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ABSTRACT 
 

 

 

 

 

 

 

During the three years of the PhD course specific techniques of analysis of seismic reflection data 

have been studied and applied, aimed at identifying the hydrocarbon saturated levels within Plio-

Quaternary marine sediments. Particular attention was also devoted to the correlation between these 

hydrocarbon reservoirs and some deep geological structures that have favored their accumulation. 

The used techniques consist of: 1) direct methods, called Direct Hydrocarbon Indicators, which are 

based on observation of the acoustic characteristics of a gas-related reflector; 2) AVO Amplitude 

Variation with Offset method, which is based on the analysis of amplitude variations as a function 

of the offset, strongly influenced by the presence of hydrocarbons; 3) estimation of seismic 

attributes, from which additional information, not directly evidenced in standard seismic data, can 

be extracted from the reflected wave, thus contributing to verify gas presence. 

A first case study has been analyzed in the Otranto Channel: evidences of possible hydrocarbon 

accumulations along the seismic profile MS-29 have been shown within the Plio-Quaternary 

sequence. Seismic attributes have been applied to the observed bright spots in both pre-stack and 

post-stack data; the method has resulted essential to identify the characteristics of amplitude, phase 

and frequency parameters, that usually contribute to define an hydrocarbon related  reflector. AVO 

analysis has allowed to strengthen the hypothesis of a gas filled layer. The studied bright spots is 

located over the margin of the Apulia Carbonate platform. This would represent the structural 

feature at the origin of the sediments deformation in a gentle anticline: here, the hydrocarbons 

would be trapped due to the development of differential compaction phenomena between the 

sediments covering the basin and the platform. 

A possible gas saturated level identified along the seismic profile ADRIA-95 in the Central Adriatic 

suggested the existence of another reservoir within the Plio-Quaternary sediments. In this case 

study, the analysis of the bright spots has been achieved with application of seismic attributes and 

AVO, which have confirmed the hypothesis. Furthermore, re-processing of the seismic data was 

performed, aimed at the definition of the sedimentary units that characterize the post-Messinian 
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sequence of the area. Based on the obtained results, the attributes analysis were also applied to the 

improvement of definition of the strata geometries: this allowed the refining of the interpretation. It 

has been observed, in detail, that the evidence of gas is placed in correspondence of deformed layers 

by pressures derived from deep Triassic salt domes. 

In addition to these case studies, some other analysis have been performed after the recognition of 

possible gas saturated horizons along seismic profiles located in the Mediterranean Basin, 

especially offshore of West Sardinia, Sicily Channel and in the Levantine Basin. AVO and seismic 

attributes have been used to validate the hypothesis of the presence of hydrocarbons in Pliocene-

Quaternary sediments, also considering the correlations to the different geological contexts in which 

they are set. 

Finally, the effect of these procedures was also tested for gas-hydrates, with the aim of defining if a 

reflector observed along a seismic profile of the Antarctic Peninsula, could be a bottom simulating 

reflector (BSR), that represents the typical seismic manifestation of gas hydrate. The procedures for 

AVO are found to be effective even in the typical conditions of temperature, pressure and 

composition related to the BSRs. 

The same procedures of seismic signal analysis have been applied to data that were acquired with 

different sources, recording mode and acquisition geometries, depending on the different target to 

be reached. Thanks to that, the comparison among the different responses of the methods to these 

"parameters" has been possible, evaluating the conditions of the original data that could produce the 

most satisfactory results. 

All the applied methods confirm the utility of a more and more advanced approach for analysis of 

AVO and instantaneous attributes increasingly complex. It also suggests the opportunity to correlate 

the presence of hydrocarbons presence with the geological elements, identified through a rigorous 

seismic data interpretation. 
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RIASSUNTO 
 

 

 

 

 

 

 

Durante i tre anni di Dottorato di Ricerca sono state studiate ed applicate delle specifiche tecniche 

di analisi del segnale sismico a riflessione mirate alla identificazione di livelli di idrocarburi 

all’interno di sedimenti marini Plio-Quaternari. Particolare attenzione è stata inoltre dedicata alla 

correlazione tra questi reservoir di idrocarburi e le strutture geologiche profonde che ne possono 

aver favorito l’accumulo. 

Le metodologie utilizzate sono costituite da: 1) metodi diretti, chiamati Direct Hydrocarbon 

Indicators, che si basano sull’osservazione delle caratteristiche acustiche di un riflettore legato a 

gas; 2) metodo AVO-Amplitude Variation with Offset, che si basa sull’analisi delle variazioni delle 

ampiezze di riflessione in funzione dell’offset, fortemente dipendente dalla presenza di idrocarburi; 

3) calcolo degli attributi sismici, grazie al quale è possibile estrarre dall'onda sismica informazioni 

supplementari non direttamente evidenziate nei profili sismici standard osservabili dal dato 

originale, che contribuiscono a verificare la presenza di gas. 

E’ questo il caso analizzato nel Canale d’Otranto: lungo il profilo sismico MS-29 si sono riscontrate 

evidenze di possibili accumuli di idrocarburi all’interno della sequenza Plio-Quaternaria; gli 

attributi sismici sono stati applicati al bright spot osservato, sia in fase pre-stack che in fase post-

stack; il metodo è risultato fondamentale per individuare le caratteristiche di ampiezza, fase e 

frequenza che caratterizzano un riflettore legato a idrocarburi. L’analisi AVO, ha consentito di 

rinvigorire l’ipotesi di un livello saturo a gas. Il bright spot osservato è ubicato in corrispondenza 

del margine della piattaforma carbonatica Apula. Questa avrebbe costituito l’elemento strutturale 

all'origine della deformazione dei sedimenti in una blanda anticlinale: in essa sarebbero stati 

intrappolati gli idrocarburi grazie allo sviluppo di fenomeni di compattazione differenziata tra i 

sedimenti di copertura di bacino e di piattaforma. 

Anche in Adriatico Centrale l’analisi di un possibile livello a gas lungo il profilo sismico ADRIA-

95 ha fatto supporre l’esistenza di orizzonti saturi a gas all’interno della serie sabbiosa-argillosa Plio 

Quaternaria. In questo caso è stato effettuato l’analisi del bright spot mediante attributi sismici e 
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AVO, i quali hanno confermato l’ipotesi. Oltretutto, sul dato sismico è stato eseguito il re-

processing mirato alla definizione delle unità sedimentarie che caratterizzano la sequenza Post-

Messiniana dell’area attraversata dal profilo. Sulla base dei risultati ottenuti è stato proposto 

l’utilizzo degli attributi per il miglior riconoscimento delle geometrie degli strati, da cui si è potuta 

affinare l’interpretazione dell’assetto geologico. Si è osservato nel dettaglio che l’evidenza di gas 

risulta collocata in corrispondenza di strati deformati da spinte profonde legate a domi salini 

triassici. 

Oltre a questi casi di studio, sono state effettuate delle analisi di possibili livelli saturi in gas 

riconosciuti lungo profili sismici ubicati nel Bacino Mediterraneo, in particolare nell'offshore della 

Sardegna Occidentale, nel Canale di Sicilia e nel Bacino Levantino. AVO e attributi sismici sono 

serviti a validare l’ipotesi di presenza di idrocarburi nei sedimenti Plio-Quaternari, valutando le 

correlazioni ai diversi contesti geologici in cui si sono impostati. 

L’effetto delle procedure è stata anche testata al caso specifico dei gas-idrati, con l’obiettivo di 

definire se un riflettore individuato lungo un profilo sismico della Penisola Antartica, potesse essere 

un bottom simulating reflector (BSR); questo rappresenta la tipica manifestazione sismica di gas 

idrato. Le procedure di AVO sono risultate efficaci anche in presenza di idrocarburi che si trovano 

in specifiche condizioni di temperatura, pressione e composizione. 

Le medesime procedure di analisi del segnale sismico sono state quindi applicate a dati che furono 

acquisiti con diverse sorgenti, modalità di registrazione e geometrie di acquisizione, in funzione dei 

diversi target da raggiungere. Grazie a ciò è stato possibile fare un confronto tra le varie risposte del 

metodo a questi “parametri" e giudicare le condizioni del dato originale che consentono di ottenere i 

risultati più soddisfacenti. 

L'insieme delle analisi effettuate conferma l'utilità di un approccio sempre più avanzato di analisi 

AVO e di Attributi Istantanei via via più complessi. Suggerisce inoltre l'opportunità di correlare la 

presenza di idrocarburi agli elementi geologici presenti, riconoscibili attraverso una accurata 

interpretazione del dato sismico. 
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1. INTRODUCTION 
 

 

 

 

 

 

 

The objective of this work was to investigate the methods used for the analysis of the distribution of 

hydrocarbons within the sediments . With the birth of the hydrocarbons exploitation on an industrial 

scale, the “rule of anticlinalic” shaped horizon was initially adopted; it was later substituted by the 

concept of trap, introduced by McCollough in 1934. With the prosecution of the exploration, 

Anstey (1977) classified several direct criteria, useful to the hydrocarbon detection, defined as 

Direct Hydrocarbon Indicators (DHI): this method is based on recognition of the specific acoustic 

characteristics that a seismic signal must have in order to be associated to hydrocarbon presence. 

During these last decades, dedicated techniques for the seismic signal analysis have been developed 

to establish, with the almost absolute certainly, gas presence within a sediment: they are AVO 

(Amplitude Variation with Offset) and seismic attribute analysis. 

Seismic attribute application could be also considered an effective tool to improve the seismic 

interpretation, adding information about stratigraphy, geometries and thicknesses of the sedimentary 

units. This method may help to understand the geological setting that could have favored the 

hydrocarbon accumulation. 

Starting from 70s, the Italian marine subsoil has been investigated for oil research and numerous 

gas and oil fields, some of them actually under exploitation, have been discovered. In this work, the 

observation of some available seismic profiles focused the presence of possible hydrocarbon related 

seismic evidences within the Plio-Quaternary sedimentary sequence. 

Thus, from these preliminary interpretation, we decided to expand on the analysis of the observed 

bright spots, in order to verify their origin and to study with greater detail the related geological 

features. 

A first part of this thesis has been dedicated to the description of the state of art of the methods that 

have been used during the research; these are: Direct Hydrocarbon Indicators analysis, which allows 

a preliminary discussion of the possible hydrocarbon presence, with the detection of some typical 

seismic characteristics, such as: bright and flat spot presence, pull down velocity effects below the 
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reservoir, phase changes and “shadow” effect; AVO technique, which is based on the analysis of 

the amplitude variation in function of the offset, characterized by a particular behavior when gas is 

present; seismic attributes analysis, which exploits the wide range of information compassed within 

the seismic signal, with application either to oil exploration or to geologic research, especially 

developed during these last years. 

Sometimes, the re-processing of seismic profiles has been achieved, with the objective of improve 

their interpretability. 

The availability of dedicated software let me to apply the methods to seismic data; in particular: 

- Promax (Halliburton) has been used for the seismic signal processing and AVO computation; 

- OpendTect and Promax have been used for seismic attributes calculation. 

- Kingdom and Move have been used for seismic interpretation. 

Applications of the procedures with the use of different cited software, will be described; most of 

the analysis has been concentrated in the areas of Otranto Channel and Central Adriatic basin. 

During the research, further case studies have been developed in the Mediterranean Basin, where 

bright spots have been observed on some seismic profiles. We preliminary decided to investigate 

the geological features of the different areas, in order to correlate them with hydrocarbons 

accumulation. 

AVO and seismic attribute analysis have been finally applied on the specific situation of gas 

hydrate presence, observed along a seismic profile in the Antartica region; this analysis tests the 

effects and the methods responses in presence of typical temperature, pressure and composition gas 

horizon. 

In all the analyzed cases, seismic dataset derived from different backgrounds and therefore 

characterized by different acquisition parameters, were used. This has often led to the choice of 

method of analysis, mainly dependent on the used frequencies, the coverage of multifold seismic 

signal and presence of noise. 

 

Applications and analysis that will be described have provided substantial or partial contribution to 

papers presented at national and international conferences and publications, as indicated in the 

references of the further chapters. 
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2. DIRECT HYDROCARBON INDICATORS 
 

 

 

 

 

 

 

2.1 Bright spot 
 

A Direct Hydrocarbon Indicator is any feature on seismic data that gives evidences for the presence 

of hydrocarbons, and is particular useful in reducing the risk associated with drilling a dry 

exploration well. The most classic hydrocarbon indicator is the bright spot. 

The first use of amplitude information as hydrocarbon indicators was in the early 1970’s when it 

was found that bright spot amplitude anomalies could be associated with hydrocarbon traps. 

Hammond (1974) proposed the method of analyzing seismic data quantitatively, and revolutionized 

the worldwide search of gas and oil. This discovery increased interest in the physical properties of 

rocks and the knowledge of the amplitude changes with different types of rocks and pore fluids 

(Gardner et al., 1974). In a relatively soft sand, it was studied that the presence of gas increases the 

compressibility of the rock dramatically, the velocity drops and the amplitude decreases producing a 

negative polarity, that explains the term “bright spot”. As displayed in Figure 2.1, the lower 

impedance of the sand produces an amplitude boost over the crest of the structure where the 

hydrocarbon is present. In this situation of a classical bright spot, it is very important to find the so-

called ”flat spot” at the hydrocarbon-water contact. This is an hard reflector (impedance increase) 

and should be at the same TWT as the amplitude change. If both oil and gas are present, there 

should be evident two distinct flat spots, one at the gas-oil contact and one deeper on the oil-water 

contact.  
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Figure 2.1 Schematic model of bright spot for oil/gas brine sand response (from Bacon et al., 2009). 

 

On a seismic profile, the hydrocarbon presence doesn’t produce a standard seismic imaging, in fact 

it may change very often as a function of impedance contrasts along the contacts. As displayed in 

the following figure, a model of oil/gas brine sands can result in different impedance contrasts: for a 

brine sand hard relative to the overlying shale and soft hydrocarbon saturated sand (Figure 2.2a), 

the shale/gas sand contact will have an impedance decrease with polarity inversion, while the 

gas/brine sand contact will have an impedance increase. This case could be often difficult to 

interpret with confidence, in particular if the structure is affected by minor faulting. 

For hard brine sand relative to the shale, and hard hydrocarbon sand relative to the shale (Figure 

2.2b), we expect to see a “dim spot” or an amplitude decrease at top reservoir. A dim spot is not 

easy to recognize and should conform to the structure and to the TWT of the flat spot.  
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Figure 2.2 Schematic model of polarity reversal and dim spot for different oil/gas brine sand responses (from Bacon et 
al., 2009). 

 

Therefore, the aspects to ponder during the interpretation of a seismic data are several and the 

acoustic consequences of a gas accumulation mostly depend on: the overlying material, the 

porosity, the depth, the water saturation and the reservoir configuration. Thus, the only observation 

of an amplitude anomaly might not be sufficient to ascribe an hydrocarbon origin; it is very 

important to consider all the effects produced by gas/oil presence on the seismic signal, even, in 

particular, on its “components”, that is not only amplitude, but also frequency and phase. 

In literature several criteria have been given for the recognition of a gas accumulation and the use of 

them as direct hydrocarbon detection is often reported; currently these criteria are still valid and 

have been the subject of insight discussion, thanks to the support of the technological innovations. 

In the next section, an analysis of the seven criteria for hydrocarbon detection discussed by Anstey 

(1977), will be proposed, with integrations deriving from more recent literature data, in order to 

give a schematic guide to use during the interpretation of a potentially gas-related seismic anomaly.  

 

1. The gas-liquid contact 

It is the generally flat boundary between gas and water saturated sediments. This is always best seen 

at compressed horizontal scale. 

The flat spot represents a feature that could be difficult to interpret; it is easy to detect in areas of 

tilted stratigraphy rather than in sub-horizontal stratigraphy, where the flat spot will be difficult to 

discover and highlight. Generally, in the TWT seismic data, the flat spot is not really flat, due to the 

pull-down effect of the overlaying gas saturated sediments, characterized by a lower velocity. 
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Furthermore, flat spot is sensitive to diagenetic events that are depth dependent. Even in presence of 

minor faulting or changes in nature of permeability, this reflector may be not “flat”. 

The geological features that could be mistakenly ascribed to flat spots include (Avseth et al., 2005): 

• Ocean bottom multiples 

• Flat stratigraphy 

• Opal A-Opal CT diagenetic boundary 

• Paleo-contacts, either related to residual hydrocarbon saturation 

• Volcanic sills 

 

2. Anomalous reflection coefficient 

Anomalous reflection amplitudes represent the first attracting feature that let to suppose, at a 

superficial level, gas/oil presence. Anyway, these amplitudes might be also related to the frequency 

content (low-frequency events seem larger) and by application of specific gain functions on the 

seismic signal. 

Abnormal amplitudes could be also related by interference and tuning effects. These are caused by 

thin layered reservoir, where the interference between the seismic pulse representing the top of the 

reservoir and the seismic pulse from the base of the reservoir is present. An example is reported in 

Figure 2.3 in a 6-60 Hz bandwidth wedge model of material increasing in thickness from zero to 30 

m in 0.3m increment (Bacon et al., 2009). The material of the wedge is softer than the material 

above and below it. Where the sand is absent, in the left part of the figure, there is only a weak 

negative reflection due to the impedance contrast between sand and shale. In the right part, the top 

of the sand is marked by a strong bleak loop (green line), and the base of the sand by a white 

negative loop (blue line). In this position, the top and the base of the wedge are well detectable for 

further picking. As the sand becomes thinner, however, the separation between the top and the base 

of the loops reaches a nearly constant value at a thickness of about 13m (evidenced by a yellow 

box); the point at which this happens is called tuning thickness. After this, the separation remains 

constant and any further sand thickness decrease will produce a gradual amplitude decrease. This is 

the results of the interference between the reflections at the top and the base of the sand; the 

reflection from the top and base overlap and, being of opposite polarity, partly cancel one another 

(destructive interference). Below 13m, the top and base are not visible as separate events due to 

insufficient vertical resolution.  
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Figure 2.3 Example of a wedge model for bandwidth 6-60 Hz, the red dashed line displays the tuning thickness point, 
the green line represents the top sand and the blue line its base (modified by Bacon et al.,2009). 

 

On seismic sections tuning effect produces an amplitude maximum that could represent a 

complication for the study of amplitudes. 

