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Fig. 1 Geographic map(a) and tectonic framework of the Tibetan Plateau (b) (after Pan Guitang et al. , 2006),
and geological sketch map of the central Tibetan Plateau (¢) (modified after Chang Qingsong et al. , 2011)
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JSSZ—Jinsha suture zone; 1.SSZ—Longmu Co-Shuanghu suture zone; BNSZ—Bangong-Nujiang suture zone; SNMZ—Shiquan River-Nam Tso
melange zone; LMF—Luobadui-Milasahn fault; 1YZSZ—Indus-Yarlung Zangbo suture zone; NL-—northern Lhasa subterrane; CL——central
Lhasa subterrane; SL—south Lhasa subterrane; Data are from Zhu et al. , 2009b, 2011; Sui et al. , 2013; Li S M et al. , 2014; Wei et al. ,
2017; Wei Shaogang et al. , 2017; Li Bin et al. , 2017
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Fig. 2 Simplied geological map showing the distribution ofmagmatic rock in Yanhu and its adjacent area
(modified from Geological Survey of Sichuan Province, 2004®)
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1—Ophiolite; 2—valcanic breccia; 3—adesitic basalt; 4—dacite; 5—rhyolite; 6—trachyte; 7—FEarly Cretaceous diorite; 8—FEarly Cretaceous
quartz-diorite; 9—FEarly Cretaceous quartz diorite; 10—Late Cretaceous granite; 11—1Late Cretaceous biotite granite; 12—Late Cretaceous
adamellite; 13—Late Cretaceous alkali-feldspar granite; 14—Paleogene granite porphyry; 15—Paleogene alaskite; 16—Miocene Xiongba
Formation; 17—FEocene-Oligocene Bangba Formation; 18—Early Cretaceous Qushenla Formation; 19—Early Cretaceous Duoni Formation;
20— Early Cretaceou Jiaga Formation; 21—sample locations; 22—fault; F;—Nawucuo fault; F,— Yanhu fault; F;—Xialacuo fault; F,—Nie’

ercuo fault; F;—Bangba fault
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Fig. 3 Microphotographs of the Yanhu quartz diorite
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al. » 1997 ;Griffin et al. , 2000),
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Table 1 SHRIMP U-Pb ages of zircons from the quartz diorite in Yanhu area
SHE(X10°6 i{i; & =+ % (Ma) +1
TS S S TLE O S R
206 Py, U Th 207 Pl /206 Pl * 207 Pl /235 206 Phy /2387 206 Pl /238 J 208 Pl /232 Th
1 - 152 114 0.77 | 2.46 0.077 17 0. 204 17 | 0.01934 | 2.3 | 123.54+2.9 148418
2 1.88 119 90 0.78 | 1.87 | 0.0476 | 11 0.118 11 | 0.01797 | 1.9 | 114.84+2.2 | 108.3+6.6
3 — 181 196 1.12 | 2.82 0.058 18 0.146 19 | 0.01825 | 2.2 | 116.642.5 12610
4 — 132 92 0.73 | 2.10 0. 069 15 0.183 16 | 0.01915 | 2.2 | 122.342.7 154417
5 2. 40 74 44 0.61 | 1.21 0. 044 39 0.114 39 | 0.01856 | 3.0 | 118.6+3.5 99+26
6 — 188 143 0.79 | 3.06 | 0.0644 | 10 0.170 10 | 0.01916 | 1.7 | 122.342.1 | 130.449.3
7 2.95 107 104 .00 | 1.80 | 0.0353 | 18 0.092 18 | 0.01902 | 2.0 | 121.5+2.4 | 102.94+7.1
8 0.08 256 247 1.00 | 4.18 | 0.0492 | 11 0.129 11 | 0.01900 | 2.5 | 121.343.0 | 117.247.0
9 — 191 189 1.02 | 2.99 | 0.0493 | 10 0.124 10 | 0.01828 | 1.6 | 116.74+1.9 | 126.3+6.0
10 — 174 125 0.75 | 2.73 | 0.0636 | 5.0 | 0.1621 | 5.3 | 0.01850 | 1.8 | 118.242.1 | 133.74£6.0
11 1. 36 222 180 0.84 | 3.52 | 0.0448 | 13 0.112 13 | 0.01822 | 1.7 | 116.442.0 | 105.4+7.4
12 1.52 330 275 0.86 | 5.17 | 0.0398 | 15 0.098 15 | 0.01794 | 2.2 | 114.6+2.5 | 100.6+7.0
TE 20 Ph A2 Ph * 43 51 A 23 58 405 FUBCST 4 T 92 0020 Ph B GE S 4, R P iR 2R 1o,
114.84+2.2Ma 116.6%2.5Ma
0.0205 - 122.3+2.7Ma
0.0195 ‘ ¥ 1215t24M
118.6+3.5Ma P SRSl
o 122.342.1Ma
5 0.0185 " \ 3
?‘ »( 116.7+1.9Ma 118.242.1Ma
gp‘.
0.0175 S @
0.0165 - m‘, 114.6+2.5Ma
0.0 0.1 0.2 0.3
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Fig. 4 Concordia diagram of zircon U-Pb ages and CL images of quartz diorite in the Yanhu area



%3

SNAE PR B R )0 S N A IR < #50 SHRIMP U-Pb £ 102 Bk~ & Sr-Nd-Pb-HI [7] {3 3% #1129

611

~7.16%,Ca0=4.62% ~5.87%, MgO=2.29%
~3.51%,Mg” {25k T 32. 62 ~38.22, Na,O=
3.59% ~3.92%., K,O=2.14% ~3.37% , # X} &
B8 (K,O/Na,O = 0.55 ~0.94), 7 4 -k
(TAS) F g (B 5) W FE R BTN T Wit 5 A4 R
F ep i A R e TR DI 456 B A B T
(A7 B 5 o B LB A N . #E SI0,-K, O
P fige v o A 0 DR R it T A B - v A R 1Y)
AR (E 6a), AlLO; =16.03% ~16.29%,48
T FnHE 0 A/CNK 4 T 0.84 ~0.89 Z A, £ A/
CNK-A/NK & i 5 578 b 48 5 1 A 4 & 5 (A

(a)

% H RS

K,O(%)

2.5F

A/NK

i B85

0.5

1.0

1.5

2.0

18
KA
15 EKE
L EKE
20 s FRe D%
S K
S ChE=: X
o A RN e
;9 T VA S I N A
E ik v A
S B YR ///
] ok ?@K‘%f&mk/ﬁ,
WK A\ 2 s
L TEH K
3r - ?%E WA
i A
e “
O { 1 1 1
40 50 60 70 80
Si0, (%)
P05 SR X fr S N A 1 TAS 81
(## Irvine and Baragar, 1971)

Fig. 5 Plots of total alkai versus SiO, (TAS) of quartz diorite

in the Yanhu area (after Irvine and Baragar, 1971)

x2 BHAHEAKEEETESE(%)
Table 2 Major element contents (% ) of the quartz diorite
from Yanhu area

s YH-1 YH-2 YH-4 17YH-1 | 17YH-2
SiO, 61.01 62.3 59.43 59. 39 63.03
Al O3 16. 06 16.17 16. 29 16. 28 16. 03
Fe, Oy 6.12 5.19 7.16 6. 54 5.07
FeO 4. 46 3. 69 3.41 4.23 3. 87
CaO 5.39 4. 88 5. 87 5. 54 4.62
MgO 2. 85 2. 44 3. 00 3.51 2.29
K,O 2.73 3.16 2.31 2. 14 3.37
Na; O 3.66 3. 69 3.79 3.92 3.59
TiO, 0.90 0. 80 0. 94 0.97 0.76
P05 0.18 0.17 0. 20 0. 20 0.16
MnO 0.13 0.12 0.13 0. 15 0.11
LOI 0.94 1.07 0. 85 0. 89 0.93
Mg* 33.76 34.22 35.18 38. 22 32.62
K,0/Na,O 0.75 0. 86 0.61 0. 55 0. 94
A/NK 1. 80 1.70 1. 87 1. 86 1. 68
A/CNK 0. 86 0. 88 0. 84 0. 86 0. 89

