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Mook ho) SmR A e U BE ATE AWt/ A TRt 02 Be AT XS sk gic.
Tt ) Asleke] SRR AL BRG] B AT A2 e REsh o] ATeldE SEAY Beka
uh W72 A siore] SRR e BAS giat 2o AP ApLetnA sk AN R B3]
A SR Uk AL oh Wob A Aoz B 7 FoJslok shz Ho] k. Aaletel Y 8=
S8k BAA BEHQ 7Y S Bag) ABHE 9 SAkSHE Aol @ Fgolc. A7 A olefat o
afo] A& 9ol Bao] AHHE AN EE ZH5H 202 BAo] PeFA, ofeie Zhilo] B Aol
wAo] 2 o] 2ojx 7] g 22 TStk T l2H Moo BEAIRI ILs-19] A9, & Ba GO Q)
3 Bue] B4X7} 27 GaEE vhe A2 SISt o] ATl oloh e A AASHE AdHE A%
ao] Bao] ZHIE IS 95%ol4 AASHEOw, 1 At 7129 B AT AbllSel 2 $ashe Y Hale
Y SlER U4 BE 42E 92 5 qlgith o] /J&RaE o Ffeldt AT} 5] AL Mg
S5 Ak AT Hoke] Wle] 7]eid 4 9l Ao |hHc.
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Tae-Hyeon Kim, Seung-Gu Lee, Jae-Young Yu and Tsuyoshi Tanaka, 2019, Study on REE analysis of lime-
stone: Effect of Ba oxide and hydroxide interferences on ICP-MS REE analysis for geological samples.
Journal of the Geological Society of Korea. v. 55, no. 6, p. 759-770

ABSTRACT: REE (Rare Earth Elements) content and Chondrite-normalized pattern analysis of limestone is
geochemically significant. but it has been rarely conducted in Korea. The reasons for the few analysis are the
difficulty of precise analysis due to the low REE content and the presence of the interference Ba oxides and
hydroxides in limestone. The aim of this study is to develop suitable experimental method for the analysis of REE
content in limestone. The results showed that the interference can be calibrated by measuring the oxide and
hydroxide production rates of the interference elements when their concentrations are low. However, if the
concentrations are high, the calibration pooly works. It was confirmed that the analytical value of Eu was greatly
deviated due to the high concentrations of Ba in JLs-1 as a standard sample of limestone. In this study, experiments
was conducted that a small amount of carbonate rock sample was acid-digestion and removed more than 95% of
such interferences with a specially prepared cation exchange resin applied on acid-digested sample solutions. This
method gave good quality REE pattern data of limestone comparable with other acknowledged studies. It is expected
that the results of this study contribute to the development of the REE research in limestone, which is still to be
explored much in Korea.
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1. Mo

S|ER A Hol3o] sk Se, Yol ol
2ekE(Lanthanoids) 2] 157 94Z 3 A AsH=
Fololet. B Be(la) P FEELYE P
A 4 ThEA)R Hejz HAe) 471 23 1 Bejs)
o2 E4do] frAkste] mhA] shutbe] F3 4" A-5st
A4S drk o|2 3| A A=A FER A
0] g AT BEE wEe (7S dre
T2A g L-8=]11 QltHLee et al., 2010; Wang et al.,
2014; Joosu et al., 2016; Li et al., 2019; Yuan et al., 2019).
Helor AlzoHe) SlE R a B % e e
Hug JEala ek ol AFEA Folo] vz}
sjEs 9 HEle] 2o} Rol| Bh(Zhang et d,
2017), sfi=9] Zlolof w} S ER7 4 o=kl =54
z}o]E Ho|o(Elderfield and Greaves, 1982), A&
(Ce) olAHAI = HEigte] Tl a4 Zolol et
ZA4sk= 72AS BRIt German and Elderfield,
1990; Piepgras and Jacobsen, 1992; Bertram and
Elderfield, 1993; Sholkovitz et al., 1994; German et al.,
1995; Lee et al., 2000). E3F 52 3]-3(Eu) oA X =
Foolge A A A+ BE LA 4UF
A AR o] A 31932 AAISHHKlinkhammer ef al.,
1983; Kurian et al., 2008; Madhavaraju and Lee,
2009; Madhavaraju et al., 2016). Tanaka et al. (2003)
2} Tanaka and Kawabe (2006)2 43]¢t o] S|EF
2z gt Z7te) Bl AE Fale] Lojo) 5]
ERF Y T 5] = sttt £33 Toyama
et al. (2019)2 P4 HE Fatol Azl
a5 7o) BES Ui BujALe 2Ystact 4
slgf Alzol that S=5 2o A% 9 e H4o)
Balae sfelolHE Sus] A7} olRolAn
UARE, FHoll A= T A7 =5] Hom A3
R G4 AWM HWsto] Zlo] A AFE =
] AT AR Qi i et al. (2000)2 21 WA
BUek o] Ajsierelat B o) Aaler AR
SEZ Y4 j8l2 ¥ 3}, Noh and Oh (2005)

