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7R Y B AR B BB A SO0 TR & LA-ICP-MS 45/ U-Ph 4R % HI [ % Boi A R b2 P 5. 45 R R W
G FE AT EAE R A EA S SiO,(71.08% ~71.49%) . Al O; (15.55% ~15. 72%) F1 K, O(4. 32% ~4.57%) , & 1
A/CNK HAE (1. 17~1. 21 KA CaO/Na, O HAH (0. 22~0. 28) , J& T &5 40 4% o M ik 48 BT 46 i & 5 & & Rb, Th Al
HI, 5 Ba,Nb.Sr fl Ti, f + 0 £ 2 &% # + (LREE) & %, H # + (HREE) Al %} 7 45 #9 1 45 {8 4} A9 Bic 4 455 X
(LREE/HREE=16.57~17.91) . L ¥ i Eu F % (0Eu=0.78~0.79), 5 == H16 K 4 .53 1 = B 16 K
FAHEAEEN R &8 (204. 1 X107 °~293.8X 10 %) KA Sr(<134. 6 X107 %) J B F W EHM + /- 8al . 8
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AT 65 Ma 14 BV EE M B 5 WO B B & Az fili-Fli
4 M AR 28 T AR (65~41 Ma) | B filf i (40~
26 Ma) )5 Rl 4 (25 ~0 Ma) =4~k B (Mo Xianxue
et al. ,2003; Ding Lin et al. ,2003; Hou Zenggian
et al. , 2006a, b; Zhang Hongrui et al. , 2015;
Meng Yuanku et al. ,2016), = 57 #E & 1147 & &
TERENI M ST IR R R A T R L R A
(HHGD) AR 17 5 5 hi Ak bk A 5 % (NHGD)
PRI AT 0 AT IR (AL X a7l . X EEIR A AL XK
JE T 5 SRR 3 L AL i - R U A T S R
“AAWEMCE 07 (Mo Xianxue et al. , 2003;
Liao Zhongli et al. ,2006a,b) . X} T f# K i filf 1 &
Ll 3 e 98 D5 5 R | i o8 T L 2 v et B T R
A 3 E Y (Zhang Hongfei ei al. , 2004; Zeng
Lingsen et al. ,2009;Xie Kejia et al. ,2010;Zhang
Liyun et al. ,2012), 7E5E42 B = o 7 ffE IR 418
il o RO AL B e AR AR BT D A AR
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J s G R A DX R A R S UG L
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LA 10 55 B A I 9 R B BT - R A 36 Y
il 428 335 111 S R AR Ao A2 ) L 2T 11 (Wu Zhenhan et al,
2014) , I BEAE AN [] 2 2 %) L A 10 5 1 0P S T
TP e T R ERIWETE TAE WS R B IIZIX R T
Z /b 3 R 0 Fl S < 0 Ny T -l S A A Y B Y
oK A 2 AR N 43~45 Ma(Aikman et al. ,
2008;Qi Xuexiang et al. ,2008;Zeng Lingsen et al. ,
2011; Wu Zhenhan et al. ,2014) KR R R k1A
25 FLAEIS M 40,9 Ma(Hu Guyue et al. ,2011) ;{2 fif
R 1% 25 2R (STDS) JF 46 17 3 IR € 48 0 & BKOE il T
24 35 Ma(Zeng Lingsen et al. ,2009;Gao Li’e et al. ,
2009; Wu Zhenhan et al. ,2014) ; & B AZ 3B 1Y K ABI%
A K a m WIE BT 29 15 Ma(Wu Zhenhan et al.
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2010, HENAMAZETAFR N 47.6 Ma(Gao Li’e
et al. .2011) . $i 25— H L X MESx A 22 I 1%t
%7258 i34 (Zeng Lingsen et al. ,2015) , A4 #3 ff IN &
AR AE WY B 45. 0~ 43. 5 Ma(Zeng Lingsen et al. ,
2011;Gao Li’e et al. ,2011), HE[. X THEI=5
PLFHETR (048 5 2 1) LA B 0 S5 8 DX A AR R i
IR TN HA o SRR 45 R AR T
FuR o VE Tl RS 72 ¥ (Harris and Inger, 1992 ; Harrison
et al. ,1999; Guo Sushu et al. , 2007 ; Huang Chunmei
et al. ,2013) , WA NIA N ZFRIEERK Stk il a2
A HAE 45 3 (Nie Fengjun et al. ,2006), iT4EH}
SEINAHERL A IS 0 A % — BRI A e e b 5e 3
JEZEAETR S LU TN 2 B0 K 0 i oy 3 78 o e o 38 0 4
il B P78 (Gao Li’e et al. ,2009,2010,2011 ; Zeng
Lingsen et al. ,2009,2011;Xie Kejia et al. ,2010), &k
T IR (0 AL B4 1 45 fi 48 I8 S B /N T e s 1Y
A AR Y B TR S B PR R R A EUE
B VAR 45 i B0 A7 I T RE I T30 20 il 1) 4F 1% L 3 BOH:
IREOAE R AR /N TR BAR IS i TR AL S 1
Y B TUBUE T AR TR v 245 & . 45 dn 4R 0% BH B
ARFER S Rl Ry I 1] o PR 0 R A5 AR B 3T 5
VRAZ B J2 TP IR 0 A B TE RIS 6 TR e A
AR AR 5 78 B 22 1) 14 26 2R DA R TR0 b o )
HATEEZ Y (Wu Fuyuan et al. ,2015),
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446 b o AR ZH I8, 4% A BT =2 () Sk ) B )
YFE W )2 25 22 5 [ 4> i (Zhang Jinjiang et al. ,
2007a.b) (I 1b) . 7 A T 5 BERZ A H ool A
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B BRI FE ST AL (PL € @ PR A B
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o R S OB e A A KRR s W By
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PpE 7B W H I 22 25 km, P IEfERL RS
FEAZER 60 km, ¥ = B 46 X 2t A bR
RG] R 2 500 mL AR PE 2 1 km, AP
BB WALRTR B 0 W 25 0 e 1 A i . [ DR B
ANZEREIR A2 (T ) v 8 20K A8 i 41 6 1 e b o
IR R b 28 < M s (I 1b) s 5 4 55 A 22 fih 5
AR TE IR TR WAL 5 A BKCEE s TS Z
(SR SRR RN E P i A P = e KT ¥ :0F V6 :d
Rty (B 2), BE s FE A MK A G Aa b
(5.%0) R 5 (1 20 A B, AHK A1 BE i 22 A B AR
A - ERENS . AxbRsEFEAE R
AR AT AT RLAR 5 BT 5 AR AR A5 4, E S
AHEUALY) AT KA (5% B A
(1020) B AL B RHK AT VKA 2 BB AR, A1
o B IR A AR RDIR B AT 3 K
VB A TR AL R RS E B = BEAE AR i
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2.1 ERHETHERMNR

