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Abstract: A high precision zircon Pb isotope ratio measurement method (using **Pb as spike) was developed with a TRITON Plus
thermal ionization mass spectrometer (TIMS) equipped with a multiple ion-counting (MIC) system. With the method, the Pb

isotopes were measured with multi-ion counters using a multi-dynamic ion collection method. Compared to the traditional static

HEETHE : {E HRBAIETH (No.41673061); H E Rl 272 B AL &% 5 45 DI B IT & 30 H (No.1GG201803).

EEE A E45(1993—) 5 BB A4 FE MG CA-ID-TIMS U-Pb4EIR%: TAE . ORCID:0000-0003-1382-1564. E-mail: wangweil78@mails.
ucas. ac. cn

* BWAEE i % 1 , E-mail: zhychu@mail. igcas. ac. cn

SIAMER T R, g, 55, 2020, 28 7RG Sl A 2 10y B A P [R5 LR A BE I U7 ik M BR A2, 45(6):1977—1985.



1978 Bk} A5 B

http://www.earth-science.net

multi-collection MIC method, the multi-dynamic MIC method can completely eliminate the influence of gain bias between
different ion counters on the Pb isotope analytical results. Compared to the traditional zircon ID-TIMS Pb isotopic measurement
method using a single secondary electron multiplier (SEM) with five peak jumps, the multi-dynamic MIC method can determine all
the Pb isotope ratios of zircon in two peak jumps. Thus, the ion collection efficiency for the Pb isotopes were improved by 2.5
folds. In the meantime, the influences of ion beam stability on the analytical results of Pb isotopes was also reduced. To verify the
reliability of the method, NIST981 Pb standards doped with **Pb spike and Qinghu standard zircons were measured. The
analytical precision of *’Pb/*Pbh for 5X 10~ g of *’Pb-NIST981 Pb mixture can achieve 0.079% (2RSD, n=20). The analytical
“Ph/**U age result for Qinghu standard zircon was 159.51+0.11 Ma(2SE, n=7; MSWD=1.1), which was consistent with the

previously reported values within analytical error.

Key words: ID-TIMS U-Pb; multiple ion—counters(MIC); zircon; Pb isotope analysis; **Pb spike; geochemistry.
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Table1 TRITON PLUS TIMS MIC configuration for Pb isotopic measurement

~ RPQ/IC1 B 1C5 ) ) Idle
Center Mass IC3A(SEM) IC2L5(SEM) Integration Time(s) )
(SEM) (CDD) Time(s)
Main 222.93 205ph 206ph 27ph 205ph 4 1
Second 221.86 204Ph 205ph 206ph 27ph 4 1
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Fig. 1 Schematic diagram of multi-ion counter array for
TRITON PLUS TIMS
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Table 2 MICC on figuration for Yield test of multiple ion counters
Line IC4-1.5 IC3 A IC2 1.5 RPQ/IC1 B IC51.4 C Integration Time(s)  Idle Time(s)
1 28ph 4 3
2 27Ph 205ph 224.00 4 3
3 25ph 225.08 4 3
4 208ph 226.13 4 3
5 205ph 227.20 4 3
6 204ph 205ph 2065ph 27ph 208ph 222.93 4 3

2.3 ™Pb-NSIT981BRAARMELR

T A SCR T 2 8 7 150 3h & 2 H2 sk
H7 vk T Bl Ph/* Pb="""Pb/*Pb X **Pb/*°Ph
AR R Pb/*Pb, N IL 7 2 P 555 . A SCH %
X NSITOS1 A i 1 ¥ A1 2P Hi B 391 19 1R & 18 W ik
177 P [FIALZR W AE , 25 5853 Br 7 15 0 RS %5 8 R E 1
JE PPPb-NSITI81 W & # W #& 0~ 77 ¥ B il -
BP0 # B8 77 (C°Pb ¥ £ 9.22 nmol/g) 500 pL
550 ul. 290 ng/g ) NBS981 4 1fE i Wi & T 3 mL
Teflon PEA M #EATIR AT, BT HL#AR | 80 “C% ]
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Il 2 /b — ), 8 Ok Pb [l 67 2 3K 2 4 . 45 K s 1%
RAEEW 2 pL.(~5X10 "g Pb), #EAT G & R
B0 R A AR 2 B R A BRI B 15 F
NIST981 ) *“Pb/*Pb . *’Pb/*Pb F1**Pb/**Pb il
ELER(F3). % 5X10 g Pb,i%J5 ¥ “"Pb/**Pb il
EAG A5 0.079% (2RSD, n=20) (£ 3.8 2).
24 ZSEFIUHHSEIT . EBFiIHHEEE. &5
FItHBESSTENELE R

