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A new method for inferring REE abundances in ancient seawater from
analyses of marine limestone and partition coefficients
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1-3-1 Kagamiyama, Higashi-Hiroshima 739-8526, Japan

The seamount-type limestone formed on the top of seamount away from continents, pre-
serves chemical features of ancient seawater. Chondrite-normalized rare earth element (REE)
abundance patterns for Japanese Permian seamount-type limestones show seawater-like char-
acteristics of convex tetrad effects and Y fractionation from Ho as well as negative Ce and Eu
anomalies. Apparent REE partition coefficients between marine limestone and present-day
seawater suggest that REE fractionation and enrichment occurred when seawater REEs were
incorporated into limestone. Laboratory REE partition experiments between calcite and aque-
ous solution have been carried out in order to elucidate the incorporation process. Experimen-
tally determined REE partitioning patterns show concave tetrad effect variations and Y frac-
tionation from Ho. Combining REE analyses of ancient limestone samples and the experimental
partition coefficients, it is possible in principle to estimate REE abundances in ancient seawa-
ter. REE abundances in Permian seawater estimated by this new method quite resemble those
in the present-day seawater samples in chondrite-normalized patterns.

Key words: rare earth element, seamount-type limestone, tetrad effect, ancient seawater, car-
bonate complex
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Chondrite-normalized REE abundance pat-
terns for Japanese Permian seamount-type
limestones. The REE data of Ishimaki,
Tahara, Akasaka and Fujiwara limestones
are quoted from Kawabe (1994) and
Tanaka et al. (2003). The CI chondrite val-
ues reported by Anders and Grevesse
(1989) are used for normalization.
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Chondrite-normalized REE abundance pat-
terns for Coral Sea waters by Zhang and
Nozaki (1996) as examples of present-day
seawater. The CI chondrite values are the
same as cited in Fig. 1.
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Figlll Seawater-normalized REE patterns for

Ishimaki and Tahara limestones shown in
Fig. 1. The REE data for the water samples
at depths of 50 m, 248 m and 795 m in the
Coral Sea as cited in Fig. 2 are used for nor-
malization.
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Figlll Variation patterns of (a) log Ka (REE) and (b) log Ki (REE), determined by
Tanaka et al. (2004). Vertical displacements of respective REE variation pat-
terns are arbitrary. The concentration values in the right are the concentra-
tion level of each REE in experimental solutions. The experimental data of
partition coefficients between calcite overgrowths and seawater solution at in-
dividual REE concentrations of 70 nM reported by Zhong and Mucci (1995) are

plotted for comparison.
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Figlll Relative REE abundance patterns for Per-
mian seawater estimated from the aver-
ages of experimental log Ki (REE), by
Tanaka et al. (2004) and analyses of
Ishimaki, Tahara, Akasaka and Fujiwara
limestones (Kawabe, 1994; Tanaka et al.,
2003). In calculating relative values of REE
abundances for Permian seawater, it was
assumed that ¥ CO. is 2.35x 10°> M in
seawater with pHO 8.0 and SO 35%o0, where
the concentration of COs" .y is 3.16x 10"°
M. The CI chondrite values are the same as
cited in Fig. 1. Vertical displacements of re-
spective REE variation patterns are arbi-
trary.



coobooooboboooooooOoooOoobOboOoobooOoooooOooon 71

coooooooocooboooobooooooooo
coooooooocooboooobooooooooo
coocoooobooboboooocobOOooooooo
000000000000 Grigg, 1997000000
OoOO00O0O0OO0REEODDOOOOOOCOODOOOO
coooOooooOoocooboooobooooooooo
O00o0ooooOoOoOoD ceOOOOOOOO
coooao

goo 0O 0O

uobooooooOoooOobooooboooooooo
cobooooooOoocoobooooooooooooo
OOO0O0REEOOOOOOOOOOOODOOOOO
00000000000 REEOODOOOOOOO
OCOOO0OO0OCOOREEOOOOOOOOOCOOOO
Oo0000000—0000REEOOOOCOOOO
OO0—-O0000O0REEOOOOODOOOOOCOO
cooboooooooobooooOooOOoOoO0oDOoO0g—
OOO0OO0OO0REEOOOOOOOOCOODOOOO
YO HoOOOOOOOOOOOOOOOODOOO
coooooooOoocoOoboooobooooooooo
coooooooOoocoOoboooobooooooooo
coocoooobooooboooocooo—-—0b0O00oao
REECOOODODOOOOOODDOODOpHOZ COO
OOOREEOOOOOOOOOOOCOOODOOOO
cbooooooboocboooocoboooooooo
REEOOOO0OOOO0OOCOOO0O0OOOO0O0O00O
REEOOOO0OOOOOOCODOOOOODOOOOO
OoooooOoo0ooOoO00o0O0O0O0 REEOOO
coooooooboocoOobooooboooooo

OO0 REEOCOOOOOOOOOCOOODOOO
coooooooocoobooooooooooooo
cbooooooooobOoooooooooooo
REEOOOOOOOOOOOOOOOOOOOO

o 0O

uobooooooOooooboooboooooooo
cooooooooooobOoobOooooooo
coooooooOoocoobooooooooooooo
coooooooOoocoobooooooooooooo
000000000 000oooo0oomoo COE
00000 Ne.GRHODOOOODODOOOODODOOOO
cooomooooooboooooooooooao
oo

O O

Akagi, T., Hashimoto, Y., Fu, F-F., Tsuno, H., Tao,
H. and Nakano, Y. (2004) Variation of the dis-
tribution coefficients of rare earth elements in
modern coral-lattices: Species and site depend-
ences. Geochim. Cosmochim. Acta 68, 2265—
2273.

