
INTRODUCTION

The Caribbean Plate is an independent, small lithospheric
fragment located between the Northern and Southern Amer-
ican Plates. The southern boundary of the Caribbean Plate is
well exposed in Northern Venezuela (Fig. 1a) where a
strongly dismembered orogen of alpine age crops out along
a dextral shear-zone, up to 300 km wide. The present-day
tectonic setting of Northern Venezuela mainly consists of an
assemblage of displaced terranes bounded by strike-slip
faults. These terranes consist of amalgamated oceanic and
continental units that preserve the records of a complex and
long-lived magmatic, tectonic and metamorphic history.

The geodynamic history of the southern boundary of the
Caribbean Plate (Frisch et al., 1992; Giunta, 1993; Meschede
and Frisch, 1998; Maresch et al., 2000) developed troughout
the spreading of the Jurassic proto-Caribbean oceanic basin,
which originated as a consequence of the break-up of the
Pangea and the following rifting and drifting between the
North and South America plates. Subsequently, a change in
the main plate motions and the relative north-westward
movement of South America with respect to North America,
induced the development of Cretaceous intra-oceanic sub-
ductions, and related island-arc, fore-arc and back-arc set-
tings. During the Late Cretaceous-Early Tertiary, continuous
convergent tectonics led to a further shortening in the south-
ern Caribbean area with large-scale compressive deforma-
tions (“eo-Caribbean phase”). In addition, the southern mar-
gin of the Caribbean plate was largely controlled, since the
Cretaceous, by dextral strike-slip tectonics connected with
the progressive eastward shifting of the Caribbean plate with
respect to South America, that led to the displacement of the
Northern Venezuela terranes. 

However, the reconstruction of the geodynamic evolution
of the southern margin of the Caribbean plate displays sever-
al open problems, owing to the lack of detailed investiga-
tions on the structural and metamorphic features of the dis-
placed terranes. At this regard, the high-pressure low-tem-
perature (HP-LT) units may provide important geological
constraints for the geodynamic reconstruction, helping to de-
termine the dipping direction of the Cretaceous subduction(s)
as well as the exhumation mechanism of the HP-LT rocks.

The petrological features and the metamorphic evolution
of the main HP-LT units of Northern Venezuela (i.e., the
Margarita Complex, Franja Costiera-Cordillera de la Costa,
and Villa de Cura unit) have been recently outlined in detail
(Avé Lallemant, 1997; Giunta et al., 1997; Sisson et al., 1997;
Smith et al., 1999, Maresch et al., 2000), whereas the defor-
mation histories of these units are still poorly constrained.

In this paper we present the preliminary results of de-
tailed structural analyses of the HP-LT Villa de Cura unit
and we discuss the related tectonic implications.

GEOLOGICAL SETTING

The Serrania del Interior (Fig. 1b) corresponds to the
southernmost terrane of Northern Venezuela. It represents a
250 km long, W-E trending belt bounded by the Cordillera
de La Costa continental basement to the North, and the up-
per Cretaceous-Paleocene foredeep sequences (Piemontine
Nappe) of the South America Plate to the South (Avé Lalle-
mant, 1997; Giunta et al., 1997; Sisson et al., 1997; Smith et
al., 1999, Maresch et al., 2000).

In the Serrania del Interior terrane four main units, sepa-
rated by high-angle, south dipping thrusts, have been recog-
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ABSTRACT

The Serrania del Interior terrane is located in Northern Venezuela, that represents the southern margin of the Caribbean plate. This terrane includes the
Villa de Cura unit, which mainly consists of multiple sub-units of metamorphosed and deformed Cretaceous volcano-sedimentary sequences. These sequences
are commonly interpreted as generated in a supra-subduction zone setting. 

