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ABSTRACT .

The north Barinas area is located in the southwestern part of Venezuela. 

Subsurface structure was defined based on interpretation of seismic reflection data 

acquired in 1990-91 and from additional well-log information. Structural and isochore 

maps were constructed in order to investigate the geology of the area. Much of

the structure of the north Barinas basin consists of small folds and normal faults.

The geologic evolution began with the pre-Cretaceous sequence which was 

characterized by an extensional regime and uplift. The Cretaceous sequence consists 

of a homocline dipping towards the Andes with an extensional normal fault pattern; 

however, at the mountain front, there is a reversal of the pattern due to post-

Cretaceous tectonism. The lower mid-Tertiary section and sedimentary rocks of the

late Tertiary show the compressive effects of Andean uplift as evidenced by major 

thrust faults at the mountain front. Some of the structures formed by faulting and 

folding may be potential hydrocarbon traps.
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INTRODUCTION

Location.

The Barinas basin is located in the southwest part of Venezuela and 

encompases the southwestern plains of Venezuela, delimited by the Andes in the 

southwest, the El Baul massif in the northeast and the Guayana craton in the 

southeast. (Fig. 1). The basin extends for about 430 km in a northeast-southwest 

direction and 200 km in a southeast direction with an area of approximately 90,000  

km2, and elevations of no more than 200 meters. This basin has been divided by 

Feo Codecido (1972) into two subbasins, known as the Barinas basin and the 

Uribante basin. The subbasins are separated by the Santa Barbara arch which is a 

subsurface expression of the Colorado massif (Feo Codecido, 1972). The study area 

is located in the northwest corner of the Barinas basin, just north of the producing 

fields Silvan and Maporal, east of the city of Barinas, on the southeast flank of 

the Andes (Fig. 1).

Objectives

The objectives of this study are to determine the structural characteristics of the 

area and to account for the geological evolution of the area and its relationship 

with the Andes. In order to acomplish these goals, the study was focused on the 

elaboration of structural and isochore maps that would allow the interpretation of 

the evolutionary history of the area. Ultimately, this study, in conjunction with 

complementary geological mapping and geochemical studies, would contribute to 

generation of new exploratory targets in the search for hydrocarbons in the area.
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Data.

The Barinas basin has been known since the early days of oil exploration in 

Venezuela during the 1920s'-30s', when the traditional producing fields were 

discovered south of the city of Barinas. In spite of the existence of producing oil 

fields, the basin has remained low in exploratory priority compared to other basins 

in the country. In the past few years, with the advent of new exploration 

techniques, the basin has stimulated new interest. Starting in 1984, a new approach 

has been taken regarding the exploration for hydrocarbons in the area. Studies 

involving surface geology, geochemistry, and digitaly adquired seismic data have 

been carried out. Today the Barinas basin constitutes one of the primary 

exploration areas for the oil industry in Venezuela.

The principal information for this study consists of 1600 km of common 

midpoint reflection seismic data divided into two seismic surveys - BAR90 and BAR91 

(Fig. 2). acquired in 1990-91, as part of the strategy to explore the areas close to 

the fold and thrust belt north of the traditional fields. The surveys consist of a 

2.5 x 3 km grid digitally acquired seismic data with a coverage of 3000 %, and 

excellent horizontal and vertical resolution. The source used was dynamite (Table 1, 

and Table 2). Additional data consist of well logs and checkshot surveys from the 

SMW-13 well of the Silvan field and the SNW-22 well of the Maporal field. Other 

well data were used when needed to facilitate regional correlation.

The Barinas basin contains a sedimentary column that dates back to the early 

Paleozoic. However, due to lack of commercial interest, all data gathering has been 

restricted to the Cretaceous and Tertiary sequences.
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Fig. 2 Barinas 90-91 survey.



TABLE-1 RECORDING PARAMETERS

Instruments: ............................. ..........................  sercel sn-348

Format: ................................ ..................... . seg-b

Filters: .................................................. . Low:12.5-High: 125

Recording Length: ........................................................ 6 sec

Geophone Type: ...................... .................................  sm-4

Geophone Pattern:     linear symmetric

Number Geo/Trace: .......................................................  12

Geophone Separation:........................................................ 4.17 m

Energy Source: ................... .................................... dynamite

Charge: ........................................................ 1 Kg sismolex

Shooting pattern: ........................................................ single hole

Depth: .......................................................  2-6 m

Spread: 1 ......................... 60:6 i ................ 120
3125 m 175 125 3075 m

S P: 1000.5-1236.5 :

Group Interval: ........................................................ so m

S P Interval: ........................................................ so m

S P: 1238.5-2573.5 :

Group Interval: .......................................................  so m

S P Interval: .......................................................  loom

Number of Channels: .......... ............................................  120

Sampling Interval: ....................... ...............................  2 ms

Rejection Filter: ............................................. ..........  60 Hz
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TABLE-2 PROCESSING PARAMETERS

Demultiplex:

Resampling: .................................... ................................. 4 ms

Exponential Gain: ............ ..........................................  6 db/sec

Trace Editing:

CDP Sorting:

Deconvolution:

OPERATOR: 200 ms - WINDOW: 8 - NEAR TRACE: 500-3000 ms - FAR TRACE: 100-4500 ms 

PREDICTION TIME: 4 ms

Field Statics:

DATUM: 130 M S I - CORRECTION VELOCITY: 1800 m/s - FIRST-BREAK(REFRACTION)STATICS

Variable Time Filter:

Hz Db/Oct Hz Db/Oct Time-ms Hz Db/Oct Hz Db/Oct Time-ms
10 36 60 72 0-1800 10 36 80 72 0-2500
10 36 50 72 2000-3600 10 36 70 72 2700-4000
10 36 40 72 4000-6000 10 . 36 50 72 4000-6000

Velocity Analyses:

MNO Correction / MUTE : 

Residual Statics:

Trace Equalization: 

Stacking:

Migration:

Datum Correction:

PROG.DEML & DEMLAP 

WINDOWS 500 ms/300 ms 

6000-3000 %

WAVE EQUATION 90%  S.V. 

