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Abstract A one-column procedure for Hf purification in geological samples using anion exchange chromatography and its isotopic
analyses by MC-ICP-MS was developed in this paper. The chemical separation between Hf and isobaric elements such as Lu, Yb and
matrix materials like Ti was carried out simultaneously through popular anion exchange chromatography. This technique avoids using
popular multiple ion exchange chromatography, special extraction chromatographic resins and perchloric acid to break down Hf and
REE fluorides after HF dissolved the rock. Hf yields are >90% and total procedural blanks are ca. 50pg. Multiple analyses of
Standard Reference Materials demonstrate that this method was simple, time-saving, inexpensive and efficient, especially suitable for
the Hf isotopic composition of young samples.
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Ablation; LA) MC-ICP-MS & Hf [ i 2 BF 5% , bl Ji5 £ F- 45
(2004) W IF 8 1 A bRifedt 41 HE [R)02 3R TAF . BRLJLAERS
6], [ P27 1955 1 45485 47 LA-MC-1CP-MS [ Hf [F {37 2 ]
WHEAR H A, 3R 2 7 B BR R AT AT (W et al.
2006) , K [ 2 18 FZ BB 5T [ oA 5T (m] 4 42 T 2%
4, A b, 0 B T R] A B SEECR (L et al. , 2005a;
Yang et al. , 2005; Zheng et al. , 2005; Jiang et al. , 2006; Li
et al. , 2006; Wu et al. , 2006; Xia et al. , 2006; Yang et al. ,
2006a; 2006b; Zhang et al. , 2006a; 2006b) ,

IR [ P 22 S0 30 % R 0 Ja N7 T2 A1 B il ( Yuan
et al. , 2004 ; ZEHRAEZS  2005b; EEFEAESE, 2006) 1) HE /055
Trtke BMAITS , B AR HE 38 AR RN 2
WK . BH B F 22 #e ( Blichert-Toft et al. , 1997 ; David et al. ,
1999 ; Amelin et al. , 1999 ; Le Fevre and Pin 2001 ; Kleinhanns
et al. , 2002 ; Bizzarro et al. , 2003 ; Le Fevre and Pin 2005 ; %}
FARAF, 20065 Lu et al. , 2007 ) g2 F AR AR (4 Lo,
UTEVA, TODGA #i§) ( Munker et al. , 2001; Yuan et al. ,
2004 ; Z= ik 48 4%, 2005b; Connelly 2006; Connelly et al. ,
2006; Lu et al. , 2007) k523 HE 5 T4 TR FIHAA TR 53
B [EmE, 7 HE M5 5 P 485 p0ee AR 220 HF 5%
J& , #B 45 HCIO0, #E R HF ( Patchett and Tatsumoto 1980
Salters and Hart 1994 ; Munker et al. , 2001 ; 5EAES, 2006;
Connelly 2006 ; Connelly et al. , 2006; Lu et al. , 2007 ) , 751
JEE AN HE (4 B, 503, 3R A HLE (0% {5 1T 0 R T Jr v
AEFEFE 5 (Le Fevre and Pin 2001; Bizzarro et al. , 2003;
Ubeck et al. , 2003; Le Fevre and Pin 2005; Z= ik 4¢ 4§,
2005b) ,,

ASCHERG N AR 3t b (Munker et al. , 2001) , F
HE 5 F~ 28576 BB T 8 A 0w 00 20 e 22 8%, i T4 R
(Yb, Lu) ATER: EWERT . [RMF, fEA R BREE IR R T L2
FERTTER (Ti) 5 HE (1453 85, T — IR AE B B 138 ekt 15
BHE 5 A TR 148 X RERE T LR F] HF ke dh , X
Teifi il HC10, AT HF ik e 7 RFR0R I (20 Lo R5) 1)
A PR AL A YR 20 BR ) ( Munker et al. , 2001; Yuan et al.
2004) KR T A o A A bR A 0 S DN KR W, % 5 R
P 2 AR
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AR S 5o T e 2tk (H BHL % > 18MQ) s HCT HNO, \HF
AR T R G 2 3 3R 3k — vk 0 e 7 A 4l Ak A5
HAc H, 0, il HyBO, Jydbt 4k 1T G 43 5 ; Ar v ¥ W
Alfa Hf 10000p.g/ml ( No. 14374 ) | Alfa Lu 1000wg/ml ( No.
35765) . Alfa Yb 1000p.g/ml ( No. 13819) | Alfa Zr 1000g/ml
(No. 13875) F1 Alfa Ti 1000 wg/ml( No. 35768 ) Ity [ Johnson
Matthey Company [ Alfa Aesar 2\ ), % e Hi B TAF VA
FRUEZ R Ta(1000ng/ml) F1 W (1000pg/ml) 14 H E K FREY)
BT gL, BB TAEHS W B 4 Bio-Rad AG1-X8
(200 ~400mesh, C1~ %)  ZEIF A 5448} &y Bio-Rad 2ml (0. 8
x4em) o

