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2Istituto di Scienze Marine – Consiglio Nazionale delle Ricerche, Castello 1364/A, 30122 
Venezia 

Riassunto 

Il Progetto “Applicazione di metodologie sismiche innovative ad altissima 
risoluzione sui bassi fondali per lo studio del sottosuolo lagunare veneziano” 
può ritenersi uno studio geologico senza precedenti che ha consentito la 
caratterizzazione ad altissima risoluzione dell’architettura dei depositi tardo 
pleistocenici ed olocenici relativi ai bassifondi della laguna e dell’antistante area 
marina di Venezia. 

I principali risultati del progetto sono stati l’implementazione un sistema di 
prospezione sismica ad altissima risoluzione, adatto per rilievi sismici in fondali 
con profondità anche inferiori a 1 m d’acqua, l’esecuzione di una serie di misure 
in aree mai indagate in passato e la realizzazione del un modello sismo-
stratigrafico del sottosuolo lagunare e costiero veneziano. 

Il nuovo sistema di acquisizione sismica ha consentito di ottenere ottimi 
informazioni del sottosuolo fino a profondità di 30-40 metri e quindi di ottenere 
informazioni significative e di estremo dettaglio sull’evoluzione geologica tardo-
pleistocenica ed olocenica di tre settori: la laguna meridionale, le bocche di 
porto di Lido e Chioggia, ed il settore settentrionale del Golfo di Venezia. 

Abstract 

The Project “Application of innovative of very high resolution seismic 
methodologies in shallow waters aimed at the study of the subsoil of the Venice 
Lagoon” allowed the characterization of the Late Pleistocene and Holocene 
depositional sequences with a detail, that has never been reached in the past. 

A boat, particularly suitable for very high resolution seismic survey in shallow 
water (less than 1 m deep) has been fully equipped and tested. It allowed to 
carried out surveys of specific areas of the Lagoon that have never been 
investigated in the past. Moreover a seismo-stratigraphic model of the lagoon 
and gulf of Venice subsoil has been performed. The seismic acquisition system 
allowed to investigate the subsoil down to 30-40 m deep. 
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The new data provided significant geological features related to the Late 
Pleistocene and Holocene evolution of the investigated areas: the southern 
lagoon, the Lido and Chioggia inlets and part of the shelf of the Gulf of Venice. 

1 Introduction 

Most of the information on the Venetian subsoil come from the study of cores 
taken in the lagoon outer part, in the channels, in the islands, along the littoral 
strips or in other sites where sediments are not completely representative of the 
Holocene sedimentation. In particular, the upper layers do not represent the 
“true” stratigraphic succession because of the occurrence of bottom erosion, the 
dredging activity, the sediment rework and others effects, reflecting human 
activities. In addition, the cores provide information of a very restricted area. 
Recently, seismic surveys were carried out along the lagoon channels [Tosi et 
al., 2007a,b] that normally are 4-6 m deep. However, considering that most of 
the Venice Lagoon consists of very shallow water, 0,5-1 m deep, the obtained 
data lack many information (Fig. 1). We can consider the subsoil below the 
lagoon’s very shallow water a window on the recentmost evolution of the lagoon 
environment because in a number of cases it preserves the whole Holocene 
history. 

For this reason the CORILA Research Programme 2004-2006 activated the 
Research Line 3.16, aimed at the acquisition of very high resolution data also in 
very shallow water by using the seismic methods.  

 
ab ab ab

 

Considering that data from very high resolution single channel seismics 
acquired in the Venice lagoon are generally poor of informations due to the poor 
signal to noise ratio and to the presence of strong seafloor multiples (Fig. 2), the 
research line 3.16 had to experiment different set of hydrophones, streamers 
and sources and to test various acquisition geometries. 

Fig 1 – Geological section 
crossing the lagoon and 
showing that along the major 
and minor channels the 
information on the 
sedimentation of the recent 
layers are missing. 
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2 Seismic data acquisition and processing  

2.1 Development of the seismic acquisition system 

One of the main target of the project was the implementation of a tool, 
consisting in a boat and a seismic acquisition system, able to operate in very 
shallow (up to 50 cm) water.  

The acquisition of the boat (Fig. 3), qualified for shallow water sealing, was 
made on the basis of an accurate market survey. The evaluation has been 
made based on the draught, the turbulence and the facilities for the installation 
of the seismic gears. Afterwards, different types of seismic sources have been 
considered. Based on the bandwidth, the repeatability of the signature and the 
portability of the hardware, a boomer system has been acquired and adapted to 
operate in water depth less than 1m (Fig. 4). 

The seismic acquisition system was optimized for shallow water depth (less 
than 1 m) and consists of : 

• an impulsive energy source (boomer) that utilize an electro-dynamic plate 
UWAK05 (Nautiknord). The boomer produce a wavelet with an amplitude 
spectrum between 200 and 9,000 Hz (Fig. 5) 

• a two channel 24 bit seismic recorder of Triton Imaging Inc. that utilize the 
software SB-logger 

• differential GPS integrated with the acquisition system 

The entire system has been tested in a tank before the installation on the new 
boat. 

The signature of the source has been measured during a field test and shows 
an amplitude spectra almost flat between 200 and 9.000 Hz (Fig. 6). 

 

Fig 2 – Example of data 
acquired crossing a channel. 
In the red rectangle a series 
of multiples mask the 
information from lower layers 
while outside the channel 
axis, the seismic section 
shows very fine data. 
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Fig 3 – The new boat 
“Aretusa” that has been 
implemented for shallows 
acquisition. 

Fig 4 – The boomer with the 
floating supports. 

Fig 5 – The boomer plate. 
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The hydrophone configuration has been chosen after various field tests on 
single hydrophones and on arrays. The single hydrophone guarantees the best 
resolution, but is characterized by a very low signal/noise ratio. The array 
improves the S/N ratio but, particularly for shallow targets, it reduces the 
resolution of the signals because the different travel times along the array, 
produce a phase shift in the incoming signals (Fig. 7). As a rule of thumb, the 
length of the array (L) should be expressed by the formula below: 

XrXL −+<< λ22
 

Where: X is the near offset, L is the array length, r is the travel time for the near 
offset hydrophone and λ the wavelength of the signal. 

The array we have chosen was made by 8 in-line hydrophones for a total length 
of 270 cm. In order to reduce the filtering effect of the array, we adopted an 
acquisition geometry with the array steaming parallel to the source (Fig. 8). This 
geometry minimizes the differences in the travel times along the array and 
therefore reduce the shifts between the incoming signals. 

 

Fig 6 – The field signature of 
the boomer. 

Fig 7 – Geometry for seismic 
acquisition with source and 
receiver in line. 
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2.2 The surveys 

The field surveys in very shallow water are located inside the lagoon, and have 
been carried out with the new CORILA boat “ARETUSA”, while the field surveys 
along the rivers, the shelf areas and the inlets, with the ISMAR-CNR boat 
“LITUS”. The seismic data have been recorded in SEG-Y format and GPS 
coordinates have been stored in the header of each single trace. 

The different survey areas (Fig. 9) represent key regions for the understanding 
and morphological setting and the evolution of the lagoon and have been 
chosen also considering the previous surveys performed in the framework of 
the CARG project. 

