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Geochronology, geochemistry characteristics and geological significance of
Menba monzonitic granite, central Lhasa subterrane, Xizang
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Abstract: A series of Early Cretaceous A-type granites are developed in the central-western part of the Central Lha-
sa subterrane in Xizang, but no related A-type granites have been found in the eastern section, which constrains the
understanding of the deep dynamics of the central Lhasa subterrane. In this paper, petrographic, zircon U-Pb chro-

nology, zircon Hf isotope geochemistry and whole-rock geochemistry studies were carried out on the monzonitic granites
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in the Menba area based on detailed field geological investigations. The zircon **Pbh/**U weighted average age of
this monzonitic granite measured by LA-ICP-MS dating is 120. 9+0. 8 Ma, indicating that the Menba monzonitic
granite was formed in the Early Cretaceous. The Menba monzonitic granite has a high content of SiO,(69. 69% ~
75.81%, average 73.84%), a high content of total alkali (Na,0+K,0) (8.22% ~9.34%, average 8.92%), a
medium content of Al,0,(12.77% ~15. 60%, average 13.74%), and a low content of MgO (0.01% ~ 0. 12%,
average 0.05%), values of 1.08~1.22 for A/CNK and 1.12~1.27 for A/NK, suggesting that the Menba monzo-
nitic granite is a peraluminous, high-K calc-alkaline-potassium basaltic series rock. The Menba monzonitic granite
is relatively enriched in trace elements such as Zr, Hf, Ce, and Y, and relatively deficient in trace elements such
as Ba, Ti, Sr, and P. It has strong negative Eu anomalies (60Eu=0.04~0. 11, average 0. 07), high 10 000
Ga/Al values (1.99~4. 18, average 3.06), FeO'/MgO values (18.45~ 69.96, average 47.05), Y/Nb (1.07~
2.42, average 1.77), Rb/Nb (6.70~12.16, average 9.83), and a rightward gently dipping “V” rare earth ele-
ment distribution curve, indicating that the Menba monzonitic granite is an A2-type granite produced in a post-colli-
sional and extensional environment. In addition, the negative to positive eHf(¢) values (=2.7~+2.6), relatively
old zircon Hf crustal model ages (i, =1 352.8~1 016.8 Ma), and Nb/Ta values close to those of the crust indi-
cate that the Menba monzonitic granite originated from the ancient lower crust with a small amount of mantle materi-
al. Combining the results of previous research, this paper suggests that the Menba monzonitic granite was formed in
the collisional orogenic background of the Early Cetaceous Lhasa subterrane and Qiangtang subterrane, and that its
genesis was due to the upwelling of soft-fluidic material caused by the breakup of subducting plates, which induced
partial crustal melting, and that it originated from magma that was partially melted by crustal melting with a small
amount of mantle material, and underwent the segregation and crystallisation of predominantly K-feldspars.

Key words: Xizang; Central Lhasa subterrane; Menba area; A-type granite; post-collision
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Fig. 1 Sketch map of the geotectonics of Qinghai-Tibett Plateau( a, modified from Zhu et al. , 2011) , distribution of major
magmatic rocks of Lhasa subterrane(b, modified from Li et al. , 2018) and geological map of Menba area (¢, modified from
Geological Survey and Research Institute of Jilin University, 2004)®
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B . Chu et al. , 2006; KB4 2008; AR 855, 2008b; Jiet al. , 2009; Zhu et al. , 2009a, 2009b, 2011; E—M%%:  2009; #%
Fe#%E, 2010a, 2010b; FEWFEE 2010; XIHSE, 2010, 2012; 4EBERESE, 2011; HEEGESE, 2011; FRIEE, 2011; KBS, 2012; 2 E
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Liet al. , 2020; FJRIKEE, 2021; 5K+ 0145, 2021 ; XIuk4E, 2022
JSSZ—]Jinshajiang suture zone; LSSZ— Longmucuo-Shuanghu suture zone; IYZSZ*Indus Yarlung Zangho suture zone; LMF—Luobadui-
Milashan fault; SNMZ—Shiquan River-Nam Tso ophiolite melange zone; BNSZ—Bangong-Nujiang suture zone; SL—Southern Lhasa subterrane ;
CL—-central Lhasa subterrane; NL—northern Lhasa subterrane
Age data source: Chu et al. , 2006; Zhou Changyong et al. , 2008 ; Zhu Dicheng et al. , 2008b; Ji et al. , 2009; Zhu et al. , 2009a, 2009b, 2011;
Gao Yiming et al. , 2009; Fei Guangchun et al. , 2010a, 2010b; Jiang Xin et al. , 2010; Liu Wei et al. , 2010, 2012; Cui Xiaoliang et al. , 2011;
Du Dedao et al. , 2011; Yu Yushuai et al. , 2011; Zhang Xiaoqian et al. , 2012; Li Xiangyu et al. , 2013; Wang Li et al. , 2013; Zhang Yujie
et al. , 2014; Chen et al. , 2014; Xie Lang et al. , 2015; Fei Fan et al. , 2015; Fan Shufang et al. , 2015; Gao Jiahao et al. , 2016; Wang Liyuan
et al. , 2016; Zhou Hua et al. , 2016; Wang Liqiang et al. , 2016; Cao et al. , 2016; Weller et al. , 2016; Li Yue et al. , 2017; Wang et al. ,
2017a, 2017b; Cao et al. , 2018; Li et al. , 2020; Wang Xinxin et al. , 2021; Zhang Shizhen et al. , 2021; Liu Hong et al. , 2022
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Fig. 2 Photos of fields and micrographs of the Menba monzonitic granite
a— [ TE R AB G A RSN T ; b—T T R AE R HEFANER S, s o~ (T T RKAER A BT RS Qu—a 3, PI—RH
Me—AH A Per—2R UK A3 Or—IEK A, Mi—REERD"

a—the filed of the Menba granite; b—the field outcrops of the Menba monzonitic granite; ¢~ f—the microscopic micrographs of the Menba granite;

Qtz—quartz; Pl—plagioclase; Mc—microcline; Per—perthite; Or—orthoclase; Mt—magnetite
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3.1 %5/ U-Pb £}

ASOR ZARA AR T T8 A U-Ph TUARE,
MRAZER LR 1 KR K AR S B A K2 N Rk
PREA B5 A RF0RL /N, K 2 100~200 wm, $E24 20 ~
60 pm, K5 A 101 ~1:3, B, POk L858
AR ES AT LR E T, B A Th/U (E8
5 (0.60~8.31) , 17K T8 BTl A 4% 4 1 Th/ UfH.,

