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1 Correction to primary δ57Fe

In the samples studied here, δ57Fe correlates with whole-rock MgO, as expected for fractional crystallisation and

olivine accumulation trends (49, 50). Low MgO samples from modern Galápagos, Azuero and Quepos show the

highest δ57Fe (0.16–0.21h; MgO 5.6–11.1wt%), and high MgO samples from Tortugal and Azuero show the

lowest δ57Fe (−0.05– 0.03h; MgO 27.1–34.0wt%). Olivine fractional crystallisation and/or accumulation can

change the measured δ57Fe from the primary liquid δ57Fe. The correction for this process requires an estimate of

primary liquid MgO, as well as an estimate of ∆57Fecrystal−melt. While the latter can be theoretically calculated

and estimated from natural samples, it is not generally well-constrained, with variable estimates that can have a

large influence on the resulting primary δ57Fe (23, 24, 39). Therefore, given the wide MgO range of our samples

for most localities and approximately linear δ57Fe-MgO relationships, we construct an empirical fit in MgO-δ57Fe

space for each locality (Fig. S2), and take the primary δ57Fe along that line depending on the proposed primary

MgO. For Galápagos, where we do not have a wide MgO range of samples, we use the maximum and minimum

slopes from the other localities, and note that the range of these slopes, at typical magmatic temperatures,

approximates a ∆57Fecrystal−melt between −0.4 and −0.1 × 106/T2, consistent with literature estimates (23, 24).

The approach used for Tortugal, Gorgona, Curaçao, Quepos and Azuero assumes the samples at each locality

represent a single liquid line of descent, which we consider to be a suitable approximation given the constant

La/Sm ratio (where the data exists) for each locality (Fig. S3). Removing the one Azuero and one Tortugal

sample which fall off the La/Sm trend for each locality from the δ57Fe-MgO fitting results in no significant

difference in the calculated primary δ57Fe.

For the primary MgO, we take the results from a variety of methods (Table S1) to highlight the importance

of primary MgO on the resulting primary δ57Fe. For methods involving calculation of primary MgO, we used

compiled published whole rock data for samples from each locality. For calculation in equilibrium with olivine of

a given forsterite content, we added olivine back incrementally, calculating equilibrium liquid and olivine MgO at

each step, until the desired forsterite content was reached. We used a KdFe−Mg of 0.32 (51) and a Fe3+/FeT of

0.156 (maximum for Galápagos of 0.175 (52, 53), corrected by a factor of 1.125 following (54)), with only samples

with MgO > 10wt% used to avoid samples that may have crystallised pyroxene. For Tortugal, this filter was

lowered to 8.5% as no samples with higher MgO would solve for equilibrium melt compositions. The results of

the primary δ57Fe calculations are in Data S3.

The range of primary δ57Fe shown in Fig. 1 for each approach to primary MgO calculation depends on both the

range of primary MgO estimates, and the slope of the δ57Fe-MgO fit in Fig. S2.

2 Calculation of pooled Galápagos Spreading Centre melts

δ57Fe for the Galápagos Spreading Centre (GSC) has been published by (18), for samples taken along an E-W

transect across the (approximately) N-S spreading centre. Gleeson et al. (18) report variable δ57Fe for D, N and
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E-MORB samples, with a pyroxenite signature most apparent in E-MORB. To make a direct comparison between

the spreading ridge samples (generally thought to be poorly mixed and homogenised in crustal magma chambers,

(e.g., (55)) and the OIB settings, we calculate an aggregate GSC δ57Feprimary reflecting the contributions across

the ridge. We correct the data from (18) for olivine fractional crystallisation following (23, 24, 39), using

a ∆57Feol−melt of −0.4 × 106/T2 and ∆57Feol−melt of −0.1 × 106/T2, which are upper and lower estimates

(23, 24). Samples are corrected back to equilibrium with Fo91 olivine using a Kd of 0.32 (51) and Fe3+/FeT

of 0.143 (average MORB, (54)). The aggregate melt δ57Feprimary is then calculated by mass balance, using the

calculated δ57Feprimary and FeOprimary for each sample, and the range shown in Fig. 1 represents the results for

∆57Feol−melt = −0.4 and −0.1 × 106/T2.

