.0175 0.0750 0.0012 524.1 66.7 482.0 11.0 466.4 7.2
12(C) 966 1409 0.69 0.0650 0.0018 0.6149 0.0178 0.0673 0.0011 772.2 53.5 486.7 11.2 420.0 6.7
13 422 1342 0.31 0.0568 0.0012 0.6161 0.0131 0.0773 0.0009 483.4 48.1 487.4 8.2 480.1 5.6
14 274 751 0.36 0.0571 0.0021 0.6200 0.0224 0.0773 0.0013 498.2 81.5 489.9 14.0 480.0 7.8
15 128 192 0.67 0.0584 0.0019 0.6373 0.0199 0.0788 0.0012 546.3 71.1 500.6 12.3 488.9 7.1
16 142 267 0.53 0.0577 0.0017 0.6480 0.0189 0.0805 0.0011 516.7 66.7 507.2 11.6 499.1 6.8
17 229 279 0.82 0.0597 0.0027 0.6559 0.0284 0.0791 0.0016 590.8 93.5 512.1 17.4 490.9 9.5
18(C) 184 359 0.51 0.0630 0.0014 1.0925 0.0237 0.1238 0.0015 709.3 47.1 749.7 11.5 752.5 8.6
9 DL-01 *Tph/*U - Ph/PU
Fig. 9 *Pb/®U=2"Ph/?*U concordia diagram and averaged age of zircon from the sample DL-O1 of rhyolite
2 o
( o1, 02,
04, 12 )
( 18 ) 5.1
5 ( 2 0 13
U-Pb ( 9(a)) *™Pb/**U .
(452.4 +5.9) ~(499.1 +6.8) Ma 3“
(468.8 +9.1) Ma( MSWD =
5.6 95% )( 9(hb)) . 15



2017

470
- Th/Ta Th/Yb. Th/Nb
Hf/Th. Nb/La
Hesperorthis sinica Su( ) .« Rouschella
sp. ( ) . Orthis sp. ( ) o 2Nb-Zr/4-Y
( 10(a)) ™ Th-Hf/3-Nb/16 ( 10
: ” (b)) 7
SHRIMP w40
U-Pb (462 £9) Ma. (447 +11) Ma.
(448 +7) Ma .
— . Pb
o LA-CP-MS U-Pb
(468.8 +9.1) Ma( MSWD =5.6 95% .
)
o Nb/YBa ( 11(a)) ™
. Ba/Th( 5.32 ~ 640. 54 138.77) . Sr/Nd
5.2 (0.82 ~36.04 13.61)
- Th/Nb ( 0.34 ~ 1.55 0.84) . Th/Yb
N . (0.28 ~5.19 1.79)

- 5
2-4 " Plank *

Th/La
o o Th/La 0.258
Ba. Rb Th/La 0.204
(LILE) La. Ce o
Tas Nb. P. Ti ( HFSE) Mg" 9 ~54

10

Fig. 10  Tectonic setting discrimination diagram of the Ordovician volcanic rocks in Harlik Mountain
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11

Fig. 11  Discrimination diagrams of genesis type of the Ordovician volcanic rocks in Harlik Mountain
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