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High 3He/4He ratios in some basalts have generally been interpreted as originating in an incompletely degassed lower-mantle
source1–9. This helium source may have been isolated at the core–
mantle boundary region since Earth’s accretion4–6. Alternatively, it may have taken part in whole-mantle convection and crust
production over the age of the Earth7–9; if so, it is now either a
primitive refugium at the core–mantle boundary8 or is distributed
throughout the lower mantle7,9. Here we constrain the problem
using lavas from Baffin Island, West Greenland, the Ontong Java
Plateau, Isla Gorgona and Fernandina (Galapagos). Olivine phenocryst compositions show that these lavas originated from a peridotite source that was about 20 per cent higher in nickel content
than in the modern mid-ocean-ridge basalt source. Where data are
available, these lavas also have high 3He/4He. We propose that a
less-degassed nickel-rich source formed by core–mantle interaction during the crystallization of a melt-rich layer or basal
magma ocean5,6, and that this source continues to be sampled by
mantle plumes. The spatial distribution of this source may be constrained by nickel partitioning experiments at the pressures of the
core–mantle boundary.
Primitive mantle has been estimated to contain 1,960 p.p.m. nickel
(Ni)10, and this is similar to estimates for depleted peridotite11, which
makes up the average mid-ocean-ridge basalt (MORB) source. It is also
similar to the Ni content of fertile peridotite (which has less basalt than
primitive peridotite but more melt than depleted peridotite so more
basalt can be extracted during partial melting) obtained from recent
high-quality measurements12 (Supplementary Fig. 1 and Supplementary section 1), which can be described by:
Ni (p.p.m.) 5 68.6MgO (weight per cent) – 630

(1)

Equation (1) fits the Ni contents of 110 fertile and depleted peridotite compositions to 92 p.p.m. (62s); we refer to this as normal
Ni peridotite. High-precision olivine analyses from these fertile and
depleted peridotites12 yield 2,800–3,100 p.p.m. Ni and magnesium
(Mg)-numbers of 89–92 (that is, 100MgO/(MgO 1 FeO) in mole
per cent; Fig. 1a, Supplementary Table 1 and Supplementary Information section 2). These olivines from mantle peridotite are very
similar to primitive olivine phenocryst compositions from East Pacific Rise (EPR) basalts (Fig. 1a). They are also very similar to model Ni
contents13 shown by the black line in Fig. 1, which is appropriate for
olivine phenocrysts of primary magmas having 8%–38% MgO and for
melting of both fertile and depleted upper-mantle peridotite. Model
olivines are also similar to observed olivine phenocrysts in hot
Archaean komatiites from Alexo14,15 (Fig. 1b) and other occurrences
of high-temperature magmas (Methods), demonstrating restricted
compositions over a broad temperature range13.
Olivines from the Palaeocene-epoch picrites in Baffin Island and
West Greenland, on the other hand, have higher Ni contents (up to

