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S e 5 T3 T B 11 M X 18 I 7 P A VR o B O R R X 2039

BRI, — AR B ) < 20 s, 3 A7 Bk o M BURS OE
LA-ICP-MS #5417 U-Pb & 4 M 2L 75 g 5 2K 135 4
WAL A BR A 58 5 . 193 nme ArF ¥ 23 - 306 31 ik
Z 4t Teledyne Cetac Technologies il & , i 5
Analyte Excite. HL &% #5 & 5 &5 7 14 57 3% L (ICP -
MS) th % 18 B $7 (Agilent Technologies) il & , %4
52k Agilent 7700x. BB B 48 8 35 pm , BE 2 % JE
6.0 J/cm®, #51 %k 8 Hz, 3L 11t 40 5.91500 R i 85 A1
AR, GI-1 bR HE B 40 8 H FE L NIST SRM 610
M AR L TE A B D 2 WL Zeng ez al. (2018) .

4 g R

AXmeEAmEMETRESMER A
WM o0 R i 45 1, DL CES 4 1 U-Pb I 4
g S0 ) L B 1 BFF R 2 AN R 3.

4.1 EEMIRLFAR
4.1.1 ERERE  SIER AR I SI0, 4

T 69.70%~73.08% , *F {2 71.00%. ALO, At T
13.99%~15.56 % , “F- ¥ {H H 14.98% , A/KNC & &
A F 0.98~1.08, F I {H Ky 1.04, J& T 55 1 47 i 19 78
W5 . Na,O & /& F 2.26%6~3.82%,K,0 & &4 F
5.27%~9.86%, & i & & (Na,O+K,0) i+ F
8.58%~12.12% , Na,0O/K,O 4t T 0.23~0.72, ¥ Ky
Na,O i K,O & . 7E Si0,"Na,0+K,O & fit # (18 3a) ,
R R T A 3 K RIUE 2 3 8% 5 7E SIO,-
K,O B (F 3b) , K i 4852 T80 X85 1wk .
16 59 M A B9 SREE ZE L Bl &g K, A T
65.61X10 ~474.42X10 °,FJ{H H 249.58 X 10 "
Lay/Yby B A T 35.79~73.23, F {4 K 50.22, i
NIZCAE R B LREE & %1 HREE 75 45t 19 - 1F (&
4a) . KE N SEuA T 0.45~2.12, FBI{H K 0.97; 11 8Ce
AT 1.07~1.14, F-¥E R 1.09, 7R 9055 19 1F Ce 5
L E TR M8 AR v Ak Y T T 3Rk L (1B 4b)
F P A X T Nb  Ta., Ti.P % HFSE B 451 .

K3  Si0,-Na,0-+K,O Ff# (a. JiE E 4 Middlemost, 1994 ) \K,O-SiO, & fi# (b. JiE & #& Rickwood, 1989) \Nb/Y-Zr/Ti El i (c. Ji§
&4 Pearce, 1996) FINE 6 1 % 584 1Y Si0,-FeO, /MgO 4325 & i (d. Ji§ Kl 4% Miyashiro, 1974)
Fig. 3 Si0,-Na,0-+K,O diagram (a. after Middlemost, 1994), K,O-SiO, diagram (b. after Rickwood, 1989), Nb/Y-Zr/Ti dia-
gram (c. after Pearce, 1996) and SiO,-FeO,. /MgO diagram (d. after Miyashiro, 1974)
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Fig. 4 Chondrite-normalized REE patterns (a and ¢) and primitive mantle-normalized trace-element patterns (b and d) of the

granitic pegmatite and the zoisite amphibolite (chondrite, primitive mantle, OIB, E-MORB and N-MORB values are

from Sun and McDonough, 1989)

412 HFERKARE B HRKMNE 2 F
TERAMAEAEM, B KA T A SR AW
S5 K K 3 RE AR SR, B A R M IN A B K
ROERAETH BB AE LK T, H &AL
BAR CE 2d) , o R A A 3R

8 14 B s RHK A1 N 2 FE A S1I0, A T 41.51 %~
48.92% , Br — A~ mAN AR B A TR A B wE
Na,O & & A T 0.48%~2.94%, K,O & & At T
0.34%~1.64% , & B & & (Na,O+K,0) ik , /v
T 0.82%~4.57% , Na,0O/K,O A T 0.75~2.75, B&
— N FE AL R B IR Y R AR TFe,O, 0 T
11.34%~13.94% , MgO A+ T 5.78%~13.65%,
Mg A F 47~T71, A8 b3 Bl ¢ K, i ~F- ¥ {6 2k 60.
T AR ANASLD T U804 FRER, J
IR S 06 Uk 19 i 3 5k o 28 O6F HL DA 28 R E Ay
H 5] AE Nb/Y-Ze/ Ti g b (B 3c¢) , B 5 385 F
W P B B X 7R S10,-FeO/MgO & fi
(I 3d) , B SRR TR X R R G e

B a5 BHE A TN A R S B SREE A F 53.19X
10 °~128.85X10 °, *F ¥ {4 &y 88.71 <10 °, & +
B & ® A .LREE/HREE [ {4 /t T 2.94~6.87,
Lay/Yby WA T 2.32~7.79, B R 8 55 W % &
173 1%, H LREE A X1 & % (HREE A Xf 7 it (&
4e) . KE Sh SEu A T 0.84~1.45, F ¥ 2 1.00;
3Ce 4 F 0.97~1.05, *F ¥ H 2 1.03, Jz W ) 7F &
KA N G A Eu AT Ce S % . 18 IR 46 b g
b e AL 1Y T & kR R R (R 4d) L R
AH X} 7 #1 Th \Nb | Ta . Ti.P % HFSE i £ 1E .
42 HARBFAESU-PbEF
421 TERE@RE AKERENEOZRERE A
B AR MY B A R ER s R
AR, KR E N T 1~2, BB F A T 300~
600 pm (& 5a). 7€ CL EHZ i (& 5a) , #4385 A B AT
Mg gk by QN1 27 515 524 Y07 T 85 A1 5 08
B R B I TG A A A3 B 5 B
PRI P L AR BT AR B A B AR, AT LA AR
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Fig. 5 CL images of zircon from the granitic pegmatite (a) and the zoisite amphibolite (b)
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Fig.6 BES images and inclusions of some zircons from the granitic pegmatite (a-b) and the zoisite amphibolite (¢—f)

W, LR E B A AR B A
MK A (Kl 6a, 6b).

