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Abstract

Subsurface carbon storage through mineralization in mafic and ultramafic rocks is rapidly expanding across the globe, reaching nearly every
continent. Inspired by the successes of CarbFix and Wallula, new projects are being developed or considered in regions such as Africa, Europe,
North America, the Middle East, Asia, and South America. To explore their potential for permanent carbon storage in mineral form, special
interest has emerged in many of the world’s Large Igneous Provinces (LIPs), such as the Parana-Etendeka LIP (Lower Cretaceous, 132-135
Ma) in southern Brazil. Covering over 1.2 million km2 and having an estimated volume of 600,000 km3, the volcanic rocks of the Serra Geral
Group (SGG) are frequently classified as the third-largest target for CO2 mineralization worldwide. Despite recent advancements in
understanding the reactivity of geochemically altered basalt, further research is needed to properly characterize the reactivity and potential for
mineral carbonation of these rocks. This study aims to explore the geochemical reactivity of representative SGG samples and quantify the
extent of carbonation. Using a two-step experimental approach, powdered basalt samples were placed in static batch reactors under varying
conditions, including temperatures of 25°C, 40°C, and 50°C; pCO2 levels of 35, 50, and 60 bar; fluid-to-solid ratios of 10:1 and 2:1; and
different fluid compositions. These conditions were chosen to represent expected scenarios within relatively shallower (~500 m bsl) and deeper
(>800 m bsl) portions. Experiments ran for 3, 7, 14, 45, and up to 90 days (dissolution phase). After the completion of this stage, reacted rocks
and fluids were sampled and an aliquot of each phase was placed in a sealed container inside a thermostatic bath with pCO2 ~1 bar. Samples
were maintained under these conditions for about 35 days or longer (> 80 days) to simulate conditions at a far-from-well position in the
reservoir where carbonate formation is geochemically favored (precipitation phase). Fluid samples were analyzed for pH, EC, total alkalinity,
and concentrations of Ca, Mg, Fe, Si, Na, K, Sr, Ba, Al, Mn, and Ni using ICP-MS. Rock samples were analyzed for total carbon content
(MinC wt. %) using Rock-Eval 7. The carbonation efficiency was calculated following the methodology outlined in Gadikota et al. (2020). An
initial analysis of the results obtained so far indicates that some fluid samples exhibited a 40-60% decrease in Ca, up to a 22% decrease in Mg,
and a 100% decrease in Fe from the dissolution to precipitation experiment. This suggests the incorporation of these elements into precipitates.
Silicon also decreased by 8-26% in all experiments, indicating that some of these precipitates could be Ca-Mg-Fe silicates. For the rock
samples, thermal decomposition curves from the Rock-Eval analysis indicated that CO2 production by combustion followed a pattern typical of
carbonate minerals. The MinC values ranged from 0.01 to 1.3 wt. % CO2, suggesting a relatively low mineral inorganic content. Using MinC



to compute the extent of carbonation (YCO2,TC), values varied from less than 0.3% to approximately 7.8%. While these values are consistent
with existing literature on basalt rock and highlight the mineralization potential, ongoing experiments will complement this data and further
elucidate the extent of cation consumption and carbonate formation in the Serra Geral basalts.



