54655 6 hOE R Vol.46, No.6
2019 4F 12 A GEOLOGY IN CHINA Dec., 2019

doi: 10.12029/g¢20190612

TRIE T, BRIEDE , R38R D0, R, T, BEAR L, B 0L, BREE . 2019, PHSE T TG 32 I R X 2 S A LA R E B R s 1
Fe[J]. P EHLIE, 46(6): 1410—-1432.

Zhang Xiaofei, Chen Guochao, Zhou Yi, Li Yuanbai, Teng Chao, Wang Biren, Pang Zhenshan, Cao Kan, Wei Jungi. 2019. Characteristics and
tectonic setting of volcanic rocks of Baiyingaolao Formation in Hanwula of Xi Ujimqin Banner, Inner Mongolia[J]. Geology in China, 46(6): 1410—
1432(in Chinese with English abstract).

NEHASEESH MR AT ZEAN LEHITER
ERiES S

e R PR E A, B R, At R, A EAR L L E RS, B e

(1. P B3 JRAE B E A5 P, 6T 1000372, F B H R K5, #osk A5 5 F R 1%, 47, 100083 5
3. BRTRIRF FMERARIEF PO, LT 100083;4. F B AL £ 8 R TR FHIITFA T, 7 R 065201 ;
5. @M IFRE, T @8 47300;6. N EFHRHE R RIAENE, B EEF FAE4 010010;7. B £ 50R 3R LA Hs
FEEERE, # KX 430034)

B RLZS AR L A B R R T S — BRI PISE T VG S XA R A AR L
S RIS E B O A I B A A o AR SO VY SR SR X ALK LA R R T BN A A
B U-Pb A Z AR HbIRAZEAESTE, DX A A s RS T 245 Tl 2. OE ma ks B8 e
o SRS KO A A TP R LA N SRR I BB T S0 RIS B T LA-ICP-MS #5 /1 U~
Pb IUAF , 4485 A1 1 CL BRI Th/U {8 (0.34~1.25) F5 78 R 20 5 sl R 5 A, I AF-45 5 43 531 4 (14040.8) Ma 1 (1334
0.7)Ma, X E KA BB BB B R A MR 2= R B, B s 4K LA TR = F s e 3R
HI|, BLifi R AT, 1 FeO'/MgO LA, I Mgl . Nb/Ta LUAR ARAE s X B SR + o0&, o EM 1ot
KB/ FE S B 4E LILE, 1M 5 31 Ba St FIHFSE, H. A HI{E b A B ER AL 22 R , T8 A T AL 15 35, b ae i 4
PIZEER o 456 I AR LA 1 28 [ R A RRAE , A RZ LA T BN 5 58 1 — 50 28 PR SO P A Rl A 5 o R iy
IOTPERR IR b FHA G
X E R IOLLNE VY [ AL R W AT R s i RAL R PR ; M TR A TR
FESES P597°.3;P588.14 XHEMRER:A  XEHS:1000-3657(2019)06—1410—-23

Characteristics and tectonic setting of volcanic rocks of Baiyingaolao Formation
in Hanwula of Xi Ujimqin Banner, Inner Mongolia

ZHANG Xiaofei">**, CHEN Guochao’, ZHOU Yi*, LI Yuanbai*, TENG Chao*,
WANG Biren*, PANG Zhenshan'®, CAO Kan®, WEI Jungji’

Y Fs HHA - 2018-05—02; BB H#8: 2019-05—-15

EETE : BER A ARHAIEE (41802222) , rby I B A JRysil H IS 1:5 J7 VRS & Fh1A] B A A A | 2 5 1Lk 1 DXt T 8]
A7 (1212011220453 ) F“5 5 KB 7= P A SR AR F ™ (DD20190570) K [H SR G5B A s o0 s 5 o5 9206 % TP
F4T H (KLRM—-KF201902) A 981

TEERI 5k K, B, 1985 45 A Pl TREI, 35 S5 XSl i 5™ = R A 557 9% TAF s E—mail : zhangxiaofei521125@163.com.,

IS BRER, T, 1979484 Tt 0, A s ll, BB AT A VB RS s E—mail: chaoschen@126.com.,

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



46 61 SRIGE AT NS PO R R X B A KRR SO R 3 7 5 1411

(1. Development and Research Centre, China Geological Survey, Beijing 100037, China;2. School of Earth Sciences
and Resources, China University of Geosciences, Beijing, 100083, China;3. Mineral Exploration Technical Guidance
Center, Ministry of Natural Resources, Beijing 100083, China ;4. Cores and Samples center of Natural Resources,
China Geological Survey, Yanjiao 065201, Hebei, China;5. Nanyang Institutte of Technology, Nanyang 47300, Henan, China;
6. Inner Mongolia geological prospecting Co., Ltd. Hohot 010010, InnerMongolia, China ;7. Key Laboratory of Rare Mineral
Ministry of Land and Resources, Wuhan 430034, China)

Abstract: There exist different opinions concerning the petrogenesis and tectonic background of Mesozoic volcanic rocks developed
in the Da Hinggan Mountains. The Late Mesozoic volcanic rocks in the Xi Ujimqin Banner of Inner Mongoliais a very important
part of the huge volcanic rock belt in eastern China. The authors studied the volcanic rocks of Baiyingaolao Formation in Hanwula
of Xi Ujimgin Banner in such aspects as field occurrence, petrology, zircon U—Pb isotopic geochronology and geochemisty in order
to constrain their petrogenesis and tectonic background. The volcanic rocks of Baiyingaolao Formation are composed of rhyolite and
volcanic clastic, which are a set of felsic volcanic rocks. The cathodoluminescence (CL) images of analyzed zircons of the
pyromeride and dacite porphyry from Baiyingaolao Formation and their Th/U ratios(0.34—1.25)imply the igneous origin. LA-ICP—
MS U—-Pb dating shows that their ages are about(140+0.8)Ma and (133+0.7) Ma respectively, suggesting the early period of Early
Cretaceous. Petrological and geochemical data reveal that the rocks belong to the high potassium calc— alkaline rock series
characterized by rich Si and alkali, poor magnesium and calcium, high FeO'/MgO ratio and low Mg", Nb/Ta ratio. LREE are richer
than HREE. The trace element geochemistry is characterized evidently by enrichment of LILE, depletion of Ba, Sr and HFSE. All
these geochemical characteristics of rocks show an affinity with the A—type granites, which were most probably formed in an
extensional setting and originated from the partial melting of the crust. Combined with spacial distribution of the Mesozoic volcanic
rocks, the authors hold that they were probably related to the post—orogenic extension following the closure of the Mongol—Okhotsk

orogen, and were also affected by the subduction of the Paleo—Pacific plate .
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FCARE S, T RES5 A ke i B S 3 2 I B A
JBA X, HARER Y SI0, & & 73.39%~77.26%;
Na:O H 3.29%~4.20% , -3 4 3.80% ; KO 7 3.44%~
5.05% , F ¥ K 4.14% ; (Na,O + K.0) 5 7.65% ~
8.34% , Na,O/K,0 4 0.65~1.22, V-1 0.96, ALO;.
FeO",CaO 1 MgO % s A%, Hoh ALO; iy 11.58%~
12.29% , 14 12.02% ; FeO™ 4 1.03%~1.44% , -1
9 1.18%;CaO H 0.27%~0.85% , ‘F-3414 0.47% ; MgO
49 0.04%~0.08% , 144 0.06% , Mg' 4 4.69~12.23 ;
A/CNK AT 1.00~1.07, 545 7 1.04, 9 55 o 45 i 25
PRESHEIE R (K Sa) o g iR (R 2) WoR, (&
A K LA R AR SRR B K (B1404) , AT RE
8 2 AR VE T, K Na S5 06 sh PR i T R vl e
— SRR B AR AL , A SR ND/Y —Zr/TiO, fil i e

Sy FERTE A BIRSCA S (B 5b) .

UKL SR K LA B AT AR Si0, &
i, N 67.07%~67.96% ; = 1Y Na,0 +K.0 ., ALO:,
FeO'. CaO Hl MgO % & , 43 il 4 8.36% ~9.80% .
15.98% ~16.23% . 2.88% ~3.30% . 0.34% ~1.64% Fll
0.18%~0.30% , LA K255 5 ) A/CNK Fll Mg*(H , 53l A
1.15~1.20 1 8.89~15.47, by 3xk 4 i /= B0 25 61 R 571
(Kl 5a), 7ENb/Y—-Zr/TiO.KH KSR A RIS E
P AT (F 5b) o 7 v b (I ) Uk
LA AR A Ll AT — e M, Bl Si0, Y
14, TiO, . FeO".CaO .MgO 1 P,Os & 1 F %, Na,O .
ALOEAEANI i}, KO B Si0, 75 i AT in
43 ®mIE

w2 KA F E e R pras R 2,

R FEAMRAESZANUEEETR(%)METEA V9DITER

Table2 Major(%) and trace element (10 °) analysis results of volcanic rocks of Baiyingaolao Formation in Hanwula

Pm27 Pm21 Pm21 - Pm27 Pm21 Pm21 -
FE'S B1404 B1408 Pml3 - 21 ) Bl412 137 FEf'S B1404 B1408 Pml3 - 21 B Bl412 13
s g, UREUBLERIE  ERKL it s e, URSUBARJE ERKL s
A MEUHE Ty Y PR s e - P
Si0,  73.39 77.26 80.37 77.18 6796 67.07  67.72 Co 026 0.54 0.33 148 129 192 257
TiO, 0.08 0.08 0.04 0.09 037 044 0.47 Ni  1.00 1.60 1.80 21.90 200 210 290
ALO; 1229 1221 9.27 11.58 1598 1623  15.99 Li 33.15 1336  88.70 20.03 1575 39.72 32.94
FeO" 1.06 1.03 0.80 144  3.02 330 2.88 Sc 335 294 8.99 206 7.00 740 @ 690
Fe.O; 0.68 1.00 0.82 125 270 317 2.73 La 3265 36.78 5.87 4483 2530 2249 2348
FeO 046 0.14 0.07 033 062 048 0.46 Ce 69.26 66.99 12.39 80.45 5596 50.99 59.10
MnO 0.02 0.02 0.01 0.02 0.03 0.02 0.02 Pr 793 826 1.83 1287 7.00 685  7.16
MgO 0.06 0.08 0.07 0.04 026 0.18 0.30 Nd  29.69 30.11 7.76 47.69 2826 28.01  29.09
CaO 0.85 0.27 0.13 027 034 123 1.64 Sm 589 589 2.77 997 550 549 571
Na,O 392 3.29 0.10 420 423 357 3.31 Eu 0.17 0.15 0.05 0.10 143  1.65 1.68
K0 393 505 7.69 344 557 5.04 5.05 Gd 500 507 2.47 8.05 4.63 462 462
P.Os 0.01 0.01 0.02 0.03 009 0.12 0.13 Tb  0.89 0.90 0.54 136 074 077  0.77
LOI 426 0.3 1.29 147  1.62 221 1.92 Dy 479 502 3.29 735 382 399 410
Total 99.95 99.95 99.88 99.90 99.77 99.76  99.74 Ho 091 097 0.63 132 073 075 076
Cs 8629 475 3.62 451 657  2.00 5.23 Er 272 293 1.93 379 218 218 219
Rb  228.80 23490 193.50 131.50 109.40 9420 10540 Tm 045 0.49 0.36 0.60 035 034 035
Sr 64.10 2450  24.80 16.10 77.30 171.40 226.10 Yb 299 329 2.68 419 240 231 231
Ba 99.20 11560  71.50  134.10 1447.00 1373.00 1431.00 Lu  0.56 0.57 0.47 0.83 0.63 053 0.6
Ga 23.80 24.70 16.55 26.68 2820 2420 2330 Y 2836 31.38 16.47 3473 2096 21.12  20.19
Nb 11.82 8.65 16.77 1419 942 818 7.86 Mg®  9.10 1223 13.42 469 1327 889 1547
Ta 129 115 1.52 124 075 062 0.64  REE 163.93 16743  59.50  223.38 138.92 130.96 141.89
Zr 14570 108.40  69.50  244.60 341.40 30490 30540 oSEu  0.09 0.08 0.05 0.03 0.86 1.00 1.00
Hf  6.14 477 3.92 780 824 875 842 Nb/Ta 9.14 751 11.04 1146 1249 13.18 12.36
Th 2537 21.73 14.57 2217 972 7.66 746  Rb/Sr 357 9.59 7.80 817 142 055 047
vV 750 930 26.90 1920 1640 18.60 2320  T°C 778.65 762.00 731.47  831.77 862.96 853.86 850.65
Cr 470 270 14.80 14.60  3.60  4.00 5.60 DI 9403 9640  97.72 96.41 91.57 86.54 8523

