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Sequential chemical separation of Sr, Nd and Pb from geological samples

using multi-step extraction column chromatography

Shigeyuki Wakaki!®, Tatsuya Kawai?, Kazuya Nagaishi?, and Tsuyoshi Ishikawa'

We developed a new sequential chemical separation technique of Sr, Nd and Pb for isotope analysis. Chemical
separation of these elements with high efficiency, high purity and low chemical blank was achieved by four steps of column
chromatography using extraction resins as well as cation exchange resin with small column volumes. TRU resin, used in the
second step of our separation scheme, extracts rare earth elements from sample solution with high efficiency. However, we
found that the retention rate of Nd and the other rare earth elements on the TRU column is sensitive to the total amount of
Fe loaded on the TRU column. Therefore, controlling the sample size by means of Fe concentration is essential in achieving
high recovery rate of Nd when using TRU resin. Our chemical separation technique allows analyzing Sr-Nd-Pb isotopes

from small sized samples such as micro-milled silicates and several pieces of foraminiferal carbonates.
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1. It wic

F I O WO R AR 2k T d % Sr - Nd - Pb [FIf
thH (87Sr/86sr . 143Nd/144Nd . 206Pb/204pb . 207Pb/2°4Pb .
208pp204p) (L, EA - SMOERILEIZH VSN D DR
% 5F, HNFEMARRIE & L CEEERNETS 5 i
WERF BRI 7 SRk 4 R HIERILE Y AT 22 B Y
fEBR%BER L, REMEEZRFET LA TELHEINLTY
5. FNZNORMAIEEX, TTEOERILAEE D
EOPD, 8o HIRLEN T 0w A0 R
LS % KILEREB AT SR E LIz KEE~Y 7 ~D
FEIRPEHETE R, MEEHERE Y h O E B 53 ORI FEAT 72
EOWETEFIZB VT, NS EEO FMRIRE % §f
M LE MM IR 2179 S EBARY v ¥ — Lo
TETWw5A (212, Hartetal., 1986 Saitoh etal., 2015).

W AR A9 5 Sr - Nd - PoDRIARGATICIE, K
BHERE R OATE (TIMS) % EMHET ICP &l &= 54T
F (MC-ICPMS) ZHWHNS . HaEAHICEL T, i
DITEHFER D B\ VITHEEY 72 & OAK e HIZ £ &
FNIRETIXENITEROA + M HEES NS, £/
HAYICHK - FMRICH L CRER TS24 LS5 0H
(B Z ¥ Srickt 3 2 8Rb) DSFAET 5 &, TR - i
EFRRELENATS. CHSOHB,S, HERVES
GHTERAT) 720121E, BIILE * RS I0HE R € oMo
EITTED AL HHEST 2 2 EBUHTH 5.

B 722 Sr - Nd - PoORRA L HEL & LT, By A 4
R B BB A F VAR R L2 T A
sux b 7T 74 —=BHWSNTE /. Sro4#EE, HCL
TR E LA A YR m A T A N T T T 4 —
Tirbn b (B 21, Wakaki and Tanaka, 2005). Nd D45
B ERECTIThILA. £, HClH 5\ IEHNO; % E
W LA o xinsoruavx b7 74 =285
THi+HHICHE (REE) 797 ¥ a ygBEsh, Wiz, 7
V77— FaXx { Vg (a-HIBA) % iE#EGEE L7z
AT Y ZHTAra< b 757 4 —12& o> TNIA
fild> REE & 0 Bt S5 (213, Wakaki and Tanaka,
2012). Pb®43#ElE, HNOs B & OHBr & iA#EG & L 72F&
AF oM nsarax v 7574 —CHbhs Bl
&, Tanimizu and Ishikawa, 2006) .

INHDOI Ry aF VR SRR H T
FOHBEE TS 5 205%E L2 FikTh 5705, yhaEsEo
ST RLERAERN R & ) B S 13 O DO RE A
35, 9, ALK HhITLou~x N TTT 14—
TIX, B A A+ oS R IREHATR TR OB A 4+ v &2 —H
W S D7D BN KRELBREEEDO N 7 L% WE
EThH. NI LBIREED ST AV TICE o THE

e o & Z2 D S, FRBMET T 2 BERT 34
HZENHETH D, RICNdDOTHETIE, 2BEDOH T
LA70ax b7 T T 4 — M CHEHAR O R E DS LT T
HHI2D, FEEEREICET RS EV. 72 Sr-Nd
D5rHEL PO O HETIZEBER SR 2 5 2 LD, WA
WA 5T H—DOFENAE S 2N 5 3TTE D5
FITH T EIETER W,

