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ABSTRACT

The southernmargin of the Caribbean plate, cropping out in the Venezuela
belt, consists of an assemblage of four main terranes: the Dutch-
Venezuelan Islands, Margarita Island, Cordillera de la Costa, and Serrania

del Interior. These terranes have been located, since themiddle Cretaceous, along
the transform boundary between the Caribbean and South American plates. On
the basis of both new data and the literature, a critical review of the complex and
long-lived evolution recorded in different units of these terranes is herein pro-
vided in order to highlight theMesozoic–early Tertiary geodynamic evolution of
the southern Caribbean.

The analysis of the lithostratigraphic, petrologic, and tectono-metamorphic
features of the terranes, as well as their regional correlations, allows us to define
the main geotectonic elements (as oceanic basins, magmatic arcs, subduction
zones, continental margins, continental microplates, etc.) involved in the evo-
lution of the southern Caribbean margin. The magmatic, tectonic, and meta-
morphic histories of these elements provide valuable constrains for the evolution
of the southern Caribbean, as, for instance, the beginning of the convergence
during the Early Cretaceous, the atypical evolution of the suprasubduction sys-
tem during the middle Cretaceous, the role of the middle Cretaceous strike-slip
tectonics, the exhumation histories of the high-pressure/low-temperature (HP-
LT) units. The collected data suggests aMiddle Jurassic–Early Cretaceous location
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of these elements in a westernmost, ‘‘near mid-America’’ position, almost at the
northwestern corner of the South American plate. Starting from the middle
Cretaceous, the elements have been affected by a right-oblique convergence
along the transformboundary connecting the twooppositely dipping subduction
zones of the Andes and Aves–Lesser Antilles. According to the geologic con-
straints, three possible geodynamic scenarios can be proposed for the beginning
of the convergence during the middle Cretaceous, taking into account the
different locations of the transform fault in the geodynamic setting of the
southern Caribbean. The collisional belt, resulting from the middle Cretaceous
tectonics, has been dissected in different terranes, progressively rotated clock-
wise, reciprocally juxtaposed, and then eastward displaced. The geodynamic
framework was closely related to the progressive eastward motion of the Carib-
bean plateau which, in turn, was associated with the development of a west-
southwest-dipping, intraoceanic subduction of the proto-Caribbean oceanic
crust below the plateau, and related island-arc calc-alkaline magmatism, today
preserved in the Dutch–Venezuelan Islands and Aves–Lesser Antilles. At that
time, the terranes were already emplaced onto the South America continental
margin. Northward, the dextral strike-slip tectonics of the Caribbean southern
margin increasingly involved the southern part of the magmatic arc, which
gradually became inactive and underwent a progressive rotation clockwise. In
contrast, the Aves–Lesser Antilles were gradually bent eastward by the oblique
convergence occurring at the southern end of the magmatic arc. Since the late
Paleocene, the whole marginal belt was already completely identifiable with the
large shear zone occurring today at the transform boundary between the Carib-
bean and South American plates.

INTRODUCTION

TheCaribbean plate is an independent lithospheric
fragment located between the North and South Amer-
ican plates. The northern and southern margins of
the Caribbean plate are characterized by east-west-
trending orogenic belts, today constituted by de-
formed terranes bounded by major strike-slip shear
zones.

The evolution of the Caribbean plate margins has
been the subject of scientific debate during the last
two decades. The major disagreements currently con-
cern : (1) the origin of the Caribbean plate, (2) the
polarity of the Cretaceous subduction zones, (3) the
possibility of a subduction polarity reversal, and (4)
the paleogeography, as well as the number of mag-
matic arcs. All the proposed models are founded on
both large-scale palinspastic reconstructions based
on geophysical data and preliminary geologic and
petrological evidence not fully correlated on a large
scale.

Studies have been carried out recently (mainly in
the framework of the International Geological Cor-
relation Project (IGCP)-Project 433) in order to char-
acterize the units preserved in the belts of the

northern and southern Caribbean margins. In this
paper, the results of detailed geologic and petrolog-
ical investigations carried out at the southernmargin
of the Caribbean plate are considered. New data are
reported, alongwith those of the literature. Particular
attention is focused on the complexmagmatic, tecton-
ic, and metamorphic evolutions of the units (mainly
of the Northern Venezuela terranes), which provide
important geologic constraints for a reconstruction
of the geodynamics of the Caribbean–South America
boundary. Possible models of the evolution of the
southern margin of the Caribbean plate are thus pre-
sented in order to integrate all the available data in a
common paleotectonic reconstruction.

PLATE TECTONIC SETTING

The present-day arrangement of the Caribbean re-
gion results from a complex plate-tectonic evolution
that began in the Mesozoic. During the Late Jurassic,
in response to the Central Atlantic opening and
related rifting and drifting of the North American
(NOAM) and South American (SOAM) plates, several
spreading centres developed in a ‘‘nearmid-America’’
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position and led to the development of the proto-
Caribbean oceanic lithosphere. This hypothesis,
proposed by several authors (Dengo, 1985; Frisch
et al., 1992; Giunta, 1993; Iturralde-Vinent, 1994;
Meschede and Frisch, 1998; Giunta et al., 2002), is in
contrast with the Pacific origin model proposed by
Pindell and Barret (1990) and Pindell (1993). The
western portion of this oceanic domain subsequently
underwent thickening and evolved to an oceanic
plateau structure (B00 horizon of the Caribbean: Don-
nelly, 1975; Burke et al., 1984) as a result of different
pulses related to large-scale magmatic events occur-
ring over 91–88Ma,with local episodes also at 76 and
63 Ma (Sinton et al., 1998). In addition, starting from
the middle Cretaceous, the opening of the South
Atlantic Ocean and the related northwestwardmove-
ment of the SOAM with respect to the NOAM in-
duced convergent tectonics in the Caribbean. From
the Late Cretaceous onward, the continuous conver-
gence between the NOAM and the SOAM produced
the eastward drifting of theCaribbeanplateau, giving
rise to the development of both a stronger strike-slip
stress field (as well as further shortening) at its north-
ern and southern boundaries, and shortening and op-
posite subductions at the eastern andwesternmargins.

The present-day Caribbean plate (Figure 1) mainly
consists of a relatively undeformed central portion
(Colombia and Venezuela basins) generally consti-
tuted by thick oceanic crust (8–20 km: Edgar et al.,
1971; Case et al., 1990) overlain by flat-lying sedi-
ments (Bowland and Rosencrantz, 1988); its margins

correspond to strongly deformed belts of variable
width. In particular, the western (Central America
Isthmus) and the eastern (Lesser Antilles)margins are
represented by magmatic arcs associated with active
convergent systems, in which the Caribbean litho-
sphere is thrust over the Pacific and Atlantic oceanic
lithospheres, respectively. In turn, the northern (Gua-
temalan Motagua Belt and Greater Antilles) and
southern (NorthernVenezuelanCordilleras)margins
are affected by active strike-slip tectonics character-
ized bywest-east-trending shear zones dismembering
narrow orogenic belts, as well as by suture zones gen-
erated during the Cretaceous–early Tertiary conver-
gent tectonic phases.

The peri-Caribbeanmarginal belts are the result of
complex interaction between several first-order geo-
tectonic elements, characterizedbydifferent tectono-
magmatic features and originated in different paleo-
domains. These geotectonic elements of the Carib-
bean region are (Giunta et al., 2002):

! continental margins (e.g., North and South
America, and the minor blocks of Maya, Chortis,
Escambray, Cordillera de la Costa) including a
pre-Mesozoic basement that was often affected
by Jurassic–Early Cretaceous rifting episodes,
characterized by within-plate tholeiitic (WPT)
magmatism

! Jurassic–Early Cretaceous oceanic (proto-Carib-
bean) crust with mid-ocean ridge (MOR) affinity
that subsequently evolved into an oceanic pla-
teau structure with related ocean island basalts
(OIB) during the Cretaceous

! Cretaceous intraoceanic and/or subcontinental
subduction systems, in which both oceanic and
continental crustal units were deeply involved,
undergoing high-pressure/low-temperature (HP-
LT) metamorphism

! middle and Late Cretaceous magmatism with
island arc tholeiitic (IAT) and/or calc-alkaline
affinities

! foredeep basins developed since the latest Creta-
ceous onto both the NOAM and SOAM margins

THE SOUTHERN MARGIN OF THE
CARIBBEAN PLATE

Northern Venezuela mainly represents the south-
ern margin of the Caribbean plate (Figures 2 and 3)
with the exception of its southwesternmost corner,
which was probably connected to the ophiolitic belt
of Ecuador and Colombia (i.e., Romeral); this latter

Figure 1. Tectonic sketch of the Caribbean plate. Arrows
indicate the prevalent directions of the plate movements.
The main active tectonic features are also shown: (1)
trenches and subduction zones; (2) frontal thrusts;
(3) Tertiary accretionary prism; (4) strike-slip faults;
(5) extensional faults.
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peculiar region corresponds to the northern end of
the Andes in the present day. The plate boundary,
which extends from the Barquisimeto depression to
the Trinidad and Tobago Islands (Bellizzia, 1986;
Bellizzia and Dengo, 1990), represents an important
geodynamic linkage zone between two convergent
margins with opposite subduction directions, since it
links the Merida Andes with the Lesser Antilles vol-
canic arc.