Mg’ = 100x(Mg*/(Mg"+TFe™") ) ; JBu=Euy/( SmyxGdy) 1/2; 7°C = 12,900/[2.95 + 0.85 x M + In(496,000/Zr)] — 273.15, M = (Na +

K +2Ca)/(Al x Si); DI = Q + Or + Ab + Ne + Lc + Kp.
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Fig.5 SiO,—K,O diagrams(a,after Rollinson, 1993) and Nb/Y—Zr/TiO; classifying—naming diagrams (b,after Wilson, 1989) for
volcanic rocks of Baiyingaolao Formation in Hanwula

TR AT £ T E SR (SREE)N  7.59; (La/Yb)y B R 7.21~7.53, F449 0 7.37, 1EER
43.03x10°°~233.38x10°°, FE A PmI3-21 (RS fn /g KB AARAEALAR TR B/ B gL (& 6a) , 5 ¢
VREEEE IR ) & AR T HABRE S, H43.03x  REA—ENW, 5ERm 0K, g ER T
10 ATRESHM ST ARZAE KAFMBEAX., F. YbFEAE299%10 ~4.19x10 °, Lu & #E 7E
HARE SR e E M (SREE) #163.93x10°~  0.56x107°~0.83%10°°, (Yb/Lu)y lL{H 4 5.08~5.74, °F-
233.38x10°; LREE/HREE [V AH N 7.13~7.94,F-%128 #4528 5.37; (Gd/Yb)w FU(E Hy 1.24~1.55, -3} 1.38,
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L6 X & R A L A BORE B A AR AR -0 R 43 P (a) (BRI BRI 5 | H Boynton, 1984 ) Rl b
FREALIR R R (b) R GG AR L 255 B Sun and MC Donough.,1989)
N HLFE | FPHB5EYE Rudnick et al.,2003 ; K422 b X 1 35 5 4 Sl A R3] 445,2010;; Dong et al.,2014; Kong et al.,2014;
ZEVEAE 20145 37 45452015 ; THESS,2015; Yang et al., 2015 ; TR ARFESE 2015 ; TR 45,2015
Fig.6 Chondrite—normalized REE patterns(a) (normalization values after Boynton,1984)and primitive mantle—normalized trace
element spider diagrams(b) (normalization values after Sun and Mc Donough.,1989)for volcanic rocks of Baiyingaolao Formation
in Hanwula lower crust, middle Crust (after Rudnick et al.,2003) ; data of Baiyingaolao Formation in the Da Hinggan Mountains
(after Gou Jun et al.,2010; Dong Yu et al.,2014; Kong Yuanming et al.,2014;Qin Tao et al.,2014;Nie Lijun et al.,2015;Wang Xiong
et al.,2015; Yang Wubin et al.,2015;Zhang Letong et al.,2015;Zhang Xuebin et al.,2015)
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IR ER TR FE SEu T
0.03~0.09, i/~ BH i Eu f 54

UKL R o0 3R S (REE) IR TR PE K 1L
AN 130.96x107°~141.39x10°%; (La/Yb) LB AR T
TRYE I LA, M 6.57~7.11 5 (Gd/Yb)s HUE R TR K
W, 8 1.56~1.62, B4R L S5 KL AR,
T REA R, SRR TR, T ER
+IEE (K 6a), KM IEu T 0.86~1.00, HA 521
#Y Bu f 555 .

4.4 HETE

& E A LA TR i R LK 2,
TE R G M AR AL e ST R kM (B 6b) , FI
E B KL IR R B 4 Rb  Th . Cs S5 K&+
ALK (LILE) , 5§61 Sr FINb  Ta . P Ti Z5 51 i
JGE (HFSE) . Atk kilis Sk lE B —a
DX, B K Ll A B 2 5 B Ba St P Ti JT &, MK
Kils- AT Ba Zr HEWIESH o BRI KA Y Rb
M 131.50%107°~234.90x 107, Sr % &5 4 16.13
107°~64.12x10°°, Y & 54T 28.36x10°~34.73x10°°,
Rb/Sr 1 St/Y FLAE 43714 3.57~9.59 F10.46~2.26 ; Nb
R 8.65x10°°~14.19x10°°, Ta & 2 Ky 1.15x10°~
1.29%x10°°,Nb/Ta FL(E N 7.51~11.46,F-3)°4 9.37; Cr
SR E K, AT 2.68x10°~14.60x10°°, -
¥ 7.33%107°; Ni 5 541 T 1.02x107°~21.94x10°°,
444 8.18%10°,

UK LEE RY/Sr B/ N T IR K ILA, 24 0.47~
1.42; Sr/Y HINb/Ta HAE K T/ M Kl 5300 ok
3.69~11.20 F1112.36~13.18; Cr FINi &= NFaE , 77
W24 3.58%107°~5.55% 10 F11.96x10°~2.87x10°°,

5 i ®

5.1 FREHK

PN Z2 0 TG DX o =) [X el 3 J5 00 2 BA 7 1976
AF 1:20 J7 F 00 X e iz 2 s A S
PR H® e A B 104 [ o7 38 AR AR 2% B A A7 MRk
SETORE . AR SCHRAE I VY S Sy X
2 % Y A BRI B0 R KL AR 5 2 BE 5 R Y
HEAZE AL, NERESHEW, EKBEGIHT LT,
Th/U (B 15 (0.34~1.25) , WS4 R 3 A
IE T A5 B AR 4 AR R 45 ARG . BRI S
FIE AR R (1404£0.8) Ma(MSWD=0.13) , B 22 Bif

F I AR R (133+£0.7)Ma(MSWD=0.49) , 1% IX.
F18 s &4 Ol A B AT 140~133 Ma, i
SR R X2 b X R AL
SRR IEAT I PR(ER 3), 60 ME IR B R ITHIE
BAFIEA T 144~121 Ma, HEH T 141~124 Ma, 241K
A B R (R 7)) SASCES AT . FEER
BT BCAFE S T AT IR e A (9125, 85 A FFAIE
7R A ISR AR A 43 0 Ry (156+2) Ma.,
(151+2)Ma, DX IAIFFE 3 BH R 422 04 Hb DXl v 3k 5
THLZE KL AT i D4 {4 HP 7E 160~150 Ma (K75
2009 ; T £ 45,2013 ; 22081155 ,2016) , 3 2 Fdh £1
AR DX Sk ST KL AR 5 o
52 FARBESIERX

9T X e 2 4 LA B B e 1 S0, il
(Na,0+K.0) # i , 3K [ CaO Fl MgO % # ; FeO'/
MgO FUAE (FH4 4 17.74) 3 i F— 8 T RUAE 5 7 (OF
¥J°h2.27, Whalen et al., 1987) , 3T [ 5 A B4 B4
HSF- 28 (22.84, Whalen et al., 1987) ; B4R = 1
Ga.Zr Nb MY & & , B K Sr Al Ba 1% & , 10000 x
Ga/Al LIHA T 2.75~4.35(3F3.46) , B g i T 1Y
FIS RUAE i - E (43 3R 2.1 F12.28)  H2il A Y
7 (3.75, Whalen et al., 1987) . iRk kil Zr+
Nb+Ce+Y FH41H H 281.50% 107, RS AKX T A B 4E i
L KA ZebNb+Ce+Y V-2 4 341.68x 107, 4%
UT A BIAE B A R BRIE(350x10°°) . ¥ &4k
LA Nb/Ta S {E 8 11.02, 5 T S TRAE A
(2.3~9.9) . FHXTF ARIFE G 77, = o0 S T RUAE B
HATBAR) FeO & 12 (<1.00% ) AL = B Rb & 2 (>
270x107°) , 1M F & e 4Lk A A B 1) FeO' 5
= (COF 3k 2.12% ) FE AL H Rb & =& (-3 0
150.70x10°°) , X T i 43 5 L AL A i1 %5 (Whalen et
al.,1987), #f& Watson et al.(1983)AA=, A4 3
BLUE M Ze S AR B AR, A
EAW KA IS A R R N 851~863°C, B i
() B T B TR REAS SZREE AT 1Y (764°C 5 King et
al.,1997) . 7F 10000xGa/Al-Nb 1 10000xGa/Al-Zr
SIS b (B 8) , I FE S B T A BB A
X PR, 25 B, gl LA o AR

