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ABSTRACT

The present paper analyses old seismic profiles and exploration well logs, from the
Marine Zones B, D and F (offshore the Apulia region, southern Italy), included in the
Visibility of Petroleum Exploration Data in Italy (ViDEPI) project. The public seismic profiles
available from this project present several limitations since basic information for an
accurate geological interpretation are missing, such as the basic shape of the seismic
wavelets and the seismic polarity. In this study, a review of the basic pulse shape and
polarity of seismic wavelets, as well as the shape and polarity of principal reflectors has
been addressed. With the purpose of revealing the shape and polarity of the seismic

profiles from the Marine Zones B, D and F, the seismic pattern of the reflectors at the sea



floor has been analysed. Finally, lithostratigraphic and sonic logs have been used to
identify abrupt interval velocity variations between different lithostratigraphic successions,

resulting in a geological meaning of the principal reflectors.
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Introduction

The Visibility of Petroleum Exploration Data in Italy (VIDEPI) project is the most
complete and public database of technical documents related to hydrocarbon exploration
in Italy. The project contains data dated back to the 1957, held by the Ministry for the
Economic Development of the Italian Government. As far as we know, it is one of the
largest public database in the Mediterranean area which includes seismic profiles and
exploration well logs. The database is accessible since 2007 on www.videpi.com, from
which documents in PDF format can be downloaded. The seismic profiles located offshore
the Italian Peninsula (Fig. 1a) have been divided into seven Marine Zones named from A
to G. In particular, the dataset used and discussed in this study is located offshore the

Apulia region pertaining to the Marine Zones B, D and F (Fig. 1b).



The seismic profiles falling in the Marine Zones B and D were acquired in the late
‘60s, whereas the ones within the Marine Zone F are dated back to the mid-70s of the last
century. In the recent years, several research papers benefitted from the release of these
subsurface data focusing on the Mesozoic Apulia Platform and adjacent basins rooted on
the Adria plate, that were tectonically involved, during Cenozoic, in the Dinarides-
Hellenides (to the East) and Apennines (to the West) orogenic deformations (Fig. 1a and
1¢) (Antoncecchi et al. 2013; Scisciani and Calamita 2009; Cicala et al. 2021; Del Ben et
al. 2008, 2010, 2015; Festa et al. 2014, 2019a, b; Finetti and Del Ben 2005; Maesano et
al. 2020; Milia et al. 2017a, b; Nicolai and Gambini 2007; Pace et al. 2015; Santantonio et

al. 2013; Teofilo et al. 2016, 2018; Tropeano et al. 2013; Volpi et al. 2015, 2017).

However, seismic data available from the VIDEPI project present several limitations
since they underwent to a preliminary processing standard sequence procedure (Yilmaz
2001), resulting in unmigrated seismic profiles lacking basic information for an accurate
geological interpretation. The basic shape of the seismic wavelets and the seismic polarity
are missing in the seismic profile headers. Moreover, the visualization of the single pulse is
very difficult due to the low resolution of the graphic rendering, as well as to the poor
processing of the seismic data. Nevertheless, reflectors are quite clearly visible in several
cases, giving the possibility to make considerations on the polarity of the seismic wavelets.
Consequently, the seismic wavelets polarity allows to interpret correctly, as much as

possible, the position of geological boundaries.

Aim of the present contribution is to detect the shape and polarity and geological
meaning of the principal reflectors visible within the seismic profiles available in the Marine
Zones B, D and F. To reach this aim, lithostratigraphic and sonic logs were used to identify

abrupt interval velocity variations between different lithostratigraphic successions.



Basic pulse shape and polarity of seismic wavelets

The evaluation of the pulse shape represents a key step for seismic interpretation
(e.g., Badley 1987; Veeken and van Moerkerken 2013). The seismic pulses displayed on
seismic profiles are represented by two antithetic main types: (i) minimum-phase and (ii)
zero-phase. The minimum-phase pulse consists of a succession of waves in a dumped
sinusoidal trend, with the acoustic impedance boundary located at the wavelet onset (Fig.
2a-d). Conversely, the zero-phase pulse is characterised by a succession of waves
arranged as a symmetrical dumped sinusoidal trend, i.e., lower amplitudes waves
positioned aside of a central higher amplitude wave. The crest of this latter wave is
interpreted to be the acoustic impedance boundary (Fig. 2e-h). It is important to keep in
mind that the trough and peaks represent the wave positioned on left and right of the
wiggle line respectively, and the area underneath the peak is conventionally filled in black

(Fig. 2).

