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Optimal Conditions for Pretreated Sample for Sr Isotope Analysis
by MC-ICP-MS: A Comparison Between Eichrom (SR-R50-S)’s
and Bio-Rad(AG®50W-X8)’s Resins
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of A A3} FofolA] A e] A A7], Az e Ao 72AERE E4EE Sr sHY9AH=
o] 23} Z7EA7](thermal ionization mass spectrometry, TIMS) & th&7| =243 Zgt=zv}l AR
7] (multi-collector plasma ionization mass spectrometry, MC-ICP-MS)9} 7Z+& a7 E o] g3sle] =4
T AUTh o] ZERIAE, Sr TUAE] SA|, 9ie] Bt s E87t Sr w9l Hgk
(true value)dl] oJH LS WX=AE w3t Adole FHE %, NBS98T(NIST SRM987) Sr 59
Aa BFEF 283 dEA-ZARS] SHHEFAE JGla, IB3, JAIS o &3tk vaad Az}, NBS9s?
Sr 994 BFEANE, EARZA ALY HEFAE IGla, JB3, JAI BF Bebs #ajdl] 9] Rbo] &
oFdE AF FSr/sre] ZAggko] Wahke Ao] WaEeA #EAHET. ol AREA7] 53] MCICP-MSE &4
QANE SR} e A9, 5E5eAdae] el Uigt B Bt g% Aol "oy

e ko

r

DR sk w7t 28 QARE AEIET 28 ERE MCICP-MSE o83 Sr 5994 S4d4E
Byd v, $F55dR0 % 4TS ALY F AR Sr9] FUL AA FgAES} HEe] ¥Rb
SAAERE A Rasjop & Zlott.,

20 Sr F9U4, MCICP-MS, A¥azntETely], 44

Abstract: The Sr isotope ratio, which is used as basic data for rock formation time, crustal and mantle
evolution studies, is determined by mass spectrometer such as thermal ionization mass spectrometry (TIMS)
or multi-detector inductively coupled plasma mass spectrometry (MC-ICP-MS). In this technical report, we
compared how incomplete chemical separation of elements affects the determination of Sr isotope ratios. For
the experiment, commercial resin, NBS987(NIST SRM987) Sr isotope standard, and rock standard samples
from the Geological Survey of Japan (GSJ) such as JGla, JB3 and JA1 were used. As a result of the comparative
experiment, it was clearly observed that the measured values of ¥’Sr/*°Sr change when Rb remains due to
incomplete separation of the NBS987 Sr isotope standard sample as well as the rock standard samples of
GSJ. This indicates that complete separation is an important factor since the calculated value deviates from
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the true value even though correction for isotope interference by isobar is performed when measuring the
isotope ratio with MC-ICP-MS. This also suggests that, when reporting the measurement result of Sr isotope
ratio using MC-ICP-MS, the measurement strength of ¥Rb should be reported together with the measurement
strength of all isotopes of Sr so that isotope interference by isobar can be judged.

Keywords: Sr isotope, MC-ICP-MS, Column chromatography, Resin

M B

DA A8 A5 A DA A9
HHG A5 F9 shtelrh. 2] A e AE
ANER2THY UL A4se Ase T2 A%
X715 &8st Al "t HIZole olxfele &
249 7] (secondary ion mass spectroscopy, SIMS)}
2o ojzfol S &= AR i o
Eo] E3gk cHEaPH glo] A& AR FWH A4S
Bl 994 ARE 5T W HAAR, &
o] &3} 7E47](thermal ionization mass spectrometry,
TIMS) &2 tHE7] =29 Zek=rt d3E4
7] (multi-collector plasma ionization mass spectrometry,
MC-ICP-MS)e} 722 g2l AFE4 7= A2l
SIS HA Dojxl AlRE Fall 94 ARE
AA Hr}, wo welE MC-ICP-MSE #lo]A] 4}
b= (laser ablation system)S &-&3fo] 33| A&
ZHE Y 5994 AEE 4 = Uk A"
A ARE ol&she AF, 4 Thsd AR F
Fol FHYAe] EFR7T AlgHE vl A AlEE
83t MC-ICP-MS+= SIMS, TIMS®} 22 Z =
2719} vl u], Bo} Tkt 9AaEe] FoUA
vlo] thst JRE FE351A s=tHBacon et al.,
2020; Zuma et al., 2020).

