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Fogo, Cape Verde, located upon thick oceanic lithosphere, provides a window into processes occurring in the
mantle where recycled ocean crust in an upwelling mantle plume interacts with ambient mantle. Our objective is
to investigate the nature of the lithologies of the mantle sources involved in the petrogenesis of historic volcanic
rocks from Fogo. We observe enclaves and mingling textures in the lavas combined with oxygen isotope
disequilibrium between olivine and clinopyroxene phenocrysts. Olivine 5180 values display positive correlations
with Zr/Hf and Zr/Y and a negative correlation with U/Th, whereas clinopyroxene & %0 values correlate
positively with Ba/Nb. Heterogeneity between crystal populations and within the groundmass indicates that
multiple magma batches are mixed beneath Fogo. In terms of mantle endmembers and source lithologies, a HIMU
endmember was generated by melting of carbonated eclogite as indicated by low & 80 values, Zr/Hf, Ba/Nb and
high U/Th ratios. In contrast, we show the EM1 endmember has high & 180, Zr/Hf, Ba/Nb and low U/Th ratios,
derived from melting of variably carbonated peridotite. Additionally, Ba/Th ratio are high, indicating that
carbonatite melts have contributed to alkaline magma compositions at Fogo.

1. Introduction

Ocean Island magmas generally experience limited assimilation as
they pass through the ocean crust and, consequently, they allow the
composition of the mantle source to be constrained (e.g. Gast, 1968;
O’Hara, 1965; O’'Nions et al., 1976). This is the underlying premise for
exploring mantle source heterogeneity at Ocean Islands and has been
widely used globally to assess mantle heterogeneity (e.g. Barker et al.,
2010; Dalrymple et al., 1973; Escrig et al., 2005; Gerlach et al., 1988;
Hofmann et al., 1986; Holm et al., 2006).

The Cape Verde Archipelago displays distinct geochemical hetero-
geneity whereby the northern islands show affinity to HIMU-like (High
p= 238U/206Pb) and local Depleted MORB Mantle (DMM) components
(Davies et al., 1989; Doucelance et al., 2003; Gerlach et al., 1988; Holm
etal., 2006; Millet et al., 2008). In contrast, the southern islands of Fogo,
Santiago and Maio are supplied by HIMU-like and enriched mantle

(EM1) components (Barker et al., 2009, 2010; Davies et al., 1989;
Doucelance et al., 2003; Escrig et al., 2005; Gerlach et al., 1988; Hildner
et al., 2011; Martins et al., 2009; Mata et al., 2017). Notably, the
Cadamosto seamount at the southwestern tip of the southern island
chain is geochemically more similar to the northern island chain with a
mixed HIMU-like and local DMM mantle source (Barker et al., 2012). On
the neighbouring island of Brava, there is a temporal distinction with
similar characteristics to the northern islands until 0.5 Ma, when the
EM1-like component appears (Mourao et al., 2012). Carbonatites are
present in the Cape Verde Archipelago, including on the island of Fogo
and recent studies have shown high volatile contents and associated
deep exsolution of CO, beneath Fogo (DeVitre et al., 2023; Hoernle
et al., 2002).

Furthermore, several studies have investigated geochemical in-
dicators of mantle source lithology at Cape Verde. The lavas have been
shown to be globally amongst the Ocean Islands that display high TiO5
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contents of 3 to 5 wt%, which has been proposed to be associated with a
pyroxenitic source (Prytulak and Elliott, 2007). Barker et al. (2010)
investigated the major element compositions of lavas from Santiago and
showed that they are consistent with involvement of pyroxenite and
carbonated eclogite source lithologies. Olivine Ni and Mn compositions
from Santiago and Santo Antao are consistent with a complex mixed
eclogite-pyroxenite-peridotite source contributing to melt compositions
(Barker et al., 2014).

Partial melting of peridotite produces ultramafic melts, with low
TiO4 contents <1.5 wt% (Hirose and Kushiro, 1993). Ocean crust that
has been subducted and transformed into eclogite is thought to be
recycled at Ocean Islands in the form of HIMU-like mantle heteroge-
neities. Pure eclogitic melts of recycled ocean crust are expected to have
andesitic compositions (Sobolev et al., 2000; Spandler et al., 2008).
These andesitic melts react with peridotite to form pyroxenite, in turn
when the pyroxenite melts the corresponding ultramafic melts have
higher TiO, contents (1.1 to 3.4 wt% TiOg, Hirschmann et al., 2003,
Kogiso et al., 2004; Sobolev et al., 2005). However, if eclogite is
carbonated the resulting melts are Ti-rich ultramafic compositions with
33 to 43 wt% SiOy and 2.6 to 8.6 wt% TiOy (Dasgupta et al., 2006).
Corresponding carbonated peridotite melts are also ultramafic with TiOy
compositions of 0.5 to 1.9 wt% (Dasgupta et al., 2007).

We present whole rock major and trace element data combined with
oxygen isotope compositions of mineral and groundmass separates for
samples of volcanic rocks erupted inside the Cha das Caldeiras, Fogo.
Our sample suite is composed of 58 whole rocks spanning historic
eruptions from 1664 to 2014/2015 and a pre-historic lava. Olivine,
clinopyroxene and groundmass separates were prepared for fourteen
samples and analyzed for oxygen isotopes (Fig. 1; Tables S1 and S2). We
employ these samples to constrain the lithologies associated with the
mantle source heterogeneity.

1.1. Volcanism on Fogo

The Cape Verde archipelago is morphologically composed of three
groups; the older highly eroded eastern islands, the northern islands and
the southern islands (Fig. 1; Ramalho et al., 2010). Fogo island is located
in the southern island chain and is the most volcanically active of the
islands. It also hosted the most recent eruption at Cape Verde that
occurred from November 2014 to February 2015 (Fernandez and Faria,
2015; Gonzalez et al., 2015; Jenkins et al., 2017; Richter et al., 2016).