314 % &6 &5 A D 25 A SREE 4 F 176.01 X
10 °~732.98X10° ( *F ¥ {5 y 442.32X10°°) ,
LREE/HREE 4 T 0.02~0.11(F- %18 24 0.06) , 5Eu
T 0.12~0.34 (°F- {5 Hy 0.20) , 8Ce 4t T 4.62~
269.47 (SF-¥I{H R 71.03) .7 4~ 1 5 5% 41 I 45 1) REE

A T 396.81X10 *~2 640.69x10 ° ( F 4 1§ H
1188.28X10 °) ,LREE/HREE 4+ T 0.17~0.42(F
¥ 4 0.30) , 8Eu 4 F 0.51~1.03 (¥ ¥ K
0.75),8Ce A+ T 0.53~3.76 (F- Mt Ky 2.16) . A I, ,
R A A AN R A A B A B AN [ Y REE 41 8L,
W5 7 B B SREE i (85 91 & SLREE) ,
DL KT Sy i ZU A SEu 1 5 5 Al 0Ce 1E 5 (18] 7a)
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Fig. 7 Chondrite-normalized REE patterns for zircons (chondrite values are from Sun and McDonough, 1989)
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Fig. 8 Concordia diagrams of the zircon U-Pb dating (a—c) and weighted mean diagrams of “"Pb/**Pb ages of zircon (d)

TEAE B i di e TP AR TR T 39 A 2800 AR

A

A0 Th A F 78.64X10 °~185.05x10 °, U 4+ F
456.95X 10 *~1 534.86X10 °, Th/U It A+ T
0.07~0.23; M & £ 4 1 Th A F 85.79X10 "~
224.93X10°°, U 4~ T 582.23X10 "~1 708.29 %
10°°, Th/U HAH A T 0.07~0.21. 1£ 55 47 U-Pb i fil

Pl (1 8a, 8b) , Z B A1 I R T AZ I+,
W8 Ph & S B BEEAE 31 AN A% 30 I 5 nT DL AR 4
P — S A — 2ol £, K538 M 19 22 sUAR IR
189247 Ma(MSWD=0.76) ( [ 8a).8 /> & 3 il
AR RE R B — 2 A — Bl 26, 5 R4 32
AR 1 884+7 Ma(MSWD=1.17 ) (& 8b) .
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SRMETS A5 < iy 38 L M Dy et A A T TR 0 B R S 4043

422 HHERKANE HHRKMANE D
A1 2 B EHUR R A T 100~200 pm, 0L 2
W bR 435 R0 B B 43 B N R A 3 (L Sb) L o3 i
A WSE 5 pm fE CL B & A ss i 4
AR FEAERT Y, UMINA KA Mmekah £,
A I A7 7 2 2 BE BRI A7 R 98 (18] 6c~61) .
27 A B 4 M A SREE A F 146X 10 °~
63310 °, LREE/HREE 4 T 0.01~0.04 , 8Eu 4t
F 0.62~0.95(F ¥ {H 4 0.78) , 3Ce /- F 18.52~
497.25 (F ¥ Jy 184.13) . 7E Bk ki MA 47 bx #E 1k
e 4y A 2 B o (B 7b) L B A R B R R
i 1, HmZl g E£EM L, FofHA G
RS R Eu =R R E 1Y OE Ce W
A R M N s B A R R AR T 28 N A AL
W& 8 AR Th A T 25.77X10 °~204.85 X
10, U 4 T 38.52X 10 °~215.38X10 °, Th/U It
fH 4~ T 0.39~0.95. 76 #5 A1 1% F1 & (&l 8c) Hr, Il
ST U-Ph i A4 ook M aT L Bos i A
JE WG U Pb [l i 3 1 & B A IR Rr 30 78 B
AN AL | b (R 8d) , 28 AN R ST
1 830+8 Ma( MSWD=0.61) i fill £ - ¥J 4F #% .

5 i

50 $#RANEREENX

A KRRl R E e = e N I R DA B 2
B, REHEAMIE  AE CL G b, %585 A R
0 B 45 4, TR R A AR Th/U B fE
(0.07~0.23, ¥ { K 0.14) . 41 %} & % LREE 5
1 HREE Bl 2 19 1E Ce B H Mt Eu % , ¥ 5%
IEAE /IR A A AR R TR B #5 A — B0 (Ander-
sson et al., 2002; F [k 38 4, 2016; X1 F 1g 4,
2020). K, 6 B A A TP RS A A% ER BT AR 15
1 8924+7 Ma(MSWD=0.76) fJ 52 S 4E V£ T
o L b DR — SR S T A S X s Y
Ce Ml Eu 5 % 8 55 , 76 Bl 43 ih 26 b 8 /R 00 °F- 31
A E o3 A5 2, 3k 5 A Y 0 B B 22 L AR
TR G R 25, X 828 i 4 vh BT B A
A A R A R G R A D RS T
1.884+7 Ma(MSWD=1.17) { ¢ S5 F #% , X 5 ¥
TS AT AR AT B A4 A TR 25 B 22 AR
AR — WA F A AR LIRS

A B RN A B A 2 R AR ROIR R AR R
K, A F 100~200 pm, 5 WL A7 18 AR I 4345 Fil

A2 AR 4337 10 kG 1 (81 5b) |, B AT it g 2 A
J (IR RL 5 A0 — 1 TN 2 A ) B R 9 4% 4E (Santosh et
al., 2009). &5 A A B U & & M & Th/U
PO AR, 3t 55 8 T A i R AE A — B0 T RE S
U FH#E 2 F Th 5 3k A Gt , 1 s 928 o /R K
i AR N 5 A R & 3 AT ¢ (Santosh ez al., 2009;
Wan ez al.,2009). 76 4% £ B i 1 Be 5 il 28, B &
R SN A 8 A HL A T A ) & Ea i 5
WY RRIE 5 A TN AR Y 7R BT A R O L B A —
i (Hermann ez al.,2001). Mgk A MmNAa KA.
BB R R AR, R R S Rk
Jo 6 107 1 DN 2R AR TR 00 T ) 4 — . R, B
iF R A I T B A R R TN R A TR
i R A IR Y TR A SR A B R N R
PEA ST AR METE B[R] 8 28 485 A (R 05
85,2023) , H it R 2A 9K 4 A e AR i B el
AE W v T A O o B A e AR T UL 5E 2
~5 pum  fE CL EE A 5 71 600 52 50, #E I 5 4
YERA G, T 98 Bk 2, JfF R IF it T4 - A
B, B AT B AR TN A 28 AN T R4S 1 1 830+
8 Ma(MSWD=0.61) i hn £ F B 4E % , R 3= T
Je E L H X — 0T TN A AR BT S A AR
52 EAKE

521 TERMERE MR AKERENSE
g5 i AR TR H 7 / Mg s A AR AR EE Y A
(ORI ME &6 AT B r mfp 3 2 5 R
(London, 2005 ;4% 5 4 , 2022) .

