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Abstract: Using laser-ablation inductively coupled plasma mass spectrometry (LA-ICP-MS), we evaluated
the reliability of trace element abundance data measured from the silicate rock references of JR-3, JG-3,
JGb-1 and JB-1b using glass discs made by alkali fusion. For 28 elements including rare earth elements,
relative standard deviations (RSD) are better than 7% in case when the concentrations of the elements in
the rock samples are greater than 10 ppm. However, RSD shows somewhat increased values for the
concentrations less than 10 ppm, but never exceeds 25%. Compared with previously reported averages of
the compiled abundance data, our data display satisfactory results for the most cases with differences less
than 10%. We suggest that LA-ICP-MS analysis using fused glass beads is a reliable, precise and time-
saving method of trace element analysis for the silicate rocks spanning from mafic to felsic compositions.

Keywords: Trace element, Laser ablation, ICP-MS, Rock reference material
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Zolznl AR (inductively coupled plasma
mass spectrometry, ICP-MS)°] H¥Hoz da] 2~
o] Atkel, Lee et al., 2005, 2014; Kim et al.,
2014). 13 ICP-MSE &-83l= Y3l dig
AREARl FAHALe] Ag- B4R ARk ARl

(acid digestion) 742 >335 (Choi et al., 1994),
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o] Aol Eatell A3 HE FEs EAHT &
& Hol= 47t 5 vk 53] AT A+
RS o83 Sall Aol &3] AgEE el
1% Ee HIZEHslEd faposs ddd
Sal7h olHre A de] deixl Akdojlgta & &
At 7l Eatell AR EA S FAEE FeEl
73 A RHARES w2 AR 2 ]

o

A= FHE AREstoolst Stoi(e], Park et dal,
2011; Kil and Jung, 2015).
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2o) 9T glo] TEHYo] AL ket

o AN Bl 2 ) o YEEC 9

g Fallrde] ¢ 8o R AR fEd
s AlFFstar, AR o83k &8l S ket
4 dAE SYOEHR YATENAHS Fr)Heg
Y F Ue Wl oA Awl(laser ablation) -
=A% Eeh=vl ZHEAH(LA-ICP-MS)e] W9
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=
A3}, 23 BAATe] el wa s,
A7

o] ATl e I XAZAA(Geological Survey
of Japan, GSJ)7} THEo] wjxst ¢+ F2Ed 4%
o sty &ZdT SgHOE F2 LTS A|ZEt
S|EF Ul (rare earth elements, REE)E 2§35
nFdae] s SAsIAT e] A Rz
< A M xEd A, s 44
EFet=E JR3HFEY, 1/63), IG-3@EFEY, 6/73),
JGb-1(RF=SE, 2/403), 12|13l JB-1b(EFE, 5/981)
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Table 1. LA-ICP-MS operating conditions

Laser ablation

Wavelength: 193 nm

Frequency: 10 Hz

Pulse energy: 4 J/cm?

Helium Gas flow: 0.8 I/min

Laser warm up time: 3 s

Wash out time 20s
ICP-MS

RF power: 12000 W

Plasma gas flow: 18 I/min

Auxiliary gas flow: 1.25 I/min
Nebuliser gas flow: 0.6 I/min

Monitor: 8i, °'V, “Ga, ¥Rb, *Sr, ¥Y, *Zr,
93Nb, 133CS, 135Ba, 139La, 14OCC, 141Pr,
143Nd 147Sm lSlEu 157Gd 159Tb
163Dy, lGSHO ’ l(»(\Er ’l(w‘)Tm 7174Yb ’
175Lu: 178Hf:18}1"a:2081)b’ 2’32Th, 2,38U

