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Abstract: Extensive Phanerozoic granitoids in northeastern China have constituted one of the hotspots in the study
of granite in the eastern Central Asian Orogenic Belt. In particular, the petrogenesis and tectonic affinity of granites
in the Xiao Hinggan Mountains-Zhangguangcai Mountains have always been controversial. In this study, zircon LA-
ICP-MS U-Pb dating of the monzogranites from the Tieli and Yilan areas in the Xiao Hinggan Mountains-
Zhangguangcai Mountains yielded crystallization ages of 188 +1 Ma and 257 +3 Ma, respectively. The geochemical
data show that these monzogranites belong to I-type granite and are characterized by enrichment of LILE (e. g., Th
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and U) and LREE and depletion of HFSE (e. g., Nb and Ta) and HREE, which are typical for continental
arc-type granites. Zircon Hf isotopic data indicate that the granitic magma in the Tieli area was derived from partial
melting of Meso-to Neoproterozoic lower crust. Combined with previously published geochronological and geochemi-
cal data, it is inferred that the Xiao Hinggan Mountains-Zhangguangcai Mountains was under an active continental
margin setting during the Late Paleozoic to Mesozoic. Moreover, the Late Paleozoic to Mesozoic granitoids show a
westward increasingly younger trend in the whole Xiao Hinggan Mountains-Zhangguangcai Mountains. The authors
hold that this temporal and spatial relationship resulted from the flattening westward subduction of the Mudanjiang
Ocean between the Jiamusi and Songnen blocks.

Key words: granite; zircon U-Pb age; an active continental margin; Xiao Hinggan Mountains-Zhangguangcai
Mountains; Central Asian Orogenic Belt
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Fig. 1

Schematic tectonic map showing the main subdivisions of Central Asian Orogenic Belt (a, modified after Safonova and

Santosh, 2014) and distribution of magmatic rocks in the Xiao Hinggan Mountains-Zhangguangcai Mountains ( modified from

Zhou et al. , 2009 and Wu et al. , 2011)
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The sample number in the map, such as H15-09, is a location number, in the case of more than one sample from a given location, the samples
are given extra numbers, such as H15-09-1 and H15-09-2
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Fig. 3  Field photographs and photomicrographs of the monzogranite intrusions from Xiao Hinggan Mountains-Zhangguangcai

Mountains showing field relationships and textures ( mineral abbreviation after Shen Qihan, 2009)
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a—the monzogranite pluton intruded by the basic vein in the Tieli area; b—the mineral assemblage of the monzogranite ( H15-09-1) ( + ); c—the

monzogranite pluton with well developed joints in the Yilan area; d—the mineral assemblage of the monzogranite (18 HL-07-1) ( + ); Bt—biotite;

Pl—plagioclase; Kfs—K-feldspar; Qtz—quartz
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Fig. 5 Correlations between gHf(¢) and ages of zircons from the monzogranite (b is local enlargement of a)

972 Ma. F4x 5 Fidi gk 85 47 (196 Ma) ¥ HE/7 HE BR3
{4 0.282 739 ~0.282 788, sHf () fHK +2.9 ~ Continued Table 3
+4‘ 7’ :Bfl\& Hf *ﬁiﬁéﬁﬁ/‘?\y‘j l 054 ~939 Mao ﬁ;_lﬁl_;% HI15- HI15- 18HL- 18HL- 18HL- 18HL-
33 RIS 02 093 072 073 074 075
DA T v \— — 366 4.5 3.2 3.76
N T = R T = N N N
FLEI 6 M BT EEAHE TR IR, 4 Cr 11.30 — 0.46 0.69 0.39  0.56
Mres Ry 13, b, 2 AR AP AR K Co .15 1.29 0.92 0.87 0.67  0.95
e N § Ni 10.90  0.00 1.03 1.00 0.89  1.03
B ' Si0, & 9 74.24% ~75.95% , 41
AR B i /\ZE” L) ¢ ¢ ff Cu 2.71  0.71  0.62 0.77 0.81  0.57
(K,0 +Na,0) F R NS5.72% ~8.94% , AL, 0, &% & Zn 79.20  40.00 46.40 42.40 47.90  46.70
Ga 19.60 15.60 19.10 19.40 19.40  19.90
3 AR KA RBR_KEREERTE Rbo 150 S0 el 0T 140
(wy/ % )R E T wy/10 S HRsE Sr 32 329 >t 305 408 331
Y 39.60  9.56 9.22  9.31 9.57  8.03
Table 3 Major (w,/ %) and trace (w,/10 °) elements .
for the monzogranites from Xiao Hinggan Mountains- 2 19 208 168 7 138 165
or g ‘ g8 Nb 16.80 6.70  6.46  6.97 7.5  6.15
Zhangguangcai Mountains Ba 264 186 1433 1382 1063 1488
pegn  MIS- IS ISHL-ISHL-ISHL- ISHI- La 36.10  25.50 27.00 27.70 17.40 27.40
MY 092 093 072 073 074 075 Ce 77.10  60.00 48.10 49.70 33.10 48.70
Si0,  74.24  75.95 70.31 71.01 71.30  70.23 Pr 951 5.35 514 5.28 - 3.46 519

