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Abstract The presence of quarry and mine blasts in seismic catalogues is detected using the Wiemer and Baer (Bull Seism Soc Am 90(2):525–530, 2000) algorithm. The procedure is based on the observation that quarry blasts generally take place during daytime hours: the areas with a high ratio of daytime and night-time events are likely to be regions with quarry activity. In the first part of this work we have tested the method, using both a synthetic and a regional catalogue; in the second part the procedure has been applied to some of the European regional catalogues available on line. The comparison between the results obtained and the location of known quarries and mines for the analyzed catalogues confirms the reliability of the methodology in identifying mining areas.
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1. Introduction

The distinction between naturally occurring seismic events and artificial seismicity is an important issue, as showed by many authors (e.g., Murphy and Bennet 1982; Koch 2002; Zhou and Stump 2007). Furthermore today we have to print out that this topic has a multidisciplinary interest, also because of the limitation on nuclear testing that requires monitoring of all different types of explosions (Richards and Kim 1997). The method for discrimination are based on the spectral analysis (e.g. Murphy and Bennet 1982; Wüster 1993; Musil and Plesinger 1996; Koch and Fäh 2002; Parolai et al. 2002; Horasan et al. 2009). Kim et al. (1994) found that a high P/S ratio above 10 Hz is a stable characteristic of instantaneous explosion. Other authors (Bath 1975; Kafka 1990) advised to use the presence or absence of the dispersed Rg in order to identify explosions and considered the depth as a discriminant; Goforth and Bonner (1995), however, found no dispersed Rg in some seismograms from quarries in Central Texas and those events were initially identified as local earthquakes. The seismograms of events originating from the same epicentral region, being recorded at the same station, may look similar due to similar source, path and local effects (Parolai et al. 2002): a group of such events is called earthquake family (Tsujiura 1983). Based on this assumption Parolai et al. (2002), through the sonogram cross-correlation, recognized events belonging to the same family, separating them from quarry blasts recorded in the same area. In any case the results obtained by different authors usually indicate that identification success varies strongly from station to station.

Statistical seismologists use catalogues for seismic hazard assessment and, in general, for earthquake statistics, without analysing the seismograms of every single event. Seismicity catalogues often include man-made contaminations, for example the changes in seismic networks operating in the region, the different processing of the data and the inclusion of quarry explosions and marine shots. The installation or closure of seismic stations produce an increase or a decrease in the detection of small events, whilst quarry blasts or mine explosions artificially enrich catalogues. Despite network operators’ best efforts to identify quarry blasts, it is easy to find these events in a catalogue (as described in Giardini et al. 2004), whereas the separation between explosion events and tectonic ones is a difficult task.

These contaminations represent a source of error and falsify seismicity rates, b-values of the Gutenberg and Richter (1944) law (in particular an increase of them; Wiemer and Wyss 2000) and microseismicity analysis in general and could be misinterpreted as a change in the natural phenomena. The quality of the catalogues improves with time owing to recording techniques and station coverage (Zuniga and Wyss 1995): nowadays artificially events and uncertainties in the hypocenter parameters are fewer than in the past but have not disappeared.

From this point of view, the detection, mapping and removing of quarry blasts are a preliminary and important step in analysis based on seismicity catalogues. Man-made contaminations have low magnitude so a magnitude cut-off of the seismicity data set (Habermann 1987) could be a solution, but it also implies a loss of good data. Wiemer and Baer (2000) suggested an algorithm, based on a purely statistical criterion, to identify and remove quarry explosions from catalogues: in this work the algorithm (Wiemer and Baer 2000) is applied to some of the European regional catalogues available on line.

2. Method

The algorithm of Wiemer and Baer (2000) is based on the fact that quarry blasts are generally performed during daytime hours: a map showing the ratio of daytime and nighttime events (Rq) identifies regions with quarry activity—areas with a ratio[1.5. Indeed, during daytime, ambient noise interferes in the detection of earthquakes and a decrease in their number is generally observed: the quarry-rich areas show the opposite. Figure 1 shows the typical hour histogram—the histogram of the number of events per hour of a quarry rich region (Fig. 1a) and the hour histogram of the same area after the removing of quarry blasts (Fig. 1b). Day–night—normalized ratio is defined by the authors (Wiemer and Baer 2000) as:

Rq = Nd Ln / (Nn Ld)
where Nd is the total number of events in the daytime, Nn in the night-time period, Ld is the number of hours in the daytime period and Ln in the night-time period. The ratio (from now on D/N ratio) is calculated using a regular spaced grid. The software, a part of the open-source software package ZMAP (Wiemer 2001; freely downloadable from the Internet at www.earthquake.ethz.ch/software/zmap), computes a map of Rq for eight different sample sizes N and translates each Rq(x,y,N) value into a probability of occurrence PRq(x,y,N); if the value of the most significant node exceeds the 99% confidence level, all daytime events are removed. Inevitably some daytime tectonic earthquakes are also removed.

