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Abstract 

 

The growing interest in natural hydrogen as a sustainable energy source has accelerated the need for effective exploration strategies. Among 

these, Play Fairway Analysis (PFA), a methodology widely adopted in O&G exploration, offers a promising framework for identifying and 

evaluating prospective hydrogen-bearing areas. This study focuses on the data integration and visualization to apply PFA to natural hydrogen 

exploration in São Francisco Basin (SFB, Brazil), an area with geological settings that may harbor significant hydrogen resources. PFA 

integrates geological, geophysical, and geochemical data to restrict study areas and assess the probability of discovering natural hydrogen 

accumulations. The process involves identifying key geological factors that contribute to hydrogen generation, migration and trapping. For this 

case study, we use a public multi-disciplinary dataset, including geological, geophysical (both multiphysics and seismic data) and well data 

(thermal and geochemical), with different scales and resolutions. In addition, surface constraints have been added with the aim of excluding 

protected or non-accessible areas and give a first assessment of transportation cost. All features have been integrated in a unique 3D numerical 

visualisation platform enabling the visualisation of the entire dataset. The visualisation platform will allow the location of the following key 

elements, such as: - Hydrogen Sources: Location of potential H2 generating rock such as Banded Iron Formations (BIF), ultramafic rocks, 

overmature organic-rich rocks and radiolysis-prone zones. - Migration Pathways: Mapping of fault systems will allow to target potential zone 

of leakage where indices of an active H2 generation could be looked for. In subsurface the knowledge of the 3D fault network and on the 

aquifer that could facilitate the upward movement of hydrogen from sources to traps is key. - Reservoir and Seal Capacity: Location of porous 

and permeable formations capable of storing hydrogen, coupled with impermeable layers that can act as effective seals to prevent gas escape. - 

Surface’s constraints and opportunities: Exclusion of inaccessible or inappropriate areas for exploitation (protected zones, high slopes, …) and 

distance and paths to potential customers (roads, rails, cities, …). SFB's unique geological framework provides diverse environments for 

natural hydrogen generation. Additionally, extensive fault systems offer potential migration pathways and trapping mechanisms. Mapping the 

features allowing the identification of these key elements is an essential step toward PFA and the identification of several promising regions 

where these factors converge. The areas identified as favorable by the PFA can be compared with the confirmed hydrogen occurrences, such as 

H2-hosting wells and confirmed H2 emanations. The ability of integrating all kind of dataset, with different scale and resolution, in a unique 

visualization platform is a crucial step toward PFA to natural hydrogen exploration. It demonstrates its efficiency in identifying prospective 

areas and optimizing exploration strategies. By integrating cross-domains and cross-scales geological, geophysical, and geochemical data, this 

approach offers a systematic pathway to de-risking exploration efforts and focusing resources on the most promising regions. 