Fi el SR T R A [ B R R
PR U BRI O GRIZE A A IR 0 58 B
H, O SR R i 1:, CO, R T 7K i 22 ¥ 40 17, AR 4R
B T XRE J7 200 1 5 ok 2 70 2% M3 >R 1T H Sl &
B TR R G (ICP-AES) J7 210 /8 3545
2.2 LA-MS-ICP-MS $7FH U-Pb E4

B A 3 PR AT G A DX S 5 R A AE O T S G &
HEAT S B i 28 0 R R B RN R R A R B A TELHE
SR B AUBE R Bk Hh TG BB W L T TE S E AR AR LT
SUIE A5 AU B A AR TG 6005 W] B 31 S
JIE K s A i T S AR 7 BRSO B A A S
FHAS [ 85 1 4% 0 P8 ok 0 o o 85 A 9 st — 2 Ry
DGR 01 T R A B T BA AR A A
T B BUR WES R B A N ER A . 85 A U-
Pb [R5 28 5 4 78 H [ 5T K GRBO i Fe 5
W7 B 5 K S 0 = A LA-ICP-MS 58 1.
B # 0 R 588 Geolas2005, ICP-MS i Agilent
7500a, FOGR b R v R A EAUE S 3R OB R
THBER B A2 R 32pm, WG R R EE 2 20 ~40pm,
KRG K27 91500 # E B A 1 R AP AR AR OE S X 43
BT B3040 A 2 2 Ak B A0 355 o A B 2 M 5 O e 4
I RUEEBKIE LR & & M U-Th-Pb [Afi R
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Fig.1 Simplified geologic map of the Himalayan orogenic belt, southern Tibet (a) and simplified geologic map of

the Yardoi area showing the Yardoi gneiss dome (b) (a, after Zeng et al. , 2011;
b, recompiled from 1/250000 Longzi regional geological map)
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1—Thrust fault; 2—detachment fault; 3—early-mid Miocene leucogranites; 4—FEocene two-mica granite dikes; 5—early Eocene granite; 6—

Sl 1

AR E N

rhyolitic subvolcanic rock; 7—sampling position and number; J—K;—Lower Cretaceous, Triassic limestone, sandstone, conglomerate; Tyn—
late Triassic sandstone and slate of Langjiexue Group Nieru Formation; Kj—Cretaceous tectonic complex; Pt; € ¢ —schist in Qudegong

Formation; Pt; y—gneiss and amphibolite in Yatuizhala Formation

i 1 4F 86 3 5 % FR 4 % ICP-MS Datacal ( Liu
Yongsheng et al. ,2010) 58 i, %5 f1 4F #8185 A 2R
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Hu Zhaochu et al. (2012), X4 #r &g 00 55 2k 4 3
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B JEAL HE [6) 47 38 43 A 76 o B ot K2 R
DO L FE 5 07 7 9 B K & S5 % (GPMP)
Al LA-MC-ICP-MS 58 i, # 06 3 i & 4 K

CELHE X RE S 2SS 5 3 88 A R IR
iE K& Lu-HI [F £ & A8 115 R A fF ICP-MS
Datacal(Liu Yongsheng et al. ,2010) 58 i,
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Fig. 2 Photograph and micrographs of

F 2

muscovite-granite from Liemai
(a) —HPAMEAE (BE L 78D 5 (boeod)—8E F B Ms— A =
B PI—RHK A QA
(a)—Field characters of Liemai leucogranite (lens to the west) ; (b,
of plagioclase, and muscovite,

¢, d)—phenocrysts quartz

respectively; Ms—muscovite; Pl-—plagioclase; Q—quartz
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H 1) A R 22 0 A RS AT 2 S B
TR TR R AR, T 5 A% R IR A K 2
SUE., KEFEATLE Rb. K. Ba R ITER
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Fig. 3 K,0-SiO, (a) and A/NK-A/CNK (b) diagrams for typical granites from the Yardoi area

(a) 4 Morrison,1980; (b)#f# Maniar and Piccoli, 1989 ; ANK= Al, O3 /(Na, O+ K, 0) ; CONK= Al, O3 / (CaO+ Na; O+ K, O) CEd sk It - 4T
T A3 Xie Kejia et al. ,2010; 5 2446 K & Gao Live et al. .2010; ~ & 6K IR GOAE K A A & MAINEE Gao Li'e et al. .
2009) 51— E AR TR A 2R A BERE 3 A b a4 SBHh R s bS5 — @R AIR O A