We find that pure peridotite melting (with no lithospheric cap to the melting region, to represent the spreading

centre) can explain the pooled GSC data, if ∆57Feol−melt = −0.4 × 106/T2 is used (i.e., the isotopically lightest

result shown by the grey bar in Fig. S4). A smaller ∆57Feol−melt would require contributions from an isotopically

heavy pyroxenite-derived melt, as proposed by Gleeson et al. (34).

3 Thermodynamic mantle melting and equilibrium isotope frac-

tionation model

Our thermodynamic and isotope fractionation model combines modal mineralogy and phase chemistry information

from calculations performed using the dataset of Holland et al. 2011 (56) and activity-composition (a-X) models of

Holland et al. 2018 (57), implemented in thermocalc (58), with a calculation of composition- and temperature-

dependent equilibrium isotopic composition of the phases present. Full details of the model are in Soderman

et al. 2021, 2022 (22, 24). The model results cover up to 40 kbar and 1100–1930 ◦C (KLB1) and 1100–1700 ◦C

(MIX1G). We chose MIX1G, a silica-deficient pyroxenite composition, to represent a recycled crust-derived mantle

component because it plots close to the average global pyroxenite composition (59). For the bulk Fe isotope

composition of the peridotite lithology, we use 0.035h, as an average of the estimates given by (39, 60) which

are shown in Fig. 1 of the main text. We also considered three different bulk pyroxenite isotope compositions,

0.11, 0.15 and 0.20h. The intermediate value was chosen as the average MORB composition (39), and the two

extreme cases were chosen as the highest and lowest published average δ57Fe amongst individual ridges in the

global MORB dataset (MAR (61, 62), and South China Sea (63) respectively); Fig. S5. This range therefore

takes into account reasonable variation in the bulk isotope composition of recycled MORB. The lightest value

may also be relevant for hybrid mantle pyroxenites, formed through reaction between eclogite and peridotite (e.g.,

15), and as discussed in Soderman et al. 2021 (24). calculated complete isentropic decompression melting paths

(i.e., no melt generated at higher pressures than our thermocalc results) for Tp = 1300 ◦C and Tp = 1400 ◦C

(KLB1, MIX1G) and Tp = 1530 ◦C (KLB1); see (22). Following Soderman et al. 2022 (22), we then calculate

an average pressure of melting along each of those isentropic decompression paths, with the only change from

the calculations presented in (22) being the addition of a lithospheric cap on the melting region of 60 km. The
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melt composition at the average pressure and temperature of melting is then used as an estimate of the aggregate

melt composition (see (22)). Melt fraction and major element composition are calculated by thermocalc, with

isotope composition calculated as described in (22, 24). The lithospheric thickness used is based on the modern

south-western Galápagos lithospheric thickness (64) and consistent with suggestions that the CLIP formed above

relatively thick lithosphere (rather than excessively thinned due to stretching during the plume head stage; (65)).

Although the lithospheric thickness at the time of eruption of plume head melts is less well-constrained than the

modern plume, the results for the plume head are insensitive to lithospheric thickness due to the already high

degree of melting.

We then approximate the average pressure of melting for all potential temperatures (not just those with calculated

isentropic decompression melting paths) by assuming a linear interpolation and extrapolation between and beyond

the calculated pressures, acknowledging that this approach likely results in a slight underestimation of average

melting pressure at higher Tp. This underestimation occurs because the average pressure of melting is not

predicted to be strictly linear with Tp, instead curving to deeper pressures at progressively higher Tp (66). Using

the interpolated average melting pressures and corresponding temperatures, we extract the melt composition and

melt fraction at each point up to the P-T limits of our pseudosection, then parameterise the composition and melt

fraction vs potential temperature behaviour, allowing us to extrapolate the melt composition and melt fraction to

