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Abstract

Deep carbonate reservoirs exhibit pronounced multiscale heterogeneity, driven by polyphase fault activation and matrix heterogeneity, which
governs the stochastic and hierarchical spatial distribution of fracture networks. The construction of high-fidelity discrete fracture network
(DFN) models is critical for deciphering fracture propagation mechanisms and mitigating uncertainties in reservoir characterization under
conditions of tectonic overprinting. This study proposes a novel multi-constraint fusion framework integrating geological, geomechanical,
petrophysical, and 3D seismic datasets, validated through its application to the Feixianguan Formation carbonate reservoir in the Puguang Gas
Field, northeastern Sichuan Basin. It employs a multi-data fusion approach, combining geological, geomechanical, well-based and seismic data
constraints for DFN modelling. The geomechanical-based data integrates quantitative predictions of fractures based on the tectonic stress field,
considering multi-period faults and different matrix types. The geological based data utilises quantitative predictions based on proximity to
faults. The well based data uses image logging in conjunction with array sonic logging to predict fractures. The seismic based data uses several
fracture sensitive attributes for fracture prediction. The modelling results indicate that fracture development is influenced by the interaction of
fault periods, distance from faults and matrix types. Numerical simulation of gas reservoirs using this integrated model shows a 5%
improvement in the historical fit rate, providing further validation of its accuracy.