A/CNK
K 6 ThilAEINK S SIO,-K, O K (a,§# Peccerillo et al. ,
1976)F1 A/CNK-A/NK & (b, #& Maniar et al. , 1989)
Fig. 6 Plot of SiO, vs. K,O (a) (after Peccerillo et al. ,
1976) and A/CNK vs. A/NK (b) (after Maniar et al. ,

1989) of quartz diorite from the Yanhu area
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10" Z[a], fEM Lo R B th 2k b, Bon i 0T
R\ EM 0 FR A X T 35 A il 2R AE (B 7a)
LREE/HREE (% 6. 97~9. 05, LB B 1 Eu F%#
(OEu=0. 81~0.98), ¢ fiH 1 o0 F i 43t 26 45 1k
— 3, R S F IS R AL RAE

TE 5 4 i 0 Bk o Ak 7 e R ik B B (] 7h)
ATRVE A & 4 Rb K, Th, U 4§ K & 5%
f1o6 & (LILE) f1#: # + ¢ & (LREE) , 58 21 = i
Nb.Ta.Zr HI,P.Ti %% %5 5t R (HFSE) fl &
+ 6% (HREE), Rb/Sr=0.19~0. 24,3 {H N
0.21, Th/La=0.30~0. 44, F3{H } 0. 38, Th/Nb
=0.68~1.05,F¥{H 0.84,La/Nb=1.83~2. 36,
SR 2. 21,
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Table 3 Trace elements contents ( X 107°) of quartz diorite from the Yanhu area
S YH-1 YH-2 YH-4 17YH-1 17YH-2 KRR %2 {H (GSR-6) FRUETE (GSR-6)
Li 36. 50 16. 30 26. 10 27.98 15.70 22.00 20. 00
Be 1.62 1. 38 1. 39 1. 46 1. 32 0. 87 0. 80
Sc 17. 50 11. 80 16. 70 16. 98 10. 85 6. 60 6. 00
\% 174. 00 153. 00 193. 00 202. 00 141. 00 35.40 36. 00
Cr 25. 20 18. 70 15. 20 16. 58 16. 20 33. 60 32.00
Co 14. 80 12. 30 17.10 18. 40 11.42 9. 60 9. 00
Ni 13.70 12. 30 11.70 12. 36 11.72 16. 60 18. 00
Ga 21. 40 17.70 21. 00 19. 64 16. 35 7.11 7.10
Rb 104. 00 93.50 84. 80 83.70 94. 20 29. 20 32.00
Sr 485. 00 389. 00 422.00 432.00 481. 00 917. 00 913. 00
Y 21. 30 14. 50 23. 20 24. 30 13. 50 35.40 36. 00
Zr 26. 60 25.70 21. 80 24. 25 23.91 61. 60 62.00
Nb 13. 40 10. 40 13. 30 13. 20 9.91 6. 89 6. 60
Mo 0.73 0. 65 0.77 0.79 0. 60 0. 35 0. 38
Cd 0. 10 0.11 0.17 0.18 0.13 0. 08 0.07
Ba 465. 00 428. 00 403. 00 406. 00 438. 00 118. 00 120. 00
La 24. 60 24. 60 29. 60 29.90 23.43 14. 101 15. 00
Ce 47.10 41. 50 44. 60 45.50 40. 30 23. 80 25.00
Pr 6.45 5.43 6. 34 6.59 5.12 2.96 3.40
Nd 25.10 19. 60 23.10 24. 47 17.92 11.40 12. 00
Sm 5.40 4.01 4. 26 4.63 3.97 2. 16 2.40
Eu 1. 33 1. 15 1. 28 1. 32 1.02 0. 49 0.51
Gd 4. 46 3.04 4.16 4.29 2.93 1.93 1. 90
Th 0. 81 0. 57 0. 75 0. 76 0.52 0. 31 0. 35
Dy 4. 26 3.01 3.98 4.07 2.83 1. 70 1. 60
Ho 0.78 0. 55 0.79 0. 80 0.51 0.33 0.33
Er 2.33 1.53 2. 60 2.71 1. 44 0. 94 1. 00
Tm 0. 35 0. 25 0. 36 0. 40 0.21 0. 14 0.17
Yb 2.23 1.53 2.71 2. 83 1. 49 0. 90 0. 90
Lu 0. 34 0.28 0.33 0. 34 0.21 0.13 0. 14
Hf 0.93 1.22 1.17 1. 03 1. 46 1. 74 1. 80
Ta 1. 05 0.75 1. 07 1.12 0.67 0. 44 0.42
Th 10. 50 10. 10 9.44 8.92 10. 40 3. 64 4. 10
U 1.70 1. 48 2.85 3.93 1.21 1.78 1. 90
¢Eu 0. 81 0.98 0.93 0. 90 0. 88 - -
(La/Sm)y 2.77 3.73 4.23 3.93 3.59 - —
LREE/HREE 7.07 8. 95 6.97 6. 94 9.05 — —
(La/Yb)y 7.27 10. 59 7.19 6.96 10. 36 — —
(Gd/Yb)n 1. 60 1.59 1. 23 1. 21 1. 57 — —
T,.(C) 612 616 596 605 614 — —

4.3 Sr-Nd-Pb Efr %

ARWHEFEX ER W O IN K AT T2
Sr-Nd-Pb [d] fiz R 43 #r. Wil 45 SR 5] T3 4, F 5
8 Sr/% Sr {H AR AL 0 B &8 /N o 4 T 0. 7055~0. 7058 2
], i1 5 0 ) 46 (5 7 Sr/% Sr)y B 0.7045 ~
0.7048,"*Nd/"" Nd {2l 0.5126~0.5126, & Y
MR (E (P Nd/ "™ Nd); 2 0.5125~0. 5126, eng () 1H
NFH0.5~+2. 1, A KENKAEH Pb/* Pb
AL TG K 16. 686 ~16. 745,%°" Pb/**' Pb A8 4k, 11 [l
g 15.590~15. 613,25 Ph /> Ph 25 {k i [l &y 38. 864

~38. 902, THI ARG p (HA T 9. 41~9. 46 Z [,
4.4 A Hf LR

FE X 0 47 & I E RE B AT 85 41 SHRIMP
U-Pb M 4EBFFE 0 S At ) % HdE 47 1 85 4 19
WAL HE ] A7 2R 2 B K2 2R W3 5. 4
W) A7 B DN A R i R A T HE/TTHE A T
0.282921~0. 283066 = [i] . 4% 4 %) & HI [[] i1 %
e (OMEA +7.9~+13 Z ], FH{4 11. 4, HI[d]
fi R B Be B4R 8 rowe 2 46 T 283 ~ 674Ma
Z I,
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Fig. 7 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element multi-variation diagrams (b)

for quartz diorite from the Yanhu area (chondrite-and mantle-normalization values are from Boynton, 1984 and Sun et al. , 1989)
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WA IN KA F R OTR RN E B 5 R
HAFE B A/CNK EH/NT 1 (0. 84~0.89) . & H
W =B AR A5OSR Y, 7] DL HERR
R S BAE R A AT BE. 76 (Zr+ Nb+Ce+Y)-
(Na, O+K,0)/CaO [l fif i (] 8a) , 5 A1 9 [N K
BRI AR S T AL K S X8, 1000Ga/ Al {H
BAR (1. 93~2.52) , AR H BB S (™4 . A

