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Abstract: The Mesozoic and Cenozoic tectonic magmatic activity in the Lhasa block has always been one of the re-
search hotspots in the basic geology of the Qinghai-Xizang Plateau. There are many Cenozoic, especially Miocene
magmatic rocks developed in the western part of the Lhasa block. This article takes the newly discovered Miocene
granite in the Anglonggangri area of the western Lhasa block as the research object, and explores its rock types,

rock genesis, and tectonic background. The Miocene granites in the Anglonggangri area are composed of fine-
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grained muscovite monzonitic granite and medium-fine-grained monzonitic granite, with a small amount of dark in-
clusions developed internally. The zircon U-Pb age of fine-grained muscovite monzonitic granite is 9. 95+0. 14 Ma,
and the zircon U-Pb age of medium-fine-grained monzonitic granite is 10. 68+0. 2 Ma, both from the Miocene. Both
of them have the characteristics of high silicon (Si0,=72.35% ~74.74%), rich potassium (K,0/Na,0=1.15~
1.45, all greater than 1), high aluminum (Al,0,=14. 35% ~14. 83%), and weak peraluminum peraluminum
(A/CNK=1.08~1.14). The number of CIPW corundum molecules is greater than 1%. The differentiation of light
and heavy rare earth elements is very obvious, with a moderate negative Eu anomaly, enriched in large ion litho-
phile elements such as Rb, Th, K, and depleted in high field strength elements such as Nb, relatively enriched in
high field strength elements such as Hf and Zr, Sr, Ba, P, Ti, etc. These characteristics indicate that it is a high
potassium calcium alkaline series of peraluminous S-type granite. Both of them have relatively low Sr, high Sr/Y,
La/Yb ratios, and extremely low Y and Yb contents. The granite in the research area originated from a thickened
lower crustal environment and underwent a certain degree of magma mixing. Based on the comprehensive regional
research results, the formation of Miocene granites in the Anglonggangri area may be related to the northward sub-
duction of the Indian plate into the north Lhasa block, where plate tearing occurred and high-temperature astheno-
sphere material flowed through the plate fragments, causing partial melting of the lower crust.

Key words: S-type granite; north Lhasa block; Anglonggangri area; Miocene; geochronology; geochemistry
Fund support: Project of China Geological Survey (DD20160026): National Natural Science Foundation of
Sichuan Province (23NSFC1506); Project of Sichuan Institute of Geological Survey (SCIGS-CZDXM-2024003)
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Regional geological map of the study area ( modified by Wang et al. , 2018 )
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Fig. 2 Geological map of the study area
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Fig. 3 The field characteristics of Miocene medium-fine grained monzonitic granite (a) , the microscopic (orthogonal polarization)
characteristics of medium-fine grained monzonitic granite (b), the dark inclusion characteristics of medium-fine grained monzonitic
granite (c), the field characteristics of fine-grained muscovite monzonitic granite (d), the microscopic (orthogonal polarization )
characteristics of fine-grained muscovite monzonitic granite (e) , the dark inclusion characteristics of fine-grained muscovite monzo-
nitic granite (f) in Anglonggangri area
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Fig. 4 The zircon U-Pb concordant diagrams and frequency distribution histograms of fine-grained muscovite monzonitic granite

(a, b) and medium-fine grained monzonitic granite (¢, d) in the study area
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R2 MRREKNEFETE (wy/ %) FIRMEITTE (w,/10°) AR
Table 2 Major(w,/%) , trace and REE(w,/10™®) composition of granites in Anglonggangri area

