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Proto-Tethys Ocean subduction initiation: New evidence from the Early
Cambrian forearc magmatism in the Northern Qilian Orogen
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Abstract: The magmatic rocks formed in the forearc setting are considered to possibly record key evidences for sub-
duction initiation. In this paper, the niobium-rich gabbro and plagiogranite are newly reported in the Corridor Nan-
shan ophiolitic melange zone of the North Qilian Orogen. Based on field observation, combined with comprehensive
studies of petrology, geochemistry, isotope geochemistry and chronology, the time of initial subduction of proto-

Tethys Ocean is constrained and its evolution model and tectonic implication are discussed. Zircon U-Pb dating
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results reveal a weighted average **Pb/**U zircon age at 512+4 Ma for a niobium-enriched gabbro sample, and
522+3 Ma and 519+1 Ma for two plagiogranite samples. The niobium-rich gabbro samples have Nb contents of
7.49x10°°~10.80x10°°, TiO, of 1.50% ~2.08%, Nb/U values of 11.9~13.4 and (Nb/La)> 0.5, which are
obviously higher than those of island-arc basalts. ¢Nd(¢) values of Nb-enriched grabbro are between +4. 38 and
+5.78. Plagiogranite samples have low K,O content (0. 31% ~ 1. 66%) and low ratios of K,0/Na,O (0. 05 ~
0.43). The chondrite-normalized rare earth element pattern is relatively flat, with weakly positive Eu or negative
anomalies. The plagioclase samples are relatively enriched in large ion lithophile elements such as Ba, Sr and U,
and depleted in high field strength elements such as Nb and Ta. Combing their positive eNd(¢) value (+3.35) and
highly positive ¢Hf(¢) ranging (mostly between 6.2 to 12.9), we suggest an oceanic plagiogranite. The new data,
along with the regional geology, indicate the Baijingsi plagiogranites are resulted from partial melting of the young
and hot subducting oceanic slab at shallow depths in relatively high temperature during subduction initiation stage.
Subsequently, the partial melting of subducting slab led to product of adakitic melts, which metasomatized or inter-
acted with the upper mantle wedge peridotites, then the partial melting of metasomatized mantle peridotites gave rise

to Nb-enriched basaltic magma. These data indicate that initial stage of subduction of the Prototethyan ocean

(Paleo-Qilian ocean) occurred in the Early Cambrian.
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MR A PR LB A T 29, X 2R AT B (kR 4
FEAF) BT ALIS AR 3 AT Bl T4 T b SO RS P R
YRS OR Sl 2 1k, L I B L BR 52 % 2R 456 03 [
WIS HUIE (B mE, 2023)

ARG BN 1 A PR A [, 40 46 FF e ) BIL A 7T
N KA H K P 2E (Gurnis et al., 2004; Stern,
2004) . PRI ITEFELESN 1B R 7 Az B0 ke
Uy, SR ATART b 1 B AR e RS (B o A
2021) o T F A b A S8 Al B 22 1] 7E 25 B 22 B A
FHTF e 3V T A R b2 B, T 68 A= T M s
HESK ] S | 4 B 23 N e 2 R Bt 300 2, 80 S 451 4
Izu-Bonin-Mariana F Tonga-Kermadec % i[- 5 i1
(BR/REE, 2018) , K&EBIT SSZ AUME L4 1 5 A )7 41
5 Tzu-Bonin-Mariana 7 P9I i 22 G0 HA K44 %)
WG FR BT LA B AN s B AT 68 T A5 N W0 B IR
HHL#I ( Pearce and Robinson, 2010; Whattam and
Stern, 2011)

ANBE H R S 5N ot 4G HL A, OFF ke 4

U = R A i W S VA U N iR T S E N S W IR
MR AR LR I WA b B 1 5% R 22 2 — 3401 ( What-
tam and Stern, 2011; ¥ %%, 2023) ., ¥R AWFFEI;
IS 46 114 b J5T T S A2 A O B B AL 1 %) LAl B
e AU R S d ML ) S L | B A T B, 3R T X
by S A B AL TR 24 8 7m AN [R] I DR Ty b 5 1 A=
A TTRIR, AT RO A2 Tt R A Al it ST i T8 1k
P o 3 Jr i AR A 29 (B e, 2023)
I IR RS L BT s T2 BN R s (SSZ) Y
Iggg s INHT X B | B A RS IR AR ( Reagan
et al. , 2010; B, 2023) o FEAF bR AR IE K
SSZ AU £ 5 1 F ML, W1 Tzu-Bonin-Marianna 5
Fif ( Shervais, 2001; 5247, 2005), #F 5% % W,
Bonin 1 Mariana A7 X 447 1R 9K KR 41 &5 T
FEAR — 0, AR LA A R X s R R 2
SSZ At A, A N T AR YA b MRS O
A SRS BE (Reagan et al. , 2010; Ishizuka et al. |
2011) o 3X—XFR 5C R KB SSZ Al 4 5 T8 T
UEAR R B B 9INEG 17 5% ( Stern, 2004 ; Reagan et al. |
2010; Ishizuka et al., 2011; Whattam and Stern,
2011; Stern et al. , 2012) , FRAGTZ & A 2 e #245
AR Rt/ I 05 A /R UL Y Dl 1 S T S RPN
A S By 22 I T I A 7 N R 0 S )
TE L) ‘41 ( Reagan et al. , 2010; Ishizuka et al. |
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2011) o B2 Bk B M P U A A B oA RS AL,
SE I HI 4 M T B P 55 00 H B A 2 bR 3K ((Stern
et al. , 2012) . ZZFURA Y B2 e a5 8 UT 5t
BLT WG vl B B Y SC IR , ANy J2 SSZ Y
Mz 5 1 B AR A% ( Wakabayashi and Dilek, 2000,
2003 ; Bortolotti et al. , 2013)

A S 7E IR o OICHT M DXk BN AT X A
(FAB, Xk MORB-like A ) (% IRIK A
(Bl sRss e s ) (E B XA (NEB) Km Bk
1 (HMA) 5 Z RN WA A UE A 45 FR N
TEPIGINAT 2 50 % (M DRSS, 20165 Tshizuka
et al., 2018) . Ho WX A i FUEAE 1993 4F
FH Sajona %5 AFE# 57 JE R 2 Mindanao f%) Zamboanga
F AR INL BCA IR I, R R L A 1 E
SCEARTIR 1Y (Sajona et al. , 1993) , H T B 5K
B B bV 2 DD RE G A7 O 1 X e A E 5T
R 52 BT YOG (BRI A%, 20055 2K %
FE, 2014) o B PR & IR K B R — SRR R R Al
IR RE, 5IEW BN REH L, B BA R
B Nb(7x10°~16x107°) \Ti0, (1% ~2%) Fl P,0,
T KA LILE/HFSE F1 LREE/HFSE {f, I ER
559 Nb, Ta 7525 (A B BLES 89 IE 52 9 ) |
(La/Nb) py fH/IN= 2 (AR /DT 0. 7( Sajona et al. |
1993, 1996; JTHHI %, 2009; 24K 5, 2014) , &
Nb Z AW A A A A WO M AR B S ik v s
g ORI A+ E R A R SRR I A H A
(Sajona et al. , 1994) , EA T BN N IRFENR A
F e FH A B, IR R ) B CE A A A
RESE B B 3 PR B R S (VPRI SR 2001 E R AR,
2003, 2006; FKIEFFESE, 2005)

g b AL B KT T R E R A
1A AR X AR ( Dilek and Furnes, 2014 ; Pearce,
2014) , WEFHEMIE TIRAMES A E RV -
AT LT AE B, X S A 1 S 8RR D R T
B L K % ( Aumento, 1969; Moores and Vine,
1971; Li and Li, 2003 ; Koepke et al. , 2004, 2007) ,
AR RPERHC AL K A 7 4 B2 A (Li and Li,
2003) : O SHEBIRHAE A, — Bl IR Y kil e
HREE A SR A AR T B9 20 B 485 & R 0 S A IR I
( Coleman and Peterman, 1975) ; @ BJH)RIRHE AL K
o, R TEEEY R PO VRS T R B R 5 U0
DAL AR Tt 725 ) i e I S 1Y 78 0 J il ( Flagler and
Spray, 1991); @ fff v B A AL 5 7, T BT o

Y, H RN B R AR B S 4 4 i T B ( Scarrow
et al. , 20015 Li and Li, 2003) ; @ ¥ s A AHAE 14
o KB T ss | B TR 3 I ROE
H A ZFFIE S5 MORB ASJF (Skjerlie et al. , 2000)
SR, Bt X KPR RHAE B A WF 98 AR A, AAT]
RIVEAFAEAG 5 — PP AR IR R B R RHC AL X
WRE TINHTHL X, 32 4R 58 ) 5T I b VR Y 42
il , HLA IR A A R R AL 2E R AE T RR A SIRT
165 (Ishikawa et al. , 2002; Guivel et al. , 2003;
Shervais, 2008; Haase et al., 2015; Joun et al. ,
2019) X W) B IR v B — E HR 8 B X (Li et al.
2022)

