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The seismicity of the High Agri Valley (Basilicata 

Region, southern Italy) has both natural and 

anthropogenic origin (both reservoir lake as well 

as oil production related seismicity). This study 

investigates the fluid-injection induced seismicity 

is caused by the disposal of the wastewater that is 

a byproduct of the oil extraction in the valley, the 

site of the biggest onshore oil field in west Europe. 

Injection of the wastewater into the Apulian 

Platform formation started in June 2006 and 

resulted in a number of weak microearthquakes 

along a NE dipping fault zone. We used direct P- 

and S-wave arrivals registered by the nearby 

seismic stations of the ENI oil company to 

characterize the effective attenuation of the 

medium using the peak frequency method. For 

the closest station to the disposal well, we found 

an anomalous value of the P-wave attenuation 

factor QP=49, significantly lower than QP=60 

found for the other stations. The S-wave 

attenuation for the nearest station was found to 

be QS=58 and in case of other relatively close 

station QS=52. It shows an unusual Qp/Qs ratio of 

the P and S attenuation factors lower than 1 for 

the nearest station. The attenuation anomaly is 

also correlated with anomalous velocities, 

specifically the VP/VS ratio of the investigated 

area. Using both origin times of the earthquakes 

and Wadati plots we have found that the waves 

arriving to the nearest station are characterized by 

an average velocity ratio (VP/VS=1.98) higher than 

that retrieved for the other more distant stations 

(VP/VS = 1.90). Additionally, for the nearest 

station, the changes of the VP/VS velocity ratio 

correlate with the pumping pressure of the 

injection, further indicating the effect of the 

wastewater disposal. The anomalous values of the 

effective Q, with the unusually low ratio of 

attenuation factors, and the increased VP/VS for 

the nearest station may be interpreted as a result 

of increased saturation of the seismic medium in 

the vicinity of the injection well. Changes of the 

saturation of the rocks disproportionately affect 

P-wave velocities and attenuation in comparison 

to S-waves. Nevertheless, the rays going to the 

nearest station spend relatively small part of its 

travel-time in the target layer of the injection 

(Apulian Platform). Therefore, it is unlikely that 

increased saturation in the given layer is the sole 

factor responsible for the anomaly. To fully 

explain the differences we suggest the presence of 

the anomaly also in the overburden rocks, with 

the possible existence of a local 3D structure that 

is not necessarily connected to the injection 

process. 
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Since 2012, OGS has been involved in monitoring 

and studying the microseismicity possibly induced 

by the gas storage activities located at Collalto, 

nearby the town of Treviso in Northeastern Italy – 

(hereinafter RSC). In this context, a reliable 

estimate of the moment magnitude (Mw) 

associated with other source parameters for local 

events, even the smaller ones, becomes essential 

for better understanding the dynamic of the 

monitored faults and the discrimination between 

induced and natural earthquakes. To this purpose, 

we apply the procedure developed by Zollo et al. 

(2014, JGR doi:10.1002/2013JB010116), a 

parametric inversion approach for the estimation 

of seismic source parameters which exploits both  

signals recorded on the horizontal components for 

the S waves and, separately, the vertical ones for 

the P waves. In particular, the adopted approach 

exploits standard seismological models to 

separate the source spectrum from the 

contributions due to the propagation effects 

(inelastic attenuation and geometrical spreading) 

and site effects. The inversion analysis consists of 

an initial iterative multi-steps procedure during 

which different values for the attenuation and the 

parameter that controls the decay of the source 
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spectra at high frequencies for all source-receiver 

pairs are tested. In the following step, once the 

attenuation and site effects are removed from the 

experimental spectra, the inversion goal is to 

retrieve for each seismic event the seismic 

moment and the corner frequency, which in turn 

are used to calculate the source radius and the 

static stress drop according to a selected dynamic 

source model, as well as the radiated seismic 

energy. Finally, from the estimated source 

parameters, the apparent stress drop and the 

seismic efficiency, which can be a proxy for the 

radiated seismic energy connected to the stress 

released by the earthquake, are derived. This 

procedure is applied to 30 earthquakes occurred 

in the period 2012-2016 spanning in the local 

magnitude range 1 
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The Groningen gas field is one of the largest 

natural gas fields in the world, producing since 

1963. Since the early 1990’s, induced seismicity 
started to arise in its vicinity. Of the over 190 

exploited gas fields in the Netherlands, only 15% 

experienced induced seismicity and only in three 

of those fields (Groningen, Bergermeer and 

Roswinkel), events with magnitudes ML > 3 have 

occurred. In the Groningen gas field, events were 

recognized as induced by the gas production, 

originating from the declining gas pressure 

followed by compaction of reservoir rocks, 

resulting in subsidence at the surface and stress 

changes on the many faults existing in the 

reservoir. The fault structure at reservoir level is 

well known and seismicity mainly occurs in regions 

of high fault density, although it is difficult to 

relate events to individual faults. Until early of 

2018, more than 1500 events were detected, with 

more than 520 event magnitudes equal or larger 

than ML 1.5. The strongest event recorded so far 

(ML = 3.6) occurred on 16th August 2012 near the 

village of Huizinge, raising a huge number of 

damage claims as well as public concerns. Due to 

the soft soil conditions and the shallow 

hypocentres (approx. 3 km depth), damage to 

structures was caused despite the relatively low 

magnitudes. In 1995 a geophone monitoring 

network consisting of eight borehole stations was 

installed and operated by KNMI. This network has 

been extended several times, providing a 

detection threshold of M=1.5 since 1995. Due to 

limited resolution, event depths have been fixed 

at 3 km depth in the location procedure. Since 

2015, the network has been expanded 

extensively, now comprising more than 70 

borehole stations. Each of the stations is equipped 

with an accelerometer at the surface and an array 

of four 4.5 Hz 3-C geophones with a vertical 

spacing of 50 m. Data of all stations is publicly 

available for research purposes. With the new 

network in place, the Groningen gas field offers 

the best instrumentation worldwide to study 

induced seismicity caused by a depleting gas 

reservoir and the associated seismic hazard. We 

employ our newly developed probabilistic 

moment tensor inversion tool “Grond” to analyse 
source mechanisms of events recorded on the 

new network. “Grond” adapts an optimization 
scheme using elements of simulated annealing 

and the bootstrap technique. Rather than 

optimizing a single objective function, it tries to 

find volumes in parameter space that satisfy low 

misfit values over an ensemble of N variations of 

the objective function. The search parameter can 

be varied extensively by the user, allowing to deal 

with the inherent trade-off between number of 

tested models and ability to find the global 

minimum without getting trapped in local minima. 

Due to the inherent capabilities of probabilistic 

methods, we are able to analyse trade-offs 

between inversion parameters and to assess 

uncertainties. We analyzed all events of M>1.5 in 

the period 2016-2018 and even smaller 

magnitude events for several event clusters. For 

each inversion, data from stations up to 8 km 

distance from the source were used, ensuring the 

data to travel through a known velocity model. For 

each region within the Groningen field a mean 1D 

P-and S- velocity model was derived from a 

detailed 3D velocity model developed by the 

mining company (NAM). Apart from solving for a 

deviatoric mechanism, we also explored the 
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