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Abstract
Three-dimensional modeling is a common exploration tool used in oil & gas industry. It allows the reconstruction of the deformation history of
a sedimentary basin. 3D structural models describe the geometry and layout of rocks units in three-dimensional space, honoring available
observations, measurements, seismic interpretation and geological concepts. On the other hand, restoration is one the existing techniques used
to validate the structural interpretation of a defining geological unit if the model is geometrically consistent. In the oil industry this technique is
used to reduce the exploration risks validating the model.
The Sicilian Fold-and-Thrust Belt represents a structurally complex area where it is possible to observe variation of shortening, exhumation,
syn-tectonic sedimentation and structural style along strike. 3D model reconstruction in such a complex area can represent a real challenge
linked to unclear or incomplete data (2D onshore seismic lines) and also because the complexity makes several scenarios possible. To lead to a
correct interpretation, the restoration represents a valid tool.
The study area is located in western Sicily and includes about 870 km2. Seismic interpretation was performed along 12 seismic lines, and the
3D structural model was reconstructed using Skua-GoCad 2017, based on seismic interpretation and field data. The interpreted horizons are:
the top of the Cretaceous Amerillo Formation, which represents the autochthonous unit and the top of the deep-water deposits, and the top of
the Miocene deposits and the top of the foredeep deposits, which represent the allochthonous units. Faults showing the larger displacement are
shown.
A variation of the structural style along strike is recognized: from south-verging structures in the western part to north-verging structures in the
eastern one. Two 3D structural models can be proposed, based on the seismic interpretation: a single or a two-step thrust-fault tectonic phase.
The geomechanical restoration of the autochthonous unit of these structural models was performed using the GoCad Kine3D3 tool, in order to
validate which one represents the best solution.
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Scientific Problem
The Sicilian Fold and thrust belt (SFTB, Fig.1) is a structurally complex area where along-strike variations of structural styles, shortening
amounts, exhumation rates and amounts of syn-tectonic sedimentation frequently occur. Moreover strong differential rotations around vertical
axes occur in different tectonic units building the belt. This complexity, coupled with debatable or incomplete subsurface dataset (e.g.,
available 2D onshore seismic lines), allowed previous authors to propose different interpretations for the tectonic evolution of the SFTB
during Cenozoic time. The study area, located in the Western sector of the SFTB (Figs.1,4), comprises the Kumeta and Busambra ridges
(derived from the deformation of Mesozoic and Cenozoic shallow water carbonate units) and represents a paradigm of such a structural
complexity. The two main structural interpretations available for this area consider the Kumeta and Busambra ridges either as: I) positive
flower structures due to strike-slip tectonics (e.g., Barreca and Maesano, 2013) or II) thrust sheets involved in the chain building as deep
seated S- verging structures and subsequently exhumed by N- verging thrusts or transpressive faults, forming a triangle zone (e.g.
Albanese and Sulli, 2012), considering a two-step thrust fault deformation. On the other hand, an original interpretation proposed in this work
considers the evolution of the area as due to a single-step thrust tectonics.

Motivation
The oil and gas exploration in the SFTB represents a great challenge in defining the different elements of potential petroleum systems (PS). Oil
exploration in Sicily started in late 1950s. One of the targets was represented by the Lower Jurassic shallow-water carbonate reservoirs of the
Trapanese and Saccense units. Several wells, mainly located only on the base of gravimetric response of buried structural highs, turned out to
be unsuccessful, due to absence or scarce definition of traps or source rocks. Understanding the geometry and PS of the area needs a more
refined approach than the 2D “classical workflow” that does not allow to deeply understand the geometry of strongly non-cylindrical structures.
Such a complex area needs to be analysed in 3D in order to represent, and thus to understand, the lateral variability of the different structures.
In this work we coupled the 3D geometrical model reconstruction of the area (Fig.3) with 3D geomechanical restoration in order to validate the
most reliable structural model for the area.

Geological setting
The Sicilian fold and thrust belt (SFTB) is a segment of the Alpine collisional
belt that has been interpreted as a result of both post-collisional convergence
between Africa and Europe and the roll-back of the subduction hinge of the
Ionian lithosphere. The study area (Figs.1, 4), located in the western sector, is
mainly composed by different tectono-stratigraphic units (Figs.1, 4, 5) now piled
up forming the SFTB which derive from the evolution, and the subsequent deformation, of adjacent paleogeographic domains developed along the articulated
African passive margin.
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Fig. 1 Top: panoramic view of the
Kumeta ridge, blue lines represent
high-angle faults bordering the
ridge (see location in the map)
To the left: geological–structural
map of Sicily and adjacent offshore
areas. The inset maps show (a) tectonic map of central Mediterranean
area; and (b) main structural elements of the Sicilian chain (modified after Gasparo Morticelli et al.,
2017). The red square indicates the
study area and the blue circle the
location of the panoramic view.
To the right: chrono-stratigraphic
columns of the main tectonic and
stratigraphic units located in the
study area (modified after Avellone
et al., 2010).