The wavelet polarity consists of a conventional representation of the abrupt
variation of the reflection coefficient, and it conventionally changed over the time.
According to the last standards proposed by the Society of Exploration Geophysicists
(SEG) in the 2002, both normal and reverse polarities are defined under abrupt acoustic
impedance increase with depth conditions. In particular, the normal polarity corresponds to
(i) the onset of a trough if represented by the minimum-phase pulse (Fig. 2a), and (ii) to
the higher peak if by the zero-phase pulse (Fig. 2e). Conversely, the reverse polarity
corresponds to the onset of a peak (minimum-phase pulse) (Fig. 2b), or to the higher
trough (zero-phase pulse) (Fig. 2f) (Sheriff 2002). However, in the North Sea and some
other areas the convention for the zero-phase wavelet is reversed (Sheriff 2002; Veeken
and van Moerkerken 2013), with the normal polarity corresponding to the higher trough

(Fig. 2f), and the reverse polarity corresponding to the higher peak (Fig. 2e).



Similarly, considering an abrupt acoustic impedance decrease with depth, the
normal polarity corresponds to the onset of a peak (minimum-phase pulse) (Fig. 2c), or to
the higher trough (zero-phase pulse) (Fig. 2g) (e.g., Badley 1987). Accordingly, the

reverse polarity would correspond to opposite situation (Figs. 2d and 2h).

It is important to point out that legacy seismic profiles, acquired before the last
update of the SEG standards (Sheriff 2002), not always follow the same standards
regarding the displaying of the polarity and the wavelet shape (Veeken and van
Moerkerken 2013). To make everything more challenging, for legacy seismic profiles
acquired in the Marine Zone B, D and F (VIiDEPI 2021) (Fig. 1b) information about the
polarity and the pulse shape are not available. Accordingly, the following issues, in terms

of seismic interpretation, are present:

(i) minimum-phase normal polarity related to an abrupt increase of acoustic
impedance with the depth (Fig. 2a) is equal to minimum-phase reverse
polarity due to an abrupt decrease of acoustic impedance with the depth (Fig.
2d);

(i) minimum-phase reverse polarity related to abrupt increase of acoustic
impedance with the depth (Fig. 2b) is equal to minimum-phase normal
polarity due to abrupt decrease of acoustic impedance with the depth (Fig.
2c);

(i)  zero-phase normal polarity related to abrupt increase of acoustic impedance
with the depth (Fig. 2e) is equal to zero-phase reverse polarity due to abrupt
decrease of acoustic impedance with the depth (Fig. 2h);

(iv)  zero-phase reverse polarity related to abrupt increase of acoustic impedance
with the depth (Fig. 2f) is equal to zero-phase normal polarity due to abrupt

decrease of acoustic impedance with the depth (Fig. 2g).



Shape and polarity of principal reflectors applied to the seismic dataset

To clarify the display convention used for the wavelet shape and related polarity, the
seismic pulse at the sea floor represents an unequivocal record since it is clearly related to
an abrupt increase of the acoustic impedance with depth at the sea water/sea floor
interface. The four reconstructed theoretical reflectors potentially expected at this interface
are shown in figure 3. Because only one of these four possibilities represent the correct
wavelet shape and polarity, it is important to have a scientific approach to coherently
detect the right one. Our approach suggests that the comparison of the pattern of the
reflectors visible in the seismic line with the reconstructed theoretical reflectors expected at
the acoustic impedance boundary (Fig. 3) can help to recognize the correct wavelet shape

and polarity.

If the proposed approach is applied to the legacy seismic lines used in this study
(see Fig. 1b), it strongly suggests a zero-phase normal polarity (Fig. 3c) for seismic
profiles acquired in the Marine Zone B (Fig. 4a). In particular, the zero-phase normal
polarity is characterised by peaks strong reflector sided upward and downward by troughs
(Figs 3c and 4a). Accordingly, the seafloor should be traced in the middle of the peaks

strong reflector (Fig. 4a).

The analysis results a bit more difficult when applied to the seismic profiles of the
Marine Zone D. Here, the displayed reflector pattern at the sea water/sea floor interface is
comparable with both a zero-phase normal polarity (Fig. 4b) or a zero-phase reverse
polarity (Fig. 4c). However, in some seismic profiles the zero-phase reverse polarity has
been also observed like characterised by two strong reflectors, made up of peaks,
separated by troughs (Figs 3d and 4c). Accordingly, the seafloor could be traced both in

the middle of the strong peaks reflector (Fig. 4b), or in the middle of the troughs (Fig. 4c).



