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Abstract: The Piano di Pezza fault (PPF) is the north-westernmost segment of the >20 km long Ovindoli-Pezza active normal 

fault-system (central Italy). Although existing paleoseismic data document high vertical Holocene slip rates (~1 mm/yr) and a 

remarkable seismogenic potential of this fault, its subsurface setting and Pleistocene cumulative displacement are still unknown. 

We investigated the shallow subsurface of a key section of the PPF using seismic and electrical resistivity tomography coupled 

with time-domain electromagnetic measurements (TDEM). We provide 2-D Vp and resistivity images showing details of the fault 

structure and the geometry of the shallow basin infill down to 35-40 m depth. We can estimate the dip and the Holocene vertical 

displacement of the master fault. TDEM measurements in the fault hangingwall indicate that the pre-Quaternary carbonate 

basement may be found at ~90-100 m depth.  
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INTRODUCTION 

 

The inner sector of the central Apennines of Italy is 

characterized by a complex network of Pliocene-

Quaternary normal faults (Cavinato & de Celles, 1999; 

Ghisetti & Vezzani, 1999) that originated several 

intramontane continental basins (Bosi et al., 2003; Giaccio 

et al., 2012; Pucci et al., 2014). Under the current NE-

directed extensional stress regime, the high crustal 

seismicity rate is mainly released by normal-faulting 

earthquakes (Chiarabba et al., 2005; Chiaraluce, 2012 and 

references). Paleoseismic analyses have unravelled the 

late Holocene slip-history of many active normal faults in 

this sector of the chain (Galli et al., 2008 and reference 

therein; Cinti et al., 2011). Notwithstanding the wealth of 

geological data constraining the recent evolution of most 

normal faults, only in few cases detailed subsurface 

information is available to provide a proper structural 

model of the basins they originated. Shallow geophysical 

investigation of active faults may extend the limited 

investigation depth typical of paleoseismic trenching, 

moreover it can yield valuable information on long-term 

fault displacement and unravel minor structures (e.g.: 

Villani et al., 2014). 

As a case-study, we selected the Piano di Pezza fault 

(hereinafter PPF, Figure 1). The PPF is the north-

westernmost segment of the >20 km long active Ovindoli-

Pezza normal fault system, and according to paleoseismic 

data it exhibits one of the highest Holocene vertical slip 

rates in the Apennines (~1 mm/yr; Pantosti et al., 1996), with 

large inferred vertical displacement per event (> 2 m). This 

fault bounds to the north a 5 km long continental basin 

(Piano di Pezza; Figure 1) filled with glacial, lacustrine and 

fluvial deposits, and its footwall exposes Mesozoic-Tertiary 

marine limestones. The subsurface structure and infilling 

thickness of this basin are unknown, nor the shallow 

geometry of the bounding fault is well constrained. 

 

 
Figure 2: close up view of the survey area showing seismic, 
electrical resitivity profiles and TDEM measure points 

(orange); the PPF exhibits two splays: we investigated the 
shallow subsurface of the lower one, where it displaces late 
Holocene alluvial fans; tA is trench A after Pantosti et al., 

1996. 
 

Figure 1: geological sketch of the Piano di Pezza basin. The 
blue lines indicate normal faults, the red lines thrusts. 
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With the aim of extending information from previous 

paleoseismic analyses and very shallow GPR 

investigations (Jewell & Bristow, 2006), we performed an 

integrated geophysical survey focusing a key section of 

the PPF (Figure 2). We acquired 2 high-resolution seismic 

profiles, 1 electrical resistivity profile and 7 time-domain 

electromagnetic soundings (TDEM) crossing the fault 

where it displaces some small late Holocene alluvial fans, 

originating a ~5 m high fault scarp.  

We try to infer the subsurface fault geometry and 

recover the depth of the pre-Quaternary basement. 