® 1 TBEZKAKNA(SD06) #A LA-ICP-MS U-Pb EMIE LR
Table 1 LA-ICP-MS zircon U-Pb analysis data for the Menba monzonitic granite ( SD06)
w,/107° [R5 LA E i/ Ma W
) Th/U N
Pbh Th U 207 Pb/ZO() Pb +lo 207 Pb/BsU +1o 206I)b/238U +lo 206 Pb/238U +1o J)L/%
1 70 1819 2583 0.70 0.049 9 0. 000 8 0.130 7 0.002 3 0.019 0 0. 000 2 121.2 1.3 97
2 7 246 216 1.14  0.0516 0.002 1 0.1335 0.005 3 0.018 9 0.000 3 120. 5 1.6 94
3 87 2153 3427 0.63 0.048 5 0. 000 7 0.127 3 0.001 9 0.0190 0.000 2 121.4 1.0 99
4 10 468 218 2.15 0.051 5 0.002 1 0.1352 0.005 6 0.019 1 0. 000 2 121.8 1.3 94
5 8 390 143 2.72 0.052 1 0.002 5 0.1380 0.006 7 0.019 2 0. 000 2 122.9 1.4 93
6 13 391 408 0.96 0.0499 0.001 3 0.1314 0.003 3 0.019 1 0.000 2 122.1 1.2 97
7 49 1339 1837 0.73 0.049 2 0. 000 8 0.126 9 0.002 1 0.018 7 0.000 2 119.2 1.1 98
8 9 276 315 0.88 0.053 8 0.001 6 0.1395 0.004 0 0.018 9 0. 000 2 120.5 1.1 90
9 100 2571 3744 0.69 0.0486 0.000 7 0.1293 0.001 8 0.019 3 0.000 2 123.0 1.0 99
10 9 327 242 1.35 0.0502 0.002 0 0.1323 0.005 2 0.019 1 0.000 2 121.9 1.4 96
11 13 359 442 0.81 0.054 3 0.001 7 0.141 7 0.004 2 0.019 0 0. 000 2 121.2 1.2 90
12 943 1844 709 2.60 0.0511 0.002 6 0.126 4 0.003 9 0.018 9 0. 000 3 120.9 1.9 99
13 870 2316 1286 1.80 0.0486 0.002 0 0.1239 0.003 5 0.018 6 0.000 2 118.9 1.4 99
14 453 1124 511 2.20  0.0503 0.001 7 0.131 6 0.003 0 0.019 3 0.000 2 123.3 1.4 98
15 1166 3128 377 8.31 0.050 6 0.002 1 0.1311 0.003 3 0.019 0 0. 000 2 121. 1 1.4 96
16 669 1295 521 2.49 0.052 0 0.002 7 0.134 3 0.004 3 0.019 5 0. 000 2 124.6 1.6 97
17 1803 4917 3294 1.49 0.0501 0.000 8 0.1303 0.002 1 0.0190 0.000 2 121.0 1.5 97
18 543 1418 673 2.11 0.049 9 0.001 4 0.128 9 0.002 5 0.018 5 0. 000 2 118.5 1.3 96
19 3296 8682 2245 3.87 0.049 5 0.001 8 0.127 3 0.004 1 0.019 1 0. 000 2 121.7 1.5 99
20 520 1208 509 2.37 0.0510 0.001 5 0.133 1 0.002 4 0.0192 0.000 2 122.3 1.3 96
21 527 857 444 1.93  0.049 6 0.003 2 0.123 4 0.0040 0.0187 0.000 2 119.4 1.5 98
22 614 1293 650 1.99 0.048 3 0.002 0 0.1239 0.003 0 0.018 4 0. 000 2 117.6 1.1 99
23 519 1282 440 2.91 0.049 9 0.001 6 0.1263 0.002 4 0.018 5 0. 000 2 118. 1 1.2 97
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T8 85 A0 BE A 2B A O R 9 4F S (Hoskin and
Black, 2000) , [A] 6545 A & B B W 09 5= 3 ¥ R AE

121.2+1.3 Ma

o 88 &€

120.5+ 1.6 Ma 121.4+1.0 Ma 121.8+1.3 Ma

123.041.0 Ma

O 17 18 aj o : ( \ '_ 20 @j’

121.9+ 1.4 Ma 121.2+1.2 Ma 1209+ 1.9 Ma

121.0£ 1.5 Ma 118.5+1.3 Ma 121.7%1.5 Ma

1223+ 1.1 Ma

B3 TTEKIER

(F3) o H T B P e i DR A A A A
R YR 5256 F A5 SD06 H A %L A U-Ph [A] v &

119.24+1.1 Ma

118.6+1.4 Ma 233+ 1.4 M:

1229+ 1.4 Ma 1205+ 1.1 Ma

i 16

1246+ 1.6 Ma

Hf

o

1194+ 1.5 Ma 117.6%£1.1 Ma 118.1+£1.2 Ma 100 pm

A AR R

Fig. 3 Cathodoluminescene images of the zircons of the Menba monzonitic granite

At 23 A~ W 0P S BREE PO Ph/ PR U AR
#5354 580. 7 ~576. 4 Ma 590. 5~587. 4 Ma, 55 f1
FEM IO Ph/ 2P U 8 0 A 7E 124. 6 ~117.6 Ma Z
[, 76 U-Pb 4F 9% 18 F1 18] v 43 A 76 185 F 26 B 3 (&
4) . WL ITFE AR INACE B4R 4 120, 9+£0. 8 Ma
(NSWD=1.6, n=23) ,IZFEREREARE T K
5 B 4G AR AR IS, B R T RO B

0.0204

120.940.8 Ma(10)
(1=23; MSWD-=1.6)

0.0200 ¢

0.0196 ¢

b

6, 3
Ph/

0.0192F

0.01881

0.0184 L

0.0180 ¢

0.0176 . . : n
0.105 0.115 0.125 0.135 0.145 0.155

:“-l’b-?;:l'
4 TTE KBRS LA-ICP-MS 541 U-Ph 4E§% i AA]
Fig. 4 Concordia diagram of LA-ICP-MS zircon U-Pb for

Menba monzonitic granite

3.2 $5A Hf Afx

TER A U-Pb AR SERE Bt — KA B A P iy
10 A S HEFT T #5400 HE R R K, DL e {5
MM AE g A7, MR S WL 2, ATk 10 A~ #r
S Ph/ U 4E Y N 122, 9 ~ 119. 2 Ma, Xf J Y

sHI(1) BE N -2.T~+2. 6, —Br B RARRE (1., ) 1E
908. 6~ 714. 3 Ma Z [a], B BEAE AR (1) 7E
1 352.8~1 016. 8 Ma Z[] , M fT FbREERY 7O HE/ 7 HE
ik 0. 282 682 ~ 0. 282 694,20 & 0. 000 020 ~
0. 000 021,
3.3 ERMBKULEEE

ARYARAT T T A A b B i ) 3 e
W3, Hohipt b O R IE 1 A BUAE < 5 ek fk
SRFEARRL, 1T AR AR AT B B A iy
Si0, , /T 69. 69% ~75. 81% , V-1 73. 84% ; Fh 25 %
A ALO, , A F 12, 77% ~ 15. 60% , F-15 13. 74%;
AR S & MO, /v T 0. 01% ~ 0. 12%, ‘¥
0.05% ; B 5% ( Na,0 +K,0) B & &/ T 8. 22% ~
9.34%, Mg"{H 2. 48 ~8. 81, A/CNK {H} 1.08 ~
1.22,A/NK il 1. 12 ~ 1. 27, /3 %48 80 (DI1) H
92.33~96.22( V-3 94.87) , F6 7- L S (R4 S R 8
o (Na,0+K,0)-Si0, FIff (& 5a) v, HE G T4k
b X I, 5 M A UL AR N B T 48 45 R A AT
K,0-Si0, Elfi# (&l 5b) Hr, FF i 7 H e B 4805 il
RN -H %A R U B T A/NK-A/CNK [l f#
(F Sc) H BEAh R 8 BUA AR E

