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=B AR (244, 2005), Pullen et al. (2011)7E4S
iy b R BT Rl AR A, SR AR R W R
T FER 0 - 20 (Fan et al., 2015; Hu et al., 2015;
Liu et al., 2018), J&F S BIAE A, SIMS B5 A 456
AERIHIE T 480~465 Ma, 1U3ER JeyE th b i 5L
JiE(Dan et al., 2020),

S e K R R TAEM EE, b e
S b Bl A OB A AR 2 T R s, R AT
TAEMERE K, B AR, HAT R e SE S
AR T A 1] (1) B X & B T RS A, X
BT 2 A BT EIE TR e AR, A R U
7 ~990 Ma Y 5 BROIR BB = BEAE R (T HHE 7 55
2013), 767 9 = JFUIE L p L S s, H A& BLAY
B A AN TG =2 10— T RS =2
14 PR AR R A (L4245, 2006) . db g s 15
FAEH G RS AR i 2 $E /b

it VAR, AR AL b 98 B i oy A AR -
AR AT T KREMFSY, Kk BLTE L I8 3 S0
DX A B 2 R i T A AR Al R R o AR A A i
WL R T B b 2 RO A S R R, AR S
— A TFF A HE-O A R IR, DA Hox e e v
b e 35 P ) B A 5T S

1 DXt Jo 5 5 5 A A A

275 78 e i P A B SE I b e i A Iy e 2
Z4(Dewey et al., 1988; Yin and Harrison, 2000). #5
WF5E 0N Ry 98 I b B v 38 1) v T 72 ity S AL Al 4 7
VLAE G ] g AR AR BEORF i 22 N M52, 0 IS RE Y 45
S (Kapp et al., 2003; Pullen et al., 2008; Gehrels et al.,
2011; Pullen and Kapp, 2014), ffiTiARrE . JL3EYE
YERGE— AR, #ok B TRILA KL . Gehrels et
al. (2011)43#7 T JE 35 7 5% 45 i b e oy 26 4 - B v
ARBREB R A, KR . JLIETE SRR A
AR, SENEERBLANRRE—3, AR | Lk
YR — ARl B2 IR WIEFE Ny Herh A
— M R T AR B Y (224, 1987, 2008; Leeder et al.,
1988; Kapp et al., 2003; Metcalfe, 2013; Peng et al.,
2014), HAGEHE > mE . LMER; . ZEEGWRE
AR . RS . RS AR4l-
TELECS, RN LR RAL S (2, 2008;
Zhai et al., 2013). FITHFFERIIR . e A
A7 WA S AS[R] 1) 8 IS 5 A AF % 3 (Zhang et al., 2017),
£ =B ARG R IR T, 370~230 Ma kiR

Hriaduift b A IE s Z T, ~230 Ma R G
M, B . dbIcHE sl % (Zhang et al., 2016; Dan et
al., 2018). JEH M R = Bt & 2R KRB K
15 30(225~202 Ma), PRl it SRR ol 1 i oK
HBTIR . 2 (Zhai et al., 2011),

ARG AR TG e B 2%, HEg T
XL B IX (& 1b), BIELR AR EE - RO 4E A7 o X3k
WHBENHZEL =B % L1 IsH4 . hP 2
WRVIBUA A o AR & A K, /it AXHZIX
B SR IS AR, W1 ARSI 220~210 Ma
(Lietal., 2015), XUHIHEIX AE & & FLAE < AR A
CERAZRAMEEA D KA B SRR S,
F K AT (45%~50%) . £19(25%~30%) . #HK
1 (15%) . BuBERDaEMANAHRG%). KA
XA KU, A9 HAE I HIRE, Batk2
PLIE FoR A R R, R O R A T AR,
AT E G B A B A RD - R
(K 2b).