The southern boundary of the Caribbean plate
corresponds to an elongated belt (1000 km long and

350 kmwide), mainly cropping out in the Dutch and
Venezuelan Antilles and in the Northern Venezuelan
Cordilleras, and interposed between the Cretaceous
oceanic plateau of the Venezuelan basin (Caribbean
plate) and the SOAM continental plate. In particular,
it is delimited offshore to the north by the Neogene
north-verging accretionary prism of the Curaçao
Ridge (Stephan et al., 1986); to the south, it either
overthrusts the Piemontine foredeep of the SOAM
foreland, or it is directly in contact with the SOAM
foreland by transpressional faults.

Figure 2. Geologic sketch map of the southern margin of the Caribbean Plate (modified after Giunta et al., 1997). (1)
Volcanic arcs of the Aves–Lesser Antilles system. (2) Tertiary siliciclastic deposits. Dutch–Venezuelan Islands terranes
(DV-t): (3) Cretaceous thickened oceanic crust and scattered sedimentary covers intruded by Late Cretaceous calc-
alkaline magmatism. Margarita Island terrane(MI-t): (4) subcontinental mantle peridotites, layered gabbros, and
doleritic dykes with WPT affinity (La Rinconada unit, RI); (5) Paleozoic orthogeneiss, paragneiss, and schists (Juan Griego
unit, JG). Cordillera de la Costa terrane (CdC-t): (6) Late Jurassic–Early Cretaceous HP-LT MORB ophiolitic units
(Franja Costera group, FC); (7) Precambrian-Paleozoic orthogneiss, Late Jurassic–Cretaceous paragneiss, marbles, and
schists (Cordillera de la Costa group, CC). Serrania del Interior terrane (SI-t): (8) sub-continental mantle peridotites,
layered gabbros, pre-Mesozoic high-grade gneiss, Cretaceous volcano-sedimentary metasequence with WPT affinity
(Caucagua–El Tinaco unit, TT); ( 9) Late Jurassic–Early Cretaceous MORB ophiolites and related sedimentary covers
(Loma de Hierro unit, LH); (10) middle Cretaceous HP-LT island-arc sequences with IAT affinity (Villa de Cura unit, VC);
(11) middle Cretaceous island-arc volcanics with IAT affinity (Dos Hermanas unit, DH). South America plate (SOAM):
(12) Late Cretaceous–Paleocene terrigenous flysch sequences (Piemontine Nappe, P); (13) pre-Mesozoic continental
crystalline basement and Mesozoic sedimentary covers (Guayana shield). Symbols: (14) strike-slip fault; (15) thrust; (16)
active trench and frontal thrust; (17) lines of cross sections represented in Figure 3.
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This marginal belt consists of several units derived
from the previouslymentioned geodynamic elements
(see Plate Tectonic Setting) that have been irregularly
juxtaposed and/or overthrust since the Late Creta-
ceous, as well as progressively displaced by ductile to
brittle deformation (Beck, 1986; Bellizzia, 1986;
Ostos, 1990). The west-east dextral simple-shear re-
gime affecting the southern Caribbean margin has
developed first-order strike-slip faults (e.g., Oca, San
Sebastian, La Victoria, El Pilar) and associated con-
jugate synthetic (e.g., Tacata, Charallave) and subor-
dinate antithetic faults (Audemard and Singer, 1996).
The Northern Venezuela belt has thus been dismem-
bered in separate blocks that are typically bounded
by strike-slip faults and rotated clockwise, especially
along restraining zones delimited by high-angle net-
slip faults thatrepresent inverted thrust faults of ear-
lier deformational phases.

Relics of different geotectonic elements today are
scattered as fault-bounded crustal blocks, each show-
ing an internal structural and tectonic homogeneity.

Among different crustal blocks, normal facies or tec-
tonic changes cannot explain the discontinuities of
the stratigraphic, structural, and metamorphic fea-
tures of the geotectonic elements.

Similar associations of different crustal blocks in
the Cordillera belt of North America have been re-
garded by Coney et al. (1980) as ‘‘displaced terranes.’’
Similarly, four main terranes have been identified in
the southernmargin of theCaribbean Plate (Figures 2
and 3): (1) Dutch–Venezuelan Islands, (2) Margarita,
(3) Cordillera de laCosta, and (4) Serrania del Interior.

Dutch–Venezuelan Islands Terrane (DV-t)

The DV-t is exposed in the east-west-trending
alignment of the Dutch Antilles, Venezuelan Islands,
and Tobago Island between the Curaçao Ridge to the
north and the Margarita Island terrane to the south.
It seems to be bordered by high-angle strike-slip fault
systems that display a positive flower structure.

The DV-t is represented mainly by a thick (more
than 5 km) volcanic sequence consisting of pillow

Figure 3. Cross sections showing themain tectonic features of the southern margin of the Caribbean plate. See Figure 2
for legend.
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and subordinated massive basalts and dolerites pass-
ing upward to vulcanoclastics (e.g., Cretaceous Aruba
and Curaçao Lava Formations) (Sinton et al., 1998;
White et al., 1999). These volcanic rocks are covered
by scattered radiolarites and cherty limestones (e.g.,
Late Cretaceous Knip Group in Curaçao Island) and,
finally, by terrigenous deposits (e.g., Paleocene Mid-
den Curaçao Formation in Curaçao Island).

The whole basic sequence shows geochemical
characteristics quite similar to those of the basalts
of theVenezuela Basin, and generally is considered to
be part of the Caribbean oceanic plateau generated
between 91–88 Ma (Kerr et al., 1996; Giunta et al.,
1997; Sinton et al., 1998; White et al., 1999).

The oceanic plateau basement of the DV-t is com-
monly sheared and, in places, subdivided in different
tectonic units (e.g., Los Roques Island).

In addition, almost undeformed tonalitic (e.g., in
Aruba Island) and quartz-dioritic to granitic (e.g., in
Gran Roche Island) intrusions crosscut the oceanic
plateau sequence of theDV-t. Thismagmatism shows
calc-alkaline geochemical affinity (Beets et al., 1984;
Stephan et al., 1990; Sinton et al., 1998; White et al.,
1999) of a possible island-arc origin and has been
dated at 85–82 Ma in Aruba (White et al., 1999). The
Washikemba Formation of Bonaire Island (basalt-
andesites to rhyolites and related Cretaceous pelagic
or volcanoclastics covers) shows IAT geochemical af-
finity (Jackson and Robinson, 1994). Moreover, in
Tobago Island (Snoke et al., 2001), at the eastern
ending of DV-t, a diorite-gabbro and tonalite plu-
tonic suite intrudes basalts and andesitic volcanic
breccias, with IAT magmatic affinity (Jackson and
Donovan, 1994).

Subordinate differences in the described general
tectonic setting of the DV-t can be observed in the
Gran Roque Island, where the oceanic plateau base-
ment thrusts over a tectonic slice composed of gab-
bros and dolerites, referred to as anunthickenedMOR
crust (Giunta et al., 2002). Twomain penetrative struc-
tures have been recognized. They developed under
amphibolite to greenschist facies conditions and are
characterized by tight to isoclinal folds and axial-
plane foliations, which trend, respectively, in north-
west-southeast and northeast-southwest directions.

The late-stage brittle deformational phase affect-
ing the DV-t is characterized by Riedel-like fault sys-
tems with synthetic northwest-southeast-trending
faults, as well as antithetic north-northeast–south-
southwest- and north-south-trending faults. An
exception is represented by the DV-t easternmost
outcrops (i.e., Tobago Island), where the main tec-

tonic directions trend northeast-southwest, almost
parallel to the Lesser Antilles volcanic arc.