higher potential temperatures and pressures than covered in the pseudosection and applicable to our plume head

localities. For this parameterisation, we use an additional high pressure and temperature constraint on the melt

chemistry and melt fraction to ensure our model produces expected behaviour, particularly for the plume head

localities. For KLB1, this high P-T constraint is taken from experimental melting results (67). We estimate the

expected melt fraction and composition from the experimental results for the average melting pressures calculated

for a Tp of 1800 ◦C, the upper estimate for Tortugal, and use this as the extreme P-T fitting point. An example

of this parameterisation is shown in Fig. S6. For MIX1G, we take the assumption of a linear Tliquidus - pressure

behaviour (66) to predict where our extrapolated Paverage results intersect the liquidus, giving us a P-T point

where we expect complete melting (and therefore the melt composition to be that of the bulk system). The

intersection is calculated to be at P = 63 kbar, T = 1954 ◦C, corresponding to a Tp of 1801 ◦C, and therefore we

assume complete melting at this potential temperature to constrain the high P-T behaviour of MIX1G melts. At

this potential temperature, the melt fraction of MIX1G is 1, and composition of the liquid is that of the bulk

MIX1G system. An example of the parameterisation for melt fraction for MIX1G, combining the high P-T point

and the thermocalc results, is shown in Fig. S6.

We note from the top panel of Fig. S6 that our linear interpolation approach to Paverage compared to the non-linear

solidus results in a slight decrease (by 0.018) of peridotite melt fraction with increasing Tp, up to 1450 ◦C. This is

opposite behaviour to that expected for increasing temperature, however we do not consider that correcting this

artefact of the model would affect our results. Since the peridotite melt-source isotope fractionations calculated

for this low temperature range only vary by 0.002h, this small decrease in melt fraction for Tp < 1450 ◦C is not

producing resolvable changes to our isotope fractionation model for peridotite melting.
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4 Monte Carlo model

We use a Monte Carlo simulation to identify the evolution of pyroxenite behaviour that can best match the

calculated δ57Feprimary. For each run of the model, the following steps are taken.

1. The mantle potential temperature at each locality is assigned. The temperature is a random selection within

the limits given in Table S2 with the added constraint that the plume must cool through time (13, 33). We note

that the mantle potential temperatures used here are generally calculated using major element chemistry (using

PRIMELT; (68)) without a consideration of lithological heterogeneity (pyroxenite and harzburgite). As shown by

Matthews et al. 2021 (31), the consideration of buoyant, low melt-production harzburgite in a plume can reduce

the Tp required by olivine chemistry by 100 ◦C. However, mantle potential temperatures calculated in this way

are only available for Tortgual, Gorgona and Curaçao, and therefore for consistency we use potential temperature

estimates that have not considered harzburgite in the plume.

2. A source pyroxenite fraction is then randomly chosen for Tortugal and Galápagos, the endmembers of plume

evolution in our study. We use the constraint that the plume must be buoyant to set the upper limit of pyroxenite

fraction in each case, for the chosen temperature (the lower limit is 0% pyroxenite). Plume buoyancy is calculated

following (17, 42), using the reference ambient mantle density as that of KLB1 peridotite at Tp = 1300 ◦C, and

modelling the plume as two lithology mantle (KLB1, and MIX1G – the buoyancy calculations are described in

more detail in section S7).

3. A pyroxenite fraction is randomly chosen for each remaining locality, between the endmember Tortugal and

Galápagos values, either decreasing or increasing as the plume evolves depending on whether the fraction chosen

for Galápagos is higher or lower than that for Tortugal.

4. Given a mantle temperature and pyroxenite fraction for each locality, the aggregate melt δ57Fe can be then

calculated, using melt fractions and FeO contents for each locality estimated as outlined in section S3. The

aggregate melt δ57Fe was calculated for three different bulk pyroxenite isotope compositions, 0.11, 0.15 and

0.20h.

The simulation ran the model 1000 times, covering the parameter space shown in Fig. S7.

