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Analytical technique for germanium stable isotopes and its geological
applications

ZHU Chuan-wei', WEN Han-jie!, FAN Hai-feng', ZHANG Yu-xu' and LIU Jie!+?
(1. State Key Lab of Ore Deposit Geochemistry, Institute of Geochemistry, CAS, Guiyang 550002, China; 2. University
of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Ge exhibits siderophile, lithophile, chalcophile and organophile behavior in different geological envi-
ronments, and it has been widely used in the study of mineral deposits, environment sciences and so on. Previ-
ous testing technology has restricted the development and application of germanium isotopes in Earth science,
but limited research on germanium isotopes has indicated great application potential in cosmography, oceanogra-
phy and so on. In this paper, the authors summarize the chemical preparation and mass spectrometry, and re-
view the isotopic compositions and fractionation mechanism in nature and experiments.

Key words: Ge isotopes; mass spectrometry; chemical preparation; isotopic fractionation

Ge 1.1
X107 %~1.3x10° 1.4x10 °~1.5x 2003 20012 @  Ge Si
10°° 1.4x10 °~1.6x10"° Ge Si
Ge 2009
Shen et al. 2011 2012 Ge
2004 Holl ez al. 2007 Ge
O Ge
2014 -02-28 2014 -08-15
40930425 41173026 41173029 “ " SKLODG-
7Y125-070 KZ7ZD-EW-TZ-20
1987 - E-mail 210105128 @ 163. com

1971 - E-mail wenhanjie@vip. gyig. ac. cn



966

33

MC-ICP-MS
TIMS
Li Mg Cl Ca Cr Fe Cu Zn Se Mo Cd Ge

Ge Ge
Ge
95% 1 Ge
Ge
Se Zn Fe Ni
1 Ge
Table 1 Isotopic abundance potential interferences of
isobars and ion complex for germanium isotopes
Ge % Se % Zn %
70 20.55 0.62 H#Fe 160
72 27.37 $Fe 160
73 7.67 *Fe 1°0 'H
74 36.74  0.87 Fe 1*0 'H *¥Ni 0
76 7.67  9.02 SNi 160
1.1
Ge Chap-
man et al. 1949
GeCly 83T
70C
Siebert 2006 HF
Ge

Ishikawa and Naka-

mura 1990 Luais 2012
GeFy
300C
GeF, Ge
Kwasnik 1963 300C
Ge
1.2
Hirata 1997
Ge
Ge
Ge
Ge 95%
83T Ge
Ge
Ge
Green et al. 1986 Xue et al. 1997 Qi et al.
2011 Rouxel et al.
2006 Luais 2012 Zhu et al. 2014
Bio-rad AGI1-X8
Bio-rad
AG50W-X8 Ge
Escoube 2012 Luais
2012
Ge
Ge ~1Xx
10°¢ Ge
Ge
Ti Fe K Al
Ge Fe Zn Ti
Ge Rouxel eral. 2006 Luais 2012
2014 Ge

/n



> 967

Ge Ge
Ge @)
Ga ' Ga
2 Ge “Ga Ge Ga
Ga Ge Ga
Reynolds 1953
Ge 1% 8™ "Ge TIMS Ge
0.2% ~0.5% Shima 1963 Green Ge Hirata 1997
1986 0.1% 90 Luais 2007 2012 ©
Ge
Ge Ge Ge BGe ™Ge
0.1% TIMS Ge
MC- Ge
ICP-MS Hirata 1997  MC-ICP-MS Mo
Ge ion beams multi- 2011
ple ion collection technique Ge
Ge 3 Ge
Hirata 1997  Galy 2003 MC-
ICP-MS Ge 8 Ge Ge
0.12%0 2SD  Rouxel Ge
2006 MC-ICP-MS Ge 15 ng Ge
0.2%0 2SD Ge
Luais 2007 MC-ICP-MS Ge
0.06%0 amu  Escoube 2012 MC-ICP-MS  Ge Aristar JMC Spex Aldrich
Ge 0.1% 2SD NIST SRM 3120a NIST SRM 3120a
Ge
Ge MC-ICP-MS Ge
" " Escoube 2012 NIST SRM 3120a
? MC-ICP-MS
“ ! NIST SRM 3120a Ge
Se 0
2008 Ge 4 0Ge % = “Ge  H*0Cd  —1 X1000
Rouxel et al. 2006 Ge 2 Ge
100% Escoube et al. 2012 ?
H,O 2 Ge
Mpe 1o Table 2 Calibration of different Ge standard reference materials
1 - " 3 MGe 28D §P7Ge 2SD 87 Ge 28D
Luais 2007 2012 2008 NIST SRM 3120a 0 0 0 0 0 0
Aristar -0.64 0.18 -0.54 0.18 -0.38 0.26
IMC -0.32 0.1 -0.23 0.12 -0.16 0.07
@ - sample-standard bracket- Spex ~0.71 0.21 -0.56 0.15 -0.37 0.16
ing SSB Aldrich ~2.01 0.23 -1.5 0.17 -1.03 0.12