W58 W, Zr-Hf Nb-Ta Fl K-Rb HA — £ (1)
BRAL2E AT N L Ze/HI Nb/Ta Al K/Rb 1E — ik 1
WAR R P A& kAL AR R I R A4 o 5
B 3 28 LR 23 35 A8 /N (Liu ez al., 2016 ; 2% 53
i 45, 2020) . FEAS SCH, A6 B A A 9 Nb/ Ta FTK/
Rb {5 ¥4t F CHARAC X 38 # (18] 9a, 9b, CHArge-
and-Radius-Controlled , 25 76 & % 14 FL{E 57 B8 1
MRS IR R A B A R TR B
NLL 2 VAR I = o A s B e = Sl i 1
(R IT A, 2017). 8K 00 , 46 i i d A TE, ¥/ T
1.1CE 9a,9b) , A & 7 DU 43 2 5007 (9 3R 42 . R B, 4E
A A TN B RS A A R A R
WS o AR 2R TR R TR ) (R AR
JCAE,2017) , HAE®F 5T X B IF R & 35 % 46 b4 4
AR ARG B A PR AR SO 26 B A A IR R
6 10 J0T A 9K A e AR B 3 B A A AR TR Y
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(% E 4 Altherr et al., 2000 )

M dh s TAEEIRE A ER A
Fi N A, ELIRG SCET IR A8 AR A T i
SWIEAEH /R A A AE R IE B 85 A A — 3%,
R A B A R TR B gE R B TR 1
A LLTE 1 22 T AS [) 268 280 018 Jo A4 i 4 € 3 2 ik
TR R AR IR TR WG A A TR X, 7R TR A 1 Al
A M i (Sawyer, 2008 ; 5 44 il 55 , 2018) . 7 I
X0 550 Pl A v (P 9, 9d) L, B AR il A R R T
R AN 5 /748 B M 2 1 G L I b A6 A A
B A A TE R R R NI R R, TE R s H
U5 DX R] il Sk A8 e b A, T AR AR B A Rk, 4k
B il A 5 L CRHE A A A ) m] RE S 2 T b 1)
X & .Schmidt ez al. (2004 ) {1 75 3 W , 24 00 25 A
e T2 A 2 b J R v i R R B S 40 04 il AR
JEE P 38 T AR AR A SE L AR AT A A R TR
Xy wE (& 3b) , B B m Y K.O M SIO, &
i, iR FEOh R XA A R B AR R TR ) L 2R

R AR SO B AR B R R S S A & T
IR B S 43 s L IF DUIR IXGE B M ok S TR Y
522 #HEMKANE HWH LIRS ML
LB RS A N B B A e L B R
T 00 o TR B RS MR L 3X 5 E-MORB (19 4¢
HE—F (& 4c). 78 Ti-Zr-Y F1 Ti-Sm-V 3] 51 [ i
(&l 10a, 10b) , M 4i BHK A TN & B9 FE i R 2 8052
T MORB Wi s . tLoh , B s A N A A Ep
B Ti/VAH (17.58~45.43) , 7€ Ti/1 000-V & fig |
[ 4 4% 5% T MORB 1Y {1 W5 (18] 10c) . 7E i & OT &R W
MR 4d) |, BT R TN S B A i 2k S
E-MORB %8 25 o1, {2 /2 B & (%) Ta Nb #l Ti fi =
W RN IS KA R (Yang et al., 2016). 48
I, B0 5 AR A A 5 B 3 1 Zr/ Y (2.34~5.71)
1 Ta/Yb(0.13~0.34) tfd , LA B BAK A Zr/Nb L
B (12.74~22.5) , 58N 2 XA B AW 282 R
(Zr/Y<<3, Ta/Yb<<0.1, Zr/Nb 4+ T 25~70,
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Fig. 10 Tectonic setting (a—c), crustal contamination (d—e), crystal fractionation (f) and source characteristics (g—h) discrimination

diagrams for the amphibolite

a. Ti-Zr-Y Kl O i Pearce and Cann, 1973) ;b. Ti-Sm-Y & it (Ji§ B4l Vermeesch, 2006 ) ;¢. Ti-V FE fif (Ji€ B 45 Shervais, 1982) ;d.Si0,-Mg™ &l
fift 3 (e.Nb/La-Nb/Th [# fi# ; f.La/Sm-La [&] fi# (i§ [#1 4% Treuil and Joron, 1975) ;g.Sm/Yb-Sm & fif (JiE [#] 98 % A 5245 , 2022) s h.(Hf/Sm) (~(Ta/

d) &1 fifE (%

&4 LaFleche ez al.,1998). LKT ARFFHLEE Z A s WPB. AN L2 5 CABL 55 ME X 4 s MORB. P B L ilUA  TAB. 59K

LA ;0IB & Alkali-B. 7815 & ol fpd bt 20 it 8 CFBL Kbl i i 2 il s

Pearce, 1982) . W 5% & B , Hb 52 %) Jot 09 A K 5
i P8 A% B Ta Nb,Ti F1 P o 461 (9 5 4 (3
4, 2017). B A5 B M N A La/Nb # (Th/
Nb) 20 3 A T 1.94~4.02 F1 1.00~4.08 , ¥ B i
KF 1, HA SiO, Mg fil Nb/La-Nb/Th [ fif ¥
BA W A e P (& 10d~10e) , i 7s ¥)45 4K
FANE MR s e A R ko B & Dy T MR
R Yt (Kieffer ez al., 2004) . A ik, B %5 & K A
[N % Ta.Nb #l Ti Y i 5 % W 4 5 HJE A 7
WAL PR E TS A L AR
XM ENSTRKANESNR SRS
E-MORB 1y #b 3k fb 27 J& ¥ , i 4k & 90 2 K = .

TE &5 5o 5 AR 44 Al B2 A, La A1 Smofd b
BRAL 22T A7 AE 22 5, BT A La-La/Sm F i % FH ok
H W A K s 1 B B HL I (Treuil and Joron, 1975).
75 La-La/Sm K fi# v (& 100) , B 45 #HK A IR A 3%

5 a5 S URE A3 A I R B, S RS A3 A i e 4 ) H D
LAY EZ R L FE Sm/Yb-Sm & i o (&
10g) , Bh s BHE A N A5 B T 0 W A ERIE 5 A
I b A7 ZOMEAORS s il i e =2 1, S B A R £
DN 25 L2 %) M g VR DX AT B ) I A7 78 1 A R
fm A Dy /Yb [F A FH R 00 08 X v 1 £ TR
A AR, K AT ARERE LAREN
Dy/Yb(>2.5), i 4R i £ fat & X 2 A7 B AR Dy/
Yb(<<1.5) (Ma er al.,2014). ¥ 75 & K A N & 1
Dy/Yb 4v F 1.70~2.21, 7 i 7% H Hby 8 51X [ B 77
TEARTFAMRRA. BaRKmNAEAHE
B Zr L HI 5055 (L 4d, A0 % F Nd Fil Sm) |, 2R
A5 R A TN 5 D 1 TR X AT B 22 BT e A 56
Wi 1y 32 A8 (LaFleche et al., 1998). 75 (Hf/Sm) -
(Ta/La) i (& 10h) , B R /I8 A i 35
A5 ELA AT B 0 i 7 0 e R SR A R B
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o548 %