In conclusion, the DV-t can be interpreted as a
fragment of oceanic crust thickened to a plateau struc-
ture that subsequently was deformed partially in an
intraoceanic subduction zone setting, and was in-
truded by the Late Cretaceous intraoceanic subduc-
tion-related calc-alkaline and IAT magmatism.

Margarita Terrane (MI-t)

From a structural point of view, Margarita Island
can be interpreted as a tectonically separate terrane,
being detached from the Dutch–Venezuelan Islands
(to the north) and the Cordillera de la Costa (to the
south) terranes by two high-angle, east-west-trending
dextral strike-slip faults.Margarita Island is composed
principally of twomain outcrops (Macanao and Para-
guachoa) ofmetamorphic rocks (Margarita Complex:
Stockhert et al., 1995), locally overlain by Eocene
unmetamorphosed sedimentary rocks.

The Margarita Complex is represented by several
deformed sheets ascribed to three main tectonic
units (the Juan Griego Group, Los Robles, La Rincon-
ada). The stratigraphic relationships between these
three units have been the subject of several different
reconstructions (Navarro, 1974, 1997; Maresch, 1975;
Maresch et al., 2000). In general, the present-day
structure of the Margarita Complex may be ascribed
to an antiformal stack of tectonic units. It includes at
its core the JuanGriego unit (JG), enveloped by the La
Rinconada (RI) unit. The Los Robles (LR) unit seems
discontinuously associated with the other units or
overthrust by the RI. In the Paraguachoa Peninsula,
large sheets of RI mantle peridotites (La Sierra–Cerro
Matasiete sheets) overthrust both the JG and the RI
units.

The JG unit is represented by quartz-feldspar-rich
schist, as well as ortho- and paragneisses; a green-
schist facies overprint is widespread generally, al-
though eclogitic boudins and lenses commonly
occur. U/Pb radiometric dating on zircons from the
JG orthogneisses yield an age of 315 ± 35 Ma (Stock-
hert et al., 1993), suggesting that the JG unit rep-
resents a continental lithospheric fragment that in-
cludes an older Palaeozoic basement and its related
cover.

The RI unit mainly consists of HP-LT amphibolites
and eclogites derived from gabbroic cumulates and
doleritic dykes (in places intruded in the JG group:
Giunta et al., 1997; 2002), and meta-ultrabasites
made of harzburgitic, dunitic, and clinopyroxenitic
protoliths.
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MORB affinities recognized for the basic lithotypes
(Mottana et al., 1984; Bocchio et al., 1990) commonly
have induced authors to consider the RI unit as a
fragment of the proto-Caribbean oceanic lithosphere.
By contrast, strong geochemical and petrographic
similarities between the RI and Tinaquillo mafic-
ultramafic subcontinental sequences in the Serrania
del Interior terrane have been documented recently
(Giunta et al., 1997, 2002). The RI unit is likely a frag-
ment of subcontinental mantle and related crust,
representing a rifted continental margin that proba-
bly is relateddirectly to the JGcontinental lithosphere.

Despite these different interpretations, similar max-
imum pressures (between 10 and 19 kb) and simlar
temperature conditions (in the range 450–6508C)
have been estimated for both the JG and RI eclogites
(Maresch and Abraham, 1980; Bocchio et al., 1996),
indicating that these two units must already have
been juxtaposed in the deep structural level of the
accretionary complex (Stockhert et al., 1995). By con-
trast, only low-grade phyllites, schists, and marbles
constitute the LR unit; the lack of evidence for HP-
LT metamorphism in this unit testifies that it was
coupled with the other HP-LT units after the accre-
tionary event, probably during their exhumation.

Instead, HP-LT assemblages have been found in
magmatic rocks (the Matasiete meta-trondhjemite
and Guayacàn orthogneiss) that intrude both the
JG and RI units. These two lithotypes share similar
geochemical features, suggesting a common mag-
matic origin, probably as differentiates of the RI cu-
mulates (Giunta et al., 1997); magmatic ages of 114–
105 Ma have been obtained for the Matasiete meta-
trondhjemite (U-Pbmethod on zircons: Stockhert et al.,
1993).

According to Stockhert et al. (1995), the Margarita
Complex underwent, after the HP-LT events, cooling
below 4008C at about 90–80 Ma (Avé Lallemant and
Sisson, 1993; Stockhert and al., 1993). At about 55–
50 Ma, the whole subduction complex of the MI-t
cooled below 3008C. In addition, radiometric ages
(86 Ma, U-Pb method on zircons: Stockhert et al.,
1993) are available for the calc-alkaline arc-related El
Salado granites that intruded the RI unit, which were
previouslymetamorphosed under HP-LT conditions.
The transition from the former ductile regime under
greenschist facies conditions to brittle deformation
and normal faulting indicates the final exhumation
at a shallow crustal level. Finally, the complex was
unconformably overlain by sediments starting in the
Eocene. Basaltic to andesitic dykes intruded (between
52 and 47 Ma) the MI-t along fractures generated in

an east-northeast/west-southwest- trending exten-
sional setting.

In conclusion, the MI-t could be interpreted as a
rifted continental margin accreted at the deep levels
of amiddle Cretaceous subduction system and intrud-
ed by calc-alkaline plutons and dykes both during
and after exhumation.

Cordillera de la Costa Terrane (CdC-t)

The CdC-t crops out along the Northern Vene-
zuela coast and is bounded by dextral strike-slip fault
systems: westward by the San Sebastian fault to the
north and the La Victoria fault to the south; and
eastward by the extension of the San Sebastian fault
to the north and the El Pilar fault to the south of the
Araya-Paria peninsulas. The tectonic setting of this
terrane is represented by a narrow, elongated meta-
morphic belt (probably related to uplift along a re-
straining zone),where low-grade rocks of continental
origin (Cordillera de la Costa group) are overlain,
mainly to the north, by slices of HP-LT ophiolites
(Franja Costera group).

In the Cordillera de la Costa group (CC), ortho-
gneisses (Sebastopol complex) of Precambrian-Paleozoic
age (Pimentel et al., 1985) represent the basement of
a sedimentary metasequence (Caracas complex) that
includes four different units characterized by para-
gneisses, marbles, and micaschists of Late Jurassic to
Cretaceous age. On the whole, these complexes are
interpreted as continental margin basement and re-
lated sedimentary cover that underwent deformation
associated with greenschist facies metamorphism
(Ostos, 1990). The only available radiometric dating
for the Cordillera de la Costa group (Ostos, 1990) is
represented by slightly reliable metamorphic ages
(varying from 79 to 30 Ma) obtained by the K-Ar age
method. In addition, fission tracks on apatite indi-
cate ages ranging from 24 to 16 Ma.

The Franja Costera group (FC) consists of twomain
units, known as the Tacagua and Nirgua units. Al-
though the Tacagua unit is strongly tectonized, a
complete sequence (consisting of metaperidotites,
metagabbro, and metabasalt covered by a monoto-
nous sequence of calc-schist) can be reconstructed.
The Nirgua unit, in turn, displays a more deformed
and metamorphosed ophiolitic sequence, represent-
ed mainly by ultrabasic eclogite facies and basic
boudins in a sequence of marbles interfingering with
paragneisses and calc-schists. These sequences com-
monly are interpreted as oceanic fragments, as also
suggested by the MOR magmatic affinities of the
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basic lithotypes (Beccaluva et al., 1996; Giunta et al.,
1997, 1998).

TheNirgua unit is characterizedmainly by relics of
barroisite- and garnet-bearing eclogites, indicating
about 1800–2200 MPa pressure and 5008–7008C
temperature conditions (Sisson et al., 1997). Eclogitic
rocks, which record the occurrence of a first HP-LT
tectono-metamorphic phase (D1), occur as boudins
in a foliated matrix. This main foliation (S2) de-
veloped under the epidote-amphibolite facies meta-
morphic conditions during the seconddeformational
phase (D2). East-west-trending mineral and stretch-
ing lineations, as well as rootless isoclinal folds, are
associated with the S2 foliation. The S2 foliation is,
in turn, deformed by closed-to-isoclinal, overturned
folds (F3) characterized by a well-developed crenula-
tion cleavage, which is represented by a greenschist
facies subhorizontal foliation (S3).

