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M EFRE  FH LA-ICP-MS U-Pb [F] {37 I & $2 A, 7635 F V4 G U8 b 25 1 b IX oy 0 iy 53 ) S 408 4 8 50 o 3% )
FREEBE AT R T 1S a8 A B0 B B A -0 - 254 AL BT RS Ph/*° Ph £ iy 3890447 Ma,
BEAF I B R A 45 & . Th/ U ERAE S 0. 34748 3T 21 (1977 Pb/*° Pb 4R #% Jly 3561 45~3616 =55 Ma, Th/U [ {H
H0.07~0.19, HEA WA HE [ A0 Z W E 2 H 77° HI/ HE=0. 280317 ~0. 280451 e (1) = — 4. 6~0. 6 (CF-#
B —2.5) s Tom =3861~3980 Ma, Ty, =4036~4106 MaCEH#I{ii 2 4059 Ma), X4k A i 75 H i & B
N9 g5 5 A, e HI AR Kistie SC R FFAE UL 3 F REERAETE 4. 0 Ga [ty 5838 A VR FH Sl B Bl 7 (9 FRIE O 45 &
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7 A U-Pb 4RI 45 & HE [W) A7 5= 0 50 & %01 5
B E 2 F B (Wan Yusheng et al., 2009; Liu
Jianhui et al. , 2014; Xing Guangfu et al. , 2015),
H i 47 7 Bl D di ol 28 8 A0 2 BB b DX Y s 0% A
(3.2~2.9 Ga) S Pl IX (1 JC VLA (3. 2~2. 8 Ga)
(Wan Yusheng et al. , 2009; Xing Guangfu et al. ,
2015; Li Jing et al., 2018; Liu Junping et al.,
2018a, 2018b, 2018c, 2019a, 2020a, 2020b, 2020¢) ,
WA AHAT MR LR, &5 Rk AT B
Hpihh AR >3.5 Ga i1, — b N EHE =
Iz 3, X 5% H 2032, A LA-ICP-MS {15 Eo 10 45t

I8 &5 A 192" P/ PhAE S 4 3. 32~3.51 Ga(Liu
Xiaoming et al. , 2005); 75— I HE M EL
HEVEH R A . i SHRIMP {45 H v — 900 I8 45 A1
%" Pb/*° Pb 4% 3. 80 Ga, & A B &1 HI £
AW e Town 1 Toa, 28 314 3. 96 Ga Hil 4. 00 Ga
(Zhang Shaobing et al. ,2006),
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Fig. 1 Geotectonic location map (a) and simplified geological map (b) in Dongchuan Luoxue area, central Yunnan
Ary IR R LH s Pua— il Joily FBTURERA s Pous— il ol AZ AR 4
Ptoy—Hooh FBE R Pt l— ol AE S 4 Peh— ool AR ILA

Aryl—Mesoarchean Luzhijiang Formation; Pt;a—Paleoproterozoic Abudou Formation; Pt; s—Paleoproterozoic Shanmuqing Formation;

Pty y—Mesoproterozoic Yinmin Formation; Pt,;/—Mesoproterozoic L.uoxue Formation; Pt;h—Mesoproterozoic Heishan Formation

Hh B AT FE B A0 AR B AR T AR 43 S v Rl AT
FESRITHTLLH o Tl B 5 T RE BT AR A A2 AR 75 2
HoCl AR R AL P T4 (Li Jing et al. , 2018;
Liu Junping et al., 2018a, 2018c, 2019a, 2020a,
20200) s Mo A ORl OCTLRF SR LA (A D g — &
B R k2 e 048 TS 2 Al 3 5 oy oo ol S 5 T R Bl AN T 2
(Ptya) N—EW G & IR A /G s oo A 5 T
FERZ AL (P o) S — 8 KL s e e o it 3t s vh oo
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KUPE R hoTd AR TH (PLD A —EF
A e 1R R 3 5 A SCHIR I A3k RS A R A ool Bt
Sy I VR B AN 68 AL 0L 0 J5 B TP 6 45 R K o LG R MK
M4 A 2318419 Ma(MSWD=1. 6,2=14)®,
1 R AR