) Nd 36.60 18.20 17.50 18.10 12.30 17.30
TiO, 0.10 0.19 0.19 0.21 0.15 0.19

Sm 7.73 2,71 2,79 2.79  2.10  2.68

Al, Oy 14.28 13.93 15.39 15.12 15.13 15.61 FEu 0.51 0.53 0.61 0.62 0.44 0.57
TFe,0,  1.34 1.6l .57 1.72  1.43 1.59 Gd 7.77 239 1.92 1.96 1.66 1.72
MnO 0.03  0.03 0.03 0.03 0.04 0.03 Th .22 0.31  0.29 0.27 0.24  0.26
MgO 0.25 0.30 0.27 0.29 0.23  0.27 Dy 6.94 158 149 143 1.2 1.26
Ho 1.41  0.33 0.30 0.29 0.31 0.24

Ca0 0.49  2.25 1.68 1.52  1.32  1.70 Er 300 100 0.8 09 103 080
Na, O 3.96 4.77 4.11 4.08 4.23 4.13 Tm 0.59 0.17 0.13 0.16 0.16 0.13
K,0 4.98 0.95 4.79 429 477  4.77 Yb 3.72 1.18  0.99  1.04 1.18  0.86
P,0; 0.0  0.02 0.04 0.05 0.04 0.04 Lu 0.56 0.19 0.17 0.17 0.18 0.17
LOI 0.90 0.62 0.92 0.92 0.79 0.77 Hf 6.72. 6.88 428 442 3.67 403
Ta 0.84 0.62 0.44 0.42 0.50 0.37

TOTAL  100.58 100.62 99.31 99.22 99.42 99.33 P 9220 12.10 2770 25.60 3L.30  27.80
Na,0+K,0 8.94 572 89 836 9.00 8.90 Th 15.70  10.60 11.10 11.50  9.40  11.10
A/CNK  1.12  1.07 1.03 1.07 1.04 1.04 U 4,58 2.18 2,52 2.08 1.94 2.38

Be 2 66 341 221 2 49 2 53 2 30 (La/Yb)y  6.97 15.50 19.57 19.07 10.53 22.75
Eu/Eu” 0.20 0.64 0.80 0.81 0.70 0.81
Sc 5.96 0.58 1.18 1.50 1.26 1.28 15,/ °C 812 816 785 795 771 784
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AT 13.93% ~ 14.28% 2 18], CaO % AL T
0.49% ~2.25% 2 [a], TFe,0, & EANT 1.34% ~
1.61% 2 18], MgO % H4AK, 4 0.25% ~0.30% .
76 TAS 7328 [ v, B it 0 7 N i 2R 105 Bl P
6a; Irvine and Baragar, 1971), 43l J& T i #E5 il P:
ZANAUEA H7 B 52 41 (8] 6b; Peccerillo and Taylor,
1976) . LAk, FEMH A/CNK (5486 F 1.07 ~1.12
28], A5 45 iift i< & (8] 6¢; Maniar and Piceoli,
1989) .

TN 70.23% ~71.30% , 4B (K,0 + Na,0) & 5t
H8.36% ~9.0%, AlLO, & =AM T 15.12% ~
15.61% 2 [i], CaO & &A1 1.32% ~1.70% 2
[f], TFe,0, & EANT 1.43% ~1.72% 2 If], MgO &
WA, H0.23% ~0.29% . 7E TAS 232K, Ff
VR AR FR 51056 A L 62D, Ja T v B A ik
PERFCE 6b) . BLAL, FfE 5 A/CNK fHAZ 4L T
1.03 ~1.07 Z[a], A998 it i (Kl 6¢) .
FEBRRL B AT bR HEAHS o0 2 43 B R I Ta;

4 AR BB AT KL KA A Si0,  Sun and McDonough, 1989), P/ AT it #8R I
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Fig. 6 Granite classification diagrams
a—TAS Bl (4 Trvine and Baragar, 1971); b—K, 0 —Si0, Ef#(# Peccerillo and Taylor, 1976); ¢—A/NK — A/CNK Elf# (4 Maniar and Pic-
coli, 1989); Ak ii: BRLIH 5, 2012; Yu et al., 2013; WELHISE, 2014; Dong et al. , 2017; Ge et al. , 2017, 2018; Yang et al. , 2017;
Zhu et al. , 2017; Zhao et al. , 2018
a—TAS diagram (after Irvine and Baragar, 1971); b—K, O versus SiO, diagram Cafter Peccerillo and Taylor, 1976); ¢—A/NK versus A/CNK
diagram Cafter Maniar and Piccoli, 1989); data sources: Wei Hongyan et al. , 20125 Yu et al. , 2013; Bao Zhenyan et al. , 2014; Dong et al. ,
2017; Ge et al., 2017, 2018; Yang et al. , 2017; Zhu et al. , 2017; Zhao et al. , 2018
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Fig. 7 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element patterns (b) for the granites in Xiao
Hinggan Mountains-Zhangguangcai Mountains
BRI AT AR HE AL 46 DS AR E AL B 38 Sun and McDonough( 1989) , B kil : BLLL 1145, 20125 Yu et al. , 20135 W E %, 20145 Guo et
al., 2016; Dong et al. , 2017; Ge et al. , 2017, 2018; Yang et al. , 2017; Zhu et al. , 2017; Zhao et al. , 2018
Chondrite and primitive mantle values after Sun and McDonough (1989); data sources: Wei Hongyan et al. , 2012; Yu et al. , 2013 ; Bao Zhenyan et
al. , 2014; Guo et al. , 2016; Dong et al. , 2017; Ge et al. , 2017, 2018; Yang et al. , 2017; Zhu et al. , 2017; Zhao et al. , 2018



