2026/042(07) : 2319-2331  Acta Petrologica Sinica %554  doi: 10.18654/1000-0569,/2026.07.02; CSTR: 32089. 14. APS-ysxb. 2026.07.02

TERNE , RV R Z 45, 2026, REAEIE (177 070 20 JZ DO il - X 28 06 3 1L = B 28 M52 AL 5 2 R 0 IR 7R e A 2
1%,42(07) : 2319-2331, doi: 10. 18654/1000-0569/2026.07.02; CSTR: 32089. 14. APS-ysxb. 2026.07. 02

]

i EE ISR ZEXER: NRRELT=84L
WRELSEZEEBRTHET

AR RIE A¥Z A&
LAI ShaoCong, QIN JiangFeng, ZHU RenZhi and LIU Min

PR 27 i i T 45 1) A i 4 [ i S 3 MU R, Y2 710069
State Key Laboratory of Continental Tectonics and Early Life, Department of Geology, Northwest University, Xi’an 710069, China

2025-11-08 Yk, 2026-05-14 gic[a] .

Lai SC, Qin JF, Zhu RZ and Liu M. 2026. Multi-level custal melting in collisional orogenic belts: Implications for Triassic
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Abstract This paper takes Triassic granites in the Qinling Orogenic Belt as the research object and reveals the complete sequence
of multi-level crustal melting during the collisional orogeny process: (1) Early stage is dominated by quartz diorite, mainly distributed
in the western segement of the Qinling Orogenic Belt. It represents adakitic rocks formed by high-pressure melting of lower crustal mafic
rocks, with reducing magma properties, and is closely related to gold deposit formation. (2) Middle stage is mainly distributed in the
central segment of the Qinling Orogenic Belt, which is dominated by granodiorite and monzogranite. Most sample exhibit adakitic
geochemical attributes and enclosed mafic microgranular enclaves, with the Wulong and Dongjiangkou plutons being the most typical
examples. They represent granodiorite formed by mixing of middle-lower crustal melting and mantle-derived magma, and are closely
associated with Au-Mo mineralization. (3) The late stage are primarily high-Si granites, mainly distributed in the eastern segment.
These magmas have high differentiation degrees, representing high-Si granites formed by shallow melting of middle-upper crustal
metamorphic sedimentary rocks, and are linked to W-Mo-Be mineralization in the region. This process not only clarifies the magmatic
responses at different stages of Tethys closure and the subduction-collision between the North China and Yangtze plates, showing a
dynamic transition from deep high-pressure mafic rock melting in the western segment to shallow metamorphic sedimentary rock melting
in the eastern segment from early to late stages, but also reveals a coupling relationship between crustal melting depth and metal
mineralization of different properties, Early adakitic magmas in the western segment control gold mineralization; middle-stage crust-
mantle mixed magmas in the central orogen dominate Au-Mo mineralization; late-stage high-Si granitic magmatic fluids in the eastern
segment drive W-Mo-Be mineralization. This study uncovers the spatio-temporal pattern of multi-level crustal melting and magma-
mineralization response in the Qinling Orogenic Belt, providing a paradigm for research on crust-mantle material structure evolution and
mineralization regularity in collisional orogens.

Key words Collisional orogenic belt; Multi-Level crustal melting; Polymetallic mineralization; Qinling Orogenic Belt; Crustal
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Fig. 2 Temporal evolution of geochemical characteristics of Triassic granitoids of different ages in the Qinling Orogen
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Fig. 3 Characteristics of mafic microgranular enclaves in the middle-stage (230 ~210Ma) granodiorites in the Qinling orogenic belt

(a, b) Field photographs of the host granodiorite and mafic microgranular enclaves; (c¢) Quartz xenocrysts within a mafic microgranular enclave; (d)
Fine-grained texture resulting from quenching of mafic magma. Amp-amphibole; Bt-biotite; Pl-plagioclase; Qtz-quartz
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Fig. 4  Sr-Nd isotopic compositions of Triassic granitoids in

the Qinling Orogen and adjacent orogenic belts

Data sources; Triassic granitoids in the Songpan-Ganzi tectonic belt
and West Qinling Orogen are from Zhang et al. (2007), Cai et al.
(2010), Wang et al. (2021), and Qin and Lai (2011); Triassic
granites at Nanyili and Mupi in the Bikou Block on the northern
margin of the Yangtze Block are from Zhang et al. (2007 );
Neoproterozoic metamorphic basalts of the Yaolinghe Group in the
South Qinling Orogen are from Ling et al. (2002) ; Neoproterozoic
metamorphic basalts of the Bikou Group on the northern margin of the
Yangtze Block are from Xia et al. (2007) ; Triassic alkaline rocks in
the Dabie Orogen are from Yang et al. (2005)
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200 x107° ~300 x 10 ") & &, H Eu 2% A8 (8Eu =0.9
~1.0) BRI TR — G R R . Sr-Nd [ A2 i3
TRA TR T EIUESE , B O RO AR £y, (1) = -8 ~ =5,
(YSr/*Sr), =0.706 ~0. 708 , T 2F AL 5 £xg (1) = =10 ~
—-8,(YSr/%8r), =0.708 ~0. 710 (& 4) , %4 HI [7) i £ i
— IR, W EARUR AR AR A BRI ey (O 1E( +2 ~
+4) BB B HE BEFUAEEY =0. 8 ~ 1. 0Ga, H5 7R~ 8 5 3k ok
TR AT S 0T ( ZS UL ZE R, 2011)

F (230 ~ 210Ma) A Hi 5 4 Al kA T i i R il R 3R
i, A A EIRTTR BRI LI, 51 R RIS KRR E i
5o (BRBE 30 ~50km) |, if5 & P b 52 K D T A 40 SR A M . IR
RIBERTUE KA MR R 552 B R R BB A B
B AR B TN A - R AR ” G, 2F B AR A 5 A f
TRLEE R 750 ~ 800°C, i i (4 fUr A (4 850 ~ 900°C, Jz Bt
Y 1) 5 IR E ( Hildreth and Moorbath, 1988), £ |,
1(230 ~210Ma) -9 IG i 5 T H L7 4 Rl 08 R RO
RHB A AR, J2 o R R 9 Bl - 8y O 3 4 1) L
.

