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R FRE R b B AT J7 3 b X 39 J2 ik 41 k1 2 2 B2 LI 42 1L A LT 5 . LA-ICP-MS #54 U-Pb 4F
#5142, 2~141 Ma, B KIETE KT 5 AR, A A EeRIb 225 R0, & g XIS g ik 4 k1 Sio, %
BT 54.09% ~64. 89 % Z ], BLAT 48 AlLO; (14. 67 % ~17. 27 %) .15 2% K, O+ Na, O(6. 33 % ~8. 74 %) , &A%
By MgO(0. 81% ~2. 71 %) Fll Mg® (24. 84~46. 15) , Ay i #1455 B 1 K LU 2 5 B - M (X REE) A F 146. 51X 107 ° ~
193.29X 10 S Z ] R T/ L4 WI L (La/Yb) v =8. 5~15. 52, 55 1 5 4l & 4 (SEu=0. 64~0. 96) ; i T E L &
# Rb.Ba.K 2 k& 734 70 E (LILE) Ml + 70 % (LREE) , 5 it Ta Nb, Ti.Zr.P £ 3% 18 50 % (HFSE) 2k #
IE, A By BA HE IE 5% f & Th/Ta, Th/Nb A 8K A Lu/Yb(0. 14~0. 16) 1 Rb/Sr(0. 02~0. 1) lL{H. 4G
F A ST AL S AR BIF 58 TA g A 3 U5 1l X1 ek 20 L 2 S DA IXC A AR v 0 U I R 58 AR e g S A 45 L T
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KEEW : A1 U-Pb AR R 2 B Je i 4 s RO I B s A 1y i X

R 3 X b BTG 68 B A 1 PY AR ) 5 7 38
Heedehmz b, B AR E R AR E 2 T
AT RE N W QU RE o (N NS SR e R A iU 7
Wi, B 22 Hedk | 2 B B 8 AL RRAE (Sengor et al.
1993; Tang Kedong et al. ., 1995; Li Jinyi, 1998; Li
Junyi,2006) . WA A= AR AR B T B S A A 1
fii J#& (Shao Ji'an et al. , 1999), ¥ A s 111 )5 1E FI By
B M T 5 AR KL W R T By b A 0 4 3 A A 4H
£ (Li Sitian et al. ,1987), K242 04 Hb X i A4E 8k
s o A AR a0 T 22 RE LR AL 2 R A e A
A% WAy R E AL R R L Bt
4 J& Al BE TR 9% Ui $2 3L Hb (Shao Jidong et al.
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U-Pb [A] i & 4F # % B (Chen Zhiguang et al. ,
2006; Wu Huaying et al. , 2008; Zhang Jiheng et
al. ,2008,2010; Ying Jifeng et al. ,2010;Sun Deyou
et al. ,2011; Xu Meijun et al. ,2011; Meng En et al. ,
2011; Li Shichao et al.,2013; Si Qiuliang et al. ,
2015; Yang Wubin et al. ,2015; Zhang Xiangxin et
al. , 2016; Cheng Yinhang et al., 2016; Zhang
Xingzhou et al. , 2017 ;Du Yuedan et al. ,2017; Pei
Shengliang et al. , 2017; Liu Kai et al. , 2018; Wu
Taotao et al. ,2018; Yang Haixing et al. ,2019; Liu
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AEH R A B X AR A L S TR R i
SO AE A E A O Mg AR A (Lin
Qiang et al., 1998, 2003; Ge Wenchun et al. ,
1999) s @ 5 K FEMR BLFf A 5¢ (Jiang Guoyuan et
al. ,1988;Zhao Guolong et al. ,1989;Du Yuedan et
al. ,2017;Liu Chen et al. ,2017); Q@ 5% H-5FE K
Ve bk A ¢ (Fan Weiming et al. , 2003; Meng
Qing Ren,2003;Chen Zhiguang et al. ,2006; Zhang
Yutao et al. ,2007; Zhang Lianchang et al. , 2007;
Ying Jifeng et al. ,2010;Sun Deyou et al. ,2011;Li
Shichao et al. ,2013; Zhang Xiangxin et al. , 2016
Cheng Yinhang et al., 2016; Wu Taotao et al. ,
2018;Liu Jinlong et al. ,2019),
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T 2H 6 v S SR 2 3 JE kA L AR e o 4 R A )
B e 2 40 73 7 6 — B0 T Ho Tk =2
A BE#E A0 U-Ph [ (67 3 47 i 200 » XF DX 30 2 0 L
Loty 15 5 AF0E T AR LA .

BEXT B3R R 28 FARFE N 5 SR e HATE
W EAI 1 2 5 7 DX ST A L X A
JIE L XIS e ik 20 A IF R RS 41 U-Pb A48 &
HERAL A T T AR HIE U AR A B s R R
DX R T A 3 PRI o DA Ol 2% 52 3 L 7 AR BOt -
R SRR TR