The evolution of the Island of Fogo can be divided into four main
phases according to Day et al. (1999) and Foeken et al. (2009). The first
phase involves the uplifted seamount series composed of carbonatite
and alkaline basalts dated to ca. 4.5 Ma. The second phase, the Monte
Barro Group, is comprised of the first subaerial lavas, which uncon-
formably overlie the seamount series (Day et al., 1999; Foeken et al.,
2009). The third phase features the stratovolcano Monte Amarelo that
formed from a period of intense volcanism. The deposits of Monte
Amarelo reached a total thickness of up to 3 km, and unconformably
overlie the Monte Barro Group (Day et al., 1999; Foeken et al., 2009).
The Monte Amarelo phase is probably of Quaternary age and ended with
a lateral collapse of the volcano’s summit at 68 ka (Cornu et al., 2021).
The fourth phase of island evolution is composed of the Cha das Cal-
deiras Group volcanism that commenced c. 62 ka and continues to the
present day (Foeken et al., 2009). During this time an approximately 2
km thick caldera infill built up in the collapse scar, forming the Cha das
Caldeiras plain (Day et al., 1999; Foeken et al., 2009). This fourth phase
also includes the conspicuous Pico de Fogo stratovolcano as well as
discontinuous lava sequences of basanitic to tephritic composition on
the outer flanks of the island (Day et al., 1999; Foeken et al., 2009).

Pico de Fogo volcano consists of layers of mafic pyroclastic deposits
and lava that formed from persistent volcanic activity, from at least
1500 to 1785 CE (Worsley, 2015). Subsequent eruptions have emanated
from the lower flanks of Pico de Fogo (Carracedo et al., 2015), including
the latest eruption in 2014 to 2015 (Jenkins et al., 2017; Richter et al.,
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2016; Worsley, 2015). The historic eruptions are typically of Hawaiian
and Strombolian style and are characterized by ash, bombs, scoria and
lava flows. Historically, the eruptions usually have durations of
approximately two months with an average recurrence frequency of
around twenty years (Worsley, 2015). Recent eruptions have been
chemically zoned with initial eruption of phonotephrites and later
tephrites (Hildner et al., 2011, 2012; Kliigel et al., 2020; Mata et al.,
2017).

2. Methods

The analysis of whole rock major and trace elements was performed
at ACME Analytical Laboratories Ltd. in Vancouver, Canada on twelve
samples. Before the analysis, the samples were prepared by jaw crushing
and milling. For major element analyses, 0.5 g of powdered material was
first digested with a LiBOy/LisB4O7 flux and then analyzed by induc-
tively coupled plasma emission spectrometry (ICP-ES). For the trace
element analyses, 0.25 g of sample powder was digested with an HNOs-
HCIO4-HF solution prior to analysis with inductively coupled plasma
mass spectrometry (ICP-MS).

Additionally, 45 samples were prepared and analyzed at the Institute
for Mineralogy and Petrology, ETH Ziirich. They were crushed with a
hydraulic ram containing a stainless-steel cast and powdered in an agate
disc mill. Glass beads were produced by fusing sample powders mixed
with lithium tetraborate at 950 °C for two hours. Major elements were
analyzed by XRF using a Panalytical Axios wavelength-dispersive in-
strument. The glass beads were also used for trace element analysis by
laser ablation inductively coupled plasma mass spectrometry (LA-ICP-
MS), using a 193 nm wavelength ArF excimer laser connected to an Elan
6100 DRC ICP-MS. Laser apertures of 40 pm and 60 to 90 pm were used
for ablating reference materials and samples, respectively. The NIST
standard 610 was used for calibration following Taylor et al. (1997).
Each sample was analyzed in triplicate and the raw data was processed
using the SILLS software (Guillong et al., 2008).

The analytical precision for major elements was assessed using in-
ternal standards and a duplicate of one sample. Based on the duplicate,
the analytical precision for elements with a concentration of <2.5 wt%
gave a relative reproducibility of <1.1%, whereas for major elements
with >2.5 wt% the relative reproducibility was <0.52%. The analytical
precision for trace elements was estimated by comparison between the
analytical standard determined at ACME and the deviation from the
certified values. For most elements the deviation was from ca. 2 to 10%
but some showed higher deviations and in general the deviation was
greater at lower concentrations. The detection limit for oxides was
0.01%, whereas for trace elements it varied between 0.002 ppm and 1
ppm. The resulting data for whole rock major and trace elements are
presented in Table S1 in the supplementary material. The compiled
dataset shows clear liquid lines of descent that suggest the analytical
uncertainties and interlaboratory bias is negligible.

The oxygen isotope composition of clinopyroxene, olivine and
groundmass was measured for fourteen samples. The crystals chosen for
the analysis had a mass of 2 to 3 mg each and they were hand-picked
from sample material that had been previously crushed to sand-sized
fragments in a jaw crusher. Groundmass chips were carefully selected
to represent pristine material, free from visible crystals, before they were
milled in an agate mortar. The oxygen isotope analysis was performed at
the University of Cape Town in South Africa. For the olivine and cli-
nopyroxene crystals, 580 values were determined using laser fluori-
nation where the oxygen is released by heating with an infrared laser
(9.6 pm COy) in the presence of 15 kPa BrFs (Harris and Vogeli, 2010).
The oxygen was captured on 5 A molecular sieve inside a glass bottle
after being released from reaction of the samples. The §'80 values for the
groundmass were determined using a conventional silicate line ac-
cording to methods described in Harris and Vogeli (2010). Groundmass
chips were milled and approximately 10 mg of sample powder was
reacted with 10 kPa of CIF3 at 550 °C. The oxygen gas produced was
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Fig. 1. A) The Cape Verde archipelago features Fogo, marked
by the red square, in the southern island chain. The archipel-
ago is located in the Central Atlantic as shown in the inset. B)
Topography of Fogo Island. Monte Amarelo defines the form of
Fogo Island (see inset). Pico de Fogo is located in the collapse
scar in the Northeast of Fogo and historic eruption vents are
located on the Cha das Caldeiras. Historic eruption deposits are
shown following Carracedo et al. (2015). Maps are created in
www.geomapapp.org (Ryan et al., 2009). (For interpretation of
the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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then converted to CO5 by a hot platinized carbon rod. All isotope ratios
were measured using a Thermo DeltaXP mass spectrometer. For
groundmass separates, the quartz standard MQ was used as an internal
reference standard, for which the long-term analytical precision is
0.16%o (20; Harris et al., 2015). For the laser fluorination analysis of the
minerals, MON GT was used as an internal standard and run in duplicate
with each batch of 10 samples and was used to normalise the raw data to
the SMOW scale. The long-term analytical precision is 0.15%o (26) based
on 216 duplicate analyses of MON GT. The §'®0 values are reported in
Table S2 of the supplementary material.