3,800 p.p.m.) than those from MORBs, Archaean komatiites, and
mantle peridotite (Fig. 1c). Those with high Mg-numbers are also
higher in Ni than olivines that are expected to crystallize from any
partial melt of normal mantle peridotite, as indicated by Ca, Mn and
Fe/Mn (Fig. 2). Primary magma major-element compositions were
estimated from modelling of whole-rock lava compositions16, but sorting of olivine phenocrysts in lava flows compromises reliable Ni estimates with this method. However, the Ni contents and Mg-numbers of
the olivine phenocrysts themselves are unaffected by crystal sorting.
We estimated a typical Ni content of the primary magma that is
required to crystallize olivines with the observed Ni and highest
Mg-numbers. The high-Ni olivines require a fertile peridotite source
having ,2,360 p.p.m. Ni (Methods Summary). This is about 20%
higher than normal Ni peridotite with 1,960 p.p.m. Ni and is well
outside the 2s uncertainty bounds of equation (1). The range of olivine
compositions at low Mg-numbers and Ni contents is a consequence
of variable olivine and clinopyroxene fractionation from primary
magmas (Fig. 1c and Supplementary Information section 4).
The excess-Ni problem is not confined to Baffin Island and West
Greenland. Although high-precision Ni data for olivine in intraplate
occurrences are limited, we find high Ni in olivines from the Ontong
Java plateau, Gorgona komatiites, and the Fernandina volcano in the
Galapagos islands (Fig. 3). In all cases a peridotite source provenance
is indicated by Ca, Mn and Fe/Mn (refs 13, 14) in olivine (Fig. 2 and
Supplementary Information). The high Ni in Gorgona olivines is
clearly seen because the sample suite includes olivines with very high
Mg-numbers, close to those expected for early crystals from the primary magmas. The high Ni in olivines from the other occurrences is
less clear, owing to their lower Mg-numbers. For these we modelled the
Ni contents of olivines that would crystallize from primary magmas
and their liquid lines of descent. Using primary magma compositions
from ref. 16 with the Ni contents adjusted to those expected in melts
from normal fertile peridotite containing 1,960 p.p.m. Ni (Fig. 1), the
Ni contents of olivines that crystallize along liquid lines of descent are
always lower than those observed in olivines from the Ontong Java
plateau or the Fernandina volcano, regardless of the proportions of
crystallizing olivine and clinopyroxene. Rather, all successful solutions
require Ni-rich fertile peridotite sources having Ni contents up to
2,360 p.p.m.
Mantle that has been depleted by prior melting events can be
high in both MgO and NiO compared with more fertile sources (see
equation (1)). However, the Ni contents of partial melts of highly
depleted peridotite and fertile peridotites are indistinguishable at
liquid MgO , 25 weight per cent13 (Supplementary Fig. 1) and the
olivines of primary melts shown in Fig. 1c should be generally applicable. Therefore, Ni-rich olivine phenocrysts cannot crystallize from
melts of normal depleted peridotite.
Excess Ni in olivine has also been attributed to high temperatures
and pressures of melting17. However, this is not consistent with olivines
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Volcans, CNRS UMR 6524, 42023 Saint Etienne, France. 5Department of Earth and Environment, Boston University, 685 Commonwealth Avenue, Boston, Massachusetts 02215, USA. 6Department of
Geological Sciences, University of Idaho 3022, Moscow, Idaho 83844, USA.
1 7 J A N U A RY 2 0 1 3 | VO L 4 9 3 | N AT U R E | 3 9 3

©2013 Macmillan Publishers Limited. All rights reserved

RESEARCH LETTER
a 5,000

Ni (p.p.m.)

4,000
3,000

Peridotite
MORB EPR
MORB Indian

2,000
1,000
0
70

80

90
Mg-number

100

b 5,000
Alexo komatiites

Ni (p.p.m.)

4,000
3,000
2,000

30
28
26
24
20

1,000
0
70

80

90

100

90
Mg-number

100

Mg-number

c 5,000

Ni (p.p.m.)

4,000

West Greenland
Baffin Island

3,000
2,000
1,000
0
70

30% olivine–
70% clinopyroxene
100% olivine

80

Figure 1 | Mg-numbers and Ni content for calculated13 and observed
olivine. An Mg-number is defined as 100MgO/(MgO 1 FeO)) in mole per
cent. The black curve represents the calculated Ni content in olivines that
crystallize from all primary melts derived from a fertile peridotite source having
a whole-rock Ni content of 1,960 p.p.m. (ref. 13); the 61s uncertainty (grey
shading) is discussed in Supplementary Information section 3. The black
hatched area represents the calculated Ni content in olivines from olivinefractionated derivative liquids from primary magmas having 8–13% MgO.
a, The green circles are 203 high-precision analyses of olivine in mantle
peridotite from various tectonic settings (Supplementary Information); the
blue and red circles are high-precision olivine phenocrysts in MORBs from the
Pacific (the EPR) and Indian oceans14,17. b, The red circles are high-precision
olivine phenocrysts from the Archaean Alexo komatiites14. The green curves
are calculated Ni contents in olivines from olivine-fractionated derivative
liquids from primary magmas having 20–30% MgO (ref. 13), as indicated
(green numbers); primary magmas for Alexo contained 26–30% MgO (refs 13,
15). c, The white circles are high-precision olivine phenocrysts from West
Greenland and Baffin Island14; the uncertainty is only slightly greater than the
size of the open circles. The red crosses are the Ni contents of olivine
phenocrysts expected to crystallize from primary melts derived from Ni-rich
fertile peridotite having 2,360 p.p.m. Ni. The green and blue lines are olivine
compositions that will crystallize from these primary magmas by fractionation
of olivine and clinopyroxene in the weight proportions indicated (Supplementary Information). A low-Ni population comes from one sample (ID 27142)
from West Greenland14, and it represents 28% of the database, having Mgnumber . 90. There is little overlap between this sample and the more Ni-rich
types. The difference between the low- and high-Ni populations most probably
reflects mantle source heterogeneity, but there are no independent geochemical
data for these samples with which to test this possibility.