1 s

BT 2% 52 36 111 AR B 018 DR % 722 06 by IXC ey i o A
AR 22 Tt B D5 T B8 X 28 Bt e B VY ) AR R A
R T 9 M R 2 b B R RO e (T 1b) . B
DA T IR 22 e A1 7 8 50 2% oy 48 b e v i 7 A )
DAE 5t B B DF 5l g S 45 2% 22 i e AR 45, B P )
RS-SRS G . % KR P AR AR 32 I
) 3 S 3 A 5 T, T G o AR R 0 S A R T 4
P55 2% 2 b Yo 1 Al 1 DF 5 (Ge Wenchun et al.
2007; Wu Fuyuan et al., 2011; Liu Yongjiang et
al. ,2017), B —r =i, K% 2 Ry Bl 45 2 48
B 177 AR bR AR T O U R e &S (L Jinyi et
al. v2007)  H LA » 32 X A 31 52 3y -5 7 K s A
TR R PR RSP 4 3 A 2R T AL B Bt (Xu Wenliang
et al. ,2013a),
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HIERA B A ANA BaRE, ERAYA
T TEAAR , B A% 0. 6~ 2 mm, JE 4 5ok T W
TIN5 = B = W T 1 TR A N REAR N e S
BIE R B AT s R A BIEARCR  d R K 1~
2mm RE BRI EF: ANAEHIE KR,
Fif% 0. 2~0. 8 mm; 2B = BEf Fok 48— R i,
RV AT AL AR B4R 0. 3~1. 2 mm, HE 4>
F B AL IRBHE A I IE K 3 OR AR —
£ 0. 05~0. 2 mm Z [a] , £ £1 Hr 45 fb &2 2 5 1) 35 2%
BLAR 2 A0, ¥4 38 ST Ao 254 (] 2200

FELTAT 7 M o, B AR 65 4 3 B L B — Bl
SRy HOR M . BESL 2590 ~30%, B4r EE N IE
KA buptkaMmB s, ERAFAE ME
Mok S RLAR 0. 5~4 mm, fi k2% 1 H A8 e b, &84
BEARAZ B FOA M, W 2R AR AR AR BIER
A 0. 7~2 mm, TR B B2 B Rk kL
£ 0.3~1.2 mm, ki A feias, 3 70%~
750 o AT E R ST TR B S AT BOIR AL 1 K
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Fig. 1 Geological sketch map of the Qilibin area, Inner Mongolia and its tectonic location
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1—Quaternary; 2—Manitu Formation; 3—Manketou’ebo Formation;4—granodiorite; 5—monzonitic granite;6—dacite porphyry;

7—rhyolite porphyry;8—sampling location of geochemistry;9—sampling location of U-Pb dating

HH RS A1 LA-ICP-MS U-Pb [ fi 2 41X 50 #r ¥ 7
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K NISTSRM 610, o1 Si /R B bR o0 R #E AT

RIE s 45 5~10 AR FIRE 5 4l A — U Ahn At . B0
Ab 3 R A ICPMSDataCal # 4 (Liu Yongsheng et
al. ,2008,2010) 58 Ji% , 3@ Pb # 1FE % H ComPbCorr
#3.17 52 )i, ( Andersen, 2002) , 45 % 115 K i Fi1 ¥
M4 22 1 % A Tsoplot 58 i (Ludwig,2003),
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Fig. 2 Sample photo sand microphotographs of trachyandesite(a, c¢) and trachyte (b, d)

in Manitu Formation from Qilibin area, Inner Mongolia
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Pl—Plagioclase; Or—orthoclase

X SR 98 MO0 3% B (XRE) 43 B7 - 20 Bt K R HE
FEOL T 5005 i oo 28 0 R Y A B A S B T
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10%.,
4 ales R
4.1 A U-Pb WF