2.3 BMERPLEMETNREEIES S EREHHK
Wt ( <210Ma) ZEie 48 b4 J5T 4 3K 37 8l 5% 1] P 3, T2 LA

W BUR B R A B E LA IR X O b e

T DU BT R Tl 5 3 8 A il MRS i) T S 1Y



I BRI B AL A5 FE 2208 R AR SVUA 14 | U i B 1A
FIH R AR (Jiang et al. | 2010 ;7K %2 K45, 2007 ; Wang et
al. ,2022), =AM A/CNK H{H ( AL O,/( CaO + Na,O +
K,0)) > 1L 1, Hrp S CE R 1 o B & ik 5% ~8% (B4
W%, 2010; Wang et al. , 2022), FHEICE B85 SO,
(>70% ) .55 ALO, (14% ~16% ) A CaO ( < 1.5% ) K& 1E,
SR URR A T 70 448 i 52 36 45 R — B0 ( Patifio Douce, 1995) .
WMEITCE T E, 5 A E % Rb( >300 x 107°) . Cs( > 10 x
107%) , 541 Ba( <500 x10 %) Sr( <100 x 107%) , H. i 3 Eu
S (8Eu=0.3~0.5) , RIREX R AR E . #ai
FIR LA (700 ~ 750°C) , 575 1 i i 2B T3 Bt 5e (IR
<30km) B IR 55 4 ( Watson and Harrison, 1983) . 0 i1}
( <210Ma) iR BTAE R A5G A e (1) H R - 15 ~ - 10,
B HE BEAAERS (1py ) = 1. 8 ~2. 0Ga, 5 R RIS RIS T HE AL o
YOG (tpye = 1. 7 ~2. 0Ga) il T M AL 578 £ BEAZ B iR
H (b = 1.8 ~2. 1Ga) 1 HE [f) {37 3 2H )56 42— B (% (R
4, 2002) , 4% Nd R REIR ey (1) = - 15 ~ - 12,3 —
A SR XA e AR BT TURUE (96 458, 2010) .

3 HeB)IZRIERISN 1L

W T 1L = B 2046 b A TG S 3h ) 2 B
JE iR A BRI SRR S Z ROE R . LR
TG PR RE I e A Pl DB BIL A B O - S A = A
YERE | 2 G0 A M e A R 1 TR K B P R

3.1 FHEARSERBERR

-4 FARB A R v LU R ARV RS- IR K
WA X B R B 18 2 9 2R B 1 (Dong et al. , 2021) . K
S| B AR RS Sl T, 24 250Ma B2 3 A [R) Al 48 i B, e S A
AR 2 245 Ma; 1 P4 23 14 28 7R B B b -l 13 R 4 0 )
£ 230Ma HifJ5 A # A R REETEL (He et al. | 2025) , 5iZE04
L A B, R L RGO i 3 3 230 ~220Ma A4S
TG ARGAE G R PR, R A R R e Wy B i
Hu7e P 1R L IR 60 ~ 70km, by i 4 B2 R % < 20°C/km, 5 41
PELA st v SRR BB > 80k, Kb F 3y AR AR R AS (5K AR 5%
2003) ., JRLY A1 PR DR 2 Ak (5 B 3. 8g/em’ ) 1T 45
JRE 3ot D LA P b (3. 3/ em™ ), FE KA 5 107 06k 553 1) ) il
R B & A W 21 T )00 B8l (England and Houseman,
1989), Wb ih L = S LYF IR A X — M A 7
( >230Ma) 547 AR T I 25 A, Hh 3 (230 ~ 210Ma) 5 Ji 7
B (< 210Ma) 3F A KR E (0 R B B, 3 > i 7% ) A &4
30Myr, ff £ 24420 FIG IR BRI R T IR DU 1Y
PRI HIF A, Z2083E LLFLE 220 ~200Ma JH i) ¥ K13 A8 36
5 ~8°C/Myr, 1 25 & TR ( < 1°C/ Myr) , X [ 1 ¢ B - 2
> Tkm/Myr( FARSE, 2004) o 40, 7R %3 06 P4 M 1A

FIEAS $ AR BT 2325

FOA® Ar AR R 217Ma, 2B % Bk 210Ma, B K A K
205Ma, ¥§7R AARTE 12Myr P M 500°C ¥ HI ZE 150°C , X} )i )
PREREE > 15km (7 E 445, 2003)

3.2 FERESERRER- TR BEEA

ZUe s LA =S KA T R E A KRR A
TORLELIAR , LA B Bt (230 ~ 210Ma) 7E i< [N i e o sy
TS e fOR A T 2 A (RTAR L AR, L AR RS A B
RBE IR A S5 KCRE , A3 5 27 A6 54 5 I R R AL Y 86 4k
BE AR (Qin et al. , 2010, 2019) , [F] I, 75 FH44) 32 75 Fi
I R BV TR K (219 + 2Ma ) Sy () Bk 49 08 56 42k It
ARG SRR AL T H ST S A SRR (Wang et al.
2007) o ZAE A E S A s BRI, K, 0 & HE 5% ~ 8%,
Na,0/K,0=0.5 ~0.8,Ba = 1000 x 10 ~° ~3000 x 10, Sr =
800 x 107 ~ 1500 x 10 ~°, % +- . X & ( T REE) =300 x
107° ~500 x 10 ~° %% 4 &5 4, & Eu 17 5% ( Wang et al. |
2007) , X SERHE 5 1% 4 2= B W A RO A 1 38 40 4 il
SRR — 3 R R TR R XA S AR S AR, JEBEA TK
B4 (Y St/ Se), LR K 0.708 ~0.712, 8y, (1) = -9 ~
-6, 7% AT o UL FR W 3 R 22 AR 08 3 [ ( Wang et al. |
2007) o LIRBERRBUAHCA WK E X R 4 1 5 ) ot ) KR
AR EA = I E B A s (1) MR EE R U R 48 5
AT 3K 850 ~1000°C LA |, 38 /& T e 4 e JoT 25 A 9 [T A
LI, M E A SRR B A AN W 2 T, B
STV B TR AR AL T TR A, IR SRl S e KA
BEES 43 1wk 1 32 2 44 30 7 ok UK ( Hildreth and Moorbath,
1988) o (2) BRI IR AL 2 S 445 o W 000 6 L 1) B A 05
WERAR, W EEE AR S A AR R, X EE L
I3 BRI IR AR AN (U AL B B S R AIG T b A A 1 [ A
SR TR 53 DX 385 B e YR 2 1 T B 7K B 43 il 3 T
KIEFETHAERRLER , A R F RT3 A 3 T B ( Patifio
Douce, 1995) , (3) i JFEEE 7 K AE i el | A 28 Hh5E vk
FRIFARAL , 4 B B8 7R DX Sl A P Ak A e sl sk LR AS . i
JREREE TN IR 50N 5 b I B R AE A i FE ) B R
FRUBLA R AL T R R 15 25 (] FNAr 2 P R 4 A 451

3.3 MET EMEERRENEBS AR

e ( <210Ma) b 47 5 A€ B e T BT I il £ 6 401 e
PREE, M se Rr el T 8O b b5 A2 BBV (i i
AR ) TEAR R (700 ~750°C) R ( <0.8GPa) 45 fF T &
TR MR . PR IR R = /ORI H TR N — B R
JoF) il AR op BR-TE R B, EL ) DR A AR IR 3 s 210 ~
200Ma W, 53 SR JTAE i o T IR I8 — B0, B e IR 2
PEBE TS PR A6 TH 5 9 ik (1= 4 A48, 2004) o 25 1, A
( <210Ma) BT AE b A0 8 1P B e B s BR RS
FELRHR AR IR T BRI Rl e, BRI T 1 e 2 )R
YK Tl 4 e BT
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4 MhyeE At B make R

