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While 142Nd/144Nd, 3He/4He, and 182W/184W isotope ratios are recognized and applied as tracers of 
primordial mantle heterogeneity, their distribution and reasons behind the extent of variability in the 
modern-day mantle remain unclear. Lavas associated with the Galapagos plume exhibit the steepest 
3He/4He vs. μ182W isotope correlations and thus hold the potential to elucidate the processes involved 
in the preservation of isotope variability. Among the various eruptions suggested to be related to the 
Galapagos plume is Gorgona Island, which is geologically significant for their Phanerozoic komatiites. We 
report the first high precision 142Nd/144Nd isotope measurements for the Gorgona komatiites, as well 
as 3He/4He and major and trace element data for an array of lavas including komatiites, a picrite, a d-
gabbro (“depleted”), and an e-basalt (“enriched”). The 142Nd/144Nd ratios of six komatiite samples are 
indistinguishable to within ±2.4 ppm (2σ ) from the modern-day terrestrial mantle as sampled by most 
mid-ocean ridge and ocean island basalts. The 3He/4He values determined for the komatiites and a picrite 
are from 4.6 to 45.1 RA. Eight of the 3He/4He measurements are higher than the MORB average (8 ± 1 
RA), and thus strongly point to a plume source sampling an undegassed reservoir. The RA value of 45.1 
in particular ranks among the highest 3He/4He ratios measured to date at Gorgona Island and elsewhere, 
close to what is observed for Phanerozoic flood basalts from Baffin Island.
Evaluation of the sources of the lavas using major and rare earth elements along with ε143Nd signatures 
suggest that the komatiites and picrites are derived from a depleted peridotite source. Meanwhile, the 
e-basalts are deduced to have been derived from a hybrid source consisting of roughly 8% pyroxenite to 
92% peridotite. The inferred and calculated degree of pyroxenite in the sources of the different lava types 
align with the magnitude of 3He/4He ratios observed. Model calculations involving pyroxenite sources in 
the e-basalts, which are reported to exhibit 182W/184W isotope anomalies, attest to their survival, while 
analogous calculations with 142Nd/144Nd isotope ratios suggest homogenization occurring on a faster 
timescale. It is deduced that 182W/184W anomalies are likely to outlast mixing with recycled pyroxenite 
compared to 142Nd/144Nd and 3He/4He ratios. The decoupling of modern-day 142Nd/144Nd, 3He/4He, and 
182W/184W isotope variabilities thus likely reflect the sensitivity each system has to different mantle 
processes that contribute to their preservation throughout time.

© 2023 Elsevier B.V. All rights reserved.
1. Introduction

Driven by plate tectonics, the silicate Earth undergoes recycling 
through subduction and upwelling. Geochemical compositions of 
ocean island basalts (OIBs) that are distinct from those of mid-
ocean ridge basalts (MORBs) reflect the diverse geochemical com-
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positions of the mantle. In particular, mantle plumes are thought 
to source geochemical signatures reflective of the deep mantle, evi-
denced by seismic tomographic models resolving conduits reaching 
below the 660-km discontinuity and well into the lower mantle 
(e.g., French and Romanowicz, 2015). OIBs are thought to sample 
the deep mantle, preserving primordial signatures that reflect early 
Earth differentiation and its evolution over time.

Tracers of early Earth differentiation include 142Nd/144Nd and 
182W/184W ratios, expressed as deviations with respect to the 
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modern-day bulk silicate Earth. Owing to the short half-lives of 
their parent isotopes (182Hf →182W, t1/2 = 8.9 Myr; Vockenhu-
ber et al., 2004; 146Sm → 142Nd, t1/2 = 103 Myr; Marks et al., 
2014; Meissner et al., 1987) the presence of anomalous signatures 
in 142Nd/144Nd and 182W/184W reflects chemical fractionation be-
tween the parent and daughter elements while the parent isotope 
was extant. On the other hand, 3He/4He ratios are considered a 
tracer of primordial heterogeneity as 3He can only be lost, while 
4He is constantly generated through in-situ ingrowth due to the 
radioactive decay of Th and U. Therefore, low 3He/4He ratios are 
reflective of recycled materials or 3He loss by mantle degassing 
during partial melting through time.

Geochemical heterogeneity in OIBs is evidenced in modern-
day variability in 182W/184W isotopes in various OIBs associated 
with plume sources, which are often associated with high 3He/4He 
ratios to varying degrees (Mundl-Petermeier et al., 2020, 2019; 
Mundl et al., 2017). In contrast, there are few 142Nd/144Nd iso-
tope anomalies that are considered to be resolved with respect 
to the present day mantle and are much less common compared 
to W isotope anomalies (Hyung and Jacobsen, 2020; Peters et al., 
2021, 2018). Whereas 142Nd/144Nd and 182W/184W isotope anoma-
lies that originate from silicate differentiation processes are ex-
pected to be coupled, reflecting the similar incompatible behavior 
of the parent nuclides during igneous processes, 142Nd/144Nd ra-
tios have been observed to be decoupled from both high 3He/4He 
and 182W/184W ratios (Peters et al., 2021; Rizo et al., 2019), lead-
ing to the emergence of alternative hypotheses needed to explain 
the origins of W isotope anomalies. The core of the Earth has been 
proposed as one possible reservoir for the origin of modern-day 
182W/184W isotope anomalies in the mantle (e.g., Ferrick and Ko-
renaga, 2023; Mundl-Petermeier et al., 2020; Rizo et al., 2019). This 
is due to its inferred low 182W/184W isotope ratio relative to the 
bulk silicate Earth owing to the siderophile nature of tungsten dur-
ing core-mantle differentiation (e.g., Kleine et al., 2002), supported 
by W isotope studies of iron meteorites (e.g., Kruijer et al., 2014).

Basalts associated with the Galapagos plume exhibit the steep-
est 3He/4He correlations with 182W/184W ratios yet observed 
(Mundl-Petermeier et al., 2020). Meanwhile, the e-basalts (“en-
riched”) at Gorgona Island, present an enigma due to their 
182W/184W anomalies but high 187Os signatures (Walker et al., 
2021). Gorgona Island is characterized by its diverse rock com-
positions and holds petrologic significance as it hosts the only 
known spinifex-textured ultramafic lavas (komatiites) to occur in 
the Phanerozoic (Aitken and Echeverría, 1984). Although its con-
nections are debated (e.g., Serrano et al., 2011; Boschman et al., 
2014), Gorgona Island has been widely associated with the Gala-
pagos plume (Duncan and Hargraves, 1984; Kerr, 2005; Soderman 
et al., 2023; Storey et al., 1991; Trela et al., 2017). Gorgona Is-
land thus provides a key setting for understanding the origin 
and recycling of short-lived radiogenic isotope tracers and poten-
tial in association with primitive 3He/4He ratios from deep-seated 
plumes. Investigating the petrogenic relationships and origins of 
these lavas that sample the deeper parts of the mantle is expected 
to elucidate the survival of these primordial tracers and enhance 
the interpretation of these signatures by providing further insights 
into the processes responsible for their long-term preservation, or 
lack of thereof.

