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ABSTRACT 

A characterization of medium enthalpy geothermal 
resources has been carried out in the Southern 
Apennines “Guardia Lombardi” site (Campania 
Region, Italy) within the framework of the Vigor 
Project. 

Due to the intense hydrocarbon exploration carried out 
in Italy since the ‘50, a wide public dataset of well 
data and seismic reflection profiles is available for the 
study site. Moreover, a scientific cooperation with the 
ENI Italian Oil Company has been established in order 
to access to more detailed dataset also including wells 
information and core samples. 

A three-dimensional geological model of the 
reservoir-caprock system has been developed through 
an integrated interpretation of the available geological, 
geophysical, hydrogeological and geochemical 
information in the study area. 

The geothermal reservoir of “Guardia Lombardi” site 
is constituted by the Cretaceous-Eocene fractured 
shallow water carbonates belonging to the Apulian 
platform. Such units have been structured in a buried 
antiformal stack during the Apennine orogenesis. 

The reservoir fluids are mainly composed of CO2, 
which rests above of brackish water in the central part 
of the deep carbonatic aquifer culmination (i.e., Monte 

Forcuso 1 well). Conversely along the flanks of the 
buried anticline (e.g., Bonito 1 Dir, Ciccone 1 wells) 
the reservoir fluids consist of saline water, not 
showing any free gas phase. The temperature of this 
fluids recorded into the reservoir are 120-125°C at the 
depth of about 3000 m below the ground level (e.g. 
Bonito 1 well).  

Given the quite good permeability of the fractured 
carbonate rocks, numerical simulation performed in 
this work estimated that a water production of about 
13.5-20 kg/s might be achieved according to the 
chosen technical solution (a single production well vs 
production- reinjection doublet). 

Results confirm that the “Guardia Lombardi” site 
represents an interesting area for the exploitation of 
this medium enthalpy geothermal resource. 

 

1. INTRODUCTION  

The main aim of the Vigor project, funded by the 
Italian Ministry of Economic Development following 
an agreement with the Italian National Research 
Council, was to evaluate the geothermal potential and 
to promote the innovative exploitation of geothermal 
resources in non-volcanic areas in the so-called 
“regions of convergence” in southern Italy (Campania, 
Calabria, Puglia and Sicilia). 

The “Guardia Lombardi” site has been chosen for this 
project because it shows evidences documenting the 
presence of a thermal anomaly in the subsurface (fig. 
1). These evidences are following:  
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- high heat flow (90 mW/m2)  (Della Vedova et al., 
2001); 

- temperatures measured in wells in a range between 
100° and 120°C at 3000 m depth below the ground 
level (ENEL, 1987; ENEL/ENI/CNR/ENEA, 1994; 
Della Vedova et al., 2001); 

- hot water with temperature around 27°-29°C 
captured at around 30 m depth (e.g. San Teodoro’s  
thermae; Ortolani et al., 1981; Budetta et al., 1988); 

- presence in the Mefite d’Ansanto spring of a huge 
natural emission of low temperature CO2 rich gases  
(total gas flux 23.1 kg/s - 2000 ton/day; Chiodini et 
al., 2010). 

- geothermometers on water samples collected from 
thermal springs estimate a reservoir temperature of 
124˚C (Duchi et al., 1995). 

Between the 1950 and 1970 the area has been 
interested by an intense hydrocarbons exploration 
phase (e.g., Mostardini and Merlini, 1986; Turrini and 
Rennison, 2004; Nicolai and Gambini, 2007; Patacca 
and Scandone, 2007; Bertello et al,. 2010). This 
activity has made available a conspicuous number of 

 

information (seismic profile, composite well logs, 
etc.,) about the geological and structural setting of the 
area, also highlighting its potential in terms of uptake 
of medium-enthalpy geothermal fluids. 

 

2. GEOLOGICAL SETTING 

The Southern Apennines fold and thrust belt 
developed during Neogene and the Quaternary times 
along the eastward-retreating west-directed subduction 
of the Apulo-Adriatic lithosphere (Scrocca, 2010).  

The development of the Southern Apennines 
accretionary prism occurred through the off-scraping 
and incorporation at the subduction zone of the Meso-
Cenozoic sedimentary covers (essentially pelagic units 
and shallow water carbonates) located along the 
Apulo-Adriatic passive margin, and associated active 
margin deposits.  