RE R ST R b sk A A SBT3 A6 O 95 K il
AR J7 X BLAN Rl 22 8] 19 B B, B e AR AU
(] (1) P55 O34 2R V9 [ JE A1 1) B g 7% B S8 1
-G LR R LA R TR (R AR T
85, 2020) o R (5t AT ) R 3 AR DL RS Y
Ho BRI A FUET AR s T SR AR, SR W0 R I b
SRR T A KARAY S 40 % ( Zhang et al. |
2021) o JFUARFRITE R IE LN S 5 2 JE 1R R
i ) 24 A O, IR AE L AR AR I AT S (Li et al.
2018) A3 RT3 B A S8 Tk R M He 2 18] %) 4 %
IR SR R S /o e 2| SN /R U N RS SN i 3 7]
x4 R 1 L B SERE SRR (Pan et al. , 20125 5K
HHTAE, 2015) o AHS, U O bR A0 4 O o
AH G H BT 9 s A 13 E B R ME (Stern et al. , 20125
Dilek and Furnes, 2014) , —J7 1l , ¥ 4 0 b F 22 B
[E] A0S T AR i AR 0, b B 3 SR AT BR ( Stern
et al. , 2012; Reagan et al. , 2019) ; 55— J5 I, #] 4
AR b b ST T SR S AT o R S AR ok
(Hickey-Vargas et al. , 2018 ; Ishizuka et al. , 2018)
TEALAR & 1Lt , H T -5 W1 ER IR A a5 AL
B 8 T ACAR % R 7 R, LU 2 s (K-
WLk ) PP R RE (R4S, 1995; Xia et al.
2012) , HIB A1 A 519~ 505 Ma, X 2647) i 4ff oh
a0 A RS [ oA AT 7 R i A A HAb
AR AR AR R AR TR (VR ) 1 Bh
Rliike

T i FRATTAE AU AR 7% A 28 =5 Ml DB U s 4R
W (NEG) FIRHEAE 54 1 A A G A 3G o
XA 2 IR (R ER bRk 2 FAE A S
G, 5 G IR BT GORE PRI T AR 7 VT 46 0 b i)
i 1) S HCT8 AR, Sy JUR i 20 f) 0T e a2 s v AL 1)
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JeAl v Ay 7 TAedb 5 () A8 b 2 ]
Rt 5 B 2 b e DAl B LU T2 A A P R S AR i
Hu B D) 32 30 B0 23 Sk SR G Bl R 4 A2 RS A T T 2
PRI, 3F HAT 5 0BT R 4 1L AR b (AR 3R
451999 Zhang et al. , 2001) . JUAR & LB
R SRR A 1 S R A IR A PR AR, B R
A o R 2B 3 LR FH A G Pl AR AR g S TR 2
o AR AR S5 A | S A 2R A A RIS b, #4
SEHEI -8 - F5 7 AR A i AR R (B 1a) (1
BESE 1994, K HE BT SE, 1997, 1998; Xia et al. |
2003; Zhang et al. , 20125 Yu et al. , 2021)

ACARIE (1) K 22 Hhoie 2025 T8 T 5 I sk s 26
Bg, HA SSZ YEFR, 4F#% R 500 Ma 2245 (FHARBESE,
2007 ; W4 H#ITEF, 2007 d KHEAE, 20105 Xia et al. |
2012) , M=K , AR Mp 4% 55 T 43 0 B A
( A= -4 ] — /N 52 sy FE3 g
L) S (K KI5 K I - B &35, 5oy
A BR R L e gkl ) AR (LA SR - I 0 -2 R
L, 3% nY 3E JER 7 L b i 4% 5 ) (Song et al.
2013) . Sl sg A L B A s A AR R
AR R s AR el g 8 LUJLAS SR
sk AT CREVHT S, 2015) , B ATAKERA B
AR AU AR 1 1L o R R R g e s TR T
568 ~533 Ma , KRBT ARZETE (JBURH SR VR ) 19 TT 5 1)
() 7E 8 7T oy AR I — L JE R (s AT 4%, 2004
Song et al. , 2013) , FHI AR K KB LA TE L
TIRETEAES (Xia et al. , 2012) , B 3R8B9S 1)
BT U-Ph AR IR S AE 519 ~505 Ma 2 [a] , £ B AL AR
HEPETE R AR (FER D) BT IR & AR v VR
(e B4 20105 Xia et al., 2012; 7K #8545,
2015) . JuAS R4k A B A U-Pb AFE IR 492 ~
490 Ma, BN AT LT IUG A by 5k 3185, R B9
J % b 7R BB R AT IF (2 /N ESE, 20105 Song
et al. , 2013 ; SKEFE 2015) . 3 MRS A N E
FNEAr IR Tl AR (ARSI ) 1 T A I
() IR ot A st (] RNV 23 M T FF 8], X6 7 i SR
PEHTEE G TE RN 8 fh o A T A (BT AR,
2004; H /NPt SE, 20105 Xia et al., 2012; Song
et al. , 2013)

ACAR % v /AR B 43 A 7RG AR % 1 1
5 B AR B K - A SF—A, 2 NW-SE [a] 4E
KK 200 km, H-5 5 A 9IRS PR 4% A Al
FAEWE (B UIAR) B (R EEET AR, 2015) o JBAR
i /IR (HP/LT) 28 Bl gk o2 Rl AR RS
FETTR WA OC I 3G A AL 0 TR AL B 4y, DL
HP/LT ¥ R A AR SRR | 38 e IR & A £
WAWE A 7= ( Zhang and Meng, 2006; Zhang et al.
2007) , H:F 48 Ky 489 ~ 463 Ma ( Song et al. , 2004;
Zhang et al. , 2007), dUAB#E HP/LT A A48 T
St e NG iR A5G B 22 148 5T AS JEAE H, HP/LT
MR A AR TR E R AR S b A
IR PR IE (5B, 2015) .

JEABE B I KA m o A )iz, Hoth AE b AR i
W B B A HP/LT A8 By iy A6, 5553 o AR 7F
HP/LT A8 JFA 7 2 0], 5 )5 3 it & 8O0 R (ke
WA, 2015) o J6 IS B IR 3K 2% 6 55 85 1 1 ok
LA K 7R TS A SR A X R A B R
510~450 Ma ( K& H 4, 1997; Wang et al. , 2005;
RAHKEE, 20105 Chen et al. , 2014) , [HIFEEK
S PR H B A JE BRI — AN A 2 (= A
KA, 2010) , RUIFEACAR I Fg 2k (AR & M At 2% ) £7
TE—A Rty A AR BT KR, HOE i 5 0 AR i v
) e 0 W A5 & (Tseng et al., 2009; Xiao et al.
2009 ; FKEEFSE, 2015; Peng et al. , 2022)

2 FEMEPIN R Ko AR AR

FERCREE TARE B AR 2 35 km [ H 435 ML X
(E 1b) o %M DX #8032 24 0 A 1 5 o0 R R
Iesks A R AR AR A . Hohipstn b E
S S MR A WEUE SR A (RS
) Fb i B AE G A S R, SRS HP/LT A8
Je i Z A S W2 A, R AR R i 43 A 7R SN
MLk R (b)) Hp KA e 8 3k F R B sk
IATELE R AT, MR TEE 20~ 50 m( & 2a) ;AHAE
RAW AT TESR T I EE R 10~20 m( & 2d) .

B KGR TPORDE R 254 IR i
(Kl 2a.2b), FETYEIERHA (50% ~65%) HE
11 (30% ~40%) SN (5% ~10% ) FIEEZ£F (2% ~
5%) , &b EA e BERASERITY . HARYAIE
JEFEIR  RAR 1~3 mm, TWEK G, SHKA2YFH
TEMAEIR, RiA2 0.5~3 mm, BA ML T, A= H
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Fig. 1 Simplified geological map showing major litho-tectonic units in the North Qilian (a) and geological sketch map of
Baijingsi area, showing sample locations (b) (modified after Zhang et al. , 2012)
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ERFFIE (I 2¢)
BHRAE R S IR 0, HPOREZE A, Btk AR 3 (

5%) , & /DRI REERSE R, RHC A R
FIE R EORR B4R 1~3 mm, AWK E IR

2d 2e), FETYHIERKA (50% ~60%) A9 HHEEHMEEE (K 2f) . AT B, S AN
(20% ~30%) SAINA (5% ~10%) F1E 7B (2% ~

S W AT 3 &

IERAR KL BE 1~2 mm,

2 RSP AN R B T IR
Fig. 2 Field photographs and microphotographs of studied samples
a— R MR I ONE S s b— R RN IO RGO o—RIIRMEICE T BT RS 1 T (IEZSG) 5 d—RHCAER A BTSN S
e—RHB R A R IRE A —RHAE R A (IEZSE) 5 Py—HEAT; Pl—RHA AT Que—f 3¢

a—outcrop of Nb-enriched gabbros; b—gray-green Nb-enriched gabbros; ¢—pyroxene in Nb-enriched gabbros has a high interference color

(crossed nicols) ; d—outcrop of plagiogranites; e—gray-green plagiogranites; f—plagiogranite ( crossed nicols) ; Py—pyroxene; Pl—plagioclase;

Qtz—quartz
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3.1 $#FA U-Pb ERZE

TEE 1 A& PR AR i A 2 S RHS AR B A
AR ZE 200 HJG 38 FF B0 FRE v ks
FERCH B T TRk 85, SR 5 SR AT
FE i QLO9-1-1 R %S A SHRIMP U-Pb 52 , 78 71 [
i ST e b ST BAF 9 B bt S R 0 SHRIMP
IS E5E i, SEs s i o 10 kV, B F A
H3~6 nA, B FHREEN 25~30 pm,

BHCAE B AR S B AT U-Ph @ 4R IR0 B T4
H P L SRR B e i, RO R i 2 Bl v
JEH B 25 B T A B A ( LA-MC-ICP-MS) X # i
QLI11-5-3. 2 FlIAEfh QL22-4-5. 1 155 41347 U-Pb 4E
FREE BT E o WO R i R T OB BE R 5 A2 R

30 wm, LA He SH#A, A HMES, T4 A9
P R B Ak 38 AR T WL ] ZEAE (2009) A
AL 3R H] ICPMSDataCal #2)% (Liu et al. , 2010) , £
1 U-Pb i FIE R Tsoplot 3.0 224l .
3.2 A HfEAE

