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2 oF ICP-MSE °l8% e A SEFUR] S FAA] Hole] vAe I Aoj2e] A
=3 19,53 v FAFAZAARUSGS)Y] PSS XTAIE GSP-29 YEAAZRAIN(GS)) 3Pt Al
JG-1aZ °o]g3te] 2ALBINTE ob&e] shatalr REje AolF FEe] thsl Awil shesy %@%71
(bomb)Z ©]&3 ARESINS ALt A2IwZnt AEFARS] TS ST AFA] o
Aoz Al dhedle] A9 s0% Pk AwshE AR UPhdL, 4HE71S cl8e Beol °k 90%
A5 BalE Aoz FAAHUT. 22| GSP-29)F IG-1a9] AS- 33kl vl N23Fe] FEe] 50% 3
Tl Ao yehsith ol dNHAQl shete] Ahes) e 73‘” X1°1€—91 Lert AARE 50% F= gl
A 5 AT A, s SlERAARY] kel A, AT wallwet dglel, FHk
As] AAFGL}. ol Aojzo] BBt PN RN HEFUL BECE o] 87 AN 5L A
T sMe] E P FAE dethe 2E AXEET

Splo]: s, SIERAA, Ao, ICP-MS

Abstract: We measured rare earth element and Zr concentrations of USGS granite standard material GSP-
2 and GSJ granite standard material JG-1a to clarify the effect of zircon during rare earth element analysis
using ICP-MS. We also measured rare-earth element and zirconium (Zr) contents of zircon from granite
by acid-digestion methods using conventional teflon vial and pressure-bomb. The results show that acid-
digestion using teflon vial dissolved ca. 50% of zircon compared to pressure-bomb method. The Zr
contents of JG-1a and GSP-2 gave ca 50% of reference value. However, rare-earth element abundance of
JG-1a and GSP-2 were similar to those of reference values. This suggests that the decomposition degree
of zircon might give a negligible effect on a petrological and geochemical interpretation using chondrite-
normalized REE pattern.
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A 2 o] o zRE H 3 AolE UYAE HEZE
Hlo]|4E o] 83k AHEEHE T AHE7](bomb)E ©]&
19803t =719 7HE ICP-MSE A ZAA 29 sk AESHO R =91 &, o]5olX Y Ze} JEFRY

EFIAE B W= s 2T = A 4 S SA-ste] HlaEiiith ol¢h e Hlae
& = 3 (Longerich er al, 1990; Jenner et al., o #jojFo] AHEal] AL} AojFo] JEFIL
1990; Shabani et al., 1991; Johannesson and Lyons, BAAI} vxE= gk Aokl 80 E ¢
1994), ol= IJEFALE 75 A ES] W3} 32 Utk 2t o] Ade FF st sk
st 283 Asrle] 7 Sdist 9 A8k fr IEFAL FELEE o]&s) sfiAstaat & o, v
2ATe] AAG=A BT 5 A AFUAHDIa AR AL BH 1 w9o] F Zolth,
et al., 2000; Janssen and Verweij, 2003; Tang and
Johannesson, 2003). A9 _E_a“nﬂ-ut-} 51 _E_}%]I:(I)]-HJ
Q9] wajay 53] wo 7ol Lolpge AP
ol glolr SERAze] Fod BAo] o7 X EFBY
Te w9 Fo% MR EsE dok sk S ERF AAA Y S EFALL AT Fe TS 44
Are] g dubr oz AR ofst As8dS £o2 FjE e ICP-MSE RFLIE o] &3}
e FEAY Stkzvh AFEA71(ICP-MS)E of S4sk= Aot dHREAIRS] FHUES E
ol-g-ato] ZAgstar Slrk. spAIRt RS AS- 5 2 sl HFEFAIEETY whEolxl gl H
IERE thFo R ke AojTo] e XVWE wE S FAske el stk dRkHoR=, A
of mla] @Wol E3tEo] oA, ICP-MSE 3] EF< 8 FFAIRE ol8dl SA4sk= 74, FEF
28] hFS S & ), Ao|Ee —rBHO%Tﬂ ole] Bla 3gtEt 7148 o] (matrix ions) 5°]
PR S EFLA B I3 v e 9l T S s BEAY F fle WAR 9,
o} A 34177}?<1E B A7ArEe] stellA SIHEFIA B2 T4t DA weba Il

o) BERAL FFS AYs) el A APY o) AsE 2@ s|FoleES] UL B
e ekt i?%‘ stal AtH(Liang er al., 2000; AT AAEE AFEEE el 2geial ok
Orihashi and Hirata, 2003; Pretorisu et al., 2006: o]9lo)], o]FT £](2005) ICP-MSE o]&3}o] 3
Zhang et al., 2012). SHAIRE Ao]F 3 EFAAL) FaE Bt & o, EAEFEELRE A%

