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Abstract: [Objective] The Early Paleozoic magmatisms in the southern Qinghai—Tibet Plateau are important for researching the nature

of the continental margin of the northern margin of the Gondwana continent and the subduction process of the Proto—Tethys Ocean.

Y Fs B HA: 2024-01-08; f&1T HH#A: 2024-04-13

BEIRE: FR A RBRAIEE T H R IN-Ha 2 ke ska Ko gitm 5 R e s 1 29 ) (it 5 42172226)
BB FRgrhl(1999—- ), B, ZEeil -+, hii2# Lol . E-mail: 1721617920@qq.com

*EISEE: A (1983- ), 3, 2082, NFA b 2458 . E-mail: xemxem1983@jlu.edu.cn


https://doi.org/10.12097/gbc.2024.01.010
mailto:1721617920@qq.com
mailto:xcmxcm1983@jlu.edu.cn

442 Moy 18 4R GEOLOGICAL BULLETIN OF CHINA 2025 4F

Based on the reaserch of the Late Cambrian—Early Ordovician rhyolite found in the Zhakang area in the northern part of Xainza
County, Lhasa block, this paper discusses the petrogenesis and geological significance of the rhyolite, so as to further constrain the time
limit of the Zhakang unconformity in the Xainza area, and provide a basis for understanding the geological evolution process of the
northern margin of the Gondwana continent in the Early Paleozoic. [Methods] In this study, we report the zircon U-Pb age, rock
geochemistry and zircon Hf isotope analysis of rhyolites in Zhakang area, northern Xainza County, Lhasa Block, Qinghai—Tibet
Plateau. [Results] The results show that the weighted average age of zircon *Pb/>**U of rhyolite is 485+5 Ma. The rock geochemistry
shows high silicon, rich alkali, rich aluminum, low phosphorus and low magnesium. The content of SiO, is 75.10%~77.39%, the
content of AL,O, is 10.74%~12.90%, the content of K,0+Na,O is 6.65%~7.99%, the content of P,O; is 0.03%~0.11%, the content of
MgO is 0.27%~0.35% and the A/CNK is 1.20~1.61, which is greater than 1.1. It belongs to a set of strongly peraluminous shoshonite
series. The character in rare earth elements of the rhyolite is enrichment of light rare earth elements and relatively flat right—inclined
curve of heavy rare earth elements. The fractionation of light and heavy rare earth elements is obvious, accompanied by obvious
negative Eu anomalies (8Eu=0.44~0.48). The Zhakang rhyolite has high Rb (368.43x10°~489.42x10°°) content, low Zr/Hf
(31.97~37.35) and Nb/Ta (12.17~15.32) values, indicating that strong crystallization differentiation occurred during its formation. In
the SiO,~Zr diagram and ACF diagram, the samples fell into the S—type granite area, showing the characteristics of highly
differentiated S—type granite. The g, (f) value of zircon varies from —2.0 to —5.5, with an average of —3.7, which is negative, indicating
the rhyolite might be the product of partial melting of the crust. The two—stage model age of Hf isotope is 1581~1752 Ma, indicating
that the source area may be Mesoproterozoic crustal material. [Conclusions] This study believes that the Late Cambrian—Early
Ordovician rhyolite in the Zhakang area may be formed under the tectonic background of the subduction of the proto—Tethys oceanic
crust to the northern margin of the Gondwana continent.

Key words: Qinghai-Tibet Plateau; Zhakang area; rhyolites; geochemisitry; zircon U-Pb age

Highlights: (1) To provide a basis for understanding the geological evolution process of the northern margin of the Gondwana
continent in the Early Paleozoic, and to supplement geological data; (2) It is further constrained that the time limit of the Zhakang

unconformity in the Xianza area is the early Early Ordovician.
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Fig. 1

Tethyan realm, topographic map (a), simplified tectonic map of the central Tibetan Plateau( b) and

geological map of the Zhakang area in Xainza (c)
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Fig. 2 Field characteristics(a, b) and micrographs(c, d)of the Late Cambrian—Early Ordovician rhyolite from Zhakang area
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Table 1 U-Th—Pb isotope composition of the zircons in the Late Cambrian—Early Ordovician rhyolite from
the Zhakang as measured by LA-ICP-MS