2 ik

MU AE B 5B i 20 M i 25 78 v B R 22 B T
M BR AL 2 B2 T ()57 25 Ml 3R Ak 27 ) 5% T 05 S 36 8 58
B o B A A IR ES - B U-Pb [A) 28 A8
FIALES IS Cameca IMS-1280-HR., R 158 & K
~10 nA ) Oy — KB T RTE 13 kV HLE Fnak, &
FE AR AIFHOE KB, S kB AT
ACTF AR TR ZE o0 Hr, AR 35V 25 R LA R S 56 2%
UL Li et al. (2010) 8547 J2 A7 KB 7 O [ &R
MR HH L ES 5 b3k SIMS U-Pb IR [A] . R 54
JER~2 nA Y Cs"— KB T HAE 10 kV HLE N,
R PR R R E T, MR IRE T EA
TR REATF LR AL R T, EARMERAE A IR DL K 5256
AW, Li et al. (2010),

B R Lu-HE [R5z 200 0 B A
Neptune 23 A A2 77 19 22 42 O JEG 6 45 B8 I T 3%
Y (Multicollector-ICP-MS), #HHFEZR SN 193 nm ArF
W FHOEH I R ge, HARMEAELS TR S5 %
4L Zhang et al. (2014), M1 FEH Plesovice #5471
FREER Y R 0.28247549(20), 5 Bif AR (19 %%
{H 0.282482+13(20)—%{(Slama et al., 2008).

SA FRICE MR X 256 (XRF)
Hei& Mk, XRF {U#$AY7-58 Rigaku RIX 2000,
LA HTREE N 1%~5% . H AKX F5 4545 20 3§
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Fig.1 Sketch map of the Tibetan Plateau (a) and regional geological map of the Qiangtang area (b)

2 WHTEREREMN BRI (D)
Fig.2 Field photographs (a) and micrographs (b) for the Shuanghu granite

DL SEBG2PE L Li et al. (2005). e Z MR
ICP-MS, {¥#8#45 Perkin-Elmer Sciex ELAN 6000,
LR R SR 45 UL Li et al. (2002).

S Sr-Nd [R 28 WK 4 M 2R P A Joi 3 A8
Neptune A A A= 7= 1) 22 45 37 ¥ JEORE 5 45 18 R o ik
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FEEEGE, BRAR, B KNS —, KEAE 100~
200 pm Z 1] o KH AT BE A R B & 6 & (CL)
TNV B PR Ay a5 A (1B 3d . e), BRI
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PRI (8] 3f. g), FWAHAZ 215 ) b o = 17 e
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Fig.3 U-Pb concordia diagrams (a—c) and CL images (d—g) of zircon grains from the Shuanghu granite
£R1 JUHIEHEA SIMS £57 U-Pb FER ST RGEEN 15ZB174-1)
Table 1 SIMS U-Pb dating results of zircon grains from the Shuanghu granite
o T (ug/g) U [R5 25 LUAE FEiy(Ma)
ST
Pb Th U 27pp/2%Ph 1o 'Pb/U xlo PbAPU tlo PbA"Pb  tlo Pb/APU tle PbAPU ztlo
01 60 91 402 0.22 0.0666 0.43 1.2046 1.61 0.1313 1.55 823.9 9.0 802.7 9.0 795.1 11.6
02 16 175 403 0.37 0.0512 1.25 0.2401 1.96  0.0340 1.50 251.3 28.6 218.5 3.9 215.5 32
03 165 581 962 0.63 0.0663 0.48 1.2528 1.62  0.1370 1.55 815.9 10.0 824.7 9.2 827.9 12.1
04* 11 116 264 0.37 0.0515 372 0.2456 4.02 0.0346 1.50 262.2 83.3 223.0 8.1 219.3 32
05 46 617 1077  0.54 0.0510 0.75 0.2451 1.68  0.0349 1.50 240.0 17.2 222.6 3.4 220.9 33
06 102 133 625 0.22 0.0668 0.67 1.3233 1.65 0.1437 1.51 830.6 13.9 855.9 9.6 865.8 12.2
07 82 90 529 0.17 0.0670 0.48 1.2845 1.59  0.1390 1.52 838.1 10.1 838.9 9.1 839.1 11.9
08 78 197 616 0.29 0.0640 0.47  0.9580 1.62  0.1086 1.55 740.9 9.9 682.3 8.1 664.6 9.8
09 10 125 239 0.59 0.0501 1.16  0.2387 1.90 0.0346 1.50 197.8 26.7 217.3 3.7 219.1 32
10 42 695 932 0.92 0.0497 0.81 0.2404 1.74  0.0351 1.54 181.9 18.8 218.8 3.4 222.2 34
11 284 825 1641 0.52 0.0670 0.39 1.3108 1.55 0.1418 1.50 839.3 8.1 850.5 9.0 854.8 12.0
12 209 1359 2309 0.22 0.0730 4.04 07449 431 0.0740 1.50 1013.7 79.8 565.2 18.9 460.3 6.7
13 106 381 648 0.57 0.0665 0.31 1.2013 1.53 0.1310 1.50 822.0 6.4 801.2 8.5 793.8 11.2
14 17 168 415 0.38 0.0508 0.83 0.2367 1.71 0.0338 1.50 232.8 19.0 215.7 33 214.1 32
15 18 196 451 0.49 0.0501 0.80  0.2350 1.70  0.0340 1.50 198.6 18.4 2143 33 215.7 32
16 28 342 695 0.45 0.0510 0.75 0.2368 1.73 0.0337 1.56 240.5 17.2 215.8 34 213.5 33
17 13 182 311 0.64 0.0502 0.95 0.2353 1.78  0.0340 1.51 204.3 21.8 214.6 3.5 215.5 32
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32 £5FE. HETEMNS-Nd B EAR MR A X, 5= R TIFEILERS—2(F 4a).
WU AL 5 2 B 4 M ER AL 2R e BT 4 R L6 2, 1E K,0-Si0, Kl Hr, XUMIAE 5 2 s i A el 4 &0 i
AAR SiOo, Ml KO0 FEiRE, 438 64.00%~ FAE(E 4b), R RS A/CNK N 1.06~1.22, 1E

