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Abstract

The Libra Block, located in the ultra-deep waters of the Santos Basin, is home to one of Brazil’s largest oil fields—Mero Field, the third largest
in the country. It is operated by Petrobras in partnership with Shell Brasil, TotalEnergies, CNPC, CNOOC, and Pré-Sal Petroleo SA. The
exploration and development of this region are primarily challenged by two distinct carbonate reservoirs: the microbial limestones in the Barra
Velha Formation (BVE Fm.) and the coquinas of the Itapema Formation (ITP Fm.). Although these reservoirs share some commonalities as
carbonate systems, their sedimentary processes, diagenetic properties, and spatial distributions differ significantly. To address these challenges,
the Libra Geology and Petrophysics team in Libra AT (Libra AT G&P), in collaboration with its partners, has conducted extensive research,
including hydrodynamic sedimentary simulations, field observations, and analog studies of modern and ancient carbonate depositional
environments. These investigations have focused not only on depositional processes but also on burial diagenesis, dissolution, fluid migration,
and hydrothermal alterations. The results reveal that the clastic sedimentary features of the coquinas necessitate a detailed examination of their
dynamic depositional processes and analogous geometries, providing insights into their textural properties, facies distribution, and reservoir
characteristics under shallow-water depositional environments. Current studies are further exploring the dynamic sedimentary processes of
coquinas under deep-water conditions, which are all critical for understanding the complex geometry of the Itapema Formation reservoirs.
Evidence also suggests that the carbonate reservoirs in the Mero Field have undergone significant hydrothermal alteration and dissolution
throughout their geological history. Research into karstification has aimed to characterize its development and distribution patterns at various
scales, contributing to reduced uncertainties in the identification of preferential fluid flow pathways, which directly impact reservoir
management. Additionally, diagenetic and hydrothermal processes are being analyzed using petrographic, fluid inclusion, and geochemical
techniques to reconstruct a comprehensive diagenetic history. These studies aim to clarify the timing of key geological events, including CO2
injection, hydrocarbon charging, hydrothermal migration, and magmatic intrusions, thereby enabling the construction of a more detailed and
robust geological conceptual model. This model will be instrumental in evaluating the impact of these processes on reservoir porosity and
permeability evolution. Moreover, the development and application of machine learning and artificial intelligence tools during this research
have enhanced data processing efficiency and the ability to analyze large datasets. Meanwhile, it is also expected to develop a series of
practical geological software tailored to the pre-salt carbonate reservoirs of the Libra Block, serving as a valuable digital legacy. In conclusion,
these studies have significantly improved the geological characterization and understanding of controls in the Libra Block, with the potential to
increase oil recovery factors and reduce uncertainties in geological models.