Data sources: Dala granite form Xie Kejia et al. , 20105 Quedang granite after Gao Li’e et al. , 2010; two-mica granite, leucogranite,
gneiss, schist, amphibolite after Gao Li’e et al. , 2009)

(a) after Morrison, 1980; (b) after Maniar and Piccoli,1989; A/NK=Al,03/(Na,O+K;0); CNK=AL,0;3/(CaO+Na, O+K;0); 1—
Liemai muscovite-granite; 2-—Dala two-mica granites; 3—Quedagng two-mica granites; 4—two-mica granites in the Yardio Dame; 5—

leucogranite in the central of Yardoi Dome
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JEL A s 108 0 35Ok [0 4 bR 7 AL (5 98 Pearce, 1983 F1 Sun and McDonough, 1989 ; 84 3 I . $TFi 46 =i A 8 Xie Kejia et al. ,2010;
W4 AE B & Gao Li‘e et al. ,2010; Z AR A IR OAER S R RS 8 AN SR Gao Live et al. ,2009)

Fig. 4 Primitive mantle normalized trace elements(a) and Chondrite normalized REE distribution patterns(b) for

granites and metamorphic rocks from the Yardoi area (Primitive mantle and chondrittic normalization values are from

arce (1983) and Sun and McDonough(1989), respectively. Data sources: Dala granite form Xie Kejia et al. , 2010; Quedang

ranite after Gao Li’e et al. , 2010; two-mica granite, leucogranite, gneiss, schist, amphibolite after Gao Li’e et al. , 2009)
1—FNZAE R s 2— AT RIAE R G s 3— W AL K G s 4 — — aAb a5 IREBAE I A 6— e s 7— R s s 8— M IS

1—Liemai granite;2—Dala granite; 3—Quedang granite; 4—two-mica granite;5—leucogranite; 6—gneiss; 7—schist; 8—amphibolite
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BAK(23.94~27.73) , R H A B S B

s+ 8 5 I (SREE=108. 08 X 10 ° ~113. 47
X107 o il 70 2 BRoKE 51 A7 A o Ak 5t B AR — B0 1)
FsUR AR+ FC A A X (B 4b) , R B 9 F
H 2T B 14018 W] . LREE/HREE [ {H 16, 57 ~
17.91 Z[a], Lax/Yby 2l 59. 96 ~79. 85 (-5 72. 86) ,
Lay/Gdy g 6.28~6.51,Gdy/YbyH 9. 44~12. 26, 1%
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o, RV X8R B AH T BB AR AE K R AT
ARMAINA S S EER LT Y.
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et al. ,2015) , Ja BRI VR Gl AR TR A ) 25 2R 4 A (W
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i, Th/U HAEH/NF 0. 148089 Th/U Fo A8 #1454
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Table 1 Whole rock major (%) ,rare earth and trace elements ( X 10™°) compositions of Liemai granites
RS L2-1 L2-2 L2-3 L2-4 S L2-1 L2-2 L2-3 L2-4
SiO, 71.08 71.21 71.10 71.49 Hf 3.30 3.15 3.42 3.53
TiO, 0.21 0.21 0.21 0.21 Ta 0. 88 0.69 0. 66 0.69
Al; O3 15.58 15.6 15.72 15.55 Th 11. 60 10. 50 9. 80 11. 50
FeO 1.08 1. 10 1.13 1.03 U 2.14 2.83 1. 96 2.75
Fey, O4 0. 33 0.32 0. 36 0. 41 Sr/Y 23.94 27.42 26.13 27.73
MnO 0.02 0.02 0.03 0.02 Rb/Sr 2.20 2.19 1.62 1.52
MgO 0.55 0.59 0.58 0. 56 Nb/Ta 6. 88 7.87 7.86 7.97
CaO 0.92 1.12 0. 88 0. 89 La 24. 24 24,55 25.12 24.49
Na, O 3.92 3.96 3.93 3.92 Ce 47.35 48.73 50. 46 48. 65
K,O 4. 47 4.32 4.53 4.57 Pr 5.55 5.73 5. 80 5.78
P, O 0.12 0.11 0.11 0.11 Nd 19. 37 19.7 20. 38 20.07
H20 1. 24 0.99 1.12 1. 00 Sm 4. 40 4. 39 4.55 4.42
CO, 0.29 0. 04 0. 04 0. 04 Eu 1.02 1.02 1.07 1.03
LOI 1.50 0.98 1.05 0. 96 Gd 3.31 3. 30 3.47 3.26
Total 99. 78 99. 54 99.63 99.72 Tb 0. 37 0. 35 0. 37 0. 37
K;O+Na, O 8.39 8.28 8. 46 8. 49 Dy 1. 47 1.33 1. 38 1. 36
A/NKC 1. 20 1.17 1.21 1.19 Ho 0. 20 0.17 0.19 0.18
A/NK 1. 38 1. 39 1.38 1. 36 Er 0.42 0. 36 0. 37 0.37
0 2.51 2.43 2.55 2.53 Tm 0. 05 0. 04 0. 04 0. 04
Sc 2.90 2.81 3.01 2.76 Yb 0.29 0.23 0.24 0.22
A\ 19.61 18.78 19. 26 18.59 Lu 0. 04 0.03 0.03 0.03
Cr 8.61 11. 45 12. 14 12. 65 SREE 108. 08 109. 93 113.47 110. 27
Ni 9.79 9.66 11. 69 9. 66 LREE 101. 93 104.12 107. 38 104. 44
Co 2.45 2.95 5.35 2.89 HREE 6.15 5.81 6.09 5.83
Rb 293.8 288.3 213.4 204.1 LREE/HREE 16.57 17.92 17.63 17.91
Sr 133.6 131.6 131.7 134.5 Lax/Yby 59. 96 76.56 75.08 79. 85
Y 5.58 4. 80 5.04 4. 85 SEu 0.78 0.79 0.79 0.79
Zr 74.70 82.10 80. 80 78.40 0Ce 0.96 0. 97 0. 99 0.97
Nb 6.05 5.43 5.19 5.50 Lan/Gdx 6.35 6. 45 6. 28 6.51
Cs 2. 90 2.81 3.01 2.76 Gdn/Yby 9.44 11. 87 11. 96 12. 26
Ba 217.1 264.6 289.2 261.5 Hon/Lux 2.24 2.54 2. 84 2.69