The removal of all of the daytime events in the node represents the limit of the procedure. In order to restrict the removal of tectonic events, we made two changes to the algorithm:

1. the cutting of the catalogue at an upper magnitude threshold (S. Wiemer, personal communication). In Wyoming, USA, for very large areas with big quarries and mines, Hedlin (2002) found that several hundred industrial blasts have a magnitude higher than 3.5 whilst Berg and Cook (1961), using the formula given by Gutenberg and Richter (1956) which relates the magnitude of earthquakes to energy, found that the magnitude of nine large quarry blasts detoned in Utah, USA, between November 1956 and February 1959, spanned from 3.9 to 4.6. For Europe a maximum value of 2.5 seems to be probable (Giardini et al. 2004): the catalogues were cut at magnitude 3. The histograms concerning the hour of the events of the analysed catalogues confirm our choice and Fig. 2 shows an example: the four histograms refer to the Romanian catalogue (Oncescu et al. 1999). As the minimum magnitude of the catalogue increases, the number of daytime events decreases; at magnitude 3 the number of daytime events and the number of nightly ones are similar and the events are equally distributed over the 24 h; for higher magnitudes the events follow no particular trend; 

2. the removal of the aftershock sequences using the Reasenberg (1985) method. Actually the Wiemer and Baer (2000) code identifies the aftershocks sequence (more than 20% of daytime events in one day), but the cutting of the catalogue clearly falsifies them. 

Before applying the modified Wiemer and Baer (2000) procedure, we have checked its efficiency simulating a synthetic seismic catalogue with a D/N ratio of 0.6, which is the mean value of the analysed European regional catalogues after the removal of quarry blasts. Synthetic blasts (i.e., daytime events) were also added to the synthetic catalogue. The analysis on the catalogues has been carried out using the program ZMAP 6.0 (Wiemer 2001), and the maps are produced by the free software GMT (Generic Mapping Tools, Wessel and Smith 1995). Internet tools, as the software Google Earth_ (http://earth.google.com/intl/en_uk/), have been used to investigate the areas with a high D/N ratio.

3. The use of explosive in mining industry and civil engineering

Explosives are the primary source of energy for rock breaking in the mining, quarrying and construction industries (Sanchidrian et al. 2007; Hamdi et al. 2008), particularly for limestone, gypsum, conglomerates, building materials and, in general, to obtain rock fragmentation. Explosives are also employed to excavate underground mines and blasting is the usual method for ore mining: for example the gold extraction, performed by creating huge excavations—using 150 kg of dynamite per day in Romania (http://terraii.ngo.ro; http://www.rosiamontana.org) and processing the metals with cyanide compounds. Also salt and coal basins are mined by blasting.

In conclusion, explosives are largely employed in civil engineering (e.g. tunnel and subway).

4 Testing the algorithm

4.1 Testing by a synthetic catalogue

Before applying the Wiemer and Baer (2000) procedure, we tested its capability of quarry blasts detection using a synthetic catalogue with synthetic blasts (i.e. daytime events). We have chosen the northern part of Italy to generate a synthetic catalogue and have selected 14.500 epicenters from the Italian instrumental catalogue C.S.I. 1.1 (Castello et al. 2006).

Here is the list of the principles followed:

1. the b-value equal to 1;

2. the a-value calculated from the catalogue;

3. the maximum magnitude from the catalogue and the minimum magnitude equal to 1.5;

4. the ipocentral depth of 0 km;

5. the time period of 10 years.

Wishing to produce an ideal catalogue (i.e. without quarry blasts according to the algorithm), we chose the D/N ratio mean value of the analysed European regional catalogues after the removal of quarry blasts: it is 0.6 (original catalogue mean value is about 0.8); in this work the daytime interval spans between 7 a.m. and 18 p.m. The above mentioned characteristics have been not imposed to the whole catalogue but to smaller areas: a regular grid with 4_ spacing and the square vertexes are 42_N, 50_N, 5_E and 21_E (Fig. 3a).

