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Abstract: The Changlingzi plagiogranite porphyry is located in the Xilinhot Late Paleozoic Accretion Complex within the Da
Hinggan Mountains. This study is focused on the zircon U—Pb isotopic geochronology, Hf isotopic composition analysis and
geochemistry of the Changlingzi plagiogranite porphyry. Zircon crystals from the plagiogranite porphyry yielded weighted
average ““Pb/**U age of (248.1+4.7)Ma. The zircons from this porphyry have positive eu(t) values from 5.78 to 12.41, with Toyw.(Hf)
ages from 914 to 488Ma. The plagiogranite porphyry has high content of SiO,, Na,O and Al,Os, and low content of TiO,, MgO and
CaO, showing a metaluminous - peraluminouslow— K to calc— alkaline affinity, with LREE enrichment and HREE depletion,
suggesting [—type granite. In addition, the plagiogranite porphyry has high Sr and low Y values as well as high Sr/Y ratios (74.5~
103.4), indicating that the plagiogranite porphyry belongs to adakite. It is suggested that the plagiogranite porphyry was formed by
partial melting of the thickened newborn lower crust. And in Early Triassic, Xing’ an - Mongolian orogenic belt was in a collision—

orogeny tectonic setting, indicating that the Paleo—Asian Ocean had been closed in this period.

Key words: Da Hinggan Mountains; Early Triassic magmatic rocks; zircon U—Pb ages; zircon Hf isotope; geochemistry; paleo—
Asian Ocean; geological Survey engineering
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Fig.1 Simplified tectonic map of Northeast China (a, modified after Chen et al., 2012, 2016b); Sketch geological map of the
Huanggang - Ganzhuermiao area (b, modified after Rui et al., 1994)
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Fig.2 Geological map of the Changlingzi area (after Inner
Mongolia Shandong Gold Geological and Mineral
Exploration Co. Ltd.®)
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Fig.3 Petrographic characteristics of the plagiogranite porphyry in Changlingzi area
a—Hand specimen photo of the plagiogranite porphyry; b—The feldspar phenocrysts with sericitizationin in plagiogranite porphyry, polysynthetic

twin observed in feldspar and the matrix being predominantly felsic (crossed nicols); c—The orthoclase phenocrysts in the plagiogranite porphyry
with carlsbad twin observed in orthoclase (crossed nicols); d—The orthoclase phenocrysts in the plagiogranite porphyry (plainlight); e—The
hornblende phenocrysts in the plagiogranite porphyry, the hornblende replaced by epidote (crossed nicols); f—The biotite phenocryst in the
plagiogranite porphyry (plainlight) ; Q—Quartz; P1-Plagioclase; Or—Orthocalse; Hb—Hornblende;Bi—Biotite
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Tablel Major (%)and trace(10™) elements compositions of the plagiogranite porphyries in Changlingzi area

FedhS  CLZ3 CLZ23 CLZ27 CLZ29 | Fféh'S  CLZ3 CLZ23 CLZ27 CLZ29
Si0, 7440 6945 7048  70.47 p 230 470 430 460
TiO, 0.16 034 0.32 0.34 Pb 147 5.40 142 8.80
ALO; 1456 1674 1495 1645 Rb 609  55.8 229 55.8

Fe,0y' 192 197 2.84 1.54 Ti 970 2100 1900 2090
Ca0 0.23 1.17 3.78 1.41 Ni 130 6.80 8.20 6.40
MgO 023 054 0.44 0.30 La 163 13.1 9.30 9.70
MnO 0.05  0.04 0.10 0.03 Ce 323 266 16.5 18.6
K:O 148 157 0.66 1.63 Pr 355 320 2.16 2.36
Na:.0 531 6.47 4.78 6.57 Nd 124 119 9.00 9.30
P-O; 0.05  0.10 0.09 0.10 Sm 212 234 1.82 1.86
LOI 1.43 1.45 1.46 1.31 Eu 043  0.65 0.54 0.57
Total 99.82  99.84  99.99  100.15 Gd 118 1.73 1.58 1.46