4.1 HEEREESYRBER

ZRIB 3 1L = B 284K 5 B0 0 Bl AN b 52 I Al Y
TR, TP S R M ST A 1) G A S Y R TR R AR

FI( >230Ma) 353K 8 T AE < 5 I TR BUbR 255 T L%
BAERRL . #Aa JE [ R ER, ZN B RS ey (1) H
T -2~ +4 Z[A], B HE BEAERS (1, ) SR PTE 1.0 ~
1.2Ga, B (R FHHI( <210Ma) i 48 AL X 2 (tpyy = 1. 8 ~
2.0Ga) , ¥5 /5 DX AE B 35 A5 1 FE 172 ) 1 (Qin et al. |
2013) . 4% Nd [A R —BEsE, 87 (> 230Ma) 1L A
eng(t) = =2~ +2 Nd B4R (1) = 1.1 ~1.3Ga, 5%
W et AN A A (U IS I AR B KR,y = 1.0 ~
1.2Ga) —8 (& 4),

WRIBVEBUA SR R AR e TR s A 514
FRE A FERR R, X R TS E ST > 1. 5GPa(iR
J& >50km) 254 T &84 16 @l B, 29 30% ~ 40% 11 45 14 2%
BB ARA + MINA + K89 A4 (Rapp and
Watson, 1995) . X LL5% B AH @ i H ) 43 R HERR T F M7 s
BB IE OB A L i B 5T, 1T A B A TS 5 e R
BRI S, S B 5w ) B R A 43 (U0 Mg, Cr ND) (19
Ao B, B He A AR A BN K A Mg” =45 ~55,Cr
=65 x107° ~82x107® Ni=28 x107° ~35 x 10 ~° | i/nH 5
H BT & AR BAE T (Qin et al. |, 2013)

B ( >230Ma) : A FIRE > 50km ( JE F7 > 1.5GPa) , L)
AP AT AR A 850 ~900°C , X R 7 A
R N 5 A0 2 0F, TR XA T 7 XA (Qin et al.
2013) . (230 ~ 210Ma) : 44 BlIZ & 30 ~ 50km ( J£ 77 0. 8
~1.5GPa) , LIER INKA N 3 PR (L fohi i . 85 A1
FNREERE 2 750 ~850°C , 5 78 b 7o A& B o A s ik, LI
AR TIRR 10% ~30% WP T(He et al. , 2025) . W]
( <210Ma) B RIVEEE < 30km ( JE /7 <0.8GPa) , J¥ i3 48 it
RABERAE, X— T8I B S EMENRE =T A 0H
PrOUB YOG, R0 Bt 58 3 2 30T 52 &5 R Rl Hh By
BUA A BPRILE | R 50 B 3 |, 08 U5 A 3ROSR il & b b e )
Rl SR A 5 W B Be it 52 pai vl (5 it 76 2% BT TR s 7RI
TR TR (R LM AT, 2011) o [R50 iE 5%
TSR G, T (> 230Ma) 1B K ey (1) THE
(=2~ +4) FEREIEFOMA; P B F A KRS, en (1)
fHFESE -8 ~ -5, M B B B K 5 e (1) = — 15 ~
- 10, Rt S B A (81 4) .

PG RZR B R BT, ena (1) 5 e (0) HAEIE
FRIMG R, S R SE e AH B AR 3G 3, S RIS IR &1 T B
PUIIZR (04 5 JJ 27 A p-lf 4 A 75 5 B ( Dong and Santosh,
2016; Lei et al. , 2025) o X —3b A2 5 ol R 42 50 v 19 & 1] 1A
G R At - E M YR 1 ) B ) 2R o — B, B ILAR =

http : //www. ysxb. ac. cn

(@) —HrB: >230Ma
S S 7

P 23 W8 3 L) Ay

RO o 5 A AT 3 S R e 6 898 9 A
TERAD i SN, HFERIA U™ BT AR

(b) % —HrBt: 230~210Ma

o it on Ao L ZRIA & L
S 8 4 rigkie g A E T JRRE T
S N
X
PRBR TS I B AE T HEFE I, F15% ACES]
RAER ST Gk, R Au- i 24
c)5E =K B: <210Ma
()58 =M B o 114 S s 1Ly A
S ot 5 5 M I N

ST TE ARG, TR EISTE b 4, I P BEW-Befl™ (19T %

KIS Zleesd 1l i = 2 (-1 AR 2 AN R B B 46 B J5
M B B AT A IS A S A
Fig. 5

evolution of granitic magmatism and associated metallic

Schematic illustration showing the spatio-temporal

mineralization during the Late Triassic-Early Jurassic in the

Qinling Orogen

B LU TE A AR S W) R AHIE IR R BN T el i R e
BUa SR RAR 5 e ) SR S SR AR, b re il R
SETEM ) S Sc i , b M E A BT e e S B
VI OB ER o R TR BE LBty > SOkm [ 2 < 30km,
[l 37 28 2 JSC MR P50 5 404 1) B e SR T A, X — i R AN ALK 2l
T ZRE e T 1] AR A 38 O B T SR AL T A S R
[LSiHBIERS

42 FRZ=ZBLEURESEERTHNEZSHNE

Zle 3 117 =B 2 MM A H - R G o R 2 Y
I ] AL R AR A2 ) 43 R AR, LR % S 1 32 B 5 2R Ak
W B 5 A P ) B 2 4 1) XU 4 4 (BT 55 Qiu et al. , 2023
He et al. , 2025) , He et al. (2025) 3T X} ZEEE ILH =5
LA AR Z AR SRR IEE T, 75 1 Rk &
Ll ) A7 B TR 25 40 52 7R 25 103° ~ 104° FIAR 48 107°
~ 108° 1 % & S I i) 25y BB RUE 390 SR 43, mT D X
G RAR P =AY 3k = A DX 2 ) o A A A
HES . VBN 2 SR 4R A A B i S RRAE , HEAE
A S S I e 2E 1Y Sr-Nd-Hf [m] 3 K 2H AR Nb/Ta F
Ho EBERBL L &2 A (9 i Y M b SE 2540 o AR BRI BR R )
JFOARXS AR, A b o R 28 20 S 5 L, HLiss Nb/Ta o fE
F878 TR ZUA FE AN AR 5 b ) S5 oK

N ) A F £ B, T 5 L SR B e ] 2 1y
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®1 FRSEUHF=BLARMT XEBRFRRITR

Table 1  Statistical table of formation ages for different metallogenic types in the Triassic Qinling Orogen

iRl 5 2B RA 0 BT
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W IR W IRAEA U7 Fik A% (Ma) ORI
LR FER B (R N KB ) U-Pb 230,211 A, 2025
RFmEy FRARIY AT U-Pb 211 +3 Qiu et al. , 2020
R FEARARTY e pauE Ar-Ar 245 A 4 2019
S RCEA AR ival U-Pb 230 ~220 11, 2016
IS FER R #H Re-0s 243.1+8.7 Mriitg s | 2024