FitoeE SR (£ 3), HEE (SREE) B
43.17x107° ~405. 12x107°°, F-14 163. 80x 107, H
B+ C R S H (LREE) 4 28. 82x107° ~ 353. 72x
107°, 344 132. 79x10°° , Efis -0 & B it (HREE ) A
13. 96 x 107 ~ 51. 40 x 107°, -3 31. 01 x 107°;
(La/Yb)  fHHN 0.72~6.07,F¥ 2. 84, fEF +IC
R BRI A bR AE L o B (Bl6a) B EITR S
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Table 2 Zircon Hf isotope analysis results of Menba monzonitic granite( SD06)

M5 vMa Yn/THE YSLe/THE VOHE!MTHE 20 eHf(1)  eHE(0) Lo/ Ma tomz/ Ma Jwme
1 121.2 0. 189 730 0.005 621 0.282 730 0.000 019 0.7 -1.5 842.5 1131.6 -0.83
2 120.5 0. 049 979 0.001 619 0. 282 624 0.000 019 -2.7 -5.2 903.7 1351.5 -0.95
3 121.4 0. 096 789 0. 003 056 0.282 655 0.000 014 -1.7 -4.1 893.8 1288.1 -0.91
4 121.8 0.080 529 0.002 708 0.282 684 0. 000 021 -0.7 -3.1 842.4 1221.0 -0.92
5 122.9 0. 089 444 0.003 030 0.282 775 0. 000 023 2.6 0.1 714.3 1016.8 -0.91
6 122.1 0.062 190 0. 002 005 0. 282 691 0. 000 020 -0.3 -2.9 816.1 1201.5 -0.94
7 119.2 0.086 410 0. 002 660 0.282 640 0.000 015 -2.3 -4.7 907.0 1322.4 -0.92
8 120.5 0.042 868 0. 001 406 0.282 638 0. 000 015 -2.2 -4.7 878.3 1318.6 -0.96
10 121.9 0.056 101 0.001 787 0.282 624 0.000 018 =2.7 -5.2 908. 6 1352.8 -0.95
11 121.2 0. 027 561 0. 000 951 0. 282 691 0.000 015 -0.3 -2.9 794.0 1197.9 -0.97

FE: eHf(1)= 10 000x{ [ (""HE/THE) - (" Lu/TTHE) ¢x (e =1) 1/ (T°HETTHE) gur o~ 7L/ THE) quup X (M = 1) T=11}, tpy; = 1/AXIn
P+LC7HE D o= (CTOHETTHE) gy 170 C7 L/ TTHE) g = C7°Lu/THE) gy TS tone = town=Clown =) XL (e =£) 7 (Lo =fon) 13 Frwme =
(" Lu/THE) o/ (O Lu/THE) quur =1, HF: A=1.867x107" /a( Soderlund et al. , 2004) ; (7 Lu/THE) o FICTOHETTHE) o SRR A
(" Lw/"HE) quor = 0. 033 2, ("°HE/THE) cuur, 0 = 0. 282 772 ( Blichert-Toft and Albarede, 1997); ('Lu/""Hf),, = 0. 038 4,
("OHE/ " HE) 1y =0.283 25 Griffin et al. , 2000) ; ("Lu/"THE) e = 0. 0155 foo = [ (7L TTHE) g/ (O L/ T HE) gy 1- 15 £ =
Siwmins Sost =0 CTLu/TTHE) py/ C7Lus/ TTHE epor 1= 15 ¢ B S5 AR IR

x®3

MBEZKEREEETE (w,/ %) MBETER (w,/107°) SRR

Table 3 Major (w,/ %) and trace (w,/107°) elements analyses for Menba monzonitic granite

FE SD06-1 SD06-2 SD06-3 SD06-4 SD06-5 FE SD06-1 SD06-2 SD06-3 SD06-4 SD06-5
SiO, 75. 81 69. 69 74.97 74.98 73.74 Dy 8.77 13.80 3.82 3.73 11.50
TiO, 0.15 0.22 0.05 0.05 0.10 Ho 1.76 2.85 0. 86 0.85 2.61
Al, 0,4 12.77 15. 60 13.35 13.28 13.71 Er 5.18 8.39 2.69 2.70 8.46
TFe, 0,4 1.45 2.54 1.13 1.18 1.97 Tm 0.74 1.30 0.42 0.44 1.39
MnO 0. 04 0.05 0.02 0.03 0.05 Yb 4.92 8. 15 2.76 2.80 9.22
MgO 0. 04 0.12 0.01 0.02 0.03 Lu 0.67 1.21 0. 40 0.42 1.37
Ca0 0.32 0.24 0.25 0.25 0.33 Y 46.41 80. 30 25.00 24.70 75.90
Na, O 3.34 3.90 3.77 3.71 3.8 Rb 207.72 282.00 257.00 265.00 280. 00
K,O 4.88 5.44 5.16 5.31 5.29 Ba 134.05 149. 00 11. 00 10.50 28. 60
P,0; 0.04 0. 06 0.02 0.02 0.02 Th 36.2 59.8 33.5 38.0 84.7
LOI 0.69 1.57 0.52 0.47 0.58 U 4.46 6.22 9.09 8.71 12. 60
Total 99.52 99.43 99.27 99.3 99. 62 Nb 19.2 33.4 23.3 21.8 41.8
A/NK 1.19 1.27 1.13 1.12 1.14 Sr 29. 64 22.70 10.20 8.14 17.10
A/CNK 1.12 1.22 1.09 1.08 1.09 Zr 178.57 334.00 95.10 72.90 91.30
FeO" 1.30 2.28 1.02 1. 06 1.77 Hf 6.24 11.5 4.78 3.95 5.19
DI 95.02 92.33 96. 19 96.22 94. 67 Se 2.74 4.83 0. 68 0.57 1.66
Mg" 5.29 8.80 2.48 3.46 2.66 Ga 23.38 34.46 14.04 15.17 25. 46
La 38.48 69. 00 3.30 3.75 9.22 SREE 215.54 405. 12 43.17 43.65 111.54
Ce 92.31 190. 00 16. 50 16. 60 32.90 LREE 184.22 353.72 28.82 29.69 67.50
Pr 9.43 17.00 1.27 1.38 3.61 HREE 31.32 51.40 14.35 13.96 44.04
Nd 35.50 63. 60 5.57 5.77 15.50 |[LREE/HREE  5.88 6. 88 2.01 2.13 1.53
Sm 8. 19 13.70 2.15 2.15 6.16 (La’Yb) y 5.62 6.07 0. 86 0.96 0.72
Eu 0.30 0.42 0.03 0. 04 0.11 6Eu 0.11 0.09 0. 04 0. 05 0.05
Gd 7.87 13.50 2.85 2.50 7.87 6Ce 1.15 1.32 1.98 1.79 1.40
Th 1.41 2.20 0.55 0.52 1.62