BiA HE [ 2R SRR IR ES A U-Pb [ %R
Fehb b 58 WA, A O SRR A BE Neptune
Plus I Z 300455 1 BT 3% Al GeoLasPro 193nm #0't
F 1 R S8 (LA-MC-ICP-MS) Xt 547 (1) HE [Al i & #E17
3T, SRR AR DL He /AR ih ) 5 3805, AR P
AR, I AR 44 wm, HE USRS U-Ph 4F
WA w7 8, W00 P A A [ Bt GI-1 /R
SHY, FRAEHETT A S 53 B i A DLz m]
FEEE(2007) o AT AR A A AR UE GI-1 9 HE/ T HE
TR 2IE 4 0. 281 973+0. 000 013(207) , 7R iR 2
YN (Elhlou er al. , 2006) . i1E %) 4" HE/ """ Hf
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I, Lu A8 8 A = 1. 865x 107" /a ( Schleier et
al. , 2001), eHf (¢) TR FHEOR A HE W] 67 R
5" Lu/ " HE= 0.033 2, '"Hf/""Hf = 0. 282 772 ( Bli-
chert-Toft and Albarede, 1997) . 7F Hf % i =4
BT, T B b 08 B AR R (e ) TR
("Yb/"HF) ,,, = 0. 038 4, ("Hf/'HS) ,,, = 0. 283 25
( Griffin et al. , 2002) , HiFEHAERETTRT, R
sy Lu/ 7 HE=0. 015( Griffin et al. , 2002) .
3.3 £&5ES5 Sr-Nd-Pb R

FETELN ) 7 A 27 S e Ll 1 30 SR 5 25 A
aoBY R 2 200 H AR i#FAT E fm A TR DL
Sr-Nd-Pb [Ff; Z 07, &5 Fa e Mook m
SrHT R R R A R TE A R 8., 2%
FHRICE ML H A B 2% (Rigaku) £ 771
ZSX Primus I AP K 8 8 X I 26 2% O O 3 X
(XRF) ,4.0 kW S 5640 X SFL00, MR 5040 H
HL R 50 kV, HLIE 60 mA, £ B A IR ik
Koo, B E RIS o 2B, MR T bR D
#(RSD) <2%, & MEITTEMF LICR (REE) &%
BT v G ol - 2 T = B 5 A S T T & /A
FH Agilent 7700e ICP-MS 43 #7 52 A%, & U J7 ¥ &
GB/T14506. 30-2010, 1% 22 <5%, HT ICP-MS 43 #
FOREA AL ERANR . (D K 200 FRESLE T 105°C HE46
RRET 12 by @ WEHE AR B KBRS S0 mg BT
Teflon YEFEFIH, @ SeJG KRS IMA 1 mL &4k
HNO, Fl 1 mL &2l HF; @ Teflon ¥ F 3L A K
£ IrEEET 190°CHAE M 24 h DL By & 1F
WRERA H P IE R B T 140°C BV 28, 4%
JEIMA 1 mL HNO, JEFRZET; © A 1 mL &
?ﬂE,HNO3\1 mLMQ7J(ﬂ] 1 mL N ¥x In({iﬁﬁﬂﬂ
1X107°) , FRUCK;: Teflon A FESRLANE , 17 B )5 &
F190°CHEA AN 12 h DL b @ BRI AR
WU, T 2% HNO, 2 100 g LI#% ICP-MS
ML,

Sr-Nd-Pb [A)57 22 B L 3% o3 B A R
TEA RS, HIALBRTERL A 100 HIRAE & 1T 9
HEESERL, Sr [RLZE T R A% [E Thermo Fisher
Scientific 2 &) #Y MC-ICP-MS ( Neptune Plus) , {{#%
BCAs O MNMEPLRAHES P K TET M St PR
Qe Pyt VSt MBSt A BF gk 14 13,12, L1, C,
HI1 H2 H3 4§ 8 Malieasdalle, Hrh®Ket ®Rb™ Er™ |
PYbT B H T W 9L IE Ke Rb Er A1 Yb Xt Sr [F]
PZERE BTS04, MC-ICP-MS RH T H+S

HEZH BT RE LRSS R, Sr AR AL 7
TRAEIE R B BT 12, LA Sr/%Sr= 8. 375 209 17
WIE . HERFEDL T 0. 03%0, Nd [F): 43 Hr 2% JH 1
[ Thermo Fisher Scientific 2y F]#J MC-ICP-MS ( Nep-
tune Plus ), X &% BC & 9 3%+ 55 6 42 Ik
%%OMZNCF \143Nd+ \IMN(Y \145Nd+ \146Nd+ \147Sm+ \148Nd+ .
“Sm* "Nd*[F]Ff g% 14 13,12 L1 ,C H1 H2 H3,
H4 % 9 MR, Hoh ™ Sm™ ¢ H T M 91 4%
1E Sm X} Nd [F67 % A A5 A2 % 48, MC-ICP-MS
KT H+S HEALE A58 DU S AR R, Nd
[l 57 B AN AR A IR I SR FHAR B /2, UMNd/ ™ Nd =
0.721 9 FFATHIE . WERAFEILT 0. 05%0, BCR-2( X
BA) I RCM-2 (Ji 80 ) (USGS) Bk £ 4F A it 72
WEPERRAE . TS RE S A3 AR SR T M S R M
HARZEWNYHEAE 2R, RCGM-2 [ BHA K& 1)
Rb & (149x10°°) & Y Sr &4 (108x10°°)
AT LAA R R A4 8 i AR At 2

Pb [a]437 43 #7r % JIE [E Thermo Fisher Scientific
4> AEH) MC-ICP-MS ( Neptune Plus) , {X#SEC 25 9 4>
PSRRI > (Pb+Hg) **Pb *"Pb **Pb T
TR He [RIRS 9L 7 S E2llcas#2lle, Hoh*@ He 9%
FHF W 4 15> Hg X1 Ph [a) {37 2 19 [a) i S0 &
T, Heg/ > Hg KK LLAE R 0. 230 1, MC-ICP-
MS SR T Jet+X HEZL A AT 5 LI = AU A% R U
Pb [RA7 2 FEAE 2R PO T TL= 0. 418 922 HEATH %L
At IE, MR UHERA LT 0. 03%,