Radiometric ages from the FC are scarce. An age of
84.5 ± 0.2 Ma (40Ar/39Ar method) for the epidote-
amphibolite rocks in the Nirgua unit (D2 phase) has
been provided by Avé Lallemant (1997). In addition,
40Ar/39Ar dating on white micas (Smith et al., 1999)
point out a 35–37 Ma age for the greenschist facies
tectono-metamorphic phase (D3). Fission tracks on
zircons and apatite indicate ages, respectively, of 20
and 15 Ma (Sisson and Avé Lallemant, 1999) that are
related to different steps of the exhumation process.
The Tacagua unit shows a similar deformation his-
tory, probably acquired in the same geodynamic
setting, but it seems affected only by blueschist facies
metamorphism. The metamorphic evolution of the
two FC units probably is related to different depths of
accretion in the subduction zone complex.

Structural evidence suggests that the Tacagua and
Nirgua units, as well as the whole FC and CC, were
coupled between the D2 and D3 phases (i.e., during
exhumation), because the tectonic contacts between
them were refolded during the D3 phase. Typical
‘‘Alpine-type’’ (Ernst, 1988) retrogradepathshavebeen
recognized for the whole CdC-t, suggesting that ex-
humation probably occurred after the subduction was
shut off, in a collisional setting (Sisson et al., 1997).

In conclusion, the CdC-t seems to correspond to a
subduction complex in which both oceanic and
continental slices had been accreted at different
crustal depths. The CC represented a continental
margin during theCretaceous; the FC assemblage has
been compared by Beccaluva et al. (1996) and Giunta
et al. (1997) to a type of melange with ophiolitic
blocks such as those of the Northern Franciscan belt.
The oceanic units experienced the climax of HP-LT

metamorphism before the Santonian, followed by a
long-lasting exhumation history. The exhumation of
the FC group began in the Late Cretaceous, when the
subduction already was terminated (Sisson et al.,
1997; Smith et al., 1999). From the Paleocene onward,
the FC and CC groups experienced the same evo-
lution as a consequence of their tectonic coupling.

Serrania del Interior Terrane (SI-t)

The SI-t represents a 250-km-long, east-west-
trending belt cropping out as a thrust synform. To
the north, it is separated from the CdC-t by the La
Victoria fault zone; to the west, it rests on the CdC-t
along the Maurique thrusts; to the south, it over-
thrusts the Late Cretaceous–Paleocene sedimentary
sequences of the SOAM (Piemontine Nappe). Paleo-
magnetic data (Skerlec and Hargraves, 1980) indicate
that the entire terrane underwent a 908 clockwise ro-
tation from an original north-south trend; this rota-
tion probably occurred between about 95Ma and the
early Paleocene emplacement onto the SOAM (Beets
et al., 1984) in response to the transpressional tec-
tonics related to the southern Caribbean boundary.

In the SI-t, several main tectonic units cor-
responding to different geotectonic elements have
been recognized (Beccaluva et al., 1996). These units
generally are separated by high-angle, southward-
dipping thrusts, which were partially obliterated or
reactivated by later-stage faults. They are (from north
to south) the Caucagua–El Tinaco, Loma de Hierro,
Villa de Cura, and Dos Hermanas units.

The Caucagua–El Tinaco (TT) unitmainly consists
of wide tectonic sheets of foliated and recrystallized
gabbroic cumulates and mantle peridotites, which
were intrudedor interlayeredwithvarious felsic,mafic,
and ultramafic rocks (Tinaquillo complex) that over-
thrust high-grade gneisses (the La Aguadita ortho-
gneisses of the El Tinaco complex). According to Seyler
et al. (1998), the Tinaquillo complex was originally
emplaced at the base of the El Tinaco complex, which,
in turn, is overlain by a volcano-sedimentary meta-
sequence (Cretaceous Tucutumeno Formation), in-
cluding basaltic pillow lavas (Los Naranjos member)
and gabbroic breccias (Sabana Larga member).

Both the tectono-metamorphic evolution recon-
structed in the Tinaquillo and El-Tinaco complexes,
commonly regarded as a subcontinental lower crust–
upper mantle fragment (Seyler et al., 1998), and the
WPT magmatic affinity of the overlaying volcanic
rocks (Giunta et al., 1997; 2002) suggest that the TT
unit originated during rifting of a continental mar-
gin. Geochronologic and thermobarometric data

Geological Constraints for the Geodynamic Evolution of the Southern Margin of the Caribbean Plate / 111



(Seyler et al., 1998) indicate that the continental
lithospheric thinning (from about 40 km to 22 km)
began between 150 and 125Ma (U-Pb zircon dating),
whereas the breakup and related passive-margin for-
mation probably occurred between 125 Ma and 90–
87 Ma. Subsequently, the TT was involved in the
tectonogenesis of the Northern Venezuela belts; the
emplacement of the TT unit in the SI-t was accom-
panied by low greenschist facies metamorphism, as
well as by thrusting and faulting.

The Loma de Hierro (LH) unit outcrops in a tec-
tonic contact with the TT unit along a high-angle
strike-slip fault (Santa Rosa fault system) or, in places,
overthrusts it. The reconstructed stratigraphic se-
quence of the LH (Beck, 1978; Bartock et al., 1985;
Beck, 1986) consists ofMiddle–Late Jurassic ophiolit-
ic basement rocks (serpentinized mantle peridotites
and gabbroic cumulates) covered by: Late Jurassic–
Early Cretaceous basaltic flows intercalated in silicic
limestones and cherts (Capas del Rio Guare Forma-
tion); middle–Late Cretaceous basalts and dolerites,
crosscut by gabbroic dykes (Tiara Formation); and a
Late Cretaceous sequence of shale, sandstone, lime-
stone, and subordinate conglomerate and volcano-
clastic siltstone (Paracotos Formation). The lithostrat-
igraphic and petrologic features clearly indicate that
the LH unit represents a lithospheric fragment gen-
erated in a mid-ocean-ridge setting (Girard et al.,
1982; Loubet et al., 1985; Donnelly et al., 1990; Bec-
caluva et al., 1996; Giunta et al., 1997).

The LH unit records two main phases of orogenic
deformation. The first is characterized by greenschist
facies foliation that generally shows a southward dip
coherent with the regional structure of the SI-t; the
second is represented by a crenulation cleavage de-
veloped only in the less-competent lithotypes.

The Villa de Cura (VC) unit overthrusts the LH
unit along the Agua Fria fault; it consists mainly of
metavolcanic sequences ranging in composition
from basalts to rhyolites that are affected by defor-
mations developed under blueschist facies metamor-
phic conditions. These sequences rest uponwehrlite-
clinopyroxenite cumulates and serpentinizedmantle
peridotites (Chacao complex). In places (Morros de
San Juan), the VC is unconformably covered by Late
Cretaceous reefal limestones. Petrologic and litho-
stratigraphic data indicate that the VC lavas originat-
ed in a suprasubduction zone setting as a primitive
island-arc or back-arc environment (Donnelly and
Rogers, 1978, 1980; Navarro, 1983; Beets et al., 1984).
The ages of the magmatic protoliths are interpreted
variably as middle Cretaceous (Maresch, 1974; Beets

et al., 1984; Loubet et al., 1985; Pindell, 1993) or be-
fore (Smith et al., 1999), andCampanian (Burke, 1988).

In the VC unit fourmain formations (i.e., El Caño,
El Chino, El Carmen, and Santa Isabel) first were rec-
ognized by Shagam (1960); subsequently, the dis-
tinction of six metamorphic zones (i.e., pumpellyite-
actinolite, lawsonite-albite, lawsonite-glaucophane,
glaucophane-epidote, barroisite, and galucophane-
barroisite) was proposed (Navarro, 1983). More re-
cently, Smith et al. (1999) reduced the VC to four
subunits that are, from north to south: pumpellyite-
actinolite, glaucophane-lawsonite, glaucophane-
epidote, and barroisite. According to these authors,
the first three subunits record metamorphic peak
conditions that gradually increased from 240–2758C
at 550 MPa to 300–3708C at 700 MPa, probably re-
flecting different depths of accretion in the subduc-
tion complex. By contrast, a more complex scenario
is suggested by the higher temperature (420–4508C)
at similar pressure conditions (700 MPa) recorded in
the barroisite belt, as well as by the partial over-
growth of sodic amphibole around the barroisitic
amphibole, which indicates that this subunit under-
went cooling without any significant decompression
(Smith et al., 1999). These particular features of the
barroisite subunit may be explained by the subduc-
tion of an anomalously hot (young?) lithosphere and
subsequent natural cooling after underplating; by
contrast, the other three subunits were subducted
later, when they already had reached the normal
geothermal gradient. The 96.3 ± 0.4 Ma age of peak
metamorphism for the barroisite subunit, with
respect to the 79.8 ± 0.4 Ma radiometric ages ob-
tained for the other subunits (Ar/Ar ages: Smith et al.,
1999), seems to support this interpretation.

