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U-Pb Geochronology of detrital zircons from the Venezuelan passive
margin: implications for an Early Cretaceous Proto-Orinoco river
system and Proto-Caribbean ocean basin paleogeography
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| ABSTRACT |

The Guyana Shield has long been interpreted as the source of siliciclastic detritus within the Cretaceous passive
margin strata of northern Venezuela. We have determined U-Pb ages of detrital zircons separated from Early
Cretaceous strata of the passive margin. Although the Guyana shield is the probable source for much of the
Archean, Paleoproterozoic and early Mesoproterozoic detrital zircon grains, there is a prominent age population
(ca.0.95-1.2Ga) that is not easily explained as being derived from the shield. A western source in the Venezuelan
and/or northern Colombian Andes is suggested for this detrital component. We propose that a Proto-Orinoco
river system drained both the Guyana Shield and the Venezuelan and Colombian Andes and that branches of this
river system were funneled through Triassic/Jurassic rift basins that formed during initial opening of the Proto-
Caribbean Seaway. The detrital zircon age data have implications for paleogeographic reconstructions of the
Caribbean region prior to the breakup of Pangea and the longevity of continental scale river systems.
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INTRODUCTION

The provenance of sandstones as determined by U-Pb
detrital zircon geochronology has become a widely used
tool in global plate tectonic reconstructions. For example,
it has been used to help reconstruct Pangea in the Caribbean
region prior to the opening of the Proto-Caribbean as a
number of detrital zircon investigations have suggested a
northern South American provenance for Paleozoic strata
now found in Mexico (e.g. Weber et al.,2006,2008; Ortega-
Obregon et al., 2009). In addition, currently geographically
dispersed Jurassic to Cenozoic sediments of the Caribbean
region are interpreted to have been derived from northern
Venezuela (e.g. Rojas-Agramonte et al., 2008; Pindell et
al., 2009). However, there are no published U-Pb detrital
zircon provenance studies for the northern South American
margin to test these hypotheses yet. We report the first U-Pb
detrital zircon ages from the passive margin of Venezuela
in order to establish a provenance barcode that can be used
to quantitatively assess Pangean paleogeography in this
region.

In addition, a number of detrital zircon investigations
have been used to provide evidence for the presence and/
or location of continental scale paleofluvial drainage
systems (Riggs et al., 1996; Dickinson and Gehrels, 2003;
Prokopiev et al., 2008). Our data, in conjunction with
previous investigations, clearly identifies such a system
that operated in northern South America.

GEOLOGICAL SETTING

Separation of North and South America during the
breakup of western Pangaea created the Proto-Caribbean
seaway and resulted in the establishment of an Early
Cretaceous passive margin in northern Venezuela. During
the Triassic and Jurassic, continental breakup led to
formation of numerous rift basins that were filled with
continental red beds and associated volcanic rocks (Yoris
etal., 1997; Ramos, 2009). Although rocks associated with
the early rifting phase of passive margin development are
exposed in western Venezuela (Perija and Mérida Andes)
where they attain a thickness of 300 to 3400m (Schubert,
1986), in central and eastern Venezuela these deposits are
buried by younger strata and are known only from drill
hole data (Feo-Codecido et al., 1984). For example, the
Espino Graben (Fig. 1) is a buried rift basin that trends
WSW-ENE across northern Venezuela and is known from
wells to contain as much as 1.5km of Jurassic red beds and
volcanic rocks dated at 162Ma (Feo-Codecido et al., 1984;
Motiscka, 1985; Rodriguez and Rodriguez, 2003).

The Triassic-Jurassic rifting phase was followed by
the development of an Early Cretaceous passive margin

Geologica Acta, 9(3-4), 265-272 (2011)
DOI: 10.1344/105.000001698

Detrital zircon geochronology of Venezuela passive margin

dominated by siliciclastic sedimentation above a regional
transgressive peneplain. Regional transgression onto
the subsiding passive margin led to onlap of continental
to shallow marine facies, followed by deeper water
facies which reached a maximum in the Late Cretaceous
(Turonian-Coniacian) and is reflected in the Cretaceous
stratigraphic record by a gradual change from siliciclastic
dominated sedimentation in the Early Cretaceous to more
pelagic shale and carbonate sedimentation in the Late
Cretaceous (Pindell and Erikson, 1994).