ZAA ol EAs= 2EEF (strontium, Sr) 59
2= MS1(0.56%), SK(9.86%), F'SK(7.00%), *S(82.58%)
o|th(Rosman amd Taylor, 1998). ¥Sr& ¥IA719) &
HYAZ YRbe] WEF T (B decay)ell <J3] AAJET]
upgbA] Z7] Rb/SrHlel wha} S8 7t debict.
ZEEFO] AN 591941 (St Srye 204171
WHEE QFA o] AA)7), A2t WhE R1stAe] ]
ZAEE &SI, H2de s AdAT
88Sr/ASrH] o] ek AE FskA o] Foix| A 9l
(Amsellem et al., 2018; Paytan et al., 2021; Su et al.,
2021; Yoshimura et al., 2021). ©]¢} & L4
ATsEtATE FAsh] flEiM e Seds ATt
gho] Jida) tEo] 71EH o2 AFAA e tigk &

35t olsl7} BrAolch, AR Fuhe] el
ur

ol W, 2 AFI gk ARt :
upgha] Srivte] ofue} Zhg, wivlg, H, vlor
O 5 U dae 59948488 &
3atazt sk AfolE, A 2 A o] AHAE]
Z1A ook g}, o] &nlE A Felehy dAS f
FaW7] f1gk 7P 712 oAXE HEEA] 2R EHA|
71Edlof ke T8 8.40]7] wjolt)

FHoll= Hll oy A7iHe] flof e A
M71E BARFoEA, tFet Ay A7t 2l
o] 492 dh= YA AEE Yy &olshA
Y53 5 A =HATE TIMSE ©]&3te] AHA R
ZHE 2249 Sr (o] 7IERIANME STk AF
starzl ghehe] F91UAnE S & o, £
A2 e A7 FH]H (rubidium, Rb)y Sr}
RbO| o] 23le]= 2571 ThEHE e o o]
2315 = RbS AAS & Sr 5N E }
T7F ATHEE ©] A Sr 59dLe]
o] dojup|&= d}, 3EA|RE, MC-ICP-MS2] 73
a7} SAe o] &s}u]7] well, 43719k e I
E7Fssitt. wEbA 55599 (Isobar) 7H ol <]
g B 28 4 AUt TIMSS] 499l = Rbe
AAG Fox FFEHDn el o vge
Q 3lt}. o] MC-ICP-MSE ©] &3} Sr 99 4H]
< TIMSel| Blal Hehwe] gt HAdo] Erhe
v} (Pin et al., 2014).
oM AFgh vpel o], i o] theket <
o] st e AERA7)E o838t th
ATF+EA o wet Sr, Nd, Pb, U, Mg, Li, Eu,
thefet Qo] FYA BAAYS a5t
o]
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u}
Lee et al. (2018)2] H o= Sr-/] —EE]JJ-XJ«] 2?6]%—
A3 S AREg Gzl tigk ARgE Abe] X
(volume)7HS 7|&8l Fokth daia]o| ’\]‘
2be] ke gizle] Yt #izle] = F A7
wzh xpe| 7} Tk, webs, A A TS :IL——%‘:} ‘:}

ﬂJ“ o]:o —‘

wolle AFA 219 APA|=d A3er 49
A& WE=A] Sofof it

o] 71&RINE Sro] 98 7K FYDA BA
AR S 718l Wi} gt a28]a 27 =
AT A, FHLAY Y Hgh(true value)oll o] H
FEFES v ]t— Joll el HA d & AXToZH, 5
b4 2k 0] SukE AThH-S 7ro] AA|StaA} St
ol 95, o] AFoME Sr XFEZ NBS9S7(NIST

SRM987)JJr 2&24 T A (resin)E ©]-g-3ted F-2] gt
5 35E 2 Sr 9N E Btk AR
TFA = Eichrom/\} Sr 2 mL 7FEZ]A] 4A](SR-R50-S,
50-100 pum, Lot. No. SRSRI8E)$} Bio-RadA} o]
2 WA (AG®50W-XS, 200-400 mesh)e]th. 2=
A7)0 A tEo], s994 Asiet A
T AFA =" o] e A]tslshd Hs)h S
2 H3lE sdshs Aurigel A k. o] 71E
By FEALS e} T3 59U A3
ATE AT o] 2 712 AAAH S ZFoly
ul A ol @ & A=F B ZpAEHA 2K o}
<=t Ut 53] Ao g Folda Aser A
AZle ARATAT A8y A k= °‘°1
Aol s g dgste] Hrh thkeh folol 3§
& & Jde 712E AFskEd Ik

s
il
OII

s
Aot & AEeT

Sre] A% £ /‘E‘f?ﬂﬂ a3k HEZE £7](teflon
vial, Savillex)= A8 # ODLABA}S] UP(Ultra-Pure)w
30% $34H(hydrochloric acid, HCI), 70% 2 Hnitric acid,
HNO,S E§st T 9497 (aqua regia, HCI:HNO;
= 2D AHNT HSE 8719 45E 15 A=
A9 8718 HHAZ F 78 F(hot plate)l| A <F
140C 2 2447} o] & 71 &%), 2rke 2asr
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YA BAS S8l AxRE Al HE =24 509

(Milli Q water, 182 MQ)Z o|-&3}o] 33] oAt A%

T A 2EFE 7S AY 8718 2EAR & )
datol A oF 140CE 24417} o) 7131t} 28
3L A 2EFE olgske] 33] o AlAE & A

z3}o] AMgSIeTt.