3. Results
3.1. Petrography

Our samples display porphyritic textures with larger crystals of cli-
nopyroxene and olivine dispersed in a microcrystalline to glassy
groundmass (Fig. 2; n = 12 thin sections). The samples typically have
approximately 20% phenocrysts although an ankaramite has 35%
crystals (visually estimated by area), with crystal sizes ranging up to ca.
5 mm. Euhedral to subhedral clinopyroxene is the dominant crystal
phase in all samples, usually constituting between 15 and 30% of the
sample, followed by anhedral to subhedral olivine that constitutes ca. 1
to 8% of most samples. Opaque phases are present in all samples
constituting up to 5%. Clinopyroxene and olivine often host apatite in-
clusions. A few corroded amphibole crystals were observed in samples
from the eruptions in 1852, 1857 and 1951 (Fig. 2b). Hourglass,
concentric and oscillatory zonation are common features in clinopyr-
oxene crystals, whereas zonation is typically absent from olivine crystals
(Fig. 2 a and d). Simple twinning in clinopyroxene is also common and
some euhedral clinopyroxene crystals feature rounded cores. The
groundmass is glassy to microcrystalline and mainly consists of clino-
pyroxene, olivine and opaques phases. In a few of these samples,
plagioclase was found in the groundmass and nepheline was also
observed. Glass is preserved in about half of the samples, representing
several different eruptions. The glass is often found adjacent to vesicles
and either forms patches or mingling textures with the holocrystalline
groundmass (Fig. 2g). Additionally, small enclaves are not uncommon
and are distinguished by dark grey to brown color, with finer grained
groundmass than the host rock (Fig. 2h). Most enclaves display sharp
contacts with the groundmass, although some are gradational. The en-
claves often contain a few subhedral to anhedral phenocrysts of clino-
pyroxene, olivine and iron oxides, with smaller microcrysts and needles
of clinopyroxene, plagioclase and iron oxides in a very fine-grained
groundmass. One sample from the 2014/2015 eruption contains en-
claves with a glassy groundmass.

Similar mineralogy has also been described for samples from the
2014/2015, 1995 and 1951 eruptions with the appearance of apatite in
more evolved samples (Hildner et al., 2011, 2012; Kliigel et al., 2020;
Mata et al., 2017). The occurrence of minor feldspathoids, such as
nepheline, leucite and melilitite has also been reported by Mata et al.
(2017) and Hildner et al. (2011, 2012).

3.2. Major elements

The Fogo samples from this study are alkaline with SiO; of 40 to 50
wt% and total alkalis of 3.0 to 11.7 wt%, therefore they classify as
tephrite-basanite to (mela)nephelinite and phonotephrite (Fig. 3a; Le
Bas et al., 1985). In comparison to our sample set, data reported from
other studies show a similar range of compositions (Fig. 3a; Davies et al.,
1989; Doucelance et al., 2003; Escrig et al., 2005; Gerlach et al., 1988;
Hildner et al., 2011, 2012; Mata et al., 2017). Additionally, patches of
glass within samples from the 2014/2015 eruption range from tephrite
to phonolite at 44 to 54 wt% SiO, with total alkalis of 8.4 to 15.6 wt%
(Fig. 3a; Kliigel et al., 2020; Mata et al., 2017). These patches of pho-
nolitic glass are similar to silica-rich glass found in mantle xenoliths
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from Sal, which are phonolite to trachyte in composition (Fig. 3a;
Bonadiman et al., 2005). Compared to samples from Fogo, eclogite melts
have intermediate compositions with SiO, of 51 to 57 wt% at low total
alkali contents of 1.9 to 4.7 wt% (Fig. 3a). Experimental peridotite melts
are basaltic, whereas pyroxenite melts are basalt to tephrite-basanite in
composition (Fig. 3a; 0.5 to 5 GPa; Hirose and Kushiro, 1993; Hirsch-
mann et al., 2003; Kogiso et al., 2004). In addition, carbonated lithol-
ogies generate picrobasalt to basalt or picrobasalt to nephelinite for
carbonated peridotite and carbonated eclogite respectively (Fig. 3a;
Dasgupta et al., 2006, 2007).

The Fogo volcanic rocks have MgO contents of 1.8 to 11.8 wt% with
TiO5 contents that range from 1.9 to 4.1 wt% and below 8.5 wt% MgO
the TiO9 and MgO contents decrease simultaneously (Fig. 3b; Douce-
lance et al., 2003; Escrig et al., 2005; Eisele et al., 2016; Hildner et al.,
2012; Mata et al., 2017). The glass from the 2014/2015 eruption extends
down to 0.65 wt% MgO and 0.7 wt% TiO», overlapping with Sal mantle
xenolith glass at 0.35 to 1.65 wt% MgO and 0.43 to 1.67 wt% TiO5 with
a few recording high TiO; of up to 3 wt% (Bonadiman et al., 2005;
Kliigel et al., 2020; Mata et al., 2017). The Fogo volcanic rocks display
CaO contents of 6.3 to 14.0 wt%, and below 8.5 wt% MgO the trend with
MgO is positive tracing a liquid line of descent (Fig. 3c; Doucelance
et al., 2003; Escrig et al., 2005; Eisele et al., 2016; Hildner et al., 2012;
Mata et al., 2017). Glass from the 2014/2015 eruption continues the
trend to 0.99 wt% CaO, and the mantle xenolith glass has similarly low
values down to 0.16 wt% CaO (Bonadiman et al., 2005; Kliigel et al.,
2020; Mata et al., 2017). The Fogo volcanic rocks show KO composi-
tions of 1.3 to 4.7 wt%, increasing as the MgO decreases (Fig. 3d;
Doucelance et al., 2003; Escrig et al., 2005; Eisele et al., 2016; Hildner
et al.,, 2012; Mata et al., 2017). Volcanic glass from the 2014,/2015
eruption extends the trend up to 7.6 wt% KoO and overlaps with the
mantle xenolith glass at 6.6 to 8.8 wt% K0 (Bonadiman et al., 2005;
Kliigel et al., 2020; Mata et al., 2017).