£ F2% alke] A4uA 24T g A
A SER s K] dhs) st 44 o
olEjet A1) Aol 714 Hol3lA] ek,

AR SR 2 ek B4l 7F ol BE s
7171 =A% Etant AFE7](Inductively
Coupled Plasma Mass Spectrometer, ICP-MS)©]t}.
ICP-MS& Eetinhs o|-gsto] EA A4S o]
23} AlA A o As} vl wt EEste] FEst
£ 717124 B2 ARbol| thfet 9aE FAlOl &
A 4= Sl Aol A 74 F 3 E= 7
& IH(Interference Effect)of &J3] £4 A] F9]7} &
aste}. olefet 74 ) ShizHICP-MS ol o]
23} H Y47} A 32 $A1817|(Hydroxyl Group)
o ARstel A71E Ak W S4k5HEo] Bl 4
aof A1 ARSE A0 A= o] FE A
ojth. I EFYU4 R4 I v|A= Y4 F 5t
U2 4 YA 3 5621 Hl-E(Ba)= "'Ba, “*Ba, Ba,
1358, 9B, 1By B, 3} 7¢o] 7710] EOIAZ 2
L} o] 2, 135Ba’ 136Ba’ 137Ba, 138 © 032 OH}
Astol & 10] 7] vlo} 2ol Thope Bzl
SS9 5 9le] Bu (TEu, “Eu), Gd (TG,
Gd) o) Haigkell 7HdE Yo <= gtk 0|9} o]
YO E= OH7L st 7= 4lekE |
FAIEHES) 74 el disiale ofnl & LA 3l
o o E3of|A AFG= Ak McLaren et al., 1987;
Evans and Giglio, 1993; May and Wiedmeyer, 1998).

olggt 7H A= SAY da9 EAgk 2
A 4o He 949 e 9 AR Y
38 2ATe] S84 0.2 BT 4 rHKim
et al., 2014). 22} 7H] ¥49] gleFo] u]9- o}
4 a7t wie- AR = Bfolle o2t HAol
Zh o] R0 2] A] ¢ 7HsAd ol Sl

o] AFolA= QlF ez olgdt M aNE 5
7R Ao BER 4 R B4 AR AA|
A3 FEAIRE o] &3 AFS Y5ttt ol &
o AsE R eatskE e Mol 2 Aol '
F U TF B Y REE AT o FFE F
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Table 1. Isobaric Interferences (polyatomic ions) of Eu (*'Eu, 53Eu), Gd ('Gd, '¥’Gd) and '°Tb. Isobaric
Interferences less than 3% of abundance ratio such as '*°Ba (0.106%), '3?Ba (0.101%) and etc are not listed.

Interfered Elements Isobaric Interferences (Polyatomic ions)

lSlEu 135Ba160

153Eu 135B3180,135B317OH,135831602H,13683170,136831601‘1,13783160

155G zZBaijOiIggl%Il}éa‘gOH,13"Ba”OZH,‘37Ba180,‘37Ba”OH,137Ba1602H
Ba' 'O, °Ba’’OH

157Gd 13784 1802H, **Ba'*OH, **Ba'’0°H, *’Ce 70, “'Ce °OH, ' Pr'°0

159Tb 140C€180H,14OC61702H,142C317O,142C3160H,141Pr180,141Pr17OH

141Pr1602H

Table 2. Recommended Ba and REE data of JDo-1 and JLs-1 (Data from Geological Survey of Japan).