LLy

396 = A W

/]

22

2z Ju

A -+

PN

539 4%

RS LR E A EM T OCE T AT R
[(La/Yb)y=6.97 ~22.75], Eu FLA WM 755
(Eu”/Eu=0.20 ~0.81). 7& iU 4f Hu @ b 4k 7ok 12
ToR kM & L CE 7b; Sun and McDonough, 1989),
FE BRI = 4R K 726 41 0% (41 Rb. Th K !
Sr %) 7 i ik G 2 (Al NbTa A1 Ti 55D [ Hi Bk
AR .

4 Wig

4.1 MREGEERZEDFERERNENESH
AR AN D6 22 e — 5K | 4 W b X H 85 1) 25
S IR T A fil 0% 2 2 A A G R DX 3 6 B
Rb-Sr AEAR2E S5 T L I WE ST, $ X A7 4 — 4%
B b ) oty AR A Sy B by SRR AE M
ST SR, 19930 0 R R IR AT N IR S AR TR K
AR E ST EA T2 vl 58, SRR T )5 kil
—H LI, Rb-Sr AR RIE BIBEIR, Kk, H
IR TTVESRAT I 2 R R 5 S 4 A S A A I B
(Wang et al., 2016) . MK, —HEHFHT % /) 2%
W= AW b X IR A AT K B 1 A7 U-Pb
A, B DA A A T AR R 2 Ak BT I Dk W 2
A AEARCWu et al. » 2000, 20115 Meng et al. ,

=4

2011; ZRLTHASE, 2012; Yang et al. , 2017) .

AR KA R VS A R UL ) S R
DI gk (Bl 4ade), FF HIL Th/U EHER 5 (0. 08
~0.83), HATA KB A [1%F 2 Rubatto, 2002
FICIREE, 2004) . {EH A1 U-Pb 40818 AT o (18
abad), PIASE RIS RS 4 0 188 = 1 Ma il
257 £3 Ma, & KL A TE RIS, RN
TR A U4 M DX A W S R RO B A 3R] &
AR R AT

N T RE— IR RN W —ik AW b X
I S AT, ARSCIHGN RS, T % Hh X R AR
AR A A AEAC IR CARIE 1Y 126 N6 KA I8 47 U-Pb
TR HAR (R4, RIFHRIBAE AT R (L%
X [A] 2k E124° ~ E131°) . 4% 47 U-Ph 45 20 A1 4 &k
IRCEL8), NI —gR T A WS H X W AR AR AR
FRIGAE X 2 LA B AR 1) 76 T 1l I AR 7 AR AR 5 1
Feo A TR B ) W R AT A6 SR AR WK 2= T
LW B Py a5 A, AR SR AR AR T 22
WAL R G AR TEAT X 3, 23 4% WR 28 B8 R AT A1 8
BEICE 8), 1X — 4 WS 3 AT A 45 B 3 — 2P IF 5k
BRI, ARSCHEH, ANzl —aK ) 4 04 b DX iy A 4R
2 AR AR AR R TUAE A BN AR B A b AR 1) 7 2
AR () I 25 A3 A R AE

INARIRSK T F IR X EERERERERREAER U-Pb FRFEIT

Table 4 The published zircon U-Pb ages for the late Paleozoic to Mesozoic granitoids from Xiao Hinggan Mountains-

