Structural Evaluation of the Middle Magdalena Basin Applying Airborne iFTG Data
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Abstract

The Middle Magdalena Valley Basin (MMVB), located along the central Portion of the Magdalena River Valley was, and still is, one of the
most prolific areas for hydrocarbon exploration in Colombia. With more than a hundred years of exploration, most of the oil fields have been
discovered on Tertiary sandstones of the Lisama, Esmeraldas-La Paz and Colorado formations, however, the carbonate plays are
underexplored. The MMVB is located in the central part of Colombia between the Central Cordillera to the west and the Eastern Cordillera to
the east, constitutes a poly-historic basin, that evolved to its present configuration through different stages closely linked with the tectonic
events of the northwest corner of South America. These events range from a rift stage to tectonic inversion. For the last five years, Ecopetrol
has been investing in different technologies to increase the understanding of the structural framework and the tectonic evolution of the area.
The Airborne Full Tensor Gravity (iFTG) and Magnetics were the geophysical techniques chosen considering its regional character and low
environmental concerns. The iFTG gravity is a multi-accelerometer gravity measuring instrument that measures changes in the gravity field in
five independent directions. Its horizontal Tensor component data (Txx, Tyy, TXy, TXz and Tyz) are used to identify and map geological
contact information. Tzz, on the other hand, helps to define isopach / density relationships of a body mass in relation to its geological setting.
Although the tensors information is indubitably valuable, these tensors alone have few geological meaning. The analysis of curvatures can
assist in identifying potential hydrocarbon traps such as four-way closures and their spill points and geologic features such as carbonate
buildups. It also highlights major faults and potential migration pathways for fluids. The analysis of the iFTG data allows us to face various
geological challenges that exist in the area, such as: a) the high uncertainty about the presence of the basement and its relationship with the
main structures. In this sense, it was possible to propose the existence of a shallower basement in the central portion of the MMVB-South, a
deeper basement in the southern portion of this area and an intermediate basement in its northern portion. b) The identification of large-scale
lineaments at the basement level in a NE-SW direction corroborates the structural complexity of the MMVB. ¢) variations in directions and
structural regimes are identified, evidencing variation in the technical behavior of the area. c) the interpretation of the different anomalies
identified in the different attribute maps such as Shape Index shows high correlation with the location of fields and areas of exploratory
interest. d) The curvature maps were also interpreted together with oil fields sweet spots maps from previous publications. This interpretation
provided an updated map combining these areas with the iIFTG.



