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201D, RMHEE. EOH 80% Kk S, BB 5N
3¢ %Y A % (Plank and Langmuir, 1998; Barth
et al. , 20000, #R1MT, 7E2EKNE 5T LR L
STIH WO AAN AR i B 9T b e 8 A2 A= Tl A
F A/ s B Y5701 (Hawkesworth et al. , 2010), #H

AR SO B R E SRR H (4% 2016 YFC0600310) ,
Wi (45 XDA20070304) B A % B 1SR .

AREME R ORI H (45 2019YFA0708602)

2= NNl 1 i L LI S I B RNl T R R €
(Moyen et al. , 2017), 1B J&, K[ ff 48 68 75 2 A .
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Sy E, ey @ 9 R R P 2 D7 R O AR
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miah F 65Ma ) EI-IE K Fili il 8 (Mo Xuanxue et
al. » 2003) , TECE S R0HE L ke B EE K Rl b 2% U
i€ (Zheng Yongfei et al. , 2013; Zheng Yongfei and
Wu Fuyuan, 2018), 7 i /& J5 76 2 Y1 K il 75 2% R
FF(Yin and Harrison, 2000). MW T A #F 5% 54 4 5
ilf 8 XoF b, 7 A= < Y AH X BT R AR A T AR AL . ©
R i 3T DRI ORT e A B I R B G A AN A O
5 1500km fy R AL 5 4 VS Bl 3k 3000km B A1
A (Xu Zhiqin et al. , 2006, 2016), 1 H 5|k
3 1 i Z 9 08 U A 2K T A (Mo Xuanxue et al.
2007 ; Hou Zenggian et al. , 2020) F1 55 15 JBR A 2 4H
AR K ML 5E A (Liu et al. o 2013) ., 77 A A Bk i )&
A4 il i 572 (65~80km; Zhao Wenjin et al. , 1993,
2002; Wittlinger et al. , 2004; Wang Chunyong et
al. , 2008; Yakovlev and Clark,2014), K i 257
Kb 7R ERK MBS RF B IX . © Fik
R BTFAM, FERETKRIEDR, BADEZE
Wk SR, DRI Tl B T 8 FTORS 40 A AR
WG T LLMER bR . L) i A K R FE
T (7] 457 2R L 1] Rt 35Kk A BRI 37 DA A BR A

XF 9 e R LR s R E 5 A K BEAE
PR T A TR, QR RS K Rl 58 B AR K (Zhao
Wuling and Morgan,1985; Nabelek et al. , 2009) |
5T 45 /8 5 i B A 2L (England and Houseman,
1986) BT A= 8 Y5 5 3% 1 AR (Niu Yaoling et al. ,
2013; Hou Zenggian et al. , 2015a) . Hu5% #E 4e 4 K
JNEAE 2L (Zhu Dicheng et al. , 2017) 4%, 4R, #Hb
BRY) BEARIN K B o ERE KB e A Pl M v g LUAIR 22
AR T EH SR Z T (Owens and Zandt,1997;
Zhao Weijing et al. , 2002; Tilmann et al. , 2003;
Huang and Zhao,2006; Wang Zewei et al. , 2019),
1B K fili 5 PR R A A 0 %85 B2 (2. 7/ em® ) T X LA
B AR AP KBl 938 (Gao Rui et al. , 2016) ;K
i Al 45 FT LA B e 4 N I8, Tz o0 A THLEE
Hi R 2 b bR [ il 4 B JEE K Ll R AR AR R
259 (Murphy et al. , 1997; Kapp et al. , 2007),
S Wi D e A L b e B K AR R N B 4 R R (Mo
Xuanxue et al. , 2007; Kapp et al. , 2007), K1,
BAAR R T 58 4 AN R T I e R AR
M 5e PR o R A R AR 3 Ll R LR R
A 172 (Mo Xuanxue et al. , 2007; Zhu Dicheng et
al. , 2011; 2013; Hou
Zengqian et al. , 2015a, 2015b), {H Jay 388t A% e I
FIRUN NS A 51 4 Ry P i) b 7 2 A Jn TR AT 231 T4 4R

Niu Yaoling et al.,

Wk, ] W, A Y B — 455 =X T vk 58 3 b A R
T e Ji K il b 58 1 R AN IR L 5 2 AR R AL
Hil IR A VERT . kg7 A An el T B 5e iy AR K 5 1
JE . DK H X LS 3 7E A XS BTHRA R T i — 20
JHE

ARSCHILE T AWE SRRl B, 455 28 H BE S
R WNYIBLC R S E RIS A, REFINTE
G 1 J5L D ARF o 3] A 98 4 2ok B ) b e 2R K S R T
PR 2 g s VAL R i 5 9 L R A 3 X b e
TR JEE 9 A X BT AR . TR A F8 s Kl il 4 5 | e
A=K W B A B AR P AL 1 R0 R A
U RPN e 09 R 1

e

A gL, B4 & Guvenile materials) ,
SAE R ER AR VE DRI T3 LT . SR S e R A K
A N FEMEmERS - R
(Hawkesworth et al. , 2010) . {58 K7 A A B
ER(ER PN N el - N8 P aU SRR 137
it S M ST PR D, B A T s R LUE UL B
(Collins et al. » 2011) . X £& 3 o 5o P2 o [7] B Hi B
T T Y 2 A A B T O e 2R 3 L B B
OIS IR A S B 7 2 1 A K, A
FEAE A IR AR D) A7 T K Bl Al 13 3 10 A
(Zhang Zeming et al. , 2020; Hou Zenggian et al. ,
2020),
L1 FEEETH AL -5 RIME R

FRERITVE B AR LUR MR 2Ll W & S 5 2
ARG B iy RLEE JEIE AN TR T OO & 2
YRS o A A AG IR AL . DF I 2 N K R e
Z% o R RROTE K iy Y B 2 AR A A T IE A
S5 ENE KRR E (Yin and Harrison,2000) . & 4548
W (R, Je AR RS XU -5 7 - & & UL H 3
ol ) R AR 4 0T v CRI L R 6 A VI A BE 2
W] VLA S ) AR AR AR i P R T R e & b
AT 4 R NAEHIRE D,

TLIK-ZEVEIR . KB TIHRIEMAR AR B, KikgH
TARME D, IEHK T FEH R S =5
(272~235Ma) 8 Bk it 2 4K 4 5 Kk 1l o A A i [ i
AR A RH . &A% % LREE (La, Ce, Pr,
Nd #1 LILE (Rb,Ba), 7 HFSE (Nb, Ta),
e (DAEALT 9. 7T~ +16. 7, JBeE 3 I8 T vh 52
By 7 s, JHRA —E R, %a K
IRTE T Je AR -8 Tl JE Y AR (Yang
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&1 T R TN ST A Rl IR e R e SR 1S 3 5 0 A I (U Yang Zhiming et al. , 2014; Pan Guitang et al. , 2015;
Guo Zhengfu et al. , 2015; Zhu Dicheng et al. , 2016)