In the paleogeographic model adopted in this work, 
the main Mesozoic domains are the following (for 
details, see Scrocca, 2010 and references therein): i) 
the internal nappes of the Liguride-Sicilide basin, ii) 
the Apennine carbonate platform, iii) the Lagonegro 

Figure 1: Base-map of “Guardia Lombardi” site that show topography, location of wells, springs and seismic profile and 
the thermal anomaly at -3000 m depth from the ground level.  
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and Molise basins and iv) the Apulian carbonate 
platform. 

Since the Early Miocene, the accretionary prism 
migrated from west to east. Contractional 
deformations were followed by coeval extensional 
faulting which, progressively, cross-cut the thrust pile 
(among many others, Mostardini and Merlini, 1986; 
Casero et al., 1988; Patacca et al., 1990; Patacca and 
Scandone, 2007; Scrocca et al., 2005; Scrocca 2010 
and references therein) . 

The structural setting of the “Guardia Lombardi” area  
is characterized by buried thrust-related folds, 
developed during the Apennine orogenesis in Pliocene 
times, offset by extensional faults during Pleistocene 
times. Several interpretation have been proposed to 
explain this sector of the Southern Apennines and its 
geological and geodynamical setting (e.g., Ciaranfi et 
al., 1973; Ippolito et al., 1974; Bonardi et al., 1988; 
Dazzaro et al., 1988; Torre et al., 1988; Consiglio 
Nazionale delle Ricerche, 1992; Pescatore et al., 1999; 
Basso et al., 2001; Matano and Di Nocera, 2001; Di 
Nocera et al., 2002, 2006; Patacca and Scandone, 
2007; Pescatore et al., 2007; Bonardi et al., 2009; 
Vezzani et al., 2010; Di Nocera et al., 2011).  

 
3. GEOTHERMAL RESOURCE 

The geothermal reservoir consists of fractured 
limestones (Cretaceous-Eocene) belonging to the 
Apulian shallow water carbonate platform. 

The structural setting of the reservoir is characterized 
by buried thrust-related folds, developed during the 
Apennine orogenesis in the Pliocene time, offset by 
extensional faults during the Pleistocene time. 

In the study area, the geothermal reservoir shows several 
structural culminations (fig. 2); the shallower one is 
located at a depth of -1125 m below the ground level 
(~250 m SSL) in correspondence of Monte Forcuso 1 
well.  

Matrix porosity of reservoir rocks is generally low but 
the presence of fractures and faults improve 
significantly the poro-perm properties. In the highly 
fractured intervals the permeability porosity product 
may reach values of about 100-150 mD. 

The reservoir fluids are mostly made by CO2 and 
brackish water. Essentially, the Monte Forcuso 
structural culmination is filled by a CO2 gas cap, 
which develops for several hundred meters. Further 
below there is an accumulation of brackish water. The 
study of the composite well logs of the Guardia 
Lombardi area allow the definition of the CO2 gas cap 
areal extent and its depth. Along the flanks of the 
Monte Forcuso culmination and in the other deeper 
structural highs (e.g., the one drilled by Bonito 1 well) 
the CO2 gas cap is not developed and the reservoir 
fluid is made up by saline water.  

The available temperatures extracted by the composite 
well logs and ENEL documentation (1987,1994) have 
been corrected using different techniques. These data 
show temperature up to 120-125°C at the depth of 
about 3000 m below the ground level (Bonito1 Dir 
well).  

Reservoir fluid pressure recorded in the Bonito 1 Dir 
well is essentially hydrostatic. Furthermore, the few 
pressure data available in the rest of the study area 
suggests an hydraulic connection in the whole 
reservoir.

Figure 2: Tri-dimensional geological model of the geothermal reservoir (Apula platform fractured carbonates) structural 
culmination below the area of the “Guardia Lombardi” site. The purple line locates the CO2/water contact. 



Inversi et al. 

 4 

Detailed seismic interpretation allow to hypothesize 
that the main structural units follow a main NW-SE 
trend, with a secondary system oriented NE-SW.  

 

6. CONCLUSIONS 

A detailed 3D reconstruction of the structural and 
geological setting of the geothermal reservoir-caprock 
system of “Guardia Lombardi” site have been 
obtained through an integrated analysis of all the 
information collected during this work (fig. 2).  

Moreover, a numerical simulation of the “Guardia 
Lombardi” site have been performed using the thermal 
capacity of the carbonate rocks (Montegrossi et al., 
2008) to define the reservoir material properties. Such 
preliminary results will be however fully discussed in 
a separate paper. 

Relying on the conceptual model and on the 
simulation results, a possible scenario with a single 
production well vs production-reinjection doublet was 
developed for the exploitation of the “Guardia 
Lombardi” thermal resource. 
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