4 Srirddh

4.1 $A U-Pb ERZE

PRI 1 AN E PEMER A AR A (QL09-1-1) il 2 >4}
K AL 5 R i (QL22-4-5. 1 Fil QL11-5-3.2) #E4T T
BiA U-Ph B4, BIMCAR CEMR B REs A 2 0 |
- HIERAEAR, & -EV], K 50 ~200 pm, 5
30~100 wm, KT A 1:1~2:1, BAA A 525 3
W RE AT . B AT U-Ph Z0 iR 2 S 0L 2% 1
2, BN A& (QLO9-1-1) & A A
BPPh/P8U 4E A N 512+ 4 Ma (n = 10, MSWD =
1.08) (Kl 3a), Th/UHN 0. 14~ 1. 5; BHLAE K A H
fn (QL22-4-5. 1 A1 QL11-5-3. 2) &5 A IBCEH Ph/ > U
SRR 522+3.3 Ma(n=31,MSWD=0. 078) Fll
519+1.4 Ma(n=232, MSWD=0. 74) (& 3b 3¢),
Th/U {43514 0.23~0. 74 F10.06~0. 51,
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®1 BHREKZE(QL09-1-1)#A SHRIMP U-Pb | £ 4R
Table 1 SHRIMP U-Pb analysis results of zircons from Nb-enriched gabbros ( QL09-1-1)
w1078 [ L fH IRl R AE R/ Ma
W5 Th/U err cor ————————————
U Th 207Pb/206Pb lo 207Pb/235U lo ZOGPb/238U 1o ZOGPb/ZSSU lo
QL09-1-4-7 101 93 0.95 0.055 5 4.7 0.641 0 4.9 0.083 8 1.4 0.29 519 +7.0
QL09-1-4-8 523 350 0. 69 0.056 1 1.3 0.6310 1.7 0.081 6 1.1 0.65 506 +35.2
QL09-1-4-9 822 173 0.22 0.057 6 0.8 0. 665 4 1.3 0.083 8 1.0 0.79 519 +5.2
QL09-1-4-10 116 68 0. 60 0. 046 1 4.5 0.5170 4.7 0.081 4 1.3 0.28 504 +6.4
QLO9-1-4-11 48 17 0.36 0.044 8 13.0 0.501 0 14.0 0.081 2 1.7 0.13 503 +8.3
QL09-1-4-12 454 409 0.93 0.056 7 1.1 0.653 0 1.6 0.083 6 1.1 0.70 518 +5.4
QL09-1-4-13 23 18 0.81 0.054 2 11.0 0.624 0 11.0 0.083 5 2.3 0.21 517 +11
QL09-1-4-17 66 9 0.14 0.0529 6.3 0.607 0 6.5 0.083 2 1.4 0.22 515 +7.2
QL09-1-4-18 301 436 1.50 0.056 5 2.0 0.645 0 2.3 0.082 7 1.1 0.50 512 +5.6
QL09-1-4-19 52 41 0. 80 0.053 1 5.5 0.594 0 5.7 0.081 1 1.6 0.27 503 +7.6
2 $KEHSE(QLI1-5-3.2 71 QL22-4-5.1) 57 LA-ICP MS U-Pb IS & R
Table 2 LA-ICP MS U-Pb analysis results of zircons from plagiogranites ( QL11-5-3.2 and QL.22-4-5.1)
wy/107° IFil 3 3 LU fE 1/Ma
;M)‘l‘_'\% Th Th/U 207Pb/206Pb 1o 2()7Pb/235U lo ZOGPb/238U lo 207Pb/106Pb lo 207Pb/235U lo 2(]6Pb/238U lo
FEAh QL11-5-3.2
1 108 297  0.36  0.060 316 0.001 137 0.705 937 0.014 920 0.084 885 0.000585 615 41 542 11 525 4
2 142 296  0.48  0.059 000 0.000 643 0.682 041 0.007 940 0.083 841 0.000 518 567 24 528 6 519 3
3 160 434 0.37  0.058369 0.000599 0.673 330 0.007 425 0.083 665 0.000579 544 22 523 6 518 4
4 278 544 0.51  0.060 148 0.000 687 0.695 843 0.008 270 0.083 905 0.000 580 609 25 536 6 519 4
5 300 646 0.48  0.057 970 0.000473 0.666 147 0.006 616 0.083 342 0.000 679 529 18 518 5 516 4
6 134 353 0.38  0.057365 0.000542 0.691 950 0.007 523 0.087 484 0.000 663 506 21 534 6 541 4
7 209 436 0.48  0.058 118 0.000 503 0.689 160 0.006 956 0.086 002 0.000 691 534 19 532 5 532 4
8 166 403 0.41  0.060 166 0.000 708 0.702 563 0.010 377 0.084 690 0.000719 610 25 540 8 524 4
11 157 363 0.43  0.058 904 0.000 570 0.676 931 0.008 157 0.083 349 0.000 739 564 21 525 6 516 5
12 124328 0.38  0.060221 0.000782 0.701 933 0.009 784 0.084 538 0.000 543 612 28 540 8 523 3
13 356 708 0.50  0.057 165 0.000 454 0.659 991 0.005 975 0.083 734 0.000 544 498 18 515 5 518 3
14 44 175 0.25  0.058 532 0.001 400 0.675373 0.016 439 0.083 686 0.000 611 550 52 524 13 518 4
15 123 388  0.32  0.060490 0.000 605 0.691 166 0.007 329 0.082 870 0.000 587 621 22 534 6 513 4
16 174 436 0.40  0.057 147 0.000 492 0.656 298 0.006 618 0.083 292 0.000 593 497 19 512 5 516 4
17 87 278  0.31  0.056480 0.000 626 0.652 288 0.007 645 0.083 762 0.000 572 471 25 510 6 519 4
18 123 460  0.27  0.058 020 0.000 598 0.664 691 0.007 288 0.083 089 0.000 590 531 23 517 6 515 4
21 183 418  0.44  0.057 107 0.000 530 0.655 344 0.006 763 0.083 230 0.000 585 496 20 512 5 515 4
22 183 433 0.42  0.060 404 0.000 675 0.693 939 0.009 279 0.083 321 0.000 593 618 24 535 7 516 4
23 41 652 0.06  0.058 092 0.000 443 0.675 866 0.006 364 0.084 381 0.000 656 533 17 524 5 522 4
24 218 462 0.47  0.060 482 0.000519 0.699 375 0.006 742 0.083 866 0.000 600 621 19 538 5 519 4
25 117 341 0.34  0.058250 0.000 576 0.671 139 0.007 605 0.083 564 0.000 611 539 22 521 6 517 4
26 75 243 0.31  0.060 802 0.001 057 0.708 038 0.013 369 0.084 457 0.000 669 632 37 544 10 523 4
27 118 332 0.36  0.058 754 0.000 824 0.683 935 0.009 260 0.084 426 0.000 675 558 31 529 7 522 4
28 324 669  0.48  0.058 426 0.000 456 0.671 007 0.006 285 0.083 296 0.000 618 546 17 521 5 516 4
31 73 301 0.24  0.057 245 0.000 731 0.664 172 0.009 598 0.084 148 0.000 724 501 28 517 7 521 4
32 135 387 0.35  0.057 734 0.000 582 0.671223 0.008 327 0.084 321 0.000 692 520 22 521 6 522 4
33 95 294  0.32  0.055645 0.000996 0.651351 0.011933 0.084 896 0.000 547 438 40 509 9 525 3
34 258 537 0.48  0.057 436 0.000 510 0.664 932 0.006 517 0.083 964 0.000 610 508 20 518 5 520 4
35 102 317 0.32  0.059 442 0.001 090 0.692 324 0.012 479 0.084 472 0.000 748 583 40 534 10 523 5
36 253 547 0.46  0.057 016 0.000 573 0.660 491 0.008 317 0.084 018 0.000 767 492 22 515 6 520 5
37 595 1236 0.48  0.058 135 0.000 419 0.674 021 0.005 748 0.084 088 0.000 623 535 16 523 4 520 4
38 352 716 0.49  0.057 625 0.000 453 0.669 621 0.006 327 0.084 278 0.000 640 516 17 520 5 522 4
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Continued Table 2
T 4 [ I3 2 L fi /Ma
55 Th/U
Th U 207Pb/206Pb 1o 207Pb/235U 1o 206Pb/238U 1o 207Ph/206Pb lo 207Pb/235U 1o 206Pb/238U 1o
QL22-4-5. 1
1 36 147 0.24 0.058 600 0.001 450 0.683 000 0.016 500 0.084 500 0.000 750 470 50 522 10 523 5
2 403 688 0.59 0.057 300 0.000 800 0.674 000 0.010 000 0.084 700 0.000 650 478 32 524 6 524 4
3 127 319 0. 40 0.058 400 0.001 350 0.688 000 0.016 500 0.084 600 0.000 950 501 50 529 10 524 6
4 237 568 0.42 0.057 300 0.000 850 0.668 000 0.010 000 0.084 200 0.000 600 469 32 518 6 523 4
5 730 1238 0.59 0.058 100 0.000 900 0.675 000 0.009 500 0.085 100 0.001 050 510 35 523 6 526 7
6 203 484 0.42 0.056 800 0.000 950 0.661 000 0.010 500 0.084 700 0.001 400 458 37 514 7 524 9
7 324 725 0.45 0.056 800 0.000 700 0.670 000 0.011 000 0.084 600 0.000 950 483 31 519 7 523 6
8 343 569 0.60 0.056 500 0.000 750 0.654 000 0.008 500 0.084 000 0.000 700 438 30 510 5 520 4
9 356 821 0.43 0.057 300 0.000 800 0.675 000 0.010 000 0.084 800 0.000 750 495 29 523 6 525 4
10 313 752 0.42 0. 055 600 0.000 900 0.649 000 0.010 000 0.084 900 0.000 850 412 36 509 7 525 5
11 43 174 0.25 0.057 900 0.001 500 0.677 000 0.017 500 0.084 200 0.001 000 470 55 521 11 521 6
12 28 125 0.23 0.058 300 0.001 450 0.680 000 0.017 500 0.084 300 0.000 900 470 55 520 11 521 6
13 198 415 0.48 0.058 800 0.000 850 0.685 000 0.011 500 0.084 200 0.000 800 521 32 526 7 521 5
14 146 384 0.38 0.056 200 0.000 800 0.661 000 0.011 500 0.084 500 0.000 900 433 32 512 7 523 6
15 132 344 0.38 0.058 800 0.000 950 0.675000 0.011 500 0.084 100 0.000 950 517 35 521 7 520 6
16 307 558 0.55 0.058 800 0.000 800 0.682 000 0.010 500 0.084 500 0.001 100 538 31 526 7 522 7
17 57 200 0.28 0.058 300 0.001 100 0.675 000 0.013 500 0.084 500 0.001 100 492 42 520 8 522 7
18 60 213 0.28 0.057 900 0.001 150 0.667 000 0.014 000 0.084 500 0.001 050 489 43 517 9 522 6
19 53 201 0.27 0.057 000 0.001 050 0.659 000 0.013 000 0.084 300 0.001 000 442 40 512 8 522 6
20 159 452 0.35 0.056 600 0.001 050 0.652 000 0.012 000 0.083 900 0.000 700 433 41 510 8 519 4
21 84 296 0.28 0.058 700 0.001 000 0.670 000 0.012 000 0.083 300 0.000 650 508 36 517 7 516 4
22 164 342 0.48 0. 059 600 0.000 900 0.688 000 0.012 000 0.084 000 0.000 600 576 32 529 8 520 4
23 205 403 0.51 0.05 4900 0.000 850 0.631 000 0.009 000 0.083 500 0.000 650 382 36 495 6 517 4
24 247 535 0.46 0.057 700 0.000 950 0.659 000 0.012 000 0.084 500 0.001 050 483 35 512 7 522 6
25 435 756 0.58 0.056 700 0.000 650 0.658 000 0.007 500 0.084 600 0.000 550 474 23 512 5 524 3
26 78 267 0.29 0.057 400 0.000 950 0.661 000 0.012 000 0.084 400 0.000 800 474 35 512 8 522 5
27 53 207 0. 26 0.055 900 0.001 050 0.645 000 0.012 500 0.085 000 0.000 950 415 43 505 8 525 6
28 668 903 0.74 0.057 300 0.000 650 0.664 000 0.008 000 0.085 400 0.000 800 484 25 516 5 528 5
29 411 675 0.61 0.057 400 0.000 650 0.662 000 0.008 000 0.084 300 0.000 550 497 24 514 5 522 3
