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Abstract: Sal island is located in the northeast and is the oldest of the Cape Verde archipelago, with 
magmatic activity starting ~25 Ma ago. It presents a series of circular plutons that could represent the 
subvolcanic roots of the exposed extrusive rocks. In this work we compare the geochemical characteristics 
of melagabbro-gabbro of circular (~16.3 Ma) intrusions in the Old Eruptive Complex, with basaltic and 
nephelinitic lavas of equivalent age (~15.8 and 14.2 Ma, Torres et al., 2010). This comparison allows 
observing a geochemical overlap between basalts and gabbros, and the similarity between trends of part 
of the samples in Harker-type diagrams and REE patterns. However, this compositional overlap is 
incomplete, with considerable differences and absence of fractionated (intermediate) lava types related to 
these terms of the circular complexes. This partial but incomplete overlap of the compositional fields of the 
plutonic and volcanic trends argues against the possibility of a direct genetic relationship between the two.
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Resumen: Sal se localiza en el noreste de Cabo Verde y es la isla más antigua del archipiélago, con 
actividad magmática que comenzó hace 25 Ma. Presenta una serie de plutones circulares que podrían 
representar las raíces subvolcánicas de las rocas extrusivas expuestas. En este trabajo comparamos las 
características geoquímicas de melagabros-gabros de los complejos circulares (~16.3 Ma) intrusivos en el 
Old Eruptive Complex, con lavas basálticas y nefeliníticas de edad equivalente (~15.8 y 14.2 Ma, Torres et 
al., 2010). Esta comparativa permite observar un solapamiento geoquímico entre basaltos y gabros, y la
similitud entre tendencias de parte de las muestras en diagramas tipo Harker y patrones de REE. Sin 
embargo, este solapamiento composicional es incompleto, existiendo diferencias considerables y una 
ausencia de lavas fraccionadas (intermedias) que se relacionen con estos términos de los complejos 
circulares. Esta superposición parcial pero incompleta de los campos composicionales de las rocas 
plutónicas y volcánicas complica la posibilidad de existencia de una relación genética directa entre ambos 
conjuntos magmáticos. 

Palabras clave: Complejos Circulares, Relaciones genéticas, Isla de Sal, Archipiélago de Cabo Verde.

INTRODUCTION AND GEOLOGICAL SETTING

The relationship between volcanic and plutonic rocks 
can provide relevant information about the magmatic 
differentiation processes occurring in igneous systems. 
The comparison of mineral chemistry, whole-rock 
geochemistry and geochronological data allows the study 
of this relationship between intrusive and extrusive 
systems and helps to recognise genetic links. In this work 
we compare the petrological and geochemical 
characteristics of a set of plutonic samples with lavas of 
similar age from Sal Island in order to study a possible 
genetic relationship.

Sal is the northeasternmost island of the Cape Verde 
archipelago and forms part of the northern alignment 
along with São Nicolau, São Vicente and Santo Antão

islands. It is the oldest island of the archipelago with 
magmatic activity that started about 25 Ma ago (Torres et 
al., 2010). It has been mainly studied for its volcanic 
formations, and there are few studies addressing the 
circular intrusive complexes that could represent the 
subvolcanic roots of the extrusive rocks exposed in the 
island (Torres et al., 2010).

These intrusions are located in the central part of Sal
and yielded a K-Ar age of 16.3 ± 0.6 Ma (belonging to 
the Old Eruptive Complex: OEC in Fig. 1) (Torres et al.,
2010). Roughly contemporary volcanic units  are found 
in the south-central part of the island (Main Eruptive 
Formation, 15.8 - 14.2 Ma) and in the north (the slightly 
younger Ponta do Altar-Baleia Complex (PAB), 11.2 -
8.7 Ma) (Holm et al., 2008; Torres et al., 2002) (Fig. 1).
Due to their relatively coeval intrusion we compare the 
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petrological and geochemical features of the different 
lithologies that make up the plutons with the basaltic 
lavas belonging to the Main Eruptive Formation (MEF).        

FIGURE 1. Schematic geological map of Sal Island with the location 
of the circular complexes (Silva et al., 1990).

PETROGRAPHY

The intrusions are plutons of circular morphology 
comprised by gabbro, melagabbro, monzogabbro and 
monzosyenite defining a normal zoning (i.e., mafic 
margin to felsic cores). The more felsic rocks usually 
appear in the highest topographic level of the pluton as a 
topping layer broadly defining a stratified intrusion. The 
larger complexes (1 and 2) are between 240 and 500 m in 
diameter, while the smaller one (complex 6) is between 
60 and 130 m and is formed exclusively by the most 
differentiated terms (as are plutons 3, 4 and 5).