 

METHODS AND DATA ACQUISITION 

 

Traveltime tomography proved successful in imaging 

complex media, such as fault zones (Morey & Schuster, 

1999; Sheley et al., 2003), so we conceived our seismic 

investigations to get tomographic images of the Piano di 

Pezza fault at depth. The 2 seismic profiles (named P1 

and P2) are 142 m long each, and they were acquired 

using a 72 vertical geophones array (40 Hz 

eigenfrequency) with 2 m spacing and a sledgehammer 

as energy source. We handpicked ~20,000 first-arrival 

traveltimes that were input to a non-linear tomographic 

code to produce 2-D Vp models of the shallow 

subsurface (details of the method in: Improta et al., 

2002).  

Electrical resistivity tomography (ERT) is a powerful tool 

to investigate shallow faults and complex structures as 

well (Griffits & Barker, 1993; Storz et al., 2000). We 

acquired 1 ERT profile paralleling seismic line P2. We 

deployed a 64 electrodes and 315 m long array with 

both Wenner-Schlumberger and dipole-dipole 

configurations of quadrupoles. The apparent resistivity 

data were inverted through a linearized least-squares 

algorithm to obtain true resistivity sections (Constable et 

al. 1987; Loke & Dahlin 2002).  

 

 
Figure 3: shallow electrical resistivity model across the 
Piano di Pezza fault. 

 

 

In order to infer the pre-Quaternary basement depth in 

the hangingwall of the PPF, we also performed 5 time 

domain electromagnetic measurements (TDEM). The 

method is based on the induction of a time-varying 

secondary magnetic field produced by decay current in 

the ground. This secondary magnetic field is measured 

by an induction receiver coil generally placed inside of a 

transmitter loop. As the current diffuses deeper into the 

ground (at later time), the signal measurements provide 

information on the conductivity of the lower layers. Our 

data were collected using a high frequency 1D receiver 

coil, placed at the centre and outside a transmitter 

square loop of 50 m size. We acquired very early time 

gates data starting from ~ 9 µs (after current turn off) up 

to 800 µs using a Geonics 47 transmitter. Random 

electromagnetic noise were also collected and checked 

against measured voltage data in order to discharge 

biased late time gates before data inversion. Data from 

field measurements were processed and inverted using 

SiTYEM\SEMDI software in order to obtain 1D resistivity 

models of the subsoil (Hydrogeophysics-Group, 2001)  

 

PRELIMINARY RESULTS AND DISCUSSION 

 

We show some preliminary results of our integrated 

geophysical surveys. The ERT model (Figure 3) with 

dipole-dipole configuration across the fault scarp clearly 

depicts the ~50° SW-dipping fault zone involving alluvial 

fan deposits with resistivity <500 m and their 

concurrent thickening in the hangingwall. Moreover, the 

top-surface of the underlying high-resistivity body 

(>1000 m) shows an evident dip towards the fault, 

suggesting back-tilting due to fault activity. We interpret 

the shallower layers as Holocene alluvial fan gravelly and 

sandy deposits (recovered in the trenches by Pantosti et 

al., 1996) laying over a > 20 thick Last Glacial Maximum 

till (~21-18 ka; Cassoli et al., 1986; Giraudi, 1989). Vp 

tomograms suggest this alluvial fan is affected by > 10 m 

vertical displacement (Figure 4). They also help defining 

the fault-zone down to 35-40 m depth suggesting it has 

a ~50° dip. 

 

  
Figure 4: detail of the Vp tomogram of seismic line P2 

across the PPF compared with trench A (after Pantosti et 
al., 1996). 

 

 

TDEM data inversion yielded 1-D vertical resistivity 

models (Fig. 5): they indicate that ~200 m far from the 

surface fault trace the pre-Quaternary carbonate 

basement is 90-100 m deep, thus giving a robust 

constraint to the evaluation of the cumulative offset of 

the PPF (~150 m). Moreover, for the uppermost part of 

the subsoil, TDEM and ERT model significantly agree in 

terms of depth and thicknesses of the shallower 

resistivity layers. 
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Figure 5: 1-D resistivity models obtained through inversion 
of TDEM data (position of soundings along the ERT profile 

is idicated by red stars). A deep resistive layer (>5000 m), 
interpreted as the carbonate basement, is evidenced at 90-

100 m depth (beneath soundings 2offB, 2c and 2offA) in the 
hangingwall of the PPF. Data from soundings 1off and 1c 
are less reliable in the deeper part due to strong 3D effects. 

