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ABSTRACT

Gabbros of Los Molinos area crop out in the northwest part of
Fuerteventura (Canary Islands). They are formed by different types of gabbros,
and their mineralogy and geochemistry are presented in this work. The results
indicate that the most fractionated gabbros are leucogabbros situated in the
upper parts of the intrusion, whereas the most primitive (olivine-rich) gab-
bros occur in the lower parts. Crystallization temperatures range from 1116
to 836°C. Whole rock geochemistry is partly controlled by modal mineralogy
and shows moderate alkalinity suggesting, in principle, a higher affinity with
miocene volcanic rocks from the Central edifice than with those from the
North one. In situ crystallization mechanism followed by progressive segre-
gation of a slightly more differentiated liquid and volatile concentration is
proposed.
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RESUMEN

Los gabros del rea de Los Molinos afloran en la zona noroeste de la isla
de Fuerteventura (Islas Canarias). Esta formada por diferentes tipos de ga-
bros de los que la mineralogia y la geoquimica se presentan en este trabajo.
Los resultados indican que los gabros mas fraccionados son leucogabros si-
tuados en las partes mas altas de la intrusion, mientras que los mas primi-
tivos (ricos en olivino) aparecen en las partes mds bajas. Las temperaturas
de cristalizacion quedan comprendidas entre 1116 y 836°C. La geoquimica
de roca total esta en parte controlada por la mineralogia modal y muestra
una alcalinidad moderada, lo que sugiere, en principio una mayor afinidad
con las rocas volcanicas miocenas del Edificio Central que con las del Edifi-
cio Norte. El mecanismo de cristalizacion que se propone es cristalizacion in
situ sequida de la separacidn progresiva de un liquido un poco mas dife-
renciado con concentracion de volatiles.
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Introduction

Fuerteventura is one of the most singu-
lar islands of the Canary archipelago be-
cause in it, it is possible to observe outcrops
of intrusive rocks, which allow us to study
the subvolcanic processes that took place
in different stages of growth and develop-
ment of the island. These stages haven been
grouped into four magmatic episodes: al-
kaline-carbonatitic, subalkaline-transitional,
alkaline and volcanic-subvolcanic Betancu-
ria Edifice (Mufioz et al., 2003; Mufioz and
Sagredo, 2004), and part of them are prob-
ably reflected in the different phases of con-
struction of the Miocene volcanic edifices
defined by Ancochea et al. (1996). Thus, in-

mica.

trusions to the north of the island (Fig. 1)
(Milocho-Blanca intrusions) have been as-
sociated with the Northern Volcanic Com-
plex (Tetir Edifice) (De Ignacio, 2008) while
those in the central-west part (Pajara intru-
sion) have been related to the Central Vol-
canic Complex (Gran Tarajal Edifice) (Mufioz
et al., 2003).

In the overlapping area between the
Northern and Central Volcanic Complexes
(Fig. 1), a small (~6.5 Km2), group of intru-
sive outcrops occur. The main focus of this
work is to describe the mineralogical and
geochemical characteristics of one of these
intrusions in order to consider, in a prelimi-
nary way, if it could be related either to the
Northern or to the Central Volcanic Com-
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plexes proposed by Ancochea et al. (1996).
Galindo (1978) performed the first study in
the south part of this sector (Morro Negro
area) focusing on temperature and depth of
emplacement, from transformations ob-
served in the host rock and therefore this
was the basis for the present work.

Geologic setting

The gabbros in the south part of Los
Molinos area are cut by ~15% dikes of
basalt to trachybasalt compositions and
showing N 010° E to N 040° E trend direc-
tions. Surrounding this intrusion, het-
erolithological matrix-supported breccia
(comprising mainly fragments of dikes, but
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Figure 1.- Geological sketch of Fuerteventura
with location of the main intrusive bodies and
three major Miocene volcanoes reconstructed
by Ancochea et al. (1996). NVC: Northern Vol-
canic Complex. CVC: Central Volcanic Complex.
SVC: Southern Volcanic Complex.

Figura 1.- Esquema geoldgico de Fuerteventura
con la localizacion de losprincipales cuerpos in-
trusivos y los tres grandes volcanes miocenos
reconstruidos por Ancochea et al. (1996). NVC:
Complejo Volcénico Norte. CVC: Complejo Vol-
canico Central. SVC: Complejo Volcanico Sur.

also of plutonic and volcanic rocks) is pres-
ent.

The gabbros are melanogabbro, gabbro
and leucogabbro. The first two lithologies
occur in the lower parts of the intrusion, are
coarse-grained and are always moderately
altered.The upper-central parts are occupied

by gabbros and some leucogabbros, both of
which are mainly medium-grained. The up-
permost part of the intrusion is occupied by
leucogabbros locally showing microrythmic,
modal layering. The layering trends range
between N-S and NE-SW. The contacts be-
tween all lithologies are always gradual and
progressive. It is also common to find peg-
matoid gabbro facies near the leucogab-
bros.