T=2

Sr w8 AES 93 = FHRETEATAE

(National Institute of Standards and Technology, NIST)]l

A FYs St EFEF NBS9S7H Jd g0z jJrHH

F 3 A= AccuStandardAle] ICP-MSE- Rb X5

ol (Plasma Emission Standard, 100 ppm)< /\]»9_0}

t}. Sr E°1°V\ 5 Rb BFE=de 747 FAE

st S8 F, 5.1#5 70% ALHS o] & 0}04

THE 2% O 2 1 ppm FE9] A (stock solution)
u

e 5 Aol ARgsiith

==

2 Al F TR FAE ARSI shue
EichromAFe] 2 mL 7FE&]A] Sr 4] (SR-R50-S, 50-
100 pum, Lot. No. SRSRISE)®] 2, 5 3= Bio-RadA}
o] ol W FX(AG®S0W-XS8, 200-400 mesh)
olt. o|AH, F FF FAE o8& AL, ¢4
FA e FR7E 4 B A9 ge ZE w9
2] 4o g v‘bxle els Fﬁ At

WA, EichromAl Sr A= ZAF F27F Z71st
w2} Sre] §57F S7ksk=t, 8 M Ak Al Sre]
k' (capacity factor)S 7}A|™ k' k-2 900|t}. WhH,
0.05M w|5ke] Ak oA Srof tigh k' F 1
ko 2 Holxink, AAHow AAHE A9 HAY
L3S 2mL ZE F 9 12 mgo|th(Horwitz et al.,
1992). rA— B FAY &L oL AYH = JIE
A & 8 mge|t}. Eichrom Sr =4]2] 9% YAk
Atolz27} Z2r5 §EHo] Fopdtth. o= <l
azrhEads)e] 45e PP, S B8O
2 S0t velA AsH0w 124 A0 2010
wh g HEE AN §F St welA] )
whel 2t Yol $AE A Fhssi, & AT
ol A A-&-% 50-100 pm A= EichromAFe] 213
vl Al 28 (vacuum box system)S A AEE 4
V=S JHEA g At

Bio-RadA} o] & 842 (AG®S0W-X8, 200-400
meshy= 38t Hd¥ FARAN FE Ee AY A=

)
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nlE e g]o] AR-EH, E2 Aol =a(~150T),
FENE B ZeEZo] gado|th. 3 4k o
7], 571800, 4tsl FdAo] e =& AgHE 7t
ZIch,

ZE=2|Y

Eichrom Sr #X|E 0|88t £2|8(Fig. 1a and Fig. 1c)
Eichrom Sr X]& ©]§3¢ B2|H2 Al52 £, Sr
sHaF 5ol wEl st th(Feuerstein et al., 2008;
Maxwell ef al., 2015; Lee ef al., 2018). & A3 o)M=
EichromA}2] Sr 4] SR-R50-S (50-100 pum, Lot. No.
SRSRISE)E olZH=E A=gt At 143 v,
g Bpze] AYS dA|sle] YRS JAFPEE e
% 49 B9 E s thFig. la). Sr 2= 9l § M
2 0.05 M Z4ks 0]-8-58191 97 (Eichrom Technologies,

C) Dissolved sample

Cleaning column
8 M HNOs 30 mL

v

Conditioning
8 M HNO3 5 mL|

v

Sample loading

8 M HNO3 8 mL
Rinsing
8 M HNO3 10 mL(5 mLx2)
Eichrom
(SR-R50-S, ¢
50-100 pm,
Eluting Sr
2mb) 0.05 M HNOs
20 mL

Insert into vacuum box

ol

Inc., 2014), X+ 120 oF g W-go] oA AH
21 HEZ(Lafil 400)5 A 3HATE AH x| w
gt &5 S5t 23¥ vERE Fyn 85 &
- T

TEZD NE= ANEE FAS T HEE &7l Hol oF
140CellA Al55 8] Az Al the, 8 M ZAt
8 mLE &g HSAIA FYattt o] F 8M &
210 mLE o] U 94&ES AA F 0.05M E
2+S o] g€35te] 20 mLE FH 3 th. EichromAle] &
2]% SRWO01VBS(Eichrom Technologies, LLC., 20142
=9 Sr YA BAHOZ 15 mLE FH3IA

d) Dissolved sample

Cleaning column
EI 5 M HCl 30 mL

Conditioning
2.4 M HCI 5 mL|

v

Sample loading

2.4 M HCl 4 mL
Rinsing
2.4 M HCl 30 mL
BIO RAD ¢
(AG50W-X8, -
200-400 mesh, Eluting Sr
7 mL) 2.4 M HCl
40 mL

U

Fig. 1. Column chromatography for Sr separation. a) Sr resin column of Eichrom (SR-R50-S), b) HCl column using
AG®50W-X8 (Bio-Rad Sr resin), c¢) Procedures of column chromatography using Eichrom SR-R50-S for Sr resin, d) Proce-

dures of column chromatography using AG®50W-X8 Sr resin.
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b B Ao E 20 mLE 3]s Sro 7k o]
= Fgelsit} 34 3 MC-ICP-MS #4128 9]38)
ANS F7Vele] 2% FEE WEIFIUT

Bio-Rad 0|2 X|(AG®50W-X8)= O|&5+ £2|H
(Fig. 1b and 1d): AG*50W-X8 (Bio-RadA}) ¥o]-2
FAE AR 6 M FAtoz o] W e & 2}
A A& WAo] oF 1em? g 2, 7TmLE
A AHE-sHATHFig. 1b).

