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Abstract

Two integrated geodynamic models of Cordillera Central Thrust Belt and the Guârico Basin have been

produced, using information from depth-converted seismic cross-sections, surface geology, and Bouguer

Anomaly controlled with deep seismic information. The main objectives of this modelling are: (l) to understand

the geodynamic processes responsible for the formation of the Guarico Basin; (2) to quantitatively determine the

contribution of the Cordillera Central thrust sheet loading in the generation of the accommodation space

observed in the basin, using flexural isostatic modelling, and (3) to understand the crustal structure and Moho

depth in the North-Central region of Venezuela. The fJexural modelling produces important quantitative

information related to the total shortening of the Cordillera Central, the total subsidence observed in the Guarico

Basin and the elastic thickness of the South American lithosphere in northern Venezuela. The integrated

geodynamic modeJling was applied to two regional geological cross-sections across the eastern and western

areas of the Cordillera Central and the Guàrico Basin. It is conc1uded that the lithospheric load of the Cordillera

Central is enough to generate the subsidence observed in the Guérico Basin. The total shortening and subsidence

obtained in transect (T 1) is 44 km and 5 km, whereas in transect (T2) is 10 km and 7 km, respectively. The

elastic lithospheric thickness of the South American obtained from the modelling is 25 km. The deep crustal

structure of the North-Central region of the Venezuela indicates a maximum Moho depth of 45 km in the south

of the models (i.e. under the Guyana Shield) decreasing to the north until it reaches 25 km (i.e. under transitional

crust). It is observed in the gravimetrie models that under the Cordillera Central Thrust Belt Moho increases to a

depth of 35 km indicating the existence of a crustal root.

Introduction

The Guarico foreland basin is located in the north central region of Venezuela (Fig. 1), limited to the north

by the Cordillera Central Thrust Belt , to the south by the Guayana Shield, to the east by the Anaco Thrust and to

the west by the El Baul uplift. This 800 km-long and 200 krn-wide basin has an east-west orientation and shows

a maximum sediment thickness of 5 km (Gonzalez de Juana et al., 1980). The development of the basin started

as a Cretaceous passive margin deposited above an eroded Paleozoic basement (Feo-Codecido et al., 1984).

During the Eocene the Caribbean Plate collided with this north-central area of Venezuela developing the

Cordillera Central Thrsut Belt and transforming the basin from a passive margin to a foreland basin (Gonzales de

Juana, et al., 1980, Giunta, et al 2003).

Previous fJexural isostatic modelJing has been applied in Eastern and Western Venezuela in order to

understand the geodynamic processes that generated these foreland basins, specifically in the Maturin Basin

(Jacorne et al., 2003) and the Barinas-Apure Basin (Chacfn et al., 2004). However, the formation of the Guarico
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Basin had not been quantitatively studied. In this work two integrated crustal models are produced in order to

quantitatively explain the regional evolution of the Gu ârico Basin from the Eocene to the Present.

6'

Fig. 1 Location of the Guarico Basin and the Cordillera Central Thrust Belt (CCTB) . TI and T2 are the
western and eastern cross-sections modelled.

Integrated Geodynamic modeUing

Two regional transects were generated (T 1 and T2) crossing the eastern part of the study area (Fig. 2a).

This transects were constructed using depth-converted seismic information controlled by well-Iogs provided by

PDVSA and published surface geology information (Gonzales de Juana, et a., 1980, Feo Codecido, et al., 1984

and Bellizzia, A. 1986). The flexural model of these previously generated regional transects was produced using

the software Orogeny 5.0 (developed at the University of Liverpool, England) . The flexural modelling combines

flexural isostatic theory and structural balance in order to quantify the crustal shortening, the deformation

sequence and detachrnents depths of the main thrusts in the thrust bell and the total subsidence and geometry

associated with the formation of the foreland basin (Toth et al ., 1996) . An initial condition was produced

equivalent to the Eocene passive margin tectonosequence found in the Gu ârico Basin, then the sequence of thrust

observed in the Cordillera Central Thrust Bell were reproduced until a final stage equivalent to Present (Fig. 2b).