JDo-1 JLs-1
Ba 6.14° 476
La 7.93 0.153
Ce 2.49 0.521
Pr 0.956 0.032
Nd 0.525 0.136
Sm 0.788 0.135
Eu 0.176 0.0072
Gd 1.3 0.03
Tb 0.116 0.0041
Dy 0.814 0.0283
Ho 0.42

Er

Tm 0.059

Yb 0.323 0.0164
Lu 0.0494 0.022

*All units are in ppm (mg/kg).

A Hex] ST 53] 48l AR ST U
& B APIHNN 9 AR 11 ol Rl
214 AT ol 9] 7143 AN RS Fa}
of et A Ao} ciBo] 7S Posl Uk
of o] 2 AlR0) B4 uhE AT AP A
g} Btk 21 HolBTH FAlo] F5 ICP-MS
£ o] §% MY N2 HEF Uk B4 AF A
o £& HI A2 088 5 9 Aolth

R =

2. Mq3|g}

A NEY

Job
Y

ER

ot

3ot A RO JEF Y4 HAL ojn] AF3H
ufe} o] A aksha] A 7HA|7F AN, oA

2 o] 2oix) ) gkm ik ol Aalek A2 3]

ERF Y4 B4 gt dHE "ol 439
SER Uk B4 Ao 27 3711 B4 Ho] glck.
A2 MBS SER Ui FFol Hrk UL A
A ZAFA(Geological Survey of Japan, GSJ)ofA]
AxEe H2d BEA R JLs-19] JERF Y4059
FE A S2 100 pg/kgHiele] HHE 714
5 Eu, Ho, Luiz 5 ug/kgo]sh2 48] A& o]t}
(H2). o3t BHL BAA] AR 84 w2 3
sk d o= &k ICP-MSY = 29 &
20t Az} Wk B537](Inductively Coupled Plasma
Atomic Emission Spectrometry, ICP-AES) 9} 2+
717]+= dlo]A] Aak(Laser Ablation) &F2|¢} -2 &
72191 212 AF851A] o 29l Al oA &

o] Fojof S0l 7hsdtd|, AIRE AT o
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E5HA LFER AT A Lols JAEE Qs Al
g FUFET el T 717] o] 3T 4
AFEg AT Feole U B2 52 A3 U
o[e] BAGA 227t AA A Aufe] AF=E d
oj=gA Hrh A AR EAA 2 AT 34 bl
&3 At Zo] Tasith A3 B 3 da
o H|gl B EF Y29 FFo] 3] AA TR-E
014 o] 3] viE&-E Ash= dl 025l AUt

A, A YA ARk gFFolt). £3] HlolH i
Ao 73 & dFS 1A 5 Ye Ba2 YA e s
£ S4719EA = 2 2= side oA
A== A3 oll= 1 o] thas A2 Holx|vt
(Kamchenkov 1957), $FA] 7]&3t vl Zho] 4 3]k
9 I EfF Y AFE T3] A2 Hol7| wfjie] &
< F9 Ba 4lgHEo|gh= AR A2t 93
= & Stk E3F A3 FollA Bazt i 23
230 Zf-olli= o2t FaFel HolE Ao &
FE o 5= ok A3 BEA R JLs-19] Ba 7
T 7 20]| 7|5 E o] Yl Hlel o] 476 mg/kg S
2 JLs-1 Y9 3| EF A3 9F 2,0008]~90,000
H} £t} o] BaO, BaOHo] 71 & 1Ml 3| &
£ ¥4 Eud Hlojgof w2 F3Z v|AA |
tHJenner et al., 1990; Evans and Giglio, 1993; Stroh
et al., 1995; Shuzhan and Xiaoquan, 1997). Shaw et
al. (2003)+= ICP-MSE ©]-8-3 REE &=F £4] A] Ba
AsHE 9 AR o%t TH{ 0= I3 Eug X
ot SER 92 2 37) 92(Sm, Eu, Gd)7F B4
Ao FFe WS 5 eH o|F A AT o2 7+
A ol thsto] Attt 2370 A3 Al
T BEAAol= 0|23t Bad] Gk &017] 914f Ba
O] A A7} B4 o= o|FoAofjlt}.

