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Abstract Many Triassic alkaline granites have been discovered in southern Siberian plate margin in recent years, and these alkaline
granites construct an alkaline granite belt. The Chagan Obo quartz diorite is an important intrusion in this alkaline granite belt. Its
formation age was determined as 237Ma using SHRIMP U-Pb method. These alkaline quartz diorites in this intrusion display their SiO,
contents of 60. 70% to 62. 67% with an average value of 61. 76% , K,O + Na, O contents of 9. 18% to 10.48% with an average value
of 9.74% , and Na,0 >K,O. These rocks are characterized by total rare earth concentrations from 236. 3 x 10 ~® to 260. 0 x 10 ~® with
an average of 246. 5 x 10 ™® and right-decline REE distribution models with LREE/HREE ratios of 18.91 to 20. 11 with an average
value of 19. 48 and slightly negative Eu anomaly. Similarly, they are also characterized by high Sr and Ba but low Y, exhibit Sr, Ba
and Y concentrations of 1216 x 10 ™% to 2028 x 10 ~° (average value of 1707 x 10 %) | 1597 x 10 ™ to 1947 x 10 ~® (average value of
1717 x107°) , and 12.9 x 10 ™ to 16. 5 x 10 ~° (average value of 15.3 x 10 "*) | respectively. These geochemical features suggest they
belong to adackite-like lithological assemblage. The quartz diorite lithological assemblage shows higher **Ph/* Ph ( from 18. 172 to
18. 529 with an average value of 18.314) ,**Pb/**Pb (from 37. 831 to 38. 120 with an average value of 38.016) , and gy, (¢) (from
3.3 to 3. 8 with an average value of 3. 5) but low *”Pb/**Pb (from 15.465 to 15. 529 with an average value of 15.503) and initial
7S1/%Sr values (from 0. 70405 to 0. 70411 with an average value of 0. 70408) , which suggest that the original magma of the quartz
diorites was derived from partial melting of residual subducted oceanic slabs after collision between Siberia and China-Korean plates.
This original magma was contaminated by ultramafic and K-enriched alkaline fluids. Therefore, these quartz diorites are synchronous
products of Triassic alkaline granitoid magmatism in northern margin of Sino-Korean plate. The paper provides new evidence for the end
time of finally collision between Siberian and Sino-Korean plates.

Key words Triassic alkaline quartz diorites; Adakite-like lithological assemblage; Geochemistry and Sr-Nd-Pb isotopes;

Petrogenesis; Inner Mongolia
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Simplified geological map of the Chagan Obo district (after Zhang et al. , 2008 )

