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Abstract: Element Ce shows variable valences in the nature, which accounts for the decoupling between La-Ce and Sm-Nd iso-
topic system. In addition to a radiometric application, the La-Ce system thus sheds new light on a set of studies such as crust
recycling in mantle components, oxidation events during outer sphere evolution of the Earth and metallogenesis. This paper
consists of two parts. The first part summarizes the application status of the LLa-Ce system, its analytical problem faced as well
as developing trends in experimental technique and geological application. The second half describes a new chemical procedure
for La-Ce separation and purification. Analytical results for some USGS standards and some gabbroic rocks from the Neoprot-
erozoic Huangling complex, interior of the Yangtze craton, are also reported.
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2 USGS BCR-2,AGV-2.BHVO-2 La-Ce (EQB) Ce
Table 2 Measured Ce isotopic ratios of BCR-2, BHVO-2, AGV-2 and Emei basalt standards (EQB)
138 Ce/12Ce (20) (138Ce/12Ce, 20)
1 0.022 582 2 0. 000001 1
2 0.022578 4 0. 000001 8
BCR-2 3 0.022 5800 0. 000 002 0 0. 022 580 44-0. 000 001 5
4 0.022 582 4 0. 000 001 3
5 0.022579 1 0. 000 001 3
1 0.022 5829 0. 000 002 0
AGV-2 2 0.0225817 0. 000 003 3 0. 022 584 2+0. 000 002 4
3 0.022 588 1 0. 000 002 0
1 0.022576 1 0. 000 000 9
2 0.022576 8 0. 000 000 6
3 0.022576 7 0. 000 001 4
4 0.022578 9 0. 000 001 1
BHVO-2 0. 022578 1+0. 000 001 1
5 0.022579 1 0. 000 000 9
6 0.0225819 0. 000 001 4
7 0.022578 1 0. 000 001 2
8 0.0225770 0. 0000010
1 0.0225821 0. 000 001 2
2 0.022 574 5 0. 000 001 0
3 0.0225707 0. 000 001 1
4 0.022 569 4 0. 000 000 9
5 0.022574 2 0. 000 001 3
EQB 0. 022574 3+0. 000 001 0
6 0.022576 0 0.000 001 0
7 0.022576 2 0. 000001 1
8 0.0225736 0. 000 000 7
9 0.022574 2 0. 000 000 7
10 0.0225725 0. 000 000 8
:Ce ( ) Triton
3 — Ce . Nd
Table 3 Ce and Nd isotopic compositions for the Huangling gabbroic suite
(Ga) M3Nd/"Nd  25(1077) 138 Ce/12Ce 26(1077)  end(0) ena(?) ece(0)  ece(t) Ce/Cefa
1 7G07-2 0. 82 0.512 649 11 0.0225780 47 -+0.21 +3.85 +2.56 +0.28 0. 68
2 7G07-3 0. 82 0.512 467 11 0.0225722 9 —3.34 +4.07 +0.02 —0.10 0.97
3 7G07-24-3 0. 82 0.512 335 2 0.0225759 11 —5.91 +2.15 +1.64 —0.04 0.76
4 7G07-25-1 0. 82 0.512 949 10 0.0225697 47 +6.07 +6.57 —1.11 —6.89 0.43
5 7G07-27 0. 82 0.513 059 13 0.0225920 31 +8.21 +7.75 +8.77 +7.58 0.76
6 7G07-28-2 0. 82 0.512 548 2 0.022576 4 23 —1.76 +4.02 +1.88 —1.29 0. 61
7 72G07-34 0. 82 0.512 922 2 0.0225728 36 5.54 +5.47 +0.25 —1.81 0.68
8 72G07-35 0. 82 0.512 992 2 0.022573 4 13 +6.91 +5.68 +0.55 —6.35 0. 39
:Ce/Cetg=w(Ce)n/[(1/3) Xw(La)n+(2/3) X w(Nd)x J; Nd,Ce ( ) Triton
Ce , Ce
7G07-25-1  ZG07-35, ece (1) — 6. 89 Ce Ce
—6. 35, MORB (—1.3). Ce
(D .LREE
’ Ce ECe
, Ce .LREE MORB e ,
b
REE Ce
’ s ece (1)
. (2) —