ufjeto s i El(Matrix effect)o ok, OF= ICPVS,
ICP-AES, o|x}o]2aE47](Secondary Ion Mass
Spectometry, SIMS)¢} -2 theFst AgF E47|E
ol st B4 ARl A 9L % QI 03 291 % 5
volek. Aierel i FgEol Sl ARl A%
(Ca)T} 28 0] oleih ol 7S Qo ¥
Az]of F&FE Fr}(Stroh and Vollkokopf, 1993;
Fujino et al., 2007). #j& &3H= kA 7|53t 7HA
ko] Aot} g B UAFE A= EE
Aol 13 o] okl AlR7} o} gl ot 3
£ 4B 24 72 5ol o8] olegolt Ane

A

& (Sputtering Yield)5-2] xFo]7} HAYsle] HA
A7 EEAlE A Audith A RS o AT
o= & FFS PIAA AL ARE thdes
ARgSHA B kS Ca o] wobA wid awt
7h AR o]2|jt - Cat 22 & AAE
A o]Fo]jHokgtrh(Stroh and Villkokopf, 1993;
Fujino et al., 2007).

oot 2 BANES Teste 1) Asiet 3]
£ 24 AR Beist] /g APt @
o sje] A AR F 7HE 27i%t Kawabe et
al. (1994)= Masuda and Ikeuchi (1979)7} sfl<=9]
JEF Ui B4 st A5 sHHE At Bt
Fog M3|¢tof o] S A8ttt 1 W
W oAl Asshd thad Aok gAREY Al
B S TEHCF 10 g) EojA] otNEAN HAikE
o]-gsto] sl g 5 A1 FA &llof H3t
H(FeCh) & itk o] 0} gmulol{NHOH)
£ o831 pHE 9~112 Fhso] 441514 (Fe(OH)s)
o] Fej= JAAZIT o] I7gof| A Hit A REE
9} Ba o] W TAHWA FHRoR R el
A} 75 A0S v o] ol met A
H& o] g5to] Bast REES M2 RejAl7l & 2el
=] REE 2908 ICP-AESE E35fo] 2431t} Dulski
(2001)= AsHa EEARES ko2 ofy] 71%]
S Fot] APS gt 1 EAAE B
Sh= AFE shich £33 Ls-1& it e = |4k 2t
Al EAL A4S oF 7 A 23S HF
© 2 A A3} HF-HCIO4Z o]-&3t AEa)|2} )
Z Ha¥(Matrix separation method)E AN}
<= ol Ba ASHE 9] 1H4dS AAAZI L 7P A g
REE #jgl& &4 4= ok skqick 22uh o]
W2 THHAHHCIO,) & CIOs 9F A1 3]9H0] Ca /g
o] Zgtsle] WEoIRIE CaClO; 7} La (PLa, La)9}
Pr (“1Pr) ] MekTl Ealol 7S Ao 4 9]
o7} W ash.

3AI

. Al =] 3=}

oHd

il

Eu¥} Gd, Tbe] B4 20 98L& == Ba, Ce, Pr
o A5lE W SIS T 13} 2o} AFe v}
o) olelat 7+ a9 Feol B S IER
2 T B4 W BEE Q70 ofH IS 7
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Table 3. Measured REE contents in JG1a-3x and JGla-3x + Ba, Ce, Pr solution.

1G1a-3x JGla-3x  JGla-3x  JGla-3x JGla-3x JGla-3x JGla-3x JGla-3x  JGla-3x
0.05ml+a O0.lml+a 0.15ml+a 0.2ml+a 0.05ml+b 0.lml+b  0.15ml+b 0.2ml+b

