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Machine Learning and Generative Al for Microseismicity:
Toward Intelligent, Adaptive, and Interpretable Passive Seismic Workflows

Abstract:

Machine learning and generative Al are redefining how we acquire, process, and interpret seismic data.
In microseismic monitoring, these approaches are opening new pathways for event detection,
location, source characterization, and subsurface imaging by learning directly from data and physics-
informed priors. While machine learning has been applied to microseismic data for over a decade,
recent advances in generative Al have introduced powerful new tools capable of modeling complex
data distributions and reconstructing incomplete DAS or array data, performing effective denoising,
and jointly predicting event locations and velocity models. Emerging developments in explainable Al
further strengthen confidence in automated detection by revealing how models focus on physically
meaningful seismic phases, bridging the gap between performance and interpretability. In parallel,
neural operator learning frameworks enhance generalization capabilities, while physics-informed
neural networks enable the direct integration of physical laws into learning algorithms, improving both
robustness and transparency. Together, these methods are transforming traditional passive seismic
workflows into intelligent systems that adapt to varying data quality and acquisition conditions. This
presentation provides an overview of recent advances in machine learning and generative Al focusing
on microseismic monitoring and imaging case studies, and illustrating how these innovations are
driving a shift from static, post-processing analyses toward adaptive, interpretable, real-time
frameworks that continuously learn from incoming data streams.
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