Anders, E. and Grevesse, N. (1989) Abundances of
the elements: Meteoritic and solar. Geochim.
Cosmochim. Acta 53, 197-214.

Bau, M., Dulski, P. and Moller, P. (1995) Yttrium
and Holmium in South Pacific Seawater: Verti-
cal Distribution and Possible Fractionation
Mechanisms. Chem. Erde 55, 1-15.

Byrne, R. H. and Sholkovitz, E. R. (1996) Marine
chemistry and geochemistry of the lanthanides.
In: Handbook on the Physics and Chemistry of
Rare Earths (eds. K. A. Gschneidner Jr. and L.
Eyring), Elsevier Science B. V. v. 23, pp. 497-
593.

Grigg, R. W. (1997) Paleoceanography of coral reefs
in the Hawaiian-Emperor
Coral Reefs 16, S 33-S 38.

O000oMooooooooooooooooog
0ooDooooooooooooooooooon
oopoooDoopoooooooooooooo
0 0 pp@-+10d

Kawabe, 1. (1999) Hydration change of aqueous lan-

Chain-revisited.

thanide ions and tetrad effects in lanthanide
(III)-carbonate complexation. Geochem. J. 33,
267-275.

Kawabe, 1., Kitahara, Y. and Naito, K. (1991) Non-
chondritic yttrium/holmium ratio and lantha-
nide tetrad effect observed in Pre-Cenozoic
limestones. Geochem. <J. 25, 31-41.

Kawabe, 1., Toriumi, T., Ohta, A. and Miura, N.
(1998) Monoisotopic REE abundances in seawa-
ter and the origin of seawater tetrad effect. Geo-
chem. J. 32, 213-229.

Masuda, A. and Ikeuchi, Y. (1979) Lanthanide tet-
rad effect observed in marine environment.
Geochem. J. 19, 19-23.

Mazumdar, A., Tanaka, K., Takahashi, T. and



7?2 o 0 o0 o

Kawabe, 1. (2003) Characteristics of rare earth
element abundances in shallow marine conti-
nental platform carbonates of Late Neoprotero-
zoic successions from India. Geochem. J. 37, 277
-289.

Nozaki, Y., Zhang, J. and Amakawa, H. (1997) The
fractionation between Y and Hoin the marine
environment. Earth Planet. Sci. Lett. 148, 329—
340.

Ohta, A. and Kawabe, I. (2000) Theoretical study of
tetrad effects observed in REE distribution coef-
ficients between marine Fe-Mn deposit and
deep seawater, and in REE (III)-carbonate com-
plexation constants. Geochem. J. 34, 455-473.

Sano, H. and Kanmera, K. (1988) Paleogeographic
reconstruction of accreted oceanic rocks, Aki-
yoshi, southwest Japan. Geology 16, 600-603.

Sholkovitz, E. and Shen, G. T. (1995) The incorpora-
tion of rare earth elements in modern coral.
Geochim. Cosmochim. Acta 59, 2749-2756.

Tanaka, K., Miura, N., Asahara, Y. and Kawabe, 1.
(2003) Rare earth element and strontium iso-
topic study of seamount-type limestones in
Mesozoic accretionary complex of Southern
Chichibu Terrane, central Japan: Implication
for incorporation process of seawater REE into
limestones. Geochem. J. 37, 163-180.

Tanaka, K., Ohta, A. and Kawabe, 1. (2004) Experi-
mental REE partitioning between calcite and
aqueous solution at 25°C and 1 atm: Con-
straints on the incorporation of seawater REE
into seamount-type limestones. Geochem. J. 38,
19-32.

Terakado, Y. and Masuda, A. (1988) The coprecipi-
tation of rare-earth elements with calcite and
aragonite. Chem. Geol. 69, 103-110.

Wyndham, T., McCulloch, M., Fallon, S. and Alibert,
C. (2004) High-resolution coral records of rare

earth elements in coastal seawater: Biogeo-

chemical cycling and a new environmental
proxy. Geochim. Cosmochim. Acta 68, 2067-
2080.

Zhang, J. and Nozaki, Y. (1996) Rare earth elements
and yttrium in seawater: ICP-MS determina-
tions in the East Caroline, Coral Sea, and South
Fiji basins of the western South Pacific Ocean.
Geochim. Cosmochim. Acta 60, 4631-4644.

Zhong, S. and Mucci, A. (1995) Partitioning of rare
earth elements (REEs) between calcite and
seawater solutions at 25°C and 1 atm, and high
dissolved REE concentrations. Geochim. Cos-
mochim. Acta 59, 443-453.

coooooobooooo

ooobooooooon
cooboocoobooooooooooOobocOoOobooon
000 Sr00oooon

coooooooo
dooooobOb0oooooooooobooooon
0 0mmmoomommd

coobooc—-O00Oo0o00oo0oo0ooooOobcOooboon
coooooooo

Ooooboboooooboobo0obooomomom
o

coooo—-o00O0oo0oooobObOoooooobon

oooo

coooogoooo
oooboocooboocooboooboooooon

co0oo00oOoobDmOommrormom

coobooc—-O0o0Oo000oo0oo0ooooOobocOooobooon

ooo

coooogoooo
ooobooobooboboO0o0oobOoboOmmo
mom



