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Abstract: Here, we present a new three-stage Ti separation procedure using AG1-X8 and Ln resins. Ti isotopes of

a number of geological reference materials were measured using MC-ICPMS calibrated by the standard-sample-
standard bracketing method. Through the AG1-X8 resin, Ti and other high-field-strength elements (HFSEs), such

as Nb, Ta, Zr, Hf, and W, could be effectively separated from matrix elements, such as Ca, V, Mo, Cr, and other

major elements. Ti could be separated from other HFSEs by Ln resin. The Ti recovery rate was close to 100%,

which was satisfactory to measure Ti isotopes using MC-ICPMS. The extra precision of ¢*’Ti for BHVO-2 (basalt

reference materials) was 0.5¢ for the past 12 months, which is close to that of the double-spike method. Ti isotopes

of a number of geological reference materials were measured based on the above method. Basalts showed uniform

Ti isotopes, whereas more evolved granites had higher Ti isotopes. The Ti isotopes of Fe-Mn nodules were

between those of basalts and granites. The significant variation in Ti isotopes in different geological backgrounds

provided a good proxy to trace the different geological processes.
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HCI: HCI Milli-Q AG1-X8 0.5 cm 4 cm
9 mol/L HCI, DST-1000 PFA Bio-rad , 6 mol/L HCI + 0.5 mol/L HF
9 mol/L HCI; R Milli-Q 2 mol/L HF
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1.2 >
Ti 1 , Ti
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, 1 mL 6 mol/L Ti
HCl , Ti
’ 1 mL 2 mol/L HF, F 1 AGI-XS8 BAES B Ti HEme
3 - | e 1M T ul =
1 mL 2 mol/L HF ’ Table 1  Ti separation on AG1-X8 resin
120 C (L)
Ca Mg , 6 mol/L HCl + 0.5 mol/L HF 10
( CaF, Milli-Q 4
Mng) 2 mol/L HF 6
2 mol/L HF 0.9
1.3 Ti
2 mol/L HF 10
Ti , \Y% 0.2 mol/L HCI + 0.5 mol/L HF 10
0.5 ml 200~400 ( 38~75 um) Ti(Zr-Hf ) 6 mol/L HCI1 + 0.5 mol/L HF 6
100
80
60
S
i 2 mol/L HF 0.2 mol/L HC1 + 0.5 mol/L HF 6 mol/L HCI +
&1 0.5 mol/L HF
=
Z 40 f
=
20
0 -
0 5 10 15 20 25
WRPEIRFL V (mL)
1 AGI1-X8
Fig.1 High-field-strength elements (HFSEs) separation from other elements on AG1-X8 resin

Geochimica || Vol. 47 | No. 6 | pp. 604~611 | Nov., 2018



oA TEME: FIA MC-ICPMS S#5E M TE b B iF fa Y SR B AL R LA AR 5 X IR 607

Ln (HDEHP)
Ti 1 mL
, 2~3 6 mol/L HCI,
, Ti
, 2.5 mol/L HC1 ,
s Ln

I mL 100~200 (

>

Ti
2, Ti
Ca Mg
AG1-X8 ,
Ti
, HNO;
HNO;
2 3 b
0.01% HF ,
14 MC-ICPMS

HNO;

Ti

Ti
75~150 pm) Ln

Ti

Ca Mg

120 C
HCI

MC-ICPMS
0.5 mL 1% HNO; +

%2 Ln (HDEHP)RAE 4 & Ti kit iRt
Table 2 Ti separation on Ln (HDEHP) resin

(mL)
6 mol/L HC1 + 0.5 mol/L HF 10
Milli-Q 5
2.5 mol/L HCI 6
2.5 mol/L HCI 1
Ti 4 mol/L HCI + 0.1%H,0, 5
HFSEs 2 mol/L HF 3
100 T
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80 |
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=
= 20t
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Fig.2 Ti separation from other high-field-strength elements

(HFSEs) on Ln resin

Neptune
Plus MC-ICPMS 9
, 48Ti’
17%,
Ca V Cr Ti
3 , Ti ICP-MS
Ca V%V \ 0.25%)
Cr, Cr
0§ , ESI
PFA 50 pl/ml
Ti 10 pg/mL,
HF,
Si, Si
, 29g;180 47Ti,
1% HNO;+ 0.01%
HF ,
10 , HF 0.0024 mol/L,
, Si
, 85 0.2V,
HF (1% HNO; + 0.01% HF)
, Ti 0.6 mV,
Ti , HF
Sio*
, 400 ng/mL  Ti , BTi
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Table 3  The typical instrumental parameters during Ti isotope measurement with MC-ICPMS
RF 1310 W ESI PFA
15 L/min X-pos —3.310 mm 100 pL/min
0.45 L/min Y-pos —3.850 mm
0.938 L/min Z-pos —0.240 mm 4.194 s
3s
10 kV Glass cyclonic
Ca Al Mg Na Cr V Zr 1 mL
; 10 ng/g, , Ti
, Ti ICP-MS Ti 0.6 mV, ,
(9.8£0.3) pg/g,
Ti , NIST 3162a Ti 22
(€¥Ti = 0.05+0.02),
2 ( 3a 3b),
2.1 >
460 , *Ca’
46Ti+, Bog* 48Ti+’ SO(V Cr)+ SOTi+, 46Ti+, “Ca” 48Ti+, 50(V Cr)+ 50Ti+,
, 92(Zr MO)++ 94(Zr MO)H 96(Zr ’
++ 46 rret ATreet 48met 98 i Ti 47Ti 49Ti
Mo) Ti" "'Ti Ti , Mo
100M0++ 49Ti+ 5()Ti+ , , 849Ti ,
2014 2016  Millet et al.”>*]
, 4
, AGI1-X8 4 ;
Mg , Millet et al.
Ca V Cr MC-ICPMS
[19721], [23] [23] OL-Ti s
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Fig.3 The mass-dependent fractionation line of Ti isotopes (error is 206)
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Table 4 Ti isotope compositions of geological standard materials
&°Ti 26" £°Ti 26 £°Ti 20 &OTi 20
BIR 4.94 0.39 -5.21 0.25 -10.41 0.49 —15.46 0.31
BCR-2 5.00 0.10 -5.19 0.14 —10.47 0.28 —15.54 0.31
JB-3 5.09 0.61 =5.15 0.32 —10.30 0.65 —15.55 0.75
BHVO-2 5.17 0.38 =5.19 0.43 —-10.29 0.50 -15.27 0.57
W-2 5.11 0.31 -5.14 0.26 -10.37 0.26 —15.33 0.66
SARM-4 5.21 0.23 =5.21 0.23 —10.42 0.45 -15.11 0.39
AGV-1 4.56 0.52 —4.36 0.36 —8.89 0.24 —13.48 0.88
GSP-1 2.53 0.31 -2.46 0.19 —4.92 0.39 -7.42 0.26
JSD-1 4.09 0.41 —4.12 0.38 —8.06 0.45 —-13.07 0.41
GBW07249 4.06 0.40 —4.32 0.40 —8.89 0.34 -13.19 0.76
GBW07296 3.27 0.22 -3.60 0.47 -7.22 0.63 —-10.59 0.61
: 26, BHVO-2 12 2 , 4 2 2
Ti
, 3
b
b
Ti , Ti , 100% Ti
i, MC-ICPMS
Ti )
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Fig.4 Ti isotope compositions of geological standard materials
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