HERTEAARRAE R, 8 2 4R KL 5 Rl R
PO A —E 2 0. WA ILA B4y AR50 DI
(85.23~91.57 ) IR Tl K 11174 (94.03~96.41) ,{HZE
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Table3 The ages of volcanic rocks of Baiyingaolao Formation in Da Hinggan Mountains
Riacd X =ik W7 % 2 8 AEiY/ Ma BORBRIR
1 [l iEaRETE A BRI S LA-ICP-MS #5437 U-Pb  44°42'08”  118°55'56"  140+0.8 AL
2 [T IRERETE A Y PE LA-ICP-MS#54 U-Pb  44°42'54"  118°37'03" 133+0.7 AL
3 Ui WEUH LA-ICP-MS#547U-Pb  42°51'43"  118°06'04" 132+1.0  ##:ZE2016
4 v ik &t LA-ICP-MS #4547 U-Pb  42°57'08"  118°04'42" 130+1.0  #M:2 2016
5 MR AR R WL LA-ICP-MS#54U-Pb  49°11'36”  117°52'14"  144%0.6 #&HiA%,2016
6 BEIRA WECE LA-ICP-MS %54 U-Pb 13242.0  ZA%E2016
7 A DYE VA A WMBUH LA-ICP-MS#547U-Pb  47°32'35" 121°42'11" 131£2.0 #AKF2E.2016
8 e R M ZR WML LA-ICP-MS#54U-Pb  47°45'50"  121°3425" 136£1.0 w1 FK55%E,2016
9 FREHIE L TEUTIE K LA-ICP-MS#547U-Pb  51°17'01" 123°49'57" 124+1.1 FENIZE 2016
10 PR EL L MBUR I G B A LA-ICP-MS#547U-Pb  51°22'46" 123°51'10" 125+0.7 FENIZE 2016
11 HLEdih s s i WMECE LA-ICP-MS#:47U-Pb  47°54'46"  122°22'07" 130£5.0 F:F#7,2015
12 SERPEMIZ RO T M LA-ICP-MS #5471 U-Pb  47°34'22"  120°43'53" 127+0.5 Z 7 %%2015
13 -y Et Vs € ey LA-ICP-MS#541U-Pb  45°31'10"  120°44'11" 127+2.1 Yangetal., 2015
14 S| iy SHIRMP 4 £1 U-Pb 131+1.0  5KIRE5%,2015
15 L LIS ik et SHIRMP 4% f1 U-Pb 134+0.8 7KK ME5%,2015
16 (LIS FBIRECE SHIRMP 4 £1 U-Pb 137£1.2  3KIRIE5E 2015
17 (2L SRS TEBEIA SHIRMP 4 £1 U-Pb 13940.9 3K IRIE5E,2015
18 T kA& LA-ICP-MS#f7U-Pb  46°57'40"  120°22'04” 134+1.0 Dong et al.,2014
19 T BRI A LA-ICP-MS#:f U-Pb  46°48'11"  120°22'11"  133+2.0 Dong et al.,2014
20 LA ikaea) LA-ICP-MS#547U-Pb  48°35'57" 120°22'02" 133+1.0 Dong et al.,2014
21 T8 MR A LA-ICP-MS#fU-Pb  46°46'50"  120°17'07" 13242.0 Dong et al.,2014
22 T8 mers LA-ICP-MS#547U-Pb  46°46'38" 120°17'49" 130+3.0 Dong et al.,2014
23 G2 i TRSUT LA-ICP-MS % U-Pb 131405 #04,2014
24 P55 it BTG S B A LA-ICP-MS % U-Pb 135£0.8  ®4f,2014
25 faf=yiiss IMEUT F BRI 45 B LA-ICP-MS %45 U-Pb 134£0.9 34,2014
26 AR MBURBE A S B SR IE S  LA-ICP-MSH: A U-Pb 45°34'51"  120°35'52"  125+1.0  fLJGHH,2014
27 AR ik &t LA-ICP-MS %547 U-Pb 122+1.0 Kong et al.,2014
28 T B WECE LA-ICP-MS %4 U-Pb 128+0.8  XI[#%5,2014
29 DIYEL YY) GEE e s LA-ICP-MS#547U-Pb  44°37'07.8" 112°20'33.1" 135+5.6  ZRfH2E,2014
30 PIYEL ) i LA-ICP-MS#547U-Pb  44°3729.8" 112°24'37.7" 135+3.8  Z&jH5E,2014
31 KA WMECE LA-ICP-MS %54 U-Pb 126+0.94  Z&¥5%5,2014
32 PN WMECE LA-ICP-MS %54 U-Pb 130+2.0  ZE¥5,2014
33 L= X WMECE LA-ICP-MS %54 U-Pb 130 +5.0 FKIVHA4E,2014
34 ISV NIV N NN AR ECE LA-ICP-MS #47 U-Pb 141£1.0 T#EE%,2013
35 REHOEE KA MBUTAE S5 B SHIRMP #: £ U-Pb 135+2.0  PRiEE 45,2012
36 ARG A i =y SHIRMP #: f U-Pb 129+3.0  BRoEE 45,2012
37 REHUEE KA RIS SHIRMP 4 £1 U-Pb 124+0.5  PBRoEE%,2012
38 NET MECE SHIRMP %% 47 U-Pb 44°03'53"  117°46'48"  144+1.4  ZEA[%52012
39 Ui R 22 JTU ah B IR LA-ICP-MS#:47U-Pb  42°56'09" 118°03'24" 132+1.0  ##%%,2012
40 Uil ik ey LA-ICP-MS#:47U-Pb  43°00'13" 118°29'34" 138+3.0  M#%%,2012
41 R ZR 1L kA ea) LA-ICP-MS %47 U-Pb 125¢2.0  [FRR.2010
42 Faf 7K il MBUR BRI LA-ICP-MS %47 U-Pb 125£1.0  [FRR.2010
43 T8 YRS LA-ICP-MS#:47U-Pb  46°45'38"  120°04'16" 126£1.0  J54I7#,2010

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



1422 i 5| Hh J 20194F
2423
5 H X = PR 572 I i3 R/ Ma ORISR
44 BN WMECH LA-ICP-MS#547U-Pb  46°45'38"  120°04'16" 125+2.0  J7#14%,2010
45 EiRaa] MR IR LA-ICP-MS#547U-Pb  46°45'38"  120°04'16" 125+1.0  J7#14%,2010
46 TN B WMECH LA-ICP-MS#547U-Pb  48°37'13"  116°49'02" 141+1.0 % ZE%2010
47 TN B R MECH LA-ICP-MS#547U-Pb  49°19'48"  117°29'46" 139+1.0  HjZ%52010
48 TN B WMECE LA-ICP-MS#547U-Pb  49°32'34"  116°44'41" 141+1.0  HZE%2010
49 A MEUHE LA-ICP-MS #5471 U-Pb  49°30'07"  117°11'28"  141£1.0 %% %2010
50 IR WMECH LA-ICP-MSH:f7U-Pb  44°10'57”  119°15'37”  125+4.0 Yingetal. ,2010

51 (SPNIN WMECH LA-ICP-MS %47 U-Pb 126£1.2 3k 1#,2009
52 IR MECH LA-ICP-MS#547U-Pb  44°16'44”  118°3529" 131x1.0  5K7%5%7,2009
53 IOE IR EDNT WMECH LA-ICP-MS#547 U-Pb  48°19'48”  120°01'08”  129+1.0 5K 714,2009
54 LAt /K LA WMECH LA-ICP-MS#547U-Pb  45°05'32"  120°22'39" 132+1.0  5K75%7,2009
55 WG MECH LA-ICP-MS#54 U-Pb  46°21'18"  120°3421"  134+1.0  5K71#,2009
56 B[ 7 1L WMECH LA-ICP-MS#54 U-Pb  47°09'07"  119°56'33"”  124+1.0 5K 71#,2009
57 22 nh BRI LA-ICP-MS#:U-Pb  45°3920"  120°47'39"  124+£1.0 K 17,2009
58 RPN JE gk eI A LA-ICP-MS#547U-Pb  46°07'56" 121°1023" 136+1.0  3K75#7,2009
59 i JE gk KA LA-ICP-MS#547U-Pb  43°55'59”  119°17'41" 139+1.0  3K75%7,2009
60 Ak BRI LA-ICP-MS#547U-Pb  43°07'54"  117°41'37" 141+1.0 3K 75%7,2009

— PO, 3 LYK UL 2 AT B 0 it 3

B i J& TR FR G, R M KLU v RS e R A

61 FRME 1L BT U Sl 5 B 519 Sr . Ba 11 Ti 5

5 @ _ WO E S AR . JF L R E 2

Nl m | RRON SIS 2R UK L (32 B ) B AR A 1o L T

§3__ i PR K L (BCe ) , X SR G R—RATRT . DLk

UK L s TR M L B A Rl — 2 2K s, AN [

i WRAEH MR . TR KIS SRR R,

14 SRR A B AT Y A, AR AR

3 :ﬂ | L] Si0, Fl Rb 75 1 ) Jz Rb/Sr FLAR , #AKAY TiO, . FeO™,

116 120 124 128$ﬁ5%\4a 136 140 144 148 MgO 1 CaO % , W .11 S Ba . Bu 1 Ti 1 5% L)

7 R&EW X 1 i 2 20 L AR B P (B e
e S AR L2 35 D@7 RFEAL 133,140 Ma
KLE Fr A A B
Fig.7 Age probability diagram for volcanic rocks of
Baiyingaolao Formation in the Da Hinggan Mountains(ages
of Baiyingaolao Formation after Table 3;(D and @
representing 133, 140Ma of this paper, respectively )

rm T B2 (R TR MR AL A (43501 851~863°C A1 731~
832°C) ., FHXTFUCK LA, TR J L HA B R 1)
REE F11Rb 7 ) &% Rb/Sr {8 . 7E Harker [ fift
(P& ), Wl b kol B—e AR b
7R TR T KL AT BE A KL A S A 2
Feo R FRYE KA TR SO B0y AR — 2

TR 45 R

F 2 41 K LA B B Nb/Ta U AE R
Mgl , X E R LR, T ER ooE, K
RAMRE L LILE 542, 1 Ba .St HESE 75 255 0F
7R B 58 PR R (Rudnick et al., 2014) . H: Rb/Sr
(s g 0.3 ) F1 Ti/Zr (M15T < 20) FL{E 552075 2%
PEfeL, S a2 i 5 AN 6] (Sun et al., 1989 ; Pearce,
1983) , #F— B Ui BH 1 s e Ak Ls B — e
JEARFE

W 5% X & ALk A AR B Sy Al
(La/Yb)y FCAEUFH 5 A9 FE 76 475 i, 2 B DX 04 il
R ER A TP k= A R84 (Defant et al., 1990) ; BN H
S KA A BARH Sr & &, JF R n K ik

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



H46% o TR TRAE NS P AR R X 5 e A L R S A i 1 1423
100F T 3 1000 F
L oy + ] -
[ ERRR A 3 ] C
[ R BUT M A K e D ] L
552 B X ] I x X
+
E il 5 >
~ D A
¥
z 10F 4 & 100 % =
i x Ko A ] E + A
X 1.S.M ] ! LS.M
(a) (b)
1 - 10 L
1 10000 X Ga/Al 10 1 10000 X Ga/Al 10

K8 F I R4 K LE 10000xGa/Al-Nb [Efi# (a) F1 10000xGa/Al-Zr [Elfif (b) (a b, # Whalen et al., 1987)
Fig.8 Diagrams of 10000xGa/Al-Nb(a)and 10000xGa/Al-Zr(b)(a, b,after Whalen et al., 1987) for volcanic rocks of
Baiyingaolao Formation in Hanwula

) &1 1 LB %) Ba 1 St A 07 S, 33 I s TR X 5%
AT BEAATERHS A . AT A AR s e
J1(KTF 1.0~1.2 GPa) , 1Ml X & 1 KT 1.5 GPa, #HK
A1 27 BAFAE (Sen et al., 1994) , PRI 5 e 2 4
KALCETE B T, 07 A 1 5 TS B 1l 55 43445 il
GERL . ROLZIE X & 4K LA R Z SR
R FEA BRI endt) Tl ena(O 1 (5K E V4
4% ,2007; Zhang et al., 2008; 4] 445, 2010; Kong et
al.,2014) , KLZE5 Ml X 285 L R PE B Iff vk S G
DRI ARV E 8 i A= b ae , BT m A By
B PLARAE FHE X 28 A M7 88 ks il T2 B T A
BB, FE R g K LA ) Se ATHE R
R TE SR TR DR AR B B DL 20
71 AT RE R A R T A o0 i ) 245

Nb 3XGa
n n

5.3 NIIEFEHIERERTT

Eby (1990, 1992) A BIAE i 4 %l 730 A Fl A,
PP ZEARL JF 48 1 A B K T 5 g P |
ZAE A ARG L EREE , A BUAE B 2™
T5 Kl ih 2 b 5 i A FH 5805 ki o9 55 D4 FH
A PLR IR A S fE i L EAEE . A Nb—Y—Ce.,
Nb—Y-3xGa J% Y/Nb—Rb/Nb | | ([ 9) , {57 [X.

