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Petrogenesis of Late Paleozoic granites from Yaergenchu area in
north-central Great Xing’an Range and its geological implication
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Abstract: To determine the petrogenesis and tectonic setting of Late Paleozoic granitoids in Great Xing’an
Range, NE China, the authors undertook zircon U-Pb dating and geochemical analysis on samples from monzogran-
ites in Yaergenchu area. Zircon U-Pb age dating indicates that the monzogranites in the studied area were emplaced
in the Late Carboniferous (312 £2 Ma). The monzogranites contain high SiO, (75.16% ~75.32% ) and Na,O +
K,0 (8.45% ~8.76% ), but low MgO (0. 12% ~0.14% ). Moreover, the samples are characterized by the en-
richment of large ion lithophile elements (e. g. , Rb, Ba, Th, U, K) and light rare earth elements, but depletion
of Nb, Ta, Ti and P, with & (t) values of +3.5 to +9.5 and Hf two-stage model ages of 1 103 ~715 Ma, in-
dicating that the parental magma was derived from partial melting of juvenile crustal material. Integrating the geo-
chronological data, geochemical features and regional geological observations, it is suggested that the formation of
Late Carboniferous monzogranites in the studied area was related to the subduction of the Paleo—Asian oceanic plate

beneath the Xing’an terrane.
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Fig.1 Simplified geological map of Yaergenchu Region, Great Xing’an Range
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Fig.2 Microphotograph of Late Carboniferous monzogranites in Yaergenchu Region
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Fig.3 Zircon CL images of Late Carboniferous monzogranites in Yaergenchu Region

F1 HBRREMXGARYE ZKIERSHEG LA-ICP-MS U-Pb EF 4R
Table 1 Zircon LA-ICP-MS U-Pb data for Late Carboniferous monzogranites in Yaergenchu Region
Th U [ R HE 1o Ffy/Ma =10
HINE Th/U
QE/IO -6 207 Pb/ZOG Pb 207 Pb/235 1) 206 Ph/238 U 207 Pb/ZOG Pb 207 Pb/235 U 206 Pb/238 1)
13GW204 01 166 211 0.79 0.053 55 0.002 60 0.368 55 0.016 69 0.049 99 0.001 03 352 65 319 12 314 6
13GW204 02 254 244 1.04 0.05255 0.00202 0.359 87 0.01292 0.049 74 0.000 82 309 52 312 10 313 5
13GW204 03 210 1343 0.16 0.056 46 0.001 54 0.37072 0.009 25 0.047 69 0.000 65 471 32 320 7 300 4
13GW204 04 83 85 0.98 0.054 14 0.003 59 0.37178 0.023 03 0.049 87 0.001 33 377 91 321 17 314 8
13GW204 05 193 370 0.52 0.054 45 0.004 23 0.370 68 0.027 03 0.049 44 0.001 49 390 110 320 20 311 9
13GW204 06 17 237 0.07 0.054 02 0.003 10 0.368 85 0.01979 0.049 59 0.001 14 372 79 319 15 312 7
13GW204 07 68 188 0.36 0.054 16 0.002 28 0.371 73 0.014 62 0.049 84 0.000 89 378 56 321 11 314 5
13GW204 08 151 341 0.44 0.054 37 0.001 45 0.370 11 0.009 12 0.049 42 0.000 63 386 33 320 7 311 4
13GW204 09 215 292 0.74 0.05322 0.001 56 0.404 58 0.011 18 0.05519 0.000 70 338 40 345 8 346 4
13GW204 10 193 219 0.88 0.056 68 0.001 91 0.389 37 0.01205 0.049 87 0.00079 479 41 334 9 314 5
13GW204 11 158 193 0.82 0.05499 0.002 44 0.380 86 0.01561 0.05027 0.00099 412 57 328 11 316 6
13GW204 12 87 123 0.70 0.057 14 0.002 93 0.388 88 0.018 53 0.049 40 0.001 08 497 67 334 14 311 7
13GW204 13 157 222 0.71 0.05238 0.002 12 0.358 83 0.013 50 0.049 72 0.000 88 302 54 311 10 313 5
13GW204 14 13 427 0.03 0.052 87 0.001 31 0.363 43 0.008 34 0.049 88 0.000 61 323 30 315 6 314 4
13GW204 15 316 240 1.31 0.052 19 0.001 44 0.360 86 0.009 22 0.050 17 0.000 65 294 35 313 7 316 4
13GW204 16 251 266 0.94 0.053 67 0.001 47 0.414 15 0.010 70 0.05598 0.000 67 357 37 352 8 351 4
13GW204 17 369 1192 0.31 0.060 14 0.001 02 0.408 15 0.006 20 0.049 23 0.000 50 609 17 348 4 310 3
13GW204 18 102 143 0.71 0.05349 0.00239 0.37155 0.01546 0.05038 0.00096 350 60 321 11 317 6
13GW204 19 59 45 1.31 0.05429 0.004 15 0.369 66 0.026 58 0.049 39 0.001 44 383 109 319 20 311 9
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Table 2 Major (w,/%) and trace element (w,/10®) data for Late Carboniferous monzogranites in Yaergenchu Region
3RS 13GW204 13GW203 13GW205 TR 13GW204 13GW203 13GW205
Si0, 75. 16 75.32 75.27 Cs 2.47 2. 80 3.29
TiO, 0.09 0.09 0.07 Ba 526. 00 505. 00 154. 00
Al O, 14. 16 14. 07 13. 84 La 15. 00 13.20 9. 88
Fe, 05 0. 64 0.52 0.76 Ce 26. 10 22. 80 14. 50
FeO 0.48 0.15 0.26 Pr 3.63 3.06 2.47
MnO 0.04 0.02 0.10 Nd 14. 40 12. 00 9. 80
MgO 0.12 0.14 0.12 Sm 3.17 2.70 2.34
CaO 0.32 0.25 0. 46 Eu 0. 65 0.70 0. 44
Na, O 4.22 4.53 4.29 Gd 3. 15 2.62 2.06
K,0 4.23 4.17 4. 47 Th 0.73 0.73 0.57
P, 04 0.03 0.03 0.02 Dy 4.46 5.20 4.27
LOI 0.68 0.83 0.59 Ho 0.95 1.08 0.94
Total 99. 67 99.97 99.99 Er 3.32 3.47 3.31
A/CNK 1.61 1.57 1.50 Tm 0. 60 0. 63 0. 69
A/NK 1. 68 1.62 1.58 Yb 4.18 4.55 5.27
K,0 + Na, 0 8.45 8.70 8.76 Lu 0.62 0.61 0.76
\4 5.06 5.06 6. 10 Hf 3.28 4.30 4.37
Cr 3.89 1. 68 1.17 Ta 0. 82 1.77 0.98
Co 0.53 0.45 0.23 Pb 34.40 27.30 40. 40
Ni 2.09 1.67 1.42 Th 10. 40 9. 86 17.10
Cu 4. 64 2.58 0. 86 U 3.20 2.92 2.41
Ga 17. 80 18.70 19. 80 SEu 1. 04 0. 88 0.73
Rb 133. 00 137. 00 147. 00 (La/Yb) y 2.42 1.96 1.26
Sr 146. 00 138. 00 60. 90 (Gd/Lu) 0. 63 0.53 0.34
Y 29. 00 31.90 28.90 Zr/Hf 31. 10 26. 28 20. 50
ZIr 102. 00 113. 00 89. 60 Nb/Ta 11.17 6. 61 9.95
Nb 9.16 11.70 9.79 Rb/Sr 0.91 0.99 2.41
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Hi5A Hf RS TER

