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Recent advancements in seismic instrumentations around the world provide an
unprecedented opportunity to unravel detailed structures of the Earth’s interior
and decipher earthquake processes. While many earthquakes have been
routinely picked by seismic network analysts, a significant fraction of them are
still missing, especially during intensive earthquake swarms, episodic tremor
and slip, or foreshock/aftershock sequences. These missing events could be
detected by a template matching method, which uses waveforms of existing
events as templates to scan through continuous data for new events with high
similarities. In this talk I first report our group’s recent efforts to use this
method to systematically detect regular and slow low-frequency
microearthquakes along major plate-boundary faults. Our results show that
transient stresses on the order of a few kilopascals are capable of triggering
fault slip at long-range distances, suggesting that earthquakes and faults are
better connected than previously thought. These newly detected events help to
better illuminate fault interfaces ruptured during large earthquakes, and how
faults relieve stresses in fast and slow slips. Next I discuss how to go beyond
template-matching methods and use network-based similarity and machine-
learning techniques to pick seismic phases from large continuous waveforms.
Unlike other deep learning methods that requires up to millions of accurately
picked phases as labels, our method based on convolutional neural networks
(CNNSs) can be trained a relatively small labeled dataset. In addition, they can
be applied to other regions with small modifications, suggesting that machine-
learning based methods are more general than template matching methods and
have great potential for detecting new seismic events from continuous
waveforms.
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