The structural history of the Villa de Cura blueschists-facies units includes four main deformational phases, from D1 to D4. The first D1 phase is mainly
represented by a relict S1 schistosity developed under HP/LT conditions. The relic S1 schistosity is deformed by isoclinal to subisoclinal F2 folds showing
similar geometry. The F2 folds are characterized by a continuous S2 crenulation cleavage developed under greenschist-facies metamorphism. The parallelism
between the A2 axes and the related L2 mineral lineations suggests an interpretation of the F2 folds as sheath folds developed during non-coaxial deforma-
tion. The kinematic indicators suggest a top-to-W sense of shear for the D2 phase. The D3 phase is distinguished by asymmetric, parallel F3 folds with a S
vergence. Finally, the D4 phase consists of F4 open, gentle folds with high-angle to sub-vertical axial planes.

The collected data suggest a complex deformation history, characterized by coupling of strike-slip tectonics and shortening during the retrograde evolution
of the blueschist-facies sequences.



nized (Navarro, 1983; Ostos, 1990; Giunta et al., 1997;
Smith et al., 1999); from north to south, they are:
a) the Cacagua-El Tinaco unit, which probably represents a

rifted continental margin, consists of sub-continental
mantle and associated sections of lower continental crust.
This association is overlain by volcano-sedimentary se-
quences showing within-plate tholeiitic magmatic affini-
ty (Giunta et al., 1997; Seyler et al., 1998).

b) the Loma de Hierro unit, which is interpreted as a mid-
dle-upper Jurassic to Cretaceous mid-ocean ridge ophi-
olitic sequence. It is mainly consists of serpentinized
mantle peridotites, gabbroic cumulates, basalts and cherts
topped by upper Cretaceous sedimentary deposits .

c) the Villa de Cura unit (also referred in the literature as
Villa de Cura belt), which consists of multiple sheets of
metamorphosed and deformed Cretaceous volcano-sedi-
mentary sequences. The protoliths of the meta-sequence
of the Villa de Cura unit include: tuffs, cherts, volcan-
oclastites, and lavas ranging from basalts to rhyolites. On
the basis of the geochemical characteristics of the lavas,
this sequences have been interpreted as generated in a
supra-subduction-zone setting either as a primitive island-
arc (Donnelly and Rogers, 1978; Beccaluva et al., 1996)

or back arc (Navarro, 1983; Ostos, 1990) environment.
The age of the magmatic protoliths has been referred to
the “mid” Cretaceous (Beets et al., 1984; Loubet et al.,
1985). Shagam (1960) divided the Villa de Cura unit into
four lithostratigraphical formations, but further detailed
petrological studies on the metamorphic isogrades sug-
gested the occurrence of six (Piburn, 1968; Navarro,
1983) or four (Smith et al., 1999) sub-units (also referred
in the literature as sub-belts), each characterized by dif-
ferent metamorphic assemblages. The E-W trending
boundaries of these sub-units do not exactly correspond
to those of the lithological units previously identified by
Shagam (1960). According to the recent subdivision pro-
posed by Smith et al. (1999), the Villa de Cura sub-units
are respectively marked, from north to south, by the oc-
currence of: 1) pumpellyte-actinolite, 2) glaucophane-
lawsonite, 3) glaucophane-epidote, 4) barroisite. These
syn-tectonic HP-LT metamorphic assemblages record the
involvement of the Villa de Cura unit in a subduction
zone. Available radiometric ages indicate the “mid” Cre-
taceous for the peak metamorphism, ranging between a
maximum of 101±5.8 Ma (K/Ar method on amphibole:
Loubet et al., 1985) or 96.3±0.4 Ma (Ar/Ar method on
amphibole: Smith et al., 1999) to a minimum of 79.8±0.4
Ma (Ar/Ar method on white mica: Smith et al., 1999) or
77±5 Ma (K/Ar method on amphibole: Loubet et al.,
1985). The shape of retrograde P-T paths of the three
northern sub-units have been interpreted as representative
of exhumation occurred during an intra-oceanic subduc-
tion. By contrast, the occurrence in the southernmost sub-
unit of amphibole zoning from barroisitic cores to glauco-
phanitic rims seems to indicate the occurrence of an
anomalously high geothermal gradient coherent with an
atypical counterclockwise P-T path (Smith et al., 1999).

d) the Las Hermanas unit, that consists of a sequence of
basalts and basaltic-andesites interlayered with volcanic
breccias and tuffs. This sequence is commonly referred
to as part of a “mid”Cretaceous island arc generated in an
intra-oceanic supra-subduction setting (Navarro, 1983;
Ostos, 1990; Beccaluva et al., 1996).