B MR =B R AR AR R AR A
i) AGI-01 AGI-02 AG1-03 AG1-04 AGI1-05 AGI-06 AG2-01 AG2-02 AG2-03 AG2-04 AG2-05 AG2-06 AG2-07
Si0, 72.81 73.16 73.19 73.37 72.91 74.74 73.09 72.83 72.54 73.06 73.24 72.76 72.35
Al, 04 14.73  14.40 14.51 14.64 14.83 14.35 14.76 14.72 14.53 14.68 14.73 14.75 14.75
CaO 1.37 1.25 1.28 1.22 1.28 0.79 1.29 1.37 1.31 1.33 1.26 1.44 1.26
TFe, 0, 1.58 1.45 1.50 1.31 1.48 0.91 1.52 1.51 1.47 1.42 1.50 1.48 1.50
FeO 1.34 1.20 1.25 1.08 1.21 0.74 1.24 1.27 1.24 1.15 1.22 1.20 1.20
MgO 0.29 0.27 0.29 0.26 0.29 0.14 0.31 0.31 0.30 0.26 0.28 0.31 0.33
TiO, 0.17 0.16 0.17 0.17 0.17 0.08 0.18 0.18 0.19 0.18 0.18 0.20 0.19
K,0 4.54 4.49 4.53 4.49 4.30 4.68 4.39 4.51 4.60 4.73 4.70 4.54 5.02
Na, O 3.53 3.53 3.51 3.51 3.75 3.41 3.62 3.55 3.51 3.67 3.50 3.72 3.46
MnO 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03
P,05 0. 06 0. 05 0.06 0. 05 0. 06 0. 06 0. 06 0.05 0. 05 0. 05 0.06 0. 06 0. 06
LOI 0.55 0.59 0.53 0.70 0.73 0.81 0. 86 0.58 0.53 0.42 0.52 0.45 0.69
Total 99.17 99.93 100.11 99.51 99.85 99.74 99.76 99.47 99.69 99.85 99.92 100.21 99.75
Mg* 26.67 26.95 27.70 28.22 27.97 23.36 28.78 28.91 28.79 26.62 27.00 29.33 30.36
o 2.22 2.35 2.22 2.29 2.29 2.45 2.18 2.13 2.14 2.11 2.17 2.13 2.18
ALK 8.18 8.41 8.19 8.32 8.27 8.50 8.09 8.06 8.07 8.01 8.06 7.99 8.08
K,0/Na, 0O 1.31 1.29 1.34 1.23 1.22 1.45 1.29 1.27 1.29 1.28 1.15 1.21 1.27
A/NK 1.35 1.31 1.36 1.32 1.34 1.32 1.37 1.35 1.36 1.38 1.37 1.38 1.37
A/CNK 1.10 1.08 1.12 1.09 1.08 1.10 1.11 1.11 1. 11 1.14 1.13 1.13 1.11
La 35.8 36.5 34.3 33.4 36.9 37.0 33.8 33.1 34.1 33.3 33.7 35.4 36.0
Ce 63.4 64.7 61.4 59.5 65.2 65.3 62.3 62.7 64.8 63.7 61.8 65.4 66.2
Pr 7.45 7.46 7.15 7.12 7.73 7.64 6.98 6.95 7.17 7.05 6. 84 7.30 7.62
Nd 25.3 25.3 24.2 23.8 26 25.9 23.5 24.0 24.7 24.4 23.0 23.8 25.2
Sm 4.37 4.35 4.22 4.34 4.46 4.39 4.17 4.40 4.58 4.24 4.23 4.32 4.62
Eu 0.70 0.68 0. 69 0.67 0.72 0.76 0.77 0.70 0.75 0.70 0.72 0. 69 0.78
Gd 2.79 2.88 2.67 2.87 2.82 2.91 2.75 2.77 2.93 2.80 2.66 2.94 2.93
Th 0.34 0.35 0.32 0.34 0.32 0.34 0.34 0.32 0.32 0.33 0.31 0.35 0.34
Dy 1.60 1.63 1.53 1.57 1.59 1.62 1.44 1.47 1.41 1.61 1.27 1.47 1.41
Ho 0.24 0.26 0.24 0.26 0.24 0.25 0.25 0.24 0.24 0.28 0.23 0.25 0.23
Er 0. 60 0. 65 0.59 0. 64 0.63 0.6 0.63 0.59 0.59 0.78 0.56 0. 60 0.57
Tm 0.08 0.09 0.08 0.09 0.09 0.09 0.09 0.08 0.08 0.11 0.08 0.08 0.08
Yb 0.50 0.56 0.55 0.59 0.62 0.59 0.56 0.50 0. 46 0.59 0.47 0.50 0.49
Lu 0.07 0.08 0.08 0.08 0.08 0.08 0.09 0.07 0.07 0.09 0.07 0.07 0.07
Rb 261 255 286 235 251 316 236 240 236 244 266 241 224
Y 6.9 6.4 6.4 7.8 5.9 10.0 7.0 6.1 7.1 7.2 7.0 7.3 7.3
Ba 679 685 675 636 706 722 677 581 625 650 669 645 691
Th 20.2 20.7 19.8 20 20.5 20.5 20.6 21.5 21.8 20.7 20.2 21.0 22.3
U 2.70 2.82 2.73 2.76 2.88 2.98 2.83 3.40 3.74 7.89 3.74 3.68 3.52
Nb 7.4 7.7 8.2 7.6 8.1 7.9 7.4 8.0 7.3 7.9 7.6 7.9 7.2
Sr 290 291 292 283 323 304 287 231 258 280 288 292 292
P 280 250 310 260 360 290 300 260 270 200 320 300 290
Zr 120 123 121 118 166 132 126 109 121 122 121 134 129
Hf 3.5 3.5 3.4 3.4 4.3 3.7 4.0 3.7 3.7 3.9 3.8 4.0 4.0
Ti 1200 1 100 1 200 1 100 1 200 1200 1120 1 030 1110 1 160 1120 1 150 1 180
Ga 21.9 21.7 22 21.4 22 22.6 21.8 22.7 22.3 22.8 22.7 22.7 22.4
SREE 143.24 145.49 138.02 135.27 147.4 147.47 137.67 137.89 142.2 139.98 135.94 143.17 146.54
LREE 137.02 138.99 131.96 128.83 141.01 140.99 131.52 131.85 136.1 133.39 130.29 136.91 140.42
HREE 6.22 6.5 6. 06 6.44 6.39 6.48 6.15 6.04 6.1 6.59 5.65 6.26 6.12
LREE/HREE 22.0 21.4 21.8 20.0 22.1 21.8 21.4 21.8 22.3 20.2 23.1 21.9 22.9
(La/Yb) g 51.4 46.8 44.7 40.6 42.7 45.0 43.3 47.5 53.2 51.4 50.8 52.7 51.4
(La/Sm) y 5.3 5.4 5.2 5.0 5.3 5.4 5.2 4.9 4.8 5.1 5.3 5.0 5.3
oEu 0.57 0.55 0.58 0.54 0.58 0.61 0. 65 0.57 0.58 0.58 0.61 0.56 0. 60
t,./C 768 768 770 765 793 774 772 761 770 773 770 780 775

