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Introduction  

The supporting information includes one movie, two texts and six figures: 

 Movie S1 shows the location of the events through time. 

 Text S1 describes the detection process using the small aperture antenna. 

 Figure S1 is a set of nine cross-sections that slice the seismic clouds.  

 Figure S2 shows the depths of the hypocenters versus time of occurrence. 

 Figure S3 shows an example of waveforms of a family of 10 repeaters. 
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 Figure S4 shows the locations of the repeaters.  

 Figure S5 compares the time distribution of the repeaters with the time 

distribution of all the seismicity in the exact same periods.   

 Text S2 theoretically links the migration velocity to the slip velocity.  

 Figure S6 shows the slip velocity as a function of migration velocity and stress 

drop. 
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Movie S1. Movie of the event locations through time in a 3D view from South, between 

days 272 and 280. Empty circles are for past events, while filled circles shown the events 

within a 2.4 hours windows around the given time. Colors shown the elapsed time and the 

circles are sized by the magnitude of the events.   

 

Text S1: Detection process using the small aperture antenna 

 

To improve the detection level, we use a nearby antenna of 7 stations (MG, Fig. 1) and we 

look for spatially correlated signals (De Barros et al., 2017). The small aperture (less than 

500 m) of this mini-array allows the events to share similar waveforms at the 7 stations. To 

perform the detection, we use the following steps (Cansi, 1995; Rost and Thomas, 2002):  

1- The data are filtered in a 2-8 Hz frequency band.  

2- Cross-correlation functions between all pairs of stations are computed for 4-

seconds long sliding windows, with one second overlap.  

3- The maximum of all correlation functions are averaged among all pairs of stations. 

If this mean correlation coefficient is above 0.6, a possible event is detected. 

Subsequent time windows with correlation coefficient above 0.6 are assumed to be 

part of the same detection.  

4- For the detected events, a back-azimuth is computed. Delay times between pairs of 

stations are measured from the correlation functions. They are then inverted to 

determine the back-azimuth under a plane-wave approximation (Rost and Thomas, 

2002).  

5- If the back-azimuth lies between 210 and 290° (i.e. the mean azimuth to the swarm 

+/- 40°), the detected waveforms are selected as seismic events, possibly originated 

from the swarm.  

Despite a smaller number of detected events than using a template matching approach, such 

method has the advantage of being more exhaustive, as it is not dependent on template 

choices, and can therefore detect unconventional seismicity such as tremors, if any.  
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Figure S1. South-North cross-sections, centered every 100 m at Easting between -400 m 

and 400 m, with events in a +/- 50 m Easting range around this center. The color code 

shows the day of occurrence in 2015.  
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Figure S2. Depths of the hypocenters versus days of occurrence. The colors show the 

magnitude of the events.   
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Figure S3. Examples of a repeater family of 10 events, recorded at three stations (MG, 

ROD3 and VVK). In each panel, normalized waveforms of the 10 events are shown in gray, 

with the stack waveforms in red.  
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Figure S4. Location of the repeating events. (a) View of the full seismic swarm, projected 

onto the main structure. (b) Zoom on the area where the repeating events are located. In 

both panels, repeating events are colored according to their family and are sized according 

to their source size. Gray circles indicate events with lower correlation coefficient.   

 

 

Figure S5. Cumulative number of events versus time for multiplet families (orange lines). 

The cumulative number of located events in the exact same times of the multiplet families 

is shown for reference (light blue). Both cumulative number of events and time are 

normalized to make them comparable among all families. The average cumulative number 

of events for the multiplet families and the located events are shown as thick brown and 

blue lines, respectively. They can be fitted (dashed lines) by relation of the form N~tα, with 

α=0.5 and α=1.5 for the multiplet and located events, respectively. 



 8 

Text S2: Rupture migration velocity and slip velocity 

 

Ampuero and Rubin (2008), and Rubin (2008) showed that the velocity of a rupture front 

propagating with a quasi-steady shape is well approximated by: 

 

𝑣𝑟 =
𝜇 ∙ 𝑣𝑚𝑎𝑥

∆𝜎
                (1) 

 

where vmax is the maximum slip velocity,  is the stress drop,  is the shear modulus. 

Based on the rupture migration velocity estimated during the rapid bursts of seismicity (2 

to 10 km/day, Figs. 3a-b in the main text), a rock shear modulus of 30 GPa, and a range of 

reasonable stress drop for a seismic swarm (0.01 to 1 MPa), we can estimate a range of 

fault slip velocity using equation 1.  

 

Figure S5 indicates that the fault slip velocity at the maximum earthquakes rupture 

migration velocity (10 km/day) observed during the swarm varies between 0.5 and 3.86  

10-6 m/s over a range of stress drop comprised between 0.01 and 1 MPa (Gao et al., 2012). 

This range of values of slip velocity is consistent with previous studies of seismic swarms 

driven by aseismic slip transients (Lohman and McGuire, 2007; Roland and McGuire, 

2009). 

 

 
 

Figure S6. Fault slip velocity estimated from the observed rupture migration velocity 

during rapid bursts of seismicity and a range of plausible stress drop during the seismic 

swarm. The maximum slip velocity is estimated at 3.86  10-6 m/s for a stress drop of 1 

MPa and a rupture velocity of 10 km/day. 