We parameterised the measured δ57Feprimary at each locality by taking the median of the maximum and minimum

values given by the ranges in Fig. 1 of the main text (regardless of primary MgO calculation method), and the

difference between these maximum and minimum values. We calculated the misfit for each of the model runs as

a chi-square,

χ2 =
∑ (δ57Femodel − δ57Femedian of data)

2

σ2
(1)

where we take σ2 to be 0.3 × δ57Ferange of data. 0.3 was chosen as it produces error envelopes on the accepted

δ57Fe results that are similar to typical analytical error of the observed data. Changing this value does not affect

the minimum misfit results, only the 5th and 95th percentiles of accepted solutions. For example, using a factor
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of 0.5 instead of 0.3 and considering the intermediate bulk pyroxenite composition of 0.15h, the 95th percentile

of pyroxenite fraction changes from 18–9% (Tortugal to Galápagos) to 35–9%.

Taking a 95% confidence interval we reject any model runs falling above the critical χ2 value (11.07, one-sided

upper tail test). These solutions are shown in Fig. S8, with < 25% of accepted solutions recording a slightly

increasing pyroxenite fraction over time, compared to > 75% recording a decreasing pyroxenite fraction for the

intermediate bulk pyroxenite composition considered. Table S3 shows the results of the minimum misfit solution,

and the 5th and 95th percentiles, for each of the bulk isotope compositions considered.

5 Modern day Galápagos heterogeneity

Fig. S9 shows the inter-island variability in δ57Fe in the modern day samples. We also show the results of a

sample-by-sample maximum fractional crystallisation correction, as described in (24), using a ∆57Feol−melt =

−0.4× 106/T2. Studies looking at source lithology in the modern Galápagos through whole rock analysis (major

elements, as well as Fe/Mn ratios) and olivine trace elements show variability across the modern islands, with

some volcanoes recording peridotite-dominated source lithologies, and others suggesting up to 20% pyroxenite in

the source, contributing up to 100% of the melt to some volcanoes (16, 34). However, for the volcanoes studied

here, both of these previous studies conclude that peridotite is the dominant melting lithology in the modern

plume, consistent with our results of a small pyroxenite fraction (best-fit solutions of 4–12% pyroxenite across

the studied volcanoes). Gleeson et al. (34) identify a narrow band of volcanoes that may have a source of up

to 20% pyroxenite, which includes Volcan Wolf, one of our studied volcanoes. This 20% would be slightly more

than our best-fit solutions, but our estimate for the proportion of pyroxenite in the modern Galápagos represents

an overall picture of lithology in the western-south western islands, rather than isolating individual volcanoes.

This overall picture of lithology seems appropriate given that, although there is radiogenic isotopic variability

amongst the islands, both Vidito et al. (16) and Gleeson et al. (34) conclude that peridotite is the dominant

lithology across the plume, with small contributions from pyroxenite, which are only locally dominant (e.g., the

island of Santa Cruz). We note that the δ57Fe of the two Volcan Wolf samples measured are individually some of

the lowest in the modern dataset, seemingly at odds with its position in the high pyroxenite band (34). However,

Vidito et al. (16) propose no contribution from pyroxenite at Volcan Wolf based on olivine trace elements, and

major element basalt data (34) does not clearly tie Volcan Wolf specifically to a high-pyroxenite source lithology.

6 Olivine trace element modelling

We have compared the consistency of our model of approximately constant pyroxenite fraction in the source,

as suggested by δ57Fe, with constraints from olivine trace elements. We have calculated the aggregate melt

composition for melting of peridotite and bi-lithologic mantle produced by our model at each locality (major

element compositions and melt fractions at average pressures of melting calculated/extrapolated as in section
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S3). For the bi-lithologic case, the best fit solution of pyroxenite fraction when the bulk pyroxenite composition

is 0.15h was used. The calculations have been done for the range of mantle potential temperatures covered by

the model (to highlight the role of temperature on the olivine trace element concentrations in our model). For

elements not considered in thermocalc outputs, we use the partitioning behaviour during melting and bulk

compositions given in Table S4 to calculate the amount of the element in the melt (and other phases present)

at the pressures and temperatures of interest. The extrapolation/fitting procedure for high Tp localities from

section S3 is then used, as for major elements.