Al 1 DX E JE ik 2H LSRR B AR R AR
floB ke (40~150 pm) L3t CL R 575 (3, BEAT
BB R O B HORLIR SRR AR B A AT BAROIR
W SRR R ARCIR B L B AT SR B O AN R, B A Y
Th/U HAEHI K TF 0. 1.8 0.37~3.10(F 1. A%H
I A 85 A (Belousova et al. , 2002; Qiao Donghai
et al. ,2017;Liu Wei et al. ,2018),
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M TF138~143 Ma Z ] (& 1), INACEYF % R 141
+1.2 Ma(MSWD= 1. 8) . # & ¢ 45 i 4 i (1
4a),
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Fig. 3 CL imageas of selected zircons for volcanic rocks in Manitu Formation from Qilibin area, Inner Mongolia
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Fig. 4 Zircon concordian diagrams for volcanic rocks in Manitu Formation from Qilibin area, Inner Mongolia
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®1 ARHTTFHEMXDRIENLEHER LA-ICP-MS U-Pb EF £ R
Table 1 LA-ICP-MS zircon U-Pb dating results of volcanic rocks in Manitu Formation from Qilibin area,Inner Mongolia
1 0.5 He i (M)
»U|"[|J ,'\L;_'\ % ’I‘h/U 207 pb// 206 pb 207 Pb// 235 U 206 pb/Z.%F% U 207 I‘)b// 206 I‘)b 207 I‘)b/ 235 U 206 Pb/’ 238 U
Wt | /e | WM | B/ | Wi | R/ | [ ®2/o | 4 [ 8%/ | W8 [BE/
D2556 : fL 1] 4 111 &
D2556-1 | 1.52| 0.0531 0.0025 0. 1581 0.007 0.0217 0. 0004 332 100. 9 149 6.2 138 2.3
D2556-2 | 2.39 | 0.0464 0.0021 0.1388 0. 006 0.022 0. 0004 20 103. 7 132 5.3 140 2.3
D2556-3 | 2.69 | 0.0516 0.0023 0. 157 0. 0066 0.0223 0. 0004 265 99.1 148 5.8 142 2.7
D2556-4 | 1.54 | 0.0497 0.003 0.1503 0.0084 0.0223 0.0005 189 145. 4 142 7.4 142 2.9
D2556-5 | 1. 71| 0.0485 0.003 0. 1495 0.0095 0.0222 0.0005 124 140. 7 141 8.4 141 3.2
D2556-6 | 1.27 | 0.0492 0.0043 0.1382 0. 0092 0.0223 0. 0008 167 187 131 8.2 142 4.9
D2556-7 | 0.53 | 0.0525 0. 0047 0. 1426 0.0093 0.0216 0. 0006 306 199. 1 135 8.2 138 3.5
D2556-8 | 1.93 | 0.0507 0. 0027 0.1541 0. 0085 0.0221 0. 0005 228 122.2 146 7.5 141 3.3
D2556-9 | 2.54 | 0.0469 0.0026 0. 144 0.0076 0. 0224 0. 0004 43 125.9 137 6.7 143 2.4
D2556-10 | 2. 06 0. 053 0. 0024 0.1617 0.0067 0.0223 0. 0004 332 97.2 152 5.9 142 2.4
D2556-11 | 2. 17 | 0.0528 0.0037 0.1619 0.0106 0.0224 0. 0006 320 159. 2 152 .3 143 3.7
D2556-12 | 0.7 0. 0545 0. 0036 0.1632 0. 0091 0.0223 0. 0007 391 148.1 153 8 142 4.1
D2556-13 | 2. 15| 0.0471 0.0019 0. 1467 0.0061 0.0223 0. 0004 54 92.6 139 5.4 142 2.3
D2556-14 | 1.87 | 0.0517 0. 0025 0.1598 0. 0072 0. 0224 0.0003 333 117. 6 151 6.3 142 2.2
D2556-15 | 2. 66 | 0.0478 0. 0027 0. 1448 0. 0075 0.0221 0. 0005 87 133.3 137 6.7 141 2.9
D2556-16 | 1. 69| 0. 0469 0.0019 0. 1445 0. 0059 0.0223 0. 0004 56 83.3 137 5.2 142 2.6
D2556-17 | 1. 77 | 0.0523 0.0031 0.1633 0. 0088 0.0223 0. 0004 298 137 154 7.7 142 2.5
D2556-18 | 1. 32| 0.0552 0.0042 0.1639 0.011 0.0222 0. 0006 420 172. 2 154 9.6 142 3.9
D2556-19 | 2. 27 | 0.0465 0.0022 0. 1399 0.0063 0.0219 0. 0004 20 111.1 133 5.6 139 2.3
D2556-20 | 0. 37 0. 05 0.0048 0. 1464 0.0127 0.0219 0. 0006 195 272.2 139 11.3 140 3.9
D2556-21 | 1.29 | 0.0541 0.0037 0.1611 0.0101 0.0219 0. 0005 372 153.7 152 8.8 140 3.1
PMO5-3TW1 . #1a A
TW-01 1.12| 0.0523 0. 0035 0.1633 0. 0144 0. 0224 0. 0008 298 127.8 154 12.5 143 4.8
TW-02 |2.29| 0.0585 0.0017 0.1791 0.0082 0. 0220 0. 0005 550 64. 8 167 7.1 140 3.4
TW-03 2.45| 0.0502 0.0015 0. 1560 0.0071 0.0224 0. 0006 211 70.4 147 6.2 143 3.8
TW-04 3.04 | 0.0543 0.0026 0.1606 0.0088 0.0214 0. 0004 383 105. 5 151 7.7 136 2.3
TW-05 | 1.86| 0.0487 0.0012 0.1516 0. 0040 0.0226 0. 0004 200 61.1 143 3.5 144 2.7
TW-06 |2.83| 0.0518 0.0033 0.1620 0.0148 0.0223 0. 0007 280 146. 3 152 13.0 142 4.5
TW-07 1.19 | 0.0527 0.0029 0. 1655 0.0093 0.0231 0. 0007 322 124.1 156 8.1 147 4.1
TW-08 1.63 | 0.0498 0.0034 0. 1465 0.0085 0.0215 0. 0005 183 163.9 139 7.6 137 3.4
TW-09 |1.59| 0.0481 0.0020 0. 1549 0. 0054 0. 0235 0. 0005 106 94. 4 146 4.8 149 2.9
TW-10 3.10| 0.0545 0. 0021 0.1719 0.0070 0.0229 0. 0005 391 85.2 161 6.1 146 3.2
TW-11 1.85 | 0.0587 0.0019 0. 1790 0.0074 0.0221 0. 0006 567 73.1 167 6.4 141 3.7
(LOD EZAF 1.6206 ~2. 706 Z [ A GRS B 11 ANRERL R A 7 Rl V8 1 S B X IR L 4 A

AR T 3% (LOI=3. 31% ~4. 35%) , W4

B

AR DXL s P D R T L e AR I e . A

B A FE SR U8 A AL S R S ik AR B 5 (ERE B R AR
Bt NEBITESIS R (G 2DF, klE SO,
EEANTF 54.09% ~64. 89% Z 8], A B 45 (AL O,
/\
|

o %14 67%~17.27% Z 8] \ @& 20 (K, O+
Na,O G2 L EE K 6.33% ~8. 74%) K AH N &
Ca()ﬁ‘%ﬁﬂcﬁ 0.73% ~ 5.98% = [a], - 14

3. 68 %) My 4F L 1 MgO (0. 81% ~2. 71%) 5 TiO,
(0. 76 % ~ 1. 7200 H X B Ak, Mg® 48 fk i [ 72
24. 84~46.15 Z ],