1 6Eu=Euy/ (SmyxGdy ) "?; 6Ce=Cey/ (LayxPry)"?; Mg" =100 (Mg0/40.3)/(Mg0/40.3+Fe0"/71.8) ; DI= 3 ( Qtz) +IEK 7 (Or) +
B A (Ab) AT (Ab) +# 41 (Ne) + AR A (L) +75 H B A (Kp) (CIPW B 4341t o
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1 A/NK-A/CNK FEf# (¢, #& Maniar and Piccoli, 1989)
Fig. 5 (Na,0+K,0)-Si0, diagram (a, after Wilson,1989) , K,0- SiO, diagram (b, after Peccerillo and Taylor, 1976)
and A/NK—-A/CNK diagram (c, after Maniar and Piccoli, 1989) for Menba monzonitic granite
R e L e A BAE RE BE SR . Qu et al. , 20125 Chen et al. , 2014; f#fE4E, 2015; Li et al. . 2020; FRRANEE, 2021,
XHtAE, 2022
data source of Early Cretaceous A-type granite in the Central Lhasa subterrane; Qu et al. , 2012; Chen et al. , 2014; Xie Long et al. , 2015;
Li et al. , 2020; Wang Xinxin et al. , 2021; Liu Hong et al. , 2022
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Fig. 6 Chondrite-normalized REE patterns(a) and primitive mantle-normalized trace element spidergrams(b) for Menba
monzonitic granite
BRI A FE AR I AR 1 Sun and McDonough , 1989 HRH7 g th b it (9 S 1 A BUAE 5 B SKRUR . Qu et al. , 20125 Chen et al. , 2014;
4 2015; Li et al. , 2020; FJRIREE, 2021; XI8E45, 2022
the chondrite and primitive mantle data are from Sun and McDonough, 1989; Data Source of Early Cretaceous A-type granite in the Central Lhasa

Subterrane: Qu et al. , 2012; Chen et al. , 2014; Xie Long et al. , 2015; Li et al. , 2020; Wang Xinxin et al. , 2021; Liu Hong et al. , 2022

EMEICREMEARE, H e RARAEH MR 3.4 £5ERABNEE

H SEu } 0.04~0. 11,°F3 0. 07, 34K | 2554 Watson 5 (1983) 1) SZ B i 58 & I 85 v Ze (1)
V" IE . U T0 3R AL R b A o Ak ik D) 1] ( 3 FR B0 Tl B A U o A A R R
6h) Bk [ A, KB F R A 0K (LILEs) AHXT R Bk, UL RS A i 1 A i B vl DUEAS AR 3R 78 i
££ U0 Rb Th; #3798 0K (HFSEs) A% =81, &0 Nb, A RUEE, i1 B AR 1InD, (496 000/Zr,,, ) =
Ta Ti, [-3.8-0.85(M~1)]+12 900/T, Hth T 4 %F i
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FE, D RSB R, S 8 R B 55 1, (°C) =
12 900/1nD,, (49 600/Zr,, ) +0.85 M+2.95-273. 15,
Hp Ze,, TRV AW Ze 2T IR, M=
(2 Ca+K+Na)/(SixAl) (JAF0%0) , HAXITER
4550 728~ 868°C , Ui W1 L K AE (<1 4 U 45 i Tk
BER

4 g
4.1 BERAK

R R L Y RO SR B, O HLAE
110 Ma ZEAT AR TP S B0 T KRB A9 5 2R 4, T Ly
A EE IR AR S o R RS h R ET
S 1L 7 T I < 1 L 0 R P B S s s
(104 Ma, fERSF, 2015) , 3 B EGHE X AR A
(116 Ma, 5k+ 0%, 2021) ,$5 EhFEAK /R — K46
R KA (116 Ma, 111 Ma, 2% L%, 2015) 4%
b X EKAE KA (112 Ma, SEBEASLE 2012) 2K
AR 7 (123 Ma, Zhu et al. , 2011) &0 (113 ~
109 Ma, X4, 2010; 111 Ma, & o5 W %,
2008b) LA (118~112 Ma, JEMELE, 2016) , Je i
BRI 2 (113 Ma, JWIHTY S, 2015) IR0 1
RN S A AE A (114 Ma, 113 Ma, T EI%E,
2011) iR HEF RSO | Je HEAE B N A K
(112,109,108 Ma, Zhu et al. , 2009a) ; 13535 FLHb
XIRBCA (124~120 Ma, %, 2016) , BT g= B0k
KA (107 ~106 Ma, Li et al. , 2020) , J& FHh X 45
FEAE 7 (105 Ma, XIHESE, 2022) , Ml A& 1 46 <iA
(101 Ma, FJRIKEE, 2021) , HFLHBIX BE%2 4 (114 Ma,
Zhu et al., 2011; 117 ~ 116 Ma, Chen et al.,
2014) AR INK A MK A (113 Ma, 111 Ma, Zhu
et al., 2009a), K LM X € 5 A A K
(111 Ma, K TAEE, 2014) ; AR ET TRER$
AR R IESE B (117 Ma, 2856745, 2010b) , 7F
% A S E NN B/ 5 A (N £ P Y §S N E = 4
Wl (K 1b) . O A KA TR EdE R E R
FIEEH: (~ 110 Ma) F7 5% i B A7 7E — 28 51 KRR 1)
ARG, AR SRR T E KA X A8 A U-Pb
RN 120, 9+0. 8 Ma, & W HAR A7 T 5 1 Efi g
W1, 5 R 5 e DA G R S AR
B — B, BeBFER R T BT TE R AERK A5 AN
J& T R — B A AR

