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2 o U&7 f=dd Eekzvl F A7) (Multi-Collector Inductively Coupled Plasma Mass Spectrom-
eter; MC/ICP/MS; AXIOM MC E9h)E o83t Pb 594 84 Al 28] ARl Pu/TI HlE, Pb 5 9
&, 71E 94 4FS AT EI, NBS 981 2948 2001 3YHE gU7IA] 420 & sle] B W AHHA
S ABIAT 2T oA, 7] 2 HAE AR Pb FUYLE Gl & olf3t FFRAI(TIMS)
2pge} vlaslEct NBS 981 Pb 200 ngS® £91¢94 v18-2 2435198 uf Pb™ph, 2'Pb/™Pb, Pb/
™ph b)2-2- oF 500 ppm(2sd), "PbA®Pb ! PbA%Pb B8-S 100~200 ppm(2sd)e] AEHG LE 4 UL
ol Pb YA FMel HEw 2 G FHAM HAH 21 1) PoTl T V7 10 ol 2) Pb BV}
100 ng/mi ©’doly 3) A B ga= A4 HEo we} BASHY o] uf ALSE TIol §9¥4 ¥&°TI
My 2388700 Ak Bl olzl= EFE Ypp %P Y OTIAYT) BIRERE AERes T pbel <l
AE o] 83R= Zolrh AlE 2o 713 Y4E(matrix elements)o] €3 Pb F91UA vlgo] dEke g
Zoz A=, TIMSS BlwE AlgEol tisled Pb $HHUAES &4 eak ¥ Wl & dxsqch.
Z, MC/ICPMS®l 23+ Pb 52194 B4& A& AAeE TAE 295 TIMSSE #4138 JdUxs d8 5
odo] AT EAglole) & 4+ Ytk

AO0{: Pb T4 MCICPMS, TIMS

Abstract: This study investigated the effects of Pb/Tl ratio, Pb concentration and concomitant matrix
elements on the measurement of Pb isotope ratios using multi-collector ICP/MS (AXIOM MC model).
Accuracy and reproducibility of Pb isotope ratios in NBS 981 solution were estimated for 42 data
measured from March to August 2001. Pb isotopes measured in rocks, bronzes and sediments were
compared to data measured by TIMS. Reproducibilities for **Pb/”*Pb, *'Pb/*Pb and **Pb/*'Pb ratios
were about 500 ppm (2sd) and for “Pb/”*Pb and *®Pb/"*Pb were 100~200 ppm for 200 ng of Pb in NBS
981 solution. The optimum conditions for the analysis of Pb isotope ratios with AXIOM MC for best
accuracy and reproducibility were defined as follows; 1) Pb/Tl ratio is about 10 2) Pb concentration is
about 100 ng/ml 3) correction for mass discrimination is performed by exponential law uvsing 2.3887 of
“TI"T1 and Pb mass fractionation factor empirically obtained from In(**Pb/%Pb)-In¢**TI/*TI)
relationship. The sample data measured with MC/ICP/MS for acid-digested and chemically separated rock
samples, and acid-digested bronze samples and sediment samples coincide with those of TIMS within
analytical errors. Therefore, MC/ICP/MS is a rapid analytical technique for Pb isotope ratios with the
similar precision compared with TIMS.
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o] @7 AHE-E MC/ICPMSE 9= Thermo Ele-
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Table 1. MC/ICP/MS Instrument settings and data aquisition parameters
(Model: AXIOM MC, Thermo Elemental Ltd)

Plasma Unit
Forward power 1350 '
Cool gas flow 13.0 I/min
Aux gas flow 0.85 I/min
Neb gas flow 0.90 1/min
Sample uptake rate 0.40 ml/min
Nebulizer: Meinhard
pray chamber: Cyclonic + Impact Bead

Plasma Screen Mode (Ni screen)
Beam tuning
X Lens -2300 v
X1 deflection -13 \%
Y1 deflection -16 v
X2 deflection -32 \"
Y2 deflection 29 v
Y3 deflection -10 v
Acquisition parameters
Multicollection Detector L3,L2, L1, Ax,Hl, H2, H3
Acquisition time 10 sec
Cycle |
Acquisition No. 30

Sensitivity 2BPH(NBS 981) 100 ng/ml Pb ~2V (~125Mcps)

Baseline stability (mean) <3000 cps (3Mcps)

Collector efficiency 1.00000

E FY 571 & 3 04miel22 Fag AR By
€ ZF 2mlolth Bl ¢ £E7F £ 7 0.05mitl
Al SAAE EF7](micro-concentric nebulizer)E A&
SPH Alge KU E 03ml oEt2 €Y F Utk T
detdle] & 7)o *Tio] 48& ¥y L3, L2, L1,
H1, H2, H3ol Z}z}F 202, 203, 204, 206, 207, 2089
158 Aol ¥HA drh 717]9 e HE Pb ¥
100 ng/mioll A1 @¥Pb7} 2 V(2X 107'°A, ~125 Mcps)
RojEn) 7t 14E7)9) 7)1 A %k(baseline)S 3 Mcps©]
Wil e HE 3000cps ©l3tE A3 7F 125 Mcps
o 71Agke] Wbzt F Alze oF 20ppm Hx

>

o R o
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AN % BERSE

Pb FHLA HE 4 =do B3 ZAE 9
NBS 981 Pb &9 AccuTrace™ Pb % SPEX™ Ti
1000 ug/ml 8- o] ARRF|ATE HEg AR 7o &