From the major and trace element composition of the aggregate melt calculated for the peridotite-only and bi-

lithologic case, we then estimated the equilibrium olivine trace element composition using composition-dependent

olivine-melt partition coefficients (Table S5; (69, 70)). For any given locality, the range in modelled olivine

trace element composition generally depends on two related factors. Firstly, the results depend on the range of

potential temperatures proposed for the locality. Secondly, the range in major and trace element composition

of an aggregate melt for any locality (hence, the range in modelled olivine trace element composition) depends

on the sensitivity of any of the liquid composition parameterisations to that temperature range. For example,

the potential temperature range published for Curaçao spans a large change in modelled Ni concentrations in

peridotite melts (hence their equilibrium olivine) as the average pressure of melting crosses clinopyroxene-out in

the melting assemblage at these temperatures. By contrast, the concentration of Mn in the peridotite melts are

not strongly affected by the presence or absence of clinopyroxene (see partition coefficients in Table S4), so the

same temperature range does not produce a large range in modelled olivine Mn contents.

In Fig. S10 we compare our model results to published trace element in olivine data (filtered for Fo > 87) for

the same localities (13, 30, 33). This data has previously been used to suggest a pyroxenite component only

becomes resolvable after the plume head stage (13, 30, 33). We have highlighted the samples in the total olivine

dataset that overlap with those used in this study, but note that most samples used here do not have published

olivine data. The purpose of our comparison is to show that the results for pyroxenite fraction from Fe isotopes

are consistent with the olivine trace element dataset (both for the individual samples used in this study, and the

wider olivine trace element data).

We find that some aspects of the natural olivine data can be reproduced by our model of a cooling plume with <

10% pyroxenite throughout its history. A slight decrease in Ca/Fe in cooler plume tail localities than the plume

head, as observed in natural data, can be generated by the plume cooling, regardless of lithology. Our model

predicts that in most cases melts from a pyroxenite-bearing source have lower Ca/Fe than pure peridotite melts,

in agreement with (15, 68). However, we find that there is minimal difference between the predicted olivine

Ca/Fe compositions for the two source compositions (green vs purple bars), and the predicted difference is small

compared to the spread of natural data. More extreme variations could be generated by a lower Ca pyroxenite.

The trend of decreasing then increasing natural Mn/Fe data as the plume evolves could also be matched by a

cooling plume with or without a pyroxenite component; the only data not well-matched in this case is for Gorgona

olivines, which have higher Mn/Fe than our pyroxenite-bearing model predicts. We note that, out of the olivine

trace element ratios considered here, Mn/Fe appears most sensitive to pyroxenite (with a lower Mn/Fe in olivine
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derived from a pyroxenite-bearing source than a peridotite source, consistent with predictions; (15, 71)), but

that pyroxenite and peridotite Mn concentrations are relatively poorly constrained, which makes modelling their

behaviour during bi-lithologic mantle melting relatively uncertain.

The Ni content of olivines has also been proposed as a tracer of pyroxenite, with high Ni indicating pyroxenite in

the melt source (e.g., (15, 72)). The partitioning of Ni between olivine and melt is dependent on crystallisation

temperature as well as melt composition (70), which introduces additional uncertainty into our model where

crystallisation temperatures for each locality are poorly constrained. If available, we use crystallisation temper-

atures from aluminium-in-olivine thermometry (Table S2; (13)). The modelled difference in olivine Ni/(Mg/Fe)

contents between pure peridotite and bi-lithology source melts is small. This result arises because although the

bulk melt-source partition coefficient for olivine-free lithologies (such as MIX1G pyroxenite at depth) is lower

than for olivine-bearing peridotite (Ni is compatible in olivine), the pyroxenite has a lower bulk Ni content than