H: 1,/°C =12 900/ (In D+0.85 M+2. 95) =273 15; Horlv D BARELHE A Zr %kt (496 000x 107°) 514 Zr W HE Y LU ; M = (2 Ca+K+
Na)/(SixAl) ;4 Ca+K+Na+Si+Al+P+Fe+Mg =1,Ca K Na ,Si Al P Fe Mg ¥4 BB TR 414
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Kt Hb 7 v A8 < A E T 2R PR o 4
SRR AL ) 22 5700 4308 178 S 7 M RURT A
I 4 2% (Chappell, 1999; Frost and Frost, 2010),
o NN T WL 532807 %8 . Horh MO RIE R A
A H K0 \Rb W& AR, HJLPAEEK
A E B W) (Coleman and Peterman, 1975; Amri
et al. , 1996) . WFFE X 40 H =+ KL K A Al
iRl K AR B A AR BAA B K,0 (4. 30% ~
5.02%) F1 Rb(224x10°°~316x10°) &, K H Kt
AR A BB S M BIE A RRIEAN R, — 1 Ol
LA S BIDL K A RUAE R ELA R R BT 2 A
FHERA A RRAE (AR e R EE R s L, Bk
3 FhAE b AT 800 2E B R R A~ R AE 3 T
LEE R 7, PR ZE R R AR G I e 1 A T
BRI DL K 25 A M ek Ak 2% B 2E AT A0 51 ( King
et al. , 1997; Chappell, 1999; R4HIC5%, 2007) , Hf
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FEIX ALK 10 000 Ga/Al 7F 2. 93~3. 19 Z [A] £
A A BIAERKA >2. 6 BB (Whalen et al. , 1987)
{HH Zr+Nb+Y +Ce 7F 186. 1x10°°~246. 6x10° Z
], R ART A B R ) B AIT BR ( Whalen et al.
1987) ; [AlAf HAAEAY FeO'/MgO {4 (4. 09~4.91) 4,
LK T A B ALK %A (FeO'/MgO = 13. 4, Whalen
et al. , 1987) WA KE A BIFE G A bR EPE RO
M, 75 (K,0+Na,0) /CaO— ( Zr+Nb+Y +Ce ) [&lfift
F (K Ta) GE T AR>S 1 M-S-T FIAE b ST BN, I
Ah, A BRI R A I — RRRIE R % 28 A Y LR
B (RABITAE, 2007) o HEGHAAL KA 1 E iR
VA 7 3 R A R N R A L AR B
FIF Ze JTCEAEE I B i 5 05 B 0 AH e | i 3L
R = X Ze 19 43 BE &R B0 AT W] R M ( Miller
et al. , 2003) , FTUT LA AL 54 50 78 I IRLEE .
RYEEE A M FNIE) £ ( Watson and Harrison, 1983; Miller
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Fig. 7

(K,0+Na,0)/CaO-(Zr+Nb+Y+Ce) diagram (a, Whalen et al. , 1987 ), P,0,-Si0, diagram (b, Li Xianhua et al. ,