R0 [ & L IE 4/ Ma

HY Th/U -

Pb Th U 27pb/2%Pb 16 27pbAU 1o 206ph23U 1o 27pb/2%Pb 16 27pp/U 1o 2pb/8U 16
01 69 599 639 094 00569 0.0041 0.6304 0.0558 0.0777 0.0013 487 168 496 35 482 8
02 36 266 344 078 0.0558 0.0026 0.6219 0.0291 0.0797 0.0016 443 68 491 18 495 10
03 98 1109 750 148 0.0559 0.0025 0.6029 0.0267 0.0769 0.0012 447 71 479 17 478 7
04 70 649 612 1.06 00559 0.0022 0.6088 0.0218 0.0784 0.0014 446 48 483 14 487 8
05 68 729 575 127 0.0559 0.0019 0.5951 0.0201 0.0766 0.0013 447 45 474 13 476 8
06 37 260 325 0.80 00567 0.0019 0.6119 0.0215 0.0783 0.0018 480 39 485 14 486 11
07 55 424 512 083 00567 0.0024 0.6048 0.0264 0.0774 0.0019 479 55 480 17 481 11
08 39 276 334 083 0.0567 0.0022 0.6147 0.0247 0.0786 0.0019 480 48 487 16 488 11
09 36 236 316 075 00568 0.0019 0.6240 0.0212 0.0796 0.0019 485 37 492 13 494 11
10 45 364 432 084 0.0569 0.0071 0.6182 0.0759 0.0788 0.0029 486 207 489 48 489 18
11 59 460 478 096 0.0574 0.0017 0.6217 0.0192 0.0786 0.0019 506 32 491 12 488 11
12 39 224 322 070 0.0607 0.0036 0.6652 0.0388 0.0795 0.0021 628 80 518 24 493 13
1339 269 337 080 0.0572 0.0023 0.6332 0.0262 0.0803 0.0020 498 49 498 16 498 12
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Fig. 3 Rare earth element patterns and typical cathodoluminescence images (a) and U—Pb concordia diagram (b) of

the zircons from the Late Cambrian—Early Ordovician rhyolite in Zhakang

F2 HTMERY FREBHHRYETES Lu-Hf B ENFHHE

Table 2 Lu—Hf isotope composition of the zircons from the Late Cambrian—Early Ordovician rhyolite of the Zhakang

M5 PO ABUAERR/Ma Y/ THE 26 Lw/ THE 26 SHETHE 26 (CHE THE); £,(0) g4(d) 20 Tow/Ma Tpyo/Ma fiuue
01 482 0.073226 0.004264 0.002471 0.000129 0.282437 0.000030  0.282415 —11.9 —2.0 1.I 1200 1581 —0.93
02 495 0.074632 0.000494 0.002546 0.000029 0.282420 0.000025  0.282396 —12.5 —2.4 0.9 1227 1614 —0.92
03 478 0.044091 0.000530 0.001413 0.000015 0.282380 0.000018 0282367 —13.9 —3.8 0.6 1247 1691 —0.96
04 487 0.040264 0.000964 0.001307 0.000030 0.282349 0.000020  0.282337 —15.0 —4.7 0.7 1287 1752 —0.96
06 486 0.036370 0.000450 0.001180 0.000015 0.282366 0.000019  0.282355 144 —41 0.7 1259 1712 —0.96
08 488 0.047731 0.001225 0.001563 0.000030 0.282403 0.000020  0.282389 —13.0 —2.8 0.7 1218 1635 —0.95
10 489 0.059668 0.000748 0.002092 0.000023 0.282380 0.000030  0.282361 —13.8 —3.8 1.1 1269 1696 —0.94
11 488 0.052471 0.001283 0.001831 0.000052 0.282383 0.000025 0282367 —13.7 —3.6 0.9 1256 1685 —0.94
13 498 0.059641 0.003792 0.001810 0.000074 0.282357 0.000021  0.282340 —14.7 —4.3 0.7 1293 1738 —0.95
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Table 3 Concentrations of major, trace elements and REE of the Late Cambrian—Early