DEFORMATION HISTORY

The structural analysis has been performed on the Villa
de Cura sub-units (i.e. sub-belts 2, 3 and 4 of Smith et al.,
1999) affected by blueschist metamorphism. Four deforma-
tion phases, from D1 to D4, have been identified in the field
as well as in thin section.

The first D1 phase, is represented by a S1 foliation,
which can be observed as a relict only in the hinge zone of
F2 folds. This foliation can be classified as a schistosity de-
veloped under blueschist-facies conditions. The syn-D1
metamorphic paragenesis generally includes by albite +
quartz + chlorite1 ± phengite ± titanite; nonetheless, the
presence of other mineralogical relics allows to define at
least three different climax assemblages in each subunit, re-
spectively characterized by: 1) Na-amphibole + lawsonite;
2) Na-amphibole + epidote1; 3) Na-/Ca-amphibole +
epidote1. In the last case, the observable relationships be-
tween the sodic (glaucophanitic l.s.) and the calcic or calco-
sodic (barroisitic l.s.) amphiboles are ambiguous. In addi-
tion, it is still unclear if the different peak parageneses are
representative of a change of the accretion depth or reflect
differences in the protolith composition. Nevertheless, the
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Fig. 1 - A) geodynamic framework of the Caribbean Plate; B) tectonic
sketch map of the Northern Venezuela; C) geological section across the
Northern Venezuela (1: LH=Las hermanas unit; 2: VC=Villa de Cura unit;
3: LdH=Loma de Hierro; 4: Ct=Cacagua-El Tinaco unit; 5: Fc=Franja
Costiera unit; 6: CC=Cordillera de la Costa unit; 7: Piemontine nappe; 8:
Folded sedimentary cover of the Guyana shield; 9: Sedimentary cover of
the Guyana shield)



observed blueschist-facies assemblages allow to constrain
the climax metamorphic conditions of the Villa de Cura unit
in the range of 600 MPa <P< 750 MPa and 375 <T< 450°C.
On the S1 foliation, mineral lineations are represented by
elongated epidotes, Na-amphiboles and lawsonite showing a
N/S, down-dip trend (Fig. 2). Moreover, the quartz veins
transposed by S2 foliation can be interpreted as syn-tectonic
extensional veins which developed during D1 phase. 

The second D2 phase, is characterized by isoclinal to
subisoclinal F2 folds with similar geometry and subrounded
to subangular hinges (Fig. 3). The folded surfaces are quartz
veins or layers with different lithological composition and
/or grain size. The F2 folds, generally rootless, have thick-
ened hinges and boudinaged limbs. The limbs generally
show well-developed pinch-and-swell structures. Mullion
structures are also present. In the related stereonet (Fig. 2),
the distribution of A2 axes is scattered, even if a cluster cor-
responding to a SE-NW trend can be easily identified. The
F2 folds are characterized by a well-developed and continu-
os S2 axial plane foliation, that is a continuos crenulation
cleavage developed under greenschist-facies conditions. At
the mesoscale, this foliation occurs as the main structural
surface, and it is everywhere parallel to the boundaries

among the blueschist-facies sub-units. The syn-D2 meta-
morphic assemblage, marked by albite + chlorite2 + quartz +
actinolite ± pumpellyite ±white mica ± calcite ± epidote2,
suggests T< 300°C and P< 550-600 MPa. A composite foli-
ation, resulting from overprinting of the S1 foliation by the
S2 one, is well recognizable in the limbs of the F2 folds.
The L2 mineral lineations consists of elongated minerals
such as chlorite and white mica aligned along the S2 folia-
tion; the related stereonet (Fig. 2) reveals that the L2 trend
ranges from ESE/WNW to ENE/WSW. On the whole, the
F2 axes trend is roughly parallel with the related L2 mineral
lineations (Fig. 2). Furthermore, the boudins long axes are
usually coaxial with the F2 axes. This feature seems to sug-
gest an interpretation of the F2 folds as sheath folds devel-
oped during a non-coaxial deformation history. The kine-
matic indicators, mainly s-type porphyroclasts of magmatic
pyroxenes and s-type porphyroblasts of epidote1, suggest a
top-to-W sense of shear (Fig. 4).