Fig 1 Tectonic framework of the Tibetan Plateau, showing the distribution of post-collisional potassic-ultrapotassic

magmatic rocks and major arc magmatic belts (modified after Yang Zhiming et al. , 2014; Pan Guitang et al. , 2015;
Guo Zhengfu et al. , 2015; Zhu Dicheng et al. , 2016)
STDS— i i 8 & 5 AKMS— [ e 5 M -B & R 4E Gl ;s JSIS— @& W IL8E Gl s LSS—Je AR XUlI 4 5 4 5 BNS—BEA W SR IL 58 5l
IYZS—HE & A 5 51 s GLS—H U348 54 s CMS— B T -l E 48 A1 s ASRR— 2 11 203 85 ) 4y
STDS—South Tibet detachment system; AKMS— Anyimaqin-Kunlun-Muztagh suture; JSJS—]Jinsha suture; LSS—Longmu Tso-Shuanghu

suture; BNS—Bangong-Nujiang suture; IYZS—Indus-Yarlung-Tsangpo suture; GLS—Ganzi-Litang suture; CMS—Changning-Menglian

suture; ASRR—Ailao Shan-Red River shear zone

Tiannan et al., 2011; Yang Zhiming et al ,
2014), I& & 4 VS ULV | P el iy = ) (Mo
Xuanxue et al. , 2003;Deng Jun et al. , 2014), H
HiJ i AL

T -SCHON R H IR IEVE T = S ) v
A =4 (B 1; Hou Zenggian et al. , 2004b;
Yang Tiannan et al. , 2019), JLBEEMIN(32°N LU
JOKIEECE Tk, IR o 3 Bk 45 0 22 11 -
Y2 TR B (220~ 210Ma) F1 &) A 46 1 TR K 5
2 AN ] (Yang Tiannan et al. , 2012, 2019),
BB B IR(32°N~30°N) sk PRIk, HAMK L & 4%

LA RE IR AE B 1 (238 ~ 206 Ma) 1145 il 14 22 111
e & I R R H X RUA B0 W
AH A (217Ma) . WA T &K A 80a 4 &
(Hou Zenggian et al. , 2004b), BB (30°N
DL R RSN, 32 2R T 8 JI0ES Bl P 22 1 o = %2
AR OR R LB AL e R e & B BE A R (Yang
Yueqing et al. , 2002; Li Wenchang et al. , 2014),
=BOICE R RS & B A A, &4 LILE
(Rb.K 1 Ba) fil LREE, 7 #i{ HFSE (Nb,Ta fil Ti
GE), (7Sr/* Sty fH R 0. 708 ~ 0. 7060, exa (1) K
=8 d~40. 7, ST SR A AR B S 44 il )
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PR A2 BN A BE B G b 7S TR 4 (Yang Tiannan
et al. » 2012; Leng Chengbiao et al. , 2012, 2014;
Li Wenchang et al. , 2014),

PN -2 2N IE AR % K T - AR P ZE i
2y 1200km (& 1), F %y B Ok 2 iE—F 5 2 i
(169~113Ma) & 5 A7 Ky . AR BE 2 9 V07
AR o i (Zhu Dicheng et al. , 2016) ., JA 3
O AR VO B (V9B H Lo AR Bede bR D
ERG S FEE D TR 42 (169~ 150Ma) Fl 2
28 (127 ~ 113Ma) (Li Jinxiang et al. , 2014; Li
Shimin et al. » 20200 J 1l 325y o 8185 el 1 222
WA B A s . o R 40 Ol s i 4
exa (DN —8 6~—7.9 A (" Sr/* Sr) {2 0. 7064
~0. 7077, B em (DfEH N —13. 3~—0. 5, BRAS
FE N E BBk TN R A 9 A A 2R
HAEESE LILE(I Cs.Rb M1 K ), T#i Nb, Ta
1 Ti % HFSE, LEWIR R Ba i . a0 HA
EZ A e (DA (—19 4~+11 2), B
R 5 S B AT S e R R s 2

X RS 357 9K < T S B P AR R F . AR PG AT fif
1500km (8] 1) . 9 H 3% 8h foe 17 1 7 L 5% b 1A &
A, 16 88°E | 94°E JE i ik 600km Y4k % 42 Kk
-3 (210~170Ma; Ji Weiqiang et al. » 2009;
Kang Zhiqiang et al. , 2014; Xu Wei et al. , 2019),
P, RE M E A kA TR B L 1E (Geng
Quanru et al. , 2005), FABKILA BR LR AR
YoHE S EAARIE., MR ASE A K =S 1
(210Ma) Z I (1 (72Ma) B 45 & & . S INAE B
AR (B D), X e I B R H A X 5 i
(9 Nd A1 HE R 47 A A (ena (1) : —3~+75 e (1)
—5~+18) (Kang Zhigiang et al. , 2014; Wang
Ruigiang et al. , 2017; Xu Wei et al. , 2019),
FL% R JE 75 1000m 9 7 1 2 14 55 i kLl i R
WARHE . R AE R A KRR AKRE A #R (Zhu
Dicheng et al. , 2011), & 1 # £ Fc 43 il 26 3 1k 2
AW, AA W LILE (Rb.Ba, Th f1 U) Ml =
#t HFSE (Nb, Ta il T, HA M & & 1 Nd Al
HE R B (ena () : — 14~ 415 e () : — 14~
7). H Ok HE AT VYR ) A6 A e 89 ) (Mo
Xuanxue et al. , 2003; Chu Meifei et al. , 2006;
Zhu Dicheng et al. , 2009, 2011), b7 5% Hb {4 )
AN ARG RE A 1200km, R A F 2 (131
~107Ma) X 11 T F1 & (Zhu Dicheng et al. , 2011)
AR AR (130 ~80Ma) 4€ 5 7+ 12 A MR (Xu Ronghua

et al. , 1985; Harris et al. , 1990), & ¥ & 4
LILE. 5 #f HFSE. eu {H 22 038 FIH 58 (— 14~ +
18), o ul R 051 &5 Sk BIE 2N T 8 VT 1 B 1) A e
(Zhu Dicheng et al. » 2011 5 £ 8 A V12 [ 6
W R A IRl %% (Hou Zenggian et al. , 2015a),

BZ . BB LA SR, AE S KPR g A
/B RIAV DN il R S 73 e N RS S
FRRKEW RN, BN RE A K,

L2 HRiERTHHEMTERESS

F KL 5 I R IR A A 5 2 e . L2
5788 ] DU G XCBUE A 7Y HEN A 43R R
s Hoas () o3 A 5 S AR BT DE i b 1A RO A B
A HI [ Z 3K >k 2] il (Hou Zenggian and Wang
Tao, 2018; Wang Tao and Hou Zenggian, 2018),

&l 2a JE7 175 L iy D Al 48 AT ) R 8 B A R e
HI [6) 57 2% 21 SRl I 8] 28 4 . PN RRAE 40 B . O
ene (B /R AR 56 19 AR LB TRl (15~ —18) , Jz e fil 48
B S B W 8 P e < 38 2 BE A R OR IR TR
1A 22 AR P 3 A R T P b i 5 3 ) 38 A3 i s
srRA Tl R EREBIRY; @ A 270Ma 2
66Ma, KILFE i m ew 78 5 DIEME, 405 H B
F 250£2Ma, 210+ 5Ma, 180£5Ma, 1204+ 5Ma
A1 804 5Ma, RECH R T iy 45 i i v A0 i A ni ) VL
IR HEVG IR LR AR IR, LA SR R B v A bR
B P2 22 Z2 RN XIS B R i £ 2k B . RS
K FI AR It Pl b 0 140 7 A ) B A I b oS AR AR T
BETTHR .