ARIR 70X 10 °~622X 10 °Fl 43X 10 °~910 X
107, Th/U HEHKF 0.1(0. 1~1.71), AKRITE
Ak 7R B A AF I 3 BURE , X AR % /N T 1000 Ma (9 i
I Pb/** U 4E %, K F 1000 Ma 1 &5 £ 1
“TPb/* PbAE I, df KBS N % AR IR B R AR R,
135.742.8 Ma~3339. 2440. 2 Ma Z [a] (| 6d, %
2) AL EBAR AR B A AR B =AW e, Horp 3,
13.20.35.48 5 ;A% i 4k 2 85 4 B A I W Ik 7 6
HL,U.Th &2 5k 146 X107 °~501 X10°°
1 49X10 °*~84X10 °,Th/U H{H K F 0.10. 10
~0.55)," Pb/** U £ A £ /0 A 7 135. 7~
140. 3 Ma Z [A] , 76 165 A & L, A 5 A 46 o A F
— ) 138 Ma BHiT , 4E 8 IACE- 2y 138, 2+
2.6 Ma(MSWD=0. 33) (& 6¢), %44 i 54 78
WA AR A AT B R e B TR
A AR tH— B AR OR RS A . RS A O —
MAEWR W AR 523 ~582 Ma, #% #R 4% K B A1 Ik 1 B

WOREIE U Th & 848443528 70X 10 ~576 X
107 °f1 43X 10 °~343X10°, Th/U FL{H7E 0. 31
~1. 63 Z[a], 4 B 45 5 1970 Ph/* U 4R % w] 43 ok W5
2H,1.15.21 S E*Pb/** U 4E# 04i F 523. 2+
8.5~531.6410. 4 Ma 2 [a], il A4 45 4%k 526
+11.0 Ma(MSWD=0. 21);9.24.,27.34.36 =
S Ph/% U AR 42 A 4 553. 910, 1~582. 3+
11.1 Ma Z [A] , 76 3§ F1 & _E AR X4 o 20 A F — B0k
() 568 Ma Bt 3 o 4F 1% I ACE {8 K 567. 749, 1 Ma
(MSWD=1.50) (¥l 6¢), RWIIE & 5 A 5 A 5
AR BT AR RS A . AR B BB Ak R B
AT 22 B K 43 A T 643~3339. 2 Ma Z 1], )2
B 2 R B A R UR 1) 22 REE L Ak R S A b B B AR
9 5 £ Ph/*° Ph 4 % Ry 3339 Ma, 5k H i K
LRV
3.3 &R Hf B R4FE

AR FEARYE 45 1 U-Pb 4F I 25 51, ZEFE & b
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£2 NEAEZBHNS LAICP-MS 47 U-Th-Pb A EHTE R

Table 2 U-Th-Pb composition of zircons from Liemai muscovite-granite measured by LA-ICP-MS