138 148/142 Ce



1 :La-Ce 41
10° - 2G07-2 (2)La-Ce Ce
-©- 2G07-3
-7 2G07-24-3 ) Ba
- ZG07-25-1
10° - 7607282 '
- - 2G07-34
E 72G07-35 X Ce
10'
3 .
o'l . Ce Nd Eu Tb Ho Tm Lu ) La-Ce
La Pr Sm Gd Dy Er Yb
7 — REE ’
Ce Ce,
Fig. 7 Chondrite normalized REE patterns for the Huangling Nd , Nd-Ce
gabbroic suite —
107 & References
ZG07-2:5;18_:. 7G07-35 %’(::0.7_27 Amakawa, H. , Ingri, J. , Masuda, A. , et al. , 1991. Isotopic
05::::——’—8—:._% 2G07-34 compositions of Ce, Nd and Sr in ferromanganesenod-
o i ules from the Pacific and Atlantic oceans, the Baltic and
\ﬂ: AN Barents seas and the Gulf of Bothnia. Earth and Plane-
ll\ \\\ JG07a . tary Science Letters,105:554—565.
L A ol ) | “ Amakawa, H. , Nozaki, Y. , Masuda, A. , 1996. Precise deter-
-10 - _2 i \\\ ° ZGO7-2§-2 10 mination of variations in the '**Ce/!* Ce ratios of marine
7G07-3 *‘ \ ferromanganese nodules. Chemical Geology, 131 (1 —
-4r \\ 4):183—195. doi: 10. 1016/0009—2541(96)00066—6
6- )'. 7G07-24-3 Chang, T. L. , Qian, Q. Y. , Zhao, M. T. , et al. ,1995. The abso-
lute isotopic composition of cerium. International Journal
s of Mass Spectrometry and lon Processes,142(1—2):125
8 - €Ce7ENd —131. doi: 10. 1016/0168—1176(95)90677—A
Fig. 8 ecc-enucorrelation plot for the Huangling gabbroic suite Chen,D. Q. ,Chen,G. ,1990. Practical geochemistry of rare earth
e(0);s e elements, Metallurgical Industry Press, Beijing, 18 — 21 (in
Chinese).
ece (1) Chen.F. K. . Li.Q L. . Li,C. F. et al. ,2005. Prospect of high
ece (1) s precision mass spectrometer in isotope geochemistry. Farth
, e 7G07-27 e (1) Science—Jowrnal of China University of Geosciences » 30
(6):639—645 (in Chinese with English abstract).
Dickin, A. P. , 1987. Cerium isotope geochemistry of ocean island
basalts. Nature,326(19) :283—284. doi 10. 1038/326283a0
o Dickin, A. P. , 2005. Radiogenic isotope geology. Cambridge
University Press, New York.,246.
(D ,La-Ce Eugster,O. , Tera, F. , Burnett, D. S, , et al. , 1970. The iso-
Ce topic composition of gadolinium and neutron-capture
SmNd  LaCe , effects in some meteorites. Geophysics Research, 75

(14) :2753—2768. doi: 10. 1029/JB0751014p02753

Hayashi, T. , Tanimizu, M. , Tanaka, T. ,2004. Origin of neg-
ative Ce anomalies in Barberton sedimentary rocks, de-
duced from La-Ce and Sm-Nd isotope systematics. Pre-
cambrian Research ,135:345— 357,



42 —

36

Lee, S. G. , Masuda, A., Shimizu, H. , et al. , 2001. Crustal
evolution history of Korean Peninsula in East Asia: the sig-
nificance of Nd,Ce isotopic and REE data from the Korean
Precambrian gneisses. Geochemical Journal ,35:175—187.

Li,C. F. , Chen, F. K. , Wang, F. , 2008. Precise measurement of
Nd isotopic ratio of micro-samples using NdO" method.
Earth Science — Jowrnal of China University of Geosci-
ences ,33(2) :243—250 (in Chinese with English abstract).

Li,Z. C. ,Fang,X. ,1998. Ce isotope—a new useful geochem-
ical tracer. Geology and Mineral Resources of South
China ,(2):1—8 (in Chinese with English abstract).

Li,Z. C. ,Fang, X. , Liu, W. G. , 2002. La-Ce system and Ce
isotope geochemistry. China University of Geosciences
Press, Wuhan (in Chinese).

Li,Z. C., Huang, G. C., Liu, W. G. , 2000. The source of
manganese and iron in Xinrong manganese deposit,
western GuangDong—Nd, Ce isotopic evidences. Min-
eral Resource and Geology,14(6):408 —411 (in Chi-
nese with English abstract).

Liu,C. Q. , Xie, G. H. , Akimasa, M. , 1995. Geochemistry of
Cenozoic basalts from East China ( [[ ) Sr, Nd, and Ce
isotopic compositions. Geochimica,24(3) :203—214 (in
Chinese with English abstract).