The classification of the samples has been carried out 
by modal and chemical characterization (Fig. 2). Thus, 
we have sampled a number of melagabbro, gabbro,
monzogabbro (essexite) and monzosyenite from six 
circular complexes. Only two basalts from the Main 
Eruptive Formation have been sampled which added to
previous data from this unit (Torres et al. 2010), to 
complete the comparison.

The most mafic types (mela-gabbros) are mostly 
cumulate rocks while gabbros s.s. are usually banded 
rocks with seriate inequigranular texture. Both have
clinopyroxene, amphibole, plagioclase, phlogopite and 
magnetite, and gabbros also present olivine, nepheline, 
apatite and chromite (hosted by olivine).

Intermediate terms (monzogabbros and 
monzosyenites) also present a seriate inequigranular 
texture although with a lower proportion of mafic
minerals and higher modal plagioclase, alkali feldspar 
and nepheline, plus apatite, spinel and titanite. In 
addition, some monzogabbros show accesory olivine and 
magnetite with ilmenite exsolutions.

Among the extrusive rocks, basaltic lavas are 
hypocrystalline to holocrystalline rocks, mainly 
porphyritic. They have olivine and clinopyroxene as 
phenocrysts, locally accompanied by amphibole. The 
groundmass consists mainly of plagioclase, 
clinopyroxene, Ti-magnetite, ilmenite and olivine, plus 
chromite inclusions (Torres et al., 2010). Locally, olivine 
nephelinite lavas with similar textural features to basalts
appear in the MEF.

FIGURE 2. Classification of studied samples in the TAS diagram for 
plutonic rocks of Middlemost (1994). Fields: 1: foid gabbro (and
cumulate melagabbro); 2: foid monzogabbro; 3: foid monzosyenite.
Note that modal terms (legend) does not always coincide with chemical 
TAS classification for some rocks (cumulates). MEF (blue) and PAB 
(yellow symbols) lavas composition field has been marked: B= Basalts; 
N= Nephelinites and M= Melilitites.

MINERAL CHEMISTRY

Fo content of olivine in the OEC intrusive rocks
shows a progressive decrease from the most mafic 
(gabbros, Fo81-61) to the intermediate (monzogabbros, 
Fo49-39) terms (Fig. 3). They show significant MnO 
contents (0.9-1.87 wt%) and a positive correlation with 
increasing FeO.

Clinopyroxene are classified as diopside, from 
gabbros to monzosyenites (Fig. 3) decreasing its Mg# 
(0.94 to 0.55). They show FeOt and Na2O contents that 
increase towards the intermediate terms (up to 14% and 
1.2 % wt%, respectively), whereas Al2O3 and TiO2

contents decrease.

Amphibole is mainly kaersutite-pargasite-Mg-
hastingsite (Mg# 0.4 0.83), and the mica is biotite-
phlogopite with Mg# that ranges from 0.54 to 0.96 
(monzogabbros to gabbros).
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FIGURE 3. Chemical composition of clinopyroxene (top) and olivine 
(bottom) of samples from Sal island.

Plagioclase is bytownite-andesine showing direct 
zoning (An86-44 from core to rim) in gabbros, and 
labradorite-oligoclase in monzogabbros and 
monzosyenites (An66-16). Alkali feldspar (anorthoclase to 
sanidine: Or20-98) occurs only in monzogabbros and 
monzosyenites.  Nepheline (Ne70-86) becomes more 
potassic from gabbros to monzosyenites, and the main 
accessory phases are Ti-magnetite, chromite (as 
inclusions in olivine), titanite, apatite and ilmenite.

      
The basaltic lavas show a mineral chemical 

composition similar to gabbros of the circular complexes. 
Olivine ranges from low magnesian (Fo < 70) to high 
magnesian (Fo > 77) terms in nephelinites whereas it is 
Fo88-62 in basalts. Clinopyroxene are diopsides (Fig. 3) 
and displays zoning marked by a core to rim Ti 
enrichment (TiO2 = 1.23 - 2.51 wt%) (with values in a
similar range to that of gabbros). Plagioclase ranges from 
labradorite to bytownite (An73-57) (Torres et al. 2010).

WHOLE ROCK GEOCHEMISTRY

Whole rock geochemistry (major and trace elements) 
of the different lithologies of the circular complexes has 
been compared with the MEF data (Torres et al., 2010,
and unpublished data). This comparison allows to note
the existence of a partial compositional overlap between 
basalts and gabbros (Fig. 4).

