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Characteristics of the lagoon underground layer  
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FEATURES DISCOVERED IN TIDAL FLATS OF THE 

VENICE LAGOON BY VHR SEISMIC SURVEYS  

Luigi Tosi1, Giuliano Brancolini2, Luca Baradello2, Federica Donda2, Federica Rizzetto1, 
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Riassunto 

In questo studio sono stati elaborati i dati sedimentologici, stratigrafici, 
batimetrici e cartografici disponibili pregressi e una serie di nuovi rilievi sismici 
ad altissima risoluzione eseguiti sui bassi fondali lagunari. I dati raccolti hanno 
consentito di individuare le strutture geomorfologiche a scala regionale mentre 
quelli di nuova acquisizione hanno fornito una serie di dettagli locali delle stesse 
strutture. 

In particolare, i nuovi dati sismici hanno permesso di individuare per la prima 
volta la presenza di elementi geomorfologici nei bassifondi lagunari ed in alcuni 
casi di caratterizzare la loro evoluzione spazio-temporale. 

Abstract 

Available sedimentological, stratigraphic and bathymetric data, historical maps 
and a number of new Very High Resolution Seismic (VHRS) surveys acquired 
in the lagoon shallows were processed. Collected data allowed the 
characterization of the geomorphological setting at regional scale, whereas new 
VHRS data locally provided details of feature extent. 

In particular the new VHRS surveys pointed out, for the first time, the 
occurrence and, in some cases, the evolution of buried and surface 
morphological features found in the lagoon shallows. 

1 Introduction 

In order to provide new geological knowledge on the Venetian lagoon subsoil, 
within the Co.Ri.La. subproject 3.16 “Application of innovative high resolution 
seismic methodologies to the shallows for the study of the subsoil in the Venice 
Lagoon”, a Very High Resolution Seismic (VHRS) system has been 
implemented to investigate in very shallow waters, i.e. less than 1 m depth, and 
a number of surveys were carried out in the southern portion of the lagoon. 

VHRS profiles acquired in the south lagoon area allowed excellent images of 
the subsoil architecture down to 30 m b.s.l and the identification of 
geomorphological features never been found in previous studies. 

In addition, this study allowed a detailed characterization of the Late 
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Pleistocene and Holocene depositional setting and results provides a tool for 
next research projects regarding the effects of climate changes and the human 
impact on lagoon sedimentary processes. 

This paper pointed out preliminary investigation results and more accurate 
description and detailed interpretation of the various geomorphological features 
will be available within the final work scheduled for the next year. 

2 Material and methods 

Collected and new data were used to carry out this study. A large amount of 
information, derived from several boreholes made along the Venetian littoral 
and in the lagoon basin, were collected and used for the regional 
geomorphological setting characterization. Available information include 
sedimentological, stratigraphic, geotechnical, mineralogical, 14C datings, 
textural, and bathymetric data, satellite images and historical maps [Bonardi 
and Tosi 1997; Bonardi and Tosi 2000a,b; Bonardi et al., 1997; Bonardi et al., 
2004; Bonardi et al., 2005; Bonardi et al., 2006; Brancolini et al., 2005; Rizzetto 
et al., 2002; Rizzetto et al., 2003; Rizzetto et al., 2005; Tosi 1993; Tosi 
1994a,b,c (1994); Tosi et al. 2006a,b; Zecchin et al., 2006]. Collected data were 
verified, selected and homogenized. In particular bathymetric data were 
processed to obtain the digital elevation model of the bottom lagoon 
morphology of sites under investigation. 

New VHRS surveys were acquired through the ARETUSA, the new boat of the 
Co.Ri.La. Subproject 3.16, ad hoc implemented for surveys in lagoon shallows. 
Seismic data were processed [Brancolini et al., this volume] and a detailed line-
drawing of the various seismic reflectors were done. Finally seismic data were 
calibrated and validated by available collected data from core lithostratigraphy 
and sedimentological and radiocarbon analyses. 

3 Results 

The integrated analysis of the collected and new data provided several blow up 
figures of features occurring in the regional geomorphological setting. In some 
cases, images of the space-time evolution of morphological structures were 
pointed out.  

The investigated depth subsoil is down to 30 m b.s.l. and concerns the Late 
Pleistocene and Holocene deposits (the last 30,000 years). Different 
depositional environments were revealed and, in particular, alluvial, marine, 
littoral, lagoon, and deltaic facies were recognized. 