Ordovician rhyolite from the Zhakang area

JEER  S21T26H1 S21T26H2 S21T26H3 S21T26H4 S21T26H5 JLR S21T26H1 S21T26H2 S21T26H3 S21T26H4 S21T26H5
Sio, 75.59 76.31 75.10 75.11 77.39 Y 21.58 34.19 27.42 35.09 32.39
TiO, 0.53 0.16 0.48 0.16 0.20 Zr 358.29 239.46 385.99 220.78 275.92
ALO, 10.74 12.38 10.92 12.90 11.85 Nb 13.48 14.93 16.93 15.19 16.95
TFe,0, 3.69 1.87 3.84 1.98 1.77 Mo 0.51 0.49 0.30 0.05 0.04
TFeO 3.32 1.68 3.45 1.78 1.59 Sn 225 6.29 3.60 6.10 11.80
MnO 0.02 0.02 0.02 0.02 0.01 Cs 21.82 5.05 36.91 4.88 531
MgO 0.34 0.35 0.34 0.35 0.27 Ba 787.77 120355  940.69  1273.08  980.40
Ca0 0.20 0.07 0.18 0.06 0.07 La 29.43 29.85 33.98 42.56 26.35
Na,0 0.12 0.07 0.09 0.07 0.07 Ce 71.32 71.77 90.60 97.65 47.34
K,O 7.75 7.14 7.90 7.65 6.58 Pr 6.63 6.80 7.60 9.60 6.46
P,0, 0.11 0.03 0.11 0.03 0.03 Nd 23.18 24.41 26.53 34.69 23.71
kit 0.71 1.30 0.67 1.35 1.37 Sm 4.71 5.24 5.30 6.82 5.13
it 99.79 99.70 99.65 99.69 99.61 Eu 0.65 0.77 0.78 1.00 0.69
A/CNK 1.20 1.56 1.21 1.51 1.61 Gd 3.95 5.00 4.66 6.32 4.53
A/NK 1.25 1.58 1.25 1.53 1.64 Tb 0.66 0.92 0.79 1.01 0.79
ALK 7.94 7.32 8.08 7.86 6.77 Dy 3.94 5.94 4.87 6.02 5.21
AINK/A)  0.80 0.63 0.80 0.65 0.61 Ho 0.82 127 1.02 1.26 1.17
6 1.89 1.55 1.98 1.85 1.28 Er 2.39 3.71 2.93 3.73 3.74
DI 90.81 91.40 90.58 91.34 91.69 Tm 0.36 0.56 0.45 0.57 0.61
Mg 17.9 30.3 17.3 29.0 26.3 Yb 237 3.61 2.88 3.72 4.19
Li 19.26 6.47 24.93 7.04 7.17 Lu 0.38 0.55 0.45 0.57 0.69
Be 1.30 2.05 1.51 2.07 1.74 Hf 9.92 6.99 10.62 6.46 8.63
Sc 5.51 3.81 6.49 3.95 434 Ta 0.88 1.23 1.14 1.23 1.26
Ti 265737  859.05  2655.12  850.87  1034.59 A 5.13 1.94 5.41 1.86 3.13
\% 13.28 471 17.71 4.79 7.57 Tl 2.54 1.76 3.37 1.76 1.61
Cr 41.58 231 23.14 1.79 0.96 Pb 22.50 24.89 25.91 24.25 7.32
Mn 103.99 132.45 128.44 126.94 108.30 Th 32.44 24.29 34.01 20.78 28.85
Co 2.20 1.63 2.57 1.53 0.89 U 2.98 3.00 331 2.85 2.87
Ni 15.14 3.13 5.82 2.80 2.44 YREE 150.78 166.41 182.84 215.53 130.60
Cu 10.55 4.17 14.44 433 4.67 LREE 135.91 144.85 164.80 192.32 109.69
Zn 57.32 31.56 76.96 31.54 28.89 HREE 14.87 21.55 18.04 23.20 20.92
Ga 9.87 16.25 12.64 17.24 20.18 |LREE/HREE  9.14 6.72 9.13 8.29 5.24
Rb 368.43 386.90  489.42 399.91 374.10 Eu/Eu’ 0.46 0.46 0.48 0.47 0.44
Sr 15.20 18.54 18.68 19.64 13.79 (La/Yb)y 8.91 5.94 8.47 8.20 4.52

