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Petrogenesis and tectonic significance of the Early Miocene adakitic granites
from the Quxu area, Gangdese magmatic arc

QIN Sheng-kai', ZHANG Ze-ming" *and ZHANG Rong-hui’

(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. School of Earth Science and Resources,
China University of Geosciences, Beijing 100083, China)

Abstract: The Oligocene to Miocene adakitic rocks are widely distributed in the southern Lhasa terrane, and their
petrogenesis is crucial for understanding the post-collisional evolution of the Gangdese magmatic arc. Here, we con-
ducted petrological, geochemical, zircon U-Pb geochronological, and in-situ zircon Hf isotopic studies of the Early
Miocene biotite granites from the Quxu area in the middle segment of the Gangdese arc. The studied four biotite
granites are classified as calc-alkaline, metaluminous to weak peraluminous granitoids, and show geochemical affin-
ities to adakites, characterized by high SiO,, Al,O,, K,O and Sr contents, low Y and Yb contents, enrichment in
LREE and depletion in HREE, and high Sr/Y (165~278) and (La/Yb)(26.6~39.7) ratios. Zircon U-Pb dat-
ing yields identical ages of 21 ~19 Ma, which are interpreted as the crystallization ages of the magmatic rocks. Zir-

con gHf(z) values ranges from —0.9~+12.7 and are mostly positive, reflecting variable contributions from juvenile and
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ancient crustal materials. The crustal thickness of the Gangdese arc in Early Miocene is estimated to be approxi-

mately 70 ~80 km based on the Sr/Y and (La/Yb) ratios. Our presented new data, combined with previous data,

supports the proposition that the Gangdese magmtic arc underwent significant Cenozoic crustal thickening resulted

from the tectonic shortening during and after the india-Asia continental collision, as well as the addition of mantle-

derived magmas. We proposed that the breakoff of the deeply subducted Indian continent and/or delamination of

the thickened Gangdese lithosphere resulted in the upwelling of asthenosphere and partial melting of the thickened

lower crust, leading to the widespread occurrence of post-collisional adakitic rocks.

Key words: Gangdese magmatic arc; granite; adakitic rocks; Miocene; crustal thickening
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X 307 o A T i J L % Mt A 1) T 48
ZE]3 T T AR ARCRI AR AR ST 4 DR e R A QB BE - T
DN o il A AR G b i S T I A s — A
~7 [~ S AR T3 B S I R AR T G A IR
VERT 58 -8 AH LA AN ORIt S T 1805 v Ak i) R AR
S KA LISk 32 B Bk ALY )2 9T ( Dew-
ey et al., 1988; Yin and Harrison, 2000; Chung et
al. , 2003, 2005; Ding et al., 2003; A% 34 i %5,
2004; HLE A, 2005 ; V55,2006, 20115 4
P45 ,2006; Searle et al. , 2011; Zhu et al. , 2018;
SKRPEMISE, 2019) o 757w I K XD i R A A7
ERRIRFERYRTE (70~ 80 km) 50U A IE 5 M
5CJEPE (Hirn et al. , 1984 ; Zhao et al. , 1993) . F.1
VFZ BN 75 6 o S ) S e 2 B JRE 5 S IR
Bifi 7 46 B T Alf 48 19 45 2R ( England and Houseman,
1986; Molnar et al. , 1993; Yin and Harrison, 2000) ,
A W5 W B — I Y il 43 22 i R ST gl 2
28101 1 W 1 M52 I JEAE ] ( Murphy et al. , 1997;
Wen et al. , 2008; Ding et al. , 2014; Zhang et al. ,
2021; Qin et al. , 2022) , FATRFFEHE H, KT A
FOMARATREZE 1 1 20 K B 52 finJ5 5 72 ( Tang
et al., 2020; Sundell et al., 2021; Zhang et al.
2021) , H IR YN R il 2 J5 X i 3 R 52
TR T D3 52 D B XD S0 I, 7 A I 32k 38 B 4 XUAS 1
WSRO Bk = A R IRAE .

YRk va A B -l Defant #1 Drummond (1990) #2
L JEFE AR A AE AR ( <25 Ma) PRICTEMINE 240 5%
1R A s RO B TR R (Si0, =56% ) K 1L A Al
AR RA S . 5B S IR LS (LR -3
—M8Cs) RV, BEATRA A 5 S EM TR
(WYb<1.9x 10°*)fM Y LK (<18 x 10°) ‘FEH
SrILE (=400 x 10°) I EHA & S/Y (=40)

(La/Yb) (( =20) i /9 4¥ 25 ( Defant and Drummond,
1990) , ZJa—LEemtgr R W], BAT SR R fb 2 A
() AT AN — S 5 AR P ST AT DG TR AT LAJE
BT Z R 3 15 50 N, 0 ol JE S R 1l e A J
(Kay et al. , 1993; Martin, 1999) . Hlan4, ik g
() B — R AR EERR TR T
HF+ICE 5 S/Y Rl (La/Yb) {88 ERIE A 3%
1, eI RA BRI ERSh 12 R 48 i &
L 30 AERAR B T K AR AWESE (Kay et
al. , 1993; Castillo et al. , 1999; Martin, 1999; Rapp
et al. , 1999; Chung et al. , 2003; Hou et al. , 2004;
Macpherson et al. , 2006; Chen et al. , 2011; 5K,
2015; E5mEE, 2020) , FLBEHLARRG )12 20 A 09
iU HE AR B 2 S i HAT 3558 SO i Hh Bk 1k
2L (Chung et al. , 20055 Zhu et al. , 2018) 1R
22 I R — R R 4 R 0 R AR 5 XL [0
(353K v i A 3 A A %5 U0 R I R (Hou et all.
2004, 2015a, 2015b; fEBEHE% | 2004; Yang et al. |
2015) , JUE T HE T T RE ST, (H XS X ok
HhOB 3% 8 T A A B R R 4, B R
KL R EAN TP R IR #7350 51
Bl 7= 9 ( Chung et al. , 2003; Hou et al. , 2004;
Chen et al. , 2011; Pan et al. , 2012; Zheng et al. ,
2012) , [HABAT 2 E A EAT TR VR 00 e 0 e 2 1
FESTHIRR A RE (Qu et al. , 2004 ) B E[JEE R fifi HE Pk
TSR TR (Xu e al. , 2010) A BHFIEIAN
BT AT R 2 Hi A4 RlY 11 5 K M R A
FE R RA B ER B =Y (Lu et al., 2015)
FF A K S 5 il 358 38 SO 1) J R R By g 2
SO0 T PR R 56 1 XU SR IR A ) 3 e b g s A