We have obtained a total of 560 detrital zircon
analyses from six samples of siliciclastic Early Cretaceous
passive-margin units along northern Venezuela (Fig. 1).
Sample locations and analytical data are contained in the
supplementary files.

PASSIVE MARGIN SAMPLES

Four Early Cretaceous stratigraphic units (six samples)
of the Venezuelan passive margin were sampled for detrital
zircon dating (Fig. 1). The stratigraphic terminology of the
passive margin strata of northern Venezuela varies from
west to east. The samples for this study were collected
from the Early Cretaceous Aguardiente (westernmost unit
sampled), Bobare, Araure and Barranquin (easternmost
unit sampled) formations.

A single sample of quartz arenite was collected from
the Aguardiente Formation (Barremian-Aptian) which
contains quartz-rich sandstones with local glauconitic
sandstone and limestone beds and is interpreted to
have been deposited in a shallow marine deltaic setting
(Salvador, 1961).
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FIGURE 1T Simplified geologic map of northern Venezuela showing the
location of Early Cretaceous passive margin samples collected for this
study.
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Two samples of quartz arenite were analyzed from the
Bobare Formation (Barremian-Albian) of northwestern
Venezuela. Bellizzia and Rodriguez (1967) described
the unit as being composed of massive, sometimes
conglomeratic, quartz-rich-sandstone, shale and siltstone
and interpreted the Bobare to have been deposited in an
unstable shelf environment.

One sample of a schistose quartz-sandstone from the
Araure Formation (Neocomian-Barremian?) was collected.
Renz and Short (1960) and Bushman (1967) described the
unit as containing thick conglomerate layers, alternating
with arkosic sandstone, quartz sandstone and silty shales;
it is interpreted to have been deposited in continental to
shallow marine waters.

Two samples (quartz arenites and sublitharenites) were
sampled for zircons and analyzed from the Barranquin
Formation (Barremian-Aptian) of eastern Venezuela.
The unit is composed of quartz sandstone, intercalated
with shale and occasional limestone, and is considered to
have been deposited in deltaic to internal inner shelf (bar)
environments (Pindell and Erikson, 1994; Erikson and
Pindell, 1998a, b).

ANALYTICAL METHODS

U-Pb geochronology of zircons was conducted
by laser ablation multicollector inductively coupled
plasma mass spectrometry (LA-MC-ICPMS) at the
Arizona LaserChron Center. Analytical protocols
followed Gehrels et al., 2006. The analyses involve
ablation of zircon with a New Wave/Lambda Physik
DUV193 Excimer laser (operating at a wavelength of
193nm) using a spot diameter of 30microns. The ablated
material is carried in helium into the plasma source of
a GVI Isoprobe, which is equipped with a flight tube of
sufficient width that U, Th, and Pb isotopes are measured
simultaneously. All measurements are made in static mode,
using 10" ohm Faraday detectors for 28U, 232Th, 2°8Pb, and
205Pb, a 10'2 ohm faraday collector for 2’Pb, and an ion-
counting channel for 2“Pb. Ion yields are ~1.0mv per ppm.
Each analysis consists of one 12-second integration on
peaks with the laser off (for backgrounds), 12 one-second
integrations with the laser firing, and a 30 second delay
to purge the previous sample and prepare for the next
analysis. The ablation pit is ~12 microns in depth. For
each analysis, the errors in determining 2°°Pb/?*®U and
206pp/2%4Ph result in a measurement error of ~1-2%
(at 2-sigma level) in the 2°Pb/*¥U age. The errors in
measurement of 2°Pb/?’Pb and 2°°Pb/?*Pb also result in
~1-2% (at 2-sigma level) uncertainty in age for grains
that are >1.0Ga, but are substantially larger for younger
grains due to low intensity of the 2*’Pb signal. For