Ao A& AL T, WA 6 M & e
30 mL SHEW AHSIT 5oz A9S FH|
sHAl | 735Ek o] AL o7 ¥ wHEEof gt
el ﬂ*@ﬂ £ A2l 9bA, BFEgk(blank) S
gRlate] FA o EEo] Hollexlo sl &<l
steof gt

oje} & 7% FHI7F SEEQIOH, A B o]
A EQlo] IR F dh= JH/Ne] Aie] gk
1727+ 3 gt gaks o] 83k ARl
3%, Rb¥} Sr& 2-25M9] d4HE o8-kt 717He]
Lk ARle] A, A9 &, dAke] wx
et T:} 7] W&o, AgolE | mLA T HEa
fdg nE ol ZhEE o= g IH
25 ZARIES sjjoF gt dvkeld, A- o] W
A 7R F 27AL Ao Fxo wet 27|
=3
Aol A AREE Aol ] WE R &
a3 2.4 MO GikE o] &sHAE TEA R =
U 2ok & 6 M @Akl &gk 2] Al &, 24 M

AA 5 ML E wjAE WA, AJEE 24 M
B4 4 mLE &3liste] Ay FAsidoh 6 M &
stoz A A T, 24 M Gto g mjd = 19
*HEHE z4 oF 74% AE FUE 24 M GikE o]

]o

o i
o2 o

i

.

¢}

o
\

lo

=
©

i

AE0] FX l°ﬂ i EM o3 FAZRE 2= o
Uo = &4o] wlEe] ARE AiE dA €k
Wb o] Ao xE 1X}Ho=E 24 M GARS 30 mL
< & HUHEA] 71d 9AES WA AAS, 24 M
G2F 40 mLE SrE E# 5 tHFig. 1d). #8® Sr
fAo HEE 272 &A 7 140CE A=z
AR F, Sr FHYARE A3 93 2% FAre =

Vol. 35, No. 4, 2022

T Sekavt AFEA7100 23 Srselea B4 flel AAeE AR HA 24 511

3)4131%th. MC-ICP-MSZE Sr 599402 =43}
22 g ), SN ELS EEld Srol ¥l wet 23
HA g AukE o 2= 100-200 ppb (100-200 ng/mL)
A2 wrET) 83 A AHREE FAEE 7}
A3 Sr T 7)eF YAE BYstal she A9, A
AEAH A F M, AR 5.0l AHEE 4k
AR vk (total blank)S 2Hlsledof 3ic),

MEFAIZOMS] Sr SPHAH| SHAFEY

o Aol A &) NBS987 Sr 5994 HFAS o
43 Sr #E3g A gE, o9 Sr 5994
H|9] Zro] HuEo|9s YEXAZzALLRS 3174t 3}
stz AR JGla, 954 ¥FAIR B3 282
oMkl MFEAIFC JALS o]&35le] FEFLUALY]
EA17F MC-ICP-MSE o]83}4] Sr 5 d&H|E =

AT o "X= JFS AR

EFEZ] A= HEE vlo]goll ¢F 100 mg]

d
1=}
>,
il
it
o{&

& 3 2345 A2H65% HNO,)Z
ng} 2mLe] EFTS 410
A 2A ) 7ML T 140To

(e} =

48X7+(2Y) o) 7} ANFL o)F, 48 9

A B RS AAS] 218l z‘sz% 7Y 2k
02 mLE F713 & 180ColA Ak %— A A D} s

Lle
o] ¢d3s] S o] F Alo|=7t oKl vl
R —’Fﬁﬂé} } 24M %ﬂa‘} 4mL 301 £
Joll &eirEE 971 dll, &
12 olgsle] go o) Y
22 ZAMRT. 287t 4
H gl ddievlE AT gAEE
A HA FARE, AHES 7F B
Folle e Al 2%l A

el =AY Aok ¢

Eu‘”
—«\1

MC-ICP-MSE 0|&¢t Sr S2|&4H| &
Sr 5%1948]= MC-ICP-MS (Neptune plus, Thermo
Scientific Ltd.)E ©|&3l 52 Eef=nf 27102
2890tk 2 994 S, ¥Rb, *Sr, ¥Sr, #Sre
sj2fdlo] F(Faraday cup)E AH8-3td FAl &4
SR, BZAL Table 13 72t} BEAx4 = b
AT & e AE7E 7F 994 ko] "]

(mass bias correction)y= *Sr/*°Sr=8.375209%15 A&
ste] BAG skt
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Table 1. Instrumental conditions of MC-ICP-MS for Sr isotope analysis

Instrument settings
RF power (W)