Structural data suggest that the four subunits
experienced the same deformational history. Actual-
ly, all the subunits are mesoscopically characterized
by the same east-west-trending, south-dipping main
foliation that represents a composite foliation that
developed under metamorphic climax conditions
(D1 phase) and subsequently was isoclinally re-
folded, as well as recrystallized, under retrograde
greenschist facies conditions (D2phase).Mineral and
stretching lineations associated with these two
phases provide further indications. L1 downdip lin-
eations record (in present-day geographic orienta-
tions) a north-south tectonic transport during the
HP-LT phases, whereas L2 strike-slip lineations sug-
gest east-west shearing during exhumation. In this
framework, the ‘‘Franciscan-type’’ (Ernst, 1988) de-
compressional history characterizing the whole VC
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unit commonly is attributed to exhumation that
occurred during continuous subduction in an intra-
oceanic setting (Smith et al., 1999). Finally, at least one
further folding event (D3 phase) is superimposed on
the previous structures, as verified by the widespread
development of closed-to-open, south-verging folds
and axial-plane crenulation cleavages.

The Dos Hermanas (DH) unit represents the high-
est unit of the SI-t, tectonically overlying both theVC
unit to the north and the Piemontine Nappe to the
south. It consists mainly (Navarro, 1983; Bellizzia,
1986) of amore than 400-m-thick sequence of basalts
and basaltic-andesitic breccias interbedded with vol-
canic conglomerate and tuff. The whole-rock geo-
chemical characteristics and the pyroxene composi-
tions indicate island-arc tholeiite affinity, suggesting
that the DH represents part of an arc complex gen-
erated in an intraoceanic suprasubduction setting
(Navarro, 1983; Ostos, 1990; Beccaluva et al., 1996).
Available geochronologic data (Navarro, 1983; Ostos
and Navarro, 1986) indicate a middle Cretaceous age
for this magmatism.

No significant ductile deformation affected the
DH unit; by contrast, prehnite-pumpellyite and
pumpellyite-actinolite facies metamorphic assem-
blages indicating pressures of less than 400 MPa at
200–3208C (Smith et al., 1999) have been recog-
nized. Controversial K-Ar radiometric ages of 52 and
35 Ma (Beck, 1978) and 104 ± 10 Ma (Piburn, 1967)
have been obtained previously, but at present they
generally are not considered significant.

The data presented on the SI-t support a complex
geodynamic history. During the early (middle Creta-
ceous) convergent phases that affected the Jurassic–
Early Cretaceous proto-Caribbean ocean, a fragment
of oceanic lithosphere (i.e., LH), probably located near
a rifted continental margin (i.e., TT), was involved in
an intraoceanic subduction zone characterized by
the development of suprasubduction/IAT magma-
tism (VC and DH). From the middle Cretaceous, por-
tions of the suprasubduction zone became involved
in the subduction and underwent varying degrees of
HP-LT metamorphism in relation to the P-T condi-
tions at the depth of accretion. Subsequently, the
deformation that accompanied the initial stage of
exhumation of the HP-LT rocks started to affect the
whole system, resulting in coupling between the dif-
ferent units. Finally, the strike-slip tectonics of the
Caribbean-SOAM plate boundary, probably already
active at the beginning of the exhumation, caused
the rotation of the terrane and its emplacement onto
the SOAM continental margin.

CONSTRAINTS FOR A GEODYNAMIC MODEL

The records of a complex and long-livedmagmatic-
tectono-metamorphic evolution preserved in the
deformed terranes of the southern margin of the
Caribbean plate have been reviewed in the previous
section, as well as summarized in Figure 4. These
geodynamic features are critically analyzed below,
since they provide important geologic constraints
that are useful for a detailed reconstruction of the
evolution of the southern Caribbean.

Geotectonic Elements

In the terranes of the southern Caribbean margin,
different geotectonic elements have been recognized
(Giunta et al., 1997): (1) continental lithospheres
(CC and JG units); (2) rifted continental margins (TT
and RI units); (3) oceanic lithospheres characterized
by basalts showing bothMORB (LH and FCunits) and
OIB (DV-t substratum)magmatic affinities; (4) supra-
subduction and island-arc systems (middle Creta-
ceous VC and DH units; DV-t Late Cretaceous mag-
matism); and (5) deep subduction zones (HP-LT
assemblages in the FC, VC, RI, and JG units).

Regional Correlations

Regional correlations, suggested by the occurrence
of similar geotectonic features, allow us to define the
original paleogeographic domains of the main ter-
ranes of the southern Caribbean margin.

! The JG continental group in the MI-t generally
is considered analogous to the CC unit in the
CdC-t (e.g., Bellizzia and Dengo, 1990).

! An equivalent of the mafic-ultramafic complex
of the TT unit (SI-t) has been recognized in the
RI unit of the MI-t (Giunta et al., 1997, 2002).

! The calc-alkaline El Salado granites and related
dykes that intruded the RI unit (MI-t) are com-
parable to the Late Cretaceous calc-alkaline mag-
matic activity recorded in the DV-t (Beets et al.,
1984; Stockhert et al., 1993; 1995; Giunta et al.
1997).

! The MORB ophiolitic units of the LH (SI-t) and
FC (CdC-t), despite different degrees of orogenic
tectono-metamorphic imprinting, probably rep-
resent remnants of the same oceanic lithosphere.

Double-arc Magmatism

The occurrence of Cretaceous island-arcmagmatic
activity at the southern margin of the Caribbean
plate is recorded in the DV-t, MI-t, and SI-t. None
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theless, 85–82 Ma and 86 Ma radiometric ages have
been obtained, respectively, for the Aruba intrusions
in the DV-t (White et al., 1999) and the El Salado
granites in the MI-t (Stockhert et al., 1993), whereas
the VC suprasubduction complex of the SI-t already
was undergoing HP-LT metamorphism from 96.3 ±
0.4 Ma (Smith et al., 1999).

These data indicate that the DV-t and MI-t calc-
alkaline magmatism is significantly younger than
the SI-t IAT magmatism. The data also suggest the
presence of two distinct intraoceanic volcanic arc
systems: first, a middle Cretaceous magmatic arc
(e.g., VC and DH units in the SI-t) developed before
96 Ma; and second, a Late Cretaceous magmatic arc
(e.g., in the DV-t and MI-t) was present from 86 Ma.

Early Convergence

The oldest available radiometric age for the HP-LT
metamorphic peak of the Northern Venezuela ter-
ranes is 96.3 ± 0.4 Ma (Smith et al., 1999), obtained
from the VC unit. Given that the VC most likely was
generated in a suprasubduction setting, this radio-
metric age constrains the beginning of subduction as
being older than this HP-LT event. The peak of the
HP-LT metamorphism that affected the MI-t proba-
bly is younger than 114–105 Ma, which represents
the age of the magmatic crystallization of the Mata-
siete meta-trondhjemite (Stockhert et al., 1993). In
addition, a time span of about 11–16 Ma, during
which the subduction continued, is suggested by the
other (younger) radiometric ages reported for the
peak conditions (e.g., 79.8 ± 0.4: Smith et al., 1999),
aswell as the oldest radiometric ages of the retrograde
conditions (84.5 ± 0.2 Ma: Avé Lallement, 1997).

On the whole, the available data suggest a middle
Cretaceous age for the beginning of the convergence
in the southern Caribbean realm.

Subduction Settings

TheMI-t, CdC-t, and SI-t contain HP-LT relics that
testify to the occurrence of well-developed subduc-
tion complexes. The lack of evidence for suprasub-
duction magmatism in the MI-t and CdC-t, with
respect to the development of an island-arc system in
the SI-t, suggests that the terranes have been involved
in different middle Cretaceous subduction settings.

Several independent lines of geologic evidence
clearly indicate that the VC and DH units (SI-t) de-
veloped in an intraoceanic subduction zone envi-
ronment, whereas the subduction complex of the

MI-t and the CdC-t probably developed in a subcon-
tinental setting.