Zhangguangcai Mountains

75 FE T Iy A X o ik WA T7 2 W/ Ma Kl e
2% Z R
Pl T v ]
1 02-1 FA L 7 43°46'44"N 124°34'31"E, 1e b LA-ICPMS 161 +5 Gao et al. , 2007
2 SN121 FAIL % 43°47'19"N 124°36'58"E TR A LA-ICPMS 165 +2 Gao et al. , 2007
3 SN122 FAIL 7 43°48'18"N 124°37'08"E TR S LA-ICPMS 181 3 Gao et al. , 2007
4 SN72 FAIL 7 43°48'18"N 124°37'08"E IERAE A LA-ICPMS 161 =4 Gao et al. , 2007
5 Ershen-1 AT Z b 45°35'48"N 125°16'11"E SRS LA-ICPMS 165 +3 Wu et al. , 2001
6 DY103-2 st 44°26'01"N 126°46'30"E TR KA B LA-ICPMS 191 £2 Wu et al. , 2011
7 DY104-2 = 44°20'18"N 126°53'13"E 1o K LA-ICPMS 190 +2 Wu et al. , 2011
8 H15-61-5 FIR 45°23'27"N 127°13'42"E ZRRKE LA-ICPMS 179 +3 Ge et al. , 2017
9 HSW2-6 A 48°42'51"N 127°15'43"E N A kS LA-ICPMS 176 +1 WEFLE, 2013
10 HSW2-3 WKV 49°43'07"N 127°20"23"E KRS LA-ICPMS 175 =1 IREHSE, 2013
11 HSW6-12 SERER 48°41'55"N 127°25'15"E IEKAER S LA-ICPMS 185 +2 AL, 2013
12 HSW6-4 =y N 48°41'55"N 127°25'15"E IEKAERE LA-ICPMS 183 2 WEFLE, 2013
13 H15-634 =PI 45°17'03"N 127°29'59"E —KRNKE LA-ICPMS 181 +1 Ge et al. , 2017
14 H15-66-1 R 45°23'19"N 127°41'12"E “KNKR LA-ICPMS 180 +1 Ge et al. , 2017
15 DY0556-1 )5 45°23'03"N 127°41'45"E IERAE A LA-ICPMS 190 +1 Wu et al. , 2011
16 97SW001 Ly 45°12'14"N 127°48'13"E IEKAE XA SHRIMP 180 +3 Wu et al. , 2011
17 H15-68-1 — 2K 45°19'27"N 127°50'31"E IEKAE R LA-ICPMS 174 =1 Ge et al. , 2017
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Continued Table 4-1
GPS
7 FEih S S A IX FaLc ARy 1% W/ Ma o AU
25 &
18 97SW005 — T 46°05'05"N 128°07'32"E T NS SHRIMP 183 +4 Wu et al. , 2011
19 H15-08-1 Bkl 46°55'05"N 128°11'06"E DRSS LA-ICPMS 181 +1 Ge et al. , 2018
20 H15-09-1 Ml 46°55'05"N 128°11'06"E TR A LA-ICPMS 188 +1 AL
21 9777-1 % 46°56'17"N 128°17'51"E SRS LA-ICPMS 175 2 Wu et al. , 2011
22 H15-11 o AL 46°56'17"N 128°20'42"E e KA LA-ICPMS 178 +2 Ge et al. , 2018
23 98SW101 G A EL 45°47'26"N 128°30'13"E ERKAE X H SHRIMP 199 +5 Wu et al. , 2011
24 97SW101 Y77 L 45°47'26"N 128°30'13"E IERAE A SHRIMP 199 £5 Wu et al. , 2011
25 98SW103 ST B 45°47'51"N 128°3021"E e K SHRIMP 191 +4 Wu et al. , 2011
26 98SW122 Y7 L 45°47'51"N 128°30"21"E K i ik SHRIMP 147 +6 Wu et al. , 2011
27 98SW103 ST B 45°47'51"N 128°3021"E e K SHRIMP 191 +4 Wu et al. , 2011
28 98SW104 FEF EL 45°47'51"N 128°30"21"E KT ik SHRIMP 147 +6 Wu et al. , 2011
29 LM-0101 JEng 47°22'08"N 128°31'54"E ZRAEH S LA-ICPMS 181 =2 Hu et al. , 2014a
30 H15-14-1 TR 2R 46°57'51"N 128°42'17"E SRS LA-ICPMS 191 =1 Ge et al. , 2018
31 9773-1 [k 46°43'00"N 128°47'14"E ZRAEH A LA-ICPMS 201 =3 Wu et al. , 2011
32 97672 K 46°31'05"N 128°49'51"E EKAE XA TIMS 197 +2 Wu et al. , 2011