Pl 3a 2 77 7 o D OFF i 300 8 2 R B A e S5 MEL
L Y QR E | R AN 5 1 1T R v i 2
TRy 8] 4045 (Hou Zengqian et al. » 2020), FE /b
A5 AE en BB (>0) AT TR AT AT AR en
EBRA (<C0) o X BB e (2> 0) T AR 3R 1958 4E M
FERZ BT MR AT, S ERELS Bk 4
AN FE IO =E A R R TE B IR 30 B I B
B, WZHE X en (H K I A A N
FEA SRR AR A B AR e s fr . Rk |
FR S B Ry B ARG, AR, R B SE AR B
ill: 458 17 1Y B K B I AE M 52 IS A A 1 R RIS
12, BT BER BB A T e

e TE XIS T 9 RE M = D R AE AR A i 45 R
VT, B, BLEE A AR R AR L sE B XN (] 3a), #4
TSP TR IS 20~30km 4T #5351 ( Zhang
Zeming et al. , 2014, 2020; Xu Wei et al. , 2019),
F2 B ph 28 D RRORL A AR 72 5T A 8 R A R A A T
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B2 3 o By A AR AR A A 1 HE R 2 4 R () LA B P 2 4 1) N [R)7 R ALk (b) K Si0, & &
BEiF1E] 28 46 (o) (# Hou Zengqian et al. , 2020)

Fig 2 Zircon Hf (a) and whole-rock Nd isotopic compositions (b) and SiO, contents (¢) of the Mesozoic-Cenozoic
felsic and mafic igneous rocks from the Himalayan-Tibetan orogen in Tibet (after Hou Zenggian et al. , 2020)
()—0.5 Ga,L 6 Ga Ml 2 3 Ga Ky 7E AL, R A3 Rl o527 Lu/VTHE = 0. 015 3150, 0. 2 Ga BB BRI T M52 AL R TP 35 T
HWFE O Lu/TTHE = 0022 3 () — T U E AL M AN TEN ena (4 56 Ga) = 0 Fll ena(0) = 105 (o) fi AL 45 L 5% M 4 () 1
R K BT AR B B AR TR S JESE ML AR A BE R B L A DRCRR SR I T RORE A A B R ROA R AE B K

DM— 75 45 4 8 35 A 2k s CHUR— Bk it 17 3 A 2

(a)—The three crustal evolution lines labelled 0. 5 Ga, 1. 6 Ga and 2 3 Ga are presumably average continental crust with '76Lu/!7" Hf =
0. 015, the evolution line of mafic lower crust generated at 0. 2 Ga with " Lu/!'"" Hf = 0. 022 was shown for comparison; (b)—the depleted
mantle growth curves of Nd were shown, using linear depletion from exa= 0 at 4. 56 Ga to exa= 10 at present; (c)—samples presented here
include gabbros, diabase dykes, mafic ultrapotassic volcanics and Linzizong volcanics in the Lhasa terrane, mafic volcanics in the Qiangtang
terrane, and OIB-type gabbros in the Tethyan Himalaya; DM-—a generalized ° Depleted Mantle’ growth curve; CHUR-—the

chondritic reference

AR N A ME A . HRUE 0 U-Pb 4RI A2 BA w78 HE [ R A (ene: T9~+16),
£ F 200 ~85Ma (Xu Wei et al. , 2019; Zhang e JHL 5 R DR 5T IR ek B D A A2 AR i Lk R
Zeming et al. , 2020), 5 T & AT VL EEAR i sk BR — e #2 (Zhang Zeming et al. , 2014; Xu Wei et
B, AR SHE A s B IR b R AR A RRAE al. » 2019), X SEBEER 5T A 1 S X 37 ok iy AR
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B3 s B AT () SRl JS (b) A 85 40 HE Rl R 45 3 (P8 Hou Zenggian et al. , 2020)

Fig 3 Pre-collisional time slice (a) and collisional time slice (b) for lithospheric architecture

of the Tibetan orogeny (after Hou Zengqian et al. , 2020)

W, RS 2 — LI IR AR SRR R AL T
PEUEYE . MO RS RIS B dui S, 4T
A M 5T B X B BT KL S R T B (35 ~
33Ma) #5747 TR 2 T i Fe Ik, FHA A DU R A A
N FI A N o 3, 28 0 RRRL A AR BT, ~F- 1 e
fli 3 ook A T %R &8 b 76 45 ~ 37km 4 (Hou
Zengqian et al. , 2017), H JF &4 N 783 +
10Ma., fsfi G A HE [ A R A5 7 76 % 8o
A A 3% — 3 (Hou Zenggian et al. , 2017), X

e TR ISP SO0 (08 DR VRO o s e B R B S TR B
IERABL 4R T 5SS, T8 i 1 B Bk B A=
T 5T,

HWR AT Hr 5% H AR 2R B i XS 7 [ il 38 44 4G
HHE(55~50Ma), LA HI il Nd W4EAE, #iA
KK AT H R F Hb 52 # F (Chu Meifei et al.
2006) ol ff w7 52 M B4 il (Niu Yaoling et al. ,
2013) . EATAESS (8] b 43 A il 48 B a) DD T %) B AR
M 7e AR (&L 3b) o 5 Al 43 AiF B (8] U0 T80 9 9 5 e
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B AR XS I (B 3a) . BGAh . W HLEY b A4 B 2% 53 A1 1
HhORT TS G R 4G TS R BT K LA R R
Sy L BR AL 22 FEAE A adakite ZEFIME, HAT ik
i) Sr-Nd-Hf [A] {7 & 4 % (Hou Zenggian et al. ,
2004a, 2015¢0) . SR 2 20 BEER BT IICA H 14 ) 457 3 20
Bl BN AR BT8R BR TR A2 T o 1Y T I
(Hou Zengqian et al. , 2015¢), 22 22185 I A
HAE o D R R b 58 S S R MRS AR Y R TR

e s HIBRY BRI A& B, 76 5 B RS 3R R Hh e
60km RLb A EF— 2B 14km W2, H VA48
T 7. 2~7 5km/s, V. & 6km/s (Kind et al. ,
1996; Owens and Zandt, 1997), #fA B N = B EF
(>3, 0 g/em®) & A8 T4 T #55 (Nabelek et al. ,
2009), R 8 I 5 3K I A2 1 B (Owens and Zandt,
1997) . SEARLAY BE 8K BT A= T Hb 5¢ Bl 52 e 2o Al
K| EBIEERR =1L X (Zhong Dalai et al. ,
2000) ,

