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Abstract

Brazil holds several promising regions for exploration of natural hydrogen (H2), a clean and potentially cost-effective energy source. In the Sdo
Francisco Basin (SFB), high H2 concentrations in boreholes and multiple surface H2 emanations confirm the presence of a natural hydrogen
system. However, studies focusing on the subsurface data are lacking. This study aims to assess the H2 exploration potential using public
geophysical and well data previously acquired by the oil and gas industry. Between 1988 and 2013, 41 exploratory wells were drilled in the
SFB for hydrocarbon exploration. Of these, 15 wells had gas composition analyses, with eight revealing multiple H2 layers, which indicate a
favorable “geological success rate”. The wells holding H2 are located in the central and southern parts of the basin, covering distances of 30
km to 300 km, suggesting multiple prolific areas within the basin. These wells are concentrated along the basin's border, where the main
candidates for H2-generating rocks, such as iron-rich and radioactive lithotypes from the Archean and Paleoproterozoic basement, as well as
Cretaceous ultramafic intrusions, are exposed. In terms of fluids, the H2-hosting layers contain amounts of H2 ranging from a few percent to
41%, at depths varying between 300 meters to nearly 4 kilometers. In general, these layers are associated with CH4 (from 38.2% to 88.4%),
C2H6 (from 0.88% to 3.38%), N2 (from 1.74% to 37.0%) and He (up to 1.57%). Regarding the origin of these gases, 613C values for methane
and ethane suggest different gas families, primarily thermogenic source rocks. However, for well 1-PTRA-1-MG, 613C isotopes indicate a
potential contribution from Fischer-Tropsch type reactions, commonly involving H2, in hydrocarbon generation. The main reservoir lithotypes
consist of fine-grained clastic sedimentary rocks, such as siltstones and shales from Neoproterozoic Sete Lagoas Formation. Additionally,
siliciclastic and carbonate rocks from Macatibas, Paranoa and Espinhago Sequences (Neoproterozoic to Mesoproterozoic) also contain H2.
These rocks lack primary porosity but display secondary porosity mostly induced by fracturing, with fractures commonly infilled with calcite
or pyrite. These formations are characterized by very low permeability and transmissibility, as indicated by the available drill stem test data.
However, it should be highlighted that the available data remain limited, and H2-rich zones have not been properly assessed. In conclusion, the
central and southern parts of the SFB stand out due to the number, distribution and high concentration of H2 in the available exploratory wells.
This suggests that the entire area warrants further investigation to confirm its potential for H2 discoveries and search for high-quality reservoir
rocks. Therefore, dedicated studies and new subsurface data acquisition should be conducted, particularly with a focus on reservoir as point of
concern.