P L 45" FR A B (R IR BES ) U-Pb 212.5£2.6 Z/NFRR R, 2023
M4 h FARARTY BEiA (B B BES ) U-Pb 223 AR, 2021
KW a0 By NN B Re-Os 221 7.6 UL, 2025
R B A B (R TR B ) U-Ph 212.43 ~213.4 FufBiE, 2021
e gErn oyl WEER™ Re-0s 214.1+1.1 Fk, 2011
SRR BEA 7 AR Re-0s 214 +7.1 SRl R4, 2009a
VERGIES=EI0N R HEER B Re-0s 193.6 £3.5 R, 2010
AR BAA T AN =g WD Re-0s 198 +2.7 XI5, 2013
BV Ak A U-Pb 213 +2.4 TKEEE, 2020
LSRRk 1N HEEH T Re-0s 199.7 3.9 [, 2021
MEA sy B k7 (opagis Ar-Ar 188.6 0.6 SRovER, 2023
(EEERE 0 [P A= &bk Ar-Ar 190.1 £0.6 SR4EE, 2023
% SR cTT A kT WEEH Re-Os 196.3 £3.3 Dai et al. , 2018
kPR fiy R Lntk Ar-Ar 196.7 +2 R ESE, 2019
[ [325: 700 WRAm Bt Ar-Ar 201.4 £2.1 AL 2019
FEM B T B4 A AR Re-Os 197.2+1.3 Jkarss 2015
) PP kT Ly U-Ph 200.2 +1.7 TR 2020
By FaE e AR Re-0s 197 1.6 RZEJREE, 2015
pANEE-Eron eSS WEAHH™ Re-Os 198.7 £3.9 w2021

B BetERE G . L0 ( > 230Ma) $R 3K 5 T A B 0 4 A TR
FEFHR (1), B -SRI R0 (> 230Ma) 2 4E 4R
T 249 ~230Ma 7o 47, ZHUA A HA BN KOEARAE, & “ A
FE + ST FEMEEH , O R SR T O G ) R S B S
(Qiu et al. , 2023) FlAfLF TR, T WE0 S0 8k
8 SN —2.9%0 ~ — 1. 5%0, 3¢ i g 5 5 5 44 3K B B5AiE ( Qiu
et al. , 2020) . FUK , EUARLE K AL I B (o s f
TR RS ) i AR A I, U0 TE 4 I 3
AR T (LSS, 2025) o B 5 26 TR LB 4 70 Y
ARG T B VR X R B I AR R PR 4, T
FEHAGM Cu-Au [1] Au-Sb 4347 (R @ESF, 2019) , FaN%
5 ¥ 11174 PP B T 8 4 0 (7 1 K AE B BE , 242Ma)
T BEAE B IR T T M7 SE A 1 5 TR A i, o e
BERAR, N iR A WA R R AR R R
CO,-H,0-NaCl, b 514 N4 2 LA Au(HS), 5L T
B ORI S, 2009a; ZgE %, 2019) .

I (230 ~210Ma) 455 [N 5 110 5 2 20 57 5 i Y 1
ARG, %o DX IR A 4 FAR 5 B TR R S B A T A
F o IR MRS 19 4B 0K (U0 Au Mo, Cu) 578 I 1A
TR BRTHES I BTV, WZR VL A 3B 1 F % AR
S (PRERS, 2017) K 7B 48 I A4S B % (Wang et al. |
2022) . S4HMHISEMAER & T B P T IR, LA
UNPEILAA (221 ~ 214Ma) | H 1] A (220 ~ 213Ma) %5 (£

1), 33 [l i s Rl B B 2 SR AR X . XS AR X
FAROI R B RKIAR, A FEE UK Bl R K B K S
FHTARNIR A U8R, AR e E MG RE RS, HAb,
TERd 7 B Bl PR AR IR X AT AR 4R ALK 4 e W BT (A0 A,
As S %), Rl A AR S B A e v 2 TR 5 0 39 4
G BRI R (NKZEESE, 2019; Liv et al. , 2015) , Ak
{RALAEBE ML BT Y T iy S i A SRR BT vE 32
PEAsTa], HPERIE S SR B R S BOR R AN TR I 50 1 AR 4
TERBR MR T UUE (XK 45, 2019) . DATG WG 1R
SRE RG], SR AE X LA-ICP-MS 4541 U-Pb 4F#% (216. 2
£1.7Ma ~217.2 +2.0Ma) 5405 Re-Os AT 2B 415 (214. 4
+7.1Ma) 5 —5(Zhu et al. , 2011) , AT 5 A5G0
[V A=, i LR R AT 5 A B A3 2 BT 1 ) o 2 il < A6
AR TR A T E A AR A3 m £ B T B Ak I
HHIEA (Qin et al. , 2009) , & Mg (40.05 ~56.34) Cr Ni
GERERERYES S, TR E 5 Mo SN TR ; &K
HHREE Y 8™ S {H (5. 02%0 ~ 5. 66%0) /R B K H A
P

T 55 W ST A6 1) o LA DX P B0 S I B - L B 0 1 e S 78
A, TR K A 5 e TR — 1 W-Mo-Be &
SEBEYIHOC, FrP R 3 | D ST R L, E R IT A R TE
R F 190 ~200Ma 245 (354 9% %, 2010; Wang et
al. , 2022; 1), FAEAERE S, RIRZ LS Ry
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fit, =4 Rb \Th U \Nb Ta 270K, 54t Ba,Sr, A Sv/Y fH,
TR A A SR P (B SE, 20105 BHHT, 2021) , 3
SURY IR Bu S PERE I A1 O S8k R 7, OB KR 23 S AR
(ERFT, 2021) o AR IS #7¢ W Be 559 JBU5d 3 52 1%
St Bas s, 10 FE B AR BR TR B BT A T, e
LRFEA AP ([ FEAE, 2019) o 73 ZEULI 92, A 30 &
GURs FOFF AR T A o J- U ROk, B P TR L
AP P B, 12 DX BEATE Ay 3 12 2K PG A R 3 5 Y (He et al.
2025) BEART T H PR IN K EMCH S M B2 e
BEE R, S5 BEA0 R TN b 5 B ) (7] il 4 - 4R
W B AL T ), 7040 VR BT A A R Al R R
G055 R RS A B BE = 8 R G X B 28 L A 5 18] A
SR HARA A ] o

5 #iigheR

Zele i Al = F ALK A RS R T RERE T 5 R o
TR 2R 22 J2 U Rl A < 1007 (> 230Ma) DL i I 2%
(RO B 2y o . 5 A AU B e s R SIS R AVE e o
(230 ~210Ma) KB A T 7ok -5 1 I8 TR 1 B
FERGIN A e ( <210Ma) W% 5798 A Hh b Hb 52 28 TR
ERERR I I SRR RE AR B A o 1% R IR T R FE A R 2R
B, A0 PR DTS A0 e T 2 0K s e 1) S B BIL 1 T
TE TR S WS AL R ik 1 37 ) o AT 645 3 )
WA o AERLET RN L R BERIA S UA K-S A E IA
5K, PRI B iR 5 s K S VBT L, R B AL AE
B JB H  A DU42  B-BH-Al o HRTRIT S 2 MO 42 o
BRAL 7 S 55O AR AR AT R 3 - SR B BERI 23, SR T 52 3 52
W I 2H AN — ke B T - AR A a3 i i P R D, AN TR P o A
i BT RN IR FEXE AR 70 T, B BEZ )W A7 AR T
buR)) 38

