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2 9 ICP-MSZ 37kt AUl I ERYAS] Tk BAA| EFAIRY Meo] o= A J3e F=
2 w3 9f8l, 48 EFAIE(ACCU-standard, No. Cal-1), 348 @24+ HFEAIF(KG-1), 1)
FAIR(G-2), Y EBAEUG-1a, IG-2)E A= 7IFANER 3 Zzte) gERdA $9s S48
AdAe] oatH, HIEF(La-Gd)e] EXEE HFAE9] WHale] BAgle] Az ez 3z 23 =
T dAET 2Eu G2 B2 IG2E VISl R SRS A, UE EFARY FH) 83 9% F
ER(GA-Lue] £ETE B2 Ao/t WAHUL. ol FF:AIRY FHY 0F T2 HFANE 9N
AEE B34 71090 KG-1 &2 JG-lags 7| 18R 3l IERUS TS SAYE HFde G-
2} JG28 7EAER IS wET R S 9 SEFUhe] FEL o] HlnA ofF
Holt}, ol ) IR AEFAL R ojMel EFAEEM KG-1 T2 JG-1a7} 2T} ©
FETE AAEE.

A0 JEFAL ARG FFAE, KG-1, G2, IG-1a, JG-2, =33, ICP-MS
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Abstract: In order to clarify the effect of standard rock material in the chemical analysis of rare earth
element abundance with ICP-MS, we measured rare earth element abundance of KIGAM granite standard
rock material (KG-1), USGS granite standard rock material (G-2), GSJ granite standard rock materials (JG-
la and JG-2). In REE analysis, we used conventional calibration standard solutions, KG-1, JG-1a, JG-2
and G-2 as standard material, respectively. Chondrite-normalized LREE patterns of four granite standard
material correspond well each other in the recommended value and the estimated value regardless of a
kind of standard rock. However, the HREE patterns of the estimated value based on G-2 or JG-2 and the
recommended value are different from each other. Such difference may be due to the wrong recommended
value or a specific geochemical property of the standard rock material itself. The chondrite-normalized
REE patterns of four standard rock materials estimated on the basis of KG-1 or JG-1a show little deviation
compared to the those of the recommended values. This suggests that KG-1 and JG-1a may be a optimum
standard material for granitoids.
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Table 1. Recommended abundances of rare earth ele-
ment in granite standard rocks (KG-1, G-2, JG-la,
JG-2).

REE KG-1Y G-2?

JG-1a” 1G-2%

Ba 130.5 1880 470.0 81.0
La 325 89 213 19.9
Ce 63.8 160 45.0 48.3
Pr 727 18 5.63 6.2
Nd 273 55 204 264
Sm 6.07 7.2 453 1.78
Eu 0.27 1.4 0.70 0.1
Gd 55 43 4.08 8.01
Tb 0.92 0.48 0.81 1.62
Dy 5.98 2.4 444 10.5
Ho 1.3 0.4 0.82 1.67
Er 3.71 0.92 2.57 6.04
Tm 0.62 0.18 0.38 1.16
Yb 4.12 0.8 2.76 6.85
Lu 0.61 0.11 0.44 1.22

UGranite standard rock of Korea Institute of Geoscience and
Mineral Resources (KIGAM, unpublished value)
IGranite standard rock of United States Geological Survey
gGovmdaraJu K., 1994)

IGranite standard rock of Geological Survey of Japan (Imai
et al., 1995)
“’Gramte standard rock of Geological Survey of Japan (Imai
et al., 1995)
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Fig. 1. Chondrite-normalized REE patterns of granite standard (a) KG-1, (b) JG-1a, (¢) JG-2 and (d) G-2 based on
recommended values of KIGAM (unpublished data), GSJ (Imai ef al., 1995) and USGS (Govindaraju, 1994), respec-

tively.
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Table 2. Instrumental operating conditions of ICP/MS.

Forward power 1350W

Lens voltage 6.75volt

Nebuliser gas flow rate 1.01 L/min

Coolant gas flow rate 16 L/min

Auxiliary gas flow rate 1.2 L/min

Nebuliser Meinhard Concentric
Dwell time 60 ms

Reading time 60 sec

60sec X 3 times
Pulse & analog counter

Analysis time
Detector mode
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Table 3. Rare earth element abundances (ppm) in KG-1, JG-1a and G-2 estimated by 5 calibration standard solu-

tions (0.1, 0.5, 1, 5, 10 ng/ml).