SR SR N i = AN S NN = - | R R U L % NI RN
g R, B A R AN s R A B R T
AT A RR G A X 10%~20% /Y &
S3 M Rl FEUR X A2 B0 0 e g Ak Y A2 AR
53 RELUMRHZTHRERHNRSHWESS
FEA R WEFE 2 X e 1 1L 242 T B A A
fl o R AT R A DA T R BIFSE L 3R45 T 1 892 Ma
B4 VR J S 14 4F % R 1 830 Ma B £ IH A A1 A o = 14
AEE AL BT ONTE e B Ll M X 3R AR T — R AR
J /G S B AR IR .Gong et al. (2016 )3 1 X e 8
WA i A A R M RHC A TN A 1)
fF 58, 3K 8 T 1 927 Ma, 1 912 Ma, 1 927 Ma,
1929 Ma.1 851 Ma.1 856 Ma.1 919 Ma iy 75 i =
PRAE Y IR 1 853 Ma hy— W1 £ N 2 Al G A8 Joit 5
5 E 3R (2014) X 4 1A D8 RS o e 1 1L 2% A Y
RHE A1 TN 5 FUAE B R R T R B9, 2 R M N 2
3RS T 1899 Ma 1 1 884 Ma Y 78 it 5 {1 4E i , 16

5 A8 B A P3RS T 1 812 Ma T 35 1 4F i A
1 803 Ma (172 it 38 £F F5 4R I TR TR & A6 K 5 h ARk
471902 Ma.1 858 Ma. 1 873 Ma 4 ¥ 4 3 1 4F
% 5 Zeng er al.(2018) 38 3 Xf Jo B 1L 2% %5 A 9 IE
KA MIBFSE , 3815 T 1 848 Ma f4 18 15 25 141 4F % 1
1812 Ma I 725 it H AR #E . 245 A & & R 08U,
AR T B A7 AR A B AT (T 11a) , R Il 4
Al sk T M ~1.96 Ga 2] ~1.80 Ga W 48 it / TR &
H A, I E ~1.91 Ga.,~1.85 Ga fl ~1.81 Ga
S AAEWS I, H L ~1.85 Ga iy g e b B 3%
B T bR AR BT/ RS RS R AE e
X B K8 T 2.52~2.48 Ga, ~2.3 Ga, 2.05~
2.0 Ga f1 1.94~1.91 Ga B9 7+ 3 F 1 (B BE L 55,
2004; T 5® , 2014; Gong et al., 2016; Zeng et al.,
2018; WA 45, 2019). Hirpr, 2.05~2.0 Ga il 45 3
FE BN R TE BT AR P R A5 1.94~1.91 Ga
1 225 3 = AR BN B T KB IR 85 (Zeng er al.,
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Fig.11 Frequence plots of U-Pb ages for metamorphic zircons
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2018). Je B 1L Hb X FE oy T AR 0 A 7 5l B A 8
JoT /TR A, AR SCHE N I R BR 5 Al AR LA G, B
PRGESE a0« (1) A RO 98 19 B s B A N B
E-MORB B FFE , P 5 # v 52 217 96 ookl G it
PR B 22 AR M Ae TR Y X 5 IS A T 5N B B
ZRAEMGFEE,2017) . BARA TR B 7 &
KA A T 08 AR YRR AR A7 4R % 0 2 T
~1 830 Ma Y28 JFAF iy . L Ah , Zeng et al.(2018) 1E
T I X & BT —Ab 1940 Ma B9 2 5, IR AR
10 RN B A P ) A B e i = S G N R T
R, e L DXC7E R 9 2 A TR VR 5T 1Y R ol
(2) M5 A FH B oA Sy 2 il 48 s L v Ao A o g g A
o B (Wu et al., 2007; Liu ez al., 2010). Hollister
(1993) Ay T 45 VE T2 e 722 AR 0 5 25 A D
2 I v BE RS A AR AR S i1 E s )
HH 2& (White ez al., 2001). 7 K Bl &l 18 & 11 3 A2 o,
TR A FH 38R T8 T Bl 4R 2 1L Y 3 i A R 4
Jei B AT IR B B, AT AR R R AR AR A L R ORL
HH L TSR AN AR AR 5T B BOE B (Lia ez al., 2010;
X424, 2020) .10 2w 1 e X AE iy o0 AR 0 A
15 22 WK A TN A A AR T F R I e X S b
R RFAE — 2. B AR SO A O e L b Xy
TG AR B T AR T /R R I F R T Ok Al 9 1
IR BE 8K, K iR T 2k — 2B F 5T Ok TIE 52 .
54 MiEELRRBENXR

A6 b 7 3 1 7 R X B L e SRR £
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4, By Sy T 8 O BT R 5 b B R 3 i A (Zhang
etal.,2013;Dan et al.,2014,2016 ;4% 545 ,2014) .
W ¥k 2% (2014) Ml Yuan and Yang(2015)iA A Bl $i7
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Wi % (&l 1a) , 3 58 xF i e 24 75 ) B 3 ot BLUA
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R A A R 55 (2014) A1 Yuan and Yang (2015)
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SRS v - RS S A 0 = A SR N
oK OC R Y ML IX (T8 8 4%, 2005; Dong et al.,
2007a; Bk JC 4E 4§ , 2007 ; Dan ez al., 2014, 2016 ;
Zou et al.,2021,2022) AHJE 4 2% F A Ry BT 4735
Hb B AR R 0 A B E S v R, 2
By 7 Ly M X E A A M XN JE T BT B
(& 1a, Dan ez al., 2014, 2016) , &t /&~ A 1 Hy B
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11) , 75 5 i 98 50 22 74 o] o7 36 H e 5 48 b 5 47 3 o
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PG b 38— 4b J5 A T T 1 914 Ma 9 4E 5 i A iR
o P, BIE AR T S Ll v R T 2L LA P A P B
P36 b B [ R LA 5 A db T B L 2% 5 A B
SORENE ST TAE o Ay it X LK T U~ S WS
SCIA Ay By 7 3 b B AE R i € R 20 5 AR A s hE B A
G R R FLZE A 0V 2t T B LB 24 e P A
i3 7 BTy 2 Ml B Y R L M KR R K L X

6 Z5ie

(ALK A TR T 554 5 8 XA e
W, o b 52 A A KRR B A O LY e AR B
AR RS T 189247 Ma By A8 AR R AR E T
T Ll b DX — B IR R AR

(2) B a5 BHE A N 5 0 A 8 T PR 2 R R
RS, P B A 38 R AR DN A AR BT ES A
13501y 1 8308 Ma Iy AL ¥ 4 % AR T e
UL b D — 9 A DR A A Y A T S A

(3) 2 B 1l DX A oy oo oty A% i 10 A A i 20 Y A



4048 HIERRL2E  http://www.earth-science.net

o548 %

BT /R S E RT fR  REE  LF R OC, X H AR
At v 8 o L % A 0 R B A AL, R BT
E DA (- 2 12 VTl e = il <19 A 1
B M FRARBIIALFT AT AL,
FBT EFOEEEL
& ILAF) B M (http://www.earth-science.net).