TE TAS Kl o3 2 A 24 B i (B 520w, BE
TE TE BB 2R 5 R B 1 2R 8 A S 2 BT L A

K, O-SiO, [ fift (B 5b) b A b 3528 96 78 5 AP A4S Tl 1
RN h D A X RIS B E RSP, 1
Harker &l (& 6) |, &5 J3 8 X3 Je ik 4 K1l E
(1) S10, 5 K ZH80H 0 2 A B 0 A M, ik
F SiO 5 K, O 2T IEM %, 5 TFeO,MgO,
TiO, (P, O; Fl CaO 5 B AT (14 171 AH SC M S i 5 3¢
O3B 4 AL A
4.3 WETE

AT 7 b XKLL R A 1 OT 2R A A
REMES I TR 2. WH L0 E I rds R R
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Fig. 5 TAS and K,O-SiO, diagrams of volcanic rocks in Manitu Formation from Qilibin area,Inner Mongolia

(a:after Le Maitre,2002;the line between alkalic and subalkalic areas comes from Irvine et al. ,1971;b.after Middlemost,1985)

REE) 4 146.51 X 10 ° ~193.29 X 10 °, H v & #
+ 0 E M E (X HREE) Jy 14. 04 X 10 ¢ ~19. 85 X
105 2+ I0 £ M & (X LREE) 2 131.82X10°°
~178.74 X 10 °, %\ + T E L EH B 8.26 ~
12.29, FEXORL A bk AL 19 #1290 3= I 73 it 2 18
(K 7a) b, &4 5 2 B0 A ALY 28 1k e 35, 2 B
B 1 (LREE) & 4 19 A BURHAIE . (La/Yb)y = 8. 50
~15. 52CF¥E N 11. 44) , )R B2 B/ + o £ 01
AR, (La/Sm)y = 1.76 ~3.78 CE#(H 2.94) .,
(Gd/Yb)y=1.75~3. 37 CFH{H 2. 32), x W42 . FE
Wi 1O R WA Z A1 — E R 0 1. 8Eu
0. 64~0. 96 CEY{E H 0. 82) , HAG 551 Eu 7 5% .