T T ITR S RN %, MO LT R S A 107

RHIE, ZIECHE T — & R XA R EA . G IR AN A RRE, B 1R TR

MBCAE M LU R B & (SREE)BMK, it T W, LREE/HREE=5.24~9.14, F-¥ 8 7.71.
150.8x10°°~215.5x10°° Z [a], 7EHs LR BRI MUA PR (La/Yb)  fHN 4.52~8.91, F-R B I B A 1 Bu 5
HEABIE (K] 5—a) I, FTA RS & —BEEE %, EwEu{H2h 0.44~0.48, ZEEI TP A L Eu 5% 1Y
I, AR VI, Bon R OTEMXTEE, R, BAARITHSER T R RE(Wedepohl et
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Fig. 5 Chondrite—normalized rare earth element patterns(a) and primitive mantle —normalized spider diagrams(b) for the Late

Cambrian—Early Ordovician rhyolite from Zhakang area
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al., 1995) .

P25 A R DT ZE R W IR (] 5-b) H, FE 5 RD
Th. Pb &0 M B 54, Nb. Ti. Ta. Sr %5 531850
R A Ba X7 400, LT Hu 5T I il AR I IR 80
(X —n5 45, 2014)

4 1w

4.1 HREH

H AT, [ AP 80 2 B 42,
52 MISACED M, 1, S Fl A ) A28 28 (15 303,
4, 2022) 0 HAEAMG G S BRER B, BT
LR ES R TS SRS B S
(Whalen et al., 1987; 5kt~ 2019) . {HE 50716
B A, AR 2Ll ) 25 S R Ab 25 1 25
GO HTHFATHIE

HATRBCA B TR 8, Si0, e H
75.87%~78.78%, “F-¥1h 76.98%, &0 % &t
ALK(K,0+Na,0) 4 6.77%~8.08%, i 11 Fl4& %t
(A/CNK=1.20~1.61, F# K 1.42) & K, P,0,
(0.03%~0.11%, “F-14 4 0.06%). Ti0,(0.16%~0.53%,
SRR 0.31%) . MgO(0.28%~0.35%, “E3 4 0.34) &
HEARACAR, FeBU R | fIRBK . REERURRE, 25 50 5+
88 (DI e, M 90.81~91.69; R, T TTE )7
1, FLIL M SCAE R B B A7 Eu 5% (3Eu=
0.44~0.48), KB £ AICE(Rb, Th) Fl Pb LR E
W, =580 E (Nb, Ti, Ta, Sr) fil Ba fX} 5
P, B4 Th i 5 i Ba, . T HI0RMEA R, 4
Fiis e RN E (B 5—a) rh B R + o0 R
EAE, TR R MR AR, FIZRACE &
DI T 45 5oy AR e A= 45 fb o S AR B A6 B s
K, H Li. Rb F R M 55K 0 518 e AR
KA, i Cry Ni, Sr. Ba FI0R M & A 77 5
FEBE RGN AR, A 9K b Ze/HE, Nb/Ta S50 1
FU At 25 Bl 2 38 0 i F I (Linnen and Keppler, 2002;
Lee and Morton, 2015; 5Kkit=245 2019) . FLITIRAL
HHA R Rb(368.43%x10 °~489.42x10°%) &,
Zr/Hf(31.97~37.35). Nb/Ta(12.17~15.32) %A%, 4
AT, FLAT IR SCE LR 1) R B & AR T R B 4
i ER, BT o AR

TEX Ay TR, S W5 A BUE R AR, R Si0,—
TFeO/MgO K fift (€] 6—a) BT A SCHLAT IR
FRERP VAN 1&S K. R, 456 LR LS R

JESLITIRECA A S BIAE R #: OFLFTHRECA B
Al & K,0+Na,0 } 6.77%~8.08%, AI(NK/A)=
0.61~0.80, /NT- 0.85, 5 S BUAE i £+ %F W (Whalen et
al., 1987), A/CNK=1.20~1.61, F-# 4 1.42, KT 1.1,
5 S BIAE R AW A @iz sCa A B M 77 Eu &
H, SBu “FHIME R 0.46, ANIRITF 1 HIAE <A (ki 4%,
2019); @R sy 1 BUE K A, H TFeO & iE %
NT 1% (E 585, 2000; 7R SCHAE, 2022), ASCHREL
# TFeO &M 1.59%~3.32%, 52 5T @1E
Si0,~Zr [¥fft S ACF [Elfit (18 6-b, d) 1, B A AR il A
BIdE N S AR i X 3 X AR SCIR BUA #5 A 1
WOCEFRIE S Z AT fRE A S BIFLIT I 8UA B A
W SR ARAE (Hu et al., 2013), & /4341
(¥l 6-d), ¥395 A S BULE B4 X I, $6 7R FLIT IR S0
BT S BAE KA . 25 ELRTR, FLILIRECA T fg>
YRS BRI