33 9766-1 k7 46°55'42"N 128°53'15"E RN A LA-ICPMS 200 +2 Wu et al. , 2011
34 00SW225 21 i 47°41'50"N 128°58'00"E e KA SHRIMP 198 +4 Wu et al. , 2011
35 97574 St 46°03'45"N 128°59'55"E TR AE B TIMS 213 +2 Wu et al. , 2002
36 DY0385-1 TR L 47°38'48"N 129°02'55"E B AE A LA-ICPMS 176 +2 Wu et al. , 2011
37 H15-16-1  BHZHARRE  47°02'49'N 129°06'19"E TR E LA-ICPMS 195 2 Ge et al. , 2018
38 P40-1 & 47°35'28"N 129°14"23"E —kA LA-ICPMS 210 +2 Wu et al. , 2011
39 DY0380-1 /NP 47°27"22"N 129°14'40"E BB KA LA-ICPMS 200 +3 Wu et al. , 2011
40 1015-1 /N AR 47°29'09"N 129°17'56"E SRR A LA-ICPMS 2122 BAHSE, 2012
41 00SW231 KFE 47°24'15"N 129°24'36"E “RKAe KA SHRIMP 201 +4 Wu et al. , 2011
42 H15-34-1 BRVG 47°23'09"N 129°29'33"E ERAE R A LA-ICPMS 210 =1 Ge et al. , 2018
43 P314 FEmE 47°20'54"N 129°36"22"E “RAeK A LA-ICPMS 211 +1 B 5, 2012
44 P24-4 %I 47°24'53"N 129°40'57"E B LA-ICPMS 210 +2 BLAHASE, 2012
45 1007-1 BN Nl 47°24'56"N 129°43'28"E SRAER A LA-ICPMS 264 +1 BLLHISE, 2012
46 9780-2 i KR 48°16'28"N 129°47'03"E KA < A LA-ICPMS 222 £5 FMEA S, 2004
47 1009-1 EP IS 47°34'53"N 129°47'18"E SRR A LA-ICPMS 261 +1 BLLIHISE, 2012
48 H15-37-1 KT 47°24'31"N 129°47'34"E e A LA-ICPMS 251 +1 Ge et al. , 2018
49 P18-9 =M 47°24'31"N 129°49'10"E RS LA-ICPMS 260 1 B HSE, 2012
50 1006-1 KA 47°23'58"N 129°54'22"E LJEW'# LA-ICPMS 262 +2 BarHiss, 2012
51 H15-38-1 KL T 47°23'58"N 129°54"25"F, IERAE XA LA-ICPMS 242 +2 Ge et al. , 2018
52 PDS5-1 ST L 48°23'34"N 129°05'36"E SRR A LA-ICPMS 273 +2 £ ECHESE, 2015
53 PDS7-1 S 48°23'34"N 129°55'36"E RS LA-ICPMS 250 +3 IS, 2015
54 H15-39-1 Kii T 47°23'00"N 129°58'57"E K LA-ICPMS 246 + 1 Ge et al. , 2018
55 H15-40-1 N AR 47°23'00"N 129°58'57"E Ak LA-ICPMS 241 +1 Ge et al. , 2018
56 P10-2 UWEEY S 47°22'51"N 129°59'27"E N KA LA-ICPMS 244 +2 BRAHSE, 2012
57 1002-1 BRI R 47°22'33"N 130°03'52"E VEEANRS LA-ICPMS 260 +1 BLLTHISE, 2012
58 P6-3 VY5 k% 47°22'04"N 130°04'00"E At LA-ICPMS 261 +1 BT HASE, 2012
59 $-990 2 Wiz AR BrERIENSE ID-TIMS 218 +2  Sorokin et al. , 2010
60 S-951 % iz R Ez:m KAe =2 ID-TIMS 185 +1 Sorokin et al. , 2010
61 S-1003 2 Wiz 4R zﬁamﬁnmka ID-TIMS 185 +1 Sorokin et al. , 2010
62 C-1129 2 Wiz ) SR Ak ID-TIMS 209 + 1 Sorokin et al. , 2016
63 C-1153 % Wiz 4R RO ID-TIMS 199 £4  Sorokin et al. , 2016
64  97SAWO005 KB 16 5 I K- SHRIMP 183 +4 Wu et al. , 2000
65 HJHN1 FE I TR S LA-ICPMS 186 +2 M RS, 2012
67 LM1 Jig g TR LA-ICPMS 183 +2 FEE MR, 2015
68 LM-0101 gy SRS LA-ICPMS 181 +2 Hu et al. , 2014a
69 LM2 Jig g gkmmj— LA-ICPMS 187 +2 FEE MR, 2015
69 LMN S SRAERA LA-ICPMS 176 =2 WrE RAE, 2012
70 CLN SRUE A K LA-ICPMS 178 1 M RS, 2012
71 XLJG-011 B i TR LA-ICPMS 181 +1 Hu et al. , 2014a