A F o fih I ara~< 7574 —12%b-> Tt
EFTNZ 7 o T B O, JEFHEIRH OBl S 2 7
ALz~ o740 —-ThaA flihzu~x b7
T 74 —"TClE, BRICHBENLIEENIRS N L7200 T
LBHEAREORIER T VATV TR TH L. B
ZALSrOHHEEZIE, SrOHHIZHEAL L 72 Sef i (Eichrom ;
Horwitz etal., 1992) # W /-fhiii 7 a~< b 757 4 =78
FIHENBH, ZORBIZH SN A8 R 1350-500uL
e L AECTHA (Pin and Bassin, 1992 ; Misawa et al.,
2000). SrAFRIZPbICK L Ch v imibgEt s Ry 2 &
725 (Horwitz et al., 1992), Sri#ffE % FIfH L TSr& Pb%x
BRBICHBEST 5 T ZRLEN TS (Makishima et
al., 2008). NAdO4#EZIX, 727 F /4 Rz 5 UNIZREED
AL L 72 TRUBHIE (Bichrom) &, REEAHE % #f
WZHFHE L 72LnfiiE (Bichrom) % Fl\7-2B:BEodhit 7 o
~ N7 74 —=2FHEN % (Pin and Zalduegui, 1997 ;
Ohno and Hirata, 2013). F72, REE7 7 7 ¥ 3 » D458
AN AFNVEREA T VA T AU N TS
7 4 —TH7\», REEMA DB LolEIC & 2 40H 7 o
~bMT 74— FHWLFELRH SN TS (FZIE
Hirahara et al., 2012 ; Saitoh et al., 2015). Pinetal. (2014)
&, SrAtfE % R L 72Sr - Pb D43 & TRUBHIES L O
Lotflig 2 FIH L 72 Nd O s HEd 2 MG, 3ERFOHl
Wru~ 7574 —%BAWTH—DOEFHARDS Sr -
Nd - Pb & BRI HES 2 Fha BR L7z,

AWFFETIE, Pinetal. (2014) (12X 5% Bt 7 o~
NI T 4 =R SHICHRL, KNG &EOEMRIERE
LB O FERESE 2 &% ST S U RNk
L CEMATERERIK T T 7 D@D Sr - Nd - Pb %
W% %5t L7z, Pinetal. (2014) OFELDE
R E A, 1) e o Fe® KA L 72 TRUB FRZF
mEORMEIL, BLY, 2) BA4+ KL LINdT T2
a vt uw AoBINTH L. TRUBIRE, 77 F
J 4 FRREEICHIZACFRS " BXUTI b5 & v
HEHD FeBLUTIIEADOERDICHEE L THLET
505, BETOFe &N L\ E TRUBHRIZFel2 X » Tha
L, NdORIEEAZE L KT 5Z EBHI6N TV
(Pin and Zalduegui, 1997). A8 TI%, BIEAEEOR L
PEBOA T AEHEL, TNENOA T LT EIINdR
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EEORERT AR ST L 9 2 Femaflizd 5. &
512, AR OFeIEEIZS U THT S 7 T 2 % g
752 LT, NADOBIEEZ MR T L) 77 —F%
FIRL72. /2, La@RICX VHEESN/ZNdT7 T2 > 3
ik, BES IR Bbh s AHEIMATEAE L T
BY, TNATIMSHHIEZ BT B NAdA F+ AL fHEE
Wen, 2ZTAZETIE, Nd75 27 Y a v z2Hiibd
B1ODMA F A T A EEINL, 4BEOEEs O~
NS T4 —EREEEL T

RETIE, B L7Z4BOZBEMb I 670~ b
T 74 —12 X % St-Nd-Pob B R FBEEDFIEZ R L, #it
W BRGEEEOISHE & L CHER LAY H IB-2 3
L O IB-3DSr - Nd - PolRIFEARGHT Bl 2 55 5.

2. M Tk

2.1 WK - BHIG - 7T &

ARWFFETIX, Milli-Q ¥ A7 2 (Merck-Millipore) TH
LMK E#FH L. 94207574 —T
ffill L7-HC1B & O0'HNOs 1E, £ LT AR o8 EH
JE33E (TAMAPURE AA-100) K OS#BHiK % v C %
L7z, EAEEREOGRII, SR LFTEEEOR
ERiEEHF 8 £ O"HNO;, HCIO; (TAMAPURE AA-100)
v AAVAS

ABEDZEA S T 7 a< 7T T 4 —IZIZPLT o
g% M7z, 1BHO N T AI123RAE50-100 um O SrislE
(Eichrom) %, 2B H D7 J £121344£50-100 gm @ TRU
1IE (Bichrom) %, 3B H D7 7 A1Z13H4E50-100 um D
LoffE (EBichrom) %, 4BHOD 7 T LB A 4 38t
HBHIE AGS0W-X12 (Bio-Rad) % Z-ZIH\ 72, &R
i, BHRNCERATE S L OISR EICRE S5 2
ETr) ==y L 2= TIIEERER, 6M
HCl13 & 0°0.05M HNO; (Sr##ffig), 1M HF 3 X U°0.05M
HNO; (TRUHE), 6MHCl (Lofllgs L O 1 + > %
WR) 2w F72, KH T2 0) —= v KA
ORHE % TS L7212, 0.05M HNOs (Sr##ii§), 3M HF
(TRUME), 6 MHCI (Lnfiig3 & O A > 5 4fist i)
rHWCHEO 7 ) —= v R 7

FEBCHERLT 7 20ME, BIREB L OBIEE
fE% Table 112 F &7z, Sr#tlE, Loligs L OB A 4~
THAENE L, FRE02ml, 0.5mlB & 0°0.1 ml DR E
HEONSHA T L ERHVA. 2BEHOTRUBIESN 7 4
i, BRAERSZFNZE102ml, 1.0ml, 2.0ml& #7253
O N T L w L, FFitcolumn-S, column-M,
column-L & XBI L7, 515 41%, 285 H D column-L D &
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Hlosa<y 7@®I = F2M (BN I H V) 21ff
AL, ENDANIEPTRFER T = — 72 FA L TH
ELbox@H L7z (Fig.1). BIED I 21, Dhw
Tt T b IR0 e BB B R TR B 7012,
17 AWTHFE 2 /NS CIRBBIER 2 MR T X 5 & 9 123k
FFL7-