 

Area 1: Lido and Chioggia inlets. In this area, two high density surveys have 
been carried out (Fig. 10), that produced a 3D reconstruction of the inlet subsoil. 
The two areas are characterized by a strong hydraulic regime produced by the 
tide flows. The Lido inlet is particularly important because in that area the first 

Fig 8 – The adopted 
geometry. 

Fig 9 – Position map of the 
high resolution seismic 
survey recorded in the 
framework of the research 
line 3.16. 
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installation of the infrastructures related to the MOSE project will be performed. 

 

Area 2: The shelf area off the Lido inlet. It includes the ebb tidal delta and the 
Sile delta. In Fig. 11 illustrate a seismic profile from the ebb tidal delta. 

 

Area 3: The lagoon. The seismic surveys have been mainly carried out in the 
southern portion of the lagoon, where the Holocene sediments are much thicker 
than in the other sectors. For the first time, the very shallow water area (less 
than 1m) of the mud flats have been surveyed. Fig. 12 is an example of a 
seismic section from the southern lagoon, where the seismic horizons are 
clearly identifiable up to 18 m depth. 

Area 4: The Brenta and Sile rivers. Two lines have been recorded along these 
rivers. They allow a straightforward connection between the lagoon area and 
the mainland. Fig. 13 from Brenta river shows the presence of a paleo-channel 
up to 15 m depth. 

 

Fig 10 – Position of the 
seismic lines in the Lido (a) 
and Chioggia (b) inlets. 

Fig 11 – Seismic profile Ve 
113 across the ebb tidal 
delta of the Lido inlet. 

Fig 12 – Example of seismic 
section from very shallow 
water. 
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3 Seismic processing 

Seismic data have been recorded in SEG-Y format and processed by FOCUS 
and RADEX. 

The processing sequence is illustrated in Fig. 14; the main steps consisted in: 

Gain recovery: The energy and therefore the amplitude of the seismic signal, 
decay with the distance from the source. The main reasons are: 

• spherical divergence, that depends on the square of the travel time; 

• internal friction that may be considered linear with time. 

The correction for the amplitude decay (C) applied to the data, in function of the 
time (t) was: 

C = t + 20 Log10 t 

After the amplitude recovery, seismic data have been filtered to eliminate the 
low frequency noise (normally below 200 Hz). Based on the filter tests, an 
Ormsby filter 300-7.000 Hz has been applied. Then the data have been 
equalized by a balance window of 10 ms. Fig. 15a illustrates a portion of section 
VE-255 without any processing, while in Fig. 15b the same section has been 
compensated for amplitude decay, filtered and equalized. 

Wave motion correction: some seismic sections, particularly in the offshore 
area, are affected by strong wave motion that produce a worsening in the data 
quality. To eliminate this effect we adapted a techniques very similar to the one 
normally applied for compensate on land seismic for residual statics. This 
technique is based on the cross-correlation, inside a designed window, of each 
seismic trace with a pilot trace obtained from the data itself. When the 
procedure works correctly the shift of the cross correlation corresponds to the 
shift induced by the waves. 

Fig 13 – Example of seismic 
line from the Brenta river. 
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a) b) 

In our case the pilot trace was obtained by the weighted (50-100-50) stack of 
three adjacent traces, the length of the designed window was 12 ms and 
included the sea bottom. In Fig. 16a and Fig. 16b an example of seismic section 
affected by wave motion and the same section corrected according to the above 
mentioned procedure. 

Fig 14 – Processing 
sequence. 

Fig 15 – a) Line VE- 255 raw 
data; b) Line Ve- 255, gain 
recovery, filter and balance. 
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a) b) 

4 Results 

4.1 Seismic units and surfaces 

Three main seismic units (H1-H3) and key stratal surfaces (S1-S3) are 
recognizable in the Holocene succession of the Venice area (Fig. 17). 

 

4.1.1 Surfaces 

4.1.1.1 S1 

The S1 surface represents a major unconformity separating the late Pleistocene 
continental succession from the back-barrier to shallow marine Holocene 
deposits (Figs. 17-27). This surface is an evident and locally irregular reflector 
in VHR seismic profiles, and may correspond to V-shaped incisions up to 1 km 

Fig 17 – Simplified 
architectural scheme of the 
Holocene deposits in the 
southern Venice lagoon. 
Seismic units and key stratal 
surfaces are shown. Unit H1 
(composed of sub-units H1a 
and H1b) represents the 
transgressive part of the 
succession, whereas Unit H2 
(composed of sub-units H2a 
and H2b) is the regressive 
one (see text). Unit H3 
represents a recent human-
induced transgression that 
followed delta abandonment. 

Fig 16 – a) Seismic section 
from the shelf area affected 
by wave motion, b) corrected 
for the wave motion. 
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wide and 10 m of relief (Figs. 19, 21, 22 and 27). In the flat areas located 
between erosional incisions, the S1 surface is more regular and shows a very 
gently dip (from 0.01 to 0.05 degrees) seaward (Fig. 18). Several core data 
evidence that away from deep incisions the S1 surface is locally marked by a 
paleosoil, consisting of an overconsolidated silty-clayey layer (a few centimeters 
to 2 m thick) known as Caranto [Matteotti, 1962; Gatto and Previatello, 1974; 
Gatto, 1980, 1984; Tosi, 1994a,b; Bonardi and Tosi, 1994, 1995, 1997; Bonardi 
et al., 1997; Brambati et al., 2003; Tosi et al., 2007a,b]. Core data demonstrate 
that the S1 surface is associated with a stratigraphic gap ranging from 7 to 13 
kyr [Tosi, 1994a; Tosi et al., 2007a,b]. 

The S1 surface tends to crop out landward and offshore, where Holocene 
deposits are thin and are easily eroded by wave action (Fig. 20). 

The model at regional scale of the S1 morphology and a detail map of its depth 
at the Lido inlet are reported in Fig. 28 and Fig. 29 respectively. 

This asymmetry of the depth of the S1 surface (Pleistocene-Holocene 
boundary) and consequently of the Holocene sedimentation thickness (Fig. 30), 
is related to the erosion-deposition processes occurring at the inlet. The depth 
of Pleistocene-Holocene boundary around the northern sector of the Lido littoral 
and the Punta Sabbioni Area generally varies from 10 to 8 m. The outcropping 
of Pleistocene sediments is due to a presence of an ancient channel, which was 
active in the early Holocene, most likely also in the upper Pleistocene, 
combined to the recent erosion process. The higher thickness of the Holocene 
sediments, founded in the northern side of the inlets, is the evidence that 
deposition of sediments transported by tides and longshore circulation is active 
only in this sector. 
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Fig 18 – Seismic units and 
surfaces (above), facies 
architecture, and sequence 
stratigraphic interpretation 
(below) of the VE 221 
seismic line. L4 CNR log 
(redrawn from Tosi et al. 
[2007b]) is located in 
correspondence of the 
modern barrier island. The 
VE 221 seismic line 
represents a dip section 
showing facies relationships 
from landward (on the left) to 
seaward locations in an area 
placed away from valleys 
incised in correspondence of 
the Pleistocene-Holocene 
boundary (the S1 surface, 
see text). FRST = forced 
regressive systems tract; 
HST = highstand systems 
tract; LST = lowstand 
systems tract; MFS = 
maximum flooding surface; 
SB = sequence boundary; 
TRS = tidal ravinement 
surface; TS = transgressive 
surface; TST = transgressive 
systems tract; WRS = wave 
ravinement surface. 
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Fig 19 – Seismic units and 
surfaces (above), facies 
architecture, and sequence 
stratigraphic interpretation 
(below) of the VE 253 
seismic line (see Fig. 18 for 
symbols). The VE 253 
seismic line represents a 
strike section showing facies 
relationships from northward 
(on the left) to southward 
locations. Two incised 
valleys in correspondence of 
the Pleistocene-Holocene 
boundary (the S1 surface) 
are intercepted. 
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Fig 20 – Line drawings 
showing the architecture and 
the interpreted sequence-
stratigraphic organization of 
the late Pleistocene and 
Holocene sequences off the 
Venice lagoon. The late 
Pleistocene sequence 
consists of an overall 
aggrading alluvial plain, 
whereas the Holocene 
sequence is composed of 
three paralic to marine units 
(Units H1-3) separated by 
main stratal surfaces (S1-3). 
HST = highstand systems 
tract, MFS = maximum 
flooding surface, SB = 
sequence boundary, TRS = 
tidal ravinement surface, TS 
= transgressive surface, TST 
= transgressive systems 
tract, WRS = wave 
ravinement surface. 