30 45 174 0. 26 0.056 800 0.000 900 0.652 000 0.010 500 0.084 500 0.000 750 441 36 507 7 523 4
31 113 320 0.35 0.057 900 0.000 800 0.663 000 0.009 500 0.084 500 0.000 750 504 33 514 6 523 4
[ s30f a1 go00l 530 b c
e soof | | 229
0086 200l | | ] QLO9-1-1 0088 gi_z % ——
e 490 506 539 =
ﬁ_. 0.084} QL11-5-3.2 @
Z oos2f )
- s 51246 Ma
0.080} 51944 Ma
L disl. 0.080
0078 Mean age = 512+ 4 Ma, < A Mean age = 519+1.4 Ma, Mean age = 522+3.3 Ma,
b MSWD=1.08 =10 200 pm r S00/° MSWD =074, n =32 200 pm MSWD = 0,078, = 31 __200um
U'U-:).zﬁ 035 045 t\:fis 065 075 085 WE 60 0.64 068 0.72 0.76 om:hb 060 064 068 072 076 080
PbU “PhAU Py
Bl 3 HESFEREMKEMBHIE XA WA U-Pb SFEA 5 E
Fig. 3 Zircon U-Pb concordia plots of Nb-enriched gabbros and plagiogranites from Baijingsi
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Table 3 Zircon Hf isotopic data of the Baijingsi plagiogranites
A5 /Ma 70yL,/ e error 76y .17 error 761y, 177¢ error I7()Hf/lﬂHf( eHf (t) tpy/ Ma tI(;“/Ma s
QL22-4-5. 1
1 522 0.029430  0.000455 0.001 194  0.000 016  0.282740  0.000 019  0.282 728 9.97 729 851  —-0.964 032
2 522 0.102050  0.001796 0.003959  0.000 101  0.282754  0.000 024  0.282 715 9.49 766 882 -0.880 759
3 522 0.074770  0.001 822  0.002856  0.000 048  0.282754  0.000 022  0.282 726 9.88 742 857  -0.913 977
4 522 0.114380  0.001 857  0.004 475  0.000 116 ~ 0.282705  0.000 022  0.282 661 7. 60 853 1002 -0.865 208
5 522 0.089576  0.002784  0.003371  0.000 046  0.282704  0.000 025  0.282 671 7.95 828 980  -0.898 456
6 522 0.057363  0.001 782  0.002 153  0.000 048  0.282745  0.000 019  0.282 724 9.81 741 861  —0.935 145
7 522 0.096215  0.002671  0.003677  0.000047  0.282658  0.000 024  0.282 622 6.21 905 1091 -0.889 232
8 522 0.115872  0.001 716  0.004391  0.000013  0.282794  0.000 026  0.282 751 10.78 713 799 -0.867 733
9 522 0.109427  0.001 418  0.004 081  0.000 004  0.282670  0.000 022  0.282 630 6.49 897 1072 —0.877 091
10 522 0.089070  0.001961  0.003 602 0.000 112  0.282752  0.000 020  0.282 717 9.55 761 878 —0.891 498
11 522 0.040 610  0.000 642  0.001 676  0.000 011  0.282757  0.000 024  0.282740  10.39 715 824 —0.949 517
12 522 0.035923 0.000800 0.001515 0.000013 0.282714  0.000 021  0.282 699 8.92 773 918 -0.954 367
13 522 0.077020  0.001423  0.002959  0.000022  0.282742  0.000 021  0.282 713 9.43 762 885  -0.910 866
14 522 0.062756 0.000579  0.002618  0.000 031  0.282711  0.000023  0.282 686 8.45 800 948 —0.921 138
15 522 0.083340  0.002465 0.003241  0.000068 0.282812  0.000022 0.282780  11.81 663 734 -0.902 371
16 522 0.108484  0.001 926  0.004 329  0.000 055  0.282 811  0.000 026  0.282 769 11. 40 685 760 -0.869 597
17 522 0.047741  0.000352  0.001991  0.000023  0.282707  0.000 021  0.282 687 8.51 793 944 -0.940 038
18 522 0.042815  0.000550 0.001 804  0.000038  0.282823  0.000 021  0.282 805 12. 69 621 677 —0.945 652
19 522 0.058822  0.000275 0.002380  0.000033  0.282754  0.000 022  0.282 731 10. 06 732 845  -0.928 309
20 522 0.072588  0.001 005 0.003 165  0.000 006  0.282722  0.000 025  0.282 691 8. 64 797 936 —0.904 672
21 522 0.069 500  0.001 515  0.002903  0.000 036  0.282743  0.000 025  0.282 715 9.48 759 882 —0.912 568
22 522 0.069 627  0.001 016  0.002 823  0.000069  0.282723  0.000 023  0.282 (95 8. 80 788 926 -0.914 957
23 522 0.082018  0.001 030 0.003230 0.000025 0.282743  0.000 027  0.282 712 9.37 766 889 -0.902 710
24 522 0.076094 0.002182  0.003 199  0.000 117 ~ 0.282 742 0.000 028  0.282 710 9.33 768 892 -0.903 630
25 522 0.127335  0.001 025  0.005102  0.000 041 ~ 0.282 711  0.000028  0.282 661 7.58 860 1003 —0.846 335
26 522 0.045715  0.000551  0.002050  0.000009  0.282 741  0.000028  0.282 721 9.72 744 867  —0.938 259
27 522 0.038363  0.000601  0.001 706  0.000 012  0.282759  0.000 028  0.282 743 10. 47 711 819 —0.948 600
28 522 0.176 072 0.002 027  0.006903  0.000012  0.282796  0.000 031  0.282 728 9.97 767 851  -0.792 079
29 522 0.143299  0.001352  0.005570  0.000019 0.282778  0.000 031  0.282 724 9.79 764 862  -0.832232
30 522 0.031805 0.000932  0.001 311  0.000031 0.282737  0.000023  0.282 725 9.83 735 860  —0.960 526
31 522 0.056 854 ~ 0.000 748  0.002217 ~ 0.000 007  0.282703  0.000 024  0.282 682 8.31 803 957 —0.933 225
QL11-5-3.2
1 519 0.069 973  0.001 973  0.001 704  0.000 040  0.282830  0.000 024  0.282 813 12.91 610 640 —0.948 687
2 519 0.072198  0.000523  0.002 189  0.000 014  0.282777  0.000 024  0.282756  10.89 694 751 -0.934 061
3 519 0.084 049  0.001 683  0.002281  0.000035 0.282708  0.000 025  0.282 686 8.39 798 887  -0.931 302
4 519 0.093228  0.000911  0.002439  0.000020 0.282819  0.000 021  0.282 795 12.28 638 675  —0.926 542
5 519 0.073725  0.001 518  0.002 870  0.000 097  0.282755  0.000 023  0.282 727 9.84 742 808  —0.913 553
6 519 0.079545  0.000449  0.002854  0.000 054 0.282802  0.000022 0.282774  11.53 671 716 -0.914 022
7 519 0.069 746  0.000263  0.001 884  0.000 006  0.282817  0.000 022  0.282799  12.41 631 668  —0.943 265
8 519 0.085574  0.000752  0.002168  0.000014  0.282788  0.000 024  0.282766  11.25 679 731 -0.934 692
9 519 0.088292  0.000993  0.002994  0.000 048  0.282742  0.000 026  0.282 713 9.36 763 834 —0.909 819
10 519  0.076 681  0.001 642  0.002221  0.000 060  0.282 726  0.000 028  0.282 704 9.05 770 851  —0.933 088
11 519 0.065206  0.000573  0.001951  0.000015 0.282685  0.000029  0.282 666 7.71 823 924 -0.941 226
12 519  0.077204 0.000175 0.002026  0.000 009 0.282766  0.000 030  0.282746  10.53 708 770 -0.938 977
13 519 0.070405  0.001 814  0.003 091  0.000 074  0.282755  0.000 029  0.282 725 9.77 746 812 -0.906 886
14 519 0.050400 0.000521  0.001 440  0.000 009  0.282757  0.000 030  0.282 743 10.43 710 776 —0.956 638
15 519 0.082851  0.000856  0.002332  0.000011 0.282819  0.000 027  0.282 796 12.31 636 673 —0.929 768
16 519  0.047772  0.000473  0.002212  0.000 023  0.282746  0.000 028  0.282 725 9.78 740 811 -0.933 366
17 519 0.123665 0.000941  0.003408  0.000 009  0.282799  0.000029  0.282766  11.22 686 733 -0.897 347
18 519 0.051971  0.000318  0.001518  0.000007  0.282721  0.000029  0.282 706 9.11 763 848  -0.954 265
19 519 0.048 011  0.000240  0.001480  0.000 004  0.282759  0.000 028  0.282 745 10. 48 708 773 —0.955 432
20 519 0.065067  0.000452  0.002036  0.000012  0.282744  0.000 030  0.282 724 9.75 741 813 -0.938 672
21 519 0.069 577  0.002506  0.002 140  0.000 044  0.282704  0.000 028  0.282 683 8.31 800 891  -0.935534
22 519 0.074961  0.000728  0.002 196  0.000 017  0.282751  0.000 032  0.282 729 9.94 733 802  -0.933 859
23 519 0.072915  0.000947  0.002219  0.000 020  0.282747  0.000 030  0.282 725 9.79 740 811 -0.933 175
24 519 0.076306  0.000782  0.002219  0.000017 0.282799  0.000029  0.282778  11.65 663 709 -0.933 162
25 519 0.079417  0.000917  0.002307  0.000 024  0.282757  0.000 034  0.282 735 10. 14 726 792 -0.930 511
26 519 0.058465  0.000958  0.001903  0.000005 0.282735  0.000028  0.282716 9.47 751 828 —0.942 669
27 519 0.053050  0.000 129  0.001 649  0.000 013  0.282794  0.000 028  0.282778  11.66 661 709 -0.950 337
28 519 0.060394  0.001440  0.001 974  0.000 064  0.282 661  0.000 030  0.282 642 6. 84 859 971 -0.940 552
29 519 0.052487  0.000467  0.001 585  0.000 007  0.282758  0.000 030  0.282 743 10. 42 711 776 —0.952 261
30 519 0.058022  0.000245  0.001 608  0.000006 0.282761  0.000030  0.282 745 10. 49 708 772 -0.951 575
31 519 0.120987  0.000979  0.003 151  0.000 023  0.282 805  0.000 033  0.282 774 11.53 672 716 -0.905 100
32 519 0.077 167  0.001 353 0.002 413  0.000 036  0.282 697  0.000 029  0.282 674 7.98 816 909  -0.927 310
33 519 0.117078  0.001 121  0.002890  0.000 010  0.282709  0.000 045  0.282 680 8.21 810 897  -0.912 947
34 519 0.100779  0.000 662  0.002 864  0.000 019  0.283 004  0.000 028  0.282977  18.69 369 324 -0.913 750
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R4 BEREERETETE (v, %) MYUETE (w,/10°) S8