References

Altherr, R., Holl, A., Hegner, E., et al., 2000. High -
Potassium, Calc-Alkaline I-Type Plutonism in the Euro-
pean Variscides: Northern Vosges (France) and North-
ern  Schwarzwald (Germany). Lithos, 50: 51—73.
https://doi.org/10.1016/S0024-4937(99)00052-3

Andersson, J., Moller, C., Johansson, L., 2002. Zircon
Geochronology of Migmatite Gneisses along the My~
lonite Zone (S Sweden): A Major Sveconorwegian Ter-
rane Boundary in the Baltic Shield. Precambrian Re-
search, 114(1—2): 121—147. https://doi.org/10.1016/
S0301-9268(01)00220-0

Ballouard, C., Branquet, Y., Tartese R., et al., 2016. Nb-
Ta Fractionation in Peraluminous Granites: A Marker of
the Magmatic - Hydrothermal Transition. Geology, 44
(7): €395. https://doi.org/10.1130/G38169Y .1

Bau, M., 1996. Controls on the Fractionation of Isovalent
Trace Elements in Magmatic and Aqueous Systems: Ev-
idence from Y/Ho, Zr/Hf, and Lanthanide Tetrad Ef-
fect. Contributions to Mineralogy and Petrology, 123
(3): 323—333. https://doi.org/10.1007 /5004100050159

Dan, W., Li, X.H., Guo, J.H., et al., 2012. Paleoprotero-
zoic Evolution of the Eastern Alxa Block, Westernmost
North China: Evidence from In Situ Zircon U - Pb Dat-
ing and Hf - O Tsotopes. Gondwana Research, 21(4):
838—864. https://doi.org/10.1016/j.gr.2011.09.004

Dan, W., Li, X.H., Wang, Q., etal., 2014. Neoproterozoic
S-Type Granites in the Alxa Block, Westernmost North
China and Tectonic Implications: In Situ Zircon U-Pb-
Hf-O Isotopic and Geochemical Constraints. American
Jowrnal of Science, 314(1): 110—153. https://doi. org/
10.2475/01.2014.04

Dan, W., Li, X.H., Wang, Q., et al., 2016. Phanerozoic
Amalgamation of the Alxa Block and North China Cra-
ton: Evidence from Paleozoic Granitoids, U - Pb Geo-
chronology and Sr - Nd - Pb - Hf - O Isotope Geochem-
istry. Gondwana Research, 32: 105—121. https://doi.
org/10.1016/j.gr.2015.02.011

Dong, C.Y., Liu, D.Y., Li, J.J., et al., 2007a. Palaecopro-
terozoic Khondalite Belt in the Western North China Cra-

ton: New Evidence from SHRIMP Dating and Hf Iso-
tope Composition of Zircons from Metamorphic Rocks in
the Bayan Ul-Helan Mountains Area. Chinese Science
Bulletin, 52(21): 2984—2994.

Dong, G.A., Yang, H.Y., Liu, D.Y., 2007b. Detrital
Zircon SHRIMP U -Pb Geochronology and Geological
Significance of Longshoushan Group. Chinese Science
Bulletin, 52(6): 688—697.

Douce, P.A. E., 1999. What do Experiments Tell Us about
the Relative Contributions of Crust and Mantle to the Or-
igin of Granitic Magmas?. Geological Society, London,
Special Publications, 168(1): 55—75. https://doi. org/
10.1144/GSL.SP.1999.168.01.05

Gan, B. P., Diwu, C. R., Wang, B. L., et al., 2019. Geo-
chronology and Geochemistry of the Paleoproterozoic
Granites from the Helanshan Region: Contrains on the
Formation and Evolution of Khodalite Belt in the West-
ern North China Craton. Acta Petrologica Sinica, 35(8):
2325—2343 (in Chinese with English abstract).

Gao, M. D., Xu, H. J., Zhang, J. F., et al., 2018. In-
cipient Melt during Partial Melting of the Deeply Sub-
ducted Continental Crust: Evidence from Leucosome
of Migmatite in Sulu Ultra - High Pressure Terrane.
Acta Petrologica Sinica, 34(3): 547—566 (in Chinese
with English abstract).

Geng, Y. S., Wang, X. S., Shen, Q. H., et al., 2006. Re-
definition of the Alxa Group - Complex (Precambrian
Metamorphic Basement) in the Alxa Area, Inner Mon-
golia. Geology in China, 33(1): 138—145 (in Chinese
with English abstract).

Geng, Y.S., Wang, X.S., Shen, Q.H., et al., 2007. Chro-
nology of the Precambrian Metamorphic Series in the
Alxa Area, Inner Mongolia. Geology in China, 34(2):
251—261 (in Chinese with English abstract).

Gong, J.H., Zhang, J.X., Wang, Z.Q., et al., 2016. Origin
of the Alxa Block, Western China: New Evidence from
Zircon U - Pb Geochronology and Hf Isotopes of the
Longshoushan Complex. Gondwana Research, 36:
359—375. https://doi.org/10.1016/j.gr.2015.06.014

Hermann, J., Rubatto, D., Korsakov, A., et al., 2001.
Multiple Zircon Growth during Fast Exhumation of Dia-
mondiferous, Deeply Subducted Continental Crust (Kok-
chetav Massif, Kazakhstan). Contributions to Mineralo-
gy and Petrology, 141(1): 66—82. https://doi.org/141:
66—82.10.1007/s004100000218

Hollister, L. S., 1993. The Role of Melt in the Uplift
and Exhumation of Orogenic Belts. Chemical Geolo-
gy, 108(1—4): 31—48. https://doi.org/10.1016/0009-



55 113

SRMETS A5 < iy 38 L M Dy et A A T TR 0 B R S 4049

2541(93)90316-B

Kieffer, B., Arndt, N., Lapierre, H., et al., 2004. Flood
and Shield Basalts from Ethiopia: Magmas from the Afri-
can Superswell. Journal of Petrology, 45(4): 793—834.
https://doi.org/10.1093/petrology/egg112

Kusky, T.M., Li, J.H., 2003. Paleoproterozoic Tectonic
Evolution of the North China Craton. Jowrnal of Asian
Earth Sciences, 22(4): 383—397. https://doi. org/
10.1016/S1367-9120(03)00071-3

LaFleche, M. R., Camiré, G., Jenner, G.A., 1998.
Geochemistry of Post-Acadian, Carboniferous Conti-
nental Intraplate Basalts from the Maritimes Basin,
Magdalen Islands, Quebec, Canada. Chemical Geol-
ogy, 148: 115—136. https://doi.org/10.1016/s0009-
2541(98)00002-3

Li, J.J., Shen, B.F., Li, H.M., et al., 2004. Single -
Zircon U-Pb Age of Granodioritic Gneiss in the Bayan
Ul Area, Western Inner Mongolia. Geological Bulle-
tin of China, 23(12): 1243—1245 (in Chinese with
English abstract).