Geologica Acta, 9(3-4), 265-272 (2011)
DOI: 10.1344/105.000001698

Detrital zircon geochronology of Venezuela passive margin

most analyses, the cross-over in precision of 2Pb/?*¥U
and 2°Pb/*’Pb ages occurs at 0.8-1.0Ga. Common Pb
correction is accomplished by using the measured 2*Pb
and assuming an initial Pb composition from Stacey and
Kramers (1975) (with uncertainties of 1.0 for 2°°Pb/?**Pb
and 0.3 for ’Pb/?Pb). Our measurement of 2%Pb is
unaffected by the presence of **Hg because backgrounds
are measured on peaks (thereby subtracting any background
24Hg and *Pb), and because very little Hg is present in the
argon gas. Inter-element fractionation of Pb/U is generally
~20%, whereas apparent fractionation of Pb isotopes is
generally ~2%. In-run analysis of fragments of a large
zircon crystal (generally every fifth measurement) with
known age of 564+4Ma (2-sigma error) is used to correct
for this fractionation. The uncertainty resulting from
the calibration correction is generally 1-2% (2-sigma)
for both 2°Pb/*’Pb and 2°°Pb/?**U ages. The analytical
data are reported in the supplementary document files.
Uncertainties shown in these tables are at the 1-sigma
level, and include only measurement errors. Interpreted
ages are based on 2°°Pb/?*®U for <1000Ma grains and on
206Pb/27Pb for >1000Ma grains. This division at 1000Ma
results from the increasing uncertainty of 2°°Pb/>%U
ages and the decreasing uncertainty of 2°Pb/*’Pb ages
as a function of age. The resulting interpreted ages
are shown on relative age-probability diagrams (from
Ludwig, 2003). These diagrams show each age and its
uncertainty (for measurement error only) as a normal
distribution, and sum all ages from a sample into a
single curve.

We obtained 560 U-Pb zircon ages (Supplementary
Data), derived from six samples of four Early Cretaceous
passive margin formations of northern Venezuela.

PROVENANCE OF THE EARLY CRETACEOUS
PASSIVE MARGIN

Previous investigations interpreted the Early
Cretaceous siliciclastic passive margin strata to have
been derived entirely from the Guyana Shield to the
south (van Andel, 1958; Gonzalez de Juana et al., 1980),
with few indications of any particular drainage systems.
The ages of detrital zircons from the passive margin
units range from late Archean (2731Ma) to Silurian
(415Ma), and all samples display similar distribution
patterns with the exception of the Araure Formation
(Fig. 2). The data are similar to U-Pb detrital zircon
ages obtained from the modern Orinoco River and its
tributaries which drain the northern Andes of Colombia
and Venezuela as well as the Guyana Shield (Goldstein
et al., 1997). Prominent Precambrian age peaks in the
passive margin samples occur at ca.2.0, 1.8, 1.4 to 1.6,
and 1.2- 0.95Ga. There are also a few grains that gave
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FIGURE 21 Probability density plot of U-Pb zircon detrital zircon ages
from Early Cretaceous passive margin samples.

late Archean ages. In addition, about 6 percent of the
grains fall into the ca. 400-650Ma age range.

The Archean, Paleoproterozoic, and early Mesopro-
terozoic detrital zircon populations are a good match to
known age provinces in the Guayana Shield (Fig. 3).
Archaen rocks are present in the Imataca Complex of the
Central Amazonian Province, and age peaks of ca.l.8
and 2.0Ga plus a few grains of ca.2.1 and 2.2Ga are a
good match to the Maroni-Itacaiunal, Ventuari-Tapajos
and Rio Negro-Jurena Provinces (Fig. 3). The ca. 1.5Ga
age peak is most likely derived from Rapakivi granites,
including the 30,000km? Parguaza Batholith, which
intrude older rocks of the Amazonia Craton (Gaudette
et al., 1978; Mendoza, 1978, 2005), especially within
the Ventuari-Tapajos Province.