We present major element, trace element, and high-precision 
142Nd/144Nd isotope ratios and 3He/4He data from a set of samples 
from Gorgona Island, which include six komatiites, one e-basalt, 
one d-gabbro (“depleted”), and a picrite. Major and trace element 
data are used to infer and quantify the presence and amount of 
pyroxenite in the sources of the various lavas. These constraints 
are further used to hypothesize and understand the factors that 
contributed to the survival and homogenization of 142Nd/144Nd, 
2

Fig. 1. Sampling locations of the komatiites, e-basalt, d-basalt, and picrite for this 
study. The geology of Gorgona Island is based on Echeverría (1980).

3He/4He, and 182W/184W isotope ratios in the terrestrial mantle 
throughout time.

2. Geology and tectonics

Gorgona is a small island located off the Colombian coast and 
is a host to a wide range of rock types including e-(“enriched”) 
and d-basalts (“depleted”), gabbros, dunites, wehrlites, picrites, and 
Phanerozoic komatiites (Fig. 1), for which it holds geologic signif-
icance (Aitken and Echeverría, 1984; Kerr et al., 1996; Kerr, 2005; 
Révillon et al., 2000a). The geology of the island has been studied 
and described in detail in Aitken and Echeverría (1984) and Kerr 
et al. (1996). Volcanic rocks are mainly accessible along the coast 
due to the thick rain forests in the inner part of the island (Di-
etrich et al., 1981; Révillon et al., 2000a). The lavas on Gorgona 
Island are associated with the Caribbean Plateau, which in turn 
has been commonly accepted to have connections to the Galapagos 
plume (e.g., Duncan and Hargraves, 1984; Storey et al., 1991; Trela 
et al., 2015, 2017; Soderman et al., 2023). However, the degree of 
influence of the Galapagos plume on the lavas of Gorgona Island 
remains a controversial topic (e.g., Boschman et al., 2014; Kerr and 
Tarney, 2005; Serrano et al., 2011). The samples for this study were 
collected along the northeast shore of Gorgona Island from Playa 
Bonita, Playa Yundigua, Quebrada Playa, and Playa Pizarro (Fig. 1).

3. Methods

3.1. Sample preparation and measurements

Specimens were carefully cut with a Gorilla blade diamond 
saw to remove alteration from weathering. The pieces were then 
polished with SiC sandpapers of 80–100 grit sizes on a polish-
ing wheel to remove any traces of sawing. The 1–2 inch pieces 
were sonicated in ethanol and deionized water and subsequently 
crushed in a hydraulic press between multiple layers of paper and 
plastic zip-lock bags to avoid contamination from metal. The 0.5 
cm-size pieces retrieved from this process were ground in an alu-
mina mortar in a shatterbox for major, trace element, and isotopic 
analysis. Rock fragments not subjected to the grinding process 
were set aside for noble gas analysis. All sample preparation in-
volving dissolution and column chromatography was performed in 
the Isotoparium clean lab at California Institute of Technology us-
ing the methods of Hyung and Tissot (2021).

Sample powders were analyzed for their loss on ignition data 
by heating them at 100 ◦C for over six hours and then in a furnace 
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at 1500 ◦C for one hour. Samples were analyzed for their major 
elements using an INAM Expert 3L tabletop XRF with a Ti target 
using its built-in fundamental parameter software. For trace ele-
ment analysis, a small aliquot (5 mg equivalent) was diluted in 3% 
HNO3 spiked with 10 ppb In as an internal standard (Al-Hakkani, 
2019). Calibration standards were prepared by diluting Spex CLMS 
multi-element solutions to 1, 4, and 10 ppb. To correct for any sys-
tematic offsets in concentration measurements, BHVO-2 was mea-
sured as an unknown and used to correct the data (Jochum et al., 
2005). Samples were typically diluted by a factor of ∼5000. Mea-
surements were made in STD mode and KED mode using He as a 
collision cell gas on the iCAP RQ (ThermoScientific) at the Caltech 
Isotoparium.

Helium isotope measurements (3He/4He) were obtained from 
whole rock samples via in-vacuum crushing using a Thermo Sci-
entific Helix SFT noble gas mass spectrometer using established 
analytical procedures at the Caltech Noble Gas lab (e.g., Bal-
bas and Farley, 2020). Blanks were typically within 5% of the 
measured helium. The 1σ uncertainties were within ±0.4 RA
(RA =3He/4Heatmosphere) with the exceptions of samples 18-GOR-
8 and 18-GOR-29 and the mineral separates of 18-GOR-29, which 
exhibited higher uncertainties between 1.9–2.2 RA. The 1σ uncer-
tainties of the fusion measurements were between 0.10–0.22 RA
and determined to be inconsequential.

Sample matrices were subjected to fusion analysis to check for 
cosmogenic He. Mineral separates of 18-GOR-29 were acquired to 
measure their 3He/4He ratios, by sorting grains between sizes of 
0.5–1 mm through sieves of 100-200 mesh size. Magnetite was 
further picked out with a hand-magnet before processing the sam-
ples through a Frantz at 0.2 A and 0.4 A. A rough collection of the 
darker, more magnetized grains consisting of a mixture of olivine, 
clinopyroxene, and spinel were measured for their 3He/4He ratios.

Fractions between 100–600 mg of powder were digested and 
processed for each komatiite sample. Neodymium fractions were 
chemically purified using the methods of Hyung and Tissot (2021). 
In summary, the rock powders obtained from sample preparation 
were dissolved in a mixture of HF-HNO3 at 180 ◦C overnight and 
then subsequently dried down. The remaining residuals were then 
redissolved in aqua regia at 180 ◦C and dried down. The solution 
was dissolved in 1.5 N HCl and processed through cation exchange 
columns to separate the REEs from the matrix. The resulting REE 
cut was dried down, treated with H2O2 for oxidation and removal 
of Ce, and then processed twice through pressurized α-HIBA cation 
exchange columns for a purified Nd cut. Neodymium blanks were 
typically around 50 pg.