Fig. 1
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Rl ETREAEAKENETE (W% ) BLMHEBTE( x10°) SHER
Table 1 Major (wt% ), REE and trace ( x 10 ™°) elements compositions of Chagan Obo quartz diorite
e CG7 CG6 CG8 CG5 CG3 CG2 eSS CG7 CG6 CG8 CG5 CG3 CG2
Si0, 61.50 62.54 62.67 60.93 60.70  62.19 Ho 0.50 0.42 0.47 0.52 0.51 0.48
TiO, 0. 50 0.49 0.50 0.56 0.58 0.50 Er 1.52 1.25 1.40 1.59 1.47 1.42
Al, O 16. 96 16.97 16.78 16. 49 16. 87 16.79 Tm 0.20 0.18 0.20 0.20 0.20 0.20
Fe, 0, 2.05 1.72 1.79 2.03 2.15 1.91 Yb 1.40 1.17 1.35 1.47 1.38 1.41
FeO 2.16 2.07 2. 16 2.37 2.17 2.01 Lu 0.21 0.18 0.21 0.22 0.21 0.21
MnO 0.07 0.07 0.07 0.08 0.08 0.08 > REE 268.8 238.4 251.5 276.5 274.3  260.7
MgO 2.04 1. 86 1.96 2.31 2.39 1.94 LREE/HREE  19.35 20. 11 19.55 18.91 19.57 19. 36
Ca0 3.05 3.46 3.42 3.48 3.92 3.60 (La’Yb) y 28.54  31.21 27.68  27.81 29.84  27.57
Na, O 5.89 5. 60 5.63 5.16 5.22 5.29 SEu 0.93 0.97 0.96 0.90 0.96 0.94
K,O0 4. 15 3.58 3.98 5.32 4.43 4.20 8Ce 1. 00 0.98 1.01 1. 00 1.00 1.01
P, 05 0.30 0.25 0.26 0.32 0.31 0.28 Cu 30.9 121 19.4 56.6 44.7 56.6
H,0* 0.76 0.90 0. 66 1.16 0. 64 0. 68 Zn 48.9 50.0 46.0 54.0 57.0 54.2
Cco, 0.05 0.05 0.09 0.09 0.05 0.07 Rb 108 89.7 79.5 139 107 118
LOI 0. 69 0.74 0. 36 1.15 0. 66 0.58 Sr 1216 2028 1719 1567 1964 1745
Total 100. 17 100.30 100.33 101.45 100.17 100. 12 Nb 5.41 4.72 5.85 5.69 5. 80 5.82
K,0 +Na,0 10.04 9.18 9. 61 10. 48 9. 65 9.49 Mo 0.53 0.59 0.74 3.58 14.3 1. 40
Na, 0/K,0 1.42 1.56 1.41 0.97 1.18 1.26 Ba 1624 1611 1597 1947 1898 1599
DI 27.85 28.37 29.34  33.21 29.53 31.19 Ta 0.41 0.37 0. 47 0.43 0.44 0. 46
o 5.45 4.31 4.70 6.13 5.26 4. 69 Pb 21.6 26.9 27.4 27.0 26.2 26.6
Mg* 62.72 61.55 61.78 63.46 66.24  63.23 Bi 0.63 5.17 0.44 0. 46 0.74 1.02
A/CNK 0. 86 0. 88 0.85 0. 80 0. 82 0.85 Th 12.1 9.91 13.2 12.3 12.1 12.4
La 55.7 50.9 52.1 57.0 57.4 54.2 U 2.47 1.99 3.56 3.74 4. 19 3.40
Ce 114 101 107 117 116 111 Zr 221 209 219 233 230 234
Pr 13.0 11.5 12. 1 13.3 13. 1 12.5 Hf 5.28 5.23 5.06 5.60 5.48 5.62
Nd 48.5 43.1 44.9 50.0 49.7 46.8 As 12.3 5.75 25.9 16. 6 88.3 84.4
Sm 7.34 6.48 6. 84 7.67 7.55 7.02 Au 0. 002 — — — — 0. 001
Eu 1.97 1.82 1.90 2.00 2.11 1.94 Ag 0.10 0.11 0. 10 0.13 0.11 0.12
Gd 5.23 4. 61 4.77 5.50 5.37 5.12 Sn 4.50 4.50 1.77 3.69 2.31 7.50
Th 0.59 0.51 0.55 0.63 0. 60 0.58 Y 15.9 12.9 15.2 16.5 15.9 15.2
Dy 2.78 2.36 2.55 2.93 2.82 2.64
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~6. 13,711 5.00, JRIIE S R 5], BEZR AR =2.63 ~3.21
(AR = (ALO, + CaO + K,0 + Na,0)/( ALO, + CaO-K,0-
Na,0), Wright, 1969) , 7 AR-SiO, [ (& 2b) I, ¢ 5h ¥ 7E
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AT HALA VI A1 REE S 154 236.3 x 10 ¢ ~260. 0
x107° (3 1), F 14 246.5 x 10™°; LREE/HREE ¥ 18.91 ~
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Table 2 Pb isotopic compositions of Chagan Obo quartz diorite
N N 2 SHRIMP AR IS
i I3 M8ph/2%Ph 27ph/2MPh 2% Ph/ 2% Ph ” Th/U
S x4 AR (Ma) (Ma) © )
CG2 38. 120 15.512 18.335 111 9.30 34.82 3.62
CG5 37.991 15. 500 18. 246 162 9.28 34. 66 3.61
CG6 38. 108 15.523 18. 381 91 9.32 34. 64 3. 60
ma 237
CG8 38. 085 15.529 18.529 -13 9.31 33.85 3.52
CG3 37.831 15. 465 18.172 172 9.22 34.08 3.58
CG7 37.961 15. 488 18.220 166 9.26 34.57 3.61