Scanning mode: peak hop

Dwelling time: 10~40 ms

Sweeps/reading: 1

Integration time: ~ 50~200 ms/isotpe
No of replicates: 5

SAGEL =3:19] vE&2 TS §Al=
lithium metaborate(LiBO,, Claisse)$} lithium tetra-
borate(Li,B,0,, XRF Scientific)S 1:29] FAHEZ
=3et 28 ARgsiGith MaErhe] AR 1g
I gAY EFES B2 FH AT HE=AFY
(KATANAX-K2 Prime Model)® 1100°CollA] 2F 20
7 7HE R 9dd] 88AIA 9 AlFsisi
2872 Y9l 3 LA-ICP-MS #4)-8 3-=a) %
Fo71ed Fu FAAFAe A" [CP-MS(Perkin
Elmer, ELAN 6100 model)2} ©]o] $124% #o]A]
A Z~El(ArF eximer laser, 193 nm wavelength, ESI
NWR 193 modely& ©]-&3IiT}. LA-ICP-MS +4]
2 o)A wWel F7L 100 um, Fe] Al7lE 50%
(4J/em?), ZAMAZHE 53s9] 202 53] =A%
HAZEE AALSIATHTable 1). £FA1E NIST6102
NIST6125 95 #%FEZ 27dH(external calibration
standard)2. 2 AMESITE. LA-ICP-MS £4& 53|
55 134 As5e 71714 4w Al71e] AR W
stel #A7F At yieldd] xfelE BEAs7] f1t]
XRF #4102 A4 Si S AA YiHe=z 1

Hale). Mgl FEAM UHEEOR o
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AE9] Si FEE ol&siith o FxEF
i TEE vl RaE g ARSI JR-3,
223 JGb-19] tH3lA= Imai et al.(1995)2]
Zs, 283 JB-1b9] sl & Terashima er al.
(1998)9] = ol-&skitt.

A% g =9

UE AFZARLOA Ealet b F2EZQ] JR-
3, JG-3, JGb-1, JB-1bE2HE X n|zPs et
ZAZE Table 29} 7t}

UEX|WEALL %A HZSW 4 Zo| 0/
4 BNZET WY

Z:
Table 20 53] ®WkZ B0 o3l A HHRSD)7}

10~20%°] & Hol7|= AR 20%=

= == olgd 3 Al BAE9
Heloll wet & xpol& ERITh Fig. 19 EAI% vt
o} Z+o] &7t 10 ppm 171 ZA9-olE F 7% o]
el otz 2 AL HAFAT 10 ppm ©]3}
l Aeolls 15%E 23she A% 7H UeRd
038 ppmoZ wl¢- 2o Fx2 EAE JR-39] Eu
o] 71 & Q2AE HolH(23.5%) 25%S |e AL

SEAR Q0NE AT 53l 347 nE 21
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Fig. 1. Comparison of trace element abundances
analyzed by LA-ICP-MS in this study with the
compiled values by Imai et al(1995) for JR-3, JG-3
and JGb-1 and Kon et al.(2011) for JB-1b.
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Fig. 2. Repeatability of the measurements. Relative
standard deviations (%) are plotted against concen-
trations of the elements.

A tiEohal AAEE o)lE ALEiaL e ALk
St ol EFOEHE 28 YAE 53 A4S
Z 56079] A A5 FolA o]EA AE As5=
27] 0l thJG-391A4 Lu BAA 4 S Ho
0.20+0.01°1% A LJE 7+ 1.26, 2L JB-1belA U
XA 48] g Het 1.56£0.0501H A E e
3.16). 7 7% BT d9F o g o= s A9
slal Alcke EARre] 71RarE Axkel 2 dX|git).

2340 MARS PaEE A o7t URE &
=k A2 15%ET & U4 Sr, Sm, Eu,
Lu, Ta, U°|th(Fig. 2). 3FAIRF o] YaEoM e &
T ZAfee EX F2 Adeaks Bl ¢oF
Eo] Sr¢] 7S¢ 7.87 ppmeE EAE JR-39] 750
£ 15.7%2 AFLAE HolA|Tt 373 ppme] JG-3=
2.6%, 337 ppm2! JGb-1& 2.0%, 440 ppm3] JB-1b
E LI%E v 22 AP exs BoFEr) o] A
o] BAoA AR e AAFEFS Hol= Eu
7ol = JR-3(0.38 ppm), JGb-1(0.62 ppm), L]
JG-3(0.95 ppm)y= ZHzF 23.5%, 12.4%, 9.31%2] A
AAE Holn olEHT T & FFoR HAd
JB-1b(1.42 ppm)= 4.2%% EX 2+ AHALAE K
A olHgt TEgwd APk o] Aol
ARE3E LA-ICP-MS W22 REEE Xgsh= oJd
nFALES NN 3 AR o
oMo mRE EAsl=t 2 A7 9123 AR

7|20 E 2MZkete| H|m
o] AFNME HZAEE Imai et al(1995)°] F
gk A59} Kon er al (2011)0] B33 X718 o]
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RSD(%)

V Ga Rb Sr Y Zr Nsz Ba La Ce Pr NdSmEquTbDyHo ErTmYb Lu Hf Ta Pb Th U

Fig. 3. Repeatability of the measurements. Relative standard deviations (%) are plotted for the analyzed elements.