Then, this grid has been divided in 1_ cells and 4 cells were selected to add the synthetic

blasts according to the following rules:

1. one cell containing few (&50) and scattered events (43–44_N, 6–7_E);

2. one cell containing a greater number of scattered events (&150; 46–47_N, 10–11_E);

3. one cell containing few and scattered events close to an event rich area (42–43_N,

11–12_E);

4. one cell containing a great number of events (&1,500) in an area containing mainshock-aftershocks sequences to test the influence of them on the procedure (44–45_N, 11–12_E).

The number of synthetic blasts has been the 25% of the number of events in the cells: a total of 465 events have been added to the synthetic catalogue containing now 14.965 earthquakes.

The maps of the D/N ratio for the synthetic catalogue and the synthetic catalogue with synthetic blasts are shown in Fig. 3b and c: the areas containing synthetic blasts have the highest D/N ratio values. The algorithm removes 633 earthquakes from the synthetic  catalogue: it is important to note that the number of removed events is generally greater than the number of supposed blasts because the algorithm removes all the daytime events of the node. The synthetic blasts in the cells with few and scattered events (cells 1–2) and in the cell close to the event rich area (cell 3) were successfully and easily identified by the algorithm (Fig. 4), only the synthetic blasts in the area with mainshock-aftershocks sequences (cell 4) have not been totally identified and 39 have erroneously been classified as aftershocks. Although the synthetic blasts were not all identified, the four blast rich areas were correctly detected and this result represents the main aim of the present work.

4.2 Testing by a regional catalogue

A further test has been carried out using the regional catalogue of the Czech Republic, where both natural and artificial seismicity is observed. The catalogue edited on line by the Geophysical Institute of the Academy of Sciences of the Czech Republic, is available at http://web.ig.cas.cz. Earthquakes are classified as (1) tectonic events, (2) mining induced seismicity, (3) explosions and (4) probably explosions. In every century, swarms of hundreds to thousands of microearthquakes have occurred in the West Bohemia/Vogtland region (Wuster 1993; Musil and Plesinger 1996; Mittag 2003; Neunhofer and Meier 2004) but in this area there is also a great number of quarries and mines: the distinction between natural events and industrial blasts is a daily problem. Czech Republic, since the mid-1980s, has focused on the development of different types of monitoring systems to detect automatically and analyse seismic events to prevent rockbursts also in coal mines (Holub 2007); the mining induced seismicity is another incentive to improve their networks.

We selected the 634 events, 21 of which are marked as explosions, recorded only by the Czech Republic local network from 1996 to 2006, with a minimum local magnitude of 1.5 (Fig. 5a). All of the events are shallow (depth B 30 km). The D/N ratio has been computed using a 0.1° x 0.1° spaced grid and the 50 nearest events to each node.

The Wiemer and Baer algorithm (2000) has removed 38 blasts: 18 out of 21 marked explosions have been correctly identified (Fig. 5b); whilst another 2 out of the 21 explosions have taken place during the night (3 a.m. and 7 p.m.), out of the chosen daytime range, so they have not been considered fit for the procedure. Only one has not been identified. As for the previous test (i.e. the synthetic catalogue) the number of removed events is greater than the number of explosions in the catalogue since the algorithm removes all the daytime events of the node. Furthermore, the map (Fig. 5b) shows the closeness of the other removed events to the locations of known quarries and mines:

• Musil and Plesinger (1996) studied the West Bohemian/Votgland region (the red area in Fig. 5b) to discriminate microearthquakes from quarry and mining blasts by selecting explosions from nine quarries, the location of which is shown in the map (red stars);

• the marlstone quarry of Prednı Kopanina, west of Prague (Prikryl et al. 2003; blue-sky star);

• Karlovy Vary, location of mine and quarry blasts (Wu¨ster 1993; green star);

• Three big quarries at 16.7E–49.2N, clearly observable by the Google Earth_ (http://earth.google.com/intl/en_uk/) tool (brown stars);