FREL ca. 100mg %5, T Tml Savillex ¥ RERE, A 2ml
e HF F10. 5ml ¥ HNO, , & T A Hui L ORI — A, 31 () AS B
PR FERE A5 RE 5 50 0 VR, 28 TR INAE 5 H,
BO, 1l HCL, {12 /NI IS AL 5, BRI ZE T, ARG A 6M
HCL el , 26T, B A 3M HCL i fahe i, AR 12 /)
B, SR 5 AR K I HE, g Ak, i s i
BRI 1,

2 ik

HE [R5 R 73 B2 70 vb B2 Bt 3 5 5 3t 3R ) SR e
A PElE AL B 2 45 9256 F ThermalFinnigan Neptune MC-
ICP-MS F5ERM . A RALGEA AN A, 4 S 0L SCER (W
et al. , 2006)

HE [FJ7 2R 0 I , 4R T 2 O =, BRI 1 it
MR 14 =" Yb, 13 =" Lu,12 ="7°Yb + " Lu + " Hf, LI
=""Hf ,Center = Hf ,Hl =""Hf ,H2 =" Ta + ""Hf + "W,
H3 =""Ta, H4 =" W, J5"" Yb J&-oy 1 W7 Yb Xt " HE (1)
P I Lo 2 S 7 M L %O HE 9 F 4 W Ta
R T WA Ta X O HE BT, MR WO T W

Table 1  One column procedure for Hf purification using anion exchange chromatography
fiz Acid {AFH ml Volume i8] Remarks
6M HCI 10ml x3 &% Hii#% Preparation
1M HCI +0.5M HF 3ml x3 % SEf Balance
IM HCI +0.5M HF Smlx1 ¥k FAE Loading Sample
1M HCI +0.5M HF 2ml x5 %K WRVEREIA T2 Eluting Matrix
1.0mM HCl +0. 5mM HF 2ml x5 %K Wk EEATEZ Eluting Matrix
4M HAc +8mM HNO, + 1% H, 0, 10ml x 7 3% Wik Ti Eluting Ti
6M HCIl +0.1M HF 10ml x 1 % UL Collecting Hf( Zr)
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XHHE (T AR RE 22 R, S 5 A P bR i
Alfa Hf $R#ER R (200ng/ml) %} Neptune #E47 Z 5tk Ak , W45
FEE TR CEEMEMBRIREESEH) BT EHRS
B, LS B s R R BB JH, 200ng/ml Alfa HE (19 47 1 7%
W, OHE 5 SR A 3.5V Zdv o 1E LU B S PRRE S R s
R, RO 07 55 R RSO SRS 1 I3 BT g4 7 52 e
AL . AR 4R 2502 DL SCIR (W et al., 2006) .
b5V BEJE 1 HE Ji 2% HNO, +0.1% HF %51 AR
LR B O S AR RE Oy 2 R S S 1 2%
HNO, +0. 1% HF %805 DE R R S8, SRIG TF I F — A FE i
(R o L, S8 B — R i PRI R (8 Ry 10 M, 75 B
Z B PGB 1E] y 5SMin, 2235368 ,2% HNO, +0.1% HF ji
BURR LAl 2% HNO, IS , Yeisk HE A I RER

3RS
3.1 &R

FEAE MR A1 bR RE HE [l 62 38 93 B 45 2R 51 T
R 2, MLAEN, EZREAH GSR3 (Lila) 1Y

R2 EORERN HEMKER
Table 2 Results of Hf isotopic analyses for SRM

FRMER B SRM 7°HE/ T HE £ 20, %3 3k Reference

GSR-3 0.282992 + 08
ZRA 0.282979 06
Basalt 0.282984 + 06

0.282983 + 07

A3 This study
A< This study
ZR3C This study
ASHRAEEE 2005b

BCR-1 0.282875 +10
ZRAE 0.282862 +08
Basalt 0.282913 +65
0.282817 +08
0.282892 +06
0.282879 +08
0.282860 +11
0.282855 =10
0.282867 + 15
0.282875 =06
0.282851 =06