AR YT FE B AE il 2 1R D T 800 35 7S s 45 5 I
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(R 58 L 3% S A B A & Ok (CL) E44% . U-Pb F1I
Lou-HA R0 28000 2 75 AR 0 AR A fe 32 B4 3 174 J0RE
L X 38, U-Pb [al i 22 M0 7 76 W b 45 b 5 52 56 % )
FE LAl LA-ICP-MS 58 B, O3l R 48
GeoLasPro, ICP-MS & Agilent 7700, 863k 1
R A SAE R BA R AR AL R
JE, ZH RS ICP Z At — 4~ T LR A,
TEZ5 8 TR TP A (Ar+He) dlin A B8 <L B
P SO R R ARG B R Bl 3 o T ORG E
WO il R GERCE T O Ik R R ARGE 1 Hz 19
o FlRE, Tl RERAE N AINES. &
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S50 s FE SR 5 OB BE AR 24 pm 45 40 4R
W FRAE & 91500, 2" Pb/** U4E #% J& 1064 410 Ma
(Wiedenbeck et al., 1995; Yuan Honglin et al. ,
2004) , &5 AR I SR FP P/ Pb 4%, I Tsoplot
FEIF (3.0 WO THE AT ¥ A & 25 ) U-Pb i 1 &
(Ludwig,2003),

B HI R ZE 5 B 78 s I 3% o0 A7 B A BR
TR A SE . B DR HE [ 28 00 %8 i 30631
iy 2 Bz AL v TR B A5 R S AN 58 I O
FR S NWR213nm B IR EOGE . T RGN £
B2 55 B TR % A (NEPTUNE plus) , 3896 3 1l
MBE R B — R 40 pm, FEREHE R 7~8 J/em®,
BN 10 Hz, " Lu F1'7° Yb %7 HE B[R] R S0 &%
FHeamE 5 W Lu 07 Yb {5 S 5R L R T Lu/
5 Lu=0. 02655 ' Yb/"> Yb=0. 5886 #1714 IF .
DIARHESRS A1 91500, GI-1 5 0 85 A1 38 34 #r XY
TR AT AN WS . 4 T 25 5 BT AR AT b o B L
91500 1 GJ-1 A9 HE/Y" HE {543 51 K 0. 282283 +
0. 000041 (n="1,2¢) il 0. 282019 =+0. 000029 (n=1,
20) EIR 22V N 52 % (W) A (Blichert-Toft and
Albarede, 1997) . i+ 8 ew () B, BR OB B A4 19
TSHE/TTHEfE Ky 0. 282772, 9 Lu/ HIE y 0. 0332,
B By HE B AR RS (Tow ) 35 I 5 50 4 08 1 (i
SKHOHE/ T HE=0. 28325, } =0. 0384, Fi [y B HI

B AR (Tone) TS BS SF34 b72 197 L/ HE
5 0.015(Vervoort et al. ,1996) .

3 MELER

3.1 %A U-Pb F£i#

B 41 U-Pb [F] 40 22 R i R S 605 DB 1, 00 %k
PR 1, B SRR BRI MY (] 24,
Sk L R T 25 A R (Hoskin, 20033 Wu Yuanbao
et al. , 2004; Liu Junping et al. , 2018b, 2019b),
AR & 6 R b (B 2b) 85 4 H B A% -8 -1 45 44
KAl es A BACIR . N R B e R a3, H Th/U
FEAE K PR B T 25 3B, A T S R AE 4 A A
19 15. 3 Wl i) U, Th & &M Th/U HAH 5 518
301 pg/g. 102 pg/g Fl 0.34, “"Ph/* Pb 4 & N
3890+47 Ma, 1 98 % (|8 3a) . % 4F 1% T Bl i B¢
AT AT AR