from Archaean komatiites from Alexo14 (Fig. 1b) and Barberton (see
Methods), which are thought to be among the hottest magmas ever
erupted on Earth15, and yet have normal Ni concentrations. Appealing

to the formation of Alexo komatiites in a cool and wet environment
does not solve the problem because they are compositionally similar to
komatiites from the Belingwe greenstone belt18 for which melt inclusion studies point to a hot and dry origin19. Furthermore, Barberton
komatiites separated from a deep garnet-bearing residue that was hot
and dry, and yet there is no excess Ni (Methods); low-temperature
hydrous melting models are also not consistent with olivine phenocryst
compositions (Methods). Consequently, the high Ni contents of the
Baffin Island and West Greenland olivines are more plausibly related
to composition rather than temperature-pressure effects.
Shield volcanoes from Hawaii also contain olivine phenocrysts with
increased Ni (refs 14, 17), and there is general agreement that Hawaii is
melting from a source that is hotter than the ambient mantle16,17. High
Ni contents in Hawaiian olivines have been used to infer both pyroxenite melting in the source13,14 and high temperatures and pressures
of peridotite melting17. Comparably high mantle potential temperatures have been inferred for both Hawaii and West Greenland occurrences (1,500–1,600 uC; ref. 16) and both erupted through thick
lithosphere (Supplementary Information). If increased temperature
and pressure is the main mechanism for producing olivine phenocrysts
with high Ni contents17, there should be similar Ni, Mn, Fe/Mn and Ca
contents in olivines from Hawaii and from Baffin Island and West
Greenland. This is not observed (Supplementary Fig. 8). Hawaiian
olivines are higher in Ni by ,1,000 p.p.m. and they have substantially
lower calcium (Ca) and manganese (Mn) and higher Fe/Mn contents
than those from West Greenland and Baffin Island. For the latter, a
peridotite source provenance is clearly indicated (Fig. 2 and Supplementary Fig. 8). By contrast, low Ca and low Mn and high Fe/Mn
contents for Hawaiian olivines are an expected consequence of pyroxenite source melting, owing to residuum retention of Ca in clinopyroxene and Mn in garnet (Supplementary Fig. 5). It is pyroxenite
that contributes to high Ni in Hawaiian olivines13,14, not temperature
and pressure effects17. However, a possible role for mixed Ni-rich and
Ni-poor peridotite with pyroxenite remains to be evaluated for Hawaii.
We conclude that high Ni coupled to peridotite-generated levels
of Ca, Mn and Fe/Mn (Figs 1–3 and Supplementary Figs 6 and 7) point
to Ni-rich peridotite sources for Baffin Island, West Greenland,
Ontong Java plateau, Isla Gorgona and Fernandina in the Galapagos
islands. By ‘Ni-rich’, we refer to Ni contents that are significantly higher
than those described by equation (1), in contrast with normal-Ni peridotite sources that melt to make modern oceanic crust at mid-ocean
ridges (Fig. 1a).
Current estimates of the Ni content of fertile mantle peridotite10,11
are based on averages which can vary by about 300 p.p.m. (ref. 13); the
Ni content of olivine in such peridotites obtained from open-access
web sources is also large17. Although our estimated Ni content for Nirich peridotite is roughly within this range, we emphasize that this
coincidence has no meaning because whole-rock and olivine Ni data
are often compiled from sources of questionable accuracy13, and there
is much less uncertainty in our more recent work12 (Fig. 1 and
Supplementary Fig. 1). Random 6300 p.p.m. variations in the Ni content of peridotite can result in olivines with Ni as low as 2,200 p.p.m.
(ref. 13). Such low Ni contents have never been reported from highprecision olivine analyses in unmetasomatized mantle peridotite
(Fig. 1a) and, when found in olivine phenocrysts14, other explanations
are more plausible. For example, some MORB olivines can be low in Ni
(Fig. 1a), but this is plausibly explained by sequestration of Ni into a
residual sulphide phase13, which can remain stable in the residue up to
15% melting20.
Lavas exhibiting Ni excess are also associated with elevated 3He/4He.
Picrites from Baffin Island and West Greenland have 3He/4He up to
50 times the atmospheric value (Ra) (ref. 21), and they also have
primitive Nd and Pb isotopic compositions3. For the others, the maximum 3He/4He (Ra) is 29 for Fernandina2 and 18 for Gorgona22. No
helium data are currently available for lavas from the Ontong Java
plateau, but they also have primitive Nd and Pb isotopic ratios8.
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Figure 2 | Mg-numbers and Ca, Mn and Fe/Mn contents for calculated13
and observed olivine phenocrysts from MORBs (right panels) compared
with Baffin Island and West Greenland14 (left panels). The black regions are
calculated olivines from primary melts (8–38% MgO) derived by peridotite
melting13. The black hatched area in f and the grey shading in c and d represent
the calculated olivines from olivine-fractionated derivative liquids from
primary magmas having 8–20% MgO. The green and blue lines in a, c and e are
olivine compositions that crystallize from primary magmas that fractionated
olivine and clinopyroxene in the weight proportions indicated (Supplementary