AR 45 5 7R e S5 AT R F8E 9 B 0 BT A A Y
e {HL 23 A0 T AR Cene = 0) A 530, 5 780 /5 52 1) 3BT A= b 5
o D 29 5 e e Ry 1/3 (28%) ., H
L RV g 1 i 5L S Ry R A M SE TR T
21% (Hou Zengqian et al. , 2020), B, 75% f¥
B A b 5T R RE A F 0 I I S AR BRI LAY
R 48 5 ar ) 36 45 3 B 1) I 2B T by e i) T A R
(20~ 30km) 1 Hb 3K 9y BRI 48 7 79 TR Hb 72 5 2 2
JEE (T4km) o 2% & 3 Alf 458 LA R H7 A8 18 5 20 43 %
A 5T B A A1 BTk (25 %60 . FRATIAG T, RS T AY B
PRI J R AR AL A 75 7 vy 5L i v e 30 )2 T
2y 10km, HHiFEBIRREEM 12%~13% ., X —45%
5 Zhu Dicheng et al. (2017) BfliiT 45 B3R —3,
b AT R 4 Al 5 A K (La/Yb) A, Al 1H#E 70Ma i
J& s P IX) IS 30 b e el B 1 GE R R BE (30km)
HmEZE 49km,

2 RFlAf e o B P AR IR A KA S

H e A K

HI I 58 2 0H . X5 $% T 65Ma [ ED-IE K Bf . 28
Ty V) Al 4 C B il 48 L BRI 4 5 65 ~ 41 Ma) | Bl
f88 (ol B R 9885 40 ~ 26Ma) F1 5 filf 8 4 F (25 ~
0Ma) (Hou Zenggqian et al. , 2006a, 2006b, 2006c;
Hou Zenggian and Cook, 2009), T @Al A3 id
SR A [F Rl A B BB A [R) 4G 3 = A G
Tl A i Be 4 A A [ B 0 5 s R E s, gl =
B e A K

21 #iEHAERIER

[Fi) il 428 2 5 T R R R R E =B
BARAEG ., —RRTFEIIE R, AT EE KRR
ok 4 b 4, H U-Pb 4E N 64 ~ 43Ma (Mo
Xuanxue et al. , 2003), JEE#E i 5000m, KA
I3 A TR AR PR B . A R AR R DL s
FRE, PARAERH LA A AR F TER AR 2
WP SCE R F Ak B R )R i & &R A
— BRI 2 (] 200, Al R L DU 6
PER S R . BERTE 8 XE RV, A E R
LILE (Rb.K il Ba %), 5 #i{ HFSE (Nb,Ta.,P #l
Ti45) (K 4) s exa BT —5~+3(F 2b), RBLA
I B ST b A I AR 22 AR O B b i (Mo
Xuanxue et al. , 2003, 2007), 42 [F] filf 48 ¥ 4< A
(52 5~47. 0Ma) , #FHL B i 14 B 2% W7 28 1Ay, 7
TR BEAlE 8 2% & 47 (IYZS) db i) . & &8 1= A2 T 7] filf
1AL 54 7 3 N #E (Dong Guochen et al. , 2005), H
SiO, EhE 49%~55% (K 2¢), Hi L 43 il 2k °F 2%
fifil, B2 Eu 5, exa 2T +2~+ 70K 2b),
S W 55T A 8 52 5 2SS AR AR AL P 1 (Dong
Guochen et al. , 2005, = 2= & hfEH [
Bl 48 W 309 B 4 4 (45Ma) . i T TYS FE M. A 4
HEFSE fil LILE % REE(F 4).exg 2246 T +4. 9~
5 2b) s R TR XA (OIB) R AR, 0% T
B[V JRE Sl A7 Pl ORF e i % A I8 g B i ) A P
Rl (J1 Weiqiang et al. , 2016),

WG il 48 0% 5 < T2 0 A T AL I8 3 M X A
PR =L IX . JEHE b DX 32 R 7 O A e e A
ARV BER B B KL KA, FIR R 47~
18Ma (Li Cai et al. » 2002; Xu Jifeng and Wang
Qiang, 2003; Wang Qiang et al. , 2008, 2016;
Zhao Zhi et al. , 2009; Wang Baodi et al. , 2010;
Zhang Rui et al. . 2018) . BEER TS £1 58 %0 P w
%, 56 Eu 3%, i HFSE (Nb.Ta #1 TD, {HE
4 Sr Al Ba, (Y'Sr/®So) {Hh 0. 7048~0. 7104, exg N
—10.5~+3 9, e H—4 2~+4 0 (& 2b), Jmt
HE TR U5 T 18 52 i R 0 BN A AR B A A A P e
(Wang Qiang et al. , 2010, 2016), =7LHX K=
P BT KL A R BE S, AR AR AL T 40 ~
33Ma (Wang Jianghai et al. , 2001;Guo Zhengfu et
al. , 2005; Lu Yongjun et al. , 2013), =4 & &
LILE., 5#t HFSE, A& "Sr/*Sr)., K ena» &5
JCE P Pb R 3 25 M 4FE (Jai Ligiong et al. , 20135
He Wenyan et al. , 2014), R JE T A mAAEZ Lm0
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PR 4 5 g D A LA A £ B R B A S i T R TG 2 (KA
Fig. 4 Primitive mantle normalized trace element diagram
to compare compositions of the collision-related mafic
magmas from the Himalayan-Tibetan orogen
F R R K A Y {E 3k B Dong Guochen et al. , 2008, 2011; Jia
Lili et al. , 2014; Wen Daren, 2007 3= lf 1§ Ak 7 52 1l & F H{E 6
] Lee et al. , 2009, 2012; Mo Xuanxue et al. , 2007, 2008; == filf &
PRI LA ME K A Ji Weigiang et al. , 20165 WA 98 3 2k 10
A (E K A Ding Lin et al. » 2007 ;Guo Zhengfu et al. , 2006; J5
Tilf 38 8 B0 A F B E K B Guo Zhengfu et al. , 2013; Liu Dong et
al. , 2015; Zhao Zhidan et al. , 2009: F 5 K ffi b 7% W 43 51 A
Rudnickz and Gao, 2003; & 98 % i & W 4 31 @ Sun and