T8 A Tk AU BRI B 20 ATl w00 A s SHRIMP 4RI B4l 5| F 5K 7 254 ,2008
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Fig.2 The A/NK-A/CNK(a)and alkalinity ratio diagrams
(b) of Chagan Obo quartz diorite
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2028 x 10 ~° , SF-45k 1707 x 10 ™% ; Ba ARk 38 [k 1597 x 10 ~°
~1947 x107% SR 1717 x 10°° ) Y S84, M 12.9 x
107° ~16.5x107° SEHH 15.3 x 1070, B ITCERIGH
bR ALk R 18 E (1K 3b) ,6 {4 RE & B bR 4k i 28 08 25—
H,BRKE FHAICHE(Rb . Ba Th U K) &4, 55
# (Ta Nb.Ti . P) Wi 541, 87/ T 500 vb 4/ FIAH G A T oo
F BRI RHE

5.4 EMrEAK
5.4.1 PbR4zE

BT RGBS 6 PEARFAEARE G b i B G R
PRI RI T 2. S Hrh &0, Ph/™ Pb HAK A
ALFE N 18,172 ~ 18. 529, -2 {8 Jy 18. 314, 1™ Ph/*™ Pb
{4 15. 465 ~ 15.529, -4 {# 2 15. 503 , 41 X %5 4%, ™ Pb/
2 PO B #5155 (37. 831 ~38.120) , EH4{E Ky 38. 016, K FHEAH
B A R oo F Th/U 252850, AR [RIRE 5 i 25k
AR, wlER9.22 ~9.32, AL H B/ ART pn(H
9. 74 WRGFE AL . Th/U (HAR LR 3. 52 ~ 3. 62, 4
IEERRL A Th/U {A 3. 58 (BRAG S £ 6 £ ,1996) , Ui A
PN 5 R S sh A K. 727 Ph/*" Pb- Ph/** Ph
FI7% Ph/?" Ph-"Pb/** Pb 4] |- (&l 4a, b) , KM HIEZS B i
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HIT 4R 48 b B 4 b, A8k F 0.70405 ~ 0.70411, ¥ 3
0. 70408 , ZE LA~ I Hug™ Sr/% Sr (0. 702 ~ 0. 706 ) HLAH (1 284k
WEIN . e () ZBIER R -2.4 ~ - 1.6, R {H, Sr A
7 F R 2 TR A 3 NS LA I SR VR AR



530 Acta Petrologica Sinica # %53 2012, 28(2)
1000 1000f n
F @ = CG7 i —e—CG7
—=—CG6
L m
tg 100 : = 100
=5 4 L
o R
* &
10 F 10F

1 1 il 1 1 1 il 1 1 1 1 1 1 1 1 1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

RbBaTh U K Ta NbLa Ce St NdP Zr HfSmTi Y YbLu

B3 A TR A S N s E DT ER BRORE R B (il 22 14T (a) VRO TE 3R I i i b v AL 22121 (b ) (B ifE AL (B Sun

and McDonough, 1989)

Fig.3 The chondrite-normalized rare earth element patterns (a) and primitive mantle-normalized trace element pattems (b) of

Chagan Obo quartz diorite ( normalizing values after Sun and McDonough, 1989)

5.4.3 Sm-Nd B4z &

Sm-Nd [AJ 7 R p A& R WK 3, MRPFH 3 ARG
Sm/ '™ Nd 19 FE (B AF 4k 35 B R 0.0671 ~ 0.0679, - 14
0. 06747 , /N T BRI AT I — P BIWI LR (EL (0. 1967 ) , ' 42 R 4L
Ssond ZZACTER A - 0.65 ~ —0.66; ™ Nd/™* Nd 1y HoAH 25 L5
2k 0. 512605 ~0. 512631, (K 0. 512619, AR HE Sm Nd
IR MTES 2R (3 3) TR BUBUR , & TR A 5 1A
KA 1 AR Z A TE R 543 ~569Ma, V-1 7y 556Ma,
FEHSEBRAZ AR RS (237Ma) B, 05 vho oo i AR AR 7K
AL TR L Y M e 5 1A AR 1 568 ~ 857Ma (5K i
FRZRIR 1998) L o finalHA —0.65 ~ —0. 66, 15 R
Sm Nd 7r 5 AU, AT LUACH A1 P A Sm Nd [R5 K 5
x3 BETFHEAERAKE Sr-Nd FAEAM
Table 3 Sr and Nd isotopic compositions of Chagan Obo quartz

