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SUMMARY
A seismic line acquired near Gorizia (NE of Italy) and long about 3.3 km was reprocessed and interpreted
with the aim to investigate the buried geological structures and the tectonic of the area.
The seismic profile well images the structures buried by the Quaternary alluvial deposits. In particular are
well imaged the top of the flysch at about 100 m in depth and a dipping reflector from South to North that
can be related to the limestone. The flysch outcrops in the south part of the seismic line in correspondence
of the Farra hill., and  is affected by compressional and transpressional tectonic deformation. Also
tomographic inversion of refracted and diving waves was performed, allowing us to define the velocities
of the alluvial deposits and of the flysh. Also the structural setting of the embricated thrusts are well
imaged by the final velocity field obtained by tomographic inversion.
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 Introduction

In the frame of the INGV S1 research national program, a seismic line acquired near Farra d’Isonzo 
(NE of Italy) was reprocessed and interpreted in order to obtain information about the subsoil and 
tectonic structures (Figure 1).

Figure 1 Position map of the investigated seismic line.

The study area is located in the fluvial plain of the Isonzo River (eastern Friuli Plain) between the 
northern-western tip of the Karst and the southern-eastern hills of the Collio. The Karst highland is 
constituted by Cretaceous to Paleocene carbonates, mainly limestones, thrusted and folded during the 
Cenozoic Dinaric orogeny. Presently, the main tectonic structures are the Karst Thrust, being the 
Dinaric frontal ramp with NW-SE orientation located at the Karst coastal front with more than 1500 
m of vertical displacement in the limestones (Busetti et al., 2010). The Collio hills are constituted by 
Eocene turbidites, marls and sandstones deposited in the foredeep during the Dinaric orogeny, and
then involved in the thrust and fold deformation of the Alpine orogeny. Between the two areas, Karst 
and Collio, during the Plio-Quaternary the Isonzo river built the alluvial plain, presently constituted
by several tens of meter of unconsolidated sediment and congloromerates. In the Isonzo alluvial plain 
few relieves occur, like those of Farra, where the flysch outcrop, and the Medea and Gradisca highs 
where limestones are present.

The main tectonic structures are: a) the Medea Thrust, an arch shape structure with orientation 
approximately from WNW-ESE turning to E-W in the estern part, considered an active structure 
responsible for the uplift of the Medea hill (Poli, 1996), and a seismogenetic source which may 

et al., 2005); b) the Palmanova Thrust, crossing with NW-
SE orientation the Friuli Plain, formed in the Paleogene, and reactivated since the Middle-Late 
Miocene (Merlini et al., 2002). 

The results presented in this paper shed new light about the geometries of the buried structures of the 
area, moreover is highlighted how seismic tomography can successfully support interpretation.

Methods

The acquired seismic line was about 3.3 km length. It was acquired by OGS (Istituto Nazionale di 
Oceanografia e Geofisica Sperimentale) in order to obtain information about velocities and 
geometries of the shallower structures. A DMT Summit acquisition system was used, with 150 active 
channels. The MiniVib IVI T-2500 as a seismic source and 10 Hz single geophones were adopted. 
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 The receiver and shot intervals were 10 m and 20 m respectively, giving a common depth point (CDP) 
every 5 m. A signal sweep of 12 s length and a frequency range of 10-200 Hz were used to provide 2 s 
length records with a time sampling of 1 ms after the cross-correlation with the pilot trace. The chosen 
pattern configuration was asymmetrical with a minimum and maximum offset of -250 m and 1250 m 
respectively on the left and the right of the shot. The choice of an asymmetrical configuration was 
made in order to obtain an adequate offset to investigate the velocity field until 1 km.

Seismic processing was focused to improve the signal/noise ratio to the data. After the standard steps 
of processing, such as the application to the data of the acquisition geometries, trace editing, and 
geometrical spreading recovery, static corrections, a trimmed mean dynamic dip filtering in the shot 
domain was applied.  This step, applied in the shot domain, allowed us to remove partially the ground 
roll and to increase the signal/noise ratio. Then after the stacking velocity analysis, the normal move 
out and the stack of the traces in the CDP domain, an F-X deconvolution was applied. In order to 
avoid artifacts, the stacked section with and without  F-X deconvolution were compared.