CL R 3R 14 Ji R 1 15238 5 A 5 25 AR AR AR 2 B2 )
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W, KUEHEA KNP BL (89°E ~ 93°F ) fE (<) 74 1 45
A AR AR T TR BT I (18 ~ 12 Ma) ( Chung et al. |
2003, 2005; Hou et al. , 2004; Ji et al. , 2009; #HE
% ,2010; Chen et al. , 2011; Li et al. , 2011; Yang et
al. , 2015; Xu et al. , 2016; #A555, 2019; HF4%,
2020) , T A BL (>93°F ) 4L i 7 1 45 A AT % S 16 9
(27 ~23 Ma) (Pan et al., 2012; Zheng et al.
2012; Zhang et al. , 2015) , Ji 5%(2009) i 1 XS
HiraIrb B ph 7K i X — AN Lo it (21, 3 Ma) £E i
BB AT U-Ph 4R HI [F41 2 {H 2 IR A 1T
FAcE HERA A T R FSE ., B KR ok e
BRI AR 5 A B A2 o R A R I e = A
BB . AR SCHERT N TAE R S a1, % il 7K b X
() OB A B EAT T RGECRFE, PR T A A
2 Bkfb2g B U-Pb ARR2E Rk A S5 JE [F) 47
RO LR A ST, B8 1% X e g e 5 A
YR A2 B RS AR e T HS SRR XA
A Z5 AT IFFE LR, , R R T XTI
IR R ey A (TR SiNN SIS B S & ik
B 2T H 3T XU IR vt 9 Bl e R O EfY
JEE I Y A it il 43 i XD 0 8 3 I 1 ) 3k i £ g s
PR T EERRE

1 DX Ty 5 R i

T e J A — R 91 R U T X B AN R T 1
T, LR AR RIORAR U B 2 1 WO KB B 2% 1
1 ( Yin and Harrision, 2000; %255 ,2011; Zhang
et al. , 2014) . F AL HI R X L HAAMR I B A |
P —H Ao iR SETEHR PR bR FI 3 S s
EATZ KK R (KSZ) & VP (JSSZ) (BRI
— & TT.( BNSZ ) F e €5 J6l A {142 517 (1TSZ) fr 73 1
(P 1a; Yin and Harrision, 2000) . $7 5= AN T3
S 1 S A R T, F T FE B2 I 4 R BRI T AR AR R
AT E At AR A A e R e R (3 E
2RAE D 2005; WM A4S, 2006; Zhang et al. , 2014;
Zhu et al. , 2018) ,

XI5 2R IR A 1 7 5% i A4 B 33, T8 ) 1 v 2R
PR R A 5 A Bl ) AU R A BB MR 2 14 10
A v AR e 7 B R =7 U R ity il e ook AR e B T
5 ZU A A A2 AE F (Ding et al. , 2003 ; Chung et
al. , 2005; HLE2F5E 2005, WAEGESE ) 2006; Zhu
et al. , 2015, 2018) . IEHTINICT T KW 2Bk

A AR, A SR G 3 A e 30 43 1) 2 e 1
1 (95~85 Ma) 4G HT I (53 ~47 Ma) FH gt (18
~12 Ma) (Mo et al. , 2007; Ji et al. , 2009; Zhu et
al. , 2018; TKEEWIZE, 2019) o I St F0 546 B
AR 22 5 TR ™ | I T = ot i =
AN 2 BB N A B sCA AR L R
AR ARSIt 22 rb o 2 5 A
A KU A 1431z, e AT B T
FEAT U LEE A1 A, 2R PUSEAR T 1 500 km, X
Yo A B i Se/Y (EIESRE S W O R
LR I8 5K 7 0 A B L ER fE 22 R 1E ( Chung et al. |
2003, 2005; Hou et al. , 2004; #RIEE,2010; 5KF
W45 ,2019) . KIEWFFER, iR 2 KR -
IR — A7 R (AN T8 IR A T R A )
55 IR BT I Rl A 50K 5 I A DD R B
AR (FEIGHRSE | 2004; BrifE s, 2014; Wang et
al. , 2014; Hou et al. , 2015a, 2015b; Yang et al. ,
2015; ZERKERSE, 2021) . MeAh, [RIIHAE XIS 0T
WML 2 KB I WA ] (24 ~ 8 Ma) 18 545 o1 -
ABER T A AR GBS, 20065 I AR S
2010) .