The first step of this work was the integration of data from space and in situ for 
recognizing geomorphological features at regional scale. The merge of 
LANDSAT TM and bathymetric data allow the correlation between 
geomorphological features, such as old lagoon channels, paleoriver beds, 
ancient beach ridges partially outcropping in the southern catchment and 
lagoon basin. Fig. 1 shows DEM of the lagoon bottom, which has revealed a 
series of paleobeach ridges with NE-SW direction. VHRS pointed out their 
prograding architecture toward the present coastline [Brancolini et al., this 
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volume] and 14C data allow their dating to 5,000-3,000 years B.P. [Rizzetto et 
al., 2002, 2003;Tosi 1994a,b,c; Tosi et al. 2006a,b]. These features are 
correlated with similar ones found in the SW part of the complex system of 
ancient beach ridges and sand dunes identified by satellite images south of the 
lagoon basin, between Adige and Brenta rivers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The eastern evidences of this littoral system are related to the Adige, Brenta, 
and Bacchiglione river mouth evolution occurred over the last 2,000 years.  

A number of filled channels with ancient direction fluxes toward the lagoon 
basin were found in the mainland-lagoon border. The integrated analysis of all 
available information allows to distinguish the origin of some of these, i.e. their 
belonging to the Brenta, Bacchiglione, Adige fluvial systems.  

Fig. 1 – DEM of the lagoon 
bottom merged to LANDSAT 
TM image of the southern 
catchment. Yellow lines point 
out ancient beach features 
and red lines paleorivers and 
paleochannels. 
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The new VHRS survey is the unique tool allowing detailed subsoil images in 
lagoon shallows and tidal flats. Seismic sections pointed out details of the 
depositional architecture previously never been revealed. 

Following, some selected geomorphological features discovered in the south 
lagoon basin by VHRS survey, as examples of preliminary study concerning this 
topic, are reported.  

Their locations are shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An example of a Holocene tidal channel complex system is given in Fig. 3. 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. 

An additional example of lagoon channel architecture is given in Fig. 4. 
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. 2 – Location map of the 
selected geomorphological 
features. 
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Fig. 5 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. 3 – Example of 
Holocene complex tidal 
channel system evolution. 

Fig. 4 – Section of active 
lagoon channel. 
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Inactive Holocene channelized deposits and channel-levee systems developed 
in a delta-plain are recognizable in Fig. 6, whereas a large buried Pleistocene 
channelized deposit, showing a lateral accretion, in Fig. 7. The latter is related 
to an ancient branch of the Brenta River system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 –  Example of subsoil 
architecture and morphology 
of an active lagoon channel. 

Fig. 6 –  Example of inactive 
Holocene channel-levee 
system architecture. 
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The complexity of the Holocene lagoon environment is shown in Fig. 8. A 
number of tidal buried channelized deposits were found below the modern 
lagoon floor. 

 

 

 

 

 

 

 

 

 

 

 

 

Investigations in the Chioggia inlet have shown the occurrence of sedimentary 
processes, both deposition and erosion, highly dynamic.  

Bathymetric data processing provides spectacular figures of the inlet sea 

Fig. 7 –  Lateral accretion in 
a buried channel of the 
Pleistocene Brenta river 
system. 

Fig. 8 –  Example of inactive 
Holocene channel fill system 
showing the complexity of 
the past lagoon environment. 
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bottom (Fig. 9). 

 

 

 

 

 

 

 

 

 

 

 

 

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. 10). 

 

 

 

 

 

 

 

 

 

 

 

 

Furthermore, in the seaward side of the inlet dune features with accreting 
deposit architecture were found (Fig. 11). 

 

Fig. 9 – Morphology of the 
Chioggia inlet. Trench and 
dune features occur in left 
and right side respectively. 

Figura 10 – Erosional trench 
located in the Chioggia inlet. 
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4 Conclusive remarks 

Geomorphological features were discovered in the Venice Lagoon shallows by 
the VHRS system recently implemented for this purpose.  

Preliminary investigation pointed out the presence of paleoriver beds, ancient 
tidal channels and beach ridges occurring in lagoon shallows and mud flats.  

The integrated analysis of new VHRS and collected data, i.e. radiochronology 
and sedimentology, allows to attribute these features to the Late Pleistocene 
and Holocene deposits and their correlation with the evolution of the south 
lagoon basin. 
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