e U | Th [%5Pb I I iz 3 L {8 ‘ 20TPh/206Ph | 207PL/235 Y | 206 Ph/238 U
=) (X107%) /2380 POTPb/2Pbl 6( %) |27 Pb/*3 U |a( %) |2 Pb/** U | 6( %) e I ls i ls i ls
(Ma) (Ma) (Ma)
L2-1| 291 343 |103.0| 1.18 0.0588 [0.004| 0.6869 |0.044| 0.0847 [0.0020| %% | 560.9 |76.5| 530.9 |26.3]524.0 |12.0
L2-2 |11466| 485 |313.8]0.04 | 0.0469 [0.003| 0.0467 |0.002| 0.0072 [0.0002| 1 42.8 [79.2| 46.3 | 2.3 | 46.5 | 1.3
L2-3 | 202 51 17.8 | 0.25 0.0547 [0.005| 0.1659 |0.015| 0.0220 [0.0005| #% |399.4 [112.8 155.9 [12.7| 140.3 | 3.2
L2-4 | 2673 | 26 | 7.6 |0.01 | 0.0588 [0.008| 0.0580 [0.007| 0.0072 |[0.0002| 3 |559.4 [156.7 57.3 [6.6 | 46.0 | 1.2
L2-5 | 106 | 73 |29.8]0.69 | 0.0777 |0.006| 0.7301 |0.058| 0.0681 [0.0018| #% |1140.0|85.6|556.6 |34.0|424.7 |11.1
L2-6 | 2389 | 195 |69.3]0.08 | 0.0510 |0.003| 0.0509 [0.003| 0.0072 |0.0001| i1 | 241.8 |74.1| 50.4 | 2.7 | 46.5 |0.8
L2-7 | 143 72 19.0{ 0.50 | 0.0554 |0.004| 0.2526 |0.017| 0.0331 ]0.0007| #% | 428.8 [89.2|228.7 [14.0|209.7 | 4.2
L2-8 | 166 | 100 [373.8]0.60 | 0.2760 [0.013| 20.3120 |1.065| 0.5340 [0.0120| #% |3339.2|40.2|3106.3|50.8|2758.3|49.5
L2-9 | 422 | 101 |151.8]0.24 | 0.0624 |0.004| 0.7723 [0.051| 0.0897 [0.0018| #% [1035.659.9|665.7 |24.9|553.9 |10.5
L2-10| 296 | 213 |190.2]0.72 | 0.0739 |0.003| 1.5771 |0.078| 0.1548 [0.0032| 4% |1038.4|50.8|961.2 |30.6|927.5 |17.7
L2-11| 314 | 100 [651.9]0.32 | 0.0697 [0.003| 1.1588 [0.058| 0.1206 [0.0022| #% |917.9 |52.2|781.4 |27.2|734.1 |12.7
L2-12| 429 | 366 [325.8]0.85 | 0.0875 [0.004| 2.2079 [0.112| 0.1830 [0.0039| #% |1371.2|51.0|1183.535.6|1083.2|21.0
L2-13| 190 | 55 |16.8]0.29 | 0.0494 [0.004| 0.1483 [0.012| 0.0218 |0.0005| #% | 168.5 [107.8 140.4 [10.5|138.7 | 2.8
L.2-14|10181| 913 |662.6] 0.09 | 0.0648 |0.051| 0.0700 |0.054| 0.0078 [0.0004| i1 |4134.2|50.5| 723.3 {31.7| 50.0 | 2.3
L2-15| 70 | 114 | 24.6 | 1.63 | 0.0528 [0.004| 0.6264 [0.049| 0.0860 [0.0018| #% |321.4 [97.7|493.9 [30.8|531.6 |10.4
L.2-16|23850| 2372 [1052.0 0.10 | 0.0747 [0.032| 0.0804 [0.034| 0.0078 [0.0003| 3/ |3568.9(58.4| 416.4 [19.8] 50.1 | 2.2
L2-17(23971| 6302 [1218.1) 0.26 | 0.0728 [0.043| 0.0656 [0.038| 0.0065 |0.0003| 31 |4043.9[45.2|572.2 [24.7| 42.0 | 1.7
L2-18| 5001 | 250 |157.7]0.05 | 0.0480 |0.003| 0.0523 |0.003| 0.0079 [0.0002| i1 |101.0 |72.1| 51.8 | 2.9 | 50.7 | 1.0
L2-19| 616 | 29 |21.7]0.05| 0.0461 [0.005| 0.0580 [0.005| 0.0091 [0.0005 |4 |901.3 [186.2 87.1 [12.8] 58.7 | 3.4
L2-20| 146 | 56 |12.8]0.38 | 0.0575 [0.005| 0.1728 [0.017| 0.0218 [0.0005| #% |512.4 [116.6/ 161.9 |15.0|138.9 | 3.1
L2-21| 576 176 1192.9] 0. 31 0.0585 [0.003| 0.6814 |0.033| 0.0845 [0.0014| #% | 547.1 |58.0|527.6 |19.7|523.2 8.5
L2-22| 266 | 138 |381.0]0.52 | 0.1245 |0.007| 5.7038 |0.300| 0.3327 [0.0086| #% |2021.1|52.5[1931.9|45.5|1851.6|41.6
L2-23| 78 | 61 |25.6(0.78| 0.0565 [0.003| 0.6191 [0.036| 0.0794 [0.0015| #% |473.4 |70.5|489.3 |22.6]492.8 | 9.1
L2-24| 132 | 65 |47.7]0.49 | 0.0584 [0.004| 0.7423 [0.047| 0.0921 |0.0016| #% | 546.5 |74.9|563.7 [27.6]568.0 | 9.7
L2-25| 622 302 |443.0(0.49 | 0.0735 |0.004| 1.6992 |0.076| 0.1680 [0.0049| #% |1027.0|58.9]1008.2|28.5]1000.9[26.9
L2-26| 4915 | 207 [142.9] 0.04 | 0.0489 [0.004| 0.0523 [0.004| 0.0078 |0.0003| #1 |143.7 {91.5| 51.8 | 3.6 | 49.9 | 1.8
L2-27| 72 | 43 |26.8]0.60 | 0.0613 |0.005| 0.7988 |0.059| 0.0945 [0.0019| #% | 649.2 |89.6|596.2 |33.3|582.3 |11.1
1L2-28| 327 181 [324.7]0.56 | 0.0927 [0.004| 3.2258 |0.150| 0.2524 [0.0045| #% |1481.7[49.8|1463.4|36.0[1450.9|23.4
L2-29| 123 | 104 [139.7]0.85 | 0.1012 [0.005| 4.1291 [0.188| 0.2960 |0.0052| #% |1646.0[48.1|1660.1|37.1[1671.3|26.1
L2-30| 572 | 158 |324.1]0.28 | 0.0681 |0.003| 1.3532 |0.065| 0.1442 [0.0023| #% |871.1 |55.4|868.9 |27.9|868.1|12.7
L2-31| 531 910 | 89.8 | 1.71 0.0502 [0.003| 0.3036 |0.016| 0.0439 [0.0007| #% | 204.2 |67.4|269.2 |12.3|276.8 | 4.5
1.2-32| 4868 | 109 |143.4]0.02 | 0.0486 [0.004| 0.0532 [0.004| 0.0079 [0.0002| ¥ |128.9 [97.8| 52.6 | 3.6 | 51.0 | 1.5
L.2-33| 303 | 327 [125.3[1.08 | 0.0625 [0.003| 0.9035 |0.045| 0.1049 |0.0017| #% |690.1 [59.1]653.6 |24.0| 643.1 |10.1
L2-34| 182 | 88 | 66.9|0.49 | 0.0606 |0.003| 0.7834 [0.043| 0.0938 [0.0016| #% | 624.3 |67.2|587.4 |24.5|577.9 (9.5
1.2-35| 501 49 42.10.10 | 0.0508 ]0.003| 0.1490 [0.010| 0.0213 |0.0004| # | 231.3 |84.2|141.0 |8.7 |135.7 | 2.8
L2-36| 376 | 275 |134.8]0.73 | 0.0641 [0.004| 0.7962 [0.051| 0.0902 |0.0017| #% | 743.4 |75.6|594.7 |28.9|556.5 |10.1
L2-37| 9113 | 110 [309.8] 0.01 | 0.0515 [0.004| 0.0649 [0.006| 0.0092 |0.0004 |4 |261.1 |94.5| 63.8 [5.5| 58.7 | 2.7
L2-38| 149 | 88 [113.1]0.59 | 0.0772 [0.004| 2.0866 [0.114| 0.1961 [0.0037| #% |1125.8|63.7|1144.4|37.5|1154.420.2
L2-39] 1516 | 510 |399.3]0.34 | 0.0541 |0.003| 0.4692 [0.025| 0.0630 [0.0016| 4% | 373.8 |63.3|390.7 |17.1|393.6 (9.5
L2-40| 402 | 625 |56.3 | 1.56 | 0.0530 |0.003| 0.2612 [0.017| 0.0357 [0.0007| #% |330.2 |79.4|235.6 [13.4|226.3 | 4.4
1.2-41) 4858 | 66 [133.1]0.01 0.0498 ]0.005| 0.0507 [0.006{ 0.0074 [0.0003| #1 | 186.4 [120.1 50.2 | 5.4 | 47.4 | 2.1
L2-42] 4992 | 164 [144.2|0.03 | 0.0496 |0.006| 0.0537 [0.007| 0.0078 |0.0004| # |177.6 [150.1] 53.1 [6.7 | 50.4 | 2.7
1L2-43] 2785 80 |79.2]0.03| 0.0478 |0.003| 0.0493 |0.003| 0.0075 [0.0002| i1 87.5 [85.5| 48.9 |3.1] 48.1 | 1.0
L2-44| 7082 | 313 [201.6| 0.04 | 0.0523 |0.003| 0.0545 [0.003| 0.0076 |0.0002| # |296.7 |76.9] 53.9 [2.9] 48.6 | 1.1
L2-45| 3989 | 120 [110.2]0.03 | 0.0502 [0.005| 0.0515 [0.005| 0.0074 [0.0003| 3 |205.9 [124.6 51.0 [4.8| 47.8 | 1.8
L2-46| 153 84 13.5 ] 0.55 0.0432 ]0.005| 0.1286 [0.013| 0.0216 |0.0005| #% |-114.5|115.1f 122.8 |11.3]137.8 | 3.2
L.2-47| 7343 | 577 |221.6| 0.08 0.0515 ]0.003| 0.0561 [0.003| 0.0079 [0.0002| #1 |262.0 (65.7| 55.4 |3.0] 50.7 |1.1
1.2-48] 2327 | 399 |116.4| 0.17 | 0.0560 [0.004| 0.0920 |0.006| 0.0119 [0.0003 {4 |452.5 |80.6| 89.4 |[5.5| 76.4 |2.0
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Fig. 5 Cathodoluminescence (CL) images and LA-ICP-MS U-Pb ages of zircons from Liemai muscovite-granite