ihAKCE B T e XV 3 Ry rh B, B
JE A T HEE A VLA A K - JE AR —af  =ALFrh
AR HZE R SR B A SR B A AR, AR R
o ALRINESS AN A KL= S, K
EES A U-Ph AR50 /R, 7K A 2R 00 = R Bl
T 53 ~43 Ma, S BB AV Y K i lf 45 A1) 7 40 ( i
2HAE 20055 Ji et al. , 2009; IRIEF,2010; i oCE
%, 2018), Hi/AKAILMAE A 2 & F A I
O 2R I f0ORE 2 4K ((mafic microgranular enclaves,
MME ) , 1R AT e /2 B T 52 IR AL 5 BT IR RN IR 1
WM kAR RIS VE IS5 R (B E R4, 2006,
L E AT, 2020) o BR T T Z MR A K S
XU HEA KA B e R -k —ar ik ) 2 K& A
OBt AL R A 28 BN 2 AR A REUE IR A LR
i Rliw e i L RlA kA =L L S P Sy X D A i
R BEA AL R N BEE | KGR A K B,
B U-Pb B4R R BETRISSE SAFE I EEHEH T 18
~12 Ma( &l 1b; Hou et al. , 2004; Guo et al. , 2007 ;
Ji et al. , 2009; ¥RHE#:,2010; Chen et al. , 2011; Li
et al. , 2011; HIF45, 2020)

ARSI RAE b ST K Bk A2 7 km Bl H
T B AL 5 5 R 58 Sk 1A HY 58 Rl AR B . — R R
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L (RiELR, 2010)

v’ \F o + 16.4 - 16.6 Ma b

% S s CRIFaE + (Chung ef al., 2003)

L5 1149~ ESS‘Wa ;
| Ui eral, 2009) | (31144155 Ma 4

= X\ (5, 2020) [V -

: e VV\J’ | -—. o . o

‘/_/f" |+ 4 WERIETE

e BG4 £ il 10 km Bl 1irs

i v |, B
P e Dt B XD RS oI Jo  E [ a0 KE B 46 (2019 ) A8 BAC ] AR 7 Stk Xl J5 7 T R SRR Ao
[b, ¥ Ji %(2009) ek ]
Fig. 1 Simplified geological map of the Tibetan Plateau and the Gangdese magmatic arc (a, modified after Zhang Zeming

et al. , 2019) and geological map of the Quxu area with sample locations (b, modified after Ji et al.

R R AE R A, K F 59 1 T, B da it (43,7
+ 0.9 Ma) HI%5 AR (Ji et al. , 2009) ; 55 —F iy B
ZR R R 0.5~ 1 km, 1B ABGHHHE — KA
KA, BARERKARNEEmE, 2KAG,
HURLAE R4k JeRA i (1 2a) o ASCHER = BEE

FRBIR LB R T 4 KRS, REEN B LA
b, 4 DA EE AR BA LT Y4, &
FEATYE(35% ~40%) BRI A (20% ~35% ) AH AT

, 2009)
(15% ~20% ) MR A EE(5%~10%) (K 2b)

2 Mok

G i PR TR A o M A [ 5K M o
LRI PG SE . ERICE R XRF J7 ik #E AT
ME , AR LT 5% o e o R R AHRIERE & 55
B TR BT ICP -MSHEAT I AE | & 3 K T 10x107°
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Bl 2 DR I K 3 DX 2 BEAE b

EFAMIE R (a) FILE SOG4 A (b)
Fig. 2 Field photograph (a) and cross-polarized microphotograph (b) of the biotite granite from the Quxu area, Gangdese

magmatic arc
a— B A RAER AR KA 6, TOHDRAE R 25 PO 1S ; b—B A RER A0 W AR A3 KA PHRATRR S8
Bt—2E = H; Kfs—# K15 Pl—RHS AT Qu— K

a—nbiotite granite exhibits grey white in color, and medium-coarse grained granitic texture, massive structure; b—Dbiotite granite consists of quartz,

K-feldspar, plagioclase and biotite; Bt—Dbiotite; Kfs—K-feldspar; Pl—plagioclase; Qz—quartz

MITCRIMNAAE BE N 5% , & 5/ T 10x107° BT RN
AR 10% .

BiA1 U-Pb [l 3 5E 4 A T R 5 it o0 A 1
B3 7 A B BR 9T 28 7] 50 0, s A A
WO D~ HUBRE G 25 10 R BT AL (LA-ICP-MS) |
TR AL 28 Z 2R 3 Br i B WL Zong &% (2017)
GeolasPro #1548 i COMPexPro 102 ArF 193
nm HESFFHOCESFIT MicroLas Y6257 RS 41 HY , ICP-MS
RIS Agilent 7900, WOGRIBHBER H A2 32 pm,
WA N 5 Hz, U-Pb [ 3 5E 4F ARt o 3R & AL
H AR S A1 bR 91500 FIBEIE R i) BT NIST610
VESMR I3 HEAT R AL 2R A o R IR IE . B4
B[] 43 3 53 A 506 A 46 K 29 20 ~ 30 s &5 {55 F
50 s FEAAF T o R BT B 1Y B 2k Ak B (A X A
S RS Rk A REUEERKIE TR
it & U-Pb ] o 3% LE (B R0 AE 3% 3T 5 ) SR A B0
ICPMSDataCal ( Liu et al. , 2010) 538, B A1 FE i )
U-Pb A I 10 0 18] 223 ] A AR I8 31 55R ) Tsoplot/
Ex_ver 4.15 (Ludwig, 2012) 5%,

(CCNEA s Vil TR A U7 o o vl O 5
BHECA BRI 2wl FH O 1h 22 Bl 55 25 11
Jit 3 (LA-MC-ICP-MS) 5 J8, #OLRIM RSN Geo-
las HD ( Coherent, fZ[& ), MC-ICP-MS °A Neptune
Plus( Thermo Fisher Scientific, f2[E ), 4r#7id 2 [F
WG 15 Sl E LR A s e vl A R
TN % B (Hu et al. , 2015) . BSMEHAS, IHE