Finally, for the Marine Zone F seismic profiles the abrupt increase of acoustic
impedance boundary (Fig. 3) suggests a zero-phase reverse polarity (Fig. 3d) (Figs 4d and

4e). The seafloor should be traced in the middle of the troughs (Fig. 4d and 4e).

The interpretation of seismic profiles must consider the wavelet shape and the
polarity revealed by the reflectors dealing with the sea water/sea floor interface. The major
abrupt variation of acoustic impedance with depth should comply with the reconstructed
theoretical reflectors expected at the related interfaces. Therefore, in addition to the four
cases shown in figure 3, the abrupt decrease of acoustic impedance with depth is
reconstructed in the four frames of figure 5: two for the minimum-phase shape pulse (Fig.
5a, b) and two for the zero-phase wavelet (Fig. 5¢, d). As of the old public seismic profiles
of the Apulian B, D and F marine zones (VIiDEPI 2021), the recognition of abrupt variations
of acoustic impedance with depth should be restricted for the zero-phase wavelet (Fig. 3c,

d, and Fig. 5c, d).

To investigate the response of geological boundaries in depth, exploration wells are
used. The analysis of sonic logs available for some of the exploration wells present in the
study area, i.e., Sabrina-1, Simona-1, Cristina-1, Branzino-1, Famoso-1, Chiara-1, Grazia-
1, Grifone-1, Medusa-1, Giove-1-2 and Sparviero-1bis (Fig. 1b), allowed us to estimate the
interval velocities for the Plio-Pleistocene clay-dominated interval, the Oligo-Miocene
succession mainly composed of marls, marly limestones and calcarenites, and the
Mesozoic-Eocene platform limestones or basin cherty limestones (Fig. 1c). Operatively,
and according to Rider (2002), an average value for each of the above intervals of the
interval transit time At has been graphically obtained from the sonic log; the unit of At is
us/ft, where us is microseconds and ft is feet. In the example of figure 6, regarding the
Giove1-2 exploration wells, At = 158 ps/ft and At = 68 us/ft have been obtained for the

Plio-Pleistocene clay-dominated interval and Oligo-Miocene succession mainly composed



of calcarenites, respectively. Successively, the interval velocity 1/At has been obtained,
and converted into the metric velocity m/s (m = meters, s = seconds, us = 10%s, ft =
0.3048 m) (Rider 2002). Therefore, the following interval velocities have been estimated:
1900-2500 m/s for the Plio-Pleistocene clay-dominated interval, 4800 m/s for the
Messinian gypsum rocks of the Gessoso-Solfifera Fm, 2400-3900 m/s (exceptionally 4500
m/s in the Giove-1-2- exploration well) for the Oligo-Miocene succession mainly composed
of marls, marly limestones and calcarenites, and 4900-6350 m/s for the Mesozoic-Eocene
platform limestones or basin cherty limestones (Figs 1c and 7). It should be noted that the
obtained velocities are comparable to those reported by Morelli (2002) and Teofilo et al.
(2018) for the same lithotypes in the offshore the Apulia. Interval velocity abrupt increase
corresponding to an abrupt increase of the acoustic impedance have been thus identified.
Unfortunately, due to the low definition of the graphic rendering and the poor processing of
the seismic data the reflectors related to this interval velocity abrupt variations are not

always clearly visible. However, they can be recognised with peculiar characteristics.

From the top, the first important recognised variation of velocity with the depth
consists of an abrupt increase (e.g., Fig. 6), which we can use to identify the key
stratigraphic boundary between the Plio-Pleistocene succession and the underlying
Messinian or Oligo-Miocene intervals. For the marine zones D and F, the correlation
between exploration wells Grazia-1, Giove-1-2, and Medusa-1 and the seismic lines D-
453, F76-16, and F76-33, respectively (Fig. 1b), shows the Plio-Pleistocene/Oligo-Miocene
interface represented by strong troughs characteristically sided upward and downward by
peaks reflectors (Figs 3c and 7a-c). This seismic response is in line with the zero-phase
reverse polarity shown by the reflectors dealing with the sea water/sea floor interface (Figs

7a-c).



