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The principles behind helium and hydrogen generation in the
crust are well understood. The processes controlling their
transport and accumulation in the near surface are less clear.
Helium production is a result of the radioactive decay of uranium
and thorium. Hydrogen is generated by both water radiolysis,
linking it to helium production, and reactions between mafic
minerals and water [e.g. 1]. The availability of water for
radiolysis, and water-rock reaction, provide variables in
quantifying regional hydrogen production rates. Hydrogen can be
biologically and chemically consumed.

The production rate of both gases to produce commercially
useful amounts can be on 100Ma to 1Ga timescales and
dispersed through large volumes of the crust. In quiescent
continental crust, diffusion brings these gases to the near surface
[2, 3]. Within overlying sedimentary basins, the helium flux can
overprint any local production and accumulate in the
groundwater [3]. CH4 or CO2 gas sources are the most common
causes of gas phase formation in the nascent groundwater. This
can generate Helium-rich gas fields when the ratio of mix-gas to
dissolved helium is low [e.g. 4]. Helium-associated hydrogen is
rarely found in such gas fields and might be assumed to be
consumed during transport or while in the groundwater prior to
gas phase formation.

Thermal perturbation of ancient continental crust through
rifting (c.f. Tanzania [3]), plume impingement (c.f. Yellowstone
[6]) or smaller-scale local events can result in a helium (and
helium-associated hydrogen) flux greater than the diffusion
controlled rate. This flux likely has a significant advective
component with flow controlled by major structural features.
Accumulation of significant gas volumes depends on the
availability of trapping structures and, critically, gas phase
formation. In the case of hydrogen, surface seeps containing both
helium and hydrogen may reduce the possibility that biological
or chemical removal of the deep hydrogen has been significant in
local trapping structures.
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