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Summary 

 Introduction  
 
 Italian geological scenarios 
 
Gas migration  through faults in clayey sequences 
characterized by exstensional and compressive 
tectonics: 

Latera Caldera (Volcanic area)  
San Vittorino and Plain (intra-mountain basin)  
Cellino anticline and Vasto basin (foredeep domain) 

Final remarks 



The Italian tectonic regimes 
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Summary of 
geological 
scenarios in Italy 
 
•Volcanic areas 
 

•Tectonic 
intermontane basins 
 

•Seismogenic faults 
and main historical 
earthquakes 
 

•Foredeep basins  
(Oil and gas  
potential) 

Apennines  
thrust front 



CO2 leaking sites: volvanic areas 

Latera Caldera 
(Pliocene-Quaternary  
back arc volcanic activity) 

 

Bertello et al., 2008 

simplified geological map of Italy 
showing the location of the major CO2 
point sources 



 
Integration of different field data at different scale   

Build a migration model 
 
 
Soil gas surveys at regional and local scale 
Structural geology (field data) 
Conceptual migration model   
Modeling fracture network (Autocad and Petrel) 
Fluid flow simulation (Comsol Multiphysics) 
 

In the Latera Caldera field Lab is possible to observe 
and measure the fault-controlled gas migration process 

directly in the field. 



 Regional soil  gas CO2 
surveys 

 Fluid Chemistry Lab (URS) 
 

 Gas vents and areas of 
leakage are aligned along 
two main direction: 

 
 SW-NE and  N-S 
Two main different fault 
zone architectures  

internal geometry of the 
fault zone  

different permeability 
distribution  

 

Soil gas survey at regional scale 
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A well developed fault core (low permeability) 



Main faults and CO2 leakage distribution along strike 



Mapping fractures of the “fracture network fault” 

 3D representation of the “high permeability network” measured in the field 

Geometric 
reconstruction 
in AutoCad 



Classifying fractures and upscaling properties 

Different colors of fractures for 
different aperture and different 
permeabilities 

(Petrel, Schlumberger) 

Permeability 
upscaling to the 
fractured volume  



Numerical model of fluid flow 

(Comsol Multiphysics) 

 
Different permeability 

values (aperture) to each 
surface and host rock 

Atmospheric pressure 
gradient from top to 
bottom 

Gas = CO2 

Arrows indicates the 
direction and the size of 
flux in each point 

An array of points of 
emission aligned along a 
fault trace 

Number of points as a 
function of intersection 
and aperture of the plane. 

 



Comparing the results 

Although at different scale, the  same orientation and 
the main control of faults and fractures are evident on 
the gas emission. 



CO2 leaking sites  
(Quaternary extensional tectonic over the Neogene thrust belt) 

 

 
San Vittorino Plain  
 
Fucino Plain  

 
 

 

 

Bertello et al., 2008 

simplified geological map of Italy 
showing the location of the major CO2 
point sources 



San Vittorino Plain  

The San Vittorino plain is 
a intra-mountain basin, not 
far from Rome (about 100 
km).   
It has a triangular shape 
and is located onto several 
structural main  
thrust and normal fault 

The area is  characterized by: 

 high emission of CO2 and 
other gases (He, CH4) 

 the occurrence of 
numerous  sinkholes and gas 
vents located along the main 
structural trend. 



 

Carbonatic successions of 
the Mesozoic passive 
margin of Adria plate and 
siliciclastic foredeep 
deposits  

Extensional pre-thrusting 
normal faults 

Thrust and fold-related  

Quaternary normal faults 

The structural setting of 
S.Vittorino Plain 



CO2 concentration map 
main anomalies are located in the same areas 
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Fucino plain 
CO2 distribution in the Fucino Plain 

(central Italy) 
CO2 micro-seeps 
along the main 
faults of the area 



CO2 leaking sites  
(Foredeep–Foreland domain, low geothermal gradient, low seismicity) 

 

 
Cellino anticlines 
Vasto Basin   

 
 
 

 

Bertello et al., 2008 

simplified geological map of Italy 
showing the location of the major CO2 
point sources 



70
Kilometers

Structural model of Italy, 1992 

Casero, 2004 

Onshore hydrocarbons field 
Offshore hydrocarbons field 

Buried thrust 
related fold 

2D seismic lines database 



Lower Pliocene – 
 Quaternary 

Lower Pliocene 
(G. Margaritae zone) 

Top Gessoso Solfifera Formation 
(Messinian) 

Adriatic plate 
carbonate succession 
(Trias- Miocene) 

Lower Pliocene – 
 Quaternary 

A seismic image of thrust-related fold – typical  
trap example in the Periadriatic basin 
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SW NE 

The outcropping anticlines in the Cellino Formation (Lower Pliocene) 



3D reconstruction of fracture network for granular 
material – Cellino Formation sandstone (periadriatic 

basin) 

Example of 
deformation band at 
microscope scale 

3D frcture network reconstructed 
 with Autocad from field data 

Fluid flow simulation 

(Comsol Multiphysics) 



Conclusions 

Most of the fluid circulation is controlled by fractures and faults and  
their features, as density, connectivity, and grade of strain localization, 
that controls porosity distribution in fault zones  

The study of natural analogues, like the ones described here, help us 
understand the migration mechanisms, pathways, and geological 
controls that influence the potential for CO2 leakage.  

This knowledge gives us a powerful tool to make CCS as safe as 
possible, because it establishes criteria that can be used for risk 
assessment and safety strategy 

 
Site assessment – methods developed at natural analogue sites are used to 
show if there are any potential migration pathways at a site considered for 
CO2 storage - ie what is the potential risk at this site? 

 
Monitoring – knowing where and how CO2 might leak helps us define a 
monitoring and safety strategy, both by focusing work on highest risk areas 
and for planning any eventual remediation plan 



Thank you for the attention 
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