In presence of gas saturated sands, this phenomena complicates the quantitative measures of the 

sand thickness. In Figure 2.4 a gas sand is evidenced: the amplitude of the gas sand reflection is 

highest (yellow) on the flanks of the structure, where there is a clear tuning between the top and the 

bottom of the sand, and decreases on the crest of the structure where the gas column should be 

greater (Bacon et al., 2009). 

 

 
Figure 2.4 Seismic section showing the tuning response on the flanks of a structure with gas accumulation (Bacon et 

al., 2009). 
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Furthermore, several geological features amplitude anomaly could be mistakenly ascribed to a gas 

related bright spot; these false bright spots (from Avseth et al., 2005) include: 

• Volcanic intrusions and volcanic ashes 

• Highly-cemented sands, often calcite cement an thin pinch-out zones 

• Low-porosity etherolitihic sands 

• Overpressured sands or shales 

• Coal beds 

• Top of salt diapirs 

The last three features cause the same polarity of a gas sand; the first three elements cause the so 

called “hard kick” amplitudes. Once the polarity of the data is known, one should be able to 

discriminate hydrocarbon-associated bright spot from “hard kick” anomalies. AVO analysis should 

allow the discrimination of hydrocarbons from coal, salt or overpressured sands/shales. 

 

3. Anomalous low velocity 

The presence of gas must produce a significant depression of seismic wave velocity in the reservoir 

rocks, relative to the water-saturated condition. 

The depression of velocity may be directly calculated as a low interval velocity if separated 

reflections are imaged from the top and the bottom of the gas saturated zone.  

A consequence of this effect is the pull-down of reflection times at the bottom of (or just below) the 

zone; there could be an ambiguity between velocity pull-down and real relief and horizon 

morphology. 

The drop of velocity is often fully developed at saturations of a few percent (Figure 2.5a) with 

increasing gas saturation beyond this point, the lowering of density becomes important and the 

seismic velocity starts to increase again (Bacon et al., 2009). The density decreases linearly as gas 

saturation increases. 

The decrease of velocity produces effects to the acoustic impedance (AI) behavior (Figure 2.5b). In 

fact, few percent of gas saturation causes a drop of AI from a brine saturation. Thus, low gas 

saturations may give reflections bright enough to be confused with commercially significant 

accumulation. 

S velocity is slightly affected by differences of fluid fill, via the effect of density; the S velocity is 

slightly higher for the oil and gas cases. 
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Figure 2.5 a-calculated curves of P velocity (ft/m) versus water saturation for oil and gas cases in an example 
sandstone; b- calculated curves of AI (km/s*g/cm3) versus water saturation for oil and gas cases (from Bacon et al., 
2009). 

 

 

4. Inversion of polarity 

 

If the reservoir material in its water-saturated state has an acoustic impedance greater than the 

overlying material, and if the local replacement of water by gas depresses the acoustic impedance of 

the gas/saturated zone to the less than that of the overlying material, then the reflection from the top 

of the reservoir shows a polarity inversion over the gas. This is not a necessary evidence for gas 

because these conditions may or not happen; also, the identification of polarity inversion could be 

difficult due to interferences and effects of small faults. 

 

5. “Shadows”   

 

Gas filled reservoir exhibits higher frequency-dependent seismic attenuation than similar rock fully 

saturated with brine. 

Oil and gas reservoirs usually cause drop-off of high frequency components, generating a low 

frequency zone (shadow) just below the hydrocarbon saturated horizons. Usually, seismic data 

shows a decrease of high frequency content for late acquisition times, occasionally masked by high 

frequency noises.  

Castagna et al. (2002) proposed to display the spectral decomposition results as a seismic section 

representing the instantaneous amplitude at specific frequencies. In Figure 2.6, the instantaneous 

amplitude sections at frequencies of 30 and 60 Hz, over a known gas reservoir in the Gulf of 

Mexico, reveal that below the reservoir top the reflections are more attenuated at high frequency 
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than at low frequency. Such attenuation is usually observable for reservoir of thickness sufficient to 

accumulate significant attenuation, as the seismic energy propagates down and up through reservoir, 

and to avoid complications due to interference of top and base reflections (tuning). 

 

 

Figure 2.6 Comparison between a 30 and 60Hz  instantaneous amplitude seismic section over a gas reservoir in the 
Gulf of Mexico (from Castagna et al., 2002). 

 

This shadows have been presumed to be related to additional energy occurring at low frequency, 

rather than preferential attenuation of higher frequencies. In Figure 2.7 we observe, below the 

reservoir, that a high energy zone is present at frequency of 10 Hz, while it is absent at higher 

frequency of 30 Hz. 

 

Figure 2.7 Instantaneous Amplitude seismic section at 10 (a) and 30 (b) Hz, where the high energy at low frequency is 
much more evident than at higher frequency (from Castagna et al., 2002). 
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6. Diffractions  

 

Diffractions are generally caused by strong contrasts of acoustic impedance; they are to be expected 

in association with gas reservoirs where the reservoir is thick and the trapping mechanism is a fault, 

or in other situations where the lateral limits of the reservoir are in any case abrupt. They are not to 

be expected in case if lenticular sands, whose thickness decreases smoothly to zero in all directions. 

Reefs may represents a middle situation, sometimes generating diffraction on one side but not on 

the other. 

 

Finally, the compatibility among these points represents the last of the criteria proposed by Anstey; 

the better way to conclude an analysis of amplitude anomalies should consist in verifying the 

correlation of these aspects with the creation of a realistic geological model of the subsurface. 

 

2.2 Gas seepage and sea-bed structures 

 

The presence of faults or micro-fractures system, represents a preferential way for the migration of 

fluids to shallower sediments and to the sea bed. The mobility of gas/hydrocarbons produces 

peculiar features on the seismic reflection data that could be ascribed to direct hydrocarbon 

indicators, such as gas chimney, pockmarks and carbonate/coral mounds. 

A gas chimney occurs where gas moves typically along a fault plane, from a deeper level into the 

overburden, which is mainly constituted by shale with limited permeability (Bacon et al., 2009). 

The result is a diffuse cloud of gas-bearing material, typically with low saturations. There may be a 

few high-amplitude gas sand reflection at the top or within the body of the cloud (Figure 2.8), but in 

general scattering and absorption cause amplitudes to be much reduced below and within it, so that 

amplitude measurements result to be meaningless. There is often a pull down velocity effect below 

the cloud, due to the velocity decrease in the gas-bearing layers; this can cause great difficulty for 

accurate structural mapping in depth. Shear-wave data, which are the almost unaffected by the gas 

presence, may be the best way to image the horizons below the cloud. This is often important 

because although the gas saturation within the chimney are too low to be of any economic value, the 

presence of the chimney can highlight the possible presence of a leaking trap just below it. 
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Figure 2.8 Example of seismic imaging of a typical gas chimney (from http://www.explorationist.com). 

 

 

The escapement of light hydrocarbons (such as methane) out of the sea bed, produces a collapse of 

the sediments into voids (Figure 2.9). These structures are called pockmarks: broad and irregular 

crater-like depressions in soft, fine-grained sediments of the seabed commonly found along 

continental margins, thus attributed to episodic and catastrophic fluid expulsion (Hovland and Judd, 

1988). 

Generally, pockmarks depend on two main factors: 

- Sub-bottom hydrology: hydraulically active conditions, due to presence of shallow gas or 

pressurized porewater; 

- A seabed that is “pockmarkable”, made up of fine-grained sand, silt, and/or clays. 

 

Most of time, carbonate mounds or coral reefs that develop at great water depth in presence of low 

temperature values are located in correspondence of sea bottom pockmarks. 

Coral colonies as Lophelia Pertusa and Palagorgia, are, in fact, strictly related to gas seepage and, 

most of time, they have been founded in correspondence of gas field, such as in the Norway 

offshore. In 1992, shallow seismic data showed prolific emission of gas through the seabed, with 

the presence of large patches of corals, sponges and bacterial masses and geochemical samples 

demonstrated high concentration of hydrocarbons (Judd and Hovland, 2007). 
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In Mid Norway offshore, numerous cold-water Lophelia coral reefs have been associated to 

relatively high interstitial methane concentrations in sediments, and local micro-seepage through 

seabed of light hydrocarbons in virtue of the presence of gas-charged sediments below the coral 

colonies (Hovland and Thomsen, 1997). 

Inside the Norwegian Trench, which runs almost parallel with the southern and south-western coast 

of Norway, the Troll gas field is characterized by numerous pockmarks, most of them up to 100m 

diameter and 8m deep (Judd and Hovland, 2007). Inside the voids, Statoil found coral colonies of 

Paragorgia arborea, over layered conical methane carbonate rock protruding up from the centre of 

the pockmarks (Figure 2.9). 

 

 

 

Figure 2.9 Example of pockmarks of Troll gas field (Norway) where coral colonies inside the main depression are 
evidenced; the seismic data displays a gas accumulation just below the sea bottom structures (modified from Hovland, 
2008). 

 

Other sea-bed structures that could be gas-seepage related, are represented by carbonate mounds. 

They are produced by carbon precipitation reaching very huge dimensions. They are typically 

characterized by a semi-transparent seismic facies (Figure 2.10). Some examples have been 

discovered in the Ireland offshore, where even Lophelia has been founded over giant carbonate 
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mounds. They reach up to kilometres across at their base and up to 400m height and some examples 

are the Hovland mounds, Belgica Mounds and Magellan Mounds on the Atlantic margin.  

 

 

 

Figure 2.10 Acoustic response of a carbonate mound from the Vulcan Sub Basin, off northwest Australia. (modified 
from Hovland, 2008). 
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3. HYDROCARBON DETECTION 

METHODOLOGIES 
 

 

 

3.1 AVO Amplitude Variation with Offset 
 

 

 
 
 
 
 

3.1.1  Introduction 

 

W.J. Ostrander could be considered the father of the AVO – Amplitude Variation with Offset (or 

Amplitude Versus Offset)– technology. He explained and popularized this concept in 1982 during 

his presentation at the 52nd Annual International Meeting of the Society of Exploration 

Geophysicists. In his work, then published in 1984, he proposed the method to distinguish gas-

related amplitude anomalies from non gas amplitude anomalies, showing that the presence of gas in 

a sand capped by a shale would cause an amplitude variation with offset on pre-stacked seismic 

data. He demonstrated that there is a reduction of the Poisson’s ratio value caused by the presence 

of gas. 

The offset-dependent reflectivity has its basis in the theoretical relationships between reflection 

coefficient, angle of incidence and the variation of the compressional P wave velocity (��), shear S 

wave velocity (��) and density (ρ) across an interface; these contrasts are in turn dependent on rock 

properties variations. In presence of a gas, brine-saturated and water-saturated unconsolidated 

sediments, these parameters have distinctive relationships; thus, bright spots caused by gas 

accumulation can be distinguished by mislead anomalous amplitude reflectors instead caused by 

coal or other low impedance units. 

Zoeppritz’s equations (1919) are the mathematic relations which describe the variation of the 

reflection coefficient as a function of the angle of incidence and of the fundamental parameters that 
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classify a rock (density, Bulk modulus and Share modulus).These complex equations have been 

linearised and simplified by, among the others, Koefoed (1962), Aki and Richards (1980) and by 

Shuey (1985): the Authors mathematically confirmed that Poisson’s ratio is the elastic constant 

most directly related to the offset-dependent reflectivity for incident angles up to 30°. 

The AVO analysis was based on the observation and interpretation of the curves describing the 

variation of the Incident reflectivity with the angle of incidence on pre-stacked CMP seismic data. 

These curves have been in particular interpreted by Rutherford and William (1989) who proposed a 

gas sand classification into 3 classes, analyzing the trend of the AVO curves. 

Then, an important step has been further developed in order to extract several different AVO 

attributes and to do multivariate analysis of these quantities. The two most important are zero offset 

reflectivity (��) and the AVO Gradient G based on Shuey’s approximation. 

An helpful way to interpret these attributes is to consider the crossplot of Intercept �� and Gradient 

G (Castagna and Swan, 1997): it represents a more intuitive tool to better understand the rock 

properties.  

Since the ‘80, the AVO technology became a commercial tool for the oil industry; in particular the 

technological progress let geophysicists and petroleum geophysicists to better locate and classify 

gas or oil reservoirs reducing the possibility of unproductive drills. 

 

3.1.2 Fundamentals of Offset Reflectivity 

 

The reflection coefficient at an interface depends on the acoustic impedance contrast across it. The 

media are usually considered to be isotropic, this means the seismic velocities are independent from 

the direction of propagation through the rock. In practice many rocks are anisotropic, and the 

velocities for horizontal and vertical paths may be different; also, seismic data are always acquired 

with a finite separation between source and receiver (offset). This means that the reflections are 

much more complicate and that part of the P-wave energy will be converted into a reflected and  a 

transmitted shear waves. 

The equation describing how the amplitudes of the reflected and transmitted P and S waves depend 

by the angle of incidence and by the properties of the media, were proposed by Zoeppritz (1919). 

The amplitudes depend in particular on the contrast of the Poisson’s ratio across an interface, and 

on the acoustic impedance’s change.  

The Poisson’s ratio σ has a physical definition described by the formula 
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� = �	
	����
���	
	�����

                                           3.1.1 

 

It varies in function of  ��and �� : 

    �� = ���� �� µ

�                                                                                          3.1.2 

     �� = �µ

�                           3.1.3 

that in turn are dependent on the three fundamental parameters that describe a material: 

k=Bulk modulus 

µ= Share modulus 

ρ=density 

The Bulk Modulus represents the parameter that is more influenced by the saturation changes (gas 

or brine). In presence of brine saturated sediments its value becomes bigger because brine is stiffer 

than gas; so the Poisson’s ratio will decrease in presence of gas and in turn the �� too. �� slightly 

increase with gas saturation because it reduces the density of the material. 

Figure 3.1.1 shows typical values of the Poisson’s ratio in function of the Acoustic Impedance 

AI=���. 

 

Figure 3.1.1 Examples of Poisson's Ratios for different lithologies as a function of the Acoustic Impedance (from 
Bacon et al., 2009). 
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The Zoeppritz’s equation are rather complicated, but useful approximations for the reflection 

coefficient, in the most common case of both incident and reflected waves of P type, has been given 

by Aki and Richards (1980) and then by Shuey (1985): 

 

���� ≈  + "#$%���� + &#$%����'(%����              3.1.4 

 

where R represents the reflecting coefficient in function of the mean angle of incidence �. 

These equations can be used to model the seismic response when the rock properties are known. For 

small incidence angles, out of 40-45°, beyond which the data are in any case muted out from 

gathers because of NMO stretch and the presence of direct arrivals, a further simplification of the 

Zoeppritz’s equations is possible. The term C could be neglected and reflection coefficient can be 

described in terms of the normal incidence reflectivity or Intercept �� (that is A) and the Gradient G 

(B): 

 

 ���� = �� + )#$%����                               3.1.5 

 

This relation allows to analyze the variation of the reflection coefficient with the angle of incidence 

only considering two parameters: Intercept �� and Gradient G; these two terms are the most popular 

AVO attributes. The knowledge of these two parameters enable us to identify and classify the 

presence of a fluid saturation within an horizon that exhibits anomalous amplitude values in the 

seismic data. 

 

3.1.3 AVO behavior for gas sands 

 

In a clastic sequence, a typical top reservoir is represented by the interface between shale and an 

hydrocarbon-saturated sand. 

The AVO analysis proposed by Ostrander (1984) was applied in presence of amplitude anomalies 

produced by gas sands that have lower impedance of the encasing shale and an increasing amplitude 

with offset. Appling the equation 3.1.5 to this situation, the intercept value ��, measured at zero 

offset, and the reflecting coefficients, measured at different angles of incidence, will have negative 

values; also the measured gradient G will have a negative value. Then, both negative values of G 

and �� describe the most general situation of the AVO behavior of a reflector produced by a gas-

sand covered by a shale. Its seismic evidence is depicted by the classical bright spot. 
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Unfortunately, gas presence is not always evidenced by a bright spot and gas sands could manifest 

different  AVO characteristics. 

AVO responses have been discriminated by Rutherford and Williams (1989) into 3 classes in 

function of the values of �� and G as defined by equation 3.1.5. 

Figure 3.1.2 shows the Zoeppritz’s P-wave reflection coefficients for a shale-gas sand interface for 

a range of values of ��. The Poisson’s ratio and density of the shale were assumed, by Rutherford 

and Williams (1989), to be 0.38 and 2.4* +,�⁄ , and for the gas sand to be 0.15 and 2.0* +,�⁄ , 

respectively.  

Class 1 response (blue line) is characterized by an increase in impedance downwards across the 

interface, causing a decreasing amplitude with increasing incident angles; the magnitude of 

reflectivity can change polarity with adequate offset/angle rate. The polarity change, if pronounced, 

might cancel out the reflection response from the stacked section or can produce polarity opposite 

to that predicted by normal incidence modeling. 

Class 2 response (green lines) has nearly the same impedance of the encasing material and small 

normal incidence amplitude (positive or negative), but the AVO leads to high negative amplitudes 

at far offsets. The polarity change occurs if �� is positive but it is not usually detectable because 

this happens at small offset where the signal is often below the overall noise level. 

Class 3 response (red line) has large negative impedance contrast and the negative gradient leads to 

increasing amplitude with angles; such sands are usually unconsolidated and undercompacted, 

producing amplitude anomalies on the stacked profile and large reflectivity along the offset. 

 

 

Figure 3.1.2 AVO sand classes of Rutherford and Williams (1989) and Castagna and Swan (1997) in a model originally 
based on shale/brine sand interface (modified from Bacon et al., 2009). 
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Castagna and Swan (1997) introduced a Class 4 gas sand (yellow line) representing low impedance 

gas sands for which the reflection coefficients decrease with increasing offset, in particular when 

the shear wave velocity of the gas sand is lower than in the shale. 

In a clastic sequence, the AVO classes are related to differences of consolidation of sand and shales 

with depth. The general increase in impedance with depth reflects the decrease in porosity due to 

compaction. Class 1 results are characteristic of deep well consolidate sediments and class 3 

responses, as said before, of relatively unconsolidated and shallow sediments. Class 4 may occur in 

very unconsolidates and very shallow (up to 1000m) sands, or when they are covered by an hard 

non clastic layer. With respect to class 3, class 4 has very low gradient. 

 

 3.1.4 Crossplot visualization of AVO Gradient and Intercept 

Castagna and Swan (1997) used the crossplot representation of the AVO Gradient versus the AVO 

Intercept to make easier the interpretation of the AVO method.  