(EARTE RIS, FRIGT 28 0 T 1L H7 £ Pl b 0 il 7
(AT I R R R A B SRR AT A W o AR R 58
X IRAT A INAT 2 B2 T 4 A B I SR X
B, S a mAR B  HE-0 RO R S i b ek ibs, R4
7N U6 B | 58 I il 5 R 0 3 R 1) 1 P9 AR TR
Z, TR TI A T 1 il 2 AL S A T S ) DX S5
R, TR Rl R L1 5 - AR A -5 s AL B A

B ERRER LA R AT T A
B, 4R TSR B O LS S S, AR SRR Y
eI ft T EEAE T 7RI RO IR B R

References

Atherton MP and Petford N. 1993. Generation of sodium-rich magmas
from newly underplated basaltic crust. Nature, 362 (6416) . 144-

http : //www. ysxb. ac. cn

146

Boscaini A, Davies JHFL, Perrot MG, Sassi R, Mazzoli C, De Min A,
Morelli C, Kustatscher E, Blanchet-Gavouyere T and Marzoli A.
2025. Early Permian post-collisional magmatism induced by
extensive removal of the Variscan lithospheric mantle. Contributions
to Mineralogy and Petrology, 180(2): 10

Cai HM, Zhang HF, Xu WC, Shi ZL and Yuan HL. 2010. Petrogenesis
of Indosinian volcanic rocks in Songpan-Garze fold belt of the
northeastern Tibetan Plateau; New evidence for lithospheric
delamination. Science China ( Earth Sciences) , 53(9) : 1316-1328

Chao HX, Cui WW, Yang XK, Wang R, Han K, Yang N and Wang
YZ. 2023. Phlogopite **Ar-** Ar dating of the Qipangou tungsten
deposit in western Zhen’an, South Qinling Mountains and its
significance of Late Indosinian ore mineralization. Geotectonica et
Metallogenia, 47(3) : 570-579 (in Chinese with English abstract)

Chen BH, Zhang Y and Li KN. 2024. Genesis of the Jiagantan gold
deposit in West Qinling, China: Constraints from Re-Os dating, in-
situ trace elements and S isotope of gold bearing minerals. Acta
Petrologica Sinica, 40 (6): 1767-1783 (in Chinese with English
abstract )

Chen BY, Hou MT, Wang XL, Qiao JX and Chen WH. 2017. An
analysis of the Fengfu gold deposit in the Dongjiangkou granite of the
South Qinling orogenic belt. Geology and Exploration, 53(1) ; 43-
53 (in Chinese with English abstract)

Dai HZ, Wang DH, Wang CH and Huang F. 2018. Re-Os isotopic
dating of a W-Be polymetallic deposit in the Southern Qinling region,
China. Acta Geologica Sinica ( English Edition) , 92(1) ; 414415

Dai HZ, Wang DH, Liu LJ, Huang I and Wang CH. 2019. Metallogenic
epoch and metallogenic model of the Hetaoping W-Be deposit in
Zhen’an County, South Qinling. Acta Geologica Sinica, 93 (6) :
1342-1358 (iin Chinese with English abstract)

Dai JZ, Yu KP, Wang RT, Yuan HC, Wang L, Zhang XS and Li JB.
2015. Geological characteristics, Re-Os geochronology of Xinpu
molybdenum deposit in Ningshan, southern Qinling and its
implications. Acta Petrologica Sinica, 31 (1) ; 189-199 (in Chinese
with English abstract)

Ding HX, Zhang ZM and Kohn MJ. 2025. Himalayan “S-type” granite
generated from I-type sources. Proceedings of the National Academy
of Sciences of the United States of America, 122 (22 ):
€2500480122

Dong YP and Santosh M. 2016. Tectonic architecture and multiple
orogeny of the Qinling Orogenic Belt, Central China. Gondwana
Research, 29(1): 140

Dong YP, Sun SS, Santosh M, Zhao J, Sun JP, He DF, Shi XH, Hui
B, Cheng C and Zhang GW. 2021. Central China Orogenic Belt and
amalgamation of East Asian continents. Gondwana Research, 100:
131-194

England P and Houseman G. 1989. Extension during continental
convergence, with application to the Tibetan Plateau. Journal of
Geophysical Research: Solid Earth, 94 (B12) . 17561-17579

Han K. 2021.
regularity and prospecting prediction in the W-Mo-Au polymetallic

Ore-controlling  structure-magma-fluid-metallogenetic

ore concentration area in Ningshan-Zhen’an area, South Qinling.
Ph. D. Dissertation. Xi’an: Chang’an University (in Chinese with
English abstract)

He DY, Qiu KF, Yu HC, Jowitt SM, Zheng X, Mazumder R and Deng
J. 2025. Lithospheric architecture and evolution of the Qinling
Orogen of Central China and associated controls on metallogeny.
Earth-Science Reviews, 264 . 105092

Hildreth W and Moorbath S. 1988.
magmatism in the Andes of Central Chile.
Mineralogy and Petrology, 98(4) . 455-489

Hillenbrand IW and Williams ML. 2022. Geochemical evidence for
diachronous uplift and synchronous collapse of the high elevation
Variscan hinterland. Geophysical Research Letters, 49 (21 ):
€2022GL100435

Hu FY, Liu SW, Ducea MN, Chapman JB, Wu FY and Kusky T. 2020.
Early Mesozoic magmatism and tectonic evolution of the Qinling

Crustal contributions to arc
Contributions to



x

2

MBREEF . i LT bE S BRER T AM LT =40

Orogen: Implications for oblique continental collision. Gondwana
Research, 88 296-332

Hu JQ, Li XW, Xu JF, Mo XX, Wang FY, Yu HX, Shan W, Xing
HQ, Huang XF and Dong GC. 2019.

metaluminous and muscovite-bearing peraluminous granitoids in the

Generation of coeval

same composite pluton in West Qinling, NE Tibetan Plateau. Lithos,
344-345; 374-392

Jiang YH, Jin GD, Liao SY, Zhou Q and Zhao P. 2010. Geochemical
and Sr-Nd-Hf isotopic constraints on the origin of Late Triassic
granitoids from the Qinling orogen, central China; Implications for a
continental arc to continent-continent collision. Lithos, 117 (14) .
183-197

Jin W], Zhang Q, He DF and Jia XQ. 2005. SHRIMP dating of adakites
in western Qinling and their implications. Acta Petrologica Sinica,
21(3): 959966 (in Chinese with English abstract)