69.54%F1 4.09%~5.17%, MgO 7t} 1.44%~3.34%,  A/NK-A/CNK K, SUMAE b A 280 i 47 4
Mg"h 51~54. 1 TAS [Efi b, FERTEAIERINK S TE(E 40).

R2 WHEREEE (%), BE(ug/g)THRH Sr-Nd BRI RS TER
Table 2 Major (%) and trace element (pg/g) concentrations and Sr-Nd isotopic compositions for the Shuanghu granite

R Si0, TiO, ALO; Fe,0if MnO MgO CaO Na,O K,0 P,0s LOI Total Mg S¢ VvV C Co Ni Cu

15ZB174-1 69.54 035 1491 251 005 144 09 3.01 517 0.14 141 9943 506 7.14 33.1 314 631 198 556
15ZB174-2 64.00 0.58 14.8 507 0.1 334 3.14 234 4.09 0.19 206 99.7 54 16.7 105 67.8 11.7 135 144

*

il Zn Ga  Ge Rb Sr Y Zr Nb Cs Ba ILa Ce Pr Nd Sm Eu Gd Tb Dy

15ZB174-1 633 243 2.04 289 116 145 132 102 224 471 2826 6025 6.82 2501 521 1.02 437 062 3.16
15ZB174-2 569 188 247 140 301 19.6 151 11.6 5.13 1014 38.01 78.13 8.62 3124 572 1.16 488 0.69 3.86

147, 143
v 6 Sm/ “Sm/ 4
FE Ho Er Tm Yb Lu Hf Ta Pb Th U YREE &Eu “'st/*sr (st/Sry g N e (%

15ZB174-1 0.59 149 021 137 02 429 122 562 143 433 138.57 0.64
15ZB174-2  0.77 2.1 031 206 031 452 111 193 19.6 291 177.86 0.65 0.71838 0.71417 0.1106 0.51202 -9.61 1781