2.2 B ARt 53 i

AWFFE TR L 72 Sr - Nd - Pb Bk BEd o Ts il &
LT, FEEFMEEWIIEIT DOFATS 5 IR g
D) HLERETHHIB-2B L IB-3DSr - Nd - Pb[FEfL
o4 o 7. IB2B L O IB-3 D RAEZ, Th
N340 mg i E D E i THEPFA /N1 7V (Savillex)
(28D & 1), HF-HNOs-HCIO4 ®iEE: (HF 1 ml + HNO3
0.5ml + HCIO4 0.5ml) % il 2 T 120° THIEAS R % 47 -
7oDh, 120°8 L N180° THEIEHE 21T o 72 IRISEE
% 6 M HNO; |[ZFF A S 4120° B X 1V180° THEISHZ [
o7z, BRHIER 2 HCIO 2 eI I S 572012,
COFNUIFFER YKL 72 BAHIREIZ3ml O3 M
HNO; TR L, itz u~ b7 97 4 =12t L7

Table 1. Resin types and properties of the columns used in separation
chemistry.

K1 BURALFGHEETHY 2 71 7 A OFHE.

column resin type particle size column property
volume | diameter | resin hight|
[ml] | [mm] [mm]

1st column Sr resin 50-100 um 0.2 3.66 19
2nd column
(column-S) TRU resin 50-100 um 0.2 3.66 19
(column-M) TRU resin 50-100 um 1.0 5.69 40
(column-L) TRU resin 50-100 um 2.0 | 6.5-85 45
3rd column Ln resin 50-100 um 0.5 3.66 48
4th column | cation exchange resin

(AG-50W-X12) [200-400 mesh| 0.1 3.66 10

Fig. 1. Handmade PFA column with resin volume of 0.2 ml.

1. BIEER02mlDBES T 4.
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2.3 LB 79~ + 'S5 7 4 —12 & % Sr-Nd-Pb %X 5+

(373

AR THE L 4EOZEML 70~ 7T 7 4 —
12X % Sr - Nd - PoZBIRGHELEOBE % Fig. 217§, K
rEEEORHEIL, AINEAL L 24D R B A F Vit B
VIR A A USRS T A BIRENAER L CTHIEED
HEEZAT) ICH D, 71T 2 0/NABIZ X0 Bk
T2 BRI O RS HIH S NS 25, T AUSIEREN
RN DB EITMA, FEEREREICHKL SN DB
B D% b7 OERBREHRFICOFEN EEZ N
5. FLARGEEETIE, MELERS L VITBEMAKTHRY
TCRERMELSND L) B RO @A FIH LT, |
BON T LHhE BMITRBER A BEHRED N 7 L&
AT 5 LT BEEORE 2T/ ZhUT kD, Bk
B AEHA T O BRI [ 21T ) BN % Y, 4k
R OO KR 2 AR AT L 72, Gtk A o o 5ciiatdtlis %
72T (B2 1L, Saitohetal., 2015) Ti&, gD~
) ==Y FEQEMICET HRMERVTD, SrBLY
NAdDOHEIZ2H, PO EEIZ L H &, 10-2030k o /5l
EICRI3 H A B L7248, KRR BT 2 BRI HEE TR,
1020 3K D 73 BEE A E % B L 2 16HE/ TIT ) 2 & 23T BE
o7z,
RBERGEFEZTOD AT v T THRENL D, FhZ

NOEARN 2 FNH% Table 212 F &6, PITIZRERT 5.

2.3.1 A7 v 71 : Sample loading

AT v 71TIE, 1BEBOSHEEY 7 4123 M HNOs 12
R - RHAT1.0-3.0ml A AT S, ZOBE, 1BH
DOSrE Y 7 4 L 2B HOTRUBIE S 7 £ % 8k L, Srid
Weh o Lh5 ORI EHETRUBIE S 7 28T 5.
FURRE A TR 125 - 72 3UEHA T 2 1.0ml O 3M
HNO; THWHE. 3MHNO; D5fE T Cld, Sr-Pb- Ba
X SrifiElZ, REEB X UFe, Ti, 7277 / 4 FIZTRUA
FRICER S AT A —F, FeB L UTiz D2 EHHICHE
(Na, Mg, CaZz &) (Z&HHOBRIZLWAHELETH T 4
LVHEEE NG, ZOMEE, ZoATy FTREHEAT S
D SrB LU PbAStEIRIZ, REEASTRUBIIR I HEIRAYIZ
M shs.

2.3.2 A5 v 72 : Ba-Sr-Pb separation

AT 72T, SRS T A% 5EEL SrB L UPbDH
HERIN 24T S . ARWFZECHW 2SI IE D 7 A28 5%
#7007 7 A V& Fig. 3189, £79, 2.0mld6M HNO;
BLU05mDO3MHNO; TTIH L U'Ba% i S8 7:14
12, 2.0ml®0.05M HNO; CTSra |3 4. &KIZ, 0.5ml
OFHAK (MQ) B LU 1.0mlD2.5M HCI TR % i -

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7
. Ba-Sr-Pb . LREE . Nd Nd
Sample loading separation rinse (TRU) separation rinse (Ln) separation cleaning

1st column (Sr resin) I

Csample >
v

)
I

other elements
(Ca, Mg, Na etc.)