The volcanic rocks from the Main Eruptive 
Formation that plot close to the major and trace elements 
compositional field of the gabbros are mainly basalts
(Figs. 4, 5). Nevertheless, the plutonic complexes show a 
progressive evolution from mafic to intermediate types, 
characterized by a linear decrease of MgO, TiO2, FeOt, 

CaO, Ni and Cr, and a gradual increase in SiO2, Al2O3,
K2O, Na2O, Rb, Ba, Zr and Nb, suggesting a significant 
crystal fractionation evolution. By contrast, nephelinites 
from the MEF unit are displaced from general gabbro-
monzosyenite trends towards higher MgO, CaO and most 
trace element (Ba, La, Y, Zr, Sr and Ce) contents. They 
also display broadly constant values of K2O, Na2O, FeOt

and Rb similarly to data from Late Miocene lavas of the 
Ponta do Altar-Baleia Complex (Fig. 4).

Incompatible trace element patterns (primitive 
mantle-normalised) show a strong similitude between 
gabbros (specially circular complexes 1 and 2) and the 
MEF basalts. All of them show negative Th, U and Pb, as 
well as positive anomalies in Ba, Nb-Ta and Sr, typical 
features of OIB patterns (e.g., Akbary et al., 2023). Some 
samples show slightly positive Ti- anomalies due to the 
accumulation of ferromagnesian minerals and titanite
(Fig. 5).

    
FIGURE 4. Chemical composition (CaO/Al2O3 and FeO vs MgO) of the 
sampled lithologies and those obtained from Torres et al. (2010). B= 
Basalts; Nef+Mel= Nephelinite and melilitite.

In REE (as in multitrace) diagrams the gabbros show 
similar trends to those of the MEF basalts. They show an 
enrichment of LREE with respect to HREE, typical of 
oceanic island basalts, indicative of their origin by low 
degree of partial melting (Mc. Donough and Sun., 1995) 
(Fig. 5).

Nephelinitic and melilitic rocks (not plotted in Fig. 5),
on the other hand, show significant differences with 
respect to basalts and gabbros since they are 
characterized by marked negative anomalies of Rb, K 
and Hf (Torres et al. 2010). In addition, they present a 
progressive increase in REE fractionation with the degree 
of silica undersaturation, which is not shown neither by 
gabbros from circular complexes nor by basaltic lavas of 
the MEF (Torres et al., 2010).

DISCUSSION

The similarities in mineral chemistry (Fig. 3), along 
with similar whole-rock major and trace element 
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geochemical trends between the Main Eruptive 
Formation basalts and the gabbros of the circular plutons 
(Figs. 4 and 5), open the possibility of a genetic
relationship between the two assemblages. Nevertheless, 
these are weak arguments as most of the OIB share 
similar chemical patterns (e.g., Akbari et al., 2023). In
fact, most of the recent basaltic lavas from other northern 
Cape Verde islands show very similar multi-trace or REE 
element patterns to those here presented (e.g., lavas from 
Santo Antao, Holm et al., 2006; or basaltic lavas from 
Sao Nicolau, Millet et al., 2008). Nevertheless,
geochemical trends of the MEF nephelinites indicate a 
greater affinity with the Late Miocene Ponta do Altar-
Baleia Complex than with the plutonic rocks or 
associated MEF basaltic lavas.

FIGURE 5. Multitrace (top) and rare-earth element patterns (bottom)
of gabbros from Sal island, normalized to primitive mantle values from
McDonough and Sun (1995). The grey field are data from Torres et al.
(2010) and unpublished data.

Some other arguments make unlikely the existence of 
a genetic relationship between these circular plutons and 
the Main Eruptive Formation. First, the absence of 
fractionated (intermediate) lava types within the MEF in 
comparison to the abundance of these terms in upper 
layers of stratified circular complexes, potentially the
most easily eruptible magmas in a volcanic process.
Second, the geochronological data is not conclusive on 
the coeval formation of studied plutonic and volcanic 
events. More precise and abundant geochronological 
studies on the plutonic complexes are needed to 
determine the age range of their formation. Finally, the
scarce published isotopic data from MEF basalts 
(87Sr/86Sr = 0.703350-703460, and 143Nd/144Nd = 
0.513029) (Torres et al., 2010) do not overlap our 
preliminary data set on Sr-Nd isotope composition of 

gabbros from circular complexes (Villaseca et al., 2024 
in litt.) and this should also be revised in the future.
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