Carboniferous monzogranites in Yaergenchu Re-

FEf & t/Ma  YL/THE PO Lu/ T HE VO HE/TTHE 20 ey (0) ey (1) 20 Tpy (HE) Ty (HO  fiue
13GW204 01 312 0.021 052 0.000 839 0.282795 0.000 024 0.8 7.5 0.8 645 741 -0.97
13GW204 02 312 0.055211 0.002 182 0.282747 0.000030 -0.9 5.5 1.1 738 842 -0.93
13GW204 03 312 0.029 164 0.001 289 0.282 773 0.000 023 0.0 6.6 0.8 684 786 -0.96
13GW204 04 312 0.022 493 0.000 888 0.282 788 0.000 023 0.6 7.2 0.8 656 755 -0.97
13GW204 05 312 0.044 434 0.001 705 0.282 718 0.000027 -1.9 4.6 0.9 772 891 -0.95
13GW204 06 312 0.020 428 0.000 876 0.282 812 0.000 024 1.4 8.1 0.8 621 711 -0.97
13GW204 07 312 0.033 694 0.001 351 0.282795 0.000029 0.8 7.4 1.0 654 748 -0.96
13GW204 08 312 0.024 776 0.000 989 0.282 768 0.000 023 -0.1 6.5 0.8 685 792 -0.97
13GW204 09 349  0.052788 0.002 067 0.282751 0.000031 -0.7 6.5 1.1 731 825 -0.94
13GW204 10 312 0.084 952 0.003 333 0.282 814 0.000 022 L5 1.7 0.8 662 734 -0.90
13GW204 11 312 0.036 471 0.001 361 0.282794 0.000028 0.8 7.4 1.0 656 750 -0.96
13GW204 12 312 0.045 872 0.001 769 0.282 687 0.000028 -3.0 3.5 1.0 817 948 -0.95
13GW204 13 312 0.062 404 0.002 182 0.282786 0.000030 0.5 6.9 1.1 682 772 -0.93
13GW204 14 312 0.050 345 0.001 741 0.282 857 0.000 031 3.0 9.5 1.1 572 639 -0.95
13GW204 15 312 0.026 856 0.001 108 0.282796 0.000029 0.8 7.5 1.0 649 743 -0.97
13GW204 16 349  0.028 036 0.001 083 0.282761 0.000 028 -0.4 7.1 1.0 697 795 -0.97
13GW204 17 312 0.031 912 0.001 234 0.282 812 0.000 029 1.4 8.0 1.0 627 714 -0.96
13GW204 18 312 0.050 504 0.001 926 0.282 776 0.000028 0.2 6.6 1.0 691 787 -0.94
13GW204 19 312 0.048 673 0.001 886 0.282793 0.000 027 0.8 7.2 0.9 666 756 -0.94