peridotite (15, 71), and our model predicts that the Ni contents of the melts from peridotite and a bi-lithologic

source will be similar, reflected in the subsequently crystallising olivine. Our model fits the natural olivine data

for Tortugal, Gorgona, Curaçao and modern Galápagos, however has a poor fit to Azuero and Quepos, which

may be in part due to uncertainties in olivine crystallisation temperature as there are only a few samples with

temperature constraints. We also note that, of the samples we measured for δ57Fe that also have olivine separate

data, our Tortugal samples sit at the lower end of the natural data range for Ni, and for Quepos at the higher

end. However, the olivine composition averages of samples studied for δ57Fe for these two localities are not very

different from the average from literature data published by (33), and there are samples measured for δ57Fe that

do not have measured olivine compositions. Given the uncertainties in our olivine composition modelling, and the

purpose of this figure to highlight that the Fe isotope results are consistent with olivine trace element contents,

rather than to draw out specific conclusions about source lithology based only on olivine trace elements, we do

not consider the sample distribution for Tortugal and Quepos to be an issue here.

7 Buoyancy and density constraints

The buoyancy of the Galapagos plume, as given in Table S3 for given proportions of pyroxenite, has been calculated

following the approach taken by (17, 42). For this study, for consistency across the lithologies used, the sub-

solidus density of KLB1 and MIX1G with increasing temperature were both calculated using thermocalc v.

350 (58), and the latest version of the thermodynamic dataset, ds633 (56), with the relevant activity-composition

(a-X) models (57). This thermocalc version includes density as a standard output, which was not present in

earlier versions of the software. The inputs into thermocalc for the two lithologies are given in (24).

Figure 3 in the main text uses geodynamical modelling results from Jones et al. 2019 (14) to constrain the density

of the lower mantle material carried by the Galápagos plume. In Fig. 3a, we have taken the results from Fig.

2a in (14) for the entrainment fraction of dense material in a plume head for two different thicknesses of dense
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layer. Buoyancy number, B, is defined here as

B =
∆ρc

ρ0α∆T
(2)

where ∆ρc is the excess density of the lower mantle material relative to ambient mantle, α is the thermal expansion

coefficient, ρ0 is the reference mantle density and ∆T is the thermal contrast across the boundary layer driving

mantle plume development.

In Fig. 3b, we solve equation 2 above to give (∆ρc/ρ0) × 100, i.e., the % excess density relative to ambient

mantle, for α − ∆T parameter space. The red lines show estimates of excess density given literature estimates

of ∆T and α. α applicable to the modelling of the lower mantle is proposed to be between 1× 10−5 (9) and

3× 10−5 (14). To estimate ∆T (TCMB − Tp, following 14), we use a typical estimate of TCMB = 3800K (73)

and two estimates of Tp: 2025K, from our best-fit Monte Carlo Tp estimate for Tortugal for an intermediate

pyroxenite bulk composition of 0.15h; 2425K, using the Tortugal Tp estimate but considering non-adiabatic

cooling processes (e.g., diffusive heat loss) that will mean the Tp estimate in the upper mantle is lower than the

plume’s Tp at depth. The 400K estimate of these processes is taken from (74) (their Fig. 2).

Supplementary data tables

Data table S1 gives the measured Fe isotope data, along with a compilation of selected literature major and trace

element used in this study.

Data table S2 gives the measured Fe isotope data for the geological reference materials used during analytical

sessions.

Data table S3 gives the range of calculated primary Fe isotope compositions (as described in this supplement) for

each locality.