VEL 1800 m/s
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Methodology.

The selection of key reflective horizons and the unconformities that mark the 

limits between the different cycles was determined based on a knowledge of the 

regional geology and the data from well-log correlations from the producing oil 

fields. The well logs and checkshot allowed the construction of synthetic 

seismograms and time-depth curves (Figs. 3 and 4). This information was used to 

calibrate the regional interpretation of the different horizons and unconformities.

Once the correlation of reflectors and reflections were determined in a key

seismic line, (BAR90-A09; Fig. 5), correlation with other lines around a loop was 

made in order to expand the interpretation. A time selection was done every 100

ms with increment of 0.25 ms on each line for every reflection of interest.

The interpretation of the structure, faults and unconformities was followed by the 

construction of structural maps at the base of the Cretaceous, top of the 

Cretaceous, and the top of the Paguey formation. This in turn, allowed the

investigation of the nature of the geological structures of the area. The fact that 

these structural horizons also coincide with unconformities present in the 

sedimentary column made possible the division of the sedimentary sequence into 

cycles that made easier the interpretation of the geological evolution of the area. In 

order to facilitate the mapping of the lower Tertiary section, an intra-Paguey 

reflection was defined as a good 'marker' for the regional correlation.

The isochore maps between each marker were constructed in order to study the 

behavior of the sedimentary processes during the different cycles. Using these maps 

it is possible to determine the orientation of structures controlling the sedimentation 

during the time of deposition of a particular sequence.
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Fig. 5 Line BAR90-A09 showing key reflections.
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Finally, an interpretation of the evolutionary history of the area was made from 

the integration of the information obtained from the maps and the data on the

regional geology.
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REGIONAL GEOLOGY

Structure

Andes

The Venezuelan Andes also known as the Cordillera de Merida, are an elongate, 

asymmetric northeast trending range which extends, as a continuation of the 

Oriental Cordillera of Colombia, for about 400 km between the border of Venezuela 

and Colombia in the southwest to the southwestern part of the State of Lara. The

Cordillera de Merida has the general form of a broad arch with the adjoinning

basins of Maracaibo in the northwest and Barinas in the southeast (Fig. 6).

Along both sides of the Andes the sequence of rocks have been overturned and

thrust toward the basins. Actually, the belt of sediments has been uplifted enough

not only to arch but to overturned layers over the flanks. Due to the effects of 

several episodes of orogeny, it is difficult to generalize on any particular structural 

trend in the Andes today. Rod (1956) points out that in many places there seems 

to be Paleozoic predominance in the direction of movements while in other locations 

the structures show prominent effects of Tertiary orogenesis. Schubert (1982) 

proposed that the Bocono fault, which extends for about 500 km from the Tachira 

depression in southwestern Venezuela along the central part of the Andes to the 

junction with the Oca-El Pilar faults of northern South America, is an extensional 

feature and that any horizontal displacement is restricted to the Recent. Because of 

the complicated structural relations in the region, it is perhaps reasonable to expect 

a combination of the two types of movements; thus, any mechanical deformation in 

the Andes should be seen in terms of the character and history of these

movements.
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Since the the middle Miocene, the Andes have been uplifted vertically into large 

blocks of horsts and grabens. At the top of the range, there is a zone of 

extension which has produced horst and graben structures delimited by high-angle 

faults, the major one being the Bocono fault zone. On both sides of the

mountains, features of overturning and imbricate thrusting are common. The 

asymmetric features become apparent in the southern flank where the Tertiary and 

Mesozoic rocks are distributed over a broader belt compared to the same outcrops 

in the northeastern flank.

On a large scale, virtually all morphologic features in the Andes are defined by 

faults. Each block defined by faults constitutes a separate structural unit. The

differences within each block are related in part to the tectonics. The Andes

present a prominent longitudinal fault system along with grabens parallel to the 

faults in a northeast direction. The Bocono fault zone, along with the grabens and 

secondary faults associated with it, is the major structural feature of the Venezuelan 

Andes and appears as a strong topographic feature. The Bocono fault was initially

described by Rod (1956) as a strike-slip fault. Since its description, several authors

(e.g. Schubert 1968; Giegengack and Grauss 1972a) have tried to explain the nature of 

this fault and its relation to the regional tectonics. Today, it is well accepted that 

the Bocono fault is a fault zone rather than a single fault with compressional

stress oriented east-west related to the dynamics of plates of the area. In this 

sense Dewey (1972) among others, postulated that the regional east-west

compressive stress has produced the thrusting and shear movements. Many authors 

using different techniques and models, (Mencher,1963; Dewey, 1972; Kellogg and

Bonini,1984) maintain that the fault is an expression of the dynamics of plate
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interaction along the northern South American margin where the Caribbean, Nazca 

and South American plates interact.

Since its description by Rod (1956) there is little doubt of the dextral

transcurrent character of the Bocono fault during Tertiary time. However, during 

most of the period, the nature of the movements associated with the orogenesis

that affected the Andes seems to be vertical. Schubert (1968) studied the fault in

the Santo Domingo area, where he observed that the fault has vertical 

displacement combined with dextral transcurrent movement. Later Schubert (1982) 

reviewed and restricted the horizontal movement to the Recent. This sems to be

the general consensus among geologists studying the area, as expressed by

Giegengack (1984) that for the last million years, some of the stress imposed by 

the convergence of the Caribbean and South America seems to be accomodated

along the Bocono fault. In general, the movements along the Bocono fault have 

been strike-slip, vertical, dip-slip or any combination.

The Bocono fault extension toward the south, appears in the Tachira depression 

as a complex system of three different fault trends. The first fault runs northeast 

in the Capacho fault, the second one runs northwest in the Bramon fault and last, 

the Mocoties fault runs north-south. This situation is explained by Macellari (1984) 

as being caused by the existence of two rigid blocks (Venezuelan Andes and 

Oriental Cordillera) separated by a thick sedimentary sequence that absorbs most of 

the stress of the two moving blocks.

