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Introduction
The Venezuelan Andes form a 400 km long and 100 km wide bel! which morphotectonic structures have been
recognized in the field mostly in the 1970s-80s (Bellizia et al., 1976; Gonzalez de Juana et al., 1980; Schubert,
1980; Stéphan, 1982, 1985; Laubscher, 1987). These preliminary observations have served the basis for
interpretations and discussions concerning the morphological and structural evolution of the belt (e.g.,
Audemard, 1993; De Toni and Kellogg, 1993; Colletta et al., 1997; Audemard and Audemard, 2002). Analysis
of remote sensing images allowed to implement the geological mapping and to explicit the relationships between
the main structures (Ohont et al., 2002, 2005). Recent GPS data (Freymuller et al., 1993, Perez et al., 2001;
Trenkamp et al., 2002) illustrate the kinematics of the Northern Andes, which motion is directed NN E, obliquely
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Figure 1. Tec!onic context of
the northern part of South
S'America . Large thick arrows
represent the mean plate
velocities , the South America
plate being taken as a
reference . The Maracaïbo bloc!
0'
escapes towards the NNE as a
consequence of the E-WNazca
South America relative
convergence.
310'

to the E-W relative convergence between the South American and the Nazca plates (Fig. 1). More details have
been observed in the field, permitting to precise the tectonic style and timing of deformation (Sou las et al., 1985;
Ohont et al., 2005; Hervouët et al., 2001, 2005, Backé et al., this volume). Seismic surveys across the northem
and southern fore land basins gave way to different Interpretations on the structure of the belt (e.g., De Toni and
Kellogg, 1993; Colletta et al., 1997). Among ail these various approaches, none enabled to precisely constraint
the geometry of the tectonic structures at depth, this being essentially due because the available data are 1imited
to the surface or are interpreted cross-sections.
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ln order to constraint the tectonics of the Venezuelan Andes, we achieved a crustal scale 3D model based on
surface structural data and earthquakes locations and magnitudes. Our study (1) provides a methodology for
modelling and visualizing tectonic structures in 3D with an emphasis on the representation of fault surfaces, (2)
uses earthquakes and their volumetrie representation as indicators of localized deformation, and (3) provides
new constraints for the tectonics and kinematics of the Venezuelan Andes.

Structural framework
The Venezuelan Andes began to rise in the late Miocene , probably as the consequence of the collision of the
Panama arc against the South American plate (Audemard, 1993; De Toni and Kellogg, 1993; Colletta et al.
1997). Uplift accelerated during the Plio-Quaternary as a result of the relative oblique convergence between two
continental blocks: the Maracaïbo block to the WNW and the South American plate (Guyana shield) to the ESE.
Oblique convergence led to strain partitioning in the Venezuelan Andes (Colletta et al., 1997; Audem ard and
Audemard, 2002), shared between (1) shortening perpendicular to the belt and responsible for uplift and
development ofthrust systems in the forelands, and (2) right-lateral strike-slip movement along the Bocono Fault
which cross-cuts the chain more or less along its axial part. Another prominent tectonic feature is the N30oEtrending left-lateral strike-slip Valera fault. The Valera fault branches to the Bocono fault in a triple-junction
geometry, individualizing the Trujillo triangular block moving to the NNE as a consequence of the relative
convergence between the Maracaïbo block and the Guyana shield (Hervouët et al., 2005) .

3D geological modeling
Methodology. The 3D structural model is built on a

geo-referenced system and takes into account (1) a

----------"

Digital Elevation Model, (2) the depth of the upper,
middle and lower crust derived from Pn and Sn
velocities, (3) the mapping of fault traces, (4) the
local dips and azimuths along different fault scarps,
and (5) the location and magnitudes of earthquakes.
To construct the volumetrie model, we used the
EarthVision

software

developed

by

Dynamic

Graphies, which is especially devoted to geological
modelling. Based on a minimum tension technique
within a workflow and specifie parameter settings,
the software interpolates the local data to the who le
3D space.
Faults

modelling. Each fault trace is made of

Figure 2. 3D model of the Venezuelan Andes populated with
earthquakes data.

digitized line points representing the 3D location of the intersection of the fault surface with the topography.
Each fault corresponds to a numerically defined surface which is passed through the digitized contour line
points. Fault surfaces and their position relative to each other define volumes correspond ing to fault blocks.
Earthquakes modeling. We have populated the 3D map with earthquake s data made up of location, magnitude

and focal mechanism solutions when available (Fig. 2). More than three thousand earthquakes were used,
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coming from the Funvisis and the Geophysical laboratory of the Universidad de Los Andes data sets. In order to
achieve a better representation of the distribution of earthquakes, we eut up the 3D volume in cubic cells which
allowed to calculate (1) the density of earthquakes and (2) the energy released in each cell.