Experimental melts of different mantle lithologies compare best to
the mafic high MgO volcanic rocks from Fogo. Peridotite and carbonated
peridotite melts display the highest MgO contents, with higher CaO and
TiO; in carbonated peridotite melts relative to peridotite melts (Fig. 3;
Dasgupta et al., 2007; Hirose and Kushiro, 1993). Pyroxenite melts have
lower TiO; than the Fogo volcanic rocks, whereas carbonated eclogite
melts traverse the range of TiO, contents observed in the Fogo volcanic
rocks (Fig. 3; Hirschmann et al., 2003; Kogiso et al., 2004; Dasgupta
etal., 2006). Pyroxenite and carbonated eclogite melts both have similar
CaO contents to the Fogo volcanic rocks (Fig. 3; Hirschmann et al., 2003;
Kogiso et al., 2004; Dasgupta et al., 2006). Eclogite melts seem to form
two groups, the first comes from melt inclusions with eclogitic charac-
teristics that have high MgO, at similar CaO and TiO3 compositions to
peridotite melts (Fig. 3; Sobolev et al., 2000). The second group of
eclogite melts include both experimental melts and melt inclusions,
which show 1.97 to 6.3 wt% MgO and have either high or low TiO,
contents at intermediate to high CaO and very low K0 content (Fig. 3;
Pertermann et al., 2004; Sobolev et al., 2000).

3.3. Trace elements

For comparison of parental magmas, we have corrected the incom-
patible trace elements for fractional crystallization along the liquid line
of descent to a parental value of MgO 8.5 wt% (c.f. Klein and Langmuir,
1987). The value of 8.5 wt% MgO was chosen, because above this, the
literature data shows highly scattered major element compositions,
therefore samples with higher MgO values were omitted (Fig. 3). Below
4 wt% MgO the majority of the compositions deviate from the liquid line
of descent as the magma composition changes and therefore these values
are not corrected. The following descriptions and discussion refer to the
corrected values for both the samples presented in this study and the
literature data for Fogo.

Previous research has shown that radiogenic isotope compositions of
volcanic rocks from Fogo island are associated with HIMU and EM1
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Fig. 2. Photomicrographs of representative samples from historic lavas of Fogo. The samples are clinopyroxene-olivine porphyritic with the occurrence of occasional
amphibole xenocrysts. Cross polarized light highlights the frequent occurrence of zonation in clinopyroxene and the absence of zonation in olivine. Enclaves and
mingling textures are present in the groundmass (g, h). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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Fig. 3. Major element geochemistry for the Fogo volcanics from this study and the published data for Fogo. a) total alkali and silica diagram after Le Bas et al. (1985),
b) TiO, vs MgO, c) CaO vs MgO, d) K,O vs MgO. Comparative data for Fogo come from Davies et al. (1989), Doucelance et al. (2003), Escrig et al. (2005), Gerlach
et al. (1988), Hildner et al. (2011), Hildner et al., 2012), Kliigel et al. (2020) and Mata et al. (2017). Experimental data and melt inclusions provide source lithologies
for peridotite, carbonated peridotite, pyroxenite, eclogite and carbonated eclogite melts (Dasgupta et al., 2006, 2007; Hirschmann et al., 2003; Kogiso et al., 2004;
Pertermann et al., 2004; Sobolev et al., 2000). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article.)

mantle components (Davies et al., 1989; Doucelance et al., 2003; Escrig
et al., 2005; Gerlach et al., 1988). Hence we focus comparisons of the
trace element geochemistry on mantle components from Ocean Island
groups that most closely represent the HIMU and EM1 compositions. For
HIMU we have used St. Helena and for EM1 we refer to Pitcairn and
Tristan da Cunha (see supplementary materials for references).

Individual eruptions on Fogo have produced volcanic rocks with
large ranges in trace element compositions, which dominate over po-
tential variations with time. Our Fogo volcanic rocks have La/Sm of 3.63
to 6.22 and Zr/Hf of 34 to 53, following the increase in La/Sm and Zr/Hf
displayed by the literature data from Fogo (Fig. 4a; Doucelance et al.,
2003; Escrig et al., 2005; Eisele et al., 2016; Hildner et al., 2012; Mata
et al., 2017). The Fogo volcanic rocks are similar to HIMU compositions
from St. Helena (see supplementary materials for references). EM1
compositions from Tristan da Cunha and Pitcairn are also similar to our
samples (see supplementary materials for references). Carbonatites from
Fogo have high La/Sm and Zr/Hf compositions appearing as an exten-
sion of the trend of volcanic rock compositions (7 to 90 and 60 to 190
respectively; Doucelance et al., 2010; Hoernle et al., 2002).

We observe that the Fogo volcanic rock compositions form a cluster
in Ba/Nb of 7.7 to 11.2 with Zr/Y of 8.1 to 13.5 (Fig. 4b). The literature
data for Fogo volcanic rocks have higher Zr/Y of 10.8 to 13.0 than most
of our samples at similar Ba/Nb of 7.5 to 13.4 (Fig. 4b; Doucelance et al.,
2003; Escrig et al., 2005; Eisele et al., 2016; Hildner et al., 2012; Mata
et al., 2017). Lavas with HIMU affinity have lower Ba/Nb of 4.5 to 6.4
and Zr/Y of 7.3 to 10.1 (see supplementary materials for references);
Lavas from Tristan da Cunha with EM1 affinity are similar to the Fogo

volcanic rocks with Ba/Nb of 7.8 to 14.5 and Zr/Y of 8.3 to 11.7 (see
supplementary materials for references). Lavas from Pitcairn with EM1
affinity overlap with the Fogo volcanic rocks as well as the HIMU
compositions, in contrast carbonatites have low Zr/Y compared to the
volcanic rocks (see supplementary materials for references).

Fogo volcanic rocks exhibit Ba/La of 11.4 to 15.7, with the literature
data ranging from 10.0 to 16.5, at U/Th of 0.19 to 0.33 (Fig. 4c; Dou-
celance et al., 2003; Escrig et al., 2005; Eisele et al., 2016; Hildner et al.,
2012; Mata et al., 2017). Lavas with HIMU affinity, those resembling
EM1 from Pitcairn and carbonatites mostly have lower Ba/La <11,
whereas lavas with EM1 affinity from Tristan da Cunha have Ba/La of
10.0 to 15.8 and U/Th of 0.12 to 0.34 and compare well with the Fogo
volcanic rocks.