B KL AR S AR, T AR K
Xo HHETXTT AR 5 e 4 J5a >k 5 R i BT A fige
A BRI, LG — A5 2 I B T
438 FREE (Eby, 1990, 1992 ; Frost et al., 2001 ; Bonin,
2007) o 455 [l I SR M 2208 b DX T2 22 7 1R AL
A AR (5 S04, 1999 ¥8EE 55, 2001 ; Wang
et al., 2006; 3£ ## ¥ %5 , 2008; Zhang et al., 2008,

Y Ce Nb

P oRaE +

[ ERBRACE O

PSR B
I L K

E R RBE X X £

Rb/Nb

050 v
0.1

Y/Nb

P19 ZEEL LMK P35 8 AL s BREE P (48 Bby , 1992)

Fig.9 Tectonic discrimination diagrams for volcanic rocks of Baiyingaolao Formation in Hanwula(after Eby, 1992)

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



1424 h &

b, J 20194F

2010; d2 A5, 2011) A HIAE B 7 (FMEAT 45,2004,
2005; Wang et al., 2006; F& i K %5, 2007 ; jifi 5% 55
2013 255 4, 20145 R IG5, 2016) FIAR k% 4
7 (5K 8 HF 45, 1998 Liu et al., 2006, X & 3k %,
2008,2011; MA:EE,2013) , itk —AIE 52 R 242204 1
DX B P A T R b s S (X T i fif
JEE ) i AR T2 i AR B B (S — S 2R e R i AR
), WA b B BTG P85 R RE R G R R )
HE BRI RIBAAER R AL

WF5E o , R4 X & B S BIAE R A (170
Ma 247 ) (22745, 2015) | HLIR A v RURRAE A0 A 5
77 (164~140 Ma) (/R HEIESE , 20055 #) 45, 2008 ; 1]
PR 20135 # FLAE,2014) , 25410 75 b X 1 fk 2
T —F 2t B b e R A R AR R R
S5 2002; B4k 5 20045 5K 72 55, 20085 7 B4R
2011) , GiE B A AR B — L R % 220 b X
FEAE 7 R GROBRAE L 1994) , B T in JEE Bt 76
PANFRE M, B0 1L A R FREE s R B 72 1
PRUTAE o I AV 0 27 5 7 b, DX 1 5 o 2 2H 2k
Ll AT RE 5 58ty — SR K v T P 5 AR S 1 e
WEEAH

MIEA R ACHL X AR A K I B 23 43 A ok
H AT 7E A 1L 23 b DR HiL DX 1 oK & B8 160~138 Ma 1)
Kl i E I (133~106 Ma) KilEA7E kK
MG T B AR K AN AT RS BT )2 I A
(Wang et al.,2006; Zhang et al.,2008,2010; 7 & 45,
2011 ¥R 3EH4E, 2011 V7 3C R 4% ,2013b) , H R i
H 2 0 i % 1) P ki P, KLl e A o o
B0 ) e e 1 R 1 [ S VA U g
TR 2 0 il DX 0] J 7 WU 2K L AL AR AE
FEIT R i A7 B T AR AR AR AR v R
S (R 55,2001 ; Wang et al., 2006 ; Zhang et al.,
2008,2010; B4, 2011 ;4 C B 4,2013b) . HHE
REBTE R )3 R AR Az 2 T s 2
YA 3, B4« RNV RR 3K 35 T A A58 A%
A (OCosHgEE 2008 HISE 55, 2011 ) s A8 KA #
FIHN S 55 W 674 5 b (A% 2 [ 45, 2006) , 33 S8 1 g 1)
& ELA I BL AR 2 5 1] (NW—SE ) , 28 [ % 2% i T
BT RS T 130~110 Ma (XIS ZE, 2011 ; Mfts
85,2013)  EPUE 147 F AT 7Y 5 BRI K i 4%
X AE R W L R TR R T S (MO %

2013) . LA LWFIE 2RI, oy RSP PR AR AT op A FE X
Hh AR T L s B e s, 2
BRI B B O S BRI S R B
HIIE B 23 5114 (14040.8 ) Ma 1 (133+0.7)Ma, fif
DI SUE Y B 0] fE R B2 8 T 58 — SR E K
TR i /REHE S 00 ) 2 LU RIS SRR S B
S T AT PR b N 52 vty — S R 2 e Al AR B B
LEIVE 255

6 4i it

(1) P50 VG 1 2 2 7 i X P 3 o 2 4 ROk
T80 BT UG A (140+0.8) Ma, 9222 B4 Y IE
BT AA (133+0.7)Ma , BEARTE B T 1 Bt 40

(2) A& B s Kl A H A RIE R R T2
FEIE, A b e o R il 45

(3) PG 5 i b X (3 s 4 KA e
TR FREE , S 58— SR K e A i R R R
KA T R R I IE OSSR B E 282
Tt SR P v IR v/RlE R i A I i LA R
SRVER , S B A i 3l TR o 52—
B PR e A o B ) 2 R 25

Bt R T H AR R A B A R E R TR
AN I X BRI, FEL T W
RALF AR DERE TR TEREN, FH%
EAAXRHETBEENL, AL —FFURQH
RH

pE

@ V)50 E G X R X B R AL 1976, SRR
(L—=30—29)1:20 J3 X $ef iy s A5 41 15

Reference

Anderson T. 2002. Correction of common Pb in U—Pb analyses that do
not report **Pb[J]. Chemical Geology, 192(1/2):59—79.

Belousova E, Griffin W, O'Reilly S Y. 2002. Igneous zircon: Trace
element composition as an indicator of source rock Type[J].
Contributions to Mineralogy and Petrology, 143(5):602—622.

Bonin B. 2007. A— type granites and related rocks: Evolution of a
concept, problems and prospects[J]. Lithos, 97:1-29.

Boynton WV. 1984. Geochemistry of the rare earth elements:
Meteorite studies[C]/ Henderson P(ed.). Rare Earth Element
Geochemistry. Amsterdam:Elservier, 63—114.

Chen Liang. 2010. Mesozoic Magma Evolution and Metallogenesis of

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



%464 6

SRIGE AT NS PO R R X B A KRR SO R 3 7 5 1425

Porphyry Molybdenum Deposit in Aershan Area,Da Hinggan
Mountains[D]. Beijing: China University of Geosciences, 1— 125
(in Chinese with English abstract).

Chen Yanjing, Zhang Cheng, Wang Pin, Pirajno F, Li Nuo. 2016. The
Mo deposits of Northeast China:A powerful indicator of tectonic
settings and associated evolutionary trends[J]. Ore Geology
Reviews, 205:168—184.

Chen Yingfu, Wang Genhou, Duan Bingxin. 2012. Zircon SHRIMP
geochronology and geochemistry of Late Jurassic volcanic rocks in
Huiyin Obo area of Dong Ujimqin Banner, Inner Mongolia[J].
Geology in China, 39(6):1690— 1699(in Chinese with English
abstract).

Dash B, Yin An, Jiang Neng, Tseveendorj B, Han Baofu. 2016.
Petrology, structural setting, timing, and geochemistry of
Cretaceous volcanic rocks in eastern Mongolia:Constraints on their
tectonic origin[J]. Gondwana Research, 27:281-299.

Davis G A, Zheng Yadong, Wang Cong, Darby B J, Zhang Changhou,
Gehrels G. 2001. Mesozoic tectonic evolution of the Yanshan fold
and thrust belt,with emphasis on Hebei and Liaoning provinces,
northern China[J].Memoirs— Geological Society of America,194:
171-197.

Defant M J, Drummond M S.1994. Derivation of some modern arc
magmas by melting of young subducted lithosphere[J]. Nature, 347
(6294):662—665.

Dong Yu, Ge Wenchun, Yang Hao, Zhao Guochun, Wang Qinghai,
Zhang Yanlong, Su Li. 2014. Geochronology and geochemistry of
Early Cretaceous volcanic rocks from the Baiyingaolao Formation
in hte central Great Xing'an Range, NE China,and its tectonic
implications[J]. Lithos, 205:168—184.

Du Yuchun. 2015. Early Cretaceous Volcanic Rock and Cause Analysis
in Zhalantun Area[D]. Fuxin:Liaoning Technical University,1— 73
(in Chinese with English abstract).

Eby. 1990. The A— type granitoids:a review of their occurrence and
chemical characteristics and speculations on their petrogenesis[J].
Lithos,20:115—-134.

Eby. 1992. Chemical subdivision of the A— type granitoids:
petrogenetic and tectonic implications[J]. Geology, 20:641—644.
Fan Weiming, Guo Feng, Wang Yuejun, Lin Ge. 2003. Late Mesozoic
calcalkaline volcanism of post—orogenic extension in the northern
Da Hinggan Mountains, northeastern China[J]. Journal of

Volcanology and Geothermal Research,121(1/2):115-135.

Fang Hongwei. 2010. Characteristics and Tectonic Setting of the
Volcanic Rocks from Mesozoic Baiyin'gaolao Formation in
Wuchagou area,Middle of Daxing'anling[D]. Beijing: China
University of Geosciences,1 —69(in Chinese with English abstract).

Frost B R, Arculus R J, Barnes C G, Collins W J, Ellis D J, Frost C D.
2001. A geochemical classification of granitic rocks[J]. Journal of
Petrology,42:2033-20438.

Gao Xiaofeng, Guo Feng, Fan Weiming, Li Chaowen, Li Xiaoyong.

2005. Origin of late Mesozoic intermediate— felsic volcanic rocks
from the northern Da Hinggan Mountain,NE China[J]. Acta
Petrologica Sinica, 21(3):737— 748(in Chinese with English
abstract).

Ge Wenchun, Lin Qiang, Sun Deyou, Wu Fuyuan, Yuan Zhongkuan, Li
Wenyuan, Chen Mingzhi, Yin Chengxiao. 1999. Geochemical
characteristics of the Mesozoic basalts in Da Hinggan Ling:
Evidence of the mantle— crust interaction[J]. Acta Petrologica
Sinica, 15(3):397—407 (in Chinese with English abstract).

Ge Wenchun, Li Xianhua, Lin Qiang, Sun Deyou, Wu Fuyuan,Yun
Sunghyo. 2001. Geochemistry of Early Cretaceous alkaline
rhyolites from Hulun Lake, Daxing'anling and its tectonic
implications[J]. Chinese Journal of Geology, 36(2):176— 183(in
Chinese with English abstract).

Ge Wenchun, Wu Fuyuan, Zhou Changyong, Zhang Jiheng. 2005.
Zircon U—Pb ages and its significance of the Mesozoic granites in
the Wulanhaote region,central Da Hinggan Mountain[J]. Acta
Petrologica Sinica, 21(3): 749— 762(in Chinese with English
abstract).

Ge Wenchun, Sui Zhenmin, Wu Fuyuan, Zhang Jiheng, Xu Xuechun,
Cheng Ruiyu. 2007. Zircon U—Pb ages, Hf isotopic characteristics
and their implications of the Early Paleozoic granites in the
northwestern Da Hinggan Mts, northeastern China[J]. Acta
Petrologica Sinica, 23(2): 423— 440(in Chinese with English
abstract).

Gou Jun, Sun Deyou, Zhao Zhonghua, Ren Yunsheng, Zhang Xueyuan,
Fu Changliang, Wang Xi, Wei Hongyan. 2010. Zircon LA-ICPMS
U- Pb dating and petrogenesis of rhyolites in Baiyingaolao
Formation from the southern Manzhouli,Inner— Mongolia[J]. Acta
Petrologica Sinica,26(1):333— 344(in Chinese with English
abstract).

Guan Huimei, Liu Junlai, Ji Mo, Zhao Sheng jin, Hu Ling, Davis G A.
2008. Discovery of the Wanfu metamorphic core complex in
southern Liaoning and its regional tectonic implication[J]. Earth
Science Frontiers,15(3): 199— 208(in Chinese with English
abstract).

