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Abstract

Several exploratory hydrocarbon wells have encountered oil and gas shows within igneous rock intervals intertrapped with limestones in the
Barra Velha Formation (BVE) of the Santos Basin, though these intervals have never been successfully tested. Some of these igneous intervals
exhibit fluid gains or losses during drilling, typically associated with fractures observed on image logs. To highlight the importance of these
rocks, in the Campos Basin, Petrobras production history in the Badejo, Pampo, Trilha and Linguado fields exceed 40 years, where secondary
production occurs in naturally fractured basalts of the Cabiunas Formation (CAFm), underlying the primary pre-salt coquina reservoirs. In
these fields, productivity is linked to highly fractured basalts rather than amygdaloidal basaltic facies, which, despite higher porosity, exhibit
lower permeability when located away from tectonic faults. More recently, the Equinor (35%)-Repsol (35%)-Petrobras (30%) consortium
declared the commerciality of the Raia Manta and Raia Pintada gas fields in the Campos Basin, where hydrocarbons are produced from
igneous rocks in association with Aptian silicified limestones. Thus, this study aims to investigate the structural and geomechanical factors
controlling hydrocarbon occurrences in the Parati Basalt of the BVE in the Santos Basin, employing a regional and comparative approach with
analogies from the Campos Basin. The methodology applied consists of four key steps: 1 — Review the structural framework and develop a
discrete structural model based on petrography, well logs, and seismic interpretation, incorporating a geomechanical approach to determine the
maximum and minimum horizontal stresses (SHmax and SHmin); 2 — 3D geological modelling (structural framework and facies); 3 — Generate
favorable area maps by integrating facies distribution, tensors orientation and distribution, deformation indices, structural dilation and closure
tendences, and connectivity; and 4 — Develop sweet spot maps and evaluate different scenarios. The analysis reveals that oil and gas shows in
the Parati Basalt are associated with the intersection of NW- and NE-oriented fault families at the studied area, reactivated during the tectonic
evolution of the Brazilian Atlantic margin. These occurrences are further linked to fractured subaerial and subaqueous flow units with columnar
joints formed during basalt cooling, as well as karstified facies resulting from subaerial exposure, paleoweathering, or ascending hydrothermal
fluids. In conclusion, drilling fluid gains and losses are attributed to high-permeability intervals within the damage zones of dilatant faults. The
structural and facies analyses indicate regions of enhanced connectivity and identify potential sweet spots for future exploratory campaigns.