The Fogo volcanic rocks cluster at Zr/Nb of 3.0 to 4.8 and Sr/Nd of
14 to 21, and the literature data overlap with our cluster of samples
extending to Zr/Nb of 5.2 (Fig. 4d; Doucelance et al., 2003; Escrig et al.,
2005; Eisele et al., 2016; Hildner et al., 2012; Mata et al., 2017). Lavas
with HIMU affinity also cluster similarly to our samples at Zr/Nb of 3.5
to 5.5 and Sr/Nd of 11 to 17 (see supplementary materials for refer-
ences). Lavas with EM1 affinity from Tristan da Cunha are similar to the
Fogo volcanic rocks extending subvertically to higher Sr/Nd (Zr/Nb of
3.9 to 5.3 and Sr/Nd 14.5 to 28.5; see supplementary materials for
references). Whereas lavas with EM1 affinity from Pitcairn have higher
Zr/Nb 4.7 to 7.1, trending subparallel to lavas with EM1 sources from
Tristan da Cunha at a wider range of Sr/Nd from 4 to 27 (see supple-
mentary materials for references). Carbonatites from Fogo show either
low or high Zr/Nb and Sr/Nd (Hoernle et al., 2002; Doucelance et al.,
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Fig. 4. Trace element ratios for the Fogo volcanic rocks, solid red circles depict the samples from this study, open red circles show the literature data (Davies et al.,
1989; Doucelance et al., 2003; Escrig et al., 2005; Gerlach et al., 1988; Hildner et al., 2011, 2012; Mata et al., 2017). For the samples from this study as well as the
literature data for Fogo, the trace elements have been corrected along the liquid line of descent to MgO 8.5 wt%, thus subtracting variations due to differentiation. For
Fogo no significant correlations are found over time. The Fogo volcanic rocks are compared to carbonatites from Fogo (Doucelance et al., 2010; Hoernle et al., 2002),
HIMU compositions from St. Helena, and EM1 compositions from Pitcairn and Tristan da Cunha (see supplementary materials for references). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)

2010).

Furthermore, Ba concentrations for the Fogo volcanic rocks are 545
to 1045 ppm and corresponding Ba/Th ratios range from 140 to 245
(Fig. 4e; this study; Doucelance et al., 2003; Escrig et al., 2005; Eisele
et al., 2016; Hildner et al., 2012; Mata et al., 2017). Lavas with HIMU
affinity show lower Ba and Ba/Th than the Fogo volcanics, lavas with
EM1 affinity from Tristan da Cunha have similar Ba concentrations at
lower Ba/Th ratios compared to the Fogo volcanics. Additionally, lavas
with EM1 affinity from Pitcairn have lower Ba concentrations and lower
Ba/Th ratios than the Fogo volcanics (see supplementary materials for
references). Suitably high Ba concentrations and Ba/Th ratios are found
in a few of the carbonatites from Fogo (Fig. 4e; Doucelance et al., 2010;
Hoernle et al., 2002). The Fogo volcanic rocks have Ti/Eu of 5300 to
9200, which are very similar to EM1 from Tristan da Cunha and at lower
Ba the Ti/Eu is comparable to lavas with HIMU affinity and EM1 from
Pitcairn (Fig. 4f). The trends in Ba versus Ti/Eu for the Fogo and Pitcairn
volcanic rocks are elongated towards carbonatite compositions at low
Ti/Eu (see supplementary materials for references).

3.4. Oxygen isotopes

Olivine crystals in the volcanic rocks from Fogo have §'%0 values
that range from 4.94 to 5.36%o, averaging 5.15%o, which is within error
of the 880 value of depleted mantle olivine of 5.2 + 0.2%o (Fig. 5;
Table S2; Eiler, 2001). For comparison, olivine from MORB show 5'%0
values of 5.0 to 5.25%o and HIMU olivine gives 5'%0 values from 4.7 to
5.2%o (Eiler, 2001). In comparison to ocean islands with EM1 compo-
sitions, olivine from Pitcairn displays %0 values of 5.1 to 5.3%o and
Tristan da Cunha and Gough Island have 5'%0 values from 4.9 to 5.9%o
(Eiler et al., 1995, 1997; Harris et al., 2000).

Clinopyroxene from the Fogo volcanic rocks has 5'80 values that
range from 4.81 to 5.37%o with an average of 5.08%o, which is below the
depleted mantle range for clinopyroxene (5.5%0 Bindeman et al., 2004;
Fig. 5; Table S2). Clinopyroxene from the nearby Cadamosto Seamount
show 5180 of 5.3 to 5.4% which are within the depleted mantle range
(Barker et al., 2012). Clinopyroxene from Tristan da Cunha and Gough
Island, representing EM1 compositions, have 5180 of 5.3 t0 5.9% (Harris
et al., 2000).

Fogo groundmass separates have !0 values that range from 5.36 to
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Fig. 5. Oxygen isotope data for olivine, clinopyrox-
ene and groundmass from the historic volcanic rocks
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6.36%o and are similar to and higher than the normal range for depleted
mantle (Table S2; Fig. 5; 8'80 5.7 + 0.3%q; Eiler, 2001; Ito et al., 1987).
The loss on ignition (LOI) for our samples is 0.03% to 0.67% with an
average of 0.48%. The 5'%0 values do not show any correlation with
LOL, alkali or large ion lithophile elements such as K30, Rb and Ba that
would indicate alteration. Additionally, the freshest samples collected
only months after the eruption in 2014/2015 have a wide range in
groundmass 5180 values of 5.36 to 6.14%o. Groundmass from phonolites
to phonotephrites at the Cadamosto Seamount show 580 of 6.3 to
7.1%o. For comparison, the HIMU endmember from Madeira has 5'80 of
5.2%0 and globally lavas with HIMU affinity have 5'0 compositions of
5.1 to 5.6%o (calculated melt in equilibrium with olivine; Aol-gm =
+0.4%o; Eiler et al., 1997; Mata and Kerrich, 2000). Whereas 5180 values
of 5.9 to 6.5%0 are associated with EM1 compositions from Pitcairn
(Fig. 5¢; Woodhead et al., 1993). Additionally, primary carbonatites
from Fogo have 8'80 5.3 to 7.9%. consistent with global occurrences of
primary carbonatites with 5'80 values of 6 to 10%. (Hoernle et al., 2002;
Taylor Jr et al., 1967).