7 A BUAE A 1 3R AL 27 R AE S [F] ) P, O5 1955 &
RARCNT 0.20), HBEE SiO, & 5 093 i A%
WoR i TALIE A B 28 4 #4518 8b) . W T
SR W LA A9 R INA R A B IR AR
B A RNK A EE N ER RS RN TR
=
ARG X SR ZKIERAETH
et (OMEANT5.5~+9. Toena (ODE RN —0.4~+0.1
(Yu Feng,2010) , 54 30315 30 8 47 96 I 5 4
FHIE S WG T BR800 A2 0 AORE RL R 25 S TR X HL2: 46

F4 HHARANKSE S-Nd-Pb BRI TER
Table 4 Analytic results of Sr-Nd-Pb isotopic compositions of Yanhu quartz diorite
- 87Rlu/ §7Sr/% Sy % (f7Sr// Sm Nd 17 Sm/ 45 Nd/ 9 (MSNd/ (D 206 Ph,/ Zbe/ ngP}),/ "
8 Sr $Sr);  |(X107H|(X107%)| " Nd HINd ND; 2ipPL | 2Pb | 2'Ph
YH-1{0.620| 0. 705891 | 0. 000011 | 0. 704842 | 5. 40 25.1 | 0.130066 | 0.512694 | 0. 000007 | 0.512593 | 2.1 | 18.73 | 15.612 | 38.902 | 9. 46
YH-2|0.695| 0. 705848 | 0. 000012 | 0. 704672 | 4.01 19.6 | 0.123687 | 0. 512608 | 0. 000007 | 0. 512512 | 0.5 | 18.686 | 15. 613 | 38. 864 | 9. 46
YH-4]0.581]| 0. 705516 | 0. 000018 | 0. 704533 | 4. 26 23.1 | 0.111490 | 0. 512611 | 0. 000008 | 0. 512524 | 0.8 | 18.745 | 15.590 | 38.887 | 9. 41
x5 HPARAKSESHRERD Lo-Hf B XHE
Table 5 Zircon Lu-Hf isotopic data for Yanhu quartz diorite

S| Y (Ma) | 9Yb/1TTHE | V8 La/VTHE | 7S HE/VTHE 20 CTHE/Y"HD; | enr(0) | eni(0) | ot (Ma) | tpve (Ma) | fro/ni
1 118.5 0.039438 0. 000958 0. 283031 0. 000029 0. 283029 9.2 11.7 312 428 —0.97

2 118.5 0.043589 0.001014 0. 283069 0. 000031 0. 283066 10. 5 13.0 259 343 —0.97

3 118.5 0. 044903 0.001091 0. 283067 0. 000034 0. 283064 10. 4 12.9 263 348 —0.97

4 118.5 0. 026960 0. 000647 0. 282954 | 0.000029 0. 282952 6.4 9.0 419 602 —0.98

5 118.5 0.042010 0. 000993 0. 283095 0. 000033 0. 283093 11.4 13.9 221 283 —0.97

6 118.5 0.027675 0. 000653 0. 282991 0. 000031 0. 282989 7.7 10. 3 367 518 —0.98

7 118.5 0.034674 0. 000824 0.283014 0. 000034 0.283012 8.6 11.1 335 466 —0.98

8 118.5 0.030392 0.000712 0. 283067 0. 000033 0. 283065 10. 4 13.0 260 345 —0.98

9 118.5 0.038622 0. 000895 0. 282959 0. 000033 0. 282957 6.6 9.1 414 591 —0.97
10 118.5 0.034241 0.000813 0. 282922 0. 000030 0. 282921 5.3 7.9 465 674 —0.98
11 118.5 0.027610 0. 000649 0.283040 | 0.000032 0. 283038 9.5 12.0 298 407 —0.98
12 118.5 0.036495 0. 000870 0. 283063 0. 000034 0. 283061 10. 3 12.8 267 356 —0.97
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WME X ERT KK E S AN KEMIL, E
W AE L E B TR BT Ba Sr Ze JHEPTi B
23 (& 7h) M T R o 2R (8] Ta) b KA
R E R R VIR R, BSRZUA 5 Eu 5% (OEu
0.04~0.55), Bon i M PG o3 8500 Y — 28 K¢
fiE e T RES IR AT T s R 4 AR e T
EEAL A IR & (Bau, 1996 Irber, 1999; Jahn et
al. , 2001) 45 & Hi A B BF 508 30 i) — K AL K 25 5
SE R I AR B A e T BRI
5.2 ARER

— MBS IRE T B a2 A LA 3 Fb
S WP OO N 7 et e 3 ¢ = U A g o
(Chappell et al. , 1974) ;@ 18 Z X 55 3K 5% 2100
Oy ES4E EhVE ] (Beard et al. » 1991) 5@ 3218 I 4 3
B m Ut Y 1 B 45 (Clemens, 2003; Kemp et
al. , 2007),
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RFCE KA B A AE R =, — o T,
S K I B TURR ) TR U A A B
T W) ene (OE (E I8 10 4> e B ) (Kemp et al. ,
2007) , T EE 0 7 B N KA A i P S A 1Y ene (O fH
(7. 9~+13) ZALFEHE AR /N (5.1 A4 e B
R NAEX B — G KR IX . 55— J7 T AR % Sr-
Nd [F) 437 244 & L e B 1 20 s R0 4B T i oe
B2 PR T . TR A A RS RUAE 5 AR 2 LR s B
R AE A & 10 R B RINK A S
AR 2 A R AL 2R 2H R BL L 2R B IR X R 2
BT B IR BRGSO RE L HOR IR T
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Fig. 10 Plots of (¥ Sr/**Sr); vs. whole-rock exq (£)

of theYanhu quartz diorite (after Wang et al. , 2014)
TR A5 06 90 B 4= 7 (L~ 130Ma R 8 2 B MR
Sui Qinglin, 2014) : (87Sr/%0Sr);=0. 7042, exa (1) =3. 8, ent(t) =
12.9, Sr=>528 X105, Nd=13.5X 1075 ; 3 B% 5 & #5 1k CLA TR 5
B AL K E FE T 08DX17 AU ;98 Zhu et al. , 2011); (87Sr/%6Sr);
=0.7402, exa(t)=—15.4, Sr=131X10"%, Nd=43.40X10 "¢
The compositions of end-members used for mixing calculations
are: the juvenile lower crust (represented by ca. 130 Ma Yanhu
basalts; Sui Qinglin, 2014): (37Sr/%Sr);=0. 7042, exa (£) =3. 8,
e () =12.9, Sr=1528 X107 %, Nd=13.5 X 10" %; the Lhasa
basement-derived melt (represented by a strongly peraluminous
granite sample of 08DX17; Zhu et al. , 2011): (87 Sr/% Sr); =
0.7402, ena(£)=—15.4, Sr=131X10" %, Nd=43.40X10"6

5 A0 b P R 0 i e L 40 0 B YR A
T #5784 k5 Bt (Salters and Hart, 1991; Corfu
and Stott, 1993; Peter and Roland, 2003), X i HE
bR T OLBRWIE RS ST RE . FF S GO T R BUG LE
{H I3 {E (La/Nb=2. 21, Th/Nb=0. 84, Th/La
=0.38, Rb/Sr=0. 21) . W] & A~ [A] F* i 4 3t g 14 -
11 (La/Nb = 0.94, Th/Nb=0.177, Th/La=
0.125, Rb/Sr=0. 034) . Ifif J& H X 4 3 K Jifi b 52 14
¥l (La/Nb=2.2, Th/Nb=0.44, Th/La=
0.204, Rb/Sr = 0.35; Saunders et al., 1988,
Weaver, 1991, Taylor and McLennan, 1995) , K5/~
TR KR IX . TR B AR R
SiO, 5 1 LA B AH XK 19 Mg fH (32. 62~ 38. 22) ,
B S0 AN [) T b 0 5 9 0 O Rl R iR A K (Kamed
et al. , 2004; Jiang et al. , 2006) , M 5 XA 4O
H 43 45 FilOJE B v R 1 A K M Bl (Rapp et al.
1999) . ZHCFE N SRR IR 8 o HR
T 9. 58 Hm i i K 72 i Pb B RRAE . fRER T B