Li, J.Y., Qian, Y., Li, Y. J., etal., 2020. Highly Fraction-
ated Granitic Pegmatite of Early Stage of Early Creta-
ceous in Liaodong Peninsula: Petrogenesis and Tectonic
Setting. Earth Science, 45(11): 4054—4071 (in Chinese
with English abstract).

Liu, F., Robinson, P. T., Gerdes, A., et al., 2010. Zircon
U - Pb Ages, REE Concentrations and Hf Isotope
Compositions of Granitic Leucosome and Pegmatite
from the North Sulu UHP Terrane in China: Con-
straints on the Timing and Nature of Partial Melting.
Lithos, 117(1—4): 247—268. https://doi. org/10.1016/
j.lithos.2010.03.002

Liu, P.H., Tian, Z.H., Wen, F., et al., 2020. Multiple
High - Grade Metamorphic Events of the Jiaobei Ter-
rane, North China Craton: New Evidences from Zircon
U-Pb Ages and Trace Elements Compositions of Garnet
Amphilbote and Granitic L.eucosomes. Earth Science, 45
(9): 3196—3216 (in Chinese with English abstract).

Liu, Z.C., Wu, F.Y., Ding, L., et al., 2016. Highly Frac-
tionated Late Eocene (~ 35 Ma) Leucogranite in the Xia-
ru Dome, Tethyan Himalaya, South Tibet. Lithos,
240—243: 337—354. https://doi. org/10.1016/j. lith-
08.2015.11.026

London, D., 2005. Granitic Pegmatites: An Assessment of
Current Concepts and Directions for the Future. Lithos,
80(1—4): 281—303. https://doi. org/10.1016/j. lith-
08.2004.02.009

Ma, L., Jiang, S.Y., Hou, M.L., 2014. Geochemistry of

Early Cretaceous Calc - Alkaline Lamprophyres in the
Jiaodong Peninsula: Implication for Lithospheric Evolu-
tion of the Eastern North China Craton. Gondwana Re-
search, 25: 859—872. https://doi. org/10.1016/].
¢r.2013.05.012

Middlemost, E. A. K., 1994. Naming Materials in the
Magma/Igneous Rock System. Earth-Science Reviews,
37(3—4): 215—224.

Miyashiro, A., 1974. Volcanic Rock Series in Island Arcs
and Active Continental Margins. American Journal of
Science, 274(4): 321—355.

Pearce, J. A., 1982. Trace Element Characteristics of Lavas
from Destructive Plate Boundaries. Andesites, 8:
525—548.

Pearce, J.A., 1996. A User’s Guide to Basalt Discrimination
Diagrams. In: Wyman, D.A., ed., Trace Element Geo-
chemistry of Volcanic Rocks: Applications for Massive
Sulphide Exploration. Newfoundland: Geological Asso-
ciation of Canada, 12: 79—113.

Pearce, J. A., Cann, J. R., 1973. Tectonic Setting of Basic
Volcanic Rocks Determined Using Trace Element Anal-
yses. Earth and Planetary Science Letters, 19(2):
290—300.

Qi, J. W., Zhang, S. M., Yang, C. S., et al., 2019. The
LA -ICP-MS Zircon U-Pb Age of the Pegmatoidal
Alaskite and Its Relationship with Uranium Mineraliza-
tion in Hongshiquan Area, Gansu Province. Geological
Bulletin of China, 38(4): 562—572 (in Chinese with
English abstract).

Rickwood, P.C., 1989. Boundary Lines within Petrologic Di-
agrams Which Use Oxides of Major and Minor Ele-
ments. Lithos, 22(4): 247—263. https://doi. org/
10.1016/0024-4937(89)90028-5

Santosh, M., Wan, Y.S., Liu, D.Y., 2009. Anatomy of Zir-
cons from an Ultrahot Orogen: The Amalgamation of
the North China Craton within the Supercontinent Co-
lumbia. The Journal of Geology, 117(4): 429—443.
https://doi.org/10.1086/598949

Sawyer, E.W., 2008. Working with Migmatites: Nomencla-
ture for the Constituent Parts. In: Sawyer, E.W., ed.,
Working with Migmatites. Quebec City, Mineralogical
Association of Canada, Quebec, 1—28.

Schmidt, M. W., Vielzeuf, D., Auzanneau, E., 2004.
Melting and Dissolution of Subducting Crust at High
Pressures: The Key Role of White Mica. Earth and
Planetary Science Letters, 228(1—2): 65—84. https://
doi.org/10.1016/j.epsl.2004.09.020

Shen, Q. H., Geng, Y.S., Wang, X.S., et al., 2004.



4050 HIERRL2E  http://www.earth-science.net

o548 %

Mineral Characteristics and Metamorphic P-T Condition
of Precambrian Amphibolites in Alxa Region. Geologi-
cal Survey and Research, 27(4): 209—216 (in Chinese
with English abstract).

Shen, Q. H., Geng, Y. S., Wang, X. S., et al., 2005.
Petrology, Geochemistry, Formation Environment and
Ages of Precambrian Amphibolites in Alxa Region. Acta
Petrologica et Mineralogica, 24(1): 21—31 (in Chinese
with English abstract).

Shervais, J. W., 1982. Ti-V Plots and the Petrogenesis of
Modern and Opbhiolitic Lavas. Earth and Planetary
Science Letters, 59(1): 101—118. https://doi. org/
10.1016/0012-821X(82)90120-0

Su, H., Zeng, R.Y., Gan, D.B., et al., 2023. Petrogenesis
and Tectonic Implications of Granite Porphyry in the
Beidashan Area, Alxa Block: Constraints from Geo-
chemistry, Zircon U -Pb Geochronology and Hf Iso-
topes. Geoscience (in Chinese with English abstract).

Sun, W. D., McDonough, W. F., 1989. Chemical and Isoto-
pic Systematics of Oceanic Basalts: Implications for
Mantle Composition and Processes. Geological Society,
London, Special Publications, 42: 313—345. https://
doi.org/10.1144/gsl.sp.1989.042.01.19

Tang, Z.L., 2002. Metallogenic System and Metallogenic
Tectonic Dynamics in the Southwest Margin of North
China Ancient Land (Longshoushan - Qilian Mountain).
Geological Publishing House, Beijing (in Chinese with
English abstract).