Sr, Pb, Ba

e

I 2nd column (TRU resin) I

U, Th, Hf | 3rd column (Ln resin) |

4th column
(Cation exch. resin)

)

ey
l

Sm, Eu
La, Ce, Pr

"t
remaining Fe
organics

Fig. 2. Schematic diagram of the column chemistry for sequential separation of Sr, Pb and Nd.

X2, S 70~< 757 4 =12 X B Sr-Nd-Pb 3% A LA 5 Bk i O .
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721212, 3.0mlO6MHCI TP LT 5. 2D, Sr
V2R U CEEAT % 42 L ARbIE, SrBIRICE Sh$

Sample 3M
(3M HNO,) HNO,

3M
> HNO,

0.05M

2.5M
HNO, M

6M HNO. Hel

eluted fraction [%]

eluent volume [ml]

Fig. 3. Elution profiles of Sr, Pb, Nd and some selected elements
during elution steps 1 and 2 on the 1st column packed with Sr resin.
Gray area corresponds to 1 ml of sample loading. Green areas show
Sr and Pb fractions, respectively. Semi-quantitative analysis of the
elements in each 0.5 ml fractions were performed by ICP-MS (Agilent
7700). Note that a plot at eluent volume of 0.5 ml represents average
concentration of the 0—-0.5 ml fraction.

B3, SrBlE 7 A1281F 5 St L UPb, NAdSF0E M. KO FR
E 1 mlOFEEEAL, SREOFEHIESIBEIUPb T T2 ¥ a ITHST 5.
EHERGE 0.5 mlZ BT 5 70y ME0-0.5ml XM O PIuRREEL LT
£0.5ml 5 & & OICFIEFEILICP-MS (Agilent 7700) 12 & % 52 & 5547 C
Mg Sz

ATy 1 ThH T AL DPEH SN TEBY, Sr& DsriE
ERIEIATbI TS, T 72 MC-ICPMS 12 X % Pb [A]
PR AT IRV 2B o0 B IR FH O 4V & L CiRInd %
THE, ZHEORIRERE THEBLENTE Y, Pbe D5
v, B, SHEIRICZIESTB L UPb SR AT 5 72
O, FEOGHEREL B RIIBWTL2-3% /R EDST B
LUPOBIRICERE TS, 20720, Stilgidalk &
WS TALERDH L. T2, BIRIERE L2 THED
—I, VT %o & — 5 — DRERNARG B % 52T RS AA
WEZALEE TN LI REEA S (Wakaki et al., 2017).
L L Z oMK DS, BRSNSt 7T 732D
FNARIIC S 2 25020, Bppm BRE L FEHIT/h S W»
T/, N T LEERRICAE U D RERMAS N, HES
PIEEIZEBAH RIS L > CGEYNICHIE S NS 20, 20
&9 AR OTCFERE IEREERAR ST 2179 LT/
EIZ7 B 7w,

2.3.3 A7 v 73 : rinse (TRU resin)

AT v 73TlE, TRUBHEY 940D » A% 3MHNO3; T
119. ZOBICFe- TiB L O—# o EA #7035 (HREE)
PERENL. 2BEHOTRUBES T 2120\ TIE2.45H)
TEEix Rtk 3 5. F72, KAT v 7 TIEBIBHICHE DS
RSN L7720, HIEHNOILH b 5 7RIIFCTE 5.

Table 2. Procedure of the sequential column chemistry for Sr, Pb and Nd separation.

2. Sr-Nd-PbBRALZEHEL OBAETIA.

Step procedure eluent volume of eluent [ml]
Ist column 2nd column 3rd column 4th column
Sr resin TRU resin Ln resin cation exch.
column-S  column-M  column-L
Step 1 Load sample 3M HNO; 1.0-3.0 1.0-3.0 1.0-3.0 1.0-3.0 - -
rinse 3M HNO; 1.0 1.0 1.0 1.0 - -
Step 2 rinse 6 M HNO3 2.0 - - - - -
3M HNO; 0.5 - - - - -
Sr extraction 0.05M HNO; 2.0 - - - - -
rinse MQ 0.5 - - - - -
2.5M HC1 1.0 - - - - -
Pb extraction 6M HC1 3.0 - - - - -
Step 3 rinse 3M HNO; - 3.0 11.0 23.0 - -
Step 4 LREE extraction MQ - 2.0 3.0 6.0 2.0-6.0 -
Step 5 rinse 0.2M HC1 - - - - 35 -
Step 6 Nd extraction 0.2M HCl - - - - 3.0 3.0
Step 7 rinse 2.5M HC1 - - - - - 1.5
Nd extraction 6M HCl - - - - - 2.0

JAMSTEC Rep. Res. Dev., Volume 27, September 2018, 1-12



S. Wakaki et al.

2.3.4 27 v 74 : LREE separation

AT v 74T, TRUBIES 7 4 L 3B HOLnfit g S
7 L% AT S, BHK (MQ) 12X - T, TRUBIIRL D
A +4Ht#E (LREE) 3 X O'HREED—EB%& A &4,
TEOLnBHRICSE S8 5. ZoERON,, TRUME
W7 7 F 7 A BPWaE L7 IRRECHE 5.

2.3.5 27 v 7’5 : rinse (Ln resin)

ATy 75TIE, Laffey 7 2 % 558k L Nd o Bk % 1T
I, AR THWALnIE Y 7 2B L5707 7
A V% Fig. 412789, NdOHBEIZHEZSE, 3.5mlD02M
HClIZX > CLatk Ce BLUPro—H 2 AH S E 5.