Plasma Ar gas flow rate (L/min)
Auxiliary Ar gas flow rate (L/min)
Ar carrier gas flow rate (L/min)
Sample cone
Skimmer cone
Sample uptake rate
Sample uptake time
Wash time
Lens settings
Data acquisition parameters
Scan type
Cup configuration
Zoom opics
Sensitivity
Integration time
Number of integrations

block/cycle

1200
16
1
1.04
Nickel, 1.1 mm orifice
X-cone; nickel, 0.8 mm orifice
80-100 pL/min
150s
250s

Optimized for maximum analyte signal intensity, flat-topped peaks and stability

Static measurements
2Ky, BKr, ¥Sr, BRb, ¥Sr, ¥'Sr, #Sr
Focus quad; 5V and dispersion quad; 0V
100 mV/ppb
4.19s
1
9/12

Z Y £

Neptune MC ICP-M S«] E°]L_,_l"%/‘ﬂ, 7%4—4 7@:61-
=9 =S AESISItHFig. 2). Fig. 2049 2+
o], A HA AMg-3l= NBS987 E8 ] %S/
foSr M1 & AW, XFEH dis S Ha

0.7106
0.7105
#7Sr/*°Sr=0.71026(Balcaen et al., 2005)
0.7104
S
wv
8
30‘7103 Py TRL X QAa’v .A' 0,04 %009
ve
& 0.7102 Plots average value of
: #7Sr/%5r=0.710271+0.000003(n=29)
0.7101
0.7100
0 5 10 15 20 25 30

Number

Fig. 2. The plots indicate the ¥’Sr/**Sr values of NBS987
(n=29) in this lab. The red line indicates the certified
value of NBS987 ¥Sr/*6Sr=0.71026 (commonly accepted
value) (Balcaen et al., 2005).

Sr/%SrH] ZES 0.710271+0.000003(n=29, 26)& 3
ZZk 0.71026(Balcaen e al., 2005)Z 71¢] Q3|
g},

i

0| Sr &¢I |0l OfX|= Hek

TIMS &2 MC-ICP-MSZE 5940 =44
g os B EEE Qs 28 2 e &
FTETEAAa ok 7Hde] d 83tk MC-ICP-MS
Lo Qo= BeEe] Fed wet BAgo] 4A A
= 77 Bk wEbA, o] dAtellM= A
7} lol] SPA EFENS o]&3te] SrEHUs &

Rbe| FFEALA2(VRb) A 71 VSrol| mIX| =
S ARSI
Table 29} Fig. 3& NBS987 100 ppb &< W] Rb2)
F=E 0 ppb, 0.1 ppb, 0.5 ppb 1 ppb, 5 ppbel 2ol
A9HoZ tp2A FYg & MC-ICP-MSE ¥Sr/
“Sr & SA43 Aoltt.

MC-ICP-MSE ©]-&3} ¥Sr/%Sr #2418 o=
_‘Z_.EE_O] o_]/\o] 87Rb-4 7]_/\4 o] -5]-}& Elﬂtﬂ'q. 3].;( ,
YRbgt VSt Aol HAH SRS & sl o
ol ¥RbS S5t kst e o] 4] (1) 2
o] st ¥Sre] s HAFITE

Ro(ESES?IHe) B

oo &

S
KN
=
A
[e}

<

ﬂllﬂ

O.u.. _4 _(IZ r“O m“
2

—‘-'0}('1

o

¢
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Table 2. Degree of change in Sr isotope ratio with increasing concentration of Rb impurity

aml(::lr;:; of Intensity(V) 4Sr/*Sr 7Sr/%Sr 88Sr/%Sr D.;i:;;ef:::b
Rb (ppb) 84Sy %Rb 8Sr ¥78r 8Sr (20 SE) (20 SE) (20 SE) (%)"

0 ppb 0.0702  0.0000 1.2903  0.9331 11.2007 ::)00050605(?094 ::)070](?02;054 :50608(?0801681 0.00
0.1ppb  0.0639 0.0080 1.1749  0.8529 10.2002 iOOOOS()605(;)(§)5 iO0701(;)O205013 i8060801(;)02425 0.36
05ppb  0.0639 0.0430 1.1747 0.8668 10.1985 :é)OOOSO60505:4 f0701(;)0205;4 :‘:806080107(;"565 1.91

1 ppb 0.0638  0.0827 1.1720 0.8808 10.1752 30005060501055 30701(?0207053 506()801()90657] 3.62

5 ppb 0.0637 03979 1.1706  1.0059 10.1637 :3000506(;‘06015 :30701(?(;35)063 :506080205;594 15.23

YDegree of *Rb interference = Rb’/(¥Rb"+*Sr,,)x100(%), where calculated intensity of ¥'Rb"=

(%) (Rosman and Taylor, 1998)

0.71032
0.71031
0.71030
0.71029
0.71028
0.71027
0.71026
0.71025
0.71024
0.71023
0.71022
0.71021

87sr/865r

0 0.1 0.5 1 5
Rb(ppb)

Fig. 3. Degree of change in Sr isotope ratio with increasing
concentration of Rb impurity. This diagram clearly shows that
¥7Sr/%Sr ratio is affected by a little amounts of Rb impu-
rity (0.1% of Rb concentration against Sr concentration).