GrERE T 14 A AS AR 11 AR Ak R B A1 E
7T LA-MC-ICP-MS Lu-Hf [7] {37 2 J& {7 U 3, 45
Mras L 3. #5407 Lu/'" HILL{E /N F 0. 002,
R 5 A TETE U B A B A i S e R HE A R
BT DUAR RS 25 SR R B HI [E AL AR
(Wu Fuyuan et al. ,2007), JIACE K 48,5
Ma [ 3 &8 4% A 1) HE [\ A7 2= 4 s ¥ — .7 Hi/
TTHIHE A fb T 0. 282561 ~ 0. 282676 2 [A], ¥ I&
Hf [ R e (1) = —6.4~—2.3,F(H K
— 4.9 W H TR BT g HE AR S L A5
WY B HE B A (Towe) A T 1118 ~1346 Ma
Z 1A s 4R 1% Ry 138 Ma 4k 2 4% 41 19" HE/' T HE LG (B
AL TF 0. 282621 ~0. 282741 Z [a] , ¥ i HI [F {7 £
I e (1) =—2.4~1. 8, FHME K —0. 6, £ EZE
B B B 40 HE B CAR I CTowe ) Y FL R 731
~839 Ma; 4% Jy 526 Ma [ 4k 7K &5 A1 19'7° HI/
TTHIHAE AF £ F 0. 282206 ~0. 282215 Z [l ¥ Ik
Hf [ ZH K en()=—8.5~—8.2, ~rE5#H
Mg HE 455 2CAE IS (Towe) JE LR 1430~1450 Ma,

4 e

4.1 ERAEHEERRAK
A MBI R I B SRR 078 5 A 1B R

I ACES B2l 45~8 Ma, Hirp 45~26 Ma JE iR (4
B EE A T R4 B SR (Wu Fuyuan
et al. ,2015) . HENL A 5 1 JAl 4 Hb IX 9 2 I3 B
R 45~15 Ma, 43 R = 1 : ©40~45 Ma. A5 4T
AN e B (A PR NN i e a5 AT E 2
J 5 BE R TP I 8K K 1L % (Aikman et al. 20085
Qi Xuexiang et al., 2008; Zeng et al., 2011, Hu
Guyue et al. ,2011; Wu Zhenghan et al. ,2014); @
~35 Ma, & EH I K & ik (Zeng Lingsen et al.
2009;Gao Li’e et al. ,2009; Wu Zhenghan et al. ,
2014); @ ~ 15 Ma., & B & & 0 IR (18 K 5 A K
(Wu Zhenhan et al. ,2014), 1247 T 5 & R HRMK K
A i TP R AN o BEAE K A R AR B A R BN
HEDRAER ALK S — B B A RHE. 85 A
LA-ICP-MS 345 S 5 /s 8 Az 0 Rt A F) 45 e 4R
HTE 47. 4~51. 0 Ma Z [A], INBCF- B4R B fE D 48. 5+
1.1 Ma(MSWD=2. 1), {U 51 22 1 = B AL B 5 19 45
mm AL AR I, 5 0 L 7 5 188 N R 5 BE AR B R RR
R R AR TR - RRORL S RH 78 B4R I ] (47. 6 Ma)
FHIE (Gao Li%e et al. . 2011) ., $i B AT BE L 7E 48. 5
Ma 2 i $2 0 5 SR A sl A A K E
4.2 HREWEX