Information). The inset in b shows how Ca in olivine changes owing to olivine
and clinopyroxene fractionation from the primary magmas. The MORBs in
b, d and f are from the EPR (white circles) and Indian Ocean (yellow circles).
Although a wide range of Ca contents are theoretically possible for olivines that
crystallize from peridotite-source primary magmas, most have ,2,000 p.p.m.
Ca—similar to those found in MORBs, Baffin Island and West Greenland.
Primitive and depleted peridotites contain ,1,000 p.p.m. Mn (refs 10, 11) and,
although olivines with Fe/Mn 5 55–70 can crystallize from primary magmas,
more usually the range is restricted to 60–65 (ref. 13).

We now explore a model that might produce a Ni-rich peridotite
with increased 3He/4He. We have tested the formation of Ni-rich peridotite in a magma ocean by perovskite subtraction and/or ferropericlase addition. Although such models can yield high Ni contents, they
produce a peridotite source that is too low in SiO2 and Fe/Mn that is too
high. More work on intra-mantle differentiation scenarios informed by
accurate high-pressure phase equilibria and partitioning data are warranted6, but here we propose a core–mantle interaction model.
Evidence for melting at the present-day core–mantle boundary
includes the coincidence of recent determinations of the peridotite
solidus with the estimated temperature at the top of the outer core23
and seismic observations of ultralow-velocity zones24. As even more
melt is expected in an early hotter Earth, present-day ultralow-velocity
zones may represent the terminal stages in the crystallization of a
long-lived magma ocean, and they provide a possible mechanism for

preserving primitive mantle5,6. This model predicts an equilibrium
exchange of Ni between liquid metal in the core and liquid silicate in
the mantle, which can be described by25–27:
FeOsilicate 1 Nimetal 5 NiOsilicate 1 Femetal

(2)