Escoube et al. 2012



968 33
WHOI A* 0Ge 5%o Ge
[FREMER
CRPG Ge
LCABIE Escoube 2012 Ge
Ge 0.58 +
SSB Ga 0.18%0 2SD Luais 2012
Ge BSE
Ge 0.53+0.16%o0
4 Ge Ge e
Ge Ge
Ge
Ge 1 Ge 2009
3 1Ge 0.5%0 0.75%0
Ge 2%, AT* 10Ge Ge Galy eral. 2002 Li 2010
Ge Ge
Ge Ge 1 . 7 00 Ge
Ge 9%0
AT+ 0Ge Ge
Qi et al. 2011 Belissont et al. 2014 Galy et al. 2002 Rouxel
2014 Ge 2006 Ge
Ge 0. 6%o Ge
Li
¢ ? 2 - 2 ! 0 2009 AB ab inito 25T
m&x\\\\ SCIKITILKS Ao a0 Ge | o Ge
> & ;ﬁrz;wmm Ge Si
é‘(;c%ﬁm L@ $69¢6i6r 00 €6 €O & Si Ge Siebert
K w2t ral. 2006 G
% SECSICS] T et al . ye
W&mz}m 36 X10°°~189x 106 Ge
\\\W \\\“\k\\\\ B 2.09+0.22%0
XK Rih BREBELD
X S i R () IAB Ge
mm@m(g
N ¢ o) B Ge Luais 2007 Luais 2012
D wEEE© Ge
BSE 7
1 Ge Ge
Fig. 1 Isotopic compositions of natural samples Ge
a— 2014 b—DBelissont et al. 2014 c—Lu- . .
ais 2012 d—Escoube et al. 2012 —Qietal. 2011 [—Lua- Ge F’e
is 2007 g—Rouxel et al. 2006 Ge Qi 2011
Data source a—Zhu Chuanwei et a/. 2014 b—DBelissont ez al . Ge Ge Ge
2014 c—Luais 2012 d—Escoube et al. 2012 e—Qi et al. Ge
2011 f—Luais 2007 g—Rouxel et al. 2006 7.31%0 Ge 1000106



969

Ge Ge 500
x107° Ge
Ge Ge

Ge Ge
Ge
Ge Ge
Ge

Ge
Ge Ge
Belissont 2014 Noailhac-Saint-Salvy

Ge

Ge

80~140C
Ge §74 G

Fe Zn

Ge

References

Belissont R Boiron M C  Luais B et al. 2014. LA-ICP-MS analyses of
minor and trace elements and bulk Ge isotopes in zoned Ge-rich spha-
Insights into

lerites from the Noaihac-Saint-Salvy deposit France

incorporation mechanisms and ore deposition processes J . Geochimi-
ca et Cosmochimica Acta 126 518~540.

Chapman ] FW Marvin G G and Tyree ] SY. 1949. Volatilization of
elements from perchloric and hydrofluoric acid solutions J . Analyti-
cal Chemistry 21 6  700~701.

Escoube R Rouxel O J Luais B et al. 2012. An intercomparison
study of the germanium isotope composition of geological reference
materials ] . Geostandards and Geoanalytical Research 36 2 149
~159.

Fan Haifeng Wen Hanjie Hu Ruizhong et al. 2009. A study o f the

Ge Cd Tl J . Earth

344 ~ 353 in Chinese with English ab-

stab le isotopes o { the disperse elements
Science Frontiers 16 4
stract .

Galy A Pokrovsky O S and Shott J. 2002. Ge-isotopic fractionation
during its sorption on goethite An experimental study J . Geochim
Cosmochim Acta 66 A259.

Galy A Pomics C Day J A et al. 2003. High precision measurement
of germaniuni isotope ratio variations by multiple collector-inductively
coupled plasma mass spectrometry J . Journal of Analytical Atomic
Spectrometry 18 2 115~119.

Green M D Rosman K J R and De Laeter J R. 1986. The isotopic com-
position of germanium in terrestrial samples ] . International Journal
of Mass Spectrometry and Ion Processes 68 1  15~24.

Hirata T. 1997. Isotopic variations of germanium in iron and stony iron
meteorites J . Geochimica et Cosmochimica Acta 61 20 4439~
4448,

Holl R Kling M and Schroll E. 2007. Metallogenesis of germanium-a
review J . Ore Geology Reviews 30 3 145~180.