2FH| ZFi (abundance sensitivity)dl] 2%t @ &-2 H7ls}
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7} 9)sle] ppyt F2 % NBS 983 Pb o] AMEH
ek A B 35 2gsh] f8l AMgEe TiIs
Pbe] A3t &3 ol Pt Yolrr] 931
AccuTrace™ Pbe} SPEX™ Ti &S 5T12%ppe] H)
&0l 06014 607hA 2] W7 HAE 10709 §H&
Egstgnt. =3 NBS 983 &3 SPEX™ Ti §9&
Egste] WTIPb H]&o] 158914 12397} HuE &
Hstdet o) & ZF 8488 7z A {2 Pb FHYa
v goll tisled EHste] Hdg TI E£F v)&S 4
wHokch Adg Pt TI H|&S HS H Pb 3= o
E F94dA HlE ¢ oo Wl AF ] 3l
NBS 981 92 10ng/ml(20 ng)*l A 200 ng/mi(400
ng7tA ol &4-g AzEz wvRE 4 A4
A RN ST AR &N F R 9450 9
g 1d a8 AwEr] 95t SPEX™ 1000 pug/ml
BEE8Y9 Al Fe, K, Ba2 5:2:1:18 &3} o)
£ d4se] ¥ w7l 3% AEdA 22 pg/mlol A
183 ug/ml7bA] HAHF 77He] &A4-& BHEZ 7]
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AccuTrace™ Pb 2 SPEX™ T1 €98 78l Pb
994 &S A

Pb Tz F4lA e Ban R AP Pb 981
100 ng/ml €-<4(T1 33 ng/ml)& 2001d 3YFEH Y7t
A A &4 A AR S @ s FHe 4
% 42019 AEE ol &3t Hristgrt

TiMS &3 Y

A& °F 100mg LS HIEE nlo|dol ¥ 4y
Aol HAE EFHEA  AEAA =10:1) 3ml 4
L& 7}sle] wpolde] FA4E 22 A oF 150°Ce] 7t
A gollM WAl 7FEET o] % nlo|de] 7S
Yo} g8 FHua7) 3 wjFE IN HBr= vBHE o
IN HBr, 6N HCI& AMg3te &ol2wzysisr
(AG1X-8, chloride form, 100-200#)°] &j3] Pbs +-
stk #2d pb £4L ezl oy Agida
o1ALS AbgEle] Re FIAHE SHC}: Pb TYUA
HlE 337 23R Q9 7Y TIMS(VG54-30 B9)
2 B sl9 thstatic mode, N =40, 5s integration). 7]
7] 24 A8E FFEZA(NBS9S)Y BEAAE o] &3}
o ek B g3 (mass fractionation effect)S 54
oz HAF ¥ B73E=d | amu(atomic mass unit)
9 AP By g o 01%Yck 4% A 332 pb
ulehgk(blank)2 2F 0.5 nge] ATt

2%y 24 % Hg 24

ICP-MSol|4|¢] AaF B (mass fractionation)y> TIMS
Mgl g olest HH R F2 Zdzvlel A
B2417] Aole] 7t sgella] ghisk= F7F M sk(space
charge)o] &J&) ZAASTHWalder, 1997). ©] FE2 o
719}e] A8 E=el TAF(10° mban2] A7)
2 ddsiFe 988 s xoz WS T M
2 sl 72+e AUAE 2= o] il o3 AU
17} ThE o] &5 @& FA Hrh o] we] I
A ko] wEl Welslng Y Fdel o
o] HAFE FHEA dojdrh o] HAE o8
o Pb FHYA ¥E o A AT TI FHEE
Hg2 ol gale At BES wAE ¢ UAHLong-
erich et al., 1987). MC/ICPMSoIAE &4 Pb &

N

B rlo

=
WITPOTIS: A 28l o] FojZct. 2L HH &
W RS My Hauohs A YHo] 72 e A
oz 4814 IrH(Taylor er al, 1995; White et al.,
2000). ol 2 A5 MH o3 A7 B 1A
& M8pp/¥ppoll H -85k o ot}

AR - e

[ZOSPb] B [2ospbj [Massmpb]f
206p . 206Pb i Massmﬁpb

o714 ol HA mE FH XL T Ak (rue)
S vehiH = 2% B < 2Kmass fractionation
factoryolth. &, £, frol Fohe 7HE st HAT
W7 0] W& A ZH(Dunstan er al., 1980)
23871+ 10& ©]&3} Pb E-H9A v & AH B
& AR o T A 237 WE AAM 3
T2 NBS 9819 Pb 5994 vl&e] 7E#k
(Todt et al, 1996y €A E3t H¢Eol AUt ©]
739 NBS 9812 Pb 9 Ua H]E&°] Todt et al
(1996) ol HISH=E Tio] THU4A YIERE 23875
(Belshaw et al., 1998), 2.38808(Rehkamper and Hal-
liday, 1998), 2.3887(Rehkamper and Halliday, 1999)
£& 2.3865~2.3874(Rehkamper and Mezger, 2000)
Alolg WH3A|A AlRe] A&k 22y} Hirata
(1996) ¥ Marechal et al(1999)2 M=Z T2 ¢4 A}
olo] Agr Y x= AE S-S £H3I9T White
et al. 2000y Pbe} TI9] A B4 RIAp MR th=
A gk 1 8]&L AABSEZ In(®PbAPh)-InCOTIA%TI)
o] AN 2RE thay) e FHAS dojlnh

In(M5g5/ My03)

fo, = lope
Fe Tll“(Mzos/Mzoe)S oP

2 % Qae AY B AAAlelE 9 F AP
Apole] 7)g71% S dojdl Azeld HA ¥
Holl ols) TIe) WY ¥4 ARZHE Poe] AF ¥