La 17830° 178.28 177.24 176.84 176.65 178.61 178.58 178.88 178.65
Ce 391.70 388.09 390.83 392.91 390.07 387.17 389.67 392.17 386.13
Pr  44.80 44.52 43.89 45.35 44.27 44.28 44.93 44.89 44.46
Nd 190.30 189.80 189.60 188.77 188.75 186.63 186.32 186.61 186.66
Sm  39.70 37.13 38.38 37.67 37.78 38.69 38.28 38.55 38.97
Eu 6.90 10.32 8.48 7.89 7.63 12.99 10.44 9.23 8.60
Gd 36.60 76.11 89.92 66.25 56.40 109.68 89.80 78.29 67.82
Tb  6.10 7.41 6.62 6.29 6.17 7.17 6.60 6.39 6.25
Dy 37.30 35.44 35.85 36.39 36.08 35.00 34.76 35.10 35.56
Ho 8.40 8.21 8.32 8.33 8.05 8.27 8.21 8.28 8.16
Er  22.50 21.85 22.37 22.13 22.29 21.56 21.82 21.85 22.14
Tm 3.50 3.52 3.46 3.49 3.44 3.40 341 3.50 3.44
Yb  23.30 22.29 22.29 22.44 22.75 21.60 22.23 22.46 22.5
Lu 390 3.79 3.71 3.83 3.85 3.73 3.73 3.74 3.77

*All units are in ppm(mg/kg).
a= Ba 200ppb, Ce 100ppb, Pr 100ppb solution
b= Ba 400ppb, Ce 100ppb, Pr 100ppb solution

=R gobi 7] Yaf AF o= A 23 ARE 0]
L3 A T A3 #EEES ST AR A
ahaict.

AZE AEE 53 AFLS tha Zol A3
Sith. GSJ¢] s =gk B2 A2l [Glag] 39 5
Zo FFEE T2 AR JF AR(Gla-3x)E
ARESETE WA JGla-3xE 2% HNO; =88
Ag3to] 35 w2 oF 600u) 2 3| 4akeict. 1 ohe
E Hof AccuStandardA}e] ICP-& 589 Ba, Ce,
Pr& 2% HNO; =88 o 2 3|4135}o] Ba, Ce, Pro]
s &7k 242k 200 pg/kg, 100 ng/kg, 100 pg/kg7t
H=F A2t o]9F &2 A2 2 Ba, Ce, Pr
o] F&=7F 242t 400 pg/kg, 100 pg/kg, 100 ug/kg
}EES E 02 g2 skt o Azt 12
3 3)48} |G1-3x §} 423k Ba, Ce, Pr $91
YT vl &= HAA7|Y EF8HAT 0|5 = A
AL AT ] ICP-MS (NexION350, Perkin Elmer)
= olgalo] ZAeIUT 24 AE AN 2z
o} WL RTHIE 3; 19 1). g 24 A Al
S ICP-MSe] 242718 & 49} 2.

A3k AR AL 27 £ A oz v
o] XYstHATHTH 3). AFFH(1)ollAl= A2 Al

29| EF Y4 B4 Bag] 1M FFol o= F
=17 21517 $13l Ba Al A flo] #4402 35t
Rk GSJ9] A3l #EAI RS JLs- 13} W29k &
FA1291 JDo-1& A3l RS MBI JLs-1
9} D0-1€ 212105 g1 i) 717} Ak} 94 of
gato] AHLe] A1) F 0|8 thAl ATAIA YR
F9U4(In, Re, Bi)7F -4 2% HNOsE |83}
51931 0|5 ICP-MS (NexION350, Perkin Elemer)
2 S Aol e A2l g2 5
s Ak oL 1 o) A2 the) BaZ A3t
7] §J8l kol n3t 4=2](Bio-rad, AG50W-X8 mesh
200~400)S ARg-5FTh ARRS) 2 & A A7)
JLs-1 A 25 2M HCloj| =21 = ¢Fol2 gt =4
£ A& Aol 2 A17]2L o] F 2M HCl#} 2.4M
HNOsE SaHAA 2453} Ba AA3HITh 1 5
WA o] 6M HCLE &2 §2AIZ 224 REE
Lk Bsielch 1 F oS tha gtEeolE ¢
oA ATAA WHRESFZHA(In, Re, Bi)7} T2 2%
HNO; 4~892 o] 835} 3]45}32 ICP-MS (NexION
350 ol83}0] SRk 2 SHASE A= &
HA| A St = &Y, B AR WRESE
Qa5 g uRro 2 BAAE BT,
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[y i = %g._l' Ba, Ce, Pr A._"il‘% E‘:I
Salsigol ZHilE TE
Ba, Ce, Pro] T3 2l¢jd o 2 Z7HA71 Al 29

ZA= Chondrlte (McDonough and Sun, 1995)
o) By 2 FARsle] T T2 FASHL 1) 1
Y 13 22 Z2H3E BAFQok(E 3; 19 1). Eu
Gd, Tb2 A3t 11719 Pat ol 2T

Table 4. Typical analytical condition of ICP-MS.