 

 531 

 

Characteristics of the lagoon underground layer  

 

 

 

 

 

 

 

 

 

Fig 21 – 3D model showing 
the architecture of the 
Holocene succession in the 
study area (rectangle in the 
satellite image) (see Fig. 18 
for symbols). Note the 
thickness decrease of Unit 
H1a (back-barrier) toward 
the south and the more 
uniform thickness of Unit 
H2b. Note also the patchy 
distribution of Unit H1b 
(shallow-marine), which is 
present only in the distal 
parts of VE 221 and VE 257 
seismic lines and in the VE 
224 seismic line. The 
maximum flooding shoreline 
is traced by connecting the 
landward terminations of the 
wave ravinement surface in 
the VE 257, 221, 224, and 
225 seismic lines. 

Fig 22 – Detail of the VE 253 
seismic line, showing an 
incised valley fill (IVF) and a 
tidal point bar developed 
during the late estuarine 
deposition. Note that the fill 
of the incised valley is 
composite. The S1 surface is 
the Pleistocene-Holocene 
boundary and represents the 
sequence boundary of the 
Holocene sequence, 
whereas the S2 surface is 
the maximum flooding 
surface (see text). The S3 
surface marks the relatively 
recent phase of delta 
abandonment and local 
transgression. 
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4.1.1.2 S2 

The S2 surface is an unconformity that usually is well recognizable within the 
Holocene deposits in the southern Venice lagoon as well as off the barrier 
island [Zecchin et al., in press] (Figs. 17-23). This surface is typically 
characterized by a discrete continuity along both depositional strike and dip, 
and by an average seaward dip that is higher (up to 0.2 degrees) than that of 
the S1 surface between incisions (Fig. 23). S1 and S2 surfaces may be either 
amalgamated or separated by some meters of sediment (Unit H1, see below) 
(Figs. 17-23). Overall, the S2 surface shows an evident geometric change along 
depositional dip; its inclination increases in the landward direction and then 
shows an abrupt change to nearly horizontal in proximal locations (Figs. 17 and 
18). The S2 surface is a downlap surface with respect to the overlying reflectors 
(Figs. 18, 20, and 24-26). This downlap surface is traceable in the landward 
sector, where it consists of an unconformable contact between units H1a and 
H2a (see below; Figs. 18, 21 and 23). 

 

 

 

Fig 23– The landward part of 
the VE 221 seismic line. 
Back-barrier deposits of Unit 
H1a lying on the 
Pleistocene-Holocene 
boundary (the S1 surface) 
form the lower, transgressive 
part of the Holocene 
succession. These are 
capped by a surface (the S2 
surface), locally marked by 
irregular reflectors obscuring 
the underlying signal and 
interpreted as peat beds, 
that corresponds to the 
maximum flooding surface. 
The highstand deposition 
was characterized by the 
development of channel-
levee systems (ch-l) in a 
delta plain environment (Unit 
H2a). The S3 surface, 
separating Unit H2a from the 
subtidal flat of Unit H3, is 
well distinguishable. In this 
location, the S3 surface is 
non-erosional, and deposits 
of Unit H3 drape the 
channel-levees of Unit H2a. 
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Locally in the seaward sector, another surface, called S2a surface, merges 
landward with the S2 surface (Figs. 17, 18 and 21). The S2a surface truncates 
the underlying reflectors and shows both onlap and downlap relationships with 
the overlying ones (Fig. 18). 

In distal offshore locations the S2 surface merges with the modern sea-floor, 
and it is covered by very thin sediments, that are below seismic resolution, and 
locally by well recognizable dunes (Fig. 20). 

 

 

 

 

 

 

 

Fig 26 – Ebb tidal delta 
forming part of Unit H2b 
located immediately off the 
Chioggia inlet. In this case, 
the transgressive deposits of 
Unit H1 are absent and the 
S2 surface reworks the S1 
surface and coincides with 
the boundary of the 
Holocene sequence. 
Clinoforms of the ebb tidal 
delta downlaps onto the S2 
surface, which is a wave 
ravinement surface 
coincident with a maximum 
flooding surface (see text). 
Part of the inlet fill (Unit H3) 
of the Chioggia inlet is visible 
on the left. 

Fig 25 – Units H1 and H2 off 
the Lido barrier island. 
Channelized deposits and 
channel-levee systems are 
recognizable within Unit H1a, 
which represents the 
transgressive systems tract 
of the Holocene sequence. 
Unit H1a is truncated by a 
wave ravinement surface 
(the S2 surface) and is 
overlain by Unit H2b (the 
highstand systems tract) that 
is composed of gently 
dipping clinoforms 
downlapping onto the S2 
surface. 
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Fig 27– Large channelized 
deposit showing a lateral 
accretion and located off the 
Lido barrier island. This 
feature is interpretable as the 
consequence of the 
migration of a point bar in an 
estuary that resulted from 
the drowning of a previous 
fluvial channel entrenched in 
the Upper Pleistocene. This 
deposit is interpreted as the 
lower part of the Holocene 
sequence (Unit H1a). 

Fig 28 – Regional setting of 
the S1 (Pleistocene-
Holocene stratigraphic limit) 
in the lagoon and gulf of 
Venice. Color scale and 
isolines indicate the depth in 
m. 

Fig 29 – Detail map of the S1 
setting (Pleistocene-
Holocene stratigraphic limit) 
at the Lido Inlet. Color scale 
and isolines indicate the 
depth in m. 
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4.1.1.3 S3 

The S3 surface is the younger and locally the more irregular surface (Figs. 17-
24). It corresponds with the base of relatively recent channelized deposits and 
coeval laminated sediments of Unit H3 (see below). Channel bases indifferently 
truncate previously deposited sediments, and they are more abundant and 
deeper seaward, near the modern lagoon inlets (Figs. 18 and 31). Outside of 
the channels, the S3 surface is recognizable by an abrupt change in the 
depositional style. For example, the S3 surface marks the base of laminated 
sediments draping previous deposits in the landward part of the VE 221 seismic 
line (Figs. 18 and 23). This surface may be not easily recognizable between 
channelized deposits in strike sections. 