72 XLIG-061 (EVIRE| KA A LA-ICPMS 180 =1 Hu et al. , 2014a
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Continued Table 4-2
GPS
A=) FEfh Sy A X At AR5 1% S/ Ma O AU
73 X-4 e T NS SHRIMP 184 +4 Wu et al. , 2003a
74 Mz4 el B AE A LA-ICPMS 253 £3 i FHZE, 2009
75 CHS-021 BRI IEKAE 2 LA-ICPMS 200 +2 Hu et al. , 2014b
76 CHY-2 el VEE S o LA-ICPMS 197 £3 Fei et al. , 2018
77 CHYX-2 Seril SRS LA-ICPMS 197 £ 1 Fei et al. , 2018
78 ECHY-3 BNl TR A LA-ICPMS 196 =2 Fei et al. , 2018
79 ECH58-57 el BEARAL B LA-ICPMS 194 +3 Fei et al. , 2018
0 )7 W 2y g )
80 DY144-1 b1l 43°51'16"N 126°31'31"E IERAE A LA-ICPMS 166 +2 Wu et al. , 2011
81 98SW124 VL5 U 43°58'10"N 126°43'44"E e NS SHRIMP 173 +4 Wu et al. , 2011
82 DY118-1 AL 43°05'06"N 126°45'03"E e N LA-ICPMS 182 +2 Wu et al. , 2011
83 DY105-2 i 7K 44°14"27"N 126°54"28"F “RAE K S LA-ICPMS 172 +3 Wu et al. , 2011
84 98SW125 K 43°53'56"N 126°55'01"E ZRAEK A SHRIMP 175 +3 Wu et al. , 2011
85 98SW126 K 43°53'56"N 126°55'01"E PRI T £ A SHRIMP 175 +4 Wu et al. , 2011
86 MG-7 KA i 43°50'54"N 126°58'50"E IERAE A SHRIMP 182 +3 IMEAT %, 2005
87 9718-1 RHrixd 43°50'54"N 126°58'50"E ERAE XS TIMS 190 +2 Wu et al. , 2003a
88 98SW122 M 43°34'31"N 127°34'22"E T INK A SHRIMP 190 +2 Wu et al. , 2011
89 FW02-184 M 43°34"22"N 127°34"30"E TR NS LA-ICPMS 181 +2 Wu et al. , 2011
90 FW02-188 SEepill 44°38'49"N 127°44'52"E KA LA-ICPMS 187 +4 Wu et al. , 2011
91 9728-1 =] 43°53'37"N 127°46'13"E IERAE A LA-ICPMS 216 £3 Ml S, 2005
92 H15-69-1 Haxil 45°07'58"N 128°2521"E ERAE R A LA-ICPMS 189 +1 Ge et al. , 2017
93 H15-70-1 il 45°07'58"N 128°25"22"E IERKAe A LA-ICPMS 200 + 1 Ge et al. , 2017
94 H15-71-1 FARH 45°04'35"N 128°30'00"E KR LA-ICPMS 198 =1 Ge et al. , 2017
95 11HNA11-1 EVEDALA] 43°49'39"N 128°33'16"E e lﬂtvz LA-ICPMS 252 +2 Yu et al. , 2013
96 DY0519-1 B v 3] 44°02'18"'N 128°39'52"E ZRAEH S LA-ICPMS 266 + 1 Wu et al. , 2011
97 STH-1 VERER ] 44°52"22"N 128°40"26"F, J&TEHE LA-ICPMS 201 +2 Qin et al. , 2016
98 H15-72-1 TR 44°51'35"N 128°41'39"E RS LA-ICPMS 192 +1 Ge et al. , 2017
99 STH-2 AR R 44°51'43"N 128°42'30"E PN kz LA-ICPMS 198 +3 Qin et al. , 2016
100 11HNA4-1 /b 44°06'16"N 128°43'19"E Jﬂmg LA-ICPMS 255 2 Yu et al. , 2013
101 DY0540-2 R0ER) 44°31'33"N 128°48'19"E IERAE A LA-ICPMS 196 + 1 Wu et al. , 2011
102 97SW008 —IHIH 44°55'49"N 128°54'38"E KT ik SHRIMP 147 10 Wu et al. , 2011
103 97SW009 TR 44°55'49"N 128°54'38"E KR SHRIMP 179 +7 Wu et al. , 2011
104 DY0545-1 IEEESER) 44°23"25"N 129°03'38"E m&kﬁ% LA-ICPMS 185 +2 Wu et al. , 2011
105 DY0535-1 A 44°30'15"N 129°15'19"E ERAE A LA-ICPMS 192 +1 Wu et al. , 2011
106  11HNAI-1 TR 44°23'02"N 129°26'19"E peE AR LA-ICPMS 256 +1 Yu et al. , 2013
107 18HL-07-1 L= 46°25'35"N 129°34'55"E, SRR A LA-ICPMS 257 +3 A3
108 97SAW027 Eom) 44°41'40"N 129°41'39"E “RKAeK A SHRIMP 254 +5 Wu et al. , 2001
109 P10-1 95 43 47°22'51"N 129°5927"E A6 A JLM LA-ICPMS 234 +2 B HSE, 2012
110 14GW079 Y% 45°42'54"N 129°59'52"E ERAE A LA-ICPMS 246 £2 Yang et al. , 2017
111 14GW083 KIT4 45°41'49"N 130°00'12"E e KA LA-ICPMS 253 +3 Yang et al. , 2017
112 97SAWO028 1 45°0727"N 130°02'30"E T NS SHRIMP 256 +5 Wu et al. , 2001
113 14GW107 K 45°25'10"N 130°06'59"E e N LA-ICPMS 258 +2 Yang et al. , 2017
114 14GW074 e 45°51'51"N 130°07'38"E —KAEKA LA-ICPMS 258 +2 Yang et al. , 2017
115 14GW088 RSN 45°41'33"N 130°1'22"E ﬁyelﬂ K4 LA-ICPMS 250 +2 Yang et al. , 2017
116 14GW068 i 45°51'22"N 130°15"23"E IERAE KA LA-ICPMS 254 +2 Yang et al. , 2017
117 14GW067 N 45°51'55"N 130°17'12"E RN A LA-ICPMS 256 +2 Yang et al. , 2017
118 98SAWII9 Hil 45°28'52"N 130°3426"E RN A SHRIMP 270 +4 Wu et al. , 2001
119 14GW364 K= 45°30'34"N 130°36'49"E e IS LA-ICPMS 275 +2 Yang et al. , 2017
120 14GW366 K=k 45°30'34"N 130°36'49"E e KA LA-ICPMS 274 £2 Yang et al. , 2017
121 M9A % 45°09'46"N 130°41'14"E e KA SHRIMP 258 +9 Wu et al. , 2001
122 M9B 1% 45°09'46"N 130°41'14"E e b K SHRIMP 267 +2 Wu et al. , 2001
123 14GW073 A= 45°51'54"N 130°9'05"E 1E XA L” A LA-ICPMS 249 +4 Yang et al. , 2017
124 12YQ01 pisi 46°19'10"N 131°420"E. 1o 5 N KA LA-ICPMS 265 =1 RS, 2013
125 ST1 FR 1E- M%ﬁ'z‘:—' LA-ICPMS 207 +3 %J\iA? , 2012
126 MZ06 EAE IS LA-ICPMS 259 +4 FEBLR A, 2008