McDonough, 1989 ;5 X i A %4+ 5] A Elliott, 2003

Data for main-collisional average gabbros from Dong Guochen et
al. , 2008, 2011; Jia Lili et al. , 2014; Wen Daren, 2007; main-
collisional average Linzizong volcanic rocks from Lee et al. , 2009,
20123 Mo Xuanxue et al. , 2007, 2008; main-collisional average
oceanic island basalts from Ji Weigiang et al. , 2016; late-collisional
average volcanic rocks in Qiangtang from Ding Lin et al. , 2007;
Guo Zhengfu et al. , 2006; post-collisional average ultrapotassic
rocks from Guo Zhengfu et al. , 2013; Liu Dong et al. , 2015; Zhao
Zhidan et al. , 2009; bulk continental crust from Rudnickz and
Gao, 2003; oceanic island basalts from Sun and McDonough, 1989;

island arc basalts from Elliott, 2003

BE S A B M (Guo Zhengfu et al. ,» 2005; Jia
Ligiong et al. , 2013; Xu Heng et al. , 2015; Chen
Fuchuan et al. , 2015),

Jo i e PR R E T UL D Ok M
DX PG 3 IR A (L 1) i DA i A AR Y X
®RAE N E, FREPTF 12 4 ~ 11 9Ma (Wang
Jianghai et al. , 2001), & Mg® K 0. 49~0. 72,
w4 LREE Al LILE, LU (Y Sr/* Sr); (0. 7041 ~
0. 7060) I ena (+5. 5~+7. 0) F4FAE, 55 OIB 2K
L, Sk U8 F T A K 18 12 (Xia Ping and Xu
Yigang, 2004; Huang Kaixing et al. , 2012), 1§ 3k
R O N AU G 2 I S 1 = I S QA TS oFs
Yongfei, 2019); JF# P g iR K 7, LA g

A AR T R B BT KL LB A O 32 HE () 47 3R Ml sk
b BT =T KRB A, SRR T E £
HAPE H 1 (Zhao Zhidan et al. ,» 2009; Xu Bo et
al. , 2017),

RZ s PR G B R Fili A, D[] Al 48 25 0 Al
T 2 5 Bl 1 08 U A I B TR R R A A )z
REMER [ Z 58D AN H 2B E (K 20, 18
A RAE TR e 88 & 1 A KRR 5 o =ik, &
AE R fr A= i s 40 7 3 30T e et e I AR 2R 4K
22 GHiERFEMTERSSH

&l 3b Sz T e D G A DA SR Y BT A b e Bk
5t b e B ) B R O A RRAE . T 2 ST B LR
HI SHRRAE . KBS F0 5% M A | 98 I Hl A A0 A% 96 -1
FOHARARRT B, H e (B8 Al 2 I 3X 26 71 22 4 K]
ll 488 T A A A N S 0 S AR P s BT AR M s B DL
HI R4, 25 8] L 5 6l 38 57 i B 20 7 o B e 30
REOS R B A B 22 5 78 B S BT AR R B
il 15 i 5 il 48 U 04 B A= b 58 OB A 2, 2 ] W)
o XEMEHA TR, &7 F 6 HE
e Nd e A5 JF A RiE B A O BE 8k i A K =R
£ (& 3b) o s AR w5 Al 8 ok 7% 5 BORT 2B Hb e 1Y
AW AR, FE L BT Hb AR P B, Rl 18 1R R R B AT
A M 7S W) o TR R AR AR DAY RN AR, I B 58 R R
A se P, IR R IR R 2 4 A (18] 3b) . TERLEE
AR bR L Rl R LA S e Dy 3 Rl I A
A dbre, HoAs [ 40 A5 5 R Ik 5000m AR ¥ 5% k1l
e FRARRE N o T R Y AR Sk .l A DR A b 5
PR Al A8 T ) Y5 L Ok, WOR bR R R
Z (B 3b) e W filf 18 9 4 i) o GG Al A L Ok T A=
Hoe R A, I W IRILTESE ST &,
JH T 08T A Hb e B ) AR DR MR B 4 /N EE 2 R TE
Jea s, SR AR A T b e s DR R Al R T A
ARG, BYCTE Rl 4 0B 5 = S T G 5E IR A R C R
M2 [ BRI R A5 SRS, T e R A TS A
TG A A B 2R A dk R e, A =50, mlifE
BB A= M e B A DR AF . SR RBEIR il 48 300 /%) 2E
Yy o R A A S5 BT AR M 5E ORI AR . SO e
Z M RN,

Aill 18 LA SR A= 0 Y5 20 43 7 A 8 AR e Y
JEEREFNRRAS . 0 X B A T SR FH BT 2R Ml R vk
F o= A A AT R (TS V) AT AR, A5
718 K el il 98 Ay 7 R R BTk TR R A 25 96 1 AR
#1572 (Hou Zenggian et al. , 2020), Zhu Dicheng et
al. (2017) R 4 X1 JiS Hr 7] Aif 188 46 i) 5 56 2 4b 1 5
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(nJs, 62Ma; #RJE, 52 5Ma; Y4, 51IMa R H
By ¥ ik 5O 4 (Jiang Ziqi et al., 2014; Mo
Xuanxue et al. , 2007; Ji Weiqiang et al. , 2012;
Zhu Dicheng et al. , 2015), fii & & 5 5 & #h 72 18
[F] flf 43 48 (65 ~45Ma) fil J& T 5~10km (& 5), F&
TR AR T 202 Kl 2R R B (~5km) LA B filf 48 DA R e
525 1) 25 8] 43 A7 AL 88 BB (&1 3b), 5 8 X
SEE 5 AR T H 5T B IR R (~4km) o Al i 4 L
Sfe T 5 A B e S 2 /T R v i R T b 5 R
T 6~9km, XEGERF Y], TIA B F S IS
(58 JE B (65~ 80km) » [ filf f8 iy J5 3B 2 08 Y5 21
Ay TUERAL . IR B SR A AN A T R CUn R s AR ) i
15T B 10~20km,

3 R AR AL AR R S e R

) 3 5T IF S 7S o A B 2 AR 0T Bl Y
JE B X (& 3b) o 28 LIk (99~ 69Ma) f 5 ZU
G 2 51 T 5 I A b 5 1 2 N JEE (Murphy
et al. , 1997; Kapp et al. , 2007), FE[R KL= [A)
Tl 458 7 3% 2 1 7 80 TR B N R e
X)), [l Alf 48 7= 2 — ZR 51 NNW E [ (9 4 57 386 o
4% % (Yin and Harrison, 2000; Wang Jianghai et
al. » 2001), B T MM NE, M. fEA
H A By S v ZU ) R R R S T AR AR . BB
i 7e AR 4055 . 4% 1A PR (Murphy et al. , 1997;
Kapp et al. , 2007) , iX W7, B Al FT AP o 5
R Rty 398 A= R0 b 5 i JEE A T A A O 5 S R
FRASEARE A7 A, 2 K i Al 92 45 b 5 2 1) 3 = AL (Mo
Xuanxue et al. , 20073 Zhu Dicheng et al. , 2017),

