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In a unique approach, we acquired high precision Nd isotope data on well-characterized
sample sets of silicate melt inclusions (Ml) from the islands of Gough and Tristan da Cunha
in the South Atlantic ocean. These data were collected using a Thermo Scientific Triton
Plus TIMS at the VU Amsterdam. Melt inclusions from single or multiple olivine crystals
were analysed and the new data provide insights into the magnitude, origin, and mode of
sampling of the isotopically diverse materials that represent Earth’s mantle. The most
prominent finding of this study is the extended isotopic variability of mantle melts,
indicating that the mantle itself is more heterogeneous than assumed from studies of
lavas (i.e. whole rocks). Further, the new data from melt inclusions entrapped in lavas
from different islands greatly extend the known isotopic variation not only from individual
eruption centres but also on a global scale. Although observed small-scale mantle
heterogeneity may exist down to the meter-, perhaps even cm-scale, the former also
implies that distinct isolated large-scale (100’s km) reservoirs in Earth’s mantle (and other
rocky planets) may not exist. Instead, the efficiency of mantle mixing via convection with
time plays a more important role than previously thought; indeed, the existence of the full
spectrum of mantle heterogeneity may be captured within single eruptions. As a
consequence, the significance of large-scale distinct mantle domains detected by seismic
imaging is questioned by our findings.
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Silicate melt inclusions (MI) are melts trapped during crystal growth. Although Ml
represent comparatively small samples — on the order of tens to a few hundred
micrometres across — they are ubiquitous in magmatic assemblages, also in meteorites
from terrestrial planets other than Earth (e.g. 1, 2). Their chemical and isotopic
compositions provide novel insights into the compositional diversity of the interior of
rocky planets, such as (Earth’s) silicate mantle, that is not attainable from studying bulk-
rock samples, such as lavas.

The olivine crystals containing MI chosen for this study originate from well-characterised
lava suites from the islands of Tristan da Cunha and Gough, both located in the South
Atlantic ocean. Five lavas from Tristan da Cunha and two lavas from Gough were studied
for MI. These lavas have radiogenic isotope (Sr-Nd-Hf-Pb) characteristics representing
the enriched spectrum of Earth’s heterogeneous mantle. Prior to the analytical work
carried out at the VU Amsterdam, host crystals and Ml have been analysed for their
major- and trace-element compositions by means of electron microprobe (EMPA) and
laser-ablation inductively-coupled-plasma mass-spectrometry (LA-ICP-MS) and for their
Sr isotope ratios using a Neptune Plus MC-ICP-MS at the Institut fir Mineralogie, WWU
Mdunster.

Due to their small size — most inclusions were 50 micrometers or smaller —the amount of
the analyte extractable was often to small (<<30 pg of Nd) to be measured for isotope
ratios. Instead, several inclusions as captured in single olivine crystals were analysed.

By comparison to the host lavas, the new isotope data from melt inclusions obtained
during this study reveal isotopic variability extending that of the erupted lavas (Fig. 1).

The occurrence of diverse melts within individual eruption centres of a typical ocean
island basalt setting is evidence for small-scale mantle heterogeneity, perhaps down to
the cm scale. The outcome of this isotopic investigation of Ml has major implications for
our general perception of terrestrial geochemical cycles and the preservation of chemical
heterogeneities in the mantle of rocky planets in general. Applied to other terrestrial
planets, i.e., Mars, from where meteorites are available, the approach chosen and
demonstrated here can deliver new and independent insights into the processes that
govern planet formation and evolution. The outcome of the new data including their
modeling will be published jointly in a high-ranked international science journal towards
the end of 2022.
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Figure 1: Radiogenic Nd-Sr isotope ratios of melt inclusions (lighter blue and yellow colours) from the
islands of Tristan da Cunha and Gough island indicate variability beyond the established ranges (i.e. as
derived from lava compositions, darker coloured symbols). Note that only a few lavas of each location were
studied for melt inclusions, but an extended variability is recorded in these trapped melts that is not seen in
the host lavas. A similar data set from the Azores is shown for comparison ((1) Stracke et al. 2019, Nature

Geoscience.)
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