T 5 465 1 0% A 9 A 19 B3l 3 0 3R Wk I 181 (& 7h)
F &% Rb.Ba K % K 7R ATTR (LILE) . 54
Ta,Nb, Ti,P 45 & 3758 0 R (HFSE) , B A & Kk
W FRAE ., B PMO5-3XWG-19 Bk 5 6 Sr § %
Hb A 10 RS H A Sr IE SRR, F H Sr 3 i
TE 490 X10 *~1380X10 *Zu],Y & 17. 19X
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Manitu Formation from Qilibin area, Inner Mongolia
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x2 AFREFHEHMRBEMAALEHREESTER(EETE : %;HETE: X107°)
Table 2 Geochemical data of volcanic rocks in Manitu Formation from Qilibin area,Inner Mongolia
(major elements: % ; trace elements: X 10~ ¢)
N PMO05-3 PMO05-3 PMO05-3 PMO05-3 PMO05-3 PMO05-2 PMCO03 PMCo03 PMCO03 PMCo03 PMCo03
PRt XWG19 XWG35 XWG42 XWG43 XWGT76 XWG21 XWG39 XWG56 | XWG109 | XWG110 | XWGL15
. HHL T HHL T LisRid] HHL T HHL T HHL T " AT
HOAR | R ORI e | g | seng | sens | zens | gewy | ROE | OHIE
SiO; 64.83 64. 89 59.03 59. 26 55. 25 54. 09 59.74 59. 23 61.28 59.52 57.33
TiO, 0. 76 1.02 1. 19 1. 15 1. 39 1.72 1. 00 1. 02 0.93 0. 96 1. 06
Al, Oy 15.17 15.77 14. 67 14. 84 15. 65 16. 58 16. 71 17.05 16. 00 17.27 17. 20
Fe, Oy 3. 37 4.23 7.46 6.28 4.23 4.59 3. 00 3.01 3.19 3. 86 3.43
MnO 0. 10 0.11 0.070 0.11 0.11 0.12 0.12 0.12 0.12 0.12 0.13
MgO 0. 81 1.03 1. 80 1. 88 3. 54 2.26 2. 36 2.24 1. 98 1.79 2.71
CaO 2. 56 0.73 2. 66 3. 54 5.69 5.98 4. 49 3.81 4. 14 2.52 4. 41
Na; O 4.16 4.28 4. 86 4.78 4.43 6.55 4. 50 4. 83 4. 41 6.21 3.77
K;O 4.12 4.21 2.71 2. 60 1. 90 0.91 2.77 3.70 3. 20 2.53 4. 45
P05 0. 25 0. 39 0. 40 0. 40 0.59 0. 54 0. 35 0. 30 0. 36 0. 34 0. 36
LOI 2. 31 2.25 3. 69 3.31 3.42 4. 35 1.62 1. 82 1. 96 2.70 1.72
Total 99. 82 99.92 99. 55 99. 39 99. 83 99. 71 99. 78 99. 84 99. 94 99. 83 99. 83
Mg*# 24. 84 27. 80 29. 56 32.94 46. 15 39. 81 42.15 42.71 40. 53 36.97 43. 46
K;O+Na, O 8.28 8. 49 7.57 7.38 6.33 7.46 7.27 8.53 7.61 8. 74 8. 22
Cr 5.07 2.69 2.44 3.63 48.19 98. 45 16. 2 8.09 13. 4 6.93 8.42
Co 8.52 9.13 25.07 23.69 28.50 24. 04 13.2 10. 6 13.0 10. 6 16. 8
Ni 3. 80 6.16 4.48 4.70 31.43 36. 29 8. 25 4. 86 6.73 5.25 5. 06
Rb 139. 10 131.61 55. 64 69.12 43. 34 16. 59 116 78.9 63.0 74. 4 99. 8
Sr 490. 00 791. 00 1050. 00 856. 00 1380. 00 863. 00 995 1051 1071 764 1346
Y 25.13 21.03 20. 63 25. 00 18.52 17.19 20. 2 19.6 20. 6 19.8 18.9
Zr 274.18 219. 86 207. 37 207.73 189. 71 163. 68 260 298 262 277 226
Nb 13. 88 15. 25 10. 81 10. 49 9. 80 6.93 10. 1 10. 2 11.7 9.83 9.77
Ba 1415. 46 1378. 43 951. 53 919. 04 738. 66 240. 23 1725 1292 1365 1166 1460
La 36. 69 28.98 30. 25 34.27 36. 46 25.07 35.9 34. 2 38. 2 41. 0 30. 3
Ce 72.27 82. 83 60. 39 70.95 73.81 52.91 78.1 72.3 78.1 81.7 66.9
Pr 9.02 7.74 7.84 9. 00 9. 89 7.32 9. 38 9.52 9.69 9. 89 8. 42
Nd 37.38 32.78 33. 35 39. 22 41.98 35. 65 36. 1 34. 2 37.0 37.5 33.2
Sm 7.28 6.72 6. 48 8. 85 7.37 8. 96 6. 87 7.50 7.16 6.83 6.43
Eu 1.53 1. 26 1. 45 1.72 1. 99 1.91 1.92 1. 85 1.75 1. 80 1. 66
Gd 5. 99 5.43 5.52 6. 64 6.61 6.12 5.41 5.22 5.45 5.29 4.99
Tb 0. 90 0. 84 0. 80 1.01 0. 89 0. 81 0.77 0.75 0.77 0. 74 0.72
Dy 4. 55 4.19 4.25 5.18 3.89 3.71 3.67 3.78 3. 80 3.58 3.48
Ho 0. 86 0.78 0.76 0. 96 0.67 0.62 0.67 0. 66 0.71 0. 66 0. 65
Er 2.55 2.15 2.23 2.58 1.78 1. 56 1.98 2.06 2.18 1. 96 1. 95
Tm 0. 37 0. 31 0.31 0. 36 0. 24 0. 20 0. 27 0. 28 0. 30 0. 26 0. 26
Yb 2.76 2.23 2.35 2.72 1.74 1.47 1. 88 1. 89 2.02 1.78 1.72
Lu 0.41 0.33 0. 34 0. 40 0. 25 0.21 0.28 0. 31 0. 31 0.27 0. 26
Hf 10. 37 8.53 7.12 9.15 8.09 6.33 11.3 12.7 11.5 10. 3 6.22
Ta 1. 56 3. 36 1. 48 1. 34 0. 90 0.76 1.11 1. 60 1. 31 1. 17 0.75
Pb 30. 30 18. 80 17. 90 20. 00 17. 30 13. 90 24.5 22.7 18. 8 20.0 17.6
Th 13. 20 9.29 7.39 7.91 4. 85 2.06 15. 6 10. 2 8. 50 7.58 7.90
U 3.27 2. 38 1. 66 1. 69 1. 00 0. 40 2.49 3.03 2.99 2.75 2. 65
> REE 182.55 176. 56 156. 32 183. 85 187. 56 146. 51 183. 22 174.52 187. 42 193. 29 160. 88
> LREE 164. 16 160. 30 139.76 164. 00 171. 48 131. 82 168. 29 159. 57 171. 87 178.74 146. 84
> HREE 18. 40 16. 25 16. 56 19. 85 16. 08 14. 69 14.93 14. 95 15.55 14. 54 14. 04
> LREE/>HREE| 8.92 9. 86 8. 44 8. 26 10. 67 8. 97 11.27 10. 67 11.05 12.29 10. 46
SEu 0.71 0. 64 0.74 0. 69 0. 87 0.79 0. 96 0. 90 0. 86 0.91 0. 90
(La/Yb)n 8. 97 8.76 8. 68 8. 50 14.11 11. 54 12. 91 12. 20 12.76 15.52 11. 85
(La/Sm)y 3.17 2.71 2.94 2.44 3.11 1.76 3.29 2. 87 3. 36 3.78 2. 96
(Gd/Yb)n 1. 75 1. 96 1. 90 1. 97 3.06 3.37 2.33 2.23 2.18 2.40 2.34
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GgR2
B 2 PMO05-3 PMO05-3 PMO05-3 PMO05-3 PMO05-3 PMO05-2 PMCO03 PMCO03 PMCO03 PMCO03 PMCO03
e XWGI19 XWG35 XWG42 XWG43 XWGT76 XWG21 XWG39 XWG5H56 | XWG109 | XWG110 | XWG115
HH T A HH T HH T HH T HH T BN
ALK AL A LiiNlTE= U R R R o R Miis | HmEE N
ZlE Z g ZlE 2l Z A 2 ZE
Rb/Sr 0.28 0.17 0. 05 0.08 0.03 0.02 0.12 0.08 0. 06 0. 10 0.07
Ba/Nb 102. 01 90. 39 88. 00 87.63 75. 37 34. 69 170. 03 126.83 | 116.91 | 118.58 | 149.45
Ce/Nb 5.21 5.43 5.59 6.77 7.53 7. 64 7.70 7.10 6. 69 8. 31 6. 85
Th/Ta 8. 46 2.76 5.01 5. 89 5. 36 2.70 14. 09 6. 38 6.49 6. 48 10.53
Th/Nb 0. 95 0.61 0. 68 0.75 0. 49 0. 30 1. 54 1. 00 0.73 0.77 0. 81
Lu/Yb 0.15 0.15 0.14 0.15 0.15 0.14 0.15 0.16 0.15 0.15 0.15
(Nb/La)y 0. 36 0.51 0. 34 0. 29 0. 26 0. 27 0. 27 0. 29 0. 29 0.23 0.31
F:Mg# =100X (MgO/40) /(MgO/40+0. 8998 X Fe; O3 /72+FeO/72) ,
100
1000 ) ®)
o LS
B 100 =
S =
og og
=10 3
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Fig. 7 Chondrite-normalized rare earth elements and primitive mantle normalized trace elements spider diagrams