The Intercept and Gradient can be calculated on every CMP gather in a seismic survey, by 

measuring the amplitude and the best fit to a plot of R(θ) as a function of #$%����. The resulting 

pairs of �� and G values may be display in a crossplot graph and they give information about fluid 

filling, saturation and lithology. 

 

To better understand the Crossplot analysis of AVO, in this section the theoretical analysis of 

Castagna et al., (1998), will be considered in detail. 

The Shuey’s approximation of the Zoeppritz equation is described by: 

 

���� ≈  + "#$%���� + &#$%����'(%����                                       3.1.6 

 

with:  
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The crossplot analyzes the variations of the AVO Gradient B as a function of the AVO Intercept A; 

the correlations between these two parameters can be explained considering the variation of ��/�� at 

an interface, and the values of the density. 

Let us start from the basic assumption of the “murdrock line” and the Gardner’s equation. 

Castagna et al., (1985), demonstrated that a succession of brine-saturated  sand and shale, defined as 

“background”, follows a specific trend defined as “mudrock” line where a linear relationship 

between Vp e Vs exists. 

 

Within a fixed depth window the relation is: 

�� = ,�� + +                                                                                                                             3.1.10 

 

where m and c are empirical coefficients depending by the lithology characteristics. 

Within the “background”, the Gardner’s equation asserts that the density is the multiplication 

between a constant factor a time the velocity V, raised to a power factor g:  

 

� = (�6                    3.1.11 

 

so 

 

∆�
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10
2                      3.1.12 

                                                                                                                                           

Gardner et al., (1974), demonstrated that g is close to 0.25 for most of the sedimentary rocks. 

Combining equations 3.1.12 through 3.1.7 we can obtain the following relations: 
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The equation 3.1.15 represents the general equation for the background reflection in the A-B plane. 

Starting from this general relation, 3 specific relation between ��, �� and � can be considered. 

 

1) Constant >?/>A and constant density 

 

If ��/�� is constant, c must vanish and, from Gardner’s relation 

 , =  �B/�# = < �B >/< �# >= ∆��∆��  

Assuming ∆�=0 (i.e. constant ρ values) in the equation (3.1.13) and substituting g=0  

 

 = �
�

∆0

10
2                              3.1.16 

and 

" = E1 − 8 .10�2
10
23�G                                                                                                                   3.1.17 

 

2) Constant >H/>A and Gardner’s density 

 

For limited depth ranges we can assume the Gardner’s value of * = 1/4. 

  , = < �� >/< �� > (constant �B/�#)  

 = I
J

∆0

10
2                                                                                                                               3.1.18 

and 

" = �
I E1 − 9 .10�2

10
23�G                    3.1.19 

 

This last equation shows that all the lines cross the origin and that the slope of the background trend 

depends only by < �� >/< �� >  (Figure 3.1.3a). 

With the increasing of < �� >/< �� > the slope becomes more positive and the line rotates 

counterclockwise. 

If  < �B >/< �# >= 2, then B=-A, irrespective of the density and velocity relationships.  

 

3) Linear >? versus >L  
 

In the general case, we can assume that there is a linear correspondence between �� and ��  
< �� >= , < �� > ++ 
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And A given by equation  
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J

∆0

10
2           3.1.22 

 

From this relationship, we observe that the background trend passes through the origin and, as 

< �� > decreases, the background becomes more positive (rotates counterclockwise). In the Figure 

3.1.3b (where m=1.16 and c =1.36km/s from Castagna et al., 1985) the background trend changes 

dramatically for velocities lower than about 2.5km/s. 

These conclusions are similar for constant < �� >/ < �� >, but we have to consider that along an 

interface, this ratio varies rather than remaining constant and this will produce different slopes for 

the background trend. 

 

 
Figure 3.1.3 a: background trend with VP/VS constant and Gardner’s relation; b: background trend with linear VP/VS 
and m=1.16 and c= 1.36km/s (from Castagna et al., 1998). 

 

Comparing the results of the different case analysis (Figure 3.1.4), we observe that the B/A trend is 

more affected by the variation of < �� >/ < �� > than by the variation of density: constant and 

linear relation between the two velocities gives very different background trends. Moreover, for all 

the examined cases B/A increases with increasing < �� >/ < �� >. Thus, if the depth range 

selected is too large, the < �� >/ < �� > background varies significantly (due to compaction) and 

several background trends may be superimposed. Also, for very high < �� >/ < �� > , as for soft 
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and shallow brine-saturated sediments , the background trend B/A becomes more positive and even 

non hydrocarbon-related reflection may exhibit increasing AVO, depicting false positive anomalies. 

 

 

Figure 3.1.4 B/A versus <VP >/<VS> for various background trend assumptions: constant VP/VS and constant density, 
constant VP/VS and Gardner density, mudrock VP versus VS and constant density, mudrock VP versus VS and Gardner 
density. In all cases, B/A increases with increasing background <VP >/<VS> (from Castagna et al., 1998). 

 

The rotation of the line gives evidence that the background trend is also an implicit function of rock 

physic properties such as clay content and porosity. Increasing the clay content at a reservoir level 

will cause a counterclockwise rotation, as the < �� >/ < �� > increases. Increasing porosity 

related to less compaction will also cause a counterclockwise rotation, because less-compacted 

sediments tend to have relatively high < �� >/ < �� > .  

 

3.1.5 Deviations from petrophysical relationship 

 

The AVO analysis studies the interpretation of the magnitude of the deviation from the background 

trend, once introduced hydrocarbons in the clastic sequence. The most interesting deviation from 

background petrophysical relationship results, in fact, from replacement of brine by gas in the pore 

spaces: it reduces the < �� >/ < �� > and causes ∆��and ∆� to become more negative. Thus, the 

equations 3.1.7 and 3.1.8 for a top of sand reflection, with partial gas saturation, causes both A and 

B to become more negative than for a fully brine saturated sand. 

Figure 3.1.5 well explains the difference of the calculated AVO Gradient and Intercept between 

pairs of shale/gas sands and shale/brine sands reflectors. For a shale over the brine-sand, reflection 

coefficients vary from strong positive to strong negative values. The Intercept and the Gradient lie 
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along the straight line predicted using the linear relationship between  < �� > and < �� >  crossing 

the origin (blue line). With the introduction of gas fluids and calculating the effects of the variation 

bulk modulus with the Gassmann’s equations, we observe that the reflecting coefficients also fall 

along a straight line but they lie to the lower left of the background trend (green line). This line 

moves towards negative values of A and B from brine to gas sand. 

 

 

Figure 3.1.5 Brine sand–gas sand tie lines for shale over brine-sand reflections having an average P-wave velocity of 3 
km/s and which conform to Gardner and mudrock petrophysical trend curves (g=0,25, m =1,16, c=1,36 km/s) and 
Gassmann’s equations (from Castagna et al., 1998). 

 

The measure of the deviation from the line of background trend was introduced by Smith and 

Gidlow (1987) by calculating the parameter called “Fluid Factor”: 
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The gas sand classification of Rutherford and Williams (1989) was based only on normal incidence 

reflection coefficient (RP=A); all the 3 classes exhibit a reflection coefficients to become more 

negative with increasing offset, but the reflection coefficients need not to increase with offset for 

gas sands. 

As we can see from Figure 3.1.5 a gas sand could have coefficients becoming more positive with 

increasing offsets; thus, Castagna and Swan (1997) and Castagna et al., (1998), introduced a 4th 

class representing this situation. 



32 

 

The AVO behavior is well-explained by the crossplot of A versus B, in which we recognize all the 

four classes and their collocation inside the crossplot quadrants (Figure 3.1.6). 

 

 

Figure 3.1.6 AVO Gradient (B) versus Intercept (A) crossplot showing four possible quadrants. For a limited time 
window, brine-saturated sandstones and shales tend to fall along a well-defined background trend. Top of gas-sand 
reflection tend to fall below the background trend, whereas bottom of gas-sand reflections tend to fall above the trend 
(from Castagna et al., 1998). 

 

Also, top of gas-sand reflections tend to fall below the background line, while the bottom of the gas 

sand tends to fall above the background trend, as displayed in Figure 3.1.7 

 

 

 
Figure 3.1.7 Example of crossplot analysis in which the yellow points depict the top of the seismic anomaly associated 
to a gas sand (from Avseth et al., 2005). 
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3.2 Seismic Attributes 
 

 

 

 

 

 

 

 

3.2.1 Introduction 

 

A seismic attribute can be described by several definition that have been given, by different authors 

active in this research field. 

Chen and Sidney (1997), illustrate a seismic attribute as a specific measurement of geometric, 

kinematic, dynamic or statistical features derived from seismic data.  

Barnes (1999) associates the seismic attribute to a subset of the total information contained in the 

original seismic data, considering the attribute analysis as decomposition of seismic data into the 

constituents. 

Taner (2001) terms a seismic attributes as all the information obtained from seismic data, either by 

direct measurements or by logical or by experience-based reasoning. 

A general definition has been given by Chopra and Marfurt (2005): in the most general sense, they 

encompass in the expression “seismic attribute” all the quantities derived from a seismic data, even 

including interval velocity, inversion of acoustic impedance, pore pressure prediction, reflector 

terminations and amplitude variation with offset (AVO) quantities. 

The principal objective of the use of attributes is to provide detailed information to the interpreter 

on structural, stratigraphic and lithological parameters of the seismic prospect; thanks to attributes 

extraction, the detection of some features, that might not be directly observed on the original data, 

become easier, with the benefit of having the measured attribute at the same scale as the original 

seismic data. 

This method become useful for hydrocarbon exploration because it contributed to an improvement 

of analysis of reservoir environment; in detail, some attributes can be also used as specific Direct 

Hydrocarbon Indicators.  
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Seismic attribute analysis began, in fact, with the search for bright spots in the early 1970’s. 

Initially, it encompasses only complex seismic trace attributes. These were introduced by Taner, 

Koehler and Anstey, who realized the potential for extracting useful instantaneous information from 

the seismic trace, turning their attention to wave propagation and simple harmonic motion. The 

introduction of the Hilbert transform, let the Authors to develop the computation of all the complex 

trace attributes. Taner et al. (1979) proposed this method in a basic paper with the definition and 

testing of 3 principal attributes: instantaneous amplitude, phase and frequency. In that period, the 

instantaneous amplitude (often reported also as “Trace Envelope” or “Reflection Strength”) was the 

most used attribute for petroleum exploration. 

In the 1980’s and 1990’s seismic attribute technology dramatically advanced in several directions, 

with multi-attribute and multi-dimensional analysis. 

Over the years many other attributes have been proposed, and Chen and Sidney (1997) have defined 

more than 300 attributes classifying them into event-based attributes and volume-based attributes. 

Seismic event attributes represent attributes extracted from the seismic data and associated with a 

surface; they provide information about how attributes vary at or between geologic boundaries. 

These attributes can be measured over 2-D and 3-D seismic data: one great advantage of 3-D 

seismic over 2-D seismic is the ability to produce three-dimensional multi-trace seismic event 

attribute extraction along defined events using different spatial pattern configurations. 

The recent development of the attribute extraction technology is aimed to enhance the feature for 

seismic stratigraphy, geomorphology with the major challenges of analyze their movement from 

their original position by tectonic deformation and sedimentary compaction. Continued advances in 

3D visualization and multi-attribute analysis are incoming in particular for  reservoir 

characterization and dynamic behavior (Chopra and Marfurt, 2005). 
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3.2.2 Instantaneous Attributes 

Instantaneous attributes are computed sample by sample, and represent instantaneous variations of 

various parameters. Instantaneous values of attributes such as reflection strength, its derivatives, 

frequency and phase may be determined considering the complex seismic trace approach. 

A time variable signal O�'� can be described by a real and an imaginary component in this way: 

 O�'� = P�'� + $Q�'�           3.2.1 
 

where P�'� represents the recorded seismic trace, i represents the imaginary units. 

Q�'� defines the quadrature, that is the seismic signal recorded with a phase delay of 90°, which can 

be calculated with the Hilbert transform applied on the recorded seismic trace: 

 

Q�'� = �
RS ∗ P�'�           3.2.2 

 O�'�  can be obtained by : 

 O�'� =  �'�U�VW�S�              3.2.3 

where  �'� is the Instantaneous Amplitude or Reflection Strength and X�'� is the Instantaneous 

Phase: 

 �'� = YP��'� + Q��'�               3.2.4 

X�'� = arctan _�S�
`�S�               3.2.5 

The time derivative of the phase produces the Instantaneous Frequency: 

a�'� = bW�S�
bS              3.2.6 

From a graphical point of view, the seismic trace P�'� and its quadrature Q�'� can be plotted on two 

normal planes where the real and the imaginary components of the complex signal are, respectively, 

projected (Taner et al., 1979); O�'� can be thought as the trace, in complex space, of a vector which 

is continually rotating in function of the time, changing its length and so describing an irregular 

ellipses (Figure 3.2.1). 

  



36 

 

 

Figure 3.2.1 Complex seismic trace in function of time with a detail focused on its real and imaginary components 
(modified from Taner et al., 1979). 

 

 

In Figure 3.2.2 we observe that both real and quadrature are identical in module, except for a phase 

shift of 90 degrees; the envelope displayed by the light-blue line, defines the Reflection Strength 

 

  �'� = YP��'� + Q��'�.  

 

The envelope produces a sort of “lobes” where the energy content is higher; in between these beads 

of the string, interferences between the waveform produce some anomalous peaks of phase and 

frequency that are called singularities. 

These two attributes may be smoothed by an average measurement of the parameter (yellow line in 

figure). 
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Figure 3.2.2 a-real and b- quadrature components of the complex trace where the envelope (Instantaneous Amplitude) 
is drowned; c- Instantaneous Phase and d- Frequency where singularity points are evidenced. 

 

With this methods, three attributes have been initially defined, and important application have been 

improved in seismic stratigraphy analysis. As reported in Figure 3.2.3 the basic instantaneous 

attributes are here used in presence of a gas related bright spot in a clastic sequence. 
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Figure 3.2.3 Scanned copies from the original paper presented by Taner at the AAPG sponsored school of seismic 
stratigraphy, in 1977 (from Chopra and Marfurt, 2005). 

 

The seismic attributes that have been used for the PhD thesis are mostly Instantaneous Attributes 

and will be described in the following sections. These are measured sample by sample along the 

seismic trace, for all the traces forming the seismic profile length; for this reason they are included 

in the Section-Based Attributes cathegory.  

 

Instantaneous Amplitude attribute (or Reflection Strength, or Trace Envelope) 

The Reflection Strength attribute is independent from the phase and it is constituted by only 

positive values.  

High values of the attribute can be used as effective discriminator because they represent important 

acoustic contrasts, and hence the reflectivity, associated with major lithologic changes between 

adjacent rock or depositional environments.  

In particular, it is used to evidence anomalous amplitudes related to gas/hydrocarbon accumulation. 

Bright spot are clearly emphasized by the instantaneous attribute due to the high impedance 

contrast. 
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Instantaneous Phase attribute 

The Instantaneous Phase emphasizes the spatial continuity/discontinuity of reflections. It is 

independent from the Reflection Strength, so providing a way for weak coherent events to appear 

clearer. 

Phase sections are effective in showing discontinuities, faults, pinch-out, angularities, and events 

with different dip attitude that interfere with each other. 

Seismic sequence boundaries are better distinguishable applying this attribute, in particular for 

prograding sedimentary layer patterns and regions with onlap-downlap geometries. 

This attribute is of great importance since it precisely describes the location of events in the seismic 

trace and leads to the computation of other instantaneous quantities.  

 

The combination of attributes could be a useful tool to the identification of the main reflections and 

their spatially changes. In Figure 3.2.4 is reported an example from Knobloch (1982): the 

superimposing of the Instantaneous Phase over the Reflection Strength, using a 2D color bar 

represented a simple an innovative tool to better track waveforms across the interfaces. 

 

 

Figure 3.2.4 a - combination between Reflection Strength attribute (b) and Instantaneous phase attribute (c) using the 
define 2D color-bar  (from Knobloch, 1982). 
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Cosine of Phase attribute 

The Cosine of Instantaneous Phase was developed since it is a continuous parameter, unlike the 

phase itself, that has a discontinuity at +/-180°. This attribute can be further processed (e.g, filtered 

and stacked) using conventional seismic processing tools. Amplitude peaks and troughs retain their 

position, but with strong or weak events now exhibiting equal strength. It results very useful to 

recognize lateral variations and the actual geometries of the horizons. In presence of an 

hydrocarbon-saturated level, it can be helpful in recognize phase inversion more accurately. 

Instantaneous Frequency attribute  

The Instantaneous Frequency attribute relates to the centroid of the power spectrum of the seismic 

wavelet. It responds to both wave propagation effects and depositional characteristics, hence it is a 

physical attribute and can be used as an effective discriminator. The analysis of this attribute 

includes hydrocarbon indicator by low frequency anomaly; this effect is more pronounced for 

unconsolidated sands due to the oil within the pores.  

It is a fracture zone indicator, since fractured may appear as lower frequency zones or high specially 

varying areas, and bed thickness indicator: higher frequencies sharp interfaces such as exhibited by 

thinly laminated shales, lower frequencies are indicative of more massive bedding geometries, e.g. 

sand prone lithology. 

 

 

Figure 3.2.5 Instantaneous Frequency attribute applied on a 3D seismic volume (from Taner, 2001) 
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Apparent Polarity 

Apparent Polarity attribute can be described as the polarity of the reflection strength; it has been 

useful to check the lateral variation of polarity along a reflection layer and it is often used in 

conjunction with reflection strength. In the following figure the attribute has been applied on 2D old 

profile (Anstey, 2005), where the attribute is superimposed on the stacked data, and to a 3D volume 

(Figure 3.2.6).  

 

Figure 3.2.6 Applications of apparent polarity attribute on 2D seismic profile (a) and on a 3D seismic volume (b) (from 

Chopra and Marfurt, 2005). 

 

Response-Wavelet Phase attribute 

This attribute represents the derivative of the Instantaneous Phase around the lobes of reflection 

strength; it represents an alternative way to track the time and space variant phase changes of a 

seismic wavelet (Chen and Sidney, 1997). It could be considered a wavelet attribute that represents 

the instantaneous phase where the envelope is maximum. 