4.2 HAKE
4.2.1 ‘HAM

XFFAE R A, B AT 3 5 2807 ol AL
R S BICRIETUURRE) 1B CORIET KCE) |
M A CRUE T o) AT A A= TS 358 ) 4 28
WA (Whalen et al. ,1987) o A BUAE i A 7F HLER 1k
SR B B WAHE fEE TR Ll E 6
B, LA % 1 19 ( Na,0+K,0) /Ca0 FeO"/MgO 25 [
{H; fEER TR FAXT EE Rt R, I H AR
B9 (Zr+Nb+Ce+Y ) {H LA & Ga/Al {H (Eby, 1990,
1992) , IMMEZKEKAAETETTRAR EEA R
fif | v A A BE AU AR AR X 5 MR Y A BUAE
A FEEICEHNAPL( Whalen et af. ,1987) . TEfE:
JCRE MG, [TE A K A FE AL A SEu
fH40.04~0. 11, B/n B 8 AY Bu 52 % £/ 00
F BRI A AR C 43 18] (8] 6a) B4 | 7 Y 1] A5
£ (TN R S LC 11 5 =S e I V- S 1 R 0 1
A TCF 5 [ RH e Gl it o0 2R A b e s o £ ke IR [ v
([ 6h),Rb . Th U, Zr Hf I THIXT & £, Nb,
Sr.Ba Ti PRI THIX 58, 756 A BAL KA1
BHVERAE (Whalen et al. , 1987; Eby, 1990) , 3 5th
P75 b 2L 8 1 Rt A BUAE B AR AL,
TE (Na,0+K,0)/CaO - (Zr+Nb+Ce+Y) (& 7a) .
(Na,0+K,0)-10 000 Ga/Al( & 7b) Fll FeO'/MgO—
10 000 Ga/Al(El 7¢) B, IMTE K ALK A ST
F7 5% M b B R T8 ) A BUAE B A R ARG, T A
RIAE R A Xk, King 25(1997) A 70 540 S 46
AT A BV R A R (PO SFH E R
0. 14% ) FMILEN ( Na, O “F-¥ & 1R 2. 81%) HIRHIE,
SR T KA XA 1 POy & & AR (P
0.03% ) 1fii Na,O & (V1 3.70% ) 55 , AT A5
ISR S BUAE B B RRAE AN TTE R AE R A
(4 A B A A RN IR Sl 728 ~ 868°C , HH I i T HE &
Hi DR R = S 1 AUAE B A TR R B (721 ~
740°C ; TGS, 2020) , 5 2 35 1 X 1 il A% i A 7Y
FE5d 7 (764 ~851°C, LJKKSE, 2021) FEARMAT,
Collins %5 ( 1982) TA A AT LA i — 26 M BR{b 22 R A1E X
53 Si0, A Y IR A S T BAEA A BUE
00 A BIAE R A MgO  CaO 7 BB T 40 5+
BT RIAE B 2, T4 L ) Nb Y \Ga .REE & 7t 2 5
TrRASH TR S, TTE KA MgO
(F30.05%) F1 CaO (F-44 0.28%) & & AH H Tk
At BF S B[R] 99 0 5 43 S TR AE B A Y MgO (SF- 3
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Fig. 7

(Na,0+K,0)/CaO-(Zr+Nb+Ce+Y) diagram (a), (Na,0+K,0)-10* Ga/Al diagram (b) and FeO'/MgO-10* Ga/Al
2 2 2 2

diagram (¢)of the Menba monzonitic granite (after Whalen et al. , 1987)
b pE b B B A BUAE A BE R R . Qu et al. , 20125 Chen et al. , 2014; f# 55, 2015; Li et al. , 2020; LK%, 2021;
XIS, 2022
Data source of Early Cretaceous A-type granite in the Central Lhasa subterrane: Qu et al. , 2012; Chen et al. , 2014; Xie Long et al. , 2015;
Li et al. , 2020; Wang Xinxin et al. , 2021; Liu Hong et al. , 2022

0. 18%) 1 CaO (3F-7 0. 63% ) 5 +a B i B, 111§ 4 B
R (P 8.92%) LI K& Nb (¥ 27.90x107°) | Y
(°F50.46x10°) [ Ga(F4422.50x10°) REE(F
¥7163. 80x107°) FHt Z B I fm TR =40 7 1 BLAE
B IS 405 7. 53% .12, 45%10°°,20. 45%
107°,17.93%x107 ,63. 55x10°%; FAE%E, 2020) ,3FH
HRL B CARGE 1 A BIAE R AR P T X A X
ST S 1 BVAE R A B FEAE (Qu et al. |, 2012;
Chen et al. , 2014; f# 5%, 2015; Li et al. , 2020;
FRRRE, 2021 X% 2022) , TTE ZKAEK A
1) F LAY A0 KA B S )
B, X BB AR AR 7 5% B 738 A T A
RIE b A P AR (Qu et al., 2012; Li et al. ,
2020; FJRIRSE, 2021; XIPEAE, 2022) , Z5 BTk,
FIW TR =R AGK AR T A BRI

A FUAE B TE DUAE S R SO | Tk
RS LA R A, BEE TP RTRA, LB A TAE R
AR AT BT b i il R s R BRBE 17 Ll mT
DI 7= il 48 1 1L s B A R 9 4 i R 5% (Eby,
1990) , BRI A BYAE B 40 PSR 2E, AT ALAI
A2 B L AL RUAE R A R R S N L s
(OIB) , B IA AR IE B TR & L PR 5E T A2 B4
FHEMT B INZ R A (IAB) |, 8\ N T i T [F 6l
T 8% J5 R 48 BR 88 (Eby, 1992) . Al 5 A2 fE K A 1E
CABFFE R, ok [N 58 BB 5 4316 AlUY B

PHEIT R A XA AE T Y/Nb 5 Rb/Nb {H, il
G HABAR L8, A0 S5 & BA & 1Y HU (B (Eby,
1992) , I'TE KA A EHAEE N Rb(208%10°° ~
282x107°, *F- 44 258 x107°) Fl1 Y (24. 7x107° ~ 80. 3%
107,44 50. 5x10°°) JCE 7 4k L SRR BLAR Y Nb
(19.2x107° ~41. 8x107°, -1 27.9x107°) & &, Y/
Nb 5 Rb/Nb {54851 1. 07~2. 42 6. 70~ 12. 16, F
WH4 R 1. 77.9. 83; 7£ Rb/Nb-Y/Nb & f# (
8a) Ml Nb-Y—Ce —fAI&Ifi# (151 8b) i, T K ALK
AR S P RLEE MR O R IE L A B A
[FIFEAL T A2 BUAE A DR, PRI 0 B B e
MEZRAEMA BT A2 BIEKS,
4.2.2 HARAS AKX

A BUAE 5 B I R E A LRI A SR TR, A0 -
@ T Hiu 72 JBR KL A FB 4344 fil ( Collins et al. , 1982;
Whalen et al. , 1987; King et al. , 1997) ; @ MgJHZ
B A A 1Y 4 4 Rl (Tarner et al. , 1992a; Frost
et al. , 1999; Haapala et al. , 2005) ; @ Hi5eH Ay
FLER PR 5 A 1Y U R 4 il ( Patifio Douce, 1997) ;
@ by 5 1Y 2 BB IR Y 43 B 4 i 5 (R R TR g
YEH (AFC) B #2JE B ( Sparks and Marshall, 1986;
Foland and Allen, 1991; Turner et al., 1992b);
& iy RS MR Y 2 BT J 5 b 5e 8 43 Hs il
TR PR S IR AP (Kerr and Fryer, 1993)
A B 5 Al B A 5% 5 B8 S A9 R TE ( Dooley and
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Fig. 8 Rb/Nb-Y/Nb diagrams (a, after Ebly, 1992) and Nb—Y-Ce diagrams (b, after Ebly, 1992) of the Menba
A-type granite
Al—AERE N BIAE A s A2— R AR BIAE 4 25 TP hr P R St A BUAE A BRI . Qu et al. , 20125 Chen et al. , 2014;
RIS, 20155 Li et al. , 20205 EJRIRSE, 20215 XIgt4E, 2022
Al—anorogenic granite; A2—post-collision granite; Data Source of early cretaceous A-type granite in the Central Lhasa Subterrane :

Qu et al. , 2012; Chen et al. , 2014; Xie et al. , 2015; Li et al. , 2020; Wang et al. , 2021; Liu et al. , 2022