K:ONa,0 028 024 0.14 0.25 Tb 0.15 022 0.20 0.19
A/CNK 135 1.16 0.97 1.09 Dy 0.85 125 1.10 1.03
A/NK 1.41 1.36 1.74 1.31 Ho 0.16  0.24 0.22 0.21
Ba 147 521 274 510 Er 043  0.62 0.58 0.55
Cr 100 300 30.0 30.0 Tm 0.06  0.09 0.08 0.08
Hf 340 3.0 2.90 3.10 Yb 039 055 0.48 0.49
Nb 200  2.00 1.80 1.90 Lu 0.06  0.08 0.07 0.07
Sr 161 602 444 450 Y 460  6.10 6.30 5.50
Ta 020 020 0.10 0.20 YREE 750 687 49.9 52.0
Th 387 242 1.93 249 | (La/Yb) 2998 17.08 1390  14.20
U 129 093 0.75 0.70 | (La/Sm)y 4.96  3.61 3.30 3.37
A% 3.00 580 43.0 48.0 | (Gd/Yb)y 250  2.60 2.72 2.46
Zr 127 117 115 114 Sr/Y 3409 10339 7448  88.63
K 12000 12800 5300 13200 | Cr/Ni 769 441 3.66 4.69

JH 2P/ Pb 4F # {E 1827~2458 Ma, Th/U {H 4+ T
0.24~0.55, I Ry 4k 7K &5 A 5 Fo 4 14 A0 8 3k
5 P/ U AL F ¥ A 1R O (248.1 + 4.7)Ma
(MSWD =4.7),
5.3 $&A Hf R E4HIE
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rhgs A Y Lo/ THE FE /N T 0.002, BB AR AR
D5 BA BAR A P i A HERR R | AT 7 He7 " HE
DA AT DA A A E B ) " HE/ HE T (R AR T
8, 2007) o FRPEHAL B BEA frune i —0.99~-0.96,
1 -0.97, B /IN TR BT AE Y frum(—0.34) F
AR T L5 A9 frune(—0.72) (Vervoort et al., 1996) , i}t
T By B AT B S WL DX A 5 N 5 i e il
Wi tE] o AR HE R ARG A A (R AT,
2007) , R HEESR BT R Fli HO7E frone T3 T 20 KO

FERIRTER end(£)  Tow Al Tona (2 3)

K AE B BE 5 Lo/ HE FSHE THE 43 5 R
0.000315~0.001478 F1 0.282786~0.282968., 1% H}
end(t) N 5.8~12.2, frum 2 ALTE BB 7E —0.99~-0.96, Towe
ALV Bl #E 909~492 Ma.,

6 1T ©
6.1 ZAME

R X R =S R AL RS G A ) £
AAEA R A MR A LR S B N A
SEWG ) (1 3) 5 Mk Ak 2% 07 T8 TIRE — A5
O, FRAR R8BS 7R A A R 4 T — e R o (A
5b) . 7F K,O—Na,O l fi# o ( &l 7) (Collins et al.,
1982) W5 X FE i B v A TRUAE b 7 X3k, LA B2
2 FITC R HERIb 24 FRAE ZR B I 5T IXRHE AL (<) BE
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Fig.4 SiO,—(Na,O + K,0O ) (a,after Le Maitre, 2002), ACNK—
ANK (b,after Maniar and Piccoli, 1989) and SiO,—K.O (c,
after Rickwood, 1989) diagrams for plagiogranite porphyries

in Changlingzi area

JEF 1AL XA 26 . AL 5 A i IR T &6 i 5%
(Infracrustal ) o A 28 WAKAE FH 19 ki 7 (Igneous ) 1)
P AT L, 38 5 HE R 28 AR B, AT LAX A 2R R X
YA AT A A 2R () 45 1 2014)

AR Lu-HE A =R R B T H AR R &
PRI , FLIRI 22 U AEAS 23 BT 30130 s i i 25
gh AR AL, IR B A7 en(OEAR R T A2 R X A9 Al
YRR o Al H N B IE end ) E AL 5 T A1 0K
F 7 1 b a8 D 5 i e PR A R AR R b S E )
SRS Kl (RS TR R4, 2009) , TH e 102
LT (AR TTEE, 2007), BT ARSI, 2452
1 L AL s himE db S DL PRI IS Tl 4 R AL
T BRI A R T SRR R R R
FHIE, M8 AR A A Z 2 TER e DIE L
SRR R REECAR NS, s 75 i i BT A 5 e R TR Y
FRAE (SR AR T4, 1999; Jahn et al., 2000, 2004; 3tk
TL4E, 2000, 2003; Wu et al., 2000; Chenet al., 2009;
Liu et al., 2011, 2013 ) ; 1fi4edb s himdb & 2 HA
T end E LSO 2 AR, BoR & A 1
i sty 2 b e P BT EAA O REAE (Yang et al., 2006;
M E45, 2007; Zhang et al., 2007, 2009a, 2009b; 35
2%, 2009; Shi et al., 2010), K& H =FitpHAE
P BEA TR [ R AFFIE L R T 1E M end ) (B LA K A%
A AR IS (118 ), PRI HE IR X AT i oy =7 bt b g
BT HST . BRA, 2R B A AR T B A
AR DU A 8 (11 1 18 AF 44 43331 4y (326+6) Ma ,(293+4)
Ma Fi1(437+5) Ma) Fl1 7T G 12,13 F120 4F
43 511 4 (2458+31) Ma. (1827+34) Ma H1(2135 + 6)
Ma) kAR ES A1, 255 IX 81 A ARS8 iR, ARAR
Ak AR A AT R R R T 2% 58 3 LT (iG55, 2003;
fif S Hp 4%, 2007; X, 2009; B AF 4, 2011; F
HRPHSE, 2014) , 70y A7 AR S A ] BESR IR T4k e
P b % (32 3245, 2002; FB K K, 2004; i - 45,
2005; FWIEAE, 2007, X4 SCAE, 2007)