 

 

Section Based seismic attributes could be also measured inside fixed temporal windows of the 

seismic trace, for all the seismic profile length; in this work Frequency attributes and Energy 

attribute have been used, and they are described in the following sections. 

 

Dominant Frequency Attributes 

Frequency attributes have been implemented to better analyze the frequency behavior and, more 

specifically to detect the low frequency zone below a gas/hydrocarbon reservoir. 
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The Dominant Frequency attribute returns the dominant frequency from the frequency spectrum so 

representing the frequency having the highest amplitude. 

In order to obtain the attribute, a time-gate have to be specified, which is transformed to the Fourier 

domain. In Figure 3.2.7 are evidenced several frequency attributes that can be computed starting 

from the frequency spectrum of a seismic data. 

 

Figure 3.2.7 Components of the frequency spectrum from which several attributes could be derived. 

 

Energy Attribute 

This attribute calculates the squared sum of the sample values in the specified time-gate divided by 

the number of samples in the gate.  

c�%� = ∑ (�eV%  

The Energy is a measure of the mean reflectivity in the specified time-gate. The higher the Energy, 

the higher the Amplitude. This attribute enhances, among others, lateral variations within seismic 

events and is, therefore, useful for the detection of “objects” characterized by anomalous high or 

low reflection amplitude such as gas chimneys. The response energy also characterizes acoustic 

rock properties and bed thickness. 

An example is reported in Figure 3.2.8 where a bright spot has been emphasized by the application 

of the energy attribute within a temporal window of 28 ms using the software OpendTect.  
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Figure 3.2.8 Example of Energy attribute application on a  seismic profile. This attribute makes apparent the presence 
of a bright spot (from de Bruin et al., 2010). 
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4. CASE HISTORY-1: THE OTRANTO 

CHANNEL  

 

Seismic analysis of a bright spot in the Plio-Quaternary sequence 
and its relation with the Apulia Carbonate Platform margin. 

 

 
 
 
 
 

4.1 Introduction 
 

The procedures dedicated to the hydrocarbon detection, discussed in the previous chapters, have 

been used to analyze a strong seismic reflector, possibly connected with the presence of gas, 

observed in the seismic profile MS-29, which is located in the South-East Italy offshore, within the 

Otranto Channel.  

This reflector appears to be characterized by prominent negative amplitude, anticlinalic shape and 

by a length of about 10 km along the analysed seismic section. The seismic imaging of the horizon 

seems to evidence the presence of a bright spot, but we could not directly infer a gas origin only 

from that feature; additionally, there are not boreholes that calibrate it and the only well located in 

the area of MS-29 line (Merlo-1), is dry (Mattavelli et al., 1991). The hydrocarbon possibilities of 

the South Adriatic Basin have been discovered and analysed since the beginning of 1980's when 

some explorative boreholes were drilled within this area (Mattavelli et al., 1991). In the South 

Adriatic Basin two oil fields (Rovesti and Aquila) and one gas field (Falco) are located in the 

transitional area between the Apulia carbonate platform and the Ionian pelagic domain; the 

reservoir rocks are platform edge carbonates (calcareous turbidites and dolomite) deposited from 

Late Jurassic to Paleogene (Mattavelli et al., 1991). The bright spot of the seismic profile MS-29 

lies within the Pliocene sedimentary sequence, located over and near the margin of the Apulia 

carbonate platform. 
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Having to our disposal the digital format of the seismic profile MS-29, we have been able to make 

an accurate signal analysis to evaluate if the bright spot could really inferred to be a gas-saturated 

horizon.  

We started discussing the Anstey’s criteria (presented in Chapter 2) to verify if the reflector could 

have the amplitude, phase, frequency and geometry characteristics of a real hydrocarbon reservoir. 

For the bright spot analysis, in particular I used seismic attribute (especially instantaneous attributes 

and windowed limited attributes) on stacked and even on pre-stacked data, to highlight some 

features that could not be visible just observing only the reflection amplitude profile. Furthermore, I 

adopted the AVO techniques to make a final test, with the crossplot representation of Gradient and 

Intercept, within a depth window focused on the bright spot. 

A following step of this work has been dedicated to the geological interpretation of the structures 

that could have favoured the gas accumulation in the Otranto Channel; I therefore collaborated to 

the interpretation of the available seismic dataset, i.e.: public ministerial seismic profiles, MS 

seismic profiles and deep crustal CROP profiles. 

In the southern portion of the seismic profile MS-29, we observed the presence of a margin between 

the Apulia platform and a basin that seemed younger than the Ionian/South Adriatic basin. The 

presence of intra-platform basin is very common in the Apulia platform; they developed in the 

Upper Cretaceous and in few cases, during the Eocene. An example is the Rosaria Mare basin, 

which has been interpreted by Nicolai and Gambini (2007) in the Brindisi offshore, dated as Upper 

cretaceous and with an half-graben geometry. 

We believed that the basin observed on the MS-29 profile could have the same origin of Rosaria 

Mare, thus, we began to depict this new margin from the S-E Salento offshore using the available 

seismic profiles. We started from an outline of the margin already marked by Mocnik (2008); this 

data has been then confirmed in the online publication of the "Technical documentation on expired 

mining permits and concessions" (Reports F.R 35&36, ViDEPI Project, 2009) that reconstructed 

this feature in the area between the Albanian coast and the southern Salento offshore.  

 

I cooperated to the interpretation of the whole seismic dataset and my main contribution to the 

papers here cited was related to the seismic attributes analysis aimed to the identification of a 

potential gas reservoir in the Otranto Channel. 

I presented most of the following analysis in national and international congresses:  

 



46 

 

Mocnik A., Del Ben A., Forte E., Geletti R. and Pipan M. (2010): Reservoir characterization in the 

South Adria foreland. In: 4th Saint Petersburg International Conference & Exhibition, Proceedings 

& Exhibitors' Catalogue. St. Petersburg, 5-8 April 2010. 

 

Del Ben A., Forte E., Geletti R., Mocnik A., and Pipan M. (2009). Seismic exploration of a possible 

gas-reservoir in the South Apulia foreland. In: Convegno Nazionale GNGTS. Trieste, 16-19 

November 2009. Extended abstract. pp. 640-642, ISBN/ISSN: 88-902101-4-1. 

 

Mocnik A., Del Ben A. and Geletti R. (2009). Apulia – Pre Apulia Margins: relations between the 

South Adria foreland and recent compressive structures. In: Epitome VII Forum Italiano di Scienze 

della Terra FIST Geoitalia 2009. Rimini, 9-11 September, vol. 3, p. 182, ISBN/ISSN: 1972-1552.    

 

The results of this PhD Thesis encompasses part of the papers: 

 

Del Ben A., Forte E., Geletti R., Mocnik A., and Pipan M. (2011). Seismic Exploration of a possible 

Gas Reservoir  in the South Apulia foreland. Boll.Geof.Teor.Appl., 52 ,607-623. 

 

Del Ben A, Geletti R and Mocnik A. (2010). Relation between recent tectonics and inherited 

Mesozoic structures of the Central-Southern Adria plate. Boll.Geof.Teor.Appl., 51; p. 99-115, 

ISSN: 0006-6729. 

 

Del Ben A., Mocnik A. and Karvelis P, submitted. Old domains in the South Adria plate and their 

relationship with the Hellenic front. 

 

4.2 Seismic Data  
 

Seismic profile MS-29 represents the only digital data available for this study. It belongs to  

the crustal MCS dataset of profiles acquired in 1971 in the Mediterranean Sea (MS profiles) by the 

Istituto Nazionale di Oceanografia e di Geofisica (OGS) of Trieste and processed originally in 

1972. In Figure 4.1 the seismic profile is reported and the acquisition parameters are displayed in 

the Table 1. 

We adopted a method that can join the processing of the seismic signal with its interpretation; in 

this way the processing steps have been focused in particular to increase the quality of the bright 

spot imaging.  
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Figure 4.1 Seismic profile MS-29 and its location; Table 1 displays the acquisition parameters of the seismic data. 
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Seismic profile MS-29 shows a clear continuous reflector of high acoustic contrast within the Plio-

Pleistocene sequence covering the Apulia carbonate platform. The gentle anticlinalic shape of the 

structure, the sharp tips of this reflector and the clear attenuation below the reflection, particularly 

evident for the top of Messinian evaporite sequence, suggested us to explore the possibility of the 

presence of a gas reservoir (Figure 4.2). 

 

 

Figure 4.2 Portion of seismic profile MS-29 where the bright spot “bs”, over the Messinian (Ms) eveporite layer, 
covering the Apulia Carbonate platform, is evidenced in the Plio-Quaternary sedimentary sequence. 

 

 

4.3 Analysis of the bright spot 
 

As discussed in Chapter 2, a bright spot should have specific requirements in terms of amplitude, 

phase, frequency, velocity and reflector geometry in order to being considered a gas saturated 

horizon (Anstey, 1977).  

In the following section, each of this features has been properly extracted from the seismic data, 

with the aid of signal processing and seismic attribute methodologies application. 
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Amplitude analysis 

The strong negative amplitude of the reflector is clear just looking at the variable density 

representation of the stacked profile (Figure 4.2). 

Common “false bright spots” have been considered to exclude improper ascription to gas reservoir. 

Alternative interpretation of volcanic intrusion or ash layer seemed initially to be a possible cause 

of the so high amplitude: an high reflecting tuffite horizon of Pliocene age (Patacca et al., 2008), 

easily recognizable in Central Adriatic Sea, or other ash layers have been recognized in the Adria 

plate. This hypothesis has been rejected due to the deposition of the sediments above the carbonate 

platform anticlinalic structure and its prosecution, without high amplitude in the deeper area. Other 

options as highly cemented sands, low porosity heterolothic sands, overpressured sands have been 

considered, but they seem to be not convincing if we evaluate the stratigraphic position and the 

settlement of the reflector.  

The possibility that the bright spot could be originated by a local tuning effect, has been discarded 

because of the large and continuous extension of the reflector. 

The Instantaneous Amplitude and Energy attributes, can be used as an effective marker because 

they mainly represent the acoustic impedance contrast and the reflectivity of an horizon. 

The Energy Attribute depicts the very large amplitude of the reflector, in fact it seems to highlight 

the strongest impedance contrast recognizable within the seismic section (Figure 4.3). 

 

 
 

Figurre 4.3 Energy attribute applied on the seismic profile MS-29. 
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Instantaneous amplitude has been applied first on the stacked profile (Figure 4.4); the strong 

amplitude reflector has been highlighted, but more important is the amplitude absorption above the 

bright spot due to a strong vertical contrast. 

 

 

Figure 4.4 Reflection Strength attribute applied on the seismic profile MS-29 where the strong impedance contrast is 
evidenced along the bright spot; SG1-SG2: Super Gathers of Figure 4.5. 

 

We have analyzed the pre-stack MS-29 data to exclude the effect of AGC or other processing steps 

that could modify the field data. 

The attribute has been applied also to the pre-stacked data; we formed Super Gathers of 4 CDPs in 

order to cover the entire offset range (320m-2620m); we compared the Instantaneous amplitude 

variation with offset of a Super Gather crossing the bright spot (Figure 4.5a) and another one 

located out of this horizon (Figure 4.5b), both pointed at Figure 4.4. We observe that the bright spot 

preserves high amplitude values also for far offsets, while a common brine/water saturated seismo-

stratigraphic layer gives a normal behavior, with amplitude decreasing at increasing offsets. 

This characteristic seems the most convincing to remove the misgiving of a false bright spot. 
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Figure 4.5 Reflection Strength attribute applied on a Super Gathers crossing the bright spot (a) and a brine saturated 
reflector (b); the different amplitude behavior with offset is evident between the two horizon.  

 

Phase analysis 

Inversion of phase may or may not occur in typical gas reservoirs; in Figure 4.6 a detail of the 

stacked profile with wiggle-variable area representation, is proposed. Here the NW termination of 

the bright spot is evident, where only a weak inversion is evident (surrounded by the yellow circle).  

 

 

Figure 4.6 Portion of the NW termination of the bright spot in the stacked section.  

 

The apparent polarity attribute, which defines the polarity of the reflection strength, can be useful to 

check the lateral variation of polarity along the reflector. In Figure 4.7a the total negative polarity of 

the bright spot is evident, but a clear inversion on its termination is still not displayed. 

Another phase-related attribute has been measured to detect possible inversion of phase: the 

Response Phase attribute, which derives from the Instantaneous phase around the lobes of the 

Reflection Strength. It represents an alternative way to track the spatial and temporal phase change 
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of a seismic wavelet. In Figure 4.7b the continuous negative phase of the bright spot is evident and 

the phase seems to change gradually on its SE termination, while to the NW it passes from negative 

(blue) to positive (yellow) color. 

 

 

Figure 4.7 a- apparent polarity and b-response of phase attribute used  to analyze the lateral variation of phase polarity 
along the bright spot. 

 

A clear condition of polarity inversion cannot be considered as a distinctive characteristic of this 

bright spot; anyway, the attributes show that there are two different types of termination of the 

horizon. We decided then to apply the Cosine of Instantaneous Phase (Figure 4.8) that clarifies this 

supposition: toward SE a gentle closure (pinch out) is evident, while to the NW there is an abrupt 

closure, with some diffractions. 
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Figure 4.8 Cosine of Instantaneous Phase where the two different termination of the bright spot are highlighted. 

 

 

The velocity analysis 

The velocity analysis has been applied on Super Gathers obtained combining 4 adjacent CDPs, in 

order to increase the folding and obtain more accurate analysis, since the effects due to lateral 

velocity changes are negligible. Figure 4.9 shows the coherency spectrum obtained on a Super 

Gather crossing the bright spot and the picked root mean square velocity function used to remove 

the NMO delay, and to obtain the stacked section (Yilmaz, 2001). The related interval velocities 

computed using the Dix relation (Dix, 1955) reveal a velocity inversion in correspondence of the 

bright spot. 

In order to verify that the velocity anomaly belongs to all the reflector length and that it is not just a 

local situation, we made a detailed velocity analysis considering all the available CMPs. 

In Figure 4.10 the spectral analysis of Super Gathers 2000, 2050 and 2100 are evidenced in a time 

window enclosing the bright spot. 
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Figure 4.9  Velocity analysis of a Super Gather on the bright spot and application of such function to remove the NMO 
(on the right). The black line represents the RMS velocity, while the white one the interval velocity function.  

 

The white line displays the derived interval function: a velocity inversion is clear between the 

“picked” top and bottom of the reflector producing the bright spot. The interval velocity reaches 

values in the range of 1730-1880m/s along this horizon. 

 

 

 

Figure 4.10 Velocity analysis of Super Gathers 2000, 2050 and 2100 where the white line evidences the calculated 
interval velocity function. 
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A summary picture is represented by Figure 4.11: the stacked profile, with the detail of the bright 

spot, overlaid by the interval velocity functions measured on the Super-gather 1950, 2000 and 2050, 

demonstrates that the velocity analysis is consistent with the presence of an horizon that produces a 

relevant drop of VP velocity along its entire length. 

 

 

Figure 4.11  Three examples of Super Gather coherence spectra calculated for different positions along  the bright spot, 
superimposed on  a detail of the MS-29 stacked section. 

 

A peculiarity of low interval velocity values is the pull-down effect. For the actual situation this 

check is hardly feasible, due to the anticlinalic shape of the reflectors below the bright spot and the 

low vertical seismic resolution due to the low frequency source used. 

 

Frequency analysis 

We adopted the Instantaneous Frequency and Dominant Frequency analyses (Figure 4.12a-b 

respectively) performed on profile MS-29 in order to evaluate the presence of a possible low 

frequency zone below the supposed gas horizon. Both attributes show a low frequency zone that 

extends about 200 ms below the bright spot, with frequency values not exceeding 20 Hz. The 

attenuated area perhaps reaches major depth, but it is crossed by the coherent noise of the sea 

bottom multiple reflection. According to Anstey (1977) we should infer the presence of a 

considerable reservoir, having a thickness high enough to produce a relevant spectral change on the 

seismic wave. 
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Figure 4.12 a- Instantaneous Frequency; b- Dominant Frequency calculated on the MS-29 stack section; both attributes 
show a low frequency zone (“shadow”) focused just below the bright spot (“bs”). 
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Finally, as argued by Anstey (1977) a gas-related bright spot should display a flat spot below the 

anticlinalic shaped horizon, representing the gas/brine contact. This is not apparent on the seismic 

profile MS-29 probably due to the low vertical resolution of the seismic signal. 

Furthermore, the bright spot seems to be free from diffractions on its lateral termination; this could 

be associated to the case of a lenticular decreasing thickness of sand where diffractions are not 

significant features. They are expected in association with thick gas reservoirs and when the 

trapping mechanism is a fault or the lateral limits are abrupt.  

 

Amplitude Variation with Offset 

AVO analysis has been adopted to obtain another point on which make our discussion about the 

supposed gas presence. 

The AVO analysis has been applied on the MS-29 profile, computing the crossplot of the AVO 

Gradient and AVO Intercept within fixed temporal windows, delimited by polygons, including or 

not the possible bright spot.  

We made several tests in order to better define the temporal window to use and its location. 

Figure 4.13 shows, in the upper section, the Gradient attribute and, in the lower section, the 

Intercept attribute computed with software Promax (Halliburton). The crossplot is displayed in the 

upper right part of the figure: the points array is along the background trend but some of them are 

aligned on its extremes. This is due to the noises which are located within the too high temporal 

extension of the blue polygon (about 500ms), where the analysis has been implemented. 

 

 

Figure 4.13 a- AVO Gradient attribute and b-AVO Intercept attribute values  then crossplotted (c) within the blue 
polygon; effects of the noises are highlighted by the yellow ellipses. 
  

(a) 

(b) 

(c) 
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Figure 4.14 evidences another incorrect depiction of the temporal window, in fact, in the crossplot 

graph two background trends seem to overlap (emphasized by colored ellipses). We tried to enclose 

the points of the “yellow” background trend and we noted that the points fall in the lower part of the 

green polygon where the signal to noise ratio is very small. 

 

 

 

Figure 4.14 a- AVO Gradient attribute where the crossplot computed in the green polygon is display in a1 frame: here 
two background trends can be observed surrounded by the ellipses; b-b1 display the same AVO Gradient seismic 
section where the yellow points depict the noisty part of the seismic profile. 
 