Axtg 7 4 YA "Hrh

ICP-MS®} 83 7+ 28 F 3zt 5Y A%
ZH4 (isobaric interference)$!t] Pb} T4 5 A
4 2049 Hgrt AA el Folth PbE Al
Al Bajsiriele of7ke] Hgrt vehbed ol Ar 7H
2 o] Hgrt i o® ER] wiolth 22
A 5] Pbe} Hge 2WEHNM By Fa
2 o2 Ay FE o]&gh £ o) ANt Fo=
HAo] shssttl. &, Hg T992= 196(0.14%),
198(10%), 199(16.8%), 200(23.1%), 201(13.2%), 202
(29.8%), 204(6.85%) E°| d=Hl Pb THHLAE 4 Al
A 5 2029 Hg 235 BAl 483 2048 &
A FoA 02293XMHgE 7Hate] Mpbe] MEE A
&) Aok 2y PHeol AEE BF uh$ Fol
WA A cps A H2, 71AZE] ©kF F 3000 ops
A fug 72+ AF7|AAM 1A%E 3o 57t A
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Fig. 1. Daily variation of measured Pb (open circles) and
Tl isotope ratios (plus symbol) of Tl spiked NBS 981
solution (Pb 100 ng/ml and Tl 33 ng/ml), and corrected
Pb isotope ratios (solid circles) using exponential law
and *TI”T1=2.3871. Mean and error values (2sd) are
calculated for all the data (n=42). Measurement was
intermittently conducted from March 2001 to August
2001.
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, B4 AR o] A8 F Pb FX7}F 30pgyg ©)
9 A% PoE 3EFHOoE Bt F A FH
A, AEr) B35 A59 2ol Pb %7 100
ug/g o148 724 MCACP/MSE A #3 & 3]4] 8}
g ZAsty TIMSE Pb £l A58 &334
S PR go R A Es 7o) Pl Fx7F 20 ug/g ©l
3le) 73 9-ol% MC/ICP MSE Pb 23] glo] 233
AEE d2 849 9 wE AF9 pb BYY9LE
TIMSZ 2% 3= Wi & dgelr dgsian.
PbE Eelsle 44 ARl 79 TIMS EA{dlA{e}
nA7lA R 4 B3 § 1IN HBrE £38te Sole
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AXAZIE 1% B4 G4z Mt T H7t
ZAsch. §4E Alge] 79 29Ale 3t |
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(D& WA A BaElsh ARAIR § 23 EFAHHF:
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to ok ot

S &xFor gAHT) olF AR B 1% AHA &
Aoz FHMsl TI 7t § Pb THLAE 2]

1 3 E9

NBS Pb9st &% Z

2001d 3YRE 897l 671E F<H NBS 981 (Pb
100 ng/ml+Tl 33 ng/ml) &4-& 429 B3 HAA4E
206Pb/2()4pb, 207Pb/204Pb, Zt)pr/lMPb \;g ZOSrIvl/ZOBTl H] %
ZA X} TS ol g3t I B F98 AT Pb
LA AEE Fig. 1o MR 2ASE 24 &
A9 &4 QxlE MPhL¥Ph, YPb ¥Ph, PblMPb
Hl8-2 Hd 616~667 ppm(2sd) Mol T T B)
-2 °F 300 ppm(2sd) 1251 *PPb/ %P % 2"Pb/ %Pb
H-&8 Ha 180 ppm(2sd) E 150 ppm(2sd)e] AT &
AeAa vlE F oA A7E 4 TR )
ztol7t & vidsle A”E & & Utk A 5
Aol olgh zZ+ F4904Pb 100 ng/ml, *Pbe] A&
125 Meps 7158) Bl&2] 23k ™PbAPb, 2"Pb/*Pb,
MEpbMPb7} 561~569 ppm 28] 2Ph %Py L 27py
*ph H]-&-2 Z}7} 159 ppm 2 191 ppmoZ MpHE B
B2 3 H&-2 AZA)9} ARSI ®pbrt X3HE 4|
SELS HEA7} ¢F 50~100ppm & AL ¥ F Ak

NBS 981 Pb £9|9929] A ztst MC/ICPMSS]
o3t Aol AFe alelst ARled dE 5
Wph2iphel AlA| ke 16.9356(Todt er al., 1996)21d]
FA3E 17.13~17.289) o]t} ol AH B417]
oA dojib= Y Bd wEd &4 Al7je] o}
92t S ¢ 4 ok 23d Pb FYYA Hge &
AR7F HskE Hel v ¥ £43 T B9Y4 v
EE sV fARA UEEE E S sith ole MO/
ICPMS®] A& Fo] iy Tdsls 2% 2
gepol] 3] Aot 2ouldith Pb ELHUA S A
H71ek TIo] 994 H]8-2 2.3871(+ 10)(Dunstan et
al., 198021}l 81 o] 7] Z X7} 2.417~2.4249)
HRE HolBE 0.6%/amu~1.1%/amu(BEF 0.8%/amu)
o] Az $Hg B ol MC/ICPMSE T 7]
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Fig. 2. Variation of Pb isotope ratios with different Pb/T] ratios. AccuTrace Pb solutions of 200 ng/ml were mixed with
variable amount of Tl from 10 ng/ml to 100 ng/ml. With fixed concentration of T! (10 ng/ml), 200 ng/mi and 300 ng/
ml Pb solutions were also measured for Pb isotope ratios. All the ratios were depicted with measured **TI”*Pb ratio.

ZEoM e A BE {FASE o)

T S9¥4 vl& g8 Dunstan et al(1980)8]
238712 3la X|F WA 93] Pb FHUL SGA
£ 243 Fig. 19AAE vay dA% s 2A
Aok, 428 A4 ghe Pl o5 F3PH Po/
24ph, 27pb/MPh, ®PHAYPb H]E-2 520~580 ppm(2sd)
H9jo] 52 8pp/%ph W ph%ph B1& 139 ppm 2
116 ppm(2sd)0.2 ZH A Qxps} Wlwste] of7h %
S e HAL & A BEL 2% dugie W
shugs m) W A &4 At & YeE
o ol WiRHoz A B a3 2AUY] o
FolthHalliday er al., 1998).

