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Abstract. – Accreted terranes, comprising a wide variety of Late Jurassic and Early Cretaceous igneous and sedimentary
rocks are an important feature of Cuban geology. Their characterization is helpful for understanding Caribbean paleo-
geography.

The Guaniguanico terrane (western Cuba) is formed by upper Jurassic platform sediments intruded by
microgranular dolerite dykes. The geochemical characteristics of the dolerite whole rock samples and their minerals
(augitic clinopyroxene, labradorite and andesine) are consistent with a tholeiitic affinity. Major and trace element con-
centrations as well as Nd, Sr and Pb isotopes show that these rocks also have a continental affinity. Sample chemistry in-
dicates that these lavas are similar to a low Ti-P2O5 (LTi) variety of continental flood basalts (CFB) similar to the
dolerites of Ferrar (Tasmania). They derived from mixing of a lithospheric mantle source and an asthenopheric compo-
nent similar to E-MORB with minor markers of crustal contamination and sediment assimilation. However, the small
quantity of Cuban magmatic rocks, similarly to Tasmania, Antarctica and Siberia differs from other volumetrically im-
portant CFB occurrences such as Parana and Deccan.

These dolerites are dated as 165-150 Ma and were emplaced during the separation of the Yucatan block from
South America. They could in fact be part of the Yucatan-South America margin through which the intrusive system was
emplaced and which was later accreted to the Cretaceous arc of central Cuba and to the Palaeogene arc of eastern Cuba.
These samples could therefore reflect the pre-rift stage between North and South America and the opening of the gulf of
Mexico.

L’existence de filons tardi-jurassiques de trapps continentaux dans le nord-ouest de Cuba :
témoins de l’ouverture du golfe du Mexique

Mots-clés. – Filons doléritiques, Jurassique supérieur, Trapps continentaux, Géochimie, Cuba.

Résumé. – La géologie de l’île de Cuba est caractérisée par l’existence de terrains accrétés composés d’une grande va-
riété de roches ignées et sédimentaires d’âge jurassique supérieur et crétacé inférieur. L’identification de la nature de ces
terrains est fondamentale pour la compréhension de la paléogéographie du domaine caraïbe.

La formation de Guaniguanico (N-Ouest Cuba) est constituée de sédiments de plate-forme d’âge jurassique supé-
rieur recoupés par des filons doléritiques. Les caractéristiques géochimiques de ces dolérites et des minéraux qu’elles
contiennent (augite et labrador) permettent de mettre en évidence l’affinité tholéiitique de ces roches. Les concentra-
tions en éléments majeur et traces ainsi que les rapports isotopiques du Pb, Sr et Nd indiquent que ces dolérites présen-
tent des signes de contamination crustale et d’assimilation des sédiments encaissants. L’étude géochimique de ces filons
doléritiques montre que ces laves sont proches d’une variété de trapps continentaux pauvres en TiO2 et P2O5 (LTi), simi-
laire aux dolérites de Ferrar (Tasmanie), elles-mêmes dérivées du mélange d’une source de type manteau lithosphérique
avec une source de type manteau asthénosphérique appauvri (type E-MORB). Le faible volume de roches trouvées à
Cuba tout comme en Tasmanie, en Antarctique et en Sibérie diffère fortement des grands volumes de trapps émis au
Deccan ou au Parana.

Les dolérites cubaines sont datées à 165-150 Ma et sont associées à la séparation du bloc Yucatan de l’Amérique
du Sud. Elles se seraient mises en place à travers la marge passive Yucatan-Amérique du Sud, ultérieurement accrétée
aux arcs Crétacé et Paléogène du centre et de l’est de Cuba. Ces roches pourraient donc refléter la phase précoce du rif-
ting entre l’Amérique du Nord et l’Amérique du Sud et donc l’ouverture du golfe du Mexique.