42 EREURIEX

FLAT IR BCA W £ o0 2R Bl o i 2 R B0 A i 2,
Rb & 5 . Ba W7 IR WIE KA T 450 5 AE
FH; B0 1 oy B9 4 PE s il Ti R =5 i, B
REFE /R 3 IR X R & M52 4153 Ba, St BB =
Pt I B2 B Bu SR e an A KT RE R A T RH A
()53 B 245 &, I 7 O mT BRI 52 IR o & AR AR B
BRI RIE 54 (Harris and Inger, 1992), DL FiiF4E
T, FLALRBCA A K At B T ge & oy 1 LA
R FIARHS A o 32 0 4 B 46 AR F (R kAR A,
2007)

E R, Bt K B T RE A4 : (D H 1 I
FRTIZ W4T B S T B, TS I TE B n]
REA Z P TORUR, G156 5 Hos | 2% Huhs A1 55 5T Hh
5¢(Civetta et al., 1998; Lustrino et al., 2000; Ronga et
al., 2010); Q@ M IE A 3R AR 5 R (4 b7 58 70 45 il
JE 1. (Clemens, 2003; Kemp et al., 2006, 2008 ) ; (i
A e lia iR G (52554, 2010; Chen et al.,
2012) . VX EC R B i 2 ) oty A= AR M 2k
B AR A 2 28 — AR H (498~502 Ma, Liu et al.,
2009; 488.6~517.9 Ma, T I%E%, 2011; 492 Ma, Zhu
etal., 2012; 511 Ma, Hu et al., 2013) . A SCHIRSCA
WSS AP AL, B P AN s O I8 A 2 0 43 B 45 i
TV I I S0 38 PR R i rh RS R, R
R A A ) A AR (BRI, 2021) . 4R,
7 H LB X FT A & BURIR A [ s 00 A St 2
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(Hu et al., 2013), B IFAE R ICA IR o0 25 45 b
i @FLITH LA Rb/Sr, Ti/Y A Ti/Zr {55514
20.36~27.13CF¥1K 23.76,>0.5) . 24.25~96.83 (-
A1 44.54,<100) | 3.59~7.42(3F#°K 5.10,<20), J& T
FolB 539 (Pearce, 1983; Tischendorf and Paelchen,
1985; Wilson, 1989); 34 CaO/Na,0>0.3 i, i #735i
16 54 5 T BE H 400 A e mOR B, LT IR SCE 1Y
CaO/Na,O {HF8 1.28, $8/8 HE 25 T GE R Zib s
(Jung and Pfander, 2007 ), M #E Rb/Sr—Rb/Ba & fi#
(11 7-b) Hh, B s AR e BRI, 276 20 BT, L
FLIRBCA B IR A 7] 8 e rp i) U8 A e 2 b 5
WA LRI, MME AT HIRRESARIRX . Mg'<
40 FEREFRIET T Hi7E, Mg™>40 K555 T BE>