2.3.6 A7 v 76 : Nd separation

A7 v 76 TIE, Lnfifgh I 4 L4BEHOB A+ 53
BTN KT A, 3.0ml0.2MHCHI £ - TNd % %
X, TEOBA oM I A SE S (Fig.4).
CeDBELZF1DEPIDBLZET3%H, TONAT T 7 3
VICRAT A, F72, NdIZx L CREAT L4 L 5Sm
IEZOEBETIIER L, Ndeid X {aishs.
B, La®EiE T 2kE 272 ENdOT I v 7% F
T2 ENTE, HYRLMBHFTRETH L. HL, ff
HE#EY RS & KTROBMAEI RIS 7 M52
ENBIBR SN, EEHEY 7 P OKRE SIES5EIOMH
T5%, 10EOFHTIORNIEETH Y, TNENOEET

Sample
(MQ) 0.2M HCI

eluted fraction [%)]

eluent volume [ml]

Fig. 4. Elution profiles of La, Ce, Pr, Nd and Sm during elution steps
4-6 on the 3rd column packed with Ln resin. Blue area corresponds to
the MQ solution directly introduced from the 2nd column. Yellow area
shows the Nd fraction.

4. Lofign 7 2128175 LaB L DCe, Pr, Nd, SmOE . K
ORI 2B HOTRUBE S 7 4 & 0 HHIEA S5 MQUEEBIZAH Y
b, F7z, WEOHEEIE, Nd7 727 a VITHNT 5.

14%B XL T%DO NS » AEE (25 v 75) CTHEWE
TAHI LD, TOFEENS, KWZEIZEBIT AL
MR OME D K LRSI F CICHlBRs 52 & & L7z,

2.3.7 27 v 77T : Nd cleaning

ATy TTTE, A+ rMh I L%58L, Nd7
T 73 a DML ELT) . R THWZ/NIORA +
VIS T MBI HERET O T 7 AV & Fig. 510K
A7y 76Tl L VA SN/ANd 7 T2 3 v
X, AR ) BIRH R & 2 SN D BT SR A
LCwh, F/ WEICEONIIH L TERSTTH5HFe
GHEBEDPHICEVERETIX, A7y F3CBVTKRED
5 DFe (>99.9%) HHEb SN TH-Th, BRICD
FNIFR D Fe DAt mA %\ ZOFEE, Lol H 7 2
IVHEHLCTLCANDT I 27 ¥ 3y, NdRBEORO
Fe SHRAET ABIDFR0 STz, BEHWPFeld, £6563
TIMSIZBIFANAA 4 MLDOHEEEZETH S (KT
&, 100ng O NdFRZE & 100ng D Nd#HAH 2 Fe 100 ng % 7%
L7z L72580E o TIMS 23047 % 2 v EemliTvy, Nd
LEBDOFeN T4 T AL M RICHERETHZ ETNADOA
T VNENRKTO0REERT 52 L2 HRAL). £
T, Ndx A 4 v SHBIIR IS 272K T 1.5ml

Sample
(0.2M HCl) 2.5M HCI 6M HCI
100 T T T T T I T T T T T T T
~ *r —+—Nd ]
X —>—Fe
c
S 60l i
[}
o
=
o L i
L 40t -
=
3 L J
20 [ ]
0 i —
0 2 4 6 8

eluent volume [ml]

Fig. 5. Elution profiles of Fe and Nd during elution steps 6—8 on the
4th column packed with cation exchange resin (AG50W-X12). Yellow
area corresponds to 0.2 M HCl solution directly introduced from the 3rd
column. Note that the sample introduction volume (4.5 ml) is different
from that in the text (3.0 ml). This difference, however, does not affect
the elution profile of Fe and Nd. Green area shows the purified Nd
fraction.

BI5. By A A o sSHiie s 9 212815 2 Fe b L OUNd 0@ . o
I3 B H O LoBIlE 7 7 4 L) EHIEA N5 0.2 M HCHEHIS AR &
5. ARRTIRBFHEEAB R 4.5ml & L TEMIEARKD 5 Tw 5725,
AEHE AR A33.0ml OB C O [ LIE ;RSN L L E R S b.
fR DML, MULININDT T2 2 a VITHYST 5.
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D2.5M HCl % it LEWY # & iadbm 2 HiB s &, F
72[EEFICFe b EH S8 5. f122.0ml O 6 M HCLIZ
X o THAL SN/ Nd DS ENLE 5.

24 TRUBHEA W=7 a< + 75 7 4 —12 Xk 3 Ndsrik

TRUBHIEIZ, 3MALE D HNO; B35 T CHUE 3 o
WEILETHALREERT 7T/ 4 F, HFIZMZ T, FeB
XUTiZBWAET DLV HEEEFD. Feld, £ Dl
Eikh cER st ER e LTERICHEET S, LS
N72Hh 7 2T 2R EHERT OLEOFeld, 71T 4
DOTRUBIROWAERE R faf1 &8, HHVITE L CHET
52T, WIEOREERFENZHE LK TS HES. 20
KR, BRSO Fe 2 B S B HEHT (RIFED AT v
T3IZHIY) KiEkord 5V Id—EONIAVAR LT L v,
NAOEPEFELZ L KT 4. ZoBKIEUH L D #us
XNTHY, Pinand Zalduegui (1997) &, TRUBFIC X
HH T NHEORTILEL S LT A 4+ v 38iid D\ I A
FURHE A T A% N5 7 4 —TFRe B LY B <
CEERHEREL VL. LaL, BA L x5 £ ok
AT &, BINDO S T L5 BECREM 2 3 5 DA
7 O TR A BT D 7120 OIEFE NI E 2 ), &
WA BEORERIRNZR A L {#H % b b. Pinetal. (2014)
X, HEEZIMHNO; & 7 A2 )V U ERORERIC RS
BB D Fe & 2fi~ & 254 L TRUNO WA £ #1 2 % F
xS L2. COTETIITRUBIRICREEL S Nz X
DA LB CREBEAZAT) 720, SrEHIRZ BRH L 728
W BV TIESIIRIC BT 2 SR 2R T S &
LEWIHIREEDLD., ZOLHIZ, TRUBHEZ @M L7
REEZHEIZIE, PREMIZEN-FEIEREINTEL T
HTFICRO T BN TR A 4+ 2 5H# 7 1~ b
7774 =BT DHIEE>TV RN,