Results and conclusions
Faults. Once the 3D map has been calcuJated,

graphical representations permit the user to examine it
from various directions, sJice it and disassemble it.
Fault surfaces modelling (Fig. 3) shows that the
Bocono and Valera faults are the only vertical
structures. The other accidents

cross-cutting the

VenezueJan Andes correspond to normal faults with a
listric

shape.

The

Truj illo triangular

block

IS

subdivided in smaller wedges bounded to the east by
SE-dipping normal faults and to the south by the
Bocono fault. Each wedge is composed of elongate
tilted blocks with dimension less than 20 km in width.
They are compatible with a generalized décollement
in the upper or middle crust.
Earthquakes. Most of the earthquakes are restricted

to the upper crust, with a band of seismicity at 5-10
km

depth

In

agreement

with

an

horizontal

decollement. The density of earthquakes is not
correlated with fault traces. Hence, it was not possible

Figure 3. 3D fault black representation of the Venezuela:
Andes.

to image fault surfaces at depth directly from earthquakes location in 3D. Oespite some uncertainties in the
earthquakes location, the seismicity is widely distributed over the Venezuelan Andes and spread out in the
Trujillo triangle (Fig. 4). The density of earthquakes throughout the 3D volume show nodes and gaps of
seismicity. In the Trujillo block, a zone of significant seismicity occurs in the contact area between the Andean
autochtonous and the Caribbean allochtonous. Low depth (less than 5 km) earthquakes suggest the occurrence of
blind faults due to décollements.
Large-scale tectonics. The Maracaibo block has been considered as a rigid block in previous geodetic studies

(e.g. Freymuller et al., 1993; DeMets et al., 2000). Our analysis shows on the contrary that it should be
considered as a mosaic of crustal-scale block moving individually. In agreement with field structural data (Ohont
et al., 2005), fault modelling shows that a recent (Plio-Quaternary?) extension and transtension prevails in this
part of the Venezuelan Andes. The geometry and kinematics of these structures show that the escape process of
the Trujillo block (Hervouët et al., 2001) corresponds to a general spreading of the crust. Crustal blocks move
towards the NNE and extend at the same time in order to occupy the increasing surface within the escape
wedges. This is not the behaviour of lateral extrusion induced by forces applied at the boundaries of the Trujillo
block, but rather the configuration of regional extension due (i) to the occurrence of a free border at the northem
edge of the Maracaïbo block that corresponds to the Caribbean subduction, and (ii) to buoyancy forces arising
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from crustal thickness differences. The area of
high seismicity located at the contact between the
Andean autochtonous and the Caribbean nappes
would then represent a buffer area, slowing down
the tectonic escape process.

Figure 4. Density of earthquakes
throughout the 3D volume.