TE MR 1 ) (41 ~26Ma) , 5 Fili X 5 3% 7% 36 o
FU B K R BT T oK 9 89 i s 9K A (Wang
Jianghai et al. , 2001; Wang Qiang et al. , 2008),
T A e U5y Jo T Aok I T A K B M S N R SE
BT s A SR (WL JE ) o 1 7R R A X S
LA S A S S AR R, AU D S R
J& A 3 12 7 (38 ~ 26Ma; Chung Sunlin et al. ,
2005; Guan Qi et al. , 2012; Zheng Yuanchuan et
al. » 2012), XEEAERK A BIR adakite FfiE, HA &
(La/Yb), b (25~55) . 48 75 H 8 X M 58 JE 35 68
~86km (¥ 5; Zhu Dicheng et al. , 2017), Iz i
f Y by e TR A R T 3D 1S Y A 1 D A T PR
JnE

DeCelles et al. (2009) g 45 T F} il 8 b7 & 1177
Hb AL 3 AR T AN DS A A, R B L AR

B 5 7 JRORE 4 A (KU T RS 9 (La/Yb),
5468 1 72 R )8 75 4k (% Zhu Dicheng et al. , 2017 &30

Fig 5 Plot of changes in (LLa/Yb), in intrusive rocks and
calculated crustal thickness over time {or the collisional

front zone (modified from Zhu Dicheng et al. . 2017)

HH ARG A SR e [ Be A 1 1 B b e % T 4 e 0 )2
TE 75 TR e S . R AR DR A S S e B R
7 JE N ISR 8 R 107 O FR AL A 3 T A T Bk B R R
WESE,

SEECPL B MR Y TR S S M AR B 45 R (Lu
Zhanwu et al. , 2018, 75 7K = it 35 Alf 988 7l A A P RS
R RCRY SIS UR DL R C R B E S =R 2 PANE DA G NN
15~20km ALK FHB A FEKERGE, 5
INDEPTH 3 H i 25 5 (Bright-spot) I B K 2 AH 24
(Brown et al. , 1996; Nelson et al. , 1996; Zhang
Zhongjie et al. , 2011), PAiZ/KFERSZE A, ©
T FE R AN [A) B S RRAE . S i R R AR T g
JE— AR FURE R R A ES R aE 2 HAE
R ARG I P T M ST R R R R A
15 20km FUiE 2z b s B E(<15km) & & LLm L
oy = W R B 5 5T & A BR AL Y
B AR A — B, RV A B A X EZIE .,
S Z R B R R Hh e B R = AN TR Y B S
DX, B, 5 R L B A o 0 Y 3 B 5 B A XL 5
% i b A Xof 17 1 B IR 2 51X, 5 b B A X
JOL AR A A R PR 3 AT 55 A IX . =3 Z ) R
[A] B # ¢ & (Lu Zhanwu et al. , 2018), XLt Hf [4]
PR EE R LI = AR B X 53 50 5 e e
B 87 2E M 7 B R B T S M 5E HURT G B RLRT A= b
FeH A X N (& 6a; Hou Zenggian et al. , 2015a),
S =AMy e LR TA) & A= 5 2000 & ot &, B, rh
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6 T 7HE 5 B g A HLL [ 3% BRI 45 51 () 5 5 T S 4 b 7 R 1) b 5 A B (b))
Fig 6 Hf isotope mapping result (a) (modified from Hou Zenggian et al. , 2015a) and possible geological interpretation (b)
based on reflect seismic profile across the southern Tibet (after Lu Zhanwu et al. , 2018)
() —RIBE AR R B HI WAL R AL, MR 52 b (RO 7] 1 52 SRR AE , R R R= £ 2R A b e, P iy b7, L higs i Bk
S AR ATIR (Hou Zengaian et al. , 20150) s B sh BBt 4 BE KO 40 (b)— BB ML AR TE 40 05 RO R B . £ 908 T 85 BB B A0 1K 0
VR B 5 ) i %R (Lu Zhanwu et al. , 2018) #1 HE [R] 2 K 45 (Hou Zenggian et al. , 2015a)
(a)—HIf isotope contour maps showing the spatial variation of zircon ep((#) values for felsic igneous rocks in the Lhasa terrane. Juvenile
crustal block marked by positive ep(z) values appears in the southern Lhasa subterrane, ancient crustal block marked by negative ep (£)
values appears in the central Lhasa subterrane, the northern Lhasa subterrane contains both ancient and juvenile crustal materials. Black point

represents sample location; (b)—interpretation of lithospheric architecture of the Lhasa terrane based on reflect seismic profile across the

southern Tibet (Lu Zhanwu et al. , 2018) and HI isotope mapping result (Hou Zenggian et al. , 2015a)

PLEE T S e P AR b S8 T R PR R AR e P 2
b dCRLEE AR e B o S B T R s e B
EC# 6b) . HIE R R EEIESE . E S g% B A #h 5
P I8 15 PR 380 TV B 1w A1 o R SIS R
BFE AH X, BT 76Ma fif ( Hou Zenggian et
al. s 2015a) , Hy M BR A 1% B A4 1) R 19 0 op B AR
TR Bl Al LSk (<<65 Ma) s B 7 B 5 A H5E e
RHT 200Ma 2 43Ma 148 5 8% Bk BUa 3 Fr 2k i A
T I DS Al 48 T B (40 ~ 26 Ma) T 457 11 A
£ (Hou Zengqian et al. , 2015a), f It BR & Fr p*
Hb B ) e 3 b R A T MRS . FE R hE R S P
L% 1 W LA AL AN . 5 53 ) il 42 2B 7 5 A AT
SR DO =0 R = I . R Al o S N
PBCAHT A M7 o . 10) 1 15 g L 6% R A e B AR TR
FRARE (J81 6b) s W 7 o 4 5%y 38 M 76 7 W Al
T ] P 30 vh S, DRI, TE MR AR . AN R e
R[] B 3 b B 5 AR PT BE 2 Al 48 A b 5e DR R Y
FEALH .

J 8 S 38 A T LA B B G 8 35 11 A NS [
IEWT 2 RGBSR AW ORI . XSRS R WL )
F 20Ma (Hou Zenggian et al. , 2006), 7E#K /7 15
BR T 8Ma, fEREHHE 1% 2T 13~10Ma (Blisniuk et
al. » 2001) . Jr Bif 48 £ o B J5 i R R (16
~13Ma) Wi hiEfE A7 5 WE [ JB 4, {232 NS [ 245
HiH (Gao Yongfeng et al. , 2008), XL pl%
B, 98 R E 20Ma LIk & E WE (5] #1581 & ,
— BEIE 2 80 4% T 2K 1 w5 it i 41 b 7 W] BB PR U T
RN . BRI TE A BRI BT D B R A
7, BN E R R (10 mm/a; Avouac et al. , 1993)
5y xR, Joikak s iR s oT i A K
4 BB 5S4 i I AL

BRYS by 7 AR 0 R K BT 4 4 ) AR e A A
Wi ALK T B0 IR S i AS B . SR . R

B BB Can L 5% M A4 b 7 7 3 90k I (V.5 9 ~
6. 1km/s; Owens and Zandt, 1997; Rodgers and
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Schwartz, 1997) % # K F 4 Bk K B (6. 45 =
0. 23km/s) Fl 3& 11 47 i 5¢ B °F ¥ H (639 =
0. 25km/s) (Christensen and Mooney, 1995) |
B o AN DR R 9 e 9 R 5 4 o ) e R B e 208 1 T
A Bk OR Rl AT OH 3 Ll R 2 B e R M (Guo
Jingliang et al. , 2019) . fH2 MLl 5 805 IR 72 &
AERBEFAERRT .

