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Zero M3.0+ earthquakes in Nov 
2020

Need to go back almost a 
decade for the last time that 
happened



Increased Fracking associated earthquakes



A single earthquake



Twin earthquakes

Multi-phased 
earthquake

Two earthquakes occurring close in 
time and space

A single earthquake 
with multiple phases



Twins: P and S wave 
shadow
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Robust seismic network

Machine learning: Easy-quake



Twins Since 2010
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Twins Distribution



Rotated waveforms

and 

bandpass filtered 
1-5 Hz

The multiple phases 
are more common in 
some particular 
stations

Multi-phased 
earthquake



• We apply waveform correlation and clustering around the P 
and S arrival separately.

Clusters have a common phase time difference that is 
invariant of hypocentral distance across the recording 
stations

Correlation and clustering 



Multiple phases Distribution
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Elongated
ground motion 
duration

mL3.7-4.4



(Green and Terri, 2005; adpt from  DeAlba et al. 1975)

(Kishida and Tsai, 2014)

Effect of duration



Liquefaction

Kolawole et al 2017





Last word!

Robust seismic network