87Sr

meas.

= 87Rb* + 87srre:al (1)

o] ¥Rb' = intensity of *Rbx27.83(%)/72.17(%)
(Rosman amd Taylor, 1998).2 & 4= o},

3 S E VS, W YRbFEO] X3E] =
Rb VS e 2 ]‘6}\1} AL EE 87Rb*/(87Rb*
Sr )% 100(%) S5 741 H nH VRbe] sr 59

ameAel dvht 9g= FAAE & °ll?‘r
Fig. 3= Sr 591 «1 =7l %101/‘1 ¥Srol] o
gk YRbe] HAgo] FH Qo= =73k, Rb &

Fol S71ell whet ¥se/sr H7E % i} Z7¥ske A

o] W&s| HojFEr) o= APEA] EoA e
o3l Rbo] Wolgl= 79 87§pegre] =Azko] A7k
e EoE 22 Ba.
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Table 3. Results of ®*Rb, Sr isotope Intensity, Sr isotope ratio determined by MC-ICP-MS and recovery rate (%) of Sr by
elution section during column chromaograpgy using Eichrom Sr resin and Bio-Rad Sr resin

Intensity(V) Degree of
Sample — 84Sr/8Sr 87Sr/8Sr 88Sr/ASr . ¥Rb  Recovery
g BRp  %Sr  Ygr  88gp (26 SE) (26 SE) (26 SE) interference (%)
(%)"

Eichrom (Sr:Rb=1.02 1g:4.99 ug)
Eichrom-1 0.0003 0.0003 0.0067 0.0050 0.0585 0.052904+0.000810 0.709064+0.000218 8.685156+0.002832 2.314391 0.35
Eichrom-2 0.0075 0.0003 0.1377 0.0997 1.1958 0.055974+0.000041 0.710391+0.000014 8.685039+0.000175 0.099340  7.05
Eichrom-3  0.0751 0.0003 1.3785 0.9969 11.9626 0.056472+0.000004 0.710274+0.000003 8.677930+0.000043 0.009774  70.57
Eichrom-4 0.0146 0.0002 0.2684 0.1941 2.3277 0.056126+0.000020 0.710357+0.000007 8.674182+0.000092 0.033541  13.73
Eichrom-5 0.0020 0.0002 0.0372 0.0270 0.3231 0.056653+0.000128 0.710565+0.000036 8.675652+0.000474 0.260436  1.91
Eichrom-6 0.0017 0.0002 0.0317 0.0230 0.2749 0.053042+0.000152 0.711280+0.000039 8.6885184+0.000501 0.275204  1.62
Eichrom-7 0.0007 0.0002 0.0138 0.0100 0.1195 0.048409+0.000373 0.711992+0.000099 8.695469+0.001364 0.711400  0.70
Eichrom-8 0.0002 0.0001 0.0032 0.0023 0.0274 0.025645+0.001942 0.715461+0.000425 8.730233+0.006344 1.462202  0.16
Eichrom-9 0.0001 0.0001 0.0017 0.0012 0.0142 0.028145+0.003303 0.718138+0.000713 8.701523+0.010577 1.671427  0.08
Eichrom-10 0.0001 0.0000 0.0013 0.0009 0.0112 - 0.716643+0.001177 8.926561+0.015353 1.662952  0.07