ol > 7 (Rapp and Watson, 1995) . FLITIRSCA

Mgl M 17.3~30.3, 344 24.1, BLEHH AT RERIE T
T HLAE s ®—REIA k45 i BE A S IR S A
YERE B A AT £,(0)>0, T K A= 3554016 fl i H 52 4
BB BB A AT ey(1)<0(Vervoort and Blichert-Toft,
1999; Griffina et al., 2004), FLITHBCEHY £y (1) 1HAE
TG/, A T-2.0~—5.5 Z 6], F3h-3.7, K
TUE, 1678 HOR AT B2 08 5 A 9K 5 72 A IR & 1)
PR, N R ML s ) e GBI, 2021) 5 3
Hf [Flf7 2 — W B AR IS S 1581~1752 Ma, W1
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SEH N HALIT IR BCA 7T e FR I WA MmN b
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43 MEEXEEREFHRITERPNER
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1 X FLAN b % 1) A 22 i X AR R T 9250 2
AR R Z A B AR RSN S, PLEE k| B S A
X JEIHIR S BN EE A 2 A BE ARG i o). iX 8B
A EENEE G ST, W Rt AR — IR B A i
iz s e X FLAN R At 2 & A (A KT I 45,2021b) . b
$7 B bR B LI X BB R 5 FE R 2 ] Y AN
B BRI PG 5 R e T e XA 1 AR AR e S
A BRI R NS, LEN T B ST
25 T ARFER R FLRBELLUT 90° /) f B AN A AL
(AR AE, 2009; 25745, 2010; 5K KF, 2018), Xt
S E B IR AR MR A Y P R SRR R 2 (]
BRI A (BRI, 2018) o SR, HIFLAN LA HITE L
AR B AT 15 BIARLF 1 29 50, W] 58 ) Ak A AR A0 78 1%
A I FERZEF R I B A BRI, (2%
N Y L e 22 R DA AR IR I AR i o T S0k A%
(2009) B T FLILHLIX AR RSO 8L A1 U-Pb 4F0%
A 50142 Ma, Hu et al. (2013) il (4L R R SUATE
R R 525~510 Ma, FLITIRECA R R 510.4+
4 Ma, I K —ZH A 2 1Y 4F 1% (544.447.3 Ma), KK
P (2018) 1B M FLIHE e/ NI AR BT A e ih A T
BRA AN 51947 Ma.  F BBFGEFLIT AL HATH L
i XA B DAL A RS 1 AR 2 7, HbJZE N Ak
A7 I 7 S AR R R BT e Je AR ] Tetragrap

tus app rox imatus & Didymograp tus (Corymbograp
tus )def lex us Hf (F£37. N4, 2005) o £ LTk, K
1 (2018) fi H 6 1 H WG 10— B g LA R RS
HIFLHD X FLATAN S TR A

A SCARIE ) FLATH X G 8CA B 8541 U-Pb 4F 1%
N 485+5 Ma, J& T M FE R i —FL B gttt . DA, #E—
A ERGE T B L LI G IR AR BB
JLETES:
432 *RAFIRATE B IR R A K Ik AL AT o 4E

ERLP=2o8

AR, 228 1E X FLAN RBG AL (O BIF9E T A h
PAF T — RV R IR R (R 4) o LR A
Hi DX R AR BORE, AT LU H X BN KRB Jb e Bty
ARE T Z A RER R, BRI, 20
FHIH L JEIUR. I, gk b B R, — B
S A 2 JEL VG b DX (IR 46E, 2021b)

BARPAR T R R AR ACA S E AR I, (B
B AT R T T 5 A A SR B 1R BIR AP 2
HROEEEILAE, 2021b) o X Fax sy A fUAH A 1Y
B, A AR Z RO R IR O 2 R E R T
AR — R AR s s A5 R 54, 2005;
24, 2010), (AL R B, X 86734 7E X BLAA K
Rtidb 2 05 0 o, HAR A Tz SR 1F 1 30~50
Ma(Cawood et al., 2007; 5K PERHSE, 2008), Hiz ki
LS P57 5 3 S S I 18 DR e A 3 57 B AN A (e
HIIAE, 2021), HEn HT R 5z ki sh o o¢; @QF %
FHINHK, K ELA R Rl db A T15 3 KA SRR, iX
SE AR AT BE SR Lt A AR, ZE X Ul R R 2%,
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Table 4 Summary of age data for the Early Paleozoic
magmatic rocks along the northern margin of

Gondwana Continent

A=Y i £/ Ma SCHRSF
b€ AR SCE 525~510 Huetal., 2013
Jedire mECE 501 THCAkAE, 2009
Jehrp® HERE 518, 502 Hu et al., 2021
Jehip® Ak 511~491 Hu et al., 2021
B i iaeka 510 Gehrels et al., 2011
defipE BRERA 492 Zhu et al., 2012
B i v e 492 Zhu et al., 2012
Jehip® TER R 531 Xu et al., 1985
=& ndiog 1B R 488 il FE I, 2010
Jeige Ak 532~482 Guynn et al., 2012
Jedig® TR R 517~505 Xie etal., 2013
e TER R 502~487 Zhang et al., 2012
deipE A6 R 510, 505 TGRS, 2019
JeiE® Ak 507 A4, 2008
M OEREMZRE 490483 Liu et al., 2019a
I A6 R A 502~492 Liu et al., 2016
I T 486. 480 Hu et al., 2015