Patifio Douce, 1996; Patifio Douce and Beard, 1996) |
T AR B 2 BAT 55 0 40 5t — 5 e 8 B 1
PR, AH B8 i ] 1 55 F 48 BT (& S¢) . Creaser 55
(1991) RS 2T AR AT s 7e OB 72 LR AR IR A
TR ARAN AN BT O T Ak BR ARMEIE i A
R RES RMTBE R T T R AR, TR KA
WA e A eHE(O)(E R -2.7~+2. 6, LA R —
(4 1 [ 2R R, X LT AR AE A PR
[ P4 BT ) TR 5 T A, X AR 7T i e P ) i
12 E ) (Griffin et al. , 2002; Belousova et al. ,
2006; Hawkesworth et al., 2010; Wang et al. ,
2022) , 3 H eHf (o) {HI B T LS KA K A
AR Rz P e 2 R AT AR SR [ eHE (1)
= -25.5~-16.0, Zhu et al. , 2011 ], EHIAFTERR 53
YR 2 B R A A PRI TT B AR AR AN AT
REVR T 4l b 7o sk ali g, 1T ALK A Y Si0,
B, T 69.69% ~75.81% , V-1 73. 84% (
3), BAAERERRE, AR R 58 R oF AFC 3
PRI IR g kA 0 PR B T T2 A R Ak B o
S5 525 TR (Wilson, 1993 ), SR 176 ] 1 3 X
T8 F AT B AH OGO HGE .

KT TTE AR A i 0 AL 7 7 i A
AH EIR AR AR LU A G 3 IR . D Nb 5 Ta
HIRAMHATCR A2 A E AR R A P 8BS E

PRt AT AP Sk 0 W7 DL s 2 2 51X 1% 4K 3 ( Barth
et al. , 2000; Pfinder et al. , 2007 ) ; Hb & 4% 14 1
Nb/Ta {E4 17. 5 2247 ( Green, 1995) , K fili #th 72 Y
Nb/Ta (HEAKHIZ ,{L M 11 Z245 (Taylor and McLen-
nan, 1985), [T =K ALK AR Nb/Ta {54 9. 01 ~
13,12, BT TEL AR K 25 1 55 9 AT ek U T 17
A AN [ B (R M TR A SR I 5 @ FE R TG R Ik
W P R 1T A A B S B Bl T R AR 5 R
MR R A BUAE A RFEAR L (T 6b) | B
W B TR PR T rp R Y b R P S A RUAE A
FEAERIE T bt 5 M A R IR S EH; B AisCE
W, TTE KA R A B A T R R E 26 I HAT
TEME TR T A X Bl e HECe) {878 3R B A7 44—
TBPEMHE eHE (1) = 2.7 ~+2.6] LA R AHXS 1 &1y
TR (1 353 ~1 016 Ma) HYHRFAE, 78 47 %
HiuHe B 4238 11 [R] 3 76 s YR VR 1Y) A K A e iR B
(& 9a 9b; JEH B4, 2008; Zhu et al. , 2009a; %
Wr45, 2010; Chen et al. , 2014; Cao et al. , 2016;
FR R, 2016); @ FE R TR kW &
6b) ,Nb & 7 H AHXF 77 #5119 FE A, 9 H Nby HAF
26.9~58. 6, 14 39. 1, {RBLH Ho5E 41 70 FEAF ( Barth
et al. , 2000); & [TE K ALK A Ba Al Sr 15 51
([ 6b) A s e AT B R 5 YR P AR B
IV =) (Harris and Inger, 1992)
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B OTE A AL b B R i Fe e 1, S
A1 HE [FA7 2R AT DI SR8 5 5 5 R X ) —Fh ] ¢
F 2 (Griffin et al., 2002), [TE KK &M
sHI(0) (HAAAR IR (=2, 7~ +2. 6, F15-0.96) ,
FE N, TR TR KB A RE T E T H
SR MR IRA D B IR B, miAE R
T, P RL Bl HR RV 23 18 2 R R T b LB Bk
IR e Rl OF HBAA 30T, H eHE (1)
1B 97 3 0E 1Y g5 7R s i TR 5 VR B W g o, s
PR R J Y DT 1 0 (8T 9a) o Rt AR SC

T TE AR A A W] RS R U5 T P BB ety &
T HBSE B A4 Rl I ELAE AR /D e YR S ) 0 1Y)
T, BEAR, Sylvester( 1998 ) Xt Ji5 fili 48 H4 4L < A 1 i
KA ol S 06 25 R I R R T U A TR X A AE B
W H HA K Ca0/Na,0 A (<0.4) VLR AKH FeO' +
MgO+Ti0, (<4%), 1TE ~ KK HH Ca0/Na,0
{H . FeO'+MgO+TiO, & 8 5AK, 535124 0. 06 ~0. 10,
1. 08% ~2. 62% , R AN T 1 — 4 46 5 5 AR Al g

JRFIR U ATRIX . 7E Rb/Ba—Rb/Sr(# 9¢) K, 1]
BT R AE R 5 B St A TRUAE B 2 R R X R s
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a IR S
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1600 @Qé%
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B9 TR KIERKAE eHf (1) -t K (a, #§ Blichert-Toft and Albaréde, 1997; Griffin et al. , 2000, 2002) , t,,,—t Ef#(b)

F1 Rb/Ba—Rb/Sr EIf# (¢, ¥ Sylvester, 1998)
Fig. 9 &Hf(t)~- t diagram(a, after Blicheri-Toft and Albarede, 1997; Griffin et al. , 2000, 2002) , ipy,—t diagram(b) and

Rb/Ba—Rb/Sr diagram (¢, after Sylvester, 1998) of Menba monzonitic granite
PRI R A B SRS Qu et al. , 2012; Chen et al. , 2014; f#JE%5, 2015; Li et al. , 2020; EJRKSE, 2021; X% 2022,
PrpE A I A LR . K B %, 2008 ; Zhu et al. ,2009a, 2011; FEHT5E, 2010; 5KEEfE5E, 2012; Chen et al. , 2014; B R, 2016;
Cao et al. , 2016; 5K+ vi%, 2021
Data source of Early Cretaceous A-type granite in the Central Lhasa subterrane: Qu et al. , 2012; Chen et al. , 2014; Xie Long et al. , 2015; Li

et al. , 2020; Wang Xinxin et al. , 2021; Liu Hong et al. , 2022; Data Source of magmatic rock in the Central Lhasa Subterrane: Zhou Changyong
et al. , 2008; Zhu et al. , 2009a, 2011; Jiang Xin et al. , 2010; Zhang Xiaogian et al. , 2012; Chen et al. , 2014; Gao Jiahao et al. , 2016; Cao
et al. , 2016; Zhang Shizhen et al. , 2021

TR R BUE BYRAE , [RRE SR T Ik R ENT
FEAMA TR 5 EAME TR W L, @
T X3 BB o RS il -5 0 S 45 A A A 3 ( Allegre and
Minster, 1978) . 7EITE KL A La/Sm-La & fi#
(& 10a) Fl Ce/Sm—Ce (&l 10b) K i b, HHE ARk
AR e b BT 22, R 45 i o0 S i
F—IJ7 T, BTN AL a TP R R T R 1 5
P2t TIZICR - P45 5 73 5705 E 1Y ( Chappell
and White, 1992; Chappell, 1999; Wu et al.
2003) . [E =K ALK A5 Eu Ti, Sr P Nb, Ba
S R TS ZRAE R A B A KA AL fE rh 2
I T &K ) ERBE T W A B A R TR TS