Shd

Pb/Tl H|&

Pb THHEARE A7 H3le E3tste Tl ol
gk 3eiv} Pasieh gkstA Tio] W oW F
Aed HlE 4 APt UR AAEe 2% 2E B
A% Pb THAL TS FASEL TIol WF g
H Tl 8 o] b EoEo] A7t @ Helth Fig.
2= AccuTrace™ Pb EE84-E 200 ng/ml= A8

Tio] 1, 2, 5, 10, 20, 40, 50 ¥ 100 ng/ml S|AE3
|43 TIS 10ngmlE ¥4 85 22 PbE 100ngy
ml, 200 ng/ml, 300 ng/mlE THE fANM Pb T Y
4 HEg AT Adoltt o] F Tl 1ngml, 2ng/
ml, 5ng/ml¢l §A2 pb FHYAE 24 237t
0.05% (2sd; 2Pb ¥Pb715E) oldeo]l B 24X A2
33 7 BHhA: BEe F day R EFA
o] 2°Ti %Py ¥l &3 v @kl

T 929 v wl P FHYLES FRE WA
3lE Holed 7B B3 A& OTIA¥Ph H¥lE 10
olifell s MppE EEZ 3 V|EEL F7I8IA ™Pb
& EE2 G uSELS oA ¥ ol dFe e
HoZEohe Holth PTIA%Pb BlE 6(F % H1& 0.1)9
A 185920 P/ %Pb H]go] ®TIA¥Pb H|-§ 60(FE
H-& 1)ollM 186322 < 02% W33 e BoE
o}, o]8j 3t e A BA4719] A HEo] A (peak
tailing)oll A &to} E 4 )t} (Rehkamper and Mezger,
2000). &, 2 A7olA ARRE AR FE]
75 (abundance sensitivity):= °f 10ppm FEE Pb
Azl T A&7t 4% FA "ok *Pbe] |-
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Table 2. Comparison of Pb isotope ratios beween on-peak and off-peak measurement of baseline using thallium spiked

NBS 983 solution.

205Tv204Pb ZMPb /Z(Mpb 207Pb /204Pb ZOSPb /Z(Hpb
On-peak' 158 2758(11)° 196(1) 37.6(2)
238 2760(18) 197(1) 37.6(2)
486 2800(25) 199(2) 38.1(3)
803 2784(22) 198(2) 37.9(3)
1239 2834(18) 202(1) 38.6(2)
Off-peak’ 1202 2681(19) 1IS1(H) 36.7(2)
Certified’ 2695(145) 192(10) 36.7(20)

1 baseline reading mass of “*Pb- 203.5 and 204.5
2: baseline reading mass of ***Pb- 198.5 and 204.5
3: Catanzaro et al., 1968

4: parenthesis mean 2sd error

(baseline)2 F3k7) &l 204.59F 2035004 &A 3t
o] ¥ gko] Haghs A4tsla Mphe) 7iAgle g ¥
ok T 2159 10ppm 2717} *pb A&2] 0.05%
ols AAEr) $lsiM e PTIAYPbe] Hl-gol 50 ©]
Arolojok HErTh zejvh 204590ME T AF 9
30ppm AE A7) A&7t A 203.500= Tl
252] 30ppm BE7E Hol 20359 20458 dAsh=
Mol 7hde] AlF A7E NARCE SAEHH 24
Mppof] e TA Alsojde 9% gro F s
wAs)EA Bok waba ppe] FHE N5t G
HrtEe] ®ppE BEZ 3 HEEL dAjxl 3ZA
Het o]& & ¢ gRisrl ¢fsle] NBS 983(radiogenic
Pb) &l THE *™TIA¥Pb7} 158~12397F IAE &%
3l 21 AZES 203.59) 204.590 4 e BAS A
S-(Table 29} on-peak)®t FHo) A&7} A §l=
198.58} 204.5014 24 sl] HAF Z-$-(Table 29] off-
peak)E ¥l@ste] Btk dxlel A9 THIE] S/t
A phE FRZ sk Pb BHUL HIRE S
st BE ghEg ARE o F Uk ke A
TP Blgo} 120281 Ao ™MPhE HEE 3}
= UEEE BF ol 7 3g R Er ulEA
Eshe TI vlgo] AR WA YppE BEE dh= Y
F50] ZUlshes AL T ¥3 aElEel3e Al
2 B8R £aiglz] witel,

WTYAphe] vlgol 0BT 2R A9 o) el
F& MppEs BERE e FH994 H&oy ppE
BRZ she HIE 5% &4 eaF W oAk oty
%718 X4t} Rehkamper and Mezger(2000)2 Pb7}
TIETE 128 ol4} e fdofA [soProbe =dl MC/
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ICPMS2] 749 Pb/TI ¥)&o) 713l wet =& Pb
AR v go] @A Frishs F o] st ot
Nu Instrument®] -9 &3 o2} ¢ e Hapg 1
dg Buslgoen o] Ao gL 717 gy ot
A B dxte] Halz 4 stch AXIOM MCe
AL 4ol AgAdo) vl AT AR W E
o] Po/TI W18 105 WIw® W 100-200ppm FEE
=3 a3k yegs & 5 ok