FE Y- E o (H/N T 9. 58 RS LA P i 3
MR Pb ML R MK 8~ 9 (Doe and Zartman,
1979, M ARNKSHEME EH 9.41 &
9. 46 KT b 5E  AH B Wi T b, DL B R AE R W
JE R A ] BE L EOR IR TR A R T i sE . i 11
Fros He i g7 AT MORB 5 EM I Z 8], H AH X}
SR MORB X 38, —fi A Sy  EMIT B 88 5 {f o
LBl 5€ PO B0 9 5€ 8 A0 B A ] % U0 AH ¢ (Hart,
1988; Sun and McDonough, 1989; Menzies, 1990;
Weaver, 1991), B X 3= {4 0] 58 by 4 vb 75 5% 4
KRB A L T e

WA BN A R A S F o CF 1Y 441 X
10 )8 B 55 i Eu i 5% (0.81~0.98),Y
TGP 19.36X10 )M Yb & & (2. 15X10 %)
FEO A, R W IX T B i RH AT R R B HLAT
REAETE /D AR A0 . SRIMTFE 5 B AR 1 o0 3 i 43
BN, H Y/Yb W EA T 8.56~9.55 Z
UNT 100 W] R U6 DX 32 225k B8 AR g 1 TN A, T
JE 4 #8141 (Sun Deyou et al. , 2004), FHILFATIA
h AR AT BE TN A A B B R A AT BB S A R T A AN
o SEEE A IBE TS R BE BB M e s
TE£A TR S RH 25 4 7T B K R Rl T D7 A ep R M S K
(Rushmer, 1991; Rapp et al. , 1995; Pedford et
al. » 2001), & BTk, il o N KA R T BE 2
HL5 5 b 0 B0 BT AR TR M SEAE AR INCE AR 2 R R
AT o AR TR LR
5.3 Ik A FEE SR

R FEE R S Y VA RN L E AW A e PR N
AL P A7 Gk ) 5 XA AR I 3t 3K 3l ) 2 Bl

150l HIMU
I’ 15.7F
£
[SREE] g
sl o MWL K
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Fig. 11 *"Pb/** Pb-* Pb/*** Pb diagram for the Yanhu
quartz diorite (after Zindler et al. , 1986)

DDM— 5 i B b s HIUH— 53 @25 U/ Ph B 1 48 ;
EMI—5 4 TR EMIT— & 42 11 20 b 1
DMM—Depleted MORB mantle; HTUM—high U/Pb mantle;
EMI—type I enriched mantle; EMII—type II enriched mantle
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il B AN C & AT 7 RERHFSE (Yu Feng, 20105
Zhu et al. , 2011; Sui et al. , 2013), B A WHF3T
FW] L X FAE 113 £5Ma Wik &/ T — &L
BE SN AE A4S (Zhu et al. , 2011), Qu et al.
(2012) TEPELSW-TRVLEE 5 1 v 3 2 X U1 s —
A, BRI S TE B H 114~110Ma; Chen et
(2014) TERLB= P P L3R & B —E RN L
w5 A BMERENEOHE, BN ~
113Ma; Sui et al. (2013) FRAG LW X m X s
B K A AR AE 112~109Ma Z ], B4
b 118~110Ma ] fia] £ % i B b 3 2 BLH vy i
FrimaHAEM I HAE 2@ EY RN 25 (Zha
et al. , 2016) . PRIHHE 31 — K AL 5K 5 W TE 08 5t
fitp % DA BIE 2 T8 VA R 0T A A 1 AR o Al R i A
BOE FE A A R A S (Zhu et al. . 20115
Qu Xiaoming et al. , 2013), SR A CWF 5T K15 1Y
AR AT S N G T U (~ 118 Ma) ZEF 5L 48
TRAER A (~107Ma) LA R SUE (~110Ma) [ JE
IR (Y u Feng. 2010) . 25 A7 3t Bk AL 25 R¢ AL 5 T
WA TE W] W 22 5, R W A S DA IS R ol J T o A o
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et al. ,2009), HE X R T A BIIE 5 A 0T AR
(800°C LA F)(Peng et al. , 2017), X F i a
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T 596~614 CZ M G5 A 30 T, CC) = {12900/
LInD,.cpu, + 0. 85M+2.95]}-273, M= (Na-+ K+
2Ca)/(SiX AlD) , Watson and Harrison,1983) , 5 {ff
M SR TR TR R A AR (King et al. . 1997),
PRI 3 % FE FRATTIA A o i A S K B RS
113 5Ma 8] & A= 4 v i L 41 J 4 3 5 57 19 o
YER B B ASTR] WE7s T A0 3 TN s I8 i ok 52 31
Ui Rl b R AR L B AT B 5 AR R R A AR b
SRR,

D bR R B BT R A I K s 7
MR KB — B B KOl 2 G AL B 22 1
R E BN E S IEBURARA T 130
~116Ma (Sui Qinglin, 2014; Yu Yushuai et al.,
2018), 3R T HE LS WA VLR £ v A v 1) ARF o
TE B Je b H -2 25 2 o 5 2R ) A 9 N KA T
&R LT T 120~117Ma FRRYER A S
Bl 55 48 5 3L AE B A (~ 120Ma) S e A K i A ik (~
17Ma) ¥R — BRI 519 T B AR i 5 28 (5K
PR T X E R IR AR EZE T IES
- RS VAR B2 0T 1 e 1) O v 4 A e 0T L SR B 120 ~
117Ma )b 4z 5= e 74 Be i s AR il &y 1 8 %
MR . ZR G WETE N A B e AL 4 % i e AT
HAR AR R B A JE T . 23 ) D 113 £ 5Ma i XL
Aok E A, BUAER A & ok el 0 BTy T ALAE B
R — S il R SR S A A B & 120
~117Ma HY45 58 PE 22 1L 5 40 2 A R 20 e 1
BRI T Y AL b o F B0 — 2 5 00 /R AR DG 1
AL AT AR TR W R B T R A
T Ja A AT REACER TR b BT B I AR S AR D i Al
Rk A T AR L TR 2 R B LA P K R
PEAR A S 55 A T AR X %5 1) NW-SE [n] 48 1% IX.
S8, FRATIN Ry 2 N S B2 T - A8 R 2 T 9 v 1] AR o
MR £ BE AR BE v A1 BE A O o A T S BrE e R R
A RS KA T B T 5 v e i U A s A 1
b L I S I A e w0 e i 1 4 KT
JZ B BTE K KR TR R A R ARAE T e T 5
W 5] P AF ELAE D AR A6l b oh B % b BT 2 R s 5E )
JoT R A Tl o3 s il B IS R o R D B AR R TR M
76 JE i NW-SE [6] (4 5 Je b H B 55 5 DL £6 ) 52
AR IR i TRIGE R A 26
6 ZHit

(DR A 9N A # A SHRIMP U-Pb 4 %
9 118. 54 1. 9Ma, Jg& - (1 2 e, L8R — K

16 5 5 IR e AR

() ER AT B NS R & AN S e A A R A1
JRUERR A Sy T T RUAE i< 2 AR T R 2 B it
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(3) 30 147 B A A LA A 01K 1 85 A 1 iR
JE(596~614 C), A] BBIE 5L TR - B 5 /i HE 23 -
EVLARE $E v 45 52 B 1) F b R B & A AT 3R 5 AR o
Fr1BE AR B I TRART o 5%

B B B AR IR RL S I bR G AR R
JHE b K Sy B 3 B AL 1 S TR 2 i S R 2 U A A
N QYA N N O = P SR o N
SHRIMP U-Pb il 4 TAEAG 20 50 8 1 2R 5 0 %
AL U 5 Bl o 5 A HBR Ak 2% L Sr-Nd-Pb [5] i 2 i
T2 FH A% Tl b 3 b 5T WF 53 Be 43 BT 0 4l B 9 o0 58
B B A1 H[R) A7 28 by vl ) 5 9 £ ) 1 2 b 5
A rpul B B IR A A R S R S S
B By 58 B FE M — I R T

T B

© U JI[ 45 1 5T A B 2004, Hp RN R M A [ DX 38 0 A A 1
250000 # 7% B 5.