KG-1 (n=5) lo JG-1a (n=5) lo G-2 (n=5) lo
La 27.30 £1.12 21.08 +1.18 85.14 +0.64
Ce 55.68 £1.78 4430 42,57 154.00 £1.55
Pr 6.56 +0.15 5.08 029 16.18 £0.16
Nd 22.94 +0.50 1892 +0.97 52.10 +0.49
Sm 526 +0.11 432 +0.18 7.01 £0.18
Eu 0.25 +0.01 0.72 £0.01 1.48 +0.03
Gd 6.26 £1.87 471 +0.33 6.56 +0.56
Tb 0.89 £0.02 0.70 +0.02 0.60 £0.00
Dy 522 +0.13 398 +0.08 217 £0.06
Ho 1.10 £0.04 0.80 +0.02 0.36 +0.01
Er 339 £0.10 231 £0.10 0.89 +0.03
Tm 0.54 20.01 035 £0.02 0.11 £0.01
Yb 3.71 +0.15 234 +0.08 0.71 +0.01
Lu 0.57 +0.02 035 £0.01 0.10 £0.00
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Table 4. Rare earth element abundances (ppm) in JG-1a, JG-2 and G-2 estimated by KG-1 recommended value.

REE JG-la-l JG-la2 JG-1a3 907188 561 joa2 Jg23 1028 oy Goo gas G2
(lo) (1o) (lo)
Ba 4588 4743 4590 464.0:7.81 668 649 640 6526071 17500 1750.0 17846 1761.5:17.6
La 230 233 222 229¢06 221 225 212 21.9:0.7 1023 1041 1029 103.1x0.9
Ce 462 465 446 458:10  S17 521 497 S512£129 1760 1777 1767 176.8:0.9
Pr 527 521 508 5.1950.10 676 669 647 664:0.15 181 184 183  183+0.15
Nd 207 206 203 205:02 290 286 279 285:0.6 610 630 613  6L8LI
Sm 473 465 471 470:004 904 894 882 893:0.11 837 840 842  8.40:0.03
Eu 078 080 080 079001 010 001 011 011001 172 174 172 173001
Gd 414 411 421 415:005 865 847 848 853010 58 591 579  585:0.06
To 071 070 076 0724003 175 167 173 1726004 058 059 059  0.59:0.01
Dy 440 432 492 455033 1210 1140 1180 11804 237 240 233  2.37:0.04
Ho 092 089 102 094007 265 251 258 258:0.07 039 040 039  0.39:0.01
Er 254 242 286 2612023 749  7.08 739 73506 102 107 101  1.030.03
Tm 040 039 046 0424004 126 117 122 1226005 012 0.3 012  0.12:001
Yb 257 252 204 268:023 801 748 776 775027 068 069 067  0.68£0.01
Lu 038 037 043 039003 116 108 111 LI260.04 009 009 009  0.09:0.00

Table 4-continued. Rare earth element abundances (ppm) in KG-1, JG-1a and JG-2 estimated by G-2 recommended

value.
REE KG-1-1 KG-1-2 KG-1-3 KG-l-ave JG-la-1 JG-la-2 JG-1a-3 JG-la-ave JG-2-1 JG-2-2 JG-2-3 JG-2-ave
Ba 1515 151.0 1574 153.3#3.6 5315 5440 5281 5345t84 814 757 781 78.4%4.0
La 301 3.7 308 309+08 222 219 213 21.8:046 216 213 207 21.2+0.46
Ce 593 706 664 654571 538 545 426 503+6.68 503 550 581 54.5+3.93
Pr 788 818  7.94 800:0.16 572 559 550 560011 750 724 717  7.30+0.17
Nd 265 277 268 27.0£0.62 206 202 197 202+045 286 278 279 28.120.44
Sm 562 616 573 584+029 456 443 459 453:009 876 838 843 852:0.21
Eu 024 023 025 024001 074 073 070 0722002 010 010 011 0.10+0.01
Gd 422 453 434 436:016 341 327 337 335£007 698 679 697 691+0.01
Tb 081 091 08 0.86:0.05 066 062 069 0.66x0.04 160 153 159 1.57+0.04
Dy 669 7.0 693 691£021 518 485 550 518:033 13.80 13.00 1370 13.50+0.11
Ho 144 154 154 1512006 1.07 101 119 1.09£0.09 307 287  3.04 2.99:0.04
Er 367 386 3.82 3.78:0.10 260 244 289 2.64t023 770 7.08 748 7.42+031
Tm 103 112 110 108005 069 066 077 071006 215 200 209 2.08+0.08
Yb 528 567 550 548020 340 326 389 352+033 106 96 104 10.2:0.52
Lu 080 08 086 084003 051 050 059 0.53:0.05 164 148 156 1.56:0.08
29 Tm e =7 2457 o|& <3 JEFLAL N hAaE Ba0.106%), '2Ba(0.101%), '**Ba(2.42%),
o] 2x%o oJA Figure 49} o] Tme] o]4e] &l 1Ba(6.59%), '*Ba(7.85%), “'Ba(11.2%), '*Ba(71.7%)
= ZA"E Yepdy o]E 2aslr] YlAE Figure 7 o], 23lE(Ba0y> Eu("'Eu, "Eu) 93hulFBaCly
o] ¥ W3} o] AARE e AMEERE Ao] Hrt Yb('"'Yb, '?Yb, 'PYb, 'Yb, PYb)#H FEEHEE 7
B B3 e @S 7t Ak ole TEAIRY A Lo WEME o] F R4 BN FTFE FIE o
go] g Ta% AE 4 HAFE det shrh th & Alguiel Bad] o]l YT w0H, o]2 <l
ICP-MSell 218k #AA] o] F d&E EFstd HE
ICP-MSOI| 2|8t BMA| Ba #5120| O|X|= A&k FIERYAS] BX= FFE & 7FeXel £ &
ICP-MS& HERALE BAT o, /1% ol Akgd B TFAEF G271 1880 ppme] H]