The D3 phase is characterized by asymmetric F3 folds,
with approximately parallel geometry and rounded hinges.
The S1 and S2 surfaces are folded by F3 folds (Fig. 2). The
F3 folds, ranging from subisoclinal to open folds, are cilin-
drical, with east-west trend of the A3 axes (Fig. 2). The axi-
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Fig. 2 - Equal-area, lower hemisphere stereographic representation of the
structural data. (L=mineralogical and stretching lineations; S=foliation;
A=fold axis)

Fig. 3 - Isoclinal F2 fold deformed by a F3 fold in metabasite (the related ax-
ial plane AP3 is indicated). The folded layer is represented by a quartz vein.

Fig. 4 - S2 greenschists-facies foliation containing σ-type porphyroclasts of
magmatic pyroxenes (px). Thin section parallel to L2 mineralogical lin-
eations and normal to S2 foliation.



al plane foliation consists of a spaced S3 crenulation cleav-
age, which occurs as sub-horizontal surface. During the D3
phase recrystallisation of quartz + albite + stilpnomelane ±
white mica occurred. The asimmetry of the F3 folds consis-
tently indicates a southward vergence.

The D4 phase is represented by F4 open, gentle folds
with high-angle to sub-vertical axial planes. The F4 folds
show a scattered trend, but a cluster corresponding to a
NNE/SSW trend can be observed also (Fig. 2). A well-
spaced disjunctive cleavage represents the axial-plane folia-
tion associated to the F4 folds. 

The SE/NW trending faults and the associated sub-verti-
cal quartz veins are the youngest tectonic structures. 

DISCUSSION AND CONCLUSIONS

The outlined structural evolution of the Villa de Cura
HP-LT sub-units implies a complex deformation history,
here described in detail for the first time. This history con-
sist of four phases mainly developed during retrograde
metamorphism, from blueschist-facies to very low-grade
conditions. The deformations features allow some consider-
ations about the geological history of the blueschist-facies
sequences.

Firstly, the parallelism between the S2 foliation and the
boundaries of the Villa de Cura sub-units suggest that all
these sub-units were coupled during the D2 phase, that
largely obliterated the previous deformations achieved dur-
ing the D1 phase.

In addition, the D1 phase is clearly related to subduction
of the Villa de Cura sub-units which show blueschist-facies
metamorphism, as suggested by Navarro (1983), Ostos
(1990), Beccaluva et al. (1996) and Smith et al. (1999). The
only D1 phase relicts, mainly represented by the S1 folia-
tion, as well as rare quartz veins, do not allow determination
the sense of shear during the D1 phase. Thus, the dip of the
subducting slab where the blueschist-facies sub-units were
involved remains undetermined. Moreover, the D2 phase is
characterized by sheath folds associated to L2 mineral lin-
eations showing a rough east-west trend. This trend is paral-
lel to the present-day strike-slip faults that are in turn paral-
lel to the boundaries of the main Northern Venezuela ter-
ranes, as discussed also by Smith et al. (1999). This sug-
gests that the exhumation of the blueschist sub-units during
the D2 phase was probably largely controlled by strike-slip
tectonics. On the contrary, the structural evidence for the D3
phases reveals a clear top to S sense of shear, that suggests a
southward displacement of blueschist-facies sub-units dur-
ing their final stage of the retrograde metamorphic history.
The collected data suggest a transpressive deformation his-
tory, where strike-slip tectonics was coupled with ductile
shortening during the whole retrograde evolution of the Vil-
la de Cura blueschist-facies sub-units.
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