Pb &% &3

Pb/TI ¥1&E 3: 182 IFAJ|Z Pb ¥= 20 ng/mlo]
A 200 ng/mi7tA WMEAA Pb FHYAE HES EX
g A35 Fig. 3ol 8.9F3vh. 24 o3k 2udE X
AlstE 2 Pb FXE 80ngml, 100 ng/ml, 200 ng/ml]
A3E g7 g QR A ZASEY B
Eyh UbstEA 24 QA7 dAskE Fo) BRE F
A vlgold FEo R Veldth ey B
YPpE BEE e B FE Uk weE ves
oFt Svtehe 4TS, MPbE BER e ZeE
20 ng/mlol A 200 ng/ml7bA] A2l FAMSE ghg Hods:
o} 2 FE9 Pb AR MppE ERE 5w
&o] ZE olfE ofrhw 7]7|e) AR T FX|o o
ol Pbel ZIeErt dviReR AN g nst 7}
A2 Mpbr} EeA S EA7] diolzty gzt
o} ulglr MphE BERZ 3l pb F9YL vee
100 ng/m] ©)AFollA] 24 92} 0.05%(2sd) o & &3
7Fsstr a7t AT 60ng/m! A% HH Hagk
AN B B} e FAHXNE 4L & dAdE
MphE BEE She $H94 ¥EE 100ngml o4
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Fig. 3. Effects of Pb concentration in the measurement of Pb isotope ratios. Three mean and error values (2sd) at each
concentration are shown. NBS 981 solution mixed with Tl (Pb/T)=3) is serially diluted from 200 ng/ml to 20 ng/ml.

9] FLME 0.01%(2sd) el AR &4 7HE3)
FRAAE 23 23 AR P

718 a0 ofst HE

Ng ZFo 7 de 7138 B 98 Pb 4
A2 Hfo) o FE FGIH=AE A8 st
SPEX ¥#&8&9 Al K, Fe, Ba 1000 pg/mlZ 343}
5:2:1:19 B2 EFsE ©) A& F 85 F
E7F 22 ugimlol X 183 pg/mizbA] B EAL Accu-
Trace™ PbZ 123-185 ng/ml7} HAE H7bstdc) Tl
5 Pb %9 1/30] HAE ¥ Pb AL v
2 24819 2dd 71 94 F FX 900 pg/ml
= Pb/t BEERE 307ngml(EH94 FHPez
2Ry} 7] W&ol 243 Pb F-HLA vjeA 7]
A g BeEw ¥ phel FAUA vES A
spow BASAD F EF HEH EEE P F
LE olg3le 7+ Algd] 23tE E4E Pb BEE 7
AEl 249 pb £9U4 B1gL /1A 947 91g
u) AccuTrace™ Pbe] YA H&H B45 Pbol 5

QA vl 7+ ojAdE EFE(two end-members
mixing)el &t P s HHH 9L HEERH
2480 Pb Y2 ¥ ALEIATE 7 AlRAA
ANE 2k Hag o olF 7 Al H838td 7
AlgA BaeEd o3 B4 B2 AAS Pb
2994 vE&E AL THTable 3).

BB pp B4 e 24 939 FUE PrE
R sl Pb UYL HEE WalMe 71F &
AE I aly] oHATE PppE EEZ SiE Pb
P2 BEe ox WY YoM 712 dart g det
Aol §A3HE BelTh ol= 71E YAaEe o3 Pbet
T8 A% Bl gt Fako] Ao e vk

Hyxr ¥ HH =2

o] oA Loz NBS 981 Ppbe T9194 v &
AEE 7|8 SEF TIMS(Todt er al, 1996; Thir-
wall, 2000) ¥ MC/ACP/MS(Hirata, 1996; Belshaw er
al., 1998; Rehkamper and Halliday, 1998; White et
al., 2000; Rehkamper and Mezger, 2000)A+8 2} W]
BATHTable 4). MC/ICPMSS] 73-¢- 7} Aol ARRE
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713E A 7YEEa BE
LA 95% AFE FH2sHOE F
t} MCACPMS®] €3 pb T84 A8E 2% T
S Abgste] A EYE R Zo7 NBS 981%
Todt er al.(1996)2] kel 7V 28 &t T £
Ui HE ol gde WHE s T2 AMEE
Tl S99 ¥]&& NBS 997(TI £522)0] B33kl
2.3871(Hirata, 1996)°] A1} 2.3875(Belshaw e al.,
1998), 2.38808(Rehkamper and Halliday, 1998),
2.3887(Rehkamper and Halliday, 1999) &°]3lom X
A Alwhc} gh& WH8lAI7] 7-#(Rehkamper and Mezger,
2000; 2.386~2.3874)% UULh stHo = TIS] HFH
2 ziolA Pbe] A Bd AxE In(**PbA*Pb)-
InCOTA*THE] U=F A A200A] De 7)&7] grollA
AAks) W71= 39 tHWhite er al., 2000). Table 40}
= TIo] 594 H8S AR e wel Zzhe]
Eoloa BlE el Tie) Aek By ojzrig B A
AFsh pbe] Fak B QxEg tha T B9lelA v
4711 o) s ALter AaE TEAFCH

B oAfoA =45 NBS 981 842 Pb F9UA
Ag e AFHAHL MCACPMSS] thE 71E3 FAkg
FEog A7 4= Q). @¥HE AE 5 IsoProbe &
4 MC/AICPMS #&<] Rehkamper and Mezger
(2000)2] A7} PofOPHE A L)E ZE FU4
oA M dud AE Bl ols ¥4 A
vtth T2 E994 H&S HEAIA Todt er al
(1996)2} Pb T A Blgol AT HAsjolr}, &2
ArollM 3ERE Y7 F 429 Y F9E
8 Todt et al(1996)2) 73 W& 2Ph P,
2°7Pb/2“4Pb, 2(’8Pb/204Pb, 2()713b/20(vpb7 Zt)RPbIZ(\(\Pb B] % Oﬂ
tiate]l  zhzk 27 ppm, —108 ppm, -—429 ppm, —127
ppm, —440 ppme] #tolE HIr} o] wf AMES TI %
£ 2 B]-&-& 2.3871(Dunstan et al., 1980)°] 57 Pb/TI
o] H]&& 3: 10t}