T, KIS R =S AH A KB B
11 Si0:(69.45%~74.40% ) \ALLO:(14.56% ~16.74%)
Sr(444x107°~602x10"°) (B 1 AL Sr=161x 1077
HHERLIAN) K Y (5.5%107° ~6.3x10°) F1 Yb(0.39
107~0.55%107°) LA K2 5 St/Y (74.5~103.4) 2545 i (36
2, 1 9a) , HAA WA IRIR e BUA A FFIE . RHRAE R
BEARESHFE St/Y-Y K (Martin, 1999) F1(La/Yb)y—
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Fig.5 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element spider diagrams (b) for plagiogranite

porphyries in Changlingzi area (chondrite normalization values and primitive mantle normalization values after Sun and
McDonough, 1989)

Ybu Elfi# (Defant et al., 1990 ) 245 5 3358 15 78 570
Bl (B 9) , [RIRE R I8 FAH AL M B 2 1R
IRFECAARRIE . LAk, RHEAE b BEA A 2 & N
1 7% 81 (Na,0/K,0=3.59~7.24) (R E , 3 T O

TRUYRIK TS ) HUBR AL A A0 1717 B S AN [R] T C A 333k
T R B BARE (Na,O/K.0~1) ( E R4, 2001;5K i
2:2001) , — Bk, O BRI IA 70 T8 BT i it
T AT B T BT AR KA IR M5 A4

2 KISFRKIERDEEHEA LA-ICP-MS U-Pb EEFHTER
Table 2 LA-ICP—MS Zircon U—-Pb analysis for the plagiogranite porphyry in Changlingzi area

WS Th10° U/10° Th/U ttﬁ M

PY"/Pb™ 206  PH/U* 20 Pb*/U* 26 PHY/Pb™ 20 PH™/U™* 206 PHY/UP 20
C27-01 26.01 125.93 0.206543 0.05095 0.00177 0.28695 0.00964 0.04084 0.00052 2384 78.16 258.1 324 2562 7.6
C27-02 131.12 281.08 0.466486 0.05124 0.00118 0.2839 0.00628 0.04017 0.00044 251.8 52.33 2539 2.74 2537 497
C27-03 26.44 7636 0.346255 0.05133 0.00216 0.28666 0.01173 0.04050 0.00055 255.6 93.81 2559 34 2559 9.26
C27-04 101.62 219.82 0.4622873 0.05103 0.00144 0.26493 0.00719 0.03765 0.00045 2422 63.76 2382 2.77 238.6 5.77
C27-05 112.21 297.8 0.376797 0.05111 0.00126 0.27269 0.00643 0.03870 0.00044 245.6 55.66 2447 2.71 2448 5.13
C27-06 75.17 302.02 0.248891 0.05083 0.00133 0.26934 0.00675 0.03843 0.00045 2329 59.16 243.1 2.79 2422 54
C27-07 174.8 259.07 0.6747211 0.05084 0.00138 0.25704 0.00671 0.03666 0.00043 233.7 61.42 232.1 2.68 2323 542
C27-08 360.01 301.23 1.1951333 0.05295 0.00112 0.37811 0.00763 0.05179 0.00057 326.5 47.08 3255 348 3256 5.62
C27-09 31.03 84  0.369405 0.05007 0.00224 0.2806 0.01222 0.04064 0.00059 198.4 100.75 256.8 3.65 251.1 9.69
C27-10 299.21 579.48 0.516342 0.05112 0.00114 0.28196 0.00604 0.04000 0.00045 246.2 50.7 2529 278 2522 479
C27-11 51.23 142.16 0.3603686 0.05220 0.00156 0.33499 0.00969 0.04654 0.00058 294.4 66.7 2933 355 2934 737
C27-12 54.34 128.25 0.4237037 0.16023 0.00298 10.77156 0.19296 0.48760 0.00544 2458  31.08 2560.3 23.59 2503.6 16.64
C27-13 99.25 179.29 0.5535724 0.11169 0.00212 5.33087 0.09762 0.34618 0.00387 1827.1 34.08 1916.3 18.51 1873.8 15.66
C27-14 160.15 207.75 0.770878 0.05114 0.00164 0.27942 0.00868 0.03963 0.00051 247.1 72.21 250.5 3.18 2502 6.89
C27-15 51.89 126.84 0.409098 0.05122 0.00171 0.28603 0.00927 0.04050 0.00052 250.7 74.88 256 321 2554 732
C27-16 502.79 893.54 0.562694 0.05264 0.0012 0.29005 0.00638 0.03996 0.00047 313.5 50.86 252.6 29 258.6 5.02
C27-17 128.57 300.75 0.427498 0.05403 0.00155 0.2914 0.00811 0.03912 0.00050 372.1 63.39 2474 3.1 259.7  6.38
C27-18 208.31 319.41 0.6521712 0.06008 0.00139 0.58091 0.01304 0.07013 0.00084 606.5  49.31 437 5.04 465 8.37
C27-19 48.69 144.97 0.3358626 0.05331 0.00221 0.2916 0.0117 0.03968 0.00061 342 90.79 250.8 3.75 259.8 9.2
C27-20 122.24 501.61 0.2436953 0.13274 0.00281 6.33378 0.13057 0.34610 0.00405 2134.6 36.61 19159 19.41 2023.1 18.08
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R3 KIEFHARXBKERBEHEA Lu-HIE LR ST R
Table 3 Zircon Lu—Hf isotope analysis for the plagiogranite porphyry in Changlingzi area