References

Bau M. 1996. Controls on the fractionation of isovalent trace
elements in magmatic and aqueous systems: Evidence {from Y/
Ho, Zr/Hf, and lanthanide tetrad effect. Contributions to
Mineralogy and Petrology, 123(3): 323~333.

Beard ] S, Lofgren G E. 1991. Dehydration melting and water-
saturated melting of basaltic and andesitic greenstones and
amphibolites at 1. 3, and 6. 9 kb. Journal of Petrology. 32:
365~401.

Black L P, Kamo S L, Allen C M, Aleinikoff J] N, Davis D W,
Korsch R J, Foudoulis C. 2003. TEMORA 1: A new zircon
standard for Phanerozoic U-Pb geochronology. Chemical
Geology, 200: 155~170.

Blichert T J, Albarede F. 1997. The Lu-Hf geochemistry of
chondrites and the evolution of the mantle-crust system. Earth
and Planetary Science Letters, 148. 243~258.

Boynton W V. 1984. Geochemistry of the rare earth elements:
meteorite studies. Rare Earth Element Geochemistry, 63
~114.

Chang Qingsong, Zhu Dingcheng, Zhao Zhidan, Dong Guochen, Mo
xuanxue, Liu Yongsheng, Hu Zhaochu, 2011. Zircon U-Pb
geochronology and Hf isotopes of the Early Cretaceous Rena-Co
rhyolites from southern margin of Qiangtang, Tibet, and their
implications. Acta Petrologica Sinica, 27. 2034 ~ 2044 (in
Chinese with English abstract).

Chappell B W, White A J R. 1974, Twocontrasting granite types.
Pacific Geology, 8: 173~174.

Chen Y, Zhu D C, Zhao Z D, Meng F Y, Wang Q. Santosh M,
Wang L. Q, Dong G C, Mo X X. 2014. Slab breakoff triggered
ca. 113Ma magmatism around Xainza area of the Lhasa
Terrane, Tibet. Gondwana Research, 26(2) :449~463.

Clemens J D. 2003. S-type granitic magmas-petrogenetic issues,
models and evidence. Earth Science Reviews, 61(1-2) :1~18.



wooB

=
618 http://www. geojournals. cn/dzxb/ch/index. aspx

2019 4

Corfu F, Stott G M. 1993. Age and petrogenesis of two Late
Archean magmatic suites, northwestern superior province,
Canada; Zircon U-Pb and Lu-Hf isotopic relation. Journal of
Petrology, 34: 817~838.

Doe B R, Zartman R E. 1979. Plumbotectonics, the phanerozoic.
Geochemistry of Hydrothermal Ore Deposits, 2: 22~70.

Griffin W L, Pearson N J, Belousova E, Jackson S E, Achterbergh
E V, O’ Reilly S Y, Shee S R. 2000. The Hf isotope
composition of cratonic mantle; LAM-MC-ICP-MS analysis of
zircon megacrysts in kimberlites. Geochimica et Cosmochimica
Acta, 64(1): 133~147.

Hart S R. 1988. Heterogeneous mantle domains: signatures,
genesis and mixing chronologies. Earth &. Planetary Science
Letters, 90(3): 273~296.

Hou Kejun, Li Yanhe, Zhou Tianren, Qu Xiaoming, Shi Yuruo,
Xie Guiging. 2007. Laser ablation-MC-ICP-MS technique for
Hf isotope microanalysis of zircon and its geological
applications. Acta Petrologica Sinica, 23(10): 2595~ 2604 (in
Chinese with English abstract).

Hsii K J, Guitang P, Sengér A M C. 1995. Tectonic evolution of
theTibetan plateau: a working hypothesis based on the
archipelago model of orogenesis. International Geology Review,
37: 473~508.

Irber W. 1999. The lanthanide tetrad effect and its correlation with
K/Rb, Eu/Eu*, Sr/Eu, Y/Ho, and Zr/Hf of evolving
peraluminous granite suites. Geochimica et Cosmochimica
Acta, 63(3-4): 489~508.

Irvine T H, Baragar W R A. 1971. A guide to the chemical
classification of the common volcanic rocks. Canadian Journal of
Earth Sciences, 8:523~548.

Jahn BM, Wu F Y, Capdevila R, Martineau F, Zhao Z H, Wang Y
X. 2001. Highly evolved juvenile granites with tetrad REE
patterns: the Woduhe and Baerzhe granites from the Great
Xing”’an Mountains in NE China. Lithos, 59(4):171~198.

Jiang Y H. Jiang S Y. Liang H F, Dai B Z. 2006. Low-degree
melting of a metasomatized lithospheric mantle for the origin of
Cenozoic  Yulong  monzogr-anite-porphyry, east Tibet:
Geochemical and Sr-Nd-Pb-Hf isotopic constraints. Earth and
Planetary Science Letters, 241:617~663.

Kamei A, Owada M, Nagao T, Shiraki K. 2004. High-Mg diorites
derived from sanukitic HMA magmas, Kyushu Island,
Southern Japan arc: Evidence from clinopyroxene and whole
rock compositions. Lithos, 75:359~371.

Kemp A 1T S, Hawkesworth C J, Foster G L, Paterson B A,
Woodhead J D, Hergt ] M, Gray C M, Whitehouse M J. 2007.
Magmatic and crustal differentiation history of granitic rocks
from Hf-O isotopes in zircon. Science, 315; 980~983.

King P L, White A J R, Chappell B W, Allen C M. 1997.
Characterization and origin of aluminous A-type granites {rom
the Lachlan fold belt, southeastern Australia. J. Petrol. , 38:
371~391.

LiJ X, Qin K Z. Li G M, Richards J P, Zhao J X, Cao M ]J. 2014.
Geochronology, geochemistry, and =zircon Hf isotopic
compositions of Mesozoic intermediate-felsic intrusions in
central Tibet: petrogenetic and tectonic implications. Lithos,
198~199(1) . 77~91.

Li SM, Zhu D C, Wang Q, Zhao Z D, Sui Q L., Liu S A, Liu D,
Mo X X. 2014. Northward subduction of Bangong-Nujiang
Tethys: insight from Late Jurassic intrusive rocks from
Bangong Tso in western Tibet. Lithos, 205.: 284~297.

Li SM, Zhu D C, Wang Q. Zhao Z D, Zhang L. L, Liu S A, Chang
QS, Lu Y H, Dai J] C, Zheng Y C. 2016. Slab-derived
adakites and subslab asthenosphere-derived OIB-type rocks at
156+2 Ma from the north of Gerze, central Tibet: Records of
the Bangong-Nujiang oceanic ridge subduction during the Late
Jurassic. Lithos, 262 456~469.