In order to obtain information about the seismic velocities of the subsoil and to obtain a correct 
seismic imaging in depth, a precise and reliable velocity field in depth must be defined. The velocity 
field was computed using different approaches. In the first one we adopted a classical refraction 
analysis, in order to obtained the depth position Z of the refractor from:

The second approach that we adopted consists in the inversion of travel times related to the first 
arrivals associated to refraction events (head waves) from a horizon. This method, based on SIRT 
(Simultaneous Iterative Reconstruction Technique) algorithm, combined with minimum dispersion 
principle of refracted points (Carrion et al., 1993), can define shape and depth of the picked horizon 
and detect the velocity field of the layers above and below the horizon (see Figure 2).

Figure 2 Vertical section of P-velocity field obtained from the travel time inversion of the first 
arrivals interpreted as head wave from a refracted horizon (red picked horizon in Figure 1). Z axis is 
not proportional to Y axis.

Ti is the intercept time from the traveltime segment
V0 is the velocity above the refractor
V is the velocity of the refractor obtained from the slope of traveltime

curves

https://www.researchgate.net/publication/234054974_Reconstruction_of_lateral_gradients_from_reflection_tomography?el=1_x_8&enrichId=rgreq-0957554cad0fe1583423db6d0591bde9-XXX&enrichSource=Y292ZXJQYWdlOzI4MTY4NTM0NztBUzoyNzI4OTM4NjcxOTY0MTlAMTQ0MjA3NDM3NjE3Mw==
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 As further analysis, we performed the tomographic inversion of the first arrivals considered as diving 
waves. Figure 3 shows the velocity field obtained from this inversion and the two horizons resulting 
from the two different approaches described above. There is a good correlation between the two 
horizons even compared to the velocity image obtained from the diving wave tomography. In both 
inversions we applied the staggered grid method, which allowed us to obtain high resolution images 
without decreasing the reliability of the tomographic system (Vesnaver and Böhm, 2000). The 
shallow high velocity zone in correspondence with the Farra high is well correlated with the high 
velocity obtained from the head waves inversion (Figure 2). We also superimposed the top of the 
flysch  sequence, corresponding to the blueline in Figure 4. The agreement with the velocity field is 
very good, in particular northward of Farra high.

Figure 3 Vertical section of P-velocity field obtained from the travel time inversion of the first 
arrivals interpreted as diving waves (red picked horizon in Fig.1). The blue line is the refracted 
horizon of Fig. 2; the red line is the horizon obtained from the classical refraction formula. The 
elevation coordinates are not proportional to the distances.

Conclusions

The seismic profile well images two high amplitude horizons: the top of the limestones deeping from 
south to north and the top of the flysch sequence overlied by the Quaternary alluvial deposits. In the 
seismic line (see Figure 4), the limestone are imaged by subparallel high amplitude deeping horizons, 
down to more than 1000 meter, faulted and fractured. In the southern part of the line, the limestones
are at shallow depth, approximately 100 m, and they outcrop southward in the Karst.  Above the 
limestone a thick wedge of the flysch sequence occurs, pinching out in the southern part of the line, 
and having the maximum thickness, more than 1000 meter northward. The same lithologies outcrop 
northward in the Collio hills. The flysch is affected by compressional and transpressional tectonic 
deformation, providing embricated structures. The southernmost one provides the structural high of
the Farra hill, were the flysch outcrop. The remaining flysch sub-surface is covered by the alluvial 
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 Quaternary sediment from the Isonzo drainage system. Fault strands affect the top of the flysch, and  
also the alluvial deposit, indicating neotectonic activity of this structures.

The result of the tomography distinguishes the alluvial sediment in a shallow layer with low velocity 
(approx. 1500 m/s) constituted the recent alluvial sediment, from an higher velocity layer correlated to 
the occurrence alluvial sediment with possible conglomerates. In the deeper part of the tomographic 
section, the structural setting of the embricated thrusts are well imaged by high velocities (about 3500 
m/s). The sandstones present within the flysch sequence, can provides such high values. 
The seismic line imaged a complex fault system, with highly fractures limestones (possibly also 
faulted), with the top being the detachment surface of the complex thrust system within the Flysch, 
similarly to the deformation of the dinaric foredeep in the gulf of Trieste (Busetti et al., 2010). 

Figure 4 Migrated section in depth with superimposed the interpretation
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