The difference in 8'®0 value between clinopyroxene and olivine
(Acpx-ol) ranges from +0.02 to —0.34%. with an average of —0.15%o
(£0.13 1 s.d.; Fig. 6a). At equilibrium, the expected difference between
clinopyroxene and olivine 5'80 values (Acpx-ol) is +0.49%o at 1100 °C
(Chiba et al., 1989). Therefore, the Fogo volcanic rocks appear to show
oxygen isotope disequilibrium between olivine and clinopyroxene.
Likewise, olivine displays offsets from groundmass of —0.1 to —1.3%o

7.5 8.0

(Aol-gm; mean — 0.79 + 0.37%o 1 s.d.; Fig. 6b). We see a similar rela-
tionship between clinopyroxene and groundmass with Acpx-gm of —0.2
to —1.4%o (mean — 0.94 + 0.33%o 1 s.d.; Fig. 6¢). Compared to experi-
mentally derived fractionation that corresponds to Acpx-gm of —0.71 to
—0.74%o for basalt to tephrite, the Fogo volcanic rocks show a wide
range (Zhao and Zheng, 2003). The range in Acpx-gm obtained for the
Fogo volcanic rocks is comparable to nephelinite at —0.16%o and tra-
chyandesite at —1.34%o (Zhao and Zheng, 2003). The Acpx-ol values are
likely to be more reliable than Acpx-gm and Aol-gm, because the two
minerals were analyzed by the same method.

Oxygen isotope compositions of the Fogo volcanic rocks correlate
with several whole rock trace element ratios. Olivine shows positive
correlations between 5'80 and Zr/Hf as well as with Zr/Y and a negative
correlation with U/Th (r? = 0.62, 0.55 and 0.57 respectively; Fig. 7).
Meanwhile clinopyroxene displays positive correlations with whole rock
Ba/Nb and Ba (r*> = 0.68 and 0.50 respectively). Olivine 5180 values do
not correlate with Ba/Nb or Ba and likewise clinopyroxene 820 values
do not show correlations with Zr/Hf, Zr/Y and U/Th. There are no such
significant variations between whole rock geochemistry and ground-
mass oxygen isotope signatures.
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Fig. 6. Comparison of oxygen isotope data in different mineral phases and
between minerals and groundmass for the Fogo volcanic rocks. a) olivine versus
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Bindeman et al. (2004), Eiler (2001) and Ito et al. (1987). (For interpretation of
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version of this article.)

4. Discussion
4.1. Disequilibrium

Volcanic rock samples are composed of phenocrysts, antecrysts and
groundmass in different proportions and therefore the resulting whole
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rocks are compositional blends (e.g. Blundy and Shimizu, 1991;
Davidson et al., 2007; Tepley III et al., 1999). The crystals found in lavas
and tephra from individual eruptions may have grown from different
magma compositions and under varying conditions and the groundmass
may also reflect hybridisation of different magmas (Mollo et al., 2018).
This type of within-magma heterogeneity is common in many systems
(e.g. Barker et al., 2009; Bryce and DePaolo, 2004; Davidson et al.,
2007). Here we examine the Fogo volcanic rock samples for evidence of
disequilibrium and consider the construction of the final erupted
assemblages.

The volcanic rocks from a variety of eruptions at Fogo display mul-
tiple features of heterogeneity. Some samples preserve enclaves with
distinct mineral proportions such as more iron oxides compared to the
groundmass (Fig. 2). Other samples have captured mingling textures
between different magmas and others display fresh glass, often adjacent
to vesicles indicating quenching during magma degassing. This textural
heterogeneity is confirmed by the geochemistry, shown by the contrast
in composition of glass compared to the host lava for the 2014/2015
eruption. Where the whole rock compositions are tephrite with minor
phonotephrite and tephriphonolite, the glass compositions are mostly
phonotephrite to phonolite (Fig. 3; Kliigel et al., 2020; Mata et al.,
2017). Furthermore, the glass compositions have A/CNK values of 0.87
to 1.49 which are mostly peraluminous with few metaluminous glass
compositions analyzed (n = 3/15; Kliigel et al., 2020; Mata et al., 2017).
Such peraluminous compositions are unlikely to be derived by simple
differentiation of a mafic magma, and thus support the presence of intra-
sample heterogeneity.

Furthermore, oxygen isotope heterogeneity is also present. In the
Fogo volcanic rocks A'®Ocpx-ol ranges from unity to —0.34%o,
compared to expected fractionation of Acpx-ol +0.3 to +0.49%o
(Bindeman et al., 2004; Chiba et al., 1989; Eiler, 2001). We therefore
conclude that there was oxygen isotope disequilibrium between the
olivine and clinopyroxene in most of the samples. Furthermore, the §'0
values for the Fogo volcanic rocks indicate that olivine formed from a
depleted mantle source with olivine 5'%0 values of 4.94 to 5.36%o
(average olivine from depleted mantle 5.2%o, Fig. 6a; Eiler, 2001).
Whereas clinopyroxene is derived from a source with lower §'%0 than
depleted mantle with clinopyroxene 5180 values of 4.81 to 5.37%o
(average clinopyroxene from depleted mantle 5.5%o, Fig. 6a; Bindeman
et al., 2004). Likewise, differences between olivine and groundmass
(A'800l-gm) display a large range of —0.1 to —1.3%o. Given the olivine
5180 values are consistent with crystallization from mantle derived
magmas, we consider that the groundmass 5'°0 values are generally too
high for equilibrium with the olivine crystals (Fig. 6b). Assuming oxygen
isotope equilibrium between host magma and olivine during olivine
crystallization, the 580 values of the rocks are more variable than the
olivine they contain. Similarly, we see a wider than expected difference
between clinopyroxene and host groundmass 5'20 values (A'0cpx-gm
-0.2 to —1.4%o; Fig. 6¢). Both the clinopyroxene and groundmass appear
to be out of equilibrium with depleted mantle compositions, with cli-
nopyroxene tending towards lower 8'%0 values and groundmass
showing elevated §'%0 values (Fig. 6¢). Taking into consideration the
analytical uncertainties, an extremely wide crystallization interval
would be required to produce the variation in clinopyroxene §'%0 from a
liquid with uniform 5'%0 under equilibrium conditions (Zhao and
Zheng, 2003). Instead if we consider this range in A®0cpx-gm at Fogo
to be a primary magmatic feature, it is similar to the experimental range
of clinopyroxene-melt fractionation with composition ranging from
nephelinite to trachyandesite (A'%0cpx- melt -0.16 to —1.34%q; Zhao
and Zheng, 2003). The corresponding clinopyroxene crystals have
compositions mostly in the range 60 to 85 Mg#, however the data also
feature groups of clinopyroxene at 45 to 60 Mg# and 10 to 20 Mg#
(Barker et al., 2021). This wide range of clinopyroxene compositions is
consistent with equilibrium growth within a wide range of magma
compositions. The phonolite and phonotephrite glass present in tephrite
samples from the 2014/2015 eruption confirms the apparent paradox of
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simultaneous clinopyroxene crystallization in equilibrium with mafic
and felsic alkaline melts (Fig. 3; Kliigel et al., 2020; Mata et al., 2017).
Additionally, phonolitic to trachytic melts are involved in meta-
somatism of mantle xenoliths from Sal, consistent with felsic composi-
tions being present within the mantle below Cape Verde, not just a
feature of the magma plumbing system (Fig. 3; Bonadiman et al., 2005).
Furthermore, different whole rock trace element ratios correlate with
oxygen isotope values of olivine and clinopyroxene, indicating each
phase and the whole rock composition represents mixing between
different magma compositions (Fig. 7). We conclude, therefore, that
there is disequilibrium between, and amongst, olivine, clinopyroxene
and host magmas. This disequilibrium indicates that several populations
of antecrysts and multiple magma compositions were involved in the
genesis of these samples.

