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Abstract: Isotope Dilution Mass Spectrometry(IDMS) is one of the analytical method which uses enriched
isotope spikes and analyzes the abundance of element by comparison of the spectrum between spiked mass
and non-spike mass. Especially, the Thermal Ion Mass Spectrometry with isotope dilution technique (in
general ID-TIMS) is the most accurate method of the chemical analysis, which enables us to obtain the
data better than 1% in accuracy and precision. In IDMS, enriched isotope spike is one of the most
important factor in order to obtain the best data. For rare earth elements, in general, a mixture of **La,
¥2Ce, ¥Nd, Sm, ®'Eu, ''Gd, "Dy, 'Er, "'Yb, and "°Lu is used as composite spike. IDMS is very
useful in geochronology and REE geochemistry. Especially, it is very effective in studying the “tetrad
effect” of rare earth elements in natural samples.
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Fig. 1. (a) Mass Spectrum of natural Rhenium (‘**Re,
'¥’Re) measured by JEOL 05-RB Mass Spectrometer, (b)
'"“Re spike spectrum, (c) the principle of IDMS illus-
trated by schematic mass spectrum of spike and natural
ion beams to generate aggregate mixed peaks.
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Table 1. List of mono-isotopic element and their longest lived
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radio isotopes (FRFIAR, 1995)

Stable Isotope Radio Isotope Half-life Stable Isotope Radio Isotope Half-life
Be "°Be 1.51x10% yr o 2 1.57x107 yr
JF "R 1.83h 3Cs Cs 2.3%x10%yr

“Na “Na 2.609 yr WPy 4pr 13.57 day
Al %Al 7.1x10% yr &’Tb T 99 yr

SP p 25.3 day *Tb 180 yr

$Sc “Sc 83.8 day SHo Ho 5.0x10° yr
3Mn *Mn 3.7x10% yr %m0 1.2x10% yr
2Co “Co 5271 yr &Tm "'Tm 1.92 yr

HAs PAs 80.3 day %’ Au Au 6.18 day

By sy 106.7 day 2Bi W8B; 3.68x10° yr
SNb *Nb 2.0x10% yr aiTh* Th 7.3x10% yr
'Rh YIRh 33yr Th 7.540x10% yr

*Thorium is not a stable isotope and half-life is 1.4x10" yr
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Table 2. REE isotope table for isotope dilution analysis (FF#IH., 1974; BIRA K, 1995)

l‘ﬁs “Cs ®Ba “La *Ce *Pr “Nd “Sm ®Eu “Gd “Tb “Dy “Ho ®BEr ®Tm ™Yb "Lu

130 0.106

131

132 0.101

133 100

134 242

135 6.59 Ce

136 7.85 0.19

137 112 La

138 71.7 0089 0.254

139 99911

140 88.48 Pr

141 100 Nd

142 11.08 27.13

143 12.18 Sm

144 23.8 3.1

145 BaO 83

146 0.1 17.19

147 15

148 Cs'*O 0.1 576 113

149 998 138

150 Cs'*0 24 564 74 Eu

151 0.2 6.6 CeO 47.8 Gd

152 79 0.19 26.7 0.2

153 11.2  LaO 52.2

154 71.6 0.089 0254 22.7 2.18

155 Ba®0 0.02 99911 14.8 Dy

156 Ba®O 0.14 88.48 PrO 20.47 0.057

157 100 NdO 15.65

158 11.08 27.13 2484 Tb 0.1

159 12.18 SmO 100

160 238 27.13 21.86 2.34

161 8.3 18.9 Er

162 17.19 255 0.14

163 12.18 24.9

164 Ba*Cl 576 113 282 Ho 1.61

165 0.1 13.8 100

166 Ba*Cl 564 74 EuO 336

167 CsCl 0.1 0.1 47.8 GdO 22.95 Yb

168 75.77 26.7 0.2 268 Tm 0.135

169 24 0.1 52.2 100

170 2423 6.6 227 2.18 149 3.05

171 7.9 24 14.8 DyO 143

172 11.2 66 20.47 0.057 219

173 71.7 79 15.65 16.12

174 11.2 2484 TbO 0.1 31.8 Lu
175 7.7 100 97.41
176 21.86 2.34 127 259
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Table 2. Continued

I\I/is.s ®Cs “Ba La *Ce YPr “Nd “Sm ®Eu ®Gd ®Tb “Dy “Ho ®Er *Tm ™Yb "Lu
177 18.9 ErO

178 25.5 0.14

179 Ta 249

180 180 0.0123 28.2 HoO 1.56

181 181 999877 100

182 336

183 2295 YbO

184 Re 268 TmO 0.135

185 185 374 100

186 149 3.05

187 187 626 143

188 21.9

189 16.12

190 31.8 LuO
191 97.41
192 12.7 2.59
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T} Table 2914 7R7He] Nd 9949 e 9449
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15gmo] 2l “Nd L3l BaO] S nloFsiA
RS e QAT ARbE o B yhEsih mpebA
Fo] TUE Y40 Ui o3 JgL W ¢