Fpi 2 Jm 5l A D s AR LR = HE TR R HE
(Hu et al., 2012), WOCH e Z B AN 7.0
Vem?® o SR FHER SR A0 SRR E 2 44 pum, T
YA AR B 7 1 i 2 ] Hu 55 (2012)
A3 M S 2R A (A 4G X AR L N S R T Y
P& FAL R B o AL GE ) SR FH 8K ICPMSDataCal
(Liu et al. , 2010) &%,

3 Kl A

3.1 EFEHIKLFHE

TG T KX BB A i 2 a
MR ICE TSR, 4 N6 A RE R EAT R L
FRICE B, EATEA B & Si0, (71, 13% ~
73.35%) Al,0,( 14. 85% ~ 15. 57%) Na,0 (5. 07%
~5.42%) F K,0 &5 (2. 50% ~2. 84%) , ik 1) MgO
(0.22%~0.58% ) Fl CaO 5 (1.85% ~2.31%) , 1%
TR T14-92-1 /) Mg B4 =5 0 0. 53 &b, HiAth 3 4>
FEM Y HABMRA) M 5 (0. 41~0.44) , FTERAS
i TAS [Ef#rh (Middlemost, 1994) |4 ML 4T 7%
AAE X A X 3a) , 0 A5 50 A/CNK (BN
0.99~1. 02, FRUIEE S A HER BT 255 51 5T (& 3b) |
TSR AR A (B 3e) o

FEERFL A b5 e AL F 00 R B (K 4a) 4
AR AT SR EE 2N R e s a1 L RTA DR
fiE, s 0w SR 0% (LREE) 3R Z1 5 B
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Table 1 Analysis results of major (w;/ %) and trace
(wy/107°) elements in the Miocene granites from the
Quxu area, Gangdese magmatic arc

FEM T14-90-1 T14-90-2 T14-91-1 T14-92-1
ZE(°E)  90.714 90. 714 90.715 90.712
L5 (°N)  29.454 29. 454 29. 449 29. 440

Sio, 72.56 72.09 71.13 73.35
Tio, 0.19 0.21 0.23 0.10
Al, 0, 14. 85 15.24 15.57 15.32
Fe,0, 1.24 1.38 1.44 0.39
FeO 1.12 1.24 1.30 0.35
MnO 0.03 0.04 0.03 0.02
MgO 0.43 0.50 0.58 0.22
Ca0 1.85 1.94 2.31 1.87
Na, 0 5.18 5.07 5.18 5.42
K,0 2.50 2.84 2.78 2.67
P,05 0.08 0.09 0.10 0.03
Co, 0.05 0.05 0.05 0.05
H,0 0.28 0.24 0.24 0.04
LOI 0.43 0.29 0.25 0.20

Total 100. 79 101.22 101. 19 100. 03
Na, 0+K,0 7.68 7.91 7.96 8.09
Mg* 0.41 0.42 0. 44 0.53
A/CNK 1.02 1.02 0.99 1.01
A/NK 1.32 1.34 1.35 1.30
Se 3.24 3.23 3.12 2.60
Cr 2.69 3.05 3.51 1.13
Co 2.32 2.46 2.96 0.93
Ni 4.38 4.30 5.00 2.83
Cu 30.4 18.7 62.2 10.6
Zn 39.5 42.8 44.8 21.2
Ga 20. 1 19.2 19.3 19.4
Rb 87.4 97.4 85.8 88.4
Sr 479 562 683 500
Y 2.90 3.40 3.71 1.80
Zr 77. 4 85.2 84.3 38.9
Nb 2.13 2.55 2.69 1.42
Sn 0.63 0.71 0.78 0.37
Ba 242 420 499 204
La 13. 1 13.0 13.9 10.0
Ce 24.2 26. 1 29.6 17.5
Pr 2.67 2.97 3.27 1.77
Nd 9.82 1.1 11.9 6.16
Sm 1.83 2.32 2.69 1.12
Eu 0.40 0.49 0.57 0.29
Gd 1.02 1.30 1.52 0.63
Th 0.13 0.15 0.18 0.07
Dy 0.59 0.72 0.87 0.35
Ho 0.11 0.13 0.14 0.06
Er 0.30 0.36 0.40 0.18
Tm 0.05 0.05 0.06 0.05
Yb 0.31 0.35 0.36 0.18
Lu 0.05 0.06 0.06 0.05
Hf 2.96 3.04 2.75 1.76
Ta 0.17 0.22 0.23 0.11
Pb 32.5 35.5 33.8 36.9
Th 11.0 12.3 8.83 14.6
U 3.25 2.47 3.19 3.28
Si/Y 165 165 184 278
(La/Yb) y 30.3 26.6 27.7 39.7

EwEu” 0.8 0.8 0.8 1.0

Dy/Yb 1.3 1.4 1.6 1.3
52 )R 72 71 72 80

Mg" = MgO/(MgO+FeO) (EE/R ) ; A/CNK = Al,05/( CaO+Na, O+
K,0) (BE/RI) ; A/NK=Al,0;/(Na,0+K,0) (EE/RKH) ; Eu/Eu”
=2 Euy/(Smy+Gdy ) 5N ARFBRAL A AR AL, bR AL AR I Sun
H1 McDonough (1989) 5 M7 5 BT AARYE Sundell 45(2021)