of volcanic rocks in Manitu Formation from Qilibin area,Inner Mongolia (a; Chondrite-

normalized values after Boynton,1984;b; primitive mantle normalized values after Sun et al. ,1989)

R 3 BB R

LA R B B U-Pb s 4F 5 vk 0y i
— 2 2 (Sun Deyou et al. ,2011; Meng En et al. ,
2011; Li Shichao et al. ,2013; Si Qiuliang et al. ,
2015;Zhang Xiangxin et al. ,2016 ;Zhang Xingzhou
et al. ,2017;Du Yuedan et al. ,2017; Pei Shengliang
et al. , 2017; Liu Kai et al. , 2018; Wu Taotao et
al. ,2018; Yang Haixing et al. ,2019;Liu Jinlong et
al. »2019) X R % 2 0 A [w) 3 X 1) 35 8 ik 20 il
HEAT )AL 3R AR AR A B Y 32 T8 4 i 48 b A
158~130 Ma Z[a] , F 2L il T 1 Ak, /D 6 0 Ak
T KL 2 2 S 0 A T DR M 2 U G S L R g
FRHL DK, K220l [X 3 Je i 2 K1 25 T8 s AR
B vk, Bk S BV [ &R (Wang Fei et al.,
2006) B 1 A 11 R 4F I 2 22 57 198 %« (Xu Wenliang
et al. ,2013a) .

AR R B 11 3 & v 2H KL T2 L FORL T 5 4
B0 BAT MRS SR S R R E (Th/U>>0. 1), 3845 1
LA-ICP-MS #5447 U-Pb 4§43 70 141+1. 2 Ma,
142.24+3. 0 Ma, iz g /RACER T KILEE B AR RS .

S, 3 5 4R X TR M X R A5 Y 3 2 i 4
O AR (142,04 2.1 Ma) (Wu Taotao et al. ,
2018) — B, 5 R D22 8 b X1 35 J2 ik 4L B %5 o0 A
FRAEFHW) 6 o
5.2 EAHEMEREX

WF 78 X3 JE nk 2 KL 45 A S B ALY
B KR 0T R BRI 2E R AE S i HL A A TR
(R A DR DX, R X e i 4 k1L 45 R i EL A A
RLR 3 o B SRR T R Bk AL 2 AR L S L B
A A R IR X, BFFE X 3 e ik 4 ok A SiO,
SEANT 54.09% ~64.89% Z A, MgO (0. 81 % ~
2.71%) 5 Mg® (24. 84 ~46. 15) B A%, 41 25 ¢ Z
Co(8.52X107°~28.50X10"°) 5 Ni(3.80x 10"
~36. 29X 10 °) 1y & & IR S i ik 28 5 7 A] BB
23k oy B A A AR I S SR B R Y B (Zhang
Yutao et al. ,2007) ., fF Harker Ef# (& 6) I, k1l
HH) TFeO,MgO 5 SiO, 5 B 5 5 57 A )6 6 R L 6
BAE A AL R A b A T R 1 43 B 45
MRIEAE Zr/Y-HI/Sm Hl Sr-Ba 43 B85 4% G A5 01 4 1 5]
T o i 83X (B 8ab) , Fe B IX BB R EE 1 1) 2 Oy
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Fig. 8 Zr/Y-Hf /Sm (a),Rb-Sr (b) and §Eu-Sr (¢) diagrams of volcanic rocks in Manitu

Formation from Qilibin area,Inner Mongolia (the trend line of fractional crystallization refers to Guo Feng et al. ,2012)
Pl—f#H& A Hbl— N A K8 K A Bi— B a5 Zr— 84 Gre— A A
Pl—Plagioclase; Hbl—hornblende ; Kf—K-feldspar; Bi—biotite; Zr—zircon; Grt—garnet

NGB &6, K, O 5 SO, 1E M 56, AL O, fl
CaO 5 SiO, AR BB A KA b R 4B TR A
(53 B 45 fh» A P AE OEu 55 Sr 7 it R IEAH R K R
WIEM T X — i (K 8c) . P,O;fl TiO, 5 SiO, 1 4
oK T HAE SR JC R Wk I 1] (&L 7h) v L A7 76 W] 2 7Y
P ATt S5 Ud B S b A7 TE i R A0 F0BR Bk
W E L . LRGeS 5 A HF R RHK
A1 R I LR 5 B 322 B A A B K A W R
hyE A — 2