ol A A HEEo] MCACPMSYY] 2%k Pb &€
2 23 A YphE BRE i F9494 ve
“PhE R = T v &) 7Hz vhEA
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s}l 2 Mpb 4le] A7)7F 2 dbskE 29-3F
3 2k o] & W] ubel Aol WSy} gla ©hA
A B RAo] Az Hxvkel wel Waslit)
whekA Todt er al.(1996)2] NBS 981%ko] Zzrojztd
A 2 A8 2% 59 v F phE B
B8 aks el 71 3 2 799l MpbE BEE
gt S9UA Hgol F s slojue v go] F4}
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Fig. 4. Plot of In(*®Pb”%Pb) vs. m(*TV*"TI) for NBS
981 solution spiked with Tl. Data from March to August
(open circle) and data for 27 August (solid circle) both
show strong linear correlations, suggesting exponential
law fractionation. However, the regression slopes for two
sets of data differ significantly from the theoretical slope
and between them.

g 7397t o] 717]olM P& 5 dE 7
2 Azter 5 2ok Table 194 M™pbE &
H)&o] Z ghollA £ 100 ppm el 3 2

7d
.l\é]

°l& Hole e TI A% £ UAE PbE BAS
e d= T YA vl-Eo] 238808012 Pb AT
By ozig g o) TIS 238870 Atk & A%
R MPbE HEEZ g BE Mg 3 PelA o
400 ppm =}l E Hol= 7HL-olth. o= Pu/Tl H|S-ol
02 Pb WA ¥g MS(Fig. 2004 F i) v
o] 3:1Y e} 10: 1918 Hagke] 2po)7t ™ph
g BR2 e 5994 vE9A oF 400ppm H =
|3 PbE REZ &= & AE e 2jolr) §)
© A dx|gchFg. 2).

I, Pb A% B Axy Al wal Wad
Z Aedl(White er al., 2000) ©]& Fig. 494 49
B 4 ok AFEA A S S poophel 25Ty
TS Zhzt 2o oo ® Ftbsle] o oyl A
A AFMar~Aug)9} 27-Augd] AR E PR3] B
th Z} A9 BE Tie] daEE Qlxle}l pbe] 2 Ao
e 71&87191 0985555 ) ok & 718718 Hojy
71&7] Aole o 1% Fk HAh o] 1%9] Aole
MPh/MPbe) 72§ oF 100 ppme] XolE fEkAl EH
o} 27-Aug AEODel s UmA] 289 oE pb

o



168 22 -

AR xE Hasd A4S 11 A By ez
2 B8A3e Yrct AUt 30-60 ppm FFECH(Table
4). w2bA o] Ao AANE 298l Todt er al(1996)
ol e F oz /Mgy T BH¥AL v
238872 3T v A¥ A} T A B AAREE
Pbe] A BE QxE Al4bste] Az BES BAs
I, Pu/TIY ¥% &2 1022 Y o ypg = 7
of HIehHA] Aol L& AFAE A& F ded
2 Hekgl}

v} vk NBS 981 £9d9] Pb U4 H]gol
Todt er al.(1996)3% THE3L Thirwall(2000)3} ZThd 2]
o] 475 g @tiTable 4). Yorlet 72 =73
2E A4S 7248 Thirwall(2000)9] Pb T9¢94 ¥ &
I v)wste] HrleH MppE ErFg 3l H)go] +
100 ppm Wolal ™pPbE EEZ 3l v EEY # A
o7} A= e A4+ glk wEl NBS 9819 #3
Z Frol AR 7 A 7Rl MCAICPMSE &3 8=
Pb FH94 vlg AEE sty gl rleez & A
BE & Syl gl

&5 AR

£ dAFer= Pb BHYA g0 2 BEEHe=
AA) A S sl MCACPMSE E43195 TIMS
2 B3 Aol viwsidct, add TIMSS) %=
BEE AAM7L A9 Zsked wsld MCACP/MSS)
A= AlE FF/ EH ohE AXEE g neks A
Az H2 pEste] A A5 Pb 5HYA AEE
HAE3FS T

Pb 82| AR

TIMSZ Pb €4 H &S 3T oo 7
oz b ANEE AN & F EzlE pb &
EHsle] ¢ BES TIMSE EAjety oA B
23] g3 H TS EF3APb 729 173 0)8h
Pb 5 Y4E 2439 Fig 55 7l 94 A&
of th3t MC/ACPMSS}E TIMS £4] A ©AE 7
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d Al 0.992-0.999) F W ZelE AAH 2}
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Fig. 5. Comparison of Pb isotope ratios measured by
TIMS and MC/ICP/MS for chemically separated rock
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0.04~0.07%/amu®] YGF k& Vepj=z £ &
Z ZA¥ 29 5ol EA7 AE Relth o
EY o] AJRES MCUICP/MSE ¥4 A NBS
9818HE 4 A EHsder] of A8 In
(208Pb/206Pb) = 1.05773 X In(205T1/203T1) — 0.1485(*=
0.998)9] AAXNE 4& 4 AT} ©] 71eI|E o) &
sl £, & P 80 1.073 W o =24 "o o8
o]83led 7% Pb FHHAE B Fig 49 &=

i oE 2

J. Petrol. Soc. Korea



g7 ARAY ZTiaet AFENV)E o8 sl JLUs pb B9 BY 169

2.22
Y = 1.0005*X-0.0022
E 2.16 (r*=0.994)
a
U P
Pt
Q
= 214
208pp/206P
2.04 r T —
2,04 2.1 2.16 222
0.88 T— e
Y = 0.9976* X+0.0019 |
(r’=0.995) ‘
U2 0.86 |
= |
> I
O ] \
Ll i
Q 1
= 0.84 ;
|
o
207Ph/206Ph ‘
0.82 v T ~ T : —j}
0.82 0.84 0.86 0.88
TIMS

Fig. 6. Comparison of Pb isotope ratios measured by
TIMS and MC/ICPMS for acid-digested and simply
diluted sediment samples.