4.1.2 Seismic units 

4.1.2.1 Unit H1 

It is the lowermost unit of the Holocene succession and consists of two sub-
units (H1a and H1b) (Figs. 17-20). Locally (e.g. off the Chioggia inlet) Unit H1 is 
absent, and S1/S2 surfaces are coincident (Fig. 26). Unit H1 is only 1 m thick 
below the Venetian littoral (Fig. 20), whereas its thickness increases toward the 
southern lagoon area (Fig. 21). 

Unit H1a is bounded at the base by the S1 surface and at the top by the S2 
surface or the S2a surface (Figs. 17-20). Unit H1a is composed of curved to 
irregular and inclined reflectors, testifying a discrete lateral variability of 
depositional conditions, and is typically characterized by an extreme thickness 
variability (from 0 to 13 m) along both depositional strike and dip (Figs. 22-25 
and 27). Abrupt thickness variations are recognizable in areas dissected by the 
deep incisions marked by the S1 surface (Figs. 19, 21, 22 and 27). Inclined 
reflectors locally downlap onto sub-horizontal or less inclined reflectors (Figs. 22 
and 27). The deeper incisions show a composite fill, consisting of two to three 
parts (Figs. 19 and 22). In the southern lagoon area, Unit H1a shows a clear 

Fig 30 – Thickness of the 
Holocene deposits at the 
Lido Inlet. Color scale and 
isolines indicate the 
thickness in m. 
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southward thickness decrease (Fig. 21). 

Unit H1b is bounded at the base by the S2a surface and at the top by the S2 
surface, and it is recognizable only in the southern lagoon area (Figs. 17, 18 
and 21).Errore. L'origine riferimento non è stata trovata.Unit H1b is up to 3.5 
m thick and pinches out landwards (Figs. 18 and 21). The unit is absent in the 
southward part of the area (Fig. 21). Unit H1b is composed of curved and 
seaward inclined reflectors that display both onlap and downlap relationships 
with the S2a surface (Fig. 18). 

4.1.2.2 Unit H2 

This unit is bounded at the base by the S2 surface and at the top by the S3 
surface, or by the modern seafloor in offshore locations (Figs. 17-21). Unit H2 is 
composed of two sub-units (H2a and H2b) showing different seismic patterns 
(Figs. 17 and 18). The top of the unit locally may correspond with the floor of the 
deeper, modern tidal channels (Fig. 20). 

Unit H2a (up to 3.5 m thick) is present in the landward sector of the area, and is 
composed of irregular, curved, inclined and hummocky reflectors that may be 
locally similar to those present in Unit H1a (Figs. 18, 21 and 23). In the tract 
where the S2 surface marks the base of Unit H2a, it is much less inclined than 
its seaward part (Figs. 18 and 23). Moreover, irregular reflectors obscuring the 
deeper signal are locally present in the lower part of Unit H2a (Fig. 23). 

Unit H2b is located seaward with respect to Unit H2a, and their lateral transition 
is indistinct (Figs. 17, 18 and 21). Unit H2b is composed of seaward-inclined 
sigmoid reflectors that downlap onto the S2 surface, and shows a seaward 
thickness increase from 0 to 10 m (Figs. 18, 20, and 24-26). The thickness is 
significantly greater (up to 20 m) in correspondence of the modern, southern 
barrier island [Tosi et al., 2007a,b]. The inclined reflectors show a dip that 
reaches a maximum of 0.7 degrees. Downdip changes in the inclination of the 
reflectors are commonly observable (Fig. 18). Irregular and deformed reflectors 
are also locally present. Both onlap and downlap relationships with respect to 
relatively continuous internal reflectors are locally recognizable. 

4.1.2.3 Unit H3 

This unit, bounded at the base by the S3 surface and at the top by the lagoonal 
floor, corresponds to the modern lagoonal deposits (Figs. 17-24). Unit H3 
typically consists of channelized deposits, which lateral continuity is easily 
recognizable in seismic lines, incised on the previously accumulated Holocene 
sediments, especially near the modern inlets and the barrier island (Figs. 22, 
24, 26 and 31). Various inclined and irregular reflectors are recognizable within 
Unit H3 (Figs. 18-20, 24 and 31). Channelized deposits are shallower and less 
common landward, where they pass laterally into laminated sediments draping 
the structures of Unit H2a (Figs. 18 and 23). 
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Inlets are highly dynamic, especially after human interventions carried out 
during the last centuries that have enhanced current velocity and tidal prism 
[Carbognin, 1992; Carbognin et al., 2000; McClennen and Housley, 2006]. 
Erosional trenches are present at the inner end of both the Chioggia (30 m 
deep) and Malamocco (50 m deep) inlets (Figs. 20 and 31). Accretion and 
erosion in opposite sides are found in the Chioggia one (Figs. 20 and 31). The 
base of inlet is recognizable as an irregular reflector, whereas inlet deposits 
consist of accreting macroforms and dunes (Figs. 20 and 26). These deposits 
are relatively thick (up to 7.5 m) in the northern part of the Lido inlet, whereas 
the southern part is subjected to prevailing erosion. The opposite situation is 
recognizable in the Chioggia inlet 

4.1.3 Interpretation 

4.1.3.1 Unit H1 and the S1 surface 

The observed seismic features, together with core data, suggests that Unit H1a 
is the result of deposition in an heterogeneous back-barrier environment. In 
particular, inclined reflectors within deep incisions very probably indicate lateral 
accretion into estuaries (Figs. 17-20 and 22), which resulted from the drowning 
of previous small fluvial valleys incised during glacio-eustaic exposure in latest 
Pleistocene time. This interpretation was already suggested by Zecchin et al. [in 
press] for the basal Holocene deposits located off the Venice barrier island, and 
by Trincardi et al. [1994a] in the northern Adriatic shelf. 

Core data demonstrate that the oldest Holocene sediments consist of fine-
grained, thin intervals locally reworking the caranto layer and showing a marine 
influence (the so called ‘overflood deposits’ of Gatto and Previatello [1974]), 
which are thought to be coastal plain deposits passing upward into inner 
lagoonal deposits [Tosi et al., 2007a,b]. The absence of fluvial sedimentation 
above the S1 surface evidences conditions of prevailing non-deposition and 
incision during its formation. Recent data [Mozzi et al., 2003; Tosi et al., 
2007a,b] indicate that the Venetian alluvial plain received abundant sediment 
and aggraded until ca. 14.5 kyr B.P., and then it became sediment starved until 
ca. 11.5 kyr B.P.. These conditions favored both incision of the alluvial plain and 

Fig 31 – Erosional trench 
located in the southern 
lagoonal area, near the 
Chioggia inlet. The trench is 
the confluence of some tidal 
channels and the Chioggia 
inlet. Erosion and a stepped 
morphology are present on 
the right side of the trench, 
towards the inlet, whereas 
lateral accreting deposits 
(Unit H3) are visible on the 
left. 
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extensive soil development, determining the formation of the S1 surface. 
However, the presence of thin and discontinuous fluvial deposits only in the 
deeper part of some incised valleys is not totally ruled-out, as illustrated by 
Amorosi et al. [2003, 2005] beneath the modern Po coastal plain. 