The Oligo-Miocene succession is locally topped by the Messinian Gessoso-Solfifera
Fm dominated by gypsum rocks, and up to 110 m thick (Famoso-1 exploration well) (Fig.
7d). The database of the Marine Zone B is suitable for the investigation of the seismic
response to this interface, given the possible correlation between seismic profiles and
Sabrina-1, Simona-1, Branzino-1, Famoso-1 exploration wells (Fig. 1b, for their location).
Because for the seismic profiles acquired within the Marine Zone B the zero-phase normal
polarity has been deduced (e.g., Figs 4a and 7d), the Plio-Pleistocene clays/Gessoso-
Solfifera Fm contact should be represented by a strong peaks reflector (Figs 3c and 7d).
Deeper, the subsequent abrupt decrease of the velocity consists of the transition between
the Gessoso-Solfifera Fm and the underlying Miocene marls and marly limestones
deposits (Fig. 7d). However, the expected seismic response to this velocity change (e.g.,
Fig. 5¢) is often seismically undetected due to the typical reduced thickness (decametric

order) of the Miocene succession when topped by the Gessoso-Solfifera Fm.

An additional key easily recognisable in seismic line is the transition to the
Mesozoic-Eocene platform and basins deposits characterised by the higher interval
velocity (Fig. 1c¢). In particular, the abrupt increase of interval velocity from Oligo-Miocene
succession and Mesozoic-Eocene basin carbonates can be extrapolated from the sonic
logs of the Grazia-1 and Grifone-1 exploration wells (Fig. 1b). The seismic response of this
transition can be observed on seismic profiles D-453 and F76-19, crosscutting Grazia-1
and Grifone-1 exploration wells, respectively, and characterised by zero-phase reverse
polarity deduced by the pattern of reflectors dealing with the sea water/sea floor interface
(Figs 7a and 7e). Accordingly, the top of the Mesozoic-Eocene basinal carbonates is
seismically expressed by strong troughs sided upward and downward by peaks reflectors
(e.g., Fig. 3d), as visible in the seismic profiles D-453 (Fig. 7a) and F76-19 (Fig. 7e).
Similarly to the top of basinal deposits, the top of the Mesozoic-Eocene platform

carbonates is represented by strong troughs sided upward and downward by peaks



reflectors (e.g., Figs 3d and 7c), as shown by the correlation between the Medusa-1
exploration well and the seismic line F76-33 (Fig. 1b). This seismic reflection pattern is
conforming to the zero-phase reverse polarity exhibited by the reflectors characterising the
sea water/sea floor interface (Fig. 7c). Finally, the abrupt increase of interval velocity due
to the presence of the Mesozoic-Eocene platform carbonates can be assumed also by the
sonic logs of Simona-1, Sabrina-1, Chiara-1 and Famoso-1 exploration wells (Fig. 1b, for
the location). Unfortunately, Chiara-1 exploration well can’t be correlated to the nearest
seismic profile (B Marine Zone) due to too much distance between them. Again, in the
seismic profiles crosscutting Simona-1, Sabrina-1 and Famoso-1 exploration wells, the
seismic response of the Gessoso-Solfifera Fm, with a reduced thickness, masks the

reflection of the underlying top of the Mesozoic-Eocene platform carbonates.

Since the range of the estimated velocity is quite large for each seismostratigraphic
unit, and because several reflectors could be present in the related depth ranges, it is
important to take into consideration the interpretation made on larger parts of the seismic

profiles (e.g., Fig. 7) to identify unconformities as reflectors/boundaries of that units.

Concluding remarks

The analysis of the seismic profiles from the Marine Zones B, D and F, and of the
stratigraphic and sonic logs of exploration wells, located offshore the Apulia region,

support the following main conclusions:

(i) in order to detect the display of both the wavelet shape and the polarity, the seismic
pulse at the sea floor represents an unequivocal record since it is clearly related to an
abrupt increase of the acoustic impedance with depth at the sea water/sea floor interface.

Accordingly, the comparison of the pattern of the reflectors visible in the seismic line with



the reconstructed theoretical reflectors expected at the acoustic impedance boundary can

help to recognize the correct wavelet shape and polarity;

(ii) a zero-phase normal polarity has been revealed for the seismic profiles acquired in the
Marine Zone B. The revelation of the basic shape of the seismic wavelets and the seismic
polarity results a bit more difficult for the seismic profiles of the Marine Zone D. The
displayed reflector pattern at the sea water/sea floor interface is comparable with both a
zero-phase normal polarity or a zero-phase reverse polarity. Accordingly, an accurate
analysis of the seismic pulse at the sea floor should be made for each seismic profile of
the Marine Zone D. Finally, a zero-phase reverse polarity have been revealed for the