 

Figure 4.15a shows (in red) a depth window of about 200ms centered on the bright spot. The 

crossplot evidences the background trend of the strata within the polygon; no anomalous deviation 

from the trend are imaged; focusing on the central part of the graph (Figure 4.15b), some points are 

shifted from the origin of the axes. Enclosing that points in a green polygon we observe that some 

of them fall inside the bright spot. 

This behavior could be consistent with the presence of gas sand 3 as described by Castagna et al., 

(1998), but the low folding (600% on CMP) of MS-29 seismic profile doesn’t allow to implement 

further AVO analysis, which could give a more quantitative and detailed information about the 

presence of a gas saturated level. 

 

(a) 

(b) 

(a1) 

(b1) 
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Figure 4.15 a- crossplot analysis of Gradient versus Intercept, where the background trend has been obtained by the 
points enclosed within the red temporal window of about 200ms (TWT); b- detail of the central part of the graph where 
the green points, falling out from the general the trend, depict some portions of the bright spot. 
  

(a) 

(b) 

(b) 

(b) 
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4.4 Correlations between bright spot and geological/morphological 

features of the area 
 

The regional geological contest is one of the fundamental features that might, or not, favor gas 

accumulation into permeable layers. 

The gas saturated level here analyzed, developed in correspondence of the Apulia platform margin; 

this feature divides the deep Ionian/South Adriatic basin environment by the raised Apulia 

carbonate platform. The Plio-Quaternary sediments are, for this reason, characterized by differential 

compaction phenomena which may produce, in correspondence of the structural high, an 

anticlinalic shaped stratification that favors the gas accumulation.  

Furthermore, the differential compaction phenomena can be  the origin of the gas migration: the 

faults and fractures systems that could develop, represent a preferential path that accommodates the 

hydrocarbons mobility within the sediments. 

On the sea bottom, some structures have been recognized just over the interpreted bright spot (Del 

Ben et al., 2011). Figure 4.16 displays the multi-beam echo sounding profile and the CHIRP echo 

sounding transect acquired along the seismic profile MS-29. The mounds are characterized by a 

transparent seismic facies and have been ascribed to carbonatic bodies that absorb the acoustic 

signal. These shallow structures have been then associated to coral organism of Lophelia Pertusa 

from recent sampling activities performed in the same area (Romeo et al., 2011).  

As testified by many literature data, methane rising out from the sea floor could produce a favorable 

environment for the evolution of peculiar coral organisms; thus, the shallow structure recognized on 

the seismic profile MS-29 can be strictly related to gas seeping events. 

 

 

Figure 4.16 Sea bottom structures displayed by Chirp (left) and Multibeam (right) echo sounding profiles acquired 
along the seismic profile MS-29 (Del Ben et al., 2011). 
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The north-eastern margin of the Apulia platform forms a complex trend from the Puglia offshore 

through the Otranto Channel. 

It outcrops on the Gargano promontory (on the northern Apulia), as described by Bosellini et al. 

(1993), and continues to the South at an ever-increasing distance from the Apulia shore (Figure 

4.17), until it intersects the Albanian coastline (Argnani et al., 1996; Ballauri et al., 2002; Nicolai 

and Gambini, 2007). The Apulia carbonate platform consists of Jurassic-Miocene shallow-water 

carbonates disconformably covered by open-ramp carbonate deposits (Bolognano formation), 

followed by Messinian evaporites (Gessoso-Solfifera formation).  

According to Mattavelli et al. (1991) the pelagic sequence of the Ionian/South Adriatic basin is 

characterized by limestones and marls from the Liassic to the Paleocene, by a clastic succession 

shed by growing orogens processes since the Oligocene, by a regular alternation of sands and shales 

of the Bisciaro formation of Lower Miocene and by marly silts and clay turbidites of Schlier 

Formation (Serravallian-Tortonian). This is overlain by the Upper Messinian evaporites (Gessoso-

Solfifera formation), that is seismically characterized by a strong reflector and is usually considered 

as a guide horizon. Finally, the Plio-Quaternary deposits are characterized by marl and clay 

sediments and includes the high-reflecting horizon here studied. 

 

 

Figure 4.17 Regional geological setting of the study area where the main features, taken from literature data, are 
depicted (from Del Ben et al., submitted). 
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The western prosecution of the margin in the East-Salento offshore area, delineates a complex 

outline around the Merlo-1 borehole.  

The Merlo-1 borehole drills the Apulia carbonate platform but it doesn’t seem to cross the well 

reflecting horizon: it vanishes with a pinch out closure on the northern flank of the structural high 

(Figure 4.18). The anticlinalic shape of the structure should be related to the last activity phase of 

the normal faults. Therefore, Merlo structure could be interpreted as a sort of promontory of the 

Apulia platform covered by a Pliocene sequence. Above this structure, the seismic sequence is sub-

horizontal, without any anticlinalic shape favorable to gas accumulation, as occur immediately to 

the NE along the seismic profile MS-29. 

On the left side of the Merlo structure, another high-reflecting horizon clearly onlaps the relief. In 

our opinion, it might represents the same bright spot that have surrounded the geological feature.  

 

 

Figure 4.18  Seismic profile F-81-105 (located in map) crossing the structural high drilled by the Merlo-1 well where 
the bright spot “bs” seems to have a pinch out termination (b); on the other side of the structural high an onlap 
termination could be probably related to the same bright spot (a). Ms represents the Messinian reflector. 

 

 

The 3D visualization of some public profiles located in the area, obtained with the software for 

seismic interpretation Move, enable us to better understand the context (Figure 4.19). The bright 
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spot of the seismic profile MS-29, continues towards F 75-49 seismic section; the latter profile is 

parallel respect F81-105, evidencing, as well, the presence of the structural high that stops the 

reflector. On the seismic profile F75 22, the high-reflecting horizon is still evident and it seems to 

onlap a further structural high of the platform. 

 

 

Figure 4.19 3D visualization of seismic profiles MS-29, F75-49 and F75-22 located in the map. In violet the bright 
spot; in orange the top of the faulted Messinian unit (Ms). 

 

In Figure 4.20 the reservoir termination on the SW-sector of the Italian offshore is observed (Del 

Ben et al. 2011); on the right side of seismic section F75-47, the bright spot lays on the top of a 

(Lower?) Pliocene sequence weakly fractured by post-Messinian normal faults. These faults seem 

to determine migration of gas in an upper layer (yellow color), that shows, in its turn, a high 

reflectivity: this new shallower bright spot, extending in the NE-direction and not investigated in 

detail in this work, is therefore largely southward extending, as also evident along the MS-29 

profile (Figure 4.21a), where it has been interpreted on its right sector, at a depth of about 1.8 s 

TWT. This reflector extends even in the seismic line F 75-59, as evidenced from the 3D 

visualization of Figure 4.21b. 

Del Ben et al., (2011) interpreted all the available seismic profiles that allowed to hypothesize a 

total extension of 600 km2 of the inferred bright spot (Figure 4.22). The time-structural map of this 

high amplitude reflector shows a contour from 0.8 sec TWT in the NW sector, that corresponds to 
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about 750 m from sea level, deepening toward SE and reaching 1.8 sec TWT, that corresponds to 

about 1500 m from the sea level. It extends above the Apulia platform that is gradually E-deepening 

towards the front of the Albanides. This inclination, added up to a weak tectonic activity during the 

Lower Pliocene time and to the differential compaction between the platform and the pelagic 

domains, could have favored the gas accumulation. 

 

 

Figure 4.20 Eastern limit of the bright spot “bs” along the F-75-47  seismic profile, location in map. The Messinian Ms 
top (orange color) appears less reflecting below the bright spot, due to the typical energy absorption. A shallower high-
reflecting horizon (yellow color) suggests an upward gas migration, favored by normal faults. 

 

 

Figure 4.21 a-eastern portion of the seismic profile MS-29 where a reflector with the appearance of a new bright spot is 
evidenced in yellow color; b- crossing between MS-29 and F 75-59 profiles (see location in map) where the SW 
extension of the reflector is highlighted. 

a 

b 
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Figure 4.22 Contour map of the studied bright spot. Values are in sec TWT. Relation with Merlo-1 well (dry) and with 
relative structure (a sort of "promontory" of the Apulia platform, not covered by high reflecting horizons) is highlighted 
(From Del Ben et al., 2011). 

 

 

4.4.1 Depiction of the Southern Apulia platform margin 

 

We decided to extend the knowledge of the trend of the southern Apulia carbonate margin 

collecting and interpreting all the available Ministerial seismic profiles of the SE and S-Salento 

offshore, and the deep crustal MCS profiles of the Italian Deep Crustal Exploration Project (CROP) 

(Scrocca et al., 2003; Finetti ed., 2005), sponsored by CNR, Ente Nazionale Energia Elettrica 

(ENEL) and Ente Nazionale Idrocarburi (ENI).  

Figure 4.23 displays the location of the seismic profiles interpreted in the following paragraphs, 

describing part of the work included in Del Ben et al., (submitted). 
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Figure 4.23 Location map of the seismic profiles interpreted in this work for the south Apulia platform margin 
depiction.  

 

 

From the Merlo structure, the western prosecution of the southern margin appears to be connected 

to a reef structure that is evident along the public seismic profiles F 79-10 and D 450 (Figures 4.24) 

in the East-Salento offshore. These sections highlight the platform domain, characterized by a 

clearly reflecting top; some reflectors in its upper part, with a subparallel to hummocky 

configuration, correspond to the Tertiary- Cretaceous limestones recognized by Patacca et al. (2008) 

in the NE-Apulia onshore. These findings are consistent with the outcropping of a Messinian reef 

located on the SE-Salento shoreline and described by Bosellini et al. (2001). 

In the South Salento offshore, the margin could not be clearly seen. In Figure 4.25b a more gentle 

structure is shown on the seismic profile, without a clear build-up of a reef where the Plio-

Pleistocene progradational sediments downlap the underlying sequence. The Messinian and pre- 

Messinian sediments onlap the margin; they are constituted by a well-layered stratification 

depicting a basin environment. The well-reflecting horizon “MF” could be associated to the “Marne 

a Fucoidi” layer due to its acoustic characteristic of Lower Aptian-Lower Cenomanian Age seismic 

marker (Centamore et al., 1986). For this reason, we ascribe to the base of the basin unit a 

Cretaceous age, in the figures emblematized by “Kx”. 
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Figure 4.24 a-seismic profile F 79-10 and b- seismic profile D-450 where the reef structure is very clear; Ms is the 
Messinian layer and Kx is the base of the basin sequence here interpreted. 

 

 

Figure 4.25 a- seismic profile D-474 where the well reflecting PT Permian Triassic is evidenced; b- F 75-40 seismic 
profile where the Messinian reflector Ms , “Marne a Fucoidi”  MF  and the bottom of the basin sequence  “Kx” are 
interpreted. 
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This pelagic sequence can be clearly interpreted in Figure 4.26, in which the finely reflecting basin 

sequence overlies the semitransparent carbonate platform. At the extreme NE of the profile F 75-59, 

some of the diffractions may be ascribed to the close platform margin, interpreted along profile MS-

29. 

 

 

Figure 4.26 Portion of seismic profile F 75-59 where the pelagic sequence is topped by the Messinian units Ms; Kx is 
the top of the drowned platform. 

 

 

This basin has been named “South Apulia Basin” - SAB, and it developed after an early drowning 

of the Apulia carbonate platform (Del Ben et al., submitted). This event has been already interpreted 

by Nicolay and Gambini (2007) in the Brindisi offshore: some intra-platform basin, like Rosaria 

Mare, originated from Upper Cretaceous, sometimes Eocene, with the drowning of the platform. 

Our opinion is that the SAB could have the same origin. 

To better define the age of evolution of the basin, we compared the profile of F 75-59 profile, that 

crosses the Basin in the South-Salento offshore, with the northern part of profile MS-29 in the 

Ionian/South Adriatic basin (Figure 4.27). The latter shows thicker basin sediments and thinner 

platform sequences respect those of the SAB. If we consider a similar rate of sedimentation in the 

two regions, the different thicknesses suggest a younger extensive phase in the SAB. It seems 

possible to date it to the Middle-Upper Cretaceous, in correspondence with a major rearrangement 

of the plates in the Tethyan realm, during which the platform was partly exposed and karsified 

(Nicolai and Gambini, 2007). Furthermore, the SAB seems generally characterized by a complex 

interfingered development of shallow water and deep domains, together with the presence of 

isolated platforms (Mocnik, 2008; ViDEPI, 2009). 
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Figure 4.27 a- SAB along the seismic profile F75-59 compared with the Ionian/South Adriatic Basin on the seismic 
profile MS-29; details a1 and b1 highlight the different thicknesses of the two sedimentary sequences. 

 

Along profile MS-20-Ext (Figure 4.28) the margin of the platform is not clearly visible probably 

due to a gradual transition/alternation of deep and shallow water sedimentation. Two details 

extracted from the public profile F 76-53 (Figure 4.28c) highlight  the two different seismic facies 

related to deep and shallow water domains. 

 

 

Figure 4.28 a-portion of the seismic profile MS 20-Ext located in map (b) and frames of seismic section F76-53 where 
the seismic facies of the platform (c1) and basin (c2) are shown. 
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To the South, the margin can be seen in profiles MS-48 and MS-68 (Fig. 4.29), in which, 

respectively, a NNW and NE thickening of the pre-Messinian pelagic sequence (reaching more than 

1 sec TWT, corresponding to a thickness of about 2000 m) onlaps the slope of the carbonate 

platform. Towards SW, the platform, which probably developed up until the Miocene, outcrops on 

the sea bed. 

 

 

Figure 4.29 a- SE termination of profile MS 48 and b- NE limit of profile MS-68 located in map (c) showing the 
gradual transition between the SAB and the platform.  

 

 

Figure 4.30 shows a portion of the eastern part of the profile CROP-M34, which extends from the 

Apulia platform towards the East, and passes between the islands of Corfù and Paxos. The top of 

the Apulia carbonate platform deepens to NE and is onlapped by Plio-Pleistocene sediments. The 

Messinian reflector also onlaps the slope sequence of the margin, and is uplifted to the E by recent 

halocinetic processes below the adjacent Paxos island (Del Ben et al., submitted). The basinal 

reflecting sequence of the South Apulia Basin overlies a transparent carbonate platform; the top of 

the Permian-Triassic continental sediments (PT) is clear below the pelagic units, with its typical 

high reflectivity. 
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Figure 4.30 Portion of seismic profile CROP M-34 where the slope between platform and basin is made evident by 
some diffractions; the high-reflecting permian-triassic layer PT is depicted below the platform drowned probably during 
Cretaceous time (Kx). M is Miocene reflector and Ms represents the Messinian reflector. 

 

 

Finally, in Figure 4.31, profile MS-48 shows the transition to the SE from the transparent seismic 

sequence of the Apulia carbonate platform to the weakly reflecting horizons below the trough that 

marks the bound of the lateral thrust of the Cephalonia strike-slip fault system. The basinal 

reflectors deepen towards SE and disappear beneath the thrusts. At the SE border of the Cephalonia 

strike-slip system (the right-hand part of the figure), the seismic facies indicates that the deformed 

and thrusted units are mainly represented by the carbonate platform sequence, interpreted to be Pre-

Apulia units because of their presence on the islands of Levkas, Zakynthos and Cephalonia. 
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Figure 4.31 a- line drawing of a portion of seismic profile MS-48 crossing the lateral front of the Cephalonia 
transpressive fault system with Pre-Apulia units thrust. b- frame of the seismic profile where the transition between the 
two environments can be recognized. 
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4.5 Conclusions 
 

In this chapter, a detailed analysis of the seismic profile MS-29 allowed to critically evaluate the 

hypothesis of the presence of an important gas reservoir in the Pliocene sequence covering the 

Apulia carbonate platform in the Otranto Channel.  

In the first part of the study, seismic attributes have been implemented and calculated, with the 

objective to find possible “Direct Hydrocarbon Indicators” and to extract from the seismic data 

additional information, which cannot be highlighted by conventional reflection amplitude analysis. 

The following attributes have been analysed in detail: 

• Reflection Strength and Energy Attributes on stacked data highlighted the important 

impedance contrast within the Plio-Quaternary sediments. The analysis of the Instantaneous 

Amplitude on pre-stacked data allowed to exclude the hypothesis of a false bright spot, or 

artifacts produced just by wrong processing parameters. In fact, we observed that high 

amplitude values are preserved even at far offsets, representing the typical amplitude 

behavior of a gas-filled unit. This analysis could be considered a preliminary Amplitude 

Variation with Offset discussion. 

• Phase attributes such as Apparent Polarity, Phase Response and Cosine of Phase, helped to 

define the lateral limits of the bright spot even if clear polarity inversion has not been seen. 

This effect could be ambiguous to interpret because of presence of some faults due to 

differential compaction phenomena: we observed, in fact, an abrupt termination with 

diffraction evidence on the NW part of the reflector. On the opposite side, a more gentle 

closure, as pinch out, has been recognized. 

• Frequency attributes such as Instantaneous Frequency and Dominant Frequency highlighted 

the typical presence of the so-called “shadow zone” produced by the preferential absorption 

of high frequencies in presence of a gas saturated level. 

• The velocity analysis confirmed a drop of P wave velocity along the entire length of the 

bright spot. Also this study could be considered a sort of non-standard seismic attribute 

application, which asserts that the strong negative amplitude of the bright spot could be 

related to the presence of a very low velocity lens within the Plio-Quaternary sedimentary 

sequence. 

 

The analysis of AVO Gradient versus AVO Intercept Attributes showed that, inside the crossplot, 

the location of the anomalous points could be consistent with the presence of gas; anyway, the low 
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folding (600%) of the seismic profile MS-29 doesn’t allow to make more specific classification of 

the bright spot. 

The presence of some coral mounds on the water bottom just above the bright spot, represents 

another hydrocarbon indicator, that testifies the migration of fluids towards shallower sediments. 

The fluid mobility is mainly due to presence of system of fractures and faults related to differential 

compaction between the sediments over the Apulia carbonate platform and the adjacent 

Ionian/South Adriatic basin. 

Thus, the geological feature that seems to be the most dominant driving force that have favored the 

gas accumulation, is represented by the existence of a margin between platform and basin 

environments. Around the bright spot, we depicted a complex trend of it: a sort of promontory, in 

correspondence of the Merlo-1 borehole, upraised by mainly Pliocene tectonic activity, that have 

induced the Pliocene sediments to onlap it. 