ARIFFETIE, St T ICBRERE O R % % 3O
TRUBHIE S 7 2 2 8fG L72. $hbb, AWMz
EFe# 3 A EEF Wik E 58T 5 729 D Column-S
(BHIEZE 0.2 ml), KERIES - D& ORGSR % 85
%728 @ Column-M (BHIEZA = 1.0ml) B L OEERES R %
rBES % 72 @ Column-L (Bi75:2.0ml) T % (Table
). ZNFNDH T LT LR L7243 8EFIE (Table 2)
i SUNC IV

2.4.1 "R IBEGOR A (Column-S)

— M\ AW R R O Fe i B B30T ppm O A —
F—LGRETH L LN\, COREDFeR THl
X, BIRAER2ml &/ NMbEaNn/ 2 T ATL T Nd %
BREFT DN TES.

TRU Y 7 4 (Column-S) (BT AAEM 7O 7 7 4 V%
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Fig. 6. Elution profiles of Fe, Ti, Ca, Mg and selected REEs during
elution steps 1-4 on the 2nd TRU column with different resin volumes:

o
o 4
5

(a) colulmn-S, (b) column-M and (c) column-L with resin volumes of
0.2ml, 1.0 ml and 2.0 ml, respectively. Gray areas correspond to sample
solution directly introduced from the 1st column. Blue areas show Nd
fractions. Samples with (a) 75ug, (b) 800ug and (c) 9 mg of Fe was
loaded with 1 ml, 1 ml and 3 ml solutions, respectively. Cutoff volume
of the 3M HNOs rinse for column-M (b) is determined from the decay
rate of the Fe elution curve as 12 ml.

X6. 3fEE O TRUBEINGY F 212851 HFed L UTi, Ca, Mg, REEDE
e (a) BHIEZE 0.2 ml @ column-S (b) 7 1.0 ml @ column-M
(c) P74 2.0 ml @ column-L. JKEOFEEIZ 1B HOSHEE7 74 XD
A SN L RENAICAHRY 3 5. KLoisE, Mo REE % &1 Nd
T a IiHNT L. ENENOBERMEE KD D 72D H W72
B O Fermid, (a) 75 ug/lml, (b) 800 ug/l mlB L T (c) 9mg/3mlTH >
72, (b) @ column-M |2 2> T ld Fe D H O I A 5 3M HNO3 DifE
% 12ml (stepl, 1ml; step3, 11ml) &g L7z,
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T v 7 4IZBWTIE2.0m oMK (MQ) TLREE 7 7
7 aryOE#EEIT). LREE7 7 ¥ a Y HIZEMT
% FeDEINTERD01BLT TH - 7.

HEWPE R EEIE P O NI EE I ppm 22 54 7 ppm 4 — & —
LR, EEEREICBU AN T T v 7 IEEER IR Y
B2 DUEDNH L. ZOEEDS, column-SIZBIF
5 TRUBHRIZEWETHAE T L,

2.4.2 RgHCE - Y ROHBEGOR (Column-M)

755 1.0 m1o Column—-M &, FefFfEREAMER VAL D
Gt B NI EOFE O T 2 SBHIZERET S /2. TRU
717 & (Column-M) (23BUF 5 %E#E7 17 7 1 )V % Fig.6
OIZRT. A7 v 7328V Ccolumn-M TlE, 11ml®
HNO; 2 £ 5 CFe B LU TiDHW I L 21T\, Fid AT v
T4IBWTIE3.0mlOMHIK (MQ) TLREEY 77 ¥ =
CORMEERYT). LREE7 927 ¥ a Y HIZEHT S Fe®
HIXEERD01% LT TH - 72,

Column-M |2 817 % TRUEEIX, 20ml 3 M HF %
WS L o THIRICRE L TV b T 27T/ 4 REE
i, Nd7'7 > 7 Z10pgl TIZ TS 2 &8 T& 57
B, BIEOBY ELBERIITRTHLEEZONL. ik
TR - EERRIR O 34T Tld 10 ngng L L OB E 2R 2 &
XTELTWS. 777 10peDa, kL 7T v
7 ONAFRMAEL 1% R > Tz LThH, 7507
HEREO NdFIRLAAR 5 2 5 50283 R T 10 ppm A2

ERNAFROMOBRAEL Y S/AS L, ZOPBIIEHT
EHLEEZOND.