+ICE(HREE), (La/Yb) = 26.6~39.7, HA M5
B Eu %8 Fu #% (Fu” =0.8~1.0), 7EJ&
I b 7 A 9 it o0 25 Wk I 51 (181 4b) L4 S Ak
AR B AR R B A TR LILE(W K Sr) , 5§
F7i It HFSE, HEA B B0 Nb Ta Ti f 5345,
BEAR XA e i BT B R Y Sr(479%107° ~ 683 %
107°) F1 Ba(204x10°° ~499x107°) & & FIARMK Y Y
(1.80x10° ~3.71x107°) . Yb (0. 18x10™° ~ 0. 35 %
107°) .Cr(1.13x107°~3.51x107®) 1 Ni(2.83%x10°°
~5.00x10°) & (F 4. £ 1) LEEN SY/Y H
(165~278) ,7E(St/Y) =Y Fl(La/Yb)  ~Yb, [Elf#rh
Big NRIR O A B IX (Kl 5a, 5b) .
3.2 #£RAU-PbEHE

ARICRE 4 AN AE A RE IS T LA-ICP-MS 54
U-Pb SEAE RN U R 400, 25 SR UL 2, 4 MBI
FREL TR RO B LA R, B TE B I
HIE S QIR kAR KR N 50~250 wm, BIHL &6
UG B, S5 A0 T SR 1025 5 R R A 41 35 37 (B
6) . SIEAIEFIAER (<90% ) FIR 2B R A IIHT 5,
A3 AR B R B A U-Ph E 4F AR 34 45
W%, FEE T14-90-1 thik A BA w0 Th/U {E (0. 45~
1. 14) ,3RA3H9°Ph/ > U 4RI B 20. 0~ 19. 3 Ma,
TECERAER 4 19.6 = 0.2 Ma (18] 6a; MSWD =
2.0, N=13), FEfh T14-90-2 Hik 47 BA & il B AR
1636 Bl B KB Th/U fH (0. 39 ~ 1. 23), 3k 4
(7 Ph/ U AE I3 FlJE 20. 9~ 19. 4 Ma, IIALFE 3
PR 20.2 £ 0.2 Ma (& 6¢; MSWD=2.5, N=
20) . b T14-91-1 HES A B Th/U B AR fb 3 &
0.52 ~ 1. 36, 345 I Pb/?8U 4E 4  Fl & 21. 0 ~
20.0 Ma, AT 4EH4 4 20.5 + 0.5 Ma (& 6e;
MSWD = 3.2, N=5). Ffih T14-92-1 hi A3 11 Thy
U {HA8 L JE FELZ 0. 35 ~ 1. 09, 3452 Ph/ 28U 4 1%
JEE 21.9~20. 5 Ma, IMBCEYIAEIE A 21.2 + 0.2
Ma (&l 6g; MSWD=2.5, N=18), FrA kLM BIEE 4
HAMPR TR B X, R 5 B -
JLE(LREE) EHEEH £ICFE (HREE) Ce 1E 5%
Fl Eu £ 575 BYRAE (& 6b .6d ,6f 6h) .
3.3 A Hf FAE

X 4 AR A FE S ) A R S A HE AT T OHE R
FOMMT T EE A T2 3, MRS R T14-90-
1.T14-90-2 ' T14-91-1 F1 T14-92-1 #y"7°Hf/ """ Hf {5 [F]
A3 IR 0.282 745~ 0.283 118 0. 282 539~0. 283 080,
0.282 733~0. 283 063 H10. 282 772~0. 283 087,Hf(1)
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EH5 59 M-0.6~+12.7 -0.7~+11.3 ,-0.9~+10. 7
F+0.5~+11. 6 ([ 7) , M0 ) Hi5¢ HE A5 2CAF I 7
SR 709 ~ 186 658 ~250 724 ~266 F1 675~231 Ma,

4 HHE
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(BE) 7 AL N (BE) 5 K ALK A A9 K
o BUA BARAR2E TR TR | il 7K - JE A M X A i 2

AE 5 iR A 4 i AR R S P T 18 ~ 12 Ma( Chung
et al. , 2003; Hou et al. , 2004; Guo et al. , 2007 ; Ji
et al. , 2009; #AEF, 2010; Chen et al. , 2011; Li et
al. , 2011; 5% 2020) 55T Ji % (2009) RiE T
— B A EAT 21,3 Ma AOZ5 SHAE RS AN, Fofh i 45
RAERE /T 18 Ma, ASCHFFEM R = BB K A
B AT M R A, BT R Th/U (0. 3~
L4) BT HEM TR R EM LT RN
FICRBC A (B 6) , 5 SR A S I TR % A1 Y
HFEE—2L (Hoskin and Schaltegger, 2003) ,4 /M i
AT —EUW U-Pb EAELR (21 ~19 Ma) UK T
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Fig. 6 Zircon U-Pb age concordia diagrams (a, ¢, e, g) and chondrite-normalized rare earth element distribution patterns of
magmatic zircons and inserted cathodoluminescene images of representative zircon grains (b, d, f, h) in the Miocene granites

from the Quxu area, Gangdese magmatic arc ( normalization values after Sun and McDonough, 1989)
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Fig. 7 Plot of zircon eHf(t) versus U-Pb ages for the
Miocene granite from the Quxu area, Gangdese magmatic arc
SCHREHE R R . Chung et al. |, 2009; Ji et al. , 2009; Xu et al.
20105 Li et al. , 2011; HF4, 2020
reference data sources: Chung et al. , 2009; Ji et al. , 20005 Xu
et al. , 2010; Li et al. , 2011; Shen et al. , 2020