Neodymium isotopes were acquired with a ThermoFisher Sci-
entific Triton TIMS at the Isotoparium lab at Caltech following the 
techniques of Hyung and Tissot (2021). About 1 μg of Nd was 
loaded onto a filament for each measurement. 142Nd/144Nd iso-
tope measurements consisted of two-line multi-dynamic acquisi-
tions with an integration time of 8.389 secs, a magnet idle time of 
3 secs, and a baseline measurement every five blocks consisting 
of ten cycles each. Raw runs were corrected for isobaric inter-
ferences and mass fractionation using the exponential law and a 
normalization ratio of 146Nd/144Nd = 0.7219. The data were re-
duced according to the principles of Reduction Method 2 outlined 
in Hyung and Jacobsen (2020).

3.2. Nonmodal batch melting calculations

REE modeling of the e-basalts and gabbros from Gorgona Island 
was carried out assuming a spinel lherzholite composition for the 
peridotite component. REE concentrations for the pyroxenite com-
ponent were derived by partially melting DMM to varying degrees 
and compared with results from N-MORBs. Calculations were per-
formed considering two different types of peridotite compositions, 
3

namely, the depleted MORB mantle (DMM) of Workman and Hart 
(2005) and the bulk silicate Earth (BSE) of McDonough and Sun 
(1995).

Incremental nonmodal batch melting calculations were per-
formed using modes from Workman and Hart (2005) and from 
typical garnet peridotites used in experiments (Walter, 1998). Melt 
reactions are taken from Baker and Stolper (1994), Kinzler and 
Grove (1992), and Pertermann and Hirschmann (2003), and Walter 
(1998). Partial melts of pyroxenite-peridotite mixtures are derived 
by mixing separately melted pyroxenite and peridotite composi-
tions following the study of Sobolev et al. (2007). Full modeling 
parameters are compiled in the Supplementary Material.

4. Results

4.1. Major element data and classification

The MgO contents of the samples ranged from 7.4 to 31.37 wt%. 
Six samples were observed to display spinifex textures. The com-
bined ranges of the MgO, Na2O+K2O and TiO2 contents of three 
of these six samples (18-GOR-8, 18-GOR-9A, B) place the samples 
in the range of picrites following the IUGS classification scheme 
of Le Bas (2000) on a volatile-free basis. One sample (18-GOR-27) 
is classified as a basanite. Six samples (18-GOR-8, 18-GOR-9A, 18-
GOR-9B, 18-GOR-27, 18-GOR-28, 18-GOR-33; Table 1) are referred 
to as komatiites for this study hereinafter following the recom-
mendations of Kerr and Arndt (2001) and Kerr (2005) on the basis 
of their spinifex textures. Only two samples (18-GOR-28, 18-GOR-
33) are strictly considered to be komatiites following the IUGS 
classification scheme. While the high MgO sample (18-GOR-29) 
may similarly be classified as a komatiite according to the IUGS 
classification scheme, it was observed to lack a spinifex texture 
and is referred to as a picrite in this study to be able to similarly 
compare with other Gorgona lavas referred to as picrites through-
out the literature. The extent of alteration and volatile content of 
the samples were reflected on the loss on ignition, which varied 
between 3.6–4.5 wt%. Major element and loss on ignition data are 
reported in Table S1 in the Supplementary Material.

4.2. Trace element data

Five komatiites in this study were determined to be G2 ko-
matiites on the basis of their Zr and La concentrations as well as 
their (Gd/Yb)N ratios following the work of Révillon et al. (2000a)
(Fig. 2). Sample 18-GOR-26, a basalt, is identified to be an e-basalt 
based on its mildly enriched LREE pattern similar to the e-basalts 
in the literature. A sample of a microgabbro, 18-GOR-5, is identi-
fied to be a d-gabbro based on its major element composition and 
degree of LREE depletion. Sample 18-GOR-29 is markedly depleted 
in its LREE pattern in comparison to other komatiites in this study 
(Fig. 3d). The e-basalt was the only sample in this study that was 
noted to be mildly enriched in LREE. Based on their (Gd/Yb)N and 
Ce/Sm ratios (Fig. 2), five of the six komatiites in this study are 
inferred to be G2 komatiites.

4.3. Noble gas data

Measurements of 3He/4He varied between 4.6–39.5 RA for 
whole rock sample crushes (Table 1, Fig. 4). Among the various 
sample types, the picrite sample (18-GOR-29) was exhibited to 
have the highest RA value among the samples measured in this 
study. The separated mineral fraction from the picrite sample had 
a measured RA of 45.1. The RA values of five komatiites were 
similar to those of OIBs, varying between 11.9–31.4, with one ko-
matiite sample (18-GOR-8) displaying an RA of 4.6. The e-basalt 
(18-GOR-26) exhibited an RA of 6.9. The microgabbro (18-GOR-5) 
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Table 1
Helium and Nd isotope measurements of Gorgona Island lavas.
Sample 
Name

3He/4He 
(RA)a

1σ He whole 
rock 
mass (g)

Fusion 1σ 4He ncc 
STP/g

He blank 
(fraction)

μ142Ndb 2σ 147Sm/144Nd ε143Nd(T)c 2σ

18-GOR-8 4.6 2.2 1.061 3.0 0.18 6.02 0.00524 −1.9 3.3 0.3328 9.20 0.029
18-GOR-8 replicate(Nd)e −2.9 2.3 9.08 0.027
18-GOR-9A 31.4 0.67 1.054 4.1 0.15 4.48 0.00561 −2.3 2.4 0.3367 9.06 0.027
18-GOR-9B 23.0 0.47 1.055 4.5 0.21 3.47 0.0194 −0.1 4.1 0.3517 9.04 0.037
18-GOR-9B replicate 0.7 3.6 9.02 0.026
18-GOR-27 11.9 0.21 0.901 7.7 0.22 2.23 0.00129 0.9 3.0 0.3348 7.01 0.032
18-GOR-27 replicate 0.4 2.7 7.01 0.030
18-GOR-28 14.1 0.42 1.328 6.2 0.18 9.49 0.0244 0.7 2.3 0.3461 8.91 0.025
18-GOR-28 replicate 1.6 3.0 8.85 0.033
18-GOR-33 13.0 0.44 0.786 2.3 0.10 2.05 0.0109 1.1 2.1 0.2911 10.10 0.024
18-GOR-5 10.7 0.22 1.213 3.0 0.10 10.67 0.00141
18-GOR-26 6.9 0.36 2.720 0.2 0.20 0.46 0.555
18-GOR-29 39.5 1.3 1.085 5.3 0.13 1.33 0.0188
18-GOR-29 mineral separatesd 45.1 1.9 0.435 6.5 0.17 2.25 0.0122

a Whole rock sample crushes.
b Relative to JNdi-1. μ142Nd = (142Nd/144Ndsample - 142Nd/144Ndstd)/142Nd/144Ndstd x 106.
c Age-corrected to 89 Ma. ε142Nd = (142Nd/144Ndsample - 142Nd/144NdCHUR)/142Nd/144NdCHUR x 104 where 143Nd/144NdCHUR = 0.512638.
d Replicate measurements refer to Nd isotope measurements.
e Mineral separates.