Hofth 5 AN 5 (15, 1,15, 2,15.4,15.5 F1 15. 7)
) U.Th & & Th/U WA 53510 368~712 pg/g,
42~117 pg/g M 0.07~0.19," Pb/** Pb 4E % K
35614+45~3616+55 Ma, i FI &N 90%~99 % (]
3a) 3K 5 NPT P/ Ph AR I AT #{E 3584
+38 Ma(MSWD=0. 28) ] fif ¥ A J& 145 Jit ol b 3
AR, 15,6 I A7 T8I 5 AR A A AL
2TPh/* PhAE A Ky 3711 £ 28 Ma, i B & TR &

B2 AR S DU S0 38 e 45 B K E B A aE SR CL ER
Fig. 2 Image of zircon of the rhyolitic vitreous sintered tuff in Dongchuan Luoxue area, central Yunnan
(a)—FHHCIEIME s (bo)— 1 B F1 & Fl 43 551 4048 U-Pb F1 HIE [F) 7 2800 55007 5 B B0 il 5

(a)—Transmitted light image; (b, ¢)—white circles indicate position U-Pb analytical spots, yellow circles

indicate the analytical sports for Hf isotopes; the number in the circle is the measuring point number
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%, AR A Th/U HofE AR RS A CLIE S FRE
INHAZEREE ATE LT 3. 9 Ga BRI A H AR AEZ 3.6
Ga I & A8 Jon AT I VR T 8 28 300, 78 ) ] g
W Z T AR S 5 AT R EGE (Yoan Wei et al.
2012;Liu Junping et al. , 2019b, 2020a, 2020b),
3.2 A HIELEMBETER

B HE [ AR B Wk 2. WA A
YO Lu/MTHIE RN T 0,002, RS AR VLA B
A BAR RO BUE HE 988 (Liu Junping et al. ,
2020a), U-Pb 4E % 3890 Ma [ 45 4 345 54 HE
[l 2 45 L . (O HE /77 HE), = 0. 280289, ey (1) =
0.6, Tpy: = 3980 Ma, Tpy, = 4036 Ma;* Pb/?® Pb
Il 3568~3581 Ma 5 A1 Y J5if HI [A] i R 45

0.95
(a)

FFEA S D001
Sample number: D001

0.45 . . . . . .

20 30 40 50
207Pb/23ilj

&l 3

g (OHE/TTHD, = 0. 280348 ~0. 280385 e () =
—4.6~—3.5,Tpu; =3861~3908 Ma, Ty, =4036
~4106 Ma,

B Lo R YR I M L (LREE) 7 i 1M
F A+ (HREE) &4 .3 B A Ce IER#H.3.9 Ga iy
A BA YR Eu 51055 O 08 ) 5 38 11 R AE 5
3.6 Ga #5471 Eu 1 55 AU R Oy BRI 28 ot 4% A0
RRAE » 5 23R R 35 S5 05 AR TR 22 (3% 3) (Kinny
et al., 1986; Wen Chungi 2006; Xing
Guangfu et al. , 2015;Lu Songnian et al. , 2016),
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Fig. 3 U-Pb concordia diagram (a) and (**"Pb/*°Pb age)-en (1)

(b) for single zircon of the rhyolitic vitreous sintered tuff in Dongchuan Luoxue area, central Yunnan
1—AdL 38 75 # X (Wu Fuyuan et al. ,2005) ;2—Jack Hills #1[X (Kemp et al. ,2010) ; 3—4£ b4 FH#th [X. (Zheng Jianping et al. ,2004) ;
4—Jack hills Hi1 X (Harrison et al. +2008);5—3. 9 Ga £ 43 (A ) ;6—3. 6 Ga £ 44 (A0
1—North China Jidong area (Wu Fuyuan et al. , 2005); 2—Jack Hills area (Kemp et al. , 2010); 3—North China Xinyang area

(Zheng Jianping et al. , 2004); 4—Jack hills area(Harrison et al. , 2008); 5—3.9 Ga zircon (this article) ; 6—3. 6 Ga zircon (this article)

x1
Table 1

HARIESHERLRIEBIRLE RIRE LA-ICP-MS $#7 U-Pb R RBER

LA-ICP-MS zircon U-Pb isotope data of the rhyolitic vitreous sintered tuff in Dongchuan Luoxue area, central Yunnan

g | Pb [ Th] U [P I {3 2% e ff 41 (Ma)