TRAE R A A A AR IS 1X 3R BT K M DX
FHRAERIG T K 21 Ma B Rl I — B ips:
R KA 12 Ma,

7K < JE AR —ly B T AR b (AL B AR ST
() 4 SRR ANZ D DX i AR B 2R IREA
SOE AR A AR AE, EAT R A m 1) Si0, AL O, Al
St &, RAKM Y M OYb &, &M Sy M
(La/Yb)  fH, 55 1 Eu fi 5% 56 Eu 5%, 78
(St/Y) =Y Fl(La/Yb)~Yb, K% ARk TE
EHIY X 5a.,5b) o AGRTEMK—H, 5 R
IR ST R A X T o A )z
(Chung et al. , 2005; Zhu et al. , 2018; 5KPEIH S5,
2019) o KTk EEIRIA 5 BTUAH A 1 A, H A 2
WAL . O ARSI TR i 07 R B 0 52 B R 0 4
Al (Qu et al. , 2004) 5 ) &P TR 14y B EE Aol B
P MUY Rl (Xu et al. , 2010) 5 () H1&
SN TIIE U 5 K B 5 SR A v R A A B A
VEFRI =4 (Lu et al. , 2015) 5 @ XIE T 252 900
JER 72 B9 30 7 445 il ( Chung et al. , 2003; Hou et
al. , 2004; Chen et al., 2011; Pan et al., 2012;
Zheng et al. , 2012) , A SCIEIIFLAEATAD
KRB A ST T IA A il K XY bR AR
< 5 R 5 T XTI &R b e

PRI A2 (<25 Ma) Xk 5T A2 1R A AR
FAE R EROY B5R B T R Lo R R AR
FH S/ Y F La/Yb ER R M A 3K, R i R i
B35 38 58 A B9 B A X ( Defant and  Drummond,,
1990) 33X AR ip CVE AR 3505 2 44 RO 1 1 382 38
v A E HA LY K,0 & it F12E el MORB /Y Sr-Nd
[F]437 Z 41 1%, ( Defant and Drummond, 1990) . #X i fifl
KEY BRI AL A B AR & KO0 & i
(>2.5%) )& T — = AR s ok Ry a4, HEA
AR BRI IR Se %S {H.(0. 704 8~0. 706 2) FIAAR
HAMEE KA eNd (1) fE(-4.0~+5.5) (Hou et al. ,
2004; Xu et al., 2010; Li et al., 2011; B 524,
2020) , X EERRAE T H R ifiAE e B0 3 R A 1 IR
INTE AN, HeAh , K o T 3R W Ep BE S Y
KAl % 42 T 60~50 Ma( Yin and Harrison, 2000;
Ding et al. , 2003; Chung et al. , 2005; Hu et al. ,
2016; Zhang et al. , 2021; Zhu et al. , 2015) Aff i HY
BRI S A B E R T RE T & & AR T Wi B AE
FHH-UT A ( DeCelles et al. , 2002; Kohn and Par-
kinson, 2002; Ji et al. , 2016) , TEX—HEHT =T,
F g AR XU T A 2 T L2 B I ol 1 8
FEEEITPESS T WA SCREIR e 7 J i) BRI BIL AR
A LR R AR SCACh K Ao AR s A K
AT BB U5 00 op B AR R T T

K T TR T A B e S R AT RE R T
AR e 14 B 2 K i P T e B4 4 il DR Sy S DO
iR A e T R R R e s S
HME R S N7, T 5 B0 A1 19 MO it FIAH A 6 R
(I Cr A1 Ni) & & T4 (Rapp et al. , 1999) , Tk
HEET AR 5 1Y MgO (0. 22% ~0. 58%) (Cr( 1. 13 x
107°~3.51 x 107°) A Ni(2.83 x 107°~5.00 x 107%)
BB B ARAR IR PR T b AR R s Bl A I e s
BRALSAFRAE B AN TR] b A, R VR T B EE BT T b
FEI I R R B A E & Se-Nd [R 7 F 4L AR
[ (YSr/%Sr) >0.720 0, eNd(1) < —10. 0] FIFRAK
B eNd (1) 1H (< =15.0) (Miller et al. , 1999; King
et al. , 2011; Zeng et al. , 2011) , 1 7K B9 g 4L
<A RS AT eHE(e) 1H R 3 8 2 IE A8 (K 7) , HAR
FEIEREIE-0. 9~ +12. 7, Hize X EL 4 146 B 7 Y
WIRY Se/*Sr {H (0. 704 8 ~0. 706 2) 1 eNd (¢) &
(=4.0~+5.5) (Hou et al. , 2004; Xu et al. , 2010;
HI G245, 2020 ) BB I AN ] B B2 R i F i e 2 Y 1Y)
L GHINS
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LR REA AL 2 e 55 N 43 & A A 4y
Ba e WA LUE EAT & St/ Y Fil La/Yb {H 1Y
I (Macpherson et al. , 20065 Lu et al. , 2015)
IXANEG o S R 5K e A 1Y Se/Y R Dy /Y (B
5 Si0, R IR, B E & A Sio, & Tt
=, S/Y Al Dy/Y 8t T & ( Macpherson et al. ,
2006) , 1M HA7E X 38k 1 A1 58 0L 32 [ i AR A al Bk &R
12 BRA LR A FE I A A 4 A (Castillo et
al. , 1999) , IEAN, 23845 s N B9 76 14 45 1 Mg” i
W5 Si0, & R UAH S (Castillo e al. |, 1999) , %4
B A 5% A K XL K 3 04 R AR i A B
BT St/Y Ml Dy/Yb {5 Si0, & & A HA M
(E 5¢.5d) , 1 HEATH Mg* {5 Si0, & ok ¢
PECHE 3d) iz b X R & i DX AR 38 A [m] Asf 300 6 v
AR HRAE X eI e (] R B 32 i DX 1) v
PRIK v AR B 5 A K AT R i S K i o
Bas Ve RIE B