• the underground gas storage of Ha´je: it is the first commercial storage constructed in crystalline structures. The storage is located approximately at 1,350 m away and the system of underground tunnels has a total length of about 45 km Fig. 5 a Plot of the epicentres (yellow circles) of the Czech Republic regional catalogue (http://web.ig.cas.cz); the red circles border the 21 explosions; b comparison amongst the epicentres of the Czech Republic regional catalogue (http://web.ig.cas.cz), the 21 explosions contained in the catalogue and the potential quarry blasts evidenced by the algorithm of Wiemer and Bear (2000). The stars indicate the locations of possible blast sources: quarries from Musil and Plesinger (1996; red stars); quarries of Prednı Kopanina (blue-sky star) and Karlovy Vary (green star); the three big quarries observable by Google Earth_ (http://earth.google.com/intl/en_uk/; brown stars); the underground gas storage of Haje (blue star); the brown coal basin around the city of Sokolov (yellow star) and the Dlouhe´ Strane Hydro Power Station (orange star). The West Bohemia/Votgland (see text) region is enlarged in the red frame (http://www.rwe-gasstorage.cz). A local seismic network is maintained in the underground part of the area with seven stations to record both local and regional seismiceffect (Malek and Brokesova 2003; blue star);

• the Dlouhe´ Strane Hydro Power Station, commissioned in 1996: the largest power generating waterworks in the Czech Republic. The reservoir is at 1,350 m above sea level and water from this reservoir is brought to the turbines by two penstock shafts of diameter 3.6 m and length 1.5 km (http://www.sez.cz; orange star);

• the brown coal basin around the city of Sokolov, western Bohemia, that is one of most important brown coal mining areas in the Czech Republic (Sklenicka and Charvatova 2003; http://eurocoal.be; http://www.envir.ee; yellow star).

5 Datasets and results

We want to take into consideration some European regional catalogues (Romania, Spain and Portugal, Czech Republic, France, Hungary, Greece) to demonstrate that presence of artificially events in catalogues is an existing problem to be considered before any seismic analysis.

According to Wiemer and Baer (2000), an indicative value for the D/N ratio is C1.5: in this work we report only on the most significant results. The sample size used is generally 100 events and the node spacing 0.1_; the catalogues have been cut at a 30 km depth because of possible large inaccuracies in hypocentral depth estimation. The use of the EMR method (Entire Magnitude Range; Woessner and Wiemer 2005) and of the maximum curvature method (Wiemer and Wyss 2000) to determine the magnitude of completeness— Mc of each catalogue has not been possible since the outcoming values have been generally about 3, which is also the upper threshold imposed for the catalogues. Mc has been empirically determined for each catalogue through a rough analysis of the plot of the magnitude distribution in time.

5.1 Romania

The Romanian Catalogue, named ROMPLUS and edited by the National Institute of Research and Development for Earth Physics (NIEP) of Bucharest, was first published in 1999 (Oncescu et al. 1999); the catalogue is being continually updated and available on line at http://www.infp.ro/catal.php.We have selected the 6,605 events recorded from 1982 to 2006, with a minimum magnitude of 2.

The first step in detection of quarry blasts is the histogram of the hour of the day (Fig. 6): the histogram reveals a typical pattern for a quarry (or mines) rich region, with a very large number of events during daytime hours. The D/N ratio analysis was performed using a 0.1_ 9 0.1_ spaced grid and the 100 nearest events to each node: about 18% of the total number of the events has been removed by the algorithm (Wiemer and Baer 2000); the Fig. 7 shows the resulting map. Five areas have a very high D/N ratio value:

1. Rosia Montana (D/N about 30), the largest gold deposit in all of Europe, set in Metaliferi Mountains (Buza et al. 2001; Bird et al. 2005; Florea et al. 2005), where copper mines can also be found (Steblez 2007a) and the mining area of Bucium (Bird et al. 2005);

2. the copper deposit of Rosia Pioeni (Florea et al. 2005; Steblez 2007a), Humedoara, iron mine (Steblez 2007a; Romanian Government 2006) and the big excavation area in Cainelu de Jos, clearly visible by Google Earth_: in these regions the D/N ratio is about 25;

3. the Dambovita region (D/N[60), bordering on Vrancea region, one of the most seismic active zone in Europe and mantle earthquakes (70–200 km) of magnitude in excess of Mw = 7.0 occur with relative frequency in a geographically restricted area (Knapp et al. 2005; Ardeleanu et al. 2005; Cadicheanu et al. 2007). In this study we have selected only the shallow earthquakes (depth\30 km). Most of the events are located in the northern part of the city of Tirgoviste, that is a petroleum-producing region (Steblez 2002);

4. the area around the city of Tulcea (D/N[60), a known excavation area (Government of Romania, Ministry of European Integration 2007), situated in the eastern part of Romania;

5. the Basarabi gypsum quarry and the mining area around Navodari (Komnitsas et al. 1998), also set in the eastern part of Romania, where the D/N ratio is about 45.