The principal physical parameters used for the modelling are summarised in Table 1 in which the highlighted

values represent the best mach between observed and calculated values for the basin and the thrust belt. The

results of the modelling for both transects Tl and '1'2 is shown in Table 2. The integrated geodynamic model

(Fig. 2c) was created using gravimetrie information provided by the Simon Bolfvar University and published

deep seismic refraction information (Schmitz, et al., 2003) in order to provide information in the regions were

the flexural modellacked of control (i.e. Moho depth and crustal structure).

Transect Te (km) S (km) Detachement (km) Angle of the fauIts CO)

TI 5,5-25,25,40 40,4448 25 50-60
1'2 5,25,33 ,45 10,68,78 20,25 25,50

Tabla 1: Physical paramelers required for the progr am. Te : Elastic Thickness and S: Shortening. Highlighted numbers
represent the best results ,
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Mod el
Te S Deco llement Angle of the Z WI

Co mme nts(km) (km) (km) Iault s ï") (km) (km)
T I-2 25 44 25 60,60,60,60,50 5 335 Bas in wave lena th 100 naITOW

TI -4 5 40 25 60,60,60,60,50 10 31J
The foreb ulge is reproduced but the basin is

too dee p

TI-S 5-25 44 25 60,60,60,60,50 5 325
T be for ebulge, tbe geom et ry of th e basin

and the tbrust bel! is reproduced
TI-9 40 44 5 60,60,60,60,50 5 370 Basin wave lenz th is too wide

T2-2 5 10 25 60,60,60,60 9 160
Basin wavelength is insuffic ient and basin

depth is exceeded
Preferred modeI. Botb Basins depth a nd

T2-4 25 10 2S 25 7 260 wavelength are reproduced (i.e. Gu ârico
and Cariaco).

T2-9 5 68 25 25,2 5,25,25,10 7 155 Basin wavelength is insuffic ient
T2-IO 45 68 25 25,25,25,25 10 7 290 Basin wavelen zth is exceeded.
Table 2: Summary of the results of the flexural modellirig for T I and T2 . A bbrev iations refer to: Te= Elastic Thickness, S= Shortening, Z=

Maximum basin dep th and WI= Maximum basin wavelength . Best result is highlighted .
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Fig. 2 (a) Regional Transects, (b) Flexura l Model s and (c) Integrated Geodyn amic Mode ls. Locat ion of sec tions TI and T2 in Fig.1

Summary

The fIexu ral isosta tic mode lling co nlro lled wi th seisrn ic, gravime trie and geo log ical infor mat ion suggests that

the load produced by the emp lace ment of the Cordillera Central Thrust Be lt is sufficient to ge nera te the observed

subsidence in the Guarico Basin.

The modellin g also suggests that the elastic thickness of the south American Jithosph ere is 25 km, this

value is con sistent with the fo und by Jacome, et 2003 and Chac ïn, et al., 2004. The modelling of Tl ind icates
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that the total Shortening of the Thrust Belt in the west of the area is 44 km and the total subsidence is 5 km,

while modelling of T2 indicates that shortenin g in the thrust belt decreases to the east with a total of 10 km and

the subsidence in the basin increased with a total of 7 km. On the other hand, the basement fore-bu Ige observed

in the seismic lines corresponds to a remnant basement high produced by the f1exural response of the lithosphere

to the load of the Lara Napa Thrust Belt emplaced to the west of the area before the uplift of the Cordillera

central and formation of the Guârico Basin. The deep crustal structure of the North-Central region of the

Venezuela indicates a maximum Moho depth of 45 km in the south of the models (i.e. under the Guyana Shield)

decreasing to the north until it reaches 25 km (i.e. under transitional crust) . It is observed in the integrated

geodynam ic models that under the Cordillera Central Thrust Bell the Moho depth is 35 km indicat ing the

existence of a crustal root.
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