Bull. Soc. géol. Fr., 2008, no 5

Bull. Soc. géol. Fr., 2008, t. 179, no 5, pp. 445-452

1. Institut de Minéralogie et de Géochimie, Université de Lausanne, Bât Anthropole, CH1015, Lausanne, Switzerland.
2. LGCA, UMR CNRS 5025, Maison des Géosciences, Université Joseph Fourier Grenoble 1, 1381 rue de la piscine, 38041 Grenoble, France.
3. LGCA, UMR CNRS 5025, Université de Savoie, F.73376 Le Bourget du Lac, France
4. Universidad Autonoma de Nuevo Léon, Facultad de Ciencias de la Tierra, Carr. A Cerro Prieto km 8, ex-hacienda de Guadelupe, CP 67700, A P 104,
Linares, Nuevo Leon, Mexico.
Manuscrit déposé le 14 février 2007; accepté après révision le 14 septembre 2007



INTRODUCTION

Previous studies [Iturralde-Vinent 1994, 1996a, 1998; Kerr
et al., 1999; Maresch et al., 2000; Blein et al., 2003] focu-
sed on the Cretaceous and Palaeogene arc-suites of central
and eastern Cuba. These subduction-related rocks bring
new insight on the geodynamic implications concerning the
subduction of the Pacific beneath Central America and help
understand the effects of the thick and buoyant Late Creta-
ceous Caribbean plateau [CCOP, Kerr et al., 1996, 1997;
Sinton et al., 1998; Lapierre et al., 2000] on this subduction
zone. However, all the Mesozoic Cuban rocks do not dis-
play arc-affinities. Indeed, the geochemical study of mafic
dykes intruding Jurassic turbidites [Reguera et al., 1999]
exposed in the Sierra del Rosario reveals the presence of wi-
thin-plate tholeiitic magmatism [Kerr et al., 1999]. These
mafic dykes found in the El Sábalo Formation differ from
other Cuban basalts in terms of both their thickness
(~ 400 m) and their age (Oxfordian-Early Kimmeridgian)
and intrude deformed continental margin type Jurassic tur-
bidites.

Despite the poor and limited exposures of the El Sábalo
tholeiitic dykes, these rocks are important to depict the geo-
dynamic history of the intra-American area during Jurassic
times. This detailed geochemical study on whole-rock and
clinopyroxene separates from the mafic dykes allows us to

identify their magmatic affinities and mantle sources. These
geochemical data help constrain an event of the geodynamic
evolution of the intra-American area, i.e., the opening of the
Gulf of Mexico.

GEOLOGICAL SETTING

Cuba belongs to the northwestern Caribbean region, its stu-
dy is fundamental to the understanding of the Mesozoic-Ce-
nozoic plate movements in the area. The island of Cuba is
bounded, to the south, by the Cayman-Bartlett trench. This
major sinistral transform fault separates the North Ameri-
can and Caribbean plates and protected Cuba from the ma-
jor post-Palaeogene shearing that overprinted the earlier
tectonic events in most of the Greater Antilles.

The island of Cuba (fig.1) can be divided into three
main geological domains based on stratigraphy, type of
magmatic activity and tectonic style: the West Cuban nappe
stack, the central Cuban main thrust belt and the south-eas-
tern Cretaceous and Palaeogene arcs. Each one is separated
from the other by NE-SW trending faults [Iturralde-Vinent,
1994, 1996a, 1996b; Meschede and Frisch, 1998, 2002;
Kerr et al., 1999; Muller et al., 1999; Maresch et al., 2000;
Rodriguez et al., 1997; Stanek et al., 2000].

Three structurally and lithologically complex allochtho-
nous terranes are present in south-central and western Cuba

Bull. Soc. géol. Fr., 2008, no 5

446 ALLIBON J. et al.

FIG. 1. – Revised general map of Cuba showing main lithological units and pre-late Eocene northern passive margin outcrops [Rodríguez et al., 1997] and
detailed map of the geology of Cuba from the Bahia Honda bay to San Cristobal showing the location of the analyzed samples, subject of this work. SAB1
is the sample described by Kerr et al. [1999].
FIG. 1. – Carte générale modifiée de Cuba montrant les principales unités lithologiques ainsi que les affleurements de la marge passive éocène. [Rodr-
íguez et al., 1997] et carte géologique détaillée de la zone comprise entre la baie de Bahia Honda et San Cristobal montrant la position des échantillons
traités dans ce papier. SAB1 est un échantillon décrit par Kerr et al. [1999].



(Guaniguanico, Escambray and Pinos [Iturralde-Vinent,
1994]). They expose Jurassic-Cretaceous sediments of
continental margin type as well as ophiolitic rocks and Cre-
taceous volcanic arc suites. In the Guaniguanico terrane,
Paleocene to lower Eocene foreland sediments can also be
found. There is strong evidence that all three terranes were
originally located along the eastern margin of the Maya
block (Yucatan platform, [Iturralde-Vinent, 1994]) and were
preserved as tectonic windows in Cretaceous arc rocks as
shown by the existence of mafic dykes in Jurassic sedi-
ments. These mafic dykes and their host sediments are
strongly metamorphosed in the Pinos and Escambray terra-
nes (high pressure-low temperature [Kerr et al., 1999]), but
are much less affected in the Guaniguanico terrane [Schnei-
der et al., 2004].