 

 

Our geophysical data yield for the first time valuable 

information on the subsurface setting of an important 

active normal fault exhibiting one of the highest 

Holocene slip rates in the central Apennines. These data 

are crucial to understand the middle- to long-term 

behaviour of this fault, its overall displacement and 

possibly its inception age. 

 
Acknowledgements: This study was performed in the framework 

of the FIRB Abruzzo project, “High-resolution analyses for 

assessing the seismic hazard and risk of the areas affected by the 

6 April 2009 earthquake” (http://progettoabruzzo.rm.ingv.it/en; F. 

Villani, V. Sapia & R. Civico funding code: RBAP10ZC8K_005; P. 

Baccheschi funding code: RBAP10ZC8K_003; G. Di Giulio & M. 

Vassallo funding code: RBAP10ZC8K_007).  

 

References  
Bedrosian, P.A., M.K. Burgess & T. Nishikawa, (2013). Faulting 

and groundwater in a desert environment: constraining 

hydrogeology using time-domain electromagnetic data. Near 

Surface Geophysics. 11, (5), 545-555. 

Bosi, C., F. Galadini, B. Giaccio, P. Messina, & A. Sposato, (2003). 

Plio-Quaternary continental deposits in the Latium-Abruzzi 

Apennines: the correlation of geological events across 

different intermontane basins. Il Quaternario. 16 (1Bis), 55-76.  

Cassoli, A., L. Corda, C. Lodoli, A. Malatesta, M.V. Molaroni, & A. 

Ruggeri, (1986). Il glacialismo quaternario del gruppo Velino-

Ocre-Sirente. Memorie Società Geologica Italiana. 35, 855-867. 

Cavinato, G.P., & P.G. De Celles, (1999). Extensional basins in the 

tectonically bimodal central Apennines fold-thrust bel, Italy: 

response to corner flow above a subducting slab in 

retrograde motion. Geology. 27, 955-958. 

Chiarabba, C., L. Jovane & R. Di Stefano, (2005). A new view of 

Italian seismicity using 20 years of instrumental recordings. 

Tectonophysics. 305, 251-268. 

Chiaraluce, L., (2012). Unraveling the complexity of Apenninic 

extensional fault systems: A review of the 2009 L'Aquila 

earthquake (Central Apennines, Italy). Journal of Structural 

Geology. 42, 2-18.  

Cinti, F.R., D. Pantosti, P.M. De Martini, S. Pucci, R. Civico, S. 

Pierdominici, L. Cucci, C.A. Brunori, S. Pinzi, & A. Patera, (2011). 

Evidence for surface faulting events along the Paganica fault 

prior to the 6 April 2009 L'Aquila earthquake (central Italy). 

Journal of Geophysical Research. 116, 2156-2202. 

Constable, S.C., R.L. Parker & C.G. Constable, (1987). Occam’s 

inversion: A practical algorithm for generating smooth 

models from electromagnetic sounding data. Geophysics. 52, 

(3), 289-300. 

Galli, P., F. Galadini & D. Pantosti, (2008). Twenty years of 

paleoseismology in Italy: Earth Sciences Review. 88, 89-117. 

Giaccio, B., P. Galli, P. Messina, E. Peronace, G. Scardia, G.Sottili, 

A. Sposato, E. Chiarini, B. Jicha & S. Silvestri, (2012). Fault and 

basin depocentre migration over the last 2 Ma in the L’Aquila 

2009 earthquake region, central Italian Apennines. 

Quaternary Science Review. 56, 69-88. 

Ghisetti, F. & L. Vezzani, (1999). Depths and modes of Pliocene-

Pleistocene crustal extension of the Apennines (Italy). Terra 

Nova. 11, 67-72. 