Lai SC, Qin JF, Chen L and Grapes R. 2008. Geochemistry of ophiolites
from the Mian-Lue suture zone: Implications for the tectonic
evolution of the Qinling Orogen, central China. International Geology
Review, 50(7) : 650-664

Lei YD, Zhang YP, Cao GY, Zhao Z, Liu J, Qin GX, Yang SK, Zhang
DL and Tang XC. 2025. Petrogenesis of Triassic granitoids in the
Guide area, Western Qinling: Implications for the scissors-like
subduction to collision orogenic processes. Lithosphere, 2025(3) .
lithosphere_2024_231

Li B, Zhu LM, Ding LL, Ma YB, Xiong X, Yang T and Wang F. 2021.
Geology, isotope geochemistry, and ore genesis of the Liba gold
deposit in the western Qinling orogen, China. Acta Geologica
Sinica, 95(2) ; 427448 (in Chinese with English abstract)

Li JW, Sui JX, Jin XY, Wen G, Chang J, Zhu R, Zhan HY and Wu
WH. 2019. The intrusion-related gold deposits in the Xiahe-Hezuo
district, West Qinling Orogen: Geodynamic setting and exploration
potential. Earth Science Frontiers, 26(5) : 17-32 (in Chinese with
English abstract)

Li SQ, Yang XY, Qu WJ, Chen FK and Sun WD. 2010. Molybdenite
Re-Os age and metallogeny of the Yueheping skarn molybdenum
deposit in Ningshan, southern Qinling. Acta Petrologica Sinica, 26
(5): 1479-1486 (in Chinese with English abstract)

Li XY and Zhao J. 2023.
unmineralized dikes in Yangshan gold deposit. Sichuan Metallurgy,
45(1); 31-35 (in Chinese with English abstract)

Ling WL, Gao S, Ouyang JP, Zhang BR and Li HM. 2002. Time and
tectonic setting of the Xixiang Group: Constraints from zircon U-Pb

Zircon chronology of mineralized and

geochronology and geochemistry. Science in China ( Series D), 45
(9) . 818-831

Liu HN, Li XW, Mo XX, Xu JF, Liu JJ, Dong GC, Shan W, Zhang Y,
Wang K and Yu HX. 2021. Early Mesozoic crustal evolution in the
NW segment of West Qinling, China: Evidence from diverse
intermediate-felsic igneous rocks. Lithos, 396-397 . 106187

Liu JJ, Dai HZ, Zhai DG, Wang JP, Wang YH, Yang LB, Mao GJ, Liu
XH, Liao YF, Yu C and Li QZ. 2015. Geological and geochemical
characteristics and formation mechanisms of the Zhaishang Carlin-like
type gold deposit, western Qinling Mountains, China. Ore Geology
Reviews, 64, 273-298

Liu JJ, Liu CH, Wang JP, Zhu LM, Zhang J, Zhai DG, Wang YH, Liu
7J and Zhang FF. 2019. Classification and mineralization of the gold
deposits in the western Qinling region, China. Earth Science
Frontiers, 26(5) : 1-16 (in Chinese with English abstract)

Liu X. 2013. The characteristics and genesis of the Zhen’an W deposit,
Shaanxi Province, China. Master Degree Thesis. Beijing: China
University of Geosciences ( Beijing) (in Chinese with English
abstract )

Luchitskaya MV. 2022. The composition, petrogenesis, and geodynamic
setting of adakite magmatism: An overview. Geotectonics, 56 (4 ) :
486-519

Luo JC, Lai SC, Qin JF, Li HB, Li XJ and Zang WJ]. 2010.
Geochemistry and geological significance of Late Triassic Yanzhiba
pluton from the Southern Qinling orogenic belt. Geological Review,
56(6): 792-800 (in Chinese with English abstract)

iRl 5 2B RA 0 BT

2329

Martin H, Smithies RH, Rapp R, Moyen JF and Champion D. 2005. An
overview of adakite, tonalite-trondhjemite-granodiorite (TTG ), and
sanukitoid: Relationships and implications for crustal
evolution. Lithos, 79(1-2): 1-24

Meng QR and Zhang GW. 1999. Timing of collision of the North and
South China blocks: Controversy and reconciliation. Geology, 27

(2). 123-126

Patifio Douce AE. 1995. Experimental generation of hybrid silicic melts

some

by reaction of high-Al basalt with metamorphic rocks. Journal of
Geophysical Research: Solid Earth, 100(B8) ; 15623-15639

Qin JF, Lai SC and Li YF. 2005.
significance of Yangba granodiorites from Bikou area, northern
margin of Yangtze Plate. Acta Petrologica Sinica, 21(3): 697-710
(in Chinese with English abstract)

Qin JF, Lai SC, Grapes R, Diwu CR, Ju YJ and Li YF. 2009.
Geochemical evidence for origin of magma mixing for the Triassic

Petrogenesis and geological

monzonitic granite and its enclaves at Mishuling in the Qinling orogen
(central China). Lithos, 112(34): 259-276

Qin JF, Lai SC, Grapes R, Diwu CR, Ju YJ and Li YF. 2010. Origin of
Late Triassic high-Mg adakitic granitoid rocks from the Dongjiangkou
area, Qinling orogen, central China: Implications for subduction of
continental crust. Lithos, 120(34) ; 347-367

Qin JF and Lai SC. 2011. Petrogenesis and Geodynamic Implications of
the Late-Triassic Granitoids from the Qinling Orogenic Belt. Beijing:
Science Press, 1-255 (in Chinese)

Qin JF, Lai SC and Li YF. 2013. Multi-stage granitic magmatism during
exhumation of subducted continental lithosphere; Evidence from the
Wulong pluton, South Qinling. Gondwana Research, 24 (34):
1108-1126

Qin JF, Lai SC, Long XP, Li YF, Ju YJ, Zhao SW, Zhu RZ, Wang JB
and Zhang 7Z7Z. 2019. Hydrous melting of metasomatized mantle
wedge and crustal growth in the post-collisional stage: Evidence from
Late Triassic monzodiorite and its mafic enclaves in the south Qinling
(central China). Lithosphere, 11(1): 3-20

Qiu KF, Yu HC, Deng J, Mclntire D, Gou ZY, Geng JZ, Chang ZS,
Zhu R, Li KN and Goldfarb R. 2020. The giant Zaozigou Au-Sh
deposit in West Qinling, China: Magmatic- or metamorphic-
hydrothermal origin? Mineralium Deposita, 55(2) : 345-362

Qiu KF, Deng J, He DY, Rosenbaum G, Zheng X, Williams-Jones AE,
Yu HC and Balen D. 2023. Evidence of vertical slab tearing in the
Late Triassic Qinling Orogen ( central China ) from multiproxy
geochemical and isotopic imaging. Journal of Geophysical Research:
Solid Earth, 128(4) : €2022]JB025514