Pl TRA 499 WtE R4, 2012
i FRRRAE B 487 Song et al., 2007
gt TR A 473, 461 X g3 A5, 2012
i o iaska 470 Chen et al., 2007
i ofr Jr A 489 Mefl R4, 2012

B R ZRA 496 Miller et al., 2001

B RURE TR A 475 Cawood et al., 2007

ORI A 506,527  Quigley et al., 2008

B0 RRRRIERINEKE 499 FHEEAE, 2010

R e 499 FIheSeaE, 2011
JeTH/R ik 473~484  Gehrels et al., 2003

1 MECE 547~525  Ramezani et al., 2003
LeEs| ik 549 Hassanzadeh et al., 2008
+HIH TR 531,546 Ustadmer et al., 2009

SRR TR 5T A IR Ih S B 22 S S B A T 2
(Cawood and Buchan, 2007; Cawood et al., 2007; Zhu
etal., 2012; Zhang et al., 2014 ), H AW EH, 55
RTINS P A DGRy Ll AR ACE AR R A A TE
9 3 RS B (Hu et al., 2013, 2015; Ding et al., 2015;

Wang et al., 2020a, b; it %, 2021); @ J —Lu2%
FHINK, Z Ak Lz 85 2 5 1) Je Rl (e ol 3 28 8 5%
A MR IX S5 H a5 I iU (Liu et al., 2009; Li
etal., 2016; 5K K3, 2018; Liu et al., 2019, 2020);
@A 2EH NN, KA KR Rt A A A
S IR AE W RE BT R K B 44 1Y 15 78 (Dan et al.,
2022),

EEFINN, FLAT b DX 16 € — 5 B g i 8
P SRR RV IR X BN R Bl b 8 B IR A
FEN LIRS KIG S0 Y), FEALUT LA
JR A &S0 2 2898 s S iy X BL A AL 2k 53 A )
WA IR 5z RS B To G QR AR R, X EL
AR BHACER 5 I 2 2 S IR v VR FH AR G 22 56 1
I3 (Liu et al., 2009; Zhu et al., 2012; Hu et al.,
2013, 2015; Zhang et al., 2014; HI55 5, 2021a, b),
H7E Yb—Ta Fl Rb/30—Hf-Tax3 45k B4 ) 51| 1] fit
(&l 8—a, b) 1, FLAT M BUA V& A K LA B 8 X
ST AHGE X LR Rl b 2 5 9IUEJ A B AR TR
(IR S BRES, TTE Yb—Th/Ta &A% (& 7—c) v, B 5 S
T ATE B R Bl i 2% S R B 9 X 8k, $5 7R HOB LT
TGS KB G345, HAaZmsUa BA B lUaE KA )
FFE(Rb, Th, Pb %0 &4, Nb, Ta. Ti 55 554
JCE T FRIRIEAE, 2024); QWL X R R 51
Be) R 90° Y FA BEANEE & (5 A4, 2010) ot /s HOT:
AR TRk 5 T ; @Cawood et al.(2007) AN,
X ECAN KB I B 285 T2 510 Ma 588, JT 53
%I BL 4 SR 1T 00 2 A R ety T R, R G B &2 55 1
VSIS SHAE 530~470 Ma 1R, A SCHITRSUETE
AR (485 Ma) ZEX B P, 7T RS X FLAR At 204
LA )

W5 R W, FEESC 2 TR BE IR s, TORRA e
B Bt R, SR R AP B2 1] e A BE A4S, TURRUS:
RAETR 3w, B S RUAE <A 1 SRR 45 9K (Collins
and Richards, 2008; 5Kyt52 45, 2019) . £5G Liksy
BT, 2EE IR, FLAT I SCE o oty A A AR v
T X BL A R Bl AU 21 A1 A BE R o), 350 b 5e
TURRAHRTR I S m) vy £ B e s RS 30 2 s Rl i B
B S BUAE i, A R AR AR FO KRl 256
WA IS B —3 43 o

5 45 i

(1) Fr i e B FLH X IR A0 A LA—ICP—MS
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