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Identifying, locating and characterizing subsurface seismic sources are crucial for a variety 
of geophysical problems at all scales. Sources include earthquakes, subduction zone 
tremors, volcanic tremors, and stimulated events during reservoir production or CO2 
storage, hydro-fracturing and mining exploitation. Traditional techniques based on picking 
of ballistic arrivals - P or S – face severe limitations in the case of very low frequency and 
tremor-like energy sources; as well as for low signal-to-noise, heterogeneous media and/or 
reverberant propagation contexts.  
 
Improving the resolution and the sensitivity of classical approaches can be potentially 
achieved increasing the density of boreholes and/or the density of surface arrays 
instrumentation but at prohibitive high costs. Recent statistical methods for signal analysis 
and coherent interferometry using wideband acoustic and seismic signals open new 
perspectives for source monitoring that overcome the limitations of classical approaches. 
Those new methodologies will also allow the design of a new generation of sensors 
monitoring networks. 
 
We have developed a new methodology exploiting the frequency selective coherence of 
the wave field at dense seismic arrays and local antennas that leads to stable and reliable 
detection, blind source separation, and location of distributed non-stationary sources. The 
methodology consist of: (1) a signal processing scheme yielding a simplified 
representation of the acoustic or seismic signal by an adaptive time-frequency 
characterization of its statistical properties; (2) a fully probabilistic detection and location 
algorithm based on back projection of stacked local cross-correlations of the simplified 
signals.  
 
During the project this new tool will be assessed and refined through the analysis of two 
data sets: (1) a coal mining induced seismicity data set – recorded during one year by a 
dense temporary array of 15 stations – with more than 7000 seismic events with 
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magnitudes -1.7 < ML < 2; (2) an induced seismicity data set associated to CO2 enhanced 
oil recovery operation, and recorded by a 900 m borehole geophone array, with more than 
3800 seismic events with moment magnitude ranging from -1.2 to 0.8. 
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