1 Fe,05' 44k, LOI B2k i ; Mg'=Mg®/(Fe> +Mg>")x100; SEu=Eun/(SmyxGdy)"?; Sr. Nd [i] {7 ZE WA E L =220 Ma Fg [ S4E 1
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Fig.4 Plots of TAS (a), K,O vs. SiO; (b), A/NK vs. A/CNK (c) and exg(?) vs. (’Sr/*%Sr); (d) for the Shuanghu granite
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0.64~0.65)FR A TERHE A 170 B 45 dh o 76 ) Uh i
PR T RN -, HA &4 Rb, Th, U M
Pb, Z 4 Nb. Ta. Sr 1 Ti B4HAE(& 5b), UM AE i
5 FBER T IAR L AL 5 A B # RO R M o R
FRIERE AR B — 3 (#] 5).
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0.714169, exg(HEEAKHF-9.61, Nd [Flf7 EHAAE I
(fom2) M 1.78 Ga(F 2), HIELIESE =S LKA
WA E N (B 4d) . WF50Z X AR K A ) iR
®’Sr/*Sr); A 0.7131~0.7151, exg(?)fEH H-9.7 ~-8.9, Nd
)37 ZAEEAERR (1oma) M 1.72~1.79 Ga(Li et al., 2015),
ARSI 45 AR
3.3 A H-O0 R =E
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Fig.5 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element spider diagrams (b) for

the Shuanghu granite
*3 WHERAEREARA

Hf-O RMIZERTER

Table 3  In-situ zircon Hf-O compositions of the Shuanghu granite

S ERMa) oyb/HE VSLo/HE TCHEHE 20 (THEHEY  end0) endt) 206 mpm(Ma) fovp(Ma) £26  fiume 8°0(%0) 20

2 217 0.023953  0.000930  0.282378 0.000011  0.282374
4 217 0.033529  0.001266  0.282374  0.000010  0.282369
5 217 0.037449  0.001407  0.282335 0.000011  0.282329
9 217 0.031757  0.001202  0.282387 0.000010  0.282382
10 217 0.025546  0.000965  0.282382  0.000009  0.282378
14 217 0.019032  0.000757  0.282359  0.000008  0.282356
15 217 0.021642  0.000839  0.282404 0.000009  0.282400
16 217 0.019760  0.000775  0.282409 0.000010  0.282406
17 217 0.040046  0.001466  0.282366 0.000010  0.282360
18 217* 0.020530  0.000818  0.282409 0.000008  0.282406
19 217* 0.029191  0.001113  0.282392  0.000008  0.282388

20 217* 0.025216  0.000946  0.282395 0.000009  0.282391
828 0.038120  0.001266  0.282199 0.000010  0.282179

—

3 828 0.026278  0.000915  0.282243  0.000010  0.282229
6 828 0.035363  0.001189  0.282242  0.000011  0.282224
7 828 0.044638  0.001506  0.282243  0.000008 0.282219
8 828 0.018543  0.000625  0.282202  0.000009  0.282193
11 828 0.033279  0.001103  0.282278 0.000009  0.282261
12 828 0.023977  0.000852  0.282214 0.000010  0.282201
13 828 0.032387  0.001072  0.282258 0.000010  0.282242

-141 94 04 1234 1840 37 097 825 0.20
-142 94 03 1250 1846 37 096 698 0.22
-15.7 -10.8 04 1310 1934 39 09 791 0.24
-13.8 89 03 1230 1817 36 -096 8.04 0.13
-139 9.0 03 1229 1825 37 =097 794 0.19
-147 99 03 1255 1876 38 098 779  0.17
-13.1 82 03 1194 1774 35 097 8.05 022
-129 81 03 1185 1765 35 098 830 0.20
-146 9.7 03 1268 1866 37 096 794 0.24
-129 82 03 1186 1767 35 098 758 025
-13.6 88 03 1220 1808 36 -097 7.60 0.17
-135 87 03 1210 1800 36 -097 822 0.20
-21.0 28 04 1497 1887 38 096 1023 0.21
-192 -12 03 1421 1781 36 097 820 0.18
-194 -1.1 04 1433 1784 36 096 946 0.14
-195 -1.1 03 1444 1789 36 095 957 022
-205 42 03 1468 1909 38 098 880 0.16
-181 04 03 1379 1696 34 097 851 021
202 -19 04 1459 1837 37 097 838 0.19
-18.8 0.6 04 1406 1750 35 097 8.68 0.16