The most remarkable feature of our dataset is the
large proportion of detrital zircons giving prominent
peaks at ca. 1.2 and 0.95-1.1Ga. The only known
southern source area for this age population is the
Sunsas province that lies far to the south in the
Amazonian craton of Bolivia (Fig. 3). Rocks of this
age, however, are also known from the basement inliers
of the northern Andes of Colombia (Santa Marta,
Santander, and Garzén massifs; e.g. Kroonemberg,
1982; Restrepo-Pace et al., 1997; Cordani et al., 2005;
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Fig. 3) and may also be present in the Mérida Andes
(Figs. 1, 3; Burkley, 1976). Paleozoic strata from these
areas are also a potential source for detrital zircons but
there are no published data to evaluate that possibility.
We speculate that the ca. 0.95-1.2Ga age population
of detrital zircon was derived from the basement rocks
of Colombia and possibly the Mérida Andes, and
their Paleozoic cover, rather than the Sunsas Province
senso stricto. The paleogeographic implications of this
interpretation are discussed below.

There are several potential source areas for the
Paleozoic and late Neoproterozoic detrital populations
(ca. 415-650Ma) which only account for approximately
6 percent of the total number of analyses. The
Neoproterozoic Brasiliano and Pampean Provinces
contain ages ranging from ca. 0.7-0.5Ga, and the
Famatinian arc terrane is a potential source terrane
for zircons in the 0.5-0.4Ga age range (Fig. 3). These
provinces are, however, located extremely far from the
Early Cretaceous passive margin of Venezuela. Other
potential source regions exist in the Mérida Andes and
the Perijd Range (Fig. 2). These areas are uplifted blocks
that contain Paleozoic and Precambrian rocks overlain
by Cretaceous passive margin strata. In addition, the
Cordillera de la Costa Belt of northern Venezuela and
the northern Colombian Andes are possible source
regions for this detrital population. The older rocks
in all of these areas probably represent windows into
the crust that underlies much of the Llanos Cenozoic
foreland to the Colombian and Venezuelan thrustbelts
(Feo-Codecido et al., 1984; Fig. 1). Unfortunately,
little modern geochronology has been done in these
regions. In the Cordillera de la Costa area (Fig. 1) Sisson
et al. (2005) reported early Paleozoic (Cambrian and
Ordovician) U-Pb zircon ages from several granitoid
intrusions. Urbani et al. (2007) also reported a Cambrian
(508Ma) U-Pb zircon age from the Todasana metadiorite
located in the Cordillera de la Costa belt. Viscarret et al.
(2007) reported early Paleozoic (Cambro/Ordovician)
as well as late Paleozoic (Permian) U-Pb zircon ages
determined on volcanic and plutonic rocks from the El
Baiil area (Fig. 1). Burkley (1976) carried out an extensive
U-Pb zircon geochronology project in the Mérida Andes.
Although all his samples are complicated by Pb loss and/
or the presence of inherited older zircon, he was able to
determine early Paleozoic ages (Devonian, Silurian and
Ordovician) on a number of granitoid bodies as well as
some late Neoproterozoic ages of ca. 600Ma from three
other granitoid intrusions. Thus, a local Venezuelan
source region is a possibility for this detrital component.
Paleozoic strata of Colombia and the Mérida Andes of
Venezuela are also a potential source region for this
detrital population, but no detrital zircon geochronology
exists for these rock units.
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PALEOGEOGRAPHIC IMPLICATIONS FOR THE
PASSIVE MARGIN OF VENEZUELA

The modern Orinoco river system drains both the
Guyana Shield and the Andes of Colombia and Venezuela
and contains a population of detrital zircons that is similar
to our Early Cretaceous passive margin samples, including
the prominent ca. 0.95-1.2Ga population (Goldstein et
al., 1997). Kasper and Larue (1986) attributed the great
thickness of Paleocene and Eocene clastic detritus in
the Lake Maracaibo Basin (Fig. 1) to a north-flowing
paleofluvial system that drained the Colombian Andes and
Guyana shield regions which they called the Proto-Orinoco
River. In addition, Hoorn et al. (1995) likewise came to the
conclusion that a northwest-flowing Proto-Orinoco River
system drained the Andes and the Guyana shield prior to
the Late Miocene forming a delta in the Lake Maracaibo
region. By the Middle Miocene, uplift in Colombia and the
Meérida Andes of Venezuela is postulated to have deflected
the paleofluvial system into a more east-west orientation,
marking the beginning of the current Orinoco drainage
(Diaz de Gamero, 1996).We suggest that a similar Proto-
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Orinoco river system was responsible for the detrital
zircon provenance of the Early Cretaceous passive margin
of Venezuela. Our sample localities are shown in Figure
(4A) in relation to the Jurassic Espino and Uribante rift
structures. Note that the deltaic to shallow shelf deposits
of the Barranquin formation occur on strike with the
Espino Graben, and the Aguardiente and Bobare sample
collection sites lie above the Uribante rift. We suggest that
a paleo-river system drained eastern Colombia and western
Venezuela and flowed down broad valleys above both the
Espino Graben and Uribante rifts, following the principal
that rifts are where subsidence is greatest, thus supplying
the 0.95-1.2Ga detrital zircon component (Fig. 4A) before
and during initial marine transgression in these areas.