Fig. 2. Normalized Gd/Yb vs 147Sm/144Nd ratios (a) and Ce/Sm vs Ce concentrations (b) of the samples of this study plotted with respect to dated samples. The Ce/Sm vs Ce 
concentrations of the microgabbro of this study plots near other d-basalts (orange squares) and G1 komatiites. The Ce/Sm ratios of the komatiites from this study (triangles 
with dots) may be grouped with the G2 komatiites (light green triangles) except for one sample which plots closer to the G1 komatiites. Picrites and picritic tuffs are 
represented with diamonds, while e-basalts are represented with green circles. The ages of samples are indicated in Ma.
was measured to have an RA of 10.7. Fusion experiments yielded 
RAs between 2.3–7.7, lower than the 3He/4He ratios of whole rock 
crushes, suggesting that cosmogenic helium is not a significant 
contributor to the high 3He/4He ratios of the samples in this study.

4.4. Nd isotope data

Six komatiite samples were measured for their 142Nd/144Nd and 
143Nd/144Nd ratios, with four samples subjected to repeat dissolu-
tions and measurements. The 142Nd/144Nd ratios of JNdi-1 were 
generated at an external precision of ±2.4 ppm (2σ ) from a com-
bination of JNdi-1 and reference materials (n = 15; published in 
Hyung and Tissot, 2021), and were determined over a similar time 
period of the results reported here. The 142Nd/144Nd values of the 
six komatiite samples studied demonstrate no resolvable variability 
with respect to the average modern-day mantle (Fig. 4). Interfer-
ences for 142Ce/142Nd were unusually high and ranged from 1 to 
10 ppm, and 144Sm/144Nd varied between sub-ppm, with one sam-
ple at 9 ppm. Despite higher-than-normal interference levels, the 
ten 142Nd/144Nd isotope measurements of the samples were ob-
served to agree closely, and all plot within 2σ = ±2.4 ppm (Fig. 4) 
4

with a 2σ standard deviation of ±3.2 ppm. Age-corrected ε143Nd 
values of the komatiites ranged between 7.0–10.1 assuming an 
eruption age of 89 Ma. Such 142Nd/144Nd values are expressed 
in terms of deviations from JNdi-1 in parts per million (μ142Nd), 
while 143Nd/144Nd values are deviations from JNdi-1 expressed in 
parts per 10,000 (ε143Nd) throughout this study and are summa-
rized in Table 1. The 147Sm/144Nd ratios have been calculated from 
trace element concentrations.

5. Discussion

5.1. Subclassification and groupings of the various Gorgona lavas

E-basalts largely demonstrate two types of REE patterns, one 
whose bulk silicate Earth (BSE) normalized REE patterns are flat 
for both LREE and HREE, and another that is mildly enriched in 
LREE. REEs individually plotted with respect to Th concentrations 
in log-log space also demonstrate two major groups within the e-
basalts, each corresponding to the types of REE patterns exhibited 
for each group (Fig. 5). Linear trends in log-log space likely re-
flect the extent of differentiation through fractional crystallization 
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Fig. 3. REE patterns of (a) e-basalts, (b) d-basalts, (c) komatiites, and (d) picrites from different literature sources (Aitken and Echeverría, 1984; Arndt et al., 1997; Brügmann 
et al., 1987; Dupré and Echeverría, 1984; Echeverría, 1980; Echeverría and Aitken, 1986; Kerr, 2005; Révillon et al., 2002, 2000a; Serrano et al., 2011; Walker et al., 1999) 
and this study (colored symbols).
from separate parental magmas for each group. These observations 
enable us to categorize the e-basalts into two groups: the “E1” 
basalts, which are associated with flat REE patterns, and the “E2” 
basalts, which exhibit mildly enriched LREE patterns. The REE vs 
Th concentrations of the two enriched komatiites from the study of 
Serrano et al. (2011) are observed to plot closely to the E2 basalts, 
suggesting close petrogenetic ties.

Komatiites and picrites from Gorgona Island have been exten-
sively modeled and studied (Echeverría and Aitken, 1986; Kerr et 
al., 1996; Kerr, 2005; Révillon et al., 2000a) and are deduced to 
have been generated through dynamic melting (a fractional melt-
5

ing process where a small fraction of the melt remains in the 
residue) of a depleted mantle source (Arndt et al., 1997; Révillon 
et al., 2000a). The komatiites have been divided into two groups, 
G1 and G2, based on compositional differences such as TiO2 con-
tent, their trace element ratios, and HREE patterns (Révillon et al., 
2000a). The flat HREE patterns of the G2 komatiites have been 
interpreted to indicate that melting started in the garnet stabil-
ity field and continued in the spinel stability field (Révillon et 
al., 2000a), while G1 komatiites have been characterized to have 
melted in the garnet stability field.
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Fig. 4. Plots of sample μ142Nd, ε143Nd, and 3He/4He measurements in RA. The plots demonstrate lack of 142Nd/144Nd isotope variability across a range of 3He/4He and 
ε143Nd values. High RA are associated with depleted 143Nd/144Nd ratios. Error bars are presented in 2σ for μ142Nd, and 1σ for 3He/4He. The horizontal lines in (a) and (b) 
represent 2σ external precision error from the JNdi-1 standard and reference materials (n = 15; 2σ = ±2.4 ppm). Repeat sample μ142Nd measurements are averaged and 
plotted with 2σ external precision error bars. Plotted for comparison in panel (d) on the right-hand side are the highest reported RA values for olivine separates of different 
Gorgona samples studied in Révillon et al. (2002).
E1 basalts demonstrate a range of age-corrected ε143Nd values 
varying from 7.02 to 7.82 (T = 64–75.3 Ma), with one sample at 
5.5 (T = 89 Ma). The ε143Nd values of E2 basalts (Arndt et al., 
1997) are generally lower than those of E1 basalts, varying from 
5.4–7.0. One sample categorized as an enriched komatiite, has been 
measured to have an ε143Nd value of 5.6 (Serrano et al., 2011), 
within the range of the E2-basalts.
6

5.2. The heterogeneous sources of the Gorgona lavas inferred from 
major element compositions

Different studies (Arndt et al., 1997; Echeverría and Aitken, 
1986; Kerr et al., 1996; Kerr, 2005) have noted that the range of 
trace and isotopic element compositions present in the Gorgona 
lavas, which include the picrites, komatiites, and basalts likely re-
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Fig. 5. Concentrations of (a) La, (b) Sm, and (c) Ho of e-basalts and enriched komati-
ites plotted with respect to Th concentrations in log-log space. The pink triangles 
represent the enriched komatiites, the circles, the e-basalts, and the half-filled cir-
cle represents the e-basalt from this study. The data largely cluster into two groups, 
where linear correlations to a first order are interpreted to represent fractional crys-
tallization trends from two separate parental magmas.

flect a number of distinct mantle sources. In this study, we use 
comparisons with major element compositions from experimental 
melts and proxies for pyroxenite sources to understand the sources 
of the different rock types. The aim is to understand the compo-
nents that affect the He, Nd, and W isotopic compositions that 
characterize the lavas and draw broader inferences with respect 
to their homogenization and preservation.