Table 4 Contents of major elements (w,/ %) and trace elements (w,/10™®) of the Baijingsi magmatic rocks

rayca [ER S RHAE R
Ml s Q1.22-4-2. 1 QL22-4-2.3 QL22-4-2. 4 QL22-4-2.5 QL22-4-2.6 QL22-4-5. 1 QL11-5-3.2
Si0, 48.02 48. 69 48.71 48.40 48.59 62. 45 60. 08
Ti0, 2.08 1.50 1.64 1.65 2.05 0.23 0.27
Al 0, 15.71 17.44 17.61 17.92 15.98 16. 19 15.24
Fe,0," 11.20 9.07 9.37 9.52 11.36 5.44 6.37
MnO 0.18 0.12 0.13 0.13 0.14 0.10 0.13
MgO 7.47 7.31 7.68 7.69 7.38 2.36 3.22
Ca0 5.83 5.58 5.05 4.89 5.79 3.47 4.02
Na,0 4.39 4.73 4.41 4.22 4.66 3.86 5.52
K,0 0.70 0.70 1.04 1.21 0.39 1.66 0.31
P,0; 0.30 0.25 0.26 0.25 0.36 0.05 0.06
L.O.1 4.04 3.99 3.69 3.87 3.63 4.07 4.50
Total 99.91 99.36 99.59 99. 75 100. 33 99. 89 99.72
Mg" 56.93 61.5 61.88 61.53 56.26 46.25 50. 03
A/CNK 0.85 0.93 1.00 1.05 0. 86 1.12 0.91
A/NK 1.97 2.05 2.10 2.17 1.98 1.99 1.62
Sc 46.99 36. 31 40. 84 40.85 44.63 15.31 22.4
v 266. 99 227.09 213.52 205. 95 268.22 102. 69 102. 00
Cr 102.26 156. 82 183. 89 182. 16 99. 13 13. 60 11.90
Co 36. 89 33.11 33.88 33.18 36.24 11.93 18.40
Ni 32.98 43.67 46.49 48.45 31.53 4.38 7.53
Cu 82.36 56. 40 65. 83 69.77 80. 13 11.43 -
Zn 82.34 63.82 66. 39 67.97 79. 67 39.19 -
Ga 16.72 15.36 16.75 17.41 16. 87 13.35 -
Rb 8.34 13.34 16. 86 19.65 5.95 31.09 5.46
Sr 451.29 490.73 492.76 495. 59 473.28 215.35 107. 00
Y 34.24 27.99 29.26 28. 61 37.38 5.91 7.69
Zr 159.27 124.22 132.52 128. 88 170. 87 54.31 44.70
Nb 9.92 7.49 8. 12 8.03 10. 84 1.41 1.71
Cs 1.52 1.98 1.96 2.08 1.26 3.51 -
Ba 339. 01 250. 10 295. 89 313.74 137.31 219.96 61.00
La 11.88 9. 80 9.94 10. 02 12.65 7.13 5.56
Ce 31.31 25.70 26.26 25.62 34.11 14.89 13.00
Pr 4.45 3.62 3.78 3.52 4.81 1.76 1.64
Nd 19.53 16.07 16.47 15.15 21.00 6. 60 6.52
Sm 5.03 4.20 4.47 4.36 5.86 1. 50 1.71
Eu 1.77 1.58 1.59 1.51 2.03 0. 48 0.43
Gd 5.78 4.67 4.99 4.96 6.19 1.21 1.55
Th 1.04 0. 85 0.87 0.83 1.08 0.18 0.26
Dy 6.20 4.89 5.18 5.16 6. 56 0.97 1.60
Ho 1.26 1. 04 1.08 1.05 1.41 0.21 0.32
Er 3.74 2.90 3.19 2.92 3.85 0. 66 1.03
Tm 0.53 0.41 0.44 0.44 0. 56 0.10 0.14
Yh 3.40 2.69 2.86 2.84 3.65 0.74 0.98
Lu 0.51 0. 40 0.44 0.42 0. 56 0.13 0.16
Hf 3.80 2.97 3.12 3.01 3.85 1.48 1.34
Ta 0.64 0.49 0.54 0.50 0. 68 0.10 0.12
Ph 5.02 3.56 3.54 3.57 5.78 5.47 3.97
Th 1.71 1.35 1.41 1.29 1.88 2.54 2.24
U 0.79 0.62 0. 66 0. 60 0.91 0.55 0. 61
St/Y 13.18 17.53 16. 84 17.32 12.66 36. 45 13.91
La/Yb 3.49 3.65 3.48 3.52 3.47 9.62 5.67

Nb/Yb 2.92 2.79 2.84 2.82 2.97 1.89 1.74
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AR 2 4 R BN B R KA Sio, Eh
48.02% ~48. 71% ,K,0 &4 0.39% ~ 1. 21% , Na,0
SN 4.22%~4.73% ,K,0/Na,0 {H7E 0. 08 ~0. 29
Z 18], 7E TAS i (K da) 5 R EIEAREK
FR TR A X, K,0-Si0, I3 W] & e 8 K
SRS RS (B 4b) . Fe,0,"/Mg0-Si0, . Cr—Y
F1Ti0,-MgO Kl (Kl 5) Rt 5t 5 Mariana FAB
AR, 5 A BN 2 R AR L, R B T Y
TiO, & & (1. 50% ~2. 08%) . P,0, 5 & (0. 25% ~
0.36%) #l Nb & (7.49%107° ~ 10. 8x107°) ( Sun
and McDonough, 1989) , [ i B A %5 B9 Nb/U (B
(AT 11.9~13.4 ZI[A]), H (Nb/La)>0. 5, fF &

Sajona 55 ( 1993, 1996) irf i & Nb X a1k,

Jf H7E Nb/La—MgO }2 Nb/U-Nb Elﬁ’q’: Hi7% A& Nb
ZRA XIS (E 6) , W AR TR B E (K 7a)
E%%%%ﬁﬁ%%ﬁ@%%im%(mm) EESHE
#i £ ICZ& (HREE) 5 #ii, H (La/Yb)  fH N 2.5 /&
i, HAXT s R FHATCE(LILE)  JF 23
WY Nb Ta 55 (E 7h) .
FHEAE G A Si0, (60. 08% ~ 62. 45% ) Fil Na,O

(3. 86% ~ 5. 52%) & H W H, Fe,0," (5. 44% ~
6.37%) F1 K,0(0.31% ~ 1. 66% ) S AR, 7E
TAS Elfrh (Bl 4a) 5 SR TEINK A - ALK A K
A X, BAT WA A, Si0,-K,0 [ ff e kK

RN RS G RS (& 4b), W L
Be oy B (E7a) R BHS AL A 2 4 0% (LREE)
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Fig. 4 TAS diagram (a, after Middlemost, 1994) and SiO,-K,O diagram (b, after Peccerillo and Taylor, 1976)
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Furnes, 2014) F1 TiO,-MgO Eff# (¢, i Le Bas, 2000)
Fig. 5 Fe,0,"/Mg0-Si0,(a, after Winchester and Floyd, 1997), Cr=Y (b, after Dilek and Furnes, 2014) and TiO,-MgO
(c, after Le Bas, 2000) diagrams of Nb-enriched gabbros in Baijingsi
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Fig. 6 Nb/La-MgO (a) and Nb/U-Nb (b) diagrams (after Kepezhinskas et al. , 1996)
1000.0 1000.0 e
a — IR b
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(FrUELLMESE Sun and McDonough, 1989)
Fig. 7 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagram (b) for the
Baijingsi Nb-enriched gabbros and plagiogranites ( normalization values after Sun and McDonough, 1989)

WS EM LUK (HREE) 54, BARMA Eu 1E
SH, (La/Yb) , J94.07~6.90, iR IcEE A
e v Ak I 1] s AR 4R Ba S U SF KBS 3%
AR M5 Nb Ta %58 0% (K 7b) .
4.4 £ Sr-Nd-Pb FfI=

6 I~ FRRER AR A 1 ASRHEAE b RE 5 1)
425 Sr-Nd-Pb [Alfi 28 4 B4 45 SR L3R 5 FiEk 6.
ZER R BRI KA 1Y I, = 0. 705 60 ~0.705 74,
eNd(t) A T +4. 38 ~ +5. 78 Z[i], £ iF J5 1)
(206Pb/204pb> 1 \(207Pb/204Pb)L %H(ZOSPb/z(MPb)I {Eﬁ:}‘
W 17.711 ~17.77 15, 544 ~15. 549 F1 37. 436 ~
37.543; RIK ALK A FE MY I, HER 0. 704 02,
eNd(t) fH J + 3. 35, K IEJ5 19 (CP°Pb/*™Ph) .
(*Pb/*™Pb), F1 (*®Pb/*Pb), {H 43 K 18. 185
15.582 #137.516,