The studied area corresponds to the Guaniguanico mas-
sif (fig. 1). This terrane consists of a stack of several
NE-SW trending thrust units [Iturralde-Vinent, 1994]. The
lower units, Los Organos and Rosario Belts (Rosario South,
Rosario North and Quiñones) consist of Early Jurassic to
late Cretaceous sedimentary rocks [Pszczolkowski, 1978],
whereas the upper units consist of serpentinites, gabbros
and Cretaceous igneous and sedimentary rocks of the Felici-
dades belt [Iturralde-Vinent, 1994]. The three samples ana-
lysed in this paper were collected in the vicinity of ‘Los
Tumbos’, north of San Cristobal, and belong to the mafic El
Sábalo Formation in the South Rosario belt. They belong to
a series of mafic dykes that intrude the Upper Jurassic-Lower
Cretaceous platform sediments and limestones. The sedi-
ments crosscut by the mafic dykes are paleontologically da-
ted to late Oxfordian-early Kimmeridgian [Reguera et al.,
1999].

ANALYTICAL PROCEDURES

Wavelength-dispersive analyses for clinopyroxene major-
element compositions were made on a Cameca SX-50 elec-
tron microprobe fitted with five spectrometers at the Insti-
tute of Mineralogy and Geochemistry of the University of
Lausanne. The standard procedures are 15 kV and 20 nA
with an electron beam of 1 µm width and integrated coun-
ting times of 15 on background and 30 s on the peak. Syn-
thetic and natural minerals were used as standards. A
computer correction program (PAP) was used to calculate
the element concentrations. The accuracy of major element
determinations is better than ± 5% of the total values.

Trace element measurements on minerals were made by
laser-ablation ICP-MS mass spectrometry using an Ar-F
193 nm Lambda Physik© Excimer laser coupled with a Per-
kin-Elmer 6100DRC ICP-MS at the Institute of Mineralogy
and Geochemistry of the University of Lausanne. NIST610
and 612 glasses were used as external standards, Ca as in-
ternal standards after microprobe measurements on the pit
sites. Ablation pit size varied from 40 to 80 nm. BCR2 ba-
saltic glass was regularly used as a monitor to check for re-
producibility and accuracy of the system. Results were
always within ± 10% of the certified values.

Major- and trace-element concentrations were measured
by ICP-AOS at the Université de Bretagne Occidentale,
Brest, following Cotten et al.’s [1995] procedures. Comple-
mentary trace element concentrations were measured by

ICP-MS at the Université Joseph Fourier, Grenoble, follo-
wing Barrat et al.’s [1996] procedures.

Sr (static acquisition) and Nd (dynamic acquisition) iso-
topic ratios were measured at the Laboratoire de Géochimie
isotopique de l’Université Paul Sabatier, Toulouse, on a Fin-
nigan MAT261 multicollector mass spectrometer using the
analytical procedures described by Lapierre et al. [1997].
Results on standards yielded 143Nd/144Nd = 0.511850 ±
0.000017 (2σ εxternal reproducibility) on 12 standards ana-
lysed. Results on NBS 987 Sr standard yielded 87Sr/86Sr =
0.710250 ± 0.000030 (2σ εxternal reproducibility) on 11
standard determinations. 87Sr/86Sr and 143Nd/144Nd were
normalized for mass fractionation relative to 86Sr/88Sr =
0.1194 and 146Nd/144Nd = 0.7219 respectively. εNdi was
calculated with actual (143Nd/144Nd)CHUR = 0.512638 and
(147Sm/144Nd)CHUR = 0.1967. εSri was calculated with actual
(87Sr/86Sr)CHUR = 0.70450 and (87Rb/86Sr) CHUR = 0.084
[McCulloch and Wasserburg, 1978].