5.2 Italy

The last version of the Italian Seismicity Catalogue (C_S.I. 1.1; Castello et al. 2006; http://www.ingv.it/CSI/), contains 99.780 earthquakes—91.797 located during the period  1981–2002, with a maximum depth of 483 km and a magnitude—Ml for shallow earthquakes and Mb or Mw for deep ones ranging from 0.1 to 5.9. The earthquakes with no associated magnitude have been removed and a preliminary analysis of the catalogue suggests a cut at the year 1986. We decide to test the algorithm to the entire catalogue, without cutting at a minimum magnitude of completeness. The final catalogue contains 37.169 earthquakes recorded during the period 1986–2002. The histogram of the number of events per hour (Fig. 6) suggests a minimum explosion contamination: the number of nightly events is greater compared with the one of daytime events.

The mining industry is an important Italian economic resource and 5,725 quarries were active in 2008 (Legambiente 2008), both underground and opencast. In terms of world production, the Country is still an important producer of cement (Steblez 2008). The D/N ratio map is computed using a sampling size of 100 events and a node spacing of 0.1_: 1998 events have been classified as probably blasts and removed from the catalogue.

Here below the areas with the highest D/N ratios are listed (Fig. 8); many of them are known as Italian excavation areas:

1. Liguria and the southern part of Piemonte, particularly the Cuneo province, where the D/N ratio is greater than 20. The hour histogram (Fig. 8) of the Cuneo province, for example, shows the typical quarry rich area trend: most of the events are registered between 8 a.m. and 11 a.m. Furthermore, in some of the smallest selections of the area, the daytime events have happened only during working days;

2. Marche (D/N[20): this is one of the most seismically active region as well as one of the widest excavation areas in the Country. Eighty-six quarries are located only in the municipal district of Fabriano (http://www2.comune.fabriano.an.it) and limestone and gravel pits are all over the region (www.ambiente.regione.marche.it). The histogram of the hour of day of the events shows the particular trend of daytime events of the area: they seem to follow the human lunch break! The applied algorithm (Wiemer and Baer 2000) has identified a lot of possible quarry blasts and the same result—around Cingoli, Genga and Cantiano towns was obtained in 2002 by Parolai et al. (2002) through a sonogram correlation approach for the seismic source classification;

3. potential blasts are centred close to the Arcichiaro dam (D/N ratio is about 3): the construction of which was started in the second half of nineties and finished at present (http://www.astaldi.com). The CSI 1.1 (Castello et al. 2006) cut catalogue contains events from 1986 to 2002: 58 events out of 63 were registered from 1996 to 2002 (i.e. the end of the catalogue);

4. the sea area located in the eastern part of the Sicily: about 1/3 of the events were recorded between 8 a.m. and 10 a.m. Unfortunately we have found no information about the presence of quarries or mines in the area.

No quarry blasts have been identified in the best known and important Italian excavation site, the Carrara province, a worldwide marble export area: in the last 20 years the explosive has been completely abandoned (http://portale.provincia.ms.it). On the contrary, probably quarry blasts have been identified in the Murgia district (black circle in Fig. 8) where, besides lawful mining—for example the three calcarenite areas described in Adriani and Walsh (2002), unauthorized mining is a real problem (Legambiente 2008) and it affects the whole region of Puglia. This result shows another possible use of the algorithm:the localization of unknown or illegal excavation areas.

5.3 France

French Catalogue, compiled by the Universite Louis Pasteur (Strasbourg 1), the Reseau National de Surveillance Sismique and the Ecole et Observatoire de Physique du Globe de Strasbourg, is available on line at http://renass.u-strasbg.fr/. We have analysed the 14.263 events recorded from 1993 to 2005 in the area with vertexes 41N, 52N, 5W and 10, with a minimum magnitude—Ml of 2. The hour histogram (Fig. 6) seems to have a very small blast contaminations, except for the 8 a.m. to 10 a.m. interval. Artificial events represent 90% of the recorded seismic events in France (Nicolas et al. 1998): they are identified thanks to the characteristics of the signal and location, but some quarry blasts and marine shots could not totally disappear in a catalogue. In 2005, France was a major European Fig. 8 Map of the ratio between daytime and nightly Italian events and the histograms of the hour of the day of the total number of the events for the areas with the higher ratios producer and the world’s sixth ranked industrialized economy in terms of the gross domestic product (Newman 2007a).

