Santos Basin as an Example of a Plate-Scale Relay Zone with Strike-Slip Corridors and Core Complexes
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Abstract

A novel model for the kinematics of strain partitioning during the breakup of the Santos and Namibe conjugate basins is proposed. This model
is grounded on the presence of observed strike-slip corridors and low-angle detachments associated with metamorphic core complexes, which
accommodated deformation within a mega relay zone. By reconstructing this segment of the South Atlantic in detail—integrating
multidisciplinary data from previous studies and considering the relative motion of Africa and South America during the breakup—this study
reassesses key evidence on how the Brazilian margin became exceptionally wide and functioned as an accommodation zone during the Aptian.
The 600 km-long transpressional-dextral Ribeira Belt (Proterozoic) served as the structural precursor to the transtensional-sinistral Santos-
Namibe strike-slip rift propagator. These conjugate basins developed as a large-scale relay zone, forming an oblique left-lateral extensional
corridor during the Aptian. This corridor mechanically accommodated the coeval deformation of two sub-parallel spreading branches that
propagated from the north and south, separated by hundreds of kilometers. Proterozoic inheritance, combined with the far-field stresses
associated with the clockwise rotation of South America, controlled strain partitioning between the Campos/Benguela and Pelotas/Walvis
basins. The onset of seafloor spreading around the Falkland (Malvinas) Islands triggered the relative clockwise rotation of the southernmost tip
of the South American plate. This movement also influenced the emplacement of the transversal dike swarms of the Ponta Grossa Arch,
interpreted as fissural magmatism analogous to a regional opening mode (type 1) fracture system. Plate kinematic reconstructions suggest a
dominant E-W transport direction. The oblique-slip step-over of this relay zone resulted in the broadening of the Santos Basin in a NW-SE
direction—an elongation often misinterpreted as the primary extension direction of the basin. However, this NW trend represents the maximum
stretching orientation within an E-W shear corridor. This study presents an unprecedented structural framework for the Santos Basin,
highlighting large-scale basement-involved folding around the Outer High. These structures evolved into an obliquely sheared, active low-
angle detachment system, influenced by the thermal anomaly of the Tristan-Gough plume. Magmatic thermal weakening and thermally induced
uplift likely played a role in this process, with magmatic underplating facilitating crustal doming. The Santos Basin is positioned at the core of
a Transform Marginal Plateau (TMP), previously hypothesized. It consists of a magmatic crust interspersed with fragmented continental slices,
obliquely sheared by successive transform movements and potentially affected by magmatic underplating. This kinematically interconnected
system of normal faults, strike-slip faults, flexural folds, and detachment structures has direct implications for understanding the world-class
hydrocarbon reservoirs of the Brazilian Pre-Salt Supergiant Province. Amidst the ongoing regional transgression, active structural highs



became prime sites for carbonate reservoir deposition, ultimately hosting an in-place volume estimated at approximately a hundred billion
barrels of hydrocarbons across the province.