Disequilibrium and heterogeneity in the Fogo volcanic rocks were
probably produced by mingling and hybridization of different pro-
portions of mafic and felsic alkaline melts. Mixing between mafic and
felsic melts is complementary to differentiation trends observed in the
Fogo volcanic rock suite (Fig. 3). Therefore distinguishing the contri-
bution of mixing from fractional crystallization is challenging. Addi-
tionally, we observe antecrysts that were formed in equilibrium with
different magma compositions, which have been aggregated together in
the final host magma. Thus the antecrysts record variations in magma
compositions present deep in the magma storage system where olivine
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and clinopyroxene crystallize (Barker et al., 2021; Hildner et al., 2011,
2012; Kliigel et al., 2020; Mata et al., 2017). It appears that a wide range
of magma compositions was available during the entire evolution of the
magmas erupted at Fogo. The temporal range of samples, for which we
have petrographic and oxygen isotope data, span from 1799 to 2014/
2015 plus a pre-historic sample (CV-05; Supplementary Table S1).
Hence, they are consistent with diverse magma compositions being a
long-lived feature of the deep magma storage zone (Barker et al., 2021;
Carvalho et al., 2022; Hildner et al., 2011, 2012; Kliigel et al., 2020;
Leva et al., 2019; Mata et al., 2017). Additionally, we infer that felsic
magmas play a long-term role in magma evolution even in the deep
magma storage zone located in the lithospheric mantle. The roles of
felsic melts and recharge of mafic magmas for mobilizing magma mush
in connection with eruptions is uncertain. Although quenched phono-
litic glass suggests that the final felsic melts have not been completely
hybridized and some at least were injected not long before magma
ascent and eruption.

4.2. Mantle source composition

The Cape Verde Archipelago displays distinct geochemical patterns,
associated with archipelago scale heterogeneity (e.g. Barker et al., 2009,
2010, 2012; Davies et al., 1989; Doucelance et al., 2003; Gerlach et al.,
1988; Holm et al., 2006; Mourao et al., 2012). These differences have
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been ascribed to the involvement of various mantle source end members
in the underlying mantle plume (e.g. Davies et al., 1989; Doucelance
et al., 2003; Gerlach et al., 1988; Holm et al., 2006). The northern island
chain is characterized by mixing of a local DMM and a HIMU-like
component. In contrast, the southern island chain, including Fogo,
shows contribution from an EM1-like component in addition to a HIMU-
like component but no obvious DMM (Barker et al., 2009, 2010, 2012;
Davies et al., 1989; Doucelance et al., 2003; Escrig et al., 2005; Gerlach
et al., 1988; Holm et al., 2006).

The trace element data we present for the historic volcanic rocks on
Fogo can mostly be explained by a combination of EM1 compositions,
similar to Pitcairn and Tristan da Cunha, and HIMU compositions like
Mt. St Helena (Fig. 4; see supplementary materials for references). The
ratios of La/Sm, Zr/Nb, Sr/Nd and Zr/Y observed in the Fogo volcanic
rocks can be produced by source components with either HIMU or EM1
compositions or both. Whereas Ba/La, U/Th and Ba/Nb require an EM1
component with possible influence from a HIMU component.

Correlations between trace element ratios and 520 value, where
EM1 compositions of high Zr/Hf (40; r? = 0.63), low U/Th (0.22; 1* =
0.58) and high Zr/Y (11; = 0.55), are associated with high 5'80 of
5.36%o represent depleted mantle to EM1 compositions (Fig. 7). Addi-
tionally, the high 5!%0 clinopyroxene endmember 5.37%o has high Ba/
Nb reflecting the involvement of an EM1 source component or a
contribution of carbonatite (Fig. 7). Likewise, the low 5'80 olivine and
clinopyroxene endmembers show trace element compositions e.g. U/Th
ca. 0.28 and Ba/Nb ca. 9 respectively, that trend towards HIMU com-
positions (Fig. 7). This suggests that the low §%0 endmember has
incorporated more of the HIMU component, resulting in lower 820
values and associated trace element enrichment.

A few trace element compositions extend beyond EM1-HIMU com-
positions, such as the few samples which have high Zr/Hf or low Ti/Eu.
This is clearest in Ba/Th, where most of the Fogo volcanic rocks have
enriched Ba/Th ratios, extending away from the low ratios found in
HIMU and EM1 (Fig. 4). Carbonatites from Fogo, display a range in Ba/
Th from 16 to 1325 with an average of 430 (n = 7; Hoernle et al., 2002;
Doucelance et al., 2003, 2010). Therefore, a contribution of carbonatite
to the source of the magmas provides a likely explanation for the high
Ba/Th ratios (Fig. 4). It is also noteworthy that the Fogo carbonatites
display primary mantle 5'%0 of 5.3 to 7.9%c (n = 4, mean 6.6%o),
overlapping with and extending to higher 5'®0 than the Fogo volcanic
rocks with 520 of 5.36 to 6.36%o (groundmass; Fig. 5; Hoernle et al.,
2002; Taylor Jr et al., 1967).

The groundmass 5'%0 values span the depleted mantle range and
extend to higher values (Fig. 5). However, they do not show any sys-
tematic variation with SiO5 content, so fractional crystallization is un-
likely to be the cause of the elevated 580 values. The phonolitic samples
from the nearby Cadamosto Seamount show elevated 5'80 and 5%,
which was interpreted as minor assimilation of sediments (Barker et al.,
2012). Hence any assimilation involved in the mafic Fogo magmas,
which have lower §'80 values than at the Cadamosto Seamount, would
likely be negligible (Fig. 5). We ruled out effects of alteration above,
therefore the high §'80 values in the Fogo groundmass are likely to be
inherited from the source and could either represent EM1 compositions
or metasomatism of the source by carbonatite melts (Cornu et al., 2021).