HP-LT Assemblages in Both Oceanic and
Continental Lithospheres

The widespread occurrence of blueschist and ec-
logitic assemblages in the terranes of the southern
margin of the Caribbean plate requires a geodynamic
model where both oceanic and continental litho-
spheres have been subducted at least partially while
undergoing HP-LT metamorphism. Development of
HP-LT conditions in MORB-type units (e.g., FC units
of CdC-t) is commonly related to the subduction of
dense oceanic lithosphere in either subcontinental
or intraoceanic settings. The metamorphism of units
that represent remnants of continental margin (e.g.,
CC-JG and TT-RI units) requires more complex sub-
ductionmechanisms (e.g., continental collision, tec-
tonic erosion) that include underthrusting of
thinned continental crust.

Atypical Evolution of the Early Volcanic Arc

The VC and DH units in the SI-t represent an early
island-arc system involved in the development of the
southern Caribbean margin. In general, rocks gener-
ated in suprasubduction zone settings tend to be
obducted onto the continentalmargins, escaping the
involvement in the deep part of the subduction com-
plex. High-temperature metamorphism often devel-
ops in a narrow zone (i.e., the amphibolitic sole)
below the obducting, relatively hot slab. The DHunit
most likely experienced a similar evolution to this
mechanism,whereas theVCunitwas deeply subducted
and affected by blueschist facies metamorphism.

An unusual geodynamic evolution must be sup-
posed, since the VC unit did not experience the typ-
ical evolution of an intraoceanic suprasubduction
system. Reversals in the lithospheric sinking, as pro-
posed by Smith et al. (1999), generally require the
presence of a geodynamic element that acted as a
stopper for the previous subduction complex. None-
theless, a simpler solution that maintains the same
dip direction may be involved, as evidenced by the
consumption of the edge of the overriding plate
through progressive landward shifting of the con-
vergence (i.e., tectonic erosion).

Distribution of the Second-arc Magmatism

The Late Cretaceous Caribbean calc-alkaline mag-
matic arc, as seen on the northern margin of the
Caribbean plate (e.g., Cuba, Hispaniola, and Puerto
Rico), probably can be attributed to the westward

114 / Giunta et al.



Geological Constraints for the Geodynamic Evolution of the Southern Margin of the Caribbean Plate / 115



subduction of the proto-Caribbean/Atlantic oceanic
lithospere, and be diachronously connected to the
Aves–Lesser Antilles arc system (e.g., Burke, 1988;
Lewis and Draper, 1990; Meschede and Frisch, 1998;
Beccaluva et al., 1999; Giunta et al., 2002). On the
southern margin, the calc-alkaline magmatism is in-
truded in the poorly deformed oceanic plateau of the
DV-t, as well as in the HP-LT metamorphic complex
of the MI-t, whereas no younger calc-alkaline mag-
matism is recorded in the deformedunits of the CdC-t
and SI-t. This implies that, at 86 Ma, the CdC-t and
SI-t were still geodynamically disconnected from the
active subduction setting, which involved both the
DV-t and the MI-t. Subsequently, the MI-t and DV-t
also became independent and were later juxtaposed
to the other terranes.

Differences in Retrograde Evolutions

Apparent contrasts in the P-T histories have been
recognized for the HP-LT metamorphic units of the
Venezuelan terranes (Sisson et al., 1997). These dif-
ferences probably indicate that the converging
zones, in which the HP-LT units of the southern
Caribbean evolved during the middle Cretaceous,
were subdivided into different sectors that were char-
acterized by different tectonic settings.

Actually, the MI-t and CdC-t eclogites and blue-
schists followed an ‘‘Alpine-type’’ retrograde P-T tra-
jectory, suggesting that the shutoff of the subduction
occurred before the beginning of exhumation. In con-
trast, the VC blueschists (SI-t) show a ‘‘Franciscan-
type’’ P-T path, which commonly characterizes de-
compression in intraoceanic settings during still ac-
tive subduction processes.

Strike-slip Exhumation

Complex decompressional paths, from the Cam-
panian onward, are recorded in the MI-t, CdC-t, and
SI-t (Sisson et al., 1997; Stockhert et al., 1995; Smith
et al., 1999). Various deformation phases developed
under P-T retrograde conditions during exhumation.
In this framework, the beginning of exhumation
(referable to the second D2 tectono-metamorphic
event) was characterized by a well-developed folia-
tion showing mineral and stretching lineations, as
well as transected folds. The current east-west trend

of the L2 lineations suggests that displacement dur-
ing the early stage of exhumation was nearly per-
pendicular to the subduction direction (character-
ized by almost north-south-trending L1 lineations),
as well as roughly parallel to the Caribbean-SOAM
plate boundary.

According to Avé Lallement (1997), these struc-
tural features can be explained by an exhumation
dominated by strike-slip tectonics. Moreover, they
provide further support to the hypothesis that strike-
slip tectonics largely have ruled the geodynamic
evolution of the southern Caribbean boundary,
controlling its tectonic evolution since at least the
beginning of exhumation of the HP-LT units in the
middle Cretaceous.

Reworking of VC and DH Blocks in the
Piemontine Sequence

ThePiemontineNappe (Beck, 1978; Bellizzia, 1986;
Bellizzia and Dengo, 1990) represents the south-
vergent foreland thrust belt that developed during
the early Tertiary. To the south, it is emplaced onto
the Guayana shield (SOAM plate), whereas to the
north, it is overthrust by the SI-t. The Piemontine
sequence is characterized (Bellizzia, 1986) by Late
Cretaceous terrigenous deposits with pelagic and
hemipelagic intercalations, followed by thick, coarse
Paleocene turbidites. In the lowest siliciclastic depos-
its of the Piemontine sequence (Late Cretaceous Gar-
rapata Formation), variably sized pebbles of magmat-
ic and metamorphic rocks derived from both the DH
and VC units can be found.

This occurrence testifies to a tectono-sedimentary
coupling between the VC and DH units (SI-t) and the
Piemontine basin and also suggests that the VC unit
had been completely exhumed since the latest Cre-
taceous, and that the SI-t was thrusting over the
SOAM continental margin.

TENTATIVE MODELS: A DISCUSSION

In the various plate-tectonic reconstructions pro-
posed for the Caribbean (e.g., Burke, 1988; Pindell
et al., 1988; Ross and Scotese, 1988; Morris et al.,
1990; Pindell, 1993; Stockhert et al., 1995; Meschede
and Frisch, 1998; Giunta et al., 2002), there is general

Figure 4. Summary of the main magmatic, sedimentary, metamorphic, and deformational events recorded in the
terranes of the southern Caribbean margin. RI = La Rinconada unit; JG = Juan Griego unit; LR = Los Robles unit; FC =
Franja Costera group; CC = Cordillera de la Costa group; TT = Caucagua–El Tinaco unit; LH = Loma de Hierro unit;
VC = Villa de Cura unit; DH = Dos Hermanas unit.
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agreement that the evolution of the boundary be-
tween the Caribbean plate and the SOAM was dom-
inated, starting from the latest Cretaceous, by de-
velopment of a large transform zone caused by the
relatively eastward motion of the Caribbean plateau
(Meschede and Frisch, 1998; Sinton et al., 1998;
Giunta et al., 2002).

The terranes of the southern Caribbean were pro-
gressively rotated clockwise (Skerlec and Hargraves,
1980; Burmester et al., 1996), thrust onto the SOAM,
juxtaposed to one another, and finally displaced by
the east-west-trending dextral strike-slip system. In
addition, from the Late Cretaceous, the eastward
drifting of the Caribbean plateau was associated with
the development of an approximately north-south-
trending intraoceanic subduction zone, which was
characterized by both the west-southwest-dipping
subduction of the proto-Caribbean/Atlantic, un-
thickened, oceanic crust below the plateau, and the
relatedwell-developed, calc-alkaline, arcmagmatism
(Beets et al., 1984; Sinton et al., 1998; White et al.,
1999; Beccaluva et al., 1999; Giunta et al., 2002).
The distribution of this calc-alkaline magmatism re-
cords the progressive eastward motion of the plate;
Late Cretaceous granitoids crop out in the Dutch-
Venezuelan Islands (White et al., 1999) and in the
Aves Ridge (Holcombe et al., 1990), suggesting that
they belonged at that time to the same arc system.
Subsequently (latest Cretaceous-Paleocene), the dex-
tral strike-slip tectonics at the Caribbean and SOAM
plate boundary increasingly involved the southern
part of the arc (Dutch-Venezuelan Islands), which
gradually become inactive and progressively under-
went both clockwise rotation (Burmester et al., 1996)
and east-west displacement. By contrast, the Aves–
Lesser Antilles arcs continued to migrate eastward to
their present-day position and increased their east-
ward bend as a result of the oblique convergence
imposed at the end of the arc (Giunta et al., 2002).
Finally, during the Neogene, further approach be-
tween the NOAM, SOAM, and Caribbean plate pro-
duced the north-verging accretionary prism of the
Curaçao Ridge (Stephan et al., 1986), resulting in
northward, high-angle overthrusting of the whole
deformed Venezuelan belt onto the oceanic plateau
of the Colombia-Venezuela basins.