Total 96.24
Bio-Rad (Sr:Rb=0.71 ug:0.7 ug)
Bio-Radl  0.0002 0.0484 0.0048 0.0228 0.0415 0.056449+0.000948 0.710989+0.001439 8.669964+0.003231 81.732274  0.31
Bio-Rad2  0.0004 0.0128 0.0083 0.0111 0.0720 0.059689+0.000671 0.709681+0.000172 8.654874+0.002249 44.375614  0.54
Bio-Rad3  0.0008 0.0041 0.0155 0.0129 0.1349 0.060264+0.000350 0.709919+0.000081 8.668845+0.001038 12.317277  1.01
Bio-Rad4 0.0014 0.0011 0.0267 0.0197 0.2319 0.057710+0.000197 0.709439+0.000067 8.672116+0.000686 2.107257  1.74
Bio-Rad5 0.0023 0.0003 0.0419 0.0304 0.3634 0.058827+0.000116 0.709671+0.000035 8.668474+0.000412 0.387207  2.72
Bio-Rad6  0.0039 0.0002 0.0717 0.0520 0.6224 0.055850+0.000078 0.710238+0.000023 8.6757333+0.000259 0.165662  4.66
Bio-Rad7  0.0068 0.0002 0.1246 0.0902 1.0807 0.056518+0.000043 0.710333+0.000015 8.673995+0.000214 0.096102  8.09
Bio-Rad8 0.0107 0.0002 0.1969 0.1424 1.7079 0.056370+0.000026 0.710211+0.000012 8.672641+0.000111 0.055489  12.79
Bio-Rad9 0.0141 0.0002 0.2583 0.1868 2.2395 0.056280+0.000024 0.710277+0.000011 8.670520+0.000114 0.042558  16.77
Bio-Rad10 0.0149 0.0002 0.2731 0.1975 2.3677 0.056471+0.000021 0.710326+0.000008 8.668960+0.000109 0.038701  17.73
Bio-Radll 0.0120 0.0002 0.2216 0.1602 1.9204 0.056429+0.000024 0.710252+0.000010 8.666897+0.000125 0.046458  14.38
Bio-Rad12 0.0079 0.0002 0.1447 0.1047 1.2544 0.056043+0.000035 0.710355+0.000014 8.667751+0.000162 0.057977  9.39
Bio-Rad13 0.0044 0.0001 0.0815 0.0590 0.7067 0.056300+0.000079 0.710369+0.000023 8.665947+0.000259 0.072838  5.29
Bio-Rad14 0.0022 0.0001 0.0403 0.0291 0.3491 0.056667+0.000139 0.710114+0.000035 8.662654+0.000453 0.066880  2.61
Bio-Rad15 0.0010 0.0000 0.0187 0.0135 0.1617 0.055744+0.000333 0.709867+0.000081 8.660461+0.001017 0.045232  1.21
Bio-Rad16 0.0004 0.0000 0.0081 0.0059 0.0706 0.049369+0.000734 0.709875+0.000189 8.671694+0.002109 0.097574  0.53
Bio-Rad17 0.0002 0.0000 0.0037 0.0027 0.0319 0.040807+0.001511 0.708344+0.000353 8.708843+0.005030 0.368019  0.24
Bio-Rad18 0.0001 0.0000 0.0017 0.0013 0.0151 0.040434+0.002971 0.712836+0.000793 8.725914+0.009653 0.768668  0.11
Bio-Rad19 0.0000 0.0000 0.0010 0.0007 0.0087 - 0.726527+0.001436 9.077824+0.018965 0.358857  0.07
Bio-Rad20 0.0000 0.0000 0.0008 0.0006 0.0068 - 0.721812+0.001817 8.932388+0.026462 1.327077  0.05

Total 100.25

"Degree of ¥'Rb interference = ¥Rb"/(*'Rb"+¥Sr,,,) x 100(%), where calculated intensity of 'Rb"= intensity of ®*Rb x 27.83(%)/
72.17(%) (Rosman and Taylor, 1998)
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Table 4. Analytical results of *Rb, Sr isotope Intensity, Sr isotope ratio determined by MC-ICP-MS and recovery rate (%)
of Sr by elution section during column chromaograpgy using Eichrom Sr resin and Bio-Rad Sr resin

Intensity (V) Degree of
Sample Rb:Sr 84Sr/*Sr 87S1/*Sr 8Sr/*Sr 8Rb  Recover
P (2) 8gr  BRp  8Qyp 87 88Gy (26 SE) (26 SE) (26 SE) interference y(%)
*)"
Eichrom

0.056537  0.710250  8.671184
E2(Sr only) 0.81  0.0671 0.0003 1.2309 0.8898 10.6734 £0.000004  £0.000003  =0.000035 0.014211 109.04

0.056561  0.710249  8.671089
E3(Rb:Sr=1:1) 0.8:0.82 0.0639 0.0003 1.1723 0.8475 10.1657 £0.000005 £0.000004 +0.000042 0.015376 102.59

0.056500  0.710258  8.671168
E4(Rb:Sr=1:1) 0.8:0.82 0.0603 0.0019 1.1065 0.8006 9.5952 £0.000006  £0.000004 +0.000038 0.089671  96.83

. . . 0.056600  0.710247  8.670958
E5(Rb:Sr=1:1) 0.8:0.8 0.0651 0.0038 1.1954 0.8656 10.3660 £0.000004 £0.000003 0.000037 0.167288 107.22

0.056484  0.710280  8.670857
E6(Sr only) 0.81  0.0590 0.0009 1.0826 0.7829 9.3872 £0.000006  £0.000003  +0.000040 0.044082  95.90

Bio-Rad

0.056494  0.710272  8.668013
C2(Rb:Sr=1:1) 0.7:0.71 0.0777 0.0015 1.4247 1.0302 12.3497 £0.000030  £0.000002  +0.000044 0.056212  90.80

. 0.056468  0.710271  8.669338
C3(Rb:Sr=5:1) 3.47:0.72 0.0833 0.0177 1.5264 1.1102 13.2328 £0.000030 £0.000003 +0.000044 0.612299  90.65

. . . 0.056479  0.710272  8.671299
C4(Rb:Sr=1:2) 0.7:1.43 0.1656 0.0024 3.0368 2.1960 26.3329 £0.000020 £0.000002 +0.000028 0.041994 91.55

DDegree of Rb interference = ¥Rb"/(*Rb+¥Sr,,,)) x 100(%), where calculated intensity of ¥Rb"= intensity of °Rb x 27.83(%)/
72.17(%) (Rosman and Taylor, 1998)

Korean J. Mineral. Petrol.