ZEHIE T (K 11a~11e),Si0, 5 FEAM4LY B
AT R A S B Fe R T T R AR KA T
B B A T KART Y (n# KA BH
) R (B A MAINA) S (BEKA)
WYL SR W oy B 4 b, [WIBY, 7€ Eu—-Sr &
fift (1 11f) . Ba—Sr KIfi# (& 11g) \Rb/Sr—Ba [Elf# (&
11h) 48R T I TR R AL A AR L Fe h 22 5
()53 B 45 dib 0 B B0 ) LR A o 32, ko2 A
N D B b i B RHE A TSR B

ZE LRI TTE K AR B A R R T b 5E S e
IR A ER , WSSl 3 A DA A o 210
IS VER
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Fig. 10 La/Sm-La diagram (a) and Ce/Sm—Ce diagram (b) of the Menba monzonitic granite (after Allagre and
Minster, 1978)
FhhBE s B S A BUAE R BRI IR . Qu et al. , 20125 Chen et al. , 2014; f#JE45, 2015; Li et al. , 2020; FJRIRET, 2021;
XS, 2022
Data source of Early Cretaceous A-type granite in the Central Lhasa subterrane: Qu et al. , 2012; Chen et al. , 2014; Xie Long et al. , 2015;
Li et al. , 2020; Wang Xinxin et al. , 2021; Liu Hong e/ al. , 2002

4.3 REBh SZHH

FTE R A KA S PR pE R B 247 g 4L
Wt A RUAE i TR T T i Bl G 4 G 1 A2 B 4K
% (Qu et al. , 2012; Chen et al. , 2014; f# W55,
2015; Li et al., 20205 T JKFK4E, 2021; Xk 45,
2022) . LEARFSEIN K A BUGE G AR R A TR T
K AR A9 5 285 , {2 Whalen 45 (1987) TAH A
RITE S SR A 1 15 SUAHDG . 5K, Eby (1992)
W A B A4rR AL R A2 BUE A BTk
1 L A T R BT, 5 A Rl R BT R L4
(1995) 4 A BURE A IRAE B A TRUAE 525 Rl 43
S AA RN PA B AR IXF R AT A A2 BUAE A R
A RUAE B 2 T T i i S A 4R %) o R A s 75 B LA
P33k 31 ( Zhao et al. , 2008; Jiang et al. , 2009;
Wong et al. , 2009; Goodenough et al. , 2010; Qu et
al. , 2012)

AT SCATAR , X T A 7 = b B & 7 A0 - 1 S
FHAE B IR S 1AL B UCR . O B
WAL R R AR 5 ) BRI AL 1] A vh 5 BE
N~ R T IR S RIMRT VR 5 B BEA 7%
VLR 0 b AR [l DA e 2 J5 B AR R & A
IR WS VT 5 @ i 5% — 98 I M Bl 48 )5 2 A e
(i3S o=

X F7 5 e R ) SRS L 1 2 A SR A
FH 2 00 LU DR 0 R A0 I ) U A AR

W EZ A ( Zhang et al. , 2004, 2012a; Kapp et al. ,
2005, 2007 ; Leier et al. , 2007) . SR, 7EARK F 2 ff
PR | — 2T BRI, ASFELE S AR B
g R AR 2 & B 5 A R AR vh
MIRTZ% & B BRIA 70 5 (Gutscher et al. , 2000) , K55
B (2008 ) Hi A (1) H 4 5 B 8 db X 3% B A rh
PIBE B St A T DA TR A AR R G R
L Bl TR FE R B Bt & A R R 0k
i (Zhu et al. , 2009b) FIAE X A AR O (AR50 L5,
2008a) , FHA7E L (o S A 7 5% B R O B AR IR
ARSZ AR I i L 5 1T L 2 %) 9 Ak T 7 L 5% s B
HLER & BRI Z B R A A 2N A RGA
T A R AE (A2 LS, 2006) , 31X 51 A B
LRI o S B N (B i <2 R YN/ E T s 18- Rl (i
() RIS L S SR 2 TR B v b )
TEH A R B9 b (XUARSE, 2012; Dai et al. , 2015),
HPI R AR 22 2 5 kA T B S 46 4,
It EUB R PR IR by 5 rh RS M R L S
I IR B B A X483t ( Kapp et al. , 2005) ,3X FIE
FH1 T 4 ORF S R R fife R N A5 LA, A1 Ok
BB T MK R A A BIAE R A SRR R Y
B R EHK

XEFTTE R AE X A B R 0 1 22 0L, A8 3
TAA AT RE R BE 20— TR R I v i A & 2 )
FE BT 5% - I 8 s bRl 1 R RN W - VT AR A & A
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Fig. 11 separation crystallization discrimination diagrams of the Menba monzonitic granite (f~h after Rollinson, 1993)

Kis—H# A3 Pl—RHC A B—R B Amp—FAINAG
Kfs—K-feldspar; Pl—plagioclase; Bt—biotite; Amp—amphibole

M R [l el 3 s 0 7=, 1T KA A & B,
PRI T LS R4 5 R PR E (T RESE, 2008)
FENTE R AR R A e PR B 0 0 J (1 12) v T E
TR A SRR R CGE Y A BUAE K R RE
AT I Rl A 5 2 1 X, i — 20 38y T s Tk
5 A B A i BT, BT N E SRR B
AT s 57 B AR AT W] i 2 i A i AR
TR 5, Kapp 55 (2007 ) 50 H A6 H7 5% M e Je 35
i DX b 2 AR L S (125 ~ 118 Ma) i A
BliAH s Zhu %5 (20092 ) 44 H | JEA7 B b e L S g
T YR ZH 4314 BRI B4 0 U PR B i - S VAR

PR BT 5 7E H AL IX 0 % R AR
AR PER A S S BE 2 W - I VLR AR 7 I8 25 1 7=
(H¥mExme4E . 20115 Zhu et al., 2011; Chen et al. ,
2014) ; F LHLIX Y S REAE AL R A (121 ~ 117 Ma) 45
TN T HEO I IRV TAE AT I lf i 1 1L VR &5 R T
I, 7 5% i v A6 R 5 R 0 P85 e 46k i e
IS (NP EESE 1 2006) , LA, Eby (1992) T A2
RUTE 5 3 8 X2 28 17 4o o — o Al 4 8 5 9 2R A
FH 22 5 19 K i Hb 56 530 AT ML 19 3 404 il X
A2 BRI R i S A R TER . AT iRk,
1B KA R A 5 R P e B R 3 AR A
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Fig. 12 Rb—(Y+Nb) diagrams (a, after Pearce et al. , 1984;), Nb-Y diagrams (b, after Pearce et al. , 1984;) and R,-R,
diagrams (¢, after Batchelor and Bowden, 1985) of Menba monzonitic granite
PR B L B S A BUAE BG EEE SR IR . Qu et al. , 2012; Chen et al. , 2014; #1645 2015, Li et al. , 20205 EJRAKSE, 2021 XIHt45 2022
Data Source of early cretaceous A-type granite in the Central Lhasa Subterrane: Qu et al. , 2012; Chen et al. , 2014; Xie ot al. , 2015;
Li et al. , 2020; Wang et al. , 2021; Liu et al. , 2022