Makishima, A. , Masuda, A. , 1993. Primordial Ce isotopic com-
position of the solar system. Chemical Geology, 106 (3 —
4):197—205. doi: 10. 1016/0009—2541(93)90026—F

Makishima, A. , Masuda, A., 1994. Ce isotope ratios of
N-type MORB. Chemical Geology,118(1—4).1—8.
doi; 10. 1016/0009—2541(94)90166—X

Makishima, A. , Nakamura, E. , 1991. Precise measurement of ceri-
um isotope composition in rock samples. Chemical Geology
94(1) :1—11. doi: 10. 1016/0168—9622(91)90035—U

Makishima, A., Shimizu, H. , Masuda, A., 1987. Precise
measurement of Cerium and Lanthanum isotope ratios.
Mass Spectroscopy »35:64—72.

Masuda, A. , Shimizu, H. , Nakai, S, ,1988. ** LLa 8-decay con-
stant estimated from geochronological studies. Earth
and Planetary Science Letters, 89 (3—4):316 — 322.
doi; 10. 1016/0012—821X(88)90119—7

Norman, E. B., Nelson, M. A., 1983a. Half-life and decay
scheme of "8 La. Physical Review C (Nuclear Physics) ,27
(3):1321—1324. doi: 10. 1103/PhysRevC. 27. 1321

Norman, E. B. , Nelson, M. A., 1983b. On the half-life of
8 La. Nature,306:503—504. doi; 10. 1038/306503d0

Rehkémper, M. ,Gértner, M., , Galer, S. J. G. , et al. , 1996. Separa-
tion of Ce from other rare-earth elements with application to
Sm-Nd and La-Ce chronometry. Chemical Geology »129(3—
4):201—208. doi: 10. 1016/0009—2541(95)00143—3

Rosman, K. J. R. , Taylor, P. D. P. , 1999. Report of the IU-

PAC Subcommittee for isotopic abundance measure-
ments. Pure Appllication Chemistry,71:1593—1607.

Sato,]. , Hirose, T. , 1981. Half-life of '**La. Radiochemical
Radioanalytical Letter,46.145—152.

Shimizu, H. ,Lee,S. G. ,Masuda, A. , et al. ,1996. Geochem-
istry of Nd and Ce isotopes and REE abundaces in Pre-
cambrain orthogneiss clasts from the Kamiaso conglom-
erate, Central Japan. Geochemical Journal ,30:57—69.

Shimizu, H. ,Nakai, S, , Tasaki ,S. ,et al. ,1988. Geochemistry of Ce
and Nd isotopes and REE abundances in the Amitsoq gneis-
ses, West Greenland, Earth and Planetary Science Letters ,91
(1—2):159—169. doi: 10. 1016/0012—821X(88)90158—6

Shimizu, H. , Umemoto, N. , Masuda, A. , et al. ,1990. Source
of iron—formation in the Archean Isua and Malene su-
pracrustals, West Greenland: evidence from La-Ce and
Sm-Nd isotopic data and REE abundances. Geochimica
et Cosmochimica Acta ,54:1147—1154,

Tanaka, T. , Masuda, A. ,1982. The La-Ce geochronometer:a
new dating method. Nature, 300: 515 — 518. doi: 10.
1038/300515a0

Tanaka , T. , Shimizu, H. , Kawata, Y. , et al. , 1987. Combined
La-Ce and Sm-Nd isotope systematics in petrogenetic stud-
ies. Nature,327:113—117. doi; 10. 1038/327113a0

Tanaka. T. , Shimizu, H. , Kawata, Y. , et al. , 1988. Mantle
and crustal Ce/Nd isotope systematics. Nature, 333:
404. doi: 10. 1038/333404a0

Tanimizu, M. , Hayashi, T. , Tanaka, T. , 2004. Development
of Ce isotopic analysis for cosmochemistry using the dy-
namic multicollector technique. Journal of Mass Spec-
trometry Society Japan,52:177—181.

Tanimizu, M. , Tanaka, T. ,2002. Coupled Ce-Nd isotope sys-
tematics and rare earth elements differentiation of the
moon, Geochimica et Cosmochimica Acta ,66(22) :4007
—4014. doi: 10. 1016/S0016—7037(02)00961 —4

Tazoe, H. , Obata, H. , Amakawa. H. , et al. , 2007. Precise
determination of the cerium isotopic compositions of
surface seawater in the Northwest Pacific Ocean and
Tokyo Bay. Marine Chemistry,130(1—2):1—14. doi:
10. 1016/j. marchem. 2006. 05. 008

White, W. M. , Hofmann, A. W. , Puchelt, H. , 1987. Isotope geo-
chemistry of Pacific mid-ocean ridge basalt. Geophysics Re-
search ,92(B6) :4881—4893. doi: 10. 1029/ JB092iB06 p04881

Yang, H. M. ,Duan,G. L. , Ling, W. L. ,2009. A certificating
study on La-Ce rock reference material and Ce isotopic
standard solution. Geochimica, 38 (2): 179 — 186 (in
Chinese with English abstract).

( 52 )