=
et Sgerlie] SERAA gusel B0l o @ EFQHAES] Rl o) AR § ek 5
& A AR AR A BIE vl gl AW, PUEFARGS] Ueilng Fo ZPse
9 S ARdel B Amel Pt o] A%, MRS Ao FUS PHEFARS] A,
of mhe AREelo] ASE el ol AojEel Bal  GMEFAES FAE ¥ AR PiwEs 23
9 A2 SERNAY Fuo o AE o o /M 2 9T Fe 29 3o shpolnz 4

30 ol

&S FeAol i AAAR] Bl ob glth

2
FoE 83t 53], Aol F=o] g
o] =re] HAL WA ZA(USGS)e| 3ok 7

[e] ol—MEf)\]EE o]_Q.H HE 1:]]_]7_61— Hﬂ ]

et

1r

EFAE GSP-29F URAAZAINGS))S] SPIPE AR weh Q) Safi=e] Zpolrt e 7h
FAE JG-1aZ olg3lol, 3Pl Aoj2e] EAl7E  wAol v ARE, 4 AR AFEE oS
ERIL BRI ;H*%ﬂ ol A& FFE TIA sold = gtk

B4, 2 ARl ARReliA] o Ak Sai=9l o] AFME AT JEFAL: P 7re] HEE
AE dslletl Stk o1& S8l sPr B o] EFES whEol, ol EEWHARS JEF
Aze] oll w2 ARSE Abe] kel Aol7} Al A S A FFAEE F8a8Ilon, ICP-MS
Salzel dFS F=AE 2ARELAL ST EE?& o] 4% 98] ACCU-standard®] 100 pg/mL (100
AR § ICP-MSE JEFANE ZHT Wek ppm) FHE I FFE(Table 1 =)l <]
AgEglo] JEFRILE SHAL v JEeF BEgals o] g3}l 1/ gl oz sAE)
o] Fxeo] Feje] Aol vlwsgint. ofek o ojm WF-EFZALEA ATE(InyS ARS8kt
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Table 1. Specification of AccuTrace™ Reference standard

sk

339

Element Concentration (pg/mL) Lot. No. Matrix Exp. Date

Y 100 213115044 2-5% Nitric acid Nov. 2018

Zr 100 213115054 2-5% Nitric acid Nov. 2018

La 100 211075092-01 2-5% Nitric acid Oct. 2018

Ce 100 209085029-01 2-5% Nitric acid Nov. 2017

Pr 100 213075020 2-5% Nitric acid Jul. 2018

Nd 100 213075196 2-5% Nitric acid Aug. 2018

Sm 100 213002515 2-5% Nitric acid Feb. 2018

Eu 99 212085022 2-5% Nitric acid Aug. 2017

Gd 100 B8045179-2B 2-5% Nitric acid Nov. 2017

Tb 100 212045099 2-5% Nitric acid Apr. 2017

Dy 100 B8105049-1A 2-5% Nitric acid Nov. 2018

Ho 100 212105004 2-5% Nitric acid Oct. 2017

Er 101 B8105050-2B 2-5% Nitric acid Nov. 2018

Tm 100 B3035105-1A 2-5% Nitric acid Nov. 2017

Yb 100 213115053 2-5% Nitric acid Nov, 2018

Lu 100 B8105089-1A 2-5% Nitric acid Nov. 2017
EFEUYMAE W MRS 7l AAAZ . 223 oA (@Rt 2ml,
Aol ALE A BRI RE AANE A4 ImhE BAA AR ALATIL 30mg,
F3F upe} gro] wml=HR|AzAMAS] GSP-2, 2B 50 mg, 100 mg2] EIAIFE Foll wet Z+2ZF 3ml,

H

Sl
YR A ZAAO] JG-1aS AEEITh. A5 gt
}‘\l.

AE zAWl7] $)8le], BaA ARgE ake] gake
Table 2014 & 4 U= wie} o] Fo|a}t sh=
Age] FAel mek M2 w2 s okee,
SEE AlEe Yol 10meH o] T3] A o,
o2 RE] o] Ax Holul= x|, el 9h4 et
] 32 A7k dldel oju An AT HAE
Ag A STk ol AgE FAs £
e W, AolZe] o] vAe IFL AT
Zolxa k=l ok

FEPANES] SIS 98 vl SavillexA]
HZE vlo]duo] Exkat Aite] Ehdat AR
7MEE Ee T 58S 22§, 7FE¥k(hot plate)
oA 140°CZ 48417k 53t 7FEAI AT 7ol A 9]
718 =%, 270N 5B 28915 Tl
F= F, 71asielA AL 140°CE 7FEAIZITE 48417
7Hd Felle HPate 02mi Yol # 42 F

i

Table 2. Acid amounts against sample amounts of
granite standard rock used for acid digestion test

Samplewt. 10 mg 30 mg 50 mg 100 mg
HF 2ml 2ml 3ml 5ml
HNO, I ml I ml I ml 2ml

Vol. 23, No. 4, 2014

S5ml, 10ml®] 6N HCl 8402 A7J-gAe THE3)
ot 223l o]E AFENORZFE ImlE FHsh
1% ZAAHgA oz 845t & [CP-MSZE Z4 3T

