Late Cretaceous to Cenozoic Paleogeographic Evolution of the Northern Andes and Associated Basins
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Abstract

A new palinspastic reconstruction of the Northern Andes and all available public information allow us to illustrate the paleogeographic
evolution of this tectonic domain and its impacts on the petroleum systems of various basins. The Campanian-Maastrichtian uplift of the
Central Cordillera post-dates the extensive deposition of the main source rock (La Luna Formation and equivalents) and is coeval with the last
widely distributed marginal marine units, which are important reservoirs associated with the oldest foreland basin in the Northern Andes. The
Paleogene evolution of the Northern Andes is associated with the ancestors of two important drainages, the Magdalena and Orinoco rivers. In
the Paleocene and in palinspastic position, both rivers flow to the N approximately towards the region where the modern Lake Maracaibo
would be located. They are separated by an uplifted area, which forms the oldest and most central part of the Eastern Cordillera. The fluvial
deposits of these rivers constitute the earliest reservoirs which become more distal to the N, where important coal deposits of that age are
found. During the Eocene the configuration of these rivers and uplifted areas remained similar, although after a period of reorganization of the
plates, tectonic activity ceased and then was reactivated at the end of the Eocene, in a phase that lasts until the present day. The most significant
topographic feature which has been tectonically active from that time until the recent is the Sierra Nevada de Santa Marta. This coastal
mountain is therefore the oldest major source of sediment from the northern Andes to the westernmost Caribbean. The periods of greatest
tectonic activity during the Oligocene coincide with the deposition of mega-wetlands associated with marginal marine to lacustrine deposits.
By the end of the Oligocene the Eastern Cordillera acquired its modern dimensions, but with a much lower elevation. Very close to its flanks
the ancestors of the Orinoco River and the Magdalena River still flowed northward. The latter flows already in an intramountain basin. In the
Middle Miocene, the collision of Panama and the topographic growth of the Eastern Cordillera led to major changes in the drainages: the onset
of the Atrato River draining from the south towards the westernmost margin of the Colombian Caribbean and the Magdalena River entering for
the first time into the western Caribbean Sea. These two rivers contributed, for the first time, large volume of sediments that can serve as
potential reservoirs for hydrocarbon accumulations in the westernmost Caribbean. The Late Neogene origin of these two fundamental
drainages is associated with enhanced tectonic activity, topographic growth and exhumation in the northern Andes. This in turn caused an
exponential increase of sedimentation rates in the Caribbean. This tectonic and paleogeographic evolution not only explains the Neogene
increase in the arrival of sediments (potential reservoirs) into the Caribbean but also the distribution and quality of hydrocarbons in the
Northern Andes, with heavy and biodegraded oils in the S and light oils and gas condensate in the modern foothills.