Diff.(%)

—IJR-3
-)G-3
- JGb-1
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V GaRb Sr Y Zr Nb Cs Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta Pb Th U

Fig. 4. Difference, in absolute values, between analyzed result of this study and compiled data by Imai et al.(1995)

for JR-3, JG-3 and JGb-1 and Kon et al.(2011) for JB-1b.

ojxe] EAE FUA H vFdh AEE0] X
™, o] A BAjakel JR-3, JG-3, JGb-10] EgF
Foh Kon et al(2011)2 ©] A9} o] &g &
gHoz AZE fdvoziE %Exﬂﬂﬁ
(femtosecond) #|°|HE ©|-&3 LA-ICP-MS
= o1i;q;<lz/\}/\ o]—/ﬂ t} % 113 0 _,_./Ho]_ D:]’
JR-3, JG-3, JB-1bE 2ZZsI}. Table 29 o] 3=
HET] A AelE W& (%)= eI
o2 dase] tigh B4 7] BaE 253
I & AAEH(Fig. 4), 71" el Hxprt
25%E 9E A= 2R 4 4
2 AuEd foh FEEEQ)
o] BAA} Imai er al(1995)°] FHT 7k Alo)
o] Hap} 25%2 FE A9E V(@7%)eH Eu(29%)
Bolw | Imai er al(1995)° #ro] 2] S Tm
< AQdgk UmA] AaEe] 739 HiF 11.5£5.5%°]
HAE BT} o]#fdt e o] Aolx EAE 7k
o] tiF o] e 71Ee BMxse} F IAF
S om|3it}. Kon er al(2011)9] %k} w]wdr 7%
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o= vRRIVIAZ V(48%)9t Eu(32%) F YAaE Al
Qs 25 25% oU 9 ﬁii}ﬁ HolH Kon et al.
(2011)°] %S HISHA] & PbE A9le Yz
250 WA} Heto] 11.8+5.8%°]tt.

sprel FAxEAQ JG-30 ek o] AFe] B4
9} Imai er al(1995)2] & 1x}§€ H) w5
Atole] AP} 25%E ‘die 739 Ho(50%)o]
UmX] dAEL Hd 7.345. 9%4 H| w2 453k J%
22 Btk Kon et al(2011)2] #ahs X wr)
O =0k 25% olde] HAE Holes 94t §lo
w, Kon er al(2011)°] & HI3HA] ZL PbE
A2et U] diEe] HAF Hdo] 5.9+44%2 F
Aol A3t wig- 2 AT HoFET

et FEEAQ] JGb-19] tig AAE Imai e
al.(1995)4 255 HREHH E Alele] HAF 25%
2 d& 9471 Nb(34%), Dy(29%), 23 Pb(63%)
o] A 7ioltt. o] AAES AT YA YAES
Hak= Hd 6.246.0%%2 H| A %53l Kon et
al 2011y o] FxEA Y3t A5E HisHA] &

le{n
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Imai ef al(1995)°] 5% 50| x| Fi&
Aoz FAIF & 7FeAe Bk FH2ol BA4E A
B, Ee 7Y FxEdd gE BiE 24 A8E
AE ek Aol vlwsl 3o 2] dola 4= 9t ®E
HY #F=E4 JGb-19] g ¥4 Ax% Dyol &=
< 1.83ppmeZ Imai er al(1995)2] AE(2.59 ppm)
o} HlwA] g YaEe] Bl F HXE Bl
(29%). 22}t 22 F2EA thal o] ATl T
shAl gz &§o= AR fEldyel g LA-
ICP-MS #4102 Y$} REE ¥AAZE HIS
Orihashi and Hirata(2003) 59 4o st
1.73 ppm®] 7S HILsllon, o= o] Ao Az}
o} Z dXse golth @A 5.7%). JGb-10] 3
P4 BN A7E Bk © o2 A2 Kurosawa
et al(2006)3A] o] AtAzet ¥ 7 1.56 ppm
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