£ Nd9 eH4E5994E WNd, “Nd, "“Nd& & 471
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Table 3. Isotope composition of Nd (RilA K, 1995)

Isotope  Half-life* & abundance Decay method
Nd-138 504h EC
139 29.7m EC 74.5% B +25.5%
139m 5.50h EC 84%[* 4%, IT 12%
140 3.37d EC
141 249h EC 97.5%, B*2.5%
141 m 1.04 m IT 99.97%, EC 0.36%
142 (27.13%)
143 (12.18%)
144 23 X 10®y (23.80 %) o
145 (8.30%)
146 17.19%)
147 1098 d B
148 (5.76 %)
149 1.72d B-
150 (5.64 %)
151 124 m B

UNd-141m: 3} o] 4] )]
Z%: m, h, d and y mean minute, hour, day and year, respectively.
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ca. 0.1 gram of sample powder + spike solution + HF (10~15mf) +

HCIO4 (3~ 5me)
i
Decomposition at Hot Plate and Dry up
{
Cation Exchange Resin (Dowex 50W-X8, 100~200 mesh)
!

2N HCI 38 (waste)
!
6N HCI 7m¢ and Dry Up
{
Cation Exchange Resin (Dowex 50W-X8, 200~ 400 mesh}
|
2N HC1 5mE (waste)
|
6N HCI Imd (Sr+Ba+HRFF)
i
6N HCI 2me (I REE +Ba)

Fig. 2. Chemical procedures for the separation of REE,

Ba and Sr
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Fig. 3. The error magnification factors of “Nd/“Nd
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Fig. 5. Repeated mass spectrum of ''Eu and *Eu. Note
the small spectrum of *2Sm. An arrow means the mass
scan direction.
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Fig. 6. (a) Chondrite normalized REE pattern of USGS basalt standard W2. W2-USGS was drawn by the recom-
mended value of USGS. W2-IDMS was estimated by Isotope Dilution-Thermal Ion Mass Spectrometer. W2-ICPMS was
estimated by ICP-MS. (b) Chondrite normalized REE pattern of USGS basalt standard W2, which are drawn by Drift

Correcting Solution (DCS) method (Cheatham et al., 1993)
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Masuda-Coryell ploto) 48] Ho)# 2=} F& 2|¢
ek oolof sl & A ub qdoh ey oA,
g, Askr 53 22 AFAA s slEFYie] 3
e ogMel A M WA 4 ppmo] EHEH, 3§
g} 2skgeol= = ppb WA 40 ppte] okF 3wl gol
e de AAE BMxtEe] Az wel o
AlEZE 7 AL SlE di|o] TEA =9, ofof) ma} A
859 #glo] & ojujrt ti2A ) vhHe| B X
o) et A P9 JEFLL AE Y HER
HaFo 3Rl Ce, Ndo| F99able z1E A3
8 % 24 5o 39 st g sk b sl
A g =72 o8-8 47 UrkAllegre et al.,
1979; Shimizu er al., 1984, 1990; Tanaka et al.,
1987; DePaolo, 1988; Dickin, 1988).

Fig. 6aw Cheatham er al.(1993)°) WS A} A FAA
(USGS)el #¥-9 EFANEW)E THHLI Y (ID-
TIMS)#} ICP-MSE #2473 &, v 2 dZzAthe] £
A3 v gt =Holth Cheatham er al.(1993y2 ICP-
MSell ogt slEFAe] ¥M71E Bgs)9ei &
F 248 A(dirift correcting solution, DCS)e|&te= 7)<
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< JpEtsich Fig. 6bE 6a2] FYAE F ICP-MSH
ol W3] o)5o] kst By Tz ooz LA
F TAg wojt} Fig. 6acllA EHW(open circle:
W2-USGS)y& USGSe] Akztelct. Az Hsoild cir-
cle: W2-IDMS)& Cheatham et al.(1993)0) Eo}24
BA/|(TIMS)E o]&3ld FALASHoR S48
Apzolr), o] A|F9] tho]olEE(W2a-ICPMS)et 4%t
ZHW2b-ICPMS)+ Cheatham er al.(1993)°] EY 3 A|
B8 A(stock solution)o] TH3) ICP-MS(VG  Plasma-
Quad)s AH&-ate] 230 ZAH wHEsle] B8 2450
th S99asHog= 243577t o8l Pr, T,
Ho, Tme] ©E¢ ¥4 s, Cheaham e al(1993)2
X oz FARHNE w Qe ML Al 7t
Neye ojRthe MNAE EUE AALe 3 ARE
39 th. Cheatham er al.(1993)2 USGS7F #|AISH 3k
(Fig. 6a2] €d¢d)o] IDMSE HF FH3 3t vl
e o okiel exbrt Y&HE A HEHU. ol Er
Tm, LuolA A8k Jehdtl ICP-MSE o] 838 2
sl AA AR g& Alvje] 243 48 Wla-
ICPMSS} W2b-ICP-MS2] ol 23 F4do) IDMS9]
A E(W2-IDMS)] 7kol) @13k TR} F) ol 9
HEL UAHe B F7 doh 53] ErfE LwrbA
arq.e Aas] Wolul itk Cheatham et al.(1993)2
IDMSS) A& 7%, B A7t 3%olEtl e
o, JCP-MS9] AT+ IDMSe} ¥l2g o, i 24%
7R golwtiy et o|E olg} 7he 937t Ats)
o] QAo ok Ao 7IFEHHUIL, oot Fe A
N HAS 9 IDMSY ABE EFEYLE A
A3t & FHFHA S A dirift correcting solution, DCS)
olgls RATZ L ICP-MSe| SHAE 83}
drh 2 A3} Fig. 6bs} 7ol A fAle EEYEE
HAZE 78 dojd 71 UL} ol9 Zel, JEF
dag 2AeA she dFdola 948yt
AdurAg] ICP-MSo) 9§ BAL 3T 7t UL
. AEnlae) o8] ICP-MSAE)M Y BFAHEE B
& 7} ik ey, dEkHo 2= do| 2R
718 o83 AEFUAY FHELNNY ARG Z
= Agaoe g =& AHFE, Cheatham et al
(1993)F 2e B4 TzZadL Ashe dHols e
ozl gol vk R} weps Be ArAddrME Fig
6ast 7+e AEE dE A7 BAHL, 22 st
a2 A4S WeElrlvt olHA ®dh 53] o
A AFFE JEFU Y HEH=THY P Bl
g A rRE drstya @ g oS o of@A
1=
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Fig. 7. Chondrite normalized REE pattern of leuco-gra-
nitic gneiss (Lee ef al., 1994)