As the studied incised valleys display a composite fill, we suppose that their 
lower part consists of fluvial sediments and/or early estuarine fills, possibly 
developed in a mixed energy, tidal-fluvial setting [Dalrymple et al., 1992], 
whereas the upper ones consist of tidal channel deposits accumulated during 
the late stage filling (Fig. 19). We believe that meandering tidal channels 
developed during the late stage filling, eroded the underlying deposits [e.g., 
Dalrymple et al. 1992] and widened the upper part of some incised valleys (Fig. 
19). 

In areas located above and between the inferred estuarine channel fills, Unit 
H1a consists of shallow, meandering tidal channel and tidal and subtidal flat 
sediments, which are thought to be accumulated in an estuarine lagoon to 
lagoon setting (Figs. 18 and 19). 

The observed internal geometries, the wedge shape, the position within the 
Holocene succession, and core data, suggest that Unit H1b is composed of 
shallow-marine sands with minor mud (Fig. 18). 

4.1.3.2 Unit H2 

The features of Unit H2a and its position within the Holocene succession 
suggest a deposition in an environment characterized by channel scouring, 
placed little landward with respect to the shoreline. In particular, some observed 
features are diagnostic of channel-levee systems (Figs. 18 and 23), like those 
forming distributary channels in delta plains [Bhattacharya, 2006]. Moreover, 
unpublished core data in this part of the Venice lagoon show a widespread 
distribution of a peat bed located just at the top of sediments corresponding to 
Unit H2a, revealing a generalized paludal environment. Also, scattered bricks 
are locally present in the same stratigraphic position. These evidences suggest 
that Unit H2a is the result of deposition in a delta plain scoured by distributary 
channels, and locally in swamps and/or marshes (Figs. 17, 18 and 21). 

Both the observed features and core data strongly suggest that Unit H2b is the 
result of progradation of a sandier to heterolithic (mixed sands, silts and clays) 
delta front to prodelta (in the southern lagoon), and of a shoreface-shelf system 
during late Holocene time (from about 6 kyr B.P. onwards) (Figs. 17-21 and 24). 
In correspondence of the inlet outer side (e.g. off the Chioggia inlet, Figs. 20 
and 26), the wedges are interpreted as ebb tidal deltas influenced by waves and 
longshore currents. Ebb tidal deltas, therefore, interact laterally with the 
shoreface-shelf-system. The fan shape of these ebb tidal deltas is evidenced by 
bathymetric maps [Amos et al., 2005], 

4.1.3.3 Unit H3 

Channelized deposits of Unit H3 are tidal channel deposits commonly showing 
lateral accretions, related to the migration of tidal point bars [e.g., McClennen 
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and Housley, 2006], and multistory fills. The tidal scour into the lagoon has 
been significantly enhanced from late medieval time onwards because of 
several human interventions [Brambati et al., 2003]. In particular, river 
diversions, dredging and digging of the inlets caused first delta abandonment 
and its drowning, and then an enhancement of tidal currents [Carbognin, 1992; 
Carbognin et al., 2000; Brancolini et al., 2006]. This generalized drowning of the 
southern part of the Venice area, and the associated remarkable change of the 
hydrodynamics, are marked by the S3 surface. The erosion related to the tidal 
currents is particularly strong in locations inside the modern inlets, where the up 
to 50 m deep erosional trenches are present (Fig. 31). 

The laminated sediments placed laterally with respect to the tidal channels form 
the tidal and subtidal flats of the modern lagoon (Fig. 23). These sediments 
drape the preserved delta plain deposits of Unit H2a, and testify the recent 
drowning of the inner sector of the southern part of the area. 

4.1.4 Sequence stratigraphy 

Following current sequence stratigraphic concepts, the S1 surface is interpreted 
as a sequence boundary (SB) that records prolonged subaerial lowstand 
conditions during the Last Glacial Maximum (Figs. 18-20). In the present case, 
the SB is amalgamated with the transgressive surface (TS), marking the base of 
the transgressive systems tract (TST). The bases of tidal channels of Unit H1a 
correspond to tidal ravinement surfaces (TRS), which are the product of the 
landward migration of the zone of maximum tidal energy [Allen and 
Posamentier, 1993; Cattaneo and Steel, 2003] (Figs. 18-20). 

The retrogradational deposits that form the whole Unit H1 can be interpreted as 
the transgressive systems tract (TST) of the Holocene sequence (Figs. 18-20) 
formed when rates of the high amplitude relative sea-level rise following the 
Last Glacial Maximum exceeded those of sediment supply. The S2 surface is 
interpretable as the maximum flooding surface (MFS) marking the top of the 
TST, whereas the S2a surface represents a wave ravinement surface (WRS), 
cut by waves during shoreface retreat [Swift, 1968; Demarest and Kraft, 1987; 
Nummedal and Swift, 1987], and recording the marine ingression (Figs. 18-20) 
The MFS and the WRS may be amalgamated to form a composite WRS+MFS 
surface (Figs. 18-20). 

The regressive, prograding deposits of Unit H2 are interpreted as the highstand 
systems tract (HST) of the Holocene sequence, bounded at the base by the 
MFS (the S2 surface) and showing a typical aggradational to progradational 
architecture. The lagoonal deposits of Unit H3 represent a peculiar case in the 
Holocene evolution of the Venice lagoon. In fact, the drowning of the study area 
due to delta abandonment favored by human interventions and marked by the 
S3 surface, represents a local transgression, limited to the modern lagoonal 
area and therefore unrelated to any increase of the eustatic rate. We call this 
transgression, consisting in the southward and landward expansion of the 
Venice lagoon, “human-induced transgression”. The S3 surface, therefore, may 
be considered as a local SB amalgamated with a TS. The bases of tidal channel 
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deposits of Unit H3 are TRSs related to this local transgressive phase (Figs. 18-
20). 

4.1.5 Unconformity Bounded Stratigraphic Units 

The Pleistocene and Holocene deposits of the Venice coastland were recently 
classified by Tosi et al. [2007a,b] according to the rules established by APAT: 
the “Unconformity Bounded Stratigraphic Units” (UBSU). The UBSU 
determination is based on the presence of two evident, well recognizable, and 
significant discontinuities. They allow to classify the different sedimentary 
bodies identified with seismic surveys on the basis of their age, grain size, 
depositional environment, and bounding unconformities (Fig. 32) 

The Mestre Supersynthem (Fig. 32) represents the Upper Pleistocene deposits 
which top is dated 20,000-18,000 years B.P [Tosi et al., 2007a,b]. At the top of 
the Pleistocene deposits, although different lithologies are present, the finding 
of the caranto (overconsolidated clay layer) is frequent [Gatto and Previatello 
1974; Bonardi and Tosi, 2000b]. 

 

The setting of the various UBSU is quite variable in the Venice lagoon (Figs. 33 
and 34). 

The Po Synthem represents the Holocene deposits, attributed to the 
transgression event after the last glaciation. Between the Pleistocene and 
Holocene sedimentation, a stratigraphic hiatus, characterized by widely varying 
time intervals, is present. In fact, in the different sectors of the lagoon area the 
base of the Po Synthem has different ages, the oldest in the southern coastal 
area, 10,000- 11,000 years B.P. [Tosi, 1994a], whereas in the north-eastern 
area the age ranges from 5,000 to 7,000 years B.P. (Figs. 33 and 34). 

From the sequence stratigraphy approach, the Unit 1 correspond to the upper 
deposits of the Mestre Supersynthem while the S1 unconformity (Figs. 17-21) 
the Mestre Supersynthem-Po Synthem limit (Pleistocene-Holocene stratigraphic 
limit). 