48 pL S R )

%536 15

ARA A AL, Wk LA-ICP-MS #5417 U-Pb
MW, AR XN KIER AT T (312 +£3)
Ma, FEWTHZ M 52 4V F I . Dong™
HRAE R 4208 A0 B ot AR RS A R AR
BRI 209, OB RS LWHD T ak . il
wR L R AR A R IR T 358
Ma. 308 Ma, 309 ~308 Ma L)} 294 Ma, Wm5RA
DL X W AR AR R AR IR . 45 Gk E
e FE RS AR IS B 2 M R D
HAERAE Tzt - A KA T H K%
WA 2 HLAR DX A3 A A 5 3 e e oy 2B AR A HE X I 1)
I3 L B AU A R R %
Wt R AR R SL A 3 - AR . ISk, 73
RLAE DO R M2 T A AR G VR R T
2y 140 Ma, #f—2AF5E T 28 5 X K24 20 Bty A
PG 1~ A R HE T 3 4P R A T 58 e B R 2%
LW R AR IX A i oty AR AR A IR 1 R, 4
B oty A ARSI R 2% 220 b DX A8 38— A Y
BT, R R AR R B 1 R
4.2 FEARHEEA

TS IR HR A 1 XAy et — KA A L
ArbE, mm. mda. IRER . IREE. ARG AR
M, IFHEEBRM L IR MRE FRATER, oM
i Lot RMEmTEITE, BAPERENHT S
% (Euw/Eu” =0.73 ~1.04) , 3264l 5K {b 24 R AF
PG 7R R VA A R T B T H5E A A 3 4 il
A AN, BrEg b A Nb/Ta 5 Ze/HE HAH
AT 6.61 ~11.17 F120.50 ~31.10 Z ], 5
JEUUA I A AR IS 17. 8 F1 37" MHZEHR, HH5E
FOAHRE 11,4 133" o323 Rb/Sr {286 T
0.91 ~2.41 Z ], Ti/Y {HF1 Ti/Zr {& 453 57254k T
13.48 ~18.39 f14.35 ~5.23 Z ], ¥ Frelis
PO RS R I Al R AR A i X WAy
KAE B 2 T M ST 5 A B ml i = o [ AR 3
B HE AR AT EdE (£3) W, R H
X M A ot K AR XA A BB
TSHE/THE A (0. 282 687 ~0.282 857) FIIE &y
B (+3.5~+9.5) , B0ty T 1103 ~715 Ma
Z[8], R X 5 B e A (B M 5 45
Hiu e BT A ) H e I

BUAR, FEIRHRAE i X i A e i — K AE A B
SRR EA T S A P T SEOT R IR

AE R AR AR BT E A AR S
Yb {46 5 - (Sr A8 4L T 40 x 10 °° ~400 x 10
B, Yb>1.5x107°) , JRIXsREAMEZ KA
FUAINA, IR AE b DX B A et — K AE A B
P SrE Yb (43514 60.9 x107° ~146.0 x 10°°,
4.18 x107° ~5.27 x10~°) [HHIE, BEREHIX
TERS A R rh 2 RHC A RN ER A, HR
NG KA R . Ak, BRI XA et
TRACKEHIAINA L RS B SRR
Y, JFHBEA . S, s, k. IREERIT
PG BER A RRAE X B o S HIR AL A R IR
1" RGBS AR R ML . fHAE A/CNK-A/NK [&]
fierh (Kl 5c) , BT XAE R A i R i 45
FEE, XARE S a0 FAEH, 38 Ca0 %
WA, M & B AT ) A/CNK ECAE R = A 6
Bea ") {4 4 1 #4719 P, 05 A7 ik ik Ho 4 060 45 40
(A/CNK) B8 & 4tb 1) 51) Ji s 25 9% 1k o A 46 A o
I, ZEH VAR AE M X A et — K AE AN
‘17 R A

g5 FINhy, ROGLUSTE KA AE b DX 0 et —
KAbRa N “17 BiER s, JEiha KRR THT
A 5 40 i v 3 AR 0 M S ) B R )
TR, TR DCER A R R B ) R A BB TEARHC AT A
N WA FVER R
4.3 HMREX

Mot A CE A TE R SRS X B Kk, H
TE BRI AE) 38 AR 5 242 b ORI Wb B[] 1) Al 12 B
B P ICHR, e Tk s o A ACCE A I A
B—HAAEEBRRWAW, BT A7 fi
JEIREE? RS A AR I PR BT 7 T3 X e Y
TF2 B i R Tt D VA T AR L L — B T — SR ]
B A G IE . RZBEAE N RIC—IT—
BRI B L ZRIC A A, KIS
WARE 290 ~260 Ma 1) A BIfE A, HIEZ5
RILKEE A RUAE 58 AT e 2 1 1L S R AR Y
Py, AT RE SO ek R A B S 1R A e
Dong' " FIRIFFT 7% K 2% 22 4 I B 1 9 14 3t IX 77 A1
—BE 5 EHA KA (358 ~294 Ma) |, I
TNAE 2L ML 5 S B P AR R S A A Al 4 DF
Fro X—HELH R T Miaol ™ Fl i P 3
Fio Miao ™ JRIE T “BIFIARE Ho s H 4 i 504
AEI (292 £6 Ma) |, Hga h—E PR KU,