Aol =Tt Y] S EFAL FEE 7
A= FEFE AP 98 AojFE A= A
ANl EEskes A FEolA Bl AS A
ot 283 AojEe] sREs|ddle Aol &
L] 3 tiEo] Ao &al=E Hlawsh]
Qe EHEE vlo]Le o83t UukAQl ARtsy L oF
8715 o] &3 2SS B AR S
l= d& Abof #3852 3] Ak(San-Ai Kagaku Co.
Ltd.)ollA AZ=E 100 ml &FS= 15 MPa®] ¢#E7t
A A= HE87](Model No.: N-25 HU-100)2A4],
uitell Bl EE2(PTFEA AlE4710] £k Aske
2182 Egste] AojF T ¥ T 200°Col|A
48717+ 7HA AT

HEE tHREsiAldle A7 s9E Ee
b Aakg 2:19] H]ER slo] 7oA 140°C
2 48A7F 3 7FEA A

N

A, E™SHARI, vhEgt
Ao XA 2 8719 HF MFH 9 Ak 3§
2] AMgEkE ZEFEMIlli-Q water, 18 MQ ©14)
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W slERgse] v AEsr] 98 1% HNO,
2 e ¥, ICP-MSE 343 A3 La, Ce®l A%
s 65cps FECIAL Y, Pt Nd2 20 cps ©]3h
8|3 71e B EFALE 10 cps ©letE =4 Et

AFole FH8<] =5 A F(Aldrich Chemical
Company, Ultra-pure HCI, HF, HCIO,, HNO,)°]
A HAT. 2T ZE A ulEgkS 2] 9]
3l Alme] AHEsl g sdEAl A4 2ml, B4
S5ml, ZFaAF 02mist G4 10mE 949 §
FHAZIAL o] 1% Aihgdlo R SMAIA G
U5 o5 ICP-MSZ 34 S A La™¥3}
Ce'*& 170 cpso 2 /T2 3MBES ANSH=
(intensity )& HAFA3L, Pri¢'a} Nd"*2 50 cps A=
2 A=A} 7Ele] JEFILE ZF 10cps ©]
ate] ASAEE HAT ©] A= SFHT Al
x3td SERUA k] 10ng/L (10 ppt) ©l3to]H,
ol Alge] Fall ¥ FElFolA AE At S
F7F EEARS] I EFAA T JFS FA &
S5 AAST}. Table 300 E4F 5ml, EAF 2ml,
FA2A 02mIE AEE AHES|E F, 6N HC
Table 3. Isotopes selected for analysis, total blanks,

limits of detection (LOD) and main isobaric interfer-
ences

Element m/z ol blank’  LOD  Isobaric
(ng/L) (ng/L) interference
Y 89 0.034 0911
Zr 91 0.777 3.493
Ba 135 2.680 3.322
La 139 0.106 0.061
Ce 140 0.288 0.108
Pr 141 0.027 0.050
Nd 146 0.095 0.337
Sm 147 0.015 0.506
Eu 151 0.001 0.206 %Ba'0
Gd 157 0.011 0.491 HIprleQ
Gd 160 0.007 0.365 N0
Tb 159 0.001 0.085 Nd"0
Dy 163 0.006 0.143 47Sm'"0
Ho 165 0.001 0.045 498m'"0
Er 166 0.003 0.177 N0
Tm 169 0.000 0.037 BEu'0
Yb 173 0.008 0.429 7Gd"*0
Lu 175 0.001 0.050 Tb"0

*Total processing blanks during 5 ml HF +2 ml HNO, +0.2 ml
HCLO, and 5 ml 6N HCI dilution

10 mlZ AFENE WES v 7x]9) A3 A3
ol Aol A ulelgre] 7|Al]e] Sltt. Table 39
A B Qe aket Zol, SX3E BE dasl] 7]
71742 Z33AE 23} Bag A9E2E 1ngl (1
ppryeldtelth. 2ejar AE FHAde] uhek(total
blanky& Zr, Bao] 3|EFAE vls| b AT,
RE ZH3A BT e glolt),

2 o BN

ICP-MSZ #2418 wj¢] s|EFYULS] SH 59U
E_ 139La, 140Ce’ 141PI‘, 14(\Nd’ 147Sm, ISIEU, 157Gd,
IGOGd, 159Tb’ 163Dy, IGSHO, 166EI‘, 169Tm, 173Yb,
PLug gt A AskEe] 93 AHHE
21(2014)°) o8l Buw BAHS AMgste] BA SIS
oh BAE FAATLR AR, 8520 A=A
ICP-MS (Elan 6100, Perkin-Elmer Ltd)Z ©]-&3}o]
o]Foxl oM, ICP-MS®] 412712 Table 49} 71t}
7171 A AkskE 3§24d(CeO/Ce)y 2.5-2.8% H=
Aot okg S-S AR £, 5-6A17F A W)
REEPEQ 9] AsATE APRS AR 7