Giaccio, B., P. Galli, P. Messina, E. Peronace, G. Scardia, G. 

Sottili, A. Sposato, E. Chiarini, B. Jicha & S. Silvestri, (2012). 

Fault and basin depocentre migration over the last 2 Ma in 

the L’Aquila 2009 earthquake region, central Italian 

Apennines. Quaternary Sci. Rev. 56, 69-88, doi: 

10.1016/j.quascirev.2012.08.016. 

Giraudi, C., (1989). Datazione con metodi geologici delle 

scarpate di faglia post-glaciali di Ovindoli - Piano di Pezza 

(Abruzzo - Italia Centrale): implicazioni. Memorie Società 

Geologica Italiana. 42, 29-39. 

Griffiths, D.H. & R.D. Barker, (1993). Two-dimensional resistivity 

imaging and modelling in areas of complex geology. J. Appl. 

Geophys. 29, 211-226. 

Hydrogeophysics Group, (2001). Getting Started with SiTEM and 

SEMDI. University of Aarhus. Aarhus, Denmark. 

Improta, L., A. Zollo, A. Herrero, R. Frattini, J. Virieux, & P. 

Dell’Aversana, (2002). Seismic imaging of complex structures 

by non‐linear traveltime inversion of dense wide‐angle data: 

Application to a thrust belt. Geophysical Journal International. 

151, 264-278. 

Jewell, C.J., & C. Bristow, (2006). GPR studies in the Piano di Pezza 

area of the Ovindoli - Pezza fault, central Apennines, Italy: 

extending paleoseismic trench investigations with high-

resolution GPR profiling. Near Surface Geophysics, 4, (3), 147-153. 

Loke, M.H. & T. Dahlin, (2002). A comparison of the Gauss-

Newton and quasi-Newton methods in resistivity imaging 

inversion. Journal of Applied Geophysics. 49, 149-162. 

Morey, D. & G.T. Schuster, (1999). Paleoseismicity of the Oquirrh 

fault, Utah, from shallow seismic tomography. Geophysical 

Journal International, 138, 25-35, doi: 10.1046/j.1365-

246x.1999.00814.x. 

Pantosti, D., G. D’Addezio & F.R. Cinti, (1996). Paleoseismicity of 

the Ovindoli-Pezza fault, central Apennines, Italy: a history 

including a large, previously unrecorded earthquake in the 

Middle Ages (860-1300 A.D.). Journal of Geophysical Research. 

101, 5937-5959. 

Pucci, S., F. Villani, R. Civico, D. Pantosti, P. Del Carlo, A. Smedile, 

P.M. De Martini, E. Pons-Branchu & A. Gueli, (2014). 

Quaternary geology map of the Middle Aterno Valley, 2009 

L’Aquila earthquake area (Abruzzi Apennines, Italy). Journal 

of Maps. doi: 10.1080/17445647.2014.927128. 

Sheley, D., T. Crosby, M. Zhou, J. Giacoma, J. Yu, R. He, & G.T. 

Schuster, (2003). 2‐D seismic trenching of colluvial wedges 

and faults. Tectonophysics. 368, 51-69. 

Storz, H., W. Storz & F. Jacobs, (2000). Electrical resistivity 

tomography to investigate geological structures of the 

Earth’s upper crust. Geophysical Prospecting. 48, 455-471. doi: 

10.1046/j.1365-2478.2000.00196.x. 

Villani, F., S. Pucci, R. Civico, P.M. De Martini, I. Nicolosi, F. 

D’Ajello Caracciolo, R. Carluccio. G. Di Giulio, M. Vassallo, A. 

Smedile & D. Pantosti, (2014). Imaging the structural style of 

an active normal fault through multi-disciplinary geophysical 

investigation: a case study from the Mw 6.1, 2009 L’Aquila 

earthquake region (central Italy). Geophysical Journal 

International. 200 (3), 1676-1691. doi: 10.1093/gji/ggu462. 

513