A EfE/Ma YD/ THE Lu/7HE  Hf/THF 20 e(0)  eu(t) Tow/Ma Tow/Ma  fruu
CLZ27-01 258 0.015153 0.000640 0.282828 0.000028 20 75 596 804 -0.98
CLZ27-02 254 0.038582 0.001477 0.282786 0.000024 05 58 669 909 -0.96
CLZ27-03 256 0.017829 0.000720 0.282938 0.0002 59 114 442 555 -0.98
CLZ27-05 245 0.032846 0.001236 0.282822 0.000038 18 69 615 832 -0.96
CLZ27-06 243 0.007177 0.000314 0.282968 0.000024 69 122 39 492 -0.99
CLZ27-09 257 0.014335 0.000624 0.282899 0.000014 45 100 497 644 -0.98
CLZ27-10 253 0.019893 0.000784 0.282960 0.000018 67 121 411 507 -0.98
CLZ27-14 251 0.039451 0.001468 0.282818 0.00002 1.6 69 623 839 -0.96
CLZ27-15 256 0.014271 0.000594 0.282945 0.000018 6.1 117 430 538 -0.98
CLZ27-19 251 0.012793 0.000533 0.282924 0.000018 54 108 459 588 -0.98

(J
ol 9

(326+3)Ma

(243+3)Ma (232£3)Ma
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1000 —> 1111
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ool—— . 0034 /4 . . . L
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Fig.6 Cathodoluminescent images (a) and LA—ICP—MS zircon U—Pb concordia diagrams (b,c) for plagiogranite porphyry in
Changlingzi area
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Fig.7 K;O—Na,O diagram for plagiogranite porphyry in
Changlingzi area (after Collins et al., 1982)
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Fig.8 Zircon eu(f)—t diagram for plagiogranite porphyry in
Changlingzi area
(The shaded part represents the Mesozoic granites and gabbros in the
eastern segment of the Xingmeng orogenic belt, and the dotted section
\ represents the magmatic rocks in the Yanshan area)Data sources:
Xing'an—Mongolian Orogenic belt and Yanshan area zircon &u(#) range
after Yang et al., 2006; Mesozoic volcanic rocks after Zhang et al.,
2014 and Tan et al., 2017; the Linxi Formation after Zhu et al., 2017;
the Dashizhai Formation after Zhang, 2012 and the
authors'unpublished data; the Baoyintu Group after Sun et al., 2013;
Cretaceous granite after Yang et al., 2014 and Zhou et al., 2011, 2012;
Jurassic granite after Yang et al., 2012 and Liu et al., 2007, 2009;
Permian granite after Wang et al., 2017)
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Fig.9 Sr/Y-Y (a, after Martin, 1999) and (La/Yb)x—Ybx (b, after Defant et al., 1990) diagrams of the plagiogranite porphyry in
Changlingzi area
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Data sources: Triassic granitoids after Li et al., 2007; Shi et al., 2007; Zhang et al., 2010; Ye et al., 2011; Zhang et al., 2012;

Liu et al., 2014; Wu et al., 2015; Zhang et al., 2015 and Li et al., 2016
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