Marine Zone F seismic profiles;

(iii) the analysis of sonic logs available for some of the exploration wells allowed us to
obtain the interval velocities for: the Plio-Pleistocene clay-dominated interval, i.e., 1900-
2500 m/s, the Messinian gypsum rocks of the Gessoso-Solfifera Fm, i.e., 4800 m/s, the
Oligo-Miocene succession mainly composed of marls, marly limestones and calcarenites,
i.e., 2400-3900 m/s and exceptionally 4500 m/s, and the Mesozoic-Eocene platform

limestones or basin cherty limestones, i.e., 4900-6350 m/s;

(iv) despite the low definition of the graphic rendering and the poor processing of the
seismic data, the reflectors related to interval velocity abrupt variations can be recognised
with the peculiar characteristics depending on the basic shape of the seismic wavelets and

the seismic polarity of the seismic profiles.
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Figure captions

Fig 1 (a) Structural sketch map showing the remnant of Adria surrounded by Alps,
Apennines (within the Italian Peninsula) and Dinarides-Albanides-Hellenides orogenic
belts (modified after Cicala et al., 2021); Basemap after Google Earth Pro (2021). (b) Map
of the Apulia and surrounding (see Fig. 1a for the location) showing the seismic profiles
the exploration wells provided of sonic logs falling within the B, D and F Marine Zones
(VIDEPI, 2021); basemap after Google Earth Pro (2021). (c) Schematic geological cross
section from the Apennines foredeep to the Dinarides-Albanides foredeep (redrawn and
simplified after Fantoni and Franciosi, 2010); interval velocities (Vi) estimated by available
sonic logs of the exploration wells Sabrina-1, Simona-1, Cristina-1, Branzino-1, Famoso-1,
Chiara-1, Grazia-1, Grifone-1, Medusa-1, Giove-1-2 and Sparviero-1 bis (see Fig. 1b for

the location) (VIDEPI, 2021)

Fig 2 Display of the possible cases (from a to h) of basic seismic pulse and polarity for a
single wavelet due to abrupt acoustic impedance variation with depth; Al = Acoustic

Impedance

Fig 3 Reconstructed theoretical reflectors (from a to d) expected at the abrupt increase of

acoustic impedance boundary; Al = Acoustic Impedance

Fig 4 Examples of portions of seismic profiles, within the B, D and F Marine Zones
surrounding Apulia (from a to e; see Fig. 1b for the location), showing the reflectors in
relation to the sea water/sea floor interface. The blue arrow indicates the sea water/sea

floor interface

Fig 5 Reconstructed theoretical reflectors (from a to d) expected at the abrupt decrease of

acoustic impedance boundary; Al = Acoustic Impedance



Fig 6 Contact between Plio-Pleistocene clay-dominated interval, above, and Oligo-
Miocene succession mainly composed of calcarenites, detected by the Giove1-2
exploration wells; the interval transit time At, graphically obtained as average value from
the sonic log, is pointed by the arrows for both the Plio-Pleistocene and Oligo-Miocene
intervals; the sonic log indicates an abrupt increase of interval velocity with the depth on

the contact

Fig 7 Examples of portions of seismic profiles correlated with lithostratigraphic log of
exploration wells, falling within the B, D and F Marine Zones surrounding Apulia (from a to
e; see Fig. 1b for the location), showing the major reflections related to interval velocity

(m/s) abrupt increases with depth (m) at lithostratigraphic successions interface
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Trace of the seismic profile §Exploration wells
B Marine Zone 1 = Famoso-1
D Marine Zone 2 = Sabrina-1
F Marine Zone 3 = Simona-1
4 = Branzino-1
5 = Cristina-1
6 = Chiara-1
7 = Grazia-1
8 = Sparviero-1bis
9 = Grifone-1
10 = Medusa-1
11 = Giove-1-2

clays of the Apennines and Dinarides-Albanides foredeeps; Vi = 1900 - 2400 m/s

exceptionally 1650 m/s (Plio-Quaternary)

gypsum rocks of the Gessoso-Solfifera Fm; Vi = 4800 m/s
(Messinian)

marls, marly limestones and calcarenites of the Dinarides-Albanides foredeep; Vi = 2400 - 3900 m/s,

exceptionally 4500 m/s (Oligo-Miocene)

basin cherty limestones; Vi = 4900 - 6350 m/s
(Mesozoic - Eocene)

platform limestones, e.g. Apulia Platform; Vi = 4900 - 6350 m/s

(Mesozoic - Eocene)
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