WF 5T DX 3 & ik 2H L i T 3R b sk b 27 R AR
WIRARIEX E % Rb.Ba . K FEKE FHRATE
(LILE), 5 Nb.,Ta.Ti % &5 0 % (HFSE) , 2§
BLF 55 9K L A b 3R Ak 2% R AR B R 0 ok
L AT B8 S O i 3 A A2 AR A B el i it e ) o TR
YL A 1 P #i8 (Chen Zhiguang et al. ,2006; Zhao

Yuanyi et al. ,2014) . Hi7EiR Y & T8O LA R
JC R ) 2R 2H i 228 /b i R LSS TR G il

£ 5 Nb.Ta fi 5 % Ml Zr . HI 1F 5 % B 45 fE (Zhao
Junhong et al. ,2010), #F Jy¥E# X 3 8 ik 2H k1l
HRA Zr fUSEOM HE ES (B 7h) HRA
B Th 3B (2.06 X 107° ~15.60 X 10°°, S (H
8.59X10 °) R ENAES b B 5E W i (Th=
10. 5X 10" °; Rudnick et al. , 2003) [6l L 1R YL A %
(Zhu Dicheng et al. ,2006),

— BN A A R 5 I K S AR e T g
AFLER T A A 90 20 s il O 0 IR R o s . B
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Fig. 9 La-La/Sm diagram of volcanic rocks in

Manitu Formation from Qilibin area,Inner Mongolia

170. 0353 2) 1 Ce/Nb H B 722 A4 g B /)N (5. 21 ~
8.31;% 2), 5 X3 b iy v B4 K1l g FFAE (Chen
Zhiguang et al., 2006; Zhang Lianchang et al.,
2007) By — B, S R XL 5 AR S AR
AEAR I - i) B (Nb/La) B B 28 A6 35 [ 0. 23 ~
0.51, Th/Ta (2.70 ~ 14.09) 5 Th/Nb (0. 30 ~
L 54) LA & » IRl AR R WA R mTRESR A T 52 A0 b i 4R
A2 A0 g YR X (Wilson, 1989 ; Pearce et al. ,1995;
Elliott et al. ,1997),

£ La-La/Sm [ (K 9) FRER 2L X R R
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A5« FEWZ I I R T o3 e BROE J8 [R) kil s
Fedh Lu/Yb (0. 14~0.16) #1 Rb/Sr(0.02~0.17)
WA . R TR A% A Lu/Yb(0. 16 ~0. 18) fil Rb/
Sr(>>0.5), 1 H 5 18 I K 19 Lu/Yb (0. 14 ~
0.15) 1 Rb/Sr (0. 03~0. 047) H i ¥ &y # 3T (Sun
et al. ,1989; Rudnick et al. ,2003), X % 7~ #F 55 [X.
KL AT RE Sy i s il )

g5 b AR SN A 7 XU s R IXOAT e S
AR b el Al Y AR 5 A e e LS 3 A il T S K
TR R A T Ay B A AR AN TR o ) B Y
[ AR G
5.3 MELE=S

TR G W b DX rpr A= AR K L TE B ) 36 36
Bi FEARAE 3 A [A) By W s O Hi s A A (Lin
Qiang et al., 1998, 2003; Ge Wenchun et al. ,
1999) s @ 5 K VEMR BLFf g 5¢ (Jiang Guoyuan et
al. ,1988;Zhao Guolong et al. ,1989;Du Yuedan et
al. ,2017;Liu Chen et al. ,2017); Q@ 5% -5 E K
e L A & (Fan Weiming et al. , 2003; Meng
Qingren, 2003 ; Chen Zhiguang et al. ,2006; Zhang
Yutao et al. ,2007; Zhang Lianchang et al. , 2007;
Ying Jifeng et al. ,2010;Sun Deyou et al. ,2011;Li
Shichao et al. ,2013; Zhang Xiangxin et al. , 2016
Cheng Yinhang et al., 2016; Wu Taotao et al. ,
2018;Liu Jinlong et al. ,2019),

M H T A R A I8 B 7T R0 DR % 22 08 3l XA
FEAE VR I BRI 5 ) 322 X b AR ARk L s
S AT AR HIE U B A 8RR 224 Kl s 1)
X A5 3 A R AR e DL b 0 A L T DA R
(Fan Weiming et al., 2003; Zhang Lianchang et
al. ,2008;Ying Jifeng et al. ,2010), fEH.—H{k%
T 3 MR BB & B0y 8 B vE ki A H A (Xu
Wenliang et al. ,2013a) DL Jo /N 24242055k 7 7 I Hby
DA A () I AR 3 1L A 2H 5 (Tang Jie et al.
2011;Xu Meijun et al. ,2013), & 7% H @ bk 2 1) b
WL T B P B 28 A B 7R T 2R R P T Al Bk
W VE B B9 T 46 (Xu Wenliang et al. ,2012), fEH
PR — L 3 S Y KL A A FE AL I A DA VY
H#h X (Zhang Yueqiao et al. ,2008) , 1M & BB R K
BUIF I faon 1 AR 2 T — T 2 e) R
SR i B AL 0 b E) B (Xu Wenliang et al.
2013a) . BEAh , 72 B R P 1 Al B G 2t 1 52 7ty [ R R
PR AETE R A 5 K% 2 8 K5 AR TR) A9 il & o
I X e AR B 0 — L A s i TR e DL R