Lin Bin, Chen Yuchuan, Tang Juxing, Song Yang, Wang Qin,
Feng Jun, Li Yanbo, Tang Xiaogian, Lin Xin, Liu Zhibo,
Wang Yiyun, Fang Xiang, Yang Chao, Yang Huanhuan, Fei

Fan, Li Li, Gao Ke. 2016. Zircon U-Pb Ages and Hf isotopic
composition of the ore-bearing porphyry in Dibao Cu (Au)
deposit, Duolong ore concentration area, Xizang (Tibet), and
its geological significance. Geological Review, 62(6) ;1565 ~
1578 (in Chinese with English abstract).

Lin Bin, ChenYuchuan, Tang Juxing, Song Yang, Wang Qin, Fang
Xiang, Liu Zhibo, Wang Yiyun, Feng Jun, Li Yanbo, Yang
Huanhuan, Chen Lie, Fu Yangang. 2017. Geochronology and
Sr-Nd-Pb isotopic geochemistry of ore-bearing porphyry in the
Dongwodong copper polymetallic deposit, North Tibet and their
implications for exploration direction. Acta Geologica Sinca, 91
(9):1942~1958 (in Chinese with English abstract).

Ludwig K R. 2003. Isoplot 310-A geochronological toolkit for
Microsoft Excel. U. S. Berkeley Geochronology Center Special
Publication, 4; 1~70.

Maniar M L, Kalonia D S, Simonelli A P. 1989. Use of liquid
chromatography and mass spectroscopy to select an oligomer
representative of polyester hydrolysis pathways. Journal of
Pharmaceutical Sciences, 78(10): 858~862.

Menzies M A. 1990. Archaean, Proterozoic, Phanerzoiclithospheres.
In: Menzies M A, ed. Continental Mantle. New York: Oxford
Science Publications, 67~86.

Mo Xuanxue, Zhao Zhidan, Deng Jinfu, Dong Guochen, Zhou Su,
Guo Tieying, Zhang Shuangquan, Wang Liangliang. 2003.
Response of volcanism to the India-Asia collision. Earth Science
Frontiers (China University of Geosciences, Beijing), 10(3):
135~148 (in Chinese with English abstract).

Pan Guitang, Mo Xuanxue, Hou Zenggian, Zhu Dicheng, Wang
Liquan, Li Guangming, Zhao Zhidan, Geng Ruquan. Liao
Zhongli. 2006. Spatial-temporal framework of the Gangdese
orogenic belt and its evolution. Acta Petrologica Sinica, 22
(03): 521~533 (in Chinese with English abstract).

Pearce ] A. 1984. Trace Element discrimination diagrams for the
tectonic interpretation of granitic rocks. Journal of Petrology,
25(4): 956~983.

Peccerillo A, Taylor S R. 1976. Geochemistry ofEocene calc-
alkaline volcanic rocks from the Kastamonu area, northern
Turkey. Contributions to Mineralogy & Petrology, 58(1): 63
~81.

Peter D K, Roland M. 2003. Lu-Hf and Sm-Nd isotope systems
inzircon. Reviews in Mineralogy and Geochemistry, 53(1): 327
~341.

Petford N, Gallagher K. 2001.
(amphibolitic) lower crust by periodic influx of basaltic magma.
Earth & Planetary Science Letters, 193(3) :483~499.

Qu X M, Wang R J, Xin H B, Jiang Y H, Chen H. 2012. Age and
petrogenesis of A-type granites in the middle segment of the

Partial melting of mafic

Bangonghu-Nujiang suture, Tibetan plateau. Lithos, 146~147
(8): 264~275.

Qu Xiaoming, Xin Hongbo, Du Dedao, Chen Hua. 2013. Magma
source of the A-type granite and slab break-off in the midddle
segment of the Bangonghu-Nujiang suture, Tibet plateau. Acta
Geologica Sinica, 87 (6):759~ 772 (in Chinese with English
abstract).

Rapp R P, Watson E B. 1995. Dehydration melting of metabasalt at
8 ~ 32 kbar: implications for continental growth and crust-
mantle recycling. Journal of Petrology, 36: 891~931.

Rapp R P, Shimizu N, Norman M D, Applegate G S. 1999.
Reaction betweens lab derived melts and peridotite in the mantle
wedge: Experimental constramts at 3. 8 GPa. Chemical
Geology, 160: 335~356.

Rushmer T. 1991. Partial melting of two amphibolites: contrasting
experimental fluid-absent conditions.
Contributions to Mineralogy &. Petrology. 107(1):41~59.

Salters VT M, Hart S R. 1991. The mantle sourceocean ridges,
island, arcs: The Hf-isotope connection. Earth and Planetary
Science Letters, 104: 364~380.

Saunders A D, Norry M J, Tarney J. 1988. Origin of MORB
andchemically-depleted mantle reservoirs: Trace element

results under



%3

SR VUL B M ER I 0 L N B U < A7 SHRIMP U-Pb 4R s BR 1627 & Se-Nd-Pb-HI [ R #2619

constraints. Journal of Petrology, Special _ Volume (1): 415
~445,

Song Biao, Zhang Yuhai, Wan Yusheng. 2002. Mount making and
procedure of the SHRIMP dating. Geological Review, 48
(Suppl. ) : 26~30 (in Chinese with English abstract).

Sui Q L, Wang Q, Zhu D C, Zhao Z D, Chen Y, Santosh, M. , Hu
Z C, Yuan H L, Mo X X, 2013. Compositional diversity of ca.
110 Ma magmatism in the northern Lhasa Terrane, Tibet:
Implications for the magmatic origin and crustal growth in a
continent-continent collision zone. Lithos, 168 ~169 (3). 144
~159.

Sui  Qinglin. 2014,
implication of magmatic rocks from Yanhu in northern Lhasa

Chronology, petrogenesis, and tectonic

Terrane, Tibet. Dissertation for master degree of China
University of Geosciences (Beijing), 1~ 99 (in Chinese with
English abstract).

Sun Deyou, Wu Fuyuan, Zhang Yanbin, Gao Shan. 2004. The final
closing time of West Lumulun River-Changchun-Yanji plate
suture zone. Journal of Jilin University ( Earth Science
Edition), (02): 174~181 (in Chinese with English abstract).

Sun S S, McDonough W F. 1989. Chemical and isotopic systematics
of oceanic basalts: implication for mantle composition and
processes. In: Saunder A D, Norry M J, eds. Magmatism in
the Ocean Basins. Geological Society Special Publication, 2.
313~345.

Tang Juxing, Zhang Zhi, Li Zhijun, Sun Yan., Yao Xiaofeng, Hu
Zhenghua, Wang Hongxing, Song Junlong, He Lin. 2013.
The metallogenis, deposit model and prospecting direction of
the Ga’ erqiong-Galale copper-gold ore field, Tibet. Acta
Geoscientica Sinica, 34(04) :385~394 (in Chinese with English
abstract).

Tang Juxing, Sun Xingguo, Ding Shuai, Wang Qin, Wang Yiyun,
Yang Chao, Chen Hongqgi, Li Yanbo, Li Yubin, Wei Lujie,
Zhang Zhi, Song Junlong, Yang Huanhuan, Duan Jilin, Gao
Ke, Fang Xiang, Tan Jiangyun. 2014. Discovery of the
epithermal deposit of Cu ( Au-Ag) in the Duolong ore
concentrating area, Tibet. Acta Geoscientica Sinica, 35(01):6
~10 (in Chinese with English abstract).