A3 This study

A3 This study
Patchett and Tatsumoto 1980
Le Fevre and Pin 2001
Munker et al. 2001
Blichert — Toft 2001
David et al. 2001

Chu et al. 2002
Ulfbeck et al. 2003
Bizzarro et al. 2003
Lapen et al. 2004

w2 0.282709 +09 K3 This study
e 0.282714 10 Z<3¢ This study
Basalt 0.282719 +09 ZR3C This study

0.282716 +09
0.282715 =30
0.282718 +10

ZR3C This study
Le Fevre and Pin 2001
ASHRAESE 2005b

BHVO-2 0.283094 +07
ZRE 0.283096 +07
Basalt 0.283088 +08
0.283098 +06

0.283116 +08

0.283096 =20

0.283099 +03

0.283102 +13

0.283081 +12

X3 This study
ZR3C This study
A3 This study
ZR3C This study
Bizzarro et al. 2003
Wei et al. 2004
ZEHRAEAF 2005b
Witting et al. 2006
T E AR S 2006

TOHE T HE HAE S R SR FRRIORT R (A Lo ARERR) 145 SR AE
WRIEVL N 58 2 — B (EWRAE AR, 2005h) , Hofly [ e 1 b
Ff BCR-1 . BHVO-2 \W-2 (1" HE/ " Hf b {8 5 SRR 101 7
im2 0 B N W58 & — E (Patchett and Tatsumoto 1980
Blichert-Toft 2001 ; David et al. , 2001 ; Le Fevre and Pin 2001 ;
Munker et al. , 2001 ; Chu et al. , 2002 ; Bizzarro et al. , 2003 ;
Ubeck et al. , 2003; Lapen et al. , 2004; Wei et al. 2004 ;
Witting et al. 2006 ; ZEERAESE | 2005b; FiE #7455, 2006) , LU
IR A SRR, FATTETARAS Y 1 [R] 4L 2R 4R v T
B, A2 B TR AR

3.2 iFig

Munker et al. (2001) & & T & & Zr [7){yi £ MC-ICP-MS
SIHTI AL BT T Tk Rk B e . T Ze JHE AR AR
247, IRl MC-ICP-MS W3 Zr \Hf [A) £33 A 2R SOR R
AFE, W Mo, ¥Cr* Ar, ™W** F 4" Zr, "Yb, "Lu,
064100, 10Dy FHOHE, Ta FIOW T HE, A1
BEAERE b A e 1 A HE [A) 23R MC-ICP-MS 3B i) 4 2773 1
Ttk

()RR FEH BT it A b HF AR SR RERRER A AL
BRI A, B FOBEAE Ry T TC R AE M TOARE i v U R A
U B R A ST, R LS BEUIE
20 HE 79 81 ( Blichert-Toft, 2001 ; Connelly et al. , 2006) ,
[, 7 H R WA I ORI TUNE . Pt , JeATHE HF £
VAR IS It IO 28 &5 F -, SR AL DCTE , (75
5 BEFIRG -0 R LA B FIE A AE , KORHE & 1 HE f T i
B )i, A5 LA PR 708 20 7 1 J0 R 7E BT 8 7 28 4 A
fIg BN