513

T8 FIPPEESE . RO v I B 7 MR il IX A iy A A B 2 F) B R B 3 i 72 5 49

I HIFA I RS B @A . Ak, Miao ™
FOBIFSE T B LW K2 T B IR g 298 ~ 290
Ma (SHRIMP) , A" FE 52 — B 20 )2
G BT RO AT, X BB D M B
A AE B B AR R DR S . A SRS
LR AL 2 B 242 e 5 A b e 7 L — B i
AR BE A IOV AR 3, DFIX —KRAER S
T s, BT A asmr: 25, wERH
TIEMAS FRATE, SHERLTENGS
BRI, XLEHLER LR A ED S 35 B KR 2R AE 1
HIBEERIRL. 7E Pearce ™ 141 3 B5 35 ) B 1E I,
TR DX R J0% AR 48 M I 45 946 78 3 DI L DX R ([
8) o b, EHMEWTIE A R KA A — KB
E TR SRR G 3REE , K422 i X A A
Tt —B B b TR b RS, RIS
5 B[] £ 7 S0 9 3 - e T R R A 4 B

I\
= o

10000

1000 Syn-COLG

100

Rb/X10°

1 1
1 10 100 1000 10000
Y+Nb/X 10

B8 FMRREMXEARMT KN EHMEHFE
"

Fig.8 Tectonic setting discrimination diagram for Late

Carboniferous monzogranites in Yaergenchu Re-

gion

5 #Hie

(1) ROLLWHEIRARFEHIX AL R Y LA~
ICP-MS #:6 U-Pb EH-258 8 (312 £3) Ma, HJ
HLX TR AE G T BT WA A A

(2) ROLZZWHE /R M AE 3 DI A 7% A1 — I AE
HOAOCTT BRI, RIS A ORI TR G AR
SELEI T Mo TE W R A i

(3) ROLLWHERARAE B X A7 7 — AL R
HI TG S KR G5

gt Bt BA S RHRS sR AT R T B S
BRRELEZLREHREARLNALLEET /A
R A4 U-Pb-HI B 4% & 2 A7l 3K F 26 F 69 45 8
Fo Z Hr; Bt Tk AT H R B R IR AT K e
THhEIEAREL, HEAEMNK T LT H
5 2%,

SE k-

[1] DongY, Ge W C, Yang H, et al. Geochronology, geo-
chemistry, and Hf isotopes of Jurassic intermediate-acidic
intrusions in the Xing’an Block, northeastern China.
petrogenesis and implications for subduction of the Paleo—
Pacific oceanic plate [ J]. Journal of Asian Earth Sci-
ences, 2016, 118. 11-31.

[2] Nozaka T, Liu Y. Petrology of the Hegenshan ophiolite
and its implication for the tectonic evolution of northern
China [J]. Earth and Planetary Science Letters, 2002,
202 (1): 89-104.

[3] Chen B, Jahn B M, Wilde S, et al. Two contrasting Pa-
leozoic magmatic belts in northern Inner Mongolia, Chi-
na; petrogenesis and tectonic implications [J]. Tectono-
physics, 2000, 328 (1/2). 157-182.

[4] Miao L C, Fan W M, Zhang F Q, et al. Zircon SHRIMP
geochronology of the Xinkailing - Kele complex in the
northwestern Lesser Xing’ an Range, and its geological
implications [J]. Chinese Science Bullettin, 2004, 49
(2): 201-209.

[5] LiY,XuWL, Wang F, et al. Geochronology and geo-
chemistry of Late Paleozoic volcanic rocks on the western
margin of the Songnen-Zhangguangcai Range Massif, NE
China: implications for the amalgamation history of the
Xing’an and Songnen-Zhangguangcai Range massifs [J].
Lithos, 2014, 205 394-410.

[6] Hong DW, Chang W J, Huang H Z, et al. The Permian
alkaline granites in central Inner Mongolia and their geo-
dynamic significance [ J]. Journal of Asian Earth Sci-
ences, 1994, 10 (3/4). 169-176.

(7] #MEA, RAoC, FER, & DLW PG E
Ja A BUE R A B S RS I —BU R I —FL 34
REFEDF AR IE R R [J]. BheAam 4z, 2000, 20:
2217-2222.

SUN De-you, WU Fu-yuan, LI Hui-min, et al. Emplace-



50

JLE

Jit

%536 15

(8]

(9]

(10]

(11]

(12]

[13]

ment age of the post-orogenic A-type granites in North-
western Lesser Xing’an Range, and its relationship to the
eastward extension of Suolunshan - Hegenshan — Zhalaite
collisional suture zone [ J]. Chinese Science Bulletin,
2000, 20, 2217-2222.

WuF Y, Sun D Y, Li H M, et al. A-type granites in
northeastern China: age and geochemical constraints on
their petrogenesis [ J]. Chemical Geology, 2002, 187
(1/2) . 143-173.

JAKE, RAET0, EICFF, . KL LRI e
LY S N D107 W I AV 2 s o (1 S s |
[J]. AA%MR, 2005, 21 (3). 763-775.