ol

z2 o
Mojz 2ol i sERds Y
AuLHe) AR FHE7] Hehd

Table 59 71A)=o] T}
Table 59014 & 4= J& uvle} o] HEZE nlo|

2

Table 4. Typical analytical condition of quadrupole ICP-
MS

Model The Perkin Elmer-SCIEX, ELAN 6100

Forward Power 1250 W

Lens Auto lens

Gas flowrate  Torch gas 18 I/min
Auxiliary gas 1.25 I/min
Nebulizer gas 0.9 /min

Sample uptake 2 ml/min

40 ms for L-and M-REEs, 60 ms for H-REEs
Sweeps 26

Replicates 3

Dwell time

J. Petrol. Soc. Korea
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Table 5. Rare earth element (ppm) and Zr (wt.%)
abundances in zircon

vanod ST Memb

sample weight (mg) 3.6 33
Zr (wt. %) 11.5 24.1
Yb (ppm) 284.4 422.1
La 6.28 2.62

Ce 16.8 13.2

Pr 1.49 0.93

Nd 4.58 4.46
Sm 2.14 2.60

Eu 0.51 0.58

Gd 7.30 9.82

Tb 222 3.21

Dy 253 37.0

Ho 8.97 13.6

Er 425 64.8

Tm 9.15 14.01
Yb 84.8 129.0

Lu 18.7 28.6

ERAE FAA Aoje] plxje 9% 341

9 olgst AnbHel A HolE) zre] T
& 11.5%% 487120 23k 7ol 24.1%0
s

JG-1a9| 7ro}t s|ERSA 2

Table 69 YEAAZALRE] 3PIARFAR IG-
125 AHEsst &, <
FAANS BEaa] 1% Aigdor 34t =
At Ao, JEFUL] EEglo] ARl HA
ABE 1% ZLko 2 81435le] |CP-MSZE A3 =}
71 7RIS ot T Wy BF A ER 4bs)
£l o5t FIER] A 744S HASATHH
Bl & 9, 2014). B8+ Yol wIkERo) o)§ FER
dae] FEiglo]l A BAE o, WEETYAZE In
< o83l #A=E H Els 7&49} PR )
ARERle] % AEE

SEARE Zre] At %EO]% R

011

o
E
rlo
FJ
r i

)
B
i
9
o, ofo
ofs
)
ot
e

Table 6. Analytical results (ug/g) for the analysis of GSJ reference material JG1a by ICP-MS

After cation exchange separation

Without cation exchange separation

Internal standardization

No internal standardization

Internal standardization

Sample

Certified 0.0508 0.0502 0.0501 0.0999 0.0508 0.0502 0.0501 0.0999 0.0298 0.0508 0.0502 0.0501 0.0999

weight (gr)
HF (ml)
HNO; (ml)

Zr
Y
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu

118
321
21.30
45.00
5.63
20.40
453
0.70
4.08
0.81
4.44
0.82
2.57
0.38
247
0.39

2

1
29.16
20.24
47.55
4.98
18.98
4.34
0.69
428
0.75
4.86
1.00
3.01
0.47
321
0.46

3

1
26.53
21.26
45.46
5.13
19.75
4.44
0.71
4.30
0.71
4.65
0.91
2.74
0.41
2.81
0.41

5

2
24.37
16.27
34.13
3.93
15.12
3.44
0.59
3.55
0.62
4.03
0.83
2.52
0.39
2.62
0.39

5

2
28.02
20.81
43.49
5.02
19.02
4.20
0.67
4.04
0.72
4.67
0.96
293
0.46
3.06
0.43

2

1
29.40
19.85
47.34
4.82
18.10
424
-0.11*
429
0.72
4.72
0.95
3.03
0.46
3.06
045

3 5 5 2 2 3 5 5
1 2 2 1 1 1 2
- - - 6273 69.87 71.10 5944 5930

26.66 24.11 2727 2628 2828 2450 2258 2543
2133 1595 20.18 1890 21.82 2020 15.73 19.65
4584 33.14 4270 40.13 4594 4277 33.18 41.36
508 374 474 456 513 486 375 470
18.81 14.06 17.60 1732 19.66 1856 1455 17.68
436 336 411 401 442 423 336 3.99
-0.12 -0.10 -0.10 0.67 068 065 059 0.65
423 350 404 412 439 407 345 398
069 059 068 070 075 068 0.60 0.68
443 389 444 460 498 436 394 449
087 078 088 095 103 089 082 093
272 245 279 284 311 271 248 278
041 037 042 043 047 040 037 042
272 248 280 291 314 269 248 279
040 036 041 042 046 039 036 041

*Minus value was due to **Ba"O interference during measurement *'Eu.
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Table 62 HW WEEZILE o]%a}oq Fan=t=}
BAEAS wel zZrel FEE 593 pg/golA 69.9
ng/ge R U AFFARRS 5 4%} 118 pg/g (Imai
et al., 1995)] Hlal °F 50% AEe] A#HES by
ok AlES] Gt Akl ol mE SEFAA §HErol
Aeas YR oF 30%14 0.1% WRE Xfo)
£ Ry

