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Oceanic lavas sampling the high-3He/4He mantle reservoir: Primitive, depleted, or re-enriched?†
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Abstract
Helium isotopes are used as a tracer for primitive reservoirs that have persisted in the Earth’s
mantle. Basalts erupted at several intraplate oceanic islands, including Hawaii, Iceland, Galapagos,
and Samoa, have hosted the highest 3He/4He ratios (>30 Ra, where Ra is atmospheric 3He/4He ratio)
globally that are far in excess of the 3He/4He typical of the upper mantle sampled at mid-ocean ridges
(8 Ra). These lavas have been suggested to be melts of a primitive, or possibly slightly depleted, mantle
reservoir, i.e., either fertile or a depleted peridotite. Here we report evidence for geochemical enrichment in the high-3He/4He mantle sampled by lavas with the highest 3He/4He from Hawaii, Samoa, and
possibly Galapagos. The titanium concentrations in high-3He/4He lavas from Samoa are too high to
be explained by melts of a mantle peridotite, even at infinitesimally small degrees of melting, and the
elevated Ti corresponds to elevated Pb-isotopic ratios. The highest 3He/4He lavas from Loihi, Hawaii,
also have Ti concentrations that are too high to be melts of primitive mantle peridotite at the degrees
of melt extraction proposed for this ocean island. Thus, Ti-rich material must have been added to the
high-3He/4He mantle reservoir, and this material is likely to be recycled mafic crust similar to MORBlike eclogite, which is consistent with the elevated Pb-isotopic ratios. We show that fractionation
corrected, major element compositions of high-3He/4He alkalic lavas can be satisfactorily modeled
by melting and melt-rock interaction scenario in a fertile peridotite-MORB-eclogite hybrid system.
Primitive peridotitic and recycled eclogitic reservoirs are suggested to be intimately associated in the
deepest mantle and high-3He/4He lavas from several localities may sample a mantle source that hosts
a component of recycled oceanic crust.
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Introduction
Rare lavas erupted at some intra-plate ocean islands sample
a mantle component with high 3He/4He, but the origin of this
mantle component is not well understood (Kurz et al. 1982;
Farley et al. 1992; Hanan and Graham 1996; Class and Goldstein
2005; Parman et al. 2005; Parman 2007; Albarède 2008; Jackson
et al. 2010; Jackson and Carlson 2012; Mukhopadhyay 2012).
Compared with the terrestrial upper mantle that is sampled by
mid-ocean ridge basalts (MORB; 8 Ra; Graham 2002), extremely
high-3He/4He ratios are found in the solar wind (~310 Ra) and
the atmosphere of Jupiter (120 Ra; Mahaffy et al. 1998; Geiss
et al. 2004). However, 3He/4He ratios up to 50 Ra are reported
in terrestrial mantle-derived lavas (Stuart et al. 2003; Starkey
et al. 2009). Lavas with high-3He/4He signature are thought to
represent an early, primitive component preserved since Earth’s
accretion, although the precise location and composition of this
reservoir is debated (Hart et al. 1992; Lee et al. 2010; Jackson
et al. 2010; Coltice et al. 2011).
Owing to their association with ocean island volcanism,
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which is thought to result from melting of upwelling mantle
plumes (Morgan 1971), high-3He/4He lavas are thought to sample
a less degassed region of the lower mantle where mantle plumes
may originate (Kurz et al. 1982; Zindler and Hart 1986; Hart
et al. 1992; Class and Goldstein 2005). If plumes originate at
the core-mantle boundary (CMB), then the high-3He/4He component in plumes may reside at the bottom of the mantle. The
high-3He/4He mantle reservoir was recently found to exhibit
different 129Xe/130Xe than MORB and the Earth’s atmosphere,
which indicates that the high-3He/4He reservoir was formed
during the first 100 m.y. following accretion (Mukhopadhyay
2012; Petö et al. 2013). This finding of an ancient origin for
the high-3He/4He reservoir is consistent with the observation of
primitive Pb-isotopic compositions in terrestrial mantle-derived
lavas with the highest 3He/4He (Jackson et al. 2010). Thus, at least
two lines of evidence suggest the survival of the high-3He/4He
mantle domain over ~4.5 Ga of Earth’s evolution. Storage in the
deep mantle, where viscosity is higher and convective motions
are slower (Brandenburg et al. 2008; Li et al. 2014), may help
to explain the long-term survival of this reservoir with primitive
noble gas signatures (e.g., Jackson et al. 2010).
Regions of anomalously low-seismic velocity at the base of
the mantle, referred to as the large low shear velocity provinces
(LLSVP), are defining features of the lower mantle (Garnero
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