ZHOU Chang-yong, WU Fu-yuan, GE Wen-chun, et al.
Age, geochemisiry and petrogenesis of the cumulate gab-
bro in Tahe, northern Da Hinggan Mountains [J]. Acta
Petrologica Sinica, 2005, 21 (1). 763-775.

TEYGHE, HORIK, ARE), 5. NSO B A R
FEBd A B A R XM 5 = [T ] Bl i,
2004, 4. 384-389.

SHI Guang-hai, MIAO Lai-cheng, ZHANG Fu-qin, et
al. The age and its district tectonic implications on the
Xilinhot A-type granites, Inner Mongolia [J]. Chinese
Science Bulletin, 2004, 4. 384-389.

B, R, X, S NS F s X R
AERICES G B R A =i s [J]. &0
4%, 2010a, 26 (11): 3245-3258.

ZHAO Zhi, CHI Xiao-guo, LIU Jian-feng, et al. Late
Paleozoic arc-related magmatism in Yakeshi region, In-
ner Mongolia: chronological and geochemical evidence
[J]. Acta Petrologica Sinica, 2010a, 26 (11): 3245-
3258.

B, IR, I, AE NCEIE LT R AL
HJZ KL 15 A LA-ICP-MS U-Pb 4F 2% J It
B[] %A A4k, 2010b, 26 (8): 2452-
2464.

ZHAO Zhi, CHI Xiao-guo, PAN Shi-yu, et al. Zircon
U-Pb LA-ICP-MS dating of Carboniferous volcanics and
its geological significance in the northwestern Lesser
Xing’an Range [J]. Acta Petrologica Sinica, 2010b,
26 (8): 2452-2464.

I, IBHH, tRoeal, . JOCEIR eIt
DCHEAT 2 T 0 S F 5T R 2622 e 5 v R B
PREWIEIR R E [T]. HFT#4, 2013, 87 (9):
1247-1263.

CUI Fang-hua, ZHENG Chang-qing, XU Xue-chun, et

al. Late Carboniferous magmatic activities in the Quan-

[14]

[15]

[16]

(17]

[18]

[19]

[20]

shenglinchang Area, Great Xing’an Range: constrains on
the timing of amalgamation between Xing’an and Songnen
massifs [ J]. Acta Geologica Sinica, 2013, 87 (9):
1247-1263.

Mok, A [ FR, Wilde S. P 58l 5 Je A 70 T v 19 28
PR R AR SO T S [T, HRIE,
2001, 47 (4). 361-367.

CHEN Bin, ZHAO Guo-chun, Wilde S. Subduction and
collision related granitoids from southern Sonidzuoqi, In-
ner Mongolia: isotopic ages and tectonic implications
[J]. Geological Review, 2001, 47 (4). 361-367.
BB, WA, KRS, S5 ARG TYILEETT
W—BF 98 2 S 55 47 SHRIMP 4R %22 BF 5% K HL & X
[J]. Bl4d i, 2003, 48 (22) . 2315-2323.

MIAO Lai-cheng, FAN Wei-ming, ZHANG Fu-qin, et
al. SHRIMP zircon geochronology and its implications on
the Xingkai - Keluo complex, Northwestern of Lesser
Xing’an Range [J]. Chinese Science Bulletin, 2003,
48 (22). 2315-2323.

Sengor A M C, Natal'in B A, Burtman V S. Evolution of
the Altaid tectonic collage and Palaeozoic crustal growth
in Eurasia [J]. Nature, 1993, 364. 299-307.
Robinson P T, Zhou M F, Hu X F, et al. Geochemical
constraints on the origin of the Hegenshan ophiolite, In-
ner Mongolia, China [J]. Journal of Asian Earth Sci-
ences, 1999, 17 (4). 423442.

EE, JURE, EEE, . ROCRIGH B ARG
XEACK IAER [T A frsai, 2001, 17 (1)
161-168.

GUO Feng, FAN Wei-ming, WANG Yue-jun, et al.
Petrogenesis of the Late Mesozoic bimodal volcanic rocks
in the Southern Da Hinggan Mts [J]. Acta Petrologica
Sinica, 2001, 17 (1) . 161-168.

SARYE, SRIER, TR, S ROCEIR P B b R
PR NEA AR AT BR AL~ R AE SO R A3 [T,
FAER, 2008, 24 (6) : 1339-1352.

WU Hua-ying, ZHANG Lian-chang, ZHOU Xin-hua, et
al. Geochronology and geochemical characteristics of the
Late Mesozoic andesites in the central Da-Hinggan
Mountains, and its genesis [ J]. Acta Petrologica Sini-
ca, 2008, 24 (6): 1339-1352.

SR . KOG A UK R AR SO R AL
WS WA g s (D] BB P E L BOR A,
2009.

ZHANG Ji-heng. Geochronology and geochemistry of the

Mesozoic volcanic rocks in the Great Xing’an Range,



B (T

ORIV HESE . L rh L BOHE ZR AR A bt DR o A AR 1 o 18 B DR B G 5 S 51

[21]

(22]

(23]

[24]

(25]

[26]

[27]

(28]

Northeastern China; doctor’s degree thesis [ D]. Wu-
han: China University of Geosciences, 2009.