GSP-29| 7Zra} S|EFJlA gHEF
IR A ZARARS] S HFEAIE GSP-2 AlEE
Fol 2w TR E o] &5] JEFALE BT F =
A3k 2871 gith WA Table 790l WH-EE94
] s} t‘y_ 71—1:&7&& xLQ.@].o:] Z.X—]‘ 7%,/}9} Z:LEE
9 A8skA o e AHNEs 7IAs T W
FRFENS o] &S we] Zre] =& 1723 pglg
oA 223.6 ng/gC & W= A AZAS] k)] 1)
& 50% wgrelt), S| EFAAe] TS JG-1a9} v}
AR 3lE Ao Gt Aol ol w4

2

0N

9 - Tsuyoshi Tanaka -

o158 - o)

2 2370 s Ao
9] zlolE HOJFET

QA7} 2F 30%94 0.1%H<)

XMoi29| 7r & SERAL BEZT U T
S|ERYHA BETOo ¢

A} (Z1Si0, ) °F 67 wt%2] ZrO,9F °F 325

wt.%2] Si0,9] 3tstx2AS X o FtH(Palache and
Ellsworth, 1928). Table 5¢412] ICP-MSZ =743t
7re] FEE AtskER s Zbzb 155 wt%<)
32.6 wt.%= Palache and Ellsworth (1928)2] #tell
Hls] #A|sHA wrt. oe} o] & AolE HAFE=
°]f+= ICP- MSE A% o) F2 ERILE
et e mRIAES VIEo =M B4 At
TEE 4*40}9171 o), AE&AY Zre] Fre
ICP-MS®| AAg SAHEE A 2Hshe A=
At S7g0] oY Ao=E dE

HEE vlo|dg o] &3t thEsl I H871%
Hell ogh AT S EFALS] TS vl A
FIERS] 735 HE8r1Ea N ogh gheFo] of

02
og||_l

|

§ o

Table 7. Analytical results (1g/g) for the analysis of USGS reference material GSP2 by ICP-MS

Without cation exchange separation

No internal standardization

Internal standardization

Sample

- Certified  0.0113 0.0301 0.0494
weight (gr)

HF (ml) 2 3 5
HNO;, (ml) 1 1 2
Zr 550 - - -

Y 28.0 21.5 23.8 23.6

La 180.0 167.8 173.0 174.5

Ce 410.0 3952 415.6 417.5

Pr 51.0 52.6 54.2 533

Nd 200.0 196.3 205.5 206.9

Sm 27.0 25.1 26.4 26.3

Eu 2.30 2.14 225 2.26

Gd 12.0 13.8 14.4 14.4

Tb - 1.22 1.28 1.24

Dy 6.10 5.36 5.76 5.68

Ho 1.00 0.82 0.90 0.90

Er 2.20 2.03 2.19 2.16

Tm 0.29 0.24 0.27 0.26

Yb 1.60 1.28 1.48 1.47

Lu 0.23 0.17 0.19 0.19

0.1013 0.0113 0.0301 0.0494 0.1013
5 2 3 5 5
2 1 1 2 2
- 173.3 223.6 2179 193.5
24.8 239 24.7 255 26.6
193.0 179.9 179.5 185.9 203.9
464.9 427.0 427.2 438.8 481.3
58.7 53.8 53.8 554 61.2
223.7 200.1 200.1 205.5 2272
29.2 24.9 253 259 28.9
2.51 2.29 2.25 2.32 2.57
16.5 11.3 11.7 12.0 13.6
1.44 1.27 1.29 1.30 1.49
6.34 5.81 5.74 5.92 6.58
1.00 0.91 0.92 0.95 1.05
242 2.15 221 2.23 2.50
0.29 0.25 0.27 0.27 0.30
1.57 1.27 1.40 1.44 1.60
0.21 0.17 0.20 0.20 0.21
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F o ol o A vehdth o] 438 Eojz 3
o] AYE AojTe] HERUL PEEUS WY
(Fig. 1), SE8712sh8e] o8 SEFAL) RXe
© Lag AlSlahd E1EE wjolehy Aege] o5
HEFAL REES} A9 FAF Ptk 53] F

ERFO] e Tr=e] g, dubH AkEs el
1=]
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(ol =1
of thet JEFAL SHZAFAE Fig. 20 A5
Fig. 2aE o] w5 AYS o] fs)] JEFIAL
e e F T REILE InS AHE-Ste] ICP-
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Fig. 1. Chondrite-normalized REE pattern of zircon.
Difference of LREE pattern between pressure-bomb
method and conventional acid digestion may be due
to dilution factor or geochemical characteristic of
sample itself.
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PRI R, GSP-2 B3 wEfoll ARgE AlRe] ot
2ol <, Esmlell dAgle] FAwA Ao AT
& 7t sk ole AlET7F #AETHE, 10 mge] &
ol AEE AT SRRk, th3Egkel 77ke 3
ERdae] %S ST F S AP vk
of WixEedel o3 A=rdg 9 AskE BAgS
83 %2 Fig. 3¢9 ZAfole 43 =R vl
TIEF] BE=rF @A HPH] mAEe 9
ok 53] 10mge AHEelR A& FHRET 2ol
At ole} e A= AFe BaEA
w FHda ] Y UiF B ¥
o] A 7] wizell A7-8teHy A de] =S oF