2007) , Rb=Th diagram (¢, Li et al. , 2007 ) and Y-Rb diagram (d, Li et al. , 2007) of granites in Anglonggangri area
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et al. , 2003) THEASBIFFE X AL b 5 A5 A T AL
TR 761~793°C (3 2) , B{HIRE Ky 772°C , 1] AR
TEE A A AR 5 A R B (839°C, Watson and
Harrison, 1983; King et al. , 1997) , Rt AT DLHERR 5
T H b X AL R A T8 T A BB A BT BETE

WFFE X HRL [ 2 B R AR i< F R AR K A
B B AT B (Si0, = 72. 35% ~ 4. T4%) | & B
(K,0/Na,0=1.15~1.45 #HKF 1) " (ALO, =
14.35% ~ 14. 83%) 155 1 57 i — i 45 5T ( A/CNK =
1.08~1. 14) FYHR1E, CIPW M| E 2 T8I KT 1%,
55 S HUAE R A BLRURRAE AR DL, A £ oC R ERR B
B AL TE 53 RN i 70 2R L 0 i A o 1 ik D) €] e
5 40 28 FA PG H DX R R e S L AE A ( Wang
et al. , 2020) HA—F (K 6), HBE T LA T S
B AR ET Y2 — 0 H = B, Chappell
(1999) 42+ P,0, . Th .Ba Rb % 0K WX 43 1 A
S BIE A BT SERR &, S BUAE K A P,O, Fifi
Si0, FE Mz = B AR AN S T A BRI T B AR
X7 1 P,O5 B SiO, 3 #ikEAIK ( Chappell, 1999;
AEMRAESE ) 2007) . [AAS, Th,Y JC 2 7R 6 R 7 H 3K
TS A E A SR A, RLAE S AR A
Th.Y & & BEE Rb & & A9 BEAS, 76 1 8976 5
A5 Rb & K A IE M 06 M (2R ik AE A
2007) , R ATVE R L3 1 BUFN S UAE i e B A7 %% H)
Wi, WX RKRIE K A1 P,0, Frathfi Sio, & & Tt
I IEA PR FEANAE (B 7b) , 7E Rb=Th Kl (& 7¢) LA
K Y-Rb Ef (F 7d) LBl S BAE 5 = 4%
fE, ZEEKFE, B H XA PEtt KNS
NJE T S AL A
5.2 AHARKEA

TE Nb/Y-Th/Y FEff L 58 X st — K A8
AT Th/Nb=1 Fl Th/Nb=10 #&#<k> [a], 3
i R S AT G S S Bl wb: A R S =
SERR (] 8a) o ST X rf it A A <) 25 A i 1Y)
Sr A 231x10°°~323x 10 °( 1 285. 5x10°°, {2
FHFEM AG1-05 Fll AG1-06 B KT 300x10°°, HiA4x
f&F 300x10°°), Yb &M 0.46x10°~0. 62x10°°,
Y &M 5.9%x10°~10. 0x10°°, HREE Jy 5. 65 x
10°~6.59%x10°°, St/Y {HTE 30. 40 ~ 54. 75 Z |f],
La/Yb {HA T 56. 4~74. 1 Z[a], Bk E BA XK
Sr,# Sr/Y La/Yb i, BAKEY Y Yb FR-AE, 55K 4
(2010) 153 1 5 SH R RLAE b 2 B A AL (&1 8b)
VB LR DCF A 18 A 5 B CIRIEESEE , 2010) K TEAE:

