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Lithium isotope research of geochemical cycle
in the mantle using MC-ICP-MS technique

Yoshiro NisH10"

U Kochi Institute for Core Sample Research
Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
Monobe B 200, Nankoku, Kochi 783-8502, Japan

The non-traditional lithium (Li) isotopic tracer has a great potential to provide a major
breakthrough in the investigation of the material cycle in the terrestrial mantle. Using a devel-
oped multiple-collector ICP mass spectrometry method, we revealed Li isotopic systematics of
mantle-derived samples. The main significance in our results is the finding of extremely low "Li/
°Li values in several mantle-derived samples. Based on earlier results for eclogites, it had been
proposed that subducted highly altered oceanic crust would have extremely low 'Li/°Li values.
The significantly low 'Li/°’Li values, however, had never been observed in any mantle-derived
samples before our finding. We have also proposed that the enrichment of isotopically light Li
may be general property of the enriched mantle type 1 end-member component (EM 1). In this
scenario, the Li in the EM 1 source mainly originates from Li in the highly altered basalt of the
uppermost part of subducted oceanic crust. Thus, the Li isotopic signature is sensitive to the de-
gree of alteration experienced by the basaltic crust and can thus be used to distinguish what
part of the basaltic crust was recycled.

Key words: lithium isotope, multiple-collector ICP-MS, mantle, EM; HIMU, altered oceanic
crust, dehydration
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Histogram of Li isotopic compositions of
samples related to the material cycle in the
mantle. Data sources: seawater (Chan and
Edmond, 1988; Youand Chan, 1996;
Moriguti and Nakamura, 1998a; Tomascak
et al.,, 1999a; James and Palmer, 2000;
Nishio and Nakai, 2002; Pistiner and Hen-
derson, 2003; Boumanet al., 2004; Jeffcoate
et al., 2004), river waterd Huh et al., 1998;
Huh et al., 2001), oceanic sediments (Chan
et al., 1994; Zhang et al., 1998; Chan et al.,
1999; Chan and Kastner, 2000; Bouman et
al., 2004), altered oceanic crust (Chan et al.,
1992; Chan et al.,, 2002; Bouman et al.,
2004), MORBs (Chan et al., 1992; Moriguti
and Nakamura, 1998b), arc lavas (Moriguti
and Nakamura, 1998b; Tomascak et al.,
2000; Chan et al.,, 2002; Tomascak et al.,
2002; Leeman et al., 2004; Moriguti et al.,
2004), OIBs (Tomascak et al., 1999b; Chan
and Frey, 2003; Ryan and Kyle, 2004;
Nishio et al., 2005), eclogites (Zack et al.,
2003), and mantle-derived xenoliths
(Nishio et al., 2004; Seitz et al.,, 2004;
Magna et al., 2006).
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Figlll Reported Li isotopic compositions of stan-

dard igneous rock (JB 2) together with pub-
lished years. The reproducibilities (20) of
replicate analyses for JB 2 are shown as er-
ror bars. Thed’Li data determined by
many other laboratories agree with ourd’
Li data (Nishio and Nakai, 2002) within
analytical error (20) that is shown as
shade. Analytical error of the author'sd "Li
data was estimated from all results (the re-
producibilities of Li standard solution, ref-
erence water and rock samples, and the ex-
aminations using synthetic solution)
(Nishio and Nakai, 2002).
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The diagram shows the Li isotopic fractionation model proposedby

Zack et al. (2003). Whole-rock Li data of the Trescolmen eclogites
are from Zack et al. (2003). Also shown is the field for fresh MORB
(Chan et al., 1992; Moriguti and Nakamura, 1998b; Nishio et al.,
2002) and MORB altered at low temperatures (Chan et al., 1992).
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3 'Li value of highly altered basalt becomes lower following dehy-
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gin of HIMU source. Therefore, Nishio et al. (2005) proposed that
the Polynesian HIMU source originates from the relatively less-
altered portion underlying the highly altered oceanic crust.
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