VFZ 5T R WA IR I E T H 572 5350 o fa il 12
IR A i —Fh 2l I HLH (Kay et al. , 1993;
Martin, 1999; Chung et al., 2003: Hou et al.,
2004) . ZEA 75 R K Hb X ot R A A HL Bk AL
SERRAE DA B[R] B 3 0 4 1 75 5, FRATTIA Dk X 2 32253
SEIRAE 5 A Y S A T RS VR X X R IO R R M
Tt MK B G i HoA FR I T I R H5e i
PRIK 5 0 AH DU L BER A 25 R E (48 & Si0, K0,
Sr E N S/ Y H KA MgO Cr Ni i) | 5851 =
FEMHICK, (La/Yb) (= 26.6~39. 7, LHi/#5 Eu
fFH (Eu” = 0.8~1.0) , & Sr. %0 Y Al Yb, HA W
9 Nb Ta Ti 70545, X 26 BR Ak 2% R iE 2% B L5
XA KENAE A+ SaARE, A AR
MIRHS A K BT AR B S A e HE () 1B (-
0.9~+12.7) K&/ K IEMH HALE B K (E 7),
I H eNd(t) 5 (—4. 0~ +5.5) FIH1 55 Hf AL AR
(724 ~186 Ma) #BHA BK A9 AL 1LIE FFl (Hou et al.
2004; Xu et al. , 2010; H 545 ,2020) , X 1R o] g J&
BAE T HSE BRI RO AR R R EE IR A Tl ot
YR 45 S, B e T HUR DX R XD A S O &
7S B LR A F B A b e Ry b
4.2 FEKRNEKEERINHEMNE

T LV M e JEE B 1) A8 b 25 T B2 52 M TR A K
PRI R ) 264, 00T BOY B 5 5 A Hh Bk 1k 27 1%
A3 YA AR, DRI R LA %) b 5 J5 B R 5 T 2 I e
BRALSFRHE Y — > 51 245 45 ( Farner and Lee, 2017;

Tang et al. , 2020) ., ISR PRSI EHRE
TEE A 10 Se/Y {8, (La/Yb) {8 ] AL 5E R A
HAHFNE , Chapman %5 (2015) il Profeta 45 (2015) %&
FAUSERIH SR FR RN R 95 250 3T L ) R e R
FHAR TR, A A T e RS Sr/Y E | H
FERE S La/Yb (HIWZ KA X, L, Sundell %
(2021) JF 2Z AT A EE 45 A KRS A 200 iz
PEA BB X Z AT AT TR A B IE 1%
TR AR 5 Se/Y Al (La/Yb) {1045
INGW

582 = (-10.6£16.9) +(10.3+9.5) x

In(Sr/Y)+(8.8+8.2) xIn(La/Yb)

7K HR I 6 B A R R T XD I R R b
7t , HEA 4D B 3 0888 a7l /2 ML e
HBRAL2A R AE T DL Ok S 72 JEE S AR S0 Mt
FAFHIAE Y S/ Y F(La/Yb) ( fHARA FIRAR
FHRAARE] K] i oI Ao the 9 b 52 2 Sk 70 ~ 80
ki, 3 I XU T 72 (1) )2 R AR v] BE 7E AR sl st E
BN A R M AE R R T XU T O B R M A Y T
B, JE A 22 B B JRCA R m ST A S R R M
ST A8 I P AL 1 3% 2 Y A8 HAE R 2 2R
(RIS, 2019; R HSE, 2020)

Ji 55 (2012) WF5E B I XE B9 65 ~34 Ma (3%
KV FCA A La/Yh 1 Se/Y (HIEW T, HA
BEATHY HE RO ER R, IF Ak sl 7 XIS 3
S Hb 7 7 il R 30 R0 R 98 S N SR e R AR R AR SR
FEASTEIL 15 km AYZ5% H 11X, Ma %5 (2014) 438 T
— B (2 48 Ma) Bk AL R 5, A EL]
AL YR XU IR A= i & o, X S8 i B T A
B AR AT B Y Se/Y {H (18 ~81) ,(H 2 & W]
WAR T A SCHR B 9 5o it (21 ~ 19 Ma) %35 5 i
AR St/ Y (H(165~278) o ] —Hb IX i T 51 5
T AL R A 1Y Sr/Y  (La/Yb) (B9 5 25 T (&
5a.5b) , 1R 0] B 2 X1 JES 307 9 M 572 S 7 o JE A g 7
o 5T 2 B b T i - aa B it (29 60~ 50 Ma) X]
JEEHT IR 1 56 B B K 2952 50 km ( Zhu et al. , 2017;
Tang et al. , 2020; Sundell et al. , 2021) , 45 & AT
5 T LA BB A O R SRl 5 T2 B (B9 ( Zha
et al. , 2017; Tang et al., 2020; Sundell et al.
2021) , AT LA A G 3t 21 5 o ) XIS 2
I3 T FrEE e in S f2

X JEC 30 27 I DI AR B AR 2 L X f8) 34 1 (27 ~ 23
Ma) 44 i) g HLAT BRI 3558 v i MR AL 22 R AIE B
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TA R 2 XS 397 I RS 3 58 045 Bl ) 7= ) ( Zheng et
al. , 2012; Zhang et al. , 2015; Ding and Zhang,
2019) . Zhang %% (2015) . Ding Fl Zhang(2019) [ HF
FEAEH, B RE — S0 P R i il 428 AR R 252 1RV SR A FH 30
YIRS B oIR8 I3 1 5 Z0 1) b 7% 45 e MR Y (45467 F
o | b3 1 ) 48 1 (57 ~ 49 Ma) JEMEAR A FIK
Ly 4 3 7 28] X B ol JE2 N M Se R B, R & T
OB (32 ~24 Ma) B97Z8 BT RIGVE T, INE T Hi5e
BB 4 Rl A B Rk v e AR A B e, P
BT RUECHTIRZR B AR 2 b DX A8 787 T A6 5 7 ( Zhang
et al. , 2015; Ding and Zhang, 2019) ,
4.3 MIEEX