— RN S RLHE IR 18 K 1R s
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Table 3 Hf isotopic composition of zircons from Liemai muscovite-granite
. - , . . _ AR Tow Tomz
M5 |18 Yb/ VT HE 20 76 Lu/1THE 20 76 HE/1TTHE 20 enr(0) enr ()| 20 +(20) +(26) | fru/ni
(Ma) (Ma) (Ma)
Hfl 0.006467 [0.000106| 0.000220 |0.000004| 0.282215 |0.000012| 526 |—19.7|—8.2| 0.7 |1433 33 1818 53 |—0.99
HI2 | 0.030748 [0.000592| 0.001002 |0.000019| 0.282621 |0.000011| 138 | —5.3 |—2.4| 0.6 | 893 31 1191 49 1—0.99
HIf3 | 0.036918 [0.000507| 0.001044 |0.000020| 0.282644 |0.000021| 48.5 | —4.5|—3.5[ 0.9 | 862 59 1182 94  |—0.97
Hf4 | 0.023826 [0.000190| 0.000732 |0.000004| 0.282576 |0.000011| 48.5 | —6.9 |—5.9| 0.7 | 950 31 1316 49 |—0.98
HI5 0.025718 ]0.000354| 0.000858 |0.000009| 0.282387 |0.000011| 568 |—13.6|—1.7| 0.7 |1217 31 1483 49 |—0.97
HI6 | 0.026659 [0.000398| 0.000874 |0.000015| 0.282652 |0.000013| 138 | —4.3 |—1.3| 0.7 | 847 37 1130 58 [—0.97
HI7 | 0.013842 [0.000774| 0.000436 |0.000029| 0.282565 |0.000008| 48.5 | —7.3 |—6.2| 0.6 | 958 22 1335 36 [—0.99
H{8 | 0.010763 [0.000123| 0.000354 |0.000003| 0.282206 [0.000012| 526 |—20.0|—8.5| 0.7 | 1450 33 1835 53  [—0.99
Hf9 0.033277 |0.001350| 0.001022 [0.000039| 0.282676 [0.000013|48.5 | —3.4 |—2.3| 0.7 | 816 37 1118 58 |—0.97
Hf10 | 0.032214 |0.000146| 0.000891 [0.000008| 0.282610 |0.000011|48.5| —5.7 |—4.7| 0.6 | 906 31 1247 49 |—0.97
Hf11| 0.034938 [0.002257| 0.000962 [0.000053| 0.282597 |0.000013|48.5| —6.2 |—5.1| 0.7 | 926 37 1273 58 [—0.97
Hf12| 0.032291 |0.001735| 0.001017 |0.000055| 0.282698 |0.000011| 138 | —2.6 | 0.3 | 0.7 | 785 31 1040 49 |—0.97
HI13| 0.002889 |0.000149| 0.000096 |0.000006| 0.282214 |0.000009| 526 |—19.7|—8.3| 0.6 |1430 25 1818 40 |—0.99
Hf14 | 0.008101 |0.000086| 0.000281 [0.000002| 0.282082 |0.000013| 568 |—24.4| —12 | 0.7 [1617| 35 2059 58 [—0.99
Hf15| 0.038690 [0.001114| 0.001324 [0.000022| 0.282582 |0.000014|48.5| —6.7 |—5.7| 0.7 | 957 40 1304 63 |[—0.96
Hf16 | 0.043088 |0.001255| 0.001415 [0.000042| 0.282561 |0.000023|48.5| —7.5|—6.4| 1.0 | 989 65 1346 103 |—0.96
Hf17 | 0.032964 |0.001376| 0.001088 | 0.00005 | 0.282718 [0.000012| 138 | —1.9 1 0.7 | 759 34 1003 54 |—0.97
Hf18 | 0.017339 |0.000392| 0.000552 [0.000012| 0.282420 |0.000015| 568 |—12.4|—0.4] 0.8 [1162| 42 1411 67 |—0.98
Hf19 | 0.021929 | 0.00048 | 0.000732 [0.000012| 0.282580 |0.000011|48.5| —6.8 | —5.7| 0.6 | 944 31 1306 49 |—0.98
Hf20 | 0.034637 |0.000879| 0.001092 [0.000028| 0.282631 |0.000011|48.5| —5.0|—3.9] 0.6 | 882 31 1207 49 |—0.97
Hf21| 0.031166 | 0.00131 | 0.000988 [0.000046| 0.282577 |0.000012| 48.5 | —6.9 |—5.8| 0.7 | 955 34 1313 54 |—0.97
HIf22 | 0.022551 |0.000764| 0.000715 [0.000025| 0.282597 |0.000009| 48.5| —6.2 |—5.2| 0.6 | 920 25 1274 40 |—0.98
HIf23 | 0.042729 |0.002858| 0.001346 [0.000080| 0.282621 |0.000027|48.5 | —5.3 |—4.3| 1.1 | 902 77 1227 121 |—0.96
Hf24 | 0.043415 |0.002464| 0.001346 [0.000076| 0.282741 |0.000018| 138 | —1.1| 1.8 | 0.8 | 731 51 957 81 |—0.96
Hf25| 0.011833 [0.001484| 0.000365 [0.000049| 0.282650 |0.000021|48.5 | —4.3 |—3.2] 0.9 | 839 58 1169 94  |—0.99