For lead separation, powdered samples were weighed to
obtain approximately 200 ng of lead. Samples were leached
with 6N HCl during 30 minutes at 65oC before acid diges-
tion. They were dissolved for 48 hours on a hotplate in a
tri-distilled HF/HNO3 mixture. After evaporation to dry-
ness, 1 ml of HNO3 was added to the residue and kept at
about 90oC for 12-24 h. After complete evaporation, 0.5 ml
of 8N HBr was added to the sample, which was kept at 70oC
for 2-3 h before complete evaporation. The chemical sepa-
ration of lead was done using 50 µl of anion exchange resin
(AG1X8, 200-400 mesh) and samples were loaded and was-
hed in 0.5N HBr. Lead was then eluted in 6N HCl. Pb
blanks were less than 40 pg and are negligible for the pre-
sent analyses.

Lead isotopes were analysed on a VG Plasma 54 multi-
collector inductively coupled plasma mass spectrometer
(MC-ICP-MS) at the Ecole Normale Supérieure de Lyon.
Lead isotope compositions were measured using the Tl nor-
malization method [White et al., 2000]. For Pb isotope ana-
lysis, samples were bracketed between NIST 981 standard
measurements and calculated with respect to the value re-
ported for this standard [Todt et al., 1996].

All isotopic data are corrected for in situ decay using an
age of 150 Ma [Kerr et al., 1999].

PETROLOGY AND MINERAL CHEMISTRY OF
THE DOLERITES

All three doleritic samples show an intersertal texture for-
med by plagioclase laths (40 vol. %, An 45-60) surrounded
by clinopyroxene (15 vol. %). The groundmass consists of
interstitial secondary minerals (i.e., chlorite and serpenti-
nite) and oxides. Preserved sub-rectangular and sub-octago-
nal clinopyroxene occur either as single crystals or as
slightly altered aggregates. Euhedral plagioclase occurs in
elongated isolated laths or as radial aggregates. Samples
contain an important number of subhedral oxides
(10 vol.%), which are mostly ilmenite, with rare magnetite
and pyrite. Serpentine and chlorite can be found as alteration
products in veins and fractures formed during weathering.

Clinopyroxenes show zoned augitic compositions
(Wo39.8-26.7, En47.8-29.89, Fs30.51-14.73; [Morimoto et al.,
1988]) (fig.2) and have low Ti values (0.01 pfu to 0.02 pfu)
for Ca values < 0.8 (pfu) which is typical of tholeiitic
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clinopyroxenes [Leterrier et al., 1982] (table I). Chemical
variations within clinopyroxene phenocrysts can also be
seen when opposing FeO, CaO, TiO2 and Cr2O3 concentra-
tions (fig. 3) to the XMg (= Mg/(Mg+Fe)). Indeed, crystal
cores are FeO- and TiO2-enriched in comparison to the
CaO- and Cr 2O3-enriched rims, this is typical of

clinopyroxenes with a tholeiitic affinity. Clinopyroxene rare
earth element (REE, table II) patterns normalised to chon-
drites [Sun and McDonough, 1989] (fig.5) are depleted in
light (L) REE and show Eu (Eu/Eu* < 0.9) negative anoma-
lies linked to plagioclase removal. Primitive mantle norma-
lised-spidergrams [Sun and McDonough, 1989] (fig. 4)
show low and variable concentrations in large ion lithophile
elements (LILE, Rb, Ba), U and Pb. This could reflect trace
element mobility due to the alteration or low grade meta-
morphism experienced by these dykes. Clinopyroxene spi-
dergrams are also characterized by marked Nb, Ta, Zr and
Hf negative anomalies.

MAJOR AND TRACE ELEMENT CHEMISTRY

The analyzed samples are similar to oceanic tholeiites in
terms of major-element chemistry as shown by low alkali
index [Middlemost et al., 1975, AI = (Na2O + K2O)/
(SiO2-43) x 0.17] (2 to 3) and Al2O3 (13-15 wt.%) values
(table III).

Tholeiitic flood basalts are closely similar to oceanic
tholeiites (MORB and Oceanic Island Basalt, OIB) in terms
of major-element chemistry. Similarly to CFBs, the Cuban
samples have low Ni (32 to 52 ppm) and Cr (12 to 99 ppm)
values. These rocks are Ni-poor and have relatively low Mg
values (Mg/(Mg + Fet) < 0.7). Despite this tholeiitic nature
illustrated by Na2O + K2O < 4 and SiO2 of 48 to 50 wt.%
[Le Maitre et al., 1989], the low MgO concentrations
(< 8 wt.%) suggest that these magmatic rocks are not
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FIG. 2. – Clinopyroxene composition and classification diagram [Morimo-
to et al., 1998]. Values for CFB Parana clinopyroxenes are from Pik et al.
[1998].
FIG. 2. – Diagramme de nomenclature des clinopyroxenes [Morimoto et al.,
1998]. Les compositions des clinopyroxenes de Parana sont de Pik et al.
[1998].

