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Abstract

The characterization of basalts as volcanic reservoirs is essential for Carbon Capture and Storage (CCS), supporting the energy transition by
mitigating carbon dioxide emissions. Due to their high reactivity, basalts present significant potential for secure carbon storage. Despite their
heterogeneous petrophysical properties, they are widely distributed in Large Igneous Provinces, containing ions that react with carbon dioxide
to form stable minerals. In Brazil, research on CCS in basalts remains limited, highlighting the need for further investigation. The Serra Geral
Group (SGG) of the Parana Basin, formed during the Cretaceous, represents the Brazilian portion of the Parana-Etendeka Magmatic Province,
one of the largest Continental Flood Basalt provinces worldwide. This study aims to initiate the geological characterization of SGG basalts
using petrophysical and seismic data to assess their feasibility for carbon dioxide storage. The study area is in Parana State, covering 4,500
square kilometers. It incorporates data from 17 wells, including gamma-ray, resistivity, sonic, neutron, and density logs, in addition to two-
dimensional seismic data with a vertical resolution of 60 meters. Well and seismic data were integrated to define the volcanic stratigraphic
framework, identifying potential high-porosity intervals and mapping the lateral extent of seismic facies variations. The SGG was segmented
based on gamma-ray log responses, and these electrofacies were correlated with seismic facies and key horizons to assess lateral continuity.
Also, petrophysical variations in density, sonic, and resistivity logs enabled the classification of volcanic intervals into porous and non-porous
facies. The analysis identified four electrofacies (A, B, C, and D), revealing heterogeneous petrophysical properties consistently distributed
across the study area. Although these units do not yet provide a genetic classification of the basalts, they constitute a robust framework for
geological analysis. The 2D seismic resolution, while insufficient for identifying individual lava flows, allowed for qualitative characterizations
that corroborated the electrofacies patterns observed in well data. Well log analysis identified porous and non-porous facies based on density
and sonic log variations. Conductive intervals and elevated gamma-ray values indicated water-filled porosity and shale content within the
volcanic sequences. Three porosity scenarios (P10, P50, and P90) were developed, with estimates ranging from seventeen percent in the
conservative scenario to thirty-seven percent in the optimistic scenario. These values align with those observed in international carbon storage
projects, including Wallula and CarbFix, suggesting suitability for carbon dioxide injection. Future investigations will integrate core data to
refine interpretations and assess additional factors such as fluid-filled zones, brecciated formations, and altered core zones within lava flows.
This study presents a replicable methodology for integrating multidisciplinary datasets, addressing the complexities associated with
heterogeneous basalt reservoirs. The initial porosity and permeability evaluation suggests that the SGG has favorable conditions for carbon
storage. However, this study does not yet evaluate the reactive potential of the rocks, which remains a limitation. Further porosity-permeability
analyses based on core data will be fundamental for validating these findings.