5 he

5.1 SABBESHERE
5.1.1 EHMKE
A& ERERK A AR T2 5N X R s,
HA B W5 M Nb, Tio, 1 P,0, & & K
(Nb/La) {8, KW HA K] BRIE 0T AR S A 3
i AR 43155 Bl ( Kepezhinskas et al. , 1996) , HLI[)
R X R Al POA R S R B B KR A
(OIB) 575 it 17 5 ( Castillo et al. , 2002) , 8
B A (B5IA T B 14 ) S AR LD AL 1) 748 I
fill ( Defant et al. , 1992; Sajona et al. , 1996) ,
HA&FEEHERKES 0B MERF IR A
( MORB) Z [] Hy b BR AL = AR AE A7 AR B W 22 5% 1 5
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x5 HEFEREKEMFBKEREMN Sr-Nd B EAK
Table 5 Sr-Nd isotopic compositions of the Baijingsi Nb-enriched gabbros and plagiogranites
wn/107° 87 87¢ wn/107° 147¢ 143 P
B s W/ Ma B 85})/ 8(;Sr/ B 14;“1/ 144Nd/ Iy eNd(0) eNd(1) o’ tom
Rb Sr Sr Sr Sm Nd Nd Nd Ma Ma
QI22-4-2.1 EHMEKSE 512 834 451 0.0533 0.706 121 5 5.03 19.5 0.1558 0.512790 7 0.7057 2.97 5.65 948 613
QL22-4-2.3  EHRMEK 512 13.3 491 0.0784 0.706223 6 4.20 161 0.1579 0.512789 10 0.7057 2.95 5.49 987 616
QL22-4-2.4  EHBMEKE 512 16,9 493 0.0987 0.706359 5 4.47 16,5 0.1641 0.512801 9 0.7056 3.18 5.32 1073 603
QL22-4-2.5  EHRMEKE 512 197 496 0.1144 0.706439 6 4.36 151 0.1740 0.51278 8 0.7056 2.89 4.38 1396 637
QL22-4-2.6  EHRMEKE 512 595 473 0.0363 0.706000 6 5.8 21.0 0.1689 0.512793 6 0.7057 3.02 4.85 1212 621
QL22-4-5.1  HHAERSE 522 311 215 0.4166 0.707303 5 1.50 6.60 0.1372 0.512606 8 0.7042 -0.62 3.35 1084 886
QL22-4-2. 1(R) E#BMEKA 512 834 451  0.0533 0.706122 6 5.03 19.5 0.1558 0.512797 7 0.7057 3.10 5.78 930 602
x6 BEFEREKEMP/KERSH P ALEAK
Table 6 Pb isotopic compositions of the Baijingsi Nb-enriched gabbros and plagiogranites
wy/107°
e A 2 - T /M 2ph/ e e/ 2pr e (P%Pb/2Ph), (*7Ph/2MPh); (P%Ph/*Ph),
U T p
QL22-4-2.1  BIERMERKE  0.7947 1.714 1 5.02 512 18.5956  15.5967  38.116 1 17.767 0 15.549 0 37.543 0
QL22-4-2.3  EHEMKA  0.6227 1.3525 3.56 512 18.6369  15.6006  38.080 0 17.721 0 15.548 0 37.442 0
QL224-2.4  FHMKE  0.6552 1.405 7 3.54 512 18.6830  15.6037  38.104 5 17.711 0 15.548 0 37.436 0
QI22-4-2.5  HEHEMKA  0.596 1.290 6 3.57 512 18.6212  15.5987  38.058 0 17.741 0 15.548 0 37.450 0
QL22-42.6  EHMKZHE  0.9107 1.879 7 5.78 512 18.5469  15.5916  38.050 7 17.723 0 15.544 0 37.505 0
QL22-4-5.1  #HCAERS  0.5519 2.542 4 5.47 522 18.7270 15.6131  38.316 0 18.185 0 15.582 0 37.516 0
QL22-4-2. 1(R) @HMKA  0.7900 1.710 0 5.02 512 18.5942  15.5962  38.1123 17.770 0 15.549 0 37.540 0

OIB 5 MORB f§ Nb/U F1 Ce/Pb {& AH L, 73 %] K
4710 #1 25 +5 ( Hofmann et al. , 1986; Sun and
McDonough, 1989) , M H &5 MK A0 Nb/U
H1 Ce/Pb {EFIXEAR, 435~ 11.9~13.4 F1 5.9~
7.4, HK, BARE BRI AW Nb & A X 1 20
SOET = SR YOI (NG 1558 W aTeh i ey
TE D U e s v Ak i 70 2 TR i AT AR B S 90
WHTEA Y Nb Ta G52 50 B-AF 1 OIB N B /R 2
f) Nb 1E 37

— A ER T RIS P E Nb LR S
A1 BN RE L IR TR IA v JTUE TR 2 AR B b g B2 1) 35
M il (Defant and Kepezhinskas, 2001), (*"Ph/*Pb),—
(™Pb/™Ph), FI(*Ph/™Pb),~(™Pb/™Pb), &5 KA T

27 B PE M A RS ORIV T 1 177 450 1 i D
(B 8), FLaz 5 1 M M i (R sl ) 4 i B 3 ( Zhang et
al. , 2021) SZFEREKRAAMMIZE TR E R
A7 B AR AE AR DG Y B SEFRRAE (8] 9a.9b) , A A
JGA Ni—Cr FHC B A 7% FLAT T4 R 65 14 - Hh i v
B 0T Al 2 B O, EL AT AR R 0 A 28 AR SRR AE (]
9¢) . AN, 1E Ba/Th-La/Sm E @ (K 9d), A&
B PR A s S A R R AT A g 5
X BYRHIE ,%@{uﬂ: Mariana 3¢ %7, AR AR BT v
TSR A AT 5 5 Nb \Ti( Kepper, 1996) , 524
AR S AR A b RSO 5 I Rl B ) 5 I X R (R
e X B ) B2 it AR 52 A1) b e RO 5 J Rk
AR SR 2 oA B & & Nb Ti( E3R4E, 2003) , 5 H
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Fig. 8

(*Pb/*Pb) ~(**Pb/*Pb),(a) and (**Pb/**Pb) ,—(**Ph/**Ph) (b) diagrams of the Nb-enriched gabbros
in Baijingsi (after Zhang et al. , 2022)
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& AT RER IR TR AT A RS AU AL 7R S
= Nb By R & KPR IR VR 0 4
PR SRR S B AR 1 PR EE G R E (TR AR
2005), HItESFEREK S AR, T8R A & F
— i e IR T B A 3 PR, S BEY A 45
b XX — I ST AR i A R At 1 B Ay E
AR AR B . PRI ICE Y Nb Ta £ 53 Hl i
Ba/Nb {H— EL#% A K & 0F 0 1 3E 45 ( Taylor et al. |
1994) o WEAN, A0 46 IR i 3 18] 0FF o ody 114 48046 S5 15 22
MORB Hb i 5 f9 3F i £% ( Reagan et al. , 2010), iX
B TR B EK AR I S I B 5R T 20 0T
RIEEPR S R RIS I, A K L R R
FEAEM wh I 45 J5 A2 3E 7 K Bl 52 (9 78 1 ( Brounce
2015) , EZRAT TN A B Y Ti/V
V/Sc 8 & H) 5 #4 & 3 5% 19 Fr & ( Mallmann and
O’Neill, 2009; Brounce et al. , 2015; Li et al. , 2020)
BAFEEL AW V/Se (55 Izu-Bonin-Mariana I

et al. ,

2005) 1 Ba/Th-La/Sm(d, 1} Pearce and Robinson, 2010) [X|f#
1997), Rb/Y-Nb/Y (b, after Kepezhinskas et al. ,
2005) and Ba/Th-La/Sm (d, after Pearce and Robinson, 2010) diagrams for Nb-enriched gabbros from the Baijingsi

1997) , Ni—Cr(c, after
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Mariana [ B Z #4610/ ( Whattam and Stern. , 2011) ,
5.1.2 BHAER A

H&FRKAER A KO & 2K, K,0/Na,0,
(La/Yb) . (Gd/Yb) y HIHFAR, # £ 70 R ik =X
B2, 4% Nd [AfLER [eNd (1) = 3.35] Mg f1
Hf A K[ eHf (1) = 6.2~18. 7] W~ H A B 4%
fiE, 5 K B 1 52 3 K il b 52 75 4 19 R RHK AL 1
AHIPI(Li and Li, 2003; Koepke et al. , 2004, 2007)
BIARIBFFE N TIERHAE b 5 AR A Lk A
FKMER A B4 (Li and Li, 2003; Jiang et al. |
2008; Yin et al. , 2015) FIASACHER 7 8 A TN A 1Y 38
IrWERE(Li and Li, 2003; Koepke et al. , 2004 ; Grimes
et al. , 2013; Li et al. , 2021; Ma et al. , 2021)

AASFRHC ALK A O TIRET e 2 b, B AT

TE AN £k T REZEAR CRE BT BT b s B2 0
M H AR X A 235 3l AS R R PRL A) RPE R AE i
w0, B i HOP i R rh i AR R R A
FYINEER ,Ti0, 2 5 ] LUE A S0 KPR H AL B
HANFE A SRR bR (R, 2011) , A &5F
RHALR 1Y TiO, & 3K (0. 23% ~0.27%) , 7F H.
1E Ti0,-Si0, XA Kl Ti0, -K,0-Si0, % F E HHEE
il BITE A B K SR R A AR A s il X R (BT L)
F6 7B B 5T 52 3 43 4 il ( Koepke et al. , 2007;
France et al. , 2010; Grimes et al. , 2013) , &FIF
1 Nd [R5z 2 S A iR 20 IE Y HE [z 3= (8 3R IR
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Fig. 11 Ti0,-Si0,(a, after Koepke et al. , 2007) and TiO,-K,0-Si0,/50(b, after France et al. , 2010) diagrams
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Other data sources are from Li et al. , 2022
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75 (SSZ) Mg i) R RHRAE X o 20 BT DT
IF AR (Li and Li, 2003) . A &FRHAE RS
SV o3 E R AH R BT 5 B e iR A e
JSCHY B DT AR ih B R AR B o B AN (] 6 BB A
ARAIRACFZLH AL, BT IR RHC AL i 5 U — i e
BN, H FEICT B BR TOME I B g R B
K E KGN A KN BAR, OF S AN A R A
(Pedersen and Malpas, 1984; Flagler and Spray,
1991; Gillis and Coogan, 2002; Karson et al. ,
2002) , AZSFRHRAE R BT Ah s Sk MUK W]
AR T BN R AL B o R b B R A i 2 X
v IRERE T8 H R I LT R IK e e B b Bk AL
SFHRRAE, WE St/Y Ml La/Yb {H ( Scarrow et al.
2001; Li and Li, 2003) , AR F EH LT RH AL K7 3L
KA Se/Y Ml La/Yb fH, SMATIF , 37 UIRURHS AL 4
e AV i B AR AR e o (10 780 PR A B SO fiE - S
fifR R A S RHCAE B 2 1Y e R T AL