SEEEAR AR i AH B8R 22 (Fan Weiming et al. ,2003),

1AL PPN /8 e S L NS ] )
DX A UK L BTE S 5 - SR R K e TR AL A
K s RO W AERUR o 9 e b i 80K oy 9 — AL i)
WX R T ARSI LR - X i A - s
Bl KL A2 A (Xu Wenliang et al. ,2013b) . )2 Bt
TUE Bl Rl 00 R AL T AR B 3 Rl 2 0 R i B R
(Zorin,1999) , IEW T 1 i 58 ity -5 78 o v ¥ 2 2 [
R o 3] TR RS 2 FERIUR 40 3t B
YN B P P 3t X B T AE I AE 160 ~ 150 Ma i £k &
T £ B P B P o 9 R B s A Kl e 44 (Fan
Weiming et al. ,2003; Chen Zhiguang et al. ,2006) ,
I 52 it SR IR TR i T 3 LS R A Ay Rl s AR
TR, FEFL 22 T AL A& B0 0% . 1 22 5 el v R 97
JOE FAETE T 52 il - S0 R s v & B g L 1Y
i 3 4% (Liu Jinlong et al. , 2019), Metelkin et
al. (20100 A5 - S0 8 P s T 22 57 J1 30 A 7Y 1) 2K
T AL s PG I B 4 P B T Dy W R 2t AR e %
VA5 Al 4 3 L O . BT XA S JE nk 2H ok L
FIB T A (142, 2~ 141 Ma) . [6l i K 2% %
A iy X 1 J& vk 2 KL o T RS % 52 B ek Y ) AR B
At 1w 1 2 A B ) A R OB S S -
R ETE MG AL DIAH OE .

F 5T DX 3 Je i 20 L 3 5 SR T 42 L FRL
M EH G . &I TAS 730207 R w(Na, 0) —
2NRTFH/NT w(K, O) 2F X 43 Bl 57 R T 1) Al
CHRI OINT D B AR T L B 5T DX LD s B
P RUHAT R BLR  Jerh 5 PFRE L BB 6 PR R
BT — BNy B BRSO AA B Sk T
KA FE L7 385 (Deng Jinfu et al. ,2015), F R
iR ATREWE 7 1 W58 XK L a8 5 R 3k 1 1 el
P A B I 5 A ) 2o 9 B B . fE Ze-Ti Ui TG R A
T P ) P i (I 10D b o B il 878 JC L ol X8
& 78 W5 X J k4 oK Ll TR T i sl KRG i S Ay
IR A 38 PR BT 5 U DO SR AR AR — B0 SR i
MR AT REE Z 08 T A KB X EE .. UHoE
T R R R 9 IR R S R SR S Y
HEHp & (Zhao Zhenhua, 2007) . 1 =5 81 45 08 1k &
H D BT 1] £ R o i U L 2 3 1 R v Ak B e s B
B F7 5 (Liegeois et al. ,1998) . AR WF5E 05 )2
20 2 S Dy o A R B K s R A
FELTET 22 11 2 RO TR 5 20 & W 78 FE P RBJE ) T 38 1l
W 308 i Al 12 B 45

LR AT T IR B A IR 58 45 2R 5 A AT 5
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Fig. 10 Zr-Ti tectonic discrimination diagram of volcanic

rocks in Manitu Formation from Qilibin area,Inner Mongolia
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Abstract

The volcanic rocks in the Manitu Formation from the Qilibin area, northern Great Xing’an Range are
mainly composed of trachyandesite and trachyte. Zircon U-Pb dating results show that they formed during
the Early Cretaceous with an age of 142. 2~ 141 Ma. The geochemical characteristics indicate that the
voleanic rocks in the Manitu Formation from the Qilibin area are high in SiO, (54. 09% ~64.89%), AL O,
(14.67%~17.27%)and low in MgO (0.81% ~2.71%), total alkaline K,O-+Na,O (6.33% ~8.74%),
and Mg® (24. 84 ~46.15), belonging to the calc-alkaline series with high K contents. The rare earth
elements analysis show that the total rare earth elements (2 REE) are in the range of 146.51 X 10 %~
193. 29X 107° with insignificant negative Eu anomalies (§Eu=0.64 ~0.96), and intense fractionation
between LREE and HREE ((La/Yb)y =28.5~15.52). The trace elements are characterized by LILE
(e. g» Rb, Ba, K) and LREE enrichment and HFSE (e.g., Ta, Nb, Ti, Zr, P) depletion, and
containpositive Hf anomalies, high ratios of Th/Ta, Th/Nb, low ratios of Lu/Yb (0. 14~0.16) and Rb/Sr
(0.02~0.17). Combining their geochemical characteristics with previous studies of this area, the magma
for the volcanic rocks in the Manitu Formation from the Qilibin area was derived from the partial melting of
the subduction fluid metasomatized mantle wedge, and experienced fractional crystallization and
contaminations of crust during the magma ascent. It is possible that these volcanic rocks in the Qilibin area
were formed by the collision-postorogenic extension of the Mongolia-Okhotsc Ocean and the upwelling of

asthenosphere.

Key words: zircon U-Pb dating; geochemistry; Manitu Formation; north part of Great Xing'an

Range; Qilibin area