Guo Feng, Fan Weiming, Wang Yuejun, Lin Ge. 2001. Petrogenesis of
the Late Mesozoic bimodal volcanic rocks in the southern Da
Hinggan Mts,China[J]. Acta Petrologica Sinica,17(1):161— 168(in
Chinese with English abstract).

Hao Bin, Song Jiang, Li Chaozhu, Yang Xinde. 2016. Zircon U—Pb
Age and Geochemical Characteristics of the Late Mesozoic
Volcanic Rocks in Chifeng area[J]. Geotectonica et Metallogenia,40
(6):1261—1274(in Chinese with English abstract).

He Fubing, Xu Jixiang, Gu Xiaodan, Cheng Xinbin, Wei Bo, Li Zhao,
Liang Yanan, Wang Zelong, Huang Qi. 2013. Ages, Origin and
Geological Implications of the Amuguleng Composite Granite in
East Ujimgqin Banner,Inner Mongolia[J]. Geological Review, 59(6):
1150—1164(in Chinese with English abstract).

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



1426 th H

b, J 20194F

Huang Fan, Wang Denghong, Wang Ping'an, Wang Chenghui, Liu
Shanbao, Liu Cuihui, Xie Youwei, Zheng Binghua, Li Songbai.
2014. Petrogenesis and Metallogenic Chronology of the Yili Mo
Deposit in the Northern Great Khing’ an Ranges[J]. Acta Geologica
Sinica, 88(3):361—-379(in Chinese with English abstract).

Huang Meng. 2014. The Geochemical Characteristics and Tectonic
Setting of Volcanic Rock in Baiyinggaolao Formation from
Xiwuzhumugqin area Inner Mongolia[D]. Beijing: China University
of Geosciences,1 —53(in Chinese with English abstract).

Huang Mingda, Cui Xiaozhuang, Pei Shengliang, Zhang Hengli,
Zhang Jiangiang. 2016. Rhyolite zircon U— Pb dating and its
tectonic significance in Bayan Gol Formation, Hinggan Massif[J].
Coal Geology of China, 28(11):30— 37(in Chinese with English
abstract).

Jahn BM,Wu Fuyuan,Chen Bin. 2000. Massive granitoid generation in
central Asia:Nd isotope evidence and implication for continental
growth in the Phanerozoic[J]. Episodes,23:82—92.

Jahn B M, Wu Fuyuan, Capdevila R, Martineay F, Zhao Zhenhua,
Wang Yixian. 2001. Highly evolved juvenile granites with tetrad
REE patterns:the Woduhe and Baerzhe granites from the Great
Xing’ an Mountains in NE China[J]. Lithos,59:171—198.

King P L, White A J R, Chappell B W, Allen C M. 1997.
Characterization and origin of aluminous A—type granites from the
Lachlan Fold Belt,Southeastern Australia[J]. Journal of Petrology,
38(3):371-391.

Kong Yuanming. 2014. Characteristics and Tectonic Setting of Acid
Volcanic Rocks in Early Cretaceous Baiyingaolao Formation from
Keyouzhongqi Area, Inner Mongolia[D]. Changchun: Jilin
University, 152 (in Chinese with English abstract).

Kong Yuanming, Ma Rui, He Zhonghua, Yang Deming, Wu Qing,
Wang Yang. 2014. Characteristics and tectonic setting of volcanic
rocks in Early Cretaceous Baiyingaolao Formation of Keyouzhouqi
area, Inner Mongolica[J]. Global Geology, 17(2):78-85.

Kravchinsky V A, Cogne] P, Harbert W P, Kuzmin M 1. 2002.
Evolution of the Mongol—Okhotsk Ocean as constrained by new
palacomagnetic data from the Mongol—Okhotsk suture zone,
Siberia[J]. Geophysical Journal International,148:34—57.

Li Huaikun, Zhu Shixing, Xiang Zhenqun, Su Wenbo, Lu Songnian,
Zhou Hongying, Geng Jianzhen, Li Sheng, Yang Fengjie. 2010.
Zircon U—Pb dating on tuffbed from Gaoyuzhuang Formation in
Yanqing,Beijing:Further constraints on the new subdivision of the
Mesoproterozoic  stratigraphy in the northern North China
Craton[J]. Acta Petrologica Sinica, 26(7): 2131—-2140(in Chinese
with English abstract).

Li Jie, L Xinbiao, Chen Chao, Gun Minshan, Yang Yongsheng, Xu
Yiqun, Wang Lin, Zhang Shuai. 2016. Geochronological and
geochemical characteristics of the rhyolites in Taerqi of middle Da
Hinggan Mountains and their geological significance[J].
Geological Bulletin of China, 35(6): 906— 918(in Chinese with

English abstract).

Li Jinyi, Mo Shenguo, He Zhengjun, Sun Guihua, Chen Wen. 2004.
The timing of crustal sinistral strike—slip movement in the northern
Great Khing'an ranges and its constraint on reconstruction of the
crustal tectonic evolution of NE China and adjacent areas since the
Mesozoic[J]. Earth Science Frontiers,11(3): 157— 168(in Chinese
with English abstract).

Li

=

Jingyan, Guo Feng, Li Chaowen, Li Hongxia, Zhao Liang. 2014.
Neodymium isotopic variations of Late Paleozoic to Mesozoic I—
and A— type granitoids in NE China: Implications for tectonic
evolution[J]. Acta Petrologica Sinica, 30(7):1995—2008(in Chinese
with English abstract).

Ke, Zhang Zhicheng, Li Jianfeng, Tang Wenhao, Feng Zhishuo, Li
Qiugen. 2012. Zircon SHRIMP U- Pb age and geochemical

Li

—

characteristics of the Mesozoic volcanic rocks in Xi Ujimqin
Banner,Inner Mongolia[J]. Geological Bulletin of China, 31(5):
671-685(in Chinese with English abstract).

Li

-

Pengchuan, Li Shichao, Liu Zhenghong, Li Gang, Bai Xinhui, Wan
Le. 2016. Formation age and tectonic environment of volcanic
rocks from Manketouecbo Formation in Linxi area,Inner
Mongolia[J]. Global Geology, 35(1):77— 88(in Chinese with
English abstract).

Li

Tiegang, Wu Guang, Liu Jun, Wang Guorui, Hu Yanging, Zhang
Yunfu,Luo Dafeng, Mao Zhihao, Xu Bei. 2016. Geochronology,
fluid inclusions and isotopic characteristics of the Chaganbulagen
Pb—Zn—Ag deposit,Inner Mongolia,China[J]. Lithos, 17(2):78—85.

£

Wenguo, Li Qingfu, Jiang Wande. 1996. Inner Mongolia
Autonomous Region Lithostratigraphic[M]. Wuhan: Chinese Geology
University Press:1—344(in Chinese).

Li

-

Yan, Wang Jian, Han Zhibin, Hou Xiaoguang, Wang Shiyan. 2017.
Zircon U—Pb dating and petrogenesis of the Early Jurassic rhyolite
in Badaguan area, northern Da Hinggan Mountains[J]. Geology in
China,44(2):346—357(in Chinese with English abstract).

Li Yu, Ding Leilei, Xu Wenliang, Wang Feng, Tang Jie, Zhao Shuo,

=

Wang Zijin. 2015. Geochronology and geochemistry of muscovite
granite in Sunwu area, NE China:Implications for the timing of
closure of the Mongol—Okhotsk Ocean[J]. Acta Petrologica Sinica,
31(1):56—66(in Chinese with English abstract).

Lin Qiang, Ge Wenchun, Sun Deyou, Wu Fuyuan, Chong Kwan Won,
Kyung Duck Min, Myung Shik Jin,Moon Wonlee,Chi Soon Kwon,
Sung Hyo Yun. 1998. Tectonic significance of mesozoic volcanic
rocks in northeastern China[J]. Scientia Geologica Sinica,33(2):
129-139(in Chinese with English abstract).

Lin Qiang,Ge Wenchun,Wu Fuyuan,Sun Deyou,Zao Lin. 2004.
Geochemistry of Mesozoic granites in Da Hinggan Ling ranges[J].
Acta Petrologica Sinica,20(3):403— 412(in Chinese with English
abstract).

Lin Wei,Wang Jun,Liu Fei,Ji Wenbin,Wang Qingchen. 2013. Late

Mesozoic extension structures on the North China Craton and

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



%464 6

SRIGE AT NS PO R R X B A KRR SO R 3 7 5 1427

adjacent regions and its geodynamics[J]. Acta Petrologica Sinica,
29(5):1791—-1810(in Chinese with English abstract).

Liu Ge, Li Xinbiao, Chen Chao, Yang Yongsheng, Wang Qingjun,Sun
Yaofeng. 2014. Zircon U— Pb chronology and geochemistry of
Mesozoic bimodal volcanic rocks from Nenjiang area in Da
Hinggan Mountains and their tectonic implications[J]. Acta
Petrologica et Mineralogica,33(3):458— 470( in Chinese with
English abstract).

Liu Junlai, Guan Huimei, Ji Mo, Hu Ling. 2006. Late Mesozoic
metamorphic core complexes:New constraints on lithosphere
thinning in North China[J]. Progress in Natural Science,16:633—
638.

Liu Junlai, Davis GA, Ji Mo, Guan Huimei, Bai Xiangdong. 2008.
Crustal detachment and destruction of the North China craton:
constraints from Late Mesozoic extensional structures[J]. Earth
Science Frontiers, 15(3): 72—81(in Chinese with English abstract).

Liu Junlai, Ji Mo, Shen Liang, Guan Huimei, Davis G A. 2011. Early
Cretaceous extensional structures in the Liaodong Peninsula:
Structural associations, geochronological constraints and regional
tectonic implications[J]. Sci. China Earth Sci.,54:823—842(in Chinese).

Liu Kai, Wu Taotao, Liu Jinlong, Bao Qingzhong, Du Shouying. 2018.
Geochronology and  geochemistry of volcanic rocks in
Manketou'ebo Formation of Tulihe area,northern Da Hinggan
Mountains[J]. Geology in China, 45(2):367—376(in Chinese with
English abstract).

Liu Zhe, Xue Huaimin, Cao Guangyue. 2017. Zircon U-— Pb
geochronology, intraplate extensional environment and genesis of
Mesozoic volcanic rocks in Zhenglan Banner area,Inner Mongolia,
China[J]. Geology in China, 44(1):151— 176(in Chinese with
English abstract).

Ludwig K R. 2003. Isoplot 3.0:A Geochronological toolkit for
Microsoft Excel[M]. Berkeley:Berkeley Geochronology Center,1—
70.

Lii Zhicheng, Duan Guozheng, Hao Libo, Li Dianchao, Pan Jun, Wu
Fengchang. 2004. Petrological and Geochemical Studies on the
Intermediate— Basic Volcanic Rocks from the Middle—South Part
of the Da Hinggan Mountains[J]. Geological Journal of China
Universities,10(2):186—198(in Chinese with English abstract).

Ma Yubo, Xing Shuwen, Xiao Keyan, Zhang Tong, Tian Fang, Ding
Jianhua, Zhang Yong, Ma Lukuo. 2016. Geological characteristics
and mineral resource potential of the Cu— Mo— Ag metallogenic
belt in Daxinganling Mountains[J]. Acta Geologica Sinica,90(7):
1316—1333(in Chinese with English abstract).

Meng En, Xu Wenliang, Yang Debin, Qiu Kunfeng, Li Changhua, Zhu
Hongtao. 2011. Zircon U—Pb chronology, geochemistry of Mesozoic
volcanic rocks from the Lingquan basin in Manzhouli area, and its
tectonic implications[J]. Acta Petrologica Sinica, 27(4):1209—- 1226
(in Chinese with English abstract).

