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GEOCHEMISTRY AND GEOCHRONOLOGY OF HARIAMA ISLAND ARC
GRANITOIDS IN BEISHAN AREA OF INNER MONGOLIA: Geological Implication

WANG Hui, ZHANG Huan, PAN Zhi-long, WANG Shuo, HE Jiao-yue, ZHANG Jin-long,

HOU De-hua, MA Meng-ling, LIU Ya-fang
Hebet Institute of Regional Geological Survey, Langfang 065000, Hebei Province, China

Abstract: The Hariama island arc granitoids are outcropped in Gongpoquan island arc belt of Beishan orogenic belt,
including diorite, quartz diorite, plagiogranite, tonalite and so on, associated with the arc volcanic rocks of Ordovician-
Silurian Gongpoquan Formation. The LA-ICP-MS zircon U-Pb dating results indicate that the diorite (430.9+4.7 Ma)
and tonalite (452.5+3.2 Ma) were formed in the Late Ordovician-Early Silurian. The petrogeochemical analysis results
show that the granitoids belong to calc-alkaline, quasialuminous-weakly peraluminous I-type, with the Mg* value of
44.58-51.85, Rb/Sr ratio of 0.025-0.282, Nb/Ta ratio of 0.068-14.01 and Zr/Hf ratio of 13.05-34.00. The SREE+Y is
59.87x10°-118.56x107%. The right-dipping chondrite-normalized REE distribution curves reflect the LREE is enriched,
with (La/Yb)y of 3.11-23.86 and unobvious Eu anomaly. The primitive mantle-normalized trace element spidergram
reveals the enrichment of LILEs (Rb, Ba, Th, U and K) and medium incompatible elements (Ce, La and Hf), and
depletion of HFSEs (Nb, Ta, P and Ti), with the characteristics of island arc granite, indicating the crust magma is
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mixed with magma from deep depleted mantle. Combined with other geological and geochemical evidences, it is
considered that Hariama granitoids were formed in island arc setting, which is the result of northward subduction of
Hongliuhe-Niujuanzi-Xichangjing paleo-ocean basin. The subduction began in the late Late Ordovician at the latest, and
the ocean basin should be closed later than the Early Silurian.

Key words: Gongpoquan island arc; Beishan orogenic belt; I-type granite; zircon U-Pb age; geochemistry; Inner Mongolia
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Fig. 1  Geological sketch map of Gongpoquan-Shibanjing in Beishan area
(From Reference [24])
1—H -5 (Mesozoic-Cenozoic); 2—f1#F (Carboniferous); 3— R F - 8 ZINKILEE (Ordovician-Silurian are voleanic rock ); 4—F it 4= 5t
(Lower Paleozoic); 5—H1—#i 7C i Ft( Meso-Neoproterozoic ) ; 6—1t 76 i (Paleoproterozoic ) ; T— =322 1K (Triassic granite); 8—WE it 1E K #
(Late Devonian granite); 9—Jg 7Lt € ixi 5 (Early Devonian granite); 10— ¥ 28— W 4246 5 (Ordovician-Silurian granite); 11— 4%
(ophiolite); 12—k # (dike rock); 13—~ 18 -3 I H 2 4% %5 (Niujuanzi-Xichangjing ophiolite belt); 14— it 3 — /)N # 111 ¥4 3 #5 (Shibanjing-
Xiaohuangshan tectonic belt); 15— (fault); 16—HFFEXNLE (study area)
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Fig. 2 Geological sketch map of Hariama granite
1— F %S 774 4H (Lower Cretaceous Chijinbao fm.); 22— R - ¥ 2 A % 57 2 (Ordovician-Silurian Gongpoquan fm.); 3—HEIR I =N K A
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=N KA (Late Ordovician tonalite ) ; 10— A ik (diorite dike); 11—4F 5 5 fik ( granite dike )5 12— )2 (reverse fault); 13—E T WHZ( strike-slip
fault); 14— 55 Y47 (ductile shear zone); 15—4EFE 57 B (location of dating sample )
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Fig. 3 Field outcrops and microphotographs of Hariama granite
a— N KR BE AR A BT AMEAE (dioritic mylonite ) ; b—TN K S BE b 5 7 U A T A6 1 TN 5425 i 5 2R (contact between dioritic mylonite and Early Devonian
granodiorite ) ; c—BEM LI 2= N A BFAMFAE (mylonitized tonalite); d—[AN 1 BEER 785 T 4#1E (dioritic mylonite under microscope) ; e—EER A 1L
FHEAE A BT T HFFIE ( mylonitized plagiogranite under microscope); F—ER AT = N A B N RFE mylonitized tonalite under microscope); Q—F Ea
(quartz) ; Pl—RHS A (plagioclase ) ; Bi—H 2Bk (biotite) ; Hb—# N 41 (hornblende )
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Fig. 4 The TAS diagram of Hariama granite
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Table 1 Contents of major elements in Hariama granite Table 2 Contents of trace elements and REEs in
gj;j PM10YQ1 PM10YQ2 PM10YQ3 PM10YQ4 PM10YQ5 JDYQ12 — Hariama granite
Ffh PM10YQ1 PM10YQ2 PM10YQ3 PM10YQ4 PM10YQ5 JDYQ12
HAOWEKER Rk AHE YEE S M xR Cikc
SRR BEMEE ERE ERE KA KA NKE A OWER A RHE FaE A Bz
Si0,  57.52 69.22 68.35 60.55  69.08  61.99 AR BERE dRRE RRE WICE RRE NRE
AlLO;  14.66 15.87 15.35 1690 1553  16.35 v 228 810 44.3 109 283 102
Tio, 052 0.34 0.49 0.78 0.40 0.63 cr 442 07 124 .27 7.94 182
Fe.0,  3.09 0.99 1.37 2.06 112 183 Co 254 48 742 160 568 262
FeO 515 192 175 326 1.60 331 Ni 113 417 5.44 1.96 3.89 21.0
ca0 557 313 351 5.48 377 6.00 Rb 81.3 9.4 204 59.6 106 181
MgO 437 0.95 1.45 2.96 131 2.98 Sr 289 383 409 677 320 462
K,0 3.05 1.24 1.99 1.90 157 1.77 zr 55.7 96.4 115 97.9 106 164
Na;0 244 4.68 4.02 3.80 432 3.39 Nb 2.48 4.35 6.80 8.65 4.72 0.35
MnO  0.14 0.04 0.06 0.10 0.06 0.11 Cs 1.19 0.47 0.66 2.08 0.93 2.05
POs 011 0.08 0.11 0.16 0.11 0.16 Ba 1020 282 424 321 204 685
HO' 227 1.27 0.84 1.16 0.45 0.82 Hf 1.64 3.81 8.83 2.94 6.19 9.73
HO 029 0.25 0.15 0.23 0.18 0.14 Ta 0.27 0.37 0.72 0.62 0.44 5.15
Lol 3.12 2.13 1.39 1.90 1.00 1.28 Pb 7.58 17.6 10.0 145 9.07 10.1
BEA 99.76 99.88 99.86 99.85 99.88  99.80 Th 4.49 583 284 4.13 3.42 6.99
DB« AL 2 DX B b B A 2 e S 0 2. 2 it - % U 1.12 0.63 0.70 1.87 0.61 1.84
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Nd 12.48 14.27 11.34 12.74 17.53 20.71
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2, AT BE S U AT I A G LU AR T Yy 8 MK
P 09 I B 4 45 5 Ol 452.5+3.2 Ma (n=8,MSWD=
0.41) (& 11b), AT R RZE = INE A T TE AT