Major controversy arises regarding the Middle
Jurassic–Early Cretaceous geodynamic reconstruc-
tion, since two different hypotheses exist on the
origin of the Caribbean lithosphere. The ‘‘Pacific
origin’’ model (e.g., Burke et al., 1978, 1984; Ross and
Scotese, 1988; Burke, 1988; Pindell et al., 1988; Pin-

dell and Barrett, 1990; Stephan et al., 1990; Ostos,
1990; Pindell, 1993) infers that the Caribbean ocean-
ic crust was generated as part of the Pacific realm and
subsequently was inserted between the NOAM and
SOAM. The ‘‘proto-Caribbean origin’’ model (e.g.,
Sykes et al., 1982; Aubuoin et al., 1982; Frisch et al.,
1992; Giunta, 1993; Beccaluva et al., 1996, 1999;
Meschede and Frisch, 1998, Giunta et al. 2002) in-
terprets the Caribbean oceanic crust as forming in a
near mid-America position, close to the NOAM and
SOAM margins.

According to this latter interpretation, the palin-
spastic restoration of the terranes of the southern
margin of the Caribbean implies that the geotectonic
elements, from which the terranes derive, were
originally (Middle Jurassic–Early Cretaceous) located
at about the northwestern corner of the SOAM
(Duncan and Hargraves, 1984). Since the middle
Cretaceous, the southern Caribbean realm has been
affected by a convergent regime related to the open-
ing of the South Atlantic oceanic basin and the
consequent relatively northwestward movement of
the SOAM plate.

Any realistic reconstruction of the Cretaceous
geodynamics of the Caribbean southern margin
should take into account that the Northern Vene-
zuela belt developed between the two main conver-
gent systems of the Andes and the Lesser Antilles,
which were characterized by opposite dips of the
subductions to the east and to the west, respectively.
The future terranes initially evolved close to an im-
portant tectonic linkage, probably represented by a
first-order transform fault system connecting the two
main opposite subductions. Several lines of geologic
evidence indicate that the history of the Caribbean
southern margin has been dominated since the mid-
dle Cretaceous by a right-oblique tectonic regime,
which seems to have characterized the main evolu-
tionary steps of all the Venezuelan units; i.e., their
subduction, exhumation, rotation, thrusting, em-
placement, and dismembering (Avé Lallemant and
Guth, 1990; Pindell and Barrett, 1990; Meschede and
Frisch, 1998; Smith et al., 1999; Giunta et al., 2002).

Nonetheless, two main geodynamic features re-
main unresolved in the reconstruction of the south-
ern Caribbean Mesozoic evolution: (1) the original
trend of the SOAM continental margin, as well as the
exact significance of the continental margin groups
of units of CdC-JG and TT-RI, which could have
represented either part of the SOAM or independent
microcontinents; and (2) the paleo-position and the
polarity of the lithospheric sinking of the middle
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Cretaceous subduction zone(s). As a consequence,
the location (with respect to the Venezuelan belt
units) of the transform kinematic linkage related to
the dextral shear cannot be established exactly.

For these reasons, taking into account the previ-
ously discussed geologic constraints, three main
middle Cretaceous geodynamic scenarios can be
considered (Figure 5).

In Model A (Figure 5a), the main east-west-
trending transform fault separating the two subduc-
tion zones, which were characterized by oppositely
dipping directions, was located within the paleo-
domains of the geotectonic elements fromwhich the
terranes successively developed.

To the north, a west-dipping intraoceanic subduc-
tion zone led to the development of IAT magmatism
(e.g., VC and DH units in SI-t). Tectonic erosion of
the edge of the overriding plate produced the sinking
and related HP-LT metamorphism of parts of the arc
(e.g., the VC unit). Alternatively, it can be hypoth-
esized that the continuous convergence produced
the involvement in the subduction zone of the
continental margin of the SOAM northernmost
areas, whose buoyancy withstood the subduction.
Shortening at the edge of the overriding plate thus
accommodated the convergent regime and resulted
in deformation and HP-LT metamorphism of the VC
unit in a west-dipping subduction zone.

To the south of the transform kinematic linkage,
a low-angle, east-dipping, subcontinental subduc-
tion zone below the SOAM plate was connected
with the development of an accretionary wedge
where the oceanic lithosphere was deformed and
metamorphosed under HP-LT conditions (FC units).
In this framework, the CC-JG units are interpreted
as part of a microcontinent that originated during
the Jurassic–Early Cretaceous rifting phases, and the
TT-RI units were probably representative of its
thinned, rifted margin. These continental elements
were subsequently involved in the east-dipping sub-
duction and were metamorphosed under different
P-T conditions, ranging from greenschist (e.g., TT
and CC units) to eclogitic facies (e.g., RI and JG
units), in response to the varying crustal levels of
accretion. The continuous accretion of continental
lithosphere resulted in shutoff of the subduction
system, which induced collisional conditions dur-
ing exhumation of the HP-LT units (e.g., CdC-t and
MI-t).

In Model B (Figure 5b), all the geotectonic
elements recognized in the Northern Venezuela belt
were located originally at the north of the transform

linkage. This reconstruction is characterized by the
occurrence of only one, west-dipping, subduction
and by development of both an accretionary wedge
to the south and an intraoceanic island arc (VC and
DH units in the SI-t) to the north. According to this
model, both the CC-JG and the TT-LR units repre-
sented the northernmost part of the SOAMmargin–a
possible promontory, which was deeply subducted
following the proto-Caribbean oceanic slab (e.g., FC
and LH units). In the southern sector, convergence
ceased when the unthinned part of this continental
margin was involved in the subduction zone. In the
northern sector, part of the VC unit (i.e., the bar-
roisite subbelt) experienced early HP-LT metamor-
phism (96.3 ± 0.4 Ma: Smith et al., 1999) as a con-
sequence of tectonic erosion of the overthrusting
plate during intraoceanic subduction. The younger
HP-LT peak conditions recorded in the other VC unit
subbelts (79.8 ± 0.4 Ma: Smith et al., 1999) may be
better explained by the subsequent involvement of
continental crust in the subduction zone that pro-
duced westward shifting of the system and the con-
sequent sinking of the external edge of the volcanic
arc.

According to this model, the Late Cretaceous–
Paleocene Piemontine Nappe represents the fore-
deep basin of the SOAM foreland.

In Model C (Figure 5c), the presence of only one,
east-dipping, subduction zone is postulated, since all
the geotectonic elements recognized in the southern
margin of the Caribbean plate are located originally
at the south of the transform linkage. In the north-
ernmost area, an intraoceanic setting of the subduc-
tion is responsible for development of suprasubduc-
tion island-arc magmatism (e.g., the VC and DH
units). By contrast, a subcontinental subduction
zone developed in the southernmost area and was
related to the accretion of an orogenic wedge where
slices of the oceanic lithosphere were deformed and
metamorphosed at different levels of accretion (e.g.,
FC and LH units). According to this scenario, the
deformation and HP-LT metamorphism of both the
continental-margin (e.g., JG and RI units) and island-
arc (e.g., VC unit) units may be explained by large-
scale tectonic erosion of the overridden plate that
accommodated the convergence in response to the
involvement in the subduction zone of a geody-
namic stopper (probably represented by the thick-
ened oceanic crust of the Caribbean plateau).

