Integrated Geophysical Analysis of the Pelotas Basin, South Atlantic Volcanic Margin
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Abstract

The South Atlantic margins, formed during the breakup of Gondwana, showcase complex volcanic-rifted settings crucial for understanding
passive margin evolution. This study presents an integrated analysis of gravity, magnetic, and seismic data to investigate the crustal framework
and evolution of the Pelotas continental margin basin offshore Brazil and Uruguay. We conducted detailed geophysical modeling along three
regional profiles, constrained by well data and seismic interpretations, to examine the margin's structural domains and magmatic features.
Seismic interpretation revealed distinct margin domains: (1) a proximal domain with rift faults and syn-rift units, including preserved Parana
Basin sediments, (2) a necking zone characterized by crustal thinning and magmatic underplating, (3) a transitional domain featuring
hyperextended crust and seaward-dipping reflectors (SDRs), and (4) an oceanic domain with typical layered oceanic crust structure and
magnetic anomaly patterns. The SDRs package reaches maximum thicknesses of up to 17 km in the northern portion of the study area, with dip
angles varying from 16° proximally to 7° distally. Gravity and magnetic modeling, incorporating remanent magnetization data, identified
extensive zones of mantle intrusion and underplating accumulated prior to the final continental breakup in the proximal and necking domains.
The modeling suggests that magmatic additions contributed to the crustal isostatic balance between these zones. The central portion of the
Pelotas Basin exhibits significant Moho uplift beneath the rift, attributed to crustal thinning and mantle upwelling during rifting. Seismic
attributes and potential field modeling indicate that the basement architecture played a crucial role in shaping SDR geometry and the rifting
process. Our results provide new insights into crustal segmentation and advance the understanding of continental breakup processes along
volcanic passive margins. The findings suggest that the reactivation of inherited basement structures during lithospheric extension exerted first-
order control on the orientation and architecture of Cretaceous rift systems in this region. The thick SDRs packages and underplating
magmatism indicate significant thermal anomalies during margin formation, with implications for basin evolution and hydrocarbon system
development. This integrated approach enhances our understanding of the mechanisms underlying continental breakup and the transition to
seafloor spreading at volcanic passive margins, contributing to improved constraints for understanding basin tectonics and resource potential
assessment.