Meng Fanchao, Liu Jiaqi, Cui Yan, Gao Jinliang, Liu Xiang, Tong

Ying. 2014. Mesozoic tectonic regimes transition in the Northeast
China:Constriants from temporal— spatial distribution and associations
of volcanic rocks[J]. Acta Petrologica Sinica,30(12):3569—3586(in
Chinese with English abstract).

Nie Lijun, Jia Haiming, Wang Cong, Lu Xingbo. 2015. Chronology,
geochemistry of rhyolites from Baiyingaolao Formation in the
middle part of Da Hinggan Mountains and its tectonic
implications[J]. Global Geology, 34(2):296— 304(in Chinese with
English abstract).

Ouyang Hegen, Mao Jingwen, Santosh M, Zhou Jie, Zhou Zhenhua,
Wu Yue, Hou Lin. 2013. Geodynamic setting of Mesozoic
magmatism in NE China and surrounding regions:Perspectives
from spatio— temporal distribution patterns of ore deposits[J].
Journal of Asian Earth Sciences,78:222—-236.

Ouyang Hegen, Mao Jingwen, Zhou Zhenhua, Su Huiming. 2015. Late
Mesozoic metallogeny and intracontinental magmatism,southern
Great Xing'an Range,northeastern China[J]. Gondwana Research,
27:1153-1172.

Pearce J A. 1983. The Role of Sub—continental Lithosphere in Magma
Genesis at Destructive Plate Margins[M]. Continental Basalts and
Mantle Xenoliths. Chester:Nantwich Shiva Academic Press,1153—
1172.

Pei Fuping, Xu Wenliang, Yang Debin, Ji Weigiang, Yu Yang, Zhang
Xingzhou. 2008. Mesozoic volcanic rocks in the southern Songliao
basin:Zircon U—Pb ages and their constraints on the nature of basin
basement[J]. Earth Science, 33(5):603— 617(in Chinese with
English abstract).

Qin Tao, Zheng Changqing, Cui Tianri, Li linchuan, Qian Cheng, Chen
Huijun. 2014. Volcanic rocks of the Baiyingaolao Formation in the
Southwest of Zhalantun, Inner Mongolia[J].
Resources, 23(2):146—153 (in Chinese with English abstract).

Qin Xuliang. 2014. The Petrology Characteristics of the Mesozoic

Geology and

Volcanic Rocks in Sonid Zuoqi Area of Inner Mongolia[D].
Shijiazhuang:Shijiazhuang University of Economics, 1—49 (in Chinese
with English abstract).

Rollinson H R. 1993. Using Geochemical Data:Evaluation,
Presentation, Interpreation[M]. New York:Longman,1—352.

Rudnick R L, Gao S. 2014. Composition of the continental crust[J].
Treatise on Geochemistry,4:1-51.

Sen C, Dunn T. 1994. Dehydration melting of a basaltic composition
amphibolite at 1.5 and 2.0 GPa:Implication for the origin of
adakites[J]. Contributions to Mineralogy and Petrology,117(4):
394-409.

Shao Ji'an, Mu Baolei,Zhu Huizhong,Zhang Liigiao. 2010. Material
source and tectonic settings of the Mesozoic mineralization of the
DaHing gan Mts[J]. Acta Petrologica Sinica, 26(3):649— 656(in
Chinese with English abstract).

Shao Ji'an, Tang Kedong. 2015. Research on the Mesozoic ocean—

continent transitional zone in the Northeast Asia and its

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



1428 th H

b, J 20194F

implications[J]. Acta Petrologica Sinica, 31(10):3147— 3154(in
Chinese with English abstract).

Shao Jidong, Tan Qiang, Wang Hui, Zhang Ming, He Hongyun. 2011.
The Mesozoic Strata and the Jurassic—Cretaceous boundary in the
Daxinganling region[J]. Geology and Resources, 20(1):4— 11(in
Chinese with English abstract).

She Hongquan, Li Jinwen, Xiang Anping, Guan lJidong, Yang
Yuncheng, Zhang Dequan, Tan Gang,Zhang Bin. 2012. U—Pb ages
of the zircons from primary rocks in middle— northern
Daxinganling and its implications to geotectonic evolution[J]. Acta
Petrologica Sinica, 28(2): 571— 594(in Chinese with English
abstract).

Shen Liang, Liu Junlai, Hu Ling, Ji Mo, Guan Huimei, Davis G A.
2011. The Dayingzi detachment fault system in Liaodong
Peninsula and its regional tectonic significance[J]. Sci. China Earth
Sci., 54(10):1469—1483(in Chinese).

Shi Lu, Zheng Changgqing, Yao Wengui, Li Juan, Xu Jiulei, Gao Yuan,
Cui Fanghua. 2013. Geochronology, petro— geochemistry and
Tectonic setting of the Hamagou Forest Farm A— Type granites in
the Wuchagou Region, central great Xinggan range[J]. Acta
Geologica Sinica, 87(9):1264—1276(in Chinese with English abstract).

Si Qiuliang, Cui Tianri, Wang Ende, Ding Shu. 2016. Zircon U—Pb

dating and petrogenesis of the Baiyingaolao Formation rhyolites in
Chaihe area, Great Xing'an Range[J]. Journal of Northeastern
University(Natural Science), 37(3):412—415(in Chinese with English
abstract).

Sorokin A A, Yarmolyuk V V, Kotov A B, Sorokin A P, Kudryashov N
M, Li Jinyi. 2004. Geochronology of Triassic—Jurassic granitoids
in the southern framing of the Mongol—Okhotsk fold belt and the
problem of Early Mesozoic granite formation in central and eastern
Asia[J]. Doklady Earth Sciences,399(8):1091—1094.

Sui Zhenmin, Ge Wenchun,Wu Fuyuan, Zhang Jiheng, Xu Xuechun,
Cheng Ruiyu. 2007. Zircon U— Pb ages,geochemistry and its
petrogenesis of Jurassic granites in northeastern part of the Da
Hinggan Mts[J]. Acta Petrologica Sinica, 23(2):461— 480(in
Chinese with English abstract).

Sun Deyou, Wu Fuyuan, Zhang Yanbin, Gao Shan. 2004. The final
closing time of the west Lamulun River—Changchun—Yanji plate
suture zone:Evidence from the Dayushan granitic pluton,Jilin
Province[J]. Journal of Jilin University(Earth Science Edition),34
(2):174—181(in Chinese with English abstract).

Sun Deyou, Wu Fuyuan, Gao Shan, Lu Xiaoping. 2005. Confirmation
of two episodes of A— type granite emplacement during Late
Triassic and Early Jurassic in the central Jilin Province,and their
constraints on the structural pattern of eastern Jilin—Heilongjiang
area,China[J]. Earth Science Frontiers, 12(2):263—275(in Chinese
with English abstract).

Sun S S, McDonough W F. 1989. Chemical and isotopic systematics of

oceanic  basalts:Implications for mantle composition and

processes[C]//Sunders A D, Norry MJ (eds.). Magmatism in the
Ocean Basins. London:Geol. Soc. Spec. Publ., 42:313—345.

Wang Fei, Zhou Xinhua, Zhang Liancheng, Ying Jifeng, Zhang Yutao,
Wu Fuyuan,Zhu Rixiang. 2006. Late Mesozoic volcanism in the
Great Xing'an Range(NE China): Timing and implications for the
dymamic setting of NE Asia[J]. Earth and Planetary Science
Letters,251:179—198.

Wang Jianguo, He Zhonghua, Xu Wenliang. 2013. Petrogenesis of
riebeckite rhyolites in the southern Da Hinggan Mts.
Geohronological and geochemical evidence[J]. Acta Petrologica
Sinica,29(3):853—863(in Chinese with English abstract).

Wang Xing'an, Xu Zhongyuan, Liu Zhenghong, Zhu Kai. 2012.
Petrogenesis and tectonic setting of the K- feldspar granites in
Chaihe area, central Great Xing'an Range:constraints from petro—
geochemistry and zircon U—Pb isotope chronology[J]. Acta Petrologica
Sinica, 28(8):2647—2655( in Chinese with English abstract).

Wang Xiong, Chen Yuejun, Li Yong, Li Senlin, Wang Changbing, Liu
Yongjun, Zhu Huailiang, Wu Guoxue. 2015. Geochemical
characteristics and geological implication of volcanic rocks in
Early Cretaceous Baiyingaolao Formation from Taerqi area,
middle—north part of Da Hinggan mountains[J]. Global Geology,
34(1):25-33(in Chinese with English abstract).

Watson E B, Harrison T M. 1983. Zircon saturation revisited:
Temperature and composition effects in a variety of crustal magma
types[J]. Earth and Planetary Science Letters,64(2):295-304.

Whalen J B, Currie K L, Chappell B W. 1987. A— type granites:
Geochemical characteristics discrimination and petrogeneisis[J].
Contributions to Mineralogy and Petrology,95:407—419.

Wilson M. 1989. Igneous Petrogenesis[M]. London:Springer,295—323.

Wu  Fuyuan,Sun Deyou,Lin Qiang. 1999. Petrogenesis of the
Phanerozoic granites and crustal growth in Northeast China[J].
Acta Petrologica Sinica,15(2):181— 189(in Chinese with English
abstract).

Wu Fuyuan, Sun Deyou, Li Huimin, Jahn B M, Wilde S A. 2002. A—
type granites in northeastern China: Age and geochemical
constraints on their petrogenesis[J]. Chemical Geology, 187(1/2):
143-173.

Wu Fuyuan, Jahn B M, Wilde S A, Lo Chunhua, Yui Tzenfu, Lin
Qiang, Ge Wenchun, Sun Deyou. 2003. Highly fractionated I—type
granites in NE China(l): Geochronology and petrogenesis[J]. Lithos,
66:241-273.

Wu Fuyuan, Sun Deyou, Ge Wenchun, Zhang Yanbin, Grant M L,
Wilde S A, Jahn B M. 2011. Geochronology of the Phanerozoic
granitoids in northeastern China[J]. Journal of Asian Earth Sciences, 41
(1):1-30.

Wu Guang, Chen Yanjing, Sun Fengyue, Li Jingchun, Li Zhitong,
Wang Xijin. 2008. Geochemistry of the Late Jurassic granitoids in
the northern end area of Da Hinggan Mountains and their

geological and prospecting implication[J]. Acta Petrologica Sinica,

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



%464 6

SRIGE AT NS PO R R X B A KRR SO R 3 7 5 1429

24(4):899-910(in Chinese with English abstract).

Wu TaoTao, Chen Cong, Liu Kai, Bao Qingzhong, Zhou Yongheng,
Song Wanbing. 2016. Petrogenesis and Tectonic Setting of the
Monzonite Granite in Yitulihe area,Northern Great Xing'an
Range[J]. Acta Geologica Sinica,90(10):2637—2647(in Chinese with
English abstract).

Wu Yuanbao, Zheng Yongfei. 2004. Genesis of zircon and its
constraints on interpretation of U— Pb age[J]. Chinese Science
Bulletin,49(15):1554—1569(in Chinese).

Xiao Wenjiao, Windley B F, Hao Jie, Zhai Mingguo. 2003. Accretion
leading to collision and the Permian Solonker suture,Inner
Mongolia,China:Termination of the Central Asian Orogenic
Belt[J]. Tectonics,22(6):1069—1089.