REGIONAL PALEOGEOGRAPHIC IMPLICATIONS

Rojas-Agramonte et al. (2008) analysed 19 detrital
zircon grains from the clastic sediments of the Early (?)
to Late Jurassic (Oxfordian) San Cayetano Formation of
western Cuba. The San Cayetano Formation is considered
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to have been deposited in and above rift basins developed
during breakup of Pangea during initial opening of the
Proto-Caribbean (Pindell, 1985; Marton and Buffler,
1994, 1999; Iturralde-Vinent, 2003). Although a number
of possible source areas have been suggested (including
a Laurentian source), Rojas-Agramonte et al. (2008)
concluded from their detrital zircon data that the San
Cayetano Formation most likely had a Gondwanan
(South American) provenance. They further speculated
that the basin was geographically located off the current
northeastern Venezuelan margin near the termination of
the Espino Graben (Fig. 4B) and that it was fed in part by
a river system running through the Espino and Uribante
rifts. Although not explicitly discussed in their paper, the
occurrence of a ca.l1.5-1.6Ga detrital zircons in the San
Cayetano Formation strongly supports a South American
provenance as this age range lies within the Laurentian
magmatic gap but is a prominent age found within the
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FIGURE 4T A) Proposed paleogeography of northern Venezuela depict-
ing the Early Cretaceous Proto-Orinoco river drainage system. Arrows
indicate possible sedimentary transport along a Proto-Orinoco river
system. B) Paleogeography of the San Cayetano Formation as proposed
by Rojas-Agramonte et al. (2008). Gray areas denote highly extended
continental crust. The figure is adapted from Pindell and Kennan (2001)
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Amazonian craton as previously discussed and as shown
by our detrital zircon data (Fig. 2). Also, their data (albeit
very limited) exhibit very similar age populations to those
of the Venezuelan passive margin strata in support of their
general paleogeographic model. It thus appears that the
Espino Graben and Uribante rifts hosted a Jurassic to Early
Cretaceous Proto-Orinoco river system.

The paleofluvial system postulated here for the Jurassic and
Early Cretaceous marked the beginning of a continental-scale
drainage system that was resumed, after middle Cretaceous
drowning of the paleo-river valleys (Villamil and Pindell, 1998),
in the Paleogene, when the Caribbean collisional foredeep was
first imposed on the western reaches of the northern South
American passive margin (Pindell et al., 1998). It continues today
as the Orinoco river, after a long history of persistent eastward
deflection along the Venezuela-Trinidad margin due to the
eastward-younging oblique collision of the Caribbean Plate and
associated eastward lengthening of the zone of orogenic uplift
(Diaz de Gamero, 1996). Thus, the continental scale Orinoco
fluvial system seems to have persisted since the initial formation
of the northern South American passive margin during the
breakup of Pangea, suggesting that the longevity of such river
systems may be the same order of magnitude as that of plate
boundaries (eg. Prokopiev et al., 2008).
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ELECTRONIC APPENDIX

Sample Number Unit Longitude W Latitude N
VMN-7 Aguardiente 70.109 10.1466
VMN-16 Bobare 69.448 10.4371
VMN-17 Bobare 69.4083 10.4024
VMN-18 Araure 69.097 9.6701
VMN-32 Barranquin 64.5351 10.2328
VMN-35 Barranquin 64.384 10.2919
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