s|ERaao| HERE &3

JEEUL0 ZACE A7l A 2 F
28 W3 Qe Rort JEFALY HEZE 7o
ThH(Kawabe, 1992; lee er al, 1994; McLennan,
1994; Masuda et al, 1995; Bau, 1996; Kawabe er
al., 1998). HEZ=a 7} & La-Ce-Pr-Nd, Pm-Sm-
Fu-Gd, Gd-Tb-Dy-Ho, Er-Tb-Yb-Lu3} 7o] 4749 &
ZHE FHeg FAHE AL dAE Folon(Fig. 7 F
Z), °o]F Gd& 2979} A FFALE Zherh
oo} 7+e HlEZ}= A= Peppard et al(1969)°] SE
FY4e M AP HYgpe AAUT
7+e) BANM Ages wAstgon, AAANAE
oA xeo g A AF o] X H(Masuda and Tkeuchi,
1979). E3] Masuda et al(1987)2 AAANAE “M
type’$t “W-type™2] HIEBIZ E3& HAFE 4ol
28 AL GAdsHth. 2T “M-type”s] HAE
E =] sietM Agoes RiEglow, 8 o
o A4S AT JYAGANM stEd g
uletoll Al #Los B bl Achlee er al, 1994:
Fig. 7). “W-type™2 A EE A5 HE A&
A Bx®E vl AtKKawabe et al, 1991; Minami ef
al., 1998)(Fig. 8).

I EEYA] HEIE G g dFe oA
Re xFale] oo AR LA o|Foix)7]
A &3] th(Kawabe, 1992; Lee et al, 1994; McLemnan,

ot
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1994; Masuda et al., 1995; Bau, 1996; Kawabe er al.,
1998; Minami et al., 1998; Irber er al., 1999). ©] 3|&
Fexel HEets axhe 4 AN 14, 172, 349)
5 A (subshell)ol| A @AY El= E-ALo|t) zpelAle] oF
HellM Bojxle HEHE gy GH 53] HOAR
I e FRlo] e ALE UHH Uthlee er dl,
1994; Masuda et al., 1995: Bau, 1996).

Fig. 73} 8& ®d¢tst AHEAM Bud vl 2l 3
EFYLe) HEfRE §HEaN, 2z Boia 34
3 ICP-MSo o} E4AEE Eda A5
Fig. 73 89l 9 2z} A& thal Lee er al.(1994)%}
Minami et al.(1998)2 Pr, Tb, Ho, Tm?] &8 =
Aar] s, ERUL] FATE AHS F, o G
€ ¥ F(Internal Standardization).2 &td ==z} ICP-
MSel els) A&l dukHoz, SEFUL
HEZ=EH4E HATE el 39, o gol v
WA 2 BA(G ppm~T ppb)E FEO W] T
A gogis 238 24187 gide ol 10%
ool BEgme] ¥Fart gyt 53 THER

(HREE)®] 739, 2 Ex%7} 4 ppb~F4 ppb A %o)
g w9 %“} Aol 875 = dloltt Fig 7+
Fig. 89 SERYA BEE HW, $o9ns 4

o3k Ap MR olje} ICP-MSel ¢la] 248 ARw
As) s Weshs HEYE EnE HaFy
Atk o BF FANLNNYOR AT Fao]
ok 28y Fig 6l % 5 Qi et ol ey
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