In addition to the Bocono fault other faults run along the same trend as the

Bocono fault. Schubert (1968) studied the Celoso and Soledad faults in the eastern

flank. Both faults are high-angle reverse faults. In the northwest flank similar faults 

are the El Gavilan and Mucunaque fault and many others.
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Barinas

Along the east flank of the Venezuelan Andes, the sediments have been folded 

into a monocline dipping east. This structure has been broken by several steep 

thrust faults. Here, a broad zone of Tertiary sediments runs parallel to the range 

and descends toward the basin in a narrow belt of young Tertiary formations. At 

the center of the basin there is a structural high which can be observed 

throughout the Cretaceous section. Other folds are also present in the piedmont 

area close to the Andes; one of such known features is the Barinitas anticline. In 

the basin, the pattern of faulting is rather simple, being characterized by two sets 

of normal faults. The first system is oriented east-west while the second one runs 

north-northeast. Both fault systems affect the sedimentary column of the Cretaceous 

and Tertiary age. These fault patterns cause the minor uplift of blocks responsible 

for the trapping and accumulation of hydrocarbons in the area.
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Stratigraphy

In spite of the lack of information about Paleozoic sedimentation, there is no 

doubt that Paleozoic seas were present across the Barinas basin from the 

Ordovician to the Permian. In general, older sedimentary rocks, probably of 

Paleozoic age are imaged beneath the Mesozoic-Tertiary section in the Barinas basin. 

However, it is the Cretaceous and younger sequence that make the bulk of the 

sedimentary column; as a consequence, they are the most studied and better 

known.

For the purpose of this study, the sedimentary column ranging from pre-Cambrian 

to middle Mesozoic is grouped as the pre-Cretaceous sequence. A brief description 

of the different units is given accordingly, beginning with the oldest known 

formation in the area (Fig. 7).

Pre-Cretaceous

Cambrian - Ordovician.

The Bella Vista formation probably represents the Cambrian-Ordovician period in 

the Andes. First described by Christ (1927) as being made up of schists, black 

slates and quarzites that cropout in the Colorado massif. In the Barinas basin, the

lower contact is not known. However, it is presumed to be discordant over the 

rocks of the igneous-metamorphic Iglesias complex that forms the core of Andes 

(Pierce, 1960). The age of this formation was determined by Rb/Sr to be Mid- 

Ordovician (Gonzalez de Juana et al.,1980 after Compania Shell de Venezuela and

Creole Petroleum Corporation, 1964).

The next formation present in the sedimentary column is the Caparo Formation.

This formation was described by Gonzalez de Juana (1951). It is made of gray,

sandy siltstones, shales, quarzites and thin sandstones. Fossils of graphtolites.
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trilobites and brachiopods have been found in the shales, though, very distorted by 

the incipient metamorphism. The age assigned to the formation is Upper

Ordovician.

Devonian.

Initially described by MacKenzie (1937) and later by Schubert (1968) the Cerro 

Azul formation consists of a green phyllitic sequence that outcrops in the southeast 

flank of the Andes. In the Barinas basin, the rocks are folded and faulted; thus, 

any thickness determination is hampered by this condition (Schubert, 1968). The 

estimated thickness is between 500 m to 1000 m. Radiometric age determination 

place this formation in the Lower Devonian (Schubert, 1968). In the Barinas basin, 

the Cerro Azul formation shows fault contact with Eocene rocks and a discordance 

with the rocks of lower Cretaceous.

Pennsylvanian.

The Pennsylvanian is represented by the Sabaneta formation. This formation was 

first described by Oppenheim (1937) to designate the sediments that cropout at the 

southeast flank of the Andes. This formation is made up quarzitic sandstones with 

color that range from gray to greenish, conglomerates that grade upward to shaly 

sandstones and sandy shales. The upper part the formation is composed of red, 

green, gray siltstones that become black at the top of tha sequence. At the type 

locality the formation is estimated to be 1135 rn thick where it grades comformably 

into the Palmarito formation of Permian age. The environment of deposition is 

thought to be continental.

Permian.

The Palmarito formation is considered to represent the general transgression that 

began during Permian time which covered the Andean region extensively (Gonzalez
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de Juana et al.,1980). The name was introduced by Christ (1927) to describe the

fossiliferous limestones, siltstones and shales that cropout near the Palmarito Ranch 

where the thickness reaches up to 440 rri. The basal contact of this formation is 

concordant with the Sabaneta formation below. In the Barinas basin the formation 

is found just near the type locality.

Triassic-Jurassic.

The lower Mesozoic is represented by the La Quinta formation. This is a unit of 

continental nature, the major outcrops are found along the southeast flank of the

Andes and some places of the Barinas basin along narrow belts limited by normal

faults which apparently controlled the sedimentation of the continental elastics. This 

formation is made up of coarse elastics, fine grained sandstones, with cross

stratification, siltstones and claystones. Most sediments show the typical red

coloration characteristic of the La Quinta formation. The sandstones show abundance 

of hematite. However, some black shales are present at some localities. In the

Barinas basin, the La Quinta Formation shows its characteristic red color. One 

important feature concerning its continental origin is the rapid variation in thickness 

over short distances ranging from 3500 m to 300 m in Barinas.

Cretaceous

In western Venezuela the Cretaceous sedimentation consists of rock deposited in

epicontinental and miogeosynclinal environments. These sedimentary units mark the

beginning of the sequence of interest for the purposes of this study (Fig. 8).

Albian

Beginning with Rio Negro formation, in the Barinitas-Santo Domingo area Schubert 

(1968) indicates a unit of rocks consisting of gray, conglomeratic sandstones that 

show cross-stratification, some black shales and arkosic sandstones. In the Barinas
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A G E LITHOLOGY FORMATION COMMENTS

PLEIST. RIO YUCA 2300 m. mass, cross strat..gray green ss.,m.to 
c.gr.,well strat..soft, silt and clay.variety colors 
light gray, yellow, brown.green, greenish blue.