‘Iﬁ . - 'I‘h/U ZOGI_)b/ 207Pb/ EOTPb// ZOGI)b/ 207I_)b/ 207Pb/ i}‘%*ﬂ’;ﬂ“

2 TR E e/ ) 238 ] lo 235 lo 206 Pl lo 238 ] lo 235 lo 206 P, lo (%)
15. 1] 834 109 581 5 0.19(0.72710.029 | 32.1 1.4 0.318 | 0. 009 | 3521 108 3554 44 3561 45 99
15.2| 718 98 537 7 0.1810.632]0.031 | 28.6 1.5 0.327 | 0.010 | 3429 118 3536 49 3581 45 97
15.3( 519 | 102 | 301 0 0.3410.802]0.033| 43.5 1.7 |0.395(0.012 | 3795 118 3854 39 3890 47 98
15.4| 785 | 117 | 712 77 10.16(0.610 |0.025| 27.1 1.2 |0.3190.008 | 3069 99 3389 44 3568 37 90
15.5] 869 113 608 0 0.1910.699|0.036 | 29.2 1.8 0.329|0.012 | 3162 140 3459 62 3616 55 91
15. 6| 582 85 368 0 0.2310.633]0.015]| 33.9 0.8 0.3509]0.0065| 3418 57 3606 24 3711 28 94
15.7| 563 42 585 43 10.07|0.683|0.027 | 31.0 1.2 |0.3280.009 | 3355 104 3518 39 3609 42 95

W FIRE (%) =[(PSPh/28 U 4E#%) + CO7Ph/2° U 4Ei#%) ]/2/ (27 Pb/?°S Pb 4 #%) X 100,
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Table 2 Zircon Lu-Hf isotope composition of the rhyolitic vitreous sintered tuff in Dongchuan Luoxue area, central Yunnan
207Pb/?% Ph . e . . - - Tom Tome .
‘T!Uﬁ" ! ]76Hf/1”Hf 2 I/bL /1/7Hf l’be/lﬂHf)l I/GYb/]me (0) ([) u/
HNER=s Al (Ma) o u ( / / eHr eHr Mo | (Ma> Srwmi
15.2 3581 0. 28040 0. 00026 0. 000708 0.280348 0.019 —84.0| —4.6 3908 4106 | —0.98
15.3 3890 0.280317 0. 000056 0. 000378 0. 280289 0. 0094 —86.8| 0.6 3980 4036 | —0.99
15. 4 3568 0. 2804 0. 0015 0. 000945 0. 280385 0. 025 —82.1| —3.5 3861 4036 | —0.97
x3 ERFRINESHRRURBEBERERREEEH L MEBTERHER (ng/g)
Table 3  Analytical data of zircon rare earth and trace elements (pg/g) of the rhyolitic vitreous sintered tuff in
Dongchuan Luoxue area, central Yunnan
i ‘,f_:,; 207 Pt ,/QOGPb
UJF' g La Ce Pr Nd Sm Eu Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu Hf Th U Y
k=2 AE B (Ma)
15.1 3561 0.52 | 4.71 | 0.10 |2.9510.75| 0.31 |8.35[2.37]33.5|13.4(81.3[18.3| 179 |29.4| 10821 |92.1| 543 | 439
15.2 3603 0.11 | 3.63 | 0.11 |2.92|9.86| 4.20 |34.2]9.06(83.9|26.5| 103 [21.9| 208 |35.0| 10293 |82.7| 503 | 843
15.3 3890 0.54 | 9.62 | 0.43 |0.82|5.20| 0.85 |9.31|3.15[42.6|14.1|74.9]16.5| 123 |22.4| 8237 |95.6| 293 | 490
15.4 3568 0.11 | 4.53 | 0.41 |3.14 |3.98| 1.65 |12.9|4.01(49.4|15.4|73.2]19.7| 170 |32.0| 10104 |92.1| 672 | 481
15.5 3616 0.12 | 3.67 | 0.097 | 0.56 | 2.83 | 0.39 |13.6(5.87|84.5|30.2| 133 |30.7| 281 |40.6| 8177 |98.8| 194 | 887
15.6 3711 0.42 | 8.46 | 0.29 |3.35|8.01| 2.41 |22.8|6.32]60.8|20.2| 81 |18.6| 174 |31.0| 11750 |85.4| 368 | 599
15.7 3609 0.31 1 9.89 | 0.014 |0.014|2.78| 0.11 |13.6|4.26|57.5|23.1| 104 |23.3| 212 |31.6| 9447 |62.2| 233 | 685
100 100 2
® 3.9 Gaffi f
(2) (b) 3.9 Ga Zuircqn
X 3.7 Gafifi
10 F Continental zircon . ) 3.7 Ga Zircon
0 K i 4 52 5 A 10 - (jjé)ﬁr%tlir?]eitz‘lizwcon A36Gathfi
. Kimberlite zircon Kimberlite :’L i 3.6 Ga Zircon
EHF A © oo e
S ! S CCEIE R dex A
1 =N A
A
0.1 |- Ocean crust zircon 0.1 +
leA vl Ocean crust zircon
A
0.01 1 1 1 0.01 1 !
10000 15000 20000 25000 30000 100 1000 10000
Hf (X10°) Y (X10°)
4 EHHPRNES XA EEEG HE(U/YD) B g (2 F Y-(U/Yb) B g (b) (P& Yuan Wei et al. ,2012)