Tang J, Xu W L, Wang F, et al. Early Mesozoic south-
ward subduction history of the Mongol-Okhotsk oceanic
plate: evidence from geochronology and geochemistry of
Early Mesozoic intrusive rocks in the Erguna Massif, NE
China [J]. Gondwana Research, 2016, 31 218-240.
TR ROCEIR IR R K ilea K- fe e [1].
F R X R, 1983, 5. 39-50.

XU Gong-yu. Continental volcanic rocks in the Greater
Khingan mountains and their mineralization [ J]. Re-
gional Geology of China, 1983, 5. 39-50.

e, AHbk, EA, . RCLUE R R AR AR
ol M. dest: M g, 1989 1-252.
ZHAO Guo-long, YANG Gui-lin, WANG Zhong, et
al. Mesozoic volcanic rocks in middle-south Da-Hinggan
Mountains [ M]. Beijing: Science and Technology Pub-
lishing House, 1989, 1-252.

Zhang J H, Ge W C, Wu F Y, et al. Large-scale Early
Cretaceous volcanic events in the northern Great Xing’an
Range, mnortheastern China [ J]. Lithos, 2008, 102
(1), 138-157.

Zhang ] H, Gao S, Ge W C, et al. Geochronology of
the Mesozoic volcanic rocks in the Great Xing’an Range,
northeastern China: implications for subduction-induced
delamination [J]. Chemical Geology, 2010, 276 (3) .
144-165.

HITERK, EIHEF, BICF, 5. WS PIR 2R K s
KAEBG G841 U-Pb 4% HBRAL 2 e IE S by 1 728
SC[T]. R, 2013, 32 (4) . 681-693.

TIAN De-xin, WANG Qing-hai, GE Wen-chun, et al.
Zircon U-Pb ages and geochemical characteristics of
Liishui alkali feldspar granites in Arshan, Inner Mongo-
lia and their tectonic implications [ J]. Global Geology,
2013, 32 (4): 681-693.

TME, BRERE, 25, & JONRIE I BUE /Rt
DI T 5 R o 21 L R A 2 AR S
[J]. tEF ), 2015, 34 (1), 25-33.

WANG Xiong, CHEN Yue-jun, LI Yong, et al. Geo-
chemical characteristics and geological implication of
volcanic rocks in Early Cretaceous Baiyingaolao Forma-
tion from Taerqi area, middle-north part of Da Hinggan
mountains [ J]. Global Geology, 2015, 34 (1) 25-
33.

WuF Y, Sun DY, Ge W C, et al. Geochronology of

the Phanerozoic granitoids in northeastern China [ J].

(29]

[30]

[31]

(32]

[33]

(34]

[35]

[36]

(37]

[38]

(39]

[40]

Journal of Asian Earth Sciences, 2011, 41, 1-30.
Anderson T. Correction of common lead in U-Pb analy-
ses that do not report **Pb [J]. Chemical Geology,
2002, 192 59-79.

Blichert T J, Albarede F. The Lu-Hf isotope geochem-
istry of chondrites and the evolution of the mantle-crust
system [ J ]. FEarth and Planetary Science Letters,
1997, 148 (1). 243-258.

Veevers ] J, Saeed A, Belousova E A, et al. U-Pb
ages and source composition by Hf-isotope and trace-ele-
ment analysis of detrital zircons in Permian sandstone
and modern sand from southwestern Australia and a re-
view of the paleogeographical and denudational history of
the Yilgarn Craton [J]. Earth-Science Reviews, 2005,
68 (3/4). 245-279.

Koschek G. Origin and significance of the SEM cath-
odoluminescence from zircon [J]. Journal of Microsco-
py, 1993, 171 (3). 223-232.

Belousova E A, Griffin W L, O%illy S Y, et al. Igneous
zircon: trace element composition as an indicator of
source rock type [J]. Contributions to Mineralogy and
Petrology, 2002, 143 (5): 602-622.

Irvine T N, Baragar W R A. A guide to the chemical
classification of the common volcanic rocks [J]. Cana-
dian Journal of Earth Sciences, 1971, 8. 523-548.
Peccerillo A, Taylor S R. Geochemistry of Eocene calc-
alkaline volcanic rocks from the Kastamonu area, north-
ern Turkey [J]. Contributions to Mineralogy and Pe-
trology, 1976, 58. 63-81.

Maniar P D, Piccoli P M. Tectonic discrimination of
granitoids [J]. Geological Society of American Bulle-
tin, 1989, 101 635-643.

Boynton W V. Geochemistry of the rare earth elements
Meteorite studies [ C] //Henderson P. Rare Earth Ele-
ments Geochemistry. Amsterdam: Elsevier, 1984. 63-
114.

Sun S S, McDonough W F. Chemical and isotopic sys-
tematics of oceanic basalts ; implications for mantle com-
position and processes [ J]. Geological Society of Lon-
don Special Publications, 1989, 42 (1). 313-345.
Yang ] H, Wu F Y, Shao J A, et al. Constrains on the
timing of uplift of the Yanshan fold and thrust belt,
North China [J]. Earth and Planetary Science Letters,
2006, 246 (3/4). 336-352.