TE: GPS ABFR VAL M 4 — kS 20 XX XX’ XX” N, XX° XX’ XX" E.
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B/ 771 ~ 795°C ( Watson and Harrison, 1983; Hanchar
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Fig. 8 Zircon U-Pb crystallization ages of granitoids in
Xiao Hinggan Mountains-Zhangguangcai Mountains ( data
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Fig. 9 Petrogenetic and tectonic setting discrimination diagrams for the granitoids in Xiao Hinggan Mountains-Zhangguangcai Mountains
a*FeOT/MgO —(Zr +Nb + Ce + Y) Efi#; b—7Zr— Ga/Al Efi#(#5 Whalen et al. » 1987); ¢—Rb —C(Y + Nb) Efi#; d—Ta—Yb EE i Pearce et
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a—Fe0"/MgO versus (Zr + Nb + Ce + Y) diagram; b—7Zr versus Ga/Al diagram Cafter Whalen et al. , 1987); ¢—Rb versus (Y +Nb) diagram;
d—Ta versus Yb diagram Cafter Pearce et al. , 1984); A—A-type granite; FG—fractionated M-,]- and S-type granite; OGT—unfractionated M-, I-
and S-type granite; VAG—volcanic arc granitoids; ORG—ocean ridge granitoids; WPG—within plate granitoids; syn-COLG—syn-collisional granitoids
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White, 2001 )5 () 18y 5 P 25 2% (1) 7 29 45 diAF
(Chen et al. , 2000); @ 7ol E % VRS 1F H CGrif-
fin et al. , 2002) o ASUHFFTH B AR 5 75 75 /D
g W =K T AW M DX T2 A A, KRR B 1R R b
)5 3 (W et al. , 20115 XUTEZE, 2016 Ge et
al. , 2018) o T[] — I AR SR 5 A th R
BRI /N - Gt b RIS (1) 198 1 5 S AN K nT B E g V5
Ky B g e AT K. Ib Ak, SRR A4 1)
SR DL A HE R 2R (3850 o A U Se s 2