This margin has been then reconstructed toward the Ionian Islands and the Cephalonia strike-slip 

system. It divides the Apulia Platform from the Ionian/South Adriatic Basin through a basin unit, 

called South Apulia Basin - SAB (Del Ben et al., submitted). This last forms an inlet of the 

Ionian/South Adriatic basin and developed after an early (Upper Cretaceous) drowning of the 

carbonate platform (Figure 4.32).  

An intimate knowledge of the geological setting of an area has to be taken into consideration during 

petroleum investigation, and this work might represent a starting point, to plan and tailor new 

dedicated seismic dataset acquisitions, essential to better understand the relations between deep 

geological features and shallow evidences of gas presence within the Otranto Channel. 
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Figure 4.32  a- reconstruction of the South Apulia platform margin, where the South Apulia basin is displayed forming 
an inlet of the Ionian/South Adriatic basin. b- geological model of the distribution of the sedimentary domains here 
interpreted: the Pre-Apulia units represent isolated platforms evolved until the Upper Cretaceous (Del Ben et al., 
submitted). 
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5. CASE HYSTORY-2: THE CENTRAL 

ADRIATIC BASIN  

 

Analysis of post-Messinian Structures in the Central Adriatic 

Basin 

 

 

 

 

 

5.1 Introduction 
 

The seismic attributes and AVO techniques have been applied on the seismic profile ADRIA-95, 

located in the western portion of the Central Adriatic Basin. 

The interpretation of the already processed seismic profile (Geletti et al., 2008) has evidenced some 

possible gas presence within the top-set of the thick Quaternary prograding sequence of the area. A 

negative amplitude reflector, potentially associable to a bright spot, and some other amplitude 

anomalies, characterize, in fact, the shallower deposits. Here, some superficial deformed horizons, 

that testify the effects of deep halocinetic structures in the Pre-Messinian layers (Geletti et al., 

2008), have been observed and supposed to be efficacious hydrocarbon traps. 

In the Central Adriatic Basin gas fields are generally present in the Plio-Quaternary turbiditic 

sequence; the reservoirs are formed by poorly efficient turbidites, consisting of channelized or deep 

sea fan deposits (Casnedi, 1983). The main oil accumulation are discovered in the transitional zone 

between platform sediments and pelagic deposits (Mattavelli et al., 1991), and the reservoir rocks 

are mostly turbiditic deposits (calcarenite and breccias) ranging in age from Late Cretaceous to 

Oligocene. An important oil field is represented by Rospo field, that consists of karstified Early 

Cretaceous limestone. Two explorative wells, Eterno-1 and Virginia-1 boreholes, have been drilled 

in 1988 and the seismic profile ADRIA-95 is crossing them; the target of the exploration of Eterno-
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1 was the top of the Paleogene-Mesozoic carbonatic sequence and the top of the Medium Triassic 

carbonatic sequence. The unsuccessful results were ascribed to leakage of Upper Mesozoic 

sediments favorable for hydrocarbon accumulation. 

The Pliocene-Pleistocene filling of the Central Adriatic Basin is mainly constituted by muddy 

deposits and turbidites sediments due to the erosion of the Apennine and Alps Chains. The clay 

layers, generally characterized by a high sedimentation rate, often have also a high organic 

component; the Holocenic sequence basin is generally represented by a variable thickness formed 

simultaneously to a rapid sea-level rise following the Last Glacial Maximum (Cattaneo et al., 2003). 

The late Holocene sedimentation is affected by the continuous high uplift rates of the Apennine 

Chain and by the load subsidence of the adjacent Po-plain-Adriatic foreland basin (Pieri and 

Groppi, 1981; Bally et al., 1986).  

Observations of many hydrocarbon exploration boreholes and the geological features characterizing 

the Central Adriatic Basin, suggested that the bright spot observed along the seismic profile, might 

be a gas-related horizon within the Plio-Quaternary sediments.  

Thus, the objective of my research has been the sequent: 

• re-processing of the seismic profile aimed at increase the signal resolution of each Plio-

Quaternary sedimentary sequence.  

• using of seismic attribute methods as supplement of the elaboration, in order to give, when 

possible, a more clear interpretation about the geometry, continuity and thickness of the 

geological features. 

• using of seismic attribute to identify and classify possible gas related bright spots. 

• AVO analysis implementation to the interesting bright spots with the crossplot technique of 

Gradient versus Intercept. 

 

I presented the results of these studies at international geophysical congresses: 

  

Mocnik A., Del Ben A., Forte E., Geletti R. and Pipan M. (2010). Seismic Analysis of Gas 

Accumulation in the Italian Offshore. In: 72th EAGE Conference & Exhibition, Conference 

Proceedings & Exhibitors' Catalogue. Barcelona, 14-17 June 2010. 

 

Mocnik A., Del Ben A., Forte E., Geletti R. and Pipan M. (2011). Advanced Processing of Seismic 

Data in Central Adriatic Basin to Higlight Plio-Quaternary features. In: 73th EAGE Conference & 

Exhibition, Conference Proceedings & Exhibitors' Catalogue. Vienna, 23-26 May 2011. 
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5.2 Geological setting 

 

The Central Adriatic Basin is bounded to the West by the outcropping thrusts in the Central 

Apennines, to the East by the regional outer rise, and to the South by the Gargano Promontory 

(Figure 5.1). North of the Gargano Promontory, it reaches maximum depth of about 260m due to 

the Mid Adriatic Depression (MAD), and it is dissected by the NW-SE structural high of the 

Tremiti islands, a transpressional ridge mainly deformed during Pliocene times.  

The western part of the central Adriatic basin represents the foreland of the Apennine Chain that 

evolved during Plio-Quaternary age; its sedimentary filling is wedge shaped and pinches out toward 

the foreland ramp. 

The stratigraphy of the Mesozoic-Paleogenic interval is correlated to that of the Umbro-Marchean 

Basin currently exposed in the Central Apennines thrust and fold belt (Bally et al., 1986). 

The pre-Pliocene basement, that regionally dips westward under the thrust belt at an angle of about 

5°-6°, is represented by Oligo-Miocene flysch terranes (hemipelagic marls and marly limestones) 

deposited in former depocentres continuously migrating towards the foreland (Ricci Lucchi, 1986). 

The W-ward tilting of the Adriatic foreland caused a grow strata covered by a thickness of sub-

horizontal Pliocene deposits. These exceed 3000m in thickness and consists of clayey (Lower 

Pliocene) and silty and sandy (Middle-Upper Pliocene) turbidites (de Alteriis et al., 1995). They are 

covered by Pleistocene deposits, which are generally characterized by delta prograding fronts with 

the appearance of sigmoidal clynoforms (de Alteriis et al., 1995). 

The Upper Pleistocene-Holocene stratigraphic succession of the western Adriatic margin, records 

relative sea level variation by ca. 100 kyr glacio-eustatic cycles (Trincardi and Correggiari 2000), 

with the most recent fall of sea level due to the Last Glacial Maximum low-stand. During the late 

Pleistocene-Holocene relative sea level rise, a portion of the northern and central Adriatic alluvional 

plain of the glacial times was progressively drowned.  

The high uplift rates of the Apennine Chain in Late Holocene favored high sediment supply rates 

with the load subsidence of the adjacent Po-plain-Adriatic foreland basin (Pieri and Groppi, 1981; 

Bally et al., 1986). 

Totally, the thickness of Plio-Quaternary sediments reaches the value of 7 km near the city of 

Pescara, where the wedge is thrusted (Patacca and Scandone 1997). 
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Figure 5.1 A-location of the study area and B- boreholes and main geological features located around the seismic 

profile ADRIA-95(blue segment). 

 

5.3 Seismic Data analysis and preliminary interpretation 

 

The seismic profile ADRIA-95 was acquired in 1995 by the Istituto Nazionale di Geofisica 

Sperimentale (OGS); it is located to the North of the Gargano promontory, almost parallel to the 

Italian shoreline and it is SW bounded by the Apulia Platform margin (see Figure 5.1b). 

The stacked profile (Figure 5.2a-b) evidences the main sedimentary units that constitute the post-

Messinian deposits. In order to calibrate the main reflectors of the geological features,  we used the 

Eterno-1 and Virginia -1 (Figure 5.2c) explorative wells that cross the profile, obtaining a 

preliminary interpretation.  

The well layered shallow reflectors seems to depict the high stand Holocene deposits, as calibrated 

by Prad1.2 borehole (Ridente and Trincardi, 2006). Some gentle deformation are furthermore 

visible. Between this unit and the prograding sequence, a wedge shaped deposits could be ascribed 

to Late Pleistocene sedimentation, following the Low stand Maximum Glacial evidenced in the 

figure by a red dashed line. 

The prograding sequence developed in Pleistocene age; within this unit, a well reflecting horizon, 

with prominent negative amplitude, at a depth of about 500ms (TWT), could be associated to gas-

related bright spot.  

The top of the Pliocene sequence is calibrated by the boreholes and Eterno-1 reaches its bottom. 

The Pliocene Unit is defined by an almost sub-parallel stratification and  by a semi transparent 

facies; the inner reflector, depicted by the yellow arrows (Figure 5.2b), could be associated to the 

Middle Pleistocene ash layer of Pironon and Champanhet, (1992).  
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Figure 5.2 a- seismic profile ADRIA-95 and its preliminary interpretation (b) with the main sedimentary units here 
analyzed. The red dashed line depicts the Maximum glacial Low stand and the yellow dashed line depicts the ash layer. 
M represents multiple reflection. c- calibrating boreholes Eterno-1 and Virginia-1 (c). 
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The evaporite layer of the “Gessoso Solfifera fm” is calibrated by Eterno-1 well, where it reaches 

almost 100m of thickness. Below it, the reflecting South Adriatic sedimentary basin is calibrated till 

the Massiccio formation. 

Virginia-1 well doesn’t calibrate the Messinian evaporite, but it testifies an important erosional 

unconformity between Lower Pliocene and Eocene age; this is probably due to the structural high, 

where the borehole was drilled, that produced an erosion of the formation. 

The sedimentary units have been finally divided as follows: 

1- Upper Pleistocene-Holocene Units 

2- Pleistocene Units 

3- Pliocene Units;  

4- Upper Messinian-evaporite layer. 

 

5.4 Processing of the seismic profile 
   

Most of this work has been focused on the seismic processing of the reflection profile ADRIA-95. 

The used processing techniques were aimed to increase the resolution of the seismic signal of the 

post Messinian sedimentary sequence , where multiples reflections of the water bottom and peg-leg 

multiples could be recognize. 

A standard processing has been adopted, including editing, band-pass filtering, velocity analysis 

and normal moveout correction, in order to obtain the stacked seismic section. 

To reduce the multiple energy, the effect of spiking deconvolution and F-K filtering has been 

analyze; finally, DMO and migration has been tested, in particular, to produce a better imaging of 

the dipping reflectors. 

 

Brief overview of the methods (from Yilmaz, 2001): 

 

Velocity analysis, NMO and Stack – velocity analysis and normal moveout correction represent the 

basis to obtain a stacked seismic section.  

Velocity analysis is obtained on CMP, or on groups of CMP (called Super-Gathers), where the 

velocity spectrum is created. Here, the peaks of coherency, usually computed by semblance 

algorithm, represent the better velocity values for the normal moveout correction.  

Based on the assumption that, in a CMP gather, reflection traveltimes, as a function of offset, follow 

hyperbolic trajectories, the process of NMO correction removes the moveout effect on traveltime. 

After the NMO correction, the events are flattened across the offset range. 
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As a result of the moveout correction, traces are stretched in a time varying manner, causing their 

frequency content to shift downward the low end of the spectrum. Frequency distortion increases at 

shallow times and at large offset; to prevent the degradation of shallow event, the amplitudes can be 

zeroed out (muted) before stacking. 

NMO corrected traces in each CMP are summed to form a stacked trace at each mid-point location; 

the stacked section comprises the stacked traces at all midpoint locations along the line traverse. 

 

Spiking Deconvolution – deconvolution represents a process that compresses the seismic wavelet in 

the seismogram, producing an attenuation of reverberations and short period multiple reflections. 

This is usually a pre-stack procedure, even if sometimes it is used on already stacked data. 

Deconvolution aims to compress the wavelet letting the impulsive answer of the ground to be better 

visible. This operation is computed by the convolution operation between the seismic wavelet and 

the inverse filter; the basic principle on which the method is founded, is the Convolutional Model of 

the seismic trace, described by  

Q�'� = f�'� ∗ +�'� +  %�'� 

where  

Q�'� is the recorded seismogram 

f�'� input seismic wavelet 

+�'� is reflecting coefficient series 

%�'� is noise 

*  is the convolution operator. 

Deconvolution represents the operation that allow to reconstruct the series c(t) with the application 

of the Wiener filter convoluted with the inverse seismic wavelet. 

Spike deconvolution used by Promax software uses Wiener Levinson filter algorithm and requires a 

definition of the operator length. 

 

F-K filter – this method represents a drastic filter that acts in the Frequency (F) and wave-number 

(K) domain, useful to remove multiple reflection.  

This could be obtained initially applying a Normal Moveout conversion with an intermediate 

velocity ranging between Vmultiple and Vprimaries; in this way, the multiples are undercorrected 

and the primary overcorrected. This variation is visible in the F-K domain, because the 

undercorrected events are displayed in its negative quadrant, while the overcorrected events are 

displayed in the positive one; then, multiple and primary reflection energy can be divided into two 

separated quadrants and the software allows to zeroing all the signal lying in the negative quadrant. 
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After the signal removing, inverse NMO correction, using the same intermediate velocity function, 

restores the original moveout of the primaries. Following this procedure, it is possible to apply 

NMO correction with the primary velocity function or re-make a velocity analysis; the resulted 

stacked section should be free from most of the multiple reflections. 

 

True Amplitude Recovery (TAR): this procedure is used to reduce the amplitude attenuation that 

affects the seismic trace, in function of the increasing distance from the point source. Conceptually 

a single shot represents a point source that generates a spherical wavefield. The earth has two 

effects on a propagating wavefield: 1) in an homogeneous medium, energy density decays 

proportionally as 1/r2 where r is the radius of the wavefront. Wave amplitude is proportional to the 

square root of energy density and it decays as 1/r. 2) the frequency content of the initial source 

signal changes in a time variant manner as it propagates. In particular, high frequencies are 

absorbed more rapidly that low frequencies due to the intrinsic attenuation of the rocks.  

For a layered model, the amplitude decay can be approximately described as 1/g��'�' where t is 

the two way time of the travel wave and v(t) represents the root mean square velocity of primaries 

reflections, averaged over a survey area. 

 

 

Dip Move Out (DMO) – this procedure could be defined as a partial pre-stack migration, used to 

move the reflectors to their verisimilar inclination.  

With the combination of normal moveout and dip-moveout correction,  the objective is to achieve 

mapping nonzero offset data to the plane of zero-offset section. Once each common offset section is 

mapped to zero-offset, the data can then be migrated either before or after stack, for migration using 

zero-offset theory.  

While a pre-stack data, before DMO correction, can be associated to common mid-point and sorted 

in CMP gather, after the DMO correction it can be associated to common reflection points and be 

sorted in Common Reflection Point gather or Common Depth Point gather CDP. 

 

Migration – this procedure moves dipping reflections to their true subsurface positions and 

collapses diffractions, thus increasing spatial resolution and yielding a seismic image of the 

subsurface. 

The diffraction summation that incorporates the obliquity, spherical spreading and wavelet shaped 

factors, is called the Kirchhoff summation. With this method, the hyperbola is collapsed by 

summing the amplitudes and then placing them at the apex of the hyperbola. The important 
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parameters that have to be assigned are the aperture width used in summation, given by the number 

of traces spanned by the hyperbola path,  and the maximum dip to migrate. The curvature of the 

diffraction hyperbola is governed by the velocity function: low velocity hyperbola has a narrower 

aperture when compared to a high velocity hyperbola   

  

5.4.1 Application of the procedures to the seismic data 

 

In this section, the processing steps will be described, giving a scheme of the different processing 

flows-test that have been used to obtain the resulted stacked profiles of ADRIA-95; each results will 

be displayed and discussed in figures evidencing the pro and co of each methods. The software used 

for signal processing are Promax (by Halliburton) and Focus (by Paradigm). 

 

PROCESSING FLOW 1: 

 

� Band-pass filter 

� Velocity analysis �V1 

� NMO (V1) 

� Stack1 

 

A first stacked profile has been obtained computing the picking of the stacking velocity every 250 

CMP. A portion of the profile is evidenced in Figure 5.3, where  multiple reflection energy is 

blanking the primary events of the shallower portion of the seismic profile. The first and second 

multiple reflections (m1 and m2) of the water bottom are depicted together with the first peg leg 

multiple reflection (m). The shallow sediments of the Holocene units, offer a good reflectivity but 

the bottom of the prograding sequence needs a better stack. 
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Figure 5.3 Stack1 profile obtained after NMO conversion with a fast velocity analysis, measured every 250CDP; m 
represents the peg leg multiple, and m1-m2 represent the water bottom multiples. 

 

 

 

PROCESSING FLOW 2: 

 

� Band-pass filter 

� NMO (Vprimary < V < Vmultiple) 

� F-K filter 

� Inverse NMO (Vprimary < V < Vmultiple) 

� Velocity analysis (V2) 

� NMO (V2) 

� Stack 2(Super Gather) 

 

F-K filter has been adopted to remove the multiple reflections energy, taken care to don’t remove 

primary arrivals from the spectrum. After this procedure, an implemented velocity analysis has been 

made; in fact, the coherence spectrum resulted freer from the multiple interference, allowing a more 

clear picking of the direct arrivals.  

The stacked profile obtained by the NMO correction with the new velocity field is evidenced in 

Figure 5.4a with a better vertical resolution of the shallower layer, even if the first peg leg is still 

remaining visible. The stacked profile have been produced grouping 3 CDP in order to increase the 

CMP folding and limit the artifacts that could have been introduced with the filter. 
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The shallow reflectors are emphasized and the water-bottom multiple reflection is attenuated 

especially below the diffractions; even the prograding sequence are better evident and their bottom 

reflector could be easily detected (Figure 5.4a). 

On the eastern side of the seismic section (Figure 5.4b), the FK filter introduces low frequencies 

components  in correspondence of the prograding bodies, even if some clinoform structure are well 

detectable; it clearly emphasizes the inner reflector of Pliocene (blue arrow) and well marks the 

sedimentary sequence below a prominent messinian layer (red thickness). 