=1 7Ke] Sk.O
B2 9%

Q1 F¢) si7h Baoleh. Badl B

A £ Bao] THE HAFET Table 59l 27te)
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Table 4-continued. Rare earth element abundances (ppm) in KG-1, G-2, JG-1a and JG-2 estimated by JG-1a and JG-

2 recommended value.

JG-la-ref JG-2-ref
REE
KG-1 G-2 1G22 KG-1 G-2 JG-1a

Ba 119.5 1672.3 503 190.8 2532.7 644.3

La 28.6 88.6 177 33.1 93.8 24.1

Ce 586 161.2 428 65.0 164.7 48.2

Pr 742 17.8 5.96 7.67 17.1 5.56

Nd 24.6 54.4 27 27.8 57.0 21.0

Sm 5.59 7.50 7.07 5.67 7.54 427

Eu 0.23 1.38 0.07 0.26 1.60 0.71

Gd 481 5.59 6.86 5.37 528 3.68

Tb 1.03 0.67 1.63 0.98 0.57 0.59

Dy 7.07 220 997 532 22 3.18

Ho 1.10 0.33 1.93 0.78 0.25 0.442

Er 3.70 0.90 6.24 3.00 0.732 2.00

Tm 0.55 0.12 0.93 0.56 0.13 027

Yb 4.18 0.70 7.01 342 0.63 1.66

Lu 0.72 0.10 1.23 0.61 0.10 0.29
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Fig. 2. Chondrite-normalized REE patterns of granite standards (a) KG-1, (b) JG-1a, (¢} G-2 measured by five calibra-
tion standard solutions.
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Table 5. Eu abuadance in granite standard KG-1, G-2, JG-1a, JG-2 measured based on "'Eu, '"“Eu using ICP-MS.

KG-1 (Recommended abundance 0.27 ppm)

KG-1 G-2 JG-1a JG-2
1 2 3 4 5 6 7 8 9
BIEy 0.26 0.28 0.28 0.28 0.24 0.23 0.25 0.26 0.26
BBy 0.26 0.27 0.27 0.28 0.24 0.24 0.24 0.26 0.26
Eu 0.26 0.28 0.28 0.28 0.24 0.24 0.25 0.26 0.26
G-2 (Recommended abundance 1.40 ppm)
G-2 KG-1 IG-la JG-2
1 2 3 4 5 6 7 8 9
BIEy 1.59 1.60 1.62 1.72 1.74 1.72 1.52 1.38 1.41
8By 1.60 1.57 1.59 1.76 1.79 1.73 1.60 1.46 1.40
Eu 1.60 1.59 1.61 1.74 1.76 1.73 1.56 1.41 1.41
JG-1a (Recommended abundance 0.70 ppm)
G-2 KG-1 JG-2 JG-1a
1 2 3 4 5 6 7 8 9
BBy 0.74 0.73 0.70 0.78 0.80 0.80 0.75 0.72 0.69
53Ey 0.70 0.70 0.70 0.78 0.76 0.77 0.76 0.71 0.70
Eu 0.72 0.72 0.70 0.78 0.79 0.79 0.76 0.72 0.70
JG-2 (Recommended abundance 0.1 ppm)
JG-2 JG-1a G-2 KG-1
1 2 3 4 5 6 7 8
BIEy 0.097 0.074 0.096 0.098 0.105 0.097 0.105 0.105
5By 0.099 0.069 0.092 0.102 0.089 0.092 0.106 0.099
Eu 0.10 0.07 0.10 0.10 0.10 0.10 0.11 0.10
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Fig. 3. Chondrite-normalized REE patterns of granite standards (a) G-2, (b) JG-1a, (¢) JG-2 measured based on KG-1.
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Fig. 4. Chondrite-normalized REE patterns of granite standards (a) KG-1, (b) JG-1a, (c) JG-2 measured based on G-2.
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Fig. 5. Chondrite-normalized REE patterns of granite standards (a) G-2, (b) KG-1, (¢} JG-2 measured based on JG-1a.
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Fig. 6. Chondrite-normalized REE patterns of granite standards (a) G-2, (b) JG-1a, (¢) KG-1 measured based on JG-2.
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Fig. 8. Chondrite-normalized REE patterns of granite standards (a) KG-1, (b) JG-1a, (¢) JG-2 and (d) G-2 measured,
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