The D/N ratio map (Fig. 9) shows a maximum value of 4 and the comparison between the areas with a D/N ratio[1.5 and the location of known quarries and excavation sites confirms that those areas are probably locations for blasts. The regions with the highest D/N value are the following:

1. Navarra, northern Spain, where the Itioz dam and the artificial lake are located (D/N ratio is about 4). The lake, finished in 2005, is a 418 cu water reservoir and the building of three tunnels and a hydroelectric plant were planned; one of the tunnels, 4,300 m long, links Campanas to Pamplona, connects the artificial lake, the city of Pamplona and its environs: its building was started in August 2005 and was completed in February 2006 (http://www.tunnelbuilder.com);

2. the Llobregat basin, northern Spain, where there are several potash minings (Otero and Soler 2002; D/N ratio is about 3.5);

3. Provence, south-eastern France, near the city of Marseille; the mining activity is centred in Gardanne, where there are both open pits (http://www.durence-granulats.fr: blasting is the usual mining method; Newman 2007a) and underground coal mines (Carnec and Delacourt 2000; Blache`re et al. 2005; Abdul-Wahed et al. 2006). The D/N ratio is about 2. A micro-seismic network—five surface stations and four underground stations in old galleries is systematically used to monitor coal extraction; a very large number of seismic events is recorded during mining operation: between January 1998 and July 2000, the network recorded 17.661 micro-seismic events and their hypocenters follow the working face and they are located where the mining is carried out (Abdul-Wahed et al. 2006). Out of 323 events, 315 were recorded during working days;

4. Piemonte (4a) and Liguria (4b), northern Italy, Western Alps: the same areas highlighted for the Italian Seismicity Catalogue C_S.I. 1.1 (Castello et al. 2006). The D/N ratio of the two areas is about 2. Nicolas et al. (1998) found quarry blasts in the analysis of 32 years of instrumental seismicity recorded by the French networks in the western Alps and southern part of France (1962–1993);

5. the area centred at 46_N and 7_E. The D/N ratio is about 1.5, like many others French areas, but this is the same mining area described in Giardini et al. (2004), who followed the iterative approach of Wiemer and Baer (2000) for the seismic hazard assessment in Switzerland. They reported the personal communication by J.P. Burg in 2002 (see Giardini et al. 2004) about the seismicity of the area, entirely related to the mining activity;

6. the area located between the France (Loraine) and German (Saarland) border: the Lorraine coal Field was exploited till May 2004 (Blachere et al. 2005). D/N ratio of the area is about 2.

5.4 Spain and Portugal

Spanish catalogue is available on line at the Instituto Geografico National website (IGN, http://www.ign.es) and contains earthquakes from 944. The catalogue contains also the events recorded in Portugal but the magnitude type is not clearly indicated. 10.114 events, recorded from January 1994 to March 2007, with a minimum magnitude of 2, were analysed to detect quarry blasts. The histogram of the hour of the day is shown in Fig. 6. Spain has some of the most mineralized territory in Western Europe, including the volcanic-hosted massive sulfide deposits of the Iberian Pyrite Belt of southern Spain; the Country has a long history of mining, even for gold and metals (Newman 2007b). Portugal is one of the Europe’s leading copper producers and the dimension of its stone industry is an important part of its mining industry. It is also an important producer of salt rock (Gurmendi 2007).

The D/N map is shown in Fig. 10: most of the probable blasts are located in excavation areas. The highest value of the ratio is about 2; these areas are located in: 

1. the Rio Tinto mining district (Huelva province, SW Spain), a part of the Iberian Pyrite Belt which extends for 230 km NW of Seville, Spain, to South of Lisbon, Portugal (Saez et al. 1996; Hudson-Edwards et al. 1999; Gurmendi 2007; Newman 2007b). It is the world’s oldest continuously opening mine (Wilson 1981) where copper, gold, silver and pyrite are mined from approximately 2,500 BP to the present (Pinedo 1963; Strauss et al. 1977) using both opencast and underground mines; 

2. the Malaga mining district (Galan et al. 1999; Lapuente et al. 2000), and the Ossa Morena and the Almeria ones (Lapuente et al. 2000). These are also seismically active regions and three seismic series were recorded starting from 1985: la Loja (1985), Antequera (1989) and Alborean Sea (1997–1998; Posadas et al. 2002);

3. Catalugna, with few blasts probably: scattered quarries have been pointed out in the area using the software Google Earth®;

4. the areas located in the Southern part of the Pyrenees: this area is also present in the French catalogue and described in the previous paragraph.