A AR 0.0085%/amu F7FHAET T8 TI9) &
N5 v)go] ARE-E 238710 ohE} 2.38870]W 7t
E994 H]&o] 0.034%/amu £7FsHA ©oth webA
% 0.042%/amu THE FU1 3he A& ¢ Aok 19
1} NBS 9812] Pb F9/94 B&50] TI EHHU4 1)
£ 238712 EAYFAL W Todt er al(1996) Ftoll H
3ted 0.02% AW CUPbA¥Pb) 0.02% 2171 %Pt/
Mpp) WiZo) ¥ By WPoRes ¥FE 29 @
2 FS58h7] ol mEbA TIMS®| 2% A
W By FAHE golop & Folt)

M 2

Hl 22| AlE
7] ANE= Pbe o] & gl ol2 T
ZolBZ st 4 B3] F 1CcpMSe] £ 5= 9l

ifial

Vol. 10. No. 3. 2001

e & &= 34 01% °l37t HAE S43ld Pb F
ALAE B 4 2ok 2 A= Fig. 5o 4782} 3
E7] A5 Wled MCACP/MSS TIMSE #4331 2
A5 BwdlEt 4 A 87 B T oY ox He)
(2sd) W] e B T owe] vlart ofgiglout 3
S AR 2he Rofdert

HHE AEE Pb S9d WiF 7|58 & Rasln
ek e XFHHES A HIEAE W Pb w20t
20 ug/e~50 pg/g AE2 B2 o] TEH) UrkKim
et al, 2000). o1& At B3 & F && A 0.1% ©]
st2 FH3PH 20 ng/ml~50 ng/ml Ale]d] FEo|HE
Wpp%PL W Mph2%phe]] T Eke] 0.05% ©]Ete] &4
23H2sdyE ZHe ARE A4S F Uk A A
Aot HHE 15700) et o B3 $ 5|45t MC/
ICP/MSE #2438 7359 pbs st F TIMSE 2
A3t A:E Fig 59 EA3T. A Al87F AR
A 2EEMA 7187 19 AMe] v F oz
28 A7 28-S 4 4 9ok 2 MphE B
B2 gl A v Ay dut TRt Yol &
A A7} +0.1% oAl g HRZ FYU4 H|Eo]
2 = Slew(Fg. 3) A9 ek Hgrt B2 A
271 dorz M™pp BHAY ofzlgo] A& £ Utk 2
2L} ppE EEZ She T B2 TIMSS] &
Ax g Ho|HA 21&3hA B4o] rHesicth

r.{

g

4 £

MC/ICPMSS] A28 717]¢] AXIOM MC(Thermo
Elemental Ltd)S ©]&3&] Pb $YULE 4T of
Zsfol 3= Po/TI &, Pb 3% 4 % 713 ¢
2 gge ZESLT NBS 981 &% pb FHYLE
2001 3¥RE 8¥7MA 42 A Aol HUx
g A2 HGrhsigcok e A4 Alg F PhE B
23t A9, BEsx o7 5 52 A 2 5
7 ge H-olA Pb BHYULE BEAM3l TIMSE ¥
A& gk v sk oh

WSTIA%ph vl-E 10 oldellde e BA7)e] ¢
vl Zheg Q13fa] M6pp/Mph, MphYPh, X8ph/Phe]
Hlgo] A grot ZA SHEYL ol 7IAEUE
ZA et XS WAToEZN FHol rhed Aoz
NBS 983 88 olg3le] AFsldct, P TI%pb ¥l &
o] Zolx|HA{(2 o]3}) thr] Pb FH A Hl&o] FV}
8le 713 & 7 (Rehkamper and Mezger, 2000)%
AXIOM MC 7171 M= Faiss] eskth Poel F%
7V Z7 e ulet 34 eapt Eol=ad o 100 ng/



170 9

ml ool d 0.05%(2sd) ©13te] AUEE ztA "}
7138 f2¢] 9% Pb B9l i gge 1A &
Ao SlE Pb ELER Qs it ojEigond
*TPbfPb E PbPhof] tEt Hafe] mmige &
UA

Tl ¥4 v b8 HEA )72 =& poboll
A B A T A% 29 A2 RE Aabsld
NBS 981 A8E HAS A3 AXIOM MCE Pb &9
A B Aol oo Az B QS o435ty TI
o] 994 ¥ &% 2.3887(Rehkamper and Hollyday,
1999y o]83h= Zo] Todt er al.(1996)2] Ztol) 7+
2 e IS F U 2% BE 2ok

AA Algol 3ol Pb Bl At A R), 2
A o et 22 AFET AR 2
o AHEHAE AR)lA Pb BYLAE BN A
- TIMS *tE9 Hlus) & of 29 o3 Hely g
> HFdeh ujeli, MCICPMSE A8 Axlel g
| & Folak TIMSY HUEE HoF= Al43 P
YL Badye] o)

o 11 7

i

b
o

At At

B ERE #9230 AATAY YO E oF
AFh & =B AT A w AR 2y

7 A=,
il

Belshaw, N.S., Freedman, PA., O'Nions, R.K., Frank, M.
and Guo, Y., 1998. A new variable dispersion double-
focusing plasma mass spectrometer with performance
illustrated for Pb isotopes. Inter. J. Mass Spectrom., 181,
51-58.