UPPER-OLIG PARANGULA 90-1400 m.,lenses gr, green, wht. eg.,mottled 
red, purple, brown, cross strat. ss. silt.

MID-EOCENE PAGUEY 400-100 m. basal sandy bk. sh. fossil forams. 
thin ss upper interv. interc. med. to fine gr. 
calc, ss and bk.sh. fossil bivalves.

— • ■ ■—- . —
MID-EOCENE GOBERNADOR 450 m.qtz., f to m. gr.gray, ss.. Fe stain, loc. eg. 

interc.silt and carbonaceous sh. good reservoir.

MAASTRICH.
CAMPANIAN

BURGUITA var. thick, micac. fine gr. ss.,calc., cross strat. 
interc. drk sh, chert.

SANTONIAN QUEVEDO 90-200 m.,sandy sh.very fine grained ss.interc.• •
4 :9 . .4.. « . * thick ss and blk. sh. chert and Is.

CONIACIAN LA MORITA 150 m. gray, calcareous, shales and siltstones.

•l .e *1 • 1 1 •

CENOM.
TURONIAN

V-k.-:::
•: : .*.• ESCANDALOSA 55-362 m.basai sh, fine gr, glauc. ss, slight calc, 

interc. sh. silt.and ss.good reservoir rock, 
fossil Is at top.

---- —— — —  —]

ALBIAN AGUARDIENTE 70-100 m. well strat, c to f gr, quarzt ss, glauc.
interc. sand, blk sh. bio. bottom Is. too oolitic Is.

PRE-CRETAC

Fig. 8 Local Lithologic Column.
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basin, this formation designates the Cretaceous basal elastics of continental origin 

(Feo Codecido 1972). The thickness is very variable as can be expected in any 

basal conglomerate.

The next unit is the Aguardiente formation which is widely distributed over the 

entire basin (Feo Codecido, 1972). The Aguardiente formation is made up of fine to 

coarse grained, glauconitic and calcareous sandstones, carbonaceous shales, and 

some thin lenses of limestone. The latter are thought to represent coastal facies 

with the limestones location depending on the level of transgression that took 

place (Gonzalez de Juana et ah, 1980). The thickness of the formation varies 

between 90 m and 110 m. This formation rests unconformably over the pre- 

Cretaceous sequence in the Barinas area.

In the Andes the Maraca formation represents a thin interval of 10 m to 20 m 

of fossiliferous sandy limestones. Gonzalez de Juana et al., (1980) points out that in 

the Barinas basin where it becomes sandy in character, the Maraca formation is 

equivalent to the Aguardiente formation.

Cenomanian-Turonian.

The following unit is the Escandalosa formation. Initially described by Renz 

(1959), the Escandalosa formation consists of very fine grained, glauconitic 

sandstone. A basal shale is also present in the basin which makes a good marker 

for well log correlation (Feo Codecido, 1972). This basal shale is followed by a 

sequence of glauconitic sandstones and shales. At the top of the unit appears a 

crystalline limestone with some sandstone intercalated. The thickness of formation 

varies from 55 m to 363 m with an average thickness of 134 m increasing towards 

the southwest (Gonzalez de Juana et al., 1980).
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Coniacian.

The La Luna formation consists of different layers of thin bituminous shales, 

calcareous shales, very hard and bituminous limestones. The limestones present a 

strong hydrocarbon odor, oil drops can be found in samples of fossils especially 

toward the base of the formation. The origin of the sediments is definitely marine. 

The environment was probably euxinic in conditions which preserved the organic 

matter (Gonzalez de Juana et al., 1980). In the Barinas basin where the 

sedimentation was more arenaceous, the La Luna formation looses its character and 

shows light colored rocks. The equivalent units are La Morita and Quevedo 

formations.

The name La Morita was introduced by Renz (1959) to designate a shaly

interval between the Escandalosa formation and the Quevedo/Navay formation in the 

Andean flank. The La Morita formation consists of gray calcareous shales. The 

thickness varies throughout the basin reaching its maximun in the western part of 

the basin with 180 m (Gonzalez de Juana et al., 1980)..

Santonian.

The Navay/Quevedo unit consists of siliceous shales that may vary from soft to 

hard, some shales are calcareous and carbonaceous with some black chert present. 

Thick sandstones are found toward the middle of the section. Feo Codecido (1972) 

points out that the unit varies considerably in thickness with a maximun thickness 

is approximately 240 m while in other places it has been totally eroded.

Campanian-Maastrichtian.

The Colon formation is found in the belt of outcrops along the northwest end 

of the basin. The formation is made up of gray, black shales, microfossiliferous 

shales, pyritic shales and carbonaceous shales. Some glauconitic sandstones are
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present at the base of the formation. The abundance of forams gives a distinctive 

character to the formation. The maximun thickness for the Barinas basin is 360 m. 

This formation is discordant underneath the Eocene sequence.

The Burguita formation is a sequence of sandstones partially glauconitic and 

calcareous, with fragments of chert, and shales and siltstones that lies on top of 

the Quevedo formation along the southeastern flank of the Andes. In the Barinas 

basin, the formation is very irregular and erratic because it has been eroded, 

probably representing the regressive cycle (Feo Codecido, 1972).

Tertiary

Eocene.

The Gobernador formation marks the beginning of the Tertiary sedimentation in 

the Barinas basin. It was defined by Pierce (1960) as being composed of quarzitic 

sandstones, medium to coarse grained, gray to light shades with rusty colors, some 

local conglomerates and siltstones are also present. Black calcareous shales make up 

to 20 % of the unit. The shales grade into the reef limestones known as the 

Masparrito member of the Paguey Formation. The maximum thickness found is 450  

m (Pierce, 1960). In the basin, the unit thins down to 50 m. in the oil producing 

Sinco field. The sedimentation belongs to coastal environments (Gonzalez de Juana, 

et al.,1980).