5.5 Greece

Greek seismicity catalogue is available on line at the National Observatory of Athens website (NOA, http://www.gein.noa.gr). A total of 49.497 earthquakes were recorded from Fig. 10 Map of the ratio between daytime and nightly Iberian events and the histograms of the hour of the day of the total number of the events for the areas with the higher ratios January 1984 to March 2007, with a local magnitude spanning from 1 to 6.6 and a maximum depth of 230 km. The frequency–magnitude distribution as well as the analysis of the magnitude in time show an uneven trend for the low magnitudes and the EMR (Woessner and Wiemer 2005) method warrants a magnitude of completeness of 3.1, which is higher with respect to the chosen maximum magnitude value for all the catalogues: Mc was empirically determined through a rough analysis of the plot of the magnitude distribution in time, and earthquakes with Ml C 2 were selected. The histogram of the hour of the day is shown in Fig. 6.

The mineral industry is a small but important item of Greek economy, in fact Greece is a leading producer of bauxite, magnesite, nickel and perlite (Newman 2007c), whilst the aggregate market pays an important role in the economy of the Country and represents 45% of the entire mineral production (Benardos et al. 2001). Marble and stone in general are also another important and widespread activity existing since ancient time and their extraction generally takes place at open-pit quarries (Mouflis et al. 2008). Three hundred marble quarries were in operation in 2006 (Kalimpakos and Mavrikos 2006).

The area with a high D/N ratio value is shown in Fig. 11 and the comparison with the location of known excavation areas confirms the likely presence of quarry blasts. The difference between the Greek alphabet and the European one often interfered with the search for information about many areas. However, the highest values are obtained in:

1. Athens: the main volume of the aggregate production of Greece is located in the area around the Greek capital (Newman 2007c). Many open-pit quarries are situated close to the urban area. Hymettus mountain, another Mediterranean classical marble quarry area (Polikreti and Maniatis 2004; Brilli et al. 2005), is located East of Athens;

2. in the western coast of Peloponnese: an excavation area is cleary observable by Google Earth®(37.8N–21.4E);

3. the sea area located North of Crete island: no information has been found about the area, but the histogram of the hour, besides of the pick in daytime hours, shows the same trend observed in other excavation areas (e.g. Italy, area 2): the human lunch break time.

5.6 Hungary

The Hungarian catalogue, edited by the Earthquake Research Institute and available on line at http://www.georisk.hu/, contains 563 earthquakes from 1995 to 2006 with a minimum magnitude of 1.7 (EMR method; Woessner and Wiemer 2005); the maximum depth of events is 34 km. Figure 6 shows the histogram of the hour of the day.

Hungary produces modest amounts of fossil fuel and industrial minerals and the production of coal, gas and petroleum is sufficient to satisfy only about one-third of the Country’s annual energy needs (Steblez 2007b); bauxite is the major non-fuel mineral produced. Bauxite exploitation began in 1926 and nowadays only one mining company is active in the Country (Durucan et al. 2006).

The area with the highest value of the D/N ratio (about 13) is located in the northern part of the Country (Fig. 12): they are the bauxite districts of Bakony and Vertes Hills (German-Heisn 1994; Durucan et al. 2006; Steblez 2007b). The area is centred in the Gant bauxite deposits, where the total production between 1926 and 2002 exceeded 105 Mt and the annual production of about 3 Mt of the 1970s and 1980s decreased to annual levels below 1 Mt in recent years (Durucan et al. 2006). 
6 Discussion and conclusion

