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Abstract

The classification of fault connectivity zones is essential for addressing challenges in accurately modeling reservoirs, particularly in structurally
complex settings like the pre-salt carbonate systems of the Santos Basin. Traditional approaches, such as Discrete Fracture Network (DFN) and
Dual-Porosity Dual-Permeability (DPDK) models, face limitations due to the scarcity and uneven distribution of subsurface data. This study
proposes a methodology to identify 3D fault connectivity zones by integrating seismic interpretation, topological analysis, and structural
modeling into connectivity geobodies. By leveraging geobodies—spatially continuous geological features representing distinct structural
attributes—this approach enables a more precise characterization of fault network continuity both vertically and horizontally. The study focuses
on the central area of the Santos Basin pre-salt polygon, a region shaped by complex tectonic evolution, including Early Cretaceous rifting,
sedimentary deposition, and post-rift fault reactivation. A 3D seismic volume was interpreted to map fault sets and stratigraphic horizons,
generating structural maps for four key horizons: Itapema, Lower Barra Velha (LBV), Intermediate Barra Velha (IBV), and Upper Barra Velha
(UBV). Topological analysis using the NetworkGT plugin in QGIS classified fault traces into nodes (I: isolated, Y: abutting/splay, X: crossing)
and branches (I-1: isolated, C-I: partially connected, C-C: doubly connected). Connectivity metrics—connections per branch (CB), connections
per line (CL), and 2D fault intensity—were calculated for all horizons. The results highlight the identification of five distinct connectivity
zones: no connection, linkage, splay, slope, and radial zones. Linkage zones dominate structural highs, showing significant fault interactions
that enhance connectivity. Splay zones, with branching fault geometries, exhibit increased structural complexity and fault node density. Slope
zones facilitate displacement transfer along inclined fault planes. Radial zones, confined to upper horizons, reflect tectonic reactivation and
hydrothermal processes, resulting in unique curvilinear fault patterns. A gradual decrease in connectivity and fault intensity from the Itapema to
the UBV horizon highlights the influence of fault propagation, vertical segmentation, and evolving tectonic regimes. To further refine reservoir
characterization, this study utilizes geobody-based classification to prioritize grid refinement in high-connectivity fault zones. By defining
geobody volumes corresponding to different connectivity regimes, this methodology enables selective upscaling, improving numerical
reservoir simulations without excessive computational cost. Central linkage zones ensure lateral and vertical continuity, forming critical
pathways for fluid migration, while radial zones highlight the effects of late-stage tectonic reactivation and diagenetic processes on reservoir



quality. This study integrates seismic interpretation, topological analysis, and geobody classification to enhance 3D fault modeling, refine
geological models, and optimize reservoir management. Future work will integrate these connectivity zones into DFN models to improve flow
simulations, history matching, and hydrocarbon recovery in pre-salt reservoirs.