Melts from pyroxenite sources are recognized for their low CaO 
content due to the compatibility of Ca in clinopyroxene, which is 
abundant in pyroxenite. This observation has led to the identifica-
tion of basalts from pyroxenite sources through their high FeO/CaO 
values at a given MgO/SiO2 weight percent ratio. Numerical val-
ues higher than 0.65 at a given FeO/CaO – 3MgO/SiO2 (“FC3MS 
factor”) value have been proposed to represent lavas from a py-
roxenite source (Yang and Zhou, 2013). The consumption of olivine 
during partial melting when pyroxenite is involved leads to higher 
FC3MS values as the MgO content in the melt decreases. An exper-
imental melt generated from a source that is composed of equal 
7

Fig. 6. (a) The FC3MS values (FeO/CaO – 3MgO/SiO2 in wt%) of the Gorgona lavas 
from this study and throughout the literature, plotted with respect to their Mg-
number, calculated through Mg/(Fetot+Mg) × 100 in molar proportions. (b) Outlines 
of CaO+Na2O+K2O vs SiO2+Al2O3 contents of experimental melts plotted with 
data from picrites, tuffs, e- and d-basalts, and komatiites. The full range of experi-
mental melts are plotted in Hyung et al. (2023).

parts pyroxenite and peridotite may lack olivine entirely (Mallik 
and Dasgupta, 2012). High (>0.65) FC3MS values are observed for 
experimental melts derived from one part basalt and two parts 
peridotite (Kogiso et al., 1998). Melting calculations also suggest 
that a small percentage (5–12%) of pyroxenite in a source may 
be sufficient to generate a pyroxenite-dominant melt (Shorttle and 
Maclennan, 2011). Although the FC3MS factor is a useful indicator 
for assessing the presence of pyroxenite in the source, there are 
limitations to the extent of inferences that can be made, and thus 
the FC3MS factor here is only used to confirm the presence of py-
roxenite in lava sources, rather than constrain its abundance as it 
does not directly indicate the degree of pyroxenite present.

Plotted in Fig. 6a are the FC3MS vs Mg-number values of the 
Gorgona samples from this study as well as from the literature 
to determine whether there are lavas from Gorgona that origi-
nate from a pyroxenite source. It is observed that a majority of 
e-basalts generally plot in the domain (FC3MS > 0.65) strongly in-
dicating the presence of pyroxenite in their sources. D-basalts have 
lower FC3MS values than those of the e-basalts, but higher val-
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ues than those of komatiites and picrites, with at least one sample 
exceeding the 0.65 threshold value. This suggests the presence of 
pyroxenite in their source as well, but to a lesser extent than that 
of e-basalts.

Further comparisons are made between the major element 
compositions of experimental melts and the Gorgona lavas to dis-
cern their source materials. Gorgona samples from the literature 
and experimental melts with different starting compositions are 
plotted with respect to their CaO+Na2O+K2O vs SiO2+Al2O3 con-
tents for comparison (Fig. 6b). Different regions consisting of ex-
perimental melts from different starting compositions have been 
outlined in our diagram. Most of the samples that have been clas-
sified as d-basalts are found to overlap entirely with the regions 
composed of experimental melts from pyroxenites and eclogite-
infused peridotite melts. This comparison further supports the 
presence of pyroxenite in the source of the d-basalts, although the 
FC3MS values indicate this is to a lesser degree than the sources 
of the e-basalts.

In contrast, komatiites and picrites generally plot in the do-
main comprising experimental melts derived from volatile-free 
peridotites. The CaO+Al2O3 vs SiO2+Na2O+K2O compositions of 
the komatiites and picrites indicate that their sources are most 
similar to peridotite compositions. This observation is consistent 
with a depleted peridotite mantle origin for the komatiites and pi-
crites (Arndt et al., 1997; Révillon et al., 2000a), which are thought 
to originate from the hottest and deepest parts of a plume (Kerr et 
al., 1996; Kerr, 2005; Révillon et al., 2000a).

To summarize, the e-basalts, and to a lesser extent, the d-
basalts, are likely to have pyroxenite in their source lithology. Com-
parison of major element compositions of komatiites and picrites 
to those of experimental melts are consistent with a depleted peri-
dotite mantle origin. The d-basalts, e-basalts, and depleted komati-
ites do not share the same petrogenetic origin (Arndt et al., 1997; 
Kerr et al., 1996; Kerr, 2005), and it is deduced that the degree 
of pyroxenite in the lava sources is an important component that 
contributes to the diverse compositional range of Gorgona lavas.

5.3. Characterizing the peridotite component of the source of the 
Gorgona lavas

Five komatiite samples analyzed in this study display depleted 
ε143Nd signatures (8.8–9.8), consistent with an origin from a man-
tle source that is highly depleted. However, one komatiite (18-
GOR-27) is characterized to have a slightly more enriched ε143Nd 
signature (7.0) than those of other komatiites in this study and 
elsewhere (Arndt et al., 1997; Serrano et al., 2011). Lower ε143Nd 
values similarly observed in various Gorgona rocks, such as for 
the e-basalts (ε143Nd = 5.5–7.8), a dunite (ε143Nd = 5.3; Révillon 
et al., 2000a), olivine gabbros with depleted LREE patterns sim-
ilar to picrites (ε143Nd = 6.6–7.6; Révillon et al., 2000a), and a 
picrite with a flat LREE pattern (GOR92-37; Kerr, 2005) suggest 
the involvement of a slightly more enriched component in the 
peridotite source in addition to a depleted mantle reservoir. The 
moderately depleted ε143Nd signatures of the samples (ε143Nd =
5.5–7.8) compared to those that are highly depleted (>8.5), char-
acterize this second reservoir to be distinct from the strongly de-
pleted mantle source of the Gorgona komatiites and picrites. The 
LREE patterns, which are observed to be depleted in the majority 
of the aforementioned samples, imply that the secondary source 
is unlikely to be highly enriched in trace elements. Therefore, this 
reservoir is provisionally characterized to be analogous to the BSE 
in trace elements and ε143Nd.
8