Petrography and mineral
chemistry of the gabbros

Mineral chemistry analyses were per-
formed using an electron microprobe at the
Centro Nacional de Microscopia Electronica,
Universidad Complutense de Madrid.

Petrographically, four types of gabbros
can be distinguished: olivine melanogab-
bros, olivine gabbros, gabbros s.s. and
leucogabbros. However, minerals show
broadly similar chemistry in all groups (Table
1), so that differences imply variations in tex-
ture and mode, probably reflecting magma
chamber processes.

Olivine gabbros and melanogabbros are
coarse-grained rocks composed of plagio-
clase, clinopyroxene, olivine, amphibole and
Fe-Ti oxides as essential minerals, and mica
and apatite as accessory minerals.

Gabbros and leucogabbros are
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medium-grained rocks mainly, and their
mineralogy is similar to that of olivine gab-
bros and melanogabbros, but without
olivine (or with it as an accessory mineral).
Layering described in the field is also ob-
served in the presence of igneous lamina-
tion (thin section scale) marked by the ori-
entation of plagioclase.

Table | summarizes the main petro-
graphic and mineralogical features for the
four types of gabbros in the south part of
the Los Molinos area.

Geothermometry

Considering the amount of Ca in olivine
it is possible to calculate its temperature of
crystallization (De Hoog et al., 2010). Thus
temperatures between 950°C and 1116°C
were obtained.

Equilibrium temperatures between pla-
gioclase rims and amphibole cores have
also been established through the ther-
mometer proposed by Blundy and Holland
(1990). In this way, mineral equilibrium tem-
peratures span a range between 836-938°C
in all rock types.

Ernst and Liu (1998) created a semi-
quantitative thermometer based in VAl con-
tents of synthetic Ca-amphiboles. With this
method, we obtained temperatures of 880-
950°C for kaersutites in these gabbros.

Olivine melanogabbro Olivine gabbro Gabbro s.s. Leucogabbro
Plg Bytownite-labradorite in cores and labradorite-andesine in rims
' Euhedral prisms Subhedral prisms
Normally zoned. Dis3.77 Hdyg.3 Aeg, Normal zoned. Di;g.75 Hdys5.57 Aegy 4
Clpx Large subhedral to anhedral crystals
Inclusions of Plg., Ol and Fe-Ti oxides. Totally or partially surrounded by Amph.
Large euhedral to suhedral crytals. Fo;q Fasg
Olivine Moderately altered along fractures and rims \ Almost totally replaced by iddingsite
Sometimes including minute oxides and secondary fluid inclusions
Fe-Ti oxides Exsolutions. Mtyg.91 USpg.o4 1lMgs.g9 Gkig.14 Php; \ Exsolutions. Mtgg.79 USPa1-4g IMga.g7 Gk3.19 Phpy.;
Poor in NiO, Nb,Os and Cr,03, though the latter can reach 19 wt% in oxides included in OI.
Amoh Kaersutite (titanium rich pargasite with 6-7 wt% TiO,)
mph Poikilitic crystals. Intergrowth textures with Clpx. \ Totally or partially surrounded by Fe-Ti oxides and or Clpx
Mica Titanium-rich (7-9 wt%) phlogopite (Anng.,s Phlss.100) with low water contents (1,5-3,5 wt%)
Totally or partially surrounded by oxides and/or Amph. ‘ Totally or partially surrounded by oxides
Apatite Fluorapatite (2-3 wt%) with some chlorine (0-1 wt%) and strontium (0,1-0,2 wt%)
From large suhedral prisms with fluid inclusions to small and acicular crystals

Table I.- Main petrographic and mineralogical features of gabbros in south part of the Los Molinos area. Abbreviations: Plg: plagioclase; Clpx: clinopyroxene;

Ol: olivine; Amph: amphibole.

Tabla I.- Principales cararacterisitcas petrogréficas y mineraldgicas de los gabros en la parte sur del drea de Los Molinos. Abreviaturas: Pgl: plagioclasa;

Clpx: clinopiroxeno; Ol: olivino. Amph:anfibol.
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Geochemistry

Whole rock geochemistry was per-
formed at Activation Laboratories (Act
Labs), Canada. These data have been com-
plemented with some analyses by Galindo
(1978).

Petrologia y Geoquimica

Gabbros of the south part of Los Moli-
nos area are ultrabasic to basic, silica-satu-
rated and metaluminic rocks with subalka-
line affinities.

