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Abstract

:

The Montefeltro seismic network (FDSN Network code: 1S) was deployed in the Apennines area of northern Marche and southern Emilia-Romagna regions (central Italy). A temporary network was set up in December 2018 and continues to operate, with an array consisting of stations equipped with dynamic digitizers and three-component short/extended/broad band seismometers (Guralp CMG/20s and 30s, Lennartz 3D/5s, Sara SS20 3D/0.5s sensors). The network records in continuous mode at 100 sps. The data are used to analyze the seismic activity and the spatiotemporal evolution of small seismic sequences occurring in the considered area and surrounding zones, strongly clustered in time and space. The data of dataset files are mini-seed formatted and subdivided by the following tree: (1) the dataset is divided by years; (2) the dataset is then subdivided by stations; (3) finally, the data are divided by days of each year in every station folder.
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1. Summary


In this work, we present the seismic monitoring of the area of Montefeltro and surroundings, an area located between the provinces of Rimini and of Pesaro-Urbino and extending from the northern Apennine chain towards the Adriatic coast to the borders of San Marino. The region that includes Montefeltro is not adequately monitored; this entails limits if one intends to analyze in detail the background seismicity. In order to locally integrate the coverage of the INGV National Seismic Network, a temporary seismic network with highly dynamic mobile stations was installed in December 2018 and it is still operative.



At the moment, the temporary network consists of four stations, MF01 in the Municipality of Auditore, MF02 in the Convent of the Capuchin Friars of Sant’Agata Feltria, MF03 in the astronomical observatory “Monte San Lorenzo” and MF04 in the Balze locality of the Municipality of Verghereto (Figure 1). The seismic network was operative from 2018 and will be integrated with other stations in the future. We will release data from 2020 for both currently operative and installation in progress stations. Table 1 summarizes the coordinates of the stations at each site. The network has been registered on the International Federation of Digital Seismograph Networks website (www.fdsn.org, accessed on 4 October 2022) with the code 1S (https://doi.org/10.7914/SN/1S_2018, accessed on 4 October 2022), entitled “Montefeltro Seismic Network (MF)”, while the stations have been registered on the International Registry of Seismograph Stations (http://www.isc.ac.uk, accessed on 4 October 2022).



The data acquisition of this mobile network would allow studying in detail the characteristics of the seismic patterns of Montefeltro [1,2], and improve the local 1D velocity model [3], with the aim to provide higher-quality hypocenter locations and, as consequence, delineation of the seismogenic structures in the area under study. Furthermore, the determination of the focal mechanisms of small-magnitude events would allow defining through their inversion the regional stress field [4], which is useful information for the study area framework from the seismotectonic point of view [5].




2. Data Description


The sites chosen for the seismic stations are public buildings that lie as far as possible from common sources of anthropogenic noise [6,7]. We placed all the equipment on a floor in contact with the ground, in the basement or on the ground level. At the same time, choosing to locate the stations inside buildings allows shelter from atmospheric agents.



The seismic stations consist of a digitizer, a three-component seismic sensor, a GPS receiver, a 12 V battery and an AC–DC converter connected to the electrical power mains. The different types of sensors and recorders for each station of the 1S temporary seismic network are listed in Table 2.



The used seismic sensors are three-component seismometers with different periods: short band with the Sara SS20/0.5s (www.sara.pg.it, accessed on 4 October 2022), extended band with the Lennartz 3D/5s (www.lennartzelectronic.de, accessed on 4 October 2022) and broadband with the Guralp CMG at 20 s and 30 s (www.guralp.com, accessed on 4 October 2022). They were positioned on the ground, and the horizontal components were aligned towards N (indicated with an arrow on the sensor) and E; consequently the vertical components are positive upward. The sensors receive the signal of the seismic field and convert it into an electrical signal and send it to the recorder.



For this temporary network, we used two types of recorders, the RefTek RT130 (www.reftek.com, accessed on 4 October 2022) and the Sara SL06 (www.sara.pg.it, accessed on 4 October 2022). The acquisition mode was set in continuous with a sample rate of 100 sps, the preamplifier gain was set to 1, and the data format was compressed for storage. Each recorder was equipped with an external GPS providing the time for the synchronization of the internal clock and the geographic position reference; in detail, a Garmin GPS receiver for the Reftek 130 recorder and the GPS supplied for the Sara SL06 recorder.



Continuous data archiving was organized by dividing the recording into files in an hourly basis and they are downloaded on two compact flash (CF) cards, each with a capacity of 2 GB for the Reftek 130 recorder, and on USB solid state memories (pen drives) with a capacity of 2 GB–4 GB for the Sara recorder. With these configuration parameters, each station has collected an average of approximately 32 MB of raw data per day.



Figure 2 shows the images of the four station sites of the temporary network 1S; an example of equipment deployed within a site is shown in Figure 3.