Fig 32 – Stratigraphic units 
mapped in the Geological 
Map Sheets 128 “Venezia” 
and 148-149 “Chioggia-
Malamocco”. 
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The Po Synthem has been divided in two units, the Torcello Unit and the 
Malamocco Unit, both composed of sands, silts, clays, and peats from alluvial, 
deltaic, littoral (beach and lagoon), and shelf environments. 

The Po Synthem was divided by Tosi et al. [2007a,b] mainly on a chronological 
basis for the reason that at that time there were only few data with evidence of 
an abrupt or erosion surface pointing out the limit.  

Thanks to the very high resolution of the new seismic survey and the 
opportunity to survey the shallows subsoil, the occurrence of this limit has been 
proven. 

Unit 3 represents the Torcello Units, referred to the post-Roman sedimentation, 
started from V-VI century A.D. and continues up to the Present. S3 is the base 
of the Torcello Unit. 

 

Fig 33 – Scheme of the 
stratigraphic relations within 
the Venice Supersynthem 
and the Po Synthem in the 
southern lagoon [Tosi et al., 
2007a,b]. 
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4.2 Analysis of geomorphological features 

The new very high resolution survey is the unique tool allowing detailed subsoil 
images in lagoon shallows and tidal flats. 

New surveys and available information, including sedimentological, 
stratigraphic, geotechnical, mineralogical, 14C datings, textural, and bathymetric 
data, satellite images and historical maps [Amos et al., 2006; Bonardi and Tosi, 
1997, 2000a,b; Bonardi et al., 1997, 2004, 2005, 2006; Brancolini et al., 2005, 
2006; Rizzetto et al., 2002, 2003, 2005; Tosi, 1993, 1994a,b,c; Tosi et al., 2006, 
2007a,b; Zecchin et al., 2006a,b,c] were used to carry out this investigation. 

The integrated analysis of the new and collected data provided several blow up 
figures of features occurring in the regional geomorphological setting. In 
particular the seismic sections pointed out details of the depositional 
architecture, that have never been revealed previously in the lagoon basin. 

Following, some selected geomorphological features discovered in the south 
lagoon basin by VHRS survey, as examples of preliminary study concerning this 
topic, are discussed below. Their locations are shown in Fig. 35. 

Fig 34 – Scheme of the 
stratigraphic relations within 
the Venice Supersynthem 
and the Po Synthem in the 
northern lagoon” [Tosi et al., 
2007a,b]. 
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An example of a Holocene tidal channel complex system is given in Fig. 36. 
Line drawing and interpretation point out vertical and horizontal evolution of the 
tidal channel from its origin to the present setting. The active tidal channel, 
partially filled, and the lagoon mudflat show sub-horizontal reflectors. 

Fig 35 – Location map of the 
selected geomorphological 
features. 



 

544  

 

 Scientific Research and Safeguarding of Venice 2007 

 

 

 

An additional example of lagoon channel architecture is given in Fig. 37. 
Sigmoidal foresets indicate the evolution of a sand bar system and the north 
direction migration of the ancient channel. The morphology of the present active 
channel is characterized by truncation and erosion of the previously deposited 
layers. 

Fig 37 – Section of active 
lagoon channel. 

Fig 36– Example of 
Holocene complex tidal 
channel system evolution. 
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Fig. 38 reports another example of architecture of an active channel. In this 
section, a like island shape (i.e. the morphological high) divides the channel in 
two sectors. Lateral accretion process, which partially filled an ancient channel, 
is recognizable on the left sector. On the right sector, the active channel is 
migrating to NE direction. This is evidenced by the lateral migrating bar 
(probably a meander) occurring on its left side and by the erosion of the 
previous accretion features (foreset truncation) on the right side. 

 

Fig 38 – Example of subsoil 
architecture and morphology 
of an active lagoon channel. 
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Inactive Holocene channelized deposits and channel-levee systems developed 
in a delta-plain are recognizable in Fig. 39, whereas a large buried Pleistocene 
channelized deposit, showing a lateral accretion, in Fig. 40. The latter is related 
to an ancient branch of the Brenta River system. 

The complexity of the Holocene lagoon environment is shown in Fig. 41. A 
number of buried tidal channelized deposits were found below the modern 
lagoon floor. 

Investigations in the Chioggia inlet have shown the occurrence of both erosional 
and depositional sedimentary processes, in a highly dynamic environment. 

Bathymetric data processing provides spectacular figures of the inlet sea 
bottom (Fig. 42). 

A 30 m deep erosional trench, due to the hydrodynamic flux confluence of some 
tidal channels, occurs toward the lagoon side of he inlet. The VHRS survey 
revealed that the trench is characterized by accretion and erosion of the west 
and east side walls respectively (Fig. 31). 

Fig 39 – Example of inactive 
Holocene channel-levee 
system architecture. 
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Fig 41 – Example of inactive 
Holocene channel fill system 
showing the complexity of 
the past lagoon environment. 

Fig 40 – Lateral accretion in 
a buried channel of the 
Pleistocene Brenta river 
system. 
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Furthermore, in the seaward side of the inlet dune features with accreting 
deposit architecture were found (Fig. 43). 

 

Fig 43 – Detail of Fig. 26 
showing dune features in the 
Chioggia inlet. 

Fig 42 – Morphology of the 
Chioggia inlet revealed by 
multi-beam bathymetric 
survey. Trench (Fig. 31) and 
dune (Fig. 43) features occur 
in left and right side 
respectively. 
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5 The ebb tidal delta of the Lido inlet 

An ebb-tidal delta is an accumulation of sand and fine shell gravel deposited 
primarily by the ebb-tidal current on the seaward site of the tidal inlet [Hayes, 
1980; Davis and Hayes, 1984]. The conceptual model for the ebb-tidal delta is 
based on the hypothesis that sediment is transported seaward through the main 
tidal channel and deposited as a distal lobe on the swash platform, where the 
current diminishes below the sediment transport threshold, due to bottom 
friction and segregation of flow [Fitzgerald et al., 2004]. A dynamic balance 
between a net offshore directed sediment flux induced by the inlet currents and 
a net onshore directed sediment flux induced by offshore waves exists [Komar, 
1996]. The sediment facies are thought to be controlled by the decreasing and 
spreading velocities of the ebb jet. Since currents are expected to decrease 
rapidly in a spreading ebb-jet, while maximum speeds occur in the inlet throat, 
medium-coarse sand is mainly confined to the central, ebb-jet dominated area 
[Krueger and Healy, 1996]. 

Previous studies performed in the area of the Lido inlet revealed that at present 
there is a net export of sand from the Lagoon of Venice through the Lido Inlet 
[Amos et al., 2005]. Such studies identified scouring within the Lido mouth and 
the existence of a depositional apron, representing a classical, asymmetric ebb-
tidal delta, fed by a net transport of sand from the Lagoon of Venice through the 
Lido Inlet. 