Sm 2.88 2.16 2.94 2.74 2.95 4.47
Eu 0.93 0.76 0.95 1.03 0.95 1.25
Gd 2.83 1.97 2.64 2.72 2.84 3.52
Tb 0.46 0.23 0.42 0.42 0.37 0.55
Dy 2.72 111 2.32 2.39 1.78 3.35
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Table 3 LA-ICP-MS zircon U-Pb data of Hariama dioritic mylonite sample PM10TW1
TrhL/107° [ 2 LEAE AE#EMa
RS

Pb U ZTh/AU 1o Pb/AU 1o 2Pb/AU 1o “Pb/™Pb 1o *Pb/U 1o 2Pb/”U 1o PPb/Pb 1o
1 109 1409 11289 0.0041 0.0601 0.0007 0.5998 0.0161 0.0724 0.0018 376 4 477 13 998 52
2 45.8 502.5 0.5956 0.0061 0.0823 0.0011 0.7188 0.0130 0.0633 0.0008 510 7 550 10 719 27
3 115 156.8 0.4623 0.0032 0.0694 0.0010 0.5330 0.0140 0.0557 0.0014 433 6 434 11 440 56
4 435 5258 05102 0.0084 0.0780 0.0009 0.6838 0.0104 0.0636 0.0008 484 6 529 8 729 27
5 6.3 81.0 0.7370 0.0152 0.0691 0.0009 0.5309 0.0314 0.0557 0.0031 431 5 432 26 441 124
6 7.9 121.1 0.4781 0.0029 0.0591 0.0007 0.5966 0.0167 0.0732 0.0021 370 4 475 13 1019 57
7 155 1919 0.8700 0.0173 0.0715 0.0009 0.5563 0.0117 0.0565 0.0011 445 6 449 9 471 42
8 42.0 820.0 0.7329 0.0041 0.0473 0.0006 0.3691 0.0057 0.0566 0.0007 298 4 319 5 477 29
9 371 519.0 05392 0.0024 0.0686 0.0008 0.5326 0.0082 0.0563 0.0008 428 5 434 7 466 30
10 141 2150 0.4646 0.0025 0.0649 0.0008 0.4974 0.0118 0.0556 0.0013 405 5 410 10 436 50
11 47.6 546.0 0.9004 0.0380 0.0803 0.0009 0.6787 0.0102 0.0613 0.0008 498 6 526 8 651 27
12 6.6 108.8 0.7143 0.0006 0.0555 0.0007 0.5838 0.0172 0.0763 0.0022 348 4 467 14 1103 59
13 9.9 1447 1.0556 0.0033 0.0596 0.0007 0.5901 0.0169 0.0719 0.0018 373 5 471 13 982 50
14 29.6 378.4 1.1382 0.0075 0.0693 0.0008 0.5316 0.0097 0.0556 0.0008 432 5 433 8 438 34
15 24.3 362.2 0.7382 0.0014 0.0518 0.0006 1.1762 0.0245 0.1647 0.0031 326 4 790 16 2505 32
16 37.3 602.7 0.6108 0.0011 0.0607 0.0007 0.4721 0.0083 0.0564 0.0008 380 4 393 7 470 32
17 43 72.6 05458 0.0021 0.0566 0.0006 0.5391 0.0245 0.0690 0.0030 355 4 438 20 899 91
18 18.6  261.8 0.6568 0.0022 0.0694 0.0009 0.5362 0.0106 0.0560 0.0009 433 5 436 9 453 37
19 52.1 742.1 1.0640 0.0028 0.0646 0.0008 0.4924 0.0079 0.0553 0.0007 403 5 407 6 425 29
20 22.1 330.4 0.5824 0.0051 0.0648 0.0007 0.4938 0.0089 0.0552 0.0009 405 5 407 7 422 36
21 119 2027 0.6046 0.0013 0.0551 0.0006 0.5553 0.0127 0.0730 0.0014 346 4 448 10 1015 40
22 9.0 137.1 0.6247 0.0044 0.0582 0.0006 0.7276 0.0152 0.0907 0.0018 365 4 555 12 1440 37
23 13.6 2105 0.6269 0.0064 0.0596 0.0007 0.7028 0.0124 0.0855 0.0014 373 4 540 10 1328 32
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Table 4 LA-ICP-MS zircon U-Pb data of Hariama dioritic mylonite sample JDTW12
Hat/10° [ 2R L fE AE#EMa
RS
Pb U ZThAU 1o ®PAU 1o 2Pb/”U 1o #Pb/Pb 1o 2Pb/AU 1o  *Pb/™U 1o ®PbPb 1o