Rapp RP and Watson EB. 1995. Dehydration melting of metabasalt at 8
~ 32kbar: Implications for continental growth and crust-mantle
recycling. Journal of Petrology, 36(4) . 891-931

Sui JX. 2016. Gold mineralization related to reduced intrusions in the
Xiahe-Hezuo district, West Qinling, China. Ph. D. Dissertation.
Wuhan; China University of Geosciences ( Wuhan) (in Chinese)

Wang F, Zhu RX, Li Q, He HY, Luo QH, Lu XX, Sang HQ and Wang
YL. 2004. A differential uplifting of Qinling orogeny belt evidences
from “Ar/* Ar thermochronology of granites. Earth Science
Frontiers, 11(4) ; 445459 (in Chinese with English abstract)

Wang F. 2011. The geological and geochemical characteristics of the
Wenquan molybdenum deposit in the West Qinling, and its
metallogenetic geodynamic setting. Master Degree Thesis. Xi’an:
Northwest University (in Chinese with English abstract)

Wang F, Li DC, Fan JL, Han K, Zhu LM, Wang PP, Ji CK, Zhou XL,
Zhao W and Zang F. 2022. Petrogenesis of the Triassic Sihaiping
granite in the South Qinling orogen, central China; Implications for
Mo-W mineralization. Ore Geology Reviews, 150 105166

Wang XX, Wang T, Jahn BM, Hu NG and Chen W. 2007. Tectonic
significance of Late Triassic post-collisional lamprophyre dykes from
the Qinling Mountains ( China). Geological Magazine, 144 (5) .
837-848

Wang XX, Wang T, Ke CH, Yang Y and Tian YF. 2021. Timing and
Nd-Hf isotopic mapping of Early Mesozoic granitoids in the Qinling
orogen, central China; Implication for architecture, nature and



2330 Acta Petrologica Sinica 2 %53k 2026, 42(7)

processes of the orogen. American Journal of Science, 321 (1-2):
118-151

Watson EB and Harrison TM. 1983. Zircon saturation revisited:
Temperature and composition effects in a variety of crustal magma
types. Earth and Planetary Science Letters, 64(2) : 295-304

Weinberg RF. 2016. Himalayan leucogranites and migmatites: nature,
timing and duration of anatexis. Journal of Metamorphic Geology, 34
(8):821-843

Wu FY, Li XH, Yang JH and Zheng YF. 2007. Discussions on the
petrogenesis of granites. Acta Petrologica Sinica, 23(6) : 1217-1238
(in Chinese with English abstract)

Wu FY, Liu XC, Liu ZC, Wang RC, Xie L, Wang JM, Ji WQ, Yang
L, Liu C, Khanal GP and He SX. 2020. Highly fractionated
Himalayan leucogranites and associated rare-metal mineralization.
Lithos, 352-353; 105319

Wu JX, Wang W, Huang ZB, Wang XS, Xue QB and Su X. 2021.
Zircon U-Pb age, Hf isotope composition, and magma source of Mo-
bearing granite porphyry in the Wenquan Mo deposit from West
Qinling. Geology in China, 48 (5): 1596-1608 (in Chinese with
English abstract)

Xia LQ, Xia ZC, Xu XY, Li XM and Ma ZP. 2007. Petrogenesis of the
Bikou Group volcanic rocks. Earth Science Frontiers, 14 (3) . 84-
101 (in Chinese with English abstract)

Xia L, Yan QR, Xiang ZJ, Jiang W, Song B and Chen HM. 2017. Late
Triassic andesitic accretionary arc in the central Songpan-Ganzi
terrane and its tectonic significance. Acta Petrologica Sinica, 33
(2): 579604 (in Chinese with English abstract)

Yan QR, Hanson AD, Wang ZQ, Druschke PA, Yan Z, Wang T and Lu
HF. 2004. Timing and setting of Guanjiagou conglomerate in South
Qinling and their tectonic implications. Chinese Science Bulletin, 49
(16) : 1722-1729

Yang F, Jepson G, Bagas L, Tu JR, Zhang C, Zhu R and Shen JF.
2025. Temporal evolution, exhumation history, and preservation
potential of the superlarge Zaozigou gold deposit in the West Qinling
Orogen, China. Science China ( Earth Sciences), 68 (4): 1158-
1179

Yang JS, Liu FL, Wu C, Xu Z, Shi RD, Chen SY, Deloule E and
Wooden JL. 2005. Two ultrahigh-pressure metamorphic events
recognized in the central orogenic belt of China; Evidence from the
U-Pb dating of coesite-bearing zircons. International Geology
Review, 47(4) : 327-343

Zeng JJ, Pu WF, Liu B, Yuan Z and Yang Z. 2023. Magmatism in the
Early Triassic continental margin arc environment in the West Qinling
mountains: Evidence from zircon U-Pb ages and geochemical
characteristics of the Nazha pluton. Geological Bulletin of China, 42
(6): 1001-1012 (in Chinese with English abstract)

Zhang GW, Dong YP, Lai SC, Guo AL, Meng QR, Liu SF, Cheng SY,
Yao AP, Zhang ZQ, Pei XZ and Li SZ. 2004. Mianlue tectonic
zone and Mianliie suture zone on southern margin of Qinling-Dabie
orogenic belt. Science in China (Series D), 47(4) : 300-316

Zhang H, Chen DL, Zhai MG, Zhang FX, Gong XK and Sun WD.
2015. Molybdenite Re-Os dating and its tectonic significance of the
Guilingou porphyry molybdenum deposit, southern Qinling. Acta
Petrologica Sinica, 31 (7): 20232037 (in Chinese with English
abstract )

Zhang HF, Xiao L, Zhang L, Yuan HL and Jin LL. 2007. Geochemical
and Pb-Sr-Nd isotopic compositions of Indosinian granitoids from the
Bikou block, northwest of the Yangtze plate: Constraints on
petrogenesis, nature of deep crust and geodynamics. Science in
China (Series D), 50(7) : 972-983

Zhang W, Wang GB, Zhang K, Wang JL, Hu Y, Wang PP, Wang F,
Liu WJ, Chen Y, Chen YW, Zhou XL and Ji CK. 2020. Indosinian
ore-forming process of the Qipangou W deposit in Zhen’an, Shaanxi :
Evidence from hydrothermal zircon U-Pb dating. Geology in China,
47(2): 552-554 (iin Chinese with English abstract)

Zhao HB, He GD, Niu PF, Wu BX and He JZ. 2025. Re-Os dating of
pyrite from early ore stage of the Dagiao superlarge gold deposit in
South Qinling and its geologic significance. Chinese Journal of

http : //www. ysxb. ac. cn

Geology, 60(2): 594-606 (in Chinese with English abstract)

Zhu LM, Ding ZJ, Yao SZ, Zhang GW, Song SG, Qu W], Guo B and
Lee B. 2009.
molybdenum deposit at Wenquan in Gansu Province, Western
Qinling. Chinese Science Bulletin, 54 (13) ; 2309-2324

Zhu LM, Zhang GW, Lee B, Guo B, Gong HJ, Kang L and Lii SL.
2010. Zircon U-Pb dating and geochemical study of the Xianggou

Ore-forming event and geodynamic setting of

granite in the Ma’anqiao gold deposit and its relationship with gold
mineralization. Science China ( Earth Sciences) , 53(2) . 220-240
Zhu LM, Zhang GW, Chen YJ, Ding ZJ, Guo B, Wang F and Lee B.
2011. Zircon U-Pb ages and geochemistry of the Wenquan Mo-
bearing granitoids in West Qinling, China; Constraints on the
geodynamic setting for the newly discovered Wenquan Mo deposit.