TABLE I. – Major element (wt.%) for most representative Cu 03.15 clino-
pyroxene mineral samples. Structural formulae are calculated on the basis
of 6 oxygens.
TABL. I. – Concentrations en éléments majeurs (wt.%) pour les grains de
clinopyroxènes les plus représentatifs de l’échantillon Cu.03.15. La for-
mule structurale est calculée sur une base de 6 oxygènes.

TABLE II. – Trace-element concentrations (ppm) for most representative
Cu 03.15 clinopyroxene mineral grains.
TABLE. II. – Concentrations en éléments traces (ppm) pour les grains de
clinopyroxènes les plus representatifs de l’échantillon Cu.03.15.

FIG. 3. – Cu 03.15 Clinopyroxene binary correlation
diagrams, plotting major elements (wt.%) vs. XMg
(XMg = MgO/(MgO+FeO)).
FIG. 3. – Diagrammes binaires de corrélation des
compositions des clinopyroxènes de l’échantillon
Cu.03.15 en éléments majeurs (wt.%) vs. XMg (XMg =
Mg/(Mg+Fe)).



primitive in nature and may have undergone fractionation,
as shown by the low Ni values (olivine fractionation). At si-
milar MgO contents, these dolerites show low TiO2
(< 1.13 wt.%) and P2O5 (0.08 wt.%) concentrations and are
similar to a low-P2O5-Ti variety of flood basalts [Gibson et
al., 1995; Pik et al., 1998]. In the Nb/La vs. Ti/Y plot
(fig. 6) we can clearly see that the chemistry of these rocks
is close to the LTi Parana and Ethiopia CFBs.

Chondrite-normalised REE diagrams for the Cuban Ju-
rassic dolerites exhibit MORB-like characteristics (LREE
depletion, flat HREE patterns, fig. 4). Primitive mantle nor-
malised-spidergrams [Sun and McDonough, 1989] (fig. 5)
show that the dolerites are depleted in incompatible ele-
ments but enriched in Rb, Ba (LILE). This LILE enrichment
likely reflects alteration and/or low grade metamorphism.
The spidergrams are very flat towards the less incompatible
elements but exhibit small Pb and Sr negative anomalies
with the exception of sample Cu03-13-1. The latter, collec-
ted at the dykes chilled margin, differs from the other sam-
ples by its marked Pb and Sr positive anomalies.

ND, SR AND PB ISOTOPIC CHEMISTRY

The three doleritic samples show very homogeneous Nd
isotopic compositions with εNd values of +9 (table III), in-
dicating a rather depleted mantle source. Cu03-13.1 clino-
pyroxene separates have a slightly lower εNd of +8.5.

Initial (87Sr/86Sr)i ratios vary from 0.705424 to
0.705614 (table III) and do not correlate with the εNd va-
lues. In the εNd vs. (87Sr/86Sr)i correlation diagram (not pre-
sented here), the dolerites do not fall in the Mantle Array
and shift towards high (87Sr/86Sr)i values. This suggests that
the Rb-Sr isotope system has been modified by the altera-
tion and/or low grade metamorphism that affects the Cuban
Jurassic dolerites.
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TABLE III. – Whole rock major- (wt.%), trace-element (ppm) and Nd and
Pb isotopic compositions. Total iron is shown as Fe2O3.
TABL. III. – Concentrations en elements majeurs (wt.%), éléments traces
(ppm) et rapports isotopiques des échantillons Cu.03.13.1, Cu.03.14 et
Cu.03.15. Le fer total est indiqué Fe2O3.

FIG. 4. – Chondrite normalised REE patterns for whole rock and clinopy-
roxene samples [Sun and Mc Donough, 1989]. Values for CFB Parana are
from Pik et al. [1998].
FIG. 4. – Spectres des terres rares normalisés aux chondrites [Sun et Mc
Donough, 1989] des échantillons Cu.03.13.1, Cu.03.14 et Cu.03.15 ainsi
que des clinopyroxènes de l’échantillon Cu.03.15. Les spectres des roches
de Parana sont de Pik et al. [1998].