Treuil, M., Joron, J.L., 1975. Utilisation des Elements Hy-
gromagmatophiles Pour la Simplification de la Modélisa-
tion Quantitative des Processus Magmatiques: Exemples
de I’ Afar et de la Dorsale Médio-Atlantique. Soc. Ital.
Mineral. Petrol., 31: 125—174. https://doi. org/
10.2113/gssgfbull.s7-xix.6.1197

Vermeesch, P., 2006. Tectonic Discrimination Diagrams Re-
visited. Geochemistry, Geophysics, Geosystems, 7(6):
466—482. https://doi.org/10.1029/2005gc001092

Wan, Y.S., Liu, D.Y., Dong, C.Y., etal., 2009. The Pre-
cambrian Khondalite Belt in the Daqingshan Area,
North China Craton: Evidence for Multiple Metamorphic
Events in the Palaeoproterozoic Era. Geological Society,
London, Special Publications, 323(1): 73—97. https://
doi.org/10.1144/sp323.4

Wan, Y.S., Xu, Z.Y., Dong, C.Y., et al., 2013. Episodic
Paleoproterozoic (~2.45, ~1.95 and ~1.85 Ga) Malic
Magmatism and Associated High Temperature Meta-
morphism in the Dagingshan Area, North China Craton:
SHRIMP Zircon U - Pb Dating and Whole-Rock Geo-

chemistry. Precambrian Research, 224: 71—93. https://
doi.org/10.1016/]j.precamres.2012.09.014

Wang, Q., 2014. Study on Metamorphism of Longshoushan
Baijiazuizi Group (Dissertation). Chang’ an University,
Xi’an (in Chinese with English abstract).

White, R. W., Powell, R., Holland, T.J.B., 2001. Calcula-
tion of Partial Melting Equilibria in the System Na,O -
Ca0-K,0-FeO-MgO-ALO,-S,0,-H,0 (NCKFMASH).
Journal of Metamorphic Geology, 19(2): 139—153.
https://doi.org/10.1046/}.0263-4929.2000.00303.x

Wu, F.Y., Liu, X.C., Ji W.Q., et al., 2017. Highly Frac-
tionated Granites: Recognition and Research. Science
China Earth Sciences, 47(7): 745— 765 (in Chinese).

Wu, F.Y., Zhang, Y.B., Yang, J.H., et al., 2008. Zircon
U-Pb and Hf Isotopic Constraints on the Early Archean
Crustal Evolution in Anshan of the North China Craton.
Precambrian Research, 167(3): 339—362. https://doi.
org/10.1016/j.precamres.2008.10.002

Wu, Y. B., Zheng, Y. F., Zhang, S. B., et al., 2007. Zir-
con U - Pb Ages and Hf Isotope Compositions of Mig-
matite from the North Dabie Terrane in China: Con-
straints on Partial Melting. Jowrnal of Metamorphic Ge-
ology, 25(9): 991—1009. https://doi. org/10.1111/
1.1525-1314.2007.00738.x

Xiu, Q.Y., Lu, S.N., Yu, H.F., et al., 2002. The Isotopic
Age Evidence for Main Longshoushan Group Contribut-
ing to Palaeoproterozoic. Progess in Precambrian Re-
search, 25(2): 93— 96 (in Chinese with English abstract).

Xiu, Q.Y., Yu, H.F., Li, Q.,
the Petrogenic Time of Longshoushan Group, Gansu
Province. Acta Geologica Sinica, 78(3): 366—373 (in
Chinese with English abstract).

Xu, W., Liu, F.l., Liu, C.H., 2017. Petrogenesis and Geo-

chemical Characteristics of the North Liaohe Metabasic

et al., 2004. Disscussion on

Rocks, Jiao-Liao-Ji Orogenic Belt and Their Tectonic
Significance. Acta Petrologica Sinica, 33(9): 2743—
2757 (in Chinese with English abstract).

Yang, Q.Y., Santosh, M., Collins, A. S., etal., 2016. Mi-
croblock Amalgamation in the North China Craton: Evi-
dence from Neoarchaean Magmatic Suite in the Western
Margin of the Jiaoliao Block. Gondwana Research, 31:
96—123. https://doi.org/10.1016/j.gr.2015.04.002

Yang, Z.Y., Yuan, W., Tong, Y.B., etal., 2014. Tectonic
Affinity Reconnaissance of the Alxa Block in the Pre-
Mesozoic. Acta Geoscientica Sinica, 35(6): 673—681 (in
Chinese with English abstract).

Yin, C.Q., Zhao, G.C., Guo, J.H., et al., 2011. U-Pb and
Hf Isotopic Study of Zircons of the Helanshan Complex:



55 113

SRMETS A5 < iy 38 L M Dy et A A T TR 0 B R S 4051

Constrains on the Evolution of the Khondalite Belt in the
Western Block of the North China Craton. Lithos, 122
(1—2):  25—38. https://doi. org/10.1016/j. lith-
0s.2010.11.010

Yu, S. Y., Zhang, J. X., Li, S. Z., et al., 2016. “Barrovian-
Type” Metamorphism and In Situ Anatexis during Con-
tinental Collision: A Case Study from the South Altun
Mountains, Western China. Acta Petrologica Sinica, 32
(12): 3703— 3714 (in Chinese with English abstract).

Yu, Y., Li, Z.F., Bai, L.A., etal., 2022. Metallogenic Reg-
ularity and Prospecting Direction of Pegmatitic Rare-Met-
al Deposits in Western Yunnan. Acta Petrologica Sinica,
38(7): 2052— 2066 (in Chinese with English abstract).

Yuan, W., Yang, Z.Y., 2015. The Alashan Terrane was not
Part of North China by the Late Devonian: Evidence
from Detrital Zircon U-Pb Geochronology and Hf Iso-
topes. Gondwana Research, 27(3): 1270—1282. https://
doi.org/10.1016/j.gr.2013.12.009

Zeng, R.Y., Lai, J.Q., Mao, X.C., et al., 2018. Paleopro-
terozoic Multiple Tectonothermal Events in the
Longshoushan Area, Western North China Craton and
Their Geological Implication: Evidence from Geochemis-
try, Zircon U-Pb Geochronology and Hf Isotopes. Min-
erals - Basel, 8(9): 361. hittps://doi. org/10.3390/
min8090361

Zeng, R.Y., Pan, J. Y., Su, H., et al., 2023. Geochro-
nology and Genetic Mineralogy of Apatite and Zircon
from the Huichang Pyroxene Diorite in Southern Ji-
angxi Province: Implications for Uranium Mineraliza-
tion. Earth Science,48(9):3258—3279 (in Chinese with
English abstract).

Zhai, M.G., 2011. Craton and the Formation of North China
Land Block. Science in China (Series D: Earth Sciences),
41(8): 1037—1046 (in Chinese).