()[R E T RS ECYb, L) 97
FELL K e R A (U Gd 0, Dy 0) T HE,
I, B LT R AMIR S Hf 3B, FEBT B 7 ac 4t B, 1
JCREM B FATER R F A ER M, 25k, i °HE 5 F~
SR BB T B R R MR R b, RO TR R R
HCI A BB T o, IS ARIE T4 L0 R 5 HE K5
B ARG T MC-ICP-MS 34 HE I 4[] B AR T4
[l 7S B R F e, i mT DA s Yb A Lu (£
SIRERIEE TS B 2 BRI, B O B,
YDA Lu AL R 155 58 B /T 0. 00004V, 5431
T EMZE GBI S . PRV, S & °H BFlt
P Yb/TTHE A Lu/ T HE 145 S 5 B /8T 0. 0001 N, S b
X HETTHE LR R S 2R TR R (2R ke A
2005b) , JRETENIE T2 | HE 55 O R BB A AN
5385 fH T K23 Neptune MC-ICP-MS % [l /5 S35 25 1 T4k
FNERBE ), 16 Alfa Hf FRifdA i (200ng/ml, "R [F]) #oin A [F]
Y Lu F1 YD SRHEAT 525, MK 45 R R W], 7 Lu/Hf <0. 1,
Yb/Hf <0.04 i}, Neptune MC-ICP-MS 0] L 5% 476 %) #E 4T
[FB SO R AT HmER (B 1A B) , Xk EIIE T LA-
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MC-ICP-MS 47 (&}) 4 41 HE [7] 37 2 43 Hr 67 HE (19 ] o 5
PR FER A Yb, BAh, Tk F5r B b Ta F1 W 5 HS
Z AT RIS 5 8 W2 EU AR IR ME Y, R T AT 7O 1 0 B
M FHE AR Ta F1™W T8 HE, ik, 78 Alfa HE bR
WHMAARE R Ta A1 W R HEAT S5, XS5 R W], Ta
W HYAAAEXT MC-ICP-MS iz HE 35 %07 (& 2A B) .
(3)FEMRICHE  MC-ICP-MS % L) 28 M1 4 55 o 3k
(Thermal Tonization Mass Spectrometry: TIMS) B{#t — — /R %
T 5% (hot Secondary Ton Mass Spectrometry: hot-SIMS ) I {x;
HE @ L SR TORT Ze HE 2385, BT Ze (HE AR AR
(P2 B, L P AR AR B 142 (53530 0. 80, 0.814) 52
WE AT Z 6] 1Y 53 8 B AR H % B 2D 3R (Patchett and
Tatsumoto 1980 ; Salters and Hart 1994 ) , [fii iX $4 44 & Hf {2
SRBIIME A5, 1 AT TIMS il hot-SIMS 6 751 7 Al 1) #E %
( Blichert-Toft 2001) . HF5EFEH, Zr/Hf 353 200 (48 B 554,
2005 ) F: 2 %) 800( Goolaerts et al. , 2004 ) xf Hf [F]{3; ) MC-

ICP-MS MR 50, 7E Neptune MC-ICP-MS #E47 4[] Zr/
HE 386G, 45 R 3RH, K Ze BAFAEASTZ M HE [A] 42 2% A9 I 35
(K 3A),Zr HE TCH5 70 85, AR 0 B R KA. R,
MC-ICP-MS %} Ti .Hf 2 [fl4} Bt 7% 45 TIMS 5% hot-SIMS B
IBLwi 2] R4 Ti AAAEXT HE /) MC-ICP-MS 43 #7743 5T
T R Ti B AR D (e FLHE AR, ORFRAR 1 HE
P A% i R, R B IO, Bl R A A T B R
( Blichert-Toft et al. , 1997 ) , (AL, 48 K#H 0 Ti R EFHE S
Hf /3% . Goolaerts et al. (2004 ) B XFHE S b Ti 2 = % Hf [A]
RLZE I 5E /Y 52 W A 3 BF 5, 76 T/ HE ¥R B2 G (B 3k 30 /Y
IMCAT5 B b, " HE/ 7T HE I 545 R %A 52 5 B 1Y
. BRI, RS S RAB ARG R R P, T Y
F™ Y2858 TR R EAR/NC ~ 1) 1B /N T Ze Hf 285
FORY%% & 8 7/ 70 B & 8 (KT 100) (Munker et al. ,
2001) , Kt FEIZACE N AT DASEBL T 5 HE (G005 . #
SEBRH BT i, TiO, 5 AR ROR, — B 0.01 ~4% , 4
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Fig.3 Effects of Alfa Hf analyses with an addition of variable Zr, Ti contents

LI M5 90% LA B, Fe 148§ 4M HAc + 8mM HNO, + 1%
H, O, 1RA O YE Ti, vl LU SR % W B AR B (/s T, B
AR R ICA, 3ok, F 6M HCL +0. 1M HF ke 3205 Zr
Hf i Fi#k—04#r . £ Neptune MC-ICP-MS W, 347 A [A] Ti/
HI 3056 (1] 3B) , 25 528, B Ti/HE 353 200, 11545 WA
FX} HE 19 MC-ICP-MS J A B & 19 5 i, 38 8 1k 2% 43 1
J& , Ti/HE % /NF 5, X FEAR SR HE 4381 %2 0m , WA A hR
FERIIRZ, SR BRI IR B 13— A

4 Ihgh
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JECRE i HE [ 57 28 20 153 #r
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