The Paguey formation was defined by Pierce (1960) to all post-Gobernador rocks, 

in the folded belt along the piedmont area of the basin. This formation consists of 

a lower fossiliferous shale and an upper sandy section of ferruginous, calcareous, 

carbonaceous sandstones. The maximun thickness recorded is 1913 m. Schubert 

(1968) assigns near 500 m. for each section. The top of the Paguey formation is 

truncated by the erosion of the upper Eocene-Oligocene.
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Miocene

Described by MacKenzie (1937), the Parangula formation consists of a series of 

red coarse grained sandstones, fine arkosic conglomerates and yellow mottled 

sandstones and sandy shales that cropout in the Parangula Creek. In general the 

sediments are poorly consolidated with no fossil content. The Parangula formation 

ranges in thickness from 90 m to 1400 m. The unconformity that separates this 

formation from the Paguey formation can be angular to subparallel.

Miocene-Pliocene.

MacKenzie (1937) defined the Rio Yuca formation in the Rio Yuca valley. The 

rocks cropout on the southeastern flank of the Andes. They are conglomerates 

sandstones and siltstones irregularly settled. The sandstones are soft to hard while 

tha shales are soft with colors ranging from brown to green. The thickness of the 

unit is 2300 m. The environment of deposition is continental to fresh water 

(Gonzalez de Juana et al.,1980).

Pliestocene

The Guanapa formation is resticted to the Garinas piedmont area. MacKenzie 

(1937) described this formation as made up of conglomerates sands and clays 

which are poorly consolidated with cross-stratification features. The formation forms 

the terraces along the southeast flank of the Andes.
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SEISMIC INTERPRETATION

Key Reflectors and Unconformities.

The study area has been divided into four different cycles according to the 

location of the regional unconformities. The features identified on the seismic 

profiles as unconformities mark the limits between the lower Mesozoic-Cretaceous 

sequence, the Cretaceous section and the sediments of the mid-Tertiary and finally, 

between the mid-Tertiary and Miocene sequence. These unconformities reflect the 

evolutionary history of the basin.

First Cycle

Pre-Cretaceous.

The first cycle of this study begins with the sediments of Pre-Cretaceous age. In 

the seismic profiles, this interval appears as a sequence of quasi-continuous 

reflectors below the Cretaceous sequence.

The seismic characteristics depict the presence of hard rocks capable of showing 

good acoustic contrast (acoustic impedance), to the point that are easily recognized 

as reflections of strata or fault planes. It should be kept in mind however, that 

this survey was not designed to go beyond the Cretaceous sequence and that 

many of those events may well be shadows of shallow structures in the form of 

multiples.

Second Cycle - Pre-Cretaceous Unconformitiy.

The second cycle of this evolutionary model is represented by the Cretaceous 

sedimentation. The interval appears as a uniform succesion of seismic reflectors of 

approximately 200-250 ms in thickness that increase toward the piedmont following 

the general dip of the basin. The beginning of the cycle is defined by an 

unconformity that marks the limit between the Pre-Cretaceous and the Cretaceous.
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Base Cretaceous.

Initially, a reflector close to the base of the Cretaceous was chosen given its 

acoustic characteristics. In the seismic sections, the lower Cretaceous unconformity 

does not show great depositonal contrast with the Cretaceous reflection events, 

rather they appear in a subparallel relationship. The structural map of this horizon 

shows a homoclinal structure dipping away from the craton toward the Andes (Plate 

1). On the structural map of this horizon the fault pattern appears normal showing 

evidence of extension oriented towards, the craton. This extensive regime may be 

related to initial episodes of Pangea breakup. In this particular case, it may be the 

initial opening of the Caribbean between the North and South American plates.

Top Cretaceous.

The cycle closes with the sedimentation of the Burguita formation underneath the 

unconformity of the Cretaceous-Tertiary boundary that defines the limit of the next 

cycle. In the seismic profiles, the section shows a subparallel relation in most of 

the basin. In general, the Cretaceous section shows the presence of good reflecting 

events with very good horizontal resolution.

The structural map of the top of the Cretaceous shows the general homoclinal 

structure dipping away from the Guayana craton until it reaches the piedmont area. 

The extensive regime that dominated the area during the Cretaceous is reflected on 

the seismic sections by the numerous normal faults that cut across the Cretaceous 

layers (Plate 2).

At the mountain front the structure is characterized by the presence of folded 

and thrust layers that override the gentle structure of the basin. It is important to 

point out that the fault pattern originally normal shows evidence of reversal toward 

the mountain front. The pattern reversal is a consequence of the forces and
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movements that affected the area during post-Cretaceous times. According to 

Dengo and Covey (1993) the deformation that caused the reversal of the faults

during Pliocene time involved the basement in the eastern Cordillera of Colombia

The isochore map of this section shows the thickening of the sequence toward 

the Andes in the northwest direction suggesting the flow of the sediments as

coming from the southeast and lowering of the basin by sediment overload (Plate 3).

Third Cycle - Early Tertiary Unconformity.

The third cycle of the model refers to the lower Tertiary sequence. Here, the 

reflection pattern is less accentuated than the previous ones. Again, the sequence 

thickens toward the Andes away from the Guayana craton according to the regional 

dip. The sediments show less accoustic contrast, probably caused by lower velocities 

in the sediments. There exist two good reflections, however, the top reflection 

marks the limit between the mid-Eocene and the Miocene and constitutes the top

of the Paguey formation. The other reflection appears at the middle of the Eocene

sequence and it is known as the intra-Paguey reflection. The structural maps of 

both reflectors show the fault pattern with less intense features compared to the 

previous Cretaceous section. A definite regional compressive setting is depicted, 

specially toward the piedmont area where thrust blocks override the homoclinal 

sequence of sediments below.

