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ABSTRACT 

A combination of renewable and fossil energy will be employed for securing primary energy supply for the foreseeable 

future. Dihydrogen (H2) has emerged as a fundamental contributor, especially as regards low emission fuels. White or 

gold H2, the terms given to natural H2 from geologic sources, is globally ubiquitous, though its presence in a free and 

economically extractable form has yet to be quantified. The exploration relevant sources for natural H2 generation are 

via serpentinization reactions in ultra-mafic rocks, radiolysis of water in granitic basement and generation from 

overmature organic matter in sedimentary basins. The amounts of H2 generated vary by rock composition (f.ex. iron 

content, radioactivity, or TOC), temperature and the water/rock ratio. The expulsion of H2 from basement sources is 

controlled by its solubility in water and connectivity of fracture porosity with an aquifer. In sedimentary basins, H2 

competes for sorption on clay minerals and in organic porosity with the previously generated hydrocarbons and non-

hydrocarbon gases.  

Predicting natural H2 migration paths at the basin scale requires a straightforward and adaptable modelling approach 

using global parameters such as depth, pressure-temperature conditions, and water salinity. A simple method 

constructed in this way can be applied to any hydrogen generation setting. The goal is to distinguish between zones of 

H2 aqueous and free-gas phase migration ("bubble-point") and to calibrate to known occurrences of natural hydrogen 

in the subsurface. It is important to use all available data and observations that indicate the subsurface presence of free 

gas-phase H2 in order to do a top-down calibration. These include H2 gas measurements from down-hole samples and 

surface expressions of H2 gas seeps. These data are rare. Therefore it is necessary to look for other proxies. It has been 

suggested that the ethane isotope reversal at high maturities (> 2.0 %Ro) and the formation of siderite may require the 

presence of H2, and that they could therefore be used as proxies for the presence of H2 in the geologic past.  

This contribution will demonstrate a case study from the Cooper Basin in central Australia. The workflow demonstrates 

how the modelling of (1) H2 generation from organic matter in Patchawarra (Permian) coals and (2) the solubility of 

H2 in co-occurring formation waters can predict free-phase H2 gas occurrence at a regional scale. Locations with H2 

gas-shows align with areas where the models predict the transition from aqueous to gaseous hydrogen in the aquifer. A 

comparison is made between organically sourced and basement sourced H2 scenarios. The presented modelling 

workflow has been adapted for natural H2 exploration on a regional scale, allowing migration pathways and gas-shows 

to be studied within a combined geologic context. This serves to exemplify how a readily applicable approach can be 

used for rapidly evaluating H2 prospectivity in some of the 750 sedimentary basins present on Earth 