Tang Juxing, Song Yang, Wang Qin, Lin Bin, Yang Chao, Guo
Na, Fang Xiang, Yang Huanhuan, Wang Yiyun, Gao Ke,
Ding Shuai, Zhang Zhi, Duan Jilin, Chen Honggqi, Su Dengkui,
Feng Jun, Liu Zhibo, Wei Shaogang, He Wen, Song Junlong,
Li Yanbo, Wei Lujie. 2016. Geological characteristics and
exploration model of the Tiegelongnan Cu (Au-Ag) deposit:
The first ten million tons metal resources of a porphyry-
epithermal deposit in Tibet. Acta Geoscientica Sinica, 37(06) :
663~690(in Chinese with English abstract).

Tang Juxing, Wang Q. Yang Huanhuan, Gao Xin, Zhang Zebin,
Zhou Bing. 2017. Mineralization, exploration andresource
potential of porphyry-skarn-epithermal copper polymetallic
deposits in Tibet. Acta Geoscientica Sinica, 38(05):571 ~613
(in Chinese with English abstract).

Taylor S R, McLennan S M. 1995. Layered Igneous Rocks. San
Francisco: Freeman WH & CO, 150~203.

Wang B D, Wang L. Q, Chung SL, Chen J L, Yin F G, Liu H, Li
X B, Chen L K. 2016. Evolution of the Bangong-Nujiang
Tethyan ocean: insights from the geochronology and
geochemistry of mafic rocks within ophiolites. Lithos, 245; 18

Wang Q, Zhu D C, Zhao Z D, Liu S A, Chung SL, Li SM, Liu D,
Dai J G, Wang L. Q, Mo X X. 2014. Origin of the ca. 90 Ma
magnesia-rich volcanic rocks in SE Nyima, central Tibet;
Products of lithospheric delamination beneath the Lhasa-
Qiangtang collision zone. Lithos, 198~199(3):24~37.

Wang Qin, Lin Bin, Tang Juxing, Song Yang, Li Yubin, Hou
Junfu, Li Yubin, Wei Lujie. 2018. Diagenesis, lithogenesis
and geodynamic setting of intrusions in Senadong area, Duolong
district, Tibet. Earth Science, 43(04):1125~1141(in Chinese
with English abstract).

Watson E B, Harrison T M. 1983. Zircon saturation revisited,
temperature and composition effects in a variety of crustal
magma types. Earth and Planetary Science Letters, 64: 295
~304.

Weaver B L. 1991. The origin of ocean island basalt end member
compositions; trace element and isotopic constrains. Earth and
Planetary Science Letters, 104(2-4); 381~397.

Wei S G, Tang J X, Song Y, LiuZ B, Feng J, Li Y B. 2017. Early
Cretaceous bimodal volcanism in the Duolong Cu mining
district, western Tibet: Record of slab breakoff that triggered
ca. 108~113 Ma magmatism in the western Qiangtang terrane.
Journal of Asian Earth Sciences, 138: 588~607.

Wei Shaogang, Tang Juxing, Song Yang, Liu Zhibo, Wang Qin,

Lin Bin, He Wen, Feng Jun. 2017. Petrogenesis, zircon U-Pb
geochronology and Sr-Nd-Pb-Hf isotopes of the intermediate-
felsic volcanic rocks from the Duolong deposit in the
Bangonghu-Nujiang suture zone, Tibet, and its tectonic
significance. Acta Geologica Sinica, 91 (1): 132 ~ 150 (in
Chinese with English Abstract).

Whalen J B, Currie K L, Chappell B W. 1987. A-type granites:
geochemical characteristics, discrimination and petrogenesis.
Contributions to Mineralogy and Petrology, 95(4); 407~419.

Yang Jialin, Gu Yuchao, Yang Fengchao, Li Dongtao, Ju Nan, Jia

SHRIMP  U-Pb  ages.,

geochemistry and Hf isotopic characteristics of the Dajinshan

Hongxiang. 2018. elements
granite in Liaodong peninsula and geological significance.
Geological Review, 64 (6);: 1541 ~ 1556 (in Chinese with
English abstract).

Yin A, Harrison T M. 2003. Geologicevolution of the Himalayan-
Tibetan orogen. Annual Review of Earth & Planetary
Sciences, 28(28): 211~280.

Yu Feng. 2010. Petrology, geochemistry and petrogenesis of the
granitoid in southern Yanhu of Gangdese, Tibet. Dissertation
for master degree of China University of Geosciences (Beijing) ,
1~62 (in Chinese with English abstract).

Yu Yushuai, Gao Yuan, Yang Zhusen, Tian Shihong, Zhou Yun,
Zhang Weigiang. 2018. Geochronology and genesis of quartz
diorite-porphyrites of the Deneng copper polymetallic deposit,
Cogen, Tibet, China: evidence from LA-ICP-MS zircon U-Pb
dating, geochemistry and Sr-Nd-Pb isotopes. Acta Geologica
Sinica, 92(7):1458~1473 (in Chinese with English abstract).

Zhu D C, Mo X X, Niu Y L., Zhao Z D, Wang L Q, Pan G T, Wu
F Y. 2009a. Zircon U-Pb dating and in-situ Hf isotopic analysis
of Permian peraluminous granite in the Lhasa terrane, southern
Tibet: implications for Permian collisional orogeny and
paleogeography. Tectonophysics, 469: 48~60.

ZhuDC, Mo XX, NiuY L, ZhaoZD, Wang L Q, LiuY S, WuF
Y. 2009b. Geochemical investigation of Early Cretaceous
igneous rocks along an east-westtraverse throughout the central
Lhasa Terrane, Tibet. Chemical Geology. 268 298~312.

Zhu D C, Zhao Z D, Niu Y L, Mo X X, Chung S L., Hou Z Q,
Wang L Q. Wu F Y. 2011. The Lhasa Terrane: Record of a
microcontinent and its histories of drift and growth. Earth and
Planetary Science Letters, 301; 241~255.

Zhu D C, Zhao Z D, Niu Y L, Dilek Y, Hou Z Q. Mo X X. 2013.
The origin and pre-Cenozoic evolution of the Tibetan Plateau.
Gondwana Research, 23(4); 1429~1454.

Zhu D C, Li S M, Cawood P A, Wang Q, Zhao Z D, Liu S A,
Wang L Q. 2016. Assembly of the Lhasa and Qiangtang
terranes in central Tibet by divergent double subduction.
Lithos, 245.7~17.

Zhu Dingcheng, Mo Xuanxue, Wang Liquan, Zhao Zhidan, Niu
Yaoling Zhou Changyong, Yang Yueheng. 2009. Petrogenesis
of highly fractionated I-type granites in the Chayu area of
eastern Gangdese, Tibet: Constraints from zircon U-Pb
geochronology, geochemistry and Sr-Nd-Hf isotopes. Science
China (Ser D-Earth Sci), 39(07):833~848 (in Chinese with
English abstract).

Zindler A, Hart SR. 1986. Chemical geodynamics. Annual Review



wooB

620 http://www. geojournals. cn/dzxb/ch/index. aspx

il
2019 4§

of Earth and Planetary Sciences, 14(1); 493~573.

2 % x M

HOEA RN BESF, HEE. HEE, NHME. Bk 2011
TG 9 9 3 i 4 AR A L 1 A B B0UA B A U-Pb 452 1 HI
[RI 0 28 B L3 3L S A A4, 27(07) : 2034~2044.

RV, ARG, AR RN MR, A AT, WA, 2007, LA-MC-
ICP-MS #5407 HI [ 2 1440 57 )7 1 R B . A 244, 23
(10) ; 2595~2604.