Fig. 4 Hf-(U/Yb) (a) and Y-(U/Yb) (b) for Hadean zircon in Dongchuan Luoxue area,

central Yunnan (after Yuan Wei et al. ,2012)

78 BT 1 M i Ak (Yuan Wei et al. ,2012), HAJ
RN =3. 8 Ga HAMNTER R 22 R, AL
&0 [ A b Bl P g oL Ve R 22 B R AR B R Bk
SSHE X 2 % I (Kinny et al. , 1986; Liu Dunyi et
al. » 1992;Wen Chungi et al. , 2006;Duo Ji et al. ,
2006 ; Xing Guangfu et al. , 2015; Lu Songnian et
al. , 2016) ;384 N 1k - AU AE 37 1 il B — A0 T BLAF i
=3.8 Gayifi. T WL EHE ML EiRHD
o B SHRIMP A 453 b — 39065 8 85 A 1)
“TPb/*°PbAEWE Ay 3. 80 Ga, B HATE R HI F:
AERY S Town M1 Towe 22 514 3. 96 Ga Ml 4.00 Ga
(Zhang Shaobing et al. ,2006) , 2EH1E AR 3k
3 B9 M DX BE K TP AR O 3890 Ma 1Y 15 )8 5
AR5 ER RN A, U Bl

B AT R B UL 7 il e AR ERG B L A L il B 2
T B AR RT B A7 72 553 i b 5g SE A T RE AT 2R
0L fty 700 b S5 3 A T S s AR ORI B A e (0) =
— 4. 6~0. 6 CFHIME A —2. 5) , BB P 345 i 1
4 4059 Ma. YWl 47 5 R B il BEAFTE 4. 0 Ga fyHb7E
AR bl B R e ) B R . AL 3.9 Gal 3.7
Ga f1 3.6 Ga % A 76 (U/Yb)-Hf #1(U/Yb)-Y
fiff v 1879 AR il b 5e 5 0 DI CIBT 4D 5 13 B b 35k AT
REAE L o A M oc M AF 1 - i Ib B W1 47 1 Bl e Ay
3 Bty 4l M 5T AR 5% B8 A 7T BE 1k (Zhang Shaobing
et al. ,2006; Wan Yusheng et al. , 2009; Yuan Wei
etal., 2012), WAL AR K 3.9 Ga 541158
ERE 3.6 Ga 28 IR B A1 84 AR 103X — AR IR AE#S
e 22 VBRI BER LV R 22 E E  AR e iR A