Harker diagrams reveal positive corre-
lations of Al,03, NaO and Ca0 and nega-
tive correlations of MgO, Fe;03 and TiO,

Nd Sm Zr Hf

Eu Ti Gd T Dy Y Yb Lu

Fig. 2.- Whole rock diagrams for gabbros of the
south part of Los Molinos intrusion. A) SiO, vs
total Fe,05; B) SiO, vs MgO. The arrow indicates
the gradual evolution of fractionation. Encir-
cled samples show progressive (pointed arrow)
olivine accumulation. C) Spider diagrams D)
Rare earth spectra. E) TAS diagram for the NVC
(triangles), CVC (crosses) and plutonic rocks of
the south of Los Molinos area (circles). Symbols
in A, B, C and D diagrams: Diamonds: olivine
melanogabbros, squares: olivine gabbros, Cros-
ses: gabbros s.s. and Circles: leucogabbros.
Compositions normalized to primitive mantle
(Sun and McDonougth 1989).

Fig. 2.- Diagramas de roca total para los gabros
de la intrusion del sur de Los Molinos. A) SiO, vs
Fe,0; total. B) SiO, vs MgO. La flecha indica la
evolucién del fraccionamiento, El circulo rodea
a rocas que presentan progresiva acumulacion
de olivino (flecha punteada). C) Diagramas mul-
tielemento. D) Espectros de tierras raras. E) Di-
agrama TAS para el NVC (triangulos), CVC
(cruces) y rocas plutonicas del sur del drea de
Los Molinos (circulos) Simbolos para los dia-
gramas A, B C y D: Rombos: melanogabros
olivinicos, cuadrados: gabros olivinicos, cruces:
gabros s.s. y circulos: leucogabros. Composi-
ciones normalizadas al manto primitivo (Sun y
McDonougth 1989).

with SiO, (Fig. 2A, B). The first pattern in-
dicates the progressive fractionation of fer-
romagnesian-minerals, whereas the second
one suggests plagioclase concentration. In
the MgO vs. SiO, diagram (Fig. 2B), it is
possible to observe the control exercised by
the mineralogy, in this case, by olivine. Sam-
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ples enclosed by a circle show a Mg excess
proportional to modal olivine percentage.
Furthermore, it is possible to affirm that
whole rock geochemistry is controlled by
the nature and abundance of the minerals
that make up the different gabbro facies.

This control is also shown by spider di-
agrams and REE spectra (Fig. 2C, D). Thus,
e.g., rocks rich in amphibole + Fe-Ti oxides
have more pronounced positive Ti, and Ta-
Nb anomalies, and a general enrichment in
HFSE. On the other hand, slight positive Eu
anomaly in leucogabbros not only reflects
their high modal plagioclase content but
also indicates a change from higher to
lower oxygen fugacity conditions as crystal-
lization proceeds.

Discussion

With the above data it is possible to es-
tablish a crystallization sequence: the earli-
est minerals to crystallize were olivine and
Fe-Ti oxides, followed shortly after by
clinopyroxene and some calcic plagioclase
in a temperature range from 1116 to
950°C. This first crystallization stage re-
moves MgO, FeO and TiO, from the initial
magma, while concentrating SiO,, Al,05,
Ca0 and Na,0, which stabilizes plagioclase.
In a second crystallization stage, plagioclase
dominates the paragenesis while clinopy-
roxene rim compositions are enriched in
Al,05 and TiO,. Progressive concentration
of volatiles and incompatible elements in
the magma stabilizes kaersutite as the main
ferromagnesian phase, apatite as a host for
REEs, and finally mica that retains K,0 and
BaO. This stage would develop between
950°C and roughly 800°C.

Crystallization mechanism of the Los
Molinos intrusion would have probably
started as in situ crystallization in the mar-
gins and floor of the body, followed by pro-
gressive segregation of a slightly more dif-
ferentiated liquid. Volatile concentration
could have been produced as a result of the
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fractional crystallization process itself,
through retrograde boiling, thus explaining
the tight association between amphibole
and clinopyroxene, as well as the occur-
rence of small pegmatoid pods associated
to the leucogabbros.

The microrythmic layering observed in
the latter could be explained by small alter-
native shifts in saturation of cotectic pla-
gioclase and clinopyroxe/amphibole pro-
duced either by local increases or decreases
in volatiles, changes in fO, or both, in a sim-
ilar way as proposed by Boudreau and
McBirney (1997).

Plotting on a TAS diagram (Fig. 2E) of
the Los Molinos gabbros together with
whole rock data from the lower parts of
both the Central and Northern Volcanic Ed-
ifices of Ancochea (1993) and Ancochea et
al. (1997), suggests that this intrusion is
more related with the lower part of the
Central Volcanic Complex than with the
Northern one, as a first approximation.

Conclusions

Mineral chemistry in the south part of
Los Molinos area is relatively simple, sug-
gesting crystallization from a single magma
batch. Whole-rock geochemistry indicates
progressive fractionation from olivine-rich
to leucogabbros. Crystallization conditions
would comprise: a range of temperatures
between 1116 and 836°C, some variation
in fO,, decreasing as fractionation pro-
ceeded and volatile saturation below
950°C, in a basaltic system of moderate al-
kalinity.

The Los Molinos intrusion seems to be
related, as a first approximation, to the Cen-
tral, Miocene Volcanic Edifice.
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