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Analytical technique of selenium stable isotope and geological applications

WEN Han-jie, HU Rui-zhong, FAN Hai-feng and ZHANG Yu-xu
(State Key Lab of Ore Deposit Geochemistry, Institute of Geochemistry, CAS, Guiyang 550002, China)

Abstract: In the end of past century, with the advent of analytical instruments such as TIMS and MC-ICP-MS, the non-traditional
stable isotopes, including Fe, Cu, Zn, Se, Mo, Cr, Hg, Ca, Mg etc., are developing rapidly, and have became a very important
research frontier in isotope geochemistry. Because of the special feature with the multivalences, multi-mass number and larger isotopic
fractionation, Se¢ isotopes have caused more attention. Se isotope research to date has confirmed these measurements, developed new
measurement techniques, and investigated Se isotope fractionation during several other critical processes. In this paper, we summarize
the chemical preparation (TCF), on-line hydride generation system, mass spectrometry, scaling of standard reference materials con-
cerning Se isotopes, and review the isotopic compositions and fractionation mechanism in natural and the experiments.
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TCF TCF thiol cotton fiber As 0.02%o
on-line HG on-line hydride generator As Se
system As Sh Te
1.1 TCF HG
TCF TCF
pH 1.5~
TCF TCF thiogly- 2.0 TCF Se Cull Ag I Sn
colic acid I B Il Hgll Shbll Asll Aa Il TelV
electron with- Pd Il Pt Il
drawing group 6
TCF 50 mL mol L HCI Caoll Ag 1l Snll B [l Hg
500 mL 35 mL I sSb il Pd Il Pt Il TelV
acetic anhydride 16 mL glacial acetic acid Au Il As Il TCF Yu et al.
0.15mL concentrated sulfuric acid 5 mL 2002 2003 Te
milli-Q water 15¢ 1~2 Te Rouxel et
40C 5 al. 2002
40°C TCF
Yu TCF TCF
2002 2003 Marin 2001 2003 Wulff 2005 2mL 2 3
min Yu and Liu 1983 Marin et al.
TCF 2001 Rouxel et al. 2002
TCF Yu Liu 1983
TCF 20 1
95%  Rouxel 2002 TCF
TCF 95% — 100% 95%
TCF
Ge As Sb Te 1.2 on-line HG
Ge HGe TGe on-line HG
As AsH' 76 NaBH,
Se Ge 100 H,Se MC-ICP-MS
%Se  1.5% TCF
Ge 99.9% In
Ge Se Ge =10.5V
100 As 2
As  Se As 1 100
1
Table 1 Total recovery of Se standard reference materials during chemical preparation
pg g ! A" pgg! B* g g %
GBW07103 0.04 0.039+0.004 0.045+0.002 105.0
GBW07104 0.04 0.042£0.003 0.039+0.001 101.3
sBW07105 0.073+£0.024 0.068 £0.002 0.071£0.004 95.2
GBW07106 0.08+0.03 0.073+£0.005 0.078£0.007 94.4
GBW07107 0.075+£0.015 0.076 £0.006 0.081£0.006 104.7
GBW07108 0.09£0.02 0.095+0.007 0.083£0.003 98.9
GBWO07302 0.20+0.05 0.187£0.014 0.191£0.018 94.5
A" HNO;-HCIO,4 B* HNO;-HCIO,-HF
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2 TIMS
90 TIMS
2 A% Illinois Johnson  Herlbel -
Table 2 Signal intensity of Se isotopes by the different double Isotope spike N-TIMS
introducing method 500 ng
®Se 7'Se Se Johnson ez al. 1999 Herbel ez al. 2000
2x107° 0.324 0.271 0.881 Johnson 2004
100X10°° 0.895  0.757  2.46 Qe 4 9280
80 Se 76 Se
+0.2%0
Johnson
20 60 2004
3 3 MC-ICP-MS
TIMS MC-ICP-MS 5 MC-ICP-MS
1 gas-source mass spectrometry 10 ng
Krouse  Thode 1962 0.2%o
MC-ICP-MS
TIMS
82Se 76Se 10%o + 1% CRPG-CNRS
20 70 Olivier Rouxel John Ludden Jean
Rees  Thode 1969 Carignan Macquarie David Wulff
Webster 1972 Rouxel et al. 2002 2004
MC-ICP-MS
Rashid  Krouse 1978 1985 1 NaBH; 1% NaBH, +0.05% NaOH
Se(” S~ H,Se 0.5 mL min
0.45 pm
1 mg NaCl