5.4. Constraining the amount of pyroxenite in the source of the 
e-basalts

The petrogenesis of the Gorgona e-basalts, considering the pres-
ence of pyroxenite in their source, is underexplored. In this section, 
the melting processes and type of source involved in generat-
ing the parental magmas of the Gorgona e-basalts are explored 
by modeling the REE patterns of the different rock types simul-
taneously with the ε143Nd isotope compositions of the lavas. In 
addition, as the degree of pyroxenite source contribution through 
major element analysis (Section 5.2.) suggest that a more than a 
minor (>1%) amount is necessary, this consideration is reflected in 
calculations. E-basalts generally exhibit a slight enrichment in LREE 
or flat patterns when normalized with respect to the BSE (Fig. 3a). 
The inferred degree of pyroxenite melt contribution will be used 
to explore their role in the survival of 182W/184W and 142Nd/144Nd 
isotope anomalies in the next section.

The REE patterns of the e-basalts exhibit two trends, flat vs 
mildly enriched patterns, corresponding to two groups of ε143Nd 
isotope signatures. This indicates that the e-basalts were derived 
from two different parental magmas as discussed in section 5.2. 
To account for the two groups, E2-basalts have been modeled sep-
arately from the E1-basalts. Here ε143Nd isotopes are used as an 
additional constraint to narrow the range of possible scenarios. 
First, it is deduced that primary magmas would generally exhibit 
lower LREE concentrations compared to more differentiated lavas 
as REEs are incompatible in most upper mantle minerals. Thus, the 
least concentrated REE patterns of the Gorgona e-basalts through-
out the literature are interpreted to be least differentiated and this 
composition is set as an upper limit for the primary magmas.

An explanation proposed for flat LREE patterns relative to the 
BSE from the Caribbean Plateau involve pooled melts generated at 
depths through fractional melting that is homogenized during as-
cent (Révillon et al., 2000b). The calculations and considerations 
for the inferred source compositions for Gorgona e-basalts have 
typically involved a depleted peridotite source (Arndt et al., 1997; 
Révillon et al., 2000b). In lieu of the significant presence of pyrox-
enite inferred for the e-basalts in this study however, we model 
REE patterns with pyroxenite in the source.

LREE enrichment patterns of the E2-basalts are generally indica-
tive of garnet in the source, whereas flat HREE patterns suggest 
the presence of spinel. Here the garnet signature is attributed to 
an eclogitized MORB-like pyroxenite component. For simplicity, a 
spinel peridotite source is assumed for partial melting calculations 
involving the depleted peridotite component and revisited. Two 
different types of peridotite sources are invoked (BSE and DMM) 
and their proportions are adjusted prior to partial melting, us-
ing ε143Nd isotopes as a constraint in the degree of each type 
of source present. The BSE and DMM end-members are invoked 
as isotopically well-defined components for the purpose of further 
disentangling the degree of involvement of possible reservoirs that 
harbor primordial isotope signatures.

Model parameters that satisfy the constraints of REE enrich-
ments, ε143Nd isotopes, and the proportion of pyroxenite in the 
source exceeding 5% are summarized in Table S7 while resulting 
calculations are presented in Fig. 7b, c. The primary magma of 
the E2-basalts is modeled from nonmodal batch melting of the 
DMM, mixed with a BSE-like peridotite source at a proportion of 
8%. The pyroxenite component is considered to have melted to 
F = 0.20–0.25 and mixed with the spinel peridotite component 
melted to F = 0.15–0.20 to produce a range of primary magmas. 
The flat REE patterns of the E1-basalts may similarly be modeled 
with an eclogite generated from a pyroxenite component calcu-
lated by nonmodal batch melting the DMM to F = 0.07 and mixed 
with the hybrid peridotite source at a proportion of 8%. In con-
trast, calculations with N-MORB were difficult to match with the 
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Fig. 7. Various modeled melts in comparison to the least concentrated (least differentiated) E1 and E2-basalts sampled from Gorgona Island as an upper bound for the 
primary magmas for each group. Pyroxenite and peridotite melt components are calculated separately before being mixed together in the manner of Sobolev et al. (2007).
e-basalts discussed in this study owing to the enrichment caused 
in MREE relative to sample trace element compositions. As pyrox-
enite likely started melting at greater depth, the pyroxenite com-
ponent of the melt is considered at a higher degree of melting 
than that of peridotite for both cases. This degree of pyroxenite 
inferred to have contributed to the e-basalts is consistent with re-
cent estimates of the degree of pyroxenite present in the Galapagos 
plume (Soderman et al., 2023). In the case of E1 basalts, the py-
roxenite component is inferred to have melted to high degrees (up 
to F = 0.35) compared to the peridotite component, calculated to 
F = 0.25–0.30. The high degree of melting calculated for the peri-
dotite component to generate the low concentrations specific to 
E1 basalts suggests that either melting started in the garnet peri-
dotite regime, or that the source was significantly more depleted 
in composition than used in calculations. As aggregated fractional 
melts are almost indistinguishable from batch melting calculations 
for REEs (e.g., Johnson et al., 1990; Révillon et al., 2000b), the cal-
culations performed here are considered to applicable to pooled 
melts. The high degree of melting inferred for the e-basalts suggest 
the melts have pooled as they rose to the surface. The hybrid peri-
dotite sources of the E1 and E2 basalts are inferred to be slightly 
more depleted in LREE than the Caribbean Oceanic Plateau mantle 
plume source modeled in Hastie et al. (2016).
9

5.5. Pyroxenite as a recycled component and the survival of primordial 
heterogeneity through a separate peridotite mantle source

The 142Nd/144Nd isotope ratios of the komatiites measured in 
this study are similar to the average modern-day mantle, indicat-
ing either: i) that source differentiation took place after ∼4.0 Ga 
or ii) that any isotope anomalies resulting from silicate mantle dif-
ferentiation occurring at >4.0 Ga were re-homogenized prior to 
the melting of the source that produced the Gorgona lavas. The 
high 3He/4He ratios of the G1 and G2 komatiites and picrite of this 
study on the other hand, which are sourced from the hottest parts 
of the Galapagos plume (Arndt et al., 1997; Kerr et al., 1996; Kerr, 
2005), characterize a depleted source with high 3He/4He ratios. 
Serrano et al. (2011) suggested that the lavas from the Caribbean 
Large Igneous Province, including those from Gorgona Island, may 
have been generated solely from a slab window setting without 
the involvement of a plume. However, the high 3He/4He ratios 
ranging up to 45 RA for the Gorgona lavas observed in this study, 
far exceed the canonical MORB average (8 ± 1 RA; Graham, 2002) 
and unequivocally indicate influences from a plume source, as also 
proposed earlier by Hastie and Kerr (2010).