RIAE A TRE T A2 BUAE K, I HBEA -
HE TR EAEN, 456 5 A 8, Ui — R 5] A2
AU 5 25 U5 T ol — i il 2 3 F5 1) A s b 7' 1) 950 4%
fill, PRI DAY, R TS R B & e 5
B R LAY A B e i e R AL TR I -
TARESE RSy SR MAEES EE AN 1 G 9 =p sl i U L i)
WEMIE(Qu et al. ,2012; Chen et al. , 2014; f# ¥
52015 Liet al., 2020; FJRKEE, 2021; X1t
& 2022),

LA DI AR W S5 9] — 4 A g 2 2 s S B
T8 — A&V R T R o JOT T B ) U i, JF A ]
K AR — L S (Zhu et al. , 2011, 2013 ; Xu
et al. , 2014 ; Zeng et al. , 2018) , 3% JHELN W — 249 T.
TR AN P B AL TG 7 BRI . AR Ok 2
A2 A TR g s R G Y S R TS B
PN ) — 8T B R T b B [ e % Bt s F i
R WTEAE A B UIRYER &R (BEE 2255, 20055 ke
S, 20065 A AR, 2009; XUFEAE, 20105 sKBEAE
4%, 2010, 2012; FEIPSE, 20115 Zhu et al. , 2011;
Qu et al., 2012; 5k AR5, 2014; Chen et al. ,
2014; JAAESE 2016; K R4, 2016; ER4E,
2017; Li et al., 2020; % %3k, 2022; X ik 4%,
2022) . INEZKAAER AR RME IR BA X E 5%
KB T3 A J6 R UL B X =7 36 15 3588 0T 2 09 FR1E
(Bl 6b) , 33 5 FICHEIRT i AH G Y B 90 R 5 1 ek
fE2F FRAE 2Bl (Pearce et al. , 1995; Shinjo et al.

1999) , 57 H A BEA W - VTR R I o A o6, B
IRBEIN ] — &V T4E A 1) 38 Ak [P AT A7 #E 4 8 ( Zhu
et al. , 2016) H H#TC A HIWF5E R, 26 h 7 g% H
Pz BB R A EEE RS (29110 Ma) |, 1254
IRE S sk BT B B A (Zha et al.
2009a; A3 MAE, 2009) , & BAFE LA A ZE 0 R4
A BIAHUR X 33k 5 AR SO T4 KR X AR
FHAF, 57 T SLRS e oA T 7 A e AR R 8 T T,
PR - RIT MR R AR AT RE & 2R TR 5 Zhu 45
(2011) SHFIEEHB B HEAT 4 AN Ra b 18035 1 f4 HE [ 457
FHE TAERIUE T X e, 765 o2 frg®
M ACE R B T — RIVERIR I R A SC A A 4l
E AFERN L A (Chen e al. , 2014; T J7IRI1%
2016) AU 2ok Ll (SR AE, 2014) RIA A
(Wu et al., 2015a, 2015b) Fl A %46 & %5 (Qu
et al. , 2012; Chen et al. , 2014; f# 53¢, 2015; Li
et al. , 2020; FEFRIKEE, 2021) , 3k Se 54 4 5170
A RG2S [ A 06 sh i 7=, X ok B S ik
I ECL L DX A7 S BIE A T8 — S VT AR A T 28 R i 1 T
B BRI  7E R B b e S ) H L - 1 —
Wik & B T — R 505 Y AR G 1 846 1
TR B Sy b 5 E A Y e AR b R ) o TR
A CRFE5ESE, 2011 sRIGEAE S, 2012) AR F1]E
ZRAERK S eHE () FEIERY 1, RUTES
A TE B 3 0 YA S5 %) TR S/ B YR T
LR LTS T TE KA R 8 T e
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Hi B R AR T AR e 0 TR G 1 1 — 43
(Zhu et al. , 2011) , I 7~ A 4 5% B g B P
A A A ZER R A, 33X 1T BB 5 B0 — A8 VL
AR T S A DR ER R

PRI, 1T B K A8 B B AN 2 B A B 0 e b )
R g 5 3 | AN S A2 B PO 9] — RT3 R T AR b )
JEE23 A NG ep oy e e | /A U B S RE S T}
AR R TH I A 2 )5, % e 5 I8 3 Hh b % A i
8, 2 5 Bt T [ 0 i 8 B T8 — 24 T b A
BUE MR R 5,175 & LA A R ) A R [R] st i P
Hiu g A B A AR R L, 5 A B g R
R HSE R AT A3 Rl TR 8] B b DX g 7 e A
A TIRERA (B 13) , (EAEREME, iTAMFR R

W 5% — JE 3 b I (%) il 1o EL A 2R | PG S e 1 AR
(Yin and Harrisong, 2000; Kapp et al. , 2007 ; Zhu et
al. , 2011) ; I H Zeng %5 (2018) A N AHXS T P4 5,
T ST — A A AR s S 2R T ) B e B T B
BRI Z b PREE | X AR AT RE SR B PR ) - VAR
IS R IRF v S L P A SR R O T T X A
RUAE 0 27 1) R BAE — R BE L mT LAAE N BES ) — 7%
VLT ZR AR I8 25 B A s, HOHE J80Af ] (121 Ma) B
THEA IRV VE b — V5 A AR W7 25 (R B[] (113 £5
Ma; Zhu et al. , 2011) , 256 X3 1 5208 VR U5 IR A
A T B AR EA AR - PO AR Y 4 A1
TECHE 1h) |, HEWTPE L 1 - VL Al REFE AR 78 U7 ) I
FEATE RIS P B 1Y, T AR 2 B T v =P

1209+ 1.2 Ma
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Fig. 13 Sketch map showing the formation environment of Menba monzonitic granite ( modified from Li et al. , 2018)
LMF—3#% ELE KA L BT 2RT ; SNMZ—R ] A AR RSk R A A1, BNSZ—HEA M- TR 3l s QT—IB s, SL—rg Pt ;
CL—ir gtk ; NL—bHig¥ itk

LMF—Luobadui-Milashan fault; SNMZ—Shiquan River-Nam Tso ophiolite melange zone; BNSZ—Bangong-Nujiang suture zone;

QT—~Qiangtang subterrane; SL—Southern Lhasa subterrane; CL—central Lhasa subterrane; NL—northern Lhasa subterrane
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(1) TTE—KIER A LA-ICP-MS #5444 U-Pb 4F
#%°4120. 920. 8 Ma, F B HAR A B AL A B g
W1, 5 B R Y e 2 Bl Rl — 2

(2) TTE KA R A B ER AL 22 R E 2R B LR
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