MM, BRE . A, K. T8, B, 0. ERG, AE,
XA, EL =, . B, Bk, %L, .
2016, Vi Z o4 X 4 Cu( Aw #° K & B 5 4 85 4 U-Pb
WAE CHE R A 28 4 S i i 78 . M i 9F, 62(6) 1565
~1578.

MM, BRI, A%, Rig. £, Fm, XA, EEs, BFE,
AW, R . BRI, A EN. 2017, E RS R Z SR
IR B4 AR 2% Se-Nd-Pb [\ 3 2 K & B, Hh 5 2 48
91(9):1942~ 1958.

BE S, RESE B, wEE, BN, SR, ke, TR,
2003, B[} RE -7 PN K il 3= il 988 0 A A9 L A PR R R L b 2R T 2%
10(3):135~148.

MRS, SLE Y, IR, KRB, Fars, W, BEST. e
fn, BLEAL. 2006, X M LA B9 B 58 g5 4 I fk. A 2
R, 22(03):521~533.

Mirme By, ki, MEEE . BRAE. 2013, PHECPELA BRI A A
Br A-RUAE 5 A ) A R IR X5 AR T B T2 R, 87(6): 759
~772.

K, kW, T, 2002, HiAa SHRIMP A & #0145 5 0
KA KMEITE. IS, 48D :26~30.

V&I k. 2014, U jEEH 5% i B 3000 X R g A o R AR A
1R B b 3 S v B A 2 (b O W 2R 38 3. 1~ 99.

IMEA , SAEIC, HE . B, 2004, PGB - K F-IE AR B
BT I B A I )2k 3 AR T A B AR A
FMRK 2R G ERB 22 R » 02 174~181.

JEAG X, sk, R, I, phaRiE, BIEE, FOB. KERE.

faf k. 2013, VIR AR 95 -G BL#h HR 4 0 4 XL BLAE T R A
V5300 7 ). k2= 4k, 34(04) :385~394.

JER, INVCEL T, 8. E5 5. . B, 25K, &
EM. DER. K&, REE. Bk, BSHk, &, Jrm,
EYL . 2014, VORCE e 4 X K BV A AIG T #4028 4 (42 4
K. HER2F 4R . 35(01) .6~ 10.

JEEX, Ry, T, MM, B, #8, . B, T2, &
BrLOTO, SRR, BOSHE, PR, B, LE, xR, o
W, WO, KB, ZED, DEAR. 2016 7 Bk B A
AR 1™ PR b J5 R IE T 48 5 A5 751 TG 96 8 T 7 I BiE -
ARG TR AGR B R. M BR2E R, 37(06) :663~690.

FEH 2, T8, WOk, BT, SRR, ABES. 2017, PEIREBEA - R
TR IR PR 2 4 8 s VR A Oy 1 S R R .
HiBR 247, 38(05):571~613.

T, M. N, K, 2. BRE. EEMH. DEA.
2018, Z e B X EARAR A AR IR LR 5 ) 0 22 1 B MR B
2 43(04):1125~1141.

FUs, EA R, K. MEHE, E8, A, B30, BE. 2017, 7§
SHCBIE 2N - VT 5 5 17 26 B D) AE 41 R R 1k K 1L B 41 U-Pb 4
% . Sr-Nd-Hf [R5 /8 B 2 HoM v 3 . 24 4, 91
(1):132~150.

M tEdR, BEE, HREB . 2R, Wi, BT2M. 2018, UARES
K4 AL X 5 & SHRIMP U-Pb 4% | 70 % i Bk {k 4 1 HI [F]
DL B FRAE i 7 . HUR e P, 64(6) :1541~1556.

T 2000, TG 5 XTG4 2k 38 FE 950 A6 B A A SR R Mk 2 5 R
AL eb 3 5T K2 (I ) B2 238 30, 1~ 62,

TR 5 AT A, Bt B =, Sk Hi sk, 2018, PR Y B B4
M 2 & @0 K A1 3 I8 K 2 5 i 40 5 i : LA-ICP-MS £ 7
U-Pb 4E %2 3R Ak 2% 1 Sr-Nd-Pb [F] i ZIEHE. %3, 92
(07):1458~1473.

KB, BES, Tard, RES SRR, AKE. BEM. 2009,
VG S D) JEG 0 R R S B o 4 5 T R AE B S B - B U-Pb ARG
2 Bk AL 2 F0 Sr-Nd-HI [ % 29 3. o = FBH4% (D 4 ek B}
%), 39(07):833~848.




5531 EhAE PR s R A1 SN A 4 41 SHRIMP U-Pb £ M BRAb% B Sr-Nd-Pb-HI Rz R #9612y 621

Petrogenesis of the quartz diorite in the Yanhu area of Lhasa terrance, Tibet:
constraints from zircon SHRIMP U-Pb geochronology,

geochemistry and Sr-Nd-Pb-Hf isotopes

PENG Bo" , LI Baolong"" , QIN Guangzhou” , ZHOU Lei”, LI Yufei®
1) MNR Key Laboratory of Metallogeny and Mineral Assessment , Institute of Mineral Resources ,
Chinese Academy of Geological Science, Beijing, 100037 ;
2) College of Earth Sciences, Chengdu University of Technology, Chengdu, 610059;
3) Geochemistry Exploration Brigade of Sichuan Bureau of Exploration and Development
of Geology and Minerals Resources, Deyang, Sichuan, 618000 ;
4) The Inner Mongolia Geological Survey Institute of China Metallurgical Geology Bureau, Huhehaote,010000

* Corresponding author ; xinzhongguolong(@163. com
Abstract

The compositional diversity of rock types in the Yanhu area is usually considered as the tectonic
setting that southward subduction of the Bangong-Nujiang Tethyan Ocean lithosphere broken off. In this
paper, we report for the first time the zircon SHRIMP U-Pb age and Hf isotopic composition data, whole-
rock major and trace element composition data, and Sr-Nd-Pb-Hf isotopic data from Yanhu quartz diorite.
SHRIMP U-Pb dating yields a weighted mean of 118.5 4 1.9 Ma, indicating that Yanhu quartz diorite
belongs to late Early Cretaceous. Geochemically, the quartz diorite from Yanhu belongs to Na-rich calc-
alkali series, A/CNK=0. 84~0. 89 and are metaluminous. The quartz diorite enriched in Rb.K,Th,U and
light rare earth elements (LREEs), relatively depleted in Nb, Ta, Zr, Hf, P, Ti and heavy rare earth
elements (HREEs), without Eu anomalies ($SEu=0. 81~0. 98). No alkaline mafic minerals and muscovite
were observed duringoptical microscopy. All these features above suggest that quartz diorite belongs to
metaluminous unfractionated I-type granite. The quartz diorite yielded whole-rock exg(2) of +0.5~+42.1
and (*”Sr/*Sr); 0. 7045~0. 7048, the zircons ey (¢) values are +7. 9~ +13, and the model ages (zpw;)
range 283 Ma to 674 Ma. Based on integrated isotopic and geochemical data, we infer that the quartz
diorite formed by the partial melting of juvenile lower crustal material derived from depleted mantle under
amphibolite facies. Based on the above data, combined with the regional geological background, we
conclude that the quartz diorite are differernt from granites in Yanhu composite body in age and
geochemical characteristics, have relative low zircon saturated temperature (596 ~614C), suggesting
mantle-derived materials had not involved in the petrogenesis of the Yanhu quartz diorite, the parent
magma may formed before the slab broke off, sustainable subducted slab of Bangong-Nujiang Tethyan
ocean had returned and the subduction angle becomes steep, enter geodynamic movement of deep

subduction.

Key words: North Tibet; Bangong-Nujiang Tethyan ocean; Lhasa terrance; Yanhu composite body;
SHRIMP U-Pb geochronology; Sr-Nd-Pb-Hf isotopes