Sengor A M C, Natal'in B A. Turkic-type orogeny and

its role in the making of the continental crust [J]. An-



52 JIEE S 5536 &
nual Review of Earth and Planetary Sciences, 1996, 24 [47] Gde)i, RN, k%, & NEERARE R A
(1): 263-337. FEL KB A1 LA-ICP-MS U-Pb 4R I HOE Wi
[41] B4, B, 2, 4. R h L Bsts St [J]. s, 2011, 30 (2/3): 270-277.
B U-Ph AR R H S KM ik e R (1], & ZENG Wei-shun, ZHOU Jian-bo, ZHANG Xing-zhou,
AR, 2012, 28 (2) . 571-594. et al. LA-ICP-MS zircon U-Pb age of the volcanic
SHE Hong-quan, LI Jin-wen, XIANG An-ping, et al. rocks from the Dashizhai Formationin Keyouqianqi, In-
U-Pb ages of the zircons from primary rocks in middle- ner Mongolia, China and its tectonic setting [ J]. Geo-
northern Daxinganling and its implications to geotectonic logical Bulletin of China, 2011, 30 (2/3). 270-277
evolution[ J ]. Acta Petrologica Sinica, 2012, 28(2): [48] akfd. WNZEH REBR A ZEL KA 85 A U-Pb 44X
571-594. F AR 2 W5 AL EE 3 [D]. KA.
[42] FEIRR, BOCE, tRoeal, 55 KOG ol ly ARRE, 2012
ARG ILIE R A BRI R FE X [J]. &A ZHANG Jian. Zircon U-Pb geochronology and geochem-
24, 2009, 25 (10): 2679-2686. istry of volcanic rocks from the Dashizhai Fomation in
SUI Zhen-min, GE Wen-chun, XU Xue-chun, et al. eastern Inner Mongolia: master’s degree thesis [ D].
Characteristics and geological implications of the Late Changchun; Jilin University, 2012.
Paleozoic post-orogenic Shierzhan granite in the Great [49] #&Z, BRUE, BFEP, & KDL KREH
Xing’an Range [J]. Acta Petrological Sinica, 2009, 25 B 4547 LA-ICP-MS U-Pb 4FA% 2 A Hoh i i X
(10) : 2679-2686. [J]. B4k HBRkFL 2R, 2012, 42 (1)
[(43]  akfd, BRIFRE, 29109, 4. NSO IRTHBIX Ml 126-135.
HEARAE K & B 5 5 U-Pb 4E 8 & Hf 8 {7 Z 551 ZHAO Zhi, CHI Xiao-guo, ZHAO Xiu-yu, et al. LA-
[J]. {5, 2011, 30 (4) . 521-531. ICP-MS U-Phb geochronology of detrital zircon from the
ZHANG Jian, CHEN Jing-sheng, LI Bo-yang, et al. Hongshui-quan Formation in the Northern Da Hinggan
Zircon U-Pb ages and Hf isotopes of Late Paleozoic area and its tectonic significance [ J]. Journal of Jilin
granites in Taerqi area, Inner Mongolia [ J]. Global University: Earth Science Edition, 2012, 42 (1)
Geology, 2011, 30 (4). 521-531. 126-135.
[44] k2T, BICHF, @UF, % XL AR A [50] VFSCKR, IMEA, FFFEE. KOG LIE PG S 1L Y
U-PbAEESFN HE AR Mt L [T]. A0 R, Ak Sk BAERTUA A e [T]. KERHIRS
2010, 26 (4): 1059-1073. 4R, 1999, 29 (4): 319-323.
ZHANG Yan-long, GE Wen-chun, GAO Yan, et al. XU Wen-liang, SUN De-you, YIN Xiu-ying. Evolution
Zircon U-Pb ages and Hf isotopes of granites in Long- of hercynian orogenic belt in Daxing’anling Mt: evi-
zhen area and their geological implications [ J]. Acta dence from granitic rocks [ J]. Journal of Changchun
Petrologica Sinica, 2010, 26 (4). 1059-1073. University of Science and Technology, 1999, 29 (4).
[45] JIRKT, RAIC, BICE, 5. KGRI ALHFRE 319-323.
AR S R T U AR 3R A 2 R AE B HC i R [S1] SE, Rk, Kb E, % dEHT R 25304
[J]. ‘&2, 2005, 21 (1) 763-775. RSB st [J]. HBi2edik, 2014, 88 (4):
ZHOU Chang-yong, WU Fu-yuan, GE Wen-chun, et 784-804.
al. Age, geochemistry and petrogenesis of the cumulate FAN Yu, ZHOU Tao-fa, ZHANG Da-yu, et al. Spatial
gabbro in Tahe, northern Da Hinggan Mountains [J]. and temporal distribution and metallogenic background of
Acta Petrologica Sinica, 2005, 21 (1) . 763-775. the Chinese Molybdenum Deposits [ J]. Acta Geologica
(46 ]  M7BLTy. FL22 vk T 28 o o ik K2 IS 5 A 4F Sinica, 2014, 88 (4): 784-804.

fREEBSE: BEF A3 (D], KA #hk,
2007.

