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Oxidation State of Cerium in Rocks and Its Geochemical Implications
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Department of Earth and Planetary Systems Science, Graduate School of Science, Hiroshima University

Abstract

Chemical-states of trace metal ions in rocks have not been applied so much to elucidate geochemical implications com-
pared with wide applications of abundances and isotope ratios of trace elements. This is due to the high detection limit of
appropriate physico-chemical method employed for the speciation of trace elements in rocks. Fluorescence XAFS espe-
cially with multi-element semiconductor detection system is a promising tool to develop the speciation study for trace ele-
ments in rocks. We have applied fluorescence XANES for the oxidation state of Ce in rocks and minerals such as
weathered granites, ferromanganese nodules, cherts, and zircons. Cerium is of particular interest, since oxidation states of
Ce have been estimated from the degree of Ce anomalies found in REE patterns [REE pattern: relative abundances of
REE (rare earth elements) in rocks against reference material such as carbonaceous chondrite, shale, etc]. The Ce(IV)/
Ce (III) ratios determined by XANES coupled with the degree of Ce anomalies provide new information for REE migra-
tion, oxidation states of depositional environment, and alteration effect after the formation of the samples. Examples of
such applications were described in this review including our method to determine Ce (IV)/Ce(III) ratios.
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(a) Abundances of rare earth elements (REE) in C1 chondrite, PAAS (Post-Archean Australian Average

Shale), and MORB (Mid-Ocean Ridge Basalt). (b) C1 chondrite-normalized REE patterns of PAAS, MORB, seawater,

and ferromanganese nodule.
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Figure 2. Cerium Lj—edge XANES spectra of (a) Ce(III) and
(b) Ce(IV) species.
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Figure 3. Variation of Ce Lij—edge XANES spectra for the mix-
tures of Ce(III) chloride and Ce(IV) sulfate. The percentages of Ce
(IV) contained in the mixtures are indicated.
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Figure 4. C1 chondrite-normalized REE patterns of weathered
granite (ML-1, ML—2, ML-3, ML-5) and fresh granite collected
around Tono area, Gifu, Japan.
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Figure 5. Cerium Lj;—edge XANES spectra of Ce species in
weathered granite (ML-1, ML-2) and fresh granite collected
around Tono area, Gifu, Japan.
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Figure 6. REE patterns of hydrogenetic ferromanganese nodules
(CD25, D535, D886, AD14) recovered in the Central Pacific nor-
malized by (a) PAAS and (b) seawater.
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Figure 7. Cerium Ly—edge XANES spectra of Ce species in
hydrogenetic ferromanganese nodules (CD25, D535, D886, AD14)
recovered in the Central Pacific and Ce species sorbed on —MnO,
prepared in laboratory.
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Figure 8. Cobalt K-edge XANES spectra of CoO, C0,0;, and Co
species in ferromanganese nodule (D535).
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Figure 9. (a) Lead Lyj;—edge XANES spectra of PbO, Pb;0O,,
PbO,, and Pb species in ferromanganese nodule (D535) and (b)
their first derivative.
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Figure 10. CI chondrite-normalized REE patterns of cherts in the

Mino terrane (Mino—9, Mino—17) and in the Southern Chichibu ter-
rane (N19).
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Figure 11. Cerium Lpredge XANES spectra of Ce species in
cherts in the Mino terrane (Mino—9, Mino—17) and in the Southern
Chichibu terrane (N19).
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Figure 12. C1 chondrite-normalized REE patterns of zircons sepa-

rated from Habu and Yamanaka granites. C1 chondrite-normalized
REE patterns of their host granitic rocks are also shown.
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Figure 13. Cerium Lj;—edge XANES spectra of Ce species in zir-
cons separated from Habu and Yamanaka granites.

Ce BH I, BALlkrbanid Ce(IV) DHF 5T
MTELIFENSWT LRGP 5,

TV 3 VAR F00KIE KD, ThER RIS
FHAL T, XANES #HIEL 7= ZOREE, LAETERMAED
VIV TRIEE 4 T AR T B (CeIV) DEE -
90%) %L 7z, IsRfERS Tk Ce(IV) DEIE1320%
iz o7z (Fig. 13), THhid, YIvavARRKICH - /-
Ce(IV)RFILPDIEATREILIN/A R, Vb
VHRIZI3100-500 ppm D7 S5« F U ARG ENTE
D, BIE b7 b EHOBERMICBEGHRIC X 2R THh%T
bNb, —MRICHEHROREIC L 0 EEPICIEE T 255
INBHDT, ThHCe(IV)ICH S 2 g Ce ()
AR LA RD b, CNEHHT 572010, [REKF
TR R A E% 2 O Co—60y FE MRS 4 FVT y
f A BB L 72 3UBHS o\ T XANES O #IlE % 1T > 7o 6
B, BEEOMIN & 42 kD Ce(III) © XANES 12585 W
TV T EBGh T, TR, yHRICK->TCe(IV)D

93

Figure 14. Radiation effect of y-rays on the Ce Ly—edge XANES
spectra of Ce species in zircons separated from Habu granite. The
numbers indicate the amount of y-ray radiated to the samples.
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