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Abstract

The Santos Basin is Brazil's largest hydrocarbon producer due to pre-salt accumulations. While the basin inboard has several producing fields,
the outboard is still a new frontier with untested prospects. Additionally, the most recent exploration wells drilled in the outboard region
revealed a high content of mantellic CO2, adding another exploration risk that needs to be assessed. Several studies indicate a good correlation
between wells with high CO2 contents and areas with important crustal thinning and intense faulting. Mantle-derived CO2 tested in several
wells is interpreted to reach pre-salt reservoirs through large crustal detachment fault planes that connect the Moho surface to the pre-salt
carbonate, particularly when the Moho is uplifted in regions of crustal necking zones. Modern ultra-deep seismic data, migrated to depths of up
to 20 km, enables the identification of crustal architectural elements that are critical for evaluating the risk associated with CO2 migration
pathways. To assess the crustal architecture, we implemented a comprehensive workflow that involved interpreting key regional surfaces
(including the Top Basement, the transition from Upper to Lower Crust, the Moho discontinuity, and the fault planes) integrated with public
refraction lines, gravity, and magnetic data. As a result of this integrated analysis, areas are identified as high-risk or low-risk and are
categorized into three main crustal domains: 1) Preserved Lower Crust; 2) Crustal Boudinage; 3) Thinned Lower Crust, representing different
levels of risks in terms of CO2 contamination. Our analysis indicates that the outboard crust of Santos Basin has a necking zone, with the Moho
reaching depths of up to 10 km, forming several supradetachment basins, and evolving in break-away complexes with a lower crust rheology
that varies from north to south, from a thicker reflective pattern to an intermediate boudinage stage, ending to a stretched non-coaxial thinned
behavior. The regional interpretation of the Santos outboard region allowed the identification of 15 4-way dip closure structures with carbonate
mound reflection geometries in the pre-salt section sealed by a salt layer. The level of exposure to a possible mantellic CO2 contamination of
these 15 prospects was evaluated by applying the crustal domain categorization. Mapping the crustal architecture is critical for understanding
mantle-crust interactions related to CO2 risk in the region, and the workflow can be replicated to assess new frontier areas, increasing the level
of detail in prospect analysis and providing higher confidence prior drilling stages in exploration.