2 v 2238 % Fl TRITON Plus 2 8 73 %k 2%
R G0 LA S 2 30y A0 g NIST981 Ph [F] i % L
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Table 3 Analytical results for Pb isotope ratio of **Pb-NSIT981 mixed solution using MIC multi-dynamic method

Pk e 125y X MIC P U Bk U ) 25 12 i
Sample X7Ph/*Ph 2RSE(%) 205Ph /2 Ph 2RSE(%) 24P /2%5Ph 2RSE(%)
1 0.913 54 0.046 2.162 4 0.048 0.059 14 0.075
2 0.913 60 0.031 2.160 8 0.034 0.058 85 0.053
3 0.913 93 0.052 2.1616 0.052 0.059 15 0.093
4 0.913 35 0.036 2.162 6 0.039 0.058 90 0.063
5 0.912 97 0.031 2.160 9 0.032 0.058 94 0.045
6 0.913 07 0.028 2.1507 0.030 0.059 11 0.051
7 0.913 94 0.048 2.1558 0.050 0.059 11 0.070
8 0.913 50 0.036 2.154 9 0.037 0.059 16 0.058
9 0.913 32 0.038 2.1551 0.041 0.059 15 0.073
10 0.91372 0.039 2.156 0 0.042 0.059 18 0.065
11 0.913 99 0.043 2.156 1 0.044 0.059 13 0.070
12 0.914 04 0.042 2.1591 0.045 0.059 13 0.062
13 0.913 19 0.059 2.1577 0.061 0.059 17 0.079
14 0.913 30 0.061 2.1520 0.063 0.059 24 0.094
15 0.912 86 0.026 2.157 3 0.027 0.058 99 0.044
16 0.912 98 0.025 2.160 0 0.027 0.059 00 0.039
17 0.913 31 0.049 2.1528 0.051 0.059 14 0.074
18 0.913 81 0.042 2.156 8 0.043 0.059 06 0.076
19 0.913 50 0.045 2.156 4 0.046 0.059 09 0.068
20 0.913 66 0.045 2.150 9 0.046 0.059 09 0.070
Mean 0.913 48 = 0.000 72(2SD) 2.157 0% 0.007 3(2SD) 0.059 09 £ 0.000 20(2SD)

1 RSE: MAXARMEIR 2 ;SD: bRifEf 2%, F Al ; (RSE : relative standard error; SD: standard deviation, the same below ).
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Fig.3 Analytical results of U-Pb date for Qinghu zircon
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Table 4 Analytical results for Qinghu standard zircon

[F] iz % A 4E

S Pbe Pb/ Th/ 2Pb/ 2Ph/ ; 25ph/ 27ph/ 2ph/

X ‘ 2065ph/ 20 27Ph/ 27ph/ 20 ) 20 20 ) i
4 (pg) Pb. U MPphL 2pp . . 2387 23577 2pp
U (%) U (%) "Pb (%) (%) (%) 2%
(Ma) (Ma) (Ma)

QH-1 55 13.1 0.40 812 0.1704 0.02503 0.16 0.1705 0.04943 0.23 159.37 0.16 159.86 0.92 168  0.08
QH-2 6.6 57 0.38 364 0.2169 0.02505 0.24 0.1698 0.04919 0.22 159.48 0.24 159.3 2.0 157 0.05

QH-3 5.2 19.5 048 1173 0.1833 0.02504 0.17 0.170 94
QH4 3.3 41.9 042 2551 0.1463 0.02505 0.16 0.17122
QH-5 5.0 4.7 044 300 0.2561 0.02507 0.28 0.1710
QH-6 4.3 10.6 0.41 660 0.1842 0.02509 0.20 0.1704
QH-7 3.6 56 0.35 361 0.2108 0.02510 0.24 0.1689