The magnitude of 3He/4He ratios overall are observed to cor-
relate with the inferred degree of pyroxenite present in the dif-



E. Hyung, M. Ibañez-Mejia and Y. Rojas-Agramonte Earth and Planetary Science Letters 622 (2023) 118409
ferent lava types. Picrites, which are inferred to have originated 
from a depleted peridotite mantle source (Arndt et al., 1997; Kerr, 
2005; Révillon et al., 2000a), exhibit the most depleted trace ele-
ment concentrations among the different Gorgona rock types while 
also having the highest 3He/4He values within the Caribbean Large 
Igneous Province. The e-basalt, which is deduced to have a signif-
icant pyroxenite component in its source, exhibit a low RA of 6.9, 
whereas the d-basalt exhibits an RA that is slightly higher, at 10.7 
RA. Therefore, the pyroxenite component of the different sources is 
inferred to have overprinted the primordial 3He/4He signatures of 
the depleted mantle component and is thus deduced to be recy-
cled. In addition, it is inferred that the low concentrations of trace 
elements in lavas derived from a more depleted peridotite source, 
such as those of the Gorgona komatiites and picrites, enable the 
preservation of their high 3He/4He ratios. Similarly, global correla-
tions in high 3He/4He ratios and depleted ε143Nd signatures (e.g., 
Starkey et al., 2009) suggest that depleted sources are intrinsic to 
the preservation of primitive 3He/4He ratios. The depleted ε143Nd 
signatures of the high 3He/4He mantle reservoir however, indicates 
that such a reservoir has undergone partial melting and although 
not entirely outgassed, is no longer strictly primordial.

While it has been proposed that 182W/184W isotope anomalies 
are exclusively preserved in mantle domains with the least amount 
of recycled material (Jackson et al., 2020), our analysis of the Gorg-
ona e-basalts suggests that there are exceptions. Interestingly, the 
e-basalts from Gorgona have been reported to have μ182W iso-
tope anomalies averaging −10 ppm, whereas the W isotopes of 
some Gorgona komatiites are unresolved from the average mantle 
(Walker et al., 2021). Combined with the 3He/4He data, this may 
suggest an anticorrelation between the 182W/184W isotope ratios 
and 3He/4He data for at least a subset of Gorgona lavas, contrary 
to established trends for OIBs worldwide and lavas throughout the 
Caribbean Large Igneous Province (Mundl-Petermeier et al., 2020, 
2019; Mundl et al., 2017). As an abundance of pyroxenite is de-
duced in the sources of the e-basalts compared to other Gorgona 
lavas, which is suggested to have affected their 3He/4He ratios, a 
mechanism is needed to explain the presence of 182W/184W iso-
tope anomalies.

Model calculations involving the simultaneous involvement of 
pyroxenite and two kinds of peridotite sources in the melting 
of the e-basalts attest to the persistence of μ182W anomalies 
compared to μ142Nd isotope variability. As kimberlites (formerly, 
Group I kimberlites) have been observed to evolve from a reser-
voir exhibiting BSE-like ε176Hf and ε143Nd isotopes for the past 
2.5 Gyr (Woodhead et al., 2019) while simultaneously exhibiting 
W isotope anomalies (Nakanishi et al., 2021), calculations are car-
ried out by characterizing the BSE peridotite reservoir used in 
this study with a μ182W anomaly of −25 ppm, inferred from 
W isotope measurements of modern lavas from the Galapagos 
plume (Mundl-Petermeier et al., 2020). Using the degree of py-
roxenite calculated for the sources of the two groups of e-basalts, 
the μ182W signatures of the e-basalts are simultaneously mod-
eled with ε143Nd in Fig. 8. Despite the involvement of recycled 
pyroxenite in source of the e-basalts and a separate peridotite 
source lacking μ182W anomalies, μ182W anomalies are demon-
strated to persist. On the other hand, the lack of μ182W anomalies 
in some komatiites, which are thought to be derived from the 
hottest and deepest parts of the Galapagos plume, may signify the 
lack of μ182W anomalies of the mantle source with connections to 
the core-mantle boundary, particularly where the Galapagos plume 
has been suggested to be rooted (Cottaar et al., 2022; Trela et 
al., 2017). This in turn would argue against a unique core-origin 
mechanism as the hypothesis to explain high 3He/4He ratios and 
modern-day μ182W anomalies. The lack of μ142Nd anomalies for 
the depleted mantle source at the Galapagos plume additionally 
10
Fig. 8. Changes in the μ182W and ε143Nd values with respect to varying degrees of 
pyroxenite (labeled “ecl”) and BSE vs DMM-type peridotite (“per”) mantle reservoir 
involvement for (a) E1 basalts and (b) E2 basalts plotted alongside calculated REE 
patterns (Supplementary Material Fig. S1). The shaded areas bracket the range of 
ε143Nd values observed for each type of e-basalt. The majority of observed ε143Nd 
values for E1 basalts is between 7–8, with one sample at 5.6. The BSE peridotite 
component used in calculations is set to have a μ182W of −25 after the data of 
Mundl-Petermeier et al. (2020) and is defined to have an ε143Nd of 0.

suggests the absence of a reservoir anomalous in μ142Nd in this 
plume source stored at the core-mantle boundary.