diorite
RS CG2 CG6 CG7
e ARNK A
(S Rb/%Sr) 0.1525 0. 0975 0.1939
(38r/%8r) 0. 704626 0. 704407 0. 704703
("Sm/M™Nd) . 0. 0679 0. 0674 0. 0671
("Nd/™Nd) | 0.512620 0.512631 0. 512605
Ina 237 (%541 SHRIMP)
£5.(0) 1.8 -3 2.9
g5 (1) -1.6 -2.0 -2.4
Srivse 0. 84 0.18 1.34
(¥S1/%8r) 0.70411 0. 70408 0. 70405
exa(0) -0.4 -0.1 -0.6
ena (1) 3.5 3.8 3.3
Ssmna -0.65 -0. 66 -0.66
o 556 543 569
bapy 723 705 745
(" Nd/"™Nd) | 0.512515 0.512526 0.512501

TE A% Tk AU B BERIFE B 207 XA 52 0 2 47 s SHRIMP 4% 4
W51 H KT 555 ,2008

Bl sk 1T IRE RARRE . ey, (1) 290 IEAH, AL BN
3.3~3.8,°F1 3.5, Sm-Nd [{fi ZFHAE R, & TR a5
INRAE TGRSR i JE ey, (1) HRGP4SEE AT IYIE ey () H
FERd A (R TR, 2000, 2003 5 #R 3 22 4, 2002) H B, 1E
exa (O MEGRARMEC R A L (EI) , B2 i ve A 5E
AR A BT N o X —J7 RO T B AT A R R
Z I I R, 55— 7 AR 7 TR U T M £ R IA

6 it
6.1 HAEKE

X ORI ST R B, A TR A S A 5 2 By 5k
SoE AR TR IR 2= FFE , 7E Yby-(La/Yh) o Elfi#
FY x 10 °-Se/Y FEfi I (& 5) , KRI85 8 7F A SRR i
Bk vin X3, ik ve 4 (adakite) S iz . i Kay (1978) &
RT3 [ ] B HR R B v 25K 5 By (Adak Tsland ) B U
Defant and Drummond (1990) J&E 5 18 — 245 52k A B8 1 Kk
HEr, HHERAL P EE R R Si0, =56% , ALO,=15%,
MgO H/NT 3% (AR 6% ), BARM Y A Y &5 (Y <
18 x10™° Yb<1.9x10°°), iE Eu iE Sr F% ,Sr FREH
(>400 x 107°) ,¥ St/% S [L{H /N T 0.7040 ( Defant Fl
Drummond, 1990) , HH{IA ik vea BA 2 F08 I, B i
4] Defant and Drummond (1990) % X )£ MIR K 78 5 AR
1 ( <25Ma) BBz I b s fa A, 3 1S T T Hi e (9 38 43 4
Fil ( Atherton and Petford, 1993 ; Arculus et al. , 1999 ; Yumul, et
al. , 1999) | JE 12 Z 0 & ) 4 7 (Sajona, et al. ,1993;
Drummondet al. , 1996) 7t & AR i 5 7 535 il ( Sajona
et al. ,2000) 5%, 5 E AR B RIA O BAE R A (BN H
5,2002) FHLL , A T HOE A 90 I KA B B & L AL O, B¢ Sr
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1996)
. R AT 9 Mg [
& <2 “hhe M1 2 AL o 2
5 BT HAAR NS BR T, (AR, ey (1) 3

“'Pb

**Pb/™*Pb
E4 B THHEAEENKSERAZEREEE (ab R
K4 Zartman and Doe, 1981; c, Ji[& & Hugh, 1993)

Fig.4 The plumbotectonic framework diagrams of Chagan

Obo quartz diorite (a, b, after Zartman and Doe, 1981 ;c¢,
after Hugh, 1993)