TREAER AN R AR B R AE X 0 RO R 1) 2 2
WA K, ASCUCH R BUE R —KAR A A R
BRI T R oA (3 A M fil e IR EEE AT 1 Eu B
S LA P R TE TG 3 1) B B KA VB A A
R M AT S5 ) o i A s R CE 10D, {2
IR AR R AR, A A H A B 1 Sy Y F
(La/Yb) fH, HATRIE Y FUs A RHIE, R JUR
DR R AR A R N A, HENZ IS I e B —
FEEE (05 Condie, 2005; Wang et al. , 2005) .
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Fig. 10

Rb/Sr versus Ba (a) and Ba versus Sr (b) diagrams ( showing the fractionation of plagioclase and K-feldspar, the

vectors after Hu et al. , 2018)

B R KA X A 1 T B WA S R
BUA R KA K R0, T B[R FE A A 78 Bk it A
e, B T BUAE M A Bk Ak 2 R A, R s
Si0, Al AL O, & & iK1 MgO % 5t Fl Mg"fH, Faon
Bk LS A SRR DX 2 e IR i, A
K HI I (Barbarin, 1999; Xu et al. , 2009; Wang et
al. , 2016) . HJE, FHTHEMEA E —KILK A,
B A — K A8 XK A R A & m 1) Sio, &
M A/CNK 1 (1. 07 ~ 1. 12D, I H H A 8 &1
Ba.Nb.Ta\Sr P.Eu fl Ti 250 £ 1 6 =% (& 7b),
KPS R ITBARL R & ) T 5 B &5 b o
FAEH(Wu et al. , 2003a, 2003b) . 1, Nb-Ta-Ti
M7 BT Re 2 BT T A U R Bk RN A 55D
oy B4 dhn R, P Bn] BE & B T A A 1)
Iy B EE S, Sr Al Ba LL & Eu 175 B U2 i T
PR AR A 1 23 B 25 i ™ AR R CIE 105 W et
al. , 2003a) . P44 HE [FIAL 4L eHIC) =
+1.7~ +4.1], AN KBy HIX K AE X 1)

RV X EE o e A e s, JF Hos
(Al 3k s A L AT AR ALY W [A) A7 35 4 B[ e HEC) =
+2.9 ~ +4.7], LW AU e TR AT RE
SRR M DA R AR T B A . 25 L,
ARSI ER D HUIX ) A R E o R 2R B T
Boo AT USSR, e R R 2
D3 T CAA AT 0y F2 000 v 20 0 4 A
4.3 MWEEX

BT RS AN 22 W =5 ) A0 Ml X A i o5 2 A
BEAT TR 10 i 5T A A 27 0 M 3R A 27 D7 TS
(Meng et al., 2011; Wu et al., 2011; B 4T $6%5,
2012; Wang et al., 2012; Xu et al., 2013; Ge et
al. , 2017, 2018; Zhu et al., 2017; Zhao et al. ,
2018), ASON BEREAT TR ZE A VAL, Wk 6 ~
9 P

MR 2 el mT DUR R CE 6,18 7)), ANz
W=k ) 47 e i DGy 2R AR = T AR AE B s
FE R A - B B R RS, A R
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FEIERAL K A RIS AL I IS AT S TR
A5, JLA/CNK B /T 101, D HEs 593
RN IR P LY AR o TR T AT Sy NS Y S
R LR, AT R MER TR,
FAT K 5IUE S (R BRAE 22 5 AE C Wilson, 1989
Tang et al. , 2016) o {EAIE H A E g 11 9¢.9d),
FEG LT HBLAE K L ITAE o X3, AT BRI 8 4
WFFE X AE IR v AR AR 2 rh AR AR 1] Ak T35 3h K %
WG X —45Rie vl ANELR W7 15 28 ik

(1) ANz —5K ) A U M X Y g [R) I AR g
Aerm oA b EEE K s, I B kalrs BA K
s Hoa R HUERAL AR A, A BT It
FE PR RV [ 45 = A2 1 Meng et al. , 20115 Yu
et al. s 2012; Xu et al., 2013; Guo et al., 2015;
Dong et al. » 2017; Yang et al. , 2017);

(2) BT A g Ak PR A o P 5 1 B
FLAZEE, 5Nz =K AW i R rg b
[0 1 AT 5341 Zhou et al. , 2009 JH @ ¥ %, 2013;
Ge et al., 20160 JbAb, KEMBIFRY, KRIT
et (08 N AR 202 ~ 172 Ma, HHF5YIX #3555
e E TE I AAHTE 2, 575 [R) 90 L0 0 e 5 1 R ) A
Ji—Am HAEH (Wu et al. , 20075 Zhou et al. , 2009;
Ge et al. , 2016; Dong et al. , 2019),

TRL R A N e e — oK) A e M X AR B o R
Ao A A CIE 8D, R B X Bl 2R AR &
T AR A G B AR 1) V4 T8 B A2 A2 4
. X—IR 53R E P 120 Ma LUK H1E K
VY T AR 2 AR AR R 1K o AR A 2R A ABL T
Keith (1978 ) I Humphreys %% (2003 ) % Hfi# B ok ixX
IS AR R AR 1 b S K i R v £y R 32 AR %
ProbEmIE R Pk, ASCHEN, NXie—5K) A
U 1 X S FR X — I 38 20 A R I AT T/ 2%
LW AW AR AN ) A PR A I AR A R R R
RSN 8] F1 T 00 o A1) R 8 AR 2 3 B

5 ZEip

(1) BJJRIK 2= X 1 K A6 KA LA-ICP-MS
BEAT U-Pb 4E#8 )0 188 1 Ma fil 257 £3 Ma, %
BH /N 22 W — 5K T 7 0 Jis X7 e — 8 ALk 2 i
WA AE P B2 2R

(2) HERLE2E RS A7 HE [F) A7 280 on, 2k
AR = X 1) — K AG KA B0 T e . e,

By AL B R SRR IX AT RESK A T B el AL
KN 3 58 B0 e il

(3) WRLZRE TN CARI U, 4125 HEN
P gL A U 1t AR I AR AR R AR AR ) A
ERATZIPNGEUE- $Z8° SR NN VAT 3: I RS A a S A
2 PP AR AR SR H AR T Y T AR A R I 0 A
28, BE PR X 3 AR AL AT fE S TP A
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