The 140 km odd of Boomer profiles collected offshore the Lido inlet in the 
framework of Co.Ri.La Subproject 3.16 (Fig. 44) led to the identification of a 
convex-upward, lens-shaped body, just outside the Lido inlet, one of the three 
lagoon inlets, which has been interpreted as an ebb-tidal delta. The comparison 
between the seismostratigraphic setting of this deposit, as revealed by the 
seismic lines, and the analyses of historical bathymetric maps showed that the 
ebb-tidal delta at the Lido inlet formed as a consequence of human 
interventions that at around the end of the XIX century, that caused profound 
variations in the inlet dynamics and lead to a progressive increase in the 
sediment dispersion from the lagoon interior towards the sea. 

The results discussed in this paper are part of the paper entitled “The ebb-tidal 
delta of the Venice Lagoon (Italy)” [Donda et al., in press] on The Holocene. 
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5.1 Sedimentological and oceanographic setting 

From the sedimentological point of view, the area located offshore the present 
Lido inlet is made up of well-sorted sand, with the exception of the ebb-tidal 
channel located along the southern boundary of the inlet, where shelly gravel 
lag is predominant. In this area, the maximum scour occurs, whereas sand is 
moved largely in suspension [Amos et al., 2005]. The proximal part of the ebb-
tidal delta is composed almost entirely of fine sand, sourced from one of the 
channels within the Lagoon, i.e. Treporti Channel through the Lido inlet, as also 
shown by Umgiesser et al’s models [2005]. Northeast of the ebb-tidal delta an 
area of fine-grained (mud) sediments has been identified, and it possibly 
reflects the plume sedimentation of the Rivers Piave and Tagliamento [Gazzi et 
al., 1973; Carbognin, 1992]. 

The tides are responsible for more than 90 % of the total current variability in 
the inlet, where the maximum current amplitude may reach 1.5 m s-1. The 
water flux, estimated from the bottom-mounted ADCP (Acoustic Doppler 
Current Profiler) in the entrance of the Lido inlet [Gačić et al., 2004] shows an 
amplitude of about 8000 m3 s-1, in terms of both inflow and outflow volume 
transport, mainly due to the tidal currents (diurnal and semi-diurnal 

Fig 44 – Location map of the 
study area and of the high 
resolution seismic profiles 
acquired in the framework of 
the Co.Ri.La. Subproject 
3.16. Regular grid of dots 
indicate locations of the 
surface current time series 
determined from the HF 
radar data. 
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components). Recent surface flow monitoring has been conducted by the 
system of the HF radar antennas [Kovačević et al., 2004] in a 15 km wide 
coastal strip in front of the Lagoon littoral (Fig. 44). The tidal influence from the 
inlets seems to vanish rapidly: the maximum 1.5 m s-1 flow recorded within the 
inlet reduces to several cm/s within a 3-4 km distance from the coast [Gačić et 
al., 2004, Kovačević et al., 2004]. The maximum values in the kinetic energy (30 
cm2s-2) are recorded at a distance of about 2 km from the Lido’s northern jetty. 

5.2 Results 

One seismic profiles was chosen as representative for the study area (Fig. 45). 
The seismic profile VE113 has been acquired in a direction orthogonal to the 
coast and is located just offshore the Lido inlet. 

In the study area, the characteristics of the Late Pleistocene stratigraphic 
sequence are frequently masked by the sea-floor multiple and by the 
occurrence of a semi-transparent facies. In general, the Late Pleistocene unit is 
constituted of sub-horizontal, low amplitude reflectors, interpreted as 
representing an aggrading floodplain and fluvial channel fills accumulated 
during decreasing eustatic sea-level [Zecchin et al., in press]. 

 

The upper boundary of the Pleistocene sequence is marked by the 
unconformity S1, which is an almost continuous horizon, that progressively 
deepens in a landward direction. 

Above the S1 reflector, Unit 1, represents the oldest unit within the Holocene 
sequence. Offshore the Lido inlet, it reveals an almost constant thickness of 
about 1 to 3 m in a direction parallel to the coastline whereas it progressively 
thins seaward. 

The upper boundary of Unit 1 is the S2 reflector, that represents a regional 
unconformity underlying Unit 2. Such a horizon is characterized by a very 
regular morphology and gently deepens towards the sea. It corresponds to an 
erosional surface, as testified by frequent truncation of the underlying reflectors. 
It has been interpreted as a ravinement surface [Zecchin et al., in press], 

Fig 45 – Part of the seismic 
profile VE113 acquired 
orthogonal to the coast, just 
outside of the Lido entrance. 
The internal characters of 
the ebb-tidal delta, consisting 
of thinly stratified, seaward 
dipping clinoforms, 
downlapping onto the S2 
unconformity, are 
identifiable. 
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scoured by waves and currents that formed during the sea level high stand, 
following the Flandrian transgression. 

The ebb-tidal delta developed within Unit 2. This body is about 8 km long and a 
maximum of 4 km wide. Internally, it is constituted of low to medium amplitudes, 
seaward dipping reflectors, downlapping onto the unconformity S2, which lies at 
depths of 14-20 ms (Fig. 46). 
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On the seismic profiles collected orthogonal to the coast, the ebb-tidal delta is 
imaged as a convex-upward body, particularly well developed offshore the Lido 
inlet (Fig. 45). It appears to be slightly asymmetric, with the seaward flank being 
steeper than the landward one. Clinoforms pinch out against the unconformity 
S2 in the seaward direction. In the cross-section, parallel to the coast, the ebb-
tidal delta reveals also an asymmetric profile, with the northeastern flank being 
slightly deeper than the southwestern one. Clinoforms appear to downlap at 
gentle angles (about 0.05°) on the unconformity S2 in both the northern and 
southern direction, although within the northern flank reflector truncation at the 
sea floor is recognizable in places. The direction of the progradation is toward 
SE. 

The isopach map reveals that the maximum thickness of the ebb-tidal delta 
deposits (about 6 m) occurs just offshore the Lido inlet (Fig. 47), but also that 
they are distributed approximately in a E-W direction. Just offshore the northern 
sector of the Lido inlet entrance, sediment accumulation, about 3 m thick has 
been recorded. It is separated from the main delta lobe by a depressed area, 
almost E-W oriented. It is suggested that this feature represents a branch or the 
seaward continuation of the main ebb channel (see also fig. 4.1 of Amos et al. 
[2005]), that has been artificially dredged, in order to preserve the navigation 
through the Lido inlet. 

Fig 46 – Map showing the 
depth of the ebb-tidal delta 
lower boundary, i.e. 
unconformity S2. 
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5.3 Discussion 

The seismostratigraphic analysis performed on the seismic profiles revealed 
that the seismic facies representing the ebb-tidal delta deposits is rather 
homogenous throughout, being represented by thinly stratified, seaward and 
southwestward dipping clinoforms. Such characteristics, together with a good 
penetration and resolution of the seismic signal within the delta deposits, led us 
to hypothesize that almost the entire sediment body is constituted by dominant 
fine-grained sediments, i.e. fine sand, as recorded by the superficial 
sedimentological analyses [Amos et al., 2005]. 

Several boreholes up to a depth of 25 m have been performed all along the Lido 
littoral around the 70’s [Gatto, 1980]. Analyses performed on hundreds of 
sediment samples led to the reconstruction of the main phases of the Lido 
littoral evolution during the last 30 000 years [Gatto, 1980, 1984; Tosi 1994a,b; 
Bonardi and Tosi, 1994; Bonardi et al., 1997]. However no core data were 
collected offshore the inlet and thus the lithological characterization and the age 
of the ebb-tidal delta are still speculative. Nonetheless a possible interpretation 
regarding the time of the initial growth stage of the Lido inlet ebb-tidal delta is 
proposed. This interpretation is based mainly on the analysis of historical 
bathymetric maps compiled since the end of 19th century. This comparison 
reveals that the Lido inlet underwent profound variations as a consequence of 
the strong and persistent efforts spent to preserve navigable ways through the 
inlet from the silting since 1300 AD [Colombo, 1970]. 

