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ABSTRACT

Serpentinization of peridotite is an important geological process for natural hydrogen generation, but its efficiency
is restricted by the low permeability of ultramafic rocks and the limited connectivity of natural fractures. Water
must access reactive mineral surfaces, while generated hydrogen also requires connected pathways for migration
and release. Therefore, hydraulic fracturing may activate tight peridotite by creating initial conductive fractures
before subsequent water—rock reactions. In this study, true triaxial hydraulic fracturing experiments and a two-
dimensional reaction-induced expansion model were combined to investigate fracture activation and post-
fracturing crack evolution in peridotite. Cubic peridotite specimens with a central borehole were hydraulically
fractured using water at 25 °C and 80 °C to compare the effects of temperature on pressure response, breakdown
behavior, fracture geometry, and initial flow-channel formation. In the numerical model, the hydraulically
generated conductive fracture was treated as the dominant seepage pathway, while reaction-induced volume
expansion around reactive zones and pore-pressure accumulation associated with hydrogen generation were
introduced to analyze secondary crack initiation and propagation. Three post-fracturing scenarios were compared:
reaction expansion in intact peridotite, reaction expansion affected by a hydraulically induced conductive fracture,
and reaction expansion coupled with gas-pressure accumulation. The results show that water-based hydraulic
fracturing can activate tight peridotite under both temperature conditions, and temperature variation changes the
pressurization process, breakdown response, and fracture propagation pattern. The generated hydraulic fractures
provide access pathways for water invasion and create favorable structural conditions for subsequent reaction-
induced alteration. Meanwhile, reaction expansion in intact peridotite mainly produces localized radial cracks
around reactive zones, which are difficult to connect into an effective fracture network. When a hydraulically
induced conductive fracture is present, secondary cracks tend to deflect toward and connect with the main fracture,
indicating that the initial hydraulic fracture can guide later reaction-induced crack growth. Additional gas-pressure
accumulation enhances local tensile stress and damage zones, thereby improving crack connectivity and potential
flow capacity. Overall, temperature-dependent hydraulic fracturing controls the initial fracture framework, while
reaction-induced expansion and gas pressure further promote post-fracturing crack growth. Their coupling may
increase reactive surface area, improve fluid migration pathways, and support artificial activation of natural
hydrogen generation in ultramafic rocks.
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