References
AUDEMARD F.A. (1993). - Néotectonique, sismotectonique et aléa sismique du Nord-Ouest du Venezuela (système de failles d'OcaAncon), Thése Doel. Univ. Montpellier Il, 369 p., 125 fig., 4 tabl., J carte H.T.
AUDEMARD F.E. & AUDEMARD F.A. (2002). - Structure of the Mérida Andes, Venezuela: relations with the South America Caribbean geodynarnic interaction. Tectonophysics, 345, 299-327.
BACKE G., DHONT O., HERVOUET Y., GONZALES L., 2005, Active tectonic escape of the north-western Venezuelan Andes, 5'h
ISAG, Barcelona, this issue.
BELLlZZlA A., PIMENTEL N. & BAJO R. (1976).- Mapa geologico estructural de Venezuela. Ministerio de Energia y Minas, Ediciones
Foninves, Caracas.
COLLElTA 8., ROURE F., DE TONI B., LOUREIRO O., PASSALACQUA H. & GOU Y. (1997).- Tectonic inheritance, crustal
architecture, and contrasting structural styles in the Venezuelan Andes. Tectonics, 16,5,777-794.
DE TONI B. & KELLOGG J. (1993).- Seismic Evidence for Blind Thrusting of the North Western Flank of the Venezuelan Andes.
Tectonics, 12,6,1393-1409.
DE METS, c., JANSMA, P.E., MAlTIOLI, G.S., DIXON, T.H., FARINA, F., BILHAM, R., CALAIS, E. & MANN, P. (2000) - GPS
geodetic constraints on Caribbean - North American plates motion », Geophys. Res. Letl., 27: 437-440.
DHONT, O., BACKE, G., HERVOUËT, Y., GONZALES, L., and CASTRJLLO, J.T. (2002) - Venezuelan Andean tectonics revealed by
SAR JERS imagery. 5'hISAG, Toulouse, France, 16-18 Sepl. 2002, 179-182.
DHONT O., BACKE G. & HERVOUET Y. (2005).- Plio-Quaternary extension in the Venezuelan Andes: mapping From SAR JERS
imagery. Tectonophysics, sous presse.
FREYMULLER, JT., KELLOGG, JN. & VEGA, V., (1993) - Plate motions in the north Andean region », J. Geophys. Res., 98, B12:
21853-21863.
GONZALEZ DE JUANA c., JTURRALDE DE AROZENA J. & PICART X. (\980).- Geologia de Venezuela y sus Cuencas Petroliferas. 2
Tomos. Ediciones Foninves. Caracas.
HERVOUET Y., CASTRJLLO J.T. & ODREMAN O. (2001). - Interaction entre un chevauchement imbriqué et une zone transcurrente: le
flanc nord-ouest des Andes vénézuéliennes. Bull. Soc. Géol, France, 172,2, 159 - 175.
HERVOUET Y., GONZALES, L., DHONT, D., BACKE, G., & CASTR1LLO J.T. (2005).- Déformation des Andes vénézuéliennes nordorientales. Influence de l'allochtone caraïbe. Bull. Soc. Géol, France, sous-presse.
LAUBSCHER H. P. (\987).- The kinematic puzzle of the Neogene Northem Andes. ln: The Anatomy of the mountains ranges, Shaer J. P.
& Rogers J. Eds, Princeton Univ. Press, 211-227.
PEREZ, O., BILHAM, R., BENDICK, R., VELANDIA, JR., HERNADEZ, N., MONCAYO, c., HOYER, M., KOZUCH, M.., (2001)
Velocity field across the southern Caribbean plate boundary and estimates ot Caribbean/South-American plate motion using GPS geodesy
1994-2000, Geophysical Research Letters, 28, 15 2987-2990.
SCHUBERT C. (\980).- Late Cenozoic pull-apart basins, Bocon6 fault zone, Venezuelan Andes. J. Struct. Geol., 2, n? 4 , p. 463-468.
SOULAS, J.P., ROJAS, C. & SCHUBERT, Y.c. (1985) - Excursion n04, Neotectonica de Is fallas de Bocono, Valera, Tunarne y Mene
Grande. », VI Congresso Venezolano.
STÉPHAN J.-F. (1982).- Evolution Géodynamique du domaine Caraïbes: Andes et Chaîne Caraïbes sur la Transversale de Barquisimeto,
Venezuela. Thèse Doel. Etat, Université Pierre et Marie Curie, Paris VI, 512 p.
STÉPHAN J.-F. (1985).- Des bassins caraibes au craton guyanais: coupes sériées dans l'édifice andin et la chaîne caraïbe dans le secteur de
la transversale de Barquisimeto. ln: Caribbean Geodynamic Symposium, Mascle A. Ed., 505-529, Technip, Paris.
TRENKAMP, R., KELLOG, J.N., FREYMULLER, LI., MORA, H.P., 2002. Wide plate margin deformation, southern Central America
and northwestem South America, CASA GPS observations. J. South Am. Earth Sei. 15, 157-171.

221