8



Figure S1: Map of the Galápagos plume-related localities used in this study.
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Figure S2: Empirical δ57Femeasured-MgO fits calculated for each locality.
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δ57Feprimary, to assess the assumption of samples being related by fractional crystallisation/olivine accumulation.
No data could be found for the Gorgona samples. Trace element data and sources in Data S1.
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Galápagos Spreading Centre). Our modelled primary MORB (calculated with 0 km lithospheric thickness and a
Tp of 1300 ◦C) just overlaps with published primary MORB liquid estimates (24, 39).
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Figure S5: Compilation of published MORB δ57Fe data, separated by ridge segment, to show variation in natural
MORB. The numbers on the right-hand side show segment averages (for segments that have sufficient data cov-
erage). Large, outlined circles show samples with 7.2 < MgO (wt%) < 16, to show variability due to fractional
crystallisation, but remaining data is shown as pale, smaller circles and all data is used to calculate a segment
average. The lowest and highest segment averages (South China Sea, MAR) are used as endmember bulk pyrox-
enite compositions in our model. Data from (61–63, 75–78).
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Figure S6: Example of the parameterisation of melt composition and fraction at average pressure of melting (top,
for melt fraction of KLB1; bottom, for melt fraction of MIX1G) to higher P-T conditions than the thermocalc
model. The parameterisation is calculated in terms of mantle potential temperature,Tp, given the assumed
linear relationship between average pressure of melting and Tp (◦C). The high pressure-temperature experimental
constraint for KLB1 (orange point, top panel) is from (67); the calculation of the high pressure-temperature
constraint for complete melting of MIX1G is discussed in the text.
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Figure S8: The accepted models from the Monte Carlo simulation, using the critical χ2 at 95% confidence, for
each of the bulk pyroxenite isotope compositions considered. Top of each pair: evolution of pyroxenite fraction
through time, where red solutions are those with decreasing pyroxenite fraction and blue solutions are increasing
pyroxenite fraction. Bottom of each pair: δ57Fe for the accepted solutions.
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Figure S9: Comparison of Fe isotope data for each of the modern Galápagos volcanoes. Left hand panel compares
measured and fractional crystallisation-corrected data (correction as described in text). Right hand panel shows
the locations of the modern-day volcanoes studied here compared to the mantle source lithologies proposed by
(34).
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Figure S10: Modelled olivine trace element ratios using the minimum misfit model of small, approximately
constant pyroxenite fraction for a bulk pyroxenite composition of 0.15h (green) and for a pure peridotite source
(purple), compared to published olivine trace element data for these localities. See text for details of model
parameters. Olivine trace element data from (13, 30, 33), with averages from Gazel et al. 2018 (33). The blue
circles highlight the samples in the olivine trace element dataset that have been used in this δ57Fe study. Average
Hawaiian Mauna Kea data (33) is shown for reference.
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MgO wt% range
Locality Literature data sources Literature eq. Fo91 eq. Fo88 eq. Fo93

Tortugal (79) 16.5 21.3
(13) 23.7–27.5

Gorgona (80, 81) 11.3–19.0
(82) 18.0
(12) 19.2–22.4
(13) 10.1–24.5

Curaçao (83, 84) 14.2–15.2 10.8
(13) 14.6–21.0

Azuero (27, 33, 85) 16.1–16.5 11.5–11.6
Quepos (79, 86) 16.0–18.6 11.3

(30) 15.0
Galápagos (87) 16.4–19.7 11.9–14.6

(3, 12, 35, 88, 89) 13.2–16.1

Table S1: The data sources for the major element chemistry required for a calculation of a primary liquid, or
estimates of the primary liquid composition. Literature estimates are given next to their reference, all other
sources are compiled for the FoX calculations.
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Locality Tp max., ◦C (source) Tp min., ◦C (source) Age range, Ma (source)

Tortugal 1800 (13) 1750 (13) 95–85 (13)+

Gorgona 1660 (13) 1620 (12) 99–70 (90)∗

Curaçao 1615 (91) 1540 (12, 13) 92–62 (92)
Quepos 1530 (12) 1490 (30) 71–60 (30, 93)
Azuero 1530 (30) 1450 (30) 73–61 (33)

Galápagos 1490 (12) 1360 (64) 1.5–0 (94)†

Table S2: Mantle potential temperature limits and locality age ranges used in this study. Where possible, we
have used average maximum temperature estimates for the whole locality from each source rather than taking the
maximum and minimum on a sample by sample basis. The age range data is given for reference, and is displayed
in Fig. 1. +Age given as 90 ± 5 Ma. ∗ages from Gorganilla Island are excluded, since no Gorganilla samples are
used in this study. †Floreana is the oldest modern volcano studied.
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Locality Tp (◦C) Solid px. %95th percentile
5th percentile Buoyancy (kgm3) % Fe from px. δ57Fe % W from px.