0.69 0.04952 0.12
0.38 0.04959 0.13

159.46  0.17
159.51  0.16

160.23 0.64 173  0.15
160.47 0.35 176 0.23

0.04948 0.36 159.61 0.28 160.3 2.5 171 0.05
0.049 26 0.21 159.76  0.20 159.7 1.1 160 0.11
0.04881 0.61 159.81 0.24 1584 2.1 139 0.04

T2 (1) Ph A% 223538 BT, A SCIA S Hook [ 58 58 S AR RS, P AR 22 750 S M i IR 5 (2) SR 1 52 46 22 K 1) P AR RS [ 47 22 LU A 0 s 245
206pPh /214Pb=17.78+0.50 (20) , "Pb/?**Pb =15.3140.34 (20) , #E 47 A JE FBE 55 5 (3)2°Pb-*U H £ 7 5k H NIST981 Pb Jz GBW04205

UsOg Bt il B9 bR 15 WS E , 7 BE 57 U /P HAR i 1R 22 ~0.18 % (2RSE).

2.5 AR Qinghu M E 4R

BE AR RE S LA-ICP-MS M SIMS 5E4E i 2 1R
b ol (O ¥ 26 45, 2018 Ji) 5 3C 58, 2018) , T 1 bRk
STk E & A — S B A AR EE (L ez al., 2009
ZEERAE S, 2013) , BT % SIMS Al LA-ICP-MS 4 %
W ) WE AR R AR TIMS I 52 H U-Pb i ACF- 35 4F i
M 159.45+0.16 Ma( = 2SE) , ¥ 3 55 [H bk 44 B T 2F
Bt ID-TIMS U-Pb 52 %0 % X iZ br #E 85 4 47 T
ID-TIMS 4E # W] 52 , “°Pb/?*U 1 AL V- 4 4E 4% Ky
159.36 + 0.06 Ma( £2SE).

AR SO S A R AT T U-Ph ARSI 2, o,
Pb Al 2 R H £ B T it B sh S 00 il 2 , U
[\ {7 2 2% FH o o0l 8 SEM Bk & 91 %2 .2°Pb/*'Pb
52 45 S A F 300~3 000 Z 18] (4) ,“°Pb/**U AL
4% K 159.5140.11 Ma (2SE, n=7; MSWD=
1.1 (K 3) , 5 3Tk B A (Li et al., 2009) 7E 3R 2240
Rl — %L

ST T 2 B TR T ROk 0 1) 3 S 2 2 I
77 2 P [R 2 M 52 J7 i, X 2 Pb Hi B 57 -NIST981
Pb & #5 ¥E 47 I 2 , 2"Pb/*Pb M| 2 K5 B W] ik F)
0.079% (2RSD,n=20). & J§ *"Pb-""U i B/ , XJ I
WA AR HE £ A HEAT T A R4S AR o 159.51+
0.11 Ma(2SE,n=7; MSWD=1.1) , 5 SC it 4it i {8
FE 1% 22 0 LY — 3. B3R *Ph # BRI -NISTI81 Pb
TR A 1 W = K B2 P IR 28 LG DA S hm o 5 A e b
JEE AW I 2 A5 R R WY 3% B B A P RIS 3R 3 B

(LL2°Pb 2 #5 B 500)) vl LR A 0 10 w25 RS B W) 0 3%
BTSSR M 2 B TR RS R R T
P98 4T Bk 22 B 11 F BUEE 1 25 22 5 % Pb (R 25 T
E S5 0 52 DRI R R B T TR 20 kG
AR % G5 (1 B 3 1 1 B Bk 0 0 5y 5K, i 0 vk AR
& 1 P I AR I AR, OF HLREAR 1 B3 i e ik
v B RS PR X P (RIS 2 I 4 SR s ), AT
DL 4 s B N R] PN 85 7 P [R] 57 25 0 a8 45 4 1 4
PRI 32 05 125 A B UKL B A7 ID-TIMS 5 47 U-Pb ik
(LL*"Pb b # B 51 ) Pb [6] 437 28 M 5 Jy i 2 A7 1 H
W
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