 

 
Figure 5.4Western (a)  and eastern (b) portions of stacked profile 2 obtained on Super-Gather after F-K filtering; here 
the blue arrows depict the ash layer and the red arrows the well reflective basin  sequence. 
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PROCESSING FLOW 3 

� Band-pass filter 

� Velocity analysis (V2) 

� NMO (V2) 

� Stack 3 

 

A stacked profile has been obtained only applying the NMO correction with the new velocity field 

(V2) that has been computed after the F-K filtering; the result is displayed in Figure 5.5: respect to 

the initial Stack1, along the Stack3 the prograding sequence are better defined and even the top of 

Upper Miocene unconformity. 

 

 

Figure 5.5 Stacked section 3 obtained after the processing flow 3; the peg leg multiple reflection is still evident at 700 
ms TWT depth. 

 

PROCESSING FLOW 4 

� Spiking deconvolution 

� Band-pass filter 

� NMO (V2) 

� Stack4 
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The stacked profile 4 (Figure 5.6) has been obtained after spiking deconvolution using an operator 

length of 300 ms; it evidences a strong introduction of high frequency components in the shallow 

portion of the seismic profile, evidenced by a blue polygon. 

 

 
Figure 5.6 Deconvolved stacked profile obtained with a 300 ms operator length, where the blue polygon evidences high 
frequency noise introduced after deconvolution. 

 

PROCESSING FLOW 5 

� Spiking deconvolution 

� Band-pass filter 

� True Amplitude Recovery  

� NMO (V2) 

� Stack5 

The integration of the spiking deconvolution with the spherical divergence correction (applied till 

2000ms depth), offers a quite good compromise between resolution and multiple reflection 

removing. In Figure 5.7 we observe that the primary events of the prograding sequence are 

prominent respect the water bottom multiples and that the peg leg reflection seems to be almost 

totally removed (within the white ellipse).  The bottom of the prograding sequence could be 

tracked, as evidenced by the blue arrows; below the messinian reflector, the layered seismic facies 

of the basinal sequence of the Ionian/South Adriatic basin, is well detectable thanks to the 

amplitude recovery (indicated by yellow arrow).  
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Figure 5.7 Stacked profile 5 where the amplitude recovery and deconvolution have been computed. Here the peg leg 
reflection has been removed (depicted by the ellipses) and the bottom of the prograding sequence is better evidenced 
(blue arrows); yellow arrow displays the amplitude recovery of the basinal reflectors. 

 

PROCESSING FLOW 6  (Software Focus, by Paradigm) 

� Spiking deconvolution 

� DMO 

� NMO 

� Stack 

� Kirchhoff Time Migration 

 

This seismic profile has been computed by software Focus by Paradigm. In Figure 5.8 the 

clinoforms are well described and the migration algorithm reconstructed all the geometries of the 

prograding sequences. The ellipses evidences the top of the Tremiti structure and the inner reflector 

of Pliocene that onlaps the relief. Even the pre-Messinian basinal environment can be interpreted till 

its bottom reflector . 
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Figure 5.8 DMO and post-stack migrated seismic profile in time where the prograding sequendes are showed by the 
green arrows; the thickness of the basinal sequence is depicted by red arrows and the ellipses evidences the top of 
theTremiti structure. 

 

5.5 Analysis of the sedimentary units 

 

In this section, the seismic profiles obtained by the processing tests, chosen as the better 

compromise between resolution and multiple reflection, will be considered for a detailed 

interpretation of the different sedimentary sequences. 

 

Late-Pleistocene-Holocene Units analysis 

The stacked profile obtained with the F-K filter (Stack2) applied to seismic data produced a good 

resolution of the shallower strata (Figure 5.9). 

The projection of Prad 1.2 borehole  has been displayed in the figure; it reaches the so-called 

“sequence 1” (Ridente and Trincardi, 2006) of late Pleistocene sequence, and the Holocene 

deposits. The Late Pleistocene sequence is, in fact, easily recognizable with a NW-ward thickening, 

and with a pinch-out closure above the prograding sequence (Figure 5.10). Above this wedge 

shaped deposits, the obtained seismic resolution allow to depict the sub-horizontal sedimentation of 

the High Stand System tract of the Holocene sequence, which is NW tilting below the Apennine 

chain. The two units are divided by the Maximum Glacial Low stand discontinuity, displayed by the 

red line.  

Gentle deformations of the strata are well visible: these occur over high structures of the Upper 

Miocene sequence, probably uplifted by halocinetics phenomena. The Instantaneous amplitude 
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attribute still evidences the damped shape of the reflectors, in particular over some diffraction 

points (Figure 5.11), evidenced by high reflectivity contrast, and over a possibly bright spot 

(discussed in the next section). The diffraction points could be ascribed to gas migration and gas 

seeping, as testified by seabed pockmarks recognized in the same area by Geletti et al., (2008) along 

high resolution multibeam and Chirp echo-sounding profiles. 

 

 

 

 

Figure 5.9 Stacked profile obtained by processing flow 2 where the Upper-Pleistocene-Holocene unit is evidenced in 
yellow color. 

 

 

 

 

 

Figure 5.10 Line drawing of the analyzed unit where the red line depicts the Maximum Glacial low-stand discontinuity. 
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Figure 5.11 Instantaneous Amplitude attribute that evidences deformed shallow layers over the possible bright spot and 
over punctual amplitude anomalies; m represents multiple reflections. 

 

 

Pleistocene Units Analysis 

The DMO and migrated seismic profile represents the better result to discuss the prograding 

sequence of Pleistocene Age. 

The use of the Cosine of Phase attribute resulted powerful to identify and recognize the lateral 

continuity of the clinoform shaped reflectors.  This effect is well described in Figure 5.12 where 

two portions of the seismic profile are evidenced. The first frame focus the western portion of the 

section, where sigmoidal bodies can be reconstructed with accuracy and the basal unconformity, 

over which the progadation backslide, evidences erosive effects. 

On the eastern side of the profile, this attribute emphasizes, just on the western flank of the Tremiti 

structure, the thick prograding sequence and the huge sedimentary contribution; these features were 

not so clearly recognizable on the true amplitude profile.  

Sec 

(TWT) 
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Figure 5.12 Western (a) and eastern (b) portions of the seismic profile ADRIA-95 where the Cosine of Phase has been 
applied.   

 

The overlying of the Cosine of Phase attribute on the original seismic profile, (as reported in Figure 

5.13b), helped to reconstruct all the clinoforms shaped sediments of the section; the line drawing of 

the Pleistocene units has been then plotted (Figure 5.14) and different colors have been ascribed to 

all the prograding bodies recognized.  
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Figure 5.13 a- migrated profile and detail (b) in which the Cosine of phase attribute is displayed in transparency over 
the true amplitude seismic data. 

 

 

On the top-set of the prograding sequences, some amplitude anomalies have been recognized; the 

seismic attribute Instantaneous Amplitude has been adopted to emphasize the strongest impedance 

contrasts within the Pleistocene sediments (Figure 5.15). Here a bright spot is well marked by high 

values; on the western flank of the uplifted structure, other “bright” points could be ascribed to 

tuning effects, rather than gas traps, in virtue of their location just within the closing wedges of the 

clinoforms.  

The clear reflector bright spot, of about 1 km length, with a prominent negative amplitude, 

suggested to analyze it with more detail, in order to define if it could be associated to a gas-related 

horizon. 
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Figure 5.14 Line drawing of the Pleistocene prograding units of seismic profile ADRIA-95. 
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Figure 5.15Instantaneous amplitude attribute seismic section where amplitude anomalies and deformed top of  
prograding sequence  are evidenced. 

 

5.5.1 Bright Spot analysis 

 

The seismic profile has been treated only with a band-pass filter, a mute function to remove the 

effect of wavelet distortion, without amplitude recovery. A limited portion of the seismic profile has 

been chosen in order to better analyze  the seismic reflection bright spot. The processing flow that 

has been follow is: 

 

� Band-pass filter 

� Mute function 

� Velocity analysis 

� NMO 

� Stack 

 

As already demonstrated by the Instantaneous Amplitude attribute, the reflector shows an high 

reflectivity due to the strong impedance contrast, and the Reflection strength attribute, in detail, 

clearly evidences it too (Figure 5. 16). The amplitude behavior has been analyzed even on pre-

stacked data, in order to remove the hypothesis that the anomaly could be related to processing 

elaboration or tuning amplitude effects. 

Figure 5.17 displays in (a) the Instantaneous Amplitude measured on Super-gather crossing the 

bright spot and in (b) the same analysis on super-gather out of the bright spot. In the first case, the 
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bright spot reflector shows high amplitude values even at far offset position, while a common 

reflector evidences common amplitude behavior with attenuation of values with offset.  

 

 

 

Figure 5.16 Reflection Strength attribute applied on the reduced portion of seismic profile ADRIA-95. 

 

 

 

 

 

Figure 5.17 Reflection strength analysis on pre-stacked Super gather within (a) and out (b) of the bright spot. 
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The Instantaneous Frequency attribute has been applied on the seismic profile; in Figure 5.18 the 

higher content of low frequencies, depicted by violet color, is evident below the reflector. Here this 

analysis shows a major concentration of frequencies of about 10 Hz, highlighting the so called 

“shadow zone”,  that extends downwards for 150 ms. 

 

Figure 5.18  Instantaneous Frequency attribute were the shadow zone is evident below the bright spot. 

 

During the processing stage of picking the stacking velocity, a velocity inversion has been observed 

along the bright spot. In the coherence spectra depicted in Figure 5.19, the interval velocity drops to 

a value of 1650 m/s. 

 

Figure 5.19 (a) NMO corrected Super-Gather and picked velocity on the coherence spectra (b) that evidence the 
velocity inversion in correspondence of the bright spot “bs”. 

  

(a) (b) 
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- AVO crossplot analysis 

 
The AVO Gradient and the AVO intercept has been computed within the blue polygon depicted in 

the gradient attribute stacked section (Figure 5.20a). The resulting background trend is shown in the 

crossplot made up of the blue points, that almost pass through the center of the axes (Figure 5.20b). 

Some anomalous points are shifted in the lower left of the graph; these have been closed by a green 

polygon to verify their position within the seismic profile. They depict the top of the interesting 

negative amplitude reflector, in particular falling at its top where the negative phase is starting. 

A comparison between the trend of a common brine saturated reflector (pink plotted horizon) has 

been made. Effectively, the associated pink points follow the petrophysical “background trend” that 

characterize the sediments (mostly sandy-shale deposits). This analysis could confirm that the 

identified bright spot is not a brine saturated layer and almost it can be associated to class 2 of 

Castagna et al. (1998). 

 

 

Figure 5.20 A- AVO Gradient attribute with depiction of the blue polygon where the crossplot has been measured (C); 
in the detail (B) the green anomalous points are displayed, falling out from the backgroung trend  and depicting  the top 
of the bright spot. A common brine saturated horizon (pink reflector) follows the common petrophysical trend of the 
sediments. 
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 Pliocene Units Analysis 

The top of the Upper Pliocene was calibrated by Virginia-1 and Eterno-1 boreholes. This layer is 

well evident to the Cosine of Phase attribute profile (Figure 5.12) and the F-K filtered profile, 

obtained grouping 3 Super Gathers, clearly discriminate the top of Pliocene too (Figure 5.21). this 

reflector is depicted in yellow color and in the northern portion of the profile it is well evident; from 

the line drawing of the prograding sequence and the location of the top Pliocene, a sedimentary 

package could be ascribed to lower Pleistocene (green arrows), deposited before the prograding 

events. 

To the S, top Pliocene seems to disappear due to an unconformity of probable turbiditic sediments 

on the western flank of the Tremiti uplift.  

An inner reflector associated to Pliocene ash layer (Pironon and Champanhet, 1992) could be 

picked  in red color: to the N it onlaps to the structural high drilled by Virginia-1, while to the S it is 

sub-horizontal respect the Messinian unconformity.   

 

 

 

Figure 5.21 F-K filtered profile where Pliocene unit has been interpreted:  in yellow color the top Pliocene, in red color 
the ash layer; the green arrows depict the thickness probably ascribed to lower Pleistocene. 

 

Upper Messinian-Evaporites Units Analysis 

Virginia-1 well doesn’t calibrate the Upper Messinian layer; this is described by a ministerial 

seismic profile crossing the well (Figure 5.22) where the orange reflector stops on the flank  of the 

structural high. Ash layer is displayed in red color over the relief. 
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Figure 5.23 Public seismic profile crossed by Virginia-1 borebole where the Upper Messinian layer’s termination is 
evidenced on the flank of the drilled structural high. Top Middle Pliocene and ash layer are respectively depicted by 
brown and red lines. 

 

Contrarily, Eterno-1 well calibrates 100 m of Gessoso Solfifera Fm., corresponding of a thickness 

of about 60ms (TWT) assuming an interval velocity of 3500 m/s, calculated from the velocity 

spectral analysis. The Migrated seismic profile (Figure 5.24a) doesn’t evidence the bottom of the 

evaporites series. Thanks to the seismic attribute Energy, the thickness of the Upper-Messinian 

evaporite layer has been measured, recognizing its lower boundary around the borehole (Figure 

5.24b) and along the entire profile length (Figure 5.25). 

 

 

 
Figure 5.24 Original seismic section (a) and energy attribute application (b) where the thickness of the “Gessoso 
Solfifera fm” has been measured. 
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Figure 5.25 Entire energy attribute seismic profile where the thickness of the Upper Messinian evaporite layer has been 
recognize and limited by the arrows. 

 

 
 

5.6 Conclusions 

 

In this work, some different specific seismic processing techniques have been focused to increase 

the resolution of the seismic profile ADRIA-95 and, in particular, to better define the four main 

sedimentary units that characterize the Plio-Quaternary sequence of the Central Adriatic Basin. 

After a standard processing, we applied some dedicated techniques: 

- F-K filter and deconvolution for multiple attenuation;  

- DMO and Time migration to reconstruct the real dip of the clinoforms of the prograding sequence.  

For each of the target (Upper Pleistocene-Holocene unit, Pleistocene Unit, Pliocene Unit and Upper 

Miocene unit) the best result deriving from the processing flow has been chosen and subjected to 

the seismic attributes analysis. 

This allowed an improvement of the geological interpretation, so we could reconstruct in detail: 

- the geometries of the prograding sequences and clinoforms; 

- the lateral continuity of shallow deformations and of Upper Pliocene horizon; 

- the location of the Upper Pliocene layer; 

- the location of the ash layer of the Middle-Upper Pliocene sequence; 

- the top and the base of the Evaporite sequence. 

Furthermore, we performed seismic attribute analysis to classify a bright spot located in 

correspondence of the top-set of the prograding units. The amplitude, frequency and phase analysis 

seem to be consistent to the presence of a gas saturated horizon; the drop of velocity along the 

reflector can be considered another match point that supports this supposition. The main test for it 

derived from the AVO analysis: within the crossplot of Gradient versus Intercept, the anomalous 
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points falling out from the petrophysical background trend have been observed to be located just 

along the negative amplitude of the bright spot. The analysis seems to confirm the gas evidence, 

proposing a class 2 gas-sands of Castagna et al., (1998). 

The amplitude anomalies that have been observed on top-sets of the prograding units could be 

ascribed to some tuning features due to the interference between top and bottom of the thinning 

sandy deposits. 

The possibility to apply specific processing techniques to different targets furnished us a better 

quality data from which the geological features have been highly improved. 

As evidenced in figure 5.26, we hypothesize the presence of Lower Pleistocene, not calibrated by 

the boreholes, in the western portion of the profile, and we not exclude deposition of it to the East 

side of the profile, but now it is not well visible due to the erosion of the sediments deriving from 

the uplift of the chain. 

 

 
Figure 5.25 Final geological interpretation of the Post Messinian features recognized along the seismic profile ADRIA-
95. 

 

 

We observe the gas presence (bright spot and diffractions) particularly evident where the shallow 

sediments are mainly deformed from a recent activity of the pulling up, probably due to the deep 

salt domes originated by the Triassic Burano Formation.  

All the data analyzed suggest that also in the Adriatic Basin the halocinetic phenomena represent 

good possibilities to produce hydrocarbon traps (deformed anticlinalic shaped and top-set of wedge 

shaped sediments).  
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6. SHORT CASE HISTORIES  
 

 

 

 

 

 

 

6.1 Introduction 
 

Further case histories of possible gas-saturated horizons lying in the marine Plio-Quaternary 

sequence, have been analyzed.  

I used the AVO techniques and seismic attributes on specific bright spot that have been observed 

along seismic profiles of the Mediterranean Sea in order to understand the different features that 

could influence the fluids migration within different geological environments.  

The areas that have been considered are located within the Mediterranean Basin, and they are: 

Sicily Channel, Balearic Basin and Levantine Basin. 

 

1) In the first case, a high reflecting bright spot has been observed along a seismic profile 

recently acquired by OGS in the Pantelleria Graben. AVO and seismic attributes could be useful to 

ascribe a gas origin to the reflector, and the results have been presented at the international 

congress: 

 

Mocnik A., Del Ben A., Forte E., Geletti R. and Pipan M. (2010). Seismic Analysis of Gas 

Accumulation in the Italian Offshore. In: 72th EAGE Conference & Exhibition, Conference 

Proceedings & Exhibitors' Catalogue. Barcelona, 14-17 June 2010. 

 

 

2) In the Balearic Basin, two case studies have been analyzed: the first dealing with the 

identification and qualitative characterization of gas fluids presence over a Messinian salt 

structures, advancing the hypothesis of hydrocarbon migration from pre-salt sediments; the second 

dealing with the analysis of a horizon probably originated by biogenic gas, on the slope of the west 

Sardinia margin. Respectively, the considered seismic profiles are the deep crustal profile C88-M1 
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and the seismic profile SO-10-09, this last acquired in 2011 by R/V OGS Explora along the 

Western Sardinian offshore.  

 

I contributed with AVO analysis and seismic attribute applications and the results have been 

presented within these works: 

 

Geletti R.,Zgur F., Del Ben A., Fais S., Fedi M., Forte E., Mocnik A., Pipan M., Romeo R., Tomini 

I., Ramella R. (2011). Geophysical study of the W-Sardinia margin. In: Convegno Nazionale 

GNGTS. Extended Abstract. Trieste, 14-17 November 2011. 