The Late Cretaceous–Paleocene Piemontine
Nappe may represent the landward-verging de-
formed basin of the inner forearc, which resulted
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Figure 5. Possible geodynamic scenarios (Models A, B, and C) during the middle Cretaceous, showing the approximate
locations of the main elements of the Caribbean southern margin. SOAM = South America Plate; JG and CC = continental
margin of the Juan Griego and Cordillera de la Costa groups; RI and TT = subcontinental mantle and crust of rifted
margins of La Rinconada and Caucagua–El Tinaco units characterized by WPT magmatism; FC and LH = MORB oceanic
lithosphere of the Franja Costera group and Loma de Hierro unit; VC and DH = island arc showing IAT magmatism of the
Villa de Cura and Dos Hermanas units; OP = thickening oceanic lithosphere (future Caribbean plateau). See text for
details and more explanation of models A, B, and C.
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from the collision between the SOAM and the Carib-
bean thickened oceanic plateau. Model C supports
the reconstruction proposed by Beccaluva et al.
(1999) and Giunta et al. (2002).

Since the Late Cretaceous, the three models con-
verge to present a similar geodynamic reconstruction
(Figure 6), in which the eastward motion of the
Caribbean plateau, leading to the Aves–Lesser Antil-
les system, was the driving force in the evolution of
the southern Caribbean margin. Exhumation of the
HP-LT units took place from the Campanian, while
the VC unit seems to have been completely exhumed
by the latest Cretaceous. The initial phases of uplift
were related to the early retrograde tectono-meta-
morphic events and resulted from a displacement in
dextral shear zones, which probably occurred almost
parallel to the plate boundary. This strike-slip regime
also led to a progressive dismembering of the oro-
genic system and development of the different ter-
ranes, probably while exhumation of some previous-
ly subducted units was still active, and produced a
northeastward shift of the MI-t with respect to the
CdC-t and SI-t (Figure 6a). According to Giunta et al.
(2002), the absence in the SI-t and CdC-t of Late
Cretaceous (86–82 Ma) island-arc calc-alkaline mag-
matism, related to the west-dipping intraoceanic
subduction of the proto-Caribbean/Atlantic litho-
sphere below the Caribbean plateau, indicates that
these terranes already were independent geodynam-
ically and disconnected from the subduction. In
the early Palaeocene, the SI-t was probably emplaced
onto the SOAM continental margin. On the other
hand, the occurrence of calc-alkaline intrusions in
theMI-t suggests that this terrane was shifted close to
the future DV-t and above the subduction zone. The
dextral strike-slip tectonics subsequently also in-
volved the MI-t and DV-t, which progressively un-
derwent rotation and east-west displacement, being
juxtaposed next to the other terranes in theNorthern
Venezuelan belt (Figure 6b).

Starting from the Paleocene, the geometry of the
orogenic belt has been controlled by the shear zone
characterizing the Caribbean and SOAM transform
plate boundary, producing a further east-west dis-
memberment of the belt to the present-day.

CONCLUSIONS

The available data allow different geodynamic
reconstructions, each characterized by fundamental
problems which remain unsolved. The outline of
an unequivocal solution can derive only from im-

proved information that will provide constraints for
a more likely geodynamic reconstruction (defor-
mations, metamorphism, radiometric ages, paleo-
magnetism, and other geologic data). Nonetheless,
suitable constraints already can be derived from a
comparison with the northern margin of the Carib-
bean plate (i.e., west-east alignment from Guatemala
to the Greater Antilles), which represents the coun-
terpart of the southern one described in this paper.
The Late Cretaceous–Present geodynamics of the
Caribbean plate have been driven mainly by the
eastward drift of the Caribbean plateau with respect
to the NOAM and SOAM plates. As a result, both the
northern and southern boundaries of the Caribbean
have corresponded, since the Late Cretaceous, to two
wide shear zones.

Similarities in the main evolutionary stages of
both margins are suggested. The strike-slip tectonic
regime is still active (e.g., Motagua fault in Guate-
mala, El Pilar fault in Venezuela). In the present-day
tectonic settings of the two marginal orogenic belts,
‘‘displaced terranes’’ are recognizable. Commonly,
they are composed of comparable geotectonic ele-
ments, even if different geometric associations be-
tween the first-order tectonic units are shown. As in
the southern Caribbean margin, the northern Carib-
bean margin shows a flowerlike structure; it over-
thrusts both the foredeep-like basins developed onto
the NOAM continental margin to the north (e.g., in
Guatemala and Cuba) and the slightly deformed oce-
anic plateau (e.g., southwest of Haiti and LosMuertos
accretionary prism), minor continental blocks (e.g.,
Chortis), or rifted continental margins (e.g., Escam-
bray) to the south.

However, differences in the evolution of the
northern and southern Caribbean margins also can
be highlighted. For instance, in the northern mar-
ginal belt, the Late Cretaceous (about 85 Ma) calc-
alkaline magmatism affected active accretionary
complexes in which deformed and metamorphosed
units of oceanic, continental, and island-arc origin
already had been involved (e.g., in Guatemala, Cuba,
Hispaniola, and Puerto Rico). By contrast, as previ-
ously described, in the southern margin the coeval
calc-alkalinemagmatism is recorded only in the DV-t
and subordinately in the MI-t. This different occur-
rence suggests that during the Late Cretaceous, the
early (middle Cretaceous) subduction complexes of
the southern and northern Caribbean margins were
variably located with respect to the trend of the west-
dipping subduction that produced the calc-alkaline
magmatism.

120 / Giunta et al.



Figure 6. Sketches illustrating (A) the southern Caribbean plate margin reconstruction in the Late Cretaceous–
Paleocene, and (B) during the Paleogene. RI = La Rinconada unit; JG = Juan Griego unit; LR = Los Robles unit; FC = Franja
Costera group; CC = Cordillera de la Costa group; TT = Caucagua–El Tinaco unit; LH = Loma de Hierro unit; VC = Villa de
Cura unit; DH = Dos Hermanas unit; P = Piemontine Nappe; SOAM = South American plate.
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Despite these differences, authors generally agree
with the hypothesis of common large-scale features
of the Late Cretaceous–Tertiary geodynamic evolu-
tion of the northern and southern margins of the
Caribbean plate. Major disagreements arise when a
comparison between the middle Cretaceous geody-
namics, which corresponds to the beginning of the
convergence at the plate boundaries, is attempted.
This is probably a result of the almost complete ob-
literation of structural and tectonic features by the
subsequent deformational events, and the limited
information available to provide further evolution-
ary constraints.

In conclusion, major advances in the reconstruc-
tion of the Caribbean geodynamics will be accom-
plished, given further increases of geologic data and
integration on a regional scale of the large amount of
detailed data presently available. This paper is an
attempt to contribute to this accomplishment by
adding to the knowledge of complex geodynamic
evolution of the Caribbean area.
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Avé Lallemant, H. G., and V. B. Sisson, 1993, Caribbean-
South America plate interactions: Constraints from
the Cordillera de la Costa Belt, Venezuela, in J. L.
Pindell, ed., Mesozoic and early Cenozoic develop-
ment of the Gulf of Mexico and Caribbean region:
Transactions, Gulf Coast Section Society for Sedimen-
tary Geology (SEPM) Foundation 13th Annual Re-
search Conference, Houston, Texas, p. 1–9.

Bartock, P. E., O. Renz, and G. E. G. Westermann, 1985,
The Siquisique Ophiolites, northern Lara State, Vene-
zuela: A discussion on their Middle Jurassic ammo-
nites and tectonic implications: Geological Society of
America Bulletin, v. 96, p. 1050–1055.

Beccaluva, L., M. Coltorti, G. Giunta, M. Iturralde-Vinent,
E. Navarro, F. Siena, and F. Urbani, 1996, Cross
sections through the ophiolitic units of the southern
and northern margins of the Caribbean plate in
Venezuela (Northern Cordilleras) and central Cuba:
Ofioliti, v. 21, p. 85–103.

Beccaluva, L., A. L. Chinchilla, M. Coltorti, G. Giunta, F.
Siena, and C. Vaccaro, 1999, The S. Elena-Nicoya
Ophiolitic Complex in Costa Rica, and its geody-
namic implications for the Caribbean Plate evolu-
tion: European Journal of Mineralogy, v. 11, p. 1091–
1107.

Beck, C., 1978, Polyphase Tertiary tectonics of the interior
range in the central part of the western Caribbean
chain, Guarico State, northern Venezuela: Geologie
en Mijnbouw, v. 57, p. 99–104.

Beck, C., 1986, Caribbean colliding, Andean drifting and
the Mesozoic-Cenozoic geodynamic evolution of the
Caribbean, in Memoria: 6th Congreso Géologico
Venezolano, Caracas: Sociedad Venezolana de Geòlo-
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