1 176 2254 0.4326 0.0013 0.0755 0.0008 0.5902 0.0114 0.0567 0.0010 469 5 471 9 481 38
2 484  612.7 05077 0.0031 0.0751 0.0007 0.5893 0.0081 0.0569 0.0007 467 4 470 6 487 27
3 119 1512 0.6354 0.0009 0.0726 0.0007 0.5619 0.0114 0.0561 0.0011 452 5 453 9 456 43
4 114  150.1 0.5806 0.0038 0.0706 0.0007 0.5856 0.0120 0.0601 0.0011 440 4 468 10 608 41
5 116 1526 0.5293 0.0013 0.0723 0.0007 0.5602 0.0125 0.0562 0.0012 450 4 452 10 459 47
6 8.4 1143 0.5706 0.0014 0.0683 0.0007 0.5532 0.0142 0.0587 0.0015 426 4 447 12 556 55
7 14.8 191.8 0.4917 0.0014 0.0724 0.0007 0.5640 0.0104 0.0565 0.0010 451 5 454 8 472 38
8 123 159.2 0.5320 0.0038 0.0722 0.0008 0.5608 0.0129 0.0563 0.0012 449 5 452 10 466 47
9 67.3 11932 0.2348 0.0004 0.0562 0.0006 0.4734 0.0065 0.0611 0.0007 353 4 394 5 642 25
10 111 1409 0.5139 0.0033 0.0733 0.0007 0.5428 0.0139 0.0537 0.0014 456 4 440 11 360 59
11 19.6  255.0 0.3821 0.0005 0.0747 0.0007 0.5838 0.0112 0.0567 0.0009 464 5 467 9 480 36
12 111 140.4 0.6237 0.0011 0.0708 0.0007 0.5559 0.0135 0.0569 0.0014 441 4 449 11 488 52
13 224  263.7 05332 0.0021 0.0790 0.0009 0.6235 0.0103 0.0573 0.0008 490 6 492 8 502 31
14 303 379.1 0.4159 0.0009 0.0763 0.0008 0.6050 0.0089 0.0575 0.0008 474 5 480 7 511 29
15 16.6 2155 0.5305 0.0022 0.0725 0.0007 0.5602 0.0103 0.0560 0.0010 451 4 452 8 453 38
16 9.7 122.7 05531 0.0023 0.0735 0.0007 0.5701 0.0142 0.0563 0.0014 457 5 458 11 463 54
17 229 2588 0.4300 0.0013 0.0847 0.0009 0.6842 0.0113 0.0586 0.0008 524 5 529 9 551 31
18 12.3 155.1 0.5538 0.0041 0.0735 0.0008 0.5678 0.0115 0.0561 0.0011 457 5 457 9 455 43
19 243 2969 0.4097 0.0021 0.0785 0.0008 0.6183 0.0100 0.0571 0.0008 487 5 489 8 495 32
20 105 1334 0.4644 0.0029 0.0747 0.0008 0.5845 0.0166 0.0568 0.0014 464 5 467 13 483 54
21 126 158.8 0.5891 0.0014 0.0726 0.0007 0.5665 0.0123 0.0566 0.0011 452 5 456 10 475 45
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