2.4.3 HBEORT (Column-L)

BHEZ# 2.0ml @ Column-L 1%, Fe & 7A3% WaLE D4
W& &FHIC#%FT &7z, TRUS S 4 (Column-L) 12351}
LIEBET YT 7 A V& Fig.6 () IZRT. AT v 73128
W column-L Ti, 24mlDHNO; 2 & - TFeB L U'Ti
DN L 2TV, Fid A7 v 74128V TIE6.0ml DB
#iZk (MQ) CLREE7 97 v 3 v DOEEE#1T). LREE
757 v a rhZERT B Fe DRI KD 0.05%LF T
Ho7.

Column-L 231} 2 TRUBIRICWAE L TWbT7 75/
A4 RERESE, Nd7T 7% 20pg L FICTIF 5720
(121%, 80ml ®3M HF % 7= 0SB THh 5.

2.4.4 SPHAT O Fe &y fi B & TRUBHIE O Nd fF5%
TRU 7 2128\ C, NdFEEEOK T % 2 £ 9712Nd
SHEREBIL D AFemd FREZHLNIT L7020, £
NENON T LT EITEAT LHEFer 2 2 LS TNdD
YEERRE R AR R LAT R o 72, EBIE, SENATEA R
1.0ml (Column-SB L UM) B L UB3.0ml (FXTHH T L)
IZOWTATW, SEREA 2 &0 737 0 v A &R CHEM
L 72N § B8k 7 52 ¥ a > Tl L7zNdiED
EE (NABER) Zokod/z. FEEERZ Fig. 710Rd. &

Column S (0.2ml) Column M (1ml) Column L (2ml)

1 mlmme 1ml ample 3 mlsamp‘ 3 mlsamp‘e
{ O[O 5 S R S, V) N — SRy W " I S —
§ 9L 1000pg | 2700ug 12000pg .
8 C ]
= g0 [ .
g L i
= C ]
£ L ]
5 85 - .
Z L i
2 C ]
80 [ L J
L ‘;Las.g% ]

75 M | Ll P | .
10 100 1000 10000

amount of Fe in sample solution [ug]

Fig. 7. Nd retention rate of the TRU column with different column volumes and sample loading volumes. Gray plots represent experiment with 3 ml

sample introduction, and white plots represent experiment with 1 ml sample introduction. Gray area represents Nd retention rate of >99%. Note that

the Nd retention rate decreases drastically after some point as the amount of Fe in the sample solution increases.

7. TRUBHIEY 7 22827 7 28RS RS L OREHEA R T L ONARFE, Ao 70y MERFEEARE Iml, K078y MEGUEHEA &3 ml
WZENENY T 5. IREOFEEIL, NARFFEED 9% % B2 2 i A FR3. TXTOH 7 2BEARB L OREARICBWT, WP OFe&E)H 5 0%

2 B & NdDORIFRPSEEIZELT 2 2 b h 5.
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DATAIBNTH, 7T AEAL72Fem PP % WiGE
12138 L Z2100% DONAIRFERDHEFRE SN D — T, BT 4
AEAE R Ll D FFEOBIEZ B R 5 & NAdIRFFRAE
LSBT 5 2 LSRR 572 (Fig. 7). REE
DHTIENAATRUIZ BT 5 IRFFROBMEA R S 5 < Ce
L UBulENdIZEEML L 72 B 2 7R L 727, Lad & U"HREE
FRIEAE L IR, DB ShedvwHrsbhro,

F 72, Column-MIZBW CIEFEHATEAEIZ L - TEA
T Fem OBMHEAEZL ), HENATEAR3.0ml D3
INE N L DFem TNAZTHEATTRETH 5 L HIBH L 7z

PUED#EED S, AWIZEDTRU 71 T 4128\ TNARER
AR L 7o O BENTRE Feid GRENAWE O Fe i)
OEHMEIX, column-S DA 1213100 ug/1 ml (100 ppmeg),

column-M D54 1213 1000 ug/1 ml (1000 ppmpe) b L <

132700 pg/3 ml (900 ppmg,), column-L 3541213 12000
ug/3 ml (4000 ppmp.) T 5 & PoE Sz, WEREH O
FeilgE % H o2 LOWE L, #E)7% TRUD 7 ABIRE &
EERT A LT, WY % NdBEASEIH T REIC 2 o 72

2.5 B

StB L O'Nd O gHEEFEFRA L, BmHa 72y ¥ —
1O TIMS (TRITON, Thermo Fisher Scientific) %
WTHM L7z, SIOBHIZIEW S Y Z VT 45Xk
2V, 8SrD 1 F v ¥ — A EFE4.0x1071 AIZT, 1678
X140 A4 Z VDR NF-AF T4 v ZMEEF TR - 7z Ml
EROERSINTT 7 AR A ¥ v )V S5 HIH % R H
L 72T IE T, 86Sr/38Sr = 0.1194 (Steiger and Jiger,
1977) \ZHRIE L7z, ¥Srt 2kt 9 % R+ D[R EAR T3 i
KTH0.03%TH ), PRb* DOll5E(HE & ’Rb/SRb = 0.3856
(Berglund and Wieser, 2011) 2 FIfH L CTH A 7 )V T & 14
IE L7z BUR & EHRZ T L 7R M SENIST SRMO87 D
87Sr/30Sr130.710258+0.000011 (2SD, n=10) TH - 7-.