Z YA ok AS AT 4= Ut o] = gukE el 7t
%Y ‘%1%‘4%—‘1‘ l= % Q*lﬂ‘ﬂl*i“ A 9
M 714 wAES PEERS

29tk AL x]/\]zrh:} :1_311,]— 0114 Jqog =

7]'}‘]517_]_ Ba, Ce, Pro} 4tsh= & AR Q] 93
gH7) == Eu, Gd, The] B4 X|&= 24 34 (Kim et
al,, 2014) S ARG E B75hT 2AZk} 2 2ol
= Holi= 21% 94l B 4 9lrh ol 741 o
uhg 2 5 ALARNE 1o F o] Rl

Model

ICP RF power 1400 W

Lens Deflector Exit Lens

Gas flow rate Plasma gas
Auxiliary gas
Nebulizer gas

Sample uptake 1.8 ml/min

Sweeps 20

Reading 1

Replicates 3

Vaccum pressure 3.30e-7 Torr

Deflector volts 955V

Analog stage voltage -1820V

Pulse stage voltage -1250 Vv

The Perkin Elemer NexION 350

2V

18 L/min
1.2 L/min
0.96 L/min

JG1a(3x) and Ba,Ce,Pr solution + JG1a(3x)
JG1a(3x solution)
9—49—@ Ba200ppb,CePri00ppbh+0.05ml
9—¢—@ Ba200ppb,CePri00ppb+0.1ml
49— Ba200ppb,CePri00ppb+0.15m|

1000

- i 9—@—¢ Ba200ppb,CePr100ppb+0.2ml

100

Sample / Cl chondrite

10 T T T T T T T T T T T T T T
La Ce Pr NdPmSm Eu Gd Tb Dy Ho Er Tm Yb Lu

Sample / Cl chondrite

JG1a(3x) and Ba,Ce,Pr solution + JG1a(3x)
JG1a(3x solution)
A—a&—A Bad00ppb,CePr100ppb+0.05ml
S—— Bad00ppb,CePr100ppb+0.1ml|
] A——i——A Ba400ppb,CePr100ppb+0.15ml
= ‘— 4A—&—A Bad400ppb,CePr100ppb+0.2ml|

1000 4

100

La Ce Pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 1. CI Chondrite (McDonough and Sun, 1995) normalized REE patterns of JG1a-3x and JG1a-3x+Ba 200ppb,
Ce 100ppb, Pr 100ppb Solution (a) and JGla-3x and JGla-3x+Ba 400ppb, Ce 100ppb, Pr 100ppb Solution (b).
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&s 7 de AAlsE- £ A&sjud 59 Gd—J HAR 7 AA R

o] élf"é‘ﬂ}rh AFH ez ol2T FF= T7H A SAE AS= Y LREE 40t 5 3
A AL AolA|ut, B} Ao A SUs FAfo] do]  EF(Heavy Rare Earth Elements, HREE) 94 ¢
Ue Jloz adEs E4 245 E3U g = A ——] JHE] Ok”’o] I A o]ofAA I 2bof 22 =

THOk et al., 2017). 13 2a= 7 S|EF(Light Rare
Earth Elements, LREE) g&fo] T2 A|20j| 4 2] 3]
ER 94 B3 yjglo|H(Ok et al., 2017). A 23}

1000 Ok et al. (2017)
A——h HC-5
A—A— HC-33

L——\ HC-37-1

(a)

100

Sample / Cl chondrite
R N R

1 T T T T T T T T T T T T T T T
La Ce Pr NdPmSm Eu Gd Tb Dy Ho Er Tm Yb Lu

Sample | Cl chondrite

1000

ofsht] Gdo] HAX7 ¥ 53
o] Hol 1% Aol B shatell =41 2
el e Pyl ot 4L HolETh ol

(b)

\ e

100

;

La Ce Pr NdPmSm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 2. CI Chondrite-normalized REE diagarms for high LREE content rock sample facies (Modified from Ok et
al.,2017). (a) is original data of Ok e al., 2017. (b) is a graph drawn by calibrating the Gd data based on the Sm

and Tb data by Ok et al., 2017.