=R CA A A R A8 8 5 (Harris and
Inger, 1992; Harrison et al. , 1999; Guo Sushu et
al. ,2007; Huang Chunmei et al. ,2013) ; X} T 4542
35 L RDHETR 44 B a1 IRCE B BRI, — 2
WFFE A N B IR 48 < 1 IR 5 i S
IREAAE B e — B0 & 5 i HE 2 5T R IS (Zhang
Hongfei et al. , 2004, 2005; Liao Zhongli et al. ,
2006b; Yu Junjie et al. , 2011; Gao Li’ e et al.,
2013a,b.2014) o fEZ I AF Sk Xof Ml hr A P AR it — =
BELE 5 2 1 B 52 0\ FLUR DX DL b 58 Bk 2 38 40 I
Bl L 728 U8 e i o0 H Bl R Bl (Zeng Lingsen et
al. ,2009,Gao Li’e et al. , 2009; Xie Kejia et al. ,
2010;Zeng Lingsen et al. ,2011),

o T8 A 1 Lo-HIE R A2 %R 1k R BoA R w5
PR S 8540 HLE )6 3R LU (B AS 23 B 391 38 23 445 il
ST RS2 AT AR AL RS A e (O T 5K
PRI RO AR AE o 38R A B IE enc (O (RS FE R
JoT 2 A0 2K 75 400 8 B 5 40 e 0 R 4 AR ) 4R R
Hb S ) S5 1 5 0 s B e o) fFL I B AR R 0
JBS Hh 52 B 4wl B (Wu Fuyuan et al. , 2007)

BEH =B A ene (O R C(—6.4
—2.3), ZPr B AW Towe =1118~1346 Ma, 1E
enc () —¢ IR BTG Ul SRR A 5T
Hi5e AR 22 B) (B 7)), 3% B L 32 25 00U X Hh
T

S BIAE A W H R B kAR ES A F gk R B o E
AT X U-Pb 4E 8% . Lu-HI [J 47 2 43 Br » A AL
PUINTE B 5 1 15 X4 53 ok U HL A o 1 3 L, 3R ]
PLE— 20 BR e 981X 3 58 W) 5 i) 1 5t AR I (Zhao
Zifu et al. ,2013) . %2 1 = BEAE B & OB AR B A
VIR g RS A .3l i LA-ICP-MS 4574 U-Pb 4f
A S N gk R CRS A AR IR B R R, B O185.7 ~
3339.2 Ma, e BRI A kR A R o B OIR A .
TRk AR B A1 AR I 7E 135 ~140 Ma Z [a] 5 3L — 4~ W]
A AT Y AR 2 138,24 2.6 Ma, 7EHE
P U 5 1 v BT B — 1A T I Y BUA T 8O TS K L
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Fig. 8 Trace elemental discriminant diagrams for tectonic settings of the Liemai muscovite-granite (after Pearce et al. ,1984)
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Abstract

Liemai muscovite-granite, located in the eastern segment of the Tethyan Himalaya belt, intruded into
the low-grade metamorphic rocks of the marginal of Yardoi dome in early Paleozoic era. Zircon U-Pb
dating, Hf isotopic composition and whole-rock geochemistry of the Liemai muscovite-granite rocks have
been carried out to constrain its formation age and petrogenesis. The results show that the Liemai
muscovite-granite rocks have high SiO, (71.08% ~71.49%), AlLO,(15.55% ~15.72%), K,O(4.32% ~
4.57%), A/CNK ratios (1.17~1. 21) and low CaO/Na, O ratios (0. 22~0. 28), suggesting that the rocks
belong to high-K calc-alkaline peraluminous leucogranites. The REE diagram shows enrichment of Rb,
Th, K, La, Nd, Hf and Y, and depletion of Ba, Nb, Sr and Ti. These rocks are highly enriched in LREE
(Laxn/Yby=59.96~79. 85) and depleted in HREE (Lay/Gdy=6.28~6.51), with LREE/HREE=16. 57
~17.91 and slightly negative Eu anomalies (§SEu=0. 78 ~0. 79). In contrast to two-mica granite from the
margin of Yardoi Dome, the Liemai muscovite granites have relatively high Rb contents (204.1X10 °~
293.8X10 %) and Rb/Sr ratios (1.52~2.20), relatively low Sr contents (<(134.6 X 10 %) and Sr/Y
ratios (23. 94 ~ 27.73), and more obvious HREE fractionation. Zircon LA-ICP-MS dating yields the
youngest rim age of 48.5 3 1. 1Ma (MSWD = 2. 1), representing the crystallization age of the Liemai
muscovite-granite, which should be earliest age reported to date. The ey (¢) values of the zircons vary
from —6.4 to —2. 3, implying a crustal origin. The two-stage Hf model age varies in the range of 731~
839Ma, indicating that source rocks are Neoproterozoic in age. The ages of inherited core zircons vary
between 135. 7Ma and 3339. 2Ma, indicating that the source rocks of the Liemai Leucogranites may be
Early-Cretaceous sedimentary rock. It can be proposed that, during the main collision stage between the
Indian and the Eurasian plates, crustal thickening in company with increasing pressure and temperature
resulted in partial melting of the Early-Cretaceous sedimentary rocks, giving a rise to the formation of the

Liemai muscovite-granite.
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