(2006, 2010) BF5EIA R AL X BTIEAR S/ Y {H. Y Fl
Yb & 555 A8 B R R B A G A
0.8~1.2 GPa(700~800°C ) FFP 45K JIHAEE R, Z ik,
FIERER B Y A M A RN A AR R A
AR ELA AR Se AR Yb 4561 Eu 2% BURHE ; XS R
JIKF 1.2 GPa B, BHCATH S I B Sr ik Yb
TG Eu RERHERAERA . P, B e i) H i IX X R
AHXHI St 55 Sr/Y AR Yb  HAE 1R Eu S FEAERY
B A5 E DR AL A YRk A TmE
STERER (5K S5, 20065 Chapman et al. , 2015)
A SRS AFRBN AR AR E R ER
JLE HREE(H A 2L Yb Fl Yu 43 & £ 5 K; Sis-
son, 1994) , F TN A1 W AH X & 4 h #5470 % MREE,
YR DX F2 B ER B AR A AR A, 0 Rl A
Ak AR BLAT 45 5179 HREE B A0, H Y/ Yb fH K
F 10, (Ho/Yb) | (HKTF 1.2 100 IR A7 V5 R TR X 1)
FRBEER B A AT A A R I EL AT A kS S Y
HREE fit /3 #50, H Y/Yb (HZ% F 10, (Ho/Yb)
2157 1(Green, 1995) . By )i ixi H b DX By 4fid —
KA 5 Y/Yb=9.52~16.95, (Ho/Yb) = 1. 34~
157400 1 = B8 5 % Y/Yb = 12. 20 ~ 15. 43,
(Ho/Yb) (=1.16~ 1. 44; BATAIXI A B H) HREE ¢
o, IR R IR X Bk B AE AT A B, 7E
(La/Yb) = (Yb)  Elf# (I 8c) AT 10% A 1+
A1 S N T, G 7 FE ] BB T Mot & A i 0
N A A 28R RO U . 7E MgO—-Si0,(
8d) .Ti0,-Si0,( & 8e) .P,0,-Si0, Elf# (& 8f) [
A T34 JEE T b 525 435 Al DX 3, 1T S5 4R TR H e
aw 3L RULNE St B a3t et 7/ R S R RTA S il
PRUG AL AE 54 T KOE i B2 R o
Pl e 1 Y AR I 5 SR RCAR AR 3K AT SRy 46 1) 5 T B
AL R R PG (R ARJT, 2007; SKAESE, 2007) 10
SRS b IS 2 3G ) T REAS 2 S BUE K & AR
FRo R (KIS 2014) . BFAMR AT AR, FoATHE
YR =B R AL A R R BT D E M ER R R
MRS OB R T (] 3e 3f) o X ELHE A ALK
(4 L0 B, — T T % W 5 0 T Ol B e i) M X AE
< T I TR AR L ROk TR Y Hi B R R LR Y
B AL (761 ~793°C ) A i & T b = S hi A
HROBT R 8 4R i A (645 ~ 745°C, Zhang et al.
2019) . PR IRAE b BT 2R A A R TR AR T BB
B IRA O, s AR B L A A (R AR
JG, 2007) ; 53— 77 ML B 7 PG G A iR A ol 2
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FIRIR A IR (=AW ITEE, 2007; SKIEAE,
2007) . EE R H B IX PN I G ek A AR T 43 R 2
Hrbsg 1 Bk 5 HF A2 700, G UE s 56
TRIRVR BED S5 (18] 3e) (1 B, 3X i 45 48 2 76 o Ui
() S AR T A B A X ek 4 0 o 2 3 s
TR I 2 AN R A A YR T B (] s PR
il AR SRR S R R A A IR A Sk B (5K
TS, 2007) 5 55 2 MG RN AR 5 7 20 B AE
IR OC R (I 3F) , DAL A4 Ry 30 38 30 3 e 3
BRSO ARSI 548 B Z R 25 8/, &
AT —E IR A AE R o A 4, 76 52 B i (1A
9) i, BB i H b DX B AR A RS TiO,  MgO
Ca0 AL, 0, ."FeO Na,0 %55 Si0, L W] W Ay £k
PEXRR R AR EKE T —ERENESIEN,
AT X KA 0 A 1 Ze/HE (B (29.5~35. ) A T
Hub8 A Hb5E ( Zr/HE=11.0~36.3; Green, 1995) 2
8], TNRE R WA IR A VR T AR TE (IR S5, 2020)
BT A6 B BT 2% A By e 6 B, H SR Z ] i

FIRGIEHRA R (SRS, 2007) , 8L R A H
i oA R B ] DA 7 i AR A VR A A, R RE TG
AR AEH & EMA R (RAFIT, 2007) X A
ER B H X K AL 5 A BAR AT Mg" R Cr (Ni 5 it
W fe e
5.3 MEER

PE-AREBE G I M 1t T Ll A B A i
OB R A T ki P9 A B B (22425245, 20165
AL 2019b) AU EE L HOET A A RS B e
TREGRFEAEC R AR FSL, E2E(2011) %
T e BT AR A A RS sh R Ao 3 BB
BRI BB R A AR vl i B (29 70765 Ma) [
EFE A BE (70765 ~ 40 Ma) LA M5 Rl B BE (24 40 Ma
A, EDEE AR PN AR SRR DK TR bR
KEHE 50~25 Ma 5t 2 2838 13 #4 15 0 VS A0 2 A
8 A T JER S W AR AIL AR AR ) T 304 1) 1 JEE 780 5
(BEE %, 2020), Zhu %5 (2017) A K 55 ~45 Ma
22 [R5 e 3 o IR R AR A A A5 b 5 S5 B 3k )
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Fig. 9 Haker diagram of major elements of granite in Anglonggangri area
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