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Superhot rock (SHR) geothermal systems (T>374 °C)
represent a promising source of zero-carbon, always-on power,
as well as a potential pathway for hydrogen production. Critical
knowledge gaps, however, hamper large-scale energy
deployment, including limitations of conventional geochemical
exploration tools at supercritical conditions, poorly understood
chemical processes under extreme temperatures and pressures,
and the lack of robust thermodynamic formulations.
Understanding and modelling accurately hydrogen/brine phase
behavior is vital for overcoming these challenges, optimizing
reservoir performance, and for ensuring sustainable operations
and environmental safety.

Thermodynamic modeling was employed in this study to
investigate high-temperature interactions between water and
olivine, with particular emphasis on hydrogen phase behavior at
supercritical pressures and temperatures relevant to SHR
geothermal systems. Multiple theoretical frameworks were
reviewed and implemented, notably the newly proposed
thermodynamic equations for hydrogen by Plyasunov and
Korzhinskaya (2021), which target crust and upper mantle
conditions. The analysis focused on modeling the kinetics and
equilibrium of olivine oxidation by aqueous fluids at pressures
up to 600 MPa and temperatures up to 1250 °C, exceeding the
serpentine stability field, and was validated against experimental
data from analogous systems and buffers ([1];[2];[3])-

The results indicate that olivine reacts with water to form Mg-
rich olivine, Fe-rich spinel, and silica with accompanying release
of molecular hydrogen. This study helps refine thermodynamic
models for predicting phase behavior under SHR-relevant
conditions, highlighting the most effective formulations
parameterized by temperature and pressure. A  deeper
understanding of these formulations is critical for evaluating
SHR working fluid cycles, as well as the chemical and energy
potential of this system. By shedding light on the mechanisms of
hydrogen generation, this work underscores the need for further
research and technological advancements, ultimately supporting
the development of SHR geothermal energy as a viable, carbon-
free resource capable of meeting long-term energy demands and
reducing reliance on fossil fuels.
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