Common Experimental Process (1) and (2)

1. Acid Digestion of sample (0.5g, 1.0g) with HCI, Aqua regia

2. Dry up sample on a Hot plate

Experimental Process (1)

3. Dilution of sample with 2% HNO3
Solution (included In, Re, Bi)

4. Measurement by ICP-MS

Experimental Process (2)
3. Dilution of sample with 2M HCI solution

4. Sample load in cation exchange resin
(Bio-rad, AG50W-X8, 200-400 mesh)

5. Wash resin with 2M HCI

6. Wash resin with 2.4M HNO3
7. Elute REE with 6M HCI

8. Dry up REE solution on a Hot plate

(included In, Re, Bi)

10. Measurement by ICP-MS

9. Dilution of sample with 2% HNQ3 solution

Fig. 3. Diagram of the Carbonate Reference Material Experimental process (1) and (2).
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Table 5. Comparison of this studies with previous studies (Kawabe et al., 1994; Dulski, 2001).

Kawabe et al. Dulski This Work This Work
Element  (1994) (2001) (Sep .,n=5") (No Sep., n=4) Blank

ICP-AES ICP-MS ICP-MS ICP-MS

ppb (ug/kg) ppb (ug/kg)  ppb (ug/kg) ppb (ug/kg) ppt (ng/kg)
Rb 64.3 <0.7
Sr 260000 <200
Ba 4325 407000 <3
La 101+6 107 91 80 <2
Ce 174+8 187 148 145 <3
Pr 24.6+£3.4 23.6 18.4 18.2 <0.1
Nd 94.2+5.4 90.2 81.1 78.1 <0.5
Sm 19.7£2.0 18.5 18.9 16.1 <0.2
Eu 3.7+0.3 4.6 3.1 83.4 <0.1
Gd 19.7+0.8 214 20.6 18.6 <0.3
Tb 3.1 2.8 2.7 <0.07
Dy 19.740.1 20.0 18.1 17.4 <1
Ho 4.6+0.2 4.5 3.8 3.9 <0.04
Er 14.3+0.6 13.6 13.9 12.7 <0.2
Tm 2.0 1.9 1.7 <0.03
Yb 12.7+0.7 12.6 11.7 11.4 <0.1
Lu 2.05+0.05 2.0 22 2.0 <0.05

Sep=Separated

n=Number of experiments, Values represent the mean of each group and uncertainties are reported at 95% confidence

interval of the mean

LREE, £3| Ce9] Al5lE 9 A= o=
Gdo) 427k 57 249 Aoz 24 & 4 9t
(Gdoll di-e-3k= 744 shte2 1 34=).

0] 7% Eu] ol FAE Aol FFE & 5 3
t}. Bu o] T4 43} o] A o] Hrk(Hoskin
and Schaltegger, 2003).

lo
l‘i
oz

Fi By
Eu anomaly = _u*: ol
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&—&—& JLs-1(KTHICP-MS) No Separated 1g (A.R)
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100
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-
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Fig. 4. CI Chondrite-normalized REE patterns of JDo-1
and JLs-1 obtained from Experimental process (1).
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JLs-1 and JDo-1 ( Kawabe et al. and Dulski)
@—0—® JLs-1(Kawabe etal. 1994 ICP-AES)
G—5—5 JDo-1 (Kawabe etal. 1994 ICP-AES)
@®—8—@ JLs-1(Dulski 2001 ICP-MS)
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Fig. 5. CI Chondrite (McDonough and Sun, 1995) nor-
malized REE patterns of JDo-1 and JLs-1 (Modified
from Kawabe et al., 1994; Dulski, 2001).
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Fig. 6. CI Chondrite (McDonough and Sun, 1995) nor-
malized REE patterns of JLs-1 obtained from Experimental
process (2) compared with the data by Kawabe et al.
(1994) and Dulski (2001).
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Fig. 7. CI Chondrite (McDonough and Sun, 1995) nor-
malized Sr, Rb, Ba, REE patterns of JLs-1 from Experimental
process (1) and (2). n means the number of repetitions
of the experiment. Values represent the mean of each
group and uncertainties are reported at 95% confidence
interval of the mean . The change of Eu anomaly pattern
was shown according to Ba removal.
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