FHATe| vl
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Table 8. Relative deviation* from the certified value of the measured Zr and REE data of JG1a by ICP-MS

Without cation exchange separation

After cation exchange separation

Internal standardization No internal standardization Internal standardization
wif;hntpé;) 0.0508 0.0502 0.0501 0.0999 0.0508 0.0502 0.0501 0.0999 0.0298 0.0508 0.0502 0.0501 0.0999
HF (ml) 2 3 5 5 2 3 5 5 2 2 3 5 5
HNO, (ml) 1 1 2 2 1 1 2 2 1 1 1 2 2
Zr - - - - - - - - 468 408 397 496 49.7
Y 9.2 174 241 12.7 84 170 249 151 18.1 119 237 297 208
La 5.0 02 236 2.3 6.8 02 251 5.2 11.3 2.4 51 261 7.7
Ce -5.7 -1.0 242 34 -52 -1.9 264 5.1 10.8 2.1 50 263 8.1
Pr 11.6 88 302 10.9 14.5 98 336 158 19.1 89 13.6 333 16.5
Nd 7.0 32 259 6.8 113 7.8 311 13.7 151 3.6 9.0 287 133
Sm 42 1.9 240 7.4 6.3 38 259 9.3 115 25 6.7 259 12.0
Eu 2.0 -0.8 159 48 1157 1171 113.6 1144 44 35 7.5 16.0 7.5
Gd -5.0 -5.3 13.0 1.1 -5.1 -3.8 14.2 0.9 -1.1 =17 04 155 25
Tb 7.5 122 231 11.0 105 146 267 160 136 70 161 256 163
Dy 94 -4.7 9.3 -52 -6.3 0.2 12.5 0.0 37 -122 1.8 112 -1.0
Ho 215 -11.1 -0.7  -174  -15.8 -5.8 5.0 76 -161 262 -9.0 0.1 -135
Er -17.2 -6.5 1.8 -142 -179 -5.8 4.7 -87 -104 210 -54 3.6 -8.3
Tm 224 -8.1 -1.4 201 -20.6 -6.8 1.9 -104 -119 -232 -5.7 1.8 -10.8
Yb -29.8  -13.8 59 240 238 -102 -05 -134 -180 -27.0 -9.0 -05  -13.0
Lu -17.9 -5.1 00 -103 -143 -1.5 82 4.3 -80 -184 -1.2 6.9 -5.1

*% = (1 — measured/certified) x 100
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Table 9. Relative deviation* from the certified value of the measured Zr and REE data of GSP2 by ICP-MS
Without cation exchange separation
No internal standardization Internal standardization
Sample - corified 00113 00301 00494 01013 00113 00301 00494  0.1013
weight (gr)
HF (ml) 2 3 5 5 2 3 5 5
HNO; (ml) 1 1 2 2 1 1 2 2
Zr 550 68.5 59.3 60.4 64.8
Y 28.0 232 15.0 15.8 114 14.7 11.9 9.1 5.0
La 180.0 6.8 3.9 3.1 =72 0.0 0.3 -3.3 -13.3
Ce 410.0 3.6 -1.4 -1.8 -13.4 -4.2 -4.2 -7.0 -17.4
Pr 51.0 -3.1 -6.3 -4.4 -15.1 -5.5 -5.4 -8.6 -19.9
Nd 200.0 1.8 2.7 -34 -11.9 -0.1 -0.1 2.7 -13.6
Sm 27.0 7.0 2.1 2.6 -8.2 7.7 6.5 4.1 -6.9
Eu 2.30 6.8 23 1.7 9.2 0.4 22 -0.7 -11.7
Gd 12.0 -14.8 -19.6 -20.2 -37.6 5.7 2.6 0.3 -13.0
Tb - - - - - - - - -
Dy 6.10 12.1 5.5 6.9 -4.0 4.8 5.8 3.0 -7.9
Ho 1.00 17.8 9.7 10.4 0.1 9.4 7.7 5.0 -4.6
Er 2.20 7.9 0.3 1.9 -10.1 23 -0.6 -1.3 -13.6
Tm 0.29 16.8 7.2 9.2 0.6 12.2 8.1 5.7 -1.9
Yb 1.60 20.0 7.4 83 1.7 20.4 124 10.2 0.1
Lu 0.23 26.1 174 174 8.7 24.3 12.6 14.3 7.7

*% = (1 — measured/certified) x 100

=A% JG-1a9] Zro] FEE HW 593 pg/golA
71 ng/gl & ABEAAZA 37 118 pg/gel 50-
60%01 E3}3}tH(Table 6). GSP-29] A$-ol%= 173.3
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GSP-2Hjell 23+ AofFe] wall7F EehdaEiai3
AAslET. Wil S| ERAAe] A=
I A FU3I FLE HoFE ol A
=71 JG-1a alc GSP-2 AlEW FEFY
Aol & FFE FARAE ArBIFE
g £ Qo F2 ek 9(2011)
1 H]o]A-7IE walgell €Jgk USGSe] 3%
SN 8] G-3014 9] ICP-MS #4A] Zr
gkl vlsl 40% o) @AVt Bargk v gl
ol Y AIEE Il sHtE e s
A Zrg ICP-MSZ F743kA =9, 1 g
°] 50% HFe] ;S AT 7FsAel Erke A
ousiF= Ze R AT & Utk 2HEE 3P
3