Belshaw, N.S., Zhu, X.K., Guo, Y. and O'Nions, R.K., 2000.
High precision measurement of iron isotopes by plasma
source mass spectrometry. Inter. J. Mass Spectrom., 197,
191-195.

Catanzaro, EJ., Murphy, T.J., Shields, WR., Garner, E.L.,
1968. Absolute isotopic abundance ratios of common,
equal-atom and radiogenic lead isotopic standards. J. Res.
NBS, 72A, 261-267.

Dickin, A.P, 1995. Radiogenic Isotope Geology. Camb. Uni.
Press., 452 pp.

Dunstan, L.P,, Gramlich, J.W., Barnes, LL. and Purdy, W.C.,
1980. Absolute isotopic abundance and the atomic weight
of a reference sample of thallium. J. Res. Natl. Bur
Stand., 85, 1-10.

Halliday, A.N., Lee, D.-C., Christensen, J.N., Rehkamper,

LA -

>
o
o

e

=

M, Yi, W, Luo, X., Hall, CM., Ballentine, C.J., Pettke,
T and Stirling, C., 1998. Applications of multiple collec-
tor-ICPMS to cosmochemistry, geochemistry, and pale-
oceanography. Geochim. Cosmochim. Acta, 62(6), 919-
940.

Hirata, T., 1996. Lead isotopic analysis of NIST standard
reference materials using multiple collector-inductively
coupled plasma mass spectrometry coupled with modified
external correction method for mass discrimination effect.
The Analyst, 121, 1407-1411.

Kim, K.T,, Shin, H.S., Lim, C.R,, Cho, Y.G., Hong, G.H.,
Kim, S.H., Yang, D.B. and Choi, M.S., 2000. Geochem-
istry of Pb in surface sediments of the Yellow Sea: Con-
tents and Speciation. J. Kor. Ocean. Soc. 35(4), 178-191.

Longerich, H.P, Fryer, B.J. and Strong, D.F, 1987. Deter-
mination of lead isotope ratios by inductively coupled
plsama mass spectrometry (ICP-MS). Spectrochim. Acta,
42B, 39-48.

Marechal C.N., Telouk, P. and Albarede F, 1999. Precise
analysis of copper and zinc isotopic compositions by
plasma-source mass spectrometry. Chem. Geol., 156, 251-
273.

Marechal, C.N., Nicolas, E., Douchet, C. and Albarede, E,
2000. Abundance of zinc isotopes as a marine bio-
geochemical tracer. Geochem. Geophy. Geosys., 1, Paper
number 1999GC000029.

Mukai, H., A. Tanaka, T. Fujii and M. Nakao (1994) Lead
isotope ratios of airborne particulate matter as tracers of
long-range transport of air pollutants around Japan, J.
Geophy. Res., 99(D2), 3717-3726.

Rehkamper, M. and Halliday, AN., 1998. Accuracy and
long-term reproducibility of lead isotopic measurements
by multiple-collector inductively coupled plasma mass
spectrometry using an external method for correction of
mass discrimination. Inter. J. Mass Spectrom., 181, 123-
133.

Rehkamper, M. and Halliday, A.N., 1999. The precise mea-
surement of TI isotopic compositions by MC-ICPMS:
Application to the analysis of geological materials and
meteorites. Geochi. Cosmochim. Acta, 63(6), 935-944.

Rehkamper, M. and Mezger, K., 2000. Investigation of
matrix effects for Pb isotope ratio measurements by mul-
tiple collector ICP-MS: verification and application of
optimized analytical protocols. J. Anal. At. Spectrom., 15,
1451-1460.

Siebert, C., Nagler, TE and Kramers, J.D., 2001. Determi-
nation of molybdenum isotope fractionation by double-
spike multicollector inductively coupled plasma mass
spectrometry. Geochem. Geophy. Geosys., 2, Paper num-
ber 2000GC000124.

Taylor, PD.P,, Bievre, PD., Walder, A.J. and Entwistle, A.,
1995. Validation of the analytical linearity and mass dis-
crimination correction model exhibited by a multiple col-

J. Petrol. Soc. Korea



thigy) SEAd el AgAle

lector inductively coupled plasma mass spectrometer by
means of a set of synthetic uranium isotope mixtuires. J.
Anal. At. Spectrom., 10, 395-398.

Thirlwall, M.F.,, 2000. Inter-laboratory and other errors in Pb
isotope analyses investigated using a *Pb-**Pb double
spike. Chemn. Geol., 163, 299-322.

Todt, W., Cliff, R.A., Hanser, A. and Hofmann, A W,, 1996.
Evaluation of a *Pb-**Pb double spike for high-preci-
sion lead isotope analysis. In “Earth Processes: Reading
the Isotopic Code” ed. by Basu, A.R. and Hart, SR., pp.
429-437. Am. Geophys. Union.

Walder, AJ., 1997. Advanced isotope ratio mass spectrom-
etry II: isotope ratio measurement by multiple collector

Vol. 10. No. 3. 2001

olagt &3l FUFE Ph oA BY 171

inductively coupled plsma mass spectrometry. Chap. 4 in
“Modern Isotope Ratio Mass Spectrometry” ed. by
Platzner 1.T.,, John Wiley & Sons Ltd.

Walder, AJ. and Furuta, N., 1993. High-precision lead iso-
tope ratio measurement by inductively coupled plasma
multiple collector mass spectrometry. Anal. Sci., 9, 675-
680.

White, WM., Albarede, F. and Telouk, P,, 2000. High-pre-
cision analysis of Pb isotope ratios by multi-collector
ICP-MS. Chem. Geol., 167, 257-270.

(2001 93 27% T, 20014 108 23% HE)