Zhai, M.G, Santosh, M., 2011. The Early Precambrian Od-
yssey of the North China Craton: A Synoptic Overview,
Gondwana Research, 20(1): 6—25. https://doi. org/
10.1016/5.gr.2011.02.005

Zhang, C.L., Gou, L.l., Diwu, C.R., et al., 2018. Early
Precambrian Geological Events of the Basement in West-
ern Block of North China Craton and Their Properties
and Geological Significance. Acta Petrologica Sinica, 34
(4): 981—998 (in Chinese with English abstract).

Zhang, J. X., Gong, J. H., 2018. Revisiting the Nature and
Affinity of the Alxa Block. Acta Petrologica Sinica, 34
(4): 940—962 (in Chinese with English abstract).

Zhang, J.X., Gong, J.H., Yu, S.Y., etal., 2013. Neoarchean-

Paleoproterozoic Multiple Tectonothermal Events in the

Western Alxa Block, North China Craton and Their
Geological Implication: Evidence from Zircon U-Pb Ag-
es and Hf Isotopic Composition. Precambrian Research,
235: 36—57.  https://doi.  org/10.1016/j.  pre-
camres.2013.05.002

Zhao, G.C., 2009.Metamorphic Evolution of Major Tectonic
Units in the Basement of the North China Craton: Key
Issues and Discussion. Acta Petrologica Sinica, 25(8):
1772—1792 (in Chinese with English abstract).

Zhao, G.C, Sun, M., Wilde, S. A., et al., 2005. Late Ar-
chean to Paleoproterozoic Evolution of the North China
Craton: Key Issues Revisited. Precambrian Research,
136:  177—202.  https://doi. org/10.1016/j. pre-
camres.2004.10.002

Zou, L., Guo, J. H., Jiao, S.J., etal., 2022. Paleoprotero-
zoic Ultrahigh-Temperature Metamorphism in the Alxa
Block, the Khondalite Belt, North China Craton: Petrol-
ogy and Phase Equilibria of Quartz- Absent Corundum -
Bearing Pelitic Granulites. J. Metamorph. Geol.,
https://doi: 10.1111/jmg.12661

Zou, L., Guo, J.H., Liu, L.S., et al., 2021. Palaeoprotero-
zoic Granulite-Facies Metamorphism in the Eastern Alxa
Block: New Petrological and Geochronological Evidence
from the Diebusige Complex. Precambrian Research,
354(7—8): 106051. https://doi. org/10.1016/j. pre-
camres.2020.106051

Bt Hp 32 B % STk

HE, BERAER, TMHFE, %, 2019, % 21 o AUAE K
EAEAR 2 K BR AL 2 FR AT 6F A b T i T R AL 2%
T BRI AL B 2 . A AR, 35(8): 2325—2343.

B, Sy, R, S, 2018, AN i 7 04 fil Ao
U A I JBEL A2 O 11 0 R R P M AR A P R ik
T . AR, 34(3): 547—566.

otk , Tk, ShHmE, 25, 2006. PN Sy BT R X i 58
I 40 AR o BTy 3 B 0 TR E L b [ )%, 33(1):
138— 145.

kot , Farat, kG, %, 2007, P95 R 3 4 X A I8
AR T A AR A B ) A A A L R 34(2):
251—261.

R, e, FEE, %, 2004, NS UIRE E S
b X 4K B TR 2 B F JRR 22 4 BRIk 5 £ U-Ph i AF IR
HbFTE AR, 23(12):1243— 1245,

AEE ) BRME, T, 4 2020, 30 ZR 2K 5 R SE A LD
a3 S AL B AR e B S R A S MR RL A 45(11):
4054—4071.

XIEAE, HRAE, K, 45, 2020. 4240 v 7 1 e A b fk 22 38
1o R T O B AR ARHE A TN A S AR BT R £



4052 HIERRL2E  http://www.earth-science.net

o548 %

B U-Pb & & 55 LT R HIESR . sk B, 45
(9): 3196—3216.

B, SRR, A AR, 45, 2019, R 41 £ R M XA eIk
%% LA-ICP-MS 5 & U-Pb AR S a6 & . Mo
JEAE AR, 38(4): 562—572.

WHEE, BRoclE, T, S, 2004. B Rz 3% b X7 2E R 2420 A
A TN 5 AL P R A B A% B TR . b T A
fF5E, 27(4): 209—216.

WHEE, BoOoAE, Ak, £, 2005, B35 M X T 9E 20 4
KA N A 0 A 2 MR A2 8 OR B AR L A
O, 24(1): 21— 31.

I, AT, A, 2, 2023, BRI L K X AE R BT
A R R i R oG R BRI 2 B 47 U-PbAREAL
2 e HE [ 0 25 290 . S04 HiL 5%

Y ar, 2002, Sk ik P R 2 Ol 1 L0 —FB 3 11D RLE & 48 K
B K 3 3 72 . 6T R Y R

oo, 2014 Je e BE TR WE T AR R RO ORI - 24 0r
W) TG% KB R

RAEIC, XN, DR, S, 2017, B4y AL R A R
T . b E RS s RR S, 47(7): 745—765.

BN, BEFAME, T, 25, 2002, 6 8 LA fE BRI
JUH AR R R AR B . AT R LB R, 25(2):
93—96.

B, TpwE, 256, 45, 2004, J6 & 1L BRI AR IR

B MR 2E R, 78(3): 366—373.

Vi, XIS, XU, 2017, B —30 35 i 105 Jb A0 ) 48 2
PR B A b BR b A e PR R R . A A A
33(9): 2743—2757.

WPRT, B4, W, %, 2014, W7 b i 2R AR 1
V) BB AR . k2=, 35(6): 673—681.

FHESE, skdtd, 22—, %, 2016. Kokl R b g B 2
AR AR I B S T 0 - LA RE )R 4 SR 4] 25 A
7, 32(12): 3703—3714.

A, AR, (1A, S, 2022, VUL A B A &R
PRI FUEE 54807 T ) . 5 A 243k, 38(7): 2052—2066.

BAT WK, JREL, 4, 2023, M 4 B K A T B
TRATANES A1 R AR AR 25 R PR ) 2 B T e R 3 X
HBERBL2E L 48(9): 3258 —3279.

FEOTHE, 2011, 5 R3E Ak 5 48 b B S i 8 6. B R (D
B HERAFoF), 41(8): 1037 —1046.

SeAT, AR, BB LA, AF, 2018, At s b E 7Y R ALK
Ty 2 ot 20 M 0T S R PR O R HG b R L L A AR R
34(4): 981—998.

AR, B VLAE, 2018, BT L3 b B 1 T AT S Y P A R
PO, 34(4): 940—962.

X E A, 2009. A8 6 58 R F R 32 M v PR ¢ AR AR I Ak
KA T IR S A A, 25(8): 1772—1792.