The present-day Ni content of fertile mantle peridotite
(,1,960 p.p.m.) may have been established by core formation at
,30–60 GPa (ref. 25 and references therein). Silicate melt in contact
with liquid metal would be enriched in Ni at 135 GPa as the exchange is
driven from left to right with increasing pressure at constant oxidation
state of iron25–27. We propose that a Ni-rich and less-degassed domain
was formed by core–mantle interaction during the late stages of the
crystallization of a basal magma ocean5 or melt layer, and that some
part of this source continues to be sampled by mantle plumes. Another
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nickel–nickel oxide oxygen fugacity buffer30. Although it is counterintuitive, we propose that these oxidized magmas had an origin that
began above the core–mantle boundary, in a location where Ni-rich
silicate melt and Fe31-rich Mg-perovskite were in equilibrium with the
outer core. Mantle plumes that sample this region and ascend above
the melting zone would solidify to Ni-rich ferropericlase, Ca perovskite
and Fe31-rich Mg-perovskite, transforming further to Ni-rich and
oxidized peridotite in the upper mantle. Partial melting will yield
magmas like those from West Greenland that are both Ni-rich and
more oxidizing than MORB.
The spatial distribution of elevated 3He/4He in the mantle might
be constrained by understanding the origin of a Baffin Island and
West Greenland source with 2,360 p.p.m. Ni. Although core formation in a single stage is not likely26, its prediction of 3,580 p.p.m. Ni
(ref. 26) in the mantle at 135 GPa may be a guide to the Ni content
of silicate melt at the present time. A source with 2,360 p.p.m. Ni
would then require mixing of this high-Ni endmember with the
canonical ,1,960 p.p.m. Ni from elsewhere in the mantle. In this
scenario, the Ni-rich and high-3He/4He source may be widely distributed7,9 or it may take the form of a halo around the core. Alternatively,
the isolation of the Baffin Island and West Greenland source as a
refuge from convection near the core–mantle boundary4–6,8 is plausible
if it can be demonstrated that 2,360 p.p.m. Ni in a silicate melt is in
equilibrium with the core. In any case, interaction of the core with a
silicate melt is a plausible mechanism for production of oxidized Nirich peridotite, and it provides evidence for a long-lived melt layer or
basal magma ocean5,6.
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The method for calculating model olivine Ni compositions is given elsewhere13
and in the Supplementary Information. Primary magma compositions are calculated first, followed by the olivines that they crystallize.
The compositions of Ni in liquids extracted from dunite [liquid 1 olivine] and
harzburgite [liquid 1 olivine 1 orthopyroxene] residues were computed by massbalance solutions to the equation for accumulated fractional melting:
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Figure 3 | Mg-numbers and Ni contents for calculated olivine13 and
observed olivine phenocrysts. a, Gorgona14, b, the Ontong Java Plateau14, and
c, Fernandina (this work; Supplementary Information section 5 and
Supplementary Table 2). The black curves represent the calculated Ni content
in olivines of primary magmas of fertile peridotite having 1,960 p.p.m. Ni (ref.
13); the grey shaded regions (61s) represent a possible range of Ni contents in
olivine that may arise from uncertainties in the calculation (Supplementary
Information). The red crosses are olivines that would crystallize from Ni-rich
fertile peridotite-source primary magmas; the green and blue lines are olivine
compositions that crystallize from primary magmas that fractionated olivine
and clinopyroxene in the weight proportions indicated (Supplementary
Information section 4).

tracer for core–mantle interaction may be the addition of tungsten
and osmium (Os) isotopes from the core to the mantle27,28. Gorgona
is the only location examined here with available 186Os/188Os data, and
there is an 186Os anomaly that has been attributed to core influence28.
There is no shortage of plausible mechanisms of core–mantle interaction, and the challenge is to understand how they are geochemically
expressed27.
Earth’s mantle may have become oxidized by disproportionation
of FeO in a deep magma ocean during crystallization of Fe31-rich
Mg-perovskite and loss of metallic Fe to the core29. The Ni-rich peridotite source for West Greenland is also oxidized, having produced
melts more oxidizing than MORB and within one log unit of the