FIG. 5. – Primitive mantle normalised multi-element spidergrams for whole
rock and clinopyroxene samples [Sun and Mc Donough, 1989]. MORB and
OIB patterns are from Hofmann [1988], The Ferrar pattern is from Hergt et
al. [1989].
FIG. 5. – Spectres multi-élémentaires normalisés au manteau primitif [Sun
et Mc Donough, 1989] des échantillons Cu.03.13.1, Cu.03.14 et Cu.03.15
ainsi que des clinopyroxènes de l’échantillon Cu.03.15. Les spectres des
MORB et OIB sont de Hofmann [1998], celui de Ferrar est de Hergt et al.
[1989].



In the (208Pb/204Pb)i-(206Pb/204Pb)i correlation diagram
(fig. 7), the dolerite sampled in the dyke margin falls within
the MORB field while the two others are in the OIB and low
P2O5-TiO2 basalt fields. In the (207Pb/204Pb)i vs.
(206Pb/204Pb)i diagram (fig. 8), two samples cluster in the
EM2 field while the sample collected in the chilled margin
falls in the Upper Continental Crust field.

DISCUSSION

Samples studied in this paper are part of the Guaniguanico
formation of N-W Cuba and are identified as continental
margin rift tholeiites, dated as Oxfordian to early Kimme-
ridgian, that were formed during the separation of the Yuca-
tan (Mayan block) from northern South America [Kerr et
al., 1999]. In this unit Kerr et al. [1999] described a sample

referred to as basalt from el Sabalo Fm. (SAB1, fig. 1) with
geochemical similarities to the samples described in this pa-
per.

The low alkali index of these dolerite samples [Middle-
most, 1975] (AI=2 to 3) and Al2O3 (13-15 wt.%) can clearly
establish their tholeiitic affinity. Clinopyroxene low Ti va-
lues (0.02 pfu.) for low Ca+Na (< 0.8 pfu) [Leterrier et al.,
1982], Mg enriched cores and Fe-rich rims, also establish
that these clinopyroxene are tholeiitic (fig. 3). However, the
relatively low whole rock MgO contents (< 7,5 wt.%) com-
bined to the low Ni concentrations suggest that these mag-
mas could have undergone fractionation dominated by
olivine crystallisation.

The Nb/La vs. Ti/Y diagram shows that these Cuban do-
lerites are very similar in composition to the LTi Parana, Si-
beria, Deccan and Ethiopia flood basalts characterised by
low TiO2 (1.06 wt.% to 1.13 wt.% here) and P2O5
(0.08 wt.%) levels (fig.6) [Gibson et al., 1995].

The multi-element concentrations of these dolerites are
very similar to those in MORB (fig. 5) despite the low
concentrations in Nb and Ta, typical of trapp formation
[Thompson et al., 1983], and bear a resemblance to
trace-element diagrams of the Ferrar dolerites [Hergt et al.,
1989]. These differ from many other CFBs and display a
marked negative Nb-Ta anomaly. This could reflect the
existence of Nb-Ta bearing phases (magnetite) in the frac-
tional crystallisation process or mark a form of crustal
contamination, as suggested for other Mesozoic Gondwana
CFB provinces [Peate et al., 1996; Hansen et al., 1999].

The (208Pb/204Pb)i and (207Pb/204Pb)i ratios of the dole-
rites sampled in the dyke cores suggest that the tholeiitic
magma was contaminated by the upper continental crust.
Differences in the chemistry from the core to the dyke-mar-
gins, marked by the high levels of Sr, Pb and Th and higher
(208Pb/204Pb)i and (207Pb/204Pb)i ratios at the edge of a
single dyke (fig. 8) suggest assimilation of the turbiditic se-
diments in contact with the dyke-margins. These sediments
are derived from the erosion of the nearby North or South
American continental plates and are known to have high Pb
and Sr contents [Hauff et al., 2000].
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FIG. 6. – Whole rock Nb/La vs. Ti/Y diagram after Pik et al. [1998].
FIG. 6. – Diagramme binaire Nb/La vs. Ti/Y pour les échantillons Cu.03.13.1,
Cu.03.14 et Cu.03.15 [Pik et al., 1998].