Explosives are the primary source of energy for rock breaking in the mining, quarrying and construction industries (Sanchidrian et al. 2007: Hamdi et al. 2008); they are also employed in salt, coal and ore mining, to excavate underground mines and in civil engineering (e.g. tunnel and subway). Despite the best efforts of network operators to identify quarry blasts, finding artificial events in a catalogue is common (e.g. Wiemer and Baer 2000; Giardini et al. 2004). Methods for discriminating natural and non-natural events are widely based on the spectral analysis (e.g. Murphy and Bennet 1982; Hedlin et al. 1990; Wuster 1993; Kim et al. 1994; Musil and Plesinger 1996; Koch and Fah 2002; Parolai et al. 2002), but statistical seismologists generally use final catalogues. The Wiemer and Baer (2000) algorithm, based on a statistical criterion, allows the operators to identify the areas that are likely locations for quarry and mine blasts. The spatial mapping of the ratio between the number of daytime and nightly events is indeed a performance indicator of the presence of artificial events in a catalogue. In the first part of this work we have introduced two modifications to the algorithm of Wiemer and Baer (2000): the declustering of the catalogue using the Reasenberg (1985) method before applying the algorithm and the cut of the catalogue at a maximum magnitude threshold. Since Giardini et al. (2004) indicate a maximum value of 2.5 for the European quarry blast, we have adopted a conservative threshold of 3. Afterwards, we have tested the method using both a synthetic and a regional catalogue (Czerch Republic, where explosions are clearly indicated): the known excavation and mining areas have been successfully identified.

In the second part of the work we have applied the modified algorithm to other six European regional catalogues available on line: Romania, France, Italy, Spain and Portugal, Greece, Hungary. Mining areas have easily been identified too.

The results obtained confirm the reliability of the methodology in identifying mining areas but, following Wiemer and Baer (2000) suggestion, the removal af all of the daytime events inevitably involves also the removal of some tectonics events. According to Wiemer and Baer (2000) the method can be used to locate these regions and further investigations using waveform based techniques, for example the technique proposed by Parolai et al. (2002), may be applied to detect the quarry blasts.

The presence of non-natural events is a real problem that has to be considered before any analysis based on seismic catalogues. This method also represents a valuable tool to detect areas where unauthorized mining is carried out.
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Fig. 12
Captions

Fig. 1 a-b. Histograms of the number of events per hour in a) a quarry rich region and b) the same region after the removing of quarry blasts. 

Fig. 2 The comparison between the histograms of the number of events per hour for the Romanian catalogue for different minimum magnitude: a) M≥2; b) M≥2.5; c) M≥3; d) M≥3.5.

Fig. 3 a-b-c. Maps of the synthetic catalogue: a) the epicenters (black circles) of the generated events and the synthetic blasts (yellow circles); b) the ratio between daily and nighly events for the synthetic blasts without the synthetic quarry blasts; c) the ratio between daily and nighly events for the synthetic blasts with added the synthetic quarry blasts. The ratios are performed using a 0.1° x 0.1° spaced grid and the 100 nearest events to each node.

Fig. 4 The comparison between the synthetic blasts (red circleas) added to the synthetic catalogue and the events (blue circles) removed by the algorithm (Wiemer and Baer, 2000). Contoured frames refers to the areas with same bord colour. 

Fig. 5 a-b. a) Plot of the epicenters (yellow circles) of the Czech Republic regional catalogue (http://web.ig.cas.cz); the red circles border the 21 explosions; b) comparison among the epicenters of the Czech Republic regional catalogue (http://web.ig.cas.cz), the 21 explosions contained in the catalogue and the potential quarry blasts evidenced by the algorithm of Wiemer and Bear (2000). The stars indicate the locations of possible blast sources: quarries from Musil and Plešinger (1996; red stars); quarries of Přední Kopanina (blu-sky star) and Karlovy Vary (green star); the 3 big quarries observable by Google Earth® (http://earth.google.com/intl/en_uk/; brown stars); the underground gas storage of Háje (blue star); the brown coal basin around the city of Sokolov (yellow star) and the Dlouhé Strane Hydro Power Station (orange star). The West Bohemia/Votgland (see text) region is enlarged in the red frame.

Fig. 6 The histogram of the hour of the day for the events in the 6 analysed regional seismic catalogues.

Fig. 7 Map of the ratio between daily and nighly Romanian events and the histograms of the hour of the day of the total number of events for the areas with the highest ratios. 

Fig. 8 Map of the ratio between daily and nighly Italian events and the histograms of the hour of the day of the total number of the events for the areas with the highest ratios. 
Fig. 9 Map of the ratio between daily and nighly French events and the histograms of the hour of the day of the total number of the events for the areas with the highest ratios. 

Fig. 10 Map of the ratio between daily and nighly Iberian events and the histograms of the hour of the day of the total number of the events for the areas with the highest ratios. 

Fig. 11 Map of the ratio between daily and nighly Greek events and the histograms of the hour of the day of the total number of the events for the areas with the highest ratios. 

Fig. 12 Map of the ratio between daily and nighly Hungarian events and the histograms of the hour of the day of the total number of the events for the areas with the highest ratios. 

