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Abstract— We explore the integration of UAV-derived LIDAR DTM 
and multiple geophysical data to derive a 3D model of an area (e.g., 
the Piano di Pecore intramontane basin) affected by the co-seismic 
rupture during the M 6.9, 1980 Irpinia earthquake. Surface 
expression of late Quaternary faulting was reconstructed by 
interpreting an ultrahigh-resolution LIDAR-derived 3D model 
whereas seismic prospections (i.e. MASW; ESAC and HVSR) 
allowed us to define the thickness of the basin infill and to reveal a 
complex architecture of the fault zone. Our approach can represent 
an effective workflow in modern morphotectonic studies and can be 
able to reconstruct surface and subsurface features of tectonically 
active landscapes. 

I. INTRODUCTION 
Reconstruction of the surface and subsurface expression of 

active faults is a crucial step for many derivatives of 
seismotectonic studies, including the assessment of the seismic 
hazard and the definition of the magnitude and recurrence time of 
the stronger earthquakes [1, 2]. In the seismogenic belt of the 
southern Apennines, geomorphic evidence of Holocene faulting is 
frequently obliterated by erosion processes, deposition of colluvial 
slope deposits and human activity. The low degree of conservation 
of co-seismic fault ruptures and/or their subtle topographic 
expression mislead to contrasting and debated structural models 
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for active faulting of the southern Apennines [3-6]. Therefore, 
there is a growing interest in developing new methodologies and 
procedures to define the detailed geometry of active fault 
segments. Useful to this topic are high-resolution (less than 1 m of 
horizontal resolution) digital terrain models and geophysical 
analyses. The former may reveal the surface evidence of active 
faulting while the latter may constrain the subsurface geometry of 
these structures, although an in-depth integration between these 
techniques is lacking. Moreover, emerging but limited applied 
techniques such as Unmanned Aerial Vehicle (UAV)-derived 
LIDAR can be an effective approach to derive high-resolution 
DTMs of tectonically areas, even when vegetated. In this work, we 
explore the integration of UAV-derived LIDAR DTM and seismic 
prospections with the goal of building a 3D model of the area  
affected by co-seismic rupture during the M 6.9, 1980 Irpinia 
earthquake (e.g., the Piano di Pecore intramontane basin, [7-8]). 

II. STUDY AREA 
The study area is the Piano di Pecore intramontane basin (Fig. 

1), a small tectonic depression located in the north-western sector 
of the Marzano Mt. The latter is a carbonate massif located in the 
axial belt of the Southern Apennines. This area has been struck by 
normal faulting-related moderate to high magnitude earthquakes 
[9], the last of which was the destructive M 6.9, 23 November 1980 
Irpinia earthquake [8]. Related to the 1980 earthquake is the 
formation of 50 to 70 cm high co-seismic fault scarps both in the 
core of the Mt. Marzano and in the adjoining San Gregorio Magno 
basin [5, 6].  

In the Mt. Marzano area, the trace of the co-seismic fault scarp 
crosses the Piano di Pecore basin in its southwestern sector. 
Available 2D P-wave seismic analysis, Electrical Resistivity 
Tomography (ERT) and Horizontal to Vertical Spectral Ratio 
Analysis (HVSR) measurements indicate a maximum thickness of 
ca. 40 m of the late Quaternary filling of the basin [5, 6, 10]. These 
analyses provide a detailed subsurface reconstruction along a 
single profile trace, but a reconstruction of the 3D subsurface 
geometry of the entire Piano di Pecore basin has not been carried 
out up to now. Moreover, geochemical analyses on gas emissions 
reveal a complex subsurface setting of the Piano di Pecore basin, 
whit the occurrence of small E-W trending fault strands in the 
southern and northern sectors of the basin [11]. 

III. METHODS 
Our approach includes the integration of traditional and 

consolidated tools of morphotectonic analysis (i.e., fieldwork and 
geomorphological analysis of detailed scale topographic maps) 
with high-resolution point cloud from LIDAR UAV survey and 
geophysical prospections. Quantitative geomorphic analysis of 
LIDAR-derived 3D model adopts common techniques of 
geomorphological photointerpretation and visual inspection of 
DEM derivatives for the delineation of active fault traces (Fig. 2). 