These calculations may be applied to μ142Nd isotopes to assess 
their preservation under analogous conditions. Much of the terres-
trial μ142Nd isotope variability is observed in the Archean and is 
limited in range, varying by ±20 ppm and to a large extent, ho-
mogeneous by the Proterozoic (e.g., Hyung and Jacobsen, 2020). In 
comparison, the greatest degree of 142Nd isotope anomalies in the 
modern-day mantle, which are relatively rare in comparison, are 
around ±7–8 ppm (2σ = ±4.4 ppm; Peters et al., 2018). A BSE 
mantle source modified to exhibit a μ142Nd value of −8, when 
mixed with the pyroxenite component, generate values of −2.1 and 
−2.8 ppm respectively for the E1 and E2 basalts, which are dif-
ficult to resolve with the typical precision of 142Nd/144Nd isotope 
measurements (2σ = ±2–5 ppm) in comparison to 182W/184W iso-
tope ratios. The μ142Nd anomalies appear to be reduced to one 
third to a quarter of their original magnitude through this mix-
ing process, in contrast with just half the original magnitude for 
analogous calculations involving μ182W isotopes. The relative con-
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centrations of the Nd and W present in the two different types of 
peridotite reservoirs and pyroxenite, governed by their partition-
ing behavior, are therefore key to preserving μ182W anomalies. 
This difference in sensitivity to pyroxenite, may, in part, explain 
the longevity of μ182W isotope anomalies originating from early 
silicate Earth differentiation relative to μ142Nd anomalies. Further-
more, these effects may be exacerbated by the initial magnitudes 
of μ142Nd and μ182W anomalies that may have developed dur-
ing early silicate Earth differentiation. Fractionation of Sm and Nd 
owing to early silicate Earth differentiation has been suggested to 
be limited (Jacobsen and Harper, 1996), translating to the range 
of μ142Nd variability (±20 ppm) observed in Archean terrains. In 
contrast, it is possible to envision an early Earth where μ182W 
anomalies may have been more extreme in magnitude (≥22 ppm) 
owing to a greater degree of Hf/W fractionation during a process 
such as magma ocean crystallization.

With respect to He, the RA value of 45.1 observed for the rough 
mineral separates of the picrite sample in this study is among 
the highest 3He/4He ratios observed among mantle-derived rocks, 
close to what is observed at Baffin Island (∼50 RA; e.g., Starkey 
et al., 2009; Willhite et al., 2019). The source of the Gorgona ko-
matiites and picrites are also suggested to share similarities to 
those of the Baffin Island picrites, as noted by their highly de-
pleted ε143Nd signatures and lack of 142Nd/144Nd (de Leeuw et 
al., 2017) and 182W/184W isotope anomalies (Jansen et al., 2022). 
This may suggest the presence of a depleted mantle reservoir com-
mon to various mantle plumes that is high in 3He/4He ratios but 
not anomalous in 182W/184W nor 142Nd/144Nd isotopes, suggest-
ing that tungsten isotope anomalies may not be fundamentally 
intrinsic to the high 3He/4He mantle reservoir. The shallow and 
steep trends among negative tungsten isotope anomalies and high 
3He/4He ratios observed at various hot spots may thus reflect dif-
ferent proportions of reservoir involvement.

In general, 182W/184W anomalies are deemed to be more com-
mon across various OIBs (Mundl-Petermeier et al., 2020, 2019; 
Mundl et al., 2017; Peters et al., 2021; Rizo et al., 2019), in con-
trast to the rarity of 142Nd/144Nd isotope anomalies in modern-day 
samples (Andreasen et al., 2008; Cipriani et al., 2011; de Leeuw et 
al., 2017; Hyung and Jacobsen, 2020; Jackson and Carlson, 2012; 
Murphy et al., 2010; Peters et al., 2021, 2018). Tusch et al. (2022)
proposed mafic Hadean restites as a possible reservoir for anoma-
lous μ182W isotope signatures. According to this idea, if the source 
of the μ182W anomalies observed in the Gorgona e-basalts can be 
attributed to recycled Hadean restites from an upwelling mantle 
plume, they may be ascribed to the pyroxenite component of the 
source. The inferred peridotite source of the picrites, which are at-
tributed to the deepest parts of the Galapagos plume (Arndt et al., 
1997; Kerr, 2005; Révillon et al., 2000a), and various subduction-
zone systems proposed in context to the Caribbean Large Igneous 
Province (e.g., Duncan and Hargraves, 1984; Kerr et al., 1996; Pin-
dell et al., 2006), suggest that the recycled pyroxenite source com-
ponent of the e-basalts may be a more recent feature related to the 
tectonics of the region. Nonetheless, various considerations from 
model calculations, possible source contributions, and observations 
from the data suggest that μ182W isotope anomalies may be most 
likely to survive mixing with recycled components among the 
three tracers (3He/4He, 142Nd/144Nd, and 182W/184W) of primor-
dial mantle heterogeneity. The presence or absence of 142Nd/144Nd, 
182W/184W anomalies, and high 3He/4He signatures in modern-day 
terrestrial samples therefore likely reflect their varying degrees of 
sensitivity to the different overprinting mantle processes that have 
taken place since primordial Hadean silicate differentiation.
11
6. Summary and conclusion

The range of rock types at Gorgona Island reflect their diverse 
sources, with a significant source contribution of pyroxenite de-
duced for the e-basalts, and d-basalts to a lesser degree. Similar to 
previous inferences, komatiites and picrites are deduced to be de-
rived from a peridotite source. E-basalts can be divided into two 
groups (“E1” and “E2”) based on their trace element abundances. 
Using constraints from REE patterns, ε143Nd isotopes, and the de-
gree of pyroxenite involvement in the source based on major ele-
ment analysis, the REE patterns of the e-basalts may be modeled 
as produced via melting of a 8% pyroxenite and a 92% peridotite 
source. The peridotite source may be modeled to be composed 
of two end-member components, a DMM-type depleted mantle 
source, and a BSE-type source.

New 3He/4He measurements of a range of Gorgona lavas ex-
hibit high values up to 45.1 RA and strongly indicate a connec-
tion to a plume source that may be similar to that of the Baf-
fin Island picrites. The 142Nd/144Nd isotope ratios of Gorgona ko-
matiites in contrast, are indistinguishable from the modern-day 
bulk silicate Earth. The depleted mantle component of the Gala-
pagos plume is characterized to be primitive in 3He/4He ratios 
but lacking 142Nd/144Nd isotope anomalies. Meanwhile, the low 
3He/4He ratio of the e-basalt compared to other Gorgona lavas is 
attributed to the recycled pyroxenite component in the source. Cal-
culations demonstrate the survival of 182W/184W isotope anoma-
lies despite the presence of recycled pyroxenite, in contrast to 
142Nd/144Nd isotope ratios, suggesting homogenization occurring 
on different timescales under similar conditions. Tungsten isotope 
anomalies are therefore inferred to be the most persistent among 
the three different tracers of the primordial mantle (182W/184W, 
3He/4He, and 142Nd/144Nd) when met with the involvement of 
recycled pyroxenite in the source. The high 3He/4He ratios mea-
sured for the Gorgona lavas, which exhibit an unusual correla-
tion with 182W/184W isotope variability, combined with the lack 
of 142Nd/144Nd isotope anomalies observed for the Gorgona ko-
matiites, likely reflect the different degrees of sensitivity of the 
three isotope tracers to different terrestrial processes that devel-
oped, preserved, and/or differentially homogenized these signa-
tures throughout time.
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