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Determining structurally high areas that are promising for Hydrogen generation in the Norwegian Sea.

Thierry Jacquin, Geolink

Natural hydrogen is not as common as biogenic or thermogenic methane, which are ubiquitous in hydrocarbon basins.  However, flows of natural hydrogen has been observed and documented in a number of places worldwide (Smith, et al.; 2005). 
Origins of the H2 are varied and may be classified into three groups: water/rock interaction, bacterial activity and deep source (Moretti, et al., 2021).
Within the water/rock interaction case, the origin of H2 is the water.  The H2O reduction and the release of H2 could be due to the oxidation of mineral rich rocks such as olivine, or to the radiolysis induced by the natural radioactivity of rocks such as granite.

The generation process of H2 by serpentinisation in mid-oceanic ridges or in ophiolitic systems has been the most studied.  Such studies indicate that serpentinisation promotes the formation of H2 under strongly reducing conditions in which water is reduced to form H2 as Fe2þ is oxidised to Fe3þ, which then is precipitated in secondary minerals such as magnetite and/or haematite (Murray, et al., 2020).  Similar processes have been documented and modeled from granites, which were able to produce hydrogen during the oxidation of iron-rich minerals such as the biotite.  Depending on the degree of oxidation of the aqueous Fe under different temperatures and potential oxydo-reduction conditions, and the type of secondary mineral precipitated, the amount of H2 produced can vary widely from 0 when chamosite is precipitated to 1.5 mol of H2 produced (per 1 mol of Biotite) when haematite is precipitated (Murray, et al., 2020).

Different structural highs from the North Sea and Norwegian Sea domains have been mapped in order to identify the setting of the granite-type rocks that sub-crop the Mesozoic sedimentary cover.  These granites belong to various Caledonian thrust sheets (Middle Allochton unit) that can be mapped in each of the studied area.  They are recognized as massive seismically transparent units at the base of more reflective layers probably representing metasediments.  A key characteristic of these structurally high areas is the large development of deeply rooted normal faults controlling Devonian depocenters.  These deep faults commonly reach the lowermost highly reflective mafic allochtone unit and its transparent substratum.
Most of the time, there is no evidence for gas emanations from this deep structures (mafic rocks) and/or from the various granite units within the overlying Middle Allochton nappes.  This suggests that if the granite is not exposed to disequilibrium conditions owing to fractures, temperature changes, and changes in the chemistry of fluids, their biotite remains in equilibrium. 

However, in areas where subsequent younger magmatic intrusions (Paleocene-Eocene, Late Eocene, Mid. Miocene, Late Pliocene) occurred and de facto exposed the granite slab to disequilibrium (Frøya High for instance), a dense network of gas chimneys is observed from the deeply rooted faults affecting the Caledonian thrust sheets.  Cores from wells on the Frøya High area report granitic basement containing haematites, a ferric mineral known to be the result of biotite oxidation, liberating Hydrogen as a byproduct.
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