B[ E R Beli AW Y0 K il B vy 3 I i A A il 4
B4R I ARSI 2R LA B B2 R i 1) o7 16 b e 22
R R E R S SRR T M A R A T R A
T BT 46 %5 A1 Hb 52 RS ( Yin and Harrison, 2000
Zhu et al. , 2015, 2018; SKFEIASE, 2019; TS,
2020) o R A HT R B BT VR AR R ) [ R O S R 3
A9 T P R R e 0 R SR IS ARE , Rl 4 A0 1) D
M 7S i B A 5 2 5Tk (Mo et al. , 2007; Ji et
al. , 2016) . ASCHIIRA TR R H | 28 04 BT it -
T T X RS 30 9 M 52 AR o] BB 2L B = 2] 25 70
km , FLJR B 42 0 A B R 3 2 P2 0 K R AR R
DUV, FA000 2 T P o B3 R AR R AR ¥ 1) 5 A7 T
g, S ECA SN 5 IR A B 53 T ( Chung
et al. , 2005) . MAh, KRRy B E R C AR, &
A3 B BE R i Al A A It — b BT R R op &
P HIAKR Z T (Zhao et al. , 1993; Owens and Zandt,
1997; Gao et al. , 2016) , A B Rl 5e A=
T A AR AR i A2 8, i T8 ) AR e AR il Re &k
M R BT B T C AR AR Mg, Wb R 2 AT BRSO
1% b AT e 8 TS 194 b e 3oL Y Y A7 AE A B SR A
0 T BB 2 DB B B4R e B BE Al ( Singh and Kumar,
2009; Replumaz et al. , 2010) , A% J& A o B EE K
Ik B %) BT S A 2 Ay L S P PR A FH 4B 4 3 3
R P S A B L A SO e, X
JEE SIS T M7 (L5 A M se iy S e ) &2k
5 B P 0 404 R O 7 A Rk v A K X S AR
Mgl ST R T KU B vz 43 A i T -
HOB A 2K A

X A [+] 1 DX 1) 5 Al 8 3 308 7 S A 1Y)
Sr-Nd-Hf [F]{37 221 I AR —2, 13X B 7 A KRR
()N Hb e A7 2 B AR AT RE = ARSI, KRR

R (89°E ~ 93° E) WY 7+ 3K o B A AH XK 19 W)
1Y Se/*Sr{E (< 0. 707 0) FAH X 25 ) eNd (¢) {8
(=4.0~+5.5) 447 eHf (1) (-0.9~+12.7) ,f3
FEASCHIFFE B M K AE 55, LR ARRR e AR B e
SR DX 5 Y R R A S U K S ( Chung et al.
2003; Hou et al. , 2004; Ji et al., 2009; #RHEH,
2010; Chen et al., 2011; Li et al., 2011; Yang et
al. , 2015; Xu et al. , 2016; 5%, 2019; HIF4
2020) . T XU T aICAR 5 R P8 356 1% 5 8t — o A
WA A B R BAY Se/% S {1 (> 0. 708 0) K1Y
eNd () H( RZECH A 85 eHI (1) 16 ( RZ4K
SR 91 IR E0T SR AR S MR 2 I A b DX e
Wit A2 A (Pan et al. , 2012; Zheng et al. , 2012;
Ding and Zhang, 2019) F1PGHM SR T | B A5 4 X 1)
A T 5 4 (Guo et «l. , 2007; Chen et al. ,
2011) , XFEI T KR HTINT Moo i 4L 2 AR ¥ 5]
(), XSS 3 8 2 o 2 T e Ul B &
()7l S 5, 28 AR BT R B 30T O o R P oy R o
V148 Y5 N 5 T 2 350 R P 3 ) XD G 30 I s 2
H1 5 22 iy S M 5 E 2 B, 17 2 e WA X e 7 | 3
HH N 5 5 B8 Jin AR X #8820 ( Zheng et al. , 2012)
IEAh, B BYARAR A R R, XL 09Ik s Y 3520k
TETUE W A AR (21 ~ 12 Ma) i L AR #R Y
1R HIGE FAES (27 ~23 Ma) B/ X A7 1] g 210
P B RE KBt A 2 B W 2 9 45 SR (Pan et al.
2012) .
5 58

IXLJEC T O Hh B il 7K DX ot 2R = B AR i
HA e R A RHE A RN 2. 2 B2 A, A v A
YA, BA T Si0, (AL O, Fl Sr & & IR Y F1 Yb &
i, AR S/Y F(La/Yb)  fH, & E R oo Eim
SREN T A oo B MR A B TS A 1Y
BRALSAHRIE . &5 4 U-Pb 2 4R 45 1 s 2B = BE AL I
FEE AR 21~ 19 Ma, 8547 eHE (1) (-0.9~
+12.7) K5 R IEAH H A B KR, &
A6 53 A IR DX LUBT A e ol 32 IR R R TR G Ty
Zahre T, KR R R IS S AR R A R TR T
TR #7138 o3 il AR5 Sr/Y AT (La/Yb)  1E
fli R OBt M 52 R B £ IR B2 70 km,, R ED
TRt Al B U 8 s TR Ay R b g R DA 5 1R
B e e 5 TR, S BRI IOI R R T (£
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T TSI R 32 20 A 1) B R T — e i Rk
LiiEey o
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