Top intra-Paguey

The intra-Paguey reflector was defined for this study because it serves as a 

good 'marker' for regional correlation which facilitates the correlation and mapping 

of the lower Tertiary. This reflector may well be the basal limestone of the Paguey 

formation - Masparrito member (Plate 4).
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The isochore map between the top of the Cretaceous section and the intra- 

Paguey reflector shows the section of the lower Tertiary thickening toward the 

mountain front but with a shift in direction toward the northeast (Plate 5), 

suggesting a deepening of the basin in that direction. This shift is probably related 

to the movement of the North American plate with respect to the South American 

plate with further interaction of the Caribbean plate in lower Tertiary (Freeland and 

Dietz, 1971; Pindell and Dewey, 1982).

Top Paguey

The structural map at the top of the Paguey formation marks the unconformity 

that separates the mid-Tertiary sequence from the upper Tertiary (Plate 6). An 

increase in the regional dip away from the mountains and the reverse fault pattern 

can be observed. This increase in the dip may be the result of the initial uplift of 

the Andes. At the piedmont area, a contemporaneous relationship between the 

erosion and the faulting is observed where the erosion cuts through the thrust 

units. This relationship suggests contemporaneity of both events. Again, the isochore 

map shows the same general trend as before (Plate 7).

Fourth Cycle - Middle Tertiary Unconformity.

The last cycle of this model takes place from the upper Miocene to Pleistocene. 

In the seismic profiles, a subangular relation between the lower Tertiary sediments 

and the unconformity above them is observed. However, toward the Andes where 

the compressive effects are more noticeable, this relationship becomes angular in 

nature by the effects of contemporaneous thrusting and folding as a consequence 

of the Andean uplift during Miocene-Pliocene times. A good example of the 

contemporaniety between the uplift and the sedimentation is shown on lines BAR91-

A19 and BAR91-A39 where it can be observed the relative age of both the
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thrusting episodes and the sedimentation as being active processes during the final 

uplift of the Andes. The amount of vertical and horizontal displacements have been 

estimated to be about 900 m and 500 m respectively (Figs. 9 and 10).

Above the mid-Tertiary unconformity there were sporadic pulsations related to the 

final uplift of the Andes (Gonzalez de Juana et al., 1980) that changed the nature 

of the sediments in the region. The sedimentation pattern appears continental in 

nature represented by the Parangula, Rio Yuca and Guanapa formations (Pierce, 

1960; Feo Codecido,1972). This sedimentary interval show an irregular seismic 

pattern suggesting their caotic nature, nonetheless some reflections can be seem 

sparingly. It is important to remember, however, that if higher fequencies were 

recorded in the survey, the resolution for this interval would be better. The minor 

uplift still taking place causes the occurrence of minor angular unconformities.
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Fig. 9b Line BAR91-A17 showing vertical and horizontal displacements with 
interpretation.
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Fig. 10a Line BAR91-A39 showing displacement and contemporaneous thrusting.
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Fig. 10b Line BAR91-A39 showing displacement and contemporaneous thrusting 
with interpretation.
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GEOLOGIC EVOLUTION

The area of study in the northern Barinas basin extends from the southeastern 

flank of the Venezuelan Andes to just southeast of the city of Barinas. The area is 

typical of the boundary between the Andes and the Barinas basin; therefore the

tectonic evolution of the area as recorded in the structure and stratigraphy is 

closely tied to that of the Andes.

The model of basin evolution inferred from seismic and well data is made up of 

four cycles covering the Mesozoic to upper Tertiary. The first cycle begins with the 

pre-Cretaceous sedimentation, followed by the Cretaceous sequence. Later the mid- 

Tertiary deposits are considered and finally the sediments from the upper Tertiary 

close the model. All these cycles are well represented in the seismic profiles, 

where very distinctive reflections are easily recognized. The limits between the

different cycles are marked by the unconformities present throughout the sequence.

First Cycle - Pre-Cretaceous

The pre-Cretaceous units represent' a period of emergence in the Venezuelan 

Andes after the transgression of the Permian when the Andean region was

extensively covered by water. Prior to the Permian events, there were other cycles 

of transgression/regression evidenced by the unconformities of the lower Paleozoic. 

There are no detailed studies of these events, although some geologists (e.g. 

Shagam 1969, 1972, 1975) have tried to explain the early evolution of the Andes 

and the tectonics associated with their development.

According to Shagam (1969), the principal characteristics of post-Paleozoic history 

in the Venezuelan Andes are the absence of thermal events and the presence of

extensional features and uplift. These features might be the expression of the first



47

episodes of rifting which took place after the breakup of Pangea in the Late 

Jurassic.

In the Andes, lower Mesozoic sedimentation occurred over an erosional surface. 

Sedimentation began with deposition of a coarse conglomerate, followed by fine

grained sandstones, siltstones and claystones known as the La Quinta formation. 

The sediments of the La Quinta formation in the Barinas basin are located in 

narrow belts limited by faults, and showing typical 'red bed' characteristics of 

Triassic sediments. In the seismic profiles, this interval appears as a sequence of 

quasi-continuous reflections below the Cretaceous sequence.

Second Cycle - Cretaceous

The second cycle of this evolutionary model is represented by the beginning of 

Cretaceous sedimentation. At the beginning of the Cretaceous, a transgressive event 

took place over continental Venezuela. In the initial stages of the transgression, two 

seas invaded the continental margin during Albian times. Gonzalez de Juana (1951) 

points out that the first transgression is evidenced by a shallow-water epicontinental 

facies (Oriental Cordillera of Colombia), and the other transgression is represented 

by a geosynclinal facies. This last transgression came from the Caribbean sea. At 

this time, both North American and South American plates continued to separate 

westward (Pindell and Dewey, 1982). The area was under extension at this time as 

reflected in the seismic profiles by the numerous normal faults that cut across the 

Cretaceous layers. The sense of displacement on faults was later inverted by the 

subsequent tectonic events that affected the region during the Tertiary as the 

Andes mountains formed.

The beginning of the Cretaceous marine transgression in the Andes is marked by 

deposition of the fluvial Rio Negro formation and the shallow marine Apon
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formation. The transgressive event took place with several minor periods of advance 

and retreat of the seas until the Santonian when the transgression peaked and 

conditions changed from open marine to that of restricted waters.