In summary, the EM1 component present in the Fogo volcanic rocks
leads to high 5!%0 values in olivine, clinopyroxene and groundmass,
together with high Zr/Hf, Zr/Y, Ba/Nb and low U/Th ratios. Likewise,
the HIMU component is associated with low §'80 for olivine and cli-
nopyroxene associated with low Zr/Hf, Zr/Y, Ba/Nb and high U/Th
ratios. Clinopyroxene displays the lowest 580 both in actual terms and
relative to expected fractionation from mafic magma, suggesting that
clinopyroxene crystals in equilibrium with phonolitic melt compositions
are associated with the low §'80 of the HIMU component.
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4.3. Mantle source lithology

In order to assess the source lithologies involved in mantle melting to
form the precursor magmas for the Fogo volcanic rocks, we have applied
two strategies. Firstly, we compare the major element compositions with
experimental melts and, secondly, we compare the trace element com-
positions with partial melting models of suitable mantle lithologies. The
partial melting models are based on batch melting of peridotite, py-
roxenite and eclogite (see supplementary information for details of
modelling).

Major element compositions of experimental melts suggest that the
primary magmas are potentially produced by carbonated peridotite to
carbonated eclogite melts (Fig. 3). Interestingly, silica-rich partial melts
of eclogite compare well to the CaO and TiO5 compositions of phono-
tephrites from Fogo and glass compositions from the 2014,/2015 erup-
tion (Kliigel et al., 2020; Mata et al., 2017). This suggests that eclogite
melts may be playing a role alongside differentiation in generation of
felsic compositions observed in the Fogo volcanic rocks. However, the
experimental eclogite melts seem to have lower K content than the
volcanic rocks and glasses observed from Fogo (Fig. 3d). This may be
due to melting under different conditions in nature than the experi-
mental eclogite melts. The presence of phonolitic to trachytic glass in
mantle xenoliths from Sal, Cape Verde suggests that such felsic com-
positions were indeed present as melt at mantle depths. The combined
evidence suggests these felsic melts were likely derived from melting of
recycled lithologies in the mantle (Bonadiman et al., 2005).

Pyroxenite melts often have trace element compositions between
eclogite melts, peridotite melts and their carbonated melts, reflecting
formation by reaction of eclogite melts with peridotite (Fig. 8; Brown
and Lesher, 2016; Sobolev et al., 2005). Partial melting models show
that the Fogo volcanic rocks can explain the Zr/Hf, Zr/Y and Ba/Nb
ratios by melting of carbonated eclogite melts and potentially a contri-
bution of peridotite and eclogite melts (Fig. 8a, b). Whereas Ba/La ratios
are between those of eclogite and peridotite melts (Fig. 8c). Addition-
ally, Sr/Nd compositions for the Fogo volcanic rocks and pyroxenite
melts are compositionally between eclogite melts, peridotite melts and
their carbonated equivalents (Fig. 8d). The high Ba/Th and low U/Th
ratios can only be explained by the influence of carbonatite melts
(Fig. 8c, e).

Integrating the mantle source lithologies indicated by the partial
melting models with oxygen isotopes leads us to conclude that the high-
5180 endmember for olivine with Zr/Hf of approximately 40 corre-
sponds to partial melts of peridotite to carbonated peridotite (Figs. 7 &
8). Thus, the EM1 component at Fogo is likely to have been tapped from
a peridotite source with the influence of carbonation, supported by
carbonatites also displaying high Zr/Hf, Zr/Y, Ba/Nb and high-5'%0
contents. In contrast, the low-5'%0 endmember, associated with a
stronger influence from a HIMU component, shows low Zr/Hf ratios
consistent with melting an eclogite source lithology (Figs. 7 & 8), which
formed by recycling ocean crust into the mantle. To explain the occur-
rence of felsic eclogite melts we consider that experiments have shown
that carbonated eclogitic sources simultaneously produce mafic and
felsic partial melts. This would explain the large differences in &80
values between clinopyroxene and groundmass, and the low-5'80 values
of clinopyroxene compared to olivine (Dasgupta et al., 2006, 2007).
Also, the carbonation of the recycled ocean crust or HIMU component is
likely to have a large impact on incompatible trace elements and little
influence on the §'80 values, due to the abundance of oxygen in all the
contributing sources compared to trace elements.

Integrating the information acquired from major and trace element
geochemistry indicates that partial melting of peridotite and eclogite
have contributed the main geochemical signatures. These lithologies
seem to have interacted with carbonatite melts leaving their influence as
carbonated peridotite and carbonated eclogite source lithologies as well
as directly contributing high Ba/Th. The HIMU component, associated
with eclogitic melts, is also apparent in the phonolitic glass from the
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Fig. 8. Trace element ratios for the Fogo volcanic rocks and carbonatites compared with batch melting models for peridotite, carbonated peridotite, pyroxenite,
eclogite and carbonated eclogite melts. Melting curves show 1 to 10% melting. Data sources: this study; Gerlach et al., 1988; Davies et al., 1989; Hoernle et al., 2002;
Doucelance et al., 2003, 2010; Escrig et al., 2005; Hildner et al., 2011, 2012; Mata et al., 2017. See supplementary materials for information on modelling as well as
partition coefficients and source compositions. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article.)

2014/2015 eruption and the equilibrium between clinopyroxene and
felsic melt compositions. Whereas the EM1 component seems to be
associated with peridotite which has been carbonated to different
degrees.

5. Conclusions

The Fogo historic volcanic rocks show enclaves, mingling textures as
well as diverse antecryst populations and oxygen isotope disequilibrium
amongst antecrysts and groundmass. Distinct antecryst populations
have been aggregated along with heterogeneous liquid compositions
and preserve mingling of a variety of magmas. The Fogo historic vol-
canic rocks record HIMU, EM1 and carbonatite sources in their genesis.
Recycled ocean crust contributes HIMU geochemical signatures and is
associated with eclogite melts that are variably carbonated producing
both felsic and mafic melts. The EM1 geochemical endmember is asso-
ciated with peridotite melts that are variably carbonated, reflecting the
presence of carbonatite melts which leave the hallmark of high Ba/Th.
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