Xu Meijun, XU Wenliang, Meng En, Wang Feng. 2011. LA—ICP—-MS
zircon U—Pb chronology and geochemistry of Mesozoic volcanic
rocks from the Shanghulin—Xiangyang basins in Ergun area,
northeastern Inner Mongolia[J]. Geological Bulletin of China,30(9):
1321-1338(in Chinese with English abstract).

Xu Wenliang, Pei Fuping, Wang Feng, Meng En, Ji Weiqiang, Yang
Debin, Wang Wei. 2013a. Spatial— temporal relationships of
Mesozoic volcanic rocks in NE China: Constraints on tectonic
overprinting and transformations between multiple tectonic
regimes[J]. Journal of Asian Earth Sciences,74:167—193.

Xu Wenliang, Wang Feng, Pei Fuping, Meng En, Tang Jie, Xu Meijun,
Wang Wei. 2013b. Mesozoic tectonic regimes and regional ore—
forming background in NE China:Constraints from spatial and
temporal variations of Mesozoic volcanic rock associations[J]. Acta
Petrologica  Sinica,29(2):339— 353(in Chinese with English
abstract).

Yang Jianguo, Wu Heyong, Liu Junlai. 2006. Stratigraphic correlation
of the Mesozoic and Cenozoic in the outer basins of the Daqing
exploration area,Heilongjiang,China[J]. Geological Bulletin of
China, 25(9/10):1088—1093(in Chinese with English abstract).

Yang Wubin, Niu Hecai, Cheng Liren, Shan Qiang, Li Ningbo. 2015.
Geochronology,geochemistry and geodynamic implications of the
Late Mesozoic volcanic rocks in the southern Great Xing'an
Mountains,NE China[J]. Journal of Asian Earth Sciences,113:454—
470.

Yang Yang, Gao Fuhong, Chen Jingsheng, Zhou Yi, Zhang Jian, Jin
Xin, Zhang Yanlong. 2012. Zircon U— Pb ages of Mesozoic
volcanic rocks in Chifeng area[J]. Journal of Jilin University(Earth
Science Edition), 42(Suppl. 2):257—268( in Chinese with English
abstract).

Yin Zhigang, Wang Wencai, Zhang Yuelong, Wang Yang, Han Yu, Cao
Zhonggiang, Zheng Bei. 2016. Mesozoic volcanic rocks in Yilehuli
area: Zircon U— Pb ages and their constraints on the magmatic

events[J]. Journal of Jilin University(Earth Science Edition),46(3):

766—780( in Chinese with English abstract).

Ying Jifeng, Zhou Xinhua, Zhang Lianchang, Wang Fei. 2010.
Geochronological framework of Mesozoic volcanic rocks in the
Great Xing'an Range, NE China and their geodynamic
implications[J]. Journal of Asian Earth Sciences, 39:786—793.

Zhang Changhou, Wang Genhou, Wang Guosheng, Wu Zhengwen,
Sun Lusuo, Sun Weihua. 2002. Thrust tectonics in the eastern
segment of the intraplate Yanshan orogenic belt,western Liaoning
Province, North China[J]. Acta Geologica Sinica,76(1):64— 76( in
Chinese with English abstract).

Zhang Hong, Wei Zhongliang, Liu Xiaoming, Li Dong. 2008.
Tuchengzi Formation LA— ICP— MS dating in northern Hebei—
western Liaoning[J]. Science in China(Series D), 38(8):960—970(in
Chinese).

Zhang Jiheng, Ge Wenchun, Wu Fuyuan, Wilde S A, Yang Jinhui, Liu
Xiaoming. 2008. Large—scale Early Cretaceous volcanic events in
the northern Great Xing'an Range,Northeastern China[J]. Lithos,
102:138—157.

Zhang Jiheng. 2009. Geochronology and geochemistry of the mesozoic
volcanic rocks in the Great Xing'an Range,northeastern China[D].
Wuhan: China University of Geosciences, 1—105 (in Chinese with
English abstract).

Zhang Jiheng, Gao Shan, Ge Wenchun, Wu Fuyuan, Yang Jinhui,
Wilde S A, Li Ming. 2010. Geochronology of the Mesozoic
volcanic rocks in the Great Xing'an Range, northeastern China:
Implications for subduction— induced delamination[J]. Chemical
Geology, 276(3/4):144—165.

Zhang Letong, Li Shichao, Zhao Qingying, Li Xuefei, Wang Lu, Li
Zihao. 2015. Formation age and geochemical characteristics of
volcanic rocks from Baiyingaolao Formation of middle Da
Hinggan mountains[J]. Global Geology, 34(1):44— 54(in Chinese
with English abstract).

Zhang Lianchang, Zhou Xinhua, Ying Jifeng, Wang Fei, Guo Feng,
Wan Bo, Chen Zhiguang. 2008. Geochemistry and Sr—Nd—Pb—Hf
isotopes of Early Cretaceous basalts from the Great Xing’an Range,
NE China:Implications for their origin and mangle source
characteristics[J]. Chemical Geology, 256:12—23.

Zhang Liugiao, Shao Ji'an, Zheng Guangrui. 1998. Metamorphic core
complex in ganzhuermiao,Inner Mongolia[J]. Scientia Geologica
Sinica,33(2):140—146(in Chinese with English abstract).

Zhang Qi. 2013. Is the Mesozoic magmatismin eastern China related to
the westward subduction of the Pacific plate?[J]. Acta Petrologica
et Mineralogica,32(1):113—128(in Chinese with English abstract).

Zhang Xuebin, Zhou Changhong, Lai Lin, Xu Cui, Tian Ying, Chen
Lizhen, Wei Min. 2015. Geochemistry and zircon U—Pb dating of
volcanic rocks in eastern Xilin Hot, Inner Mongolia and their

geological implications[J]. Geology and Exploration,51(2):290—

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



1430 i 5|

b, J 20194F

302(in Chinese with English abstract).

Zhang Yaming, Du Yuchun, Cui Tianri, Li Linchuan, Qin Tao. 2014.
Baiyingaolao Group volcanic rock characteristics and genesis in
Zhalantun region[J]. Metal Mine, (6):101— 104( in Chinese with
English abstract).

Zhang Yutao, Zhang Lianchang, Ying Jifeng, Zhou Xinhua, Wang Fei,
Hou Quanlin, Liu qing. 2007. Geochemistry and source
characteristics of Early Cretaceous volcanic rocks in Tahe, North
Da Hinggan Mountain[J]. Acta Petrologica Sinica, 23(11):2811—
2822( in Chinese with English abstract).

Zhao Guolong, Yang Guiling, Wang Zhong, Fu Jiayou, Yang Yuzhuo.
1989. Mesozoic Volcanic Rocks in the Central—Southern Da
Hinggan Ling Range[M]. Beijing: Beijing Press of Science and
Technology, 1-260 (in Chinese).

Zhao Pizhong, Xie Xuejing, Cheng Zhizhong. 2014. Regional
geochemical background and metallogenic belt division of North
Da Hinggan Mountain[J]. Acta Geologica Sinica,88(1):99— 108(in
Chinese with English abstract).

Zhao Yue, Yang Zhenyu, Ma Xinghua. 1994. Geotectonic transition
from PaleoAsian system and Paleo— Tethyan system to Paleo—
Pacific active continental margin in eastern Asia[J]. Scientia
Geologica Sinica,29(2):105— 119( in Chinese with English
abstract).

Zhao Yue, Xu Gang, Zhang Shuanhong, Yang Zhenyu, Zhang Yueqiao,
Hu Jianmin. 2004. Yanshanian movement and conversion of
tectonic regimes in East Asia[J]. Earth Science Frontiers,11(3):
319-328(in Chinese with English abstract).

Zorin Y A. 1999. Geodynamics of the western part of the Mongolia
Okhotsk collisional belt, Trans— Baikal region(Russia)and
Mongolia[J]. Tectonophysics,306(1):33—56.

Bt Fh 32225 3Lk

AR EL . 2010, K24 BT /R LU X o 2 AR A S AL S B AR ™
FEFAD]. dbs: A FE R 2%, 1-125.

PR3 T, EARE BUNZE . 2012, 58T AR R B2 I0 NG5 A6l — B
PRI JC L AR R R [I]. o LB, 39(6):1690—1699.

KA. 2015, AL 25 i Hb X 1 St Ll A RRAE B 4 AT (D).
WAL T TARBOR R A8 30, 1-73.

JFELAR . 2010. K246 th B L 757 —ar h AR A s 2 4kl A
RFIE B HAG R 15 5 [D]. 6o b T K2, 1-69.

1o DS U, SIS R, AR SO, 2R IR B . 2005, g X% I rh AR AR bR
PEK L A R T]. A5 R,21(3):737-748.

B SCAR MR, INEEAT , AR T, T8 T8, 4% SO, BRI, TR . 1999.
TR %W v A AR 2 R 1 R b 2 R AE: 52 I AR B AR AT
PE[I]. A H,15(3):396-407.

B SCHR AR MR M SR AR T, T, . 2001, IPAR ISR 1 1
Bl TS0 AR Ak 22 R I S HE R S [T]. M B R2£,36(2):176—

183.

B SO, AR, K B IR T A . 2005, K% 20 rf 1 22 e 4 X
T AARAE K B U—Pb AR I8 M BT 78 ST, A A 41,21 03):
749-762.

B30 B iR R, AR G, oI 1 R 2L B R R L 2007, K4 EIB AL
TR AR AE B A A A U—Pb 4E Y HE [ 7 2 R S b R
ST AR, 23(2):423-440.

R IMEAT BT 2 A 2 0 A S, T AR 2 H . 2010, 1
YL R R B AL B A U—Pb i 4 JCA A A 0], A
2:41%,26(1):333-344.

KL, RN A 20K BB 42,1134 Davis G A. 2008. 11 7 #5718 A%
JT A% % 2 1Y R B B DX Al by 3 7 SC[T]. b 21 2%,15(3):199—
208.

S YRR, TR ZE PRI . 2001, 2420 R B v 2 AR R
IR A A3, 17(1):161-168.

TR, ARV, 2 KE M R . 2016, i i IX i b A= AR KA 8540 U—
Pb AF AR S ER AL 2 RRAE [7]. KAL) 3 5 T 2F,40(6):1261—
1274.

AT ASE 52, A 5, A I P R T M, B U0, 2 T, T O, I R, L
2013. A5E N AR SRR IO LA A oty 19552 A b e AR R K
TR S [T]. MBI, 59(6):1150—1164.

B L, EBRAL, V-4, T IO, X0 52, X0 MR ST s S8 A A
2014, KA I0 BB BART A A1 0 S i AR 2 [0]. H
JFFA1,88(3):361-379.

TR . 2014, P52 74 S AN X 1 7 8 A 4 LU A R T 2 R E B
HARTEAREL[D]. Jbatrh E LR K2, 1-53.

B IR AR IR, 35 28 TR AE R SR . 2016. X622 b & w4
MSCE RS A1 U—Pb A S S 3 25 SCT]. v A e b it 28 (11):
30-37.

FLICHT. 2014, P52 B R IR S A P 3 S AR kL
FHRAE BOE U A8 15 75 56 [D]. KAl RO E B 24 18 31—
52.

ZEVRI R AR IRAE, 0 SO B AN SR 2038 B 2 A B
2010. JL3UHE B o F I ALEE A 198 A0 U—Pb SE4RFIE S HR T E
AL AL ES T SR 53 O B i — 2B AR, A R26(7):
2131-2140.

RN, BURRG, R, 2R RO A A I T 2 A, 3K, BR il 2016, K%
U4 o BB IR S IX R SO AR BR AL = A B b BT R (D],
HFE IR,35(6):906—918.