=1
=

A
2

KeN
=

o
T

Lo

off
b
2 Iz 2 o

Akl

rg’hﬁb_ﬂlrl

[e]

I

i
frE

fe

>~
o

[ed
u!

kel
h=

=

aoko

—

23
%
7

> e EN

(V)

ro o 19 o

FAM zrol BUGE Aol AT HY

13
=

ol o] AAt %o ukzE 220117 A4

A nP A2 e Fo7F Fasit

TEO|E $40 7 fAslele] AE SERY
B¥50] 79(Fig. 28} Fig. 3), AR7|o2E=
w5 fAKste] FHZFe] 2l Es] Hlastr| 7t
o]}, Fig. 49} Fig. 5% JG-1a9t GSP-29] F33k
< 71Est] S8R9 FHe] el Bl
Erolt}, 2 Uik 2](2011)2 el SR
s EFAIER] G39X9] S ERULE A8

£

of Bysigion, o]Ee] Aie USGSe| FHutat
vl el e w oiiEe] YAt 10% oW el

A =&}tk WA Orihashi and Hirata (2003)2
o g o] FFEA8-(XRF) 2] (glass bead)E A
gt JG-1a9] S ERUA 58N 7S ER(La-Dy)y>
oAb 20%C W ollA TR AR, F3ER
(Ho-Lu)y& 2JtH o3} 20%0142] =& HAE HojF
o], ARFEL o] Acle] FE AlFe] Bwt&Ege] 9l
Tharl A sksiTh

Fig. 49 JG-1a2 A2 Fig. 4a-4cE TbollA
Bty S WolErh 23 Fig 4dE Tho|2lol
Gd, ErllA Z3fo] ##H). o= Gd, Ere]l S4%

J. Petrol. Soc. Korea



ICP-MSE o83 sPI SR B4A] Aojo] vl J&

(a) with In internal standard
after column chemistry
Oxide correction

40 -

-©- 10ml/50mg
- 10mg/100mg

Measured/Certified

-40

347

(b) No internal standard
No column chemistry
Oxide correction

4 r -©- 10mg/50mg

-B- 10mg/100mg

33 E@3R

(c) with In internal standard
No column chemistry
Oxide correction

40 -©- 10mg/50mg

- 10mg/100mg

Measured/Certified

(d) No internal standard
No column chemistry
No oxide correction

-40

o] Fgkrrt ¢ B oz =] o
o2 yehdh mebA Fig. 4ellxe] F4% Faht
Age A5 EdART tES] AsHE B
e 2 EAFge] ofl ogk 7eAel
tha deE

GSP-2 A5 9ol Fig. 59 Table 95
HH, YWHEFELS ol&st EAske Zlo] JE
Fexe S4 o S A= A& B A
A&t Fig. 39 402 74315 ExrdMe
2 AolE BT £ gl Fig 594E Gdol
A Holt} 95 & 57t Qith, o)9h e A
HIpsoe} 7ke. AB|EE 9] AkslEo] 57Gdel| A7

Vol. 23, No. 4, 2014

S, o] 1 hoez Azhen) 53] 73
EF7F T EFRA vlsl] A FshElo] e st
F 59 A89] g, AskE BAS Yo
Sa S 5c9} e BAAAE ZeeA €t
S ERUA BXETF QAR 0" Fa3h 9
HE FosiFe 545 syt s Ao &
sl AgAog Ao} e Euel oldo|th
JeBERE AskE B B REEE ] ok Y-S
SRk Fig. 4d9} Fig. Sc 22 SAZAAE dAEH
739 M e ARSI wA] QoA F
£ WY 5= 7] el o7t Hasitia ot

Fig.



348 ol - AHE - I53] - APE - ©]8% - Tsuyoshi Tanaka - °15E - 0152

(a) No In internal standard (b) with In internal standard
No column chemistry No column chemistry
40 40 -
°
2
&
t
Q
Q
°
(]
1
3
@ -©-
Q -4 10ml/30mg -4— 10mg/30mg
= 40 |- -5 10mgisomg  -40 |- -8 10mg/50mg
L —©— 10mg/100mg L —©— 10mg/100mg
o O e SisttavSrcsted
a2 J3aZESa3EERuESL3
°
2
E
5
o (c) No internal standard
S No column chemistry
g common or without
@ oxide correction
]
=
pattern of GSP-2 normalized by certified value from USGS.
QoF Ol A=z ZARRE] GSP-2 BF FERkel BlEl 50% HEe]
2aE 2 ReiFr). ol Ax) AukHl A
SR EY S EFAA FHREA ol oA A of eyl os] FolRAle sk zrol S A
o g3l=rt Aol FJERAL EExE] vA= EdlE AA7} e AAsiET
B, WrEreEde R JERAL E¥E0 o S ERUAY TS AIER AlstEel] o3 74
B [)
[e]