Ishikawa T and Nakamura E. 1990. Suppression of boron volatilization
from a hydrofluoric acid solution using a boron-mannitol complex J .

Analytical Chemistry 62 23
Kwasnik W. 1963. Section 4. Fluorine compounds A .

2612~2616.

Brauer G.
Handbook of Preparative Inorganic Chemistry C . Academic Press
Inc. New York 150.

Li Jin Zhu Xiankun and Tang Suohan. 2011. The application of double
spike in non-traditional stable isotopes—a case study on Mo isotopes

J . Rock and Mineral Analysis 30 2 138 ~143 in Chinese with
English abstract .

Li X F and Liu Y. 2010. First-principles study of Ge isotope fractiona-

tion during adsorption onto Fe [l -oxyhydroxide surfaces J .

Chemical Geology 278 1
LiXF ZhaoH TangM et al. 2009. Theoretical prediction for sever-

15~22.

al important equilibrium Ge isotope fractionation factors and geological
implications J . Earth and Planetary Science Letters 287 1 1~

11.



970

33

Luais B. 2007. Isotopic fractionation of germanium in iron meteorites
significance for nebular condensation core formation and impact pro-
cesses ] . Earth and Planetary Science Letters 262 1  21~36.

Luais B. 2012. Germanium chemistry and MC-ICPMS isotopic measure-
ments of Fe-Ni  Zn alloys and silicate matrices Insights into deep
Earth processes J . Chemical Geology 334 295~311.

Qi Huawen and Hu Ruizhong. 2003. The relationships between the con-
tinental sedimentation siliceous rocks and the origin of super-large Ge
deposit—a case study on Lincang Ge deposit J . Science in China
Ser. D Earth Sciences 33 3 236~246 in Chinese .

QI HW Rouxel O HuRZ etal. 2011. Germanium isotopic system-
atic in Ge-rich coal from Linchang Ge deposit Yunnan Southwest-
ern China J . Chemical Geology 286 252~265.

Reynolds J H. 1953. The isotopic constitution of silicon germanium

and hafnium ] . Physical Review 90 6
Rouxel O Galy A and Elderfield H. 2006. Germanium isotopic varia-

1047.

tions in igneous rocks and marine sediments J . Geochimica et Cos-

mochimica Acta 70 13 3 387~3400.

Shen B Lee C T A and Xiao S. 2011. Germanium silica ratios in diage-
netic chert nodules from the Ediacaran Doushantuo Formation = South
China ] . Chemical Geology 280 3  323~335.

Shima M. 1963. Isotopic composition of germanium in meteorites J .
Journal of Geophysical Research 68 14 4289 ~4292.

Siebert C Ross A and McManus J. 2006. Germanium isotope measure-
ments of high-temperatire geothermal fluids using double-spike hy-
dride generation MC-ICP-MS J . Geochimica et Cosmochimica Ac-
ta 70 15 3986~3995.

Tao Zhen Zhang Chao Gao Quanzhou er al. 2012. A review of the
biogeochemical cycle of silicon in terrestrial ecosystems ] . Advances
in Earth Science 27 7 725~ 732 in Chinese with English ab-
stract .

Tu Guangchi  Gao Zhenmin Hu Ruizhong et al. 2004. The Geo-

chemistry and Deposit-forming Mechanism of Disperse Element M .

Beijing Geological Publishing House 1~153 in Chinese .

Wen Hanjie Hu Ruizhong Fan Haifeng ez al. 2008. Analytical tech-

nique of selenium stable isotope and geological applications J . Acta

Petrologica et Mineralogica 27 4  346~352 in Chinese with Eng-
lish abstract .

Xue S Yang YL HallGS etal. 1997. Germanium isotopic composi-
tions in Canyon Diablo spheroids J . Geochimica et Cosmochimica

Acta 61 3 651~655.

Zhang Yuxu Zhu Chuanwei Fu Shachong et al. 2012. A study on
the enrichment regularity of dispersed elements Ge in Pb-Zn Deposits
in Sichuan Yunnan and Guizhou Provinces China J . Acta Miner-
alogica Sinica 32 1 60~64 in Chinese with English abstract .

Zhu Chuanwei Wen Hanjie Fan Haifeng et al. 2014. Chemical pre-
treatment methods for measurement of Ge isotopic ratio on sphalerite
in lead-zinc deposits J . Rock and Mineral Analysis 33 3 305~

311 in Chinese with English abstract .

. 2009. Ge Cd T1
J. 16 4 344—353.
. 2011.

30 2 138~

143.
. 2003.
333 236
~246.
. 2012.
J. 277
. 2004.
M . 116~ 124.
. 2008.
] 27 4
. 2012.
. 321 60~64.
. 2014, Ge
J. 333 305~311.

725~732.

346~352.