Fig. 2 Simplified geological-structural map of the study area. Black thin
lines indicate traces of available seismic lines (AA’ line shown in Figs.5
and 8) interpreted to reconstruct the
3D geological model.
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Methods
Fig. 3 Examples of
models developed with
softwares used to reconstruct the 3D geometric model.
Top: 2D seismic lines
used in this
work and interpreted
After Move 2016, Building Restoring Validating

After Rudkiewicz et al. 2009, IFPen internal presentation

Bottom: a 3D closed earth
m o d e l used to recover
the 3D geometry

Fig. 4 Example of restoration developed using a 3D restoration tool.
Master and slave indicate the two sides of the represented fault (modified
after Durand-Riard et al., 2010).
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Fig. 5 Top: Example of interpreted seismic line (see Fig. 2 for the location). In purple, Trapanese
unit representing the “lowermost” unit. In green and brown Imerese-Sicano unit and Numidian
flysch unit respectively, representing the uppermost units. Detailed structural interpretation
was made only for the Trapanese unit.
Bottom: Geometrical-structural model of the Trapanese unit, based on outcrop data and interpreted seismic lines, reconstructed using Skua-Gocad software (see Fig. 2 for the location). Different colours indicate main faults reconstructed in the area. Projection of seismic line
AA’seismicline is also shown. On the right, geological section extracted from the 3D geological
model.
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(iii)Flattening of Top
Trapanese Cretaceous unit

Fig 6 Top: Lateral and Top view respectively of the 3D Geological model built for the Trapanese unit. Different colours indicate node time. Top units are represented as iso-time
values. Green line in the lateral view indicates the Top Trapanese Cretaceous unit. Bottom:
Lateral and Top view respectively of the Restored model. Green line indicates Top of
Cretaceous limestones. In this model the horizon flattening was not possible; so to
obtain a restored state, we changed the constraints by imposing that the contact
constraint would be decreased; Cretaceous unit could not be perfectly flat

RESTORATION DID NOT WORK:
Top Trapanese Cretaceous unit is not flattened

Fig 7 Lateral and Top view, respectively,
of Top Trapanese Cretaceous unit after
restoration.
Plus and minus sides of backthrust
below the Busambra ridge (triangle
zone) separated during the restoration
indicating that horizon flattening was
not possible using a gliding fault as a
constrain

Results: Model II
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Fig. 5 Model II (8)- Top: Example of interpreted seismic line (see Fig. 4 for the location). In purple, Trapanese unit representing the “lowermost” unit. In green and brown
Imere-se-Sicano unit and Numidian flysch unit, respectively, representing the uppermost units. Detailed structural interpretation was made only for the Trapanese unit.
Bottom: Geometrical-structural model of the Trapanese unit, based on outcrop data and interpreted seismic lines, reconstructed using Skua-Gocad software (see Fig. 4 for
the location). Different colours indicate main faults reconstructed in the area. Projection of seismic line AA’seismicline (Fig.5) is also shown. On the right, geological section
extracted from the 3D geological model.
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Fig 9 On the right : Lateral and Top view, respectively, of the 3D Geological model built for the Trapanese unit. Different colours indicate node time. Top units are represented
as iso-time values. Green line in the lateral view indicates the Top Trapanese Cretaceous unit.
Bottom: Lateral and Top view, respectively, of the Restored model. Green line indicates Top of Cretaceous limestones. The model was perfectly restored. The restored state
indicates main movement toward North and secondary out-of-plane movement toward the West.

Final Remarks
I) Unclear seismic reflection profiles -> two different interpretations were possible
II) 3D geological model highlights high complexity and structural variations:
- WNW-ESE striking thrusts in the southwestern sector with a sense of transport towards the SSW;
- WNW-ESE backthrusts in the northern and eastern sector with a sense of transport towards the NNE;
- NNE-SSW tear faults along the Kumeta ridge (northern sector)
- WNW-ESE to E-W high-angle transpressive faults along the Kumeta and Busambra ridges
The model (I) also shows WNW-ESE thrusts cut by backthrusts in the southwestern sector identifying a triangle zone
below the Busambra ridge.
III) High-angle transpressive faults join thrusts at depth and probably reactivated some pre-existing normal faults ->
the two ridges are not flower structures
IV) Coupling 3D geological model and 3D restoration, only the model II is validated -> Thrusts, backthrusts and highangle transpressive faults have been activated in the same deformational event
V) Model II is geometrically correct and shows about 12% of shortening for the Trapanese unit

Fig 10 Lateral and Top view, respectively, of Top Trapanese
Cretaceous unit after restoration. In this case the horizon after
restoration is perfectly flat. Main shortening direction is toward the
Southeast.
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