YANG Xian-li. Geological characteristics and study of
detrital ziron geochronology of epimetamorphic rock se-
ries in Zhalantun area; master’s degree thesis [ D ].

Changchun; Jilin University, 2007.

[52]

[53]

Perello J, Cox D, Garamjav D, et al. Oyu Tolgoi, Mon-
golia; Siluro-Devonian porphyry Cu—Au- (Mo) and
high-sulfidation Cu mineralization with a Cretaceous
chalcocite blanket [ J]. Economic Geology, 2001, 96
(6): 1407-1428.

EAPL, AR, T, S — SR (E AR B



B (T

ORIV HESE . L rh L BOHE ZR AR A bt DR o A AR 1 o 18 B DR B G 5 S 53

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

SRR R O BRE— AR S U 22 5 Jm i [T
HSFRETZE, 2004, 11 (1) 249-255.

WANG Shou-guang, HUANG Zhan-qi, SU Xin-xu, et
al. A notable metallogenic belt striding across the border
between China and Mongolia: south gobi-dongwugqi cop-
per-polymetallic metallogenic belt [ J]. Earth Science
Frontiers, 2004, 11 (1), 249-255.

SRHE, EIE, AR, S Bl . T
AR Z g [J]. &4, 2008, 24
(6): 1193-1204.

ZHANG Qi, WANG Yan, PAN Guo-giang, et al.
Sources of granites: some crucial questions on granite
study (4) [J]. Acta Petrologica Sinica, 2008, 24
(6): 1193-1204.

Tay S R, McLennan S M. The continental crust: its
composition and evolution [ M]. Oxford: Blackwell Sci-
entific Publication, 1985, 132.

Hofmann A W. Chemical differentiation of the earth: the
relationship between mantle, continental crust, and oce-

anic crust [ J]. Earth and Planetary Science Letters,

1988, 90 (3). 297-314.

RABTC, FHkE, b, S5, AERE R PR RAT
Flag [J]. AA4R, 2007, 23 (6) . 1217-1238.
WU Fu-yuan, LI Xian-hua, YANG Jin-hui, et al. Dis-
cussions on the petrogensis of granites [ J]. Acta Petro-
logica Sinica, 2007, 23 (6) . 1217-1238.

Chappell B W, White A J R. Two contrasting granite
types [J]. Pacific Geology, 1974, 8. 173-174.
Roberts M P, Clemens J D. Origin of high-potassium,
talc-alkaline, I-type granitoids [J]. Geology, 1993, 21
(9): 825-828.

McDonough W F, Sun S S. The composition of the
Earth [J]. Chemical Geology, 1995, 120 (3/4):
223-253.

Taylor S R, McLennan S M. The continental crust: its
composition and evolution [ M]. Oxford; Oxford Press,
1985 632-633.

Pearce J A. Role of the sub-continental lithosphere in
magma genesis at active continental margins [ C] //

in; Hawkesworth C J, Norry M J (Eds. ), Continental

[63]

[64]

[65]

[66]

[67]

[68 ]

[69]

[70]

Basalts and Mantle Xenoliths, Nantwich.
249.
Tischendorf G, Paelchen W. On the classification of

1983 230-

granitoids [ J|. Zeitschrift Fuer Geologische Wissen-
schaften, 1985, 13 (5) . 615-627.

Lightfoot P C, Hawkesworth C J, Sethna S F. Petrogen-
esis of rhyolites and trachytes from the Deccan Trap: Sr,
Nd and Pb isotope and trace element evidence [ J].
Contributions to Mineralogy and Petrology, 1987, 95
(1) 44-54.

SR, R AR E R HIRE Ty [M]. L
Ao VT BCkE, 2012, 157-158.

ZHANG Qi, LI Cheng-dong. Granites: implications for
continental geodynamics [ M ].
2012 157-158.

Chappell B W, White A J] R. I-and S-type granites in
the Lachlan fold belt [J]. Transactions of the Royal So-
ciety of Edinburgh: Earth Sciences, 1992, 83 (1/2):
1-26.

Bea I, Fershtater G, Corretgé L. G. The geochemistry of

Beijing: Ocean Press,

phosphorus in granite rocks and the effect of aluminium
[J]. Lithos, 1992, 29 (1/2). 43-56.

Miao L. C, Fan W M, Liu D Y, et al. Geochronology
and geochemistry of the Hegenshan ophiolitic complex:
implications for latest age tectonic evolution of the Inner
Mongolia-Daxinganling orogenic belt [J]. Asian Earth
Science, 2008, 32 (5/6) . 348-370.

PR, JETT I S T AR IX & ALK
SF R A B K SC )] Bhoe i, 2004, 49
(24): 2613-2619.

SHANG Qing-hua. Occurrences of Permian radiolarians
in central and eastern Nei Mongol (Inner Mongolia) and
their geological significance to the Northern China Oro-
gen [J]. Chinese Science Bulletin, 2004, 49 (24):
2613-2619.

Pearce J A, Harris N B W, Tindle A G, et al. Trace el-
ement discrimination diagrams for the tectonic interpreta-
tion of granitic rocks [ J]. Journal of Petrology, 1984,
25 (4): 956-983.



