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Abstract:

Dense microseismic monitoring can provide detailed information on subsurface
deformation during hydraulic fracturing, but processing large continuous datasets remains
challenging, particularly for low-magnitude and low signal-to-noise events. In this study,
we develop an automated workflow for microseismic phase picking, catalog generation,
and source characterization using the Tony Creek Dual Microseismic Experiment (ToC2ME)
dataset from Fox Creek, Alberta.

We first developed a multi-model consensus-labeling workflow to automatically generate
quality-controlled P- and S-phase training data from continuous recordings. These labels
were used to fine-tune PhaseNet and EQTransformer for the ToC2ME dataset. Both fine-
tuned models achieved P- and S-phase F1 scores above 0.99 on the held-out test set.
Continuous application of the fine-tuned EQTransformer detected 23,918 events, and a
subsequent template-matching step increased the final catalog to 24,226 events,
substantially improving event detection and station coverage relative to previously
available catalogs.

We then extended the workflow from event detection to source characterization through
fullmoment tensor inversion. Events recorded by at least 50 of the 69 stations were
selected for inversion using MTUQ, jointly incorporating P-wave polarities, P-wave
amplitudes, and S/P amplitude ratios within a three-stage grid-search framework. P-wave
polarities were automatically estimated using the deep-learning-based RPNet model.
Following inversion, a quality-control step was applied to identify the most reliable
moment tensor solutions for further analysis. The resulting moment tensor catalog
provides a basis for systematic characterization of double-couple and non-double-couple
source components and for investigating spatial and temporal variations in source
mechanisms, fault reactivation, and fracture activation during hydraulic stimulation.