where CL is weight per cent NiO in the liquid (primary magma), Co is the initial
NiO in the peridotite source composition (0.25%, ref. 10; 1,960 p.p.m.), F is the
melt fraction, and D is the bulk distribution coefficient from the Beattie–Jones
model (Supplementary Information). Ni contents for near-solidus melts were
calculated from the MgO contents of near-solidus melts, together with a solidus
olivine composition having 0.36% NiO (ref. 13) (Supplementary Information). Ni
contents of near-solidus primary magmas are nearly indistinguishable from those
of primary magmas for liquid 1 olivine and liquid 1 olivine 1 orthopyroxene
assemblages, and the full range of possible Ni contents are shown in Supplementary Fig. 1.
The Ni content of olivine that crystallizes as a phenocryst at one atmosphere
from a primary magma CL was calculated using olivine/liquid Ni distribution
coefficients from the Beattie–Jones model (Supplementary Information). Results
are displayed in Figs 1 and 3 for a fertile peridotite having Co 5 1,960 p.p.m. Ni.
Olivines have 2,800–3,100 p.p.m. Ni, and they provide an excellent description of
olivine in normal mantle peridotite, primitive olivine phenocrysts in modern
MORB, and olivine phenocrysts in Archaean komatiites. However, they fail to
describe the much higher Ni contents of olivines from Baffin Island, West
Greenland, the Ontong Java Plateau, Isla Gorgona and Fernandina (Galapagos)
(Figs 1c and 3). For these, excellent agreement between computed and observed
olivine Ni contents could be obtained with Co 5 0.30% NiO (2,360 p.p.m. Ni), a
Ni-rich peridotite source.
Full Methods and any associated references are available in the online version of
the paper.
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METHODS
Our conclusion about a Ni-rich peridotite source is based on our use of the Beattie–
Jones model31,32 for the partitioning of Ni between olivine and liquid. We adopted it
because it provides the minimum error when recovering experimental data compared with other published methods (Supplementary Information).
Putirka et al.17 and Matzen et al.33 argued that it is the temperature difference DT
between separation from a high-pressure residue and onset of crystallization at
shallower depths that accounts for the high Ni contents of olivine for Hawaii. This
is termed a DT model. If this were true then it might be argued that this DT model
is an alternative explanation to that of an Ni-rich peridotite source for Baffin
Island, West Greenland, the Ontong Java Plateau, Isla Gorgona and Fernandina. However, the DT model of Putirka et al.17 is based on a parameterization
of experimental data with much larger errors than the Beattie–Jones Ni partitioning model (Supplementary Fig. 3 and Supplementary Information). We cannot
comment on the DT model of Matzen et al.33 because has not yet been published.
Nevertheless, we examine in more detail the DT model because of its potential to
compromise our interpretations.
Major-element, trace-element and isotope evidence suggest that the Barberton
komatiites separated from a dry garnet-bearing peridotite residue at pressures in
excess of 8 GPa (refs 34–38). The temperature difference between source and
eruption conditions is about 300 uC for Barberton (see figure 5 in ref. 39), and
about 150 uC for Hawaii17,39. The DT model predicts higher Ni contents of olivines
in Barberton komatiites than in Hawaii. However, just the opposite is observed.
Primitive Barberton olivines are lower in Ni than Hawaiian examples by more
than 1,000 p.p.m. Ni (refs 36, 40) (Supplementary Figs 8 and 11; A. V. Sobolev,
personal communication, 2012). This paradox might be resolved if the Barberton
komatiites formed by low-temperature wet melting in a subduction environment40–42 rather than dry hot melting in mantle plumes34–39. In this model melting
is extensive: it goes beyond garnet stability, leaving behind a harzburgite residue.
However, it is problematic because it ignores the aggregate body of evidence for
residual garnet in heavy rare earth element depletions36,38, CaO/Al2O3 and absolute major-element abundances34,35, and positive eHf together with subchondritic
Lu/Hf37.
The wet melting model is also not consistent with Barberton olivine compositions from the Komati Formation. Barberton olivines have Ca contents that are
similar to olivines that crystallize from primary and derivative magmas of dry
peridotite36,40 (Supplementary Fig. 11). Previous calculations of Ca contents were
based on accumulated fractional melting13, but batch melting may have played a
part at some stage owing to high melt densities at pressures above 8 GPa (refs 34,
36). Accordingly, olivines were computed from dry 7-GPa garnet-bearing melting
experiments35, and some are similar to olivines reported by ref. 40. The Ca contents
of Barberton komatiites are consistent with melting that was hot, dry and deep, a
conclusion that holds for either accumulated fractional melting or batch melting
(Supplementary Fig. 11).
Experimental data show that the effect of magmatic H2O is substantially to
lower the Ca contents of olivines43–45 (Supplementary Fig. 12), and it has been
estimated that there was 5.4% to 7.1% magmatic H2O for Barberton komatiite
production42,43. If it is true that Barberton komatiites had ,6% magmatic H2O

then this amount would be expected to drop the Ca content of olivine by
,1,000 p.p.m. relative to the dry system (Supplementary Fig. 12). Tenner et al.45
drew attention to the possible relevance of their wet melting experiments on
peridotite KLB-1 to the wet melting model for komatiites, and the MgO contents
of their experimental melts (19%–27%) are roughly similar to the 23% MgO used
in refs 40 and 41. However, a magmatic H2O content of 6% is expected to crystallize olivines with ,1,000 p.p.m. Ca (Supplementary Fig. 12), in contrast to
observed Barberton olivine phenocrysts, which average ,1,800 p.p.m. Ca (Supplementary Fig. 11). We conclude that the evidence for wet melting is weak and
that Barberton komatiites separated from a deep garnet-bearing residue that was
hot and dry. Normal Ni contents of Barberton olivines simply reflect the melting of
a normal peridotite source. More complex models invoking temperature and
pressure effects17,33 are not consistent with olivine phenocryst compositions for
Barberton komatiites.
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