NADOGHIZIERe 7NV 7 4 F A ¥ &AW, 2NdD
AF v E— LB 1.5x107" AT, 168%x1404 1 27 )V
DRNVTF-RY T4 v 7 WEER T o7z, WEROEES
BNET 7 AR V2 v VEES BN Z R L7 N IE
¢, 1ONd/'*Nd = 0.7219 (O’Nions et al., 1977) (ZHfi1E
L7z, MNd* 123 d 5 Sm*t o FEEATHIE, YSmt 0
HISEAE & 47Sm /'*Sm = 0.204985 (Hidaka et al., 1995) %
FIFLTH A 7 VT EHIIE L7z 3R & BRI HAT L
7S HESEEE INdi-1 @ 3Nd/Nd H13.0.512103+0.000005
(2SD, n=4) THo7.

Pb OEHRIEFMAILIE, mya7rtr s —&ED
MC-ICPMS (NEPTUNE, Thermo Fisher Scientific) % H
> C Tanimizu and Ishikawa (2006) D F2:12 & - TH#F L
7z, SrBEL7-Pbld, PbiEEEA60-90 ppbFEEEIC 2 5 K9
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0.15M HNO; (2% L 72 EC, [FRAR L ASBEA O THE T
(NIST SRM997) #EML7zDH 12, 8F%x609 1 7 Lo
RNVF-AY T4 v 7 WEERTT R o7z, WEROE =5
T 7 2R % T v VEEGS IR Z R L7/ R R
|2 & - TNIST SRM997 ? 205T]/203T] = 2.3871 (Dunstan
etal., 1980) |ZHHIE L7z, 2%Pb* |24 % 2% Hg* D [F] &
T HIERATD0.06%TH 1), T Hgt Ol & 20 Hey/
204Hg = 1.918486 (de Laeter et al., 2003) % FIH L CTH A
INTENHIE L7z, F72, Tl & SCEME R o 7
AR FHIE S A 728, Baker et al. (2004) D L 7=
NIST SRM981 D Pb A/ fiifk [t (2°Pb/2%Pb = 16.9416 3 &
UN207Pb/2%4Ph = 15.4999, 208Pb/2%Pb = 36.7258) % FEilE
V2 RAIIE & 177 - 72,

3. HEGOR D Sr-Nd-Phb IIHi 453 By

KWL TS L7-ZEMibru~ 974 —1248 5
Sr - Nd - PoBRSEEEIC L o TS N/ZIB2B LU
JB-3DSrB L UNNd, Pd [F LR LI 5E#5 5 % Table 3 127
T IhoaaRE 0BRSS #EE, TRU (column-L) %
AnTirbh/z, IB2B L PIB3DEFNENDITEICE
A FEMRILIE, WIS EIMEEEREIC X BT
BonTwizbol#nsd, FLELsNFRMELO
T, BEOLETRE SN T L FRMAEL & g
L CHEZ RERIIA SN, $72, IB-2ONdHEH A
(747 A2 MREARISER T 2 H2atro ki) o
ZVTCITRTORMAELEESR L-Z Ens, £
FORPCRIIHERZ W LS5,

F72, REBRIZBITAL =7 VOEIET TV 71ESr H°
36pg. Nd7S4pg, PbASSpgTdh o7z SN
HIX100ngETH 72D T, TONAT T » 7 =ILME
27 57\, 72, Column-S X Column-M Cl&, fEH¥
HBOEColumn-LIZHARTA RN &b, NdOT T
VI BENESIINEL L P E NS, SrBL Y
PbICBH LT, FMAESI~NOEEIEHTE S LV
DTITVIEmTHIHENZL, liza~x 7771 —
OFMEN T LA XO/NEULIZE 5T, KTF7 27D
L ENER SN2 Lo 72,

4. £
KAWL TIE, WL T 5 LABRDOEBAIM 7 o< v 7T

T4 —%WHATAHIETIRT S 7 - EEROSr - Nd -
PoiZ R BED: & BISE L7z, AWIZECRISS L 72 FEL, &
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R E O IR OB R E L &5, koFkh L
DB EBIIZE VIR (16 RHIREE) T10-203 k25
St Nd-PbD3TTHZHHET LI ENTRTHL. KT
5 v P CH—HENA D S D3 TR BRGEHEE EH L
el il & o, B, HEEIEEL L D EE L 2B OR
L, AAEA L)~ A27ua YY) v 7 ThHEEL oM
e OBEFRIESFRNIRT LT, Sr - Nd - PbD~ V7 [FfiL
R A FERT LI LRI R o7 F72, KBRS
ORI L 5T, ERE3ICHEICINIA THf R Ce, Sm
Eu, BaZs EOHEEL EHTREL Z 2 SN A, BUHERIF
BARD BT & T EERMARZ A G DR, H—F
5O VT FNAEGHT, E5RDERNPHFESND

o

HEPERTZE B TSHE S 0 O 7 IFZe i O BT ARG I 21, =
B —Ep Ay LT\ 75w KEFgED—3Bi%, JSPS
R E I 4 (25800302, JP16H04066) 12 & o THH—
XA

Table 3. Radiogenic isotopic ratios of Sr, Pb and Nd in 2 GSJ reference rocks.
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topic analysis of standards and samples using a 2°’Pb-
204pb double spike and thallium to correct for mass bias
with a double-focusing MC-ICP-MS, Chem. Geol., 211,
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3. HIERMLFEY H B2 B £ O IB-30 Sr B L UVPb, Nd AL Ll e i
Sample weight [mg] ¥Sr/%Sr  2SE 3Nd/'*Nd 2SE  20°Pb/2%pp 2SE 20°Pb/20Pb 2SE 20Pb/2%Pb 2SE
JB-2
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