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1. SEISMOLOGICAL ASPECTS 
 

1.1. Global tectonic s 
 

The Italian seismicity is mainly due to the movement of the African plate in the North direction and the 

consequent (continent to continent) collision with the Euro-Asiatic plate. Figure 1 shows a tectonic sketch of the 

Central Mediterranean basin and the associated plate movement. In the North-East, the Adriatic (micro) plate is 

a geologic structure playing a key role in the observed seismicity of that part of the Italian Peninsula. This is the 

remains of a large African promontory that in ancient times occupied most of the actual Central-Western 

Mediterranean basin (Mantovani et al., 2011). In its Northern part, the Adriatic plate collides with the Euro-

Asiatic margin along the oriental Alps, giving rise to systems of inverse faults and to moderate to high seismicity. 

Some of the most significant earthquakes in this zone (e.g. Friuli earthquake, 1976-77) are due to the subduction 

of the Adriatic plate beneath the Oriental Alps. A sketch of the tectonic setting and kinematics compatible with 

the observed deformations of the Central part of the Mediterranean basin is shown in Figure 2. The available 

geodetic data retrieved from a dense GPS permanent network allows to define a detailed picture of the 

deformation of Central-Northern Italy. Figure 3 shows the horizontal velocity field (with respect to Euro-Asiatic 

plate) obtained from measurements of 177 GPS stations for an observation period greater than 1 year. 
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Figure 1 Simplified tectonic sketch of the Central Mediterranean area. (a) The African plate (yellow) and the interaction zones 
with the Anatholic-Aegean-Balcanic system. (b) After intense earthquakes in the Hellenic trench (red stars), the African-Ionic 
front and the Adriatic plate accelerate (blue arrows), increasing the tectonic load on the interaction zones between the Adriatic 
plate and the Hellenic-Adriatic chain of mountains, where strong earthquakes are frequent. (c) The acceleration in the Ionic 
area, after strong earthquakes (red stars), increases the stresses and the probability of strong earthquakes increases even in the 
interaction zone with the Calabrian arch. (d) The seismic events let the plate to accelerate northward (with velocities 
controlled by the post-seismic readjustment). (e) The adjustment provokes an increase in tectonic loading on the interaction 
zones between the northern-Adriatic front and the surrounding parts.  (Mantovani et al., 2011) 
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Figure 2 Tectonic setting and kinematics of the blocks in the central part of the Mediterranean basin compatible with the post-
Pleistocene deformation field (Mantovani et al, 2011). 1-2) African and Adriatic plates, 3) Ionic plate, 4) external part of the 
Apennine chain carried by the Adriatic plate, 5, 6, 7) main tectonic compressive features. The blue arrows show the long term 
kinematic situation (medium post-Pleistocene) with respect to the Eurasian. AM=Southern Apennines, AC= Central 
Apennines, AS=northern Apennines, ASE=Southern-east Alps, SV=Schio-Vicenza fault system. 
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Figure 3 Horizontal velocities in 177 permanent GPS stations after 1 year observation. The velocities are defined as proposed 
by Devoti et al. (2008): position 55.85° N, ð95.72Á E; rotation velocity  Ƿ = 0.266Á/Ma. The position of the contours is plotted 
by interpolating the data available with the finite element procedure. (Mantovani et al., 2011) 

The area struck by the Emilia May 2012 sequence is located South of the Po Plain, the foreland basin of two 

mountain belts: the Alps and the Northern Apennines. Under thick clastic sedimentary fills, along the Northern 

and Southern margins of the Po Plain, are buried several thrust sheets and tectonic structures (Figure 4). Due to 

fast sedimentation rates and comparatively low tectonic rates, the thrusts are generally buried and the surface 

evidence of their activity is faint (Toscani et al., 2009). 

  

Figure 4 Tectonic map showing the location and extension of potentially active faults in the Po Plain area. In parenthesis, the 
year of the last known large earthquake associated to the fault (if known), and the maximum expected magnitude (Carminati 
et al., 2007). 
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Figure 5 shows a tectonic map of the Po Plain, with the main faults and seismogenic sources and two structural 

sections between Bologna and Ferrara analyzed by Toscani et al. (2009). The authors correlate the seismicity 

both with the outer buried front and with the inner Pedeappenninic Trust front. Figure 5b shows the 

seismogenic sources associated with the largest historical earthquakes ever recorded. 
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Figure 5 (a) Simplified tectonic map of the Po Plain and the surrounding regions showing the Northern Apennines and 
Southern Alps main thrusts and faults as red lines. Yellow and orange polygons are the individual seismogenic sources and 
seismic areas respectively from DISS database (DISS working group, 2007) (Toscani et al., 2009). The cross sections a-aõ (b1)  
and b-bõ (b2) show the seismogenic sources associated with the past largest earthquakes of the area of interest (DISS Working 
group, 2007) interpreted in the light of the results obtained in the study of Toscani et al. (2009). 

 

Under the Po Plain lie sediments of the Ferrarese dorsal, which has generated the Emilia seismic sequence. This 

is constituted by the northern structures of the Apennines, which, during the last hundreds of thousands of 

years, moved forward North-East. This movement generated a mechanism such that the front of the chain 

generates compression and structural shortening, while the back part is divergent and generates tension. In the 

Ferrara proximity there are three consecutive systems at a distance of 10-15 km: the oldest and backlog is at the 

foots of the Apennines, near Bologna, while the most advanced and recent is on the North-East part of the 

Ferrarese dorsal. 
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1.2. The seismic sequence 
 

Figure 6 shows the location on the Po Plain of the seismic sequence of May-June 2012. Figure 7 illustrates the 

number of earthquakes, which occurred in this area from May 19 through June 5 as function of magnitude ML. 

The sequence is still in progress. Furthermore, Figure 8 shows the spatial distribution of the epicenters: orange 

dots represent the events from May 19th to June 28th; the red dots represent the earthquakes occurred from June 

28th to July 5th. The seven stars represent the events with magnitude (ML) greater than 5. Two of them are events 

with ML greater than 5.5: the main shock (5.9 MW) occurred on May 20, 2012 causing 7 fatalities, significant 

damage to historic structures, churches, industrial buildings and leaving 7000 people homeless. On May 29th 2012 

a MW 5.65  shock hit the region causing further damage and fatalities. At present (July 13, 2012) the death toll 

stands at 27, hundreds were injured and approximately 16.000 were left homeless from the two combined events. 

 

Figure 6 Location on the Po Plain (Northern Italy) of  the seismic sequence of May-June 2012. 
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Figure 7 Number of earthquakes as a function of  magnitude ML. Red dots represent the events occurred within 24 hours from 
June 4 through June 5 (INGV, http://www.ingv.it/ ). 

 

 

Figure 8 Spatial distribution of the epicenters of the seismic sequence (INGV, http://www.ingv.it/ ). 












































































