T BRI JE MRS R I AR BEAT RIS, (7O TTH), AR B A B B AT
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A IREEAH 217 Ma 45 S AERSFI 828 Ma 4F
WA G OHE TTHE (R endf)(E .5 BRI
BEAMIXTE . A e TOHE THSE S FEIFE 0.282335~
0.282409, (""*Hf/'HI); {E 1L A 0.282329~0.282406,
enr(DETE-10.8~-8.1 Z 1], Hf [F] 7 Z AL A (tpmo)
FE1.77~1.93 Ga Z [0l #iskss 4 70/ THE 35
TE 0.282199~0.282278, ('"°Hf/'"Hf), {A & Fl M
0.282179~0.282261, eyd(t){HE—4.2~0.4 Z [a], Hf [Alfii %
BEAE IS (tom) 7E 1.70~1.90 Ga 2 [a] (3 3, & 6).
SR HE [ R AR, A2 A 2k
BER O M EWAR, A A 80 KL EIE
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Neoproterozoic Basement Information Revealed in the Triassic
Granites in the Northern Qiangtang, Tibetan Plateau:
Constraints from Zircon SIMS U-Pb Age and Hf-O Isotopes

JIANG Qingyun"?, DAN Wei"*', WANG Qiang" **, ZHANG Xiuzheng' and TANG Gongjian"*

(1. State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences, Guangzhou 510640, Guangdong, China; 2. College of Earth and Planetary Science, University of
Chinese Academy of Sciences, Beijing 100049, China; 3. CAS Center for Excellence in Deep Earth Sciences,
Guangzhou 510640, Guangdong, China)

Abstract: The basement of the Qiangtang block, Tibetan Plateau, has not yet been well-documented. The existence of a
pre-Cambrian basement in the Qiangtang area is actively debated, even though previous chronological data suggest the
pre-Cambrian basement may exist. In this study, we present SIMS zircon U-Pb dating results, whole rock major and trace
elements, Sr-Nd and zircon Hf-O isotopic data for the Shuanghu granite in the central part of Northern Qiangtang. The
Shuanghu granite was formed at Late Triassic (ca. 217 Ma) and captured ca. 828 Ma zircon xenocrysts. The Shuanghu granite
rocks have high SiO,, K,0O and low MgO contents (SiO,= 64.0% — 69.5%, K,0 = 4.1% — 5.2%, MgO = 1.4% — 3.3%). They
exhibit enrichment in light REEs, enriched whole rock Nd and zircon Hf isotopic compositions (eng(#) = —9.6, eudf) = —10.8 —
—8.1) with zircon 8"0 range from 6.98%o to 8.30%.. These petrographic and geochemical characteristics suggest that the
Shuanghu granite was originated from partial melting of the middle-lower crust. Combined with regional tectonic evolution
framework, the Shuanghu granite was formed in a post-collision extensional setting. The 828 Ma zircon xenocrysts exhibit
obvious oscillatory zones in cathodoluminescene images, implying they were derived from acidic magmatic rocks. They have
high and heterogeneous 5'%0 values (8.20%o — 10.23%o) and ancient Hf model ages (1.7 — 1.9 Ga), indicating that they were
sourced from S-type granites by remelting of the Paleoproterozoic crustal materials, which may represent the northern Qiangtang
basement. Combining regional geological and rock geochemical characteristics and zircon xenocrysts, we suggest that the
Shuanghu granite provide favorable evidence for the Yangtze-type Jinningian basement in the Northern Qiangtang block.
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