HIEAH, Sr-Nd-Ph [F3 23 R T B AT 08 YA AF , 3 4645 fiF
5 I [ T e 4 A 4 R L 11300 69 G B A 48 1T LA
R T (237Ma, 25 5 ik 45, 2007 ) | 3 bk o 35 B9 K E 1l
(248Ma, Pl 45,2004 ) 45 v 145 I B i 7 T 445 19 5 1R A
W20 55— 5 T, S A7 A I S 45 SR e ), A o
LRI E 47 Rl S B 77 2 5 0 A B ME 5 3% (Roberts and
Clemene, 1993) , PErf 1 BE 2 2% 4 ( MORB) 455 il 7 £ ) I
PRI Mg (BN T 60, {H %552 51 L 22 2% 0 3 400 1 VR 24
W) Mg {# 5 2 W1 4. 7+ ( Beard and Lofgren, 1991 , % Hi Al
£5,2004) , 75 Mg (E AT K, 0 A 108 RO A PN K AR
AT HE B MORB J il = A= , A 2545 5 40 RIS P ) Mg 49
RS o 24 DL L AT 2 T ROA £ 36 R K 2 T R 2
B 0 Bty AR i 7 (LB PR 7 ) 3 434, 32 B 0 A



532

PR IR 5 TS BT I

UNRT AT 38, & T RO A e N KA A e R ek, 5
MORB 3G ([ 4) o TR ARNKAE St LIKEA S
4 Eu G5, UL ICA P RN A © IR M AR, 5% B A
FEIRHC AR R Y A5 46t HREE R 5% B A thAe e 4
AT A B TN AT 5 50T R Ta Nb i (P 75 4515 71 UL X
FAAES Ta Nb(HBEHE 1) \Ti (B4 4145) (P (B KA1T45) 1Y
8. P AT RIS £ T 50004 S TN e i IR X O 5% B 1Y
TR AR AR + A SN + B A + B2 + 3
ERT 7 R

6.2 MEER

B ABTFE A SRR, 75 PG A ) AR R i 5 LA 1
FUE - AR SRR U0 B AE B 2 4, IR 4E B 2 i 1)
PHIEASER S, 25t JORE R LLHE A 28 AR AR 2K il 2R
SEAZE SRR T o [ 2R AF I 0 R 45 2R S s v 4E
AR AL R 276 ~290Ma, KN T &4, Hig il
Ja B AR A OC (PR TLAR, 19945 AVEEAT 45, 20005 Wu et
al. , 2002 i YEHERF,2004) o fE RIS, B> B L
BRPE AR B ety , B2 = 20 AT RO MU ) B £ B 2
(R0 3R AF W 4E PP 7E 210 ~ 230Ma ( [A] |6 8145, 1989 5 K TLAE,
1994 KIS KR, 1997) o XA 3 BIAE T PSR 10 2
FRBRE T BRI T B9 S i 25 5, WA g i P A ARSI Al e
R AR R AR R B BRI 5 B A 2l B AN X R
PECHER TR ,1994)

IR, LA, M BT TAR AT IAE 1 3 S E-7R 5 BR AR 0 T
B AR b ol S HASHE 0 ) SRR — 3B i A B T VR 22 T
PEAER &, IR JE R 2 E A B AE 1) & (222Ma, f7 R 47 45,
2007) , A SCH T A AR B A1 P (237 = 6Ma, 5K T 4
45,2008 , £ T ELAEAR 80km Ab A= L £ T A BIAE PG
(218 +5Ma, fEH R L EKGR) BRI MATE K A BAER A
(222 +5Ma, FMEA 45,2004 ) 45, X LEHRE AL < & AR5
it JE U AU =Bl . R ERAF (2007 ) X RUHF 148
B ATR ARG, DA P A M) S A -5 v g A R ) Al f28 )
KA B I, B AL BRUE AL B R RE R R AR IRl
TEARE A 25 2R , TN S oty SIZ A O AT ) b A 5%, 3] = & 20
WA A RME T 5o WASCIIRT S 4 R, B4 ik
PUAR A A B -5 v 5 A B BF 5 B9 I T K 2 A = & 8 LURG
DR 2357 P AR I M e Rl % ) 5 5 2R 5 R AR D
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