FIG. 7. – (208Pb/204Pb)i vs. (206Pb/204Pb)i correlation diagram for
whole-rock samples. The slope of the northern hemisphere reference line
(NHLR) has an age significance of 1.77 Ga. The mantle reservoirs of Zin-
dler and Hart [1986] are plotted as follows: OIB: ocean island basalt;
MORB: mid ocean ridge basalt; the LPT field (Low P2O5 and TiO2) is
from Hawkesworth et al. [1984].
FIG. 7. – Diagramme (208Pb/204Pb)i vs. (206Pb/204Pb)i pour les échantil-
lons Cu.03.13.1, Cu.03.14 et Cu.03.15. Les grands réservoirs magmati-
ques sont issus de Zindler et Hart [1986]. Le champ LPT (Low P2O5 and
TiO2) a été défini par Hawkesworth et al. [1984].

FIG. 8. – (207Pb/204Pb)i vs. (206Pb/204Pb)i correlation diagram for whole-
rock samples. The mantle reservoirs of Zindler and Hart [1986] are plotted
as follows: EM2: enriched mantle; HIMU: mantle with high U/Pb ratio.
FIG. 8. – Diagramme (207Pb/204Pb)i vs. (206Pb/204Pb)i pour les échantil-
lons Cu.03.13.1, Cu.03.14 et Cu.03.15. Les grands réservoirs magmati-
ques sont issus de Zindler et Hart [1986] : EM2 : enriched mantle;
HIMU : manteau avec rapport U/Pb élevé.



The high εNd values (+8.6 to +9.6) of the clinopy-
roxene separates and host rocks indicate that the dolerites
derived from a depleted MORB-type mantle (DMM).
Indeed, the εNd of the DMM at 150 Ma is +8.53
[(143Nd/144Nd)I = 0,51288].

Continental flood basalts are related to mantle plumes,
this can be seen by the similarities of HTi and OIB basalts
[White and McKenzie, 1989; Pik et al., 1998]. These au-
thors suggest that LTi basalts originate from a HTi OIB-like
source variably contaminated by the continental crust [Pik
et al., 1998]. The Ferrar magmatism [Hergt et al., 1989;
Peate et al., 1996], and other magmatic events with similar
geochemical characteristics such as basalt sequences in
Antarctica and in Siberia [Storey and Alabaster, 1991; Ligh-
tfoot et al., 1993], have been recognised as LTi basalt se-
quences. In these cases, the melt is much more depleted in
incompatible elements than typical related OIB magmas
[Anderson, 1994]. These Ferrar dolerites are interpreted as
having been derived from mixing of a lithospheric mantle
source and an asthenopheric component similar to E-MORB
[Hergt et al., 1989; Lightfoot et al., 1993].

The MORB-like characteristics and the continental affi-
nities of the three Cuban samples studied in this paper bear
resemblance to the LTi continental flood basalts of Ferrar
and to small volumetric basalt sequences of Antactica and
Siberia [Hergt et al., 1989; Lightfoot et al., 1993; Storey
and Alabaster, 1991].

These Cuban dolerites would owe their existence to the
separation of the Yucatan block and South America linked to
the opening of the Gulf of Mexico appreciatively 160 to 150
million years ago. This is correlated to the opening of the cen-
tral Atlantic Ocean as suggested by previous authors [Kerr et
al., 1999; Duncan and Hargraves, 1984; Burke, 1988].

CONCLUSIONS

Mafic doleritic dykes intruding Jurassic turbidites of the El
Sábalo formation belong to the Guaniguanico terrane,
which represents a Jurassic-Cretaceous sequence of conti-
nental margin type. These Late Jurassic dolerites exhibit
geochemical features of evolved tholeiitic melts, and more
precisely of low TiO2 and P2O5 (LTi) continental flood ba-
salts similar to the dolerites of Ferrar. However, they differ
from most continental flood basalt occurrences by
LREE-depleted patterns similar to MORB, as well as by the
small volume of erupted rocks. The dolerites and their cli-
nopyroxenes, characterized by similar and high εNd values
(+8.6 to +9.5) derived from mixing of a lithospheric mantle
source and an asthenospheric component similar to
E-MORB. The (208Pb/204Pb)i and (207Pb/204Pb)i ratios of the
dolerites sampled in the dyke cores suggest that the tholeii-
tic magma has been contaminated by the upper continental
crust whereas the high levels in Sr, Pb and Th and higher
(208Pb/204Pb)i and (207Pb/204Pb)i ratios of the chilled margin
of a single dyke suggest assimilation of the host Jurassic se-
diments. These 165-150 Ma doleritic dykes were emplaced
during the separation of the Yucatan block from South
America and could reflect the opening of the Gulf of Mexi-
co.
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