In the Batinas basin, conditions were always restricted. Gonzalez de Juana et al., 

(1980) note that, during Albian time, erosion at the border of the Guayaha craton 

produced the influx of sand and shales that gave origin to the Aguardiente

formation. The Cretaceous section in the region of Barinas begins with the 

sedimentation of the Aguardiente formation which is widely distributed over the

basin (Feo Codecido,1972). Here, the transgression took place over a peneplaned 

surface of Paleozoic rocks. In the seismic profiles, the unit shows no great 

depositonal contrast; the relation between reflection events in the seismic lines

appears subparallel.

In the mid-Albian, the waters continued to transgress southward. As a result,

the entire Barinas basin was flooded. By the Coniacian-Santonian when the 

transgression peaked, the Maraca formation was deposited in a neritic environments 

that later became deeper during La Luna deposition. At this time, western 

Venezuela was divided into three sedimentary provinces (Zambrano et al., 1971). The 

first province of pelagic type was located on the northwest flank of the present- 

day Andes and was characterized by the deposition of black calcareous shales. The 

Barinas basin became a neritic province where the Escandalosa, La Morita and 

Quevedo formations were deposited. This province represents the maximun stage of 

transgression over the area as characterized by the greater siliceous content and 

greater proportion of sandstones compared to the other provinces. Conditions were 

not euxinic although glauconite and phosphatic pellets are common; their occurrence
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indicates restricted conditions. Finally, the coastal province was located at the north 

border of the Guayana craton.

At the end of the Cretaceous, both North and South America moved westward 

as the Atlantic Ocean opened (Dietz and Holden, 1970; Pindell and Dewey, 1982). The 

motion of these two plates created conditions of compression. Shagan (1969) 

suggests that the Pacific rise, where additional spreading took place, also played a 

role for the development of this compressional regime as the plates moved 

eastward. As a consequence, the style of post-Mesozoic deformation visible in the 

seismic profiles is characterized by northeast compressional stress.

On land the geologic setting changed, and the slow retreat of the seas began in 

the Santonian and continued until the close of the Maastrichtian. During this time, 

the Colon shales were deposited over most of western Venezuela; only the Barinas 

basin remained as a depocenter for arenites with more influx of sands coming from 

the Guayana shield. The Burguita formation represents the close of the Cretaceous 

in the area. In spite of its somewhat erratic distribution, the Burguita formation 

shows a subparallel relation in most of the basin. The orogeny that affected 

Venezuela at the end of the Cretaceous is correlative with the Laramide orogeny of 

North America (Gonzalez de Juana et al., (1980).

Third Cycle - Middle Tertiary

The third cycle of the model refers to the lower Tertiary sequence. The 

Cenozoic in the Barinas area is characterized by compression throughout the whole 

period. During this time, different episodes of tectonism took place. At the close of 

the Cretaceous and the beginning of the Paleocene, apparent tectonic episodes 

caused the uplift of the central Barinas area, as represented by the faulted 

anticlinals of the oil producing zones. Also, erosional features are recognized in the
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seismic profiles of the area as shown by the unconformity that marks the limit 

between the Cretaceous sequence and the sediments of the Tertiary (Fig. 5).

According to Gonzalez de Juana et ah, (1980) the lands uplifted at the end of 

the Cretaceous remained exposed to erosion for a long period of time until the 

waters transgressed in mid-Eocene time. A great quantity of sediments were eroded; 

for example, in the Barinas basin, the Esperanza formation was totally removed (Feo 

Codecido, 1972). No Paleocene and early Eocene are present in this part of the 

basin.

The Barinas basin was invaded by the transgressive seas of the mid-Eocene when 

the waters extended to the area of the Apure river in the south and to El Baul

massif in the east. During this time, the Gobernador formation was deposited. This 

formation rests uncorfomably over eroded Cretaceous sediments, although in the 

Guanarito area, it is found on top of pre-Cretaceous sediments of El Baul massif 

(Feo Codecido, 1972). This formation was followed by deposition of the Paguey 

formation which closes the sedimentary cycle of the lower Tertiary and thus, ended 

marine sedimentation in the region (Gonzalez de Juana, et al., 1980).

The end of the mid-Eocene marks a very important period of tectonism in 

western Venezuela that caused reactivation of movements along faults and the 

uplifting of the Perija region and the Andes. The troughs and basins were also

uplifted and became highlands. Erosion was ubiquitous. In the seismic profiles a 

subangular relation is observed between lower Tertiary sediments and the

unconformity above them. However, toward the Andes where the compressive 

effects are more noticeable, this relationship becomes angular in nature due to

contemporaneous thrusting as shown in lines BAR91-A19 and BAR91-A39. (Figs. 10

and 11).
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By the close of the upper Eocene, there is a general uplift in western Venezuela 

that created a change in the gradient of the basin (Gonzalez de Juana, et al., 

1980). These episodes of tectonism were followed by the initial uplift of the

Venezuelan Andes in the Miocene and continued later with the major uplift of the

Andes during the Pliocene-Pleistocene orogeny; uplift probably was intermitent 

(Kellogg and Bonini, 1982). The Bocono fault is one of the main results of Pliocene-

Pleistocene orogeny. One important fact to be noted here is that, during this 

compressional stage, the release of stress may have been by episodes of faulting 

that produced the horst and graben structures observed in the central Venezuelan 

Andes and the thrust faults along the flanks of the Andes.

Fourth Cycle - Late Tertiary

The last cycle of this model covers the period from the late Miocene to 

Pleistocene when the continental sediments dominated (Pierce, 1960; Feo Codecido, 

1972). The Andean uplift is recorded in the Barinas basin by the appearance of a 

trough along the southeast flank of the Andes (Gonzalez de Juana et al., 1980). 