Ore Geology Reviews, 39(1-2) . 46-62

Bt o 305 % S0k

SREHE, ASCH, B4R, BB, HE, BT, B, 2023, AR
UM AT R A Ar A Q27 B L3 B S AR ) T 1) 35
TN KM 5 2%, 47(3) : 570-579

WREW, RAeA, B, T/, FRier, Mkt 2017. mEK
RILUA R RS S0 0 RERE S5 R F E AT, i 58, 53
(1) 4353

PRI, SKE, ZERETS. 2024, PRSI H MEA R B UEE . #Rb
Re-Os SEAE A0 Y RN e o0 R MBR R KRR E. A A%
1, 40(6) . 1767-1783

RIS, 8L, XU, ¥, TR 2019, RIS 2 pk I
BB RS B S B . b 2E i, 93 (6) ¢ 1342-
1358

RZER, MOFF, i, 2w, &, Hrist, 22808 2015. &
ZRUB TR OB Al AH D SRR AE FESH B Re-Os 4F 3% B b 5 78
S OBTEEAR 31(1) . 189-199

HEET. 2021, MBI TR-EY S Z SR EXET G-
WA LA S e . B AR S PR KR

YR, K, MBIk, TUFHE. 2005, PHRISIRIL A SHRIMP
FEAE A . AR, 21(3) : 959-966

RE, R, TR0, U, RES, i, T8 2021, PH&EBZE
NG PRI | TR 28 M BR fb 2% S B BT, B2 4, 95
(2) . 427448

A, FET AR, YEREF, SO, BEE, REL AW, O
2019. PHZEWGEIM-A/ER SR AE G RSB REE
KL S oA 5. H2ERTZk, 26(5) : 17-32

XK, HeE, R, BRfEdh, 07K, 2010, BFZRIS T PbIX
FEEA KA Re-0s 4E IR FIH R 2FHFFAE. 5 A F 4, 26
(5): 1479-1486

N, B 2023, PHILAT 0 fb- R 15 Tk a5 A =
PG4, 45(1) ; 3135

VECEE, b, BREHESE, dkA -, ZEER. 2002, 74 2 BERYEHR S
s e R R AR S BRIE 2= 2. EFRFE(D ),
32(2): 101-112

XIRE, XpR, A7, KRB, ki, B8, F8R%, MR,
K575, 2019, PHZEIAHLIX & 88 K H o1 . HIsF R,
26(5): 1-16

XUPE. 2013, BEPGEL LA R FRAE SRS, B2 s db
s PEML BT ()



: BRAEREL AR BB RIS R AT R

URG, WARER, ZRULEE, RGN, AT, BOCIH. 20100 MAS
e, = B A 30U A 10 b 3R Ak 255 R AE B2 b o . SR T
56(6) : 792-800

ZHULEE, AR 2011, ZRUA3E LT 6 = & A8 25 R 5 R 3l
Ji dest: Bl d L, 1255

P HE. 2016. PYZRIA B —4 1 1l X 5 30 S AR A 56 1 4
TYER. A3 R S E LR (300

TR, KRB, 5, BT, BIEE, SRR, RIGW, T2
2004. ZEI& s LAY 2 B FHARIE—FE 1 A% Ar/” Ar AR 2
AESERIESE. H2ATTZR, 11(4) : 445459

T 2011, PHARIARIEL SR DT R H T - bR T 25 RRAE 5 T B T 247

e AA2EALS SC. PO PHAL R

, ZEkAE, BHERE, K K. 2007, 4E 5 A BRI BSR4 T 18]
B AR, 23(6) : 1217-1238

RGN, F30, EHO, THELE, BEEIK, T80 2021, P4 ISR R
B X B HAE B B B A1 U-Ph AR JHIE [0 28 41 SCE
FURIRTIE. PEME, 48(5): 1596-1608

M, HA, e, FEmR, GpoE. 2007, ORI A S
AR, #2EFTZ, 14(3) : 84-101

B, AN, w4, 30, K, FREH. 2017, M- Haoh ik
R = S T2 L O AR IR B LR . A2, 33
(2): 579-604

24>\, Hanson AD, F %2, Druschke PA, [E3%, T, J5iF1%.
2004. FIZIA S Z I TR A IR B R PR BE M b S B
225, 49(14) ; 1416-1423

¥, Jepson G, Bagas L, RZEHH, K17, AREL, R 2025, P55
WA TRy BT G0 B () G A 300 5 17 50 R ARAEWE . P Bl 2

il

H |

b

#HL A= E LK

TR S 2l BT B 2331

(HbBRRI2:) , 55(4) : 1195-1217

R, WM, XD, RER, Mt 2023, PYZISH =S R4 0N
WEEERAEA : K BIRILAERES A U-Pb 4R I8 i ERIL 4R HE Y
WEHE. Mo, 42(6) : 1001-1012

TREf, HRMS, BT, TRk, ERME, X0, BRI, P
-, SRR, MR, AR 2003, R - S5 R AT R 2k R g
P S g AE . T ERE (D $]) , 33(12) : 1121-1135

ST, BRFEES, BBE, SKER, EAHTE, FNEAR. 2015, FERUASH:
MIFES BT Re-Os R Z AR B LM 3 5 A5, A A
245 31(7) : 20232037

TRZE, HOE, SRR, FELAR, B2, 2007, HFREY g E O
R B SR AE B 2R MR AL 24 A0 Ph-Se-Nd [ fo Z 4H . BRI
AR B I 2 E . P EREE(D ), 37(4) : 460470

JRE, EAMRE, skal, ERE, §IFE, EMM, K, XS0, B,
BRI, 240, 055FE. 2020, BEVGEZe sl A0 80 R ED SO
BB R AR A U-Ph AR IR IESS. R E ML, 47(2): 552-
554

UL, T H A, M8, AR, fTHER. 2025, FEZRIARH K
A1 L Y BE T2k Re-Os [0 AR IS S Hob i 25 3L, 36
kb2, 60(2) ; 594-606

R, THe2E, BhBR, REM, KL, JECR, ¥, Fk
2009a. FHZEISH R R SR 40 PR AL M5 25 14 B L i i 7
RS, 54(16) ; 2337-2347

R, SRIEMS, 2R, U, IR%E, &, B4AE. 2009b. Hig
B IR P il G W 1 U-Pb GEAR SBRIL S KI5 0 X R
W, P EFEE(D ), 39(6) : 700-720