HENIAA . KR 3 52 A K 3 o b 32 8 7 o
AR HL . D #EFE A AR T #b 7 19 3% 9T (Kay and
Kay, 1993; Lee et al. , 2015) Fl@ B i #h 72 4 it
BOARF wp ] 3R B #4 1& )R /2 (Hacker et al. , 2011;
Kelemen and Behn, 2016; Ducea and Chapman,
2018) . AR . A7 =~ H 2 WLGE 35 S0 0F AN S5 1
2 1 I et 1 = TR 1 & s N i /181 2
B ldkm B & #E)ZE (V,: 7 2~ 7 5km/s, V..
4, 0Okm/s; Owens and Zandt, 1997), [udb K2 ZE
(GHESE DA N GG A O ¥ =B = M N e o1 e AR
R E A 3R 2 & (Owens and Zandt, 1997; Hou
Zengqian et al. . 2020) . i & B9 4 #5551k BN RE ARF
R # 5% (Nelson et al., 1996; Kind et al ,
2002) , 4 S WAl 2 DLk 09 A0 JEE T i S ER AN B kAR
Prits HIR, 155 D R0HE 43 44 36 45 P 3 1 &% 19 37 2E
THLSE . UK B W =S TR A A A HE A A
WK (Xu Wei et al. » 2019) . 1iif H.& & M 11 2%
THDITAR A2 W K A 0[] Al 8 30 A 1% 4 A A %5 (Zhang
Zeming et al. , 2020) , ZJ7 Rk 75 AHAE T, Ry
PR A Ak . AR E 8 2R W8 03 AV o A 1) O o
BB A T e A IRDL B = RIAETER HIE BA
(B 3) s w5 Al 438 35 5K 3 BT s R & = i, AR
718 R DX AR DA ARV S B8040 1 A A TN e JUA T 45
~60km & E 2 &€ & B (Hou Zenggian et al. ,
2004a) . [ AL ARF i 18y B BE O il e DRI i % 1140 3
PR F R AW ES (J1 Weiqiang et al. , 2016), 1]
REACAEATIR . 77 T RE SR I 55 1D RHE 1 W) il 48 — < 4K
A (46 ~35Ma) je 3¢ T H1 k& # e 1 4 Rl g
(Hou Zenggian et al. , 2012), #RTj, X2 &3 ic
SRAEL B b A B ey JE I b O B R B, P B K A
Pl A 1) A1 o ok R b B 2 B D K e BT R 2 )
FAE I KRl 2 A 3 IS A=, SR . 5T B R S S
HuRE AR R 7% o BB R il 9 < 9% it M 7 L 1
A 0 B S R A V4% &4 (Gao Rui et al. , 2016),
Ho AR ) HL [ R B 45 R BRI S
S YH ity 18] & A= i 2B ) Bt A2 46 (1] 3asb)

T R R AR Al LR Rl e i K S Bk . AR T RE

SBRBRBURTAE T H5E 1Y T E R R S A SR 1 R
FUBLR AL O, DR oh 26l 15 08 54 2R A b 53 IR
WA E R MBI AR . I 281 MASH 3 # (Hildreth
and Moorbath, 1988), ¥ b ¥ 4 5 it 75 ¢ K & 1
AR B ER A5, BB T B R T A U HE AR T
M 5E IR . R I Al DK . B BR TR AR T b oE &
AETTZ RS PR TR ena i ens Y R AR A B 5 AN
J5 Tlf 8 352 3k 78 A 3% (Hou Zenggian et al. , 2020),
i U A R A o A K, BT B R AR M 5
BT AY T Rl ke 2 R B I A DU A 5 A Sy
Hby 8 5% 5E 8 4L 2 (Xu Wei et al. , 2019), X fi
Ak o T RE A T 9 e JaL R A Ml 5 1 24 9\ D e 3 i 11K 1Y
FEEA b, FE R CRED Rl T, K [R] LSS Bk
(i) PRI iR 245 117 A A 336 o o 2 N 4 e RS b
ST ST AR A ) BT R N B BT ) R R AR
B N s S QT N2 (k-3 N o D W R e
£, SIO &8N 57 1% (Zhang Zeming et al. ,
2020),

5 FEEMLTE A K S INE B T L e

g BT, 350 R R R A 08 B
SR w0 K i G 48 3% % %) 3 2B A SRR R B
AT JREAH G o Rl il 48 7 5 A ) B b AR B A T
T AR R 4 IR . IR ML T HR TR 29 2 30km,
Wi 1 5 SIS S AR T A P M AR b e B R A
TR, oy 4 Rl b 2 Ak, ~200Ma (fk B 42
D A MASH 27 38 3R 388 B HT A= ot
2 E R R HE O A AR TN HE A R T
DL K IRRE K S 2H i (Xu Wed et al. , 2019), JRA
WL o SR R K LR EP - T,
TE R AR B AL i 25 3 % 1 i 38 T A K 9 J5i
LA A % R b 7 3 TR R~ 37km (] 7a;
Xu Wei et al. ,» 2019), % 80Ma, [i# &5 K1Y
WA PgE AR b 7 #F — 20 3 ) 2E K3 JE 2 50km
(E 7a), %4y B2z 3 {6 (Zheng Yuanchuan et
al. , 2014; Zhang Zeming et al. , 2014, 2020), Ik
BF L M AR BT A= T Mo kAR B AR BT, O R
AR AN RIE FoMCA L. A i A TN R
DISEMERE KA . MR A s B N A
1E R RRA B A R 1 B TN K AR 5 A (Zhang
Zeming et al. » 2014, 2020), A XHsE M A K S
I B PR LR PR AR . PRI E e Y
FIEWAEHE T b — T s B o 5. S /2
kAT HAL = A KA IR, e aT W, B R
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Fig 7 Compositional and temporal evolution of thickened crust underneath southern Tibet

Ca) —Filf 18 A7 0 oh 1 3t 52 254 5 (b)

[F) Tl 48 3 Wb 2 544 5 (o)

Wl il 4 300t e 5 4 5 (D — 5 Rl A B0 3 5 S5 4

(a)—Crustal architecture of the Lhasa terrane piror to Indo-Aisia collision; (b)—during syn-collisional;

(c)—late-collisional; (d)

