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Abstract

The Irati Formation (IF) comprises organic-rich shales deposited during the most significant anoxic event of the Permian Parana Basin (PB)
interval. The IF spread all over the basin area showing total organic carbon (TOC) contents that can reach values above 20%. The high
hydrocarbon generation potential occurs within the Assisténcia Member (AM), where carbonate beds are deposited with dark shales and gray
siltstones. In this study, petrographic, mineral, and geochemical characteristics were described for core samples of CBM001-ST-RS
(population A) and CBMO003-ST-RS (population B) boreholes, which are positioned near the southern border of the basin close to the Atlantic
rifted margin where several igneous intrusions from the Cretaceous magmatism of the PB intercepted the sedimentary record. Pyrolysis
analysis from 125 samples revealed dominant TOC values below 1% in all samples, with depleted Hydrogen Index (HI) being usually lower
than 100 mg/g TOC. The samples of population A showed a 7m thick interval at the bottom of the AM where TOC varies from 0.4 to 2.24%
and a HI maximum value of 168 mg/g TOC. In contrast, in the samples of population B, the TOC values ranged from 0.67 to 4.27%, with HI
values of up to 408 mg/g TOC. The petrographic and palynofacies analyses results from 40 samples from both profiles showed the presence of
Acritarch at the bottom and to the top of the studied profile and local occurrence of Botryococcus algae, but phytoclasts, sporomorphs, and
amorphous organic matter dominate the samples' organic composition with variable distributions. Vitrinite reflectance from both sample
populations ranges from 0.7-0.8% to values up to 3% near the contact with igneous bodies. X-ray diffraction analysis of 40 samples revealed
that quartz, muscovite, and plagioclase comprise 50 to 90% of both sample groups. Clay minerals are more common in a 15m thick interval of
gray siltstones from the top of the AM, where illite represents around 40% of the mineral composition from population B. In contrast, kaolinite
and nacrite dominate in samples of population A, but with concentrations inferior to 10%. The maturity level is equivalent to the oil generation
window, which was locally elevated to post-mature levels by the presence of intrusions, suggesting a period of hydrocarbon generation along
the IF. The presence of clay minerals may provide good adsorption properties under low moisture conditions and the organic content of the
high generation potential interval since the organic material has a positive relation with the adsorption capacity. Additionally, the presence of
the organic-rich interval at the southernmost section of the basin suggests its extension towards the pre-Atlantic structure. It highlights the
hydrocarbon potential of the PB segment that is buried by the offshore Pelotas Basin deposits. The complex thermal history related to the
Cretaceous magmatism of the PB and the thermal variability that may have followed the oceanic crust formation during the South Atlantic
opening could have provided the proper thermal conditions for hydrocarbon generation in the IF. Further investigation on shale porosity and
adsorption capacity is in progress and will provide valuable information about the quality of the IF as a non-conventional hydrocarbon source
rock. These data also contribute to evaluating the IF from the carbon capture, utilization, and storage perspective.