AR NTR IR I — P & 8 AR rhaii ik
T DX 38 A K S B ) R PR R AR B o, AR T I o
A R B R PR A 9 BT 5 DI SR AR T, i 44 S DI A
R (Li et al. , 2022) . IRETE R A B PORZHE R
Z R BROA KIS B KRUE R B AN [R] T 5
P71 B} K A6 K A (Ishikawa et al. , 2002; Guivel
et al. , 2003; Shervais, 2008; Joun et al., 2019),
WA, BATTH A IR PEAS S B — IR e, T e 1 AR
PRUCRRA) IR e e R L s AL ZE B 2 A
PRIX (Ishikawa et al., 2002; Guivel et al., 2003;
Shervais, 2008; Joun et al. , 2019) . N EIAE X 7 il
WHAFH P ER TR &, R ETE
TET B iR/ IR EE (Ishikawa et al. , 2002; Guivel et
al. , 2003 ; Shervais, 2008 ; Haase et al. , 2015; Joun
et al. , 2019) , - 53 LA A P2 H (Ishikawa et al. |
2002) . EATTRIRE T SRR T — 20 AL T
AR by AR IR IX., WA R S AR R 1 B T YRS ety
(RIA) 43 T2 1l 28 VDR 5%, [ R 3% 3] 5 300 V65 360 1 47 7K 1)
FEHPE I H PR A P2 ) (Ishikawa et al. , 2002; Guivel
et al. , 2003; Shervais, 2008; Haase et al. , 2015;

Joun et al. , 2019) . SIHGTAE 5 A BEAS 2 HE & R 1)
RHAE R, WA B INHEBE 2 3 W 01 40 B9 45 b
9724, BT IR B ) b 07 e e 3 9 iG 2 , Ti
S m ML A AR — (Li et al. , 2022),
T4 SFRHCAE B A IR, M BR AL R AE s H
RS TR i 52 A AR 3 L, T REA D TR S
5, BA X2 04 b E R 0T R o A it 2RI
(9 Se/Y {H, F8m IR XAR R Rl X SEBP A1 P IR
A 2 AR 5 IICHT A B 5 v BEAHARL, PRI b 0 7 28
SERHEAL 7 B ST O BR AR
5.2 JbABEFEZBIFIEAN R R R

FURTIA A 0 oo 4y it i o S 280 SS7 Al g
gda | UNHT IR CA | B %A L 5 iR A (Reagan
et al. , 2010; #iR2F, 2023) , SSZ RIly 4 A8 T
AR oS & B B8 I BRI 2 B 4 0 AR 3R 1 S 1
FEIT AR 0 Wl O ZE AR Wiy b A B0 P 5 R I [R]
Bl op 2 45 B B ( Stern et al. |, 2012; 1 5 2F 55,
2021) o W20 T2 I ke 46 5 S W0 B R A
(Ishizuka et al. , 2011) , ANFE Bonin il Mariana & 3K
ST 2 A R AR AT AR R O 52 Ma, A HARR T
It w2 4f B9 BF FR (Ishizuka er al. , 2011; Reagan
et al. , 2013) o P& A 2 NI & HUE R 2 n A
AR, AR AT Y B R A AR TT R B
TR S IHT R ZL 75 5 e B AEAR e S IR AR T
PRI IR A F= ) (Stern et al. , 2012) . Kk, £
B BRI X is + B 1 a A AR Ak
W e G B A AT A UEE (Li et al. , 2019, 2020 Ishi-
zuka et al. , 2020) . 8BRS 4k a WAL g A
T LR 7 A8 Bk b, T 8T ke i 1) 7 2 9 B
(Hacker, 1990; Wakabayashi and Dilek, 2003), 3
BRAL 2 BN S50 25 R R WY AL A JK AT A o
MR ) 358 43 945 B B 4% 7= A ( Defant and Drummond ,
1990; Peacock, 1990; Sisson and Kelemen, 2018) .
SR, ZE AR IRF rfnty v, IR ¥4 ) O e Al 7R
ME & A AR s Rl AR T BUA IR (ER AR P 4
W B, P e R L 3 ] AR i R, AR TR A TR
JEE 5 S AH X BRI i 3 7 AR TR A R AR KT
Bi%ﬁﬁ(Yang et al. , 2021) , XJHIIAIN b B — & 48
/R X (Faak and Gillis, 2016; Stern and Gerya,
2018; Yang et al. , 2021) ,

TEJCARZE G 137, SRR oA S A Al E
AR H 5 TACAR A R, LUIRAT % B (R
MRSk ) RO % o O R AR (BRFE 4%, 1995; Xia
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et al. , 2012) , HIE W AFARH 519~505 Ma, A 03k BB T .

HEHLFFRE AR A (QL22-4-5. 1 1 QL11-5-3. 2)
B AT IAT- 27 Ph/* P U AR 8 73 551 2 52243 Ma Fl
519+1 Ma, 1F Qi AT 18 BOARRE  FATTHEN HAE i
TR IR B B g i PR IR B v 52 AR
SMRRRL B ZSE PR A R i (QLO9-1-1) £ A1
BOFEP*Ph/ 2 U AF MR 5124 Ma, BHRIE BT RHS
AE B, T THED IR B A0 A 7 SRR & A
SIIERIIE U ERIA e BUE SR B e A O
ARSCRE 11 2257 RHRAE I -5 AT AE B 2547 0
Lt , ARYE RGN A2 M ER A FAR AR 2= 5T
15 Izu-Bonin-Mariana 2 0FSE AR R 4 (SI) SE 46
BYEE 20 L %8 ( Reagan et al., 2010; Whattam and
Stern, 2011) , #El & 2855 & PR A FRHS AL K
a 522519 Ma
TR

b 519 -512Ma

&

O % JRURE B B A e O o e A T R R
(522~512 Ma) , W] g2 A B 55 1 2% B 22 R K
FEY A LR AR (B 13) . FEAR T 4R 2 R
(>522 Ma) , 7 4B 3% U A A B A7 A 3 55 7l FPE 52
BB RIS TE K Y 522 Ma I, %5 25 S 3U4E
WA S | 8 R A R ) e T 59 Y [ R 4 P A A A
H2 BB /NB 5 T IR o, 03 B3 A IR P b
FEIR A K A B 4 s fh B it T T 2 F& A (Stern,
2004; Li et al. , 2022) , FERCRHS = R EREE TN i
SEHB MG A IARHCAE A . Bl IR i ak 2k, 78K
2 512 Ma B, A Pl 1 7 TR A 38 4 4 Al 1k
BRIR R 3X 53K b JTA 1A g 1 7 i 45
I b B A AR A Rl E R R A

7 e b AT Hip

i

<
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Fig. 13 Evolution model of magmatism for initial subduction in the North Qilian Orogen

5.3 MIEEX

TR b B B SR o3 3 A B Bidh it
AR . INRALTE R Y IR 2 B B2 | e B
AL, PRI IEH BIRIBE 2 8CA RS BRI e | i

S A ) 3 T YL S T S IR e VR R DG R A SR A
FHMA0 46 90 381 B 2 R B 36 1k 5 F2 ( Reagan et al.
2023) , ZEEHTSCOC T ACARIE A 2857 Hb ORI
AR AE b o F1 a8 1 A il PR B g i B 45 19 3



268 A

i W

A
= % Gk

43 4%

&, HG R R P IR 2 O (HE -k ) 7
b e e DA S Rl e R U 2 S DD N EZ S s A (B
By aar w9 L BIC S, 1 A SE RS AR B A R e
KA 588 TSR R A E A HE T
B, Fhis AR A6 IS 322 5 B4 00 2 AF v i A T R A
(522~512 Ma) , #E— 25 JRURR ST E B W0 46 OF o i)
)Pt 1 B AR, [RTRE RF ivhndy SR 3 DX ke LAY
9ICHT 2 i B2 A R e 2o 45 22 i) A= 9k
A A AR TR EE AL O RE B 4R, S22
KRBT A M (1 POVESE, 2016) o FERL LA £
RS (FE NI B R B UN R DR A A
Rt A AT BE , XA PR B A e Ak 1 3
SRR Rt e HA B2,

6 ZEip

(1) JCABE E 2875 1 DB R ) ) e M
FRHAL K A e Sk b 85 A U-Pb @ AR5 2R
R B AR B A AT Ph/ 20U A i
5124 Ma; AN BHS A <) FF 58S A i F
Y0P/ U AR 435 R 52243 Ma Al 519+1 Ma,

(2) EHRERK A N S8 N 7. 49%107° ~
10.8x10°°,Ti0, &4} 1.50%~2.08% ,Nb/U {H K
11.9~13.4,(Nb/La) «>0. 5, @ T Lk A,
BHEAE R A RE S KO & 8 F1 K,0/Na,O {H 451K,
HA RPERH AL KA RHE

(3) LA W 9T BORMRT X 38t 5, 3R ATTIA Ry JE AR
T AR 0 R R AR BT A AR A b e A e R S
(522~519 Ma) , A Z&FRHSAL K A ] BEIE WL T
RTTGA B B3 58 A S o T BRI IS IR 0 5 1 5 0
Fil, BEE IR h ks 7 K2y 512 Ma B oA A 76 5
TR e A 35 A 4 RO % 38 s S AR, 3 BB 155K v
JEIE AR A AR I 7 b AR I b 3 12 R A 5 4 s
P E R

it ZFEWRAXN AL SR N T L
MEGRE T RS R EL, AR s TR
IR EZM 2oL hERAR LR, £ —
I T B
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