BV IR -""ﬁ RRL3R
NaBH4-——'\ /

e

EiR MC-ICP-MS4E &

1

1 MC-ICP-MS

Fig. 1 Se isotope measurement system with online hydride generation coupled to MC-ICP-MS
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4
Ar 0.3 L min 0.5
[soprobe ~ MC-ICP-MS ! 3 Seperc =0%o
40 AL 40 AL 0.0
40Ar_40Ar 0.3V 38Ar_40Ar 38Ar_38Ar 05t
’ g Nu instrument
70Qe  78Ge - Isoprobe §%2/768e=-1.54%, +0.08%o
& -1.0} 8%7%8e=-1.54% +0.16% ]
Nu instrument MC-1ICP-MS IS T
% I T T - T
Isoprobe -1.5} % 1
MC-ICP-MS Neptune MC-ICP-MS =1 J
2.0F 1
-2.5 L . .
0 5 10 15 20
MC-ICP-MS Ar AR
2 MC-ICP-MS Isoprobe  Nu instrument
Wullf $'Br 7 Br _ _ .
Wulli 2002 Rouxcl Fig. 2 ‘ Results of Se lsotope? in t.he Isoprobe and .Nu type
2002 Carignan Wen 2007 “ sample-standard MC-ICP-MS for the Se isotopic standard solutions
bracketing”
3

+ 0.2% Rouxel et al. 2002 Carignan and Wen

Beard 1999 Zhu 2000a

2007
2000b Fe Cu
“ steady state ”
Beard er al. 1999
Zhu et al. 2002a 2002b CRPG " Merck” “ CRPG” illi-
nois Jonhson “ MH-495"
Se
NIST SRM3149
3

MC-ICP-MS
MC-ICP-MS

2 2 3
0.2%0 20 NIST SRM 3134
2 4
M 70Se 0 = 0.04%0 *
“ sam-  0.38%o
ple-standard bracketing” 0.17%0 +0.72%o
NIST SRM 3134
NISTSRM 3149
Rouxel 2002
4

* sample-standard bracketing”
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3 %00 Se(V1)
Table 3 Calibration of different Se standard reference //Y_ \
materials %*ﬂﬁfﬁﬂ FTHER 4’31 FER
%, 0 0,
552 7680 52 77ge 552 18ge \ Al()) 18/0 %0~T%0
NIST 3149 0 0 0 Se(IV) 4/
~<—
MERCK —1.54+0.20 -1.36+0.20 —1.03%+0.20 /
; | ~0% ~1om [ 0% TAUER | | metem
CRPG -2.01+0.15 —-1.70+£0.15 -1.36+0.22 9%, 0 0/ 148,
9%0~18%0 9%~ 14%0
MH495 -3.04+0.50 —2.48+0.45 —-2.01+0.45 ¢¢ \ 44//
Se(0)
m%ﬁ% ?ﬁ#é
R ] ﬁ‘iﬁmﬂi ( m
/J\
BB e
@M D OQ & &
=
a4 = 4 Johnson 2004

SN

CJl D))\

A

T
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3
[sotopic compositions of natural samples
2002 2004

Fig. 3
Hagiwara 2000
Wen 2007 Wen 2007

Rouxel Carignan

data after Hagiwara 2000 Rouxel et a/. 2002 2004 Carignan
and Wen 2007 Wen et al. 2007 and unpublished data

3% 70Se 0

10%o

17. 7%o0

1999 Herbel et al.
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Fig. 4 Summary of Se isotope systematics after Johnson 2004

arrows represent reactions between Se species indicates an

estimated or preliminary value
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Se IV Se 0
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4.8% 13.2% Rees  Thode 1969
I\ 3% 768e
Se IV Se 0
11.8%0 Johnson 1999 4 N
v 5% 7S¢

552 76Ge
Se VI Se
120()0 i 10/()()

Se VI Se
5.5%0 +0.3%o
Johnson et
Bullen 2003 -
Se IV 3827
Thode 1969
Fe OH ,

al. 1999 Johnson
green crust Se VI
Se  7.4%0£0.2%0 Rees
32 7Se 12.0%o

Se 7 .3%o
5%o

Se VI
Herbel 2000
Barnesii Se VI Se [V Se 0
N 32 0 Se
v Se 0

9.1%o

B. Arsenicoselenatis S.

Se VI Se
5.0%0 £0.5%0 Se
7S 7.9%0~
Se VI

32 70Se 5.0%0 £ 0.5%0
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Ellis 2003 Se VI
Se IV Se 0 Se VI Se IV
7S¢ 2.6% —3.1% Se IV Se
0 3278 5.5%0 —~5.7%0
2
Se Johnson 1999 H,O,
Se IV Se VI Se
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