THZ7] A3 Setkznt AREA7lel o3 Sraeleda BA1S Slsl dAfeld Alse] H5 24 517

A=FE WEE 71EESe] Tl sl Tse/Hsr
ol EQHg Rk ke BojEral sl
f

99202 B8 3
833 s ATAe ARG $AE A9
S Qo AFstelok & Roltt.

YRR LMX|SIEE HEARQ! JG1a, JB3,
JA12| Sr 9| Y 4t

B A ZAAS] M EFEAR JGla, JB3, JALY)
el =4 ¥ ¥Sr/Sr B] ZH& Table 591 7] ) & o]
Attt o] FAH A9 SrAdAETE AGU50W-X8 &

AE ¥SrASM] FE FIAFEEA 7)Ao o)
Table 59 71A4] B E FLAE ZF TIMSE
=79 grolth of2y o7|A 2
AL Table 59 -2 v 3}7]
FAREG dEAL ALY F24F< |
Yk Zolth oA 3, 4141 F3ke] e A2
Table 5AIH = B 4 & vle} 72o], TIMSZ =4
SRS E B stal ARt wek vAgk xfo] 7t
Ay giet, o]o] whAdel tist lel isire FarE
A Yol TIMS?] 43 #dE Uj-go] #A|3] 714
HolA] Fomg o] 7iEB VA AFS 71 9l
o} mhA, o] 7|1EH I E, MC-ICP-MSZ Sr &

o] FAE o] &3ttt

E2bdg BEl2 dolodis Rbel EA)7F MC-ICP-
MSE o]&3le] ¥Sr/Su|E 4T o kol 7]x1
JaFS v)wal7] sl YRR +Sr,,) < 100(%)2)
A AE o] &3le] ¥RbS ¥RbOZ 3 7= A
Table 591 7]A)3}5t}. Table 5o+ ©]n] B2 ¥ u}

HALAEE 432 T o, RbY EA17F ¥Sr/ASr =
Azkol 713 JTS AW B T2} Table 59 @S E
& Fig. 63 7ol =A83T

-4, Fig. 62 Fig. 3014 & 4= S nle} o], 4
A AZDA oA 2] Sr 2] &9 Ulel] Rbo] &olA|H,
= Rb3 Sro] E2|7F Egbdshd, olof ule}k Sy

Table 5. Sr isotopic compositons of GJS rock reference samples

Intensity (V) Degree of Reference
Sample 84S/ 87Sr/%Sr 88Sr/45Sr $Rb
P 84Qp 85Rb 86Qy 87Qy 883Gy (26 SE) (26 SE) (20 SE) interference %7Sy/%6Qr
)"
0.056493  0.710926  8.669295 Kagami et al.
JGla-1 0.0152 0.0004 0.4732 0.3424 4.1020 £0.000011  £0.000005 +0.000052 0.045669 0.710973 (1989)
0.056498  0.710952  8.672572
JGla-2 00258 0.0002 02800 02027 24282 i oo o gr  0-040699 Yamamoto and
0056423 0711014  8.631020 0710924 Maruyama
- : : : 1996
JGla-3 0.0600 0.0417 1.0861 0.8006 9.3736 £0.000006 £0.000004 +0.000072 2.009418 ( )
0.056309  0.711022  8.774194 Naetal.
JGla-4 0.0629 0.1528 1.1635 0.9086 10.2078 40.000005 £0.000004 +0.000051 6.486344 0.710988 (1995)
0.056265  0.703453  8.761246
JB3-1 0.0903 0.0113 1.5690 1.1335 13.7453 40.000006  £0.000003 0000063 0.383092
0.056406  0.703450  8.762304 Kurasawa
JB3-2 0.0851 0.0032 1.3889 1.0008 12.1694 £0.000005 £0.000003 +0.000084 0.122198 0.703480 (1984)
0.054858 0.703739  8.764520
JB3-3  0.0450 0.0151 0.8220 0.5976 7.2004 40.00002  £0.000005 +0.000182 0.976948
0.056389  0.703578  8.599802 Kurasawa
JA1-1 0.0833 0.0356 1.5065 1.0882 12.9544 40.000005 £0.000003 0000251 1.262130 0.703590 (1984)
0.056357 0.7035828  8.598599 Kagami et al.
JA1-2  0.0659 0.0603 1.1903 0.8724 10.2331 £0.000005 £0.000004 0000215 2.667043 0.703507 (1989)
0.055939  0.704312  8.734237 Naet al.
JA1-3  0.0296 0.0157 0.5410 0.3954 4.7240 £0.000009 £0.000005 +0.000096 1.527374 0.703533 (1995)

"Degree of ¥Rb interference = *’Rb"/(*'Rb"+*"Sr,,,;) x 100(%), where calculated intensity of ¥Rb"= intensity of *Rb x 27.83(%)/
72.17(%) (Rosman and Taylor, 1998)
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