The lower boundary of the ebb-tidal delta corresponds with the S2 unconformity 
seen on the seismic data, that has been interpreted as a wave ravinement 
surface, separating paralic from shallow-marine deposits, recording highstand 
conditions during the Holocene. It is suggested that in the area of the Lido inlet, 
a prolonged period of sediment starvation possibly persisting until very recent 

Fig 47 – Isopach map 
showing the thickness of the 
sediments constituting the 
ebb-tidal delta. The 
maximum value has been 
recorded at a distance of 
about 2 km from the mouth 
of the Lido inlet. 
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times, occurred after the S2 formation. Historical bathymetric maps dating to 
1886 AD reveal that the unconformity S2 approximately corresponds to the sea-
floor at that time (Fig. 48), suggesting that the present ebb-tidal delta formed at 
around the end of 19th century. In fact, at this time, the building of the first, 
northern jetty at the Lido inlet possibly caused strong variations in the lagoon 
dynamics and, above all, in the seaward sediment dispersion. 

 

The ebb-tidal delta formed offshore the Lido inlet then represents a very recent 
feature compared to the general evolution of the Venice Lagoon. Moreover, 
around the middle of 20th century, the building of the southern jetty was carried 
out and channels feeding the lagoon were continuously dredged in order to 
preserve the lagoon environment. This probably led to a progressive increase in 
the sediment transport from the lagoon interior toward the sea and thus to the 
seaward migration of the ebb-tidal delta through time (Fig. 49). 

 

The Lido inlet ebb-tidal delta was deposited as a response to net transport of 
fine sand from the lagoon through the inlet, as also suggested by Amos et al. 

Fig 48 – Comparison 
between the 
seismostratigraphy and the 
historical bathymetric maps, 
related to three different 
periods: 1886, when the first 
northern jetty was 
constructed; 1951, when the 
southern jetty was built; 
2005, when the OGS seismic 
survey was carried out. (a) 
The progressive seaward 
migration of the -10 m 
isobath through time is 
highlighted, based on the 
comparison between the 
seismic profiles VE113 
(indicated by the dashed 
line) and the bathymetric 
contours. SP: VE113 Shot 
Points. (b) Line drawing of 
the seismic profile VE113, 
where the position of the 
sea-floor in 1886 and in 1951 
is indicated. (c) Bathymetric 
profiles highlighting the 
progressive seaward 
migration of the ebb-tidal 
delta through time. 

Fig 49 – Bathymetric maps 
related to the 1886 (a) and to 
the “recent” (b) bathy-
morphologic settings in the 
study area, the latter 
compiled on the basis of 
bathymetric data collected 
from 1951 to 1970. 
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[2005]. This is also testified by the distribution of the sediments, as shown by 
the isopach map, recording the maximum delta thickness (6 m) just facing the 
Lido inlet. 

6 Conclusions 

All the previous seismic surveys in the Venice lagoon have been carried out 
along the ship canals [Tosi et al., 2007a,b]. Nevertheless the ship canals are 
scarcely representative of the recent sedimentation because they represent a 
very small portion of the entire lagoon and they are frequently dredged. 

An ad hoc boat particularly suitable for very shallow water was acquired, i.e the 
CORILA Aretusa. The criteria followed to choose the boat have been the 
draught (less than 50 cm), the facility to install the seismic gear, the level of 
noise produced during the low speed steaming, the capability to operate also 
whit poor weather conditions and finally the budget. Based on these criteria, we 
have chosen a Saver Fisher 22, 6.75m length and 2.48m breadth, with a carry 
capability of 7 passengers and with a 140 Hp, four stroke engine. 

The Aretusa was implemented with advanced instrumentation for very high 
resolution seismic survey capable to distinguish layers of a few centimeter thick, 
in 0.5-1 m water depth and able to investigate subsoil down to 30-40 m deep. 

The seismic tools adopted for the survey consisted in a two channel, 24 bit 
acquisition system integrated with the GPS receiver and an impulsive seismic 
source (boomer) with a band amplitude between 200 and 9000 Hz. The system 
successfully operated up to 50 cm of water depth. 

After a careful evaluation of the lagoon setting, the new surveys were carried 
out in four areas, representative of specific themes in the recent evolution of the 
lagoon: the southern lagoon, the Lido and Chioggia inlets, the shelf off the Lido 
inlet.  

About 400 Km of new seismic lines, about 300 km of seismic data collected in 
the framework of previous surveys and a number of selected data and 
information regarding multidisciplinary analyses of samples from cores [Tosi et 
al., 2007a,b] allowed the characterization of the seismic-stratigraphic and 
sedimentary setting that pointed out the reconstruction of the Late Pleistocene 
and Holocene (about last 30,000 years) sequences with a detail that has never 
been reached in the past. 

The southern lagoon. In this area the thickness of the Holocene sediments is 
the highest of the entire lagoon (up to 22 m). Based on the new seismic data, it 
has been possible, for the first time, to image and map the three main phases 
that characterize the formation and the evolution of the lagoon: the marine 
ingression between 10,000 and 6,000 years B.P. that produce the submersion 
by the Adriatic sea of the previous alluvial plane, the following high stand of the 
sea level, that records the predominance of the sediment supply form rivers and 
the progressive advance of the coastline toward the sea; and finally the 
predominance of the erosion and exportation of sediment from the lagoon, 
consequence of the rivers diversion operated by humans since historical time. 
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These distinct phases are associated to sedimentary deposits with different 
geotechnical, sedimentological and geochemical characteristics. They play 
different roles in the erosion process of the sea floor and in the hydrogeological 
regime, like for example the sub-merged littoral belts, already recognized form 
the bathymetric surveys, but much better defined in the new seismic images or 
the paleo-channel network, filled by more recent sediments. 

An important observation is that relevant volumes of gas seeps have been 
detected by the seismic images that may have important impacts in the ecology 
of the entire lagoon. 

The Lido and Chioggia inlets. These two areas underwent important human 
interventions in the most recent years. The thickness of the recent sediments in 
the Lido inlet shows a relevant asymmetric distribution, with more than 12 m 
near the northern side of the inlet and absence of sediment in the southern side. 
The setting of the Chioggia inlet is exactly the opposite: the higher thickness 
has been measured in the southern side (up to 7 m) while the sediment are 
eroded or not deposited on the northern side of the inlet. 

The shelf off the Lido inlet. Seismic grid off the Lido inlet detected and 
characterized a wedge-shaped deposit that has been interpreted as an ebb-tidal 
delta, produced by the erosion of sediment in the lagoon and their exportation 
across the inlet by the tide fluxes. The internal geometry and the elongate 
shape of the ebb-tidal delta testify the interplay between the tide and the North 
Adriatic along-shore current. Based on the comparison between maps of the 
ebb-tidal delta produced by the seismic survey and some historical bathymetric 
maps, we calculated a depositional rate of 5 cm/year for the last 120 year. 
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