HAES vI=AEZARR] Y BEAR GSP-2 A R EEALE ol 8T AEEAS AHEIS
oF dEAZEAIRO] JG-1aE ]85l ARSI o, ARE A RS ke 719l BAI8le] IG-1a, GSP-

ol 93l EFEA7IE] ¢S 2 10 mg, 30 mg, 2 BT FAFH A YL, ofgE EEE9
50mg B 100mge® M2 gEA Sl skt P B dASY. o= 3P SEFea oF
kel &3] T3 2ml ¢ 1ml, 3ml : 1ml, 5ml o] B4 U By n FMA] #ojFe] Bzt =2
:2mlE A E G2A 3fo] H|EHT Al FEE AR BeS AN AR W F
Aol 739, AukAQl AR 2§t Zr EZEAS AR & AsERA o] BAsksl 7
$-o] Aol S EFAL EXE2 Pio] FHY

o z}o]2 HoFAT).
02 [CP-MSE ©]&3l 3 3ERH

zd
)
oo
N
gis
2L
e
=2
(e}
2
>,
M
ol
=
=
)
ol
=
i
N
X
N o O o
ﬂlﬁ 1% QL OX.E,

o
9] e RAFAT) FFEIEW 7r T
9] W e EXHAZAIALS] JG-1a9} v+

x|

i, ﬁ?
52

lo

r
Dy

J. Petrol. Soc. Korea



ICP-MSE o]8-3t 579 3%

2 < of
skl o3 7 BAY 9 jEREeds o8 A
ERAS Hrh gge] A

A A}

B AT A EALATY 7 RAKIRL add
EA A58t gA V27 S AN S 14-
3612yAe] ArrPdEoz FYFHAUTEH =S
AlAIE] AL Fogh 2AS T4 o] A9

TR Ze PAE Edth

References

Imai, N, Terashima, S., Itoh, S. and Ando, A., 1995, 1994
compilation values for GSJ reference samples, "Igneous
rock series". Geochem. J. 29, 91-95.

Jenner, GA., Longerich, H.P., Jackson, S.E and Fryer, B.J.,
1990, ICP-MS - A powerful tool for high-precision trace-
element analysis in Earth science: evidence from aqgnaly-
sis of selected U.S.GS. reference samples. Chem. Geol.
83, 133-148.

Liang, Q., Jing, H., Gregoire, D. C., 2000. Determination of
trace elements in granites by inductively coupled plasma
mass spectrometry. Talanta, 51, 507-513.

Longerich, H.P, Jenner, GA., Fryer, B.J. and Jackson, S.E.,
1990, Inductively coupled plasma-mass spectrometric
analysis of geochemical samples: a critical evaluation

Vol. 23, No. 4, 2014

& EHA] Aefo] Rle I 349

based on case studies. Chem. Geol. 83, 105-118.

Kim, T., Tanaka, T., Lee, S-G,, Han, S., Yoo, I-S., Park, S-
B, Lee, J-I, 2014, Quantitative analysis of REEs in geo-
logical samples using ICP-MS: effect of oxide and
hydroxide interference on REEs. Proceed. Annual Joint
Conf,, the Petrol. Soc. Korea and Min. Soc. Korea, 29-
30.

Orihashi, Y., Hirata, T., 2003. Rapid quantitative analysis of
Y and REE abyndances in XRF glass bead for selected
GSJ reference rock standards using Nd-YAG 266 nm UV
laser ablation ICP-MS. Geochem. J., 37, 401-412.

Park, C-S., Chin, H-S., Oh, H., Moon, J.H., Cheong, C-S,,
2011. Low dilution glass bead digestion technique for the
trace element analysis of rock samples. J. Petrol. Soc.
Korea, 20, 161-172.

Palache, C. and Ellsworth, H.V., 1928, Zircon from North
Burgess, Ontario. Am. Min., 13, 384-389.

Pretorious, W., Weis, D., Williams, G., Hanano, D., Kieffer,
B., Scoates, J., 2006. Complete trace elemental Character-
isation of granitoid (USGS G-2, GSP-2) reference mate-
rials by high resolution inductively plasma-mass
spectrometry. Geostand. Geoanal. Res., 30, 39-54.

Taylor, SR. and McLennan, S.M., 1985, The continental
crust: Its composition and evolution. Geoscience Texts,
Blackwell, Oxford, 312p.

Totland, M., Jarvis, I. and Jarvis, K. E., 1992, An assess-
ment of dissolution techniques for the analysis of geolog-
ical samples by plasma spectrometry. Chem. Geol., 95,
35-62.

Zhang, W., Hu, Z., Liu, Y., Chen, L., Chen, H., Li, M,
Zhao, L., Hu, S., Gao, S., 2012. Reassessment of HF/
HNO,, decomposition Capability in the high-pressure
digestion of felsic rocks for multi-element determination
by ICP-MS. Geostand. Geoanal. Res., 36, 271-289.

20144 118 N =
20144 118 132 AAPHA|
20144 128 10 x4