H —~
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XTS5 A7 T VGR35 X A )= P 3890 Ma 8517 9 % 8L 1611

FE7E A FTRE 3.6 Ga I I A7 78 42 BRVE ) 72 o 2 F
(Wan Yusheng et al., 2009; Yuan Wei et al.,
2012;Xing Guangfu et al. , 2015),

AU EE AR N b X AR 3.9 Ga il 3.6
Ga 541 A HI [ A2 R 458/ 5 b E A LR 3.8
Ga Zihi 5 A h B A0 1y HE [ A7 R 45 1 AE % A e
(Zheng Jianping et al. ,2004; Wu Fuyuan et al. ,
2005) » T -5 A P JE 3 Jack Hills™4. 0Ga fif
Ay HE [J 47 Z 5 1F (Harrison et al. , 2008 ; Kemp
et al. ,2010; Yuan Wei et al. ,2012) B . A 6] (&
3b) o JU 3 BH v L R AR T i IXCTE T I S AR
fili e TTOAR A U5 IX AT R B AT G IR BB 2R A SR Mk

AWE5EH LA-ICP-MS R 5 IR 124 1 V4 B &
AT TP R 1 DXy e oy S ]S R 2H 0 AR 2 b R B
[ 3890 Ma YT 55 47 » o2& 4 Bl e B HIF A& 2L R B
HIE A . X BUES A HE R AR Sl oo R R
i W8 B 7E B0k ol i 3K BT REC AP AE 5T . Hi
Rli B oty w5 AR AL Rl St AR W 5 IX AT BE 2 AR BB
F Ll RER A — IR X .

Bgt: g5 1 LA-ICP-MS 43 #r, HI [F] 43 5 1 [
W R OCHR R 45 3] 1 B 5t 2% B B B8 A R MR 55 A R
ANA KA AL MBS = E T O s )

WFFE % W P S i B 2 A RO BR DT 24 w52

B TAENARAR), LR 7 ERIBN
B T — I8 F0

b5 N

O ZFHAMBTHARE. 2019, ZFA 1 5 DAL IE R R L Bk
Wi T Sl 0 DX SR 5 ) A AR B

O = HL SR AL . 2018, 2 F A DX U B B R BT M 5
RS Te=

O ATHH UM A RE. 2018. £/ 1+ 5 0 A 5 T LR 0 52 3
Wi b 3T DL DX 4 2 A0
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The discovery of 3890 Ma zircon in Proterozoic strata in the Dongchuan
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Abstract

Using the LA-ICP-MS U-Pb isotope measurement technique, a Hadean zircon was found in the
rhyolitic vitreous sintered tuff of the Paleoproterozoic Abudu Formation in Dongchuan Luoxue area,
western margin of the Yangtze plate. The zircon has an obvious core-mantle-edge structure. The *"Pb/
5Pl age of the core is 3890+ 47 Ma. This age is interpreted as magmatic crystallization, and the Th/U
ratio is 0. 34. The *"Pb/***Pb age of the metamorphic edge is 3561 +45~3616+55 Ma, Th/U ratio is 0. 07
~0.19. The in-situ Hf isotope measurement of zircon yields " Hf/"" Hf =0. 280317 ~0. 280451, ey () =
—4.6~0.6 (average value is —2.5), Ty =3861~3980 Ma, Ty, =4036~4106 Ma (average value 4059
Ma). This zircon is the oldest zircon found in the Yangtze block. Its Hf isotope and trace element
characteristics indicate that there is 4. 0 Ga crustal hyperplasia in the Yangtze block and recycling of the
ancient continental crust. Combined with the data of previous isotope studies, it shows that the Proterozoic
in the Dongchuan area on the western margin of the Yangtze may be related to the North China block
during this period. This discovery provides an important basis for the Yangtze block to be investigated for
the pseudo-continent and Archaean material entities, and also provides important new information for

understanding the evolution process of the early continent.

Key words: Hadean; zircon *"Pb/**Pb age; Hf isotope; 3890 Ma; Dongchuan Luoxue area of central

Yunnan; Yangtze block