Bulk px = 0.11h
Tortugal 1771 11.9 32

2 −53 21 0.06 89
Gorgona 1646 12.0 18

4 −33 20 0.07 85
Curaçao 1612 12.1 13

4 −27 20 0.07 85
Quepos 1497 12.2 13

4 −9 55 0.12 92
Azuero 1486 12.2 13

3 −7 61 0.12 93
Galápagos 1449 12.2 12

3 −1 70 0.13 94

Bulk px = 0.15h
Tortugal 1782 10.2 18

1 −58 19 0.06 87
Gorgona 1651 6.3 11

3 −44 11 0.07 74
Curaçao 1590 6.3 9

3 −34 11 0.07 73
Quepos 1510 6.3 9

3 −21 31 0.11 82
Azuero 1508 6.3 9

2 −21 32 0.11 82
Galápagos 1418 6.3 9

2 −6 53 0.14 88

Bulk px = 0.20h
Tortugal 1756 2.7 11

0 −67 19 0.05 60
Gorgona 1642 2.8 7

2 −48 11 0.06 54
Curaçao 1574 3.2 6

2 −37 11 0.07 57
Quepos 1517 3.7 5

2 −26 31 0.11 70
Azuero 1512 4.0 5

1 −26 32 0.11 73
Galápagos 1437 4.1 5

1 −13 53 0.15 84

Table S3: Parameters and results for the minimum misift solution produced by the Monte Carlo simulation, for
each bulk isotope composition of pyroxenite considered. px. = pyroxenite.
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Dmin.−melt Ni Mn References

Olivine exp(4505/T− 2.075− ln(1/DMgO)) 0.118 + 0.214×DMgO (69, 70)
Garnet 8 1.24 (KLB1), 4.6 (MIX1G) (95)
Opx 3.7 0.64 (95)
Cpx 22 0.77 (KLB1), 1.67 (MIX1G) (95)
Spinel 10 0.46 (95)
Plag. 0.09 0.03 (96)

Perid. bulk 1960 ppm 0.11 (mol% oxide)∗ (97)
Pyrox. bulk 1000 ppm 0.13 (mol% oxide) (59, 72)

Table S4: Partitioning behaviour and bulk lithology compositions used for elements not calculated by thermo-
calc. ∗Bulk peridotite Mn is taken to be less than bulk pyroxenite MnO (98), but we note from (69) that there
is unlikely to be a uniform peridotite trace element composition in the mantle. Cpx = clinopyroxene, opx =
orthopyroxene, plag = plagioclase.

22



Partition coefficient during crystallisation Calculation

DMgO (0.382−Kd)/0.0164
DFeO Kd × DMgO

DCaO −0.019 + 0.007×DMgO + 0.063/DMgO

DMnO 0.118 + 0.214×DMgO

DNi exp(4505/Tcryst. − 2.075− ln(1/DMgO))

Table S5: Parameterisations used for olivine-melt partition coefficients for low pressure olivine crystallisation.
KdFeO/MgO = 0.381 − 0.790/MgO(wt%) + 1.039/MgO(wt%)2; (69). Partitioning behaviour for Mg, Fe, Ca, Mn
from (69), for Ni from (70). Average Tcryst. estimates used for Ni partitioning are: Tortugal, 1590 ◦C; Gorgona,
1420 ◦C; Curaçao, 1350 ◦C (averages from (13, 31)); Azuero & Quepos, ≈ 1300 ◦C (see 99); Galápagos, 1130 ◦C
(100).

23


