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On April 6th 2009, at 01:32 UTC, the Abruzzi region (Central Italy) was struck by a Mw 6.3 

earthquake causing about 300 casualties and extensive damages in the L’Aquila town and in 

several villages nearby.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The coseismic surface effects (Emergeo, 2009; Boncio et al., 2010) suggested a primary rup-

ture associated to the mainshock along the Paganica 50° SW-dipping normal fault and some 

smaller slips and fissures probably caused by triggered shaking effects along two antithetic 

fault strands (the Bazzano and Monticchio-Fossa faults) bordering the Aterno Valley graben.  
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Figure 4: Comparison be-

tween the observed HRGPS 

(red) and the synthetic 

(blue) waveforms for 

CADO, obtained by the ki-

nematic rupture model 

(Avallone et al., 2010) on 

North (top), East (centre) 

and Vertical (bottom) com-

ponents. The green trend 

corresponds to the HRGPS 

observation in the kine-

matic model frequency 

range (0.02-0.5 Hz). 
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A 

Figure 2: A) CADO HRGPS time series starting from the ori-

gin time of the earthquake (2009 April 6th, 01:32:40.78 

[Chiarabba et al., 2009]); B) CADO horizontal particle mo-

tion. 

Figure 3: Kinematic rupture model projected on Earth 

surface (a) and on the fault plane (b) (Avallone et al., 

2010);  

Figure 6: A) Sketch diagram of the ho-

mogeneous model; B) comparison be-

tween observed and calculated direct 

wave impulse in the 0.5-2 frequency 

range.  

Figure 7:  

A) sketch diagram 

of the fault model 

and B) fit of the 

fault-parallel dis-

placement compo-

nent. 

The kinematic rupture model (Figure 3) explains very well the beginning of the deformation and the 

directivity of the first pulse but it does not explain the later resonating high-amplitude wave train 

(Figure 4). 

Source Effect? Site Effect? 

The monumentation at CADO is a concrete pillar (Figure 1B) and the GPS antenna was 

screwed on the top of the pillar, which was further fixed by using cement. Therefore, a site 

effect caused by a variation of shear velocity due to soft uppermost layers has to be excluded. 

Moreover, the station is installed on the top of a topographic irregularity and this could cause 

a local amplification. However, this effect should occur as an amplification of the whole seis-

mic signal, not a part of it, as it is the case of the CADO horizontal waveforms. An important 

insight comes from the H/V spectral ratios of the rotated horizontal components (Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This figure shows that the site is responsible for a significant amplification of the fault-

normal ground motion component in the horizontal plane: the effect is independent of the 

signal nature (weak or strong motions as well as ambient noise). The origin of a transversal 

polarization in fault zones is recently investigated by Pischiutta et al. (2010). 

Figure 1: A) Fault systems of the L’Aquila region (Boncio et 

al. 2004, Roberts and Michetti, 2004, and Galli et al. 2008). 

Antithetic faults: BF = Bazzano fault; MFF = Monticchio-

Fossa fault (Emergeo, 2009 and Boncio et al., 2010). GPS and 

Strong motion stations used for the rupture model (red box, 

Figure 3) as well as RCMT solution are also shown; B) Photo 

of the GPS and co-located broad-band seismometer at CADO. 
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 For the first time, 10-Hz GPS data 

have been recorded in the near-field 

of the fault rupture (Avallone et al., 

2010). 

 Opportunely-located and very high-

rate-sampling GPS sites can detect 

also the details of body wave arrivals 

of moderate magnitude earthquakes 

(Mw 6.3).  

 The VHRGPS results at CADO show 

that the deformation starts about 3.7-

4 seconds after the nucleation 

(Figure 2A).  

 A high-amplitude nearly-harmonic  

phase (up to 50 cm peak-to-peak) 

spanning 6.5-6.8 s is observed on the 

horizontal components. 

 The high-amplitude wave train 

mainly occurs in the ~N58°E direc-

tion, fairly normal to the fault strike 

(Figure 2B).    

 The fault-normal behaviour is com-

mon to recordings in the L’Aquila 

area and is interpreted as an evidence 

of the source directivity [Çelebi et 

al., 2010; Chioccarelli and Iervolino, 

2010]. 

1. The causative earthquake 

2. VHRGPS (10 Hz) results 

3. What is the origin of the 50-cm peak-to-peak amplitude? 

CADO is located on (or close to) the top of the Monticchio-Fossa fault, one of the antithetic faults of the causative Paganica fault (Figure 

1A). We tried an interpretation of the large displacement pulse in terms of a trapping effect in the fault zone beneath the station. We fit the 

fault-parallel component of the VHRGPS high-amplitude wave train with synthetic trapped waves. Synthetic waveforms are generated as 

analytical solutions of a line SH pulse propagating in a low velocity vertical fault zone between two quarter-spaces (Ben-Zion and Aki, 

1990). We proceeded in three steps:  

4. Trapped waves modeling 

Mainshock 

Aftershock 

Ambient noise 

Figure 5: H/V spectral ratios of the rotated 

horizontal components calculated for the main-

shock (top-left), an aftershock (lower-left) and 

the ambient noise (top-right). Courtesy by 

Giuseppe Di Giulio. 
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1. Fixing constraints of the model geometry: The S-wave velocity of the 

left block is fixed at 3200 m/s. The largest patch of slip of figure 3 was 

activated about 2 s after the nucleation and reached a maximum slip of 

1.1 m about 1.5 s later, ~3km to the SE. Thus, a distance source-receiver 

of 12 km is used in our modelling.  

2. Calibration of the analytical solution in a homogeneous model: The 

amplitude scale is calibrated reproducing the observed amplitude of the 

direct S wave in the homogeneous model of figure 6, fitting also the di-

rect wave arrival time.  

3. Best fit of the observed amplitude and duration in the fault model: A 

trial-and-error approach is adopted varying velocity reduction, fault width 

and receiver position to reproduce both arrival times and amplitudes of 

the fault-parallel displacement component (Figure 7). 
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