Raw data by the Reftek 130 recorder can be converted into seismic data formats of different types, SEG-Y [8], SAC (https://ds.iris.edu/files/sac-manual/sac_manual.pdf, accessed on 4 October 2022), mini-SEED [9] and others, while by the SARA SL06 recorder the raw data are converted only into miniSEED format. In this experiment we chose to set up the conversion in mini-SEED format for both recorders. The mini-SEED format contains digital time series data and some station information such as station and channel ID, sample rate and gain [10]. The miniSEED format contains digital time series data and some single station information such as station and channel ID, sample rate and gain [10]. Il formato miniSEED contiene dati di serie temporali digitali e alcune informazioni su una singola stazione come ID stazione e canale, frequenza di campionamento e guadagno [10]. To complete the information of a single station it is necessary to know the instrumental responses of the seismic sensor and of the datalogger, which is useful information for processing the data of the time series. To complete the information of a single station it is necessary to know the instrumental response of the seismic sensor and that of the data logger, useful information for processing the data of the time series. In the Zenodo repository, the data are organized using nesting folders into Year/Station/Year Julian-day (i.e., MF2018/MF01/2018333/). The Julian-day folder contains the seismograms of the events recorder in that day. Furthermore, we have deposited both the instrumental responses of each sensor and of each recorder.




3. Methods


Figure 4 and Figure 5 display the mini-SEED files for two events that occurred in the Montefeltro area recorded by two of the stations of the temporary network. The seismograms are plotted by a manual time window cut of 10–15 s from P-wave arrival time, to better point out the signal–noise ratio. The waveforms were created in the Passcal Quick Look version II (PQL II) program, also available at the download page of PASSCAL [11]. PQL is a program to view time series data in different formats (MSEED, SEGY, SAC), and allows us to zoom, filter and calculate fast Fourier spectra of seismic signals. It also allows for arrival time measurements (phase picking) and printing of the results to a user-defined file. The event shown in Figure 4 took place west of the Montefeltro area on 8 April 2020 at 9:11 p.m. with a magnitude ML = 2.8 and a depth of 48 km, and was recorded by the MF01 station about 20 km from the epicentral area.



Figure 5 shows the recording at the MF02 station of a shallow event that took place in the north of Montefeltro on 21 April 2019 at 11:27 p.m., with a magnitude ML = 2.0 and a depth of 9 km, whose epicenter distance was about 11 km. In this case, a low-pass filter with 2 poles and a cutoff frequency of 2.0 Hz has been applied as the original waveform contained high-frequency signals.
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Figure 1. Map of the RSN seismic network (blue triangles) in the Montefeltro area (yellow line) and surrounding areas. MF01, MF02, MF03 and MF04 (green triangles) are the four currently operative stations of the Montefeltro seismic network (MF).Map of the RSM seismic network (blue triangles) in the Montefeltro area (white line) and surrounding areas. Mappa della rete sismica RSM (triangoli blu) nell’area del Montefeltro (linea bianca) e zone limitrofe.Map of the RSM (blue triangles) seismic network in the Montefeltro area (white line) and surrounding areas.Mappa della rete sismica RSM (triangoli blu) nell’area del Montefeltro (linea bianca) e zone limitrofe. 
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Figure 2. MF01 (a), MF02 (b), MF03 (c) and MF04 (d) station sites. Red arrows indicate the station positions in the buildings. 
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Figure 3. MF01 station instrumentation installed from October 2019. 
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Figure 4. Waveforms of PQL program showing the MF01 three-component recording of the event that occurred in the Municipality of Maiolo on 8 April 2020 (Julian day 99). 
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Figure 5. Waveforms of PQL program showing the MF02 three-component recording for the event that occurred in the Municipality of Casteldelci on 21 April 2019 (Julian day 111). 
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Table 1. Station data of the Montefeltro seismic network (MF).
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Station Code

	
Location

	
Station Name

	
Data Acquisition




	

	
Lat(N)

	
Lon(E)

	
Ele(m)

	

	
Start

	
End






	
MF01

	
43.82150

	
12.57190

	
368

	
Auditore (PU)

	
29 November 2018

	
-




	
MF02

	
43.86540

	
12.21070

	
626

	
Sant’Agata Feltria (RN)

	
19 April 2019

	
30 May 2020




	
MF03

	
43.84860

	
12.47990

	
541

	
Monte Grimano (PU)

	
7 October 2019

	
-




	
MF04

	
43.81030

	
12.05620

	
1043

	
Verghereto (FC)

	
9 October 2020

	
-
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Table 2. Instrumentation of MF stations. In the first part of the experiment, the MF01 station operated with a RefTek RT130 recorder, then, starting from October 2019, with a Sara SL06 recorder (MF01S).
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Station Code

	
Instrumentation




	

	
Sensor

	
Recorder






	
MF01

	
Lennartz 3D/5s

	
Reftek 130




	
MF01S

	
Lennartz 3D/5s

	
Sara SL06




	
MF02

	
Guralp CMG/20s

	
Reftek 130




	
MF03

	
Guralp CMG/30s

	
Reftek 130




	
MF04

	
Sara SS20/0.5s

	
Sara SL06
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