PR RV G — RSV AR A T3 91 KB
M, M5t &4 10km &AM 4K 5 NE (E
8a),

P B EE I 9 K il Xk 42 i 4R (~ 65Ma) . B JEE
R Bl 72T 5E AR R 4 48 W 4 AR o A T ARF o T 5 Y
B 1 v 72 M i & 4E I8l 4 (Chung Sunlin et al. ,
2005), FHF 45 £ 5Ma AW 5 (Ji Weiqiang et
al. » 2016), 75 & U el s RSSO, Bl kAR
% 35 1% 3 (Chung Sunlin et al. , 2005; Niu
Yaoling et al. » 2017), AN vp AR R I 44 28 18 19 4K
Ui P 3 W e SR L, 7 AR AR T R IR R R
e RS LI Y 5 A5 O R b 0 R U AR K
A OIB Rl & s g v 5¢ T I 40 1 IS =
2y 6045km (& 5), HF H#b5e IS HF Ay HE vk — 8 vk
HE fi A T BE C AL O O A (IR Th) o LR T 8 i
i 2, T Al 48 A B AR e 2 LA R 338 i R 4 R

post-collisional periods

MR E - 875 757 98 J5t AL 7 M e 1 52 DAL B B
JEAZIE AL (& 8b) o

TRV T 5 5 1 B B R Il 2 A V8L A ol i [
S S RUIDED: R ) N e s SR RU
AR Fr 35 2 (Hou Zengqian et al. , 2006), 3
L2 SR (Chen Yun et al. o 2015) . P4 Befff £
JERCGE . ENEET Hboe v] BB /D & HE A R B BT b 1A 9 R
(Gao Rui et al. , 2016), Zx Befff of ff FE A2 BE, T b
52 [ A w1k T 7 5% R B 2% (Guo Xiaoyu et al.
2019)  JAE B Rl 7e ALK AR A R AR o, (ELED B A
A1 L 3t 0 20 LT A J32 K B B AR e T 7 R v I 2
T (Owens and Zandt, 1997; Tilmann et al. , 2003;
Wang Zewei et al. , 2019), Fi75 & WM it B9 4% %
Pl RS 3 o T B A R AR AT A Ay s %) e 2 5
i i (Hou Zengqian et al. , 2020), F B flf 38 8,
B R A R R O A b 0 A B RO R R AR
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8 T U SRR AR M T T S TR A AR R = A

Fig 8 Cartoon cross sections illustrating the formation of juvenile crust and relevant deep dynamic processes

in the Himalayan-Tibetan orogen

4 A P e e S 43 s o 7 A R B B L B
BERR A K (40~30Ma; &l 2b), 247 F i IR I b
FHUG R X e A K. TR E W R
Bk oA N . TE e IR T M 5E O R A R A
fb. HihFe R R % 50km L) I+,

E J5i Bl DX T 1 0 3 3 30 1) [R) A g D g A il
RS 7 W TR 09 D0 % A M 5 A RN R (B 7o) hin
5% Hb A I b A A A AT R AR B AR T AR TR L T R M
FE ) & A Bk ) i 3 o & 7 (B 8o s M T b 72
Fi [7) flf 48 199 7 60 == Skemn R 38 T R 28 06 A 48 19T 149 80
+5km (Guan Qi et al. , 2012), BE/R N HLZE A M 4
FotE— 25 1 . /IVACEE ()T 78 R R I8 T A FE
T LB AN MK S TR A RS, R AR R Mo
U A5 5 B R {H M 7S AR R & A B B AR A .

HE A G RS I, T B T R R E 20Ma IF
R K A 2R G ) Ml e R L R 3 1L O R NS
] TF W72 R G0 sl 244 A o Oy i 5 Ak IO B T S R

BRI IE AR T s A, o e
B R B T8 7R B b AR A AT — 2 Y Mo 3
A (BRI B S 55 00 b T G R B . O B R
AT b 5E Y rhoT 3R A T B AR R BB b A b 52
Oy — AR S, RIVBEBR BT Mo PR i BT A2
(X o~ S S S B w2 1 P 11 R
ST B3 ) R R P 2 2 3 AT B e i Ak (L 7D
55 1Al 5 AR L . S R 9 D 3R GK T A K Y (La/
Yb), FEAE A BT REAR . W5 7R 1 5% M AR 1l 52 78 5 Al 38 By
B b 3G R H 2 A P (B 5) . FE = R AR R A
A P RO B Y A 1 b s A8 AR A R A e il e A
VS W2 i A 3 (Zheng Yongfei, 2019), 7 A il
FC.o LW B ST A R R 3 R T B R R AR b 5
AR, I RECT ML ST A .

Bt S 50 0] JEsE |k BH 1 P Bk S A
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Abstract

The continental crust covers 40% of the Earth’s surface area, and its genesis and growth is fundamental to
maintain life and supply resources to our society. Growth of the continental crust is commonly ascribed to tectonic
accretion of island arc and underplating of mantle-derived magmas, but lacks in the period of continental collision.
The Tibet Plateau has the thickest crust on Earth, and thus it is the most outstanding natural laboratory for
studying formation, growth, thickening, evolution and preservation of the continental crust. Together with the
published data, we found that the emplacement and underplating of the mantle-derived mafic magmas (270~ 66
Ma) induced by subduction of the Paleo—and Neo-Tethys oceanic slab resulted in horizontal accretion and vertical
growth of the continental crust and contributed to 10 km of crustal thickening. In the period of syn-collisional stage
(65~ 41 Ma), Paleocene-Eocene mantle-derived magmatisms were triggered by rollback and breakoff of the
subducted Neo-Tethyan oceanic slab during Indo-Asian collision, which resulted in the formation of juvenile crust
and 6~9 km vertical growth of continental crust in the Gangdese belt. In the period of late-collisional stage (40~
26 Ma), 10~20 km of crustal thickening can be attributed to tectonic thickening due to intracontinental thrusting,
while partial melting of lithospheric mantle induced by upwelling of asthenosphere along the mantle-flow channel
produces basaltic rocks and lamprophyres which emplaced in the hinterland of the Tibet Plateau. In the post
collisional stage (25~0 Ma), crustal extension has contributed little to crustal thinning both in the collisional front
and in the hinterland, accompanying with emplacement of small-volume juvenile mantle-derived magmas and strong
denudation. Our results indicate that the proportion of juvenile crust generated and preserved in collisional orogens
exceeds 28% of the whole crust in the Tibet Plateau, while 75% and 25% of these juvenile crustal materials were
associated with oceanic subduction and continental collision, respectively. We propose that the formation of the
thickest crust on Earth can be attributed to both addition of mantle-derived magmas into the crust and tectonic
shortening of the middle-lower crust. Thus, formation of the thickened Tibet crust is characterized by growth
of juvenile crust and reworking of ancient crust. The thickened Tibet continental crust has an andesitic
bulk composition, which could be mainly resulted from intensive remelting of mafic juvenile lower crust

and volumious emplacement of felsic magmas.

Key words: oceanic subduction; continental collision; magma underplating; intracontinental

thrusting; crustal thickening