 

Geletti R., Zgur F., Del Ben A., Romeo R., Codiglia R., Accettella D., Fais S., Fedi M., Forte E., 

Mocnik A., Pipan M., Ramella R. (2011).The western Sardinian margin: structural evidences from 

new geophysical data. Extended abstract AAPG- International Conference and Exhibition, 23-26 

Ottobre, Milano. 

 

Zgur F., Böhm G., Buriola F., Camerlenghi A., Del Ben A., Geletti R., Mocnik A., Romeo A., Sauli 

C. and Wardell N. (2012) Sub-salt fluids and salt tectonics in the eastern Balearic Basin - west 

Sardinia margin. The Deep-Sea & Sub-Seafloor Frontier Conference, Sitges-Barcelona, Spain, 11-

14 March, 2012. 

 
 

3) In the Levantine Basin, a bright spot, evidenced along the seismic profile MS-49, has been 

recognized over a Messinian salt dome, suggesting its migration from pre-salt sediments. 

The bright spot analysis has represented my personal contribution to a wider study presented to 

international geophysical congress: 

 

Geletti R., Camerlenghi A., Chisari D., Del Ben A., Forlin E., Mocnik A., Romeo R., Sauli C., 

Wardell N. and Zgur F. (2012) Pre-salt fluids in the Mediterranean Basin The Deep-Sea & Sub-

Seafloor Frontier Conference, Sitges-Barcelona, Spain, 11-14 March, 2012. 

 

Finally, a last application of the AVO technique has been used to analyze gas hydrates seismic 

evidences, discovered in the Antartica region. This analysis moved from the general topic of the 

thesis, but it represented a useful test to ascribe a gas origin to a bottom simulating reflector like 

horizon. 



106 

 

AVO seismic attributes has been calculated and this contribution has been inserted in the work: 
 
Picotti S., Geletti R., Gei D., Mocnik A. and Carcione J. (2010). Seismic Evidence of a gas hydrate 

system in the western Ross Sea (Antartica) by tomography, AVO analysis and prestack depth 

migration.  Geosur-International Geological Congress on the Southern Hemisphere, Mar de la 

Plata, Argentina, 22-23 November 2010 

 

 

6.2 Sicily Channel case study 

 

The Sicily Channel represents a system of pull-apart basins opened mainly during the Lower 

Pliocene time. It is characterized by a thinning of the continental crust up to 17 km along the 

Pantelleria Graben axis and by vulcanic activity, occurred substantially during Plio-Pleistocene age. 

In the Pantelleria Graben (Figure 6.1a-b), a new seismic dataset has been recently acquired and 

interpreted (Civile et al., 2010). A portion of one of these profiles is displayed in Figure 6.1: a 

standard re-processing has been applied in order to obtain a stacked section. 

The seismic data clearly points out three high reflective horizons within the sedimentary filling of 

the Pantelleria Graben: R1, R2 and R3. R1 and R2 are located on the flanks of an uplifted structure, 

associated to volcanic bodies by Civile et al., (2010); for this reason we ascribed the high amplitude 

values of the horizons to lateral volcanic extrusion derived by the structure. 

On the contrary, the shallower reflector R3 seems to be a bright spot due to its strong edge 

diffraction and polarity inversion in according to the Anstey (1977) criteria. 

 

 
Figure 6.1 a- location and b- multibeam maps (from Civile et al., 2010) where the seismic profile Pant3 (c) is 
evidenced. R1, R2 and R3 are the main reflective Plio-Quaternary shallow horizons.  
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R3 horizon has been properly analyzed with the aid of seismic attribute; reflection strength section 

strongly highlights it and the other two layers (Figure 6.2a); the same attribute displayed with 

another color scale in frame (b) represents the prominent values R3, which is well focused respect 

the surrounding reflectors. The cosine of phase attribute specially evidences the lateral limits of the 

bright spot and its diffractions (Figure 6.2c). 

 

 

Figure 6.2 A- Reflection Strength attribute applied on the seismic profile. In B) a detail of the same attribute with a 
different color representation ; in C)  Cosine of phase attribute. 

 

The crossplot analysis has been implemented in order to verify the possibility of a gas related bright 

spot. 

AVO gradient and Intercept have been measured by the software and the attribute sections are 

displayed in Figure 6.3a-b. The crossplot (Figure 6.3c) displays the couples of the attributes 

enclosed within the blue polygon; a general background trend can be observed passing through the 

center of the axes. This trend is the same of a common brine saturated horizon that forms the 

sedimentary sequence of the Plio-Quaternary sediment (pink picked horizon). 

In the plot, anomalous points deviated from the general trend can be noted; we encompassed them 

in a green polygon in order to look their relative position in the seismic profile: as we can see, they 
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fall within the negative amplitude of the interesting reflector. This behavior seems to be consistent 

with a brine replaced by gas (Castagna et al., 1998); we suggest the gas to be biogenic type, but its 

volcanic origin could not be strictly excluded.  

 

 

Figure 6.3 A-AVO Gradient and B- AVO Intercept where the blue polygon represents the depth window where the 
crossplot has been computed, (C). While a common brine saturated horizon (pink) follows the background trend, points 
depicting the bright spots (green) fall in a lower left shifted position. 
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6.3 Balearic Basin case studies 

 

In this section two case studies will be discussed: the first with the identification of gas fluids 

presence along the seismic profile C88-M1; the second with the analysis of a probably biogenic gas 

related horizon along the seismic profile SO-10-09. 

The available dataset (Figure 6.4) used for these works consists of deep-penetrating multichannel 

seismic datasets (CROP and MS) and new intermediate resolution profiles (SO-10, acquired by the 

R/V OGS-Explora during 2010).  

 
Figure 6.4 Position map of the seismic profiles used for AVO analysis. 

 

6.3.1 Analysis of gas presence in the East Balearic Basin 

The main structural setting of the area, is determined by the deformation of the Messinian evaporite 

layer with an original thickness of about 2000 m, but reaching 3000m where salt dome structures 

developed (Ryan et al., 1973). Morphologic evidence of such structures can be analyzed in detail in 

the recently acquired chirp profiles and multibeam data as in the deep Algero-Balearic Basin 

(Camerlenghi et al., 2009), where deformation affects the sea floor. 

Along several seismic profile, anomalous amplitude reflector have been recognized on the top of 

salt domes, and some bright spot have been evidenced on the flanks of these structures. The 
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hypothesis of up-ward migration of overpressured fluids favored by the salt kinetics, has been 

assumed (an example in Figure 6.5). 

 

 
Figure 6.5 Reflection Strength of the seismic profile SO-10-04 (located in Figure 6.4) which evidences some possible 
gas-related amplitude anomalies on the lateral flanks of dome structures. 

 

The observation of the deep crustal seismic profile C88-M1 (Figure 6.6) highlights the presence of a 

prominent bright spot over a big salt dome structure. The profile lengthens from the central deep 

Provençal basin to the western Sardinia margin, and properly images an area characterized by a 

huge Plio-Quaternary thin-skinned tectonics, created by the presence of the massive Messinian salt 

layers. The western portion of the profile is characterized by the presence of large salt domes, 

occasionally reaching the seafloor. 

 

 
Figure 6.6 Portion of C88-M1 where prominent salt domes are evident within the Plio-Quaternary (PQ) sequence of the 
Balearic Basin. bs labels the interesting bright spot. 
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The AVO crossplot between the Gradient and Intercept attributes has been analyzed (Figure 6.7); in 

order to observe the background trend of the sedimentary sequence: we enclosed the bright spot 

within a depth window displayed, in the Gradient section profile, by the blue polygon (a). The 

anomalous points external to the trend have been enclosed in a yellow polygon (b): they fall inside 

the bright spot, as evidenced in the Gradient seismic section; in detail, the wiggle representation of 

the profile (c), clearly evidences that the yellow points drop on the top of the bright spot. This 

analysis could evaluate the hypothesis that the bright spot is not a brine saturated horizon, but a gas 

filled horizon (Castagna et al., 1998). 

 

 

 

Figure 6.7 a-AVO gradient section where the blue polygon represents the depth window where the crossplot (b) has 
been computed; the anomalous points, out of the background trend and enclosed by the yellow polygon, fall inside the 
bright spot, in particular on its top (c). 
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6.3.2 Analysis of gas presence in the West Sardinia margin 

 

Going toward the west Sardinia margin a prominent slope represents the west-transition to the 

continental margin, affected by tilted fault blocks, that were generally eroded in their uplifted 

sector. This erosive process originated a main Messinian unconformity, recognized as an irregular, 

commonly slightly diffracted marker (Figure 6.8). Along the slope, the Plio-Quaternary sequence 

shows some gentle deformations that seems mainly due to an interaction between differential 

compaction above the older and deeper geometries and erosional/depositional effects of the sea 

bottom currents (contourites). The so originating anticline structures sometimes can trap the gas 

present in the sequence, as seems to be highlighted by bright spots (bs). In the lower part, a low 

reflecting seismic facies is probably related to the Lower Pliocene sediments. 

 

 
Figure 6.8 Portion of seismic profile SO-10 09 where the Oligo-Miocene sinrift deposits, the Messinian erosional 
unconformity, the bright spot (bs), the low reflecting Lower Pliocene, the upper deposits affected by differential 
compaction and contourites are evident on the slope structure. 
 
 

Reflection Strength attribute has been applied focusing the great reflective feature of the horizon; 

then the Instantaneous Frequency attribute has been used to evidence possible low frequency 

content below the reflector. It highlights a thin shadow zone reaching values of about 20Hz 

recognized along the entire reflector length (Figure 6.9a-b). 
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Figure 6.9 A- Reflection Strength and B- Instantaneous Frequency where the bright spot is evidenced. 

 

The AVO has been tested on a depth window enclosing the bright spot (Figure 6.10). 

The crossplot clearly evidences a group of points that are external of the background trend; 

enclosing these points in a green polygon, they well depict the top of the negative phase 

characterizing the bright spot. Furthermore, as literature data confirm, the anomalous points 

displayed in the upper right of the crossplot, depict the bottom of the reflection. 

The satisfactory results obtained by this analysis are mostly dependent to the high quality of the 

data: the high resolution of the seismic profiles has been obtained due to the source consisted of 2 

GI-guns, able to reduce the bubble effect, and a digital streamer of 1500m long. 

It is our opinion to classify the gas-sand as class 3 of Castagna et al., (1998); in particular, we 

observed that the anomalous point didn’t fall along all the entire bright spot, but only on local 

position of the reflector. This could be justified as an irregular saturation of gas.   
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Figure 6.10 a-crossplot analysis where the anomalous points in the lower left and in the upper right of the crossplot, 
depict respectively the top and bottom of the bright spot (b). 

 

6.4 Levantine Basin case study 
 
Levantine basin would represent the remnant of the Permo-Triassic Neo-Tethys (Stampfli, 2005) 

subducting below the Hellenic and Cyprus Arcss. This deep basin is characterized by a thick 

sedimentary layer overlying the oceanic crust. The Messinian evaporite generally represent a 

detachment layer for the external compressive structures that produce a typical deformational style. 

The analyzed seismic profile belongs to the MS project acquired in 1977 by OGS and its location is 

displayed in Figure 6.11A. 

The eastern portion of the profile shows a prominent negative reflector (Figure 6.11B-C) and a clear 

inversion of phase is highlighted in the detail with the wiggle representation. 

 
Figure 6.11 A- Position of the analyzed profile on the East-Mediterranean Basin; B)-true amplitude representation of a 
portion of the seismic profile MS-49; C) wiggle/variable area representation of a detail, in which the polarity inversion 
can be recognized. 

a b
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Figure 6.12 displays the amplitude and the phase values in the Hilbert transformed domain: the 

Reflection Strength points out the high reflectivity of the bright spot, and the cosine of 

Instantaneous phase still focus on the lateral inversion of phase located on the western termination 

of the reflector. 

 

 
Figure 6.12 A-Reflection Strength attribute and Cosine of phase attribute (B) where the polarity inversion of the bright 
spot is outlined. 

 

 

Another strong amplitude reflector has been observed (R1), at major deep, along the reflection 

Strength profile: it suggested the hypothesis that it could be a pre-salt gas filled horizon. 

We computed the AVO in order to analyze the interesting reflectors. The seismic section obtained 

by the AVO Gradient *AVO Intercept (Figure 6.13a) evidences in blue color the negative values 

and in red color the positive values of this composite attribute. Negative colors mean that the AVO 

Gradient and Intercept are characterized by opposite sign, reducing the possibility of a gas-related 

bright spot; this is the response of the R1 reflector. 

 
 



116 

 

 
 
Figure 6.13 A- AVO Gradient*Intercept attribute where are evidenced the interesting reflectors: only the bright spot 
has value consistent with gas presence; B- AVO attribute sections where the anomalous points of the crossplot (C) fall 
inside the bright spot.  
 

 

Otherwise, a portion of the shallower bright spot resulted red colored, denoting both G and I with 

the same sign.  

The crossplot (Figure 6.13b-c) demonstrates that, in this portion of the reflector, both attributes are 

negative and, in particular, the relative points (green points) fall out of the background trend 

(depicted by blue points). Thus, the analysis seems to confirm the presence of a no-brine saturated 

horizon, but describe the behavior of class 3 gas sand (Castagna et al., 1998). 

The reduced number of points is probably due to the fact that the seismic profile has a very low 

CDP folding (12%), so the number of data on which the software computed the attribute 

measurement was small. 
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6.5 Gas-Hydrate application 

 

Seismic evidence of the presence of gas hydrates on the Lee Arch in the Terror Rift (western Ross 

Sea – Antarctica, Figure 6.14a) has been inferred from a bottom simulating reflection (BSR), the 

first identified in the Ross Sea (Geletti et al., 2008; Geletti and Busetti, 2009). The BSR (Figure 

6.14b) was identified and analyzed through targeted reprocessing of the multichannel seismic 

reflection data (3000 m streamer, 120 channels, 60 fold) acquired in 1990 by the Italian research 

vessel OGS Explora. The BSR is characterized by high amplitudes of reverse polarity (Figure 

6.14c), above interval velocities as low as 1.4 km/s, consistent with the presence of free gas; a 

second reflection of normal polarity below (about 100 ms below the BSR) and parallel to the BSR 

is interpreted to mark the base of the free gas zone (Bottom of free Gas Reflector - BGR), and it has 

been labeled BSR0. 

 
Figure 6.14 a- location of the study area, b- analyzed seismic profile where the BSR1-BSR0 are evidenced; the reverse 
polarity that characterize the bottom simulating reflector are displayed in detail (c). 

 

 

The seismic data were reprocessed in order to increase the signal/noise ratio by adopting a 'true-

amplitude' approach which preserve the real amplitudes of the reflection signals, allowing a 

successive AVO (Amplitude Variations with Offset) and tomographic analysis (Picotti et al., 2010). 
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I analyzed the AVO - Amplitude Variation with Offset behavior of BSR1 (Figure 6.15): Gradient P-

wave stack section (a) and crossplot (b) of the AVO attributes Gradient and Intercept have been 

measured within the blue polygon. All the blue points form a background trend; we enclosed the 

points falling out of this trend (green polygon) and we noticed that they depict the BSR1 horizon. 

This behavior evidences that the BSR is characterized by a clear trend that moves from the general 

orientation, denoting a no-brine related fluid saturation. The AVO techniques could be considered a 

good discriminator even in the case of gas-hydrate. 

 

 
Figure 6.15 a- gradient seismic section where the blue polygon encloses the depth window where the crossplot (b) was 
analysed; the green points that depict the BSR, fall out of the background  trend. 

 

On the base of the theory of weighted stacking proposed by Smith and Gidlow (1987), we 

computed the stacked profiles of the P-and S-wave reflectivity (Fig. 6.16a-b).  

P- and S-wave reflectivity is related to the Poisson’s ratio, giving important information on the fluid 

content and the rigidity of the solid matrix (Carcione and Tinivella, 2000): S-waves don't cross the 

fluid, so they are independent by the fluid content. This make them a complementary information 

relatively to the P-waves. 

The P-wave reflectivity (a) strongly evidences BSR1 denoting a fluids variation within the 

sediments; the S-wave reflectivity (b) weakly points out BSR1, probably representing a change of 

the solid matrix due to the hydrocarbon hydrate compaction. 
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Figure 6.16 a - P wave reflectivity shows a great fluids contrast in correspondence of the BSR1, while S-wave  
reflectivity, independent by the fluid content, is sensitive only to the rocks contrast (b). 
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7. CONCLUSIONS 
 

 

 

 

 

 

 

This work gave me the opportunity to experiment and apply specific techniques for processing and 

analysis of seismic data that are commonly used in the oil exploration research. 

The discussed case study of the Otranto Channel has represented an interesting situation of re-use of 

vintage data: I have exploited a seismic data acquired during ‘70s with the instruments and software 

available at that time, with the modern methods of seismic attributes and AVO analysis. In fact, 

thanks to them, the presence of a gas reservoir of considerable size was proposed, and its correlation 

with the presence of the margin of the Apulian carbonate platform was suggested. These results 

might comprise the objective for future high resolution seismic data acquisition, to better analyze 

seismic attributes and AVO techniques.  

In the Central Adriatic Basin the greater folding of the seismic data has allowed to obtain 

exhaustive results as regards the analysis of AVO attributes. The case study has shown that the use 

of seismic attributes has especially provided the basis for a detailed interpretation of Plio-

Quaternary sedimentary units. This results would be obtained with greater difficulty by 

conventional reflection seismic amplitude analysis. 

Investigations carried out on the bright spots located in different areas of the Mediterranean Basin 

have represented an important step of this research. The considered dataset includes crustal seismic 

profiles, thus characterized by low vertical resolution for surface objectives, and medium-high 

resolution profiles acquired with modern recording and source instruments, which have 

undoubtedly realized the optimal effect following application of AVO. 

Beside the methodology analysis here proposed, these studies have been useful to effectively 

confirm the gas presence within the investigated Plio-Quaternary sediments, where, initially, only 

the observation and visual identification of possible hydrocarbons related anomalies were given. 

This aspect reflects the importance of dealing the research with an approach that could join 

interpretation and processing steps of seismic reflection data. In this way, the elaboration and 

analysis focused to specific hydrocarbon targets, should contribute to improve the final 
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interpretation of the geological context. On the other hand, the recognition of the geological 

structures could contribute to drive the areas to explore and to identify the possible reservoirs. 

Thanks to this approach it was possible to identify the relation between the geological features and 

the migration and accumulation of fluid in the different investigated areas.  
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