ZR e S [ RIS, PV AR, RS . 2004, K242 AL Bt 52 24T
A iz Bl B A B X F R AR A B &0 X 2 AR D O i 58 ) i T
AT EEHIZ9[T]. M FHTZ%,11(3):157-168.

2R T F 00, 2R S0, AT S L 2014, ARl Xy A A —rh A
AT A TUAE i 45 N R 28 A8 AL 3 B R 1 38 ). A
241%,30(7):1995-2008.

2] SRR A, 2R T SCBE I R, AR . 2012, NS SRR I
H IX AR AR R 1 K 1 SHRIMP 45 77 U—Pb 4F B Ak 2%

http://geochina.cgs.gov.cn H1EHLET, 2019, 46(6)



A6 o

SRIGE AT NS PO R R X B A KRR SO R 3 7 5 1431

FHIE[]. Hb BT HR,31(5):671-685.

ZEMG ]2 18 XE 2, 25 R, T 23, 07 2 . 2016. P9 552 7 bR P 4t DX 3
S SRR I B TR B A AL 1 R[], H AT, 35(1): 77—
88.

I AR E,Z T 1996. N5 FA XA A HLZ [M]. B
L b ST R 2 e 2 1 -344.

Y, T A B AR U IR, A . 2017, KSR IE AL B AR G IX.
TARP R SR AT U-Pb B4R 540 K], o ] 1 5, 44(2):
346-357.

AR T AR VSO R, AR S B, 7 k. 2015, Fh MK R
T2 R A AR S Rk b 2 X Sl — SR S e AT
B IR AR B [J]. A1 25 4R,31(1):56-66.

MR, B SO IV, AR T, TR T8, P FRE A, IR I A, 2 SCe AR AL,
FFIZE . 1998, v ARk X b AR A L i R A 8 T ST
HuFRF#,33(2):129-139.

KR, 55 SCFR, AR T, IMEA AR 2004, K420 FR AR AE B A S
FIHBER L 2E[T]. 254124 412,20(3):403-412.

M, 45, X1 7K B Sk, 3 R . 2013, AEE sE i K AR IX g b A4
i1 J M v T H Bl T 2 1S S BB D). A 2 AL29(5):1791—
1810.

X F], BB, Wk ik, T RS PR . 2014, RS ZE A BT I X
A AR L A A U—Pb s 4F  HBER T ~A R AE T Hot I
NI A Y2 ARE,33(3):458—470.

XK Davis G ALK, 2, AR 4R . 2008. 52 93 B4 T 5 42
A 5 A7 300 00 TR e e 2 AR R A 3 29 PR [T). M2 T 2%, 153):72—
81.

IR S, 400K, B 55, 23, Davis G A. 2011, 30 732 8 b 1 A e
P 20 A I IS B X S0 5 PO [J]. v R 2 ek B2, 41
(5):618—637.

XL, W95, 0 4 T, B P ST L 2018, K% b B 5] FELVRT A
DX 5 Sk BRIk L AR Q2 Rt R A2 [J]. v b 5, 45(2):
367-376.

ST, BV R B OGIR . 2017, P95 1E Wb DX A AR AR L s 5 A
U—Pb 4F % 5 B A A Jie BR 5% B PR e (9] o [l b 5T, 44(1): 151~
176.

B B TE S e ZE O 2, S F B L 2004 K420 g B
rh AR AR M LD R A 2 R AL A IS (D], S RS H B 24 42,10
(2):186—198.

R AR S, v 42, sk, R, T @R 4R, 5l 5, Eh B . 2016, K%
U Cu—Mo—Ag £ 4 J@ BUW™ 32 B4 i L™ ¢ iE S0 71 4%
HT[I]. HoJFE244R,90(7):1316—1333.

i S VRSO R A M, I B e, 2 AR L IE 3 . 2011, T I L 3B IX R R
ol AR L RS A U= Pb AR R fb 2 B Gl 5 2
M) AR, 27(4):1209-1226.

sl DU X0 35 LA 2 1R 4 5 XA BE B . 2014, 7 [ AR DX v 2B AR
i AT ) e A2 o A L I 23 a0 A 5 e A L G IR 2000].
F241,30(12):3569—-3586.

Tenr B BE R, IR, 540 . 2015, KL EWE B 1 o A
AR Bk Ab A R TR (7). B, 34(2):296—304.

SEARPE, VT SC R A, 20 R, T, TR . 2008, AT A b g
AR 5 U—Pb AR AR 27 B HORE S S T i 240 []. bk
Bl 33(5):603-617.

ZW BH AR R H ZEMLAR R RS ZE. 2014, Y522 i b X.
FIE B 2 KL ER A A AR B o T 8 [T, BT 5%
8,23(2):146—153.

ZN 52, 2014, Y521 95 JE R 22 HE b IX o ZE AR KL A A AT 2
TE[D]. A R A FIE G Bl 283, 1-49.

BT 2E, AR, AR B LSBT . 2010, K422 04 g B b A AU
PIBTERT A IR S 15 5[], 254 5 4R,26(3):649—656.

FRTF 4, S5 e AR . 2015, AU A= AR Bl 2o V8 i 9 IF 9 B 7 ().
EAFAR,31(10):3147-3154.

ARFRZR, TR, T 2 3K L B8 25 . 2011, 42208 Ml X v 2R A M J2 4
TE BB — A L A R A THE ], M 59 R,20(1):4-11.

AR AR, A HE S )2V AR R A S AR, K A 4 TR, Bk . 2012, K
P L BERUSE A U—Pb T4 S H 5 IS 1k DG R (D).
AR, 28(2):571-594.

F 2, XM R T FY 40 7K, 56 233, Davis G A. 2011, 1L 42 8 K E 7
BT R X S i S [T). R R 2,41 (4):437—
451.

TR A 7T Wk SO 2RI R A, R UL D5 AR L 2013, K% B
TR Ml DI ISR PRI A TRUAE B AR A MR AL B
T SWTTEI]. HB2=412,87(9):1264—1276.

RIS K HL, T B T k. 2016, K420 S8 135 85 B 4L 2L
AT U=Pb g 4R ORI ], ARACRA 2 (A SRR 400,37
(3):412-415.

PR B, 56 SCAR, A T, 7 74 A7, A 2 B B R L 2007, KA AR AL
TR 204K B JTUA A BB A U—Pb AR IE | M BR Ak 2 5 AE Bk
R[], 5412 41%,23(2):461-468.

IMEAG SR TC, B HEE, 5 1L . 2004, PR AR I —K H—1E 35 B
HE A 0 3R i AT 6 TR ———2k F1 3 AR OR T LI AE B 25 R B9 IE
PR, TR AR GIRFRL 2 ),34(2):174-181.

IMEA, R HTC, B L2 . 2005, 75 bk b i g = 2 F Lok 2 {1
WA 1 RR T A TR A B o A T ) ot S AR SR AA) s At R A T 29 0],
2 1T25,12(2):264-275.

T AP EE, VPSR . 2013, K% ZEUE HE AN IN A T S0 1Y - A
RLARAR A A ER L 2E TR [T, A 2741,29(3):853-863.

LT AR T, X IE 72 AR HL . 2012, K422 I vh s S8 3] Ml [X K 7
e 14 B PR B i 1 S A MO ER AL 2 i A7 U—Pb [l Z4EAR
SEHIRIZIT). AT 2E4,28(8):2647-2655.

T RER A, 25 B8 AR AR, A R XA R, AR MR 5, SR 2 2015, K
LA T B R AU IR Tt i 2 Ll A R fh A
AR S S [T]. AH A4 5T, 34(1):25-33.

SAETC, IMEA MR . 1999, R0 Hb X A 55 78 B 2 10 R 15 Ml e
AR AR, 15(2):181-189.

http://geochina.cgs.gov.cn H1EHLET, 2019, 46(6)



1432 h &

b, Ji 20194F

SRV ORI XL B R b JEL K HEL R T 4% . 2016, R4 G AL FT G A
FELVAT L X AR AR 2 B R Bk 3 T 5[], b BT 2 41%,90(10):
2637-2647.

FICPR K . 2004, £ A LR P25 K R U—Pb AR I8 i B
HITIZI[I). B4 H7,49(16):1589—1604.

R INE R SRR, T A4 2008, K424
PR AE B 2 M Bk Tk 2 K o AR ™ 3 S [T]. A 241,24
(4):899-910.

BRSO, BL M. 2011, S R ALIRAUR N IX
AT BH 73 A AR K 1 LA—TICP—MS 547 U—Pb 4E I F1 1L
BRACZARFET]. M 412,30(9):1321-1338.

VFSCBL, R0 A, o L R AR, AR 560, 41 . 2013b. R AR AL A:
ARAL AR 55 DI T 50k [ AR L 2 A i 25 2R A Y
HIZI[I]. 524, 29(2):339-353.

W ] S 55, XU 5 . 2006. R PRER DX A il 2 b 5 A A 2 %
L B DU )Z R [J]. MR8 #,25(9/10):1088—1093.

Tk AR L BRI, ST U S A, 4 2, R EZ . 2012, 2R IAEHI X rp A= AR
KALEAE A U=Pb ARAREIESE[T]. PRS2 iR Bk RL 22 1), 42
(iﬁﬂ:'J 2):257-268.

AR, SO SRR T, T FHL T i RS DT 2016, BN L AL
ctﬁ)ulm.%%a U-Pb ﬂt%&ﬁﬂﬁ BRI L[], AR
REEEAAR G ERBL 2 0I7),46(3):766—780.

TR R, AR, L, S IE SC R A P TLAE . 2002, 1074 Hb X FHE 11
MR A L AR B A A ph A R 35 [0]. BT 4R,76 (1):64-76.

g%, RN, ZE . 2008, E4E—3T VY HLIX 130 T 41A9 LA—

ICP-MS MAE[J]. o ERL (D 4H),38(8):960-970.

TR . 2009, KLU T AR IOLAARAR S Kb IR AL 2= A 5T D]
DL BT R 22,1105,

TR AR, A R B DR, 2T 3R, O, 25 7 5. 2015, R2%2els B
T B O T R B L BR A 2R AR [0, A BB, 34(1):
44-54.

SRR, BB L 0 B . 1998, PSR HBR RN AS A% 25
Fl2#,33(2):140—146.

A, AL SRR AR, FH 0 R 0T R RS . 2015, B bR R A i
IR o AU A MR AL S RAIE . LA-MC—ICP-MS #5 1
U—Pb 4E 4 S R SCLTT. -5 85,5 1(2):290-302.

TR AL AR B R BRI 2R 2014, FL2A b IX (A
KR B RA [T, 4B 111,(6):101—-104.

K R, K B S SR, AR B X ER . 2007, K624
B T b DXL Py Sl bR T 2F B CRRIE[T]. 5 A 25 3R,
23(11):2823-2835.

R e, b, S 5 A A BB 1989, R4 ZE R pg s A= AR
km%[M] et At TRk AR B 1-260.

P RS L 2014, RG2S i L Be Xl Bk Ak 24 7
m%bw HERAI]. HuJBT242,88(1):99—108.

R A PR T2, EH AR . 1994, AR K HAE) 3 2% Je 1) B BG4 (D). o
BE#,29(2):105-119.

ARXB BRI, SK Z R E, sR E AT BAEE E  2004. 1
RIS [T]. M FHT2%,11(3):319-328.

[7]. HioJ

328 SR

http://geochina.cgs.gov.cn H1EHLET, 2019, 46(6)