 
Figure 1.  a) Hillshade of the Marzano Mt area showing the main Quaternary 

faults. The red box portrays the study area (mod. after [7]). b) Orthophoto 
derived by UAV survey showing the traces of the seismic prospections. 
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Lidar data acquisition was carried out using a DJI Matrice 300 
equipped with the Zenmuse L1 Lidar sensor. The study area is 
about 66 ha, the point cloud acquired is approximately 440 million 
points. The point cloud obtained was processed by CloudCompare 
software. The workflow followed several steps: i) filtering the 
cloud from vegetation; ii) applying the kriging interpolator on the 
point cloud to obtain more robust data; iii) identifying the surface 
break trace and generating the topographic profile. 

Geophysical prospections consist of active and passive seismic 
data (Fig. 3). More specifically, seismic dataset includes multi-
component surface-wave analysis (single-offset MASW), ESAC 
and HVSR along key sectors of the basin. The integration between 
the different seismic survey methods provided robust information 
at different depths. ESAC and MASW have been used for the 
delineation of the shallower layers whereas HVSR furnished 
information at a depth higher than the thickness of the basin infill. 
3D model of the surface and subsurface features of the study area 
provides new constraints on the morphotectonic framework of the 
tectonic basin. 

IV. PRELIMINARY RESULTS 
Here, we present some preliminary results regarding both the 

geomorphic and the geophysical (HVSR and ESAC data) 
investigations.  

3D LIDAR-derived model allowed us to delineate the trace of 
the scarp as well as its height, orientation and slope. The trace of 
the different segments of the fault scarp can be delineated across 
the dense-vegetated carbonate slope crossing the Piano di Pecore 
endorheic basin. The scarp exhibits a clear geomorphic expression, 
which can be preliminarily ascribed to the co-seismic ruptures of 
the Irpinia earthquake. 

Figure 2 shows the UAV derived DSM with a horizontal 
resolution of 5 centimeters (Figure 2a) and the derived slope map 
(Figure 2b). The DSM enhanced the occurrence of a low elevation 
area in the core of the Piano di Pecore basin. The lowest altitude 
area is roughly N-S oriented and is interrupted by a NW-SE scarp 
that is the co-seismic scarp of the 1980 Irpinia earthquake. The 
scarp is also recognizable in the slope map despite the diffuse 
presence of a sparse vegetation that causes local increments in the 
slope values. Improvement of the terrain model will be the next 
step of the research. Furthermore, high slope values in the southern 
portion of the Piano di Pecore basin are aligned along a NW-SE 
trend that mirrors the co-seismic scarp. The scarp is also 
highlighted through a topographic profile (Figure 2c) which 
enhances the ca. 35 cm high scarp.  

Geophysical prospections provide additional information on 
the subsurface features of the Piano di Pecore endorheic basin, 
highlighting a high degree of structural complexity of the basin. 
For example, HVSR curves (Fig. 3a) show a maximum at a 
relatively high frequency which can be correlated to a strong 
surficial discontinuity in the Vs profile. 

 
Figure 2. a) UAV derived DSM of the Piano di Pecore basin; b) slope map of the 
Piano di Pecore basin; c) topographic profile across the 1980 Irpinia earthquake 
co-seismic scarp. Blue line in maps a and b is the co-seismic scarp trace. Red line 
in map b is the trace of the topographic profile in figure c. 

The 2D-section of the Vs derived by the ESAC array (Fig. 3b) 
also highlights a complex alternation of subvertical zones with a 
high discontinuity of the Vs velocity, which can be interpreted as 
due to the presence of different fault segments. HVSR and ESAC 
data clearly depicted a strong Vs contrast, which can be correlated 
to the abrupt discontinuity between unconsolidated basin deposits 
and carbonate bedrock. Such discontinuity can be roughly 
observed at a depth of about 10-15 m in the south-west sector of 
the seismic line (Fig. 3b). The main peak in the H/V curves tends 
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to move towards lower frequencies from lower inline values to 
higher ones (red tones in Fig. 3a). 

 
Figure 3. Main results of the passive seismic data (location in Fig. 1, trace 1: a) 

2D section derived by the inversion of the HVSR (to the left) and ESAC 
dispersion curves (to the right); b) 2D-section of the Vs derived by the joint 

inversion of ESAC and HVSR data. 

This pattern suggests a northward deepening of the bedrock 
depth, which should amount to about 35 m in the depocentral zone 
of the basin. 

V. CONCLUDING REMARKS 
In summary, the integration between morphometric analysis of 

LiDAR-derived data and geophysical prospections can represent 
an effective approach for the surface and subsurface 
characterization of areas with a high degree of geological 
complexity. Our data can support the reconstruction of the spatial 
distribution of fault scarps and the definition of the relationships 
among surface ruptures, fault zone geometry and basin infill. 
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