This trough was filled with fine to coarse and very coarse elastics which become 

finer toward the basin represented by the Parangula and Rio Yuca and Guanapa

formations. During this time, the inclination of the layers toward the basin took 

place causing the occurrence of minor angular unconformities.
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Fig. 11b Line BAR91-A19 showing the effects of contemporaneous thrusting with 
interpretation.
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HYDROCARBON POTENTIAL

Cretaceous Targets

The producing intervals of the Barinas basin correspond to the upper Cretaceous 

Aguardiente formation, also known the as the Fortune formation. The Aguardiente 

formation is made up several intervals, designated as the O, P, R, S members. The 

P sandstone is the oil-producing interval in the Cretaceous section; it consists of 

two lenses of sand separated by an intermediary shale throughout most of the 

basin. The R member follows with some sporadic, but less important, production in 

the basin.

Tertiary Targets

The next producing horizon is the Gobernador sandstone of mid-Eocene age 

which represents the basal elastics of the Eocene transgression over the basin. This 

interval is characterized by a good development of reservoir sandstones.

The reservoir characteristics present porosities that vary from 20 to 28% and 

permeabilities ranging from 200 to 2000 md; the average gravity is 25° A P I for 

the Cretaceous and 22° A P I for the Eocene.

The La Luna formation of Cretaceous age and its lateral equivalents in the 

basin. La Morita and Quevedo formations, constitute the source rocks. The Paguey 

formation also contributes as a source rock in the Tertiary sequence.

Zambrano et al. (1971) suggest that the oil generation took place after Paguey 

sedimentation in mid-Eocene for the Cretaceous interval. However, Gonzalez de 

Juana et al. (1980) argue that the oil has to wait at least until the sedimentation 

of the Parangula formation in order to achieve enough burial and maturity for oil to 

be generated.
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In the basin, the trapping mechanisms are the structural traps that resulted from 

the tectonic episodes that affected the area with the hydrocarbons being 

accumulated at the structural highs made by the folds and the blocks formed by 

the intersection of faults. Several of these traps constitute the reservoir being 

exploited in the traditional fields, e g. Plate 2 .

Toward the mountain front there appears to be good potential for the existence 

of hydrocarbon accumulations beneath the thust belt in the mid-Eocene sequence. 

The seismic data confirms the existence of several structures that, together with 

the right timing of oil generation, could have become potential traps for the 

hydrocarbons generated from the Eocene onwards which may have migrated 

upwards in the structures; thus, the Andean flank holds the possibility of becoming 

a good exploration target in the search for hydrocarbons in the area.
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SUMMARY

The structure of the north Barinas area is closely related to the tectonic 

evolution of the Andes. The main characteristic of Andean structure in this region 

is the system of horsts and grabens with the Bocono fault as the major fault. In 

addition, late Tertiary thrust faults occur along the flanks of the Andes. In the 

Barinas basin, the structures are less complicated and consist of two sets of faults 

oriented east-west and north-northeast.

The geologic evolution of the sedimentary column can be viewed in four cycles 

based on the occurrence of regional uncorformities. The lowermost cycle recognized 

represents pre-Cretaceous sedimentary rocks. The period was characterized by an 

extensional regime and uplift that controlled sedimentation during the last part of 

the pre-Cretaceous. These extensional features may be the expression of the initial 

breakup of Pangea in the late Jurassic.

The cycle that followed encompassed the Cretaceous sedimentation and began 

with a transgression that crept over most of western Venezuela. The sequence 

appears as a homocline dipping toward the northwest. The isochore map (Plate 3) 

also shows a thickening towards the northwest suggesting a deepening of the basin 

in that direction. Normal faults that cut the section show evidence of extension. 

However, in the piedmont area, there are reverse faults that change the gentle 

structure of the basin. The reversal of the fault pattern is a consequence of the 

forces that affected the region during the Andean uplift when compressional stress 

dominated.

The close of the Cretaceous is characterized by a compressional regime caused 

by the westward movement of the North and South American plates as the 

Atlantic opened (Dietz and Holden, 1970; Pindell and Dewey, 1982); the Pacific rise,
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where spreading was taking place, probably also was involved as the plates moved 

eastward (Shagan, 1969). The Colon shale marks the end of the Cretaceous cycle 

with the Burguita formation as its lateral equivalent in the basin.

The next cycle covers the Early to mid-Tertiary when the Barinas region was 

subaerially exposed as indicated by the almost total removal of the Esperanza

formation of Cretaceous age ( Feo Codecido, 1972). The mid-Eocene transgression 

began with the deposition of the Gobernador formation followed by the Paguey 

formation which ends the marine sedimentation in the Barinas area (Gonzalez de 

Juana, et ah, 1980). A definite regional compressive setting was extant in this

interval. The isochore map (Plate 5) shows a change in the direction of thickening 

of the sedimentary column toward the northeast, suggesting a shift in the 

depocenter of the basin. This shift is probably related to further movement of the 

North and South American plates with additional interaction of the Caribbean plate

as it began to move westward (Freeland and Dietz, 1971; Pindell and Dewey, 1982).

The end of the Eocene is marked by large-scale tectonism. At this time, 

regional uplift began and continued into the Miocene with the initial uplift of the 

Andes. Uplift continued until the Pliocene-Pleistocene when the Andean orogeny was 

at its peak. This uplift resulted in a transition from marine to continental 

deposition.

The last cycle takes place from upper Miocene to Pleistocene when continental 

sedimentation dominated (Pierce, 1960; Feo Codecido, 1972) as represented by the 

Parangula, Rio Yuca and Guanapa formations. A subangular relation between the 

lower Tertiary sedimentary rocks and the unconformity above is evident on the

wells drilled in the region. This relationship changes toward the mountain front.

I
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where the compressive effects of the late Tertiary tectonism are more pronounced 

causing the contact to become more angular (Fig. 11).

In the study area, the most common type of hydrocarbon accumulation consists 

of structural traps of folded and faulted blocks. Along the southeastern flank of the 

Andes, the structures are more complex, with the presence of a thrust belt

involving rocks ranging in age from Paleozoic to Recent. The possibility of 

hydrocarbon accumulations in